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FOREWORD

Musculoskeletal disorders (M SDs) were recognized as having occupationa etiologic factors as early as
the beginning of the 18th century. However, it was not until the 1970s that occupationd factors were
examined using epidemiologic methods, and the work-relatedness of these conditions began appearing
regularly in the internationa scientific literature. Since then the literature has increased dramétically;
more than sx thousand scientific articles addressng ergonomics in the workplace have been published.
Y et, the relationship between M SDs and work-related factors remains the subject of considerable
debate.

Muscul oskeletal Disorders and Workplace Factors. A Critical Review of Epidemiologic Evidence
for Work-Related Muscul oskeletal Disorders of the Neck, Upper Extremity, and Low Back will
provide answers to many of the questions that have arisen on thistopic over the last decade. This
document is the most comprehensive compilation to date of the epidemiologic research on the relation
between selected M SDs and exposure to physical factors a work. On the basis of our review of the
literature, NIOSH concludes that alarge body of credible epidemiologic research exigts that shows a
cons stent relationship between MSDs and certain physica factors, especialy at higher exposure levels.

This document, combined with other NIOSH effortsin this area, will asss usin our continued efforts to
address these inherently preventable disorders.

Linda Rosenstock, M.D., M.P.H.
Director, Nationa Indtitute for

Occupationd Safety and Hedlth
Centersfor Disease Control and Prevention






NOTE TO THE READER

This second printing of Muscul oskeletal Disorders and Workplace Factors: A Critical Review of
Epidemiologic Evidence for Wor k-Related Muscul oskeletal Disorders of the Neck, Upper
Extremity, and Low Back incorporates anumber of editorid changes, including grammar, formetting,
and congstency issues that were identified in the first printing. In addition, the notation of Dr. Lawrence
Fine as co-editor was inadvertently omitted in the first printing and has been re-inserted.

The conclusions of the document in terms of decisons regarding the weight of the existing epidemiologic
evidence for the relationship between workplace factors and musculoskeletd disorders remain
unchanged. The following technica inconsistencies or errors were corrected:

Page 2-14: Text was corrected to reflect that five studies (as opposed to three) examined the
relationship between force and musculoskeletd disorders of the neck.

Page 2-28: For Viikari-duntura[1994], the “NR” entry in the Risk Indicator column was replaced with
the value 3.0.

Page 2-34: Bergqvist [1995a] was changed to Berggvist [1994]. The Risk Indicator entry for this
study was changed from 4.4 to 3.7 (both noted as Satisticaly sgnificant), the entry for Physica
Examination was changed from “Yes’ to “No,” and the entry for Basis for Assessing Exposure was
changed from “job titles or self-reports’ to “observation or measurements.”

Page 3-3: Text was corrected to reflect that four studies (as opposed to three) met dl four evaluation
criteria. A description of Kilbom and Persson [1987] was moved forward in the chapter to this section
and includes a clarification that hedth outcome in their study was based on symptoms and physicd

findings

Page 3-32: The confidence interva depicted for Ohlsson [1994] was corrected to show arange from
35t05.9.

Page 3-69: Schibye et d. [1995] was added to Table 3-5.

Page 4-25: Dimberg [1989] was changed to Dimberg [1987].



Page 5a-3: Text was corrected to reflect that nineteen studies (as opposed to fifteen) reported results
on the association between repetition and carpa tunnd syndrome (CTS). Text was aso corrected to
reflect that five studies (as opposed to four) met the four evaluation criteria for addressing repetitiveness
and CTS. A description of Osorio et a. [1994] was moved forward in the chapter to this section.

Page 5a-15: Text was corrected to reflect that eleven studies (as opposed to ten) reported results on
the association between force and CTS and that four (as opposed to three) met al four evauation
criteria. Descriptions of Moore and Garg [1994] and Osorio et a. [1994] were moved forward in the
chapter to this section.

Page 5a-19 : The discussion (strength of association, temporality, consstency of association, coherence
of evidence, and exposure-response relationship) of force and CTS was inadvertently omitted in the
firgt printing and has been re-inserted.

Page 5a27: The Risk Indicator for Osorio et . [1994] was changed from 4.6 to 6.7, and for Nathan
[1992], the “No association” entry under Risk Indicator was changed to avaue of 1.0.

Page 5a-29: Stetson et . [1993] was moved to the bottom of the table, and entries for Nathan
et a. [1992] and McCormack et a. [1990] were added.

Page 5a-31: Thistable was modified to more accurately reflect the text.

Page 5a-33: For Koskimies et d. [1990], the entry for Basis for Assessing Exposure was changed
from “ observation or measurements’ to “job titles or saf-reports.”

Page 5b-1: Text was corrected to reflect that seven studies (as opposed to eight) are referenced on
Table 5b-1.

Page 5c-4: Text was corrected to reflect that five studies (as opposed to four) met three of the criteria
A brief description of Kivekés et d. [1994] was added to this section.

A number of references were claified, and full references for sudies that were cited in the text of the
firgt printing but were inadvertently omitted from the reference list were added.

Appendix C was added to the document to provide a concise overview of the studies reviewed relative
to the evaluation criteria, risk factors addressed, and other issues.
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EXECUTIVE SUMMARY

The term musculoskeletd disorders (MSDs) refers to conditions that involve the nerves, tendons,
muscles, and supporting structures of the body. The purpose of this NIOSH document isto examine
the epidemiologic evidence of the relationship between selected M SDs of the upper extremity and the
low back and exposure to physical factors at work. Specific atention is given to andyzing the weight of
the evidence for the strength of the association between these disorders and work factors.

Because the relationship between exposure to physica work factors and the development and
prognosis of a particular disorder may be modified by psychosocid factors, the literature about
psychosocia factors and the presence of musculoskeletal symptoms or disordersis aso reviewed.
Understanding these associations and relating them to the cause of dissaseis criticad for identifying
exposures amenable to preventive and thergpeutic interventions.

MAGNITUDE OF THE PROBLEM

The only routingly collected nationa source of information about occupationa injuries and illnesses of
U.S. workersisthe Annua Survey of Occupationd Injuries and 11inesses conducted by the Bureau of
Labor Statistics (BLS) of the U.S. Department of Labor. The survey, which BL'S has conducted for the
past 25 years, is arandom sample of about 250,000 private sector establishments and provides
estimates of workplace injuries and illnesses on the basis of information provided by employers from
their OSHA Form 200 log of recordable injuries and illnesses.

For casesinvolving days awvay from work, BLS reportsthat in 1994 (the last year of data available at
the time this report was prepared), approximately 705,800 cases (32%) were the result of overexertion
or repetitive motion. Specifically, there were

C 367,424 injuries due to overexertion in lifting (65% affected the back); 93,325 injuries due to
overexertion in pushing or pulling objects (52% affected the back); 68,992 injuries due to
overexertion in holding, carrying, or turning objects (58% affected the back). Totaled across
these three categories, 47,861 disorders affected the shoulder.

C 83,483 injuriesor illnessesin other and unspecified overexertion events.



C 92,576 injuries or illnesses due to repetitive motion, including typing or key entry, repetitive use of
tools, and repetitive placing, grasping, or moving of objects other than tools. Of these injuries or
illnesses, 55% affected the wrist, 7% affected the shoulder, and 6% affected the back.

Datafor 1992 to 1995 indicate that injuries and illnesses requiring days away from work declined 19%
for overexertion and 14% for repetitive motion. The incidence rate of overexertion (in lifting) declined
from 52.1 per 10,000 workersin 1992 to 41.1 in 1995; the incidence rate for repetitive motion
disorders declined from 11.8 per 10,000 workersin 1992 to 10.1 in 1995. These declines are smilar
to those seen for cases involving days away from work from al causes of injury and illness.

The reasons for these declines are unclear but may include: a smaler number of disorders could be
occurring because of more intensive efforts to prevent them; more effective prevention and treatment
programs could be reducing days away from work; employers or employees may be more reluctant to
report or record disorders, or the criteria used by hedlth care providers to diagnose these conditions
could be changing.

IDENTIFICATION AND SELECTION OF STUDIES

The god of epidemiologic sudiesisto identify factors that are associated (positively or negatively) with
the development or recurrence of adverse medica conditions. This evaluaion and summary of the
epidemiologic evidence focuses chiefly on disorders that affect the neck and the upper extremity,
including tendgon neck syndrome, shoulder tendinitis, epicondylitis, carpa tunnel syndrome, and hand-
arm vibraion syndrome, which have been the most extensively studied in the epidemiologic literature.
The document aso reviews studies that have dedlt with work-related back pain and that address the
way work organizationd and psychosocid factors influence the relationship between exposure to
physicd factors and work-related MSDs. The literature about disorders of the lower extremity is
outside the scope of the present review.

A search drategy of bibliographic databases identified more than 2,000 studies. Because of the focus
on the epidemiology literature, studies that were laboratory-based or that focused on MSDs from a
biomechanica standpoint, dedlt with clinical trestment of MSDs, or had other

nonepidemiologic orientation were diminated from further congderation for this document. Over 600
studies were included in the detailed review process.

METHODS FOR SYNTHESIZING STUDIES

For the upper extremity studiesincluded in this review, those which used specific diagnogtic criteria,
including physical examination techniques, were given grester consderation than studies that used less
gpecific methods to define hedth outcomes. The review focused most strongly on observationd studies
whose health outcomes were based on recognized symptoms and standard methods of clinica
examination. For completeness, those epidemiologic studies that based their health outcomes on
reported symptoms aone were also reviewed. For the low-back studiesincluded in this review, those
which had objective exposure measurements were given grester consderation than those which used

X



self-reports or other measures. For the psychosocid section, any studies which included measurement
or discussion of psychosocia factors and MSDs were included.

No single epidemiologic study will fulfill al criteriato answer the question of causdity. However, results
from epidemiologic studies can contribute to the evidence of causdlity in the relationship between
workplace risk factors and MSDs. The framework for evauating evidence for causdity in thisreview
included strength of association, consstency, temporality, exposure-response relationship, and
coherence of evidence.

Using this framework, the evidence for a relationship between workplace factors and the devel opment
of MSDs from epidemiologic sudies is classfied into one of the following categories.

Strong evidence of work-reatedness (+++). A causd relaionship is shown to be very likdy
between intense or long-duration expaosure to the specific risk factor(s) and MSD when the
epidemiologic criteria of causdlity are used. A positive relationship has been observed between
exposure to the specific risk factor and MSD in studies in which chance, bias, and confounding
factors could be ruled out with reasonable confidencein at least severd studies.

Evidence of work-relatedness (++). Some convincing epidemiologic evidence shows a causa
rel ationship when the epidemiologic criteria of causdity for intense or long-duration exposure to
the specific risk factor(s) and MSD are used. A positive relationship has been observed between
exposure to the specific risk factor and MSD in studies in which chance, bias, and confounding
factors are not the likely explanation.

I nsufficient evidence of work-relatedness (+/0). The avallable sudies are of insufficient
number, qudity, consistency, or Satistical power to permit a conclusion regarding the presence or
absence of a causa association. Some studies suggest a relationship to specific risk factors, but
chance, bias, or confounding may explain the association.

Evidence of no effect of work factors (-). Adequate studies consistently show that the specific
workplace risk factor(s) is not related to development of MSD.

The dassfication of resultsin thisreview by body part and specific risk factor is summarized in
Table 1.
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Table 1. Evidencefor causal relationship between physical work factorsand M SDs

Body part
Risk factor

Strong
evidence
(+++)

Evidence
(++)

I nsufficient
evidence
(+/0)

Evidence
of no effect

()

Neck and Neck/shoulder
Repetition
Force
Posture
Vibration

Shoulder
Posture
Force
Repetition
Vibration

Elbow
Repetition
Force
Posture
Combination

Hand/wrist
Carpal tunnel syndrome
Repetition
Force
Posture
Vibration
Combination

Tendinitis
Repetition
Force
Posture
Combination

Hand-arm vibration syndrome
Vibration

Back
Lifting/forceful movement
Awkward posture
Heavy physical work
Whole body vibration
Static work posture

T
T

—H -4
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CONCLUSIONS

A subsgtantia body of credible epidemiologic research provides strong evidence of an association
between M SDs and certain work-related physica factors when there are high levels of exposure and
especidly in combination with exposure to more than one physica factor (e.g., repetitive lifting of heavy
objects in extreme or awkward postures [ Table 1]).

The strength of the associations reported in the various studies for specific risk factors after adjustments
for other factors varies from modest to strong. The largest increasesiin risk are generdly observed in
studies with awide range of exposure conditions and careful observation or measurement of exposures.

The conggtently positive findings from alarge number of cross-sectiond studies, strengthened by the
limited number of prospective studies, provides strong evidence (+++) for increased risk of work-
related M SDs for some body parts. This evidence can be seen from the strength of the associations,
lack of ambiguity in tempora relationships from the prospective sudies, the consstency of the resultsin
these studies, and adequate control or adjustment for likely confounders. For some body parts and risk
factors, there is some epidemiologic evidence (++) for a causa relationship. For gill other body parts
and risk factors, there is either an insufficient number of studies from which to draw conclusions or the
overdl concluson from the studies is equivoca. The absence of exigting epidemiologic evidence should
not be interpreted to mean there is no association between work factors and MSDs.

In generd, there islimited detailed quantitative information about exposure-disorder relationships
between risk factors and M SDs. Therisk of each exposure depends on a variety of factors such asthe
frequency, duration, and intensity of physica workplace exposures. Most of the specific exposures
associated with the strong evidence (+++) involved daily whole-shift exposure to the factors under
invedtigation.

Individua factors may aso influence the degree of risk from specific exposures. There is evidence that
some individua risk factors influence the occurrence of MSDs (e.g., elevated body mass index and
carpa tunndl syndrome or a history of past back pain and current episodes of low-back pain). Thereis
little evidence, however, that these individua factorsinteract synergigticaly with physicd factors. All of
these disorders can dso be caused by nonwork exposures. The mgority of epidemiologic sudies
involve heath outcomes that range in severity from mild (the workers reporting these disorders continue
to perform their routine duties) to more severe disorders (workers are absent from the workplace for
varying periods of time). The milder disorders are more common. A limited number of sudies
investigate the natura history of these disorders and attempt to determine whether continued exposure
to physicd factors dterstheir prognosis.

The number of jobsin which workers routingly lift heavy objects, are exposed on adaily basisto
whole-body vibration, routinely perform overhead work, work with their necks in chronic flexion
position, or perform repetitive forceful tasks is unknown. While these exposures do not occur in most
jobs, alarge number of workers may indeed work under these conditions. The BL S data indicate that
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the total employment is over three million in the industries with the highest incidence rates of cases
involving days away from work from overexertion in lifting and repetitive motion. Within the highest risk
indugtries, however, it islikdy that the range of risk is substantia depending on the specific nature of the
physical exposures experienced by workers in various occupations within that indudtry.

This criticd review of the epidemiologic literature identified a number of specific physica exposures
strongly associated with specific M SDs when exposures are intense, prolonged, and particularly when
workers are exposed to severd risk factors Smultaneoudy. This scientific knowledge is being applied in
preventive programs in anumber of diverse work settings. While this review has summarized an
impressive body of epidemiologic research, it is recognized that additional research would be quite
vauable. The MSD components of the Nationa Occupationd Research Agenda efforts are principaly
directed toward stimulation of greater research on MSDs and occupationd factors, both physical and
psychosocid. Research efforts can be guided by the existing literature, reviewed here, aswell as by
data on the magnitude of various MSDs among U.S. workers.
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CHAPTER 1
Introduction

PURPOSE

This document examines the epidemiologic
evidence that associates selected
musculoskeletd disorders (M SDs) of the upper
extremity and the low back with exposure to
physica factors at work. The authors have paid
particular attention to andyzing the strength of
the association between MSDs and work
factors. Because the development of an MSD
may be modified by psychosocid factors, the
authors have aso reviewed the literature on the
relationship of these factors to the presence of
musculoskeletal symptoms or disorders.
Understanding these associations and relaing
them to disease etiology is criticd to identifying
workplace exposures that can be reduced or
prevented.

BACKGROUND

The World Hedlth Organization has
characterized “work-related” diseases as
multifactoria to indicate that a number of risk
factors (e.g., physicd, work organizationd,
psychosocid, individud, and sociocultura)
contribute to causing these diseases [WHO
1985]. One important reason for the
controversy surrounding work-related MSDs s
their multifactoria nature. The disagreement
centers on the relative importance of multiple
and individud factorsin the development of
disease. The same controversy has been an
issue with other medical conditions such as
certain cancers and lung disorders—both of
which have multiple causd factors
(occupationa and nonoccupational).

The god of epidemiologic Sudiesisto identify
factors (such as physical, work organizationd,
psychasocid, individud, and socioculturd
factors) that are associated positively or
negatively with the development or recurrence
of adverse medical conditions. This document
addresses and evaluates the literature with
regard to these issues for work-related MSDs.

This document reviews the epidemiologic
evidence regarding the role of physicd factors
in the development of MSDsfor the following
body areas: the neck, shoulder, elbow,
hand/wrist, and back. The document also
addresses the influence of work organizationa
and psychosocial factors on the association of
physica factors with work-related MSDs. This
evauation and summary of the epidemiologic
evidence focuses chiefly on disorders affecting
the neck and the upper extremity—including
tenson neck syndrome, shoulder tendinitis,
epicondylitis, carpal tunndl syndrome, and
hand-arm vibration syndrome, which have been
the most extensively sudied in the
epidemiologic literature. This document o
concentrates on sudies that have dedlt with the
issue of work-related back pain and sciatica.
The literature on disorders of the lower
extremities is beyond the scope of thisreview.

SCOPE AND MAGNITUDE OF THE
PROBLEM

The only routinely published, nationa source of
information about occupationa injuries and
illnessesin U.S. workersisthe Annua Survey
of Occupationd Injuries and IlInesses (ASOII)



conducted by the Bureau of Labor Statistics
(BLS) of the U.S. Department of Labor. This
survey is arandom sample of about 250,000
private-sector establishments, but it excludes
sdlf-employed workers, farms with fewer than
11 employees, private households, and al
government agencies. The ASOII provides
edtimates of workplace injuries and illnesses
from information that employers provide to
BL S from their OSHA Form 200 log of
recordable injuries and illnesses.

BL S has conducted this annud survey since
1972 and has thus provided basic information
about cases of occupationd injury or illness that
required more than firs-aid (including medica
treatment, restricted work activity, or days
away from work). Thisinformation includes the
total number of cases categorized on the
OSHA Form 200 log as either an injury or an
illness. Theillness data are separated into Sx
subcategories; the category that contains most
(but not dl) musculoskeletd conditionsis
disorders associated with repeated trauma.
Thisillness category adso includesillnesses
associated with noise-induced hearing loss,
but M SDs account for the largest proportion of
these cases, especialy in recent years. All back
disordersor injuries are placed in the Sngle,
broad injury category, which dso includes all
other types of injuries such as lacerations,
fractures, and burns.

From this part of the ASOII, BL S reports that
in 1995, 308,000 (or 62%) of al illness cases
were due to disorders associated with repeated
trauma (excluding low-back disorders, which
are liged asinjuries). The number of repeated
trauma cases increased dramaticdly, risng
steadily from 23,800 in 1972 to 332,000 in
1994—a 14-fold increase. In 1995, the

number of cases decreased by 7% to 308,000
reported cases, but this number still exceedsthe
number of casesin any year before 1994.

Because these summary data did not
adequately describe the nature of occupational
injuries and illnesses and the related risk
factors, the ASOII was redesigned in 1992 to
capture more detailed information about injury
and illness cases requiring days awvay from
work. This redesigned survey captures
demographic information about injured workers
aswell asthefollowing characterigtics of the
injury or illness (1) the employer’s description
of the nature of theinjury or illness, such as
gorain or carpa tunnel syndrome; (2) the part
of the body affected by the specified
condition, such as back or wrigt; (3) the source
of theinjury or illness that directly produced
the disabling condition, such as a crate, heavy
box, or anursang home patient; and (4) the
event or exposure that describes the manner in
which theinjury or illnesswas inflicted, such as
overexertion during lifting or repetitive motion.
The BLS data are based on information
provided by employers from their records of
work-related injuries and illnesses and then
coded into these categories.

For injury and illness cases involving days away
from work, BLS reportsthat in 1994 (the last
year for which the detailed data were complete
when this report was prepared), approximately
705,800 cases (32%) resulted from
overexertion or repetitive motion. Specifically:

C 367,424 injuries were due to overexertion in
lifting; 65% affected the back. Another
93,325 injuries were due to overexertion in
pushing or pulling objects;, 52% affected the
back. In addition, 68,992 injuries were due
to overexertion in holding, carrying, or turning



objects; 58% affected the back. Totaled
across these three categories, 47,861
disorders affected the shoulder. The median
time away from work from overexertion
injuries was 6 daysfor lifting, 7 days for
pushing/pulling, and

6 days for holding/carrying/turning.

C 83,483 injuries or illnesses occurred in other
and unspecified overexertion events.

€ 92,576 injuries or illnesses occurred as a
result of repetitive mation, including typing or
key entry, repetitive use of tools, and
repetitive placing, gragping, or moving of
objects other than tools. Of these repetitive
motion injuries, 55% affected the wrist, 7%
affected the shoulder, and 6% affected the
back. The median time away from work was
18 days asaresult of injury or illnessfrom
repetitive motion.

The highest incidence rates (IRs) of work-
related injuries and illnesses from over- exertion
occur among workersin nursing and persond
care facilities, scheduled air transportation, and
manufacturing of trave trailers and campers. As
Table 1-1 indicates, these industries have rates
of overexertion disorders four times higher than
the average rate for dl private industry. More
than 2 million workers are employed in the
three highest-risk industries alone. However,
rates are not available by occupation within
these indudtries, and not al workers within a
high-risk industry will be a equd risk of
developing awork-related MSD.

Industries with the highest IRs of work-related
injuries and illnesses from repetitive motion
include a number of garment manufacturing
sectors such as knit underwear mills, men'sand

boy’s work clothes, and hats, caps, and
millinery; these indudtries dso include
manufacturing sectors such as textile bags,
potato chip and smilar snacks, motor vehicles,
and mesat packing plants (Table 1-2). These
indudtries have IRs that are more than eight
timesthe rate for dl private industry.

Not al workersin these high-risk industries are
exposed to the working conditions associated
with these clearly elevated rates of illnesses and
injuries from overexertion and repetitive
motion; however, smdler proportions of
workersin other indudtries may be smilarly
exposed. For example, trucking and courier
sarvices, an industry employing over 1.6 million
people, had IRs for overexertion disorders that
were dmog three times higher than the average
rate for dl private industries. Thus, these
employment estimates provide a conservative
goproximation of the number of workers with
heavy exposures to high-risk conditions.

The BLS data are survelllance information that
might contain misclassfications of both
exposure and health outcomes. However, some
industries have notably and congstently
elevated rates of musculoskeetd injuries and
disordersthat are not likely to be attributable to
data collection or coding. Note that decisions
about the event or exposure that resulted in an
injury or illness are associations rather than
causa inferences. Nevertheless, they provide
some pergpective on the magnitude of work-
related MSDs.



Table 1-1. Private sector industries with the highest incidence rates of injuries and illnesses
from overexertion resulting in days away from work, 1994

1994 annual
average Incidence rate 95% confidence
employment*  (per 10,000 interval

Industry” SIC code’  (in thousands) _workers) (rate per 10,000) Number of cases

Nursing and personal care facilities 805 1,648 318.0 (286, 350) 41,884
Air transportation, scheduled 451 607 306.7 (276, 337) 16,309
Travel trailers and campers (manufacturing) 3792 22 303.7 (206, 401) 635
Food products machinery (manufacturing) 3556 24 260.1 (142, 378) 620
Bottled and canned soft drinks (manufacturing) 2086 95 255.6 (224, 287) 2,512
Beer, wine, and distilled beverages (wholesale) 518 150 254.6 (189, 321) 3,750
Coal mining 12 112 235.6 not available 2,609
Mattresses and bedsprings (manufacturing) 2515 31 233.5 (172, 295) 719
Comparison Industries:

All manufacturing 2,3 18,319 83.00 (81.4, 84.6) 151,794

All private industry?® 94,146 76.00 (75.7, 76.3) 613,251

Finance, insurance, and real estate 6 6,707 17.90 (16.5, 19.3) 11,191

Source: Bureau of Labor Statistics, U.S. Department of Labor, Annual Survey of Occupational Injuries and llinesses, 1994 Case and Demographic Resource Tables

(ftp://stats.bls.gov/pub/special.requests/ocwc/osh/c_d_data).

"High rate industries were those having an incidence rate greater than three times the rate for all private industry, at the most detailed or lowest SIC level at which rates are published.
Generally, manufacturing industries are published at the 4-digit code level and the remaining industries at the 3-digit level.

TStandard Industrial Classification Manual, 1987 edition.

*Annual average employment from the BLS Covered Employment and Wages (ES-202) Survey.

SExcludes farms with fewer than 11 employees.
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Table 1-2. Private sector industries with the highest incidence rates of injuries and illnesses
from repetitive motion resulting in days away from work, 1994

1994 annual
average Incidence rate 95% confidence
SIC employment?* (per 10,000 interval
Industry” code’ (in thousands) workers) (rate per 10,000) Number of cases
Knit underwear mills (manufacturing) 2254 25 165.6 (145, 187) 370
3

House slippers (manufacturing) 3142 146.3 (92, 201) 48
Men’s and boy’s work clothes (manufacturing) 2326 42 117.2 (97, 137) 463
Textile bags (manufacturing) 2393 11 115.7 (60, 171) 117
Potato chips and similar snacks (manufacturing) 2096 35 115.2 (95, 135) 406
Motor vehicles and car bodies (manufacturing) 3711 335 1139 (99, 129) 4,058
Hats, caps, and millinery (manufacturing) 235 21 103.9 (79, 129) 202
Meat packing plants (manufacturing) 2011 138 98.5 (76, 121) 1,402
Bras, girdles, and allied garments (manufacturing) 2342 12 96.2 (73, 119) 111
Wood products, not elsewhere classified (manufacturing) 2499 58 92.8 (69, 117) 515
Men’s and boy’s suits and coats (manufacturing) 231 40 89.1 (74, 104) 320
Electronic coils and transfers (manufacturing) 3677 17 87.0 (52, 122) 142
Men’s footwear (excluding athletic) 3143 28 84.9 (64, 106) 221
Comparison Industries:

All manufacturing 2,3 18,319 27.0 (26.4, 27.6) 49,278

Al private industry?® 94,146 115 (11.4, 11.6) 92,576

Finance, insurance, and real estate 6 6,707 8.1 (7.4,8.8) 5,046

Source: Bureau of Labor Statistics, U.S. Department of Labor, Annual Survey of Occupational Injuries and llinesses, 1994 Case and Demographic Resource Tables
(ftp://stats.bls.gov/pub/special.requests/ocwc/osh/c_d_data).

"High rate industries were those having an incidence rate greater than three times the rate for all manufacturing workers at the most detailed or lowest SIC level at which rates are published.
Generally, manufacturing industries are published at the 4-digit code level and the remaining industries at the 3-digit level.

TStandard Industrial Classification Manual, 1987 edition.

*Annual average employment from the BLS Covered Employment and Wages (ES-202) Survey.

SExcludes farms with fewer than 11 employees.
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The large number of work-related low-back
injuries or illnessesreported in the BLS datais
congstent with the results of two representative
survelllance sudies in the United States and
Ontario. Inthe U.S. study, about 52% of the
back pain reports were attributed by the
worker to repetitive events at work, and an
additiona 16% were attributed to discrete,
acute events at work; 33% were associated
with both types of exposures[Guo et d. 1995].

Although workers often consder MSDsto be
work-related, their reports of back pain do not
appear to affect the rdiability of their sdif
reports about exposure to physical work. Inthe
Ontario sudy [Liiraet d. 1996], 24% of the
long-term back disorders were related to
bending and lifting, working with vibrating
machines, and working in awkward postures.
Interestingly, 8% of the population were
exposed to at least two of these three factors,
and an additiona 3% were exposed to al three.

The impact of work-relatednessis
demondtrated by the elevated MSD rates for
certain industries in workers: compensation
dataas well asthe BLS data. For example, in
the State of Washington workers
compensation system, the overdl IR of work-
related M SDs was 3.87/100 workersin 1992,
3.72in 1993, and 3.52 in 1994. Work-related
MSDsin this sudy were defined asinjuries and
illnesses involving soraing/drains, joint
inflammation, low-back pain, and nerve-
compression syndromes. Four industries had
rates a least four times the 1992-94 average
rate: wallboard ingtallation (23.6/100 workers
per year), temporary help-assembly (23.6),
roofing (19.9), and moving companies (18)
[Washington State Department of Labor and
Industries 1996].
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COST

The precise cost of occupationa MSDs is not
known. Estimates vary depending on the
method used. A conservetive estimate
previoudy published by NIOSH is

$13 billion annually [NIOSH 1996]. Others
have estimated the cost a $20 billion annudly
[AFL-CIO 1997]. Regardiess of the estimate
used, the problem is large both in hedth and
economic terms.

Work-related MSDs are a magjor component of
the cost of work-reated illnessin the United
States. The Cdifornia Workers Compensation
Indtitute (a non-profit research inditute)
estimates that upper-extremity MSD clams by
workers average $21,453 each [CWCI 1993].
Back painisby far the most prevaent and
costly MSD among U.S. industries today.
Recent andlysis of the 1988 Occupationa
Hedth Supplement of the National Hedlth
Interview Survey (an ongoing househol d-based
survey) shows thet the overdl prevaence of
self-reported back pain from repeated activities
on the most recent job was 4.5%, or 4.75
million U.S. workers [Behrens et d. 1994]. The
mean cost per case of compensable low-back
pain was reported to be $8,321 in 1989
[Webster and Snook 1994b].

Webster and Snook [19944] estimated that the
mean compensation cost per case of upper-
extremity, work-related MSD was $8,070 in
1993; the total U.S. compensable cost for
upper extremity, work-related MSDs was
$563 million in 1993. For example, the State of
Washington averaged 44,648 work-related
MSD clams, with an average totd cost of
$166.8 million/year for the period 1992-94.
The State of Washington has aworking
population that is 2% that of the U.S.
workforce. The compensable cost islimited to
the medical expenses and indemnity costs (lost



wages). When other expenses such as the full
lost wages, lost production, cost of recruiting
and training replacement workers, cost of
rehabilitating the affected workers, etc. are
considered, the total cost to the national
economy becomes much grester.

DEFINING HEALTH OUTCOMES
Work-related MSDs are defined differently in
different sudies; thus, it is not surprisng that
controversy has arisen about the relative
importance of various risk factorsin the
etiology of these disorders. Some investigators
restrict themselves to case definitions based on
clinical pathology, some to the presence of
symptoms, some to “objectively” demonstrable
pathologica processes, and some to work
disability (such aslost work-time gatus).

The most common hedlth outcome has been the
occurrence of pain, which is assumed to be the
precursor of more severe disease [Rithimaki
1995] or (asin the case of back pain) the
disorder itsdf. Different MSD hedlth outcomes
have been assessed by investigators depending
on the particular concern or nature of the study.
The specific hedlth outcomes sudied vary
depending on (a) the purpose of the study, (b)
the composition of the study population, (c) the
rarity or prevaence of the hedth outcomein the
population, (d) the need to limit specific biases,
and (e) the decisons of the investigators.

Different epidemiologic measures and time
scaes have aso been used to quantify MSDsin
groups of people (lifetime prevaence, period
prevaence, point prevalence, IR, incidence
ratio, etc.). Smilarly, some studies have
included chronic cases, whereas others have
studied acute or subacute cases or both.
Cross-sectional studies usualy employ case
definitions that take into account prevaent
cases a different stages of the disease
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process—such as incipient disease or resdua
ggnsof aMSD that was once clinicaly
gpparent. Because of the multifactoria nature
of MSDs, it has been necessary to look at a
broad spectrum of outcome measures to assess
the effects of these factors.

Certain authors have noted the scarcity of
objective measures (including physica
examination techniques) to define work-related
MSDs, and the lack of standardized criteriafor
defining MSD cases. Such inaufficiencies
sometimes make study comparisons difficult
[Gerr et d. 1991; Moore 1992; Frank et dl.
1995; Riithimaki 1995; Hadler 1997]. It would
be useful to have a concise pathophysiologica
definition and corresponding objective clinica
test for each work-related MSD to trandate the
degree of tissue damage or dysfunction into an
estimate of current or future disability and
prognosis. Such definitions and tests do not yet
exig. Clinicaly defined work-related MSDs
often have no clearly delineated
pathophysiologicd mechanisms for pathologica
processes. In cases where some criteria exist
(such as carpd tunnd syndrome [CTS]), the
standard of accuracy is rdlatively expensive,
elaborate, and subject to interpretation. For
example, the overlgp between symptoms and
presence of abnormalitiesin nerve conduction
studiesis not great [Stetson et d. 1993];
furthermore, abnormdlities in nerve conduction
studies cannot be reliably used to predict the
future onset of CTS symptoms [Werner et d.
1997]. Thus, in theinterest of feagbility,
expense, and utility, mpler tests and less
specific case definitions may have been used in
some studies, thereby introducing some risk of
misclassification for specific

diagnodtic entities.

For upper-extremity sudiesin thisreview,



those with specific diagnodtic criteria (including
physicd examination techniques) were given
greater consderation than studies that used
less-specific methods to define hedth
outcomes. The review focused on observationd
studies whose health outcomes were based on
the congtelation of recognized symptoms and
gtandard methods of clinicad examination. For
completeness, those epidemiologic studies that
based their health outcomes on reported
symptoms alone were a'so reviewed.

Therefore, this document focuses on the upper-
extremity M SDs that have commonly used
diagnostic symptoms and physica examination
abnormality criteria. Specificaly, these MSDs
are (1) tenson-neck syndrome, (2) rotator cuff
tendinitis and impingement syndrome in the
shoulder, (3) epicondylitisin the elbow, (4)
CTS,

(5) wrigt tendinitis, and (6) hand-arm vibration
(HAV) syndrome. Generdly, the physica
examination techniques used to define these
MSD cases of the upper extremity have been
gmilar from study to study and involve standard
examination techniques recognized by the
American Academy of Orthopedic Surgeons,
the American College of Physcians, or the
Internationa Labor Organization
Musculoskdetal Task Force (thusincreasing
the reliability of comparisons between sudies).
Although physical examination techniques have
not been commonly used in epidemiologic
studies of low-back disorders, this document
a0 reviews those epidemiologic studies that
address low-back pain.

EXPOSURE MEASUREMENTS
Exposure measurements used in work-rel ated
MSD gtudies range from very crude

measures (e.g., occupationd title) to complex
andytica techniques (e.g., spectrd anayss of
€lectrogoniometer measurements of joint
motions). Some studies have relied on sdlf-
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assessment of physical workload by the sudy
subjects.

The accuracy of such self-assessment has been
debated (both for under-estimation and over-
estimation). Uhl et d. [1987] found that
workers reported performing more physical
work than observationa data could support.
Armstrong et al. [1989] found that workers can
(on average) distinguish among levels of
exposure, but workers' ratings may not
correspond with objective measurements.
Bernard et d. [1994] found that video display
termina (VDT) operators (those with and those
without symptoms of work-related MSDs)
reported that the average time they spent typing
dally in the last year was twice that noted by
independent observersin asingle work day
(although the 1-day observation period may
have been insufficient to capture an average
day of typing time). Smilarly, Stubbs [1986]
found large and significant differences between
subjective and observed estimates of time spent
working in specified postures. Fransson-Hall et
a. [1995], on the other hand, found that
workers tended to underestimate their
exposures to contact stress of the hand
compared with observation. This
underestimation may be because workers tend
to monitor discomfort from direct contact
pressure—not the time spent with direct
contact. Katz et a. [1996] found evidence of
the vaidity of sdlf-reported symptoms and
functiond status, and andyss of their data
yielded evidence that variability in self-reports
is not influenced by potentid secondary gain.

As Riihiméki [1995] pointed out, it is difficult to
as3ess current exposure, but it is even more
difficult to assess cumulative past exposure
retrospectively. Accurate retrospective data are
usudly not avallable; thus the exposure
assessment is often based on self-reports, and



the assessment may incur information bias.

A few gtudies have used observationa methods
to estimate exposures to workplace physical
hazards more accurately and reliably. Because
studiesthat directly observe or assess physica
exposure factors are less likely to misclassify
exposure status, these studies are given grester
weight in thisreview.

Despite the noted limitations, occupations
classfied as “high-risk” in severd dudies share
anumber of workplace exposures associated
with work-related M SDs. These workplace
eXposures occur in various combinations
(gngly, amultaneoudy, or sequentidly) a
different levelsfor different durations. These
exposures have not been routinely broken
down into task variables and quantified, with
the mechanica or physologica loads defined
and measured.

INFORMATION RETRIEVAL

This document examines scientific peer-
reviewed epidemiologic journd articles,
including recent publications addressng MSD
risk factors, conference proceedings, and
abstracts dedling with upper-extremity or back
MSDs, recent textbooks, interndly reviewed
government reports or studies conducted by
NIOSH, and other documents. Reports of
epidemiologic sudies were acquired using both
CD-ROM and online commercid and
governmenta databases. Searches were
carried out on computer-based bibliographic
databases: Grateful Med® (which indudes
Medline® and Toxline®), NIOSHTIC® (a
NIOSH database), and CIS (the International
Labour Organization occupationa health
database). The search dtrategy included the
following key terms: occupation, repetition,
force, posture, vibration, cold, psychosocid,
psychologicd, physologicd, repetition srain
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injury, repetitive grain injury, epidemiology,
etiology, cumulative trauma disorders, MSDs
(neck, tension neck syndrome, shoulder,
rotator cuff, elbow, epicondylitis, tendinitis,
tenosynovitis, carpa tunnd, de Quervain's,
nerve entrapment syndrome, vibration, back
pain and sciatica, manud materids handling).
Bibliographies of rlevant articles were
reviewed. Relevant foreign literature citationsin
English and included in the databases were
included in this review adong with literature from
the persond files of the contributors. This
search dtrategy identified more than 2,000
dudies. Because of the focus on the
epidemiology literature, anumber of these
studies that were laboratory-based or focused
on M SDs from a biomechanica standpoint that
dedlt with clinica trestment of MSDs or other
non-epidemiologic orientations were eliminated
from further congderation for the present
document. Over 600 studies were included in
the detailed review process.

SELECTION OF STUDIES

The studies that were chosen for more detailed
review specificaly concerned the work-
relatedness of M SDs, muscul oskel etal
problems of the neck, upper limbs, or back,
and/or occupationa and nonoccupational risk
factors. The following inclusion criteriawere
used to select sudiesfor the review:

Population: Studies wereincluded if the
exposed and referent populations were well
defined.

Health outcome: Studies were included if they
involved neck, upper-extremity, and low-back
MSDs measured by well-defined, explicit
criteria determined before the study. Studies
whaose primary outcomes were clinicaly
relevant diagnogtic entities generaly had less
misclassification and were likdy to involve



more severe cases. Studies whose primary
outcomes were the reporting of symptoms
generdly had more misclassfication of hedth
datus and awider spectrum of severity.

Exposure: Studies were included if they
evauated exposure so that some inference
could be drawn regarding repetition, force,
extreme joint position, static loading or
vibration, and lifting tasks. Studiesin which
exposure was measured or observed and
recorded for the body part of concern were
considered superior to studies that used sdif-
reports or occupational/job titles as surrogates
for exposure.

Study design: Population-based studies of
MSDs, case-control studies, cross-sectional
studies, longitudina cohort studies, and case
series wereincluded.

METHODS FOR ANALYZING OR
SYNTHESIZING STUDIES

The first step in the andytica processwas to
classfy the epidemiologic studies by the
following criteria

1. The participation rate was $70%. This

criterion limits the degree of sdection bias

in the study.

2. The hedth outcome was defined by

symptoms and physicd examination. This

criterion reflects the preference of most
reviewers to have hedlth outcomes that
are defined by objective criteria

3. Theinvestigators were blinded to hedlth
or exposure status when assessing hedlth
or exposure saus. This criterion limits
observer biasin classfying exposure or
disesse.
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4. Thejoint under discussion was subjected
to an independent exposure assessment,
with characterization of the independent
variable of interest (such as repetition or
repetitive work). This criterion indicates
whether the exposure assessment was
conducted on the joint of interest and
involved the type of exposure being
examined— such as repetitive work,
forceful exertion, extreme posture, or
vibration. This criterion indicates whether
the exposure was measured
independently or in combination with
other types of exposures. Exposure was
aso characterized by the method used to
measure the level of exposure. Studies
that used elther direct observation or
actua measurements of exposure were
considered to have a more accurate
exposure classfication scheme, whereas
sudiesthat exclusvely used job titles,
interviews, or questionnaire information
were assumed to have less accurate
exposure information.

During review of the studies, the greatest
qualitetive weight was given to studies that had
objective exposure assessments, high
participation rates, physica examinations, and
blinded assessment of hedlth and exposure
datus. The chapters dedling with the different
body regions—neck (including neck-shoulder),
shoulder, elbow, hand/wrigt, and low-
back—summarize these characteristics for each
study reviewed on the criteriatable.

The second step of the analytica process was
to divide the studies into those with datisticaly
sgnificant associations between exposures and
health outcomes and those without Satigticaly
sgnificant associations. The associations were
then examined to determine whether they were



likely to be subgtantialy influenced by
confounding or other selection bias (such as
survivor bias or other epidemiologic pitfalls that
might have amgor influence on the
interpretation of the findings). These include the
absence of nonrespondent bias and
comparability of study and comparison groups.
There are d o tables that summarize
information about confounders and
epidemiologic pitfals for each study reviewed
at the end of each body region chapter.

The third step of the anaytical process wasto
review and summarize sudies with regard to
drength of association, consstency in
associaion, tempora association, and
exposure-response relationship. Each of these
factorsis discussed in gregter detall in the next
section (Criteriafor Causality). Each study
examined (those with negetive, pogtive, or
equivoca findings) contributed to the pool of
data for determining the strength of
work-relatedness using causd inference. The
exposures examined for the neck and upper
extremity were repetition, force, extreme
posture, and segmentd vibration. The
exposures examined for the low back were
heavy physicd work, lifting, bending/twigting,
whole-body vibration, and static postures.

Care should be taken when interpreting some
Study results regarding individua workplace
factors of repetition, force, extreme or datic
postures, and vibration. As Kilbom [1994]
dtated, these factors occur Ssmultaneoudy or
during dternating tasks

within the same work, and their effects concur
and interact. A single oddsratio (OR) for an
individud risk factor may not accurately reflect
the actual association, asnot dl of the studies
derived ORs for smultaneoudy occurring
factors. Thus these sudies were not only
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viewed individualy (taking into account good
epidemiologic principles) but together asa
body of evidence for making broader
interpretations about epidemiologic causdity.
Many investigators did not examine each risk
factor separately but selected study and
comparison groups based on combinations of
risk factors (such as workersin jobs involving
high force and repetition compared with
workers having no exposure to high force and

repetition).

CRITERIA FOR CAUSALITY

No single epidemiologic study will fulfill dl
criteriafor causdity. However, the results of
many epidemiologic studies can contribute to
the evidence of causdity in the relationship
between workplace risk factors and MSDs.
Rothman [1986] defined a cause as*an event,
condition, or characterigtic that plays an
essentid role in producing an occurrence of the
disesse”

This document uses the following framework of
criteriato evauate evidence for causdity. The
framework was proposed by Hill [1966; 1971]
and modified by Susser [1991] and Rothman
[1986].

Strength of Association

The ORs and prevaence rate ratios (PRRS)
from the reviewed studies were used to
examine the strength of the association between
exposure to workplace risk factors and MSDs,
with the higher values indicating stronger
associdion. The greater the magnitude of the
relative risk (RR) or the

OR, thelesslikely the association isto be
spurious [Cornfield et . 1959; Bross 1966;
Schlesselman 1978). Wesker associations are
more likely to be explained by undetected
biases.



Debate is ongoing in the epidemiologic
literature about sudies with smdl sample Szes
that find increased ORs or PRRs but have
confidence intervas (Cls) that include 1.0. The
question is whether such studies Smply show
no significant association or can be seen as
useful estimates of associated risk.
Nonetheless, it is useful to identify trends across
such studies and consider whether they have
vauable information after taking into account
other epidemiologic principles. If the Sudies
with and without Sgnificant findings both have
amilarly elevaied ORs or PRRs, this
information is useful in estimating the overdl
leve of risk associated with exposure.

Consistency

Consstency refersto the repeated observation
of an association in independent Sudies.
Multiple sudies yidding Smilar associaions
support the plausibility of a causal
interpretation. Finding the same association
with different and valid ways of measuring
exposure and disease may show that the
association is not dependent on measurement
tools. Smilar gudiesthat yidd diverse results
weaken acausa interpretation.

Specificity of Effect or Association
This criterion refers to the association of a
snglerisk factor with a specific hedth effect.
We have not emphasized this criterion because
of the different views of its utility in determining
causdlity. If this criterion isinterpreted to mean
that a Single stressor can be related to a specific
outcome (e.g., that forceful exertion alone can
be related to hand/wrigt tendinitis) it becomes
an important criterion for MSDs. However, this
criterion can be interpreted and applied too
smpligticaly. Schlesselman [1982] noted that
the concept of specificity isthat is generdly too
ampligtic and that multiple causes and effects
were more often the rule than the exception.
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Rothman [1986] referred to specificity of effect
as“usdess and mideading” asacriterion for
causdity.

Temporality

Tempordlity refers to documentation that the
cause precedes the effect in time. Prospectively
designed studies ensure thet this criterion is
grictly adhered to—that is, that exposure
precedes adverse health outcome. But cross-
sectiond studies are not designed to dlow gtrict
adherence to this criterion because both
exposure information and adverse hedlth
outcome are obtained at the same point in time.

Even though the cross-sectiond study design
precludes strict establishment of cause and
effect, additiona information can be used to
make reasonable assumptions that exposure
preceded the hedlth effect—particularly when
the relationship between physica exposuresis
measured by observation or direct
measurement and by M SD-related hedth
outcomes. If the exposure was directly
measured or observed, it isaso unlikely that
the measurement was influenced by the
presence or absence of the MSD inthe
employee. Rothman [1986] dtated that it is
important to redize that cause and effect in an
epidemiologic study or epidemiologic data
cannot be evauated without making some
assumptions (explicit or implicit) about the
timing between exposure and disease. For
example, from a cross-sectional study of
hand/iwrigt tendinitis and highly forceful,
repetitive jobs, aresearcher can determine
when exposure began from recorded work
histories or from interviews. The researcher can
aso reasonably determine the time of tendinitis
onset by interviews. Kleinbaum et d. [1982]
said that in cross-sectional tudies, risk factors
and prognostic factors cannot be distinguished
empiricaly without additional information.



With additiond information (e.g., laboratory
experiments or biomechanica findings), an
investigator can deduce that the adverse hedlth
outcome followed exposure. For example,
taking other confoundersinto account, it is
unreasonable to deduce that persons with
hand/wrigt tendinitis are likely to seek
employment in jobs that require highly forceful,
repetitive exertion of the hand/wrist area.

Exposure-Response Relationship
The exposure-response relationship relates
disease occurrence with the intengty,
frequency, or duration of an exposure (or a
combination of these factors). For example, if
long-duretion, forceful, repetitive work using
the hands and wrists is associated with an
increased prevaence of hand/wrist tendinitis,
this association would tend to support a causa
interpretation. Some have chalenged the
importance of physica factors as causal agents,
but prospective studies have shown that
reduced exposures result in a decreased
disease [Bigos et d. 1991b]. In occupationa
hedlth, important and effective preventive
actions have been initiated without prospective
demondtration that reduced exposure decreases
the incidence of disease.

Coherence of Evidence

Coherence of evidence means that an
asociation is condgtent with the naturd history
and biology of disease. For example, an
observed association between repetitive wrist
motion and CTS (defined by nerve conduction
criteria) must be supported by biologica
plaugibility: repeated wrist movement can cause
swdling of tissuein the carpd tunnd, resulting
ininjury to nerves. It isimportant to remember,
however, that epidemiologic sudies can identify
new associations for further studly.

CATEGORIES USED TO CLASSIFY
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THE EVIDENCE OF WORK-
RELATEDNESS

After ng the qudity of individua
epidemiologic studies, NIOSH investigators
judged whether the evidence was strong
enough to relate the risk factor to the MSD. In
meaking this judgement, the investigators
consdered the criteriafor causdity. Studies
which met dl four evauation criteriawere given
more weight than those which met at least one
of the criteria

The evidence of work-relatedness from
epidemiologic sudiesis classfied into one of
the following categories: strong evidence of
work-relatedness (+++), evidence of work-
relatedness (++), inadequate evidence of
work-relatedness (+/0), and evidence of no
effect of work factors (-).

Strong Evidence of Work-
Relatedness (+++)

A causd rdationship is very likely between
intense and/or long duration exposure to a
specific risk factor(s) and an MSD when using
the epidemiologic criteria of causdity. A
positive relationship has been observed
between exposure to the risk factor and the
MSD in a least severd studiesin which
chance, bias, and confounding could be ruled
out with reasonable confidence.

Evidence of Work-Relatedness (++)
Some convincing epidemiolgic evidence exists
for acausa relationship using the epidemiologic
criteria of causdlity for

intense and/or long-duration exposure to a
specific risk factor(s) and an MSD. A positive
relationship has been observed between
exposure to therisk factor and the MSD in
gudies in which chance, bias, and confounding
are not the likely explanation.



Insufficient Evidence of Work-
Relatedness (+/0)

The avalable sudies are of insufficient qudity,
consistency, or statistica power to permit a
conclusion regarding the presence or absence
of acausd association. Some studies suggest a
relationship to specific risk factors but chance,
bias, or confounding may explain the
association.

Evidence of No Effect of

Work Factors (-)

Adequate studies consgtently and strongly
show that the specific risk factor is not related
to MSDs.

SUMMARY

This document criticaly reviews the evidence
regarding work-related risk factors and their
relaionship to MSDs of the neck, shoulder,
elbow, hand/wrist, and low back. The
document represents afirst sep in ng the
work-relatedness of MSDs. This step involves
examination of reevant epidemiologic
information to assess the strength of the
available evidence that, under certain conditions
of exposure, specific risk factors could increase
the risk of MSDs or increase the likelihood of
impairment or disability from MSDs. The
second step would involve quantitative risk
estimates that are beyond the purpose and
scope of this document. This review of the
epidemiologic literature may asss nationa and
international authorities, academics, and policy
makersin assessing risk and

formulating decisions about future research or
necessary preventive measures.

This document does not necessarily cite dl of
the literature on a particular MSD. Included are
articles consdered relevant by NIOSH
investigators and interna and externa reviewers
of the draft document. Only reports that have
been published or accepted for publication in
the openly avallable scientific literature have
been reviewed by the authors. In certain
indtances, they have included government
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agency reports that have undergone peer
review and are widdly available.

DESCRIPTION OF TABLES,
FIGURES, AND APPENDICES

In each chapter on neck, shoulder, ebow,
hand/wrigt, and low back disorders, there are
tables summarizing therisk indicators and
epidemiologic criteria used in examining sudies
relevant to each body part. For each of these
criteria tables there are corresponding figures
which depict ORs, PRRs, or IRs, dong with
their associated Cls, if available.

In a separate table for each chapter, more
extengve descriptions of studies, whether or
not they contributed to decisons regarding
causd inference, are provided for each body
part. These tables include information from
each study about their design, population,
outcome, and exposure measures, aswell as
reported MSD prevaence. Some studies are
included in the tables that may not be
mentioned in the text. These additiona studies
arefor information purposes only.

Appendix A, Epidemiologic Review, isabrief
primer on occupationa epidemiologic methods.
Appendix B, Individual Factors Associated
with Work-Related Mus-cul oskel etal
Disorders (MDs), discusses individud factors
(age, gender, etc.) and their association with
work-related MSDs. Appendix C, Summary
Tables, provides a concise overview of the
Sudies reviewed reldive to the evauation
criteria, risk factors addressed, and other
iSsues.



CHAPTER 2
Neck Musculoskeletal Disorders: Evidence

for Work-Relatedness

SUMMARY

Over 40 epidemiologic studies have examined physical workplace factors and their relationship to neck and
neck/shoulder musculoskeletal disorders (MSDs). Among these studies are those which fulfill rigorous
epidemiologic criteria and appropriately address important issues so that causal inferences can be made.
The majority of studies involved working groups with a combination of interacting work factors, but certain
studies assessed specific work factors. Each of the studies we examined (those with negative, positive, or
equivocal findings) contributed to the overall pool of data for us to use in assessing the strength of the work-
relatedness using causal inference.

There is evidence for a causal relationship between highly repetitive work and neck and neck/shoulder
MSDs. Most of the epidemiologic studies reviewed defined “repetitive work” for the neck as work activities
which involve continuous arm or hand movements which affect the neck/shoulder musculature and generate
loads on the neck/shoulder area; fewer studies examined relationships based on actual repetitive neck
movements. The two studies which measured repetitive neck movements by measuring head position
(using frequency and duration of movements) fulfilled the most stringent epidemiologic criteria, showing
strong associations with neck/shoulder MSDs. In those studies defining repetitive work involving continuous
arm or hand movements affecting the neck/shoulder, nine studies were statistically significant and had
odds ratios (ORs) greater than 3.0.; eight studies fulfilled all the epidemiologic criteria except the

exposure criteria, and measured repetition for the hand/wrist and not for the neck. Of these, three

were statistically significant and had ORs greater than 3, five had nonsignificant ORs, all under 2.0.

There is also evidence for forceful exertion and the occurrence of neck MSDs in the epidemiologic
literature. Most of the epidemiologic studies reviewed defined “forceful work” for the neck/shoulder as work
activities which involve forceful arm or hand movements, which generate loads to the neck/shoulder area; no
study examined a relationship based on actual forceful neck movements. Of the 17 studies addressing
force as one of the exposure factors, five studies found statistically significant associations, but did not
derive ORs; two studies found ORs greater than 3.0, seven studies from 1 to 3.0, and two studies with ORs
less than 1.0. Many of the studies relating measured force (as workload, etc.) to MSDs are in the
biomechanical and ergonomic literature.

There is strong evidence that working groups with high levels of static contraction, prolonged static loads,
or extreme working postures involving the neck/shoulder muscles are at increased risk for neck/shoulder
MSDs. Consistently high ORs were found (twelve statistically significant studies with ORs over 3.0)
providing evidence linking tension-neck syndrome with static postures or static loads.

The epidemiologic data were insufficient to provide support for the relationship of vibration to neck
disorders. At this time, further studies must be done before a decision regarding causal inference is made.
The few prospective studies which have included interventions to decrease workplace exposures that
include decreasing repetitive work and less extreme working postures showed a decrease in the incidence
of neck MSDs and an improvement in symptoms among affected workers. The data on intervention provide
additional evidence that these disorders are related to workplace risk factors.

2-1



INTRODUCTION

Studies from the United States have generdly
classfied neck disorders separately from
shoulder disorders when evauating work-
related risk factors. Scandinavian studies
examining work-related factors, on the other
hand, have often combined neck and shoulder
MSDs into one hedth outcome varigble. This
was based on the concept that several muscles
act on both the shoulder girdle and the upper
spine together. We have divided our reviews of
the neck and shoulder MSDs into two
chapters. Chapter 2 addresses neck and
neck/shoulder MSDs and Chapter 3 addresses
shoulder MSDs.

Our discussion of the evidence for work-
relatedness of the neck will include criteria
Tables 2-1 through 2-6 and Figures 2-1
through 2-6. Shoulder MSDs will be discussed
in the next chapter.

Epidemiologic studies have defined neck
MSDsin one of two ways. (a) by symptoms
occurring in the neck (usualy with regard to a
specific duration, frequency, or intengty), or (b)
by using both symptoms and physica
examination findings

The prevalence of reported MSDsis generdly
lower when they are defined using both
symptoms and physica examination results than
when defined using symptoms done. For
example, the prevaence rate of tension neck
syndrome (TNS) among male industrid
workersin the United States was reported to
be 4.9% from interview data and 1.4% when
cae definitionsinduded physicd exam findings
[Hagberg and Wegman 1987]. The percent of
work-related M SD cases defined by physica
examination findings to those defined soldy by

symptoms has ranged from approximately 50%
(Slverstein et d. [1987]; Blader et dl. [1991];
Bernard et al. [1993]; Hales et a. 1994]) to
about 85% (Andersen and Gaardboe
[1993b]). Forty-seven of the listed studies
referenced included physica examination
findingsin their heath outcome assessment
criteria

Many of the neck and neck/shoulder MSD
studies referenced in the tables were part of
larger studies that inquired about
musculoskdetd symptoms and physicd findings
in multiple body Sites. In most of these Sudies,
there were no separate ergonomic exposure
observations or measurements made that
pertained to the neck region (e.g., there were
no neck posture observations, neck angle
measurements, neck work-load assessment,
trapezius eectromyographic testing, &tc.). In
these udies, the primary interest and
measurement strategies focused on the hand
and wrigt region (e.g., Kuorinka and Koskinen
[1979]; Ohlsson et &. [1989]; Hales et dl.
[1989]; Kiken et d. [1990]; Baron et dl.
[1991]). In the studies, workers were
categorized only by hand/wrist exposures.
Hand/wrist categorization will not reflect
exposures of the neck region (or other
musculoskeletd sites). For example, workers
who may have frequent and rapid awkward
postures of the neck but less frequent or
extreme postures of the hand and wrist region
may be misclassfied aslow risk if dassfication
depends only on hand/wrist exposure. In
generd, we have given these studies less weight
because of a dgnificant potentid for
misdassfication.

Thetext of this section on neck and
neck/shoulder MSDs is organized by work-



related exposure factor. The discussion within
esch factor is organized according to the
criteriafor evauating evidence for work-
relatedness in epidemiologic studies using the
strength of association, the consistency of
association, tempora relationships, exposure-
response relationship, and coherence of
evidence. Conclusions are presented with
respect to neck and neck/shoulder MSDs as a
sngle disorder for each exposure factor.
Summary information relevant to the criteria
used to evaluate study qudity is presented in
Tables 2-1 through

2-6. A more extensve summary, which
includes information on health outcome,
covariates, and exposure measures, is
presented at the end of this chapter.

Studies Included in Neck

MSDs Tables

Forty-sx epidemiologic sudies dedling with
neck MSDs and 23 dedling with neck/shoulder
MSDs gppesar in the summary tables. Of the
studies, 38 were cross-sectiona, 2 were case-
control studies, and 6 were prospective studies.
Among al the studies pertaining to the neck or
neck/shoulder area, 35 had participation rates
of over 70%, 3 had less than 70%, and 8 did
not report their participation rates.

REPETITION

Definition of Repetition for Neck and
Neck/Shoulder MSDs

For our review of the neck or neck/shoulder
region, we chose those epidemiologic studies
that examined repetition or repetitive work
activitiesand MSDs. Studies generdly address
repetition as cyclicd work activities that
involved ether: (1) repetitive neck movements
(e.g., thefrequency of different head postions

during acycle), or

(2) repested arm or shoulder motions that
generate loads to the neck/shoulder area (e.g.,
trapezius muscle). Most of the studies that
examined repetition or repetitive work asa
potentia risk factor for neck or neck/shoulder
MSDs had severa concurrent or interacting
physica workplace factors that were being
evauated. Therefore, repetitive work was not
necessarily consdered the primary exposure
factor but was consdered dong with the other
work factors.

Studies Reporting on the Association
of Repetition as a Work Factor for
Neck and Neck/Shoulder

MSDs

Either therisk factor “repetition” or “repetitive
work™ was included in 26 studies as a factor
for sdlection of the study population in their
examination of neck and neck/shoulder MSDs
in the workplace. However, only a handful of
these studies examined repetitive movements of
the neck. Few of these studies observed or
mesasured: (a) the frequency or duration of
tasks pertaining to the neck, (b) theratio of
work-time-to-recovery time for neck or
neck/shoulder involvement, or (C) the
percentage of the workday spent on repetitive
activities involving the neck. Instead, sudies
tended to compare and contrast the
prevaences of neck symptoms and/or physical
findings in workersin occupations requiring a
combination of forceful, repetitive movements
and extreme postures of the upper extremities
(mainly of the hand/wrist) to workersin
occupetions without those requirements.

Twenty studies that mentioned repetitive work



or repetitive movements found a

daidicdly sgnificant positive association
between repetition and neck or neck/shoulder
MSDs, 6 others had non-significant findings
(Tables2-1 and 2-2, Figures 2-1 and 2-2). In
terms of magnitude of the association, 11
studies had ORs greater than 3.0, 11 had ORs
between 1.0 and 3.0, and none had an OR less
than 1.0. Four studies did not report their
resultsin terms of ORs or Prevaence Rate
Retio (PRRs), dthough dl of these found
sgnificant associations (p<0.05).

Studies Meeting the Four Evaluation Criteria
Of the 27 investigations (see Tables 2-1 and 2-
2), 2 fulfilled dl four evauation criteria outlined
earlier in the introduction section [Ohlsson et A.
1995; Jonsson et a. 1988]. Only the Ohlsson
study reported ORs. The investigations
assessed repetitive work as an independent
variable in terms of frequency and duration of
neck movements.

In the cross-sectiond study by Ohlsson et d.
[1995], femde indudtrid assembly-line workers
exposed to repetitive tasks with short (<30
seconds) cycles were compared to 2 referent
groups: 68 former assembly workers and 64
other workers with no repetitive exposure a
their current jobs. Industrial workers had to
perform tasks with a posture requiring an
intermittently flexed neck and elevated arms,
which were abducted intermittently. Workers
and referents reported neck/shoul der
symptom(s) and had physical exams performed
by asingle examiner. The examiner was blinded
to exposure status but not completely to group
status. Ergonomic exposure assessment was
extensve. It included videotaping, observation,
and andysis of postures, including

measurements of critical

angles (15 and 30E) of flexion of the neck.
Two independent readers determined
frequency, duration, and critical angles of
movement for each variable by taking the
average of the two readings. Weekly working
time, work rotation, patterns of bresks, and
individua performance rate (piece rate) were
recorded and used in the analysis. The study
controlled for age, gender (only femaes were
included), and psychosocid variables
(“tendency for stress” and “worry”).

The other sudy that fulfilled the four criteria
concerned a 3-year progpective study written
upinasaiesof aticesby Kilbom et d.
[1986], Kilbom and Persson [1987], and
Jonsson et d. 1988]. Femae dectronic
workersin highly repetitive tasks with Static
postural loads to the neck and shoulder areas
were followed over a 3-year period. Inthe
second year, some of the employees had
workplace interventions that decreased the
number of repetitive tasks involving extreme
neck and shoulder postures, while others
continued to work at undtered tasks. Three
Separate physical exams were carried out at
yearly intervas, the fird oneinitidly assessing
tenderness on palpation and pain or restriction
with active and passve movements. Ergonomic
assessments occurred at the outset of the study
and included video andlysis of postures and
movements of the head, shoulder, and upper
arm. The evaduation recorded work-cycle time
and number of cycles per hour; time at rest for
the arm, shoulder, and head; total number of
rest periods; and average and total duration per
work cycle and hour. (The method was
designed to study short-cycle repetitive work
under visua control.) The mean number of



neck forward flexions

>20E per hour was 728 (standard deviation
[sd.] 365) intheinitid 96 workers. The
participation rate of the study was 72% after 3
years, the investigators anayzed severd
variables separately for dropouts and found no
sgnificant differences with regards to medical
gatus, physiologic capacity, working technique,
or work history. The investigators performed
sep-wise logigtic regression with deterioration
of disorders or remaining hedthy in the different
locations (neck and neck/shoulder) as the two
dependent variables. Age, muscle strength, job
satisfaction, and high productivity were
included in the logidtic regresson andyses of
these studies. Video andyss and observation
were used to assess repetitive exposure on all
subjects, usng work cycle time, number of
cycles per hour, aswell as number of neck
flexions per hour as criteria. Work cycle time
varied between 4.6 and 9.1 min, with amean
vaue of 6.6 min.

Strength of Association for
Repetition

In the Ohlsson et d. [1995] study, the OR for
the association between repetitive work related
to the neck and any neck/shoulder diagnoses
was 4.6; for adiagnosis of tension neck
syndrome, it was 3.6.

For the cohort study carried out by Kilbom et
a. [1986], at the 2-year followup, the number
of neck flexions per hour appeared as a strong
predictor for deterioration to severe disorders
of the neck. Improvement to a“hedthy status’
classfication from

Year | to Year || was seen with redllocating
workers to more varied work tasks (which
required a reorganization of monotonous and
repetitive work tasks). The new tasks were
characterized as more dynamic and varied and

included only occasiond sitting tasks,
caretaking work, surveillance of machinery, or
assembling of bigger and heavier equipment.
The article documenting the last phase of the
cohort study by Jonsson et a. [1988] did not
specificaly address the neck but broadened the
hedlth outcome definition to include the
neck/shoulder area and the rest of the upper
extremity usng “cervicobrachid region” asthe
hedlth outcome of interest. A sgnificant
association between deterioration of hedlth
status of the cervicobrachia region between
Year Il and Year 11 of the study and “work
cycle, totd time’ at the p<0.05 level was found
(ORs were not given).

Studies Meeting at Least One of the Four
Criteria—Strength of Association

Of the studies that found significant ORs over
3.0 but did not mention or fulfill dl of the
criteria, dmogt al focused on working groups
with a combination of repetitive and forceful
work and compared them to ether population
referents or groups in occupations with lower
exposure. Almost al were cross-sectiona
surveys. These studies used health outcomes
from symptom surveys and self-reported
workplace exposure (no direct observations)
and either compared symptomatic workers
(neck MSD cases) to asymptomatic workersin
the same workforce (e.g., Yu and Wong
[1996]; Berggvist et a. [19954]; Schibye et dl.
[1995]; Hinting et a. [1981]) or in other
occupations (e.g., Lisset d. [1995]; Andersen
and Gaardboe [1993b]; Milerad and Ekenvall
[1990]; Onishi et d. [1976]). Onishi et d.
[1976] found sgnificant differencesin
neck/shoulder MSDs (OR 3.8) between
groups involved in repetitive upper limb
operaions and office workers They found
workersinvolved in repetitive activity had 10%
to 30% maximum voluntary contraction (MVC)



of the trapezius muscle. They concluded that
habitual neck or shoulder muscle fatigue is

caused by repetitive tasks that result in
locdlized tenderness and may be a precursor to
chronic MSDs.

Andersen and Gaardboe [19934] used a
cross-sectional design to compare sewing
machine operators with arandom sample of
women from the generd population of the same
region. A neck case required a gtrict
predetermined symptom and physica
examination definition. Exposure was assessed
through observation and categorization of jobs,
based on the authors experience and
judgements. However, the main interest for
exposure assessment was duration of exposure
as a sawing machine operator. Statistical
modeling controlled for age, having children,
not doing leisure exercise, smoking, and
socioeconomic status found a sgnificant trend
for “neck/shoulder syndrome’ in relation to
years of exposure as a sewing machine
operator, with ORs from 3.2 to 36.74. The OR
for the lowest exposure category, 0-7 years,
was not gatigticaly sgnificant, dthough the
higher exposure levels were. For this sudy, the
exposure classfication scheme does not dlow
Separation of the effects of repetition from
those of force, and there was no precise
measure of repetitiveness.

Baron et d. [1991] studied neck MSDsin 124
grocery store checkers and 157 other grocery
store workers who were not checkers. The
neck MSD case definition met predetermined
symptom and physical exam criteria. Physica
examinaions had higher participation rates
among the checkers (85%) than among the
referents (55%). Telephone interviews to non-
checkersresulted in questionnaire completion
by 85% of the non-checkers. The OR for neck

disorders among checkers was 2.0 (95%
confidence intervd [CI] 0.6-6.7), in amode
that included age, hobbies, second jobs,
systemic disease, and obesity.

Bergquist et d. [19953] carried out a study
comparing office workers usng video display
terminals (VDTYs) to those who did not. A
physiotherapist’s diagnos's of tension-neck
syndrome was used to define a case. Exposure
assessment was based on both self-reports and
the investigators observation of work postures,
movements, and measurements of heights of
work-gtation equipment in conjunction with the
user. Statistical modding included severd
individud factors, organizationd factors, and
ergonomic factors. For “tension neck”
syndrome, no factor related to repetitive work
was found to be sgnificantly related.

Bléder et a. [1991] surveyed 199 sewing
machine operators from 4 plants. Of the 155
who reported shoulder or neck pain, 131 were
examined. Exposure assessment was by
questionnaire and addressed employment
duration and hours per week. Authors stated
that the study involved a control group and
took into account psychosocid factors, but the
results were not included in the article. Both
employment duration and working more than
30 hours per week were found to be
datidicaly sgnificant at the p<0.05 levels. For
this study, the exposure as duration of work
(per week and per years) does not allow
separation of the effects of repetition from
those of force. There was no direct measure of
repetitiveness.

Ekberg et a. [1994] carried out a case-control
sudy involving cases from a semi-rurd
community in southern Sweden who had
consulted a community physician for MSDs of
the neck, shoulder, arm, or upper thorax.



Cases had to have been ill immediately prior to
physician vist and

have been on sick leave less than 4 weeks.
Cases were excluded for trauma, infectious
causes, accident, malignancy, rheumatic
disease, abuse, or pregnancy. Controls were
randomly selected from the Swedish insurance
regisiry. Exposure was obtained by
questionnaire. The andys's showed that for
neck disorders with precise repetitive
movements the OR was 3.8 for medium
exposure and 15.6 for high exposure
comparing jobs with low force and low
repetition. Gender, immigrant atus, work
pace, and current smoking were dso analyzed
in the logistic modd.

Ekberg et a. [1995] surveyed 637 Swedish
residents for the presence of neck symptomsin
the past Sx months. Exposure was based on
guestionnaire responses. Twenty questionnaire
items on physicd work conditions were factor
andyzed. Age, smoking, exercise habits, and
family dtuation with preschool children were
not sgnificantly associated with symptoms.
Repetitive movements demanding precision
was found to have an OR of 1.2 for neck pain.

Haes and Fine [1989] compared 89 female
workersin 7 high exposure jobs to 25 femde
poultry workersin low exposure jobs
employed in poultry processing. Neck case
definition required symptoms and physica
examination findings thet met predetermined
criteria. Exposure assessment was based on
hand/wrist assessment of forceful and repetitive
jobs. No assessment of neck repetition was
performed. Twelve percent of workersin high

risk jobs versus none in low risk jobs were found
to have neck MSDS.

Inastudy of VDT usersin arange of jobs

(dataentry to “conversationa” VDT use),
Hinting et d. [1981] used a case definition
requiring symptoms and physicd examsand an
extensve exposure assessment using
guestionnaire, observation, and measurements
of workgtations, and body posture
measurements using a prescribed method. Data
entry terminal users, whose tasks required
more extensve repetitive work than traditiona
office workers, found an OR of 9.9 with the
comparison. There were no adjustments for
confoundersin this andyss.

Kamwendo et a. [1991] compared 420
medica secretaries with frequent, significant
neck pain to those with few episodes based on
guestionnaire responses. Exposure was aso
guestionnaire based. The analysswas
controlled for age and length of employment. A
surrogate for repetitive work consisted of hours
gtting or working with office machines with high
exposure equa to 5 hrs or more/day.

Kiken et a. [1990] also studied poultry
workers at two plants with exposure to highly
forceful, highly repetitive jobs and compared
them to other poultry workers with less
exposure. Neck case definition required
symptoms and physica examination findings
that met predetermined criteria. Exposure
assessment was based on hand/wrist
assessment of forceful and repetitive jobs. No
assessment of neck repetition was performed.
Job turnover was around 50% at plant 1 and
70% at plant 2 making survivor bias astrong

possibility.

Kuorinka and Koskinen [1979] studied
occupationa rheumatic diseases and upper limb
strain among 93 scissor makers and compared
them to the same group of department store
assistants (n=143) that Luopgérvi et d. [1979]
used as a comparison group. Temporary



workers and

those with recent trauma were excluded from
the scissor makers group. Exposure assessment
included videotape analysis of scissor maker
tasks, however exposure assessed for the hand
and wrist region and not the neck. No formal
exposure assessment was conducted on the
shop assgtants. Health assessment involved an
interview and physica examination by a
physiotherapist following a standard protocol.
Diagnoses of tension neck syndrome were
determined using predetermined criteria [Waris
et a. 1979]. In problem cases, orthopedic and
physiatric teams determined case gatus. It is
unclear whether cashiers were excluded from
the comparison group in this study as they were
inthe Luopgavi et d. [1979] study. The study
group was 99% female.

Luopgarvi et d. [1979] compared the
prevaence of neck/shoulder disorders among
152 female assembly line packersin afood
production factory to 133 femae shop
assstants in a department store. Exposure to
repetitive work, awkward hand/arm postures,
and gtatic work was assessed by observation
and videotape analysis of factory workers. No
forma exposure assessment was conducted on
the department store workers; their job tasks
were described as variable. Cashiers were
excluded, presumably because their work was
repetitive. No forma assessment occurred for
neck/shoulder repetition. The hedlth assessment
conssted of interviews and physica
examinations conducted by a physiotherapi,
and diagnoses of tension neck syndrome were
later determined by medical specidists usng
these findings and predetermined criteria (95%
Cl 2.63-6.49). Age, hobbies, and housework
were consdered in the andysis.

Milerad and Ekenval [1990] compared the
self-reported neck and neck/shoulder
symptoms between dentists and pharmacists.
Dentists had been considered the high risk
group because of awkward postures and
repetitive use of smal handtools. Exposure was
based on sdlf-reports. The authors examined
severd covariates and dratified by gender for
their analyss. No difference between groupsin
leisure time, smoking, systemic disease, and
exposure to vibration.

Ohlsson et . [1989] studied 148 dectrica
equipment and automobile assemblers,

76 former female assembly workers who quit
within 4 years and compared these two groups
to 60 randomly sampled femaes from the
genera population. A case was determined by
questionnaire; exposure was based on job
categorization and questionnaire responses.
Repetitive exposure was based upon the
number of items completed per hour. The work
pace was divided into four classes: (1) Sow:
<100 itemg/hr; (2) Medium: 100 to 199
itemg/hr; (3) Fast: 200 to 700 itemg/hr;

(4) Very Fast: >700 itemg’hour. The OR
increased with increasing work pace, except at
very high paces, where there was a decrease.
This was dtributed to “ sdlective quitting of
subjects with complaints, only the healthiest
being left in the assembly work.”

Onishi et d. [1976] compared severa groups
of workers with varying exposure to repetitive
tasks. Health outcome was based on symptoms
of shoulder tiffness, dullness, pain, numbness,
pressure measured by strain transducer at
which a subject felt pain; and a physical exam.
Observation and measurements of some job
tasks, including some measures of repetition,
were performed then job categorization was
done. Based on job



categorization and job andlys's, and taking into
account shift length, activities, number of
breaks, repetitive movements of the hands, arm
manipulaions, and length of employment, there
was not a difference between workers with
tenderness threshold above 1.5 kg/cm? and
those below with respect to age, height, weight,
skinfold thickness, grip strength, upper am
abduction strength, and back muscle strength.

Punnett et al. [1985] compared neck/shoul der
M SDs based on symptom reporting donein
162 women garment workers and 76 women
hospital workers such as nurses, laboratory
technicians, and laundry workers. Therewas a
low participation rate among the hospita
workers. Eighty-sx percent of the garment
workers were sawing machine operators and
finishers (sewing and trimming by hand). The
sewing machine operators were described as
using highly repetitive, low force wrigt and
finger motions, while the finishers had shoulder
and ebow motions as well. The exposed
garment workers likely had more repetitive
jobs than most of the hospital workers. The
neck/shoulder cases were found to lift both the
“typicd” and “heaviest” loads with grester
frequency than non-cases.

Sakakibara et d. [1995] found among orchard
workers that neck shoulder M SDs based on
symptom and physicd findings were
sgnificantly higher when performing pear
bagging than when gpple bagging. Exposure
was based on measurements of specific angles
of the neck and shoulder and job tasksin a
representative worker. ORs were not derived
in this study. Confounders were not checked
for in this udy.

Sakakibara et d. [1987] did not include

physicad exam findings in the case definition of
neck and neck/shoulder MSDs when
comparing workers bagging pears versus
apples. Exposure was again based on
measurements of job tasks by a representative
worker.

Schibye et d. [1995] followed up 303 sawing
meachine operators at nine factories representing
different technology levels who completed a
questionnaire in 1985. In April 1991, 241 of
279 traced workers responded to the same
1985 questionnaire. Operators gtill working
were compared to those who moved to other
employment in 1991. Exposure was assessed
through a questionnaire asking type of machine
operated, work organization factors,
workplace design factors, units produced per
day, the payment system, and the duration of
employment as a sewing machine operator.
Although the authors Sate thet the analysis did
not show that neck symptoms among workers
who had worked as a sewing machine operator
to be sgnificantly related to exposure, exposure
time, or age, there was a Sgnificant drop-out
rate of those above 35 years.

Rossignal et d. [1987] chose 38 random sites
from Massachusetts workers with

more than 50 employees, and sdlected

191 workers from computer and data
processing services, and public utilities
and the Commonwealth Government. Subjects
were selected after the
observation of the worksite. A sdlf-
adminigtered questionnaire case definition was
used for neck MSD. Exposure was aso based
upon self-reports of number of hours worked
each day with a keyboard machine with a
VDT. Andlyss controlled for the

following confounding factors: age, cigarette



smoking, industry, and educationa VDT
traning.

Y u and Wong [1996] chose to compare 90
data entry, data processing, and computer
programmers from an Internationd Bank in
Hong Kong and 61 infrequent users of VDTSs.
Both neck MSD case definition and exposure
assessment were based on symptom data.
Analysis controlled for “age and gender, and
other covariates’ (as stated in the paper). For
frequent VDT use an OR of 28.9 was found.

Kuorinka and Koskinen [1979] found a
ggnificant difference in neck MSDs between
scissor makers (an occupation chosen for study
because of its assembly-line repetitive hand
tasks) and shop assistants (non-stereotypic,
non-repetitive jobs) with an OR of 4.1. Inthe
same sudy, comparing the different
dereotypic, repetitive jobsin scissor-making,
those in short-cycled tasks (2-9.5 sec) had no
sgnificantly different prevaence of neck
disorders than workersin longer-cycled tasks
(7.3-26 sec) (OR 1.6, 95% Cl 0.7-3.8). Itis
important to note that both the longer-cycled
tasks and short-cycled tasks in Kuorinka' s
study would have been dassfied as*highly
repetitive’ in most other ergonomic studies
[Slverstein et d. 1987; Chiang et d. 1993;
Viikari-duntura et d. 1991a; Kurppaet d.
1991]. When comparing two groups in which
the level of repetitive exposure may not differ
by much (in this case, where both groups have
highly repetitive tasks), it is unlikely that one will
find asgnificant difference because there is not
enough variance between the exposures.

Three studies [Ekberg et a. 1994, 1995;
Milerad and Ekenvall 1990] used hedth
outcomes and exposure assessments based on
s f-reports and found sgnificant associaions
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between symptoms and repetitive work. The
Ekberg studies specifically asked about
“precise repetitive movements’ in their
guestionnaire and controlled for confounders
and effect modifiers (age, gender, having pre-
school children) in their analyses. Milerad and
Ekenvall [1990] compared dentists and
pharmacigts, dratified by gender, and found no
association between neck or neck/shoulder
MSDs with metabolic disease, smoking, leisure
time, exposure, or vibration. Sgnificant ORS of
2.0to 2.6. for neck MSDs were reported for
dentists compared to pharmacists.

Of those studies reporting no sgnificant
association between repetition and neck or
neck/shoulder MSDs, none included exposure
assessment or observations of the neck or
neck/shoulder areathat were both objective
and independent of the hand/wrist. Severa of
these studies [Baron et d. 1991; Kiken et d.
1990; Hales et d. 1989; Ohlsson et a. 1989;
Luopgarvi et a. 1979] categorized workers
into high and low exposure groups based
drictly on hand/wrist exposure and not arm,
shoulder, or neck exposure. All of these studies
reported ORs below 2.0.

In the study of VDT users by Berggvist et dl.
[1995d], exposure was based on salf-reports
of “the presence of repeated work movements’
for dl work tasks and not specifically focused
on the neck or neck/shoulder area. They found
no significant association with neck/shoulder
MSDs when the variable “ repeated work
movements’ was analyzed in the logistic modd
aone, but found a sgnificant relationship with a
combination of variables: (1) workers wearing
glasses, (2) who reported VDT use, and (3)
VDT use for more than 20 hoursiweek. In this
casg, it was the combination of variables at
higher levels of exposure (VDT use more than



20 hours per week) that was found to be
datidicaly sgnificant.

Temporal Relationship—Repetition
and Neck/Shoulder MSDs

Of the prospective studies of neck M SDs that
can be used to establish atemporal relationship
between exposure to repetitive work and neck
or neck/shoulder disorders, the study by
Jonsson et d. [1988] fulfillsdl the four sudy
criteria Jonsson's study was a followup of the
cohort studied by Kilbom et a. [1986],
€electronic workers who entered the study
without M SDs. Exposure assessment pertaining
gpecificaly to the neck/shoulder areawas
completed three times over 3 years.

In the longitudina study by Ohara et d. [1976],
the authors attributed the increase in neck
symptoms in cash register operators to the
introduction of new eectronic cash registers
placed at unsuitable heights. They noted an
increase in repetitiveness and an increasein
awkward and Static postures by cash register
operators using the new registers. The authors
reported a relationship between dtatic loading
and MSDs and found that a subsequent
reduction in exposure to satic loading resulted
inlessworker disgbility (Sck leave).

Although temporality cannot be obtained from
cross-sectiond studies, severd sudies
attempted to insure that disorders developed
following the exposure being sudied. In certain
studies [Baron et d. 1991; Kiken et d. 1990;
Haeset d. 1994; Hoekstra et al. 1994], the
hedlth outcome definition excluded persons
reporting symptoms prior to the job or
reporting acute injury thought to be unrelated to
work, insuring that exposure preceded MSD
occurrence. Other studies excluded participants
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with less than 6 months (or even longer) of job
experience, thereby omitting from their sudy
workers who may have developed their MSDs
prior to working &t the job of interest, or who
had experienced discomfort or fatigue due to
new activities or a*“break-in period” a work. It
is reasonable to assume that in those Sudies,
given the exclusons required by the case
definitions, the onset of exposure was prior to
the onset of neck/shoulder MSDsin the

mgority of participants.

Consistency in Association for
Repetition and Neck/Shoulder MSDs

In the studies fulfilling the four criteria[Ohlsson
et a. 1995; Jonsson et d. 1988; Kilbom et d.
1986], sgnificantly positive associations
between neck M SDs and repetitive work were
found. Many more studiesinvolved workersin
repetitive work from arange of industries
(VDT workers, dentists, dectronic assembly,
Ssewing machine operators, etc.), comparing
symptom prevaences to those in less repetitive
jobs. There was aso significant association
between neck and neck/shoulder MSDs and
jobs with repetitive tasks, with ORs between
1.6 and 5.9 [Onishi et a. 1976; Kuorinka and
Kaoskinen 1979; Rossgnal et d. 1987; Vihma
et a. 1982; Kamwendo et al. 1991; Andersen
and Gaardboe et a. 1993b; Ekberg et d.
1994, 1995; Schibye et a. 1995] indicating
that workers exposed to higher levels of work
risk factors have greater rates of neck and
neck/shoulder symptoms. None of the studies
that failed to find Sgnificant associations carried
out exposure assessment of the neck or
neck/shoul der.

Coherence of Evidence for
Repetition



Studies outsde the epidemiologic literature give
supportive evidence that repetitive work is
related to neck/shoulder disorders. Stevens et
a. [1966] found that the neck injuries among
fork-lift truck drivers were from repetitive,
extreme heed rotations needed for the
operation of fork lift trucks and introduced the
Sdeways-gtting driver forklift. Eklund et d.
[1994] reported following up on a“ Sdeways-
gtting” forklift (in an unpublished sudy); these
drivers experienced neck pain threetimes as
often as other drivers on traditional
forklifts—indicating that moderate head
rotations during long periods of time can be
more risky than short term and extensive head
rotations. Nicholas [1990] reported in his
discussion on pathophysiologic mechanisms of
gportsinjuries that alow-load force with high
repetition resultsin a gradud deterioration of
tissue strength from dtrain to fatigue to
deformation, with prefailure symptoms, such as
pain on use, acommon dinical sgn of early
inflammation from overuse.

Exposure-Response Relationship for
Repetition

There were no studies reviewed that showed a
clear dose-response rel ationship between
repetition and neck and neck/shoulder MSDs.

Conclusions Regarding Repetition
The association between neck or
neck/shoulder MSDs and repetitive work

was found to be gatigticaly sgnificant in 19
gudies using different epidemiologic
approaches and under different circumstances
of exposure. Twenty-seven studies found ORs
above one; of these, 13 were above 3.0.
Almog dl the sudies (6 of 8) with non-
ggnificant associations used hand/wrist
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exposure assessments for their andyses and did
not conduct specific neck, shoulder, or upper
extremity (apart from hand/wrist) exposure
assessment. (Only one of the studies finding
sgnificant associations did o using hand/iwrist
exposure assessment.) The possibility of
misclassification affecting the results must be a
congderation.

FORCE

Definition of Force for Neck and
Neck/Shoulder MSDs

For our review, we included studies that
examined force or forceful work or heavy loads
to the neck and neck/shoulder, or described
exposure as strenuous work involving the upper
extremity that generates loads to the trapezius
muscles. Most of the studies that examined
force or forceful work as arisk factor for
neck/shoulder had several concurrent or
interacting physical work load factors.

Force has generdly been defined as. (1) either
externaly asaload or interndly asaforceon a
body structure, or (2) aforce magnitude
expressed in newtons or pounds or asa
proportion of an individud’s strength capacity,
that is, of aperson'sMVC, usudly measured
by EMG. Mogt studies that have dedlt with
force loading of the neck or stress generated on
the neck structures are from biomechanica
studies performed in the laboratory. These
dudies are not included in this document. In the
epidemiologic sudies reviewed, forceis usudly
esimated by either questionnaire,
biomechanicd modds, in terms of weight lifted,
electromyographic activity, or the variable,
heavy physica workload.”

Seventeen studies reported results on the
association between force or forceful work (in



combination with repetition) and neck and
neck/shoulder MSDs. Of the 17 studies of
force and neck MSDs, 11 found a gatigticaly
ggnificant positive association between force
and neck or neck/shoulder MSDs, six others
had non-ggnificant findings. In terms of
magnitude of the association, two studies had
ORs greater than 3.0, seven were between 1.0
and 3.0, and two were less than 1.0. Six
gudies did not report their resultsin terms of
ORs or prevaence rate ratios (PRRs) but
reported that the findings were satistically
sgnificant a the p<0.05 leve.

Studies Meeting the Four Criteria for
Force and Neck/Shoulder MSDs

There were no studies that met the four
epidemiologic evauation criteriafor forceful
exertion of the neck.

Studies Not Meeting the Four Criteria
for Force and Neck/Shoulder MSDs

Aaras [1994] carried out a cohort study of four
groups, 15 femae assembly workers making
telephone exchanges, 27 femade VDT users, 25
femde data entry operators, and 29 mae VDT
users. Case definition for neck MSD was
based on sdf-reports. However,
musculoskeletal sick leave per man-labor years
was a0 used as an endpoint. For force
estimate the load on the

trapezius was measured by e ectromyography
(EMG).

Quantification of the muscle load was done by
ranking the interval estimate (0.1 s) to produce
an amplitude probability digtribution function.
Both the total duration and number of periods
per minute when muscle activity was below 1%
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maximum voluntary contraction (MVC) were
caculated. Pogt-intervention (which involved
changes to the workstation, tools, and
organization of work)—see Table 2-4 &t the
end of the chapter for further explanation, the
mean datic trapezius load in assemblers was
reduced from 4.3% MV C to 1.4%, the mean
datic trapezius load in VDT users reduced
from 2.7% MV C to 1.6% MV C (post-
intervention). Sick leave aso decreased
consderably. Because so many interventions
were involved in this sudy, it isnot clear to
what intervention changes the decrease in Sck-
leave per man-labor years might be attributed.

Bjelleet a. [1981] compared 13 workers of an
indugtria plant consecutively seen a@ a hedth
clinic with acute, nontraumeatic shoul der-neck
pain not due to causative disease or
malformation compared to 26 controls,
matched on age, gender and place of work.

In another cohort study, Veersted and
Westgaard [1994] followed 30 femde
chocolate manufacturing workers, 17 of whom
contracted trapezius myagiawithin 6 to

51 weeks compared to those workers who did
not. Diagnosis was based on both symptoms
and physical exam. There were prospective
interviews every 10 weeks to detect symptoms
of muscle pain. Daily “pain diaries’ were dso
kept by subjects.

Exposure assessment consisted of measured
gtatic muscle tension recorded by EMG.
Interviews concerning exposure a work were
aso conducted prospectively every 10 weeks
for 1 year. Only 55% of the subjects were
retained during the full sudy; however, the
‘drop-outs were follow-up subjects and had
no sgnificant differences in gatic muscle tenson
compared to the participants.



Viikari-duntura et d. [1994] , the third
longitudina study discussed under force and
neck and neck/shoulder MSDs, used
guestionnaire to assess neck symptoms and
based exposure on job category, comparing
688 machine operators, 553 carpenters, and
591 office workers. For the initid evauation,
observation of work sites were performed. In
multivariate analysis occupation, age, and
current smoking were sgnificant predictorsin
change from no neck trouble to severe neck
trouble (ORs were not given for logistic
model.)

Weélset d. [1983] evaluated letter carriers with
an increased load on the shoulder from a
mailbag. Letter carriers were compared to gas
meter readers (without heavy loads) and postal
clerks. A telephone survey was used to obtain
both symptoms and exposure. Thisandyss
was adjusted for age, number of years on the
job, quetelet (body mass) ratio and previous
work experience.

Of the studies in the tables, five (that did not
fulfill dl the induson criteria) examined the risk
factor, force, elther as trapezius muscle load
(usng EMG), or as forceful work in
combination with other risk factors [Adras
1994; Wellset d. 1983; Onishi et al. 1976;
Andersen and Gaardboe 1993a; Punnett
1991]. Wedlls et dl. [1983] found a significant
difference (p<0.05) in reported neck pain
between letter carriers and postal clerks and
atributed it to weight from carrying heavy mail
bags on shoulder straps. In the Wells study,
confounding due to age, number of years on the
job, previous work experience, or quetelet
ratios was ruled out. As noted above, Onishi et
al. [1976] reported that the operations studied
required continuous contraction of the trapezius
muscle to sustain the arms, estimated to be
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about 10 to 30% of the maximum contraction
of the trapezius. Thisleve, 10 to 30% of the
maximum contraction, was found by Tanii et d.
[1972] to induce Satic fatigue Sgnificant
enough to produce e ectromyographic changes.
Haeset d. [1989] and Kuorinka and
Koskinen [1979] reported dtatisticaly
ggnificant ORs (1.6 and 4.1, respectivey) for
the association between neck MSDs and high
levels of force combined with high levels of
repetition estimated for the hand/wrist aress.
There were no separate force measurements
for the neck area. Both studies controlled for
age, gender, and length of employment in the
current job. Two of the four sudiesthat used
estimated hand and wrist exposure
measurement combinations of force and
repetition (but carried out no neck, shoulder, or
upper extremity exposure measurements) found
non-significant associations between neck
MSDs and force/repetition exposure [Baron et
a. 1991; Kiken et a. 1990].

Temporal Relationship—Force and
Neck/Shoulder MSDs

See tempord rdlationship above in Repetition
and Neck/Shoulder MSDs.

Consistency in Association for Force
and Neck/Shoulder MSDs

Both Kilbom et a. [1986] in their cross-
sectiona study and Jonsson et d. [1988] in
their follow-up cohort studies found that

“time spent in physicaly heavy work before the
present employment” appeared as a strong risk
factor for deterioration of hedlth of the
neck/shoulder area (specificdly, the headlth
outcome was for the cervicobrachia regionin
the Jonsson study). Jonsson et a. [1988] noted
that the physica demands of the previous jobs



had only been assessed at theinitid interview
and condtituted a subjective estimate.
However, the relationship was strengthened by
the consstency of findings in the prospective
and cross-sectional studies.

Coherence of Evidence for Force

Thereis coherence with the biologica
mechanisms proposed by Hagberg [1984] for
occupational muscle-related disorders, such as
tenson neck syndrome. The firs mechanism
concerns stress on the trapezius and
surrounding muscles of the neck from heavy
physical exertion that causes rupture of the
muscle' s z-discs, and an outflow of metabolites
from the muscle fibers, and activation of pain
receptors through edema or other mechanisms.
Thistemporary high, locd gressinvolving
eccentric contractions in the shoulders
improves with time through a re-orientation of
collagen in the musdles Thismechanismis
offered as an explanation for MSDsin workers
unaccustomed to the work. The second
mechanism is from local decreased blood flow
(ischemia), as seen in assembly workers whose
tasks involved dynamic, frequent contractions
above 10 to 20% of the MV C and few rest
breaks. Reduced blood flow was found to be
correlated with myagia (muscle pain) and
ragged red fibersin 17 patients with chronic
myalgia thought to be associated with Satic
load during repetitive assembly work [Larsson
et d. 1990]. Thethird pathophysiologic
mechanism for muscle pain deals with energy
metabolism disturbance, caused by long-term
datic contractions of the muscles. Supporting
this theory was a study finding a correlaion
between muscle tensgon and plasma myoglobin
among patients with regional muscle tenderness
and pain [Dammeskiold-Samsee et d. 1982].
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Other laboratory studies have examined muscle
damage that may arise during static muscle
contractions used to maintain static postures.
Hagg et a. [1990] proposed that while
maintaining static postures (that have low force
levels), the same low-threshold motor units are
contracted repeatedly for prolonged periods,
during which time they work closeto their
maxima capacity. This may lead to injury of
these units, despite the fact that the total
workload is low. This hypothesis was recently
supported by alongitudina study by Veiersted
et a. [1993] who investigated the number of
rest-pauses during muscle fiber activity usng
EMG recording from neck and shoulder
muscles. Among subjects performing machine-
paced repetitive packing work, those with
symptoms had fewer rest-pauses (0.9 versus
8.4 per minute) and a tendency toward shorter
total duration of rest-pauses in the muscle fiber
activity of their trgpezius muscle when
compared with those without symptoms. These
mechanisms of decreased blood flow,
increased metabolite concentration, and
prolonged activation of certain smal units a
near maximum cgpacity may explan the chronic
myofascid shoulder pain seenin workers
performing repetitive assembly work with Satic
loading of the trgpezius muscles [Hagberg and
Kvarnstrom 1984; Larsson et a. 1988].

Exposure-Response Relationship
for Force

Aaras [1994] reported that by reducing static
muscle loading (an indication of force
measurement) through equipment changes
among VDT users, aswel asimproving
workplace organization, he was able to
decrease the prevalence of neck pain, decrease
the number of sick daystaken, and cause a
sgnificant reduction in trapezius load measured



by EMG in VDT operators.

Conclusions Regarding Force

Thereisevidence for forceful exertion and
neck MSDs in the epidemiologic literature.
Mogt of the epidemiologic sudies reviewed
defined “forceful work” for the neck/shoulder
aswork activities that involve forceful arm or
hand movements thet, in turn, generate the
loads to the neck/shoulder area; no study
examined arelationship based on actud
forceful neck movements. Of the 17 sudies
addressing force as one of the exposure
factors, 5 found gatisticaly significant
associations but did not derive ORs; 2 found
ORs greater than 3.0, 7 found ORs from 1 to
3.0, and 2 studies showed ORs less than 1.0.
Many of the studies regarding measured force
(asworkload, etc.) and MSDs arein the
biomechanica and ergonomic literature.

POSTURE

Definition of Posture for Neck and
Neck/Shoulder MSDs

We included those articles that mentioned neck
or head postures, adverse or extreme head or
neck postures, or static postures of the head
and/or neck.

Studies Reporting on Posture as a
Work Factor for Neck and
Neck/Shoulder Musculoskeletal
Disorders

We included 31 studies of the association
between extreme or static posture and neck
and neck/shoulder MSDs, including TNS.
Studies usudly focused on the different
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prevaences of neck symptoms and/or physical
findings in workers in occupations or tasks
requiring some combination of forceful,
repetitive movements, and extreme or static
postures of the upper extremity, and compared
them to workersin occupations without those
requirements.

Twenty-seven studies that considered extreme
or datic posture found a Satigtically sgnificant
positive association between posture and neck
or neck/shoulder MSDs; three had non-
sgnificant findings (Table

2-1. Overdl, in terms of magnitude of the
association, looking at both significant and non-
sgnificant findings, 13 sudies had estimations
of risk (ORs or PRRs) greater than 3.0, 9 had
risk estimates between 1

and 3, and none had an estimate less than 1.0.
Eleven studies did not report their resultsin
terms of ORs or PRRs; of these, dl but one
found asgnificant rdaionship.

Studies Meeting the Four Evaluation Criteria
Of the 31 studies evauating neck postures and
neck M SDs, the four investigations mentioned
above [Ohlsson et d. 1995; Jonsson e al.
1988; Kilbom and Persson 1987; Kilbom et d.
1986] fulfilled the four evaudtion criteria. Three
of these studies [Jonsson et a. 1988; Kilbom et
a. 1986; Kilbom and Persson 1987], dedlt
with the same cohort; female eectronics
workers

followed for 3 successive years. These studies
found significant association between posture
variables and neck MSDs; however, none used
methods that reported ORs.



Studies Not Meeting the Four Criteria for
Posture and Neck/Shoulder MSDs

Bernard et a. [1993] carried out a cross-
sectiona study of 894 newspaper employees
using a questionnaire survey for case definition
based on frequency, duration, and intengity of
symptoms in the neck. Exposure was based
upon both questionnaire and job analysis. Time
spent on the telephone was associated with an
increased prevalence of neck MSDs, with a
dightly devated OR of 1.4. Andysiswas
controlled for age, gender, height, psychosocia
factors, and medica conditions.

Kukkonen et a. [1983] compared 104 data
entry operators with 57 female workersin
varying office tasks. Neck MSD was based on
pre-determined symptom and physica exam.
Exposure was based on observation of
posture, movements and working techniques,
assessment of equipment, interview with
workers and supervisors. An intervention
conggting of adjusment of office furniture and
equipment was carried out. The study group
was given ashort course of basic training on
pertinent aspects of ergonomics. Four lessons
on relaxation was given by means of exercises.
There was no controlling of confounders. There
was a sgnificant decrease in tension neck
syndrome among the cases involved in the
intervention compared to those workers who
had no change.

Linton and Kamwendo [1989] surveyed
22,180 employees undergoing screening
examinations a their occupationd hedth care
service in Sweden. Neck cases defined from
guestionnaire responses as those persons
reporting “yes’ to having seen a hedth care
professond for neck pain in the last year.
Cases were compared to “non-cases’ defined
by outcome (neck pain). Exposure was based
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on guestionnaire responses regarding heavy
lifting, monotonous or assembly line work,
sitting, uncomfortable work postures (bending
and twisting), and vibration. The psychosocia
work environment was aso studied; the
andysis was dratified for age and gender.

As part of alongitudind study, Viikari-Juntura
et a. [1994] studied 154 subjects from
Helsnki, Finland that origindly entered the
study in 1955, and had repeated cross-
sectiond exams from 1961 to 1963. During
that time, 1084 subjects underwent cross-
sectiond examination. In 1985, a questionnaire
was sent to all subjects; 801 (74%) responded.
Of the respondents, 180 lived in the Helsinki
area. It was from this group that 162
responded. Eight were excluded due to
illnesses. Outcome was based on questionnaire
datafor this sudy — because of smdl number
of abnormd physica findings, the physica
exam was eiminated from andyss. Exposure
was as0 based on survey, asking the amount of
work with hands overhead, work in forward
bent position, and work in twisted or bent
position. This analyss was controlled for
physica and creetive hobbies, with no
interactions seen.

In a cross-sectiond study of machine
operators, carpenters were compared to office
workersby Tolaet a. [1988], who used a
posta questionnaire to obtain both health
outcome and exposure information. Anayss
used “occupation” to examine relationships.
Pain Drawing Diagrams were used to
digtinguish body areas. For the logigtic
regresson modd a 12 month prevalence of
neck and shoulder symptoms on 8 days or
more was used. The logistic regresson models
were adjusted for yearsworking in an
occupation and age.



Welch et a. [1995] examined 39 ectricians at
ascreening convention using surveys to collect
information on symptoms and exposures. The
guestionnaire included questions concerning the
frequency of tasks performed, including the
percent of time spent hanging duct work. The
andysisdid not control for confounders except
for length of employment.

Strength of Association for Posture

Ohlsson et d.'s[1995] study, discussed
previoudy, compared femae indudtrial workers
performing repetitive tasks to referents without
such exposure and found significant
associations (p<0.05) between (1) neck and
neck/shoulder diagnoses with time spent in
neck flexion, with critical angles greater than
15E; and (2) neck/shoulder diagnoses and time
spent with upper arm abduction greater than
60E.

Kilbom et d. [1986], in the initid paper
concerning the electronic workers, reported
two findings: (1) that the more dynamic the
working technique, the fewer neck symptoms
experienced by dectronic workers, and (2) that
the greater the average time per work cycle
gpent in neck flexion, the greater the association
with symptoms in the neck and neck/shoul der
angle. A gatigticaly significant asociation
(p<0.05) was a0 obtained from the job
analysis variables describing neck forward
flexion and upper am devation and neck and
neck/shoulder disorders. Jonsson et a. [1988],
in the follow-up study, performed an analyss
that grouped the different parts of the neck and
upper extremity into a hedth outcome labeled
“cervicobrachid disorder” (unlike the cross-
sectiona study by Kilbom et d. [1986] that
used “neck” and shoulder”). They found that
the relationships between M SDs and neck
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forward flexion, upper arm devation, and
cervicobrachial disorders weskened
(compared with the results that Kilbom et d.
[1986] had found), but that the results till
remained daidicaly sgnificant in some of the
multifactorid andyses (no numerica results
were reported). The most important finding,
according to the authors, was that reallocation
to more varied work tasks was a strong
predictor of improvement over the second
year. This change would have decreased dtatic
loading and increased the dynamic pattern of
movements of the workers.

Of those sudies not fulfilling the four criteria,
results regarding extreme or static posture were
smilar to those of the studies which did fulfill
them. Sakakibara et d. [1995] found a
sgnificant difference in the prevaence of neck
MSDs when they examined orchard workers
who picked and bagged pears and two months
later picked and bagged apples. Exposure was
assessed by job andlysis and posture
measurements of two representative workers.
Arm and neck devation was significantly
greater for bagging pears (more than 90E for
75% of the time) than for bagging apples (less
than 40% of the time). The same authors found
smilar resultsin 1987 when only the symptoms
of orchard workers were studied. They found
sgnificant a pogtive association between
posture and neck M SDs, reporting histograms
(not ORS) intheir article.

Although they did not mention the participation
ratesin their methods, Adras [1994], Veiersted
and Westgaard [1994], and Bjelle et a. [1981]
found significant relationships between postures
and neck M SDs (they fulfilled the other three
criteria). Velersted and Westgaard [1994]
found an association between “perceived



strenuous postures’ and neck MSDs (OR 7.2),
but found that these percelved postures were
not reflected in any of the conventiond EMG
parameters (static, median or peak |oads)
measured in the participants. One explanation
for these results may be information bias, if the
data concerning perceived strenuous posture
are from questionnaires. Another explanation
may be that EMG tegting results reflect
parameters for asingle day, whereas symptoms
were asked about concerning the entire
previous year.

Severd studies that carried out no independent
assessment of ergonomic factors, but relied on
sef-reported exposure found significant

rel ationshi ps between posture variables and
neck disorders. Ekberg et a. [1994] found an
OR of 4.8 for the varigble “work with lifted
ams” and an OR of 3.6 for “uncomfortable
gtting postion” and neck MSDs. Hales et Al.
[1994] found that “use of bifocas’ (OR 3.8) in
VDT userswas sgnificantly associated with
neck M SDs, this variable was interpreted to be
asurrogate for neck posture, as bifocals
require ether neck flexion or extenson for eye
accommodation when viewing aVDT screen.
Bernard et al. [1994] reported that as workers
time spent on the telephone increased, so did
the ORs for neck symptoms, and interpreted
this variable as a surrogate for static posture
requiring neck devietion to cradle the telephone
receiver. Holmstrom et a. [1992] found that
the odds of workers with neck M SDs reporting
working with hands above their shoulders for
greater than 4 hrs/day compared with those
reporting lessthan 1 hr/day was 2.0, a
datidticdly sgnificant finding. Bergqvis et dl.
[19954] reported an OR of 4.4 for workers
using highly placed keyboardsin their logidtic
modeling of neck MSDs. Kuorinka and
Koskinen [1979] found an increased OR (4.1)
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of neck MSDs for scissor makers (chosen for
their Stereotypic, repetitive work using extreme
postures) compared to shop assistants,
athough no quantitative measurements or
observations of neck posture were reported.
One study by Hinting et a. [1981] showed a
fairly strong association (OR 4.9) with
constrained postures and neck MSDs in those
workers having neck flexion of more than 56E
and an OR of 9.9 from the comparison of
groups. Severd articles with sgnificant posture
and neck MSD associations dedlt with
comparisons of workers in occupations chosen
for higher observed combinations of exposure
factors and compared them to workers with
fewer observed exposure stressors: Viikari-
Junturaet a. [1994], OR 3.9t0 4.2; Milerad
and Ekenvall [1990], OR 2.6; and Wdllset d.
[1983], OR 2.57.

For those sudies that did not find a Sgnificant
relationship, 2 out of the 3 did not carry out
observation or measurement (ergonomic
assessment) of the neck or upper extremity
postures. Ferguson [1976] stated that seven
body dimensons were measured in the
telephonists studied, but that neither discomfort
nor aching were linked with any of these body
postures. The article does not mention the body
postures that were measured. Ferguson's
concluson, that “physca complaintsin
telephonists are probably due to static load on
joints and muscles occasioned by the fixed
forward bent position determined by visud,
auditory

and manipulative tasks” Ferguson's data are
contrary to the conclusions presented. These
conclusons may then only be speculeive.



Temporality for Extreme or Static
Postures

The progpective study by Veersted and
Westgaard [1994] followed the development
of trgpezius myadgiaamong 30 femde
chocolate manufacturing workers. Seventeen
workers developed the MSD within 6 to 51
weeks of starting work. Perceived strenuous
postures on the assembly line were found to
contribute to the disorders. Although retention
of subjectswas low (55%), the authors found
that the “drop-outs’ did not differ in exposure
estimates and symptom reporting from those
retained in the study. The prospective study of
Viikari-Juntura et a. [1994] used sdlf-reported
symptoms and exposure defined by
occupational status to find atempora
relationship between the development of severe
and persistent severe neck pain and jobs
involving dynamic work, satic posture, and
whole body vibration, as compared to office
work.

Consistency in Association for
Extreme or Static Postures and
Neck/Shoulder MSDs

Of the 31 studies we reviewed reporting results
on the association between specific or Satic
posture and neck and neck/shoulder MSDs, 27
found statisticaly sgnificant associations. There
were many different studies reporting ORs of
greater than 3.0 with Cls above 1, indicating
that the effects were not explained by chance.
Conggtent associations were aso found in
those studies dealing with specific postures and
neck M SDs across many industries, from fish
workers [Ohlsson et d. 1995] to fruit pickers
[Sakakibaraet d. 1995], to assembly line
workers [Jonsson et d. 1988], to garment
workers [Vihmaet al. 1982; Andersen and
Gaardboe 19933,b].
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Coherence of Evidence for Extreme
Or Static Postures

See section above under Coherence of
Evidence for Force.

Exposure-Response Relationship for
Specific or Static Postures

The study by Ohara et d. [1976], mentioned
earlier, not only portrayed the multifactoria
nature of neck and shoulder MSDs, but
documented that an increase in specific and
static postures by cash register operators using
new registers placed on unsuitable counter
heights increased symptoms in neck MSDs.

Severd studies have suggested an
exposure-response effect between increased
level or duration of exposure and anincreasein
number of cases of neck MSDs. Burt et dl.
[1990Q], in their investigation a amajor urban
newspaper, found that an increase in the sdif-
reported percentage of time spent typing a
VDT keyboards was associated with a
moderate increase in neck symptoms. (Job
andydsfound a sgnificant relationship between
independent observation of time spent typing
and sdf-reported time) Keyboard time was
considered by the authors to be a surrogate for
time spent with the neck held in dtatic postures
with arms unsupported. Rossignol et a. [1987]
found that the prevaence of neck symptoms
among 1,545 clericd workers increased with
the number of hours per day usng VDTs.
Knave et d. [1985] found that, anong VDT
operators, total daily working hours and time
spent a the VDT screen were significant risk
factors for neck pain. Andersen and Gaardboe
[1993a,b] found an exposure-response
relationship between persstent neck pain and
years of being a sewing machine operator,
contralling for age.



Conclusions Regarding Extreme or
Static Postures

Overdl, the gtrength of the association (OR
ranging from about 1.6 [Vihmaet a. 1982] to
7 [Veerged and Westgaard 1994], dropping
the outliers) between specific postures and
neck MSDs was smilar between studies using
the mogt redirictive criteriaand carrying out a
prospective design and those that used
symptom-based hedth outcome or self-
reported exposures to gatic or specific
postures and cross-sectional methods. We
conclude thet there is strong evidence for
support of an association between Static or
specific postures and neck and neck/ shoulder
M SDs based on strength of association criteria.
A positive relationship has been observed
between exposure to this risk factor and neck
or neck/shoulder MSDs in studies where
chance, bias, and confounding can be ruled out
with reasonable confidence.

VIBRATION

No study of neck MSDs met the four criteriato
address strength of association between
vibration and neck MSDs and only one of the
reviewed studies in the tables mentioned neck
MSDs and vibration. Viikari-duntura et d.
[1994] sdected study groups for their
longitudina study based on different work
exposures. Machine operators exposed to
static work and whole-body vibration were
compared to carpenters exposed to dynamic
physical work and presumably no vibration to
see whether occupational status was related to
neck MSDs. Results found that the OR for
progressing from no neck pain to moderate to
severe neck trouble was from 3.9 to 4.2; for
operators compared to carpenters, asignificant
difference. No vibration measurements were
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performed in this sudy, and vibration was likely
to be confounded by neck twisting and Static
loads.

Conclusions—Vibration and Neck or
Neck/Shoulder MSDs

We conclude that there isinsufficient
evidence to support an association between
vibration and neck or neck/shoulder MSDs
based on strength-of-association criteria. Too
few studies of neck or neck/shoulder MSDs
have examined the relaionship between
exposure to vibration and to draw any
conclusions about their relaionship.

NECK OR NECK/SHOULDER MSDs
AND THE ROLE OF CONFOUNDERS
Asin many MSDs, prevaence of neck and
neck/shoulder disorders tends to increase with
age. Therefore, it isimportant that studies take
into account when examining the strength of
occupational versus non-occupationd factors.
Age and gender were the primary potentia
confounders that investigators addressed in
many of the sudies on neck and neck/shoulder
MSDs (The tables at the end of the chapter list
summaries of each of the articles and include
which particular covariates or confounders
were consdered.) These were either dedlt with
by logigtic regresson modeling, asin the case
of age (e.g., Andersen and Gaardboe [19934];
Rossignol et d. [1987]; Tolaet d. [1988];
Ohlsson et al. [1989]; Baron et d. [1991]),
through matching of case subjects and referents
(eg., Vihmaet al. [1982]), or through study of
asngle gender (e.g., Luopgérvi et d. [1979];

Hlnting et d. [1994)), or dratifying by gender
[Sakakibara et a. 1995]. Most studies
performed univariate andlyss prior to logistic
regression to consider factors which needed to
be introduced into the logistic models as



confounders or covariates.

Almogt dl the studies we reviewed accounted
for the confounders of age and gender. Many
of the studies controlled for leisure exercises
[Andersen and Gaardboe [1993a,b] smoking
(Linton [1990]; Milerad and Ekenwall [1990];
Berggvigt et d. [1995a,b]; Viikari-Juntura et al.
[1994]), medicd conditions[Bernard et d.
[1994]; Hales et d. [1994]). Reviewing the
methods and results of these studies, the
confounding factors do not account for the
condstent relationship that is found with the
work-related factors.

CONCLUSIONS

Interpreting ation for individua
workplace factorsis difficult, as most
epidemiologic sudies of MSDs used
populations selected because of multiple factors
(such asforceful exertion and repetitive tasks).
Unlike laboratory experiments, one cannot
isolate exposure factors, nor ater some factors
while keeping others congtant to insure
accuracy in examining, recording, and
interpreting results. However, one can examine
the body of epidemiologic evidence and infer
relationships. There have been over 40
epidemiologic sudies which have examined
work factors and their relationship to neck and
neck/shoulder MSDs. Many studies identified
individuals in heavier industrid occupations and
compared them to workersin light industry or
office environments. Other studiesidentified a
symptomatic group of workers, or those with
symptoms and physical exam abnormdlities,
and compared them to asymptomatic workers
at the same worksite, or to population
referents, and looked for differencesin
exposure. These gpproaches, dthough quite
different, by and large have chosen to focus on
gmilar workplace risk factors. Theseinclude
repetition, forceful exertions, and congtrained
or datic postures, usudly found in combination.
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There is dso reasonable evidence for a causal
relationship between highly repetitive work and
neck and neck/shoulder MSDs. Mot of the
epidemiologic studies reviewed defined
“repetitive work” for the neck aswork
activities which involve continuous arm or hand
movements which affect the neck/shoulder
musculature and generate loads to the
neck/shoulder area; fewer studies examined
relationships based on actua repetitive neck
movements. The two studies which measured
repetitive neck movements by head position
(using frequency and duration of movements),
and fulfilled the four criteria, found strong
associations with neck/shoulder MSDs. In
those studies defining repetitive work as
continuous arm or hand movements affecting
the neck/shoulder, nine studies found
datisticaly sgnificant ORs greater than 3.0.
Eight sudiesfulfilled dl the criteria except for
objective exposure assessment and measured
repetition for the hand/wrigt, not the neck. Of
these, three had gatigticaly sgnificant ORs
greater than 3, and five had non-ggnificant
ORs, dl under 2.0.

Thereis reasonable evidence for forceful
exertion and neck MSD found in the
epidemiologic literature. Most of the
epidemiologic studies reviewed defined
“forceful work” for the neck/shoulder as work
activities which involve forceful arm or hand
movements which generate the loads to the
neck/shoulder area; no study examined a

rel ationships based on actud forceful neck
movements. Of the 17 sudies

addressing force as one of the exposure
factors, five dudies found Setisticaly sgnificant
associaions but did not derive ORs; two
studies found ORs greater than 3.0, seven
sudiesfrom 1 to 3.0, and 2 studies with ORs
lessthan 1.0.



Thereis strong evidence that working groups
with high levels of dtatic contraction, prolonged
datic loads, or extreme working postures
involving the neck/shoulder muscles are a
increased risk for neck/shoulder MSDs.
Conggtently high ORs (12 studies found
datigticaly sgnificant ORs over 3.0) for tensgon
neck syndrome associated with static postures
or dtatic |oads have been found.

The epidemiologic data are insufficient to
document relationship of vibration and neck
disorders. The few prospective studies which
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have included interventions to decrease
workplace risk factor exposures, including
decreasing repetitive work and less extreme
working postures, have shown a decreasein
incidence of neck MSDs, and an improvement
in symptoms among affected workers. These
data provide additiona evidence that these
disorders are related to work factors.

However, cumulative exposure-response data
islacking, dthough VDT dudiesusng
surrogate exposure variables suggests a
relationship.



Table 2-1. Epidemiologic criteria used to examine studies of neck MSDs associated with repetition

Investigator

Risk indicator blinded to case
(OR, PRR, IR Participatio Physical and/or exposure Basis for assessing neck
Study (first author and or p-value)*,t nrate $70% examinatio status exposure to repetition
year) n

Met all four criteria:

Ohlsson 1995 3.6t Yes Yes Yes Observation or
measurements

Met at least one criterion:
Andersen 1993b 6.8t Yes Yes Yes Job titles or self-reports
Baron 1991 2.0 No Yes Yes Job titles or self-reports
Bergqvist 1995b 6.9T Yes Yes Yes Job titles or self-reports
Hales 1989 1.6 Yes Yes Yes Job titles or self-reports
Kamwendo 1991 1.65T Yes No NR¥ Job titles or self-reports
Kiken 1990 1.3 Yes Yes Yes Job titles or self-reports
Knave 1985 NRT Yes No NR Job titles or self-reports
Kuorinka 1979 a1t Yes Yes NR Job titles or self-reports
Luopajarvi 1979 1.6 Yes Yes Yes Job titles or self-reports
Onishi 1976 3.8t NR Yes NR Observation or

measurements

Sakakibara 1987 NRT Yes No NR Job titles or self-reports
Schibye 1995 3.3t Yes No NR Job titles or self-reports
Yu 1996 28.9t Yes No NR Job titles or self-reports

Met none of the criteria:
Liss 1995 1.7t No No No Job titles or self-reports
Ohlsson 1989 1.9 NR No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on repetition alone (i.e., repetition plus force, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.
Not reported.
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Figure 2-1. Risk Indicator for "Repetition" and

Neck Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.

Note: Two studies indicated statistically significant associations without reporting odds ratios. See Table 2-1.




Table 2-2. Epidemiologic criteria used to examine studies of neck/shoulder MSDs associated with repetition

Investigator

Risk indicator blinded to Basis for assessing
(OR, PRR, IR  Participation Physical case and/or neck/shoulder exposure
Study (first author and or p-value)*,t rate $70% examinatio exposure to repetition
year) n status
Met all four criteria:

Jonsson 1988 NRT.¥ Yes Yes Yes Observation or
measurements

Ohlsson 1995 46T Yes Yes Yes Observation or
measurements

Met at least one criterion:

Andersen 1993a 46T Yes No Yes Job titles or self-reports

Bergqvist 1995a 3.6 Yes No Yes Observation or
measurements

Blader 1991 NRT Yes Yes No Job titles or self-reports

Ekberg 1994 15.67 Yes No NR Job titles or self-reports

Ekberg 1995 1.2t Yes No NR Job titles or self-reports

Hinting 1981 9.9t NR Yes NR Observation or
measurements

Milerad 1990 21t Yes No NR Job titles or self-reports

Punnett 1991 1.8 Yes No NR Observation or
measurements

Rossignol 1987 1.8-4.67 Yes No NR Job titles or self-reports

Vihma 1982 167 NR No NR Observation or

measurements

*Some risk indicators are based on a combination of risk factors—not on repetition alone (i.e., repetition plus force, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

¥Not reported.
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Figure 2-2. Risk Indicator for "Repetition" and

Neck/Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.

Note: Two studies indicated statistically significant associations without reporting odds ratios. See Table 2-2.



Table 2-3. Epidemiologic criteria used to examine studies of neck MSDs associated with force

Risk indicator
(OR, PRR, IR Participatio
Study (first author and year) or p-value)*,t

n rate $70%

Physical
examinatio exposure status

Investigator
blinded to case
and/or

Basis for assessing neck
exposure to force

n
Met at least one criterion:
Baron 1991 2.0 No Yes Yes Job titles or self-reports
Hales 1989 1.6 Yes Yes Yes Job titles or self-reports
Kiken 1990 1.3 Yes Yes Yes Job titles or self-reports
Kuorinka 1979 a1t Yes Yes NRE Job titles or self-reports
Luopajarvi 1979 1.6 Yes Yes Yes Job titles or self-reports
Veiersted 1994 6.7% No Yes NR Observation or measurements
Viikari-Juntura 1994 3.0t Yes No Yes Job titles or self-reports
Wells 1983 2571 Yes No NR Job titles or self-reports
Met none of the criteria:
Liss 1995 1.71 No No No Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on force alone (i.e., force plus repetition, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance.
Not reported.
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Figure 2-3. Risk Indicator for "Force" and

Neck Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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Note: One study indicated a statistically significant association without reporting odds ratios. See Table 2-3.



Table 2-4. Epidemiologic criteria used to examine studies of neck/shoulder MSDs associated with force

Risk Investigator Basis for assessing
indicator Participatio  Physical blinded to case neck/shoulder exposure
Study (first author and year) (OR, PRR, IR nrate $70% examinatio and/or exposure to force
or p-value)*,t n status
Met at least one criterion:
Aaras 1994 NRT.F NR No NR Observation or measurements
Andersen 1993a 3.2 Yes No Yes Job titles or self-reports
Bjelle 1981 NRT NR Yes Yes Observation or measurements
Jonsson 1988 NRT Yes Yes Yes Job titles or self-reports
Punnett 1991 0.9 (females) Yes No NR Observation or measurements
1.8 (males)

*Some risk indicators are based on a combination of risk factors—not on force alone (i.e., force plus repetition, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).
TIndicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

¥Not reported.
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Figure 2-4. Risk Indicator for "Force" and

Neck/Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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Note: Three studies indicated statistically significant associations without reporting odds ratios. See Table 2-4.
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Table 2-5. Epidemiologic criteria used to examine studies of neck MSDs associated with posture

Investigator

Risk blinded to case
indicator Participation Physical and/or Basis for assessing neck
Study (first author and year) (OR, PRR,IR rate $70% examination exposure exposure to posture
or p-value)*t status
Met at least one criterion:
Bernard 1994 1471 Yes No Yes Job titles or self-reports
Ferguson 1976 NR¥ Yes No No Observation or measurements
Hales 1994 3.8t Yes Yes Yes Job titles or self-reports
Kamwendo 1991 1.65% Yes No NR Job titles or self-reports
Kukkonen 1983 36T NR Yes Yes Job titles or self-reports
Kuorinka 1979 4.1t Yes Yes NR Job titles or self-reports
Linton 1990 3.5t Yes No NR Job titles or self-reports
Onishi 1976 3.8t NR Yes NR Observation or measurements
Sakakibara 1987 NRT Yes No NR Observation or measurements
Sakakibara 1995 15 Yes Yes NR Observation or measurements
Veiersted 1994 7.2t No Yes NR Observation or measurements
Viikari-Juntura 1994 3.9-4.2% Yes No8 Yes Job titles or self-reports
Welch 1995 7.5 Yes No No Job titles or self-reports
Wells 1983 2571 Yes No NR Job titles or self-reports
Yu 1996 784.4% Yes No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on posture alone (i.e., posture plus force, repetition,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

TIndicates statistical significance. If combined with NR, a significant association was reported without a numerical value.
*Not reported.
§Physical examinations were not analyzed because there were too few cases.
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Figure 2-5. Risk Indicator for "Posture” and

Neck Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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Table 2-6. Epidemiologic criteria used to examine studies of neck/shoulder MSDs associated with posture

Risk indicator

Investigator
blinded to case

Basis for assessing

(OR, PRR, IR Participation Physical and/or neck/shoulder exposure
Study (first author and year) or p-value)*,t rate $70% examination exposure to posture
status
Met all four criteria:
Jonsson 1988 NRT.¥ Yes Yes Yes Observation or measurements
Kilbom 1986 NRT Yes Yes Yes Observation or measurements
Ohlsson 1995 NRT Yes Yes Yes Observation or measurements
Met at least one criterion:
Aaras 1994 NRT NR No NR Observation or measurements
Bergqvist 1995a 447 Yes No Yes Observation or measurements
Bjelle 1981 NRT NR Yes Yes Observation or measurements
Blader 1991 NRT Yes Yes No Job titles or self-reports
Ekberg 1994 48T, Yes No NR Job titles or self-reports
3.67
Holmstrém 1992 2.0t Yes No Yes Job titles or self-reports
Hinting 1981 9.9t NR Yes NR Observation or measurements
Milerad 1990 2.6t Yes No NR Job titles or self-reports
Rossignol 1987 1.8, Yes No NR Job titles or self-reports
4.0T,
46"
Ryan 1988 NRT Yes No Yes Observation or measurements
Tola 1988 1.8t Yes No NR Job titles or self-reports
Vihma 1982 1.6t NR No NR Observation or measurements
Viikari-Juntura 1991a 15 Yes Yes8 NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on posture alone (i.e., posture plus force, repetition,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

Not reported.
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Ekberg 1994
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Note: Seven studies indicated statistically significant associations without reporting odds ratios. See Table 2-6.

Figure 2-6. Risk Indicator for "Posture" and

Neck/Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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Table 2—7. Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD Prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Andersen and Cross- 701 female sewing machine Outcome: Case of chronic pain 26.2% General SMO compared Participation rate: 78.2%.
Gaardboe sectional operators (SMO), compared was defined as continuous pain population:  to: (1) General
1993a to 781 females from the lasting for a month or more after 9.9% population: Examiners blinded to

general population of the beginning work and pain for $30 Internal OR=3.2 control/subject status.
region and internal referent  days within the past year. referent (2) Internal 2.3-45
group of 89 females from group: referent group: Controlled for age, having children,
the garment industry. Exposure: Job categorization 6.7% OR=4.9 not doing leisure exercise, smoking
based on “authors’ experiences 2.0-12.8 socioeconomic status.
as occupational health Logistic Model:
physicians” and involved crude Years as SMO: Age-matched exposure groups
assessment of exposure level 0to 7 years: and controls.
and exposure repetitveness. 1.9
Jobs involving high 8 to 15 years: 1.3-2.9  Logistic regression limited to a
repetitiveness (several 3.8 combined neck/shoulder case
times/min) and low or high force, >15 years: 2.3-6.4  definition.
and jobs with medium 5.0
repetitiveness (many times/hr) 2.9-8.7 No difference in education, marital
combined with high force were Age $ 40 status, number of children.
classified as high exposed jobs; years: 1.5
jobs with medium repetitiveness 1.1-2.2  Poor correlation between
and low force and jobs with Children (>0): degenerative X-ray neck changes
more variation and high force 13 and cervical syndrome.
were classified as medium 0.8-2.0
exposed. Job titles such as Exercise: 0.9 Most frequent diagnosis among
teachers, self-employed, trained 0.6-1.3  study group was “cervicobrachial
nurses, and the academic Socioeconomic fibromyalgia” significant for test of
professions were “low status: 1.29 trend with exposure time in years.
exposed.” 0.7-2.3
Smoking: 1.39 Chronic neck pain and palpatory
0.99-1.9 findings: Sensitivity: 0.85;
Current Specificity: 0.93.
Exposure: 1.3
0.9-1.9
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Andersen and Cross- From a historical cohort of ~ Outcome: Measured by health Referents: 0to 7 years: Participation rate: 78.2%; logistic
Gaardboe sectional 424 sewing machine interview and exam of the neck, OR=1 2.3 0.5-11 regression limited to a combined
1993b operators, 120 were shoulder and arm. Case of neck/shoulder case definition.

randomly selected and 82 chronic pain was defined as 8 to 15 years:
exposed workers were continuous pain lasting for a 6.8 1.6-28.5  Age-matched exposure groups
categorized by number of month or more after beginning and controls.
years of employment: 0-7 work and pain for at least >15 years:
years, 8-15 years and 30 days within the past year. 16.7 4.1-67.5 Examiners blinded to
greater than 15 years. Physical examination: Restricted control/subject status.
These were compared to a movements in the cervical spine Age at least 40
referent group of 25 and either palpatory tenderness years: 1.9 0.9-4.1 Controlled for age, having children,
auxiliary nurses and home in cervical segments or not doing leisure exercise,
helpers. A total of 107 irradiating pain or tingling at Children >0 smoking, socioeconomic status.
subjects participated. maximum movements or positive years: 0.5 0.1-1.7
foraminal test. Poor correlation between
Exercise: 1.4 0.6-2.96 degenerative X-ray neck changes
Exposure: Exposure and cervical syndrome.
categorization broken down Smoking: 1.5 0.7-3.3
according to current Most frequent diagnosis among
occupational status by job title. Current high study group was “cervicobrachial
Classification into exposure exposure: 1.6 0.7-3.6 fibromyalgia” significant for test of

groups based on author’s
experiences as occupational
health physicians and involved
crude assessment of exposure
level and exposure
repetitiveness. High exposure
jobs: Involved high
repetition/high force or high
repetition/low force or medium
repetition/high force. Medium
exposure jobs involved medium
repetition/low force and low
repetition and high force. Low
exposure jobs were low
repetition/low force.
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trend with exposure time in years.
Chronic neck pain vs. palpatory

findings: Sensitivity: 0.85;
Specificity: 0.93.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Baron et al. Cross- 124 grocery checkers Outcome: Based on symptom 16% 5% Odds of neck Participation rate: 85% checkers;
1991 sectional using laser scanners (119  questionnaire and physical pain, 55% non-checkers in field study.
females, 5 males) exam. Case defined as having checkers vs. Following telephone survey 91%
compared to 157 grocery positive symptoms and a positive non-checkers: checkers and 85% non-checkers.
non-checkers (56 females, physical exam. Symptoms must OR=2 0.6-6.7

101 males); excluded 18
workers in meat, fish, and
deli departments, workers
under 18 and pregnant
workers.

have begun after employment at
supermarket of employment and
in current job; lasted one week
or occurred once a month during
the past year; no history of
acute injury to part of body in
question.

Exposure: Based on job
categorization. Estimates of
repetition and average and peak
forces of hand and wrist based
on observed and videotaped
postures, weight of scanned
items, and subjective
assessment of exertion.

Specific neck assessment was
not done.

2-38

Examiners blinded to worker’s job
and health status.

Adjusted for duration of work, age,
hobbies, systemic disease obesity.

Total repetitions/hr ranged from
1,432 to 1,782 for right hand and
882 to 1,260 for left hand.

Average forces for cashiers were
low and peak forces medium.
Force was not analyzed in the
models.

Multiple awkward postures of all
upper extremities recorded but not
analyzed in models.

Statistically significant increase in
neck MSD with increase in years
“checking.”
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Bergqvistet  Cross- Office workers using Outcome: Neck discomfort— any Neck: Asympto-  Tension neck Participation rate: 92% of 353
al. 1995a sectional VDTs, (n=260), 198 discomfort over the last 12 61.5% matic syndrome: office workers.
females; symptomatic months; intense neck Female: workers Females no
cases compared to non- discomfort— as above, if 63% children: Adjusted for age and gender.
cases. occurred in last 7 days and Male: 57% OR=20 0.7-5.6
interfered with work. Factors included in analysis: Age,
Females with gender, smoking, children at home,
Outcome: Physiotherapist's TNS: 22% children: negative affectivity, tiredness-
diagnosis of: (1) tension neck Female: OR=6.4 1.9-21.5 related stress reaction, stomach-
syndrome (TNS): ache/pain in 25% related stress reaction, use of
the neck; feeling of tiredness Male: 13% Limited rest spectacles, peer contacts, rest
and stiffness in neck; possible break: OR=7.4 breaks, work task flexibility,
headache; pain during 3.1-17.4 overtime, static work position, non-
movements; muscular Cervical Too highly use of lower arm support, hand in
tenderness; (2) cervical diagnosis: place non-neutral posture, repeated
diagnoses—ache/pain in neck 23% keyboard: movements with risk of tiredness,
and arm; headache; decreased  Female: OR=44 height differences
mobility due to cervical pain 25% 1.1-17.6 keyboard/elbow, high visual angle
during isometric contraction; Male: 20% Cervical to VDT, glare on VDT.
often root symptoms such as Diagnoses:
numbness or parathesias. Age >40 Found that “frequent overtime”
OR=2.7 protective for cervical diagnoses
Exposure: Based on 1.0-7.2 OR=0.48 (0.23, 0.99).
observation— static work Spectacles:
posture, nonuse of lower arm OR=4.0 Examiner and workplace
support, hand in non-neutral 1.3-12.5 investigators blinded to case and
position, insufficient leg space at Static Posture: exposure status.
table, repeated movements with OR=5.1
risk of tiredness, specular glare 0.6-42.5 There are problems with
present on VDT. Measured: Spectral glare: interpreting results because of
Height difference of VDT OR=1.9 multiple comparisons and multiple
keyboard-elbow, high visual 0.9-4.2 models.
angle to VDT. Stomach
reactions: Not all significant findings
OR=3.9 presented in paper.
2.0-7.7
Tiredness: 1.9
1.0-35
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Bergqvistet  Cross- 322 office workers; VDT Outcome: Neck discomfort—any  Neck Current VDT Participation rate: 76%.
al. 1995b sectional users compared to non- discomfort over the last 12 discomfort: work:
VDT users. months; intense neck/shoulder 60% OR=14 0.8-2.4  Adjusted for age and gender.
52% interactive, discomfort—as above, if
29% data entry, 19% non-  occurred in last 7 days and Intensive neck discomfort
VDT users. interfered with work. Intense Intense associated with VDT work over 20
neck neck hr and having stomach reactions
Outcome: Physiotherapist's discomfort: discomfort: often and repetitive movements:
diagnosis of tension neck 7.4% OR=0.5 0.2-1.8 OR=3.9(1.1, 13.8).
syndrome (TNS)—ache/pain in
the neck; feeling of tiredness Tension Tension Originally 535 workers queried in
and stiffness in neck; possible neck neck 1981. Of those, 182 had left the
headache; pain during syndrome: syndrome: workplace (quit, retired, etc.).
movements; muscular 21% OR=1.0 0.5-1.9  Possible bias from “healthy worker
tenderness. effect.”
TNS Diagnosis:
Exposure: Based on self- <20 hr/week Covariates considered: Children at
reporting of VDT use. VDT VDT: 1.2 0.4-3.7  home, smoking, negative
users categorized into data affectivity, stomach-related stress
entry or interactive VDT users. >20 hriweek reactions, tiredness-related stress
VDT: 0.7 0.3-1.5 reactions. Organizational factors
considered: limited or excessive
TNS diagnosis peer contacts, limited rest break
with bifocal or opportunity, limited work task
progressive flexibility, frequent overtime.
glasses at VDT
work and $20 For cervical diagnoses: Excess OR
hriweek VDT suggested for combined
work duration: occurrence of VDT work of
OR=6.9 1.1-42.1 >20 hr/week and specular glare on
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the VDT screen.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Bernard etal. Cross- Of a total population of Outcome: Health data and 26% (case) eole) Females: Participation rate: 93%.
1994 sectional 3,000 workers in the psychosocial information were OR=2.1 1.4-24
editorial, circulation collected using a self- Cases with Examiners blinded to case and
classified advertising and administered questionnaire. daily neck Number of hr exposure status.
accounting departments, Definition: Presence of pain, pain: 22% spent on
1,050 were randomly numbness, tingling, aching, deadline/week Analysis controlled for
selected for study and 973  stiffness or burning in the neck (30 to 39 hrvs. confounders, age, gender, height,
participated. Those fulfilling occurring $ once a month or 0to 10 hr) psychosocial factors, medical
case definition compared to 7 days continuously within the OR=1.7 1.4-3.0 conditions.
those workers not fulfilling  past year, reported as
definition. moderately severe. The Work variance Psychosocial scales analyzed by
symptom must have begun (continually splitting the responses into
during the current job. Workers changing work quartiles, then comparing the 75%
with previous nonoccupational load,; response score to the 25%
injuries to the relevant area occasionally response score for deriving the
were excluded. vs. often) ORs in each scale.
OR=1.7 1.2-25
Exposure: Based on In sub-analysis of jobs having
observation of work activity Time spent on comparable number of males and
involving keyboard work, work the telephone females. Only number of hr spent
pace, posture, during a typical (4to6hrvs.0 on deadline/week and perceived
day of a sample of 40 workers to 2 hr): lack of importance for ergonomic
with and 40 workers without OR=14 1.0-1.8 issues by management were
symptoms. Exposure to work significant.
organization and psychosocial Perceived lack
factors based on questionnaire of importance
responses. for ergonomic
issues by
management:
OR=1.9 14-24
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments

Ferguson Cross- 418 telephonists Outcome: Symptoms by Tele- Chi sg=11.01 Participation rate: 95%.

1976 sectional interviewed questionnaire. Neck ache phonists: (df=2), p<0.005
categorized on 3-point Uncomfort- Although author states the
discomfort scale: (1) very able or following: “Discomfort, aching, and
comfortable, (2) barely very other symptoms are common,
comfortable, and (3) uncomfort- important but usually neglected
uncomfortable, very able neck problems in telephonists which
uncomfortable. ache =26% could be ameliorated by ergonomic

Exposure: Personal and social
attributes and attitudes to
aspects of the work and the
equipment were obtained by
guestionnaire. Seven body
dimensions were measured, and
standing posture was
categorized by observation
against a grid according to
predetermined criteria.
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job and equipment,” the results of
his study did not support his
conclusion.

Neither discomfort nor aching was
linked to any of the body postures
observed.

Height and weight were not related
to discomfort or aching.

Multiple correlations not helpful in
identifying combinations of
personal, equipment, environmental
or other variables predictive of
aching and discomfort.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Hales and Cross- Of 96 female workers Outcome: Period prevalence—  Period Period Outcome: Neck Participation rate: 93%.
Fine 1989 sectional employed in 7 high symptoms in last 12 months by prevalence: prevalence: symptoms:

exposure jobs in poultry guestionnaire. Case defined as: 21% 13% RR=1.64 Adjustment for age and duration of

processing: 89 were Pain, aching, stiffness, 0.4-3.19 employment.

compared to 23 of 25 numbness, tingling or burning in  Point Point Outcome: Neck

female workers in low the neck and symptoms began prevalence: prevalence: symptoms and Examiner blinded to case and

exposure jobs. after employment at the plant; 12% 0% physical: exposure status.
were not due to a previous OR
injury or trauma to the joint; indeterminate Exposure based on repetitive and
lasted >8 hr; and occurred 4 or because of “0" forceful hand/wrist motions and
more times in the past year. cell not neck exposure assessment.
Point prevalence: Determined by Estimated OR 80% of workers involved in job
physical exam of the neck using by adding 1 to rotation program.
standard diagnostic. Tension each cell in
neck syndrome: Palpable muscle crude 2 X 2 No information collected on non-
tightness, hardening or pain $ 3 table: 3.69 work related risk factors.
(on 8 point scale) on passive or
resisted neck flexion or rotation. 0.4-164

Cervical root syndrome: Pain $
(on 8 point scale) radiating from
neck to one or both arms with
numbness in the hand criteria.
Case must also fulfill symptom
definition.

Exposure: Observation and
walk-throughs; jobs categorized
as high exposure and low
exposure based on estimates of
force and repetition of hand
maneuvers.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Hales et al. Cross- Telecommunication workers Outcome: Self-administered 9% ole) Lack of Participation rate: 93%.
1994 sectional (n=518, 416 females, 117 guestionnaire and standardized decision . . .
males) in 3 offices, physical exam (PE). Case making Phyﬁluan exanglr;er blinded to
employed > 6 months. defined as: Pain, aching, opportunities: WOrker case status.
. o stiffness, burning, numbness or OR=4.2 2.1-8.6 Logistic analysis adjusted for
Cases" fulfilling neck tingling lasting >1 week or demographics, work practices,
work-related MSD definition >12 times a year; no previous Use of work organization, individual
compared to non-cases. traumatic injury to neck; bifocals: factors; electronic performance
occurring after employment on OR=3.8 1.5-9.4 monitoring; DAO keystrokes;
current job within the last year Denver DAO keystrokes/day.
and positive PE—moderate to Lack of a ORs for psychosocial variables
worst pain experienced with productivity represent risk at scores one
tension neck or cervical root standard: standard deviation above mean
syndrome. OR=3.5 1.5-8.3 score compared to risk at scores
one SD below mean.
Exposure: Assessed by Fear of being B f readiust " d
guestionnaire and observation; replaced by cr?acr?ugg gf C\?(?rlggtsating)?]g?:iﬁﬂn
number of keystrokes/day; no computers: stud gperiod measurements Ofg
exposure questions were OR=3.0 1.5-6.1 VDT workstations considered
specifically aimed at the neck unreliable and excluded from
region. High analyses.
information
; ; i Number of hr spent in hobbies and
Physical workstation and processm.g recreational activities not
postural measurements were demands: significant
taken but not analyzed in OR=3.0 1.4-6.2 '
models. B Although keystrokes/day found not
Job requiring a significant, data available was for
variety of workers typing an average of 8
tasks: words/min over 8-hr period.
OR=2.9 15-5.8 97% of participants used VDT
. $6 hr so not enough variance to
Increasing evaluate hr of typing.
work
procedure: Over 70 variables analyzed in
OR=2.4 1.1-55 models may have multiple

comparison problem.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Hunting etal.  Cross- 308 of 400 apprentice and ~ Outcome: Three-symptom 16% ole) eole) OO  Participation rate: 75%.
1994 sectional journeymen, electricians definitions used; most restrictive
from one labor union includes neck symptoms 3% with 1to 3 years 98% of participants were male.
participated. occurring $once/month or lasting medical worked: OR=1
>1 week during past year, and visits, Stratified by most experienced vs.
no previous traumatic injury to missed 4 to 5 years least experienced electrician, by
site. work, or worked: years worked, by age group,
light duty OR=1.3 current work as an electrician.
Exposure: Questionnaire dealing
with lifting activities, working 6 to 10 years Analysis of specific work factors
overhead, working with hand worked: (repetition, force, extreme posture,
tools. OR=1.6 vibration, or combinations of risk
factors) not analyzed in this paper
>10 years which dealt with prevalence of
worked: symptoms among electricians.
OR=1.3
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Kamwendo et Cross- 420 medical secretaries; Outcome: Questionnaire using 6 63% ole) OR for work Participation rate: 96%.
al. 1991 sectional compared those frequently  point scale ranging from “very period with office
having neck pain to those often” to “almost never” and prevalence. machines 5 hr Neck symptoms associated with a
less frequently having pain. Nordic Questionnaire. Definition or more/day: "poorly experienced psychosocial
of neck MSD: Discomfort, ache, 33% point 1.65 1.02-2.67 work environment.”
or pain during previous year; prevalence.
whether they had pain in last 7 Working >5 Age, length of employment
days, whether pain prevented 15% with years: OR=1.6 significantly related to neck pain.
them from doing daily duties. constant 0.9-2.8
10 questions on psychosocial neck pain. Sitting 5 or Questionnaire included
work environment included. more hr/day: psychosocial scales, length of
OR=1.9 employment, part-time or full-time
Exposure: Based on 0.86-2.6  work, average hr sitting working

questionnaire. Low exposure
was regarded as 1 to 4 hr sitting
or working with office machines,
high exposure was regarded as
5to 8hr.
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with machines.

Ability to influence work, a friendly
spirit of cooperation between co-
workers, being given too much to
do significantly positively
associated with neck pain.
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Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Kiken et al. Cross- 294 poultry processors. Outcome: Period prevalence—  Plant #1: Plant #1: Participation rate: 98%.
1990 sectional Plant #1 (n=174) based on questionnaire. Case— (High (Low
Plant #2 (n=120) pain, aching, stiffness, burning, exposure) exposure) OR= Analysis stratified by gender and
numbness or tingling in the neck, Any symp- Any symp- age.
began after employment at the toms: 34% toms: 16% 2.2 0.9-5.0
plant; not due to previous Period Higher exposure jobs (HE) were
accident or injury outside work;  Period preva- located in the receiving,
lasted >8 hr and occurred 4 or prevalence: lence: 3% evisceration, whole bird grading,
more times in the past year. 9% 2.9 0.4-21.4  cut up and deboning departments.
Point Lower exposure jobs (LE) were
Point prevalence: Based on Poaint preva- located in the maintenance,
symptom and physical exam prevalence: lence: 3% sanitation, quality assurance and
using standard diagnostic 4% 1.3 0.2-11  clerical departments.
criteria. Case must fulfill
symptom definition listed above. Plant #2: Examiners blinded to case and
Plant #2: (Low expo- exposure status.
Exposure: Observation and (High sure) Any
walkthrough; jobs categorized exposure)  symptoms: OR= 30% of workers in job rotation
as high exposure and low Any 11% program may influence
exposure based on observed symptoms: 3.9 1.5-10.2 associations.
force and repetition of hand 42%
maneuvers. Period Annual turnover rate -50% at plant
Period prevalence: 1 and 70% at plant 2; making
prevalence: 3% survivor bias a strong possibility.
5% 18 0.2-15.2
Point
Poaint prevalence:
prevalence: 0% o o
1% OO OO

2-47

(Continued)



Table 2—-7 (Continued). Epidemiologic studies evaluating work-related neck musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Knave et al. Cross- 400 VDT operators from Outcome: Questionnaire— Results Results eole) OO  Participation rate: Initially exposed
1985 sectional 4 industries using VDTs >4  symptom questionnaire based on estimated  estimated 97%,; referent 100%; Phase IV
hr/day; compared to frequency and intensity scores: from from Typing hr exposed 84% referents 84%.
157 office employees negligible=1, slight=2, histogram:  histogram:  significantly
without VDT work at the pronounced=3. related to neck gges%sngréderr%fgrr.ents matched on
same industries. Rt. side of Rt side of symptoms.
Exposure: Based on self- neck: 5%  neck: 5% Musculoskeletal complaints
assessment “hrs of typing.” A Dose-response grouped in analysis; because of
special gaze direction instrument Lt. side of  Lt. side of  relationship large number of comparisons,
recorded time spent looking at neck: 20% neck: 0%  found between f&gglg"g&?&hgigg?ﬁrm;ggttrzjeses'
VDT screen. Observation was registered p<0.001
conducted but not included in work duration T
analysis. and musculo- Significant difference between
skeletal females and males in reported neck
complaints. symptoms.

2-48

No statistical difference between
cases and referents in discomfort
scores, but “tendency towards
higher discomfort scores for
shoulder, neck, and back among
the exposed group.”

No difference in cases and
referents in whether work was
“interesting” or they had a “positive
attitude” towards work.

Age, smoking, educational status,
and drinking did not correlate with
symptoms.

Females reported more symptoms
than males in both referent and
case groups.

‘Registered’ total work hr

associated with musculoskeletal
symptoms p<0.05.
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MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Kukkonenet  Cross- 104 female data entry Outcome: Questionnaire— Data entry 28% 23 1.1-4.6  Participation rate: Not reported.
al. 1983 sectional/  workers. 60 data entry stiffness and pain in the neck groups:

Inter- operators (noted as “study and shoulder region, frequency  47% Examiners blinded to case status.
vention group”) were grouped with  of symptoms and localization.

44 data entry operators Physical exam (PE): A clinical No adjustment for confounders.

who worked at another functional examination Tension Tension

bank and were compared performed by a physiotherapist. neck neck Examiner blinded to case status.

with 57 female workers in syndrome  syndrome

varying office tasks. Exposure: Observation of in study in data Average duration of employment
posture, movements and group pre- entry 3.5 years.
working techniques, interven- comparison
assessment of characteristics tion: 54%  group pre- Intervention consisted of:
of desk, chair, equipment, interven- Adjustment of desk, chairs, data
interview with foremen and tion: 43% processing equipment individually
workers to get determination of to suit each worker, who was
physical, mental, and social Tension Tension instructed to carry out adjustments
environment at workplace. neck neck herself. Document holders were
Foremen and workers were syndrome  syndrome added. The study group was
interviewed so that the in study in data given a short course of basic
organization of work and the group post- entry training on pertinent aspects of
physical, mental, and social interven- comparison ergonomics. Four lessons on
environment at the workplace tion: 16% group post- relaxation was given by means of
could be determined. interven- exercises.

tion: 45%
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Physiotherapy was given to
workers for whom the doctor
prescribed—17 from the study
group and none from the first
reference group had treatments.
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MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Kuorinka and  Cross- 93 scissor makers, (n=90 Outcome: Symptoms and 61% 28% Scissor makers Participation rate: 81%.
Koskinen sectional females, 3 males) physical examination—two vs. referents: 99% female study group, no
1979 compared with 113 female  tender spots symptoms of neck OR=4.1 2.3-7.5 significant age difference.

department store shop stiffness and fatigue/ weakness Used Waris [1979] criteria for
assistants from and/or palpable hardenings + examination which called for
Luopéjarvi’'s 1979 study. muscle tenderness in neck Short cycle blinding of examiners, otherwise it
movements. Physiotherapist tasks vs. long- was not mentioned.
Excluded those with examined workers, diagnoses cycle tasks No association between tension
seropositive rheumatic were from predetermined criteria and tension neck syndrome and: (1) age, (2)
affections as well as [Waris 1979]. In problem cases neck duration of emplo%/ment, and
cashiers. orthopedic and physiatric teams syndrome: (3) weight/height?.
handled cases. OR=1.64 0.7-3.8  Total workload for the number of

Exposure: Based on job
analysis from work history of
previous year from production
and salary forms. Conducted
record review of hr
worked/task, production
statistics, absences: used only
cases where 80% of hr cross-
checked (n=76). Work methods
for each type of station
analyzed. Stations classified
according to dominance of
inspection or manipulation of
scissors, and length of cycle
using observation and video-
taping. Observations made
looking at hand/wrist force,
repetition and hand grasp.
Calculated index for wrist
deviation.

—Work methods for each work
station analyzed: Cycle time.
—Total workload during
investigation/year recorded
individually as pieces handled.
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pieces handled in one year
significantly associated with
tension neck syndrome

Although authors state no
relationship between short cycled
and longer cycled tasks; both
groups of tasks would be )
classified as highly repetitive using
Kilbom, Silverstein’s and other
criteria. Lack of variance in
comparison groups.

Authors noted: “earlier unpublished
guestionnaire pertaining to
activities outside factory — extra
work, hobbies, did not indicate
correlations with work...”

Found that “diseases” seem to
accumulate in same individuals.
Physical workload was low.

A slight trend towards tension
neck being more common in
manipulation tasks than in

inspection but not statistically
significant.

(Continued)
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Linton 1990 Cross- 22,180 employees Outcome: Cases defined from 18% had ole) Monotonous Participation rate: Authors had
sectional undergoing screening guestionnaire responses as seen health work and poor access to all workers’ records;
examinations at their those persons reporting “yes” to care psychosocial 85% of working population has
occupational health care having seen a health care profes- environment: occupational health care services.
service in Sweden. 85% of professional for neck pain in the sional for OR=36 2.8-4.6
the Swedish workforce is  last year. neck pain Analysis stratified for age, gender.
covered by health care Lifting and
services. Exposure: Based on 31% had poor Lifestyle factors asked: Exercise,
guestionnaire responses— experi- psychosocial eating, smoking, alcohol
Cases compared to “non- questions asked regarding enced neck environment: consumption.
cases” defined by outcome. heavy lifting, monotonous or pain OR=2.7 2.0-3.6
Groups selected a priori assembly line work, sitting, On univariate analysis, heavy
which would represent uncomfortable work postures Uncomfortable lifting, monotonous work,
exposure as well as little or  (bending or twisting), vibration. posture and uncomfortable posture, and
no exposure for Psychosocial work environment: poor vibration had elevated ORs. Sitting
psychosocial variables. Work content, workload, social psychosocial did not.
support. environment:
OR=3.5 2.7-4.5 On univariate analysis, eating
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regularly and smoking had elevated
ORs. Alcohol and exercise did not.

Authors caution direct comparison
of ergonomic and psychosocial
variable’'s ORs. The scales were
not consistent for the different
factors measured.

(Continued)
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Liss et al. Cross- 1,066 of 2,142 dental Outcome: Mailed survey, case 43% 30% 1.7 1.1-2.6 Participation rate: 50% from both
1995 sectional hygienists from Ontario definitions based on Nordic groups.
Canada Dental Hygienists Questionnaire, percent reporting
Association compared to neck symptoms >7 days in past Study population >99% female.
referent group, 154 of 305 12 months. Had to modify
dental assistants who do their work or No association with duration of
not scale teeth. Exposure: Based on mailed were unable to employment.
survey and self-reported work at some
answers—Iength of practice, point, Not controlled for confounders.
days/week worked, (hygienists
patients/day, patients with compared to Very low response rate,
heavy calculus, percent of time dental confounders not considered, study
trunk in rotated position relative assistants): has methodologic problems which
to lower body, instruments used, OR=24 1.1-5.4 influence interpretation of results.

hr of typing/week, type of
practice.
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Luopéjarviet  Cross- Assembly line workers Outcome: Tension neck 37% 28% TNS: OR=1.56 Participation rate: 84%.
al. 1979 sectional (n=152 females) compared syndrome (TNS): Neck stiffness 0.9-2.7
to shop assistants in a and fatigue/weakness and two Had seen a Workers excluded from
department store tender spots and/or palpable doctor for neck participation for previous trauma,
(n=133 females). hardenings + muscle tenderness symptoms: arthritis and other pathology.
in neck movements. OR=4.38
Cashiers excluded from 2.1-9.24 No difference in mean ages

comparison group.

Exposure: Observation, video
analysis, and interviews used to
assess exposure to repetitive
arm work, static muscle work
affecting neck/shoulder area.

2-53

between exposed and referents.
Examined only females.

Factory opened only short time so

no association between duration of

employment and MSDs possible.

Social background, hobbies,
amount of housework not
significant.

(Continued)
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Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Milerad and Cross- 99 dentists randomly Outcome: Based on telephone Pharma- Participation rate: 99%.
Ekenvall 1990 sectional selected from Stockholm questionnaire. Neck symptoms at 54% cists: 26% 21 1.4-31

dentist registry who any time before the interview Analysis stratified by gender.
practiced $ 10 years ("lifetime prevalence"). Further Male: 45%  Male: 18% 2.6 1.2-5.0

compared to analyzed according to Nordic No difference in leisure time
100 pharmacists selected guestionnaire as to duration Female: Female: exposure, smoking, systemic
from all pharmacists in during last 12 months and during 63% 32% 2.0 1.3-3.1 disease, exposure to vibration.

Stockholm.

last 7 days, effect on work
performance and leisure
activities, and sick leave.

Exposure: Based on
guestionnaire. Exposures
included: (1) abduction of arm
particularly in sit-down dentistry;
(2) work hrs/day; and (3) static
postures.
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Symptoms increased with age in
female dentists only.

Duration of employment highly
correlated with age:

dentists (r=0.84), pharmacists
(r=0.89).

No relation between symptoms and
duration of employment.

Equal problems dominant and
nondominant sides.

Genders “equally prone to develop
neck symptoms when subjected to
equal work-related musculoskeletal
strain.”

No analysis of exposure factors.
Only discussion of “probable
reasons” for high risk using work
positions, flexing neck.
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Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments

Ohlsson etal. Cross- Industrial Workers Outcome: Pain in the last Tension Tension Tension neck Participation rate: Current

1995 sectional (n=82 females) exposed to 7 days and physical exam (PE) neck: 40% neck: 13% syndrome workers: 96%; past workers:
repetitive tasks with short  diagnosing tension neck (industrial 86%; referents: 100%.
cycles mostly far <30 sec, syndrome, cervical syndrome. workers Controlled for age.
usually with a flexed neck compared to . . .
and arms elevated and Tension neck: Tightness of referents): tNooe?();Fr;oiilérres 'Q;‘g{?)%t's‘;?b?g’?gable
abducted intermittently; 68  muscles, tender spots in the OR=3.6 1.5-8.8 ! : »
former workers (mea)r/1 muscles. CervicaPsyndrome: Cervical Cervical Complgtely ?"”_d the exa.lmlr](.ers.
employment time 21 years)  Limited neck movement, radiating syndrome:  syndrome: Questionnaire included individual
who had left the factory pain provoked by test 1% 0% @] S factors, work/environment,

during the seven years
before the study; these
workers were compared to
64 referents with no
repetitive exposure at their
current jobs.

movements, decreased
sensibility in hands/fingers;
muscle weakness of upper limb.

Exposure: Videotaping and
observation. Analysis of
postures, flexion of neck (critical
angles 15E and 30E). 74
workers videotaped $10 min
from back and sides. Average
counts of two independent
readers for frequencies,
duration, and critical angles of
movement used.

Repetitive industrial work tasks
divided into 3 groups: (1) fairly
mobile work, (2) assembling or
pressing items, and (3) sorting,
polishing and packing items
Weekly working time, work
rotation, patterns of breaks,
individual performance rate
(piece rate). Only exposure
readings from right arm were
used.
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symptoms, psychosocial scales.

Muscle strength measured by
(maximum voluntary capacity) at
elevation, abduction, and outward
rotation of both arms measured by
dynamometer.

Videotape analysis revealed
considerable variation in posture
even within groups performing
similar assembling tasks.

Logistic models replacing repetitive
work with videotape variables
found muscular tension tendency
and neck flexion movements
significantly associated with
neck/shoulder diagnoses.

Inverse relationship between
duration of industrial work and
MSDs, largest OR employed <10
years.

Assembly group has high OR (6.7)
with regard to neck/shoulder MSD
compared to referents.

Significant association between
time spent in neck flexion positions
< 60E.
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Ohlsson etal. Cross- Electrical equipment and Outcome: Determined by Paininlast Pain in last Participation rate: Not reported.
1989 sectional automobile assemblers guestionnaire—any neck pain, 12 months: 12 months:
(n=148), 76 former female  neck pain affecting work ability, 39% 32% 1.9 0.9-3.7  For younger females, increase in
assembly workers who quit and neck pain in the last 7 days pain occurred with increased
within 4 years compared to  and the last 12 months. Work Work duration of employment.
60 randomly sampled inability in inability in
female from general Exposure: Based on job last 12 last 12 OR increased with increasing work
population. categorization and months: months: 7% pace, except for very high paces,
guestionnaire—number of items  13% 2.8 0.9-8.8  which there was a decrease.
completed/hr. Pain in last
Paininlast 7 days: Logistic models checked for
Work pace divided into four 7 days: 17% interaction and controlled for age.
classes: (1) slow: <100 21% 1.9 0.7-3.6

items/hr; (2) medium: 100 to 199
items/hr; (3) fast: 200 to 700
items/hr; (4) very fast:

>700 items/hr.
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Study group consisted of females
only.

Significant association between
symptoms and duration of
employment much stronger for
workers <35 years old than
workers >35 years old.
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Onishi et al. Cross- The following were Outcome: Based on ) Group I Participation rate: Not reported.
1976 sectional  compared to 101 female (1) symptoms of neck stiffness, 299

office workers:

Film rolling workers: 127
(females).

Subjects categorized as:

Group I: Without symptoms
of cervico-
brachial disorder.

Group Il: Subjective
symptoms in the neck,
shoulder, or upper limbs.

Group lll: Symptoms and
clinical signs.

dullness, pain, numbness; (2)
pressure (<1.5 kv/icm?)

measured by strain transducer Gr(gup I:
at which subject felt pain; 39%

(3) physical exam: range of

motion, tests, nerve Group Il
compression tenderness. 23%

Exposure: Observation of job
tasks, then job categorization.

Film rollers wind 1 roll of 35 mm
film every 2.5 to 5 sec over 7.5
hr/day.

Loading of trapezius was
examined in two workers during
work activities by
electromyography.
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Body weight, weight skin fold
thickness, muscle strength and grip
strength obtained.

Body height and weight
differences not statistically
significant.

No difference between workers
with tenderness threshold above
1.5 kg/cm? and those below with
respect to age, height, weight, skin
fold thickness, grip strength, upper
arm abduction strength, back
muscle strength.

Authors noted that continuous
loading of the trapezius seems
characteristic to repetitive
operations where the upper limbs
are used.
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Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Ryan and Cross- Data process operators Outcome: Symptoms (pain, Shoulder: ole) Not reported OO  Participation rate: 99%.
Bampton 1988 sectional (n=143). Group with ache, sore, hurts, numb, 44%
highest scores (n=41) swollen, etc.) occurring symptom Interviewers blinded to
designated "cases," $3 times/week with no physical  only guestionnaire responses.
compared to lowest scores exam signs or $ weekly with
(n=28). physical exam signs of muscle Neck: 43% No adjustment for confounders;
tenderness present; diagnosed  symptoms cases for analysis were those
“myalgia” as diffuse muscle pain only with either neck, shoulder, or
and tenderness. lower arm scales having higher
Neck/ symptom scores compared to
Exposure: Ergonomic shoulder those with low scores.
assessment measuring angles symptoms
and distances of each operator  occurring $ Cases had higher visual glare
seated at his/her workstation. 3times index, feeling there was
Wrist extension, ulnar deviation, weekly insufficient time for rest breaks,
elbow angle, shoulder with no more boredom, more work stress,
abduction, and shoulder flexion  signs or and needed to push themselves >3
were measured. Also weekly times/week; lower peer cohesion,
measured: person and furniture  with signs: autonomy, clarity. Higher staff
fit, eye-copy and eye-keyboard  44% support and work pressure.

fit, elbow-keyboard height
difference, popliteal-chair height
difference, and copy placement.

2-58

Significant differences in those
trained in adjustment of their
chairs.

No differences for height, weight,
age, marital and parental status,
handedness, time in current job,
time spent keying or typing,
whether this was their first job,
length of training time.

Significant difference in smaller
mean elbow angle and shoulder
flexion of the left arm, and smaller
eye-copy distance.
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Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Sakakibara et Cross- Orchard workers (n=48, Outcome: Shoulder pain Estimated Estimated OO  Participation rate: 77%.
al. 1987 sectional 20 males and 20 females).  described as the presence of from from
stiffness and pain daily. histograms  histograms Stratified by gender.
Compared symptoms after Pears: Apples:
completion of thinning of Exposure: Observation of jobs. General fatigue, gastric
pears, bagging of pears Angles of flexion of the shoulder Rt. side: Rt. side: disturbances, appetite loss and
and bagging of apples and extension of the neck on 20% 9% p<0.05 headache showed no difference in
(covering fruit with paper one subject were measured Lt. side: Lt. side: 9% frequency between tasks.
bags while on the trees). every 25 min during a whole day 20% p<0.01

Internal comparison using
same study population.

doing each task. No observation
was made on neck repetition.

Farmers worked approximately 8
hr/day for 10.6 to 13.6 days
each year bagging or thinning
pears and bagging apples.
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Exposure data based on
measurement of one worker may
not be generalized to others.

The angle of forward flexion in the
shoulder and that of extension in
the neck was statisticallly
significantly positively correlated
(r=0.88, p#0.01). The proportion of
workers with >90E forward
shoulder flexion was significantly
higher for thinning out pears and
bagging pears than for bagging
apples.

The authors presumed that the
symptoms of dizziness and tinnitus
may be associated with the
cochlear-vestibular symptoms of
vertebral insufficiency due to
continuous extension of the head.

Results presented in paper in
histograms.
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Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Sakakibara et Cross- Of 65 female Japanese Questionnaire: Stiffness and Pear Apple Participation rate: 80%.
al. 1995 sectional farmers. 52 completed the  pain in neck region. Symptoms bagging bagging
guestionnaire and physical in past 12 months for $one day, Examiners not blinded to case
exam in late June for or symptoms in past 12 months status due to design of study.
bagging pears and late July for $8 days. Neck Neck Workers
for bagging apples. pain=40%  pain=25%  bagging pears Same population examined two
Exam: Pain in motion of the neck with neck pain times. 2nd exam occurred one
joint such as flexion/extension, vs. apple month after first. These results
lateral bending, and rotation. bagging used in analyses for comparison of
with neck pain, two tasks.
Exposure: Observation of tasks p<0.05
and measurements of Stiffness and pain during apple
representative workers (only bagging may have been pain that
two workers measured) . Neck pain  Neck pain  Workers was a residual of pear bagging
in joint in joint bagging pears operations.
Angle of arm elevation during motion: motion: with pain in
bagging was measured in one 55.8% 36.5% joint motion vs. Number of fruit bagged/day was
subject. controls apple bagging significantly more in pear bagging
with pain in than in apple bagging.
joint motion:
PRR=1.5 Exposure measurements only
0.99-2.35 obtained on 2 workers and
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generalized to all workers.
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Schibye etal. Cohort Follow-up of 303 sewing Outcome: Nordic Neck Developing Participation rate, 1985: 94%.
1995 machine operators at nine  Questionnaire— discomfort, symptoms neck symptom L
factories representing ache, or pain in the neck during  in previous improvement in Participation rate, 1991: 86%.
different technology levels  the previous year; whether they year for 1991 among All participants were female.
who completed had neck pain in last 7 days, and employees operators 77 of 241 workers still operated a
questionnaire in 1985. whether pain prevented them maintaining compared to sewing machine in 1991.
from doing daily duties. a piece- other L
In April 1991, 241 of 279 work employment ?Sﬂoriﬁigg?h%g%tg%rﬁgg or
traced workers responded  Exposure: Assessed by groups of group below. 77% had left job; among
to same 1985 questions regarding type of <100 OR=0.85 0.29-2.4  those above 35 years, 57% left
guestionnaire. machine operated, work units/day: job.
organization, workplace design, 36% 20% reported musculoskeletal
Operators still working units produced/day, payment symptoms as the reason for
were compared to those system, and duration of Neck Neck symptom leaving job.
who moved to other employment as a sewing symptoms improvement in No significant changes in
employment in 1991. machine operator. in previous other prevalences among those
year for employment employed as sewing machine
employe_es group vs. operators from 1985 to 1991;
maintaining operator group: significant decrease in those who
a piece- 12 month changed employment.
work symptoms: As many as 50% of respondents
groups of OR=33 reported a change in the response
100to 125 1.4-7.7  to positive or negative symptoms
units/day: from 1985 to 1991.
53% Operators always working at the
7 day same machines showed
Neck symptoms: significantly higher neck symptoms
symptoms OR=3.9 compared to those working at
in previous 1.3-11.9 different machines
year for Although the authors state that the
employees analysis did not show the
maintaining development of neck (or shoulder)
a piece- symptoms among workers who
work had worked as a sewing machine
groups of operator to be significantly related
>125 to exposure, exposure time, or
‘ age, there was a significant drop-
gg:;s/day: out rate of those above 35 years.
0
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Veiersted and Cohort 30 female chocolate manu-  Outcome: Trapezius 56% OS  Perceived Participation rate: 55%. ]
Westgaard facturing workers. 17 who myalgia—neck and shoulder pain strenuous Dk;'cip-ouft rate |?]a)1t||’llmlt egerallz- "
1994 contracted trapezius lasting >2 weeks of a degree postures: oot %Pdiﬁgruinseipoos%grje ol eele
myalgia within 6 to making it difficult to continue OR=7.2 2.1-253  and complaints.
51 weeks compared to work. At least one tender or ) )
those workers without. trigger point present. Physical Eﬁmggggciuptgg%s dvtljlrtirr]1: %%{150
Prospective interviews every envn_ronment: years; (2) known musculoskeletal
10 weeks to detect symptoms of OR=0.9 0.5-1.7  disorder predisposing for myalgia;
muscle pain. Daily “pain diaries” (3) neck or shoulder pain sufficient
kept by subjects. Psychosocial toinitiate medical visit, (4) if
factors: employed <26 weeks.
Exposure: Static muscle tension OR=3.3 0.8-14.2  several anthropometric, non-work-
during work was between 1 and related, general health, personality,
2% of maximal voluntary activity Perceived gsmy}glrc‘)gfnoé:r%?l\'/ g'?adb reviols, o
of the trapezius muscles . strenuous initial interview and follow-ups.
recorded by electromyographic previous work:
measurements of trapezius OR=6.7 1.6-28.5 Subjects on a fixed-wage system.

muscle in earlier study.
Interviews conducted
prospectively every 10 weeks
concerning exposure at work
for 1 year.
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Work was mainly machine-paced.
Nine of 17 with trapezius mYalgia
had sick leave after medical
consultation.

No difference in general health
status, anthropometric measures.
None of the models showed any
effect of the “physical environ-
ment.” Parameters which in-
cluded exposure to draft, vibration
(floor or machine), or noise.

Observation time was con-
siderably shorter for workers who
contractéd neck pain compared to
status used in analysis. Non-
patients had more opportunities to
report a positive answer.

The perceived strenuous postures
were not reflected in any of the
conventional EMG parameters
(static, median or peak loads).
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Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Viikari-Juntura Cohort 688 machine operators and Outcome: Neck trouble, 12 month ole) Carpenters vs. Participation rate: 81% machine
etal. 1994 longitud- 553 carpenters compared  categorized on 5 point scale prevalence office workers: operators; 79% carpenters;

inal; to 591 office workers. All  ("not any" to "daily"). for severe No neck pain to 89% office workers.
2 quest- male. neck pain moderate:
ionnaires Exposure: Based on job for OR=1.6 1.0-2.5 Adjusted for occupation, smoking,
3 years category. Machine operators—  1984/1987 and physical exercise, age,
apart static work with whole body No neck pain to duration or current occupation.
vibration, carpenters—dynamic  Machine severe:
physical work, office operators: OR=1.6 0.8-3.0 2% had retired.
workers—sedentary work. For ~ 28/40%
initial evaluation, observation of Persistently In multivariate analysis;
work sites were performed. Carpenters: severe: “occupation” was only significant
25/32% OR=3.0 1.4-6.4  predictor in change from no neck
trouble to moderate neck trouble.
Office Machine
workers: operators vs. Twisting or bending trunk not a
9/12% office workers: significant predictor of neck pain.
No neck pain to In multivariate analysis:
moderate: occupation, age, and current
OR=1.8 1.1-2.8 smoking were significant
predictors in change from no neck
No neck pain to trouble to severe neck trouble.
severe:
OR=3.9 2.3-6.9 Interaction between age and
occupation not significant.
Persistently
severe: Job satisfaction not associated
OR=4.2 2.0-9.0  with neck trouble and other
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predictors.
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Welch et al. Cross- 39 of 47 sheet metal Outcome: Symptom survey; 21% Compari- Percent time Participation rate: 83%.
1995 sectional workers attending a pain, aching, stiffness, burning, son group  hanging duct:
screening for occupational  numbness or tingling in neck with no OR=7.5 Smoking cigarettes, average
lung disease. Cases $ once/month, or lasting > one symptoms number of years working not found

compared to those without
symptoms.

week, no history of previous
traumatic injury. Symptoms
began after working as a sheet
metal worker and prior to
retirement.

Exposure: Questionnaire survey
obtaining types of tasks
performed, tools used,
frequency of task performance.
Hanging duct work dichotomized
into > and <40% of time worked.
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to be significantly different
between symptomatic and
asymptomatic; other confounders
(age, gender) not mentioned.

Average length of employment in
trade: 33 years.

Pilot study.

Hrs/week using hand tools,
percent of time in the shop vs. time
in the field not significant.

Duration of employment not
included in article.
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Wells et al. Cross- 196 male letter carriers Outcome: Telephone interview  All letter Postal All letter Participation rate: 99% among
1983 sectional compared to 203 male case status based on current carriers: clerks: carriers vs. letter carriers, 92% meter readers,
meter readers and postal pain; frequency, severity, 12% 5% clerks and 97% postal clerks.
clerks. interference with work, etc.; readers:
score of 20 required to be a Meter OR=2.57 1.13-6.2 No significant difference in
104 letter carriers had case—more points given to neck readers: schooling and marital status.
weight increased from 25 and shoulder problems that Letter 7% Letter carriers
to 35 Ibs. in the year prior to interfered with routine daily carriers with increased Comparison group (gas meter
the study. activities. with weight vs. readers) used because of similar
increased clerks: “walking rate” without carrying
Exposure: Based on job weight: OR=2.63 0.9-8.8  weight compared to letter carriers.
category; based on self- 12% Postal clerks neither walk nor carry
reported information on weight weight.
carried, previous work involving  Letter Letter carriers
lifting and work-related injuries.  carriers with no weight More weight given to scoring neck
with no increase vs. and shoulder. Outcome influenced
weight clerks: results when ranking of body
increase: OR=2.87 0.9-9.8  MSDs though would not influence
12% group comparisons.
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Adjusted for age, number of years
on the job, Quetelet ratio and
previous work experience.

Study limited to males.

Letter carriers with increased bag
weight walked on average 5.24 hr;
those with no change in bag
weight walked 4.83 hr.

Letter bag straps usually carried
on the shoulder.
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Yu and Wong Cross- 151 VDT users from an Outcome: Questionnaire survey 31.4% Frequent users Participation rate: 80%. Ages
1996 sectional international bank in Hong used to collect information on of VDTs vs. ranged from 18 to 41 years, 74%
Kong; of these 90 were discomfort or ache during work infrequent between 21 to 30 years.
data entry, data after starting the current job. users:
processing, computer p=0.0025 Analysis controlled for “age and
programmers; 61 infrequent Exposure: Questionnaire survey gender, and other covariates.”
users of VDTs. on “undesirable postures” Logistic model
including frequent bending of the for neck pain Queried about personal particulars,
back and inclining the neck inclining neck job nature and characteristics,
forwards. at work: 33.2- working posture, general health
OR=784.4 18,630  conditions.
Fixed keyboard Males with significantly longer
height: mean VDT working experience
OR=90.1 7.6-1056 compared to females (5 vs. 2.7
years).
Frequent VDT
use: Non-workplace factors not
OR=28.9 2.8-291.8 examined.
Female gender:
OR=1.6 0.35-6.8
Age (years):
OR=1.2 1.02-15
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Table 2-8. Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Aaras 1994  Prospective 15 female assembly Outcome: Assembly Workers: Number of Duration of Participation rate: Not reported.

workers making musculoskeletal sick leave/man-  musculoskeletal sick-leave/man-

telephone exchanges. labor years; pre- and post- diagnoses: pre- labor year Study designed to evaluate if there is
intervention. intervention, (days) a relationship between trapezius load

27 female VDT users. 1967 to 1974: 52 and incidence of MSD.
Data Entry and VDT Users: (30.6%) Median sick

25 female data entry Survey: Pain intensity for the days pre- Other intervening variables that may

operators. neck and shoulder region Number of intervention: have reduced symptoms or sick
according to Nordic musculoskeletal 22.9 4.4-50.8 leave were not discussed.

29 male VDT users. guestionnaire. diagnoses post-

intervention, Median sick Mean static trapezius load in

Exposure: Load on trapezius as 1975 to 1982: 35 days post- assemblers was reduced from 4.3%
measured by EMG. (14.3%) intervention: 1.8 MVC to 1.4% (post-intervention);
Quantification of the muscle load 0-34.4 mean static trapezius load in VDT
done by ranking the interval Shoulder pain users reduced from 2.7% MVC to
estimate (0.1 s) to produce an intensity: 1.6% MVC (post-intervention).
amplitude probability distribution 3.4
function. Both total duration and 2.3-4.4  The mean intensity and duration of
number of periods/min. when 2.2 neck pain showed no significant
muscle activity was below 1% 1.3-3.3 reduction after intervention in the

MVC were calculated.

Intervention: Replacing
workstands with fixed heights to
workplaces easily adjustable for
both sitting and standing. Hand
tools were counter- balanced
and adjustable arm rests
introduced. For VDT operators,
tables and chairs adjusted to
give more relaxed position of the
shoulders, operators given more
work surface for keyboard and
mouse, and distances between
operators and screen/documents
adjusted.
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data dialogue females.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers or PRR 95% ClI Comments
Andersen Cross- 701 female sewing Outcome: Case of chronic neck 34.2% General Sewing Participation rate: 78.2%.
and sectional machine operators, pain was defined as continuous population: machine
Gaardboe compared to pain lasting for a month or more 12.9% operatorg Examiners blinded to case status.
1993a 781 females from the  after beginning work and pain for ?f)mé)g‘rr\greflo
general population of  $ 30 days within the past year. Internal population: Respondents excluded if had
the region and internal referent |§ 26-4.7 previous trauma to neck, shoulder, or
referent group of Exposure: Categorization broken group: 10.1% (2) Internal arms or had inflammatory disease at
89 females from the down according to current referent group time of response.
garment industry. occupational status by job title. OR=4.6 2.2-10.2
Classification into exposure - Odds ratios adjusted for age, having
groups based on author’s \L(céggrsg%;nodel children, not doing exercise,
experiences as occupational sewing socioeconomic status, smoking, and
health physicians and involved machine current neck/shoulder exposure.
crude assessment of exposure operator (O to 7
level and exposure years): Age-matched exposure groups and
repetitiveness. High exposure OR=3.17 0.6-16.1  controls.
jobs were those involving high (8 to 15 years)
repetition/high force or high E) 15 years) 2.4-52.3 Presented study as “general survey
repetition/low force or medium R=36.7 of health in the garment industry” to
repetition/high force. Medium 7.1-189  minimize information bias.
exposure jobs were those Age >40 years:
involving medium repetition/low OR=1.96
force and low repetition and high .
force. Low exposure jobs were eC)tJrrent h'g_h . 0.8-5
W posure (-/+):
low repetition/low force. OR=0.32
For the analysis, “length of Children (>0): 0.1-1
employment as a sewing OR =0.35
machine operator” was
considered the variable of 0.1-1.9
interest, the rest were
confounders.
Exercise (-/+):
OR=1.28 0.5-3.4
Smoking (=/-
OR=2.3 9 Ghy 0.9-6.1
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Andersen Cross- From a historical cohort Outcome: Measured by health 50.9% 46.2% Referents: Participation rate: 78.2%.
and sectional of 424 sewing machine interview and exam of the neck, OR=1
Gaardboe operators, 82 were shoulder and arm. Case of Tension neck Logistic regression limited to a
1993b randomly selected and chronic pain was defined as syndrome: 40% 0to 7 years: combined neck/shoulder case
categorized by number continuous pain lasting for a OR=2.3 0.5-11 definition.
of years of month or more after beginning Cervical
employment: O to work and pain for $ 30 days Syndrome: 20% 8 to 15 years: Age-matched exposure groups and
7 years, 8 to 15 years  within the past year. Physical OR=6.8 1.6-28.5  controls.
and greater than 15 examination: Restricted
years. These were movements in the cervical spine >15 years: Examiners blinded to control/subject
compared to a referent and either palpatory tenderness OR=16.7 4.1-67.5  status.
group composed of in cervical segments or
21, 25 and 36 irradiating pain or tingling at Age $ 40 Controlled for age, having children,
operators from each maximum movements or positive years: OR=1.9 0.9-41  not doing leisure exercise, smoking,
group and 25 of foraminal test. socioeconomic status.
55 auxiliary nurses and Children >0
home helpers who Exposure: Exposure categoriza- years: Poor correlation between
participated in the tion broken down according to OR=0.5 0.1-1.7 degenerative X-ray neck changes
study. current occupational status by and cervical syndrome.
job title. Classification into Exercise:
exposure groups based on OR=14 0.6-2.96  Most frequent diagnosis among study
author’s experiences as occupa- group was “cervicobrachial
tional health physicians and Smoking: fibromyalgia” significant for test of
involved crude assessment of OR=15 0.7-3.3 trend with exposure time in years.
exposure level and exposure
repetitiveness. High exposure Current high Chronic neck pain vs. palpatory
jobs: Involved high repetition/ exposure: findings: Sensitivity: 0.85;
high force or high repetition/ low OR=1.6 0.7-3.6 Specificity: 0.93.

force or medium repetition/ high
force. Medium exposure jobs
involved medium repetition/ low
force and low repetition and high
force. Low exposure jobs were
low repetition/low force.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers or PRR 95% ClI Comments
Bergqvist Cross- 260 office workers Outcome: Neck/shoulder Neck/shoulder: Intensive Participation rate: 92% of 353 office
etal. 1995a sectional using VDTs, (198 discomfort: Any discomfort over 61.5% neck/shoulder workers, of which 260 were VDT
females); symptomatic the last 12 months; intense neck Female: 63% discomfort: users.
cases compared to discomfort: As above, if Male: 57% stressful
non-cases. occurred in last 7 days and stomach Adjusted for age and gender.
interfered with work. reactions:
OR=5.4 1.6-17.6 Examiner and workplace
Physiotherapist's diagnosis of investigators blinded to case and
(1) Tension neck syndrome: Repeated work exposure status.
Ache/pain in the neck; feeling of movements:
tiredness and stiffness in neck; OR=3.6 0.4-29.6 Factors included in analysis: Age,
possible headache; pain during gender, smoking, children at home,
movements; muscular Too highly negative affectivity, tiredness-related
tenderness; (2) Cervical placed VDT: stress reaction, stomach-related
diagnoses: Ache/pain in neck OR=4.4 0.9-60.3 stress reaction, use of spectacles,

and arm; headache; decreased
mobility due to cervical pain
during isometric contraction;
often root symptoms such as
numbness or parathesias.

Exposure: Based on observation
an ergonomic evaluation using
data on each individual's most
common work situations: Static
work posture, nonuse of lower
arm support, hand in non-neutral
position, insufficient leg space at
table, repeated movements with
risk of tiredness, specular glare
present on VDT. Measured:
Height difference of VDT
keyboard-elbow, High visual
angle to VDT.

2-70

peer contacts, rest breaks, work
task flexibility, overtime, static work
position, non-use of lower arm
support, hand in non-neutral posture,
repeated movements with risk of
tiredness, height differences
keyboard/elbow, high visual angle to
VDTs, glare on VDTs.

There are problems with interpreting
results because of multiple
comparisons and multiple models.

Not all significant findings presented
in paper.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Bergqvist Cross- 322 office workers Outcome: Neck/shoulder Neck/shoulder Neck/shoulder Participation rate: 92% questionnaire;
etal. 1995b  sectional from 7 Stockholm discomforts: Any discomfort discomfort: 60% discomfort: 91% physiotherapy exam;
companies; VDT users over the last 12 months; intense Current VDT 82% workplace exam.
compared to non-VDT  neck/shoulder discomfort: As work vs. no
users 52% interactive, above, if occurred in last 7 days VDT work: Examiner and workplace
29% data entry, and interfered with work. OR=14 0.8-2.4 investigators blinded to case and
19% non-VDT users. exposure status.
Physiotherapist's diagnosis of For
tension neck syndrome: accumulated Intensive neck/shoulder discomfort
Ache/pain in the neck; feeling of VDT work > 5 was associated with VDT work over
tiredness and stiffness in neck; PY2 OR=1.3 0.7-2.5 20 hr and having “stomach reactions”
possible headache; pain during  Intense often and repetitive movements.
movements; muscular neck/shoulder Intense OR=3.9 (1.1-13.8).
tenderness. discomfort: 7.4% neck/shoulder
discomfort: Originally 535 workers queried in
Exposure: Video display terminal Current VDT 1981, of those 182 had left the
use: Based on self-reporting of work vs. no workplace (quit, retired,
VDT use. VDT users VDT work: etc.)—possible bias from “Healthy
categorized into data entry or OR=0.5 0.2-1.8 Worker Effect.”
interactive VDT users.
For Covariates considered: Children at
Ergonomic Factors: Same as accumulated home, smoking, negative affectivity,
Bergqvist 1995a. VDT work >5 stomach-related stress reactions,
PY2 OR=0.8 0.3-25 tiredness-related stress reactions;
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organizational factors considered
limited or excessive peer contacts,
limited rest break opportunity, limited
work task flexibility, frequent
overtime.

For cervical diagnoses: Excess OR
suggested for combined occurrence
of VDT work of >20 hr/wk and
specular glare on the VDT screen.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Bjelle et al. Case- 13 workers of Outcome: Physician diagnosed 6 with tendinitis ~ Controls Cases had Participation rate: Not reported.
1981 control industrial plant neck/shoulder pain. without significantly
consecutively seen at tendinitis longer duration Investigators completed the video
health clinic with acute, Exposure: Anthropometric and and higher analyses blinded to case status.

nontraumatic

neck/shoulder pain not

due to causative
disease or

malformation compared

to 26 controls.
Matched on age,

gender, and place of

work.

isometric muscle strength were
tested with strain gauge
instruments. Patients asked to
perform their maximal efforts.
Measurements made for the
following contractions: Shoulder
elevation at the acromion,
abduction and forward flexion of
the shoulder joints at neutral
position, and semi-pronated.

Grip strength measured by
vigorimeter.

Video recording of arm
movements at work. Shoulder
loads estimated from videos.
Consisted of measuring the
duration and frequency of
shoulder abduction or forward
flexion of >60E.

Electromyography measurement
of shoulder load during assembly
work on 3 patients and 2 healthy
volunteers. Muscular load level
determination made by computer
analysis of myoelectric
amplitude.
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frequency of
abduction or
forward flexion
than controls,
2.5/min.
(p<0.001).

Cases had
significantly
higher shoulder
loads than
controls.

Median number
of sick-leave
days
significantly
different
between cases
and controls
(p<001).

Anthropometric data, age no
difference between cases and
controls.

Isometric strength test: Controls
significantly stronger in 6 of 14 tests
but probably influenced by pain
inhibition in cases.

No significant difference in cycle time
(9 vs. 12 min).
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Bldder etal. Cross- Of 224 sewing Outcome: Survey: Shoulder or  Muscle = Age p <0.05 Participation rate: 89% for
1991 sectional machine operators neck pain in past 12 months. tenderness: questionnaire, 87% for physical
from 4 plants, 199 Acromioclavicula Nationality non- exam.
completed a symptom  Exam: Tenderness on palpation, r joint: 15% significant
survey. Of 155 who  range of motion, pain during Only those with symptoms given
reported shoulder or motion or isometric muscle Biceps tendon: Employment p <0.05 physical exam. Physicians and
neck pain in the past  contraction, active and passive  35% duration physiotherapist not blinded to
12 months, 131 were  range of motion was measured symptom status.
examined. by use of a goniometer. Decreased ROM: Working >30
Diagnoses were not made during 30% hr/wk p <0.05 High rate of turnover in plant.
the examinations, but test forms
were later analyzed by criteria ~ Acromioclavi- Authors state that study involved
from Waris [1979]. cular: 5% control group taking into account

Exposure: From questionnaire:
employment duration, hr/wk.

Plants selected by
representatives of Swedish
Labour Union familiar with work
sites with similar loads.
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psychosocial factors, but results not
included in this article.

Questionnaire included information on
background, family situation,
employment, job conditions, health.

Physical exam occurred 1 to 3
months after questionnaire.

In 3 consecutive years 147 sewing
machine operators left this work in
the factories. 48% answered follow-
up questionnaire. (17% left because
of neck problems contributing to
decision to leave work.)
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Ekberg etal. Case- Study population were Outcome: Self-administered 1) ) 90% Cl used  Participation Rate: 73%.
1994 control aged 18to 59 years,  questionnaire; a modified version in this paper
had to have yearly of the Nordic questionnaire (F)%ﬂjéilse genderi 3471 Logistic analysis adjusted for age,
incomes of SEK 45,000 asking about musculoskeletal s ’ gender, smoking, having preschool
and not been on sick  symptoms in the past 6 months. @Rﬂ'géag“ 3.1-257 children.
leave for more than Questionnaire included ' '
2 months in past 6 background factors, age, 8‘&@%"; smoker: 2329 Age and having preschool children
months, not employed  gender, ethnic background, » ' were not significant factors.
in large rubber industry family situation, smoking habits, Repetitive
in area. and exercise. Movements: Low: Ambiguity of work role, demands on
R or=38 0.7-20 attention and work content also
“Cases” had consulted Exposure: Assessed by High: OR=15.6 2.2-113 statistically significant.
a community physician questionnaire; seven Light Lifting:
for musculoskeletal determinants were: Low: OR=1.0
disorders of the neck, uncomfortable sitting position, Med ¥ High: 9.0-273
shoulder, arm, or upper uncomfortable standing position, Lifted arms:
thorax during the study physically demanding work, light Low: OR=1.0
period from semi-rural  lifting (less than 6 kg), repetitive Mie%{ %%2%97 8-2—%
community in southern movements demanding precision, gh: OR=3. -
Sweden. Cases had  work with lifted arms, and XVofkcl)’ggfii
to have beenill monotonous work position. Med: OR=7.6 1.6-36
immediately prior to Rating scales were based on Rushed: OR=10.7 ,
physician visit and average duration of hours per ORs for controls
have been on sick day of each item of exposure. g‘%mgas in both
leave at most less than neck and shoulder
4 weeks. Notrauma, 52 items on psychosocial work gg‘r‘tso.the’ body
infectious cause, conditions reduced to 8 factors C
accident, malignancy, by factor analysis: psychological Er%pc?gi'})'r‘]’e
rheumatic disease, work climate, quality of work Movements:
abuse, or pregnancy. content, work pace, demands on OR=7.5 2423
attention, work planning, job Light lifting:
Controls were security, job constraints, and OR=13.6 4.8-39
randomly selected from work role ambiguity. (L)iggfi arms:
Swedish insurance o 1.3-18
registry. Uncomfortable -
S|tt|r_1% EOSIUOHS.
OR=3.
1.4-9.3

(Continued)
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Ekberg etal. Cross- 637 of 900 residents Outcome: Based on modified Symptoms neck: = Gender: Participation rate: 73%.
1995 sectional between the ages of Nordic questionnaire; case Male: 33% OR=1.3 1.1-15
18 to 59 years, with an defined as the presence of Female: 53% Symptom responses in neck and
average yearly income symptoms during the past Immigrant shoulder correlated (r=0.56) and
of $ $8000 U.S. dollars. 6 months. Shoulder: Status: collapsed into one variable for the
Male: 35% OR=1.3 1.0-1.6 analyses.
Exposure: 20 questionnaire Female: 40%
items on physical work Repetitive Age, smoking, exercise habits, family
conditions which were factor movements situation with preschool children not
analyzed. Self-reported demanding significantly associated with
perception of physical work precision: symptoms.
environment factors considered: OR=1.2 1.0-1.3
Uncomfortable sitting or standing Social work climate, demands on
position; physically demanding High work attention, work planning, job security
work; light lifting; repetitive pace: OR=1.2 1.0-1.3 and job constraints not significantly
movements demanding precision; associated with symptoms.
work with lifted arms, Low work
monotonous work position. content lack of
stimulation and
Questionnaire on work variation:
organization, work content and OR=1.3 1.1-15
relations in the work situation.
Work role
ambiguity:
OR=1.2 1.0-1.3
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Holmstrém Cross- Of 2500 construction ~ Outcome: Self-reported history  Hands above = Participation rate: 71%.
etal. 1992 sectional workers randomly of musculoskeletal problems was shoulder .
selected from 4,159 obtained through a mail survey. <1 hriday ié (1)2%8 i’;l\?:?g;lsé?r?UIgeg psarl'rrw]orlfilrellte(\j/vg)i b
active members of . - 1o 4 hriday inactivity %ur?né free tim%, height
trade union registry of Case of “neck and shoulder pain” >4 hr/day under 185 cm.
the south of Sweden, defined as: Pain, ache,
1,773 (71%) discomfort from the Hands at waist 2.0 1.4-27 Controlled for age, physical factors.
participated. This neck/shoulder are experienced <1 hr/day /1 to 4 ] )
group was sometimes often or very often  hr/day Dose-response relationship for
represented by all during the past 12 months. >4 hr/day working with hands above shoulder
construction trades 10 0.7-1.3 level.
; . . 11 0.9-1.3
except painters, Case of “considerable neck and  Stooping Stress index showed a dose-
electricians and shoulder pain” defined as neck <1 hr/day response. Stress questions
plasterers. All and/or shoulder trouble with 1 to 4 hr/day pertained to rushing, job pressure,
participants must “severe” or “very severe” >4 hr/day 1.2 0.8-1.6 and inability to relax.
have worked in the functional impairment. Psychosocial factors strongly
past 6 months, Kneeling ) .
including short periods Exposure: Data on physical <1 hr/day 1.0 08-1.3 32%%??;%% Vr\]'ggknaer?é( Sar?gé?éesrhs)éflnder
of sick leave or workload, psychosocial factors 1 to 4 hr/day 1.4 1.1-1.8 when age and physical factors kept
unemployment. and individual and employment >4 hr/day constant in logistic models for
related factors obtained from mail 1.1-21 Psychosocial pre-rate ratio, “high”
survey. Sitting eveI_comBared with “low” level for
<1 hriday 14 1.1-1.8 considerable neck pain; the following
14 1.1-1.8 psychosocial scales were
1 to 4 hr/day significant:
>4 hr/day 1.1-2.1 Qualitative demands: 1.4 (1.0-2.0)
Quantitative demands: 3.0 (2.1-4.0)
Roofers 0.6 0.3-1.0 Solitary work: 1.5 (1.2-1.8)
Plumbers 1.6 0.9-2.7 Anxiety (health): 3.2 g2.5- 4.0)
Eloor Psycﬂolsor_natlmé:1 57.0 3( 6.66-%9)
; Psychological: 4.
Machines/ Tools. Str)(/ess: 3% (2-6-4-28 )
0.7 0.4-1.2 The following were not significant:
Discretion, support, under-
16 1) stimulation, anxiety (work), job
%g = satisfaction, quality of life.
1.1 )
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Hunting etal. Cross- VDT users: 53 data Outcome: Questionnaire: Medical findings Medical Medical Participation rate: Not reported.
1981 sectional entry; 109 Symptoms of pain, stiffness in shoulder and  findings in findings:

conversational VDT fatigue, cramps, numbness, neck: shoulder and No adjustment for age and gender.

users; 78 typists; tremor scaled as: Daily, neck:

compared to occasionally, seldom, never; Blinding of examiners not mentioned

55 “traditional office Conversational  Traditional Conversational in paper.

workers” not using Medical Exam: Included an VDT users: 28% office terminal VDT

VDTs or typewriters.  anamnesis and palpation of workers: users vs. trad. Medical findings in neck and shoulder
painful pressure points and 11% office workers: significant in data entry workers for
tendons and tendon insertion OR=1.35 0.6-3.1 head inclination greater than 56E vs.
points in the shoulders, arms, ] ) <56E. Not significant in
and hands. Typewriter: Typewriter vs. conversational terminal workers or

35% trad. office typewriters.
Exposure: (1) Questionnaire, workers:
(2) Observation and OR=3.18 1.3-2.6 Medical findings in neck and shoulder
measurements of work-station, significant for typists with head
and (3) Body posture measured Data Entry Data entry rotation greater than 20E compared to
using method described by terminal VDT terminal users <20E.
Hinting et al. 1980b. users: 38% vs. trad. Office
workers: The lower the table and keyboard
OR=9.9 3.7-26.9 heights, the more frequently pains in
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the shoulder, neck, and arms. No
document holders used. Authors
concluded the higher the table, the
higher the documents, the better the
posture of the head and trunk.

Increased neck/shoulder findings
occurred with increased turning of
the head or head inclination.

Job satisfaction, relationship with
colleagues, superiors, decision
making abilities, use of skills not
significantly different among groups.

(Continued)



Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Jonsson Cohort Electronics Workers Outcome: Three separate Severe neck Severe neck Predictors of Participation rate: 72%.
etal. 1988 (n=69 femalea out of physical exams at yearly disorders: disorders: change of

initial 96 workers. Iintervals (one initially) assessing After 1 year: 11% initially ~ health status Predictors of deterioration were
tenderness on palpation,é)ain or 24% from 2nd to 3rd E_reviousl physically heavy jobs,
restriction with active an examination: igh productivity (after 1 year), and
passive movements; symptoms ~ 22% at 2nd previous sick leave.
in previous 12 months with exam Palpation
regard to character, frequency, tenderness, Predictors of improvement were
duration, localization, and relation At 3rd exam, 38 neck/ shoulder reallocation, ﬁhysical activity in sgare
to work or other physical subd'ects angle: OR=1.6 time, and high productivity é\fter
activities. Analyzed if score on  reallocated to years).
any symptom of 2 or greater than varied tasks had Shoulder
on a 4 point scale; “severe” improved (16% elevated, % of Predictors of remaining healthy were
symptom score = 4. of these had work-cycle: work without elevating the shoulders

severe OR=1.04 and satisfaction with work tasks.
Carried out at outset of study: symptoms)
MVC of forearm flexors, Satisfaction Subjects reallocated to new tasks
shoulder strength, handgrip, 26% with with work characterized as more dynamic and
heart rate using a bicycle unchanged colleagues: varied: Non-sitting, no inspection of
ergometer and rating of working OR=2 small details on printed circuit boards,
perceived exertion. conditions standing and walking, occasionally
deteriorated Satisfaction sitting, caretaking work, surveillance

Exposure: Computerized via two further with work of machinery, assembling of bigger

video recordings érear and side),
real time; obtained frequency and
duration of working postures and
movements, neck flexion greater
than 20E.
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tasks: OR=24.5

and heavier equipment.

(Continued)



Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Kilbom etal. Cross- 106 of 138 female Outcome: Three separate MSD symptoms = Logistic Participation rate: 77%. The authors
1986 sectional assemblers in two physical exams at yearly in the neck/ Regression followed up on the non-participants
electronic intervals (one initially) assessing shoulder using a model (all and found no significant differences
Kilbom and manufacturing tenderness on palpation, pain or 4 point severity variables from participants.
Persson companies a%reed to  restriction with active and scale: significant at
1987 participate; 1 passive movements; symptoms the p<0.05 No relation between maximal static
excluded because of  in previous 12 months with None: 78% level) strength and symptoms.
symptoms in past 12 regard to character, frequency,
months. 96 underwent duration, localization, and relation Slight: 8% Headache Examiner blinded to case status.
medical, physiological, to work or other physical
and ergonomic activities. Analyzed if score on  Moderate: 7% Average uestions included spare time

evaluation.

any symptom of 2 or >on a 4
point scale; “severe” symptom
score = 4.

Exposure: Carried out at outset
of study: MVC of forearm
flexors, shoulder strength,
handgrip, heart rate using a
bicycle ergometer and rating of
perceived exertion. Included
video analysis of postures and

movements of the head, shoulder

and upper arm including
durations and frequencies.
Recorded work cycle time and
number of cycles/hr, time at rest
for the arm, shoulder and head,
rest periods, and average and
total duration/work cycle and hr.
The mean number of neck
forward flexions >20E/hr was
728 (s.d. 365) in the initial 96
workers.

Severe: 3%
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time/work cycle
with upBer arm
0-30E abducted

Average
time/work cycle
in neck flexion

Excessive
general fatigue
at end of
working day

physical activities, hobbies,
perceived psychosocial stress at
work, work satisfaction, number of
breaks, rest pauses.

Clinically diagnoses found were
largely myofascial symptoms.

Headache, sleep problems, dizziness
showed a weak positive correlation.

Age, years of employment,
productivity, muscle strength were
not related to symptoms.

There was large inter-worker
variation in working posture and
working techniques.

The more dynamic working
technique, the less symptoms in the
neck and neck/shoulder symptoms.

Authors note: “a strong positive
relationship to disorders was
obtained with VIRA variables
describing neck forward flexion and
upper arm elevation.”

See Jonsson et al. 1988 for follow-
up.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Linton and Cross- 420 of 438 medical Outcome: 3-point scale Shoulder pain = Those Participation rate: 96%.
Kamwendo  sectional secretaries and office collapsed from 6-point frequency frequency frequently
1989 personnel at a scale ranging from “almost having neck 75% sat >5 hr/day.
Swedish hospital. never” to “almost always” having Very often: and shoulder
neck or shoulder discomfort; and 16.9% ain vs. those 43% worked with office machines
Those reporting Nordic Musculoskeletal Pain ess frequently each day.
frequently having neck Questionnaire. Sometime wk: having pain:
and shoulder pain 3.8% Psychosocial scale scored: 10 to 20
(1 to 3) compared to Exposure: 10-question Poor Work as good environment. 20 to 40 as
those less frequently  standardized form on the Sometimes a wk: Content: poor environment.
having pain (4 to 6) psychological work environment  4.8% OR=25 1.3-4.9
points%. with 1 to 4 categorical scales. Authors noted that: (1) Secretaries
Overall score and indexes on Sometimes days: Lack of Social exposed to high work demands
work content, psychologic work 13.8% Support: periodically, (2) they also felt helpless
demand and social support at OR=1.6 0.9-2.8 to change the work environment, and

work.

Duties included daily use of
typewriter, VDT, plus mail
telephone and appointment
duties.

Sometimes 1
day: 28.6%

Never: 32.1%
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that (3) internal conflict within
departments may have affected
responses.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Maeda 1982 Cross- 119 accounting Outcome: Based on ] Partial Participation rate: Not reported.
sectional machine operators questionnaire responses of pain correlation
aged 17 to 29 years in  and stiffness in the right and left coefficient Examiners blinded to case status:
a post-check office. sides of the neck and shoulder between head Not reported.
based on frequency of “almost neck tilt and
every day, occasionally, and factor score Constrained tilted head posture was
never or seldom” during the 1to 5, associated with neck/shoulder
previous several wk. Scores controlling for stiffness.
were factor analyzed. other angles
“Aand C”, age,
Exposure: Anthropometric_ and length o
parameters relevant to the job p<0.05 service 0.25

tasks were measured on
51 operators who showed large
or small factor scores.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Milerad and  Cross- 99 dentists randomly Outcome: Based on telephone  All dentists: Participation rate: 99%.
Ekenvall sectional selected from questionnaire: Neck symptoms Neck and
1990 Stockholm dentist at any time before the'interview  Shoulder: 36% 17% 21 1.3-3.0 Analysis stratified by gender.
registry who practiced ("lifetime prevalence"). Further
$10 gears compared  analyzed according to Nordic Neck and No difference in leisure time, smoking,
to 100 pharmacists questionnaire as to duration Shoulder and systemic disease, exposure to
selected from all durin7g last 12 months and during Arm: 16% 3% 5.4 1.6-17.9 vibration.
pharmacists in last 7 days, effect on work
Stockholm. performance, leisure activities, Symptoms increased with age in
and sick leave. female dentists only.
Exposure: Questionnaire Duration of employment highly
included: (1) abduction of arm correlated with age (r=0.84, 0.89).
particularly in sit-down dentistry,
(2) work hr/day, (3) static No relation between symptoms and
postures. duration of employment.

Equal problems dominant and non-
dominant sides.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Oharaetal. Cross- For cross-sectional Outcome: Assessed by Cash register Office NR Participation rate: for prospective
1976 sectional study: 399 cash standard health inventory and operators machine study = 100%.

register operators medical examination (used operators o ]
and pro- compared with clinical classification according to and other Participation rate: for cross-sectional
spective 99 office machine the committee on cervicobrachial Interventions did workers study, unable to calculate from data
operators and disorders of the Japan not result in (clerks and presented.

410 other workers
(clerks and
saleswomen). All
female.

For prospective study:
56 workers employed
<7 months had testing
pre- and post-
intervention using
guestionnaire and
physical exam.

86 O(Perators, newly
hired after
interventions, also had
evaluation after

10 months of working.

Association of Industrial Health,
in Table 3 in the paper).

Periodic physical exam
performed twice a year from
1973. Primary exams performed
on 371 operators. 130 (35%)
received detailed exams.

Exposure: To repetitive
movements relocating
merchandise across counter and
bagging, involved muscle activity
of the fingers, hands, and arms;
extreme and sustained postures.

Interventions: (1) a 2-operator
system, 1 working the register,
one packing articles, changing
roles every hr; gzg continuous
operating fime <60 min; max.
working hr/day 4.5 hr;

(3) 15-min resting period every
hr; (4) electronic cash registers
with light touch keyboard
substituted for half of previously
used

reduced muscle
fatigue of the
neck, shoulders,
and uEper back
brought on
presumably by
the continuous
lifting of the
upper limbs.

saleswomen

)
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Unknown whether examiners blinded
to case status.

Interventions did not reduce
complaints in the shoulder region, but
did improve symptoms in the arms,
hands, fingers, low back, and legs.
The lack of improvement in the
shoulder region was stated to be due
to the use of the same narrow check
stands, unsuitable counter height,
and necessity of continuous lifting of
the upper limbs.

Operators hired after the
interventions and then examined after
10 months had less Grade |,

I, or Il occupational cervicobrachial
disorders in examination than those
hired before intervention.

Only 14.5% with >3 years
employment at worksite.

Narrow work space and counter
heigkht not adjusted for height of
worker. mechanical cash registers.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments

Ohlsson Cross- Industrial Workers Outcome: Pain in the last 7 days Industrial Referents: All Participation rate: Current workers:

etal. 1995 sectional (n=82 females) and PE diagnosing tension neck  workers: 50% 16% neck/shoulder 96% Past workers: 86%;
exposed to repetitive  syndrome, cervical syndrome. clinical Referents: 100%.
tasks with short cycles ) ] diagnoses ] ] )
mostl?/ far <30 sec., Tension neck: Tightness of (industrial No exposure information available to
usually with a flexed muscles, tender spots in the workers examiners, “not possible to
neck and arms muscles. Cervical syndrome: compared to completely blind the examiners.”
elevated and abducted Limited neck movement, radiating referents):
intermittently; 68 former pain provoked by test OR=2.7 1.2-6.3 Questionnaire included individual
workers (mean movements, decreased factors, work/environment,
employment time 21 sensibility in hands/fingers; Logistic Model: symptoms, psychosocial scales.
years) who had left muscle weakness of upper limb. Repetitive work
the factory during the 7 VS. none: Videotape analysis revealed
years before the Muscle strength measured by OR=4.6 1.9-12 considerable variation in posture
study; these workers ~ MVC at elevation, abduction, and even within groups performing similar
were compared to 64  outward rotation of both arms Age (57 vs. assembling tasks.
referents with no measured by dynamometer. 37): OR=1.9 1.0-35
repetitive exposure at Logistic models replacing repetitive
their current jobs Exposure: Videotaping and Muscular work with videotape variables found
(female residents of a  observation. Analysis of tension muscular tension tendency and neck
nearby town currently  postures, flexion of neck (critical tendency: flexion movements significantly
employed as customer angles 15E and 30E). 74 score 4.5 vs. associated with neck/shoulder
service, ordering and  workers videotaped $10 min. ):OR=2.3 1.3-4.9 diagnoses.
price marking in from back and sides. Average ) ) )
suPermarkets, as counts of two independent Stress/worry Inverse relationship between duration
office workers (no readers for frequencies, tendency: of industrial work and MSDs, largest
constant computer duration, and critical angles of OR=1.9 1.1-35 OR in those employed <10 years.

work) or as kitchen
workers.

movement used.

Repetitive industrial work tasks
divided into 3 groups: (1) Fairly
mobile work; (2) Assembling or
pressing items; and (3) sorting,
polishing and packing items.

Weekly working time, work
rotation, r)atterns of breaks,
individual performance rate
(piece rate).

Only exposure readings from
right arm were used.

Assemblygroup had high OR'\SGJ)
with regard to neck/shoulder MSD
compared to referents.

Significant association between time
spent in neck flexion positions <60E.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Punnett etal. Cross- 254 of 275 (92%) Outcome: Based on self- Overall = Male: 1.8 1.0-3.2 Participation rate: 92%.
1991 sectional meatcutters and reported symptom survey. Prevalence Female: 0.9 0.5-1.9

wrappers who Cases were defined if they met  Neck/Shoulder: Stratified by gender and age.
attended health and the following: $ 20 episodesin  53%

safety training classes.

Workers fulfilling
outcome case
definition (cases) were
compared to non-
cases; also compared
to the U.S. industrial
population.

the previous year or usual
duration of $ one wk; reported
date of pain onset after
employment in the retail meat
industry; no history of systemic
disease related to soft tissue
pain; and, no history of acute
injury.

Exposure: Based on interview
and authors observations.

Exposure: Repetitive and
strenuous activities (it was not
stated whether this was for
specific area or involved neck
and all upper extremity areas) for
0.5 to 8 hr/day in refrigerated
areas.

Cutters cut an average
121 +278_? large pieces of
meat/day filled 701 (+ 830 boats).

Wrappers filled

374 51 602 boats/day). Wrapped
1,299 (+ 1,365 boats and
weighed 1,399 boats).
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Neck/shoulder disorders associated
with external duration of static
postures (>5 sec.) or lifting $ 5 Ibs.
while abducting, flexing or extending
the shoulder.

Neck/shoulder pain did not vary by
job category.

98% of respondents performed lifting
tasks at work. “They judged lifting an
average load/day was 41 g 23) |
lifted 33 times and carried 9 feet.
Heaviest load = 71 (+ 31 Ib), lifted

11 times and carried 9 feet/lift.”
Listing an average load with a 40 to
50% standard deviation can be
misleading.

Neck/shoulder cases lifted both the
“typical” and “heaviest” loads with
greater frequency than non-cases.

Association was found for extended
duration of and lifting weight in
abduction/flexion and extension of
the shoulder.

(Continued)



Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Rossignol Cross- 191 Computer and data Outcome: Self-administered %% to 3 hrof VDT No VDT use Upto 3 hrof Participation rate: In 6 industry
etal. 1987 sectional processing services,  questionnaire case defined as:  use/day (n=31): §n=28): VDT use groups 67 to 100%.
public utilities of Neck pain, stiffness, or soreness 39% 5% compared to 0
Massachusetts State  occurring almost always or hr of use: Participation rate: For individual
Department, at 38 work missed work due to neck pain, OR=1.8 0.5-6.8 clerical workers; 94 to 99%.
sites selected at stiffness or soreness.
random from 410 6 hr of VDT 410 6 hr of VDT Assessed magnitude of confounding
Massachusetts Exposure: Self-reports of use/day (n=28): use compared by age, cigarette smoking, industry,
employers of >50 number of hr worked each day  57% to O hr of use: educational VDT training.
workers. with a keyboard machine with a OR=4.0
VDT. Subjects selected after 1.1-14.8 Study presented to participants as a
28 of the 191 did not observation of worksite. >7 hr of VDT “general health” survey (as opposed
use a computer. 7 or more hr of use compared to an occupationally related survey)
VDT use/dag/ to O hr of use: to avoid observation bias.
(n=104): 61% OR=4.6 1.7-13.2
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Ryan and Cross- 143 data process Outcome: Based on symptoms Shoulder: 44%  Comparison  More non- Participation rate: 99%.
Bampton sectional operators; using a 0 to  occurring three or more times/wk symptom only group had cases trained in
1988 10 point scale, the with no physical exam signs, or symptom adjustment of Interviewers blinded to questionnaire
group with symptom $ we_ekIP/ symptoms with Neck: 43% scores <2. chairs p<0.05 responses.
scores of 8 or above  physical exam signs of muscle ~ symptoms only
(n=41) were tenderness or hardening Cases with Height, weight, sex, age, marital
designated "cases," present. Neck/shoulder higher scores status, parental status evaluated and
and were compared to symptoms of visual not found to be confounders.
group with symptom Cases were selected by havin occurring $ 3 discomfort p<0.05
scores of 2 or less a combination of symptoms in the times weekly Handedness, time spent in current
(n=28). lower arm and shoulder/neck with no signs or Cases felt there job, time spent altogether keying or
area meeting a summary score  weekly with was not typing work, training in adjustment of
of eight or more. These cases signs: 44% enough time for keyboard and desk evaluated in two
were compared to a comparison rest breaks roups and no significant differences
group with a score of 2 or less. compared to ound.
non-cases p<0.05
Exposure: Ergonomic Psychosocial and work environment
assessment measuring angles Cases had scales included pertaining to job
and distances of each operator more boredom, satisfaction as well as the Work
seated at his/her workstation more work Environment Scale [R. Moos 1974].
performed; Questionnaire stress, and
responses to: Time spentin needed to push Authors diagnosed “myalgia” as
current job, time spent altogether themselves >3 diffuse muscle pain and tenderness.
keying or typing work, training in times/wk; lower
the adjustment of their chair, peer cohesion,
desk, or keyboard. autonomy,
clarity in the
authority
structure.
Higher staff
support and
work pressure. p<0.05
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Tola et al. Cross- 828 Machine Outcome: Postal questionnaire  Daily symptoms: Daily Machine vs. Participation rate: 74% machine
1988 sectional operators; 658 on neck or shoulder symptoms symptoms:  Office: operators, 67% carpenters, 67%
carpenters; frequency in last year, and machine OR=1.7 15-2.0 office workers.
compared to 657 office influence on work methods, daily operators: 11%  office ; ; ;
workers; All male, duties and activities or leisure carpenters: 8%  workers: 2% Carpenter vs. Adjusted for years in occupation,
) ) ) ! office: age. Interaction terms tested for,
ages 25 to 49 years. time hobbies. Pain Drawing =14 1.1-1.6 none found.
Diagram used to distinguish body Change work Change work . . .
areas. For logistic regression methods: methods: Machine vs. Education, general health, and leisure
model 12 month prevalence of carpenter: time activities, car driving included in
neck and shoulder symptoms on machine office =13 1.1-1.4 analysis.
8 days or more. operators: 19%  workers: Use of twisted Study restricted to males aged 25 to
carpenters: 10% or bent 49 years.
Exposure: Exposure basedon  21% postures during . .
occupation: Machine operators work Education status (“$ some vocational
known to be exposed to static k/'lmdei OR=10  1.0-15 school E?mtpgfﬁ[‘.d to no > some
i itti oderate: courses”) statistically significant for
loading due to prolonged sitting OR=1.2 1.4-1.9 machine ‘operators’ gndgcarpenters'
and low-frequency whole body Rather much: reporting of symptoms
vibration, fast work pace, and OR=1.6 ’ 1.5-2.2 '
upper trunk twisting. Carpenters Very much:
exposed to dynamic physical OR=1.8
work with varying postures and L
loads, static loading of \é\!gpt‘_'ng ina
neck/shoulder-arm, and male No: OR=1.0 1.0-1.3
office workers, of whom only Yes: OR=1.1 T
40% were performing routine
office tasks. Job satisfac-
ion
Very good:
OR=10 1.0-1.3
Rather good:
OR=1.1
Moderate or
poor: OR=1.2 1.1-14
Age (years
Zg to(¥9: )
OR=1.0
30 to 34:
OR=1.2 1.0-1.5
35 to 39:
OR=1.3 1.1-1.6
0 to 44:
R=1.5 1.3-1.8
45 to 49:
OR=1.6 14-19
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Vihmaetal. Cross- 40 Sewing machine Outcome: Neck or shoulder Sewing machine Seam- Participation rate: Not reported.
1982 sectional operators with short complaints defined by . operators with stresses . .

work cycles compared questionnaire: Recurrent pain or neck/shoulder with neck/ Random selection of participants.
to 20 seamstresses. aching in present work (during or complaints: 98% shoulder
after work). complaints: Cases and referent group matched
60% PRR =1.6 1.1-2.3 for age and duration of employment.

Exposure: Observation and .
interview; hr continuously sitting,
standing time, survey of'work

ostures, length of work cycle.
Sewing machine operator cycle
time was 30 to 60 sec. in
duration. Seamstresses had
longer cycle.
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Sewing machine operators found to
have significantly greater static work
compared to seamstresses.
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Table 2-8 (Continued). Epidemiologic studies evaluating work-related neck/shoulder disorders

MSD prevalence

Study Exposed Referent RR, OR,
u esign u opulation utcome and exposure workers rou or () omments
Study d Study lat Out d k PRR 95% ClI C t
iikari- ohol subjects utcome: Based on . 6 of female ) emale: articipation rate: b.
Viikari Cohort 154 bgt 72 Out Based 10% of f | Femal Participati te: 90%
Juntura et al. female, 82 male) from (%_uestlonnalre data: Ache, pain, and 2% of male Severe Controlled for physical and creative
1991a Helsinki, Finland: stiffness, numbness in their reported severe neck/shoulder hobbies, no interactions seen.
SlIJbJe%tsdwelretpgrt of Q/eckl?houllder in IastI 12fmonths. radicular neck ﬁ ns]f/’rtr?gtqosn%/ss
a longitudinal study Visual analogue scale o pain ) Because of low numbers. males
opulation that started intensity, disability. Severe neck Alexithymi i i i
E infand in 1965, and cliizs,abni?' . Pain for >7 laysiniast 219 of fermale ngguvgfgegy% were not included in analysis.
rom 0 . months and mean disabili and 2% of male 7 . i i i
During that time, 1084  index $ 15. reported any §QOUMMIOUS): (3 574 1 ?gnggé%ﬁgng&?g wﬁg% h(')?the d
subjects underwent . type of sevére liaht ohvsical Kload p
cross-sectional Physical exam (P.E.): Two tests neck/shoulder ocial confi- ight physical workloads.
examination. In 1985, a for'cervical nerve root ) pain ence (mode- L .
questionnaire was involvement, neck compression rate fears vs. Data collection in 1955 to 1963:
sent to all subjects; test, shoulder abduction test. n%{fears): Intelligence, alexithymia, social
801 (74%) responded. Because of small number of ? =Ch04 0.0-4.5 confidence, hobbies, motor
Of the respondents,  abnormal physical findings, the much fear vs. development, verbal development,
180 lived in the Helsinki P.E. was eliminated from analysis no fears): level of education of parents, type of
area. It was from this o OR=1.4 0.05-42.2  income of family.
%roup that . Exposure: Questionnaire: .
62 responded. Eight Amount of work with hands %pﬁtﬁf Income Data collection in 1985
were excluded due'to  overhead, work in forward bent alar )'yOR=O 5 Questionnaire on family relationships
ilinesses. The position, work in twisted or bent Y): 2 00552 St s Wtk oo
tions of the osition. ) : e ! A
P e lovels P Sense of characteristics of present work, jo
inthe aaré]%e o gonet{ﬁnggs): satisfaction, mental resources.
gégﬁ?at%n, € Finnis R=0.95 0.9-0.99 Data collection in 1986 to 1987:
Twisted or bent uestionnaire: Physical
%g%sg Iday vs charactlerlstlcs_ of v,\ﬁork, amotunt of
& hr/rda)):/ physical exercise, illnesses, trauma.
OR=0.9 Measurements taken in adolescence,
3 hr?day vs.<l 0.8-10.0 such as intelligence, alexithymia,
hr/day social confidence, hobbies and
o socioeconomic status of the family
%trtwgrlg a sh%wed I?/or?onlglstent association
with neck/shoulder symptoms in
osfure 1-3
Rr/%}ay 3 adulthood.
<1hr/day:
OR=10.7 >3 4-291
hr/day vs. <1
hr/day: OR=1.5 0.07,29.6
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CHAPTER 3
Shoulder Musculoskeletal Disorders:
Evidence for Work-Relatedness

SUMMARY

There are over 20 epidemiologic studies that have examined workplace factors and their relationship to
shoulder musculoskeletal disorders (MSDs). These studies generally compared workers in jobs with higher
levels of exposure to workers with lower levels of exposure, following observation or measurement of job
characteristics. Using epidemiologic criteria to examine these studies, and taking into account issues of
confounding, bias, and strengths and limitations of the studies, we conclude the following:

There is evidence for a positive association between highly repetitive work and shoulder MSDs. The
evidence has important limitations. Only three studies specifically address the health outcome of shoulder
tendinitis and these studies involve combined exposure to repetition with awkward shoulder postures or
static shoulder loads. The other six studies with significant positive associations dealt primarily with
symptoms. There is insufficient evidence for a positive association between force and shoulder MSDs
based on currently available epidemiologic studies. There is evidence for a relationship between repeated
or sustained shoulder postures with greater than 60 degrees of flexion or abduction and shoulder MSDs.
There is evidence for both shoulder tendinitis and nonspecific shoulder pain. The evidence for specific
shoulder postures is strongest where there is combined exposure to several physical factors like holding a
tool while working overhead. The association was positive and consistent in the six studies that used
diagnosed cases of shoulder tendinitis, or a constellation of symptoms and physical findings consistent
with tendinitis, as the health outcome. Only one [Schibye et al. 1995] of the thirteen studies failed to find a
positive association with exposure and symptoms or a specific shoulder disorder. This is consistent with
the evidence that is found in the biomechanical, physiological, and psychosocial literature.

There is insufficient evidence for a positive association between vibration and shoulder MSDs based on
currently available epidemiologic studies.

INTRODUCTION

Shoulder MSDs and their relationship to work work-relatedness, especialy showing an

risk factors have been reviewed by severa increased risk for overhead and repetitive
authors [Hagberg and Wegman 1987; work.

Kuorinkaand Forcier 1995; Sommerich et &.

1993; Winkel and Westgaard 1992]. Hagberg The focus of thisreview is to assess evidence
and Wegman [1987] attributed a mgority of for arelationship between shoulder tendinitis
shoulder problems occurring in avariety of and workplace exposures to the following:
occupations to workplace exposure. Kuorinka awkward postures, forceful exertions, repetitive
and Forcier [1995] looked specifically at exertions, and segmental vibration. Also
shoulder tendinitis and stated that the included are studies relevant to shoulder
epidemiologic literature is “ most convincing” disorders—as defined by a combination of
regarding symptoms and physicd examination findings or

by symptoms aone, but not specificaly defined
as tendinitis—and those studies for which
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the health outcome combined neck and
shoulder disorders, but where the exposure
was likely to have been specific to the shoulder.
Chapter 2 discusses sudies involving neck-
shoulder disorders where assessment of
exposure was likely specific to the neck region.

Pertinent information about the 39 reviewed
dudiesis presented in severd ways. Detailed
descriptions of the studies are provided in
Table 3-5. Thetext of this section on shoulders
is organized by exposure risk factor. The
discussion within each risk factor is organized
according to criteria presented on Pages 1-1 to
1-10 of the Introduction. Conclusions are
presented with respect to the specific MSD of
concern, shoulder tendinitis.

REPETITION

Definition of Repetition for Shoulder
MSDs

Studies that addressad the physica factor of
repetition and its relation to shoulder MSDs
wereincluded in thisreview. Studies usudly
defined repetition, or repetitive work, for the
shoulder aswork activities that involved
cydicd flexion, extensgon, abduction, or
rotation of the shoulder joint. Repetitiveness
was defined in four different waysin the
reviewed studies: (1) the observed frequency of
movements past pre-defined angles of shoulder
flexion or abduction, (2) the number of pieces
handled per time unit, (3) short cycle
time/repeated tasks within cycle, and (4) a
descriptive characterization of repetitive work
or repetitive arm movements. Some of the
gudies that examined repetition as arisk factor
for shoulder MSDs had severa concurrent or
interacting physical work load factors.
Therefore, repetitive work should not be

congdered the primary exposure factor,
particularly independent of posture. Some
gudiesindirectly inferred shoulder repetition by
characterizing hand, wrist, and forearm
movements.

Studies Reporting on the Association
of Repetition and Shoulder MSDs

Three of the reviewed studies reported results
on the association between repetition and
shoulder tendinitis [English et d. 1995; Ohlsson
et al. 1994, 1995]. For dl three studies, some
or dl of the results were for associations with a
combined exposure to repetition and awkward
posture. Six additional studies reported results
on the association between repetition and non-
gpecific shoulder disorders [Sakakibara et al.
1995], non-specific shoulder symptoms
[Andersen and Gaardboe 1993a; Ohlsson et d.
1989], combined neck-shoulder disorders
[Bjdleet d. 1981; Chiang et a. 1993] or
combined neck-shoulder symptoms [Kilbom et
al. 1986; Kilbom and Persson 1987].

Studies Meeting the Four Evaluation Criteria
Four studies met dl four of the criteria[Chiang
et d. 1993; Kilbom et a. 1986; Ohlsson et &l.
1994, 1995] (Table 3-1, Figure 3-1). Chiang
et a. [1993] sudied workersin thefish
processing industry in Taiwan. The hedth
outcome of “shoulder girdle pain” was defined
as self-assessed symptoms of pain in the neck,
shoulder or upper arms, and signs of muscle
tender points or pa pable hardenings upon
physica examination. Pain referred from a
nerve root or other spinal source was included
in the case definition. The force requirements of
the jobs were estimated by surface



electromyographs (EMGs) in the forearm flexor
muscles. Thisisnot adirect measure of
shoulder muscle activity. There may be no
relationship between the leve of activity in the
forearm and shoulder girdle muscles. Three
categories, based on both force and
repetitiveness, were used as the exposure
outcome: Group | (low force, low
repetitiveness), Group |1 (high force or high
repetitiveness), and Group 111 (high force and
high repetitiveness). Force was also evauated
independently in multivariate anadyses.

Kilbom et al. [1986] performed a prospective
Sudy in which femade employeesin the
€lectronics manufacturing industry were
observed for a 2-year period. The health
outcome in the neck, shoulder, or arm regions
was based on symptoms and physicd findings.
Symptom severity was coded on the basis of its
character, frequency, and/or duration. Changes
in severity satus at follow-up evauations were
used as the dependent variables in multiple
regression anayses. Neck, shoulder, and upper
arm posture was determined by VIRA.
Although the hedlth outcome combined
symptoms from different body regions,
knowledge of biomechanica theory can be
used to identify sgnificant predictors related to
the shoulder symptom severity.

For the two Ohlsson et a. [1994, 1995]
studies, the authors reported that the examiners
could not be completely blinded to exposed
versus referent status, but that a standard
protocol was followed and observer bias was
likely to have been minimd. As examiners were
blinded to objective exposure measures,
analyses testing associ ations between neck-
shoulder disorders and specific postures would
not have been biased [Ohlsson et a. 1995].

In the first of the Ohlsson et d. studies, a cross-
sectiond study, women in the fish industry were
compared to a control population of women
employed in municipa workplacesin the same
towns [Ohlsson et d. 1994]. Diagnoses of
shoulder disorders (e.g., tendinitis,
acromioclavicular syndrome, frozen shoulder)
were made on the basis of symptoms
determined by interview and a physica exam.
Exposure evaluation of each work task held by
the fish industry population was eva uated with
ergonomic workplace andysis (EWA). Ten
different factors were rated on ascae from 1 to
5 and the combined ratings were used as a
profile of the work task. Based on this profile,
the authors reported that fish industry work was
found to be “highly repetitive’ and to include
“poor work postures.”

Ohlsson et al. [1995] compared a group of
women who performed indudtrid assembly
work to areferent group of women from a
nearby town who were employed in jobs
characterized as having varied and mobile work
tasks. One examiner assessed sgns and
symptoms. The examiner was blinded to
specific exposure information, but not
completely blinded to factory worker versus
referent group status. Shoulder tendinitis
included supraspinatus, infraspinatus, and
bicipita tendinitis. Ancther hedth outcome
combined neck and shoulder disorders (tension
neck, cervical syndrome, thoracic outlet
syndrome, frozen shoulder, tendinitis,
acromioclavicular syndrome). In adescriptive
assessment, it was reported that the work tasks
in the study group involved repetitive arm
movements with static muscular work of the



neck and shoulder muscles. The percentage of
time spent in specific upper arm postures was
determined from videotaped observation of 74
(out of 82) workers. The average result from
two independent videotape andyses was used.
Posture category demarcations included 0O, 30,
and 60 degrees for arm elevation, and 30, 60,
and 90 degrees for arm abduction.

Studies Not Meeting the Four Evaluation
Criteria

Bjeleet d. [1981] compared cases with acute,
non-traumatic shoulder-neck pain to age- and
sex-matched, paired controls. To determine
exposure, each case and control was filmed
and abiomechanica andyss was performed to
determine the frequency and duration of
shoulder abduction or forward flexion > than
60 degrees.

In the study by English et d. [1995], cases
were determined by medicd diagnossand
controls were selected from patients evaluated
at specified orthopedic clinics. For gatistica
anayses, al diagnoses were grouped by
anatomica gdte. The diagnoses for shoulder
cases were rotator cuff injury, rupture of long
head of biceps, shoulder capsulitis, and
symptomatic acromioclavicular arthritis. It is
assumed that shoulder tendinitisisincluded in
this group. Exposure measures were
determined by astandardized interview
conducted by an interviewer who was
“unaware of the case-control status of the
individual wherever this was possble”

In astudy by Sekakibaraet a. [1995], the
hedth gatus of agroup of women farm
workers was assessed during the performance
of two different tasks, with a

1-month interva between the tasks. The health

outcome was defined by self-assessed
symptoms of shoulder stiffnessand pain and a
physicd examination for muscle tenderness and
joint pain on movement. Whether the examining
physcian was aware of the prior hypothesis
regarding differing exposures between the two
tasks (bagging pears versus bagging apples)
was not stated. Exposure was based on sdif-
report of the number of hours per day spent
bagging, the number of pears or apples bagged
per day, and the total number of days spent
bagging each fruit. One worker was observed
for 3 hours while performing each bagging job,
with repeated goniometric measures of
shoulder forward flexion angles done each
minute. While there was no differencein the
tota number of days or number of hours per
day spent bagging each fruit, Sgnificantly more
pears than apples were bagged per day. The
proportion of time spent with the angle of
shoulder forward flexion greater than 90
degrees was sgnificantly larger when bagging
pears (75%) than when bagging apples (41%).

One study did not meet any of the criteria Ina
cross-sectiona study by Ohlsson et a. [1989],
the exposed population was factory employees
who produced and assembled plastic
components. Work exposure was
characterized as “ repetitive arm and hand
movementsin congrained work postures.” The
referent population was composed of women
randomly sampled from the generd population
in anearby area. The hedth outcome was
determined by self-reported symptoms of
shoulder pain during the previous seven days.
The exposure measure was the sdlf-reported
number of items completed per hour. The range
was from less than 100 items completed per
hour (dow category) to more than 700 items



per hour (very fast category). Self-reporting
was believed to be accurate because workers
were paid by the piece.

Strength of Association:
Repetition and Shoulder MSDs

Using the data presented in the study by
Ohlsson et a. [1994], for supraspinatus,
infragpinatus, or bicipital tendinitis the odds
ratio (OR) for working in the fish industry
(repetitive work, poor posture) was calculated
as 3.03 (95% CI 2.5-7.2). For shoulder
tendinitis done, the PRR was cdculated as 3.5
(95% Cl 2.0-5.9). For dlinical diagnoses of the
neck and shoulder, the OR for working in the
fish industry versus the referent population was
3.2 (95% CI 2.0-5.3).

Using data presented in the study by Ohlsson et
al. [1995] for supraspinatus, infraspinatus, or
bicipital tendinitis, the OR for being an
assembly worker (repetitive arm movements
with gtatic load on shoulders) versusthe
referent population was 4.2 (95% Cl
1.35-13.2). For neck-shoulder disorders, the
OR for being an assembly worker versusthe
referent group was 5.0 (95% Cl 2.2-11.0).

Using multiple logidtic regresson anadysis with
age, gender, and force as covariates, Chiang et
a. [1993] found that highly repetitive upper
extremity movements were associated with
shoulder girdle pain (OR 1.6, 95% CI
1.1-2.5). When tested in the same modd with
force and repetition, the interaction term for
force and repetition was dso sgnificant (OR
1.4, 95% CI 1.0-2.0). Severd factors could
have resulted in an underestimation of the
gtrength of association: no requirement that
symptoms had begun on current job means that
some symptomeatic workers may have
transferred to lower risk jobs. Relative to

shoulder MSDs, the mgor limitation of this
study was that the exposure assessment was
not specific to movement a the shoulder joint
and may therefore have either over- or
underestimated repetition at the shoulder. In
some cases the exposure assessment may have
been a measure of repetitive upper am
movements, but it may dso have been a
measure of repetitive hand and distal upper
extremity activity occurring in the context of a
datic load on the shoulder muscles.

For the shoulder diagnoses used to form their
group of cases, English et d. [1995] found an
association with repeated shoulder rotation with
an devated arm (OR 2.30, p< 0.05). They aso
found what appeared to be a protective effect
associated with elbow flexion (OR 0.4, 95%
Cl 0.2-0.8). This effect was greatest at low
amounts of daily cumulative exposure to ebow
flexion; the protective effect decreased (RR
increased) as the number of hours of totd daily
elbow flexion increased. In alaboratory study
of shoulder muscle ectivity in relation to
different combinations of shoulder and ebow
joint postures (atota of 21 different postures),
Herberts et d. [1984] found that humeral
rotation and ebow flexion had inggnificant
effects on shoulder muscle activity. However,
the postures tested by that study were
dtationary, whereas the associations reported
by English et d. [1995] appear to berelated to
repetitive movements.

For symptoms of shoulder pain within the
previous 7 days, the OR for assembly workers
versus the referent group was 3.4 (95% Cl
1.6-7.1) [Ohlsson et d. 1989]. A sgnificantly
higher proportion of the farm workers studied
by Sakakibara et al. [1995]



had 9gns of shoulder muscle tenderness while
bagging pears than while bagging apples. There
was no way to analyze the relaive contribution
to risk of repetitive shoulder exertions
(increased number of pears picked per day)
and awkward posture (greater portion of each
day spent with extreme forward flexion when

picking pears).

Consistency of Association

Repetitiveness was defined in four different
ways in the reviewed studies: (1) the observed
frequency of movements past pre-defined
angles of shoulder flexion or abduction, (2) the
number of pieces handled per time unit, (3)
short cycle time/repested tasks within cycle,
and (4) adescriptive characterization of
repetitive work or repetitive arm movements.

Repetition Characterized as Frequency of
Movements Past Pre-Defined Shoulder
Angles

Bjelleet d. [1981] and Ohlsson et d. [1995]
found a ggnificant pogitive association between
the prevaence of neck-shoulder disorders and
the frequency of upper arm movements past 60
degrees of flexion or abduction. English et d.
[1995] found a Significant association between
diagnosed cases of shoulder disorders and
repeated shoulder rotation with an elevated arm
posture.

Repetition Characterized as the Number of
Pieces Handled per Time Unit

A dgnificant pogtive association was found
between both nonspecific shoulder symptoms
[Ohlsson et a. 1989] and nonspecific shoulder
disorders [Sakakibara et a. 1995] and the
number of pieces handled per hour or per day.

Repetition Characterized as Short Cycle Time
Chiang et d. [1993] found asignificant
association between avery short or repetitive
cycle (<30 seconds or >50% spent repeating
same task) and shoulder girdle pain.

Repetition Characterized Descriptively
Three studies by Ohlsson et d. found a
sgnificantly higher proportion of shoulder
MSDs in exposed popul ations with work
characterized asinvolving repetitive arm and
hand movements than in referent populations
[Ohlsson et a. 1989, 1994, 1995].

Repetition Combined with Static Shoulder
Load

Except for the study by Sakakibara et al.
[1995], in which the increased number of pears
bagged per day was associated with an
increased proportion of the work day spent
with extreme shoulder flexion, the studies using
measures of piece work or repetitive arm
movements as the exposure outcome did not
specify which joints or body regions
participated in the repetitive action. Ohlsson et
al. [1995] described the assembly work
performed by the exposed population as
combining repetitive arm movements with a
datic shoulder load. It is possible that the
association between piece work, short cycles,
or repetitive hand-arm movements and
shoulder disorders reported by the other
authorsisrelated to a sustained, Stetic load on
the shoulder muscles as the upper am is
gabilized in a posture of mild to severe flexion
or abduction, while repetitive movements are
performed by the hand-wrist-forearm.



Temporal Relationship

In the prospective study by Kilbom et a. 1986;
Kilbom and Persson 1987; and Jonsson &t al.
1988 the number of shoulder eevations per
hour was a strong predictor for a change to
severe status at the 1- and 2-year follow-up
evaudions. Although the change in satus
included problemsin the neck and arm, as well
asthe shoulder, it is reasonable to assume that
repetitive shoulder eevations would have had
the greatest effect on disorders of the shoulder.

Severa studies with a cross-sectiona design
used techniques to determine whether the
hedth outcome of interest had occurred since,
or was present during, exposure to
hypothesized risk factor(s) of interest. Case
definitions which required a pogtive physicd
examinaion finding [Chiang et d. 1993;
Ohlsson et d. 1994, 1995] or where symptoms
had occurred within the recent past [Chiang et
al. 1993; Ohlsson et d. 1989, 1994] were
designed to focus on disorders most likely to
have been caused or aggravated by current
work exposures.

Exposure-Response Relationship
Chiang et d. [1993] found asignificant
increasing trend in the prevaence of shoulder
girdle pain from Group | (low force, low
repetitiveness) to Group |11 (high force, high
repetitiveness). However, the hedlth outcome
was not specific to shoulder disorders, and the
exposure categories combine increasing
repetitiveness—as defined by either lessthan a
30-second cycle time or arepested task within
the job cycle—and increasing forearm flexor
muscle activity. Ohlsson et d. [1995] found that
neck and shoulder disorders among assembly
workers were sgnificantly

associated (p<0.05) with both the number of
am eevation movements from less than to
greater than 60 degrees and the number of arm
abduction movements from less than to greater
than 60 degrees. Bjelle et d. [1981] found that
the frequency of shoulder abduction or forward
flexion (past 60 degrees) was sgnificantly
greater (p<0.005) for cases with neck-shoulder
disorders than for controls.

In the study of assembly workers by Ohlsson et
al. [1989], the number of pieces completed per
hour was categorized as follows dow: <100,
medium: 100299, fast: 300699, very fast:
>700. In this study, the ORs are shownin a
figure, rather than reported in the text.
Compared with the dow-paced group, the
odds for symptoms of shoulder painis
goproximately seven times that for those
workers in the medium-paced group and
goproximately nine times that for those in the
fast-dune 26, 1997 pace group. While adjusting
for age and length of employment, the OR for
shoulder pain was sgnificantly higher for the
medium- and fast-paced groups than for the
dow-paced group (p=0.0006). The OR for the
very fast-paced group compared to the s ow-
paced group was between 1.0 and 2.0 and was
not sgnificantly different from the dow-paced
group. The authors hypothesized that
symptomatic workers may have salf-sdected
out of the very fast paced jobs or that other
unknown factors may have mitigated the effects
of work pace.

When comparing fish industry workersto the
reference population, Ohlsson et d. [1994]
found that among those workers younger than
age 45, the ORs for disorders of the neck and
shoulders were significantly elevated and



increased with duration of employment [0-5
years, OR 3.2 (95% Cl 1.5-7.0); >5 years,
OR 10 (95% Cl 4.5-24)]. In their study of
assembly workers, Ohlsson et d. [1989] found
adatigicdly sgnificant increase in the odds for
pain in the shoulder with duration of
employment (p=0.03) which was dependent on
age. Theincrease with duration of employment
had a steeper dope for younger (<35 years)
assembly workers than for the older subgroup
(i.e., among those workers employed for short
durations, older women had more symptoms,
and among those workers employed for long
durations, younger women had more
symptoms). This was thought to be a reflection
of both survivor bias aswell asthe posshility
that older new hires may have experienced a
relatively more rgpid onset of symptomatic
problems than do younger women.

Coherence of Evidence

Repstitive movements of the upper extremity
involving flexion or abduction of the
glenohumerd joint would increase the
frequency of effects such as fatigue and tendon
circulation disruption hypothesized to occur as
aresult of such postures. These effects could
be magnified by the addition of ahand-held
load. Repetition may also be soldy rdated to
the development of tendinitis. In alaboratory
study, Hagberg [1981] induced acute shoulder
tendinitisin femae subjects performing
repetitive shoulder eevations for one hour. Six
femae students, ages 18-29, al developed
shoulder tenderness (two with tendinitis) when
exposed to 15 shoulder flexions (from 0 to 90
degrees) per minute for 60 minutes while
holding up to 3.1 kg (6.4 Ib) of weight.

Some of the significant associations reported
may have been related to exposure to repetitive
work in the distal upper extremity while the
shoulder and upper am were maintained in a
gatic posture [Chiang et d. 1993; Ohlsson et
al. 1989, 1994, 1995]. Winkel and Westgaard
[1992] have pointed out that, “It is not possible
to use the armvhand without stabilizing the
rotator cuff girdle and the glenohumerd joint.
Therefore, work tasks with a demand of
continuous arm movements generate load
patterns with a static load component.”

The finding that the supra- and infraspinatus
muscles were particularly prone to fatigue when
subjects performed overhead work led
Herberts et d. [1984] to hypothesize that the
rotator cuff muscles may develop high
intramuscular pressures a relatively low
contraction levels. These high intramuscular
pressures could lead to an impairment of
intramuscular circulaion, which could
contribute to the early onset of fatigue.
Intramuscular pressure increases with the
muscle contraction leve, and impaired
circulation has been demongrated at levels of
contraction as low as 10-20 percent of
maximal voluntary contraction (MVC).
[Hagberg 1984].

The increased pressure in rotator cuff muscles
and increased pressure on the supraspinatus
tendon may trigger two different events that are
both related to impaired microcirculation. The
impaired microcirculaion in the tendon may
a0 result from tenson within the tendon
produced by forceful muscle contractions
[Rathburn and Macnab 1970]. An
inflammetory infiltrate with increased



vascularity and edema within the rotator cuff
tendons, especidly the supraspinatus tendon
may be aresult of or a contributor to the
process. If the inflammeation processis
sufficiently intense, then shoulder tendinitis may
occur. If the processis less intense, and more
chronic, then it may contribute to a
degenerdtive processin the tendons of the
rotator cuff. In the muscles of the rotator cuff,
the impaired microcirculaion may lead to smdl
aress of cell desth. A reasonable hypothesisis
that repeated or sustained episodes of muscle
ischemiaresult in localized cdl desth and
persgent inflammeation.

Neither of these proposed models for shoulder
muscle pain or tendinitis suggest thet al muscle
activity is potentidly harmful. Both muscles and
tendons are strengthened by repeated activity if
there is sufficient recovery time. However, the
modds present plausible mechanisms by which
work tasks with substantial shoulder abduction
could contribute both to shoulder pain and
tendinitis.

Thereis evidence of areationship between
shoulder tendinitis and highly repetitive work.
However, there are severd limitations to the
evidence. In the three udies for which the
hedlth outcome was shoulder tendinitis, the
exposure combined repetition with awkward
shoulder posture and/or a static shoulder load
[English et d. 1995; Ohlsson et d. 1994,
1995]. Five out of the eight studies reviewed
used ether nonspecific shoulder disorders,
nongpecific shoulder symptoms or combined
neck-shoulder disorders as the health outcome.

Despite the limitations of the evidence,
sgnificant and positive relationships between
repetitiveness, regardless of the measurement

method, and shoulder MSDs or symptoms
were found in al sudies. Of the eight sudiesin
which the effect of repetition was examined,
three studies found ORs above 3.0 [Ohlsson et
al. 1989, 1994, 1995] and three studies found
ORsfrom 1.0to 3.0 [Chiang et a. 1993;
English et a. 1995; Sakakibara et d. 1995].
The remaining studies were progpective sudies
[Jonsson et d. 1988; Kilbom and Persson
1987] or studies that reported risk indicators
other than OR [Bjdle et a. 1981].

In none of these dudiesisit likely that age, the
most important persond characteristic
associated with shoulder tendinitis and other
shoulder disorders, or nonoccupationd factors
such as sports activities, caring for young
children, or hobbies explained these
associaions. There is evidence of ardationship
between shoulder tendinitis and highly repetitive
work.

FORCE

Definition of Force for Shoulder
MSDs

Studies that examined force or forceful work or
heavy loads to the shoulder, or described
exposure as strenuous work involving the
shoulder abduction, flexion, extenson, or
rotation that could generate loads to the
shoulder region were dso included. Mogt of the
sudies that examined force or forceful work as
arisk factor for shoulder symptoms or tendinitis
had severd concurrent or interacting physica
work load factors. However, thereis ill a
need to summarize present knowledge about
the relationships between forceful work and
shoulder MSDs. This section summarizes that
knowledge, while acknowledging that other
factors can modify the response.



Neck-shoulder disorders are discussed in
Chapter 2.

Studies Reporting on the Association
of Force and Shoulder Tendinitis

There are five sudies which reported results on
the association between force and adverse
shoulder hedth outcomes (Table 3-2, Figure
3-2). The epidemiologic studies that addressed
forceful work and shoulder M SDs tended to
compare working groups by classfying them
into broad categories based on an estimated
amount of resstance or force of exertion and a
combination of estimated rate of repetition
[Andersen and Gaardboe 1993a; Chiang et d.
1993] or in terms of overd| load [Herberts et
a. 1984; Stenlund et d. 1992; Wellset d.
1983].

Studies Meeting the Four Evaluation Criteria

Chiang et d. [1993] studied workersin thefish
processing industry. (This study was described
in detall in the section on shoulder MSDs and
repetition.) Chiang et d. [1993] did not report
an exposure specific to the shoulder.

Studies Not Meeting the Four Evaluation
Criteria

Andersen and Gaardboe [19934] performed a
cross-sectiona study in which a cohort of
sewing machine operators was compared to a
random sample of women in the generd
population of the same region. Chronic
shoulder pain was defined as ahaving
experienced a continuous pain episode lasting
more than 1 month and ether dally pain or pain
lasting more than 30 days in the same location
within the previous year (per self-administered
questionnaire). In order to compare the current
exposure of sawing machine operators and
those in the control group, the authors
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experience and knowledge of the jobs were
used to assign job titles to exposure categories
based on crude assessments of force and
repetitiveness. High exposure was
characterized as a combination of high
repetitiveness (activity repested severa times
per minute) and low or high force, or medium
repetitiveness (activity repeated many times per
hour) and high force. Medium exposure was
characterized as medium repetitiveness and low
force, or low repetitiveness (jobs with more
vaiation) and high force. Thosein teaching,
academic, sdf-employed, or nursing
professions were classified as low exposure.
The exposure classfication schemein this sudy
does not alow separation of the effects of force
from those of repetition. More sewing machine
operators than referents were considered to
have high exposure (41% versus 15%), but
more in the referent population were
congdered to be in the medium exposure group
(44% versus 22%). Because the outcome of
interest was duration of historica exposure,
current exposure was included as an
independent variable in multivariate regresson
anayses.

Herberts et al. [1984] added to the 1981 study
by comparing the prevalence of supraspinatus
tendinitis between plate-workers and office
clerks. Tendinitis in welders was determined by
a combination of self-reported symptoms and
positive physicd examingion findings The only
information given regarding plate-work isthet it
isdynamic in character. It is presumed that
plate-workers handled heavy |oads more
frequently then office clerks.

In a cross-sectiond study, the prevalence of
osteoarthrosis in the acromioclavicular joint,



as determined by radiography, was compared
among three groups of workersin the
congtruction industry [Stenlund et d. 1992).
The three groups were bricklayers, rock
blasters, and congtruction foremen. The
foremen did not perform manua work
currently, or in the past, and were consdered
the control population. A standardized
interview was used to determine exposure
factors, including job title and the sum of loads
lifted during al working years (expressed in
tonnes). Anayses were performed separately
for right and left Sdes.

In astudy of letter carriers, Wells et d. [1983]
evauated the effect of aload carried on the
shoulder. Letter carriers, who carry aload and
walk, were compared to gas meter readers
(who wak without carrying aload) and postd
derks. Utilizing information from telephone
interviews, points were assgned to symptom
characteristics such as frequency, length of
episodes, and interference with work ability.
Case definition required areport of recurrent
shoulder pain with greater than 20 points. A
subset of |etter carriers had experienced an
increased load during the previous year. (The
Pogtd Service had increased maximum weight
carried from 25 to 35 pounds, but not al
locations had implemented this change.)

Strength of Association—Force
and Shoulder MSDs

The studies are presented in aphabetica order
in Table 3-2. Results of studies where ORs, or
other measures of association, were pecificaly
associated with a measure of exposure, are
presented in the section on Exposure-Response
Reationship.

Andersen and Gaardboe [19934] found that

current work as a sawing machine operator
was associated with chronic shoulder pain (OR
1.72, 95% CI 1.17-2.55). Usng multiple
logistic regression andysis with age, gender,
and repetitiveness as covariates, Chiang et dl.
[1993] found that high force exertions
mesasured in the forearm were associated with
shoulder girdle pain (OR 1.8, 95% ClI

1.2-2.5). When tested in the same mode with
force and repetition, the interaction term for
force times repetition was aso sgnificant (OR
1.4, 95% Cl 1.0-2.0). Two factors could have
resulted in an underestimation of the strength of
associaion: (1) no requirement that symptoms
have started on current job meant that some
symptomatic workers may have tranferred to
lower risk jobs, and (2) no matching of hedth
gtatus and exposure status by side (left, right, or
both) may have caused non-differentia
misclassfication. For supraspinatus tendinitis,
Herberts et al. [1984] caculated a prevadence
rate ratio (PRR) for plate-workers versus office
clerks of 16.2 (90% CI 10.9-21.5) “under the
assumption that missing data had the same
characteristics as those consdered.” The
absence of specific exposure information was a
mgor limitation of this Sudy.

The age-adjusted OR associated with
osteoarthritis of the acromioclavicular

joint was 2.16 (95% CI 1.14-4.09)

(right side) and 2.56 (95% CI 1.33-4.93)

(left side) for manual construction workers
versus foremen [Stenlund et a. 1992]. Because
there was alower participation rate among
bricklayers and blasters, self-sdlection into the
study because of having symptoms could have
resulted in overestimation of the strength of
association. While some of the items handled
required a bilaterd lift (e.g., jackhammer),
other loads may have been specific to the right
or |left hand. Because the



exposure measure did not separate load by
Sdes, non-differentid misclassfication may
have caused underestimation of the strength of
association.

Consistency of Association:
Force and Shoulder MSDs

Despite different outcome and exposure
messures, dl of the studies had positive
asociations. Each study used a different case
definition, ranging from rlatively mild
symptoms to radiographic evidence of
ogteoarthritis, and a different measure of
exposure. Chiang et d. [1993] used EMG
measures of forearm flexor muscle ectivity.
Widls et a. [1983] evaluated the effect of a
direct load on the shoulder. Stenlund et &l.
[1992] used an estimate of the cumulative,
lifetime load carried. Andersen and Gaardboe
[1993a] compared sewing machine operators
to areferent population. However, poditive and
sgnificant associations were found, regardless
of the measure of hedlth outcome or exposure.

Temporal Relationship: Force and
Shoulder MSDs

All of the studies of forceful exertions used a
cross-sectiona study design. To increase the
likelihood that shoulder symptoms were caused
or aggravated by current exposure, Chiang et
a. [1993] required that symptoms had
occurred within the previous 30 days.

Welset d. [1983] used severd andyticd
methods to increase confidence in ardationship
between carrying the increased load and having
shoulder disorders. The use of age, the number
of years on the job, and previous heavy work
experience as covariates when performing
andysis of covariance helped ensure that the
difference in the proportion of shoulder
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disorders between |etter carriers with and
without the increased load was related to
current exposure rather than past peak
exposures or cumulative duration. Although
basdline symptom status in the group with the
increased load could not be obtained, there
was no sgnificant difference in the prevalence
of shoulder problems between the two groups
when results were adjusted for the amount of
weight currently carried. Therefore, the
difference in symptom prevalence was likely
related to the load increase rather than prior
differences in symptom status. The cross-
sectiond studies are congstent with exposure
occurring before the onset of the shoulder
MSDs.

Exposure-Response Relationship

When sewing machine operators were
compared with an externa control population,
there was atrend of increasing ORs for chronic
shoulder pain with increasing duration of work
as a sawing machine operator [Andersen and
Gaardboe 19934]. The OR for 07 years was
1.38 (95% CI 0.86-2.39), for 8-15 yearsit
was 3.86 (95% Cl 2.29-6.50), and for >15
yearsit was 10.25 (95% CI 5.85-17.94),
while controlling for other factorsincluding age
and current exposure.

Chiang et d. [1993] found asignificant
increasing trend in the prevaence of shoulder
girdle pain from Group | (low force, low
repetitiveness) to Group |11 (high force, high
repetitiveness). However, the health outcomeis
not specific for shoulder tendinitis and the
expaosure categories combine increasing force,
as measured in the forearm flexor muscles, and
increasing repetitiveness,



In the study of bricklayers and blasters, and
acromioclavicular osteoarthritis, Stenlund et dl.
[1992] found that for the |eft Sde, ORs
increased with the levd of lifetime load lifted.
For alifetime load of 710-24,999 tonnes
versus less than 710 tonnes, the left sde OR
was 7.29 (95% CI 2.49-21.34), and for
greater than 25,000 tonnes versus less than 710
tonnes, the left sde OR was 10.34 (95% ClI
3.10-34.46).

For savere, but not disabling, shoulder pain, the
OR for letter carriers versus postd clerks was
3.6 (95% Cl 1.8-7.8) [Wells et al. 1983]. For
those letter carriers who had experienced a
weightload increase within the previous year,
versus postal clerks, the OR was 5.7 (95% CI
2.1-17.8). Furthermore, letter carriers who had
experienced the weightload increase had
sgnificantly more shoulder problems than those
whose bag weight had not been increased. If
letter carriers tend to keep the mail-bag strap
on one shoulder, the fact that the Sde of the
load was not matched with the sde of the
shoulder problem could have resulted in non-
differentid misclassfication and an
underestimation of the strength of association.
However, some of the hedth effects may have
been related to activation of contraateral
muscles involved in gabilizing the shoulder
girdle [Winkel and Westgaard 1992].

Coherence of Evidence

High shoulder muscle force requirements can
cause increased muscle contraction activity,
which may lead to an increase in both muscle
fatigue and tendon tension, and may possibly
impair microcirculaion as well.

Force may aso be related to astatic load on
shoulder muscles. Segaard et d. [1988] found
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that muscular fatigue will occur & EMG leves
aslow as 5% of maxima voluntary contraction
(MVC) if sustained for 1 hour. Other studies
have demonstrated that when the period of
muscle contraction is extended to more than an
hour, the endurance limit of force may be as
low as 8% MV C [Jonsson 1988]. Workers
performing repetitive work with the hands and
wrigts, while maintaining static upper am
elevation may experience fatigue even a low
load levels. Jonsson [1988] reported that many
congrained work Stuations are characterized
by dtatic load levels near or exceeding 5%

MV C, even when characterized by afairly low
mean muscular load.

Because the five studies reviewed had a
consderable diversty of exposure assessment
gpproaches and hedlth outcomes, thereis
insufficient epidemiologic evidence to conclude
that forceful exertions are associated with
rotator cuff or bicipital tendinitis. The one Sudy
that used shoulder tendinitis as the hedlth
outcome reported a strong association related
to job category (OR for plate-workers versus
clerks: 16.2 (95% CI 10.9-21.5), but did not
describe or measure specific exposure risk
factors [Herberts et a. 1984]. One of the
reviewed studies did present evidence for an
association between acromioclavicular
osteoarthross and cumulative, lifetime load on
the shoulder muscles[Stenlund et d. 1992].
Another study reported a significant association
between severe shoulder pain and a direct
shoulder load [Wells et d. 1983].



POSTURE

Definition of Awkward Posture for
Shoulder MSDs

For the shoulder, ardaxed, neutral postureis
one in which the arm hangs straight down by
the Sde of the torso. Asthe arm isflexed,
abducted, or extended, theincluded angle
between the torso and the upper arm increases.
In one study, posturesin which theincluded
angle was equal to or greater than 45 degrees
required substantid supraspinatus muscle
activity, while ddtoid muscle activity underwent
apronounced increase as the angle of shoulder
flexion or abduction increased from 45 to 90
degrees [Herbertset d. 1984]. Asthearm s
elevated, the space between the humeral head
and the acromion narrows such that mechanica
pressure on the supraspinatus tendon is grestest
between 60 and 120 degrees of arm elevation
[Levitz and lannotti 1995]. Whilethereisa
continuum of severity from an included angle of
30 degrees to amaximally abducted arm,
postures with shoulder abduction or flexion past
60 degrees are considered awkward.

Studies Reporting on the Association
of Awkward Postures and Shoulder
MSDs

Six of the reviewed studies reported results on
the association between awkward postures and
shoulder tendinitis [Baron et d. 1991, Bjelle et
a. 1979; English et d. 1995; Herberts et al.
1981; Ohlsson et a. 1994, 1995] (Table 3-3,
Figure 3-3). Seven additional studies reported
results on the association between awvkward
postures and non-specific shoulder disorders
[Sakakibara et a. 1995], non-specific shoulder
symptoms [Hoekstra et d. 1994; Milerad and
Ekenval 1990; Schibye et d. 1995] combined
neck-shoulder disorders

[Bjelleet d. 1981; Jonsson et a. 1988;
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Ohlsson et d. 1995] or combined neck-
shoulder symptoms [Kilbom and Persson
1987].

Studies Meeting the Four Evaluation Criteria

Four studies met dl four of the evauation
criteria

Using a prospective study design, Jonsson et d.
[1988] assessed the hedth and exposure status
of 69 dectronics manufacturing plant
employees a the beginning of the sudy and
after one and two years. Employees who
dropped out before completion of the study
were compared to those who fully participated;
there was no sgnificant difference in medicd
datus, working technique, or work history.
Employees who had upper extremity disorders
resulting in a physcian vidt or 9ck leave were
excluded from the initid study group. The
dependent variables rdated to hedth status
were of two types: achangein symptom
severity and being symptom free. Symptom
status was assessed by interview and a physica
examination by a physiotherapist. The
symptoms severity index compiled data from
the five body regions combined and was not
specific for the shoulder region. Because the
exposure was determined by direct observation
for each individua, and clearly separated
ergonomic risk factors by body region, it was
dill possible to evauate associaions likely to
specificdly involve the shoulder.

Kilbom and Persson [1987] and Kilbom
et a. [1986] performed astudy in

which femae employeesin the
electronics manufacturing industry were
observed for a2-year period. The health
outcome of fatigue, ache, or pain



in the neck, shoulder, or arm regions was based
on symptoms information. Symptom severity
was coded on the basis of its character,
frequency, and/or duration. Changesin severity
datus at follow-up evauations were used as the
dependent variables in multiple regresson
analyses. Neck, shoulder, and upper arm
posture was determined by computerized
andyss (VIRA) of videotapes of individuds.
Although the hedlth outcome combined
symptoms from different body regions,
knowledge of biomechanical theory can be
used to identify significant predictors related to
the shoulder symptom severity.

Two of the reviewed studies in which tendinitis
was the hedlth outcome are Ohlsson et dl.
[1994, 1995]. For both studies, the authors
reported that the examiners could not be
completdy blinded to exposed versus referent
status, but that a standard protocol was
followed and observer biaswas likdly to have
been minimal. Because examiners were blinded
to objective exposure measures, anayses
testing associations between neck-shoul der
disorders and specific postures would not have
been biased [Ohlsson et a. 1995].

In across-sectiond study, women in the fish
industry were compared to a control population
of women employed in municipa workplacesin
the same towns [Ohlsson et d. 1994].
Diagnoses of shoulder disorders (eg.,
tendinitis, acromioclavicular syndrome, frozen
shoulder) were made on the basis of symptoms
determined by interview and a physica exam.
Exposure eva uation of each work task held by
the fish industry population was evauated with
ergonomic workplace andysis (EWA). Ten
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different factors were rated on ascae from 1 to
5 and the combined ratings were used as a
profile of the work task. Based on this profile,
the authors reported that fish industry work was
found to be “highly repetitive’ and include
“poor work postures.”

Ohlsson et al. [1995] compared a group of
women who performed indugtrid assembly
work to areferent group of women from a
nearby town who were employed in jobs
characterized as having varied and mobile work
tasks. One examiner assessed signs and
symptoms. The examiner was blinded to
specific exposure information, but not
completely blinded to factory worker versus
referent group status. Shoulder tendinitis
included supraspinatus, infraspinatus, and
bicipitd tendinitis. Another health outcome
combined neck and shoulder disorders (tension
neck, cervical syndrome, thoracic outlet
syndrome, frozen shoulder, tendinitis, and
acromioclavicular syndrome). In a decriptive
assessment, it was reported that the work tasks
in the sudy group involved repetitive arm
movements with static muscular work of the
neck and shoulder muscles. The percentage of
time spent in specific upper arm postures was
determined from videotaped observations of 74
(out of 82) workers. The average result from
two independent videotape andyses was used.
Posture category demarcations included 0O, 30,
and 60 degrees for arm elevation, and 30, 60,
and 90 degrees for arm abduction.

Studies Not Meeting the Four Evaluation
Criteria

Summaries of sudies that specificaly evauated
associaions with shoulder tendinitis are
presented next [Baron et d. 1991; Bjdle et dl.
1979, 1981;



English et d. 1995; Herberts et d. 1981].
Summaries of other Sudies are presented in
aphabetical order.

In the study by Baron et d. [1991], grocery
store workers who performed the job of
checker were compared to a non-checker
group that performed a variety of other jobs
(e.0., generd stocking, working in the produce
section, the bakery, sdlad bar, pharmacy, and
courtesy counter). There was alow
participation rate among non-checkers (55%),
which could have resulted in an underestimation
of the OR for checkersif symptomatic non-
checkers were more likely to participate than
those non-checkers without symptoms. The
authors evaluated this possibility by performing
asufficient number of telephone interviews with
non-participants to raise the non-checker
participation rate for interviews to 85%. The
OR for shoulder symptoms among the full
participant population was smilar to the OR for
the full participant plus telephone interview
population. The case definition was shoulder
symptoms lasting & least one week or
occurring at least once per month during the
previous year that began while the worker was
performing her current job and positive physicd
examination findings consstent with a shoulder
tendinitis. Detailed descriptions of the checker
jobs were presented based on both on-site and
videotape analyses of afew representative
workers per workstation. No videotaping of
non-checkers was performed. Shoulder flexion
and/or abduction ($90 degrees) was observed
during avariety of different tasks performed by
the checkers. The exposure measures used in
datistica analyses were: (1) checker versus
non-checker and, (2) for exposure-response
assessment among checkers, the total number
of months and the number of hours per week
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working as a checker.

Bjdleet a. [1979] compared cases with
persistent shoulder pain to controls employed
as manual workers. After an extensive medical
evauation, adiagnoss of bicipita and/or
Supraspinate tendinitis was made for amgority
(12/17) of the cases. Physical workload was
categorized in relation to gtting or standing
posture, weight lifting, and carrying. The work
height of the hands was categorized based on
position relative to the acromion height, per
individud. Placement of workers into exposure
categories was determined by the combined
efforts of each study participant and a

physcian.

Bjeleet a. [1981] compared cases with acute,
non-traumatic shoulder-neck pain to age- and
sex-matched, paired controls. An extensive
physicd examination was performed and
workers with inflammatory rheumatoid diseases
were excluded. To determine exposure, each
case and control was filmed and a
biomechanicd anayss was performed to
determine the duration and frequency of
shoulder abduction or forward flexion grester
than 60 degrees.

Inastudy by English et d. [1995], cases
determined by medica diagnos's, and controls
were selected from patients evauated at
gpecified orthopedic clinics. For gatigtica
anayses, al diagnoses were grouped by
anatomica gte. The diagnoses for shoulder
cases included rotator cuff injury, rupture of the
long head of the biceps, shoulder capsaulitis, and
symptomatic acromioclavicular arthritis. It is
assumed that shoulder tendinitis was included in
this group. Exposure measures were
determined by astandardized interview



conducted by an interviewer who was,
“unaware of the case-control status of the
individud wherever this was possble”

In astudy by Herberts et d. [1981], the
prevaence of supraspinatus tendinitis was
compared between welders and office
workers. Tendinitis cases were based on a
combination of symptoms reported on a nurse-
adminigtered questionnaire and a positive
physica examination done by a physiothergpi<.
For welders, an “experienced physiotherapist”
rated work-load on the shoulder as low, high,
or very high; no description of the classfication
scheme was given.

Hoekdtra et d. [1994] evauated government
office workers at two locations. The case
definition for shoulder symptoms was
symptoms that began after starting current job,
lasting grester than one week, or occurring a
least once per month during the past year with
an intengty grester than two on afive point
scale, and no preceding acute, non-
occupationd injury. A self-administered
guestionnaire was used to determine exposure
to factors such as “perceived adequacy of
adjusment of video display termind (VDT).”
Wak-through ergonomic evauations of factors
such as workstation surface height and furniture
adjustability were used to provide descriptive
differences between the two office locations.

Milerad and Ekenval [1990] compared the
prevaence of sdlf-reported, non-specific
shoulder symptoms between dentists and
pharmacists. Dentistry, as a professon, was
described as work “with the arms abducted
and unsupported” whereas, pharmacists had
“physcdly light and varied work.”
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In a prospective study by Sakakibaraet d.
[1995], the hedlth status of a group of women
farm workers was assessed during the
performance of two different tasks, with a 1-
month interval between the tasks. The hedlth
outcome was defined by self-assessed
symptoms of shoulder stiffnessand pain and a
physicad examination for muscle tenderness and
joint pain on movement. Whether the examining
physician was aware of the prior hypothes's
regarding differing exposures between the two
tasks (bagging pears versus bagging apples)
was not stated. Exposure was based on sdlf-
report of the number of hours per day spent
bagging, the number of pears or gpples bagged
per day, and the total number of days spent
bagging each fruit. One worker was observed
for 3 hours while performing each bagging jab,
with repeated goniometer measures of shoulder
forward flexion angles done each minute. While
there was no difference in the total number of
days or number of hours per day spent bagging
each fruit, sgnificantly more pears than apples
were bagged per day. The proportion of time
spent with the angle of shoulder forward flexion
greater than 90 degrees was significantly larger
when bagging pears (75%) than when bagging
apples (41%).

Schibye et a. [1995] performed a prospective
study of a population of sewing machine
operatorsin which the change in self-reported
shoulder symptom status was compared with
those sewing machine operators who continued
to work and those operators that moved into
other occupations (e.g., shop assstant, hedlth
care worker, and fishing industry worker).



Strength of Association—Awkward
Posture and Shoulder MSDs

Results are presented in the section on
Exposure-Response Rdationship (Table 3-3,
Figure 3-3) for studies where ORs, or other
measures of association, were specificaly
associated with a measure of exposure.

Using data presented in the study by Ohlsson et
a. [1994], for supraspinatus, infraspinatus, or
bicipital tendinitis, the PRR for working in the
fish industry (repetitive work, poor posture)
versus the referent population was calculated as
3.03 (95% CI 2.0-4.6). For shoulder tendinitis
aone, the PRR was calculated as 3.5 (95% Cl
2.0-5.9). In the same study, the authors also
interviewed alarge group of former fish
industry employees and found that a quarter of
those workers who left employment had done
S0 because of problems with their neck or
upper limbs. This proportion increased with age
and aso occurred after a shorter duration of
employment among the oldest workers. This
evidence of asurvivor bias highlightsthe
importance of controlling for age. Higher risks
were found for the workers less than 45 years
old and these risks may be amore accurate
asessment of the true risk.

Using data presented in the study by Ohlsson et
a. [1995], for supraspinatus, infraspinatus, or
bicipitd tendinitis, the OR for being an
assembly worker (repetitive arm movements
with gatic load on shoulders) versusthe
referent population was 4.2 (95% Cl
1.35-13.2). For neck-shoulder disorders, the
OR for being an assembly worker versusthe
referent group was 5.0 (95% Cl 2.2-11.0).

For shoulder disorders consistent with
tendinitis, Baron et d. [1991] found that the
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OR for being a checker versus a non-checker
was 3.9 (95% CI 1.4-11.0). Because non-
checkers dso performed work requiring
awkward postures, the reported OR may
underestimate the risk for checkers. Short
sature (# 52") was associated with an
elevated, but not gatisticdly significant, OR for
shoulder disorders (2.1, 95% CI 0.7-6.9).
Because work-gtation height was fixed, it is
likely that short stature workers experienced
more frequent and/or more severe episodes of
shoulder flexion and/or abduction.

The OR for work performed at or above
acromion height (i.e., hands above the
shoulder) versus work performed below
acromion height was 10.6 (95% CI 2.3-54.9)
[Bjdleet d. 1979]. Inthisstudy, al cases were
patients who had been examined by the same
physician. Placement of cases and controlsinto
exposure categories was performed by each
subject in collaboration with a physician who
“hed persona knowledge of the work involved
in each case” Whether or not the physician
who performed the clinicad examinationsisthe
same person as the physician involved in
exposure classfication is not stated. If thiswas
the same person, a potentia bias towards
assigning cases to higher exposure categories
could have resulted in overestimation of the
strength of association. However, two other
factors could have resulted in an
underestimation of the strength of association.
The exposure outcome was based on current
work load without any stated restriction that
cases symptoms had started on their current
job. If some of the cases, defined as having
problems non-responsive to therapy lasting
longer than 3 months, had transferred to a
lower risk job, the strength of association



may have been underestimated. Location of the
disorder and exposure were not matched by
gde (l€ft, right, or both) and this would have
caused non-differentia misclassfication,
resulting in some underestimation of the strength
of association.

English et d. [1995] found that the risk of
having amedicaly diagnosed shoulder
condition was increased by repeated shoulder
rotation with an elevated arm (OR 2.30,
p<0.05). Non-differentia misclassfication due
to a combination of complicated exposure
definitions using a questionnaire, and the fact
that andyses did not relate hedlth outcomes and
exposure on atempord basis, or by left/right
sde, may have caused an under-estimate of the
strength of association.

For supraspinatus tendinitis, Herberts et d.
[1981] found that the PRR for welders
(characterized as using awkward postures to
perform overhead work) versus clerks was
18.3. However, in determining this PRR, the
authors performed extrapolation based on an
assumption that, “the drop-out group does not
deviate from the examined group,” without any
data to support this assumption. To determine a
more reliable indicator of risk, unextrapolated
data presented in the study were used to
calculate a crude OR=8.3 (95% CI 0.63-432).
The office clerks were older than the welders,
so that confounding by age may have caused an
under-estimation of the strength of association.

In astudy of teleservice employees, there was
an associ ation between reporting shoulder
symptoms and working a one location versus
another location; the OR was 4.0 (95% ClI
1.2-13.1) [Hoekstra et a. 1994]. Descriptive
differences between workstation design at the
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two locations provided a plausible explanation
for thisfinding. At the higher risk location, the
workstation surface was too high to serve asa
keyboard support, there were nonadjustable
chairs, and it was observed that “nonadjustable
furniture universally promoted undesirable
postures (i.e. elevated arms, hunched
shoulders).” Having shoulder symptoms was
aso postively associated with usng anon-
optimally adjusted desk height (OR 5.1, 95%
Cl 1.7-15.5) and a non-optimally adjusted
VDT screen (OR 3.9, 95% Cl 1.4-11.5).
Because exposure was salf-reported without
any indication of whether or not study
participants had received education regarding
good VDT workstation design, the phrase,
“non-optimally adjusted,” may have had various
meanings to the sudy participants. This could
have caused non-differential misclassfication of
exposure and an under-estimation of the
strength of association. On the other hand, a
possible reporting bias related to self
assessment of both symptoms and exposure
could have resulted in an overestimation of the
drength of the association. A plausible
explanation for the association between
shoulder symptoms and these workstation
design factors is that the non-optimally adjusted
workstation components forced the employees
to abduct the upper arms and/or hunch the
shoulders.

For shoulder symptoms without concomitant
neck symptoms, Milerad and Ekenvall [1990]
found that the OR for being a dentist (work
with both arms abducted) versus being a
pharmacist was 3.8 (95% CI 1.2—10.3). As
with mogt cross-sectiond studies, the survivor
bias may have resulted in



underreporting of the strength of exposure.
Conversdly, the exposed group may have had
better recall of salf-reported symptoms with a
resultant overestimation of the OR.

In the study of farm workers by Sakakibara et
a. [1995], the point prevaence of muscular
tendernessin the shoulder regions (per physica
examination) was sgnificantly higher when
performing pear bagging (48%) than when

performing apple bagging (29%). The
proportion of time spent with the shoulder in

forward flexion greater than 90 degrees was
sgnificantly larger when bagging pears (75%)
than when bagging apples (41%). Whether or
not there was a recovery period between pear
and apple bagging is not stated. If there was
insufficient recovery after pear bagging,
persistent muscle tenderness or increased
susceptibility may have caused underestimation
of the difference in shoulder

disorder prevalence between these two work ta
sKs.

With the exception of the study by English et 4.
[1995], in which the strength of association may
have been underestimated, for the studiesin
which the health outcome was shoulder
tendinitis[Baron et d. 1991; Bjdleet d. 1979;
Herberts et a. 1981; Ohlsson et al. 1994,
1995], the magnitude of association was strong.
ORsranged from 2.0 to 10.6. In none of these
dudiesisit likely that nonoccupationd factors
such as sports activities or personal
characteristics such as age explain these
associations.

Consistency of Association

All but one of the reviewed studies rdevant to
posture and shoulder disorders found a positive
associ ation between shoulder disorders or
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shoulder symptoms and awkward shoulder
posture. Awkward postures were consistently
described as overhead work, arm eevation,
and specific postures relative to degrees of
upper arm flexion or abduction. This
association was found in cross-sectiond, case-
control, and prospective studies among a great
variety of types of work performed.

Temporal Relationship

It isimportant to determine whether symptoms
or MSDs occur as a consequence of work-
related exposures. This can be done most
clearly with a prospective sudy design.

In the study by Jonsson et . [1988], the
percent of the work cycle spent with the
shoulder dlevated was negatively associated
with remaining hedlthy (symptom free).
Because workers with pre-existing shoulder
conditions were excluded from study
participation, the onset of new symptoms may
have been associated with the daily and/or
cumulative duration of exposure to devated
shoulder pogtures. In the study by Kilbom and
Persson [1987], three of the work exposure
variables that were strong predictors for a
change to severe status at the 1- and/or 2-year
follow-up evauations were related to shoulder
posture: (1) percent of work cycle time with
arm abduction grester than 30 degreses, (2)
percent of work cycle time with arm abduction
greater than 60 degrees, and (3) percent of
work cycle time with arm extension.

A few gudies utilized techniques to improve the
ability to detect possible relaionships



despite a cross-sectiona study design. The
case definition used by Baron et d. [1991]
required that symptoms began while the worker
was on the currently held job. Bjele et d.
[1979] filmed and analyzed the job held at the
time the worker/case became symptomatic.
The results of the prospective studies are
gmilar to the cross-sectiond studies. Thereis
no evidence that shoulder disorders predicted
the onset of exposure.

Exposure-Response Relationship

The level of an exposure can be described in
two different ways. It may be rdated to the
amount of exposure over ardaivey short time
period, such asaday or week, or it may be
related to cumulative or life-time exposure over
anumber of years. Studies that tested
asociaions related to daily or weekly variation
in exposure are presented first, followed by
sudies that evauated cumulative exposure by
using independent variables, such as duration of
employment or estimated lifetime exposure.

Four studies have some evidence of exposure-
response relationships. Baron et a. [1991]
found aggnificantly larger OR for shoulder
disorders among employees working greater
than 25 hours/wk as a checker compared to
those working less than 20 hourswk. Bjelle et
a. [1981] found that the duration of hours
worked per day with the shoulder flexed or
abducted >60 degrees was ggnificantly higher
(p<0.025) for cases with neck-shoulder
disorders than for controls. Ohlsson et al.
[1995] found that neck and shoulder disorders
among assembly workers were sgnificantly
associated (p<0.05) with the percent of time
spent with the shoulder abducted or devated
>60 degrees. Although it is more difficult to
detect associations with homogenous exposure,
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this association was sgnificant despite very little
variahility in exposure to arm abduction greater
than 60 degrees. While the andysi's among
assembly workers was performed without
controlling for age, thereis no evidence to
suggest that older workers were more likely to
be on high exposure jobs, and therefore a
subgtantid biasisunlikely.

When comparing fish industry workersto the
reference population, Ohlsson et d. [1994]
found that among those workers younger than
45 years, the ORs for disorders of the neck
and shoulders were significant and increased
with duration of employment (0-5 years, OR
3.2, 95% Cl 1.5-7.0) (>5 years, OR 10; 95%
Cl 4.5-24). Ohlsson et d. [1995] found a
decreasing trend when they compared OR after
dratifying the factory workers by employment
duration (<10 years, OR 9.6; 10-19 years, OR
4.4 and $20 years. 3.8). Given the cross-
sectiona study design, thisfinding could be an
artifact caused by the survivor bias (i.e,
workers with disorders |ft, while symptom-
free ‘survivors stayed; see Table 3-5). The
assumption of asurvivor biasis based on the
finding that 28% of a group of former assembly
workers reported pain in the musculoskeletal
system as their reason for leaving employment
at the factory. In the study by Schibye et d.
[1995], improvement in shoulder symptoms
among those who were no longer sewing
machine operators appeared greater at follow-
up, but was nat significant. The fact that many
of those who left sewing jobs moved into
indugtries such as hedlth care and fishing, where
awkward postures and high force loads may
occur, might explain why alarge difference
between sewing machine operators and non-



sewing machine operators was absent. These
four studies provide some support for the
relationship between shoulder abduction and
shoulder MSDs.

Coherence of Evidence

Discussions of the probable influence of
workplace exposure factorsin the
pathophysiology of locdized muscle fatigue,
myagia, and tendinitis have been presented by
anumber of authors [Bjelle et a. 1981,
Hagberg 1984, Herberts and Kadefors 1976;
Herberts et a. 1984; Levitz and lannotti 1995].
Posture isimportant: when thearm israised or
abducted, the muscle activity in supraspinatus
and other musclesincreases, and the
Supraspinatus tendon comesin contact with the
undersurface of the acromion. The mechanica
pressure on the tendon from the acromion is
greatest between 60 and 120 degrees of arm
eevation. [Levitz and lannotti 1995]. The
degree of upper am devation is aso important
in the onset and intensity of localized muscle
fatigue in the trgpezius, ddltoid, and rotator cuff
muscles. [Hagberg 1981; Herberts and
Kadefors 1976; Herberts et a. 1984]. Ina
laboratory study, EMG signds from these
muscles were andyzed. The supraspinatus
muscle was found to be highly active at $45
degrees of abduction. The ddtoid muscle
underwent a pronounced increase in activity as
shoulder flexion or abduction increased from 45
to 90 degrees [Herberts et al. 1984]. The
earlier sections on Coherence of Evidence dso
discussed the rate of fatigue and role of
impaired micro-circulaion in shoulder tendinitis.

Overdl, there is epidemiologic evidence for a
relationship between repeated or sustained
shoulder postures with more than 60 degrees of
flexion or abduction and shoulder MSDs. There
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is evidence for both shoulder tendinitis and
nongpecific shoulder pain. The evidence for
increased risk of MSDs due to specific
shoulder postures is strongest when thereisa
combination of exposures to severd physica
factors such as force and repetitive work. An
example of this combination would be holding a
tool while working overhead. The strength of
association was podtive and consggtent in the
Sx sudiesthat used diagnosed cases of
shoulder tendinitis, or a combination of
symptoms and physicd findings condstent with
tendinitis, as the hedth outcome [Baron et dl.
1991; Bjdleet d. 1979; English et d. 1995;
Herberts et a. 1981; Ohlsson et al. 1994,
1995]. Only one [Schibye et d. 1995] of the
thirteen sudies falled to find a pogtive
association with exposure and symptoms or a
specific shoulder disorder. However, in this
study discontinuing employment as a sewing
machine operator was associated with a
reduction in neck and shoulder symptoms.
While most of the studies that considered
specific shoulder postures as an exposure
variable were cross-sectiond, the two
prospective studies found that the percent of
work cycle spent with the shoulder elevated
[Jonsson et a. 1988] or abducted [Kilbom et
al. 1986; Kilbom and Persson 1987] predicted
change to more severe neck and shoulder
disorders. While there isinsufficient evidence to
develop a quantitative exposure-disorder
relationship, three sudies reported a sgnificant
association with shoulder flexion or abduction
greater than 60 degrees [Bjdle et d. 1981,
Kilbom and Persson 1987; Ohlsson et al.
1995]. Among the studies for which shoulder
tendinitis was the hedth outcome, the largest
ORs were associated with work above
acromion height [Bjdle et d. 1979;



Herberts et d. 1981]. Theseresults are
consgtent with the current models for the
pathophysiology of shoulder tendinitis and
sressful shoulder muscle activities. In none of
these studies does “age,” an important persond
characterigtic associated with shoulder
tendinitis, explain the pogtive results. Most of
the studies controlled for a variety of
confounders, such as occupational sports
activitiesin their andyses. In summary, thereis
evidence that repeated or sustained shoulder
abduction or flexion is associated with shoulder
tendinitis, and the evidence is stronger for highly
repetitive, forceful work.

VIBRATION

Three of the studies evauated exposure to low-
frequency vibration found in industrid settings
(Table 3-4, Figure 3-4). Because of the small
number of sudies, the full outline used for the
sections on repetition, force, and posture will
not be repeated here. The study by Stenlund et
d. [1992] is summarized in the section on
force. Vibration exposure occurred in one of
the three job categories. rock blaster. The
expaosure outcome, lifetime exposure to
vibration expressed in hours, was determined
from aweghted summary of the number of
self-reported hours using specific tools.
However, because the rock blaster job
category was a0 the only one where workers
performed heavy lifts severd times per day, the
authors concluded that, “vibration exposure is
indivisble from gaic load and heavy lifting in
the present data” When both cumulative lifting
exposure and cumulative vibration exposure
were included in the same multivariate mode of
an asociation with acromioclavicular
osteoarthross, the OR for lifting and right- side
ogtecarthross remained significant

while the weeker ORs for vibration became
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non-ggnificant.

In the study by Stenlund et d. [1993], the same
population of bricklayers, rock blasters, and
foremen described in Stenlund et a. [1992]
were evaluated to determine whether signs of
tendinitis or muscle atachment inflammation in
the shoulders were related to lifetime work
load, years of manua work, lifetime exposure
to vibration, or job title. The case definition for
“dgns of shoulder tendinitis’ was pronounced
(i.e., grade 3 out of 3) pain upon palpation of
the muscle attachment or pronounced pain in
response to isometric contraction of any of the
rotator cuff muscles or the biceps muscle. The
case definition of “dinicd entity of tendinitis’
was “dggns of shoulder tendinitis’ plusthe
subject’ s report of shoulder pain during the past
year. Using multivariate models that included
age and hours spent in arm intensive sports
activities, a 9gnificant association with
cumuletive vibration exposure was found when
it was tested in isolation from the other
exposure variables. For “clinica entity of
tendinitis’ the OR for the left Sde was 1.86
(95% Cl 1.00-3.44) and the OR for the right
side was 2.49 (95% CI 1.06-5.87).

For “dgns of shoulder tendinitis’ the OR

for the left sde was 1.66 (95% Cl 1.06-2.61)
and the OR for the right Sde

was 1.84 (95% Cl 1.10-3.07). When
cumulative vibration exposure was tested

in the same modd with cumulative lifting load,
sgnificant associations were not found for
ether variable. Severa factors could have
resulted in an underestimation of the strength of
association: (1) bricklayers or rock blasters
with tendinitis may have been more likely to
leave their jobs than foremen, (2) subjects may
have had difficulty recaling exposure
throughout their



lifetimes, (3) the inability to separate exposure
by left and right Sdes. These factors may have
caused nondifferentia misclassfication. Most
important is the authors observation thet
vibration exposure occurred through the used
of hand-held, heavy tools (e.g., jack-hammers)
and thusis intertwined with exposure to a gatic
load on the shoulders (from stabilizing the upper
extremity while using the tool) aswell as being
associated with the heavy lifting tasks
performed by rock blasters.

In across-sectiona study by Burdorf and
Mongter [1991], riveters and control subjects
in an aircraft company were investigated for
vibration exposure and sdf-reported symptoms
of pain or giffnessin the shoulder. Riveters
were exposed to hand-arm vibration from
working with hand drills, riveting hammers,
bucking bars, and grinders. Controls were
manua workers selected from the machine
shop, maintenance, and welding departmentsin
the same factory. In order to focus on the effect
of vibration done, awak-through survey was
performed to confirm that there were “no
griking differencesin dynamic and gatic joint
loads during normal working activities.”
Participation was 76% among riveters and 64%
among controls. An andysis of non-
respondents reveded that controls with health
complaints were more likely to have
participated than those without, while riveters
with hedth complaints were less likely to have
participated. The heath outcome, determined
by a sdf-administered questionnaire, was
shoulder pain or stiffness occurring for at least a
few hours during the prior year. Only subjects
who reported having no symptoms before
garting their present work wereincluded in
logigtic regresson analyses. The vibration
transmitted by hand-tools was measured and
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weighted according to Internationd Standards
Organization (ISO) standards. Tool vibration
profiles and time-work studies of riveters and
controls were used to determine daily vibration
exposure for each group. For riveters, on the
bass of daily tool operating time, the equivaent
frequency-weighted acceleration for a period of
4 hourswas 2.8 m s . For controls, it was 1.0
m s 2. Using amultiple logistic regression
modd that included age, there was aweak
association between shoulder symptoms and
the number of yearsriveting (0.05# p<0.10).
When the age-adjusted ORs for riveters
compared to controls were plotted by the
duration (in years, from 0 to 20) of riveting, the
dope for shoulder symptoms was very gradud,
with ORs ranging from 1.0 to 2.0. While the
results of the andysis of non-respondents
described above suggest that the strength of
association may have been underestimated, the
reported associations are wesk and it is
unlikely that the response bias would have
resulted in alarge increase in the magnitude of
association.

There is insufficient evidence for an association
between shoulder tendinitis

and exposure to segmenta vibration. In

four separate evauations, dratified by “sgns of
tendinitis’ (pogtive physica examination
findings), “dinicd entity

of tendinitis’ (3gns plus symptoms), left and
right Sde, Stenlund et d. [1993]

found an association between shoulder
tendinitis and vibration exposure to segmentad
vibration; the range of ORs
was from (OR for right sSde 1.66, 95% ClI
1.06-2.61) (OR for left side 1.84, 95% Cl
1.10-3.07). However, work with vibration
exposure aso placed alarge, static load on



shoulder muscles so that the effects of forceful
shoulder muscle exertions could not be
separated from vibration.

ROLE OF CONFOUNDERS

Shoulder MSDs are mulltifactorid in origin and
may be associated with both occupationd and
non-occupationa factors. The relative
contributions of these covariates may be
specific to particular disorders. For example,
the confounders for non-specific shoulder pain
may differ from those for shoulder tendinitis.
Two of the most important confounders or
effect modifiers for shoulder tendinitis are age
and sport activities. Most of the shoulder
studies congdered the effects of agein their
anaysis. Some studies considered sport
activities[Baron et d. 1991; Stenlund et d.
1993; Jonsson et a. 1988; Kilbom et dl.
1986]. Some studies dso used multivariate
methods to Smultaneoudy adjust for severd
confounders or effect modifiers. For example,
Ohlsson et d. [1995] found that for
shoulder/neck diagnoses, repetitive work was
the strongest predictor 4.6 (95%

Cl 1.9-12); age, muscle tension, and
dressiworry tendency were aso sgnificant
predictors. It is unlikely that the mgority of the
positive associations between physica
exposures and shoulder M SDs are due to the
effects of non-work confounders.

CONCLUSIONS

There are over 20 epidemiologic sudies that
have examined workplace factors and their
relaionship to shoulders (MSDs). These
studies generaly compared workersin jobs
with higher levels of exposure to workers with
lower levels of exposure, following observation
or measurement of job

characterigtics. Using epidemiologic criteriato
examine these studies, and taking into account
issues of confounding, bias, and strengths and
limitations of the studies, we conclude the
fallowing:

Thereis evidence for a postive association
between highly repetitive work and shoulder
MSDs. The evidence has important limitations.
Only three studies specificaly addressed the
health outcome of shoulder tendinitis and these
sudies investigated combined exposure to
repetition with awkward shoulder postures or
datic shoulder loads. The other six sudieswith
ggnificant pogtive associations dedt primarily
with symptoms. Thereisinsufficient evidence
for apositive association between force and
shoulder MSDs based on currently available
epidemiologic sudies. Thereis epidemiologic
evidence for arelationship between repested
or sustained shoulder postures with grester than
60 degrees of flexion or abduction and shoulder
MSDs. Thereis evidence for both shoulder
tendinitis and nonspecific shoulder pain. The
evidence for specific shoulder posturesis
strongest where there is combined exposure to
severd physcd factorslike holding atool while
working overhead. The strength of association
was positive and consstent in the Six studies
that used diagnosed cases of shoulder tendinitis,
or acombination of symptoms and physica
findings consstent with tendinitis, as the hedth
outcome. Only one [Schibye et d. 1995] of the
thirteen sudies falled to find a postive
association with exposure and a specific
shoulder disorder or symptoms of a shoulder
disorder.



Thisis conggtent with the evidence thet is found Thereisinsufficient evidence for a podtive

in the biomechanicd, physologicd, and association between vibration and shoulder
psychosocid literature. MSDs based on currently available
epidemiologic studies.
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Table 3-1. Epidemiologic criteria used to examine studies of shoulder MSDs associated with repetition

Investigator

Risk indicator blinded to case
(OR, PRR, IR, Participatio Physical and/or Basis for assessing
Study (first author and or p-value)’, n rate $70% examinatio exposure shoulder
year) n status exposure to repetition

Met all four criteria:

Chiang 1993 161 Yes Yes Yes Observation or measurements

Kilbom 1986, 1987 NRT¥ Yes Yes Yes Observation or measurements

Ohlsson 1994 35t Yes Yes Yes Observation or measurements

Ohlsson 1995 5.07 Yes Yes Yes Observation or measurements
Met at least one criterion:

Bjelle 1981 NRT NR Yes Yes Observation or measurements

English 1995 2.31.8 Yes Yes Yes Job titles or self-reports

Sakakibara 1995 1.7t Yes Yes NR Job titles or self-reports
Met none of the criteria:

Ohlsson 1989 34T NR No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on repetition alone (i.e., repetition plus force, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

FNot reported.

§Repeated shoulder rotation with elevated arm.
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Figure 3-1. Risk Indicator for "Repetition" and
Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)

Chiang 1993* |  H—] |

Sakakibara 1995 Ft o

English 1995**

Ohlsson 1989 | , |

Ohlsson 1994* |———{

Ohlsson 1995* | }

* Studies which met all four criteria.
**Risk indicator reported without confidence limits.
Note: Two studies indicated statistically significant associations without reporting odds ratios. See Table 3-1.




Table 3-2. Epidemiologic criteria used to examine studies of shoulder MSDs associated with force

Investigator

Risk indicator blinded to
(OR, PRR, IR or Participatio Physical case and/or Basis for assessing
Study (first author and p-value)*vJr n rate $70% examination exposure shoulder exposure to
year) status force
Met all four criteria:
Chiang 1993 1.8t Yes Yes Yes Observation or measurements
Met at least one criterion:
Andersen 1993a 1.38-10.25T Yes No Yes Job titles or self-reports
Herberts 1981, 1984 15-18T NR¥ Yes NR Job titles or self-reports
Stenlund 1992 2.2-4.07 Yes Yes Yes Job titles or self-reports
Wells 1983 571 Yes No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on force alone (i.e., force plus repetition, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance.

Not reported.
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Figure 3-2. Risk Indicator for "Force" and

Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)

Chiang 1993~

Andersen 1993a ‘-,——‘ .5 S 5

3 n o
< Steniund 1992 | I I : ,
Wells 1983 j l ,’
Herberts 1984
I 1 ! T l 1 I ] ] ll 1 T 1 | l
0 5 10 15

* Studies which met all four criteria.




Table 3-3. Epidemiologic criteria used to examine studies of shoulder MSDs associated with posture

Investigator

Risk blinded to
indicator Participatio Physical case and/or Basis for assessing
Study (first author and (OR,PRR, IR, n rate $70% examination exposure shoulder
year) or status exposure to posture
p-value)*t
Met all four criteria:
Jonsson 1988 NRT# Yes Yes Yes Observation or measurements
Kilbom 1986, 1987 NRT Yes Yes Yes Observation or measurements
Ohlsson 1994 35T Yes Yes Yes Observation or measurements
Ohlsson 1995 5.0f Yes Yes Yes Observation or measurements
Met at least one criterion:
Baron 1991 3.9t No Yes Yes Observation or measurements
Bjelle 1979 10.6T NR Yes No Observation or measurements
Bjelle 1981 NRT NR Yes Yes Observation or measurements
English 1995 2318 Yes Yes Yes Job titles or self-reports
Herberts 1981 8.3 NR Yes NR Job titles or self-reports
Hoekstra 1994 5.1 Yes No Yes Job titles or self-reports
Milerad 1990 241 Yes No NR Job titles or self-reports
Sakakibara 1995 NRY Yes Yes NR Observation or measurements
Schibye 1995 NR Yes No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on posture alone (i.e., posture plus force, repetition,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

TIndicates statistical significance. If combined with NR, a significant association was reported without a numerical value.
¥Not reported.
§Repeated shoulder rotation with elevated arm (p< 0.05 level, most of study used 0.01 level).

3-31



(A543

Figure 3-3. Risk Indicator for "Posture" and
Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)

English 1995* | l
Milerad 1990 }——I——{
Ohlsson 1994* | i |
Ohlsson 1995* | i |

Hoekstra 1994

Herberts 1981 - i (432)
Baron 1991 i I —
Bjelle 1979 } ; , 1 (54.9)
] i { ) l ¥ I ] ¥ i L4 I { |} l !
0 5 10 15 20

* Studies which met all four criteria.
**Risk indicator reported without confidence limits.
Note: Four studies indicated statistically significant associations without reporting odds ratios. See Table 3-3.



Table 3-4. Epidemiologic criteria used to examine studies of shoulder MSDs associated with vibration

Investigator

Risk blinded to case
indicator Participatio Physical and/or Basis for assessing
Study (first author and (OR,PRR, IR, n rate $70% examination exposure shoulder exposure to
year) or p-value)*t status vibration
Met at least one criterion:
Burdorf 1991 15 No No NR¥ Observation or measurements
Stenlund 1992 2.2-3a1 Yes Yes Yes Self-reports, weight of tools
Stenlund 1993 1.7-1.8T Yes Yes Yes Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on vibration alone (i.e., vibration plus force, posture,
or repetition). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance.
¥Not reported.
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Figure 3-4. Risk Indicator for "Vibration" and

Shoulder Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)

Steniund 1993 l—i——-{ s ! |

Stenlund 1992 — l {

Burdorf 1991*

0 5 10 15

* Risk indicator reported without confidence limits.
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Table 3-5. Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Andersen  Cross- 424 female sewing Outcome: Case of chronic Shoulder pain: Participation rate: 78.2%.
and sectional machine operators shoulder pain was defined as Sewing
Gaardboe (SMO), compared to continuous pain lasting for a machine Examiners blinded to case status.
1993a 781 females from the month or more after beginning operators,
general population of the work and pain for at least 25.2% 8.5% 3.21 1.68-7.39  Respondents excluded if had
region and internal 30 days within the past year. previous trauma to neck, shoulder,
referent group of Years of or arms or had inflammatory disease
89 females from the Exposure: Categorization broken exposure: at time of response.
garment industry. down according to current 0-7=12.3% 1.56 0.76-3.75
occupational status by job title. ORs adjusted for age, having
Classification into exposure 8-15=33.7% 4.28 2.14-10.0  children, not doing exercise,
groups based on author’s socioeconomic status, smoking, and
experiences as occupational >15=57.1% 7.27 3.82-16.3  current neck/shoulder exposure.

health physicians and involved
crude assessment of exposure
level and exposure
repetitiveness. High exposure
jobs were those involving high
repetition/high force or high
repetition/low force or medium
repetition/high force. Medium
exposure jobs were those
involving medium repetition/low
force and low repetition and high
force. Low exposure jobs were
low repetition/low force.

For the analysis, “length of
employment as a sewing
machine operator” was
considered the variable of
interest, the rest were
confounders.
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Age-matched exposure groups and
controls.

Presented study as “general survey
of health in the garment industry” to
minimize information bias.

(Continued)



Table 3-5 (Continued).

Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments

Andersen  Cross- From a historical cohort Outcome: Measured by health Rotator cuff Participation rate: 78.2%; logistic
and sectional of 424 sewing machine interview and exam of the neck, syndrome: regression limited to a combined
Gaardboe operators, 120 were shoulder and arm. Case of neck/shoulder case definition.
1993b randomly selected and  chronic pain was defined as Number of Controls: 1 Chi sq for

82 exposed workers continuous pain lasting for a workers by trend=9.51, Age-matched exposure groups and

were categorized by month or more after beginning exposure time p<0.01 controls.

number of years of work and pain for at least in years:

employment: 0 to 30 days within the past year. 0-7: 1, Examiners blinded to control/subject

7 years, 8to 15 years  Physical examination: Restricted 8-15: 6; status.

and greater than 15 movements in the cervical spine  >15: 11

years. These were
compared to a referent
group of 25 auxiliary
nurses and home
helpers. A total of 107
subjects participated.

and either palpatory tenderness
in cervical segments or
irradiating pain or tingling at
maximum movements or positive
foraminal test.

Exposure: Exposure
categorization broken down
according to current
occupational status by job title.
Classification into exposure
groups based on author’s
experiences as occupational
health physicians and involved
crude assessment of exposure
level and exposure
repetitiveness. High exposure
jobs: Involved high
repetition/high force or high
repetition/low force or medium
repetition/high force. Medium
exposure jobs involved medium
repetition/low force and low
repetition and high force. Low
exposure jobs were low
repetition/low force.
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Controlled for age, having children,
not doing leisure exercise, smoking,
socioeconomic status.

Poor correlation between
degenerative X-ray neck changes
and cervical syndrome.

Most frequent diagnosis among

study group was “cervicobrachial
fibromyalgia” significant for test of
trend with exposure time in years.

Chronic neck pain vs. palpatory
findings: Sensitivity: 0.85;
Specificity: 0.93.

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Baron etal. Cross- 124 Grocery checkers Outcome: Based on symptom Checkers: Other Checkers vs. Participation rate: 85% checkers; 55%
1991 sectional using laser scanners (119 guestionnaire and physical exam. 15% grocery others: non-checkers in field study.
females, 5 males) (1) Rotator cuff syndrome—pain workers: OR=3.9 1.4-11.0 Following telephone survey 91%
compared tok157 ?éréer Witlh resist(%t)j S'bdu'thon or deltoid Check 7% Check checkers and 85% non-checkers.
grocery workers palpation icipital eckers eckers ; ; <
females, 101 males). tendinitis—pain on Yergason's using using Eégm:?setzlﬁ)sllnded to worker's job and
Excluded 18 workers in maneuver. Case defined as scanners: scanners vs. :
meat, fish, and deli having positive symptoms in 34% others: Logistic regression model adjusted for
departments, workers shoulder and a positive physical OR=8.6 1.0-72.2 duration of work. No difference in
under 18, and pregnant exam of a particular body part. groups between age, gender, and
workers. Symptoms must have begun after Checkers ~ Other Checkers hobbies so that these were not
em _oyrrrlwent at the_sgplermacr'ket EZ ﬁr Igfos/m groiery <E;;2" vs. controlled for.
and in'the current job; lasted one  height: 6 workers  other grocery
week or occurred once a month 5'2" or workers Number of hr worked/week as a
during the past year; and where less in <52" ?glg?ggrtgtgﬁgﬂfc?élg’jggr'ggﬁsn%’r
there was no history of acute height: OR=2.1 0.7-6.9 :
injury to body part in question. 13% workers checking >25-hr/ /fweek

Exposure: Job category and
estimates of repetitive and
average and peak forces based
on observed and videotaped
postures, weight of scanned
items, and subjective assessment
of exertion.
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€0R=3.5, p<0.05)
OR estimated from figure).

Total repetitions/hr ranged from 1,432
to 1,782 for right hand and 882 to
1,260 for left hand.

Average forces were low and peak
forces medium.

Multiple awkward postures recorded
for upper extremities among cashiers.

No statistical significance associated
between duration of employment as a
checker and shoulder MSDs.
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Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Bergenudd Cross- 574 of 830 survey ) Outcome: Based on symptom Prevalence o Participation rate: 69%. )
etal. 1988 sectional respondents participated in  survey: Occurrence of shoulder of ] Unknown whether examiners blinded
a health exam. pain lasting $24 hr during the last occupational to case status.
month and physical exam (joint workload in Analysis stratified by gender.

In 1983, 1,070 residents of
Malmo, Sweden,
responded to questions on
shoulder pain in a health
survey as part of a
longitudinal study begun in
1,938 of 1,542 residents.

motion, tenderness on palpation
of supraspinatus, biceps,
tendons and acromioclavicular
joint).

Exposure: Based on job
classification; classified as: Light
phgsical demands (white collar)
=275; Moderate physical
demands (nurses, light

industry)=237; Heavy (blue collar,

e.g., carpenters, bricklayers)=50.

subjects with
shoulder pain

Heavy work:
11%

Moderate
work: 49%

Light work:
40%
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Only 9% of workers included in study
were in the Heavy Physical Demands
Jobs category, compared to 49% in
Light category and 42% in moderate
category. Only 1% of females were
in Heavy Physical Demand
Jobs category.
Sick leave due to shoulder pain was
restricted to males in jobs with
moderate or heavy physical demands
(p<0.05) (data not shown in article).
At one year follow-up, 61 (77%) of 79
subjects with shoulder pain re-
examined. 35 had continued shoulder

ain.

isclassification of work categories a
possibility: Likelél no observation of job
tasks performed..
No differences in overall physical
demands of jobs among subjects with
shoulder pain compared to those
without shoulder pain, but females
with signs of supraspi-natus tendinitis
more often had jobs with physical
demands.
Authors state that shoulder pain may
be related to intelligence in males in
this study; “more talented” males had
less shoulder joint symptoms. We
question author’s conclusions.
Females showed significant
association with shoulder pain and
dissatis-faction. No association with
relation to family or friends or level of
life success. Author states both
groups of females rated their life
success low, and subjects with
shoulder pain did not rate level of
success differently.

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Bernard Cross- Of a total population of Outcome: Health data and 17% (case) ) Female: Participation rate: 93%.
etal. 1994  sectional 3,000 workers in the psychosocial information were OR=2.2 1.5-3.3
editorial, circulation, collected using a self- 3% (case Examiners blinded to case and
classified advertising, and administered questionnaire. with daily Perceived exposure status.
accounting departments, Definition: Presence of pain, pain) lack of
1,050 were randomly numbness, tingling, aching, decision For calculation of the ORs of the
selected for study and stiffness or burning in the making psychosocial scales, the responses
973 participated; shoulder occurring $once a participation: were divided into quartiles, then the
894 responded to the month or 7 days continuously OR=1.6 1.2-2.1  75th percentile was compared to 25th
shoulder questions. within the past year, reported as percentile.
moderately severe. The symptom Years at the
Cases fulfilling shoulder must have begun during the newspaper: Model adjusted for race, age, gender,
definition compared to non-  current job. Workers with OR=14 1.2-1.8 height, psychosocial factors, medical
cases. previous injuries to the relevant conditions.
area were excluded. Perceived
increased job Age, height, hr typing away from
Exposure: Based on observation pressure: work, other medical conditions were
of work activity involving OR=15 1.0-2.2 not found to be significant.

keyboard work, work pace,
posture, during a typical day of a
sample of 40 workers with
symptoms and 40 workers
without symptoms. Exposure to
work organization and
psychosocial factors based on
questionnaire responses.
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In a sub-analysis of jobs with
comparable number of males and
females, there were no significant
factors related to shoulder MSDs.

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Bjelle etal. Case- 17 cases of shoulder Outcome: Cases were non- With work at  With work Participation rate: Not reported.
1979 control tendinitis from a population  responsive to analgesics, non- or above at or
of male industrial workers steroidal anti-inflammatory shoulders: above Matched for age, gender and
who were patients at an agents, physiotherapy, and 65% shoulders: workshop.
occupational health center.  outcome measured by exam. 15% 10.6 2.3-54.9

These 17 were chosen
from 20 consecutive male
patients from 6 industries
and had been suffering
from pain over a period of
>3 months in one or both
shoulders.

34 non-cases were
matched for age and
workshop.

Case defined as shoulder pain
lasting >3 months with no
resolution post-treatment.

Exposure: Defined as work with

hands at or above shoulder level.

3 classes work performed: (A)
with hands below shoulder or
acromion height, (B) at or above
acromion 3 to 8 times/day (<1/hr
plus for duration >1 min) (C) $8
times at or above acromion
($1/hr. plus duration >1 min).
Exposure assessed by interview
and physician observation and
knowledge of work.

Electromyographs on 15 cases.

Open muscle biopsies on
11 cases.
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Three of the 20 were diagnosed with
inflammatory rheumatoid diseases not
previously diagnosed, 17 had no
inflammatory rheumatic disease.

Mean age (53 years) of cases
significantly older than other workers
(37.6 years).

Myopathic signs not found on EMG or
muscle biopsies. Muscle enzymes
(creatine phosphokinase and/or
aldolase) were elevated in 6 cases.

Present and previous employment,
physical workload not different
between cases and referents.

Work performed with hands above
acromion height significantly greater
for cases than referents.

2-year follow-up showed that only
8 cases working in the same or less
heavy types of work, 7 of these had
slight shoulder complaints.

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Bjelle etal. Case- 20 workers of industrial Outcome: Physician evaluated all 6 with right ~ No Cases had Participation rate: Not reported.
1981 control plant consecutively seen at ~ patients with acute non-traumatic - shoulder Controls  significantly
health clinic with acute, tsr:‘é’g{ﬂg;%i%lélﬁﬁ'cngfrgsrmd 1 tendinitis: with longer Video analyses were done blinded to
nontraumatic shoulder-neck rheumatology department. Each 46% tendinitis:  duration and case status.
pain. 0% higher

Of these, 13 were not due
to causative disease or
malformation. These

13 were compared to

26 controls, matched on
age, gender and place of
work.

patient had to undergo an
extensive clinical examination,
including local anaesthesia for the
definition of pain location.
Exploratory puncture of the
glenohumeral joint was performed
in patients with tenderness over
the joint.

Exposure: Anthropometric and
Isometric muscle strength were
tested with strain gauge
instruments. Patients asked to

erform their max-mal efforts.

easurements made for the
following contractions: shoulder
elevation at the acromion,
abduction and forward flexion of
the shoulder joints at neutral
position and semipronated. Grip
strength measured by
vigorimeter.

Video recording of arm
movements at work. Shoulder
loads estimated from videos.
Consisted of measuring the
duration and frequency of
shoulder abduction or forward
flexion of >60°.

EMG measurement of shoulder
load during assembly work on 3
patients and 2 healthy volunteers.
Muscular load level determination
made by computer analysis of
myo-electric amplitude.
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frequency of
abduction or
forward
flexion than
controls,
p<0.001.

Cases had
significantly
higher
shoulder
loads than
controls.

Median
number of
sick-leave
days
significantly
different
between
cases and
controls
(p<0.01).

No significant difference between
cases and controls in anthropometry.

Isometric strength test: controls
significantly stronger in 6 of 14 tests
but probably influenced by pain
inhibition in cases.

No significant difference in cycle time
(9 vs. 12 min) between cases and
controls.

The supraspinatus muscle showed a
significant change of the mean power
frequency (p<0.05) towards lower
levels, indicating a fatiguing process
for four of the five investigated
assemblers during work.

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Burdorf and Cross- 194 riveters exposed to Outcome: Standardized Nordic 31% 20% 15 Participation rate: Riveters=76%,

Monster sectional

1991

vibration compared to 194
workers in the same plant
with little or no exposure to
vibration.

questionnaire, pain or stiffness.

Exposure: Employed >12 months,
not exposed to hand/arm
vibration.

Observation, time-work studies,
measurements of vibrating tools.

No shoulder measurements.
Occupational history treated as

dichotomous variable with “1” for
heavy physical work.
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controls=64%.

Examiners blinded to exposure or
case status: Not reported.

Confounders controlled for included
height, weight, and smoking habits.

Age and height significantly different
between groups.

Years of riveting work associated
with pain or stiffness in shoulder
(0.05#p#0.10).

Follow-up of nonrespondants
showed no difference in age or work
experience. Sick leave significantly
different.

(Continued)
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Burt et al. Cross- 836 Newspaper employees  Outcome: Based on symptom Time spent Participation rate: 81%. (Authors
1990 sectional in the Editorial Department questionnaire. Case defined as  typing: 50% 42% o = note that those out on assignment or ill
and selected jobs in the pain, aching, stiffness, burning, or on vacation counted as non-
Advertising, Circulation, numbness or tingling in shoulder  Typing Typing Speed: participants.)
Data Processing, and lasting >1 week or occurring one  Speed:
Finance Departments from  time/month in the past year. Slow: 6% Moderate: 2.6 Number of workers in number of non-
4 company locations, Symptoms must have begunon ~ Moderate: Fast: 4.1 typing jobs not reported.
(460 female and 376 male).  current job; no previous accident 11% 1.1-59
or acute injury to the joint, no Fast: 15% Pre-existing 1.8-9.4 Reporters characterized by high
Cases compared to non- related systemic disease. Arthritis: periodic demands (deadlines)
cases. OR=2.3 although they had high control and job
Exposure: Based on satisfaction.
guestionnaire and job sampling. Dissatisfied 1.2-44
Exposure variables included work with job: Job analysis found significant
time spent typing on computer; OR=2.3 correlation (r=0.56) between reported
typing speed; keyboard type; hr average typing time/day and observed
worked/week; workload; number 1.2-4.3 8 hr period of typing (p<0.0001).

of years worked.
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Length of employment and symptoms
in shoulder not significant.

(Continued)
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Chiang et al. Cross- 207 fish processing Outcome: Shoulder girdle pain as Prevalence  Prevalenc Repetitive Participation rate: Not quantified;
1993 sectional workers, 67 males and defined by Anderson (1984) (the of Physician- e of movement of however, authors stated that “all of

140 females, divided in painful condition of the shoulder  observed Physician- the upper limb the workers who entered the fish

3 groups: with limitation of movement, Disorders: observed (Rep): processing industry before June 1990
which may occur in association Disorders: OR=1.6 1.1-2.5 and were employed there full-time

(1) Low force, low with tension neck or merge with were part of the cohort.” Of the

repetition (comparison pain in the suprascapular or Group Il: 37% Group I: Sustained 232 employees who agreed to

group, n=61); upper dorsal regions). Symptoms (male 31%; 10% forceful participate, 207 met study criteria.
in these regions occurring in last female 39%) (male 9% movement of Examiners blinded to exposure status.

(I1) High force or high 30 days and physical exam female the upper limb (“Workers examined in random

repetition (n=118); findings of $two tender points or  Group |lI: 10%) (force): sequence to prevent observer bias.”)
palpable hardenings which may  50% OR=1.8 1.2-2.5 Workers with hypertension, diabetes,

(1) High force and high either be caused or aggravated  (male 50% history of traumatic injuries to upper

repetition (n=28). by work conditions. female 50%) Rep times limbs, arthritis, collagen disease

force: excluded from study group.

Exposure: Assessed by OR=14 1.0-2.0 Eight plants used in study. Authors
observation and recording of reported “no plant effect".
tasks and biomechanical Age: Case definition based on physician
movements of three workers OR=1.0 0.9-1.1 diagnosis not significantly different
each representing one of 3 study from definition based on symptoms in
groups. Highly repetitive jobs Gender: Groups Il : 37% vs. 44% or Group IlI:
with cycle time k=<30 sec or OR=1.1 0.7-1.7 50% vs. 50%. Group | about 2/3 the

>50% of cycle time performing
the same fundamental cycles.
Hand force estimate from EMG
recordings of forearm flexor
muscles. Classification of
workers into 3 groups according
to the ergonomic risks of the
shoulders and upper limbs: Group
I: Low repetition and low force;
Group Il Low repetition or low
force; Group Il: High repetition
and high force.

prevalence (10% vs. 15%).
Dose-response for physician
observed shoulder girdle pain among
three exposure groups.
Dose-response for physician
observed shoulder girdle pain by
gender in three exposure groups.
Logistic model controlled for age and
gender.

Significant trend found for duration of
employment and exposure group in
workers <12 months, 12 to 60
months, but not in workers employed
>60 months.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
English Case- Cases: n=580; 174 males Outcome: Based on standard Frequency of Per 5 years of Participation rate: 96%.
etal. 1995 control and 406 females with diagnosis for rotator cuff injury;  shoulder age: 1.4 1.2-1.5,
diagnosed soft tissue rupture of the long head of problems p<0.01 Administered questionnaire blinded to
conditions of the upper limb  biceps, shoulder capsulitis, case status.
at 2 orthopedic clinics; symptomatic acromioclavicular Rotator cuff: For elbow
ages 16 to 65 years. arthritis. 8.3% = flexion: 0.4 0.2-0.8, Controlled for age, height, gender,
p<0.01 weight, whether MSD was due to an
Controls: 996 controls; Exposure: Based on self- Rupture of Per hr of total accident, study center.
558 males and 438 females  reported risk factors at work for  long head of daily elbow
attending the same clinics;  musculoskeletal disorders biceps: 0.3% flexion: 1.1 0.9-1.2, Total daily exposure to elbow flexion
diagnosed with conditions concentrating on detailed 1) p<0.01 did not contribute to shoulder injury.
other than diseases of the components of movements and Shoulder
upper limb, cervical or activities at work: awkward capsulitis: Repeated Risks highest for female hairdressers.
thoracic spine; ages 16 to postures, grip types, wrist 3.6% shoulder
65 years. motions, lifting, shoulder 1) rotation with Not “Repetitive” defined as a frequency of
postures, static postures, hand Symptomatic elevated arm: reported >once/min of 14 specific movements.
tool use, and job category. acromiocla- RR=2.3 p<0.05
vicular Sporting activities, hobbies; average
Questionnaire obtained arthritis: Wrist rotation Not hr of driving/week; whether claim for
information on repetitive 0.2% at low rates: reported compensation made were analyzed in
movements of the upper limb: 1) RR=0.18 p<0.05 models.
Shoulder flexion, shoulder
rotation with elevated arm, Wrist rotation Jobs with pinching between thumb
keeping the whole arm raised >1 with and forefinger protective against
min, shoulder rotation with elbow increasing shoulder disorders. May reflect hand
flexed. rates: Not movement and exertion with no
RR=2.02/30  reported shoulder movement or exertion.
reps/min. p<0.05
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Small number of subjects/group limits
power to detect significant
differences.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Flodmark Cross- 58 industrial workers Qutcome: Questionnaire survey  Symptoms in  Symptoms Participation rate: 87%.
and Aase  sectional making ventilation shafts using Nordic questionnaire for past 12 in past 12
1992 (51 males and 7 females) symptoms as to duration during ~ months: 40% months: Aim of the study was to further
compared to symptom last 12 months and during last 23% 2.2 1.4-4.4 investigate relationship between Type

prevalence in 170 blue-
collar workers in Orebro,
Sweden.

Compared workers with
symptoms to those
workers without symptoms
for risk factor analysis.

7 days, effect on work
performance and leisure
activities, and sick leave. Type A
behavior assessed by Bortner
questionnaire.

Exposure: No objective
measurements.
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A behavior and musculoskeletal
symptoms.

The Bortner Score for Type A
behavior significantly higher for those
with shoulder symptoms than those
without.

No difference in headache, tiredness,
sleeping, irritation, lack of
concentration or problems with eyes,
nose, stomach, skin.

Authors suggest that Type A persons
more likely to ignore symptoms to
minimize their potential effect on work
capacity.

(Continued)
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Halesand  Cross- Of 96 female workers Outcome: By questionnaire: Any 43% (low Participation rate: 91%.
Fine 1989  sectional employed in 7 high Period Prevalence: Symptoms in ~ symptom of  exposure
exposure jobs in poultry last 12 months. Case defined as: the shoulder: group) 1.2 0.7-2.0 Examiner blinded to case and
processing, 89 were pain, aching, stiffness, 49% (high exposure status.
compared to 23 of numbness, tingling or burning in ~ exposure
25 female workers in low the shoulder, and symptoms group) Analysis adjusted for age and
exposure jobs. began after employment at the duration of employment.
plant; were not due to a previous Period
injury or trauma to the joint; lasted prevalence Although shoulder MSDs surveyed by
>8 hr; and, occurred 4 or more for shoulder guestionnaire, exposure assessment
times in the past year. case: 19% 4% 3.8 0.6-22.8 was based on hand/wrist exposure,
so that risk for shoulder may not be
Point Prevalence: Determined by  Point accurate.
physical exam of the upper prevalence
extremity using standard for shoulder High exposure departments: Breast
diagnostic criteria case must also case: 7% 4% 0.9 0.1-7.3  trim, thigh debone, leg cut/disjoint,

fulfill symptom definition (listed
above).

Exposure: Observation and
walk-through; jobs categorized
as High exposure and Low
exposure based on estimated
hand force and hand repetition,
not shoulder exposure.
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tender cut, knuckle cut, breast,
knuckle cut, thigh fat trim.

Lower exposure departments: Breast,
thigh, or quality control inspectors.

(Continued)
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Hales etal. Cross- 533 Telecommunication Outcome: Self-administered Rotator cuff Fear of Participation rate: 93%.
1994 sectional workers (416 females and  questionnaire and standard tendinitis: replacement
117 males) in 3 offices, physical examination; case 6% (n=513) by computers: Physician examiner blinded to worker
employed $6 months. defined as: pain, aching, 15 case study.
stiffness, burning, numbness or  Bicipital 1.1-2.0
"Cases" fulfilling shoulder tingling >1 week or >12 times a tendinitis: Number of Logistic analysis adjusted for
WRMSD definition year; no previous traumatic injury less than 1% times arising demographics, work practices, work
compared to non-cases. to the area; occurring after (n=516) from chair: organization, individual factors;
employment on current job within 1.9 1.2-3.2 electronic performance monitoring;
the last year and positive physical Overall DAO keystrokes; Denver DAO
exam: moderate to worst pain shoulder: keystrokes/day.
experienced with positive 6%

physical finding of the
symptomatic joint.

Exposure: Work practices and
work organization assessed by
questionnaire and observation;
number of keystrokes/day.

Physical workstation and postural
measurements obtained but not
used in final analyses.
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ORs for psychosocial variables
represent risk at scores one standard
deviation above mean score
compared to risk at scores one SD
below mean.

Because of readjustments and
changes of workstations during study
period, measurements of VDT
workstations considered unreliable
and excluded from analyses.

Number of hr spent in hobbies and
recreational activities not significant.

Although keystrokes/day was found
to not be significant, data available
was for workers typing an average
of 8 words/min over 8-hr period.

97% of participants used VDT
$6 hr/day, so not enough variance to
evaluate hr of typing.

Over 70 variables analyzed in models
may have multiple comparison bias.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Herberts Cross- 131 male shipyard welders ~ Outcome: Positive answers to Supraspi- Shoulder  Prevalence Participation rate: Not reported.
etal. 1981 sectional with >5 years of work questions about repeated natus Pain rate ratio
experience compared to 57  occurrences of shoulder pain tendinitis Prevalenc (PRR) of Incidence estimated to be 15 to 20% a
male office clerks. All during work; shoulder stiffness ~ (ST) results e from shoulder pain year.
workers participated in the  that affected work and of 23 question- results from
shipyard’s medical program weakness in shoulder that welders naire: guestionnaire, Welders with and without tendinitis
which offered medical affected work or weakness or called back 1.8% welders vs. were age-matched.
exams every 5 years. numbness in arm or hand and for clinical office
participation in a follow up exam. follow-up workers: We question the methods used to
exams: PRR=15.2 2.1-108 approximate the prevalence of
Clinical examination with joint 16 welders (90% CI) shoulder tendinitis. Authors stated
range of motion, active and had PRR from that they took into account the missing
passive and simultaneous pain supraspi- estimated data in the investigation and assumed
analysis, rating of gross power in natus prevalence that the drop-out group did not deviate
flexion, abduction and rotation, tendinitis. (“propor- from the examined group, so they
rating of tenderness to palpation. tionation” of used “proportionation” to obtain the
cases) number of cases of supraspinatus
Exposure: Estimation of workload Shoulder reported in tendinitis cases in the welders for
with assessment of the Pain reports article: calculations of prevalence rate ratios;
workplace into 3 groups very from the PRR=18.3 14.722.1 number of supraspinatus tendinitis
high, high or low. Static loading  question- (90% Cl) cases increased from 16 to 24.
while holding tools; awkward naire: 27%

postures; shoulder level or
overhead work.
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Number of years active welding,
shoulder load, and welding years
showed no significant difference.
However, a sample size of 11
matched pairs may not have enough
power to detect a difference.

Turnover of shipyard welders
mentioned at 33%.

Shoulder tendinitis was not found to
be associated with increasing age.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Herberts Cross- 131 male shipyard welders  Nurse-administered symptom Question- Question- Participation rate: Not reported.
etal. 1984 sectional and 188 plate workers questionnaire: Case defined as naire results, naire
compared to 57 male office  pain, weakness, stiffness in shoulder pain results, Not mentioned whether examiners
clerks. Welders and shoulder excluding effects of the supra- shoulder blinded to case or exposure status.
plateworkers chosen had  originating from neck, plus clinical SpInatus pain of the
>5 years of job experience. exam with tenderness, range of  tendinitis supraspl- Controls were matched for age and
motion gross power measured by typ(le . natus gender.
23 symptomatic welders, dynamometer. Welders: tendinitis _
30 symptomatic plate 21% té/gc_e. PRR=18.3 13&/—2%1 Plateworkers with shoulder pain
workers compared to 18 Exposure: Observation of jobs;  Plate- worlﬁgr' (90% C1) averaged 6 years older than welders
asymptomatic welders and  workers compared by use of job ~ workers: 206  PRR=16.2 10.9-  With shoulder pain.
30 plate workers by clinical title; EMG measurements of 32% ’ 21.5
exam. muscles of shoulder region. Supraspi- (90% CI) EMG analysis using fine monopolar
natus wire electrodes showed that in work
Age-matched pairs: Electromyographic analysis of the tendinitis where the hand was positioned
11 welders; shoulder muscle load completed  results of 23 overhead, the intramuscular pressure
15 plateworkers. on 9 volunteers to study the welders in the supraspinatus muscle had
influence of hand tool mass and ~ called back extremely high pressure levels
arm posture. for clinical compared to pressure levels in other
fe?!g)r}r/wvs-yp skeletal muscles.
tl]deeIders Turnover rate of welders was 30%;
S&n:tlﬂgra' may be explanation for lack of
tendinitis association with duration.
Supraspi- Welding seen as static work;
?at(ljl_s " plateworking dynamic work.
endinitis
results of 30
plate-
workers
called back
for clinical
follow-up
exams: 15
plateworkers
had supra-
spinatus
tendinitis
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments

Hoekstra Cross- 108 of 114 teleservice Outcome: Self administered Center A: o o Participation rate: 95%.

etal. sectional representatives working at  questionnaire. Case defined as 13%

1994 2 Government the presence of pain, numbness, Representatives perceived little
administration centers: A tingling, aching, stiffness or Center B: control over actions of others; little
and B. burning in the shoulder, and no 44% 4.0 1.2-13.1 participation in decision making; little

previous injury; symptoms began freedom to regulate own activities.

after starting the job; lasting >1 Non-optimally

week or occurred once a month  adjusted Perception that workload was high

within the past year; reported as  desk height and variable.

“moderate” or greater on a 5-point work

scale. 5.1 1.7-15.5 Analysis controlled for gender and
Non-optimally location and interactions checked.

Exposure: Observation of work  adjusted

stations, measurement and screen Variables considered in logistic model

evaluation of work station; included location, age, seniority, hr

observation of postures. 3.9 1.4-11.5 spent typing at VDT, hr on the phone,
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3 chair variables, and perceived
adequacy of: (1) chair adjustment,
VDT screen, (2) keyboard adjustment,
VDT screen, (3) desk adjustment; job
control, workload variability.

Center B location had nonadjustable
work stations and mostly
nonadjustable chairs causing elevated
arms, hunched shoulders and other
undesirable postures.

Linear regression also performed on
psychosocial variables in separate
models for health outcomes of job
dissatisfaction and mental and
physical exhaustion (not for shoulder
MSDs).

Did not include non-work-related
variables in analyses.

(Continued)
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Hughes et  Cross- 104 male aluminum smelter ~ Outcome: Symptoms occurring in  14.9% with 1) Model based Participation rate: carbon
al. 1997 sectional workers: 62 carbon the shoulder >once per month or  positive on MSD setters: 65%; crane operators: 56%;
setters, 36 crand lasting longer than 1 week in the  symptoms defined by carbon plant: 33%.
operators, 9 carbon plant previous year, no acute or and physical symptoms
workers. There were 14 traumatic onset; occurrence exam. and physical Examiners blinded to exposure and
workers who were not since working at the plant, no exam health status: Not reported.
from selected jobs and systemic disease. Physical 24% had Age: OR=0.93 0.8-1.0
were excluded. examination: Active, passive, symptoms in Good health: Analysis controlled for age, smoking
and resisted motions, pinch and  the elbow- OR=035  0.1-0.87 Status,sports and/or hobbies.
grip strength, 128 Hz vibration forearm in U -
sensitivity, two-point the previous Low decision Psychosocial data collected
discrimination. Psychosocial week. latitude: individually; physical factors based on
scales from questionnaire based OR=4.0 0.8-19  estimates of each job.
on Theorell and Karasek Job Years of
Stress Questionnaire, and on forearm twist: Job risk factors entered into the model
Work Apgar questionnaire used. OR=46 ’ for hand/wrist included (1) the
3.8-550 number of years of handling >2.7
Exposure: For carbon setters Model based kgs./hand, (2) push/pull, (3) lift/carry,
and crane operators (non- on MSD (4) pinching, (5) wrist
repetitive jobs) and modified job- defined by flexion/extension, 60 ulnar deviation,
surveillance checklist method symptoms and (7) forearm twisting.
was used. Job task analysis Age: OR=0.96
used a formula based on the 0.8-0.98 Health interview included information
relative frequency of occurrence Smoker: about metabolic diseases, acute
of posture during tasks. OR=0.41 0.1-1.4  traumatic injuries, smoking, hobbies.
Low decision o o
latitude: Low participation rate limits
OR=45 1.3-16 interpretation.
High Job
demand:
OR=3.0 0.7-13
Years
forearm twist:
92 7.3-4
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Study . Exposed Referent RR,OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments

Ignatius Cross- 1,917 of 3,248 male postal ~ Outcome: history of symptoms Recurrent Participation rate: 59%

etal. 1993 sectional employees completed an and severity of recurrent joint joint pain:
interviewer-administered pain as defined by Wells et al. 55.1% 38.4% 1.8 1.5-2.2 Severe shoulder pain associated with
guestionnaire; 1,081 were [1983]. age, work experience, bag weight
letter delivery postmen Severe joint and walking time.
compared to 836 other Exposure: work factors related to pain: 12.0% 6.2% 2.2 1.5-3.1

postal workers.

weight of letter bags, distance
walked each day, use of
transporting tools.

Postmen carry/day an average

load of 45 Ibs; walked 4.5 km plus
1,300 steps for 3.7 hr/day.
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Bags usually carried on one shoulder.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Jonsson Prospec- Electronics Workers Outcome: Three separate Severe At 3rd exam Participation rate: 72% of original
etal. 1988 tive (n=69 females) out of initial  physical exams at yearly intervals shoulder during 3rd gr%up ad 3 exams one year apart.

96 workers. (one initially) assessing disorders: year of longi- 0% had 1st and 3rd year exams.
tenderness on palpation, pain or tudinal study: Questionnaire included spare time

(See Kilbom et al. 1986 restriction with active and 22% at 2nd Initially: 38 subjects physical activity, hobbies, perceived

for initial study.) passive movements; symptoms in exam 11% of  reallocated to psychological stress at work, work
previous 12 months with regard subjects  varied tasks satisfaction, number of breaks, rest
to character, frequency, duration, had had improved Pauses. o )
localization, and relation to work shoulder  (16% of these Most of physiologic and ergonomic
or other physical activities. MSDs had severe evaluations conducted only at outset
Analyzed if score on any symptoms of study. _
symptom of $2, on a 4 point initially) Low muscle strength not a risk factor
scale; “severe” symptom score significance for subsequent symptoms.
equals 4. at p<0.05 Relative time spent with shoulder

elevated negatively related to

Exposure: Carried out at outset Those with “remaining healthy” after both 1 and 2
of study: Maximum voluntary After 1 year; 20% with unchanged years.
isometric contraction (MVC) of 24% unchan-  working tasks Muscular strength and endurance not
forearm flexors, shoulder ged deteriorated related to improvement nor remaining
strength, handgrip, heart rate working  further (26%). healthy.
using a bicycle ergometer and conditions At 2nd and 3rd examination, there

rating of perceived exertion.
Videotaping performed for the
analysis of working postures and
movements.

Reallocation tasks:

Non sitting; no inspection of small
details on printed circuit boards;
standing and walking,
occasionally sitting; caretaker
work; surveillance of machinery;
and assembling bigger and
heavier equipment.

was a strong negative relationship
between “remaining healthy” and
satisfaction with colleagues.

Predictors of remaining healthy were
work without elevating the shoulders
and satisfaction with work tasks.

No mention of examiner being blinded
to case status.

Predictors of deterioration were
previously physically heavy jobs, high
productivity (after 1 year), and
previous sick leave.

Predictors of improvement were
reallocation, Ehysical activity in spare
time, and high productivity (after
years).
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Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Kikenetal. Cross- 294 Poultry Processors at Outcome: Period prevalence Plant #1: Participation rate: 98%.
1990 sectional 2 plants. symptom in last 12 months by Any

Plant #1=174 guestionnaire. Case: Pain, symptom for Examiners blinded to case and

Plant #2=120 aching, stiffness, burning, shoulder exposure status.
numbness or tingling in the case: 46% 28% 1.6 0.9-2.9
shoulder, began after employment Analysis stratified for gender and
at the plant; not due to previous  Period age.
accident or injury outside work;  prevalence:
lasted >8 hr and occurred 4 or 13% 3% 4.0 0.6-29  Higher exposure jobs (HE) were
more times in the past year. located in the receiving, evisceration,

Point whole bird grading, cut up and
Point prevalence determined by prevalence deboning departments. Lower
physical exam. Rotator cuff for shoulder exposure jobs (LE) were located in
defined as pain$3ona0to8 case: 3% 0% Indeterminate o the maintenance, sanitation, quality
scale on active and resisted assurance and clerical departments.
shoulder abduction. Case must  Plant #2:
fulfill symptom definition (listed Any 30% of workers involved in a job
above). symptom for rotation program may have influenced
shoulder associations made.
Exposure: Determined by case: 50% 30% 1.7 0.8-3.3
observation; level of exposure Annual turnover rate close to 50% at
was based on exposure to Period plant 1 and 70% at plant 2 making
repetitive and forceful hand prevalence: survivor bias a strong possibility --
motions, not shoulder. 14% 5% 2.8 0.4-19.6 leading to underestimation of
associations.

Exposure measurements Paint
estimated for the hand and prevalence
wrist region and NOT the for shoulder
shoulder area. case: 3% 0% Indeterminate o
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Study . Exposed RR, OR,
Study design Study population Qutcome and exposure workers or PRR 95% CI Comments
Kilbom et al. Cross- 106 of 138 female Outcome: Three separate MSD Logistic Participation rate: 77%.
1986 sectional assemblers in two physical exams at yearly intervals symptoms in Regression
electronic manufacturing (one initially) assessing the shoulder model (all See Jonsson et al. 1988 for follow-up.
companies agreed to tenderness on palpation, pain or  using a four variables
participate; 10 excluded restriction with active and point severity significant at No relation between maximal static
because of symptoms in passive movements; symptoms in scale: the p<0.05 strength and symptoms.
past 12 months. previous 12 months with regard level).
96 underwent medical, to character, frequency, duration, None: 84% Examiner blinded to case status.
physiological, and localization, and relation to work Shorter
ergonomic evaluation. or other physical activities. Slight: 5% stature Questions included spare time
Analyzed if score on any physical activities, hobbies, perceived
(See Jonsson et al. 1988, symptom of $2, on a 4 point Moderate: Years of psychosocial stress at work, work
earlier in this table, for scale; “severe” symptom score 7% employment in satisfaction, number of breaks, rest
follow-up.) equals 4. electronics. pauses.
Severe: 3%
Exposure: Carried out at outset Fewer total 59% had no symptoms or only slight
of study: Maximum voluntary number of ones. There were no cases of
isometric contraction (MVC) of upper arm shoulder tendinitis.
forearm flexors, shoulder flexions/hr.
strength, handgrip, heart rate Age showed a weak positive
using a bicycle ergometer and Greater correlation.
rating of perceived exertion. percentage of
Videotaping during the work cycle Years of employment, productivity,
representative part of working time with muscle strength were not related to
day from rear and side. Upper upper arm symptoms.

arm studied at rest and in 0 to
30E, 30 to 60E, 60 to 90E, in
extension and >90E abduction.
The shoulder recorded as resting
or elevated; also frequency of
changes in posture between
different angular sectors/hr,
duration of postures. Work cycle
time and number of cycles/hr,
time at rest for arm, shoulder,
head.
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abducted 0 to
30E.

There was large inter-worker
variation in working posture and
working techniques.

The authors followed up on the non-
participants and found no significant
differences from participants.

The more dynamic working technique,
the less symptoms.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Kvarnstrom Cross- 112 cases of prolonged Outcome: Shoulder cases Die casting Participation rate: Not reported.
1983b sectional shoulder disorders fulfilled the following: symptoms machine
identified in a workplace of ~ from shoulder was the main operators Examiners not blinded to exposure,
and 11,000 employees. The reason for inability to work, off (involved but selection based on diagnosis of
total number of employees work longer than 4 weeks, heavy work shoulder MSD. )
Case- was approximately half fatigue in one of both shoulders, with repetitive All 112 shoulder disorders occurred in
control factory workers and half pain in shoulder brought on by movements of laborers; none in office workers.

office workers.

Case more than control
study:

Controls chosen at random
from factory workers,
matched for age and
gender.

work and aching at rest were
present, and Clinical examination
demonstrated tenderness of the
shoulder muscles, especially
muscularis trapezius, levator
scapulae, and/or infraspinatus
and/or tenderness at the tendon
insertions of the rotator cuff
muscles.

Muscle strength in shoulder
assessed with regards to four
functions

Exposure: (1) Information
obtained through interview:
organization of work, physical
work load, physical environment,
psychosocial work environment,
social and ethnic conditions,

(2) detailed work history. Factors
0,1, or 2 given to different types
of work depending on the
workload borne by the shoulder.
This factor multiplied by number
of years spent at job, and
products were added, (3) 2
company engineers graded the
degree of monotony and
repetitiveness in each job held by
cases and controls.
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the
shoulders):
RR=5.4

Plastic
workers:
RR=2.2

Spray
painters:
RR=3.7

Surface
treatment
operators:
RR=4.7

Assembly line
workers:
RR=5.2
Ergonomic
experts’
evaluation:
cases had
significantly
more mono-
tonous and
repetitive
work than
controls.

RR for Swedish workers: 0.46; RR for
immigrants: 3.1.

All cases except one were paid piece
rate.

“Young persons significantly less ill
than middled-aged.”

The following questionnaire
responses were significantly different
between cases and controls: Group
piece rate, shift work, heavy work,
monotonous, stressful, detrimental to
health, heavy lifting, and unsuitable
working conditions. 9 cases and 1
control cited poor relationship with
supervisor.

No difference in environmental
condition, job content.

Cases more likely to be married, have
ill spouses, have children at home,
work alternating shifts than controls.
Work history showed no difference
between points for cases and
controls (see exposure column).
Muscle strength bilaterally significantly
lower in cases in four functions.
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Study

Study
design

Study population

Qutcome and exposure

MSD prevalence

95% CI

Comments

McCormack Cross-

etal. 1990

sectional

Manufacturing workers:
packaging or folding
workers (41 males, 328
females); sewing workers
(28 males, 534 females);
boarding workers (19
males, 277 females)
compared to knitting
workers (203 males, 149
females); non-office
workers (204 males, 264
females) compared with
knitting workers

(203 males, 149 females).

These groups were
compared to a referent
group consisting of non-
office workers maintaining
machinery, involved in
transportation, or worked

as cleaners and sweepers.

None of the referent group
used rapid repetitive
movements comparable to
the employees in the other
job categories.

21, 25 and 36 operators
from each group and 25 of
55 auxiliary nurses and
home helpers (controls)
participated in the study.

Qutcome: Questionnaire and
physical examination initially by
nurse screening; if employee
answered affirmative to question
regarding symptoms in upper
extremity and/or had any positive
physical findings, then had
physician examination. The term
"shoulder condition" used to
define abnormalities of shoulder;
consisted of bursitis, bicipital
tendinitis and impingement
syndrome.

Exposure: Based on observation
of job activities; only the boarding
workers had activities requiring
reaching overhead (from
personal communication with first
author).

Exposed Referent RR,OR,
workers group or PRR
Packaging/
folding non-office
workers: workers:
2.7% 2.1% 1.3
Sewing
workers:
2.5% 2.1% 12
Boarding
workers:
2.4% 2.1% 11
Knitting
workers:
1.1% 2.1% 1.3
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0.5-3.8

0.5-2.7

0.4-2.9

0.5-3.1

Participation rate: 91%.

Examiners not blinded to exposure
status (information obtained from
personal communication).

11 Physician examiners; inter-
examiner potential problem
acknowledged by authors.

Questionnaire asked types of jobs,
length of time on job, production rate,
nature and type of upper extremity
complaint and general health history.

Age, sex, race, job category and
years of employment not statistically
significant with "shoulder conditions."

Patients with objective diagnostic
shoulder findings: Of 45 cases
diagnosed: 25 graded as “mild”,

19 graded as “moderate; 1 graded as
severe.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Milerad and Cross- 99 Dentists randomly Outcome: Based on telephone  Male: 36% Participation rate: 99%.
Ekenvall sectional selected from Stockholm questionnaire: Shoulder Female: 67% 15% 2.4 1.0-54
1990 dentist registry who symptoms at any time before the 28% 24 1.5-3.7 Stratified analysis by gender.
practiced $10 years interview "lifetime prevalence." Neck and
compared to Further analyzed according to shoulder: No difference in leisure time
100 pharmacists selected Nordic questionnaire as to 36% exposure, smoking, systemic disease,
from all pharmacists in duration during last 12 months 17% 21 1.3-3.0 exposure to vibration.
Stockholm. and during last 7 days, effecton  Neck and
work performance and leisure shoulder and Symptoms increased with age in
activities, and sick leave. upper arm: female dentists only.
16%
Exposure: Questionnaire 3% 5.4 1.6-17.9 Duration of employment highly

included: (1) abduction of arm,
particularly in sit-down dentistry,
(2) static postures, (3) work
hr/day.
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correlated with age (r=0.84, 0.89).

No relation between symptoms and
duration of employment.

Equal problems dominant and
nondominant sides.
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MSD prevalence

Study . Exposed Referent RR,OR,

Study design Study population Qutcome and exposure workers group 95% CI Comments
Oharaetal. Cross- For cross-sectional study: ~ Outcome: Assessed by standard Shoulder Shoulder Participation rate: for prospective
1976 sectional 399 cash register health inventory and medical stiffness: stiffness : study = 100%.

and Pro- operators compared with examination (used clinical

spective 99 office machine classification according to the Cashiers: Office Participation rate: for cross-sectional
operators and 410 other committee on cervicobrachial 81% Workers: study, not reported.
workers (clerks and disorders of the Japan 72% 1.7 1.0-2.8
saleswomen). All female. Association of Industrial Health, in Unknown whether examiners blinded

Table 3 in the paper). Shoulder Shoulder to case status.
For prospective study: dullness dullness
56 workers employed <7 Periodic physical exam performed and pain: and pain: Interventions did not reduce
months had testing pre- twice a year from 1973. Primary complaints in the shoulder region, but
and post-intervention using  exams performed on 371 Cashiers: Other did improve symptoms in the arms,
guestionnaire and physical  operators. 130 (35%) received 49% workers: hands, fingers, low back, and legs.
exam. detailed exams. 68% 2.0 1.4-2.8 The lack of improvement in the
shoulder region was stated to be due

86 operators, newly hired Exposure: To repetitive to the use of the same narrow check
after interventions, also movements relocating Office stands, unsuitable counter height, and
had evaluation after merchandise across counter and workers: necessity of continuous lifting of the
10 months of working. bagging, involved muscle activity 30% 2.2 1.4-3.5 upper limbs.

of the fingers, hands, and arms;
extreme and sustained postures.

Interventions: (1) a 2-operator
system, 1 working the register,
one packing articles, changing
roles every hr; (2) continuous
operating time <60 min; max.
working hr/day 4.5 hr;

(3) 15- min resting period every
hr; (4) electronic cash registers
with light touch keyboard
substituted for half of previously
used mechanical cash registers.
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Operators hired after the interventions
and then examined after 10 months
had less Grade |, Il , or Ill occupational
cervicobrachial disorders in
examination than those hired before
intervention.

Only 14.5% with >3 years
employment at worksite.

Narrow work space and counter

height not adjusted for height of
worker.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Ohlsson Cross- Electrical equipment and Outcome: Based on Shoulder Participation rate: Not reported.
etal. 1989 sectional automobile assemblers questionnaire: Any shoulder painin
(n=148), former female pain, shoulder pain affecting previous 12 Significant association for shoulder
assembly workers who work ability, and shoulder pain in  months: 55% symptoms and medium and fast pace
quit within 4 years (n=76) the last 7 days. 45% 2.0 1.1-4.0 compared to slow pace but not very
compared to randomly Shoulder fast pace.
sampled females from Exposure: Based on job pain in
general population (n=60). category. previous 7 Significant association with duration
days: 38% of employment (p=0.03), but much
18% 3.4 1.6-7.1 stronger for workers <35 years than
Work in workers >35 years.
auxiliary
previous 12 Significant interaction between age
months: 21% and employment.
10% 24 1.0-5.8 Older females employed for shorter
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periods had more symptoms than
younger ones.
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MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Ohlsson Cross- Exposed Group: 206 of Outcome: Defined by criteria Frozen Participation rate: 83%.
etal. 1994 sectional 247 females working in from questionnaire and physical ~ shoulder: 2% 0 No exposure information available to
13 fish processing plants examination: standard diagnosis _ 05% 41 0.5-37  examiners, however, it was not
participated. of frozen shoulder, r?gt%rsasm- possible to completely blind the
supraspinatus tendinitis, tendinitis: study/referent group status. _
322 females who left infraspinatus tendinitis, bicipital 1505 All activities (trimming of cod, packing
employment in the fish tendinitis acromioclavicular 5% 3.4 1.6-7.2 fish and herring filleting) were found
processing industry inthe  syndrome. Infraspinatus }A(I)Ot;%%ggglsrtﬁ[r)ggtglﬁdwggtpoor
10 years prior to the study. . tlezrljlmltls: movements by standardized
. Exposure: Assessed by 0 3% 47 14.152 ergonomic workplace analysis”
Comparison group: All 208  questionnaire (length of I 0 : T2 (EWA) methods; very few pauses in
females employed in the employment; psychosocial F'C'g.'t?lt'. ) the work cycle; tasks not varied.
same towns as the factors, physical factors) and by 1eor:)/0|n| Is: Sports activities were highly
exposed; 71 were observational methods 4% 2.4 1.1-5.4 associated with shoulder tendinitis
employed in day nurseries;  (Ergonomic Workplace Analysis)  Acromiocla- (OR=4, 9) in multiple logistic
92 in offices; 42 caretakers and NIOSH guidelines for liting.  vicular regression analysis.
of elderly; 3 gardeners. Analyzed 10 items: work site, syndrome: In the control group, prevalences of
general physical activity, lifting, ~ 17% upper limb disorders increased
work postures and movements, 6% 3.1 1.6-6.0 substandtlatlrl1y with age. Among th((aj
; : i exposed, the prevalence remaine
job content, job restrictiveness, almost constant with age.
worker communication, difficulty Excess prevalence for exposed
0; ?r? C|5|onkmakéngt,t re;;eunveness females most pronounced for females
Orthe work, and attentiveness. PERI%]( <45 years. There was a pronounced
. . shoulder dose-response for disorders of the
74 workers videotaped $10 min. disorders: neck or shoulders vs. duration of
from the back and sides. 2.95 2.2-4.0 exposure in the industry. No such
Average counts of two PRR for associations seen in group >45 years.
independent readers for ; Authors explained as perhaps due to
Independ : o suprapi- « 2 .
frequencies, duration and critcal natus, Would bE more Aopurate 1 deseribe it
angles of movement used. glgaaggirg?;rs as “survivor bias.”
P Psychosocial work environment,
tendinitis: 3.03 5 0.46  stress and worry factors, tendencies
PRR for towards muscular tension differed
suprapinatus S|gn|f|c|antly between exposed and
and controls.
infraspinatus
tendinitis
alone: 3.5 2.0-5.9

3-62

(Continued)



Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments

Ohlsson Cross- Industrial Workers Outcome: Measured by physical 50% (n=82) 16% 5.0 2.2-11.0 Participation rate: current workers:

etal. 1995 Sectional  (n=82 females) exposedto  exam and questionnaire. (n=64) 96%; past workers: 86%;
repetitive tasks with short  Frozen shoulder: Limited out- referents: 100%. o
cycles mostly far <30 sec,  ward rotation and abduction. Employment Questionnaire included individual
usually with a flexed neck Infraspinatus, supraspinatus duration: factors, work/environment,
and arms elevated and tendinitis: Local tenderness over <10 years symptoms. . .
abducted intermittently; tender insertion, pain with (n=19): 53% No exposure information available to
68 former workers (mean  resisted abduction. 9.6 2.8-33.0 eé‘g‘;?é?ee{g’cﬁ%w?g’teeﬁ' 'tb""‘;%stﬁgt
employment time 21 years) BICIpItaI tendinitis: Pain with 10to 19 gtudy/referent gproupystatUS
who had left the factory resisted elevation of arm, resisted Years Psychosocial scales assessed:
?huélggug;? Zhgigr\?vgﬁ:g:g flexion of elbow. (n=25): 48% control over one’s work, stimulation,

’ i i : sychological climate, work strain,
were compared to 64 Q;{g nv?/li(t:r? ﬂgﬁ;?;?;l?;ddljg&i' >20 years 4.4 1.5-13.0 PelYowshi% at work and social network
referents with no repetitive - (n=38): 50% at work. Age, stress/worry
exposure at their current  and/or outward rotation of arm. tendency, subjective muscular tension
jobs (female residents of a  Exposure: Videotaping and tendency, social network outside of
nearby town currently observation. Analysis of 3.8 1.4-10.0 Work, psychosomatic symptoms.

employed as customer
service, ordering and price
marking in supermarkets,
as office workers (no
constant computer work)
or as kitchen workers.

elevation of the arm: OE, 30E, 60E,
and for abduction 30E, 60E, 90E.
74 workers videotaped $10 min.
from back and sides. Average
counts of two inde-pendent
readers for frequencies, duration,
and critical angles of movement
used.

Repetitive industrial work tasks
divided into 3 groups: (a) fairly
mobile work, (b) assembling or
pressing items, and © sorting,
polishing and packing items
Weekly working time, work
rotation, patterns of breaks,
individual performance rate (piece
rate).

Only exposure readings from
right arm were used.

Muscle strength (maximum
voluntary capacity) measured by
hand dynamometer at elevation,
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Age and employment status (repetitive
vs. referent) controlled for in logistic
model.

For continuous variables, OR are for
75th vs. 25th percentiles.

Videotape analysis revealed
considerable variation in posture even
within groups performing similar
assembling tasks.

Logistic models replacing repetitive
work with videotape variables found
muscular tension tendency and neck
flexion movements significantly
associated with neck/shoulder
diagnoses.

Significant association between time
spent with upper arm abducted >60°
and neck/shoulder diagnoses.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Onishi etal. Cross- Female industrial workers: Outcome: Based on Shoulder Participation rate: Not reported.
1976 sectional 42 reservationists; (1) symptoms of shoulder Tenderness:
95 fluorescent lamp stiffness, dullness, pain, Unknown whether examiners blinded
assemblers; numbness; (2) pressure (<1.5 Reserva- Office to case status.
109 photographic film kv/cn?) measured by strain tionists: workers
rollers; 46 teachers of transducer at which subject felt assemblers: (n=101): Body height, weight skin fold
handicapped children; pain. (3) physical exam: range  70% 48% 11 0.6-1.9 thickness and muscle strength, grip
101 office workers. of motion, tests, nerve strength, obtained.
compression tenderness. Film rollers:
84% 6.0 3.0-12.2 Body height and weight differences
Exposure: Observation of job not significant.
tasks, then job categorization. Teachers:
58% 16 0.7-3.3  Significant difference between body
Reservations; Key 15,000 to fat in reservationists and office
20,000 strokes/day or more on Shoulder workers.
busy days 2 to 3 times/week. Stiffness:
Significant difference in grip strength
Assemblers inspect lamps once  Reservatio- in teachers and nurses compared
every 3.5 to 4.5 sec; all work nists with office workers.
12 hr/day. (N=45):
56.6% 34.7% 25 1.1-5.6 Those with habitual shoulder stiffness
Film rollers wind 1 roll of 35mm had lower threshold of local
film every 2.5to 5secover 7.5  Assemblers tenderness than those without
hr/day. (N=94): stiffness.
66.6% 37 2.0-7.0
Prolonged contraction of No difference between workers with
trapezius noted in 2 film rollers. Film Rollers tenderness threshold above
(N=127): 1.5 Kb/cn? and those below with
Teachers and nurses daily care  59.1% 2.7 1.5-4.9 respectto age, height, weight, skin
of disabled children e.g., lifting. fold thickness, grip strength, upper
Teachers arm abduction strength, back muscle
Office workers: Record keeping, (N=52): strength.
copying, etc. 65.4% 21 0.9-4.6
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Punnett Cross- 162 female garment Outcome: Self-administered Garment Hospital ~ Shoulder Participation rate: 97% (garment
etal. 1985 sectional workers, 85% were questionnaire about pain and workers: employees MSDs in workers), 40% (hospital workers).
employed as sewing standardized physical exam. 19.6% 8.8% Garment
machine operators and workers vs. Analysis stratified for number of
sewing and trimming by Cases defined as the presences Hospital years employed, decade of age,
hand. of persistent shoulder pain employees: native language.
(lasted for most days for one OR=2.2 1.0-4.9
Comparison: 76 of 190 full  month or more within the past Age and length of employment not a
or part-time workers on year); were not associated with Shoulder predictor of risk of shoulder MSDs.
day shift in a hospital who previous injury, and, began after MSDs in
worked as nurses or aids;  first employment in garment Straight stitch Prevalence of pain not associated
lab techs or therapists; manufacturing or hospital workers vs. with years of employment in garment
food service workers. employment. Key questions Hospital workers.
based on the arthritis supplement employees:
Employees typing >4 hr/day  questionnaire of NHANES. OR=3.9 p#0.05 Non-English speakers significantly
excluded from comparison less likely to report pain (RR 0.6
group. Exposure: Self-administered Shoulder p<0.05).
questionnaire; number of years in MSDs in Top
the industry, job category, stitch Native English speakers significantly
previous work history. workers vs. older than non-native English
Hospital speakers (p<0.03).
employees
OR=5.0 p#0.05 Logistic regression model found
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garment work and language

significantly related to shoulder pain.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Rossignol  Cross- 191 computer and data Outcome: Self-administered 0.5to 3 hrof Compari- Up to 3 hr of Participation rate: in six industry
etal. 1987 sectional processing services, public  questionnaire case defined as: VDT use/day son group VDT use groups 67 to 100%.

utilities of Massachusetts
State Department, 28 of
whom did not use a
keyboard with a VDT.

Centers selected at random
from 38 work sites with
>50 employees.

“Almost always experienced”
shoulder pain, stiffness or
soreness or missed work due to
shoulder pain, stiffness or
soreness.

Exposure: Self-reported number
of hr/day working on a keyboard
with a VDT. Subjects selected
after observation of work sites.

(n=31): 35%

4 to 6 hr of
VDT use/day
(n=28): 48%

>7 hr of VDT
use/day
(n=104):
51%
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(withno  compared to
computer 0 hr of use.
use) OR=25 0.7-10.8
(n=28):
18%
410 6 hr of
VDT use
compared to
0 hr of use:
OR=4.0 1.0-16.9

>7 hr of VDT

use compared

to 0 hr of use:

OR=4.8 1.6-17.2

Participation rate: for individual
clerical workers: 94 to 99%.

“Assessed magnitude of confounding
by age, cigarette smoking, industry,
educational VDT training.”

The study was presented as “General
health survey to avoid observation
bias.”
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Sakakibara Cross- 48 Orchard workers Outcome: Shoulder pain Workers Workers  Workers Participation rate: 77%.
etal. 1987 sectional (20 males and 20 females).  described as the presence of thinning bagging thinning pears
stiffness and pain daily. pears apples: vs. workers Stratified by gender.
Compared symptoms after (estimated 21% bagging
completion of thinning of Exposure: Observation of jobs.  from apples: General fatigue, gastric disturbances,
pears, bagging of pears Angles of flexion of the shoulder histograms): OR=2.2 1.2-4.1 appetite loss and headache showed
and bagging of apples on one subject were measured  46% no difference in frequency between
(covering fruit with paper every 25 min. during a whole day tasks.
bags while on the trees). doing each task. Workers
Workers bagging pears Stiffness and pain in shoulders
Internal comparison using Farmers worked approximately 8 bagging vs. bagging significantly higher from thinning and
same study population. hr/day for 10.6 to 13.6 days each pears apples: bagging pears than apples which
year bagging or thinning pears (estimated OR=14 0.7-2.8 authors attributed to working posture
and bagging apples. Median from of elevated arms and neck extension.

shoulder flexion was 110E to
119€ for thinning pears and
bagging pears; 30E bagging
apples.

histograms):

29%
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Exposure data based on
measurement of one worker may not
be generalized to others.

The proportion of workers with >90E
forward shoulder flexion was
significantly higher for thinning out
pears and bagging pears than for
bagging apples.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Sakakibara Cross- Of 65 female Japanese Questionnaire: Stiffness and pain Pear bagging Apple Participation rate: 80%.
etal. 1995 sectional farmers. 52 completed the in shoulder region. Symptoms in bagging

guestionnaire and physical  past 12 months for $one day, or Examiners not blinded to case status

exam in late June for symptoms in past 12 months for ~ Muscle Muscle Workers due to design of study.

bagging pears and late July ~ $8 days. tenderness: tender- bagging pears

for bagging apples. 48.1% ness: with muscle Same population examined two times.
Exam: Muscular tenderness in 28.8% tenderness 2nd exam occurred one month after
shoulder region; maximal grasping vs. apple first. These results used in analyses
power measured by bagging for comparison of two tasks.
dynamometer and back muscle with muscle
power by myosphenometer. tenderness: Stiffness and pain during apple

OR=1.7 1.1-2.9 bagging may have been pain that was
Exposure: Observation of tasks a residual of pear bagging operations.
and measurements of Painin joint  Pain in joint Workers
representative workers (only two motion: motion: bagging pears Number of fruit bagged/day was
workers measured). 23.1% 21.2% with pain in significantly more in pear bagging than
controls  joint motion in apple bagging.
Angle of arm elevation during vs. apple
bagging was measured in one bagging with Exposure measurements only
subject. pain in joint obtained on 2 workers and
motion: generalized to all workers.

Angle of forward flexion of OR=1.1 0.53-2.3

shoulder for bagging pears was
110 to 139°. 75% of angles were
above 90°. For bagging apples
the angle of forward flexion was
0 to 140°; 41% of the angles
were >90°.
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Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments

Schibye et  Pro- Follow-up of 303 sewing Outcome: Cases defined by the  Workers ) ) ) Participation Rate in 1985: 94%.

al. 1995 spective machine operators at nine Nordic questionnaire for who Participation Rate in 1991: 86%.
factories representing symptoms as to duration during  delivered or All participants were female.
different technology levels last 12 months and during last 7 collected
who completed days, effect on work their own 77 of 241 workers still operated a
guestionnaire in 1985. performance and leisure materials: sewing machine in 1991.

activities, and sick leave. 18%

In April 1991, 241 of shoulder 82 workers had another job in 1991.
279 traced workers Exposure: Assessed by symptoms; Among those 35 years or younger,

responded to same
guestionnaire.

questions regarding type of
machine operated, work
organization, workplace design,
units produced/day, and payment
system, time of employment as a
sewing machine operator.

the rest 33%
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77% had left their jobs; among those
above 35 years, 57% had left their
jobs.

20% reported musculoskeletal
symptoms as the reason for leaving
job.

No significant changes in prevalences
among those employed as sewing
machine operators from 1985 to 1991;
significant decrease in those who
changed employment.
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Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Stenlund Cross- 55 of 75 rockblastors, 54 of Outcome: Based on a grading of Bricklayers  Foremen Participation rate: 80%.
etal. 1992 sectional 75 bricklayers randomly acromioclavicular joints of Rt side: P : : :
selected from union shoulders. 59.3% 36.7% 2.2 1.0-4.7 Classification of X-rays achieved with
2 blinding of investigators to age, name
records and 98 of 110 Grade 0 = normal Lt side: or exposure status.
foremen selected from Grade 1 = minimal changes 40.7% 23.4% 1.8 0.8-3.9
foremen employed in large  Grade 2 = moderate changes Study looked at manual work and
construction firms. Grade 3 = severe osteoarthritis ~ Rockblasters Foremen exposure to vibration and relationship
Grade 4 = joint destroyed Rt side: to osteoarthritis in acromioclavicular
61.8% 36.7% 21 0.9-4.6 Jjoint using shoulder x-rays.
Exposure: Based on self- Lt side: Logistic regression models adjusted
reported estlmates_of Io_ads _Ilfted, 56.4% 23.4% 4.0 1.8-9.2 for age, smoking, dexterity, checked
hr of exposure to vibration, job for interactions.
title, and years of employment. Years of i ire included i
The weights of tools also manual work Questionnaire included questions
obtained. >28 years vs. a_l?_out srr?oklng, dexterity, ethnicity,
<10 years C|.|zens ip.
Bricklayers lifted a mean of Rt side: 2.9 1.2-7.4 Risks were elevated as length of
29,439 tonnes; Rockblasters, a Lt side: 2.5 1.0-5.9 employment increased and as
mean of 33,210 tonnes; Foremen, exposure to vibration and amount
a mean of 2,261 tonnes. 10to 28 lifted increased.
years vs. X-ray grades 2 and 3 for analysis.
<10 years - . .
Rt side: 1.1 1.1-4.7 Smoking significantly associated with
Lt side: 2.3 1.0-5.3 osteoarthritis of right shoulder (OR=2,
2.4) but not left side. Significance
Load lifted found, but is it meaningful?
725,000 vs. Left handedness significantly
710 tonnes associated with osteoarthritis of left
Rt side: 3.2 1.1-9.2 side (OR=2.5).
Ltside:10.3 8.1-345 The age adjusted odds ratio for
S osteoarthrosis in the right
\7/|2bsr%t(|)%nh acromioclavicular joint for brick layers
J r and rock blasters as compared with
vs <9001 hr foremen, was 2.16 on the right side
Rt side: 2.2 1.0-46  950CI(1.14-4.09), and was 2.56 95%
Lt side: 3.1 1.4-6.9
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Cl (1.33-4.93).
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Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Stenlund Cross- 55 of 75 rockblasters and Outcome: Based on Bricklayers Foremen Participation rate: 80%.
etal. 1993 sectional 54 of 75 bricklayers questionnaire of previous injuries  Rt. side:
selected randomly from and diseases of musculoskeletal  11.1%; 8.2% 0.4 0.2-1.3  Examiners blinded to exposure status
union records, and 98 of system and previous shoulder Lt. side: or job title.
110 foremen randomly pain, and physical exam. 14.8% 17.1% ) o
selected from foremen Unconditional multiple regression
employed in large Case defined as “Signs of Rockblasters analysis adjusted for age,
construction companies. shoulder tendinitis” as palpable Rt. side: handedness, smoking and sport
pain of the muscle attachmentor  32.7% 8.2% 1.7 0.7-4  activities. In all models left and right
pronounced pain reaction to Lt. side: sides calculated separately.
isometric contraction in any of the 40.0% 17.1% 33 1.2-9.3
4 rotator cuff muscles or biceps Vibration related to shoulder tendinitis
muscles. Clinical Entity although confounded by static loads
Load and lifting.
"Clinical entity of tendinitis” Rt. side: 1.0 0.5-2.2
defined as pain during the last Lt. side: 1.6 0.6-4.1 Interactions tested for.
year, pronounced pain reaction to
palpation or isometric contraction. Vibration The study looked at manual work and
Rt. side: 1.9 1.0-3.4 exposure to vibration and their
Exposure: Based on self- Lt. side: 2.5 1.1-5.9 relationship to signs of tendinitis of the
reported estimates of load lifted, shoulder.
hr of exposure to vibration, job Manual Work
title and years of employment. Rt. side: 0.9 0.5-1.8 Exposure-response found where
Lt. side: 2.3 0.9-6.3 comparison of high vibration exposure
Load defined as 0 to 709 tonnes, compared to low exposure.
710 to 25,999 tonnes, >25,999 Signs of
tonnes vibration defined as hr of Tendinitis
exposure: 0 to 8,999, 9000 to Load
255,199, >255,999 hr to each tool Rt. side: 1.0 0.6-1.8
multiplied by factor corresponding Lt. side: 1.8 0.9-34
to vibration energy. Years of
manual work: 0 to 9, 10 to 28, Vibration
>28 years. Rt. side: 1.7 1.1-2.6
Lt. side: 1.8 1.1-3.1
Manual Work
Rt side: 1.1 0.7-1.8
Lt side: 1.9 1.0-34

371
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Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent RR,OR,
Study design Study population Qutcome and exposure workers group or PRR 95% CI Comments
Sweeney  Cross- 105 of 164 sign language Outcome: Symptom questionnaire Symptom >20 hr Participation rate: 64%.
etal. 1994 sectional interpreters for the deaf, and physical exam: case: 22% signing,
who attended a compared Examiner blinded to exposure status.
professional conference of ~ Symptom case defined as the Symptom to
sign language interpreters.  presence of pain, aching, case with <10 hr/we Generalizability of results to other sign
stiffness, burning, numbness or moderateto ek 25 0.8- 8.2 language interpreters is limited.
tingling in the shoulder lasting severe
$ one week or once/month within  shoulder
the past 12 months; no previous  discomfort:
injury and symptoms occurred 50%
after becoming a sign-language
interpreter. Positive 1) o =
symptom +
Symptom-exam case: Defined as  positive
the presence of symptoms and a exam: 1%

positive exam for the shoulder.

Exposure: Based on
guestionnaire (years of
employment as a sign language
interpreter; numbers of hrs/week
engaged in signing).
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Table 3-5 (Continued). Epidemiologic studies evaluating work-related shoulder musculoskeletal disorders

MSD prevalence

Study . Exposed Referent
Study design Study population Qutcome and exposure workers group Comments
Wells etal. Cross- Of 199 letter carriers, Outcome: Telephone interview All letter Postal Participation rate: 99% among letter
1983 sectional 196 were compared to based on current pain; carriers: clerks: carriers, 92% meter readers, 97%
76 of 79 meter readers and  frequency, severity, interference 18% 5% postal clerks.
127 of 131 postal clerks. with work, etc; score of 20
required to be a case. More Letter Schooling and marital status asked.
points given to neck and shoulder carriers: Postal
problems that interfered with increased clerks: Symptoms alone used for MSD
routine daily activities. weight: 23% 5% definition.
Exposure: Based on job Letter Comparison group (gas meter
category; based on self-reported carriers: readers) used because of similar
information on weight carried, no weight Postal “walking rate” without carrying weight
previous work involving lifting and increase: clerks: compared to letter carriers. Postal
work-related injuries. 13% 5% clerks neither walk nor carry weight.

During analysis, more weight was
given to scoring neck and shoulder
than other body regions. Outcome
influenced results when ranking of
body MSDs, though, would not
influence group comparison.

Adjusted for age, number of years on
the job, quetlet ratio and previous
work experience.

104 letter carriers had bag weight
increased from 25 to 35 Ibs in the
year prior to the study.

Letter carriers with increased bag
weight walked on average 5.24 hr;
those with no change in bag weight
walked 4.83 hr.

Letter bags usually carried on the
shoulder.

3-73



CHAPTER 4
Elbow Musculoskeletal Disorders
(Epicondylitis): Evidence for
Work-Relatedness

SUMMARY

Over 20 epidemiologic studies have examined physical workplace factors and their relationship to
epicondylitis. The majority of studies involved study populations exposed to some combination of work
factors, but among these studies were also those that assessed specific work factors. Each of the studies
examined (those with negative, positive, or equivocal findings) contributed to the overall pool of data to make
our decision on the strength of work-relatedness. Using epidemiologic criteria to examine these studies,
and taking into account issues of confounding, bias, and strengths and limitations of the studies, we
conclude the following:

There is insufficient evidence for support of an association between repetitive work and elbow
musculoskeletal disorders (MSDs) based on currently available epidemiologic data. No studies having
repetitive work as the dominant exposure factor met the four epidemiologic criteria.

There is evidence for the association with forceful work and epicondylitis. Studies that base exposure
assessment on quantitative or semiquantitative data tended to show a stronger relationship for epicondylitis
and force. Eight studies fulfilling at least one criteria showed statistically significant relationships.

There is insufficient evidence to draw conclusions about the relationship of postural factors alone and
epicondylitis at this time.

There is strong evidence for a relationship between exposure to a combination of risk factors (e.g., force
and repetition, force and posture) and epicondylitis. Based on the epidemiologic studies reviewed above,
especially those with some quantitative evaluation of the risk factors, the evidence is clear that an exposure
to a combination of exposures, especially at higher exposure levels (as can be seen in, for example,
meatpacking or construction work) increases risk for epicondylitis. The one prospective study which had a
combination of exposure factors had a particularly high incidence rate (IR=6.7), and illustrated a temporal
relationship between physical exposure factors and epicondylitis.

The strong evidence for a combination of factors is consistent with evidence found in the sports and
biomechanical literature. Studies outside the field of epidemiology also suggest that forceful and repetitive
contraction of the elbow flexors or extensors (which can be caused by flexion and extension of the wrist)
increases the risk of epicondyflitis.

Epidemiologic surveillance data, both nationally and internationally, have consistently reported that the
highest incidence of epicondylitis occurs in occupations and job tasks which are manually intensive and
require high work demands in dynamic environments—for example, in mechanics, butchers, construction
workers, and boilermakers.

Epicondylar tenderness has also been found to be associated with a combination of higher levels of forceful

exertions, repetition, and extreme postures of the elbow. This distinction may not be a true demarcation of
different disease processes, but part of a continuum. Some data indicate that a high
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percentage of individuals with severe elbow pain are not able to do their jobs, and they have a higher rate of
sick leave than individuals with other upper extremity disorders.

INTRODUCTION

Epicondylitisis an uncommon disorder, with the
overd| prevalence in the genera population
reported to be from 1% to 5% [Allender
1974]. There are fewer epidemiologic sudies
addressing workplace risk factors for elbow
MSDs than for other MSDs. Mot of these
studies compare the prevaence of epicondylitis
in workersin jobs known to have highly
repetitive, forceful tasks (such as mesat
processing) to workersin less repetitive,
forceful work (such as office jobs); the mgority
of these studies were not designed to identify
individua workplace risk factors.

The text of this section on epicondylitisis
organized by work-related exposure factor.
The discusson within each factor is organized
according to the criteriafor evaluating evidence
for work-relatedness in epidemiologic studies
using the strength of association, the
consigtency of association, tempora

rel ationships, exposure-response relationship,
and coherence of evidence. Conclusons are
presented with respect to epicondylitis for each
exposure factor. Summary information relevant
to the criteria used to evauate sudy qudity is
presented in Tables 4-1to 4-4. A more
extensve summary (Table 4-5) includes
information on health outcomes, covariates, and
exposure measures. All tables are presented at
the end of this chapter. Not al the articles
summarized in the tables are referenced in this
narrative, but they have been reviewed and
evauated and are included for information.

There are 19 studies referenced in Tables 4-1
through 4-4, 18 cross-sectiond studies and one

cohort. Those studies usng symptom and
physcad examingtion findings to define
epicondylitis used consstent criteria—

amog al sudies using physicd examination for
diagnosis required pain with papation of the
epicondylar areaand pain & the elbow with
resisted movement of the wrist. However,
Sudies using a definition based on symptom
data adone used various criteria, some based on
frequency and duration of symptoms[Burt et
al.1990; Hoekdtra et d. 1994; Fishbein et d.
1988] others based on elbow symptoms
preventing work activities [Ohlsson et d.
1989].

REPETITION

Definition of Repetition for Elbow
MSDs

For our review, we chose studies that
addressed the physicd factor of repetition and
its relation to elbow MSDs, especidly those
studies that focused on epicondylitis. Studies
usualy defined repetition, or repetitive work,
for the elbow as work activities that involved
(1) cydlica flexion and extension of the elbow
or (2) cyclicd pronation, supination, extension,
and flexion of the wrigt that generates loads to
the elbow/forearm region. Mogt of the studies
that examined repetition as arisk factor for
epicondylitis had severa concurrent or
interacting physica work load factors. We
attempted to sdlect those studies in which
repetition was ether the sngle risk factor or the
dominant risk factor based on our review

of the sudy and our knowledge of the
occupation. This method eiminated those



gudiesin which acombination of high levels of
repetition and high levels of force exit, or those
studies which sdlected their exposure groups
based on highly repstitive, forceful work.

Studies Reporting on the Association
of Repetition and Epicondylitis

Seven studies reported results on the
association between repetition and adverse
elbow hedlth outcomes including epicondylitis.
The epidemiologic studies that address
repetitive work and epicondylitis compare
working groups by dassfying them into
categories based on some estimation of
repetitive work, such as percent of time typing
[Burt et d. 1990], number of items per hour
[Ohlsson et &. 1989], or number of hand
manipulations per hour [Baron et a. 1991].
Those studies which may have measured
repetitive work but have exposure to higher
levels of force will be discussed in the * Force”
Section.

Studies Meeting the Four Evaluation
Criteria

None of the studies (see Table 4-1 and Figure
4-1) reviewed for the elbow summary section
met dl four evauation criteriaoutlined in the
Introduction Section.

Studies Meeting at Least One of the Criteria
The sudies will be summarized in aphabetica

order asthey appear in
Table 4-1.

Andersen and Gaardboe [1993a] used a cross-
sectiond design to compare sewing machine
operators with arandom sample of women
from the generd population of the same region.
Elbow pain, not epicondylitis, was the MSD of
interest in thisstudy. A case of dbow pain was

based on sdf-reported symptoms lasting more
than 1 month since garting career, or pain for
more than 30 days. Exposure was based on the
authors experiences as occupationa hedlth
physicians and involved crude assessment of
exposure level and exposure repetitiveness.
Analysis dedlt with exposure as * duration of
expaosure as a sewing machine operator”.
Statigtical modeling controlled for age, having
children, not doing leisure exercise, smoking,
and socioeconomic status. For this study, the
exposure classfication scheme does not alow
separation of the effects of repetition from those
of force, dthough repetition may be amore
obvious exposure.

Baron et a. [1991] explored epicondylitis
among grocery store workers, comparing the
prevaence among grocery store cashiersto
that among non-cashiers and identified work
risk factors while controlling for covariates.
Detailed ergonomic assessment of grocery
checking and cashiering was completed usng
both on-site observationa techniques and
videotaped andyses. The mgority of cashiers
were categorized as having “medium” levels of
repetition for the hand (defined in this study as
making 1250 to 2500 hand movements per
hour). Repetitive movements were not
recorded directly for the elbow; however, the
number of hand movements serve asan
gpproximation for elbow repetitions. Age,
hobbies, second jobs, systemic disease, and
height were considered as covariatesin the
multivariate andlyses. The diagnosis of
epicondylitis required standard physical
examination techniques of papation and
ressted extenson and flexion of the elbow.

Burt et d. [1990] studied 834 employees using
computers a a metropolitan newspaper, using a



sef-administered questionnaire for case
ascertainment. Exposure assessment was based
on sHf-reported typing time and observation of
employees job tasks, then categorization by
jobtitle. A separatejob andysisusng a
checklist and observationd techniques was
carried out for validating questionnaire
exposure data. Workers fulfilling the case
definition for ebow/forearm pain were
compared to those who did not fulfill the case
definition. Prevalence of cases was associated
with percent of time typing and typing Soeed.
Logigtic regression controlled for age, gender,
metabolic disorders, and job satisfaction.

Automobile assembly line workers were
compared to arandomly selected group from
the generd population in the study by Bystrom
et a. [1995]. A case of epicondylitis required
symptoms and physica examination. “Job title’
was used as a surrogate for exposure in the
anayss. No assessment of repetition or
repetitive work was completed specificdly for
the elbow.

McCormack et a. [1990] had arandomly
selected population of 2,261 textile workers
from over 8,000 eigible workers. Workers
were andyzed by job category, after
observation of jobs. Epicondylitis case
ascertainment was by clinical exam. Of the 37
cases of epicondylitisidentified, 13 were
categorized as mild, 22 were moderate, and 2
were severe. Eleven examiners may have
introduced an interexaminer reliability problem.
Age, gender, race, and years of employment
were anayzed as confounders.

Ohlsson et al. [1989] studied eectrical
equipment and automobile assemblers, former

assembly workers and compared these two
groups to a random sample from the generd
population. A case of elbow pain was based on
guestionnaire responses, exposure was based
on job categorization aswell as questionnaire
responses. Repetitive exposure was based on a
self-reported frequency of task items
completed per hour (work pace). Results
showed no association with work pace and
elbow symptoms, and no association between
length of employment and ebow symptoms.

Punnett et a. [1985] compared neck/shoul der
MSDs based on symptom reporting donein
162 women garment workers and 76 women
hospital workers such as nurses, laboratory
technicians, and laundry workers. Therewas a
low participation rate among the hospita
workers. Eighty-sx percent of the garment
workers were sewing machine operators and
finishers (sewing and trimming by hand). The
sewing machine operators were described as
using highly reptitive, low force wrigt and
finger motions, while the finishers had shoulder
and elbow motions as well. The exposed
garment workers likely had more repetitive
jobs than most of the hospital workers.

Strength of Association—Repetition
and Elbow MSDs

No studies met the four criteriato discuss
srength of association.

Strength of Association—Studies Not

Meeting the Four Criteria

For the other studies not fulfilling al the criteria,
the oddsratio (OR) reported in the

Baron et d. [1991] study for epicondylitis
overdl was 2.3, but thiswas not Setigticaly
sgnificant.



Anderson and Gaardboe [19934] used years
employed as a sewing machine operator asa
surrogate for exposure and found no sgnificant
association with epicondylitis.

None of the other studies that looked at
epicondylitis among working groups carried out
independent exposure assessment of workers
or representative workers that focused on the
elbow.

Burt et d. [1990] found a gatisticaly significant
OR of 2.8 for elbow/forearm symptomsin
newspaper employees who reported typing
80%—-100% of their working day compared to
those typing 0%—20%. (Typing hours has been
used as a surrogate of both repetition and
duration of exposure.)

Likewise, Punnett et d. [1985] found a
sgnificant prevaence rate ratio (PRR=2.4) of
persstent ebow symptoms among garment
workers performing repetitive, forceful work
compared to hospital workers. Analysis by job
title showed that underpressers, whose jobs
consisted of ironing by hand, had a PRR of 6.0.
Among dtitchers (sewing machine operators),
the sgnificant PRR for the task of setting linings
was 7.7. When standardized to the age
digtribution of the hospital workers, the rate
ratio did not change.

McCormack et a. [1990] and Ohlsson et d.
[1989] based exposure on job title and found
No association between repetitive work and
epicondylitis, with non-significant ORs between
0.5and 2.8.

Temporal Relationship—Repetition
and Epicondylitis
There were no prospective sudieswhich

addressed repetition as a physical factor done;
al the studies were cross-sectiond, so a
tempora relationship cannot be established.
However, some cross-sectional studies alow
usto infer causdlity by use of restrictive case
definitions. Studies by the Nationd Ingtitute for
Occupationa Safety and Hedlth (NIOSH)
investigators [Burt et a. 1990; Baron et dl.
1991] excluded from andys's those workers
who reported symptoms experienced prior to
their present job and those with acute injury to
the elbow not related to the job.

Consistency in Association for
Repetition and Epicondylitis

The studies were not consstent in showing an
association between repetitive work and
epicondylitis. In terms of srength of
association, there were no studies that had
datigticaly ggnificant ORs greater than 3.0,
four studies had ORs between 1.0 and 3.0, that
were datigticaly sgnificant; and two Sudies
had nonggnificant ORs lessthan 1.0.

Coherence of Evidence for Repetition

The evidence for epicondylitisin the
biomechanical and sports literature does not
address repetition alone, but has consistent
evidence with a combination of forceful
exertion, awkward or extreme postures, and
repetitive movements. Please refer to the
discussion under Coherence of Evidence for
Force.



Exposure-Response Relationship for
Repetition

In Baron et a.’s[1991] study, therewas a
dose-response relationship for the elbow for
the number of hours per week working asa
checker, with ORs up to around 3.0, but not
for the duration of employment (the average
length of employment was 8 years).

Conclusions Regarding Repetition

There isinsufficient evidence for support of an
association between repetitive work and
elbow MSDs based on currently available
epidemiologic data. There were no studies that
met the four criteria. Of the 7 sudies examining
repetitive work, no studies found ORs above
3.0, 5 studies found ORs from 1-3, and 2
gudies found an OR less than one.

FORCE

Definition of Force for EIbow MSDs

For our review, we included studies that
examined force or forceful work or heavy loads
to the elbow, or described exposure as
Strenuous work involving the forearm extensors
or flexors, which could generate loads to the
elbow/forearm region. Mos of the sudies that
examined force or forceful work as arisk factor
for epicondylitis had severa concurrent or
interacting physica workload factors.

Studies Reporting on the Association
of Force and Epicondylitis

Thirteen studies reported results on the
association between force and adverse elbow
hedlth outcomes, including epicondylitis. The
epidemiologic sudies that addressed forceful
work and epicondylitis compared working
groups by classfying them into broad

categories based on an estimated amount of
resistance or force of exertion and a
combination of estimated rate of repetition
(e.g., Viikari-duntura et a. [1991b]; Kurppa et
a. [1991]; Chiang et a. [1993]) or in terms of
overal ebow stress [Dimberg 1987; Ritz
1995].

Studies Meeting the Four Evaluation
Criteria

Of the studies examining epicondylitis and
forceful exertion, three sudies[Chiang et 4.
1993; Luopgéarvi et a. 1979; Moore and Garg
199] fulfilled dl four criteria Mogt of these
sudies used combinations of risk factorsin their
andyss, of which forceful exertion was one.

Chiang et d. [1993] assessed exposure though
observationa methods, recording of tasks and
biomechanica movements of representative
workers. With these methods, they categorized
fish processing workers into three exposure
groups according to the ergonomic risksto the
shoulders and upper limbs: (1) those with low
force and low repetition (the comparison
group), (2) those with high force or high
repetition, and (3) those with both high force
and high repetition. The diagnosis of
epicondylitis included standard physica
examination techniques of papation and
resisted extenson and flexion of the elbow.
Examination-defined cases were about one-haf
the number of cases defined by symptom aone.
The analyss was dratified by gender, and those
with metabolic diseases associated with MSDs
were excluded. There was no sgnificant
difference in age between the comparison
groups. Multivariate andysis was not carried
out for the bow in this study.



Luopgéarvi et d. [1979] determined MSDs
differences between femde assembly line
workers and shop assistants in a department
gtore (cashiers were excluded from the
comparison group). Exposure assessment
involved on-gte observation, video anayss and
interviews. The assembly work was found to be
repetitive, with up to 25,000 cycles per
workday involving hand and finger motions.
Specific cycles were not recorded for elbow
motions, however, motions involving the hands
and fingers involve tendons and muscles from
the flexors and extensors that have thair origin
a the dbow. Static muscle loading of the
forearm muscles, deviations of the wrigt, and
lifting were dso found. The diagnosis of
epicondylitis included standard physica
examination techniques of papation and
resisted extenson and flexion of the elbow.
Subjects with previous trauma, arthritis, and
other pathol ogies associated with MSDs were
excluded. All participants were femae.
Covariates consdered in the andyss included
age, socia background, hobbies, and the
amount of housawork performed. Duration of
employment was not an issue because the
factory had only been open ashort time.

Moore and Garg [1994)] carried out amedica
records review using an epicondylitis case
definition based on symptoms and physica
examination and a semi-quantitative ergonomic
assessment of 32 jobs at a meetpacking plant.
The authors used their “ Strain Index” to
categorize jobs as “hazardous’ or “safe’ based
on anumber of factors. observation, video
anaysis, and judgements based on force,
repetition, posture, and grasp. Force was

estimated as percent of maxima strength by
comparing the reported weight of the pertinent
object with estimated average maxima strength
of the worker for different types of pinches and
grasps, then categorized into five levels.

These values were derived from population-
based data stratified according to age, gender,
and hand dominance. Repetition was recorded
as cycletime and exertions per minute. The
exposure assessment in this sudy gave more
weight to the factor of “force’ than to repetition
or posture (the force variable could increase to
ahigher categorization levd if the job was
repetitive, involved jerky motions, or extreme
postures). Work histories, demographics, and
pre-existing morbidity data were not collected
on each participant. The diagnosis of
epicondylitis extracted from the medica
records included standard physical examination
techniques of papation and ressted extenson
and flexion of the elbow. Analyses were based
on “full-time equivdents’ for jobs, not individud
workers. Thisandysis did not control for
potentia confounders, there was adight
preponderance of morbidity of al MSDs
among femdes

Studies Meeting at Least One Criteria

The Andersen and Gaardboe study [19934],
which did not carry out ergonomic assessment
pertaining to the ebow, found a non-sgnificant
associ ation between repetitive, forceful work
and symptoms or physical findings consstent
with epicondylitis. In the Andersen and
Gaardboe study [19933a], the exposed group
congisted of sewing machine operators.

Baron et a.’s[1991] measure of force was
based on estimated assessment of exertion by



experienced ergonomists through observation
of tasks and video analysis, aswell as weight of
scanned items. Average forces for the grocery
checkers were categorized as “low” and peak
forces “medium” on athree-tiered scae (“low,
medium, and high”).

Bystrom et d.’s[1995] study of automobile
assembly workers is reviewed in the Repetition
section.

Dimberg's sudies [1987] fulfilled three of the
criteriabut did not mention if examiners were
blinded to exposure status. In the 1987 study,
exposure was assessed by observational
methods, jobs were categorized according to
the amount of elbow stressin a particular job,
but no individual measurements were made,
Numerica results from the logigtic regresson
modd were not given in the paper, dthough
employee category (blue collar versus white
collar), gender, and degree of elbow stress
were said not to be sgnificant predictors of
having any one of the three types of
epicondylitis. The author dassified epicondylitis
into three types: leisure-related, no known
cause, and work-related groups based on
history. When the author specificaly looked at
“work-related” epicondylitis (criteriafor such
designation was not given) with repect to
elbow gress, he found a significant trend with
increasing levels of elbow dress.

The exposure assessment approach was
different for the 1989 study by Dimberg et d.
In the 1987 study by Dimberg, the exposure
classfication scheme was focused principaly
on the ebow and identified jobs with heavy
elbow-gtraining work. In the 1989 study, the
author focused on multiple hedth outcomesin
the upper extremity and used an exposure
classfication scheme that was more broadly

focused on the gress to the hand/wrist, ebow,
and shoulder aress.

One study by Kurppaet d. [1991] was
prospective. Here, workers in mesat processing
were categorized into strenuous and
nonstrenuous jobs based on repetitive and
forceful work. The strenuous tasks for the
megtcutters conssted of cutting approximately
1,200 kg of ved or 3,000 kg of pork per day;
the nongtrenuous tasks conssted primarily of
office work. Workers had to have a physician
vidt and diagnosisin order to be consdered a
case—a redrictive definition requiring
ggnificant enough symptoms to seek out
medical care.

Twenty-five percent of cases were diagnosed
by physicians outside the plant, so examination
techniques may not have been the same as
those for the other 75%. The nonstrenuous
group was Smilar to the sirenuous group with
regards to age, gender, and duration of
employment, except for the smal number of
male sausage makers and mae
meatpackers—these were excluded from
cdculation of individud IRs

Punnett et d.’s[1985] study of garment
workersis reviewed in the Repetition section.

Ritz [1995] did not mention the participation
rate in their sudy of welders and pipefitters but
fulfilled the other three criteria. Workers
studied were likely to be a representative
sample, however, since al mae employees
who were taking their

annud examinations during a three month



period were enrolled in the study. The multiple
logistic model andysis consdered age and a
variety of confounding factors. Among these
public gas and water work employees, the
welders and pipefitters who ingtaled and
repaired pipes were considered to have high
exposure.

Roto and Kivi [1984] based their exposure on
job title done, but fulfilled the other three
criteria. They compared meatcutters who had
forceful, repetitive work to congtruction
workers who had more varied tasks. The
authors dratified the analysis by age and found
the mgority of casesin the older age groups.
They aso found that the mestcutters with
epicondylitis had been exposed, on the
average, five years longer than the other
mestcutters. All the mestcutters had more than
15 yearsin their current occupation, which the
authors attributed to support of the work-

rel atedness of the condition, athough increasing
age may have been a confounder or effect
modifier.

Viikari-Juntura et a. [1991b] studied subjects
at the same mesat processing plant as Kurppa et
a. [1991] using 3 cross-sectiona examinations
covering a period of 31 months. The same
exposure assessment scheme used in the
Kurppaet d. [1991] study mentioned above
was used comparing workersin strenuous and
nonstrenuous work. This study compared the
prevalence of dl cases of epicondylitis; cases
dueto injury or known non-occupationa
causes were not excluded. The diagnosis of
epicondylitis included standard physica
examination techniques of papation and
resisted extension and flexion of the ebow; the
authors stated that pal pation pressure increased
on the second of the three cross-sectiona

examinations and may have influenced resulits.
The investigators stated the comparison group
was selected Smilar to the sudy group in
gender, age, and duration of employment.

In conclusion, for the sudies with less than our
four criteria, four are supportive [Kurppa et d.
1991; Ritz 1995; Dimberg 1987; and Roto and
Kivi 1984], two are non-supportive [ Dimberg
et al. 1989; Bystrom et d. 1995], and oneis
not very informative [Andersen and Gaardboe
19934]. The results from the postive studies
are unlikely to be due to confounding or
selection bias. Overdl, these studies provide
limited support for the association of forceful
repetitive work and epicondylitis.

Strength of Association—Force and
Epicondylitis

Chiang et d. [1993] did not find an association
between hand-intensive work (categorized
based on forceful exertion and repetition) and
epicondylitis when andlyzing dl workers at Sx
fish processing plants. However, in examining
the highest level of exposure (we caculated the
odd ratios for men and women separady,
which was not donein the article), we found a
ggnificant difference between mdesin the
highest exposed group (Group [11) and malesin
the lowest exposed group (Group 1) (OR=
6.75) and a non-sgnificant OR of 1.44 for
women. Exposurein Group |11 was based on a
combination of high-force exertion and high
repetition; andyd's of working techniques by
gender was not performed, so the reason for
the difference in the groups by gender is not
known. The Chiang et d. [1993] study
provides limited support for the association

between high levels of forceful repetitive dbow
work and epicondylitis.



Luopgérvi et d. [1979] found a non-ggnificant
difference overdl in the prevaence of
epicondylitis and pronator teres syndrome (3
versus 11 cases, OR 3.35 [95% confidence
interva (Cl) 0.86-19.1]); for laterdl
epicondylitis only, an OR of 2.73 (95% CI
0.66-15.94). There were five cases of medial
epicondylitis in the assembly workers and none
in the shop assgtants. Theincrease in media
epicondylitis (an indeterminate OR because of
“zerd” casesin the shop assgtants) was
atributed to the difficult gragping movements
involved in the assembly line work. They found
that their female assembly workers tended to
have physicdly light work, but this work
required highly repetitive movements of the
wrists and fingers and static muscle loading of
the forearm muscles.

Using the Strain Index, Moore and Garg
[1994] found a sgnificant relationship between
hazardous jobs (of which force was amagjor
component) and upper extremity MSDs (of
which epicondylitis was an important
component). The results found a sgnificant OR
of 5.5 for a case of epicondylitisto occur in a
hazardous job. When approximating the
classification scheme for low and high force
used by Slvergtein et d. [1987] and then by
Kurppaet d. [1991], Viikari-Juntura et a.
[1991b], and Chiang et d. [1993], the
association between forcefulness and the
overd| upper extremity morbidity in the study
was again satidicaly sgnificant (p<0.02).

The overdl concluson from the three sudies
that met our four criteriaisthat thereis
evidence for association between force

and epicondylitis based on strength of
association.

Strength of Association—Studies Not Meeting
the Four Criteria: Force and
Elbow MSDs

Baron et d. [1991] found an OR of 2.3 for the
combination of factors, but this was not
gatisicaly sgnificant. The authors mention that
ergonomic analyss of the non-checkers
showed that they aso performed work
requiring repetitive motions and awvkward
postures; therefore, the comparison probably
resulted in alower OR than had the referent
group been truly unexposed to the ergonomic
stressors.

Kurppaet d. [1991] found a strong significant
relationship between strenuous jobs and
epicondylitis (IR= 6.7), while Viikari-Juntura et
a. [1991b] did not (OR=0.88, nonsgnificant).
These results may have been influenced by
alowing “cases’ who had recurrence in the
same elbow to be counted as new cases (12
out of 57 employees with epicondylitis had
more than one episode, and were counted
twice). There was amedian of 184 days
between the episodes. In examining this study,
it isimportant to seeif the odds of having
epicondylitiswould be devated if these
workers with recurrences were only counted
once. We recdculated the OR using only
“persons’ and not “single episodes of
epicondylitis’ in order to obtain amore
consayvative estimate. We counted, only once,
the employees with recurrence, aswdll asthe
four employees mentioned with Smultaneous
occurrence in both elbows and subtracted these
from the strenuous job cases. This gave atotd
of 44 cases of epicondylitis among the
strenuous group.

Using this estimate, more redtrictive than that



found in the article, givesan OR of 5.5 (2.4,
12.7) for epicondylitis among the workers with
strenuous jobs versus those with nonstrenuous
jobs. The Kurppa et a. [1991] prospective
Study aso found the IR of epicondylitisin
nonstrenuous jobs to be smilar to Allender's
[1974] population background preva ence rate
(1%) for epicondylitis.

Ritz [1995] found a significant OR for 10 years
of high exposure to elbow straining work: 1.7
for currently held jobs and 2.2 for formerly held
jobs. The significant OR for moderate exposure
in the current job was 1.4 for 10 years of
exposure. This study provides support for the
association of forceful work with epicondylitis.

We calculated odd ratios from datain
Dimberg's[1987] study and found an OR for
moderate stress versus none or light elbow
dress of 2.9, and for heavy versus none or light
stress of 7.4. Heavy dtressin the elbows was
assigned to job titles like blagter, driller, or
grinder. The mgor limitation of this analyss of
the work-related casesisthat it did not
congder age, alikdy confounder. Overdl, this
study provides support for the association
between forceful work and epicondylitis,
particularly in older workers.

The 1989 Dimberg et d. study was not
supportive of an association between latera
epicondylitis and forceful repetitive work, but
was pogtive for “mental stressat work” at the
onset of symptoms for laterd epicondylitis
(p<0.001). Asaresult of the specific elbow
exposure assessment, we bdieve that with
regardsto stressful or

forceful ebow exertions that the 1987 study is
more informative.
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The study conducted by Roto and Kivi [1984]
found an OR of 6.4 (95% CI 0.99-40.9) using
an exposure assessment based on job title
aone (meatcutters were assumed to have more
forceful jobs than congtruction workers). Only
one referent had epicondylitis.

In the paper by Viikari-duntura et al. [1991b],
the cases of epicondylitis not listed asinsdious
al involved forceful, repetitive tasks (dthough
some of these tasks were not related to work).
Prevaences of “epicondylar pain” and “sick
leave due to epicondylar pain” were
sgnificantly different between the two groups
(OR 1.9 and 2.1). There was no sgnificant
difference in the prevaence of epicondylitis
(combined work and non-work related)
between workers in strenuous versus
nonstrenuous jobs (OR=0.88). In 95 women
sausage makers, there were four cases with
ingdious onset, while among 160 women
referents there were two cases, one with
ingdious onset, the other related to an
“exceptiond task of cutting cheese” The
resulting OR was 6.9 (95% CI 0.74-171). This
study aso found that rates of “epicondylar
pan”’ and “sck leave due to epicondylar pain”
differed sgnificantly between the two groups
(OR 1.9 and 2.1, respectively). Rates of
medicaly diagnosed cases of epicondylitis were
not setigticaly different between the two
groups, but the results for epicondylar pain
(causng Sck leave in the two groups), and the
fact that the mgjority of casesin both groups
were due to events involving strenuous,
repetitive tasks, give some support to forceful,
repetitive work as

acause.

Bystrom et al. [1995] noted that the low
frequency could not be attributed to selected



subjects being absent, as al persons on leave
participated in the investigation. The authors
also0 Sated that “ exposure to repetitiveness and
force in automobile assembly line work may be
less than in other investigated work Stuations.”
Because the authors did not give quantitative or
qualitative information on the forcefulness or
repetitiveness of jobs included in the study
group, it is difficult to know whether these jobs
were gppropriate to use to study epicondylitis.

Temporal Relationship: Force and
Epicondylitis

See tempord relationship above in Repetition
and Epicondylitis.

Consistency of Association

The studies that met the four criteriawere fairly
congstent in their srength of association
between force and epicondylitis, with most
ORs between 2.5 and 7.0. Focusing on those
studies that compared workers exposed to
force that was documented to be at ahigh leve,
to those exposed to alow level, al studies
[Chiang et al. 1993; Kurppaet al. 1991,
Moore and Garg 1994] were consistent.

Of those 10 studies that examined force but did
not fulfill the four criteria, two studies had a
ggnificant OR greater than 3.0, three Sudies
had sgnificant ORs between 1.0 and 3.0, one
had a nonsignificant OR between 1.0 and 3.0,
and two had an OR less than 1.0. Two had
datidicaly sgnificant findings but did not report
ORs. Mot of these studies examined workers
in repetitive, forceful job tasks and did not

separate out

the independent effect of repetition through any
andytic method.
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Viikari-duntura et d.’s[1991b] study did not
exclude workers with elbow symptoms or
physicd findings that were due to acute injury
not related to the job, which may account for
the contragting result. In fact, in that study, four
workers with acute non-work-related
epicondylitis in the nonsirenuous group were
noted in the journd article. Another
congderation for inconsstency is due to
grouping of sudies, which may al fulfill good
epidemiologic criteria, may dl examine the
same risk factor, but may compare groups that
do not have smilar contragting leves of
exposure. For example, the Chiang et dl.
[1993] study found Satigticaly sgnificant
resultsin men when comparing high forcefhigh
repetition jobs to low force/low repetition jobs.
Baron et a. [1991], on the other hand,
compared checkersin low force, medium
repetition jobs to noncheckersin low force, low
repetition jobs.

Two factors explain the difficulty in determining
the reasons for the gpparent inconsistencies
among the studies on forceful and repetitive
work. Firgt, very few of the exposure
assessments were quantitative—this isdue to
exiging limitationsin directly measuring
exposure in detal in mogt fidld sudies. Asa
result, thereislikely to be frequent non-
differentid misclassfication of exposure.
Second, most of the studies completed have
been cross-sectional, and therefore subject to
survivor bias.

As an example, Chiang et a. [1993] found that
epicondylitis was Sgnificantly associated with
increasing repetitiveness and

forcefulness among fish processors employed
less than 12 months. For those working for 12



to 60 months, a smilar trend was found, but a
reverse trend was found in those workers
employed for over 60 months. The authors
stated that because most of the workers were
semi-skilled, they were likely to leave their job
if they fdt frequent muscle pain because of it.
They went further to say that the selection
mechanism may explain the lack of sgnificant
associations between the disorders and the
duration of employment. There was no
indication that the authors pursued this
hypothesis by trying to identify former workers
who may have left. Turnover rate was not
discussed. This example highlights two
important factors concerning the cross-
sectiond studies examining work-related
epicondylitis thereis some evidence that older
workers may be at higher risk of epicondylitis
[Dimberg 1987; Ritz 1995], and thereisdso a
“aurvivor” effect, which resultsin the loss to the
study of affected workers. These two factors
make the interpretation of duration of disease
relaionships complex and may affect the
estimate of the risk of disease.

There were studies that used more accurate
exposure assessment or had comparison
groups with marked differencesin levels of
exposure to forceful and repetitive work that
were pogitive, such asthe Kurppaet a. [1991]
study of meatcutters, sausage makers, and
packers, Moore and Garg's [1994] study of
pork processors, Dimberg's [1987] study of
blagters, drillers, grinders, and othersin an
engineering indudtry; Ritz' s[1995] study of
pipefitters and weldersin a public utility; and
Roto and Kivi’s[1984] study of meatcutters.
There were studies with these characteristics
that were negative, such as the Viikari-Jduntura
et d. [1991b] study of mesatcutters, sausage
makers, and packers, and the study by
Dimberg et d. [1989] of blue- and white-collar
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workersin the automobile industry. In both of
these studies, those cases of epicondylitis listed
in the comparison groups were due to highly
repetitive, forceful activities. Thelack of a
ggnificant difference in the prevaence of the
disorder between the two groups may be
because the referent, “low” exposure groups
had a higher incidence of non-work-related
latera epicondylitis,

Coherence of Evidence

The epidemiologic results of finding the mgority
of cases occurring in highly repetitive, forceful
work [Moore and Garg 1994; Chiang et dl.
1993; Kurppaet al. 1991; Kopf et al.1988]
are consastent with the evidence from
biomechanica and physologic findings, as well
as from sports medicine literature and older
medical clinical case series. In cases of latera
epicondylitis occurring in workplaces as well as
in gports, the forearm extensors are repetitively
contracted and produce aforce that is
trangmitted via the musclesto their origin on the
laterd epicondyle. These repetitive contractions
produce chronic overload of the bone-tendon
junction, which in turn leads to changes a this
junction. The most common hypothesisis that
microruptures occur at the attachment of the
muscle to bone (usudly & the origin of the
extensor carpi radidis brevis muscle), which
causes inflammation. Pefina et d. [1991] did
not agree with the microrupture theory; they
theorized that overuse leads to avascularization
of the affected muscle origin, which leads to
oversimulation of the free nerve endings and
resultsin aseptic inflammation. Further
repetition of the offending movements causes
angiofibroblastic hyperplasa of the origin.
Nirschl [1975] stated that the degree of
angiofibroblastic hyperplasais corrdated to the
duration and severity of symptoms. On



histologic andyss of severe cases of
epicondylitis, one can see the characterigtic
invasion of fibroblasts and vascular tissue, the
typica picture of angiofibroblagtic hyperplasa.

Prior to many of the epidemiologic studies,
there were numerous reports in the medica
literature of clinical case seriesthat suggest a
relaionship between epicondylitis and
repetitive, forceful work. For example, as early
as 1936 Cyriax reported that with regard to
patients with lateral epicondylitis, “those
patients who remember no specia overexertion
will be found to be working a screwing, lifting,
hammering, ironing, etc., or to be vialinigs,
surgeons, masseurs, etc.” Cyriax had
designated a*“ Chronic Occupationd” variety of
tennis elbow, in which he stated that “ often no
history of an injury is obtainable, but the
patient's occupation at once provides the clue.”
He cited “work which entails repested
pronation and supination movements with
elbow dmogt fully extended” to be responsible
for epicondylitis [Cyriax 1936]. Feldman et d.
[1987] reported that occupations with work
tasks requiring repeated pronation and
internal/externa rotation of the forearm are at
high risk of pronator teres syndrome
(compression of the median nerve asiit courses
through the pronator teres musclein the
forearm). A number of case series have
reported smilar findings [Hartz et d. 1981,
Morris and Peters 1976].

Sinclair [1965] reported 2 case series of
patients with tennis elbow (laterd epicondylitis),
44 patients treated between 1959-1961 and 38
patients treated between 1961-1963. In the
first group of 267, the 130 (48%) whose onset
occurred spontaneousy had occupations that
included gripping tools with consequent
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forearm extensor muscle contraction and
repetitive supination/ pronation of the forearm.
In the second group of 26, the 23 (88%) who
had spontaneous onset worked in jobs with
constant gripping or repetitive movements.

Many case sudies of professond athletes have
documented that forceful, repeated dorsflexion,
pronation, and supination movements with the
elbow extended can cause epicondylitis.
[Ollivierre et a. 1995; Priest et d. 1977; King
et a. 1969]. Most cases have occurred in
basebdl pitchers and tennis players.
Occupations involving movements described
above have aso been found to have increases
in rates of elbow MSDs. This literature has a'so
referred to increased occurrence in occupations
requiring force, awkward postures, and
repetitive use of the elbow and forearm
[Lapidus and Guidotti 1970; Mintz and Fraga
1973; Berkeley 1985]. These reports, though
mainly case series, have lead to further studies
that examined the links between exposure and

epicondylitis.

An example of an early occupationa study is
one by Mintz and Fraga [1973], who found
that foundry workers (with an average of 14
years of employment) who used tongs requiring
twigting and bending of the elbows/forearms for
eight hours per day had decreased elbow
flexion and extenson and

pain on physicd examination, aswell as severe
radiographicaly documented osteoarthritis
localized to the elbows. In the studies that are
reviewed in Tables 4-1

through 4-4, the occupations with the highest
rates of epicondylitis, such as drillers, packers,
mesgtcutters, and pipefitters, are consstent with
the force-repetition mode of the causation of



epicondylitis. The development of epicondylitis
in these workers is consistent with proposed
biologica mechanismsand is plausble.

The lack of elbow MSDs and work factorsin
some of the studies with occupations like
sewing workers [McCormack et a. 1990] or
automobile assembly line workers [Bystrom et
a. 1995], most likely reflects the interplay of
two factors. The movement of affected workers
out of high exposure jobs limits the ability of
cross-sectiona studiesto accurately determine
associations between work factors and
epicondylitis. Our ability to accurately identify
working conditions with an elevated risk for
epicondylitis may require an exposure
assessment of each job to adegree that has
been beyond the limits of current
epidemiologicd methods. As areault,
misclassfication of exposure may be common.
Overdl, the mgority of the epidemiologic
studies are supportive of the hypothesis of an
increase risk of epicondylitis for occupations
that involve forceful and repetitive work,
frequent extenson, flexion, supintion, and
pronation of the hand and the forearm. The
surveillance data are so supportive of this
hypothesis [Roto and Kivi 1984; Washington
State Department of Labor and Industry 1996).
The highest rdative risks for epicondylitisin
Finland were with mechanics, butchers, food
industry workers,

and packers, the highest indudtriesin
Washington State for 1987-1995 [Silverstein et
d. In Press| were congtruction workers, megt
deders, and foundry workers—all occupations
with repetitive, forceful work involving the arms
and hands and requiring pronation and
supination.

Evidence of a Dose-Response
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Relationship for Force

The Baron et d. [1991] study is mentioned
above in the Repetition Section as showing a
dose-response relationship for number of hours
of work per week. Chiang et d. [1993] found
that among men the prevaence of epicondylitis
increased with increasing force and repetition in
fish processors. In severd studies, only
dichotomous divisions were made, 0
conclusions concerning an exposure-response
relationship cannot be drawn. However, we
can see sgnificantly contrasting rates of elbow
MSDs between high- and low-exposure
groups. Moore and Garg [1994] found a higher
risk in workers with high-strain jobs compared
to those with low-gtrain jobs. Kurppaet d.
[1991] found higher risk in workers with
strenuous jobs compared to those with
nonstrenuous jobs, and that femae sausage
makers had an increase in epicondylar
tenderness with increasing duration of
employment. While Dimberg [1987] found no
difference in epicondylitis between blue- and
white-collar workers, he found that workers
with elbow pain severe enough to require a
physician consult were sgnificantly more often
in those jobs identified independently as having
high ebow stress. Dimberg aso found a
datidicaly sgnificant correlation coefficient for
laterd epicondylitis and time spent in the
present job. Luopgarvi et a. [1979] found a
higher rate of epicondylitis and pronator teres
syndromesin a

high-exposure group of assembly line packers
compared to the referent group of shop
assgtants. Overdl, these studies provide
consderable evidence for a

differencein level of risk for epicondylitis when
there are marked differencesin the levd of
exposure to forceful and repetitive tasks.



Ritz [1995] reported a positive dose-response
relationship between duration of exposure to
gas and waterworks jobs regarded as
moderately and highly stressful to the elbow
and epicondylitis. Roto and Kivi [1984]
reported that al workers with epicondylitisin
their meat-packing facility worked for more
than 15 yearsin the strenuous job category and
had been exposed an average of 5 years longer
than non-diseased workers. Kopf et a. [1988]
reported that in their sudy of brick layers, with
increasing levels of job demands (defined as
ether heavy physica work, awkward working
postures, repetitive movements, or restriction in
standing postion), the OR increased from 1.8
to 3.4. These studies, with less clear contrasts
in exposure, provide support for the exposure-
response relationship between epicondylitis and
forceful, repetitive work.

POSTURE

Definition of Postures for
Elbow MSDs

We chose to include those studies that
addressed posture or examined workersin
those activities or occupations that require
repeated pronation and supination, flexior/
extenson of thewrig, @ther Sngly or in
combination with extenson and flexion of the
elbow.

Studies Reporting on the Association
of Posture and Epicondylitis

The six studies in Table 4-3 addressed posture
variables. Of these, only the studies by Moore
and Garg [1994] and Luopgjarvi et d. [1979]
fulfilled dl four criteria The details of these
studies are discussed in the Repetition and
Force sections.

4-16

Strength of Association—Posture
and Epicondylitis

Studies Meeting the Four Evaluation
Criteria

The Moore and Garg [1994] study (also
discussed above) recorded wrist posture using
adassfication smilar to Armgtrong et dl.

[1982] and Stetson et al. [1991]. Pinch grasp
was aso hoted to be present or absent. In this
Sudy, posture was not found to be sgnificantly
associated with “hazardous’ jobs. This may be
due to the heavier weighting given the force
rating system than the posture or repetition
scae. For example, if ajob required extreme
posture, the authors increased the force rating
instead of the pogture rating. If a combination of
extreme posture and high-speed movement was
required, then the force rating was raised by
two levels, but not the posture rating. Data that
would dlow andysis of the incidence of
epicondylitis and the exposure to extreme
posture were not presented.

Luopgérvi et a.’s[1979] assessment was
focused on the extreme work position of the
hands but not the elbow; it included extension,
flexion and deviation of the wrigs. Although
there was a non-significant association between
assembly line work and the presence of ether
epicondylitis or pronator teres syndromein
shop assistants (11 cases versus 3), there were
5 cases of medid epicondylitis and 2 cases of
pronator teres syndrome in the assembly
workers and none in the shop assgtants. The
greater prevalence of medid epicondylitisin

assembly workers was attributed to the difficult
grasping movements involved in the assembly
line work. The authors stated that the overal
prevalence may have been “connected with the
congtant overdrain of flexorsinwork.”



Studies Not Meeting the Four
Evaluation Criteria

The Dimberg [1987] study stated that over-
exertion of the extensor muscles of the wrigt
due to gripping and twisting movements prior to
the onset of symptoms was verified in 28 of the
40 (70%) of the cases, of which 14 were
consdered to be caused by work. In the study
by Dimberg et d. [1989], the guidelines for
classfication include repested rotation of the
forearms and wristsin Group 1, large and
frequent rotations in extreme postionsin Group
2, but fail to include work involving frequent
rotations in the highest exposed group, Group
3. The difference in exposure classfication
scheme may explain why there was no
relationship between prevaence of epicondylitis
and increasing work grain.

Hughes and Silversein [1997] found a strong,
daidicaly sgnificant association (OR 37)
between elbow/forearm disorders and “the
number of years of forearm twidting” in ther
gudy of duminum workers. However, this
study had an overdl low participation rate
(55%0), which limits the interpretation of its
result.

The other study that may be interpreted as
related to a posture variable is the one by
Hoekstra et d. [1994]. This study evauated
video digplay termind users a two work Stes
differing only in whether adjugtable office
equipment was present. By sdlf-reported
symptoms and exposure

observations, the Hoekstra et a. [1994] study
found that having a* non-optimaly adjusted”
chair was associated with elbow MSDs. This
improper chair adjustment was thought to
increase shoulder and elbow flexion, aswell as
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wrigt deviation, thus producing more symptoms.
These conclusions should be considered to be
hypothesis generating and not definitive.

Temporal Relationship

There are no prospective studies that address
posture and epicondylitis. The one prospective
study concerning epicondylitis did not address
posture.

Consistency in Association

There are too few occupationd epidemiologic
studies that address posture and epicondylitis to
meaningfully discuss congstency of association.

Coherence of Evidence

Please refer to the  Repetition Section and
Coherence of Evidence’ for adiscusson of the
gports literature, and the combination of factors,
including extreme postures that have been
documented concerning epicondylitis.

Exposure-Response Relationship

Thereislittle evidence on which to base a
discusson exposure response relationship in the
epidemiologic sudies. Once again, the reader is
referred to the biomechanica sports literature.

EPICONDYLITIS AND THE ROLE OF
CONFOUNDERS

The modd for epicondylitis dearly implies that
both occupationa and non-occupational
activities can cause the disorder. Severd
dudies [Ritz 1995; Andersen and

Gaardboe 1993a; Dimberg 1987] directly
address the issue of work-related versus non-
work-related exposures by ng both.
Two of the most important potential
confounders or effect modifiers are age and
duration of employment. In Dimberg's[1987]



and Ritz' s[1995] studies, older workers had
high rates of epicondylitis. Neverthdess, in both
dudiesthe increase in therisk for epicondylitis
in the high-exposure group does not seem
related primarily to age, independent of
intensity and duration of exposure.

Furthermore, the incidence of elbow MSDs
unlike most M SDs, has been found to decrease
after

retirement age, after peaking during the fourth
and fifth decades.

Many of the sudies controlled for severd
possible confoundersin their andyses. In
generd, for epicondylitis, psychosocid factors
or gender do not appear to be important
confounders in occupationd studies.

CONCLUSIONS

The epidemiologic dudies reviewed in this
section focused principaly on therisk of
epicondylitisin workers performing repetitive
job tasks requiring forceful movements. These
forceful movements included, but were not
limited to, repested dorsiflexion, flexion,
pronation, and supination, sometimes with the
arm extended. Clinical case series of
occupationdly-related epicondylitis and sudies
of epicondylitis among athletes had suggested
that repeeted forceful dorgflexion, flexion,
pronation, and supingtion, especialy with the
arm extended, increased the risk of
epicondylitis. In generd, the epidemiologic
Sudies have

not quantitatively measured the fraction of
forceful hand motions most likely to contribute
to epicondylitis; rather, they have used asa
surrogate quditative estimation the presence or
absence of these types of hand movements
[Viikari-Juntura et a. 1991b]. Although we
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recognize this limitation of the epidemiologic
dudies, thereisvauein ng where we are
in regards to the epidemiologic evidence of
causd inference.

Thereis epidemiologic evidence for the
relationship between forceful work and
epicondylitis. Those studies that base their
exposure assessment on quantitative or
semiquantitative data have shown asolid
relationship. We conclude thet thereis
insufficient evidence for the association of
repetitive work and epicondylitis. For extreme
posture in the workplace, the epidemiologic
evidence thus far is dso insufficient, and we
turn to the sports medicine literature to assist us
in evauating the risk of the single factors of
repetition and posture. The strongest evidence
by far when examining the relationship between
work factors and epicondylitisisthe
combination of factors, especidly a higher
levels of exposure. Thisis consgtent with the
evidence that is found in the biomechanicd and
gports literature,

Most of the relevant occupationa studies were
cross-sectiond; the current estimates of the
level of exposure were used to estimate past
and current exposure. Despite the cross-
sectiond nature of the sudies, it islikely, in our
opinion, that the exposures predated the onset
of disordersin most cases.

When we examine dl of the sudies, amgority
of sudies are pogitive. The association between
forceful and repetitive work involving
dorsflexion, flexion, supination, and pronation
of the hand is definitdly biologicaly plausble.
These motions can cause the contraction of the
muscle-tendon units that attach in the area of
the medid and laterd epicondyles of the ebow.



The evidence for a quditative exposure-
response relationship overal was consderable
for the combination of exposures, with studies
examining differencesin levels of exposure for
the elbow, and corresponding evidence for
greater risk in the highly exposed group. In
contrast, we found one study with clear
differencesin exposure and no evidence of an
increasein risk [Viikari-duntura et a. 1991b).

In summary, the combination of the biologica
plaushility, the sudies with more quantitative
evauation of exposure factors finding strong
associdions, and the consderable evidence for
the occurrence with combinations of factors at
higher levels of exposure provide evidence for
the association between repetitive, forceful
work and epicondylitis. There are severd
important qudifications to this concluson.
Forceful and repetitive work ismost likely a
surrogete for repetitive, forceful hand motions
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that cause contractions of the muscles whose
tendonsinsert in the area of the laterd and
medid epicondyles of the elbow. While the
gudies do not identify the number or intengty of
forceful contractions needed to increase the
risk of epicondylitis, the levels are likely to be
subgtantia. Future studies should focus on the
types of forceful and repetitive hand motions
such asforceful dorsflexion, pronation, and
supination that result in forceful contractions of
the muscle tendon units that insert in the area of
the lateral and medid epicondyles. Common
non-occupationd activities, such as sport
activities, which cause epicondylitis should be
consdered. Older workers may be at some
increased risk. Findly, even though the
epidemiologic literature shows that many
affected workers continue to work with definite
symptoms and physicd findings of epicondylitis,
survivor bias should be addressed.



Table 4-1. Epidemiologic criteria used to examine studies of elbow MSDs associated with repetition

Risk Investigator
indicator (OR, Participation Physical  blinded to case Basis for assessing elbow
Study (first author and PRR, IR or p- rate $70% examination and/or exposure exposure to repetition
year) value)*,t status
Met at least one criterion:
Andersen 1993a 1.7 Yes No Yes Job titles or self-reports
Baron 1991 2.3 No Yes Yes Observation or measurements
Burt 1990 2.8t Yes No Yes Job titles or self-reports
Bystrom 1995 0.74 Yes Yes No Job titles or self-reports
McCormack 1990 0.5-1.2 Yes Yes NR¥ Job titles or self-reports
Met none of the criteria:
Ohlsson 1989 1.5-2.8 NR No NR Job titles or self-reports
Punnett 1985 241 No No NR Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on repetition alone (i.e., repetition plus force, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance.
Not reported.
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Figure 4-1. Risk Indicator for "Repetition”
and Elbow Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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Table 4-2. Epidemiologic criteria used to examine studies of elbow MSDs associated with force

Risk indicator Investigator
(OR, PRR, IR or Participation Physical blinded to case Basis for assessing
Study (first author and p-value)":’r rate $70% examination and/or exposure elbow exposure to force
year) status
Met all four criteria:
Chiang 1993 6.75% (males) Yes Yes Yes Observation or
1.44 (females) measurements
Luopajarvi 1979 2.7 Yes Yes Yes Observation or
measurements
Moore 1994 5.5t Yes Yes Yes Observation or
measurements
Met at least one criterion:
Andersen 1993a 1.7 Yes No Yes Job titles or self-reports
Baron 1991 2.3 No Yes Yes Observation or
measurements
Bystrom 1995 0.74 Yes Yes No Job titles or self-reports
Dimberg 1987 NRT.# Yes Yes NR Observation or
measurements
Dimberg 1989 NR Yes Yes NR Observation or
measurements
Kurppa 1991 6.71 Yes Yes NR Observation or
measurements
Punnett 1985 2.4% Yes No NR Job titles or self-reports
Ritz 1995 1.4-1.7F NR Yes Yes Observation or
measurements
Roto 1984 6.41 Yes Yes Yes Job titles or self-reports
Viikari-Juntura 1991b 0.88 Yes Yes NR Observation or
measurements

*Some risk indicators are based on a combination of risk factors—not on force alone (i.e., force plus repetition, posture, or
vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.
*Not reported.
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Table 4-3. Epidemiologic criteria used to examine studies of elbow MSDs associated with posture

Physical Investigator
Risk examination blinded to
indicator Participation or medical case and/or Basis for assessing
Study (first author and (OR, PRR, IR rate $70% records exposure elbow exposure to
year) or p- status posture
value)s,t
Met all four criteria:
Luopajarvi 1979 2.7 Yes Yes Yes Observation or
measurements
Moore 1994 NR¥ Yes Yes Yes Observation or
measurements
Met at least one criterion:
Dimberg 1987 NRT Yes Yes NR Observation or
measurements
Dimberg 1989 NR Yes Yes NR Observation or
measurements
Hoekstra 1994 4.0t Yes No Yes Job titles or self-reports
Hughes 1997 37.0t No Yes NR Observation or
measurements
*Some risk indicators are based on a combination of risk indicators—not on posture alone (e.g., posture plus repetition, force,

or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).
Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.
Not reported.
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Figure 4-3. Risk Indicator for "Posture"
and Elbow Musculoskeletal Disorders
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.
Note: Some studies indicate a statistical significant association without a risk indicator. See Table 4-1.



Table 4-4. Epidemiologic criteria used to examine studies of elbow MSDs associated with vibration

Risk Physical Investigator
indicator examination blinded to case
(OR, PRR, IR Participatio  or medical and/or Basis of assessing elbow
Study (first author and or n rate $70% records exposure exposure to vibration
year) p-value)*vJr status
Met at least one criterion:
Bovenzi 1991 4.9t NR¥ Yes Yes Observation or

measurements

*Some risk indicators are based on a combination of risk indicators—not on vibration alone (e.g., vibration plus repetition,
force, or posture). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).
T Indicates statistical significance.

 Not reported.

4-26



Table 4-5. Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Andersen Cross- 424 female sewing Outcome: Questionnaire: 4.5% 2.6% 17 0.9-3.3 Participation rate: 78.2%.
and Gaardbo  sectional machine operators, continuous pain lasting > 1
e compared to month since starting career; Examiners blinded to
1993a 781 females from the pain for > 30 days. control/subject status.

general population of
the region and an
internal referent
group of 89 females
from the garment
industry.

Exposure: Job categorization
based on “authors’
experiences” as occupational
health physicians and
involved crude assessment
of exposure level and
exposure repetitiveness.
Jobs involving high
repetitiveness (several
times/min) and low or high
force, and jobs with medium
repetitiveness (many
times/hr) combined with high
force were classified as high
exposed jobs; jobs with
medium repetitiveness and
low force and jobs with more
variation and high force were
classified as medium
exposed. Job titles such as
teachers, self-employed,
trained nurses, and the
academic professions were
“low exposed.” Exposure
also measured as years as
sewing machine operator.
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Adjusted for age, number of
children, exercising, smoking,
socioeconomic status.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Baron et al. Cross- Grocery checkers using Outcome: Self-administered 8% among = 23 0.5-11 Participation rate: 85%
1991 sectional; laser scanners (n=124, guestionnaire and physical checkers checkers; 55% non-checkers in
case- 119 females, 5 males) exam. Case defined as the field study. Following telephone
referent compared to other presence of pain, numbness, survey 91% checkers and 85%

grocery store workers
(n=157, 56 females, 101
males); excluded 18
workers in meat, fish,
and deli departments,
workers under 18, and
pregnant workers.

tingling, aching, stiffness or
burning in the elbow region
as previous non-occupational
injury; symptoms must have
begun after employment at
the supermarket of
employment and in the
current job, and last >1 week
or occurred once a month
within the past year.

Physical Exam: Tenderness
at the lateral/medial
epicondyle and pain with
palpation and resisted motion.

Exposure: Based on job
category, estimates of
repetitiveness, average and
peak forces based on
observed and videotaped
postures, weight of scanned
items, and subjective
assessment of exertion.

The majority of cashiers
were categorized as having
“medium” levels of repetition
for the hand (defined in this
study as making 1250 to
2500 hand movements/hr).
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non-checkers.

Examiners blinded to worker's
job and health status.

Age, hobbies, second jobs,
systemic disease and height
were considered as covariates
in the multivariate analyses.

Total repetitions/hr ranged from
1,432 to 1,782 for right hand
and 882 to 1,260 for left hand.

Average forces were low and
peak forces medium.

No statistical significance
associated between duration of
employment as a checker and
elbow MSDs.

Multiple awkward postures of
all upper extremities recorded
but not analyzed in models.

Statistically significant increase
in elbow MSD with increase in
hr/week “checking.”

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Bovenzietal. Cross- Vibration-exposed Outcome: Epicondylitis 29.3 6.4% For vibration Participation rate: Not reported.
1991 sectional forestry operators using syndrome: Pain at the exposed

chain-saws (n=65) and epicondyle either during rest group Analysis controlled for age and

maintenance workers or motion, local tenderness at >7.5 m/s% ponderal index.

(n=31, control group). the lateral or medial OR=4.9 1.27-56
epicondyle; pain during (adjusted) Controls found to have several
resisted flexion/extension of risk factors for MSDs at work-
the fingers and wrist with the OR=5.99 static arm and hand overload,
elbow flexed, palpated local (unadjusted) overhead work, stressful

tenderness at the
lateral/medial epicondyle.

Exposure: Direct observation
of awkward postures,
manual forces and
repetitiveness evaluated via
checklist. Vibration
measured from two chain
saws.
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postures, non-vibrating hand
tool use.

Controls actually had a greater
proportion of the time in work
cycles shorter than 30 sec than
forestry workers.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Burt et al. Cross- Newspaper employees Outcome: Self administered Male: 11% = 80% to 100% Participation rate: 81%.
1990 sectional (n=836, females=55%). questionnaire. Case defined Female: 14% time typing
Workers fulfilling case as the presence of pain, compared to Analysis controlled for age,
definitions compared to numbness, tingling, aching, 0% to 19%: gender, years on the job.
those who did not fulfill stiffness, or burning in the OR=2.8
case definition. elbow region as previous 1.4-5.7 Psychosocial factors dealing
non-occupational injury. Reporters with job control and job
Symptoms began after compared to satisfaction were addressed in
starting the job, last > 1 week others: questionnaire.
or occurred once a month OR=25
within the past year; reported 1.5-4.0 Job analysis found significant
as “moderate” (3) or greater correlation (0.56) between
on a 5-point scale. reported average typing
time/day and observed 8 hr
Exposure: Based on period of typing (p < 0.0001).
observation of job tasks, then
categorized by job title. A Reporters were characterized
separate job analysis using a by high, periodic demands
checklist and observational (deadlines), although they had
techniques was carried out high control and high job
for validating questionnaire satisfaction.

exposure data.
Number of workers in some
non- typing jobs not reported.

Case definition based on
symptoms alone.

(Continued)
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments

Bystrom Cross- Automobile assembly Outcome: Epicondylitis was Tender Tender PRR for Participation rate: 96%.

etal. 1995 sectional line workers (n=199) defined as tenderness to lateral lateral tender lateral Comparison group is from the
compared to a randomly palpation of the lateral or epicondyle: epicondyle: epicondyle: MUSIC study (Hagberg and
selected group from the medial epicondyle and pain at 4.3% 12.4% 0.74 0.04-1.7 Hogstedt, 1991).
general population the same epicondyle or in the
(n=186). The forearm extensors or flexors Epicondy- Epicondy- Examiners were blinded to
automobile assembly on resisted wrist extension litis: O cases litis: 1% questionnaire responses but

line workers were
randomly selected from
a primary group of
700 assembly line
workers. These
original 700 workers
had been randomly
selected from the
2,334 assembly
workers of a Swedish
automobile factory.

or flexion.

Exposure: No evaluation of
repetition, force, posture, or
vibration occurred in this
study to evaluate risk factors
for epicondylitis. “Assembly
line worker” vs. “Population
referent” was used. Hand
grip strength was evaluated.
Forearm muscular load and
wrist angle were evaluated
for a subgroup in this
population but were not used
in this analysis [Hagg et al
1996].
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not exposure status.

Analysis stratified by gender
and age <40 years.
Psychosocial variables and
other potential confounders or
effect modifiers were
addressed by Fransson-Hall
et al. [1995].

Pain-pressure threshold (PTT)
was evaluated. PTT was not
related to age. It was higher
among women with short
employment compared to those
who had been employed for a
long time.

No correlation was found

between low MCV and
subjective or objective signs.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Chiang et al. Cross- 207 fish processing Outcome: Prevalence of Group I: Group I: Crude ORs Participation rate: Authors
1993 sectional workers, 67 males and lateral or medial epicondylitis 15% 10% calculated reported: “In order to prvent
140 females, divided (local tenderness, pain in Male: 10%; Male: 6%; from data selective bias all employees in
in 3 groups: (I) low resisted extension or flexion Female: 17%  Female: 14% presented: the fatories were observed
force, low repetition of the wrist and fingers, Group Il vs. initially.”
(comparison group, decreased hand grip strength Group I Group |,
n=61); (II) high force compared to the opposite 21% males: Workers examined in random
or high repetition hand). Male: 33%; OR=1.7 0.3-9.2 sequence to prevent observer
(n=118); (lll) high Female: 18% bias, examiners blinded to case
force and high Exposure: Assessed by Group Il vs. status.
repetition (n=28). observation and recording Physician Group |,
of tasks and biomechanical observed females: Analysis stratified by gender.
movements of three workers, epicondy- OR=1.2 0.4-3.4 No significant age difference in
each representing one of litis, all exposure groups.
3 study groups. Highly cases: Group Il vs.
repetitive jobs with cycle time 145% Group |, Logistic regression not
<30 sec or >50% of males: performed for epicondylitis
cycle-time performing the OR=6.75 1.6-32.7 because of lack of significant
same fundamental cycles. trend with increasing exposure.
Hand force from EMG Group Il vs.
recordings of forearm Group |, Workers with hypertension,
flexor muscles. females: diabetes, history of traumatic
Classification of workers into OR=1.44 0.3-5.6 injuries to upper limbs, arthritis,

3 groups according to

the ergonomic risks of the
shoulders and upper limbs:
Group I: low rep. and low
force; Group IlI: high repetition
or high force; Group llI: high
repetition and high force.
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or collagen diseases excluded
from study group.

Physician observed cases had
about ¥ the prevalence of
symptoms of elbow pain (9.8
vs. 18.0; 5.3 vs. 19.5; 35.7 vs.
17.9).

No dose-response for elbow

pain or physician observed
epicondylitis.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Dimberg 1987  Cross- A questionnaire was Outcome: Only workers Lateral = Epicondylitis, Participation rate: 98.9%.
sectional distributed to every fifth reporting elbow problems humeral blue vs. Physician blinded to exposure
person in the automobile were examined by the epicondylitis Wh'tlf collar status: not reported.
company'’s personnel physician. Physical exam: among all \8’? ers: 0.3-1.2 Results age stratified.
file selected by random case defined as physical subjects: o - Physician-consulted elbow pain
numbers. Final sample findings of lateral elbow pain 7.4% D'$tr'blét'?r] of significantly greater in jobs with
consisted of and pain with palpation over gg'scgg by s ncreased Gibow Stress,
546 workers, 494 males lateral epicondyle and pain Blue collar type of \)//vork Work considered to be the
and 52 females. increase with dorsiflexion of workers: stress: gﬁa%ﬁé?ki%ﬁieﬁﬁ%ﬂé L%%nd
(25 were exclu_ded due wrist with resistance. 5.3% Leisure work defined by high stress
to military service, related (categorized by low, moderate,
pregnancy, or study Exposure: Observation of White collar epicondyvlitis: and thh) compared to leisure-
) X p ylius: related epicondylitis and
away). the work site then workers: low work epicondylitis of no-known-
categorization of jobs “with 11% stress: 85%; cause.
respect to elbow stress” by medium work Authors reported that
a Physical Work Stress Blue collar: stress: 15%; proportion of workers who
Group composed of a under age 40 Q{rgg‘s‘é‘{o&‘)‘/ consulted a physician for their
physician, physiotherapist, years: 4.6% e gilbr?i\?i/cgr?t?lerpga\{vea}swith
and safety engineer. Table 2 No-known- in%reasingye ow stress (p <
in the article lists types of Blue collar: ga?’c%en?j“ﬁﬁgf
jobs with respect to over age 40 |0pW WOI}ll( : Multiple regression analyses

subjects’s elbow stress.

years: 8.9%

White collar:
under age 40
years: 6.1%

White collar:
over age 40
years:
13.9%
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stress: 75%;
medium work
stress: 25%;
high work
stress: 0%

Work-related
epicondylitis:
low work
stress: 14%;
medium work
stress: 36%;
high work
stress: 50%

included gender, employee
category, age, and degree of
stress as independenf”
variables—only age significantly
related to prevalence.

Overexertion of the extensor
muscles of the wrist due to
gripping and twisting
movements prior to onset was
verified in 2 ?_7_0%) of those
with epicondyflitis.

Tennis players amon
“sufferers™. 15% tota
population: 12%. All racquet
sgorts: 20% among sufferers,
15% among total population.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments

Dimbergetal. Cross- 2,814 automotive Outcome: Questionnaire Blue collar White collar ~ Univariate Participation rate: 96%.

1989 sectional workers, both blue- results of elbow trouble Results: Not stated whether examiner
andkwhltez-cozllgr | (pain, a_che, dlscolmforlt()_ p<0.001: blinded to exposure status.
workers: 2,423 males, preventing normal work in higher age; ari ;

382 females. last 12 months. longer time in I\/IIlﬂtlvarrl]atﬁ anal);ss %errormed,
present job; although the confounders
) onderal controlled for were not stated
Physical exam perforrr_led on ﬁ]dex more by authors, nor were ORs
615 of 641 symptomatic symp’tomS' presented. Vibrating tools,
workers. Epicondylitis: more mental ponderal index, and mental
tenderness at the stress at the s_tre$f_s at \t/vork listed as
lateral/medial epicondyle onset of signimcant.
and pain with resistance. symptoms. Guidelines for classification of
p<0.05: jobs as listed irf1I the article do
. : ey not seem to reflect increasin
Exposure: Observation of salaried staff elbow stress. Group 1 ncludes
jobs, then classification into 3 vs. others; “repeated rotation of the
Physical Work Stress Groups Uv%?g\]/ © less forearms and wrists occurs
by physician, racquet sporadically”; Group 2 includes
physiotherapist, and safety sports, more less specifically “large and
engineer. Guidelines for symptbms. freq_u_ent Eotatlons in extreme
classification with respect to 0<0.01 %%Sli}'dogz r;)/Grg‘l(JeFr)e% gg?g not
the Etra'g on the sm:bjec{_s vibrating repeated rotation or extreme
neck and Upper extremities hand tools, position of the forearms or
listed for light, moderately more wrists. The classification used
heavy, and heavy work symptoms; seems unlikely to pick up
included in article. time in increased elbow stress that
present job, would reflect higher strain and
more risk of epicondylitis.
symptoms. Increased ponderal index
p>0.05: ) correlated with elbow
gender; strain symptoms in multivariate
group; full analysis.
trllrg(?\;/veek' Mental stress at work with the
iece-work: onset of symptoms correlated
ixed pay: ' with right-sided lateral
smoking ' epicondylitis. )
house- Mental stress variables not
owner. uniformly collected, so this may
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impact interpretation.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Fishbein etal. Cross- 2212 musicians Outcome: Outcome based on 10% right = Severe Participation rate: 55%. Low
1988 sectional performing on a regular self-reported responses from elbow: 6 % medical response rate due to the fact

(mailed basis with one or more survey. Self-reported elbow severe problem and that many orchestras were not
survey) of the International pain, with severity defined its affect on in season at the time of the
Conference of in terms of the effect of 8% left performance, survey.
Symphony and Opera the problem on the musician’s elbow: 4% females vs.
Musicians (ICSOM). performance. severe males: Statistical weighting performed,;
Total population of the OR=2.04 1.6-2.6 ‘"severe" pain was defined as

membership was 4,025
musicians in 48 ICSOM
orchestras. One
orchestra did not
participate.

Exposure: Questionnaire
responses to orchestral
instrument, age they began
playing, age they joined the
orchestra, number of weeks
each year spent playing
professionally.
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pain that affects performance.

Health habits, such as extent of
exercise, use of cigarettes,
alcohol, beta blockers, and
other drugs.

Average age beginning playing
instrument is 10 years.
Average age joining a
professional orchestra is 23
years. Average age: male
musicians—43 years, female
musicians—40 years.

Severe problems were more
likely in ages under 35 than
over 45 years. Authors
speculated that musicians with
severe problems leave the
orchestra.

Low participation rate limits
interpretation.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Hales et al. Cross- 518 telecommunication Outcome: Pain, aching, 7% = Fear of being Participation rate: 93%.
1994 sectional workers (416 females stiffness, burning, replaced by
and 117 males). numbness, or tingling >1 computers: ORs for psychosocial represent
Workers fulfilling week or >12 times a year; OR=2.9 1.4-6.1 risk at scores one standard
outcome definition occurring after employment deviation (SD) above the mean
compared to those not on current job within the last Lack of compared to risk at scores one
fulfilling outcome year and positive physical decision- SD below mean. May be a
definition. examination (PE): Moderate making problem with non-normal
to worst pain experienced opportunities: distribution.
with medial or lateral OR=2.8 1.4-5.7
epicondyle palpation. Analysis controlled for age,
Surges in gender, individual factors, and
Exposure: Assessed by workload: number of keystrokes/day.
guestionnaire. Questions OR=2.4 1.2-5.0
addressed number of Physician examiners blinded to
overtime hr, co-worker use Race (non- case and exposure status.
of same workstation, task white)
rotation, hr spent at the OR=2.4 1.2-5.0 Although keystrokes/day was

(VDT) workstation, hr spent
typing, number and types of
work breaks, length of time
sitting, frequency of arising
from a chair, number of
keystrokes estimated for
each directory assistance
operator.
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not significant—-workers only
typed average of 8 words/min
over 8-hr period.

97% of workers “used” VDTs $
6 hr/day—not enough variance
to adequately evaluate hr
typing.

Number of hr on hobbies and
recreation not significant.

Over 70 variables analyzed in
models—may have multiple
comparison problem.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

Outcome and exposure

MSD prevalence

Comments

Study
Study design Study population
Hoekstra Cross- 108 of 114 teleservice
etal. 1994 sectional representatives working

at 2 government

administration centers:

A and B.

Outcome: Self administered
guestionnaire. Case defined
as the presence of pain,
numbness, tingling, aching,
stiffness, or burning in the
elbow region as previous
non-occupational injury;
symptoms began after
starting the job, last > 1 week
or occurred once a month
within the past year; reported
as “moderate” (3) or greater
on a 5-point scale.

Exposure: Measurement and
evaluation of work station;
observation of postures to
provide descriptive
differences between the two
locations.

Exposed Referent RR, OR,
workers group or PRR
Center A 19%
"Non-
optimally"
adjusted
Center B 21% chair: 4.0
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Participation rate: 95%.
Analysis controlled for gender.
Interactions evaluated.

Variables considered in logistic
model included location, age,
seniority, hr spent typing at
VDT, hr on the phone, 3 chair
variables: (1) Perceived
adequacy of chair adjustment,
VDT screen, (2) Perceived
adequacy of keyboard
adjustment, VDT screen,

(3) Perceived adequacy of desk
adjustment, job control,
workload variability.

Linear regression also
performed on psychosocial
variables in separate models for
job dissatisfaction and
exhaustion.

Center B generally had
nonadjustable chairs and work
stations. Authors noted
elevated arms, hunched
shoulders and other
"undesirable" postures.

Did not include non-work-
related variables in analyses.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Hughes and Cross- 104 male aluminum Outcome: Symptoms 11.6% with = Model based Participation rate: Carbon
Silverstein sectional smelter workers: occurring in the positive on MSD setters: 65%; crane operators:
1997 62 carbon setters, elbow/forearm > symptoms defined by 56%; carbon plant: 33%.

36 crane operators, once/month or lasting and physical symptoms
9 carbon plant workers. longer than one week in exam and physical Examiners blinded to exposure
There were 14 workers the previous year, no exam and health status: not stated.
who were not from acute or traumatic onset; 24% had
selected jobs and were occurrence since working symptoms in Age: Analysis controlled for age,
excluded. at the plant, no systemic the OR=0.96 0.9-1.2 smoking status, sports, and/or
disease. elbow/forear hobbies.
min the Low decision
Physical examination: Active, previous latitude: Psychosocial data collected
passive, and week OR=3.5 0.6-19 individually; physical factors
resisted motions, pinch based on estimates of each job.
and grip strength, 128 Years of
Hz vibration sensitivity, two- forearm Job risk factors entered into the
point discrimination. twist: OR=37 model for hand/wrist included:
3.0-470 (1) the number of years
Psychosocial scales from Model based handling > 2.7 kg/hand,
questionnaire based on on MSD (2) push/pull, (3) lift/carry,
Theorell and Karasek Job defined by (4) pinching, (5) wrist
Stress Questionnaire, and symptoms flexion/extension, (6) ulnar
on Work Apgar deviation, and (7) forearm
Questionnaire. Age: twisting.
OR=0.96
Exposure: For carbon 0.9-1.2 Health interview included
setters and crane Years of information about metabolic
operators (non-repetitive ulnar diseases, acute traumatic
jobs) a modified job- deviation: injuries, smoking, hobbies.
surveillance checklist OR=0.005 0.0-16
method was used. Job task Low participation rate limits
analysis used a formula Years interpretation.
based on the relative forearm
frequency of occurrence twist: OR=4 0.18-4

of postures during (a)
task(s).
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Kopf et al. Cross- Bricklayers (n=163) Outcome: Questionnaire Not reported Not reported  Painful left Not Participation rate: bricklayers:
1988 sectional compared to other based, self-reported elbow, reported 65%, manual workers: 69%.
manual workers (n=144) symptoms. Self-reported bricklayers
employed by state pain in the elbow. vs. other Controlled for confounders:
agencies in Hamburg, manual age, job satisfaction, job
Germany. Exposure: Based on job workers: security, vibration, moistness,
categories, bricklayer vs. OR=2.8 Scheuerman’s disease.

other manual laborers.
Physical stress of bricklayers
described as lifting and
carrying bricks weighing 5 to
24 kg up to 100 times/hr with
the left hand and handling the
bricklayer’s trowel with the
right hand.
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Karasek's model of job latitude
and job demands were included
in the questionnaire.

Physically demanding previous
tasks, medical disposition for
MSD, being a member of a trade
union included in analysis.

64% attributable risk proportion
of elbow pain is explained by
being a bricklayer.

For increasing levels of job
demands (heavy physical work,
awkward working positions,
repetitive movements, and
restriction in standing position),
OR increased from 1.8 to 3.4.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Kurppa et al. Cohort; 31 Sausage makers (107 Outcome: Tenderness to Sausage Workers in IR of males in Participation rate: 93% of
1991 month females) compared to palpation of the epicondyle makers Non- strenuous chtI’e_nUOltJS dWPgB%/VS rfetalned
follow-up nonstrenuous jobs (197 and epicondylar pain (females): strenuous jobs vs. Conag emais workers.
females). provoked by resisted 111 jobs: 1.1 nonstrenuous
extension or flexion of the cases/100 cases /100 jobs: 5.7 Examiners blinded to exposure
Meatcutters (102 males) wrist and fingers with the person- person- ODr' past ePISOdESJ gotd_rgported.
compared to elbow extended. Incidence years years IR of females r'{i‘,%?g;ﬁg made Dy different
nonstrenuous jobs based on visits to doctor in strenuous ocations. Plant physicians
(n=141). during 31 month visit. Workers in jobs vs. agreed to the diagnostic criteria
Meatcutters  non- nonstrenuous ggg/m?d%?S.% 0 dlagnose?.
Packers (118 females) Disease considered "new" (males): strenuous jobs: 8.1 Voo inye;séﬂaaennﬁevr\:%? no
compared to episode if new sick leave 6.4 jobs: 0.9 diagnostic criteria. 13% of
nonstrenuous jobs (197 with same diagnosis cases/100 cases/100 IR of total epicondylitis diagnosed b%
females). occurred at same anatomic person- person- number of COI’]StL)HtIng SPe‘f'al'Sts atthe
site within 60 days after end years years cases of oy gpg%%%aﬁﬁ,n;?%ﬁ%i/c"ipm
of former sick leave. Workers epicondylitis health centers.
orkers in in strenuous
Exposure: Data obtained Nonstrenu-  jobs vs. ’G‘St ?g#grsémenrtofgr gglnggtlerader&
from “previous published Packers ous jobs: 1.1  nonstrenuous similar to strgnuo%s roup with
literature” and walkthrough. (males): cases/100 jobs: 6.7 3.3-13.9 regards to age, gender, and
7.0 person- duration of employment, except
“Cutting of veal (appx. 1,200 cases/100 years ];g;galgcsl?eurssav%ﬁg]viléﬁés and
kg/day) or pork (appx. 3,000 person- young%r than the rest of the
kg/day) (meatcutters); years

spraying the sausages and
hanging them on bars
(sausage makers); peeling

sausages, inserting them into

slicing machine, setting the
slices into packages, setting

packages on a conveyor belt,

collecting finished packages
into bags; room temperature
8E to 10E (packers);
nonstrenuous tasks included
primarily office work.”
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studytftzfulation—these were
excluded from calculations of
incidence rates.

“New" episode of epicondylitis
may be recurrence of same
disease. 12 employees
reafflicted with epicondylitis
with median of 184 days
between episodes.

There were 68 diagnoses of

epicondylitis among 57
individuals.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% ClI Comments
Luopajarviet  Cross- Female assembly line Outcome: Epicondylitis 5.9% 2.3% 2.7 0.66-  Participation rate: 84%.
al. 1979 sectional workers (n=152) diagnosed by interview and 159  Workers excluded from

compared to female
shop assistants in a
department store
(n=133). Cashiers
excluded from
comparison group.

physical exam.

Symptoms include muscle
pain during effort, local
swelling, and local ache at
rest. Signs include
tenderness at the ateral or
medial epicondyle on
palpation, pain during
resisted extension/flexion of
the wrist and fingers with the
elbow extended.
Physiotherapist examined
workers, diagnoses were
from pre-determined criteria
(Waris 1979). In problem
cases orthopedic and
physiatric teams handled
cases.

Exposure: Exposure to
repetitive work, awkward
hand/arm postures, and
static work assessed by
observation, video analysis
and interviews. Video
recordings showed repetitive
motins of the hands and
fingers up to 25,000
cycles/day, static muscle
loading of the forearm
muscles, and deviations of
the wrist, lifting.
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participation for previous
trauma, arthritis and other
pathologies.

Examiner blinded to case
status: yes, according to the
Waris et al. 1979, epidemiologic
screening procedure, which
was used in study.

No association between age
and MSDs or length of
employment and MSDs. Gender
not an issue because study
population was all female.

Factory opened only short time
S0 no association between
duration of employment and
MSDs possible.

Social background, hobbies,

amount of housework not
significant.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
McCormack Cross- Randomly selected Outcome: Based on Boarding Non-office Boarding vs. Participation rate: 91%.
etal. 1990 sectional population of 2,261 physician administered workers: workers: non-office: . .
textile workers from physical exams. 1.0% 1.9% OR=0.5 0.09-2.1 Physician or nurse examiners
8,539 eligible workers; Reproducible tenderness Qt();utjgn(%%?stgn%?se Orexposure
4 groups compared with with direct pressure on the Sewing Sewing vs. communication).
468 non-office workers lateral epicondyle. Severity workers: non-office:
graded as mild, moderate, 2.1% OR=1.1 0.4-2.9 Age, gender, race, and years
Manufacturing workers: and severe. of employment analyzed.
Packaging/ Packaging vs. Prevalence higher in workers
A. Packaging/folding Exposure: Assessment by folding non-office: d
workers (41 males, observation of jobs. workers: OR=1.1 0.4-32 With <3years of employment.
238 females). Exposure to repetitive finger, 2.2% Questionnaire asked types of
wrist and elbow motions jobs, length of time on job,
B. Sewing workers assumed from job title; no Knitting: Knitting vs. production rate, nature and type
(28 males, 534 females). objective measurements 1.4% non-office: of upper extremity complaint,
performed. OR=1.2 0.5-3.4 and general health history.

C. Non-office workers
(204 males, 264
females).

D. Boarding workers

(19 males, 277 females).
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11 physician examiners;
interexaminer reliability potential
problem acknowledged by
authors.

Epicondylitis significantly
associated with years of
employment, age, race.

Job category not related to
epicondylitis, however no
measurement of force,
repetition, posture analysis, etc.

Of 37 cases of epicondylitis
identified: 13 were categorized
as mild, 22 were moderate, and
2 were severe.

(Continued)



Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Moore and Cross- Workers employed in Outcome: OSHA logs Workers in Workers in Odds of Participation rate: Cases
Garg 1994 sectional 32 jobs at a pork verified by medical records “hazardous “safe jobs™  epicondylitis identified from medical records.
processing plant data for 20 months. jobs™: 23% 3% in workers in Jobs analyzed from
(n=230). Epicondylitis: localized elbow “hazardous observational methods.
o pain that increased with jobs” Investigators blinded to
Workers in jobs tension of muscle-tendon unit compared to exposure, case outcome
classified as and direct palpation. A case workers in status, and personal identifiers
“hazardous” compared required that a physical “safe jobs™: on medical records.
to those in “safe” jobs. examination specific to OR=5.5 1.5-62 it “
epicondylitis was performed. (based on Rg;%t’[t{,\\/lgrr]g i%?gi%nt%i%%r?tf
] personal _
Exposure: Observation and communi- a%%";gfgﬁgvg%%?eg%zrfgg_°us
video analysis, semi- cation)

guantitative methods using
motion and time methods
(MTM), force estimated as %
maximal strength (5 levels),
wrist posture (3 levels), type
of grasp (2 levels), high
speed work (yes or no),
localized mechanical
compression (yes or no),
vibration (yes or no), and
cold (yes or no). Observed
videotaped representative
worker in each job.
Repetition as cycle-time and
exertions/min measures.
Jobs classified as
"hazardous" or "safe" based
on data, experience of
authors, and judgements.

Work histories, demographic,
pre-existing morbidity data
not collected on each
participant.
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No pattern of morbidity accord-
ing to date of clinic visits.

Strength demands significantly
greater for hazardous job
categories compared to safe.

IR based on full-time equivalents
and not individual workers, may
have influenced overall results.
Workers had a maximum of

32 months of exposure at
plant—duration of employment
analysis limited.

Duration of exposure not
collected on study sample.
Average maximal strength
derived from population-based

data stratified for age, gender,
and hand dominance.

Using estimates of Silverstein’s
classification, association
between forcefulness, and
overall observed morbidity was
statistically significant; repetition
was not. 31 of 32 jobs were in
high repetitive category—no
variance to find difference.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Ohlsson Cross- Electrical equipment and Outcome: Questionnaire: Elbow painin  Elbow pain Participation rate: Not reported.
etal. 1989 sectional automobile assemblers Any elbow pain, elbow pain last 12 in last 12

(n=148), former female affecting work ability, months: 21%  months: Work pace assessed by
assembly workers who and elbow pain in the last 17% 15 0.6-3.4 questionnaire, the number of
quit within 4 years seven days and the last Elbow pain in items completed/hr.
(n=76) compared to 12 months. last 7 days: Elbow pain
randomly sampled 14% inlast 7 No association between length
females from general Exposure: No exposure days: 11% 1.9 0.7-5.3 of employment and elbow
population (n=60). measurements; based on job Work inability symptoms.
categorization. in last 12 Work
months: 10%  inability in No statistical significance
Work pace divided into last 12 associated with work pace
4 classes: months: 3% 2.8 0.8-10.7 (data not present).

(1) Slow <100 items/hr;

(2) Medium 100 to 199
items/hr; (3) Fast 200 to 700
items/hr; (4) Very Fast >700
items/hr.
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Logistic models evaluated for
interaction and controlled for
age.

Study group consisted of
females only.
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Punnettetal.  Cross- 162 female garment Outcome: Self-administered Garment Hospital Elbow Participation rate: 97%
1985 sectional workers, 85% were guestionnaire concerning workers: employees:  Symptoms in (garment workers), 40%
employed as sewing symptoms 6.5% 2.8% Garment (hospital workers).
machine operators and workers vs.
sewing and trimming by Cases defined as the Hospital Analysis stratified for number
hand. presences of persistent employees: of years employed, decade of
elbow pain, numbness or OR=24 1.2-4.2  age, native language.
Comparison: 76 of 190 tingling (lasted for most
full or part-time workers days for one month or more Health outcome based on
on day shift in a hospital within the past year); were Persistent symptoms alone for elbow
who worked as nurses not associated with previous elbow pain in MSDs.
or aids; lab technicians injury; and, began after finishers vs.
or therapists; food first employment in garment hospital Age and length of employment
service workers. manufacturing or hospital employees: not a predictor of risk of elbow
employment. Key questions OR=5.6 MSDs.
Employees typing based on the arthritis
>4 hr/day excluded supplement questionnaire of Persistent Prevalence of pain not
from comparison group. National Health and Nutrition elbow pain in associated with years of
Examination Survey underpresser employment in garment
(NHANES). vs. hospital workers.
employees:
Exposure: Self-administered OR=5.0 Non-English speakers

guestionnaire; # of years in
the industry, job category,
previous work history.
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significantly less likely to report
pain (RR 0.6 ; p<0.05).

Native English speakers
significantly older than non-
native English speakers
(p<0.03).
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Table 4-5 (Continued). Epidemiologic studies evaluating elbow musculoskeletal disorders

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Ritz 1995 Cross- 290 males from the Outcome: Physician 41 10 years of Participation rate: Not reported.
sectional public gas and water diagnosed; required local employees: high . .
works of Hamburg, tenderness to palpation atthe ~ 14% had exposure to Examiner blinded to exposure
Germany examined epicondyle and pain during epicondylitis elbow status.
during routine medical resisted movement of the straining Logistic regression model
check-up at the wrist and fingers (extension 11% fulfilled work for controlled for age, age-
company occupational or flexion of the wrist or Waris’'s currently held squared, and an indicator term
health center. fingers with an extended criteria for job: OR=1.7 1.0-2.7 for “history of cervical spine
Employees, excluded if elbow) AND elbow pain epicondylitis symptoms” (yes, no).
on sick leave, came for during the lifting of a chair. (Waris, High . .
medical treatment, pre- Epicondylitis was 1979) exposure to %T%g?:#%vdhn m\éa?rhagﬁ]sgtg\s/gd
employment checkups, categorized as severe elbow played tennis, squash, other
or to file a worker's (Grade Il and Grade llI) if both straining racquet sports, rowing,
compensation claim. functional tests were positive work for bowling, the duration of having
and as moderate (Grade ) if formerly held played these sports, injuries
only symptom was a severe job: '”Voclj"'”gl the e bgw ngnt.
tenderness to palpation or a OR=2.16 1143 BoR fg:%é?gﬁ)r(éicgrtrgg?rﬁzﬁt
moderate pain in the for epicondylitis.
resistance test. Clinical signs 10 years of
of epicondylitis > Grade 0 at high The variable “time in years
one or more of the four exposure to since retiring from a job with
anatomical sites was elbow wgg gtg?r?ggriﬁt?hgxﬁwgzglefgr
g?;gsrl]ccjgsed sufficient for the \?Jgarllf 'fré?r workers formerly employed in
: high exposure jobs when
currently held duration of exposure was
Exposure: All current and job using tricotomized.
former job titles evaluated by diagnostic
members of the team criteria for Mean length of employment
according to possible bio- epicondylitis was not significantly different
mechanical strain to the [Waris et al. between cases and non-cases.
elbow and grouped into 1979]: ; ;
categories of high, moderate, OR=1.89 1.2-31 Increasing duration,of current

and non work-related
exposure. Exposure
categorization was based on
company job descriptions,
interviews with employees,
and workplace observations.

Exposure duration was
defined for all subjects as the
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exposure increased the risk of
being diagnosed with
epicondylitis.
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MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% Cl Comments
Roto and Kivi  Cross- Meatcutters, (n=90) Outcome: Defined by Meatcutters: Construc- 6.4 0.99-40.9  Participation rate: 100% for
1984 sectional compared to physical exam: local 8.9% tion meat cutters, 94% for

construction workers tenderness, pain during workers: p=0.05  construction workers.
(n=72) not exposed to resisted extension/flexion of 1.4%

repetitive movements.

the wrist and fingers, and
decreased hand grip power
in comparison to other hand.

Exposure: Based on job title
(meatcutter vs. construction
worker).
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Authors state that examiners
were blinded to occupation of
subjects because part of larger
group of meat processing
workers examined, but it is
unclear whether construction
foremen (referents) were
examined separately.

Serologic testing for rheumatoid
arthritis was done to control for
potential confounding (none
detected).

7 additional meatcutters had
local tenderness in epicondylar
region.

All with epicondylitis had > 15
years of employment.

Authors stated that on average,
meatcutters with epicondylitis
had been exposed five years
longer than other meatcutters,
supporting the association with
meatcutting.
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Study population

Outcome and exposure

MSD prevalence

Comments

All permanent workers
exposed to repetitive
and manually stressful
tasks in a meatpacking
plant (102 meatcutters,
150 packers, and

125 sausage makers)
were compared to

332 workers in
nonstrenuous jobs
(supervisors,
maintenance men,
accountants, and office
workers).

Outcome: Elbow trouble
(pain, ache, discomfort)
preventing normal work in
last 12 months and physical
exam: tenderness at the
lateral/medial epicondyle and
pain with resistance.

Exposure: Based on
observation:

Meatcutters: High force/high
repetition.

Sausage makers: High
repetition/low force with high
force tasks.

Packers: High repetition/low
force with high force jobs.

Nonstrenuous jobs, mainly
office jobs.

“Cutting of veal (appx. 1,200
kg/day) or pork (appx. 3,000
kg/day) (meatcutters);
spraying the sausages and
hanging them on bars
(sausage makers); peeling
sausages, inserting them into
slicing machine, setting the
slices into packages, setting

packages on a conveyor belt,

collecting finished packages
into bags; room temperature
8E to 10E (packers);
nonstrenuous tasks included
primarily office work.”

Exposed Referent RR, OR,
workers group or PRR
Epicondy- Epicondy- The Odds
litis: 0.8% litis: 0.8% Ratio of
epicondylitis
Lateral: Lateral: in strenuous
0.6% 0.6% jobs vs. non-
Medial: Medial: strenuous
0.2% 0.3% jobs: 0.88
Elbow Pain
(without the
physical
exam):
Male: 1.8
Female: 1.6

Participation rate: 94%.

No adjustment for confounders
in analysis. Authors stated that
the comparison group was
selected similar to the study
group to sex, age, and duration
of employment.

Examiners blinded to case and
exposure status.

Male packers and male sausage
makers younger and length of
employment shorter than other
groups.

Palpation pressure increased on
2nd of cross-sectional
examinations—may have
influenced results.

For female sausage makers,
elbow pain for preceding 12
months increased with age and
duration of employment. No
such associations in other
groups.

Age and current occupational
correlated (r=0.52) for female
sausage makers.

Cases were not excluded due
to direct trauma.
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CHAPTER 5
Hand/Wrist Musculoskeletal Disorders

(Carpal Tunnel Syndrome, Hand/Wrist
Tendinitis, and Hand-Arm Vibration
Syndrome): Evidence for Work-Relatedness

Musculoskeletd disorders (MSDs) of the hand/wrist region have been separated into three components
for the purpose of thisreview: (d) Carpd Tunnel Syndrome (CTS), (b) Hand/Wrigt Tendinitis, and ()
Hand-Arm Vibration Syndrome (HAV'S). Each of these are described with regard to the evidence for
causality between workplace risk factors and development of MSDs.
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CHAPTER 5a
Carpal Tunnel Syndrome

SUMMARY

Over 30 epidemiologic studies have examined physical workplace factors and their relationship to carpal
tunnel syndrome (CTS). Several studies fulfill the four epidemiologic criteria that were used in this review,
and appropriately address important methodologic issues. The studies generally involved populations
exposed to a combination of work factors, but a few assessed single work factors such as repetitive
motions of the hand. We examined each of these studies, whether the findings were positive, negative, or
equivocal, to evaluate the strength of work-relatedness using causal inference.

There is evidence of a positive association between highly repetitive work alone or in combination with
other factors and CTS based on currently available epidemiologic data. There is also evidence of a positive
association between forceful work and CTS. There is insufficient evidence of an association between CTS
and extreme postures. Individual variability in work methods among workers in similar jobs and the influence
of differing anthropometry on posture are among the difficulties noted in measuring postural characteristics
of jobs in field studies. Findings from laboratory-based studies of extreme postural factors support a positive
association with CTS. There is evidence of a positive association between work involving hand/wrist
vibration and CTS.

There is strong evidence of a positive association between exposure to a combination of risk factors (e.g.,
force and repetition, force and posture) and CTS. Based on the epidemiologic studies reviewed above,
especially those with quantitative evaluation of the risk factors, the evidence is clear that exposure to a
combination of the job factors studied (repetition, force, posture, etc.) increases the risk for CTS. This is
consistent with the evidence that is found in the biomechanical, physiological, and psychosocial literature.
Epidemiologic surveillance data, both nationally and internationally, have also consistently indicated that
the highest rates of CTS occur in occupations and job tasks with high work demands for intensive manual
exertion—for example, in meatpackers, poultry processors, and automobile assembly workers.

INTRODUCTION [Washington State Department of Labor and
In 1988, CTS had an estimated population Industry 1996]. These data suggest that about
prevalence of 53 cases per 10,000 current 5 to 10 workers per 10,000 workers will miss
workers[Tanaka et d. (in press)]. Twenty work each year due to work-related CTS.
percent of these individuas reported absence

from work because of CTS. In 1994, the In recent years, the literature relating

Bureau of Labor Statistics (BLS) reported that occupational factors to the development

the rate of CTS cases that result in “days away of CTS has been extensively reviewed

from work” was 4.8 cases per 10,000 by numerous authors [Moore 1992; Stock
workers. The agency aso reported that the 1991; Gerr et d. 1991; Hagberg et a. 1992;
median number of days away from work for Armstrong et a. 1993; Kuorinka and
CTSwas 30, which is even greater than the Forcier 1995; Viikari-Juntura 1995]. Most
median reported for back pain cases[BLS of these reviewsreach asmilar

1995]. In 1993, the incidence rate (IR) for concluson—work factors are one of
CTSworkers compensation cases was 31.7 the important causes of CTS. One review
cases per 10,000 workers; only aminority of [Moore 1992] found the evidence

these casss involved time off of work
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more equivocd, but stated that the
epidemiologic sudiesreveded afairly
congstent pattern of observations regarding the
gpectrum and relative frequency of CTS
[among other musculoskeleta disorders
(MSDs)] among jobs believed to be hazardous.
The epidemiologic studies which form the basi's
for these reviews are outlined in Tables 5a-1 to
5a4 of this chapter.

Thirty studies of occupationd CTS arelisted on
Tables 5a-5. Twenty-one are cross-sectiona
dudies, six are case-control, and three involve
alongitudina phase; dl have been published
snce 1979. We included one surveillance study
[Franklin et d. 1991] becauseit has been
included in many of the earlier reviews The few
earlier gudies of CTSidentified were clinica
case series, or did not identify work place risk
factors and were not included in the tables
related to CTS.

OUTCOME AND EXPOSURE
MEASURES

In four of 30 studies listed in Tables5a-1 to
5a-4, CTS was assessed based on symptoms
aone; in another nine studies, the case
definition was based on a combination of
symptoms and physical findings.
Electrophysologica tests of nerve function
were completed in 14 studies. Electrodiagnostic
testing (nerve conduction studies) has been
consdered by some to be arequirement for a
vaid case definition of CTS, asissamilarly used
for adinicd diagnogsin individudswith CTS.
A few studies which have looked at the
relationship of occupationd factorsto CTS
have used a hedlth outcome based on
electrodiagnodgtic testing done [Nathan et d.
1988; Schottland et al. 1991; Radecki 1995.]
However, some authors [Nilsson 1995;
Werner et d. 1997] have discouraged the use
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of labeling workers as having “CTS’ or
“median nerve mononeuropathy” based on
abnorma sensory nerve conduction aone
(without symptoms). The reason for thisview is
illustrated in a recent prospective study by
Werner et d. [1997]. On follow-up six to
elghteen months after initia evauation, they
found that asymptomatic active workers with
abnormal sensory median nerve function (by
Nerve Conduction Studies [NCS]) were no
more likely to develop symptoms consstent
with CTS than those with norma nerve
function. Studies which have used nerve
conduction tests for epidemiologic field sudies
have employed a variety of evauation methods
and techniques [Nathan et al. 1988, 1994b;
Bernard et d. 1993; Osorio et a. 1994].
Normal vaues for nerve conduction studies
have dso varied from laboratory to laboratory.
NCS results have been found to vary with
electrode placement, temperature, aswell as
age, height, finger circumference and writ rétio
[Stetson 1993], suggesting that “norma” vaues
may need to be corrected for those factors.

Severd epidemiologic studies have used a
survelllance case definition of CTS based

on symptoms in the median nerve distribution
and abnormd physcad examination findings
using Phaen'stest and Tind’ s sign, and have
not included NCS. Two recent studies
[Bernard et . 1993; Atterbury et a. 1996]
looked at CTS diagnosis based on
guestionnaire and physical examination findings
and its association with the “gold stlandard” of
nerve conduction diagnosed median
mononeuropathy. Both studies found
gatigticaly sgnificant evidence to support the
use of an epidemiologic CTS case definition
based on symptoms and physicd examination
(not requiring NCS) for

epidemiologic surveillance studies. Nathan



[19924] dso found a strong relaionship
between symptoms and prolonged sensory
median nerve conduction. (It isimportant to
note here that a case definition used for
epidemiologic purposes usudly differs from one
used for medical diagnosis and thergpeutic
intervention.)

Researchers have relied on avariety of
methods to assess exposure to suspected
occupationd risk factorsfor CTS. These
methods include direct measurement,
observation, self-reports, and categorization by
job titles. Mogt investigators agree that use of
observationd or direct measurement methods
increases the qudity (both the precison and
accuracy) of ergonomic exposure assessments,
but these methods a so tend to be costly and
time consuming. In genera, misclassfication
errors tend to dilute the observed associations
between disease and physica workload
[Viikari-duntura 1995].

REPETITION

Definition of Repetition for CTS

For our review, we identified studies that
examined repetition or repetitive work for the
hand and wrigt for CTS as cyclicd or repetitive
work activities that involved ether 1) repetitive
hand/finger or wrist movements such as hand
gripping or wrist extengorv/flexion, ulnar/radid
deviation, and supination or pronation. Most of
the studies that examined repetition or repetitive
work as arisk factor for CTS had severa
concurrent or interacting physical workload
factors. Therefore, repetitive work should be
consdered in this context, with repetition as
only one exposure factor, accompanied by
others such as force, extreme posture, and, less
commonly, vibration.

Studies Reporting on the Association
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of Repetition and CTS

Nineteen studies reported on the results of the
association between repetition and CTS.
Severd dudiesin Table 5a-1 quantitatively
measured [Moore 1992; Chiang et a. 1990,
1993; Silvergtein et a. 1987] or observed
[Stetson et d. 1993; Nathan et al. 1988,
1992a; Barnhart et a. 1991; Osorio et al.

1994] and categorized repetitive hand and wrist
movements in terms of : a) the frequency or
duration of tasks pertaining to the hand/wrigt, b)
the ratio of work-time to recovery time, c) the
percentage of the workday spent on repetitive
activities, or d) the quantity of work performed
inagiventime Theres of the sudies generdly
used job titles or questionnaires to characterize
exposure.

Studies Meeting the Four Evaluation Criteria
Five epidemiologic sudies of the hand/wrist
area addressing repetitivenessand CTS
[Chiang et d. 1990, 1993; Moore and Garg
1994; Osorio et d. 1994; Silversteinet d.
1987] met the four criteria. Chiang et d. [1990]
studied 207 workers from 2 frozen food
processing plants. Investigators observed job
tasks and divided them into low or high
repetitiveness categories of wrist movement
based on cycle time, as previoudy described by
Silvergtein et d. [1987]. Jobs were dso
classified according to whether or not workers
hands were exposed to cold work conditions.
The resulting exposure groups were:

Group 1-Not Cold, Low Repetitiveness
(mainly office gaff and technicians);

Group 2—-Cold Exposure or High
Repetitiveness, and Group 3—Cold Exposure
and High Repetitiveness. CTS diagnosis was
based on abnormd dlinical examination and
nerve conduction studies. Prevaence of CTS



was 3% in Group 1, 15% in Group 2, and 37%
in Group 3. Satigicd modding that dso
included gender, age, length of employment,
and cold resulted in an oddsratio (OR) of 1.87
(p=0.02) for CTS among those with highly
repetitive jobs. The OR for CTS among those
exposed to cold conditions and high
repetitiveness was 3.32 (p=0.03). The authors
cautioned that cold exposure may have at least
partialy acted as a proxy for forceful
hand/wrist exertion in this study group.

Chiang et d. [1993] studied 207 workers from
8 fish processing factories in Taiwan. Jobs were
divided into 3 groups based on levels of
repetitiveness and force. The comparison group
(low force/low repetitiveness) was comprised
of managers, office gaff, and skilled craftsmen
(group 1). The fish-processing workers were
divided into high repetitiveness or high force
(group 2), and high force and high
repetitiveness (group 3). Repetition of upper
limb movements (not specificaly the wrist) was
defined based on observed cycletime
[Silverstein et d. 1987]. CTS was defined on
the basis of symptoms and positive physica
examindion findings, ruling out systemic
diseases and injury. CTS prevaence for the
overdl study group was 14.5%. CTS
prevalence increased from group 1, to group 2,
and to group 3 (8.2%, 15.3%, and 28.6%,
respectively), a

gdtidicaly sgnificant trend (p<0.01).
Repetitiveness aone was not a significant
predictor of CTS (OR 1.1). Statistica modeling
showed that women in this study group had a
higher prevaence of CTS than men (OR 2.6,
95% confidence interval [Cl] 1.3-5.2).
Because the proportion of women varied by
exposure group (48%, 75%, and 79% from
group 1 to 3), further analyses were limited to
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femaes. The OR for repet-itivenesswas 1.5
(95% CI 0.8-2.8), con-trolling for oral
contraceptive use and force.

Moore and Garg [1994] evauated 32 jobsin a
pork processing plant and then reviewed past
OSHA illness and injury logs and plant medica
records for CTS casesin these job categories.
A CTS case required the recording of
suggestive symptoms (numbness and tingling)
combined with eectrodiagnostic confirmation
(as reported by the attending
electromyographers) of a case. Incidence ratios
(IRs) were caculated usng the full-time
equivaent number of hours worked reported
on the logs. The exact number of workers was
not reported. Exposure assessment included
videotape andysis of job tasks for
repetitiveness and awkward postures. The
force measure was an estimate of the percent
maximum voluntary contraction (%MV C)
based on weight of tools, and parts and
population strength data adjusted for extreme
posture or speed. Jobs were then categorized
as hazardous or safe (for al upper extremity
MSDs, not for CTS), based on exposure data
and the judgment of the investigators. The
hazardous jobs had ardative risk (RR) for
CTSof 2.8 (95% CI 0.2-36.7) compared to
the safe jobs. Due to the lack of datafrom
individua workers, the study was unable to
control for common confounders. Potentia for
survivor effect (79% of the workforce was laid
off the year prior to the study), alimited latency
period (8-32 months), and the potential for
incompl ete case ascertainment (underreporting
is known to be a problem with OSHA illness
and injury logs) limit confidence in this estimate.
This study did not specificaly address the
relationship between repetitivenessand CTS.
No sgnificant association was identified



between repetitiveness and the grouped “ upper
extremity musculoskeletal disorders,” but there
was very little variahility in repetitiveness (31 of
the 32 jobs had acycle time less than 30
seconds).

Osorio et d. [1994] studied 56 supermarket
workers. Exposure to repetitive and forceful
wrigt motions was rated as high, moderate, or
low, following observation of job tasks. The
CTS case definition was based on symptoms
and nerve conduction studies. CTSHike
symptoms occurred more often (OR 8.3, 95%
Cl 2.6-26.4) among workersin the high
exposure group compared to the low exposed
group. The odds of meeting the symptom and
NCS-based CTS case definition among the
high exposure group were 6.7 (95% Cl
0.8-52.9), compared to the low exposure

group.

Silversein et d. [1987] studied 652 workersin
39 jobs from 7 different plants (electronics,
appliance, gpparel, and bearing manufacturing;
metal casting, and an iron foundry).
Investigators divided jobs into high or low
repetitiveness categories, based on anaysis of
videotaped job tasks of 3 representative
workers in each job. High repetitiveness was
defined as cycle time less than 30 seconds or at
least 50% of the work cycle spent performing
the same fundamental movements. Jobs were
aso divided into high or low force categories
based on EMGs of representative workers
forearm flexor muscles while they performed
their usua tasks. EMG messurements were
averaged within each work group to
characterize the force requirements of the job.
High force was defined as a mean adjusted
force >6 kg. Jobs were then classified into 4
groups: low forcellow repetitiveness, high
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force/low repetitiveness, low forcelhigh
repetitiveness, and high forcefhigh
repetitiveness. Fourteen cases (2.1%
prevaence) of CTS were diagnosed based on
sandardized physicd examinations and
Structured interviews.

The OR for CTSin highly repetitive jobs
compared to low repetitive jobs, irrespective of
force, was 5.5 (p<0.05) in adtatistica model
that dso included age, gender, years on the job,
and plant. The OR for CTSin jobswith
combined exposures to high force and high
repetition was 15.5 (p<0.05), compared to
jobs with low force and low repetition. Age,
gender, plant, years on the job, hormonal
gatus, prior health history, and recrestiona
activities were andyzed and determined not to
confound the associations identified.

Studies Meeting at Least One Criterion
Fourteen additiona studies met at least one of
the criteria.

Barnhart et d. [1991] studied ski manufacturing
workers categorized as having repetitive or
nonrepetitive jobs based on observationa
exposure methods for hand/wrist exposure. The
participation rate for this study was below

70%. Three different case definitions were used
for CTS based on symptoms, physica exam
findings, and NCS using the mean median-ulnar
difference in each group. Each case definition
used the NCS resullts. The authors reported a
sgnificant prevalence retio (PR) of 2.3 for the
mean median-ulnar sensory latency nerve
difference among those in repetitive jobs
compared to those in non-repetitive jobs.
However, the difference was found in the ulnar
rather than in the median nerve. The median
nerve latencies were not satisticaly different
between the two groups.



Baron et d. [1991] studied CTSin 124
grocery store checkers and 157 other grocery
store workers who were not checkers. The
CTS case definition required symptoms that
met pre-determined criteria on a standardized
guestionnaire and physica examinations. The
OR for CTS among checkers was 3.7 (95%
Cl 0.7-16.7), inamode that included age,
hobbies, second jobs, systemic disease, and
obesity. Participation rates a the work sites
were higher among the exposed group
(checkers: 85% participation, non-checkers:
55% participation). After telephone interviews
in which 85% of the non-checkers completed
questionnaires, investigators reported that the
proportion of non-checkers mesting the case
definition did not increase,

Cannon et a. [1981] in a case-control study of
arcraft engine workers did not find a significant
associaion with the performance of repetitive
motion tasks (OR 2.1, 95%CI 0.9-5.3), but
found asgnificant associaion with sdif-
reported use of vibrating hand tools, history of
gynecologic surgery, and an inverse relaionship
with years on the job. One must assume from
the article that “repetitive motion tasks’ were
defined by job title. The diagnosis of CTS was
based on medica and workers' compensation
records.

In English et d.’s[1995] case-control study of
upper limb disorders diagnosed in orthopedic
clinics, the case seriesincluded 171 cases of
CTS and 996 controls. Exposure was based on
self-reports; repetitiveness was defined as a
motion occurring more than once per minute.
The logigtic regresson modd of CTS found
ggnificant associations with height (negative),
weight (positive), presentation at the clinic asa
result of an accident (negative), and two
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occupationd factors.

1) uninterrupted shoulder rotation with eevated
arm (OR 1.8, 95% Cl 1.2-2.8) and 2)
protection from repeated finger tapping (OR
0.4, 95% CI 0.2-0.7). The authors note that
the latter observation presented “difficulties of
interpretation.” Limitations of this study concern
the lack of exposure assessment for repetition,
and the questionable reliahility for reported limb
movements as an accurate measure of

repetition.

Feldman et d. [1987] studied eectronic
workers a alarge manufacturing firm usng a
questionnaire survey and biomechanica job
analysis. Four work areas with 84 workers
were identified as “high risk” with highly
repetitive and forceful tasks. Workersin these
high risk areas had physcd examinations and
NCS. Sixty-two workers from the high risk
area had repeat NCS one year |ater.
Comparing these high risk workersto the
others, one can caculate ORs for symptoms of
numbness and tingling [OR 2.26 (p<0.05)] and
apogtive Phden'ssgn [2.7 (p<0.05)].
Longitudina NCS of workersin the high risk
area showed sgnificant worsening in the
median motor latency and sensory conduction
veocity in the left hand, and motor changes
over ayear’s period, which the authors
attributed to work exposure. A limitation of this
study concerns inadequate exposure
information about the extent of worker
exposure to repetitive and forceful work.

McCormack et a. [1990] studied 1,579 textile
production workers and compared them to 468
other nonoffice workers, a comparison group
that included machine maintenance workers,
trangportation workers, cleaners, and

sweepers. The textile production workers were
divided into four broad job categories based on
smilarity of upper extremity exertions. No



formal exposure assessment was conducted.
Hedth assessment included a questionnaire and
screening physica examination followed by a
diagnogtic physicd examination. CTS was
diagnosed using predetermined clinicd criteria
The severity of caseswas also reported as
mild, moderate, or severe. The overdl
prevaence for CTS was 1.1%, with 0.7%in
boarding, 1.2% in sawing, 0.9% in knitting,
0.5% in packaging/folding, and 1.3% in the
comparison group. None of the differences
were datidticaly sgnificant. A gatistical mode
that also included age, gender, race, and years
of employment showed that CTS occurred
more often among women in this sudy
(p<0.05). Interpretation of these data,
epecidly with alow prevaence disorder like
CTS, isdifficult ance gender varied with job
(94% of boarding workers were female,
compared to 56% in the comparison group),
and the comparison group (machine
maintenance workers, transportation workers,
cleaners and sweepers) may have aso been
exposed to upper extremity exertions.

I nteractions among potentia confounders were
not addressed, but they are suspected because
of sgnificant associations between race and
three MSDs.

Morgengtern et a. [1991] mailed
questionnairesto 1,345 union grocery checkers
and agenerd population group. Exposure was
based on self-reported time working as a
checker. Symptoms of CTS were significantly
associated with age and the use of diuretics,
and nonggnificantly associated with average
hours worked per week, and years worked as
achecker. A positive CTS outcome was based
on the presence of al four symptoms: painin
the hands or wrigt, nocturnd pain, tingling in the
hands or fingers, or numbness. The estimated
attributable fraction of CTS symptomsto
working as a checker was about 60%, using
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both a generd population comparison group
and alow exposed checker group. The
limitations of thisstudy are: 1) the use of an
overly sendtive health outcome measure, for
example, 32% of the surveyed population
reported numbness, and 2) the use of sdf-
reported exposure.

Nathan et d. [1988] studied median nerve
conduction of 471 randomly selected workers
from four industries (sted mill, mest/food
packaging, eectronics, and plastics
manufacturing). Median nerve sensory latency
vaues were adjusted for age for satistical
andyses. Thirty-nine percent of the sudy
subjects had impaired sensory nerve
conduction, or “dowing” of the median nerve.
The five exposure groups were defined as
follows Group 1 isvery low force, low
repetition (VLFLR); Group 2 islow force,
very high repetition (LF/VHR); Group 3is
moderate force, moderate repetition (MF/MR);
Group 4 is high force/moderate repetition
(HFMR); and Group 5 is very high forcefhigh
repetition (VHF/HR). There was no sgnificant
difference between Group 1 and Group 2, the
groups that had the greatest differencesin
repetition. The authors reported a Sgnificantly
higher number of subjects with median nerve
dowing in Group 5 (VHF/HR) compared to
Group 1 (VLF/LR), but not in other groups,
using a datistica method described asa
“pairwise unplanned s multaneous test
procedure” [Sokd and Rohlf 1981]. The
authors aso reported that when individua
hands were the basis of calculations rather than
subjects, Group 3 had asignificantly higher
prevaence of median nerve dowing.
Cdculations of the data usng PRs and chi-
sguares [Kleinbaum et d. 1982] resulted in
sgnificantly higher prevalences of median nerve



dowing in each of Groups 3, 4, and 5
(moderate to high repetition, with moderate to
very high force) compared to Group 1
(VLR/LF). PRsare 1.9 (95% Cl 1.3-2.7), 1.7
(95% CI 1.1-2.5), and 2.0 (95% CI 1.1-3.4)
for Groups 3, 4, and 5, respectively. A
consarvative (Bonferroni) adjustment of the
sgnificance leve to 0.0125 for multiple
comparisons [Kleinbaum et d. 1982] would
result in Group 5 no longer being datidticaly
ggnificantly different from Group 1 (p=0.019),
but Group 4 (p=0.009), and Group 3
(p=0.000) remain datigticaly sgnificantly
higher than Group 1 in prevaence of median
nerve dowing.

In 1992, Nathan et a. [19924] reported on a
follow-up evauation in the same study group.
Sixty-seven percent of the origind study
subjects were included. Hands (630), rather
than subjects, were the basis of andlyssin this
study. Novice workers (those employed less
than 2 yearsin 1984) were less likely to return
than non-novice workers (56% compared to
69%, p=.004). Maximum latency differencesin
median nerve sensory conduction were
determined asin the Nathan et a. [1988] study.
The authors sate that there was no significant
difference in the prevaence of median nerve
dowing between any of the exposure
categoriesin Nathan et d. [1988] using the
same datistical method described in the Nathan
et a. 1988 study. However, caculaions using
common gatistica methods result in the
following PRsfor dowing: Group 3-1.5 (95%
Cl 1.0-2.2), Group 4-1.4 (95% CI 0.9-2.1),
and Group 5-1.0 (95% CI 0.5-2.2),
compared to Group 1. Group 5 had the same
prevalence of dowing (18%) as Group 1in
1989. In 1984 the prevaence of dowing was
29% in Group 5, and 15% in Group 1. The
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drop in prevaence of median nerve dowing in
Group 5 between 1984 and 1989 might be
explained by the higher drop-out rate among
casesin Group 5 compared to Group 1 (PR
2.9, 95% Cl 1.3-6.6). Thiswas not addressed
by the authors.

Punnett et a. [1985] compared the symptoms
and physicd findings of CTS in 162 women
garment workers and 76 women hospital
workers such as nurses, laboratory technicians,
and laundry workers. Eighty-six percent of the
garment workers were sawing machine
operators and finishers (sewing and trimming by
hand). The sewing machine operators were
described as using highly repetitive, low force
wrist and finger motions, whereas finishing
work aso involved shoulder and elbow
motions. The exposed garment workers
probably had more repetitive jobs than most of
the hospita workers. CTS symptoms occurred
more often among the garment workers (OR
2.7, 95% CI 1.2—7.6) compared to the hospital
workers. There was alow participation rate
(40%) among the hospital workers.

Schottland et a. [1991] carried out a
comparison of NCS findingsin poultry workers
and job applicants as referents. No exposure
assessment was performed, and applicants
were not excluded if they had prior
employment in the plant. Results indicated that
the right median nerve sensory latency was
sgnificantly longer in 66 femae poultry workers
compared to 41 female job applicants. In these
two groups of women there were less
pronounced differences in the left median
sensory latency. The latenciesin the 27 mae
poultry workers did not differ sgnificantly from
the 44 mae job applicants, dthough the power
caculations presented in the paper noted



limited power to detect differences among mae
participants. The OR for percentage of femae
poultry workers who exceeded the criteria
vaue for theright median sensory latency is
2.86 (95% CI 1.1-7.9). The mgjor limitations
of this study are the absence of detailed
information on exposure and the inclusion of
former poultry workersinto the applicant
group, as well as the inadequate sample size,
and the personal characteristics of these
workers. This sudy found a Sgnificant
association between highly repetitive, highly
forceful work and abnorma NSC consistent
with CTS. It does not allow analysis of
repetition done.

Stetson et a. [1993] used measurements of
sensory nerve conduction velocity of the
median nerve as indicators of nerve impairment
or CTS, dinica examination results were not
reported in this article. Three groups were
studied: areference group of 105 workers
without occupationd exposure to highly forceful
or repetitive hand exertions, 103 indugtrid
workers with hand/wrist symptoms, and 137
asymptomatic industria workers. Exposure was
assessed with a checklist by trained workers.
Factors considered included repetitiveness
(Silvergein criteria), force defined by the
weight of an object that is carried or held,
localized mechanica stress, and posture.
Exposure assessments were available on 80%
of the industrid workers. Mogt of the industria
workers were on repetitive jobs (76%), a
minority carried more than ten pounds some of
the time (32%0), and gripped more than six
pounds at least some of the time (44%). The
andysis controlled for several confounders
including age, gender, finger circumference,
height, weight, and a square-shaped wrigt. In
the comparison of the asymptomatic to
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symptomatic industrid workers, the mean
exposure for the symptomatic indudtria
workers was nonggnificantly dightly greater for
al exposure factors except for repetitiveness.
The median sensory amplitudes were
sgnificantly smdler

(p<0.01) and latencies longer (p<0.05) for
indudtrid workers with exposure to high grip
forces compared to those without. Mean
sensory amplitudes were significantly smaler
(p<0.05) and motor and sensory latencies were
sgnificantly longer (p<0.01) in the industria
asymptomatic workers compared to the control
group. Thesefindings for the motor latencies
are amilar to Feldman et a. [1987]. Since most
of the industria workers were exposed to
repetitive work, it is not clear whether this
study population alowed a comparison
between repetitive and non-repetitive work.
Overdl this study suggests that repetitive work
combined with other risk factors is associated
with dowing of median nerve conduction.

The Wiedander et d. [1989] case-control
study used self-reported information collected
via telephone interview about the duration of
exposure (number of years and hours per
week) to several work attributesincluding
repetitive work. Definitions for these work
attributes were not provided. Three categories
of duration of exposure were defined for each
attribute (<1 year,

1-20 years, and >20 years), but the asymmetry
of the categories was not explained. A
ggnificant OR for reporting repetitive
movements of the wrist comparing CTS
patients to hospital referents (OR 4.6) and
genera population referents (OR 9.6) was
reported, but only among those employed
greater than 20 years. Those employed from
1-20 years compared to the referent



population had dlevated ORs for repetitive
movements of the wrist (1.5 for CTS patients
compared to hospitd referents, and 2.3
compared to population referents), but these
were not sgnificant. Jobs with increasing
numbers of work risk factors gave increasing
ORs (from 1.7 to 7.1) among CTS cases when
compared to referents; these were statigtically
sgnificant when there were two or more risk
factors. Given the limited qudlity of the
exposure data and findings (repetition isa
ggnificant risk factor only after 20 years of
exposure), thisis only suggestive of a
relationship between repetition done and CTS.

Studies Not Meeting Any of the Criteria
Lisset d. [1995] conducted amail survey
concerning CTS among 2,124 Ontario dental
hygienists compared to 305 dental assistants
who do not scale teeth. Both groups had alow
response rate (50%). The age adjusted OR
was 5.2 (95% CI 0.9-32) for being told by a
physician that you had CTS and 3.7 (95% ClI
1.1-1.9) using a questionnaire-based definition
of CTS. The mgor limitations of this sudy are
the low participation rate, the lack of a detailed
exposure assessment for repetitiveness, and

s f-reported hedlth outcome.

Strength of Association—Repetition
and CTS

Three of the five sudies that met dl four criteria
evauated the effect of repetitiveness done on
CTS. Chiang et d. [1990], Sivergein et d.
[1987], and Chiang et a. [1993].

Chiang et d. [1990] reported an OR of 1.9
(p<0.05) for CTS among those with highly
repetitive jobs. The OR for CTS among those
exposed to high repetitiveness and cold was
3.32 (p<0.05). The additiona effect attributed
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to cold may be at least partialy explained by
forceful motions among workers who were also
exposed to cold. Force was not evduated in
this study.

Silverstein et a. [1987] reported an OR of 5.5
(p<0.05) for repetition as a single predictor of
CTS. Among workers exposed to high
repetition and high force, the OR was 15.5
(p<0.05).

Chiang et d. [1993] reported a sgnificant trend
of increasing prevadence of CTSwith increasing
exposure to repetition and/or force (8.2%,
15.3%, and 28.6%, p<0.05). Repetition (of the
whole upper limb, not the wrist) done did not
sgnificantly predict CTS (OR 1.1).

In summary, three sudies that met dl four
criteriareported ORs for CTS associated with
repetition. The Satisticaly sgnificant ORs for
CTS attributed to repetition done ranged from
1910 5.5. The satidticdly significant ORs for
CTS atributed to repetition in combination with
force or cold ranged from 3.3 to 15.5. Gender,
age, and other potentia confounders were
addressed and are unlikely to account for the
associations reported.

Five other studies observed job tasks, then
grouped them into categories according to
edimated levels of repetitiveness combined
with other risk factors [Feldman et a. 1987;
Moore and Garg 1994; Nathan et a. 1988,
1992a; and Osorio et al. 1994]. CTS case
definitions reported here required more than
symptom-defined criteria. Moore and Garg
[1994] reviewed medical records;, Nathan et d.
[1988] and Osorio et a. [1994] performed
nerve conduction studies.



Feldman et a. [1987] reported an OR of 2.7
(p<0.05) for a pogitive Phalen’ stest among
workers in high exposure jobs, compared to
low exposure jobs.

Moore and Garg [1994] reported an OR of
2.8 (0.2, 36.7) for CTS among workersin
“hazardous’ jobs compared to workersin
“nonhazardous’ jobs.

Nathan et d.’s[1988] dataresult in PRs

for four groups with varying leves of
repetitiveness and force from very low (VL) to
very high (VH), compared to avery low force,
low repetition group (VLF/LR):

LFVHR versus VLF/LR: 1.0 (95% ClI
0.5-2.0)

MFMR versus VLF/LR: 1.9 (95% CI
1.3-2.7)

HF/MR versus VLF/LR: 1.7 (95% CI 1.1-
2.5)

VHF/HR versus VLF/LR: 2.0 (95% ClI
1.1-3.4).

Nathan et a. [1992a] data, a 5-year follow-up
of the 1988 study, result in PRs for the
following groups.

LFVHR versus VLF/LR: 1.0 (95% CI 0.6—
1.9)

MFMR versus VLF/LR: 1.5 (95% CI 1.0~
2.2)

HF/MR versus VLF/LR: 1.4 (95% CI 0.9-
2.1)

VHF/HR versus VLF/LR: 1.0 (95% CI 0.5—
2.2).

Osorio et a. [1994] reported an OR of 6.7
(95% CI 0.8-52.9) for CTS among workersin
high exposure jobs, compared to workersin
low exposure jobs. Using a symptom-based
case definition, the OR for the same

comparison groups was 8.3 (95% Cl 2.6—
26.4).

To summarize, three of the five sudies
reviewed resulted in datisticaly sgnificant
positive findings for CTS associated with
combined exposures. Feldman et al. [1987]
reported an elevated OR for CTS with high
combined exposure. Nathan et al.’s[1988]
dataresulted in elevated PRsfor CTS among
the three highest combined exposure groups.
Nathan et d.’s[19924] dataresulted in an
elevated PR for CTS among one of the high
combined exposure groups. There was
evidence of survivor biasin the highest

exposure group.

The following studies used job title or job
category to represent exposure to
repetitiveness combined with other exposures
and defined CTS based on physical
examination [Baron et a. 1991, McCormack et
al. 1990, Punnett et d. 1985] or nerve
conduction studies [ Schottland et d. 1991].

Baron et d. [1991] reported an OR of 3.7
(95% CI 0.7-16.7) for CTS, defined by
symptoms and physica examination, anong
grocery checkers compared to other grocery
workers.

McCormack et d. [1990] reported the
following ORsfor CTS among workersin each
of four broad job categories that were
considered exposed, compared to a
comparison group of maintenance workers and
cleaners that was considered to have low
exposure:

Boarding versus Low: 0.5 (95% CI 0.1-2.9)
Sewing versus Low: 0.9 (95% CI 0.3-2.9)



Packaging versus Low: 0.4 (95% Cl 0.0-2.4)
Knitting versus Low: 0.6 (95% CI 0.1-3.1)

Punnett et a. [1985] reported an OR of 2.7
(95% Cl 1.2—7.6) for CTS among garment
workers versus hospital workers.

Schottland et a. [1991] reported an OR of
2.86 (95% CI 1.1—-7.9) for prolonged right
median sensory latency among female poultry
workers, compared to femae gpplicants for the
same jobs. No significant differences were
identified among maes.

In summary, two of the four studies reviewed
above reported sgnificantly elevated ORs for
CTS or median sensory nerve conduction
dowing.

Wiedander et a. [1989] reported an OR for
CTS (surgical cases, confirmed by NCS) of
2.7 (95% CI 1.3-5.4) among those with sdif-
reported exposure to repetitive wrist movement
>20 years, compared to hospita referents, and
4.5 (95% CI 2.0-10.4), compared to
population referents. Significant OR sfor CTS
among those with combined job risk factors
ranged from 3.3t0 7.1.

The remaining two studies relied on sdif-
reported symptoms and self-reported
exposures from mail [Morgenstern et d. 1991]
or telephone surveys [Liss et d. 1995]. Data
quality and response rates limit interpretation of

findings

In conclusion, among the studies that measured
repetition aone, there is evidence that repetition
is positively associated with CTS. The mgority
of studies provide evidence of a stronger
positive association between repetition
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combined with other job risk factorsand CTS.

Temporal Relationship: Repetition
and CTS

The question of which occurs first, exposure or
disease, can be addressed most directly in
prospective studies. However, Sudy limitations
such as survivor bias can cloud the
interpretation of findings. In our anays's of
Nathan et a.’s[19924] data, 2 of 3 groups that
were exposed to forceful hand/wrist exertions
were more likely to have median nerve dowing
when nerve conduction testing was repesated 5
years later. The highest exposure group had the
same prevaence of dowing as the lowest
exposure group in 1989, whereas they had a
higher prevaencerate in 1984. As discussed
above, this apparent decrease in prevalence
over 5 years can probably be explained by a
higher drop-out rate among cases in the highest
exposure group, compared to the lowest
exposure group. These interpretations of the
data differ from those of the authors. Further
study is needed to clarify these issues.
However, to our knowledge, thereis no
evidence demondrating that those with CTS
would be more likely to be hired in jobs that
involve high exposure to repetitive hand/wrist
exertions and combined job risk factors,
compared to those without CTS. In fact,
employment practices tend to exclude new
workers with CTS from jobs that require
repetitive and intengve hand/wrist exertion.

Feldman et d. [1987] reported longer median
motor (but not sensory) latencies among
workers with combined exposure to hand/wrist
exertion, compared to nerve conduction
findings in the same group one year exlier.

Cross-sectiond studies provide evidence that



exposure occurred before CTS, by using case
definitions that exclude pre-existing cases, and
by excduding recently hired workers from the
study. The studies that provide evidence that
repetitive and combined job exposures are
associated with CTS followed these practices,
therefore the associations identified cannot be
explained by disease occurring before
exposure.

Consistency in Association for
Repetition and CTS

One study [English et d. 1995] reported a
datidicaly sgnificant negative association
between repetitive work and CTS. The specific
exposure was self-reported repeated finger
tapping; the investigators stated that they had
difficulty interpreting thisfinding. All of the other
datidicdly sgnificant findings pointed to a
positive association between repetitive work
and CTS. The non-sgnificant estimates of RR
were also mostly grester than one.

Coherence of Evidence for Repetition
One of the mogt plausible ways that repetitive
hand activities may be associated with CTSis
thorough causing a subgtantid increase in the
pressure in the carpa tunnel. Thisin turn can
initiste a process which results in either
reversble or irreversible damage to the median
nerve [Rempe 1995]. Theincreasein pressure,
if it isof sufficient duration and intengity, may
reduce the flow of blood in the epineura
venules. If prolonged, this reduction in flow
may affect flow in the capillary circulaion,
resulting in greater vascular permesbility and
endoneurd and synovid edema. Because of the
structure of the median nerve and the carpa
tunnd, thisincrease in fluid and resulting
increase in pressure may persst for along
period of time. If the edema becomes chronic,
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then it may trigger afibross which damagesthe
function of the nerve. The interplay between
acute increases in pressure and chronic changes
to the nerve could partidly explain why thereis
not a stronger correlation between symptoms of
CTS and dowing of the median nerve. Both
symptoms and Sowing of the median nerve are
likely to have both acute and chronic
components in many cases of CTS.

The work determinants of pressurein the

carpa tunnd are wrist posture and load on the
tendonsin the carpa tunnel. For example, the
norma resting pressure in the carpa tunnd with
thewrigt in aneutra posture is about 5
millimeters of mercury (mmHg), and typing with
the wrigt in 45€ of extenson can result inan
acute pressure of 60 mmHg. Substantia load
on the fingertip with the wrig in a neutra
posture can increase the pressure to 50 mmHg.
A parabolic relationship between wrist posture
and pressure in the carpa tunnd has been
found. In laboratory studies of norma subjects,
elevated carpa tunnel pressures quickly return
to norma once the repetitive activity stops,
patients with CTS take along time for the
pressure to return to their basdline values. One
of the supporting observations for thismode is
that at surgery for CTS, edemaand vascular
sclerogs (fibrosis due to ischemia) are common
[Rempel 1995].

Thismodéd of the etiology of work-rdated CTS
is congstent with two observations from the
epidemiologicd literature. Frg, it illustrates
why both work and nonwork factors such as
obesity may be important because anything that
increases pressure in the carpa tunnel may
contribute to CTS. Second, it explains why
repetitiveness independent of wrist posture and
load on the flexor tendons may not be amgor



risk factor for CTS.

Exposure-Response Relationship for
Repetition

Evidence of an exposure-response relationship
is provided by studies that show acorrelation
between the level or duration of exposure and
ether the number of cases, the illness severity,
or the time to onset of theillness. Sivergein et
a. [1987] showed an increasing prevalence of
CTS sgns and symptoms among industrid
workers exposed to increasing levels of
repetition and forceful exertion. This

rel ationship was not seen when repetition done
was assessed. Similar findings on an exposure-
response relationship were reported by Chiang
et a. [1993], Osorio et d. [1994], Wiedander
et a. [1989], and by Stock [1991] in her
reanaysis of the Nathan et d. [1988] data.

Morgenstern et . [1991] and Baron et dl.
[1991] reported increased prevalence of CTS
with increasing length of time working asa
grocery cashier.

Conclusions Regarding Repetition
Based on the epidemiologic studies noted
above, epecidly those with quantitative
evauation of repetitive work, the strength of
association for CTS and repetition has been
shown to range from an OR of 2 to 15. The
higher ORs are found when contrasting highly
repetitive jobs to low repetitive jobs, and when
repetition occurred in combination with high
levels of forceful exertion. Those studies with
certain epidemiologic limitations have aso been
fairly conggent in showing areationship
between repetition and CTS. The evidence
from those studies which defined CTS based
on symptoms, physicd findings, and NCSis
limited, due to the variety of methods used
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[Nathan et a. 1988; Stetson et a. 1993;
Barnhart et a. 1991].

Thereis evidence of a pogtive association
between highly repetitive work lone and CTS.
Thereisstrong evidence of apostive
associaion between highly repetitive work in
combination with other job factorsand CTS,
based on currently available epidemiologic
data

FORCE AND CTS

Definition of force for CTS

The studies reviewed in this section determined
hand/wrist force exposure by a variety of
methods. Some investigators [Armstrong and
Chaffin 1979; Chiang et d. 1993; Sllverdein et
al. 1987] measured force by EMGs of
representative workers forearm flexor muscles
while they performed their usud tasks. EMG
measurements were averaged within each work
group to characterize the force requirements of
the job; jobs were then divided into low or high
categories if the average force was above or
below a cutoff point. Moore and Garg [1994]
estimated force as %MV C, based on weight of
tools and parts and population strength data,
adjusted for extreme posture or speed. Jobs
were then predicted to be either hazardous or
safe (for any upper extremity musculoskeleta
disorder), based on exposure data and
judgment. Stetson et a. [1993] estimated
manipulation forces based on weights of tools
and parts and systematically recorded
observations of one or more workers on each
job. Jobs were then ranked according to grip
force cutoffs. Nathan et a. [1988, 1992a] and
Osorio et d. [1994] edtimated relative levels of
force (e.g., low, moderate, high) after
observation of job tasks. McCormack et a.
[1990] grouped jobs into broad job categories



based on smilarity of observed job tasks; one
job group (boarding) required forceful
hand/wrist exertions. Baron et d. [1991] and
Punnett et a. [1985] used job titleasa
surrogate for exposure to forceful hand/wrist
exertions.

Much of the epidemiologic dataon CTS and
force overlgps with those studies discussed in
the above section on repetition. Repetitive
work is frequently performed in combination
with externa forces, and much of the
epidemiologic literature has combined these
two factors when determining association with
CTS.

Studies Reporting on the Association
of Force and CTS

Eleven studies reported results on the
association between force and CTS. The
epidemiologic studies that addressed forceful
work and CTS tended to compare working
groups by classfying them into broad
categories based on estimates of the
forcefulness of hand/wrigt exertionsin
combination with estimated repetitiveness. In
mogt studies the exposure classfication was an
ordind reting (e.g., low, moderate, or high); in
some studies job categories or titles were used
as surrogates for exposure to force exertions.

Studies Meeting the Four Evaluation Criteria
Four studies that evaluated the relationship
between forceful hand/wrist exertion and CTS
met dl four criteriac Chiang et d. [1993],
Moore and Garg [1994], Osorio et a. [1994],
Silvergein et d. [1987]. Chiang et d. [1993]
studied 207 workers from 8 fish-processing
factoriesin Taiwan. Jobs were divided into 3
groups based on levels of force and
repetitiveness. The comparison group (low
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force/low repetitiveness) was managers, office
gaff, and skilled craftsmen. The fish-processing
workers were divided into high force or high
repetitiveness (group 2), and high force and
high repetitiveness (group 3). Hand force
requirements of jobs were estimated by
electromyographs of forearm flexor muscles of
arepresentative worker from each group
performing usud job tasks. High force was
defined as an average hand force of >3 kg
repetition of the upper limb (not specificaly the
wrist) was defined based on observed cycle
time [Slvergen et d. 1987]. CTS was defined
on the basis of symptoms and positive physica
examindion findings, ruling out systemic
diseases and injury. CTS prevadence for the
overdl study group was 14.5%. CTS
prevalence increased from group 1 to group 3
(8.2%, 15.3%, and 28.6%), astatigtically
sgnificant trend p<0.01). Statistica modeling
showed that women in this study group had a
higher prevaence of CTS than men (OR 2.6,
95% Cl 1.3-5.2). Force dso significantly
predicted CTS (OR 1.8, 95% Cl 1.1-2.9), but
not repetitiveness. Because the proportion of
women varied by exposure group (48%, 75%,
and 79% from groups 1 to 3), the possbility of
an interaction between gender and job
exposure exigts, but thiswas not satigticaly
examined. In an anadyss limited to femdes, the
2 ggnificant predictors of CTS were ord
contraceptive use (OR 2.0, 95% CI 1.2-5.4),
and force (OR 1.6, 95% CI 1.1-3.0). Concern
over interpretation of these findingsis raised
because ord contraceptive use varies with age,
and age may vary with job exposures.

These potentid interactions were not examined,
and women’s ages by job group were not
reported.



Moore and Garg [1994] evaluated 32 jobsin a
pork processing plant and then reviewed past
OSHA 200 logs and plant medical records for
CTS casesin these job categories. IRs were
cdculated usng the full-time equivaent (FTE)
number of hours worked as reported on the
logs. The exact number of workers was not
reported. Exposure assessment included
videotape andysis of job tasks for
repetitiveness and awkward postures. The
force measure was an estimate of the %MV C,
based on weight of tools and parts and
population strength data, adjusted for extreme
posture or speed. Jobs were then predicted to
be either hazardous or safe (for dl Upper
Extremity MSDs), based on exposure data and
judgment. CTS was determined by reviewing
OSHA 200 logs and plant medical records.
The proportion of CTS in the overal sudy
group during the 20 months of case
ascertainment was 17.5 per 100 FTEs. If the
occurrence of CTS did not vary over this
period, the proportion of CTS in a 12-month
period would be 10.5 per 100 FTEs. The
hazardous jobs had aRR for CTS of 2.8 (0.2,
36.7) compared to the safe jobs. Potentia for
survivor effect (79% of the workforce was laid
off the year before the study), limited latency
period (8-32 months), and the potentia for
incomplete case ascertainment (underreporting
is common on OSHA 200 logs, and logs were
not reviewed for the first 12 months of the
gtudy) limit confidence in this estimate. One of
the more hazardous jobs, the Ham Loaders,
required extreme wrist, shoulder and elbow
posture and was rated 4 on a 5-point scale for
force, yet there was no observed morbidity.
Since thisjob did not start until 1989, the
period of observation for muscul oskel etal
disorders for thisjob was only 8 months. Other
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jobs studied alowed for up to a 32-month
latency period. The possibility of differentid
case ascertainment between exposed and
unexposed jobs exists, both because of
different observation periods, aswdl asthe
likelihood that turnover may have been greater
in the exposed jobs. It is aso unclear whether
employees worked full-time or part-time hours.

Osorio et d. [1994] studied 56 supermarket
workers. Exposure to repetitive and forceful
wrigt motions was rated as high, moderate, or
low, following observation of job tasks (97%
initid concordance with 2 independent
observers). The CTS case definition was based
on symptoms and nerve conduction studies.
CTSlike symptoms occurred more often (OR
8.3, 95% Cl 2.6-26.4) among workersin the
high exposure group compared to the low
exposed group. The odds of mesting the
symptom and NCS-based CTS case definition
among the high exposure group were 6.7 (95%
Cl 0.8-52.9), compared to the low exposure

group.

Silverstein et d. [1987] measured force by
electromyographs of representative workers
forearm flexor muscles while they performed
their usua tasks. EMG messurements were
averaged within each work group to
characterize the force requirements of the job;
jobs were then divided into high or low
categoriesif the mean adjusted force was
above or below

4 kg. Jobs were then classified into 4 groups
that also accounted for repetitiveness: low
force/low repetitiveness, high force/low
repetitiveness, low forcefhigh repetitiveness,
and high force/high repetitiveness. Fourteen
cases (2.1% prevaence) of CTS were



diagnosed based on standardized physica
examinations and structured interviews.

The OR for CTSin high force jobs compared
to low force jobs, irrespective of repetitiveness,
was 2.9 (p>0.05). The plant- adjusted OR for
CTSin jobs with combined exposures to high
force and high repetition was 14.3 (p<0.05),
compared to jobs with low force and low
repetition. Age, gender, plant, years on the job,
hormona satus, prior hedth history, and
recreationa activities were andyzed and
determined not to confound the associations
identified. The OR for CTSin jobswith
combined exposure from the multiple logigtic
analysiswas 15.5 (95% CI 1.7-142.)

Studies Meeting at Least One Criterion
Baron et d. [1991] studied CTSin 124
grocery store checkers and 157 other grocery
store workers who were not checkers. The
CTS case definition required symptoms that
met pre-determined criteria on a standardized
questionnaire. Physicd examinations were dso
performed, but participation rates at the work
gtes were higher among the exposed group
(checkers: 85% participation, non-checkers:
55% participation). Telephone interviews to
non-checkers resulted in questionnaire
completion by 85% of the non-checkers.
Based on a questionnaire case definition, the
OR for CTS among checkers was 3.7 (95%
Cl 0.7-16.7), inamode that included age,
hobbies, second jobs, systemic disease, and
obesity.

McCormack et a. [1990] studied 1,579 textile
production workers compared to 468 other
nonoffice workers, acomparison group that
included machine maintenance workers,
transportation workers, cleaners, and

sweepers. The textile production workers were
divided into four broad job categories based on
amilarity of upper extremity exertions. The
Boarding group required the most physica
exertion. No forma exposure assessment was
conducted. Hedlth assessment included a
questionnaire and screening physical
examination followed by a diagnogtic physicd
examination. CTS was diagnosed using
predetermined clinica criteria. The severity of
cases was aso reported as mild, moderate or
severe. The overdl| prevadence for CTSwas
1.1%, with 0.7% in Boarding, 1.2% in Sewing,
0.9% in Knitting, 0.5% in Packaging/Folding,
and 1.3% in the comparison group. None of
the differences were datidicdly sgnificant. A
datistica modd that dso included age, gender,
race, and years of employment showed that
CTS occurred more often anong women in this
study (p<0.05). Interpretation of these data,
especidly with alow prevdence disorder like
capa tunnd syndrome, is difficult Snce gender
varied with job (e.g., 94% of Boarding workers
were female, compared to 56% in the
comparison group), and the comparison group
may have aso been exposed to upper extremity
exertions (machine maintenance workers,
trangportation workers, cleaners and

sweepers). Interactions among potential
confounders were not addressed, but they are
suspected because of sgnificant associations
between race and three muscul oskeletal
disorders.

Nathan et d. [1988] studied median nerve
conduction of 471 randomly selected workers
from four industries (sted mill, meet/food
packaging, eectronics, and plastics
manufacturing). Jobs were grouped into 5
relative levels of force (from very light to very
high) after observation of job tasks. Jobs were



aso rated for repetitiveness (5 levels). Thirty-
nine percent of the study subjects had impaired
sensory conduction, or “dowing” of the median
nerve. The 5 exposure groups were defined as
follows Group 1 isvery low force, low
repetition (VLF/LR); Group 2 islow force,
very high repetition (LF/VHR); Group 3is
moderate force, moderate repetition (MF/MR);
Group 4 is high force/moderate repetition
(HF/MR); and Group 5 is very high forcefhigh
repetition (VHF/HR). The most logica
comparisons to eva uate the effect of force
would be Groups 3, 4, and 5 (moderate, high,
and very high force) compared to Group 1 (low
force). Group 2 jobs are not a good
comparison because they are very highly
repetitive, which may confound the
comparisons. The authors reported a
sgnificantly higher number of subjects with
median nerve dowing in Group 5 (VHF/HR)
compared to Group 1 (VLF/LR), but not in
other groups, using an uncommon datistica
method (pairwise unplanned Smultaneous test
procedure [Soka and Rohlf 1981]). The
authors aso reported that when individua
hands were the basis of calculations rather than
subjects, Group 3 had asgnificantly higher
prevaence of median nerve dowing.
Cdculations of the more familiar PRs and chi-
squares [Kleinbaum et d. 1982], using the
published data, result in higher prevaences of
median nerve dowing in each of Groups 3, 4,
and 5, compared to Group 1 (PRs:. 1.9, 95%
Cl 1.3-2.7; 1.7, 95% CI 1.1-2.5; and 2.0,
95% Cl 1.1-3.4, respectively). A conservative
adjugment (Bonferroni) of the significance leve
to 0.0125 for multiple comparisons [Kleinbaum
et a. 1982] would result in Group 5 no longer
being satigticaly dgnificantly different from
Group 1 (p=0.019), but Group 4 (p=0.009)
and Group 3 (p=0.000) remain gatisticaly
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ggnificantly higher than Group 1 in prevalence
of median nerve dowing.

In 1992 Nathan et al. [1992a] reported on a
follow-up evauation in the same study group.
Sixty-seven per cent of the origind study
subjects were included. Hands (630), rather
than subjects, were the basis of andysisin this
study. Novice workers (those employed less
than 2 yearsin 1984) were less likely to return
than non-novice workers (56% compared to
69%, p=0.004). Probable CTS was defined on
the bass of symptoms reported during a
structured interview and a positive Phaen's or
Tind’stest. Maximum latency differencesin
median nerve sensory conduction were
determined as in the 1984 study. The authors
date that there was no sgnificant differencein
the prevaence of dowing between any of the
exposure categoriesin 1989. However,
cdculations usng common gatistica methods
show sgnificantly higher prevalences of dowing
in Group 4 (PR 1.4, 95% CI 0.9-2.1)
compared to Group 1. Group 3's prevalence of
dowing was 26% compared to Group 1's
18%, but this difference was not datisticaly
ggnificant (p=0.07). Group 5 had the same
prevalence of dowing (18%) as Group 1in
1989; the prevdence of dowing in Group 5
was 29% in 1984. The drop in prevaence of
dowing in Group 5 between 1984 and 1989
might be explained by the higher drop-out rate
among casesin Group 5 compared to Group 1
(PR 2.9, 95% CI 1.3-6.6). Thiswas not
addressed by the authors.

Punnett et d. [1985] compared the symptoms
and physcd findings of CTS in 162 women
garment workers and 76 women hospital
workers such as nurses, laboratory technicians,
and laundry workers. Eighty-six percent of the



garment workers were sawing machine
operators and finishers (sewing and trimming by
hand). The sewing machine operators were
described as using highly repetitive, low force
wrist and finger motions, whereas finishing
work aso involved shoulder and elbow
motions. The exposed garment workers likely
had more repetitive jobs than most of the
hospital workers. CTS symptoms occurred
more often among the garment workers (OR
2.7, 95% CI 1.2—7.6) compared to the hospital
workers. There was alow participation rate
(40%) among the hospital workers.

Stetson et a. [1993] conducted nerve
conduction studies on 105 adminigtrative and
professional workers, and 240 automotive
workers. Hand/wrist forces were estimated
based on weights of tools and parts and
systematically recorded observations of one or
more workers on each job. Jobs were then
ranked according to grip force cutoffs: <6 b,
>6 |b, >10 |b. Median nerve measures differed
among the groups. index finger sensory
amplitudes were lower and distal sensory
latencies were longer among automoative
workersin jobs requiring grip force >6 |b and
>10 Ib, compared to those requiring less than 6
Ib (p<0.05 for dl). At the wrist, median sensory
amplitudes were dso lower and distdl median
sensory latencies were dso longer among the
>6 Ib, and the >10 Ib exposure groups (p<0.05
for 3 of 4 differences). Age, height, and finger
circumference were included in datistica
models. The automotive workers were then
divided into two groups, symptomatic (n=103)
and asymptomatic (n=137), based on whether
or not they met standard interview criteriafor
CTS symptoms. When comparisons were
made to the adminidtrative and professona
workers, 15 of 16 measures of median and
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ulnar nerve function showed lower amplitudes
and longer latencies (p<0.05) among the
asymptomatic automotive workers; differences
were greater between the symptomeatic
automotive workers and the white collar
workers. The symptomatic automotive workers
had lower amplitudes and longer latenciesfor 5
of 6 median sensory measures (p<0.05),
compared to the asymptomatic automotive
workers, there were no significant differencesin
ulnar nerve function between these two groups.
Asymptomeatic automotive workers had
“hedthier” median nerves than automotive
workers with CTS symptoms, but there were
no differences between these 2 groups in ulnar
nerve function, suggesting that the case
definition was specific for CTS.

Of the studies that addressed CTS, dmogt all
examined occupations and jobs in which force
was combined with another exposure factor
(such as repetition or awkward postures).
Chiang et d. [1993] estimated exposure to
hand/wrist force independent of repetitiveness
and found gatidicdly sgnificant RRsfor CTS
ranging from 1.6 to 1.8. Edtimates of RR that
were not gatigticaly sgnificant ranged from 0.4
t0 6.7 [McCormack et a. 1990; Osorio et al.
1994]. Rdative risk estimates for CTS among
workers exposed to a combination of forceful
and repetitive hand/wrigt exertions ranged from
1.0to 15.5 [Nathan et al. 1988, 1992,
Silversein et d. 1987].

Study limitations may impact the interpretation
of findings. One limitation to congder is gender
effect. Of the studies listed above reporting
datigticadly significant associations between
forceful hand/wrist exertions and CTS, gender
effect was controlled for in the analyses. Other
potentia limitations such as selection factors



impact the interpretation of the studies
reviewed. Survivor bias can be a concern. If
workers with CTS are more likely to leave jobs
that require forceful and repetitive hand/wrist
exertions than jobs without those demands,

then the workersin the highest risk jobs may be
“survivors’ (those who did not get CTS). Our
anaysis of Nathan's [19924] datafrom a
follow-up of industrid workers shows that
cases (with median nerve dowing) were more
likely to drop out of the most highly exposed
group than the unexposed group, which might
explain why the RR for high exposure
decreased from 2.0 to 1.0 over a 5-year
period. Survivor biasresultsin an
underestimate of the RR.

Refined or exact measures of exposure to
forceful hand/wrigt exertions are not dways
used in epidemiologic Sudies (e.g., SOmMetimes
exposure is based on job category and not
actud forceful measurements); this can result in
some study subjects being assgned to the
wrong exposure category. When this occurs,
the usud effect is again to underestimate the RR
between exposure groups.

Stetson et al. [1993] did not report RR
estimates for exposure variables, but they
reported that median sensory amplitudes were
ggnificantly smdler and distd sensory latencies
were sgnificantly longer in groups with forceful
hand exertions (p<0.05). Age, height, and
finger circumference wereincluded in Satidtica
models.

Temporality, Force and CTS

Temporal issues can usudly best be addressed
using longitudina studies. However, study
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limitations, such as survivor bias, can cloud the
findings of even prospective studies. In our re-
analysis of Nathan et d.’s[19924] data, 2 of 3
groups exposed to forceful handiwrist exertions
were more likely to have median nerve dowing
when nerve conduction testing was repeated 5
years later. The highest exposure group had the
same prevaence of dowing as the lowest
exposure group in 1989, whereas there had
been a higher prevaence ratein 1984. As
discussed above, this apparent decreasein
prevalence over 5 years can likely be explained
by survivor bias. Our interpretations of the data
differ from those of the author. Further sudy is
needed to clarify these issues. To our
knowledge, there is no evidence that workers
with pre-existing CTS are more likely to seek
or to be employed in jobs with high force
requirements. We believe that employment
practiceswould, if they had any influence, tend
to exclude new hires with CTS from jobs with
high force requirements for the hand/wris.

Case definitions in most of the cross-sectional
studies excluded cases that occurred before
working on the current job. Thislimits CTS
cases studied to those that occurred following
current exposure. Severa of the studies
reviewed aso required a minimum time period
of working on the job before counting CTS
cases. Thisincreases the likelihood that
exposure to forceful hand/wrist exertion
occurred for asufficient length of timeto
develop CTS.

Thereisevidence that CTS s aso attributable
to nonwork causes (hobbies, sports, other
medica conditions, and hormona satusin
women, etc.). One issue which dedlswith
tempordity is whether those with
nonwork-related CTS would be more likely to
be hired into jobs requiring more forceful



hand/wrist exertions than those without CTS.
Again, it ssems unlikely that those with
pre-existing CTS would be preferentialy hired
into jobs requiring highly forceful handwrist
exertions.

Consistency of Association for Force
and CTS

Mogt of the datidticaly sgnificant estimates of
RR for CTS among workers with exposure to
forceful hand/wrist exertions were positive. No
Sudies found gatigticaly sgnificant negetive
associ ations between forceful hand/wrist
exertionsand CTS. One study reported ORs
that were less than one among the groups that
were described as exposed to repetitive hand
movements, chance and study limitations
cannot be ruled out as possible explanations for
thisfinding. The other nongignificant estimates
of RR were, with one exception, greeter than
one.

Satidicd sgnificance can be afunction of
power (the ability of astudy to detect an
association when one does exi<t). In generd,
larger studies are necessary in order to have
sufficient power to detect associations with rare
diseases. CTSis aless frequently observed
disorder than tendinitis, for example, and o
larger studies are required to detect

associ ations with confidence.

Coherence of Evidence, Force and
CTS

Please refer to the Repetition and CTS Section.

Exposure-Response Relationship,
Force and CTS

None of the studies reviewed demonstrated
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that increasing levels of force done resulted in
increased risk for CTS. The only evidence for
an increasing risk for CTSthat can be
atributed to increasing levels of force doneis
from a comparison across 2 studies that used
the same methods. Chiang et d. [1993] and
Silverstein et a. [1987] used the same methods
to measure hand/wrigt force requirements and
repetitiveness of jobs. Chiang et a. [1993]
used alower cutoff point (3 kg compared to 4
kg) in Sivergein et d.’s[1987] study for
classfying jobs as “high force’; these
investigators used identica definitions of
repetitiveness. Therefore, a comparison of the
RR estimates between the 2 studies provides
some information about the leve of risk
asociated with different levels of force. Chiang
et a. [1993] reported an OR of 2.6 (95% CI
1.0-7.3) for the high force and repstitive
(HF/HR) (>3 kg) group (limited to femaesto
avoid confounding) compared to the low force
and repetitive (LF/LR) group; whereas
Silverstein et a. [1987] reported an OR of
15.5 (95% Cl 1.7-142) for the HF/HR group
(inadatistica modd that included gender, age,
years on the job, plant and exposure level)
compared to the LF/LR group. This
comparison provides limited evidence of an
increased RR for CTSwith increasing leve of
hand/wrist force.

Thereis more evidence of a dose-response
relationship for CTS with increasing levels of
force and repetition combined. Chiang et 4.
[1993] reported a Satidticaly sgnificant trend
of increasing prevdence of CTSwith increasing
exposure level (8.2% [LF/LR], 15.3% [HF or
HR], and 28.6% [HF/HR], p<0.01). Silverstein
et d. [1987] suggested a multiplicative effect
when exposure to high force and high
repetitiveness were combined (15.5),
compared to high force (1.8) or high
repetitiveness (2.7) aone.



Of the remaining nine dudies, seven are
congstent with the combined effect of force and
repetition [Stetson et a. 1993; Moore and
Garg 1994; Osorio et d. 1994; Armstrong and
Chaffin 1979; Nathan et a. 1988; Punnett et d.
1985; Baron et d. 1991], oneis not
[McCormack et a. 1990]; and oneis equivocal
[Nathan et a. 19924).

In concluson, thereis evidence that force
doneisasociated with CTS. Thereisstrong
evidence that a combination of forceful
hand/wrigt exertion and repetitiveness are
associated with CTS.,

POSTURE AND CTS

Definition of Extreme Postures For
CTS

We sdlected those studies which addressed
posture of the hand/wrigt areaincluding those
addressing pinch grip, ulnar deviation, wrist
flexion/extenson. Podture is a difficult varidble
to examine in ergonomic epidemiologic sudies.
It is hypothesi zed that extreme or awkward
postures increase the required force necessary
to complete atask. Posture may increase or
decrease forceful effort; itsimpact on MSDs
may not be accurately reflected in measurement
of posture done. Reasons that the varigble
“extreme posture’ has not been measured or
andyzed in many epidemiologic dudiesare 1)
because of the extreme variability of postures
used in different jobs as well asthe extreme
variability of postures between workers
performing the same job tasks,

2) because severd sudies have taken into
account the effects of posture when determining
other measured variables such asforce
[Silverstein et d. 1987; Moore and Garg
1994]; and 3) stature often has a mgjor impact
on postures assumed by individua workers
during job activities.
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Studies Meeting the Four Evaluation Criteria
Two studies fulfilled the four criteriafor posture
and CTS: Moore and Garg [1994], Siverstein
et a. [1987]. The overdl study designs are
mentioned above; the following section will
cover the posture assessment.

For the exposure assessment of the posture
vaiablesin the Siversen et d. [1987] study,
three representative workers from each
selected job performing the jobs for at least
three cycles were videotaped using two
cameras. The authors then extrapolated the
posture data to non-observed workers.

Moore and Garg [1994] used awrist
classfication system similar to that used by
Stetson et d. [1993], dassfying the wrist angle
estimated from videotape as neutral, non-
neutrd or extreme if the flexion/extenson angle
was 0° to 25°, 25° to 45° and greater than 45°,
respectively; or if ulnar deviation was less than
10°, 10° to 20°, and greater than 20°,

respectively.

Strength of Association: Posture and
CTS

Silvergein found no significant associaion
between percentages of cycle time observed in
extreme wrist postures or pinch grip and CTS.
“CTSjobs’ had dightly more ulnar deviation
and pinching but these differences were not
gatigticaly sgnificant. The authors noted that
among al the postura variables recorded, the
vaiability between individuas with Smilar or
identica jobs was probably the greatest for
wrigt pogturd variables. Thisindividud variaion
within jobs was not taken into account in the
andyss, cregting a potentia for
misdassfication of individuds by using the
variable “job category” in the analyss The
effect of exposure misclassfication is usudly to
decrease differences between exposure groups



and decrease the magnitude of association.

Moore and Garg' s [1994] classfication of jobs
did not separate the posture variables from
other work factors, and used posture along
with other variables to classfy jobsinto
“hazardous’ and “safe’ categories. The RR of
CTS occurring in hazardous jobs was 2.8 but
not datidicdly sgnificant (p=0.44).

Studies Not Meeting All Four Evaluation
Criteria

deKrom et a. [1990] compared certain
exposure factors between 28 CTS cases from
acommunity sample and 128 CTS cases from
ahogspital (atota of 156 CTS cases) to 473
community “non-cases’ (n=473). The authors
relied on self-reported information about
duration of exposure (hours per week) to CTS
risk factors (flexed wrist, extended wrigt,
extended and flexed wrists combined; pinch
grasp and typing), with respondents recdling
exposure from the present to 5 years prior from
the questionnaire date. Four groups of duration
were used in the analyses (0; 1-7; 8-19,
2040 hours/week). In this study, the selection
process of cases was not consigent. Initidly, a
random population sample was used, then
hospital outpatients were used to supplement
the number of CTS cases when numbers were
found to be insufficient. This may be a problem
when estimating the etiologic role of workload,
as cases seeking medica care may cause a
referral bias. However, the authors stated that
they came up with the same rdlationship
between flexed and extended wrist using only
CTS cases from the popul ation-based data.
Therisk of CTS was found to increase with the
reported duration of activities with flexed wrist
(RRsfrom 1.5 to 8.7, with increasing hours) or
activitieswith extended wrigt (RR from 1.4 to
5.4 with increasing hours) over the past 5
years, but not for working with aflexed or
extended wrigt in combination, or working with
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apinched grasp. Given the period of recdl for
self-reported exposure (0-5 years), and no
independent observation or attributes of
exposure, these results must be interpreted with
caution (meaning thet within the limitations of
the data and conclusions, when consdered with
other studies that have more stringent methods,
the RRs seem consistent and supportive and do
not offer dternate conclusons).

Armgtrong and Chaffin’s[1979] pilot study of
female sawing machine operators with
symptoms and/or signsfor CTS compared to
controls found that pinch force exertion
(exposure measurements estimated from EMG,
film andyss) was sgnificantly associated (OR
2.0). Pinch force was a combination of
factors—posture and forceful exertion. The
authors reported that CTS-diagnosed subjects
used deviated wrist postures more frequently
than nondiseased, particularly during foreeful
exertions. What is unable to be answered due
to the study design, was whether the deviated
postures were necessitated due to symptoms
and signsof CTS, or the deviated postures
caused or exacerbated the symptoms and signs.

Stetson et d. [1993] found that “gripping
greater than 6 pounds’ per hand was a
sgnificant risk factor for median distd sensory
dysfunction (an indicator of CTS) when the
study population was divided into exposed and
non-exposed groups. “Gripping greater than 6
pounds’ is a variable which combines two
work-related variables, posture and forceful
exertion. As seen with other studies referenced
above, the single work-related variable was not
found to be associated with median nerve
dysfunction, but the combination of variables
was sgnificant. Looking specificaly & wrist
deviation in the Stetson et d. [1993] study, the
midpam to wrist sensory amplitude was smdler
in the group not exposed to wrist deviation



(p=0.04) compared to those exposed to wrist
deviation (contrary to what was expected).
Also, no sgnificant differences were found in
the mean measurements between nonexposed
and exposed groups for use of pinch grip.

Tanaka et a. [1995] andysis of the
Occupationa Health Supplement of the NHIS
population survey depended on self-reported
CTS, sdf-reported exposure factors, and
occupetion of the respondent for andysis. Sdlf-
reported bending and twisting of the hand and
wrigt (OR 5.9) was found to be the strongest
variable associated with “medicaly-cdled
CTS’ among recent workers, followed by race,
gender, vibration and age (repetition and force
were not included in the logistic models).
Limitations of sdf-reported hedth outcome and
exposure do not dlow the conclusions of this
study to stand done; however, when examined
with the other sudies, it suggests ardaionship
between posture and CTS.

The two other studies which examined posture
and its rdationship to CTS did not focus on the
hand and wrist. English et d. [1995] found a
relationship between sdlf-reported rotation of
the shoulder and devated arm and CTS, an OR
of 1.8. Lisset d. [1995] found an OR of 3.7
for self-reported CTS comparing risk factors
from dentd hygieniststo dentd assigtants, with
self-reported percent of time the trunk wasin a
rotated position relative to the lower body as
one of the factors.

Given these limitations of categorizing posture,
three studies[Stetson et a. 1993; Lodever and
Ranaivosoa 1993; Armstrong and Chaffin
1979] usng different methods to measure
posture and estimate force, found that the
combination of significant force and posture
was sgnificantly related to CTS. Marras and
Shoenmarklin [1993] dso found posture to be
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sgnificantly associated with CTS when
comparing jobs where grip strength was three
times greater than in the low risk jobs. In those
studies which used sdlf-reports for categorizing
posture, the associations were aso positive.

Temporal Relationship

There were no longitudina studies which
examined the reationship between extreme
posture and CTS. Two cross-sectional studies
that met the evaluation criteria addressed the
association between posture and CTS.
Slvergein et d. [1987] did not find a significant
relationship between CTS and extreme
posture, but exposure assessment was limited
to representative workers; inter-individua
variability limited the gbility to identify actud

rel ationships between postures and CTS. Inthe
Stetson et al. [1993] study, the authors
mentioned the limitations of interpretation of
their posture results due to misclassification of
workers. They extrapolated exposure data to
non-observed workers, o individud variability
in work methods and differing anthropometry
are not accounted for. These limitations dl
influence outcome, and the conclusions must be
interpreted with caution, and considered along
with biomechanicd and laboratory studies.

Coherence of Evidence

Flexed wrist postures may reduce the area of
the carpa tunnd thus potentidly increasing the
pressure in the tunnd with a concomitant
increaseintherisk of CTS[Skie et d. 1990;
Armstrong et a. 1991]. Marras and
Shoenmarklin [1993] found that the variables of
wrig flexion, extenson, angular velocity, and
wrigt flexion, extension, angular acceleration
discriminated between jobs with ahigh versusa
low risk of having an upper extremity
reportable injury (an OSHA recordable
disorder due to repetitive trauma). The authors
suggested that this result was due to high



accderations requiring high forces in tendons.
Szabo and Chidgey [1989] showed that
repetitive flexion and extension of the wrist
created elevated pressuresin the carpal tunnel
compared to norma subjects, and that these
pressures took longer to dissipate than in
norma subjects. Observed repetitive passve
flexion and extension gppeared to “pump up”
the carpal tunnd pressure; active motion of the
wrist and fingers aso had an effect over and
above that of the passive motions tested.
Laboratory studies demonstrate that carpal
cand pressureisincreased from less than
5mmHg to more than 30 mmHg during wrist
flexion and extenson [Gelberman et d. 1981].

Exposure-Response Relationship,
CTS and Posture

Few studies address exposure-response
relationship between CTS and extreme
posture. deKrom et al. [1990] reported an
increased risk of CTS with workers reporting
increasing weekly hours of exposure to wrist
flexion or extenson (but not a combination of
flexion/extension). Laboratory studies dso
support a dose-response relationship of
increased carpa tunnel pressure due to
increesang wrig deviation from neutrd [Weiss
et a. 1995] and pinch force [Rempel 1995].

In conclusion, thereisinsufficient evidence in
the current epidemiologic literature to
demondtrate that awkward postures done are
associated with CTS.

VIBRATION AND CTS

Definition of Vibration for CTS

We sdlected studies that addressed manud
work involving vibrating power toolsand CTS

specificdly.

Studies Meeting the Four Evaluation Criteria
Two studies examining the association between
vibration and CTSfulfilled the four criteria
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[Chatterjee 1992; Slverstein et d. 1987).
Chatterjee et d. [1982] performed independent
exposure assessment of the vibrating tools, and
found the rock drillersto be exposed to
vibration between the frequencies of 31.5 and
62 Hertz.

Silvergtein et d. [1987] is discussed above.
Silverstein [1987] had no quantitative measures
of vibration, but observed exposure from
videotapes and found al jobs with vibration
exposure to be highly repetitive and mostly
forceful jobs.

Studies Not Meeting the Evaluation Criteria
There are seven studies on Table 5a+4 that
mext at least one of the four criteria

In addition, there are 2 clinical case studies of
vibration and CTS [Rothfleish and Sherman
1978; Lukas 1970] that were not controlled for
confounders and not referenced in Table 5a—4.
Rothfleisch and Sherman [1978] found an
excess of power hand tool usersamong CTS
patients. Lucas [1970] examined workers using
vibrating hand tools including stone cutters,
tunnelers, cod miners, forest workers and
grinders (al with amean of 14 years exposure
to vibration) and found CTSin 21%. He found
that the prevalence of CTS in some groups was
as high as 33% (neither study had a referent

group.)

Cannon et d. [1981] found that the self-
reported use of vibrating tools, in combination
with reported forceful and repetitive hand
motions, was associated with a greater
incidence of CTS than was repetitive motion
aone.

Bovenzi’s sudy in 1994 compared stone
workers (145 quarry drillers and 425 stone
carvers) exposed to hand-transmitted vibration
to 258 polishers and machine operators who



performed manud activity only not exposed to
hand-transmitted vibration. CTS was assessed
by a physician, and exposure was assessed
through direct observation to vibrating tools and
by interview. Vibration was also measured in a
sample of tools.

Strength of Association: Vibration
and CTS

Chatterjee et d. [1982] found a sgnificant
difference between rock drillers with symptoms
and sgns of CTS and the controls using the
following NCS measurements. median motor
latency, median sensory latency, median
sensory amplitude, and median sensory
duration, all at the p<0.05 level. Based on
nerve conduction measurements, they also
found an OR of 10.9 for rock drillers having
abnorma NCS amplitudes in the median and
ulnar nerves compared to controls. Bovenzi et
a. [1991] found an OR of 21.3 for CTS based
on symptoms and physica exam comparing
vibration-exposed forestry operators using
chain-saws to maintenance workers performing
manua tasks. Bovenzi’s study in 1994 found an
OR of 0.43 for CTS defined by signsand
symptoms, controlling for severa confounders.
Inthe Siverstein et d. [1987] study the crude
OR for high force/high repetition jobs with
vibration compared to high forcefhigh repetition
without vibration was 1.9, but not Satigticaly
ggnificant. This suggested thet there may have
been confounding (the OR was not atigicaly
sgnificant) between high force/high repetition
and vibration. Nilsson et d. [1990] found that
platers operating tools such as grinders and
chipping hammers had a CTS prevaence of
14% compared to 1.7% among office workers.
Nathan et d. [1988] found a PR of 2.0 (95%
Cl 1.3-3.4) for dowing of nerve conduction
velocity when grinders were compared to
adminigtrative and clerical workers. Cannon et
a. [1981] found an OR of 7.0 for CTS with the
use of vibrating hand tools, athough there was
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astrong potentid for confounding by hand or
wrist posture and forceful exertion.

Temporal Relationship

There were no longitudina studies which
examined the relationship between vibration
and CTS.

Consistency in Association

All studies on Table 5a-4 examining vibration
and CTSfound a ggnificantly postive
relaionship between CTS and vibration
exposure. Mogt studies had ORs greater than
3.0, so that results were less likdly to be due to
confounding.

Coherence of Evidence and Vibration
The mechanism by which vibration contributes
to CTS and tendinitis development is not well
understood, probably because vibration
exposure is usualy accompanied by exposure
to forceful and repetitive movements. Muscles
exposed to vibration exhibit a tonic vibration
reflex thet leads to increasing involuntary
muscle contraction. Vibration has also been
shown to produce short-term tactility
imparments which can lead to an increasein
the amount of force exerted during manipulative
tasks. Vibration can aso lead to mechanical
abrason of tendon sheaths. Neurologicd and
circulatory disturbances probably occur

independently by unrelated mechanisms.
Vibration may directly injure the periphera
nerves, nerve endings, and mechanoreceptors,
producing symptoms of numbness, tingling,
pain, and loss of sengtivity. It has been found in
rats that vibration has caused epineurd edema
in the sciatic nerve [Lundborg et d. 1987).
Vibration may dso have direct effects on the
digitd arteries. The innermost layer of cdlsin
the blood vessel walls appears especidly
susceptible to mechanical injury by vibration. If
damaged, these vessels may become less



sengitive to the actions of certain vasodilators
that require an intact endothelium. The NIOSH
Criteria Document on exposure to hand-arm
vibration NIOSH [1989] quoted Taylor [1982]
asfollows “ It is not known whether vibration
directly injures the peripherd nerves thereby
causing numbness and subsequent sensory 10ss,
or whether the para-anaesthesia of the handsis
secondary to the vascular condtriction of the
blood vessds causing ischemia. . . inthe nerve
organs.”

Exposure-Response Relationship,
CTS and Vibration

In the studies examined, only dichotomous
categorizations were made, so conclusons
concerning an exposure-response relationship
cannot be drawn. However, we can see
ggnificantly contrasting rates of CTS between
high and low exposure groups. Wiedander et
al. [1989] found that based on exposure
information obtained from telephone interviews,
CTS surgery was sgnificantly associated with
vibration exposure. Exposure for 1-20 years
gave an OR of 2.7, more than 20 years gave an
OR of 4.8.

Conclusion
In conclusion, thereis evidence supporting

an associ ation between exposure to vibration
and CTS.

CONFOUNDING AND CTS

Itisclear that CTS has severd non-
occupationa causes. When examining the
relationship of occupationa factorsto CTS, it is
important to take into account the effects of
theseindividua factors; thet is, to control for
their confounding or modifying effects. Studies
that fail to contral for the influence of individua
factors may either mask or amplify the effects
of work-related factors. Mogt of the
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epidemiologic studies of CTS that address
work factors a so take into account potential
confounders.

Almog dl of the studies reviewed controlled for
the effects of agein therr andyss[Chiang et d.
1990, 1993; Stetson et a. 1993; Silverstein et
a. 1987; Wiedander et a. 1989; Baron et d.
1991; Tanakaet a. 1995, In Press;
McCormack et a. 1990]. Likewise, most
gudiesincluded gender in their andysis, aether
by dratifying [Schottland et d. 1991; Chiang et
a. 1993], by sdlection of single gender study
groups [Morganstern et a. 1991; Punnett et al.
1985] or by including the variable in the logistic
regresson modd [Silverstein et d. 1987,
Stetson et a. 1991; Baron et al. 1991].
Through sdection of the study population and
exclusion of those with metabolic diseases,
most studies were able to diminate the effects
from these conditions. Other studies did control
for systemic disease [Chiang et d. 1993; Baron
et a. 1991]. Anthropometric factors have also
been addressed in severd studies [Stetson et dl.
1993; Nathan et a. 1997; 1992b; Werner et
a. 1997]. Asmoreislearned about
confounding, more variables tend to be
addressed in more recent studies (smoking,
caffeine, dcohol, hobbies). In those ol der
studies which may not have controlled for
multiple confounders, it is unlikely that they are
highly corrdlated with exposure, especidly
those with ORs above 3.0. When examining
those studies that have good exposure
assessment, widely contrasting levels of
exposure, and that control for multiple
confounders, the evidence supports a positive
associ ation between occupationd factors and
CTS.

CONCLUSIONS
There are over 30 epidemiologic studies which
have examined workplace factors and their



relationship to CTS. These studies generdly
compared workers in jobs with higher levels of
exposure to workers with lower leves of
exposure, following observation or
measurement of job characterigtics. Using
epidemiologic criteriato examine these sudies,
and taking into account issues of confounding,
bias, and strengths and limitations of the sudies,
we conclude the following:

Thereis evidence for a positive association
between highly repetitive work and CTS,
Studies that based exposure assessment on
quantitative or semiquantitetive data tended to
show a stronger relationship for CTS and
repetition. The higher estimates of RR were
found when contrasting highly repstitive jobsto
low repetitive jobs, and when repetition isin
combination with high levels of forceful
exertion. Thereis evidence for apostive
association between force and CTS based on
currently available epidemiologic data. Thereis
insufficient evidence for apostive
association between posture and CTS. Thereis
evidence for a positive association between
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jobs with exposure to vibration and CTS.
Thereisstrong evidence for ardationship
between exposure to a combination of risk
factors (e.g., force and repetition, force and
posture) and CTS. Ten studies allowed a
comparison of the effect of individud versus
combined work risk factors [Chiang et dl.
1990, 1993; Moore and Garg 1994; Nathan et
al. 1988, 1992g; Silverstein et a. 1987;
Schottland et al. 1991; McCormack et a.
1990; Stetson et a. 1993; Tanakaet d. [In
Press]. Nine of these studies demonstrated
higher estimates of RR when exposure wasto a
combination of risk factors, compared to the
effect of individua risk factors. Based on the
epidemiologic studies reviewed above,
especidly those with quantitative evauation of
the risk factors, the evidenceis clear that
exposure to a combination of job factors
studied (repetition, force, posture, €tc.)
increasestherisk for CTS. Thisis congstent
with the evidence thet is found in the
biomechanica, physiologic, and psychosocid
literature,



Table 5a-1. Epidemiologic criteria used to examine studies of carpal tunnel syndrome (CTS) associated with
repetition

Physical Investigator
examination, blinded to
Risk indicator and/or nerve case and/or
(OR, PRR, IR or Participatio conduction exposure Basis for assessing
Study (first author and p-value)*fr n rate $70% studies status hand exposure to repetition
year)
Met all four criteria:
Chiang 1990 1.871 Yes Yes Yes Observation or measurements
Chiang 1993 11 Yes Yes Yes Observation or measurements
Moore 1994 2.8 Yes Yes Yes Observation or measurements
Osorio 1994 6.7 Yes Yes Yes Observation or measurements
Silverstein 1987 557 Yes Yes Yes Observation or measurements
Met at least one
criterion:
Barnhart 1991 1.9-4.0f No Yes Yes Observation or measurements
Baron 1991 3.7 No Yes Yes Observation or measurements
Cannon 1981 2.1 NR¥ Yes NR Job titles or self-reports
English 1995 0.4 Yes Yes Yes Job titles or self-reports
Feldman 1987 2.261 Yes No NR Observation or measurements
McCormack 1990 0.5 Yes Yes NR Job titles or self-reports
Morgenstern 1991 1.88 Yes No No Job titles or self-reports
Nathan 1988 1.0 NR Yes NR Observation or measurements
Nathan 1992a 1.0 No Yes NR Observation or measurements
Punnett 1985 2.7t No Yes NR Job titles or self-reports
Schottland 1991 2.86T, NR Yes NR Job titles or self-reports
1.87
Stetson 1993 NR Yes Yes NR Observation or measurements
Weislander 1989 2.7t Yes Yes No Job titles or self-reports
Met none of the criteria:
Liss 1995 5.2Jr No No No Job titles or self-reports
3.7

*Some risk indicators are based on a combination of risk factors—not on repetition alone (i.e., repetition plus force, posture,
or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance.
¥Not reported.
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Figure 5a-1. Risk Indicator for "Repetition"
and Carpal Tunnel Syndrome
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.

**Significant risk indicator reported without confidence limits.
Note: Two studies indicated statistically significant associations without reporting odds ratios. See Table 5a-1.
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Table 5a-2. Epidemiologic criteria used to examine studies of carpal tunnel syndrome (CTS) associated with force

Physical Investigato
examination, rblinded to
Risk indicator and/or nerve  case and/or
(OR, PRR, IR, Participatio conduction exposure Basis for assessing
Study (first author and year) or p-value)*'Jr n rate $70% studies status hand exposure to force
Met all four criteria:
Chiang 1993 1.8t Yes Yes Yes Observation or measurements
Moore 1994 2.8 Yes Yes Yes Observation or measurements
Osorio 1994 6.7 Yes Yes Yes Observation or measurements
Silverstein 1987 155t Yes Yes Yes Observation or measurements
Met at least one criterion:
Armstrong 1979 2.0t NR¥ No No Observation or measurements
Baron 1991 3.7 No Yes Yes Observation or measurements
McCormack 1990 0.4-0.9 Yes Yes NR Job titles or self-reports
Nathan 1988 1.7-2.0f NR Yes NR Observation or measurements
Nathan 1992a 1.0,1.4T7, 16 No Yes NR Observation or measurements
Punnett 1985 2.7t No Yes NR Job titles or self-reports
Stetson 1993 NRT Yes Yes NR Observation or measurements

*Some risk indicators are based on a combination of risk factors—not on force alone (i.e., force plus repetition, posture,

or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

INot reported.
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Figure 5a-2. Risk Indicator for "Force"
and Carpal Tunnel Syndrome
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.

Note: Some studies indicate statistical significance without a risk indicator or reported a statistically significant association

without a risk indicator. See Table 5a-2.



Table 5a-3. Epidemiologic criteria used to examine studies of carpal tunnel syndrome (CTS) associated with

posture

Physical Investigator
examination, blinded to
Risk indicator and/or nerve case and/or
(OR, PRR, IR, Participato  conduction exposure Basis for assessing
Study (first author and or p-value)*,t n rate studies status hand exposure to posture
year) $70%
Met all four criteria:
Moore 1994 2.8 Yes Yes Yes Observation or measurements
Silverstein 1987 NRE Yes Yes Yes Observation or measurements
Met at least one criterion:
Armstrong 1979 2.0t NR No No Observation or measurements
deKrom 1990 5.4% Yes Yes NR Job titles or self-reports
English 1995 1.8t Yes Yes Yes Job titles or self-reports
Stetson 1993 NRT Yes Yes NR Observation or measurements
Tanaka 1995 5.9T Yes No No Job titles or self-reports
Met none of the criteria:
Liss 1995 3.7t No No No Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on posture alone (i.e., posture plus repetition, force,

or vibration). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

INot reported.
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Figure 5a-3. Risk Indicator for "Posture"
and Carpal Tunnel Syndrome
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.
Note: One study indicated statistically significant association without reporting odds ratios. See Table 5a-3.



Table 5a-4. Epidemiologic criteria used to examine studies of carpal tunnel syndrome (CTS) associated with

vibration
Physical Investigato
examination, r blinded to
Risk indicator and/or nerve case and/or
(OR, PRR, IR,  Participation conduction exposure Basis for assessing hand
Study (first author and or p-value)*”r rate $70% studies status exposure to vibration
year)
Met all four criteria:
Chatterjee 1992 10.0F Yes Yes Yes Observation or measurements
Silverstein 1987 5.3t Yes Yes Yes Observation or measurements
Met at least one criterion:
Bovenzi 1991 21.3T NR¥ Yes Yes Observation or measurements
Bovenzi 1994 347 Yes Yes No Observation or measurements
Cannon 1981 7.0t NR Yes NR Job titles or self-reports
Farkkila 1988 NRT NR Yes NR Job titles or self-reports
Koskimies 1990 NRT NR Yes No Observation or measurements
Tanaka In Press 1.8t Yes No No Job titles or self-reports
Weislander 1989 3.3t Yes Yes No Job titles or self-reports

*Some risk indicators are based on a combination of risk factors—not on vibration alone (i.e., vibration plus repetition, posture,

or force). Odds ratio (OR), prevalence rate ratio (PRR), or incidence ratio (IR).

Tindicates statistical significance. If combined with NR, a significant association was reported without a numerical value.

INot reported.
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Figure 5a-4. Risk Indicator for "Vibration"
and Carpal Tunnel Syndrome
(Odds Ratios and Confidence Intervals)
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* Studies which met all four criteria.
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T Studies which met ali four criteria and had significant risk indicator reported without confidence limits.
Note: Two studies indicated statistically significant associations without reporting odds ratios. See Table 5a-4.




Table 5a-5. Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR Comments
Armstrong Case- 18 female sewing Outcome: CTS defined as (@] (@) For pinch force Participation rate: Not reported.
and Chaffin control machine operators with history of symptoms, surgical exertion: 2.0
1979 CTS histories compared decompression of the median All cases of CTS diagnosed prior to

to 18 female sewing nerve, positive Phalen’s test, or For hand study in working sewing machine
machine operators thenar atrophy. force: 1.05 operators, may cause referral bias

without CTS histories.

Exposure: Hand/wrist
postures and estimation of
forearm flexor force in various
wrist and hand postures
assessed by film analysis and
EMG.

5a- 37

in estimating role of workload.

Subjects excluded if history of
fractures, metabolic or soft tissue
disease.

No association found between
hand size or shape and CTS.

CTS diagnosed subjects used
deviated wrist more frequently than
non-diseased, particularly during
forceful exertions.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Barnhart Cross- Ski manufacturing Outcome: CTS determined by: Case 1: Participation rate: 70% (repetitive
etal. 1991 sectional workers: 106 with (1) Case 1: Electro-diagnosis 34% 19% 1.9 1.0-3.6 jobs), 64% (non-repetitive jobs).
repetitive jobs compared  of median-ulnar difference
to 67 with non-repetitive (latency on response time); Case 2: Examiner blinded to subject’s job
jobs. (2) Case 2: Either Tinel's or 15.4% 3.1% 3.95 1.0-15.8 status but clothing may have biased
Phalen's test and electro- observations.
diagnosis; (3) Case 3: Ever Case 3:
having symptoms of hand pain, 32.5% 18.2% 1.6 0.8-3.2 Controlled for age and gender.

tingling, numbness, or
nocturnal hand pain and Tinel's
or Phalen's test and electro-
diagnosis.

Exposure: Jobs classified as
repetitive and non-repetitive.
Repetitive jobs entailed
repeated or sustained flexion,
extension, or ulnar deviation of
the wrist by 45E, radial
deviation by 30E, or pinch grip
(determined by observation).

5a- 38

Found for both right and left hand
of those with repetitive jobs; mean
difference between distal sensory
latencies of median and ulnar
nerves were primarily due to a
shorter mean sensory latency of
the ulnar nerve.

There was no difference in median
nerve distal sensory latencies
between groups.

Hormonal status, systemic disease
included in questionnaire.

Diabetes significantly more frequent
in those with CTS than without
(p=0.01).

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Baron et al. Cross- 119 female grocery Outcome: CTS case defined 11% 4% 3.7 0.7-16.7 Participation rate: 85% checkers;
1991 sectional checkers vs. 56 other as having moderate to severe 55% non-checkers in field study.

female grocery store
employees (comparison
group).

symptoms of pain, stiffness,
numbness, tingling. Symptoms
begun after employment in the
current job; lasted > one week
or occurred > once a month
during the past year; no history
of acute injury to part of body
in question and a positive
physical exam of either
Phalen's or Tinel's test.

Exposure: Based on job
category, estimates of
repetitive, average, and peak
forces based on observed and
videotaped postures, weight of
scanned items, and subjective
assessment of exertion.

Exposure level in checkers:
Average forces: Low

Peak force: Medium
Repetition: Medium

Exposure level in referents:
Average force: Medium
Peak force: Medium to low
Repetition: Medium.
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Following telephone survey 91%
checkers and 85% non-checkers.

Adjusted for duration of work.

Total repetitions/hr ranged from
1,432 to 1,782 for right hand and
882 to 1,260 for left hand.

Multiple awkward postures of all
upper extremities recorded but not
analyzed in models.

Examiners blinded to worker’s job
and health status.

Controlled for duration of work,
hobbies.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Bovenzi Cross- 65 vibration-exposed Outcome: CTS cases defined 38.4% 3.2% 21.3 (adjusted) p=0.002 Participation rate: Not reported.
etal. 1991 sectional forestry operators using as having symptoms of pain,

chain-saws compared to
referents composed of
31 maintenance workers
(electricians, mechanics,
and painters).

numbness, or tingling in the
median nerve distribution, and
physical exam findings of
Tinel's or Phalen's test,
diminished sensitivity to touch
or pain in 3% fingers on radial
side, weakness in pinching or
gripping.

Exposure: Direct observation
of awkward postures, manual
forces, and repetitiveness
evaluated via checklist. The
focus of the study was to
compare vibration-exposed
workers to controls doing
manual work. Vibration
measured from two chain-
saws. Vibration exposure for
each worker assessed in
terms of 4-hr energy-

equivalent frequency-weighted

acceleration according to ISO
5349.
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Examiners blinded to case status.

Controlled for age and ponderal
index (height and weight variable).
Metabolic disease also considered.

Controls also found to have several
risk factors for MSDs at
work—static arm and hand
overload, overhead work, stressful
postures, non-vibrating hand-tool
use.

Controls had a greater proportion of
time in work cycles shorter than
30 sec than forestry workers.

Chain saw operators worked
outdoors and were exposed to
lower temperatures than
maintenance workers.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Bovenzi and Cross- Case group: Stone Outcome: CTS assessed by 8.8% 2.3% 34 1.4-8.3 Participation rate: 100%. “All the
the Italian sectional workers employed in physician assessment. CTS active stone workers participated in
Group 1994 9 districts in Northern defined as symptoms, the study, so self-selection was

and Central ltaly;

145 quarry drillers and
425 stone carvers
exposed to vibration.

(1) parathesias, numbness, or
pain in median nerve
distribution; (2) nocturnal
exacerbation of symptoms and

positive Tinel's or Phalen's test.

Referent group:
Polishers and machine
operators (n=258) who
performed manual
activity but were not
exposed to hand-
transmitted vibration.

Exposure: Direct observation

of vibrating tools assessed by
interview. Vibration measured
in a sample of tools.

All stone workers
employed in 6 districts
participated in the survey
(n=578, 69.8%),
whereas, in the three
other districts they were
selected on basis of
random sampling of the
quarries and mills in the
geographic areas
(n=250, 30.2%).

5a-41

not a source of bias.”

Physician administered
questionnaires containing work
history and examinations, so
unlikely to be blinded to case
status.

Adjusted for age, smoking, alcohol
consumption, and upper limb
injuries.

Leisure activities and systemic
diseases included in questionnaire.

Univariate analysis showed no
association between systemic
diseases and vibration so were not
criteria for exclusion.

Dose-response for CTS and lifetime
vibration exposure not significant.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments

Cannon et al. Case- Aircraft engine workers Outcome: CTS cases identified @] (@) For vibrating Participation rate: Participation rate

1981 control at 4 plants: 30 CTS through worker’s hand tool use: unable to be calculated from data
cases identified through compensation claims and 7.0 3.0-17 presented. 30 cases identified
worker's compensation medical department records through record review of 20,000
claims and medical during a 2-year period. For repetitive workers.
department records motion tasks:
during a 2-year period Exposure: Based on job 21 0.9-5.3 Cases and controls on gender.
compared to 90 controls category, years on the job,
from the same plant, identified through record History of Controlled for gynecologic surgery,
16 workers receiving review and interviews. gynecologic race, diabetic history, years on the
compensation benefits Exposure to vibrating tools, surgery: job, use of low-frequency vibrating
for treatment of CTS, and  repetitive motion. 1.7-8.1 tools.
14 cases who had not
received compensation Buffing, grinding, and hand Years on the Information obtained through self-
benefits. tools were measured with an job: administered questionnaires and

accelerometer and found to be 0.9 0.8-1.0 personal interviews on cases and

Three controls randomly
chosen from the same
plant for each CTS case.

in the range of 10 to 60 Hz.
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controls on age, sex, race, weight,
occupation, years employed,
worker compensation status,
history of metabolic disease,
hormonal status of females, history
of gynecologic surgery.

Number of years employed
significantly different among cases
(5.5 years) and controls

(11.7 years). Range of years
employed among cases included
0.1 year to 28 years.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Chatterjee Case- 16 rock drillers compared  Outcome: CTS was 44% 7% Abnormal Participation rate: 93%.
et al. 1982 control with 15 controls. determined by symptoms from amplitudes of
guestionnaire and interview by digital-action Examiners blinded to case status.
medical investigator, clinical potentials from
exams carried out blindly, and fingers Groups standardized for age and
nerve conduction studies. For supplied by the gender.
Table 5-7, CTS based solely on median and
NCS results; Table 5-9 based ulnar nerves; Exclusionary criteria: History of
on symptoms and NCS. the OR in constitutional white finger,
vibration secondary causes of Raynaud'’s
Exposure: To vibration carried exposed vs. phenomenon, > one laceration or
out by measurement of controls: fracture in the hands or digits,
vibration spectra of the rock OR=10.89 1.02-524  severe or complicated injury

drills and observation of jobs.
Exposed group were those
miners who regularly used
rock-drills in the fluorspar
mines or other miners using
similar rock-drills. Exposure
varied from 18 months to

25 years (mean 10 years).
The rock drillers were exposed
to vibration level in excess of
the damage level criterion
between the frequencies of
31.5and 62 Hz.
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involving nerve or blood vessels or
significant surgical operation,
history of exposure to vibration
from tools other than rock drills.

Significant differences found
between controls and vibration
group for symptoms of numbness
and tingling: median motor latency;
median sensory latency; median
sensory amplitude; median sensory
duration. All at the p< 0.05 level.

Skin temperature controlled for in
NCVs.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Chiang et al. Cross- 207 active workers from  Outcome: CTS defined as Group 1: Participation rate: Not specifically
1990 sectional 2 frozen food plants symptoms of numbness, pain, 4% clinical mentioned, however, paper states
divided into 3 groups: tingling in the fingers plus 2% that “in order to prevent selective
(1) low-cold, low- innervated by the median sub-clinical bias, all of the employees in the
repetition (comparison nerve, onset since work in factories were observed initially.”
group, mainly office staff  current job, no relationship to Group 2: Group 2 vs.
and technicians, n=49), systemic disease or injury and 40.5% Group 1: Examiners blinded to exposure
(2) low-cold, high- physical exam of Tinel's test or clinical plus OR=8.28 1.18-58.3  status and medical history.
repetition (non-frozen Phalen's sign. Nerve 8.1%
food packers, n=37), conduction testing was sub-clinical Controlled for age, sex, and length
(3) high-cold, high- performed on motor and of employment. Interaction terms
repetition (frozen food sensory nerves of both upper Group 3: Group 3 vs. tested.
packers, n=121). limbs. If subject had abnormal 37.2% Group 1:
results and symptoms and clinical plus OR=11.66 2.92-46.6  Excluded subjects with diabetes,
physical exam findings, was 22.3% thyroid function disorders, history
considered CTS. If no sub-clinical of forearm fracture, unspecified
symptoms, considered as polyneuropathy, rheumatoid
subclinical CTS. Logistic arthritis.
Regression
Exposure: Job analyses Model: Workers in cold groups wore
conducted by industrial Cold: gloves and exerted higher forces
hygienist, to cold and repetition OR=1.85 than workers in non-cold groups.
assessed by observation. (p<0.22) Force was not evaluated in this
study. Confounding is possible
Highly repetitive jobs had cycle Repetitiveness: according to authors.
times <30 sec. >50% of cycle OR=1.87
time cold exposure was (p<0.018) CTS was independent of age and
defined as whether the job length of employment. Authors
required hands to be locally Cold x considered this to be due to healthy
exposed to cold. The mean Repetitive- worker effect.
skin temperature of their hands ness:
was in the range of 26 to OR=1.77 OR for group 1 vs. group 2 is 8.3
28EC, even with wearing (p<0.03) (1.2-58.3) when adjusted for sex

gloves.
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but 2.2 (0.2-21.1) when adjusted
for sex, age, and length of
employment suggesting survival
bias.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Chiang et al. Cross- 207 fish processing Outcome: CTS defined as Group 2 Group 1 Particiﬁation rate: Paper stated that
1993 sectional  workers divided in having symptoms of (Male): (Male): 2 vs. 1 (male): all of the workers who entered the
3 groups: (1) low-force,  numbness, pain, or tingling in 6.9% 3.1% OR=22 0.2-22.0 fish-processing industry before
low-repetition the fingers innervated by the i]#gree %SI??I r?\gdwvé%e employed
. . ; - part of the
(comparison group, median nerve, onset after job Group 2 Group 1 2vs. 1 cohort.
n=61); (2) high-force or began, and no evidence of (Female): (Female): (female): K ined i d
high-repetition (n=118); systemic disease or injury and ~ 18.0% 13.8% OR=1.3 0.5-3.5 \s/\é%rueerqscg)ignl;lrg?/em E)al‘)r;e?\%r bias:
S hlg‘h-forc_e and high- physical exam findings of . examiners blinded to case status.
repetition (n=28). positive Tinel's sign or Phalen's Group 3 .
test. (Male): 3vs. 1 (male): Analysis controlled for age,
0.0% S S stratified by gender.
Exposure: Assessed by Contraceptive use (females):
observation and recording of Group 3 significant f.OR_:Z.O, 95% Cl 1.2 to
tasks and biomechanical (Female): 3vs. 1 5.4); tubal ligation not significant.
movements of 3 workers, each ~ 36.4% (female): Workers with hypertension,
representing 1 of 3 study OR=2.6 1.0-7.3 diabetes, history of traumatic_
groups. Highly repetitive jobs injuries to upper limbs, arthritis,
with cycle time <30 sec or collagen diseases excluded from
>50% of cycle time performing study group. ' '
the same fundamental cycles. Repetition: No significant age difference in
Hand force from EMG OR=1.1 0.7-1.8 exposure groups.
recordings of forearm flexor Physician-observed cases about
muscles. Classification of Force: ¥ the prevalence of symptoms of
workers into 3 groups OR=1.8 1.1-2.9 elbow pain (9.8 vs. 18.0; 15.3 vs.
according to the ergonomic 19.5;35.7 vs. 17.9).
risks of the shoulders and Repetition and Dose-response for symptoms both
upper limbs: Group 1: low- force: in the hand and in the wrist
repetition and low-force; Group OR=1.1 0.7-1.8 8)<0.03) and physician-observed
2: high-repetition and high- TS (p<0.015).
force; Group 3: high-repetition Male vs. Age, gender, repetitiveness,
or high-force. female: forceful movement of upper limbs
OR=2.6 1.3-5.2 and interaction of repetitiveness
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and forceful movement calculated
in logistic regression.

Significant trend for duration of
employment in <12 months but not
12 to 60 months or >60 months.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
deKrom et al. Nested 28 CTS cases from a Outcome: Tingling pain and 5.6% S For work: Participation rate; 70% response
1990 case community sample and numbness in median prevalence 20 to 40 hriwk E%[ﬁwr%%tr?i@egambfé%th hospital and
control 128 CTS cases from a distribution, frequency in the with flexed - —

- . o Controlled for age, weight, slimming
hospital (total n=156) $2/week, awakened at night general wrist: OR=8.7 3.124.1 courses, gender, and checked for
compared to community and nerve conduction studies. population interactions.
non-cases (n=473). Motor latency < 4.5 months, (28 cases For work: Cases seeking medical care may

different median to ulnar DSL < from 20 to 40 hr/wk ggglsoegircef%rlrgo%% rllr(l_ﬁ)%gnatmg
Participants blinded to 4.0 months, controlled for 501 subject with gxtended However. Authors came u'p with
aim of study—told it was ~ temperature. community wrist: same relationship between flexed
about “general health.” sample) OR=54 1.127.4 and extended wrist using only CTS

CTS diagnosed by clinical
history and neurophysiological
tests.

Exposure: Awkward
hand/finger postures and pinch
grasps assessed by
questionnaire: Self-reported
information about duration of
exposure (hr/wk) to flexed
wrist, extended wrist,
extended and flexed wrist
combined, pinched grasp.
Typing hr categorized as
0,1to 7,8to0 19, 20 to

40 hr/wk of exposure 0 to 5
years ago, responses
truncated at 40 hr/wk.
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cases from population-based data.
The associations from this study
are based on very small sample
sizes. >64% of cases reported 0
hr/wk to each of the exposures.
In random sample, age, and sex
stratified, included twice as many
females as males.
No significant relationship between
pinch grasp or typing.
Dose-response found for duration
of activities with flexed or extended
wrist statistically significant; dose-
resgonse relat|0nshg)_ foE both
present but not statistically
significant.
Typing hr not significant but very
small numbers (<5 in comparison
8roups); may have been unable to
etect a difference.
Females with hysterectomy without
oophorectomy s%n |f|cantl)l/
increased risk, PRR=2.0 (1 to 3.6
compared to females not o erated
on; increase may be detection bias.
Wrist fractures, thyroid disease,
rheumatism, and diabetes not
significant for CTS.
Varicosis significant risk for males
12.0 (3.6-40.1).
Oral contraceptives not significantly
associated with CTS.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
English et al. Case- Cases: CTS patients Outcome: CTS based on @] (@) Rotating Participation rate: 96%.
1995 control (n=171) ages 16 to 65 agreed criteria diagnosed by shoulder with
years from orthopedic orthopedic surgeons using elevated arm Due to design of study (cases
clinics. Controls: common diagnostic criteria (not and CTS: selected by diagnoses), blinding of
(n=996) 558 males and specified). OR=1.8 1.2-2.8 examiners not an issue.
438 females attending
the same clinics Exposure: Based on self- Repeated Adjusted for height, weight, and
diagnosed with reported risk factors at work: finger tapping gender.
conditions other than guestions addressed: and CTS:
diseases of the upper awkward postures, grip types, OR=0.4 0.2-0.7 Significant negative association

limb, cervical, or thoracic
spine; ages 16 to 65
years.

wrist motions, lifting, shoulder
postures, static postures, etc.
and job category.
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with height and presentation at the
clinic as a result of an accident and
CTS.

A significantly positive association
with height.

Included “frequency of movements”
in regression analysis.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Farkkila Cross- 79 chain saw users Outcome: CTS based on nerve 26% S Significant O Participation rate: 100% of
et al. 1988 sectional randomly selected from conduction studies, motor and correlation professional forestry workers.
186 forestry workers sensory conduction velocity, between
with >500 hr of distal and proximal latencies, numbness in Significant correlation between CTS
sawing/year. Tinel's and Phalen's tests and the hands and HAVs found.
subjective symptoms. (r=0.38,
p<0.05) and Randomly selected from EMG out of
Exposure: Chain saw vibration CTS and 186.

not measured. Duration of
chain saw use determined by
interview.
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muscle fatigue
(r=0.47,
p<0.05) and
CTS.

Alcohol consumption did not
correlate with numbness in the
hands or arms (r=0.14, p=NS) or
sensory disturbances.

Only motor nerve recordings were
analyzed for this study.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Feldman Cross- 586 electronics workers ~ Outcome: Based on ) Wrist Wrist Numbness and Participation rate: 84%.
et al. 1987 sectional at a manufacturing firm questionnaire survey and in tingling and  tingling and tingling in Examiners blinded to case and
for with 700 employees. ﬁgﬂ}%ﬁni?gﬁ;ﬁﬁ%n that numbness: numbness: fingers: exposure status: Not stated.
symptom involved tests of hand 18% 8.7% OR=2.26 1.4-4.46  Analysis not controlled for
survey sensation, finger grip, and o confounders.
strength of thenar muscles. High-risk vs. Questionnaire obtained data on
Pro- Tinel's and Phalen's done. low-risk jobs: past medical history, exposure to
spective “Standard nerve conduction” of p<0.005 neurotoxins, cigarettes, hobbies,
for nerve left and right median nerves. and symptoms.
con- Exposure: Two subjects For nerve conduction testing, the
duction : temperature of limbs was monitored
studies randomly selected for and controlled for.

biomechanical analyses from
each of four high-risk areas,
determined from questionnaire
and walk-through observations
of tasks involving repetitive
flexion, extension, pinching,
and deviated wrist postures.
Videotaping and
electromyography done.

Highly repetitive job task
defined as <30 sec cycle or
>50% of cycle performing the
fundamental cycle.

Wrist posture characterized in
terms of flexion and extension:
>45 flexed, 15 to 45 flexion,
neutral, 15 to 45 extension, and
>45 extension and deviation.
Hand posture characterized by
6 types of grip.

No quantitative measures of
vibration were obtained.
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More females were in high-risk
areas and jobs than males.

There were no workers >60 years
old in high-risk group. There were
34 workers >60 years in
comparison groups.

Rheumatoid arthritis more prominent
in low-risk group (8.2%) than high-
risk (2.4%) group.

Nerve conduction in high-risk
workers performed year 1 and
year 2. Right sensory amplitude
abnormal (<8pV) in 22% of
workers at year 1 and 35.5% at
year 2. Left sensory amplitude
abnormal in 16.7% and 29% at
year 2.

Most apparent changes (increases)
seen in bilateral sensory velocities
and motor latencies (abnormal
>4.5). Right motor latency abnormal
in 8% at year 1 and 11% in year 2.
Left motor Iatencg/ abnormal'in 2%
in year 1 and 23% at year 2.

Authors offered parameters for
staging CTS in high-risk subjects (0
to 4 stages).
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Franklin Retro- Workers in Washington Outcome: Assessed using 25.7 claims/ 1.74 14.8 (oyster 11.2-19.5 Participation rate: This is a records
etal. 1991 spective  State (n=1.3 million full- workers’ compensation claims 1,000 FTEs claims/ and crab review so it does not apply.
cohort: time workers in 1988). for CTS using ICD codes 354.0 (oysterand 1,000 FTEs packers)
from and 354.1. Incident claim was crab (industry Among claimants, the female-to-
1984 to Worker's compensation the first appearance of a paid packers) wide rate) male ratio was 1.2:1.
1988 data for Washington bill for claimant with a
State, using physician diagnosis. Algorithm Mean age of claimants was 37.4.
compensable (time loss) was developed to identify 23.9 claims/
and non-compensable unique claimants which 1,000 FTEs 13.8 (meatand 11.6-16.4 Diagnosis and data entry errors
claims for January 1984 removed multiple claims. (meat and poultry comprised 25% of CTS surgery
to December 1988. poultry workers) claims—cases were not coded as
Exposure: Not measured. workers) CTS.

Workers in the same industrial

classification assumed to
share similar workplace
exposures.
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82% of claims were true cases of
CTS.
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Koskimies Cross- 217 forestry workers Outcome: 125 randomly Active Alcohol Participation rate: Not reported.
et al. 1990 sectional who used chain saw selected for EMG of sensory vibration: consumption
>500 hr during previous  and motor nerves both hands. 5% white and CTS cases Examiners may not have been
3 years. finger r=0.15 p=NS blinded to exposure status because

CTS diagnosis based on Vibration of design of study.

symptoms, exclusion of other CTS: 20% exposure time

conditions, results of Phalen’s and motor NCV No comparison group because

and Tinel's test, and findings in in median study was part of longitudinal study

sensory and motor nerve EMG. nerve of right of workers followed since 1972.
hand: r=-0.27  p=0.01

Exposure: Number of years of Egmo}zle(f)tlz p=NS Most of 25 CTS workers had mild

vibration exposure (only symptoms at work despite severe

workers who had 500 hr Exposure time reduction of sensory NCS of

during previous 3 years were with both median nerve.

included. motor NCV in
u_Inharhner(\j/e of Males with primary Raynaud’s
ﬁg&zggnd left p=0.05 disease, rheumatoid arthritis,
hand diabetes, or positive urine glucose
r=-0.39. p<0.001 slide test results excluded from

study.

Distal latencies
in median 12 (48%) of those with CTS had
Qﬁr‘éiﬁrldm bilateral diagnosis. The authors
right hand stated that the left hand is the
r=0.17; p=0.05 dominant working hand in sawing,
left hand the right hand acting more to direct
r=0.21. p=0.05 the saw during the operation.
Numbness and
sensory NCS
of median
nerve; right
hand r=0.679; p<0.001
left hand
r=0.53. p<0.01
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Liss et al. Cross- 1,066 of 2,142 dental Outcome: Mailed survey, Responder  Responder Participation rate: 50% response
1995 sectional hygienists from Ontario 2 CTS case definitions: told that told that rate from both groups.
Canada Dental (1) based on positive response  they had they had
Hygienists Association to "told by a physician that you CTs: CTS:0.9% OR=5.2 0.9-32 Study population >99% female.
compared to referent had CTS", (2) if during last 12 7%
group, 154 of 305 dental months, for >7 days Question- OR were age adjusted.
assistants. experienced numbness and Question- naire
tingling, pain, or burning in naire based based Confounders considered included
distribution of median nerve, CTS:11%  CTS:3.0% OR=37 1.1-11.9 typing, hobbies, and taking

night pain or numbness in
hands, and no previous
wrist/hand injury.

Exposure: Based on mailed
survey: Length of practice,
days/wk worked, patients/day,
patients with heavy calculus,
percent of time trunk in rotated
position relative to lower body,
instruments used, hr of
typing/wk, type of practice.
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estrogens.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments

Loslever and Cross- 17 selected jobs with Outcome: Occupational Mean High force with Participation rate: Cases selected.

Ranaivosoa sectional frequent and repeated physician from each factory prevalence high flexion

1993 absences of workers involved in the study completed  rate among and CTS: Occupational doctor supplied
due questionnaire concerning each jobs (jobs r=0.62 information on gender, age, years
to CTS investigated at job and the number of CTS chosen at on the job, hand orientation, has or
the request of cases. The prevalence of CTS workplaces High force and has not contracted CTS.
occupational doctors and  was then calculated from ratio where CTS high extension
managers. of CTS cases and total number had been and CTS: Subjects spent 60 to 80% of their
Biomechanical data of employees that worked at reported): r=0.29 time in extension ranging from 13 to
recorded on a number of  that place. 35% (range 30E.
workers from each job, 8 to 66%);
ranging from 1 to Exposure: Videotaping of prevalence Vibratory tools more often used in
4 workers. Involving movements, use of vibrating of CTS in tasks with high prevalence of CTS
961 workers. tools, and two measurement both hands: (27%) than in ones with low

techniques used: (1) Flexion- 20% prevalence of CTS (13%).

extension measurements:
Subjects recorded at several
points during the day for

15 min. An angle meter used to
measure flexion-extension
angles of the wrist: Rated high
flexion, low flexion, low
extension, and high extension
using fuzzy cutting functions.
Each modality characterized by
its arithmetic mean and its
relative duration. (2) Force:
Electromyography used; values
under 2 daN considered as low
forces. Calculated time spent
over 2 daN, maximal force,
number of peak exertions, and
the arithmetic mean of the n
values during a period.
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92% of population were female.

Non-standard data analysis
approaches, no statistical testing.

Examiners not blinded.

Authors believe higher rate of CTS
in both hands (20%) vs. dominant
hand (100%) argue for non-
occupational factors being more
important.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Marras and Cross- 40 volunteers at a highly ~ Outcome: CTS was High-risk Low-risk Model for Participation rate: Not reported.
Shoenmarklin ~ sectional  repetitive, hand- determined from evaluation of job: 8 job: 0 predicting high ) ) _
1993 intensive industrial jobs OSHA illness and injury logs incidents/ incidents \éZ'sleO&Nujggn”Sk Examiners blinded: not stated.
I?\ 8 dlﬁekrent plants. Half gr:jd meddlcal recqrgls. The 200,000 hr motion Confounders controlled for: Age,
the workers were independent variable was exposure component: gender, handedness, job
employed in jobs that had  exposure to jobs in which CTS satisfaction.
OSHA recordable had occurred previously. A Position ) _
repetitive trauma low-risk job was defined as Radial/ulnar All the jobs required gloves except
incidents, half the having a zero incidence rate; a ROM: OR=1.52  1.1-21  two-one “low-risk” and one “high-
workers were in jobs high-risk job was defined as ;I(‘fr)]"ggﬁfte”' risk.
with no history of having an incidence rate of OR=1.3 1.0-1.7  Significant difference between
recordable repetitive eight or more recordable Pronation/ groups with regards to age, years
trauma incidents. Two repetitive trauma. supination with the company, and trunk depth.
subjects from 10 ROM: o ] o
repetitive, hand- Exposure: Included number of OR=1.2 0.9-1.6  No significant difference in job
intensive jobs were wrist motions/8-hr shift, weight Velocit ?nagllse?ncélnotrs]' gugﬂ\)/\?erioétwgtsafture
randomly chosen to of loads, handgrip types and Radialallnar vel: hand dimen'sio%s'. gnt, '
participate. forces, work heights, and OR= 2.4 1.3-4.3
motion descriptions. Wrist Flexion/ Turnover rate: High-risk jobs: 33%;
motion monitors measured in extension vel: low-risk jobs: 0.5%.
the radial/ulnar, OR=3.8 1.5-9.6 . )
flexion/extension, and Pronation/ | Grip fprcgs \r/]v_eLe ;hlze_ebtlmﬁs as
pronation/supination planes: supination vel: ] reat |n_t_ e high-risk jobs than in
wrist angles, ang_ular velocity, OFE—1.9 1.2-3.2 the low ”Sk]cgbs'
angular acceleration. Acceleration Variance between subjects within
Radial/ulnar jobs accounted for a substantial
accel: percentage of total variance in
OR=2.7 1.5-49  wrist motion.
Flexion/
extension
accel:
OR=6.1 1.7-22
Pronation/
supination
accel: OR=2.96 1.4-6.4
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
McCormack Cross- Textile workers: Outcome: Assessed by Prevalences 1.3% Participation rate: 91%.
et al. 1990 sectional 4 broad job categories questionnaire and screening of CTS (non-
involving intensive physical examination initially by office) Physician or nurse examiners not
upper extremity use. nurse. CTS diagnosed on Boarding: Boarding vs. blinded to case or exposure status
Workers randomly clinical grounds of symptoms 0.7% non-office (personal communication).
chosen: Sewing and positive Tinel's sign and OR=0.5 0.05-2.9
workers (n=562); Phalen's test. Physician Prevalence higher in workers with
boarding workers reassessed physical findings Sewing: Sewing vs. <3 years of employment. Race and
(n=296); packaging by “standardized methods.” 1.2% non-office age not related to outcome.
workers (n=369); and OR=0.9 0.3-2.9 Females found to have significantly
knitting workers Exposure: Assessment by more CTS than males.
(n=352) compared to observation of jobs. Exposure Packaging: Packaging vs.
other non-office to repetitive finger, wrist and 0.5% non-office Job category not found to be
workers (n=468). elbow motions assumed from OR=0.4 0.04-2.4 significant, however no
job title; no objective measurement of force, repetition,
measurements performed. Knitting: Knitting vs. posture analysis, etc.
0.9% non-office
OR=0.6 0.1-3.1 Questionnaire asked types of jobs,
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length of time on job, production
rate, nature and type of upper
extremity complaint, and general
health history.

11 physician examiners;

interexaminer reliability potential
problem acknowledged.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Moore and Cross- 32 jobs in which 230 Outcome: CTS identified from 13.7% 4.9% 2.8 0.2-36.7 Participation rate: Study based on
Garg 1994 sectional workers were employed. OSHA logs and medical recoras.

This study was more an
evaluation of jobs than of
individuals.

records. A case required
electrophysiologic testing,
confirmed as abnormal by
electromyographer and
presence of suggestive
symptoms.

Exposure: Observation and
videotape analysis of jobs.
Force, wrist posture, grasp
type, high-speed work,
localized mechanical stress,
vibration, cold, and work time
assessed via observation of
videotape. Jobs classified as
hazardous or safe based on
data and judgement.
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Investigators blinded to exposure,
case outcome status, and personal
identifiers on medical records.

Repetitiveness, “type of grasp”
were not significant factors
between hazardous and safe job
categories.

No pattern of morbidity according to
date of clinic visits.

Strength demands significantly
increased for hazardous job
categories compared to safe job
categories.

IR based on full-time equivalents
and not individual workers, may
have influenced overall results.

Workers had a maximum of 32-

months of exposure at plant-so
duration of employment analysis
limited.

Average maximal strength derived
from population-based data
stratified for age, gender, and hand
dominance.

Using estimates of Silverstein’s
classification, association between
forcefulness and overall observed
morbidity was statistically
significant; repetition was not.

No control for confounders.
No information on work history,

number of unaffected workers, or
exposure duration.
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Morgenstern Cross- 1,058 female grocery Outcome: Defined CTS as self- For a Participation rate: 82%.
etal. 1991 sectional cashiers from a single reported hand/wrist pain, difference of

union. nocturnal pain, tingling in the 25 hr/wk: 1.88 0.9-3.8 Controlled for age.
hands or fingers, and 12% 5.4%

Comparison group was
those who reported no
symptoms.

Cashiers were also
compared to results from
a general population
study from Rochester,
Minnesota (Stevens et al.
1988).

numbness.

Exposure: Duration, use of
laser scanner determined from
survey (no measurements).
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Information collected on age, sex,
pregnancy status, work history as
a checker, specific job-related
tasks, use of selected drugs,
history of wrist injury.

In logistic regression, “Use of
diuretics” significantly associated
with CTS, OR=2.66 (1.00-7.04);
thought to be related to fluid
retention by authors.

Laser scanning found not to be
significant factor.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Nathan et al. Cross- 471 industrial workers Outcome: Case defined as Prevalence Prevalence Participation rate: Not reported.
1988 sectional  from 27 occupations in NCS-determined impaired of abnormal  of )
4 industries. Jobs Isensor))/ cgnductloln t(sen_sory ner\ée i abnormal Ana(ljy5|s controlled for age and
i atency). Sensory latencies conduction  nerve ender.
E;%lé%egﬂfs?sgﬁize:n d assesged antidro¥nica|ly for sensory conduction 9
o eight consecutive 1-cm latency: sensory No description of symptom status
repetition rate. segments of the nerve. A latency: for defining CTS.
maximum latency difference of
0.4 ms or greater used to Group |I: Group I: Group Il vs. I: Method of categorization of jobs
define impaired sensory 27% 28% PR=1.0 0.5-2.0 and occupations not described.
conduction. Case definition did
not deal with symptoms. Group llI: Group | vs. llI: Classification system is based on
47% PR=1.9 1.3-2.7 only repetition and not resistance
Exposure: Jobs grouped into as listed.
27 occupations with similarities Group IV: Group | vs. IV:
of characteristics as to type of 38% PR=1.7 1.3-2.7 Initially excluded cases of CTS in
grip, wrist position, study population, yet was
handedness pattern, Group V: Group I vs. V: supposedly identifying prevalences
resistance, frequency, and 61% PR=2.0 1.1-34 of CTS in exposure groups.

duration of grasp an
presence of vibratory and
ballistic components. The

27 occupations then grouped
into 5 classes. Resistance
(Res.) rated from very light to
very heavy; repetition rate
rated from low to high.

Group I: very light resistance
and low repetition

Group II: light resistance and
very high repetition

Group lll: moderate resistance
and moderately high repetition
Group IV: heavy resistance
and moderate repetition
Group V: very heavy
resistance and high repetition.
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For nerve conduction analysis,
wrongly assumed that each hand’s
nerve conduction study results in
an individual were independent.
The 2 hands in a single individual
are not independent of each other.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Nathan 1992a  Long- 315 workers using both Outcome: Case defined as Group I Group 1:  Groups Il vs. Participation rate: Overall: 67%;
itudinal hands (each han NCS-determined impaired 19% 18% Group I: Group 3 participation rate was
analyzed separately) sensory conduction (sensory PR=1.1 0.6-1.9 59%.
from four industries. latency). Sensory latencies i i :
These represented 67% assesg)ed antidro¥nica|ly for Group I Group Il vs. Examiners bl_ded' Not reported.
of original group of eight consecutive 1-cm 26% Group : Analyzed using gender, hand
workers from 1988 segments of the nerve. A PR=15 1.0-2.2 dominance, occupational hand use,
published study maximum latency difference of duration of employment, and
randomly selected from 0.4 ms or greater used to Group IV: Group IV vs. industry.
four industries (67% of define impaired sensory 24% Group : 76% of participants employed in
original subjects) conduction. PR=1.4 0.9-2.1 same occupational hand-use class
as in 1988. A lower percentage of
Group I: Very light Probable CTS: Presence of Group V: Group V vs novice workers returned (56%)
resistance and low any two primary symptoms 18% Group I: than non-novice workers (69%) for
repetition (numbness, tingling, nocturnal PR=1.0 0.5-2.2 follow-up study.

Group II: Light
resistance and very high
repetition

Group lll: Moderate
resistance and
moderately high
repetition

Group IV: Heavy
resistance and moderate
repetition

Group V: Very heavy
resistance.

awakening) or one primary
symptom and 2 secondary
symptoms (pain, tightness,
clumsiness).

Exposure: For this article,
previous exposure
classification was used from
1988 Nathan article. Jobs had
been grouped into 27
occupations with similarities of
characteristics as to type of
grip, wrist position,
handedness pattern,
resistance, frequency, and
duration of grasp and
presence of vibratory and
ballistic components. The 27
occupations then grouped into
5 classes. Resistance rated
from very light to very heavy;
repetition rate rated from low to
high.
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Analysis of “hands” instead of
individual would cancel contribution
of exposure effect if there was
unilateral slowing.

Data in table two for 1984 subjects
is not the same data as presented
in previous article; numbers have
shifted to other groups. The
significant difference seen
between nerve slowing between
Class 1 and Class 5 in 1988 paper
is no longer significantly different.

Authors note that “130 hands
experienced a decrease in
occupational use.” No parameters
given for decrease and assumption
IS made that both hands in an
individual had similar decrease in
use.

With one-third of cohort missing
from 1984 study, there is no way to
determine if homogeneity in
symptoms prevalence in 1984 and
1989 reflects absence of
progression or drop-out.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Nathan 1994b  Long- 101 Japanese furniture Outcome: Case defined as 8.cm. 8 .cm. Participation rate: For Japanese
itudinal factory workers. There NCS-determined impaired Sensory Sensory Workers: 100%
V\iere |7 mal?agerzsl, 35 sensory conduction (sensory latency: latency: Americans: Overall: 67%; Group 3
gsesrclecn%b\lg\;?lirngrgf food latency). Sensory latencies 0.30 0.31 participation rate was 59%.
service workers and 18 assessed antidromically for
machine operators. Their  €ight consecutive 1 cm. 14 cm. 14 cm. Examiners blinded: Not reported.
NCS results were segments of the nerve. A Sensory Sensory
compared to 315 maximum latency difference of latency: latency: Analyzed using gender, hand
workers using both 0.4 ms or greater used to 0.36 0.45 dominance, occupational hand use,
gﬁggszé%aggpg?gtdely) define impaired sensory duration of employment, and
from four industries. conduction. industry.
(These represented 67%  Probable CTS: Presence of Probable Probable o .
of original group of any two primary symptoms CTS:25% CTS: Analysis of *hands” instead of
workers from 1988 (numbness, tingling, nocturnal 2.0% individual would cancel contribution
P;r?clilgrm?;/j ssélljgc){ed from awakening or one primary N N of exposure effect if there was
four industries (67% of symptom and 2 seCﬁndary 8$fslr.nte 8$fslr-"te unilateral slowing.
igi i symptoms (pain, tightness, - :
original subjects) and are P ( g 2.0 8.3 Conducted step-wise regression

the subject of a separate
table entry in this
document.

Group I: Very light
resistance and low
repetition.

Group II: Light ]
resistance and very high
repetition.

Group lll: Moderate
resistance and
moderately high
repetition.

Group IV: Heavy
resistance and moderate
repetition.

Group V: Very heavy
resistance.

clumsiness).

Exposure: Exposure was not
addressed except is assumed
to be self-reported by
questionnaire for the Japanese
workers. The jobs were
grouped into 5 classes.
Resistance rated from very
light to very heavy; repetition
rate rated from low to high
repetition.
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analysis for Probable CTS and
reported that repetitions and
duration of employment were
protective. Cigarettes and Age
were also retained in the model.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Osorio et al. Cross- 56 supermarket workers.  Outcome: CTS assessed via Symptoms: 0% for 8.3 2.6-26.4 Participation rate: 81%.
1994 sectional Comparison was medical history, physical exam, 63% in low- (for CTS-
between high and low median nerve conduction high- exposure  symptoms high Adjusted for age, gender, alcohol
exposure groups. studies, and vibratory exposure; group vs. low consumption, and high-risk medical
thresholds. 10% in exposure history.
moderate- groups)
A. CTS-like syndrome: exposure Interview and testing procedures
Probable diagnosis: (1) Pain group performed by personnel blinded to
tingling numbness in median case status.
nerve distribution and Positive
(2) symptoms last >1 wk or $ NCS: 33% 0% for 6.7 (for 0.8-52.9 Skin surface temperature not
12 times in last year, no acute in high- low- abnormal NCS, controlled.
trauma or systemic disease, exposure;  exposure  high vs. low
onset or exacerbation since 7% in group exposure Dose response for presumptive
working on current job. moderate- groups) (symptoms of) exposure to
exposure forceful, repetitive wrist motion:
B. Median neuropathy: group CTS-prevalence 63% high

Sensory median nerve
conduction velocity 44 m/sec
or less.

Exposure: Observation of jobs
by ergonomist and industrial
hygienist. Analysis based on
categorization by job title after
observation. Jobs divided into
3 categories based on the
likelihood of exposure to
forceful and repetitive wrist
motions (low, moderate, high),
years worked at this store,

total years worked as checker,

total years using laser
scanners.
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exposure; 10% medium exposure;
0% low exposure.

Dose response for prevalence of
abnormal median nerve velocity:
33% high; 7% medium; 0% low.

Linear regression showed
significant relationship between
years worked and worsening of
nerve conduction (decreased
nerve conduction velocity and
decreased nerve conduction
amplitude) adjusted for
confounders (above), however
small sample size.
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MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Punnett et al. Cross- 162 female garment Outcome: CTS assessed by 18% 6% 2.7 1.2-7.6 Participation rate: 97% ﬁgarment
1985 sectional workers; 85% were symptom questionnaire and workers), 40% (hospital workers).

employed as sewing
machine operators who
sewed and trimmed by
hand.

Comparison: 76 of 190
full- or part-time workers
on day shift in a hospital
who worked as nurses
or aids; lab technicians
or therapists, or food
service workers.

Employees typing >4
hr/day excluded from
comparison group. 162
female garment workers
compared to 73 female
hospital workers.

physical exam. Cases defined
as the presence of persistent
pain (lasted for most days for
one month or more within the
past year); were not
associated with previous
injury; and, began after first
employment in garment
manufacturing or hospital
employment. Key questions
based on the arthritis
supplement questionnaire of
the National Health and Nutrition
Examination Survey (NHANES).
Median nerve symptoms (pain,
numbness, or tingling) if
present at night or early in the
morning or met 2 of 3 criteria:
(1) accompanied by weakness
in pinching or gripping;

(2) alleviated by absence from
work for >1 wk;

(3) aggravated by housework
or other non-occupational
tasks.

Exposure: Observation of job
tasks. Information on work
history obtained by
questionnaire. Job title used as
a proxy for exposure in
analyses.
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Controlled for age, hormonal status,
and native language.

Pain in the wrist and hand
significantly correlated (p<0.01;
r=0.41).

A%e distribution not significantly
different metabolic disease.

Symptoms of CTS showed trend by
age (p<0.01).

Prevalence of pain not associated
with years of employment in
garment workers.

Length of employment not predictor
of risk.

Change in hormonal status
significantly associated with CTS
symptoms but negatively
associated with employment in
garment shop.

Logistic model found garment work
%r_}_ds age significant for symptoms of

Neither metabolic disease nor
change in hormonal status
statistically significant risk.
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MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Schottland Cross- Poultry workers (27 Outcome: Defined as 41% 20% 2.86 1.1-7.9 Participation rate: Not reported.
etal. 1991 sectional males, 66 females) prolonged motor or sensory exceeding  exceeding

compared to job median latencies. No 22msfor 2.2 msfor Not mentioned whether examiners
applicants (44 males, symptoms or physical exam sensory median blinded to case status or exposure.
41 females). included in case definition. latency sensory
value of latency Controlled for age and gender.
Exposure: Based on current median value o
employment status at plant. No nerve on (right- Referents not excluded if prior
measurements made. NCS (right-  hand, employment at poultry plant;
Repetitive tasks (15 to 50 hand, females, 15 referents had previous
complex operations/min not females, corrected employment in poultry plant; this
rare), requiring firm grip, with corrected for age) would result in poor selection of
wrists in flexion or extension, for age) controls, would tend to bias results
with internal deviations. towards the null.
24% 15% 1.87 0.6-9.8 Right-hand of female applicants
exceeding  exceeding who never worked in a poultry
22msfor 2.2 msfor plant had significantly longer
median median median palmar latency (MPS) on
nerve nerve nerve conduction than referents
sensory sensory (p<0.04).
latency latency
value on value on Symptoms of CTS not inquired.
NCS (left- NCS (left- Right hand of male workers had
hand, hand, longer MPS on nerve conduction
females, females, but not significant (p<0.07).
corrected corrected ) )
for age) for age) From Table 5-2 in paper it shows

there is inadequate sample size for
detecting differences in female’s
left-hand and male’s left- and right-
hand MPS.

Concluded there is an elevated risk
of CTS, roughly equal to risk from
aging for the right hands of female
workers, less risk for male both
hands and female left hands.

(Continued)
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,

Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Silverstein Cross- 652 industrial workers in ~ Outcome: CTS determined by 1.0 0.6 Group 2 vs. Participation rate: 90% response
et al. 1987 sectional 4 groups: (1) low-force,  medical examination and (Group 2) Group 1: rate obtained.

low-repetition interviews. OR=1.8 0.2-21

i Controlled for age, gender, plant,
(comparison group, ) [ | :
n=93 males, 64 females);  Symptoms of pain, numbness 21 Group 3 vs. ear(sj on the job. No interactions
(2) high-force, low- or tingling in median nerve (Group 3) Group 1: ound.
repetition (=139 males, distribution. OR=2.7 0.3-28 Jobs evaluated by investigators
56 females); (3) low- ) Yy

- I L blinded to worker health status.
force, high-repetition Nocturnal exacerbation; 5.6 Group 4 vs.
(n=43 males, 100 symptoms >20 times or >1 wk (Group 4) Group 1. Examiner blinded to medical history
females); (4) high-force, in previous year; no history of OR=15.5 1.7-142 and exposure.

high-repetition ﬁn=83
males, 74 females).

acute trauma,; no history o
rheumatoid arthritis; onset of
symptoms since current job;
positive modified Phalen’s test
(45 to 60 sec) or Tinel's sign;
rule out cervical root thoracic
outlet, pronator teres
syndrome.

Exposure: To (1) forceful,
(2) repetitive, and (3) awkward
hand movements assessed by
EMG and video analysis of
jobs. Three workers in each
selected job videotaped for (at
least) 3 cycles. High-force job:
A mean adjusted force >6 kg
mean adjusted force =
(variance/mean force)+ mean
force]); low-force Lob: A mean
adjusted force <6 kg.

High repetition = work cycles
<30 sec or work cycles
constituting >50% of the work
cycle.

5a-64

In separate
logistic models:

(1) Repetitive-
ness: OR=5.5
(p<0.05)

g Force:
R=2.9 (non-
significant)

Random sample of 12 to 20 active
workers/job with 1 year’s seniority,
stratified by age and gender.

Interview data included prior health
and injuries, chronic diseases,
reproductive status of females,
recreational activities, prior job
activities.

No association found with wrist
posture, type of grasp, or use of
vibrating tool.

Positive associated with age but
not statistically significance.

No differences in health history or
recreational activities.

No association with gender, or
industrial plant.

Negatively associated with years
on the job but not statistically
associated.

Repetitiveness found to be stronger
risk factor than force.

No association with hormonal
status.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Stetson et al. Cross- Comparison of 137 Outcome: Symptoms (@] (@] Participation rate: 71% seen, 16%
1993 sectional asymptomatic industrial consistent with CTS defined as refused, others unavailable

workers, 103 industrial
workers with hand/wrist
symptoms, and 105
control subjects
randomly selected not
exposed to highly
forceful or repetitive
hand exertions.

numbness, tingling, or burning
localized to median nerve
anatomic area, not caused by
acute injury, and occurred >20
times in previous year. Nerve
conduction studies conducted
on the dominant hand; median
sensory and motor, ulnar
sensory, distal amplitudes and
latencies were measured.
Temperature monitored.

Exposure: Observation and
worker interviews using
ergonomic checklist. One or
more workers on each job
were evaluated based on
repetitiveness, forcefulness,
mechanical stress, pinch grip,
and wrist deviation, then data
extrapolated to other workers
performing jobs. A 3-point
ordinal scale used to estimate
exposure (none, some,
frequent or persistent).
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because of layoffs, transfers, or
sick leave.

Industrial population randomly
selected.

Controlled for age, height, skin
temperature, and dominant index
finger circumference.

Comparing the means of the nerve
conduction measures, the following
were statistically significantly
different between: (1) the
asymptomatic hand group and the
controls: median sensory amplitude
and distal latency, and median to
ulnar comparison measures; (2) the
symptomatic hand group and
controls: median sensory distal
latency, and median to ulnar
comparison measures.

Median sensory amplitudes were
smaller and distal latencies longer in
symptomatic compared to
asymptomatic hand group.

Forceful hand and upper extremity
exertions were significantly
different between exposed and
non-exposed groups. Repetition
not significantly different, but little
statistical power to detect
difference.

(Continued)



Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Tanaka et al. Cross- Data from the Outcome: Outcomes included Prevalence Logistic model Participation rate: 91.5%.
In Press sectional  Occupational Health those “Recent Workers” who of self- for medically
interview  Supplement of 1988 worked anytime during the past  reported called CTS Multiple logistic regression used to
survey National Health Interview 12 months (excluding armed CTS among among recent examine age, gender, race,
Survey conducted by the  forces). Self-reported carpal recent workers exposure to vibration, and
National Center for tunnel syndrome= “yes” to workers: bending/twisting of the hand/wrists
Health Statistics. question: During the past 1.47% Bend/twist: to odds of reporting CTS.
Households are selected 12 months, have you had a OR=5.9 3.4-10.2  Interactions were checked for.
by multistage probability condition affecting the wrist Prevalence
sampling strategy. One and hand called carpal tunnel of medically White race: Self-reported CTS prevalence
adult, 18 years or older, syndrome? Medically called called CTS OR=4.2 1.9-15.6  among recent workers higher in
was randomly selected CTS = a response of “carpal among whites compared to non-whites,
for interview. 44,233 tunnel syndrome” to the recent Female gender: highest in white females.
interviews completed. question: “What did the medical workers: OR=2.4 1.6-3.8
person call your hand 0.53% When vibration was not in the
discomfort?” Vibration: model the bend/twist OR=5.99.
OR=1.85 1.2-2.8 When bend/twist is not in the
Exposure: By questionnaire: model, vibration OR=3.00.
Did the most recent job require BMI $25:
you to bend or twist your OR=2.1 1.4-3.1 Major limitation is CTS is based on
hands or wrists many times an self-reports without medical
hr? Did you work with hand- Cigarette use: validation.
held or hand-operated tools or OR=1.6 1-2.5
machinery. No temporal relationship could be
Age $40: found between reported CTS and
OR=1.3 0.2-1.9 the reported occupation/industry or
exposure to bending/twisting of the
Annual income hand/wrist.
$$20,000:
OR=1.5 1-2.4
Education
>12: OR=1.2 0.8-1.8
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Table 5a-5 (Continued). Epidemiologic studies evaluating work-related carpal tunnel syndrome (CTS)

MSD prevalence

Study Exposed Referent RR, OR,
Study design Study population Outcome and exposure workers group or PRR 95% CI Comments
Weislander Case- 34 male CTS patients, Outcome: CTS diagnosed @] (@) Cases Participation rate: 93%.
et al. 1989 control each matched to 2 other  clinically by a hand surgeon, compared to all
hospital referents confirmed by electro-diagnostic referents Referents matched for gender and
(drawn from among studies. (hospital- and age (3 years.), hospital referents
other EODUI(«;:I)tlon- for year of operation.
. S ased):
surgical cases, one Exposure: To vibrating tools, Vibrating tool Hospital referents and population
referent had been repetitive wrist movements, use: OR=3.3 1.6-6.8 referents statistically different
operated on for gall and loads on the wrist comparing: use of vibrating tool,
bladder surgery and the assessed via telephone Use of hand- repetitive movements of wrist,
other for varicose veins)  interview using a standardized theklj Vllbé%tlng workload on wrist, obesity.
and 2 population questionnaire. The degree of 00Is 1-20 - . )
referents (from a general  exposure was evaluated both years: OR=2.7  1.1-6.7 ricf)lserzzltai\lr;gﬁzﬁ?a?ev%urfnlgg emay not
population register and with regard to the total number Loads on the P :
telephone directory) of work years and the average wrist: Interviewers not blinded to case
(total comparison number of exposed hr a wk. OR=1.8 1.0-3.5 status.
group=143 males). Repetitive movements
classified independently by Cases Elevated OR for repetitive
physician interviewer and compared to movements of the wrist only
occupational hygienist. population statistically significant for the
Exposure to repetitive wrist ;(T;%;e.nts category >20 years.’
movements was considered to Vibrating tool Odds ratios (OR) for any of the
exist if they agreed. use: three diseases (thyroid disease,
OR=6.1 2.4-15 diabetes, rheumatoid arthritis
found to be statistically significant
Repetitive among cases with CTS compared
wrist to 143 referents; OR=2.8 (1.0-7.6).
movement for
>20 years: ORs tended to increase with
OR=4.6 1.8-11.9 increasing number of risk factors
present. One factor, OR=1.7 (0.6-
Repetitive 4.4); two factors, OR=3.3 (1.2-9.1);
wrist >two factors, OR=7.1 (2.2-22.7).
movement:
OR=2.7 1.3-54 Obesity is >10% above reference
weight.
Obesity:
OR=3.4 1.2-9.8
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CHAPTER 5b

Hand/Wrist Tendinitis

SUMMARY

Eight epidemiologic studies have examined physical workplace factors and their relationship to hand/wrist
tendinitis. Several studies fulfill the four epidemiologic criteria that were used in this review, and
appropriately address important methodologic issues. The studies generally involved populations exposed
to a combination of work factors; one study assessed single work factors such as repetitive motions of the
hand. We examined each of these studies, whether the findings were positive, negative, or equivocal, to
evaluate the strength of work-relatedness, using causal inference.

There is evidence of an association between any single factor (repetition, force, and posture) and
hand/wrist tendinitis, based on currently available epidemiologic data. There is strong evidence that job
tasks that require a combination of risk factors (e.g., highly repetitious, forceful hand/wrist exertions)

increase risk for hand/wrist tendinitis.

INTRODUCTION

Since the hand/wrist areamay be affected by
more than one musculoskeletd disorder, only
those studies that specificaly address
hand/wrist tendinitis are considered here.
Studies with outcomes described as hand/wrist
disorders or symptomsin generd, or those in
which hand/wrigt tendinitis was combined with
epicondylitis, eg., were excluded from this
section because it was not possible to evaluate
evidence for work-related hand/wrist tendinitis
from the data. The seven studies referenced in
Table 5b-1 provided data specifically
addressing hand/wrigt tendinitis. In each of
these studies the outcome was determined using
physicd examination criteria, dthough the case
definitions varied among studies. Prevaence or
incidence rates of hand/wrist tendinitis reported
in these exposed groups ranged from 4% to
56%, and in unexposed groups from 0% to
14%. Such wide ranges of prevaence rates
probably reflect the variability in diagnogtic
criteria as much as they do the range of
workplace exposures in these studies. For
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example, one study used very drict criteria
[Bystrom et a. 1995]. The case definition
required observation of swelling dong the
tendon at the time of the physica examination.
The only cases of tendinitis diagnosed were
deQuervain’s disease; no other cases of
tenosynovitis or peritendinitis were diagnosed
among 199 automobile assembly line workers.
In contragt, the studies with the highest
prevaence rates either did not clearly sate
what diagnogtic criteria were used to determine
the case definition, or the case definition
consdered recurrences of tendinitis new cases.
Whether case definitions were inclusve or
exclusve would not affect the rdative risk (RR)
aslong asthey were gpplied non-differentialy
between groups designated as exposed or

unexposed.

Although severd studies reported odds ratios,
published data were reandyzed and the results
presented hereand in

Tables 5b1-3 as prevadence ratios (PRs). This
was done because odds ratios may
overestimate RR when prevalence rates are



high, and to make estimates of RR comparable
across sudies. In studies that presented odds
ratiosin the origind articles, the recaculation of
data as PRs resulted in lower estimates of the
RR. In the one prospective cohort study
[Kurppaet al. 1991] incidence rates and risk
ratios are presented.

Except for astudy reported by Armstrong et d.
[19874], risk estimates were not reported
separately for anglerisk factors. Only the
Armgirong et d. study used aforma
guantitative exposure assessment asthe basis
for determining exposure groups. Other sudies
grouped jobs with smilar risk factors together
and compared them to jobs without those risk
factors. Typicaly, the selection of jobs for the
exposed and unexposed groups was based on
generd knowledge of the jobs, previoudy
published literature, or questionnaire data.
Repetition, force, and extreme postures were
consdered in combination to determine which
workers were exposed or unexposed. Formal
exposure assessment (such as videotape
andyssfor cydetime, repetition, extreme
postures, and estimates of force), was usualy
conducted on asample of jobs and used as
rationae in the grouping of jobsinto exposed
and unexposed categories, rather than to create
quantitative measures of risk factors. In some
cases (e.g., Luopgérvi et al. [1979)]),
investigators noted the difficulty in examining
risk factors separately because of job rotation.
For the purpose of this review, we have
grouped study findings according to the risk
factors present in the exposed job categories,
based on the information in published articles.
In Tables 5b1-3, studies are listed under single
risk factorsif there was evidence that the
exposed and unexposed groups differed in that
risk factor,
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though the risk estimates mosily refer to
combined exposures.

REPETITION

Definition of Repetition for
Hand/Wrist Tendinitis

Armstrong et a. [1987a] analyzed videotaped
job tasks of a sample of workers, then divided
job tasks according to level of repetitiveness:
high repetition (cycle time <30 sec, or $50% of
the cycle spent performing the same
fundamental mations) or low repstition.
Kuorinka and Koskinen [1979] created a
“workload index” based on the number of
pieces handled per hour multiplied by the
number of hours worked, for a dose-response
andlysis within the exposed group. Comparison
groups in the other studies were job categories,
selection of the groups to be compared was
based on observations, questionnaire data, or
survelllance data

Studies Reporting on the Association
of Repetition and Hand/Wrist
Tendinitis

Seven studies addressed repetition: Amano et
al. [1988]; Armstrong et d. [19874]; Bystrom
et a. [1995]; Luopgjarvi et d. [1979]; Roto
and Kivi [1984]; Kuorinka and Koskinen
[1979]; and McCormack et a. [1990].

Studies Meeting the Four Evaluation
Criteria

Two of the seven studies that addressed
repetition met dl four of the evaludtion criteria
Armgtrong et a. [1987a], and Luopagjarvi et d.
[1979]. Armstrong et d. studied 652 industrial
workers at seven manufacturing plants
(electronics, sawing, appliance, bearing
fabrication, bearing assembly, and investment



casting). Exposure assessment of jobs included
videotape analysis and € ectromyography
(EMG) of asample of workers. Data from this
assessment were then used to categorize jobs
according to level of repetitiveness and force.
Hedlth assessment of workers focused on
deQuervain's disease, trigger finger, tendinitis,
and tenosynovitis. The hand/wrigt tendinitis
case definition required abnormal physicd
examinaion findings (increased pain with
ressted but not passive motion or tendon
locking with a papable nodule, or a positive
Finkelgtein’ s test) in addition to meeting
symptom criteria on sandardized interviews.
The PR for the high repetition/low force group
(n=143) compared to the low repetition/low
force group (n=157) was 5.5 (95% confidence
intervd [Cl] 0.7-46.3). The PR for the high
repetition/high force group (n=157) compared
to the low repetition/low force group (n=157)
was 17.0 (95% CI 2.3-126.2). The effect of
age, gender, years on the job, and plant were
andyzed. A higher prevdence of tendinitiswas
noted among women but was not sgnificantly
associated with persond factors, whereas
ggnificant differences in posture were observed
between maes and females,

Luopgérvi et d. [1979] compared the
prevaence of hand/wrigt tendinitis among 152
female assembly line packersin afood
production factory to 133 femae shop
assistants in a department store. Exposure to
repetitive work, awkward hand/arm postures,
and static work was assessed by observation
and videotape analysis of factory workers. No
forma exposure assessment was conducted on
the department store workers; their job tasks
were described as variable. Cashiers were
excluded, presumably because their work was
repetitive. The hedlth assessment consisted of
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interviews and physical examinations conducted
by aphysiotherapist (active and passive
motions, grip-strength testing, observation, and
pa pation). Diagnoses of tenosynovitis and
peritendinitis were later determined by medical
specidigts usng these findings and
predetermined criteria. The PR for tendinitis
among the assembly line packers compared to
the shop assistants was 4.13 (95% Cl
2.63-6.49). Age, hobbies and housework
were addressed and no associations with
musculoskeletd disorders were identified.

Studies Meeting at Least One Criteria
Amano et a. [1988] reported the prevaence of
cervicobrachid disorders, including
tenosynovitis, anong 102 assembly line
workersin an ahletic shoe factory and 102
age- and gender-matched non-assembly line
workers (clerks, nurses, telephone operators,
cooks, and key punchers). Exposure
assessment was based on videotape analys's of
the tasks of 29 workers on one assembly line.
Assembly line workers produced about 3,400
shoesaday. All but one task had cycle times
less than 30 seconds. No formal exposure
assessment of the comparison group was
reported. Diagnoses were determined by
physica examination, including pa pation for
tenderness. The PRs for tenosynovitis of the
right and left index finger flexors among the
shoe factory workers were 3.67 (95% ClI
1.85-7.27) and 6.17 (95% Cl 2.72-13.97)
respectively, compared to the non-factory
workers. Tenosynovitis of the other digits was
not diagnosed in the comparison group. Shoe
assembly workers held shoe lagts longer in the
left hand and had greeter frequency of
symptomsin the left hand. Comparison subjects
were matched to shoe factory workers on
gender and age (within five years).



Bystrom et d. [1995] studied forearm and hand
disorders among 199 automobile assembly line
workers and compared them to 186 randomly
selected subjects from the general Swedish
population. For both groups, exposure was
assessed using rating scales on nurse-
administered questionnaires that addressed
daly duration of hand and finger movements,
wrigt position, grip, and hand tool use
[Fransson-Hall et d. 1995]. Videotape andys's
and eectromyograms were conducted on a
subgroup [Hagg et a. 1996]. A diagnosis of
tenosynovitis or peritendinitis required the
observation of swelling and pain during active
movement on physica examinion. A diagnosis
of deQuervain’s disease required a pogitive
Finkelstein' stest. No cases of tenosynovitis or
peritendinitis, other than deQuervain's disease,
were found in this study, probably because of
grict clinicd criteria used for the case definition.
The PR for deQuervain's disease among the
automobile assembly line workers was 2.49
(95% CI 1.00-6.23) compared to the genera
population group. Psychosocid variables and
other potential confounders or effect modifiers
were addressed by Fransson-Hall et a. [1995].
A higher prevadence of deQuervain's disease
was noted among men than women.

Kuorinka and Koskinen [1979] studied
occupationa rheumatic diseases and upper limb
strain among 93 scissor makers and compared
them to the same group of department store
assistants (n=143) that Luopgarvi used asa
comparison group. Temporary workers and
those with recent trauma were excluded from
the scissor

makers group. Exposure assessment included
videotape andysis of scissor maker tasks. The
time spent in deviated wrist postures per work
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cycle was multiplied by the number of pieces
handled per hour and the number of hours
worked to create aworkload index. Cycle
times ranged from 2 to 26 seconds; the number
of pieces handled per hour ranged from 150 to
605. No formal exposure assessment was
conducted on the shop assistants. Hedlth
assessment involved interview and physica
examination by a physothergpist following a
standard protocol. Diagnoses of tenosynovitis
and peritendinitis were later determined from
these findings using predetermined criteria
(locdlized tenderness and pain during
movement, low-grip force, sveling of wrist
tendons [Waris et d. 1979]). In equivoca
cases, orthopedic and physiatric teams
determined case satus. The PR for muscle-
tendon syndrome among the scissor makers
was 1.38 (95% CI 0.76-2.51) compared to
the department store assistants. Whether or not
cashiers were excluded from the comparison
group in this sudy, asthey werein the
Luopgérvi et d. [1979] study isunclear. The
study group was 99% femae. No relationship
was found between age- or body-mass index
and muscle-tendon syndrome. The number of
symptoms increased with the number of parts
handled per year. Analyses of subgroups of
scissor makers showed non-significant
increased prevaence of muscle-tendon
syndrome in short versus long cycle tasks and
in manipulation versus ingpection tasks. The
authors noted alack of contrast in exposures
between the subgroups. A non-significant trend
of increasing prevaence of diagnosed muscle-
tendon syndrome with increasing number of
pieces handled per year was noted in a nested
case-control

andysis (n=36).

McCormack et a. [1990] studied tendinitis and
related disorders of the upper extremity among



1,579 textile production workers compared to
468 non-production textile workers, a
reference group that included machine
maintenance workers, transportation workers,
cleaners, and sweepers. The textile production
workers were reported as being exposed to
repetitive finger, wrist and elbow motions based
on knowledge of jobs, no formal exposure
assessment was conducted. Health assessment
included a questionnaire and screening physica
examination followed by a diagnostic physicd
examination. The diagnoss of tendinitis
required pogtive physca findings suggestive of
inflammation. The textile production workers
were divided into four broad job categories:
boarding (n=296), which was noted to require
forceful work aswell asthe repetitive hand-
intensive work of the other categories, sewing
(n=562); packaging (n=369); and knitting
(n=352). The PR for tendinitisamong al textile
production workers was 1.75 (95% Cl
0.9-3.39), compared to the reference group
non-production textile workers. The PRs and
95% Cls comparing tendinitis among each
broad category of textile production workers to
the reference group are asfollows:
boarding—3.0 (1.4, 6.4); sewing—2.1 (1.0,
4.3); packaging—1.5 (0.7, 3.5); and
knitting—0.4 (0.1, 1.4). The authors noted that
the knitting work was more automeated than the
other textile production job categories. Race
and age were not related to outcome, but the
prevaence of tendinitis was higher in workers
with less than three years of employment.
Femde gender was a significant predictor of
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tendinitis (p=0.01), but job category was a
stronger predictor (p=0.001).

Roto and Kivi [1984] studied the prevaence of
tenosynovitis among 92 mae mestcutters
compared to 72 mae construction foremen. No
formal exposure assessment was conducted.
Mestcutters work entailed repetitive physica
exertion of upper extremities and shoulders.
Congtruction foremen’swork did not involve
repetitive movements of the upper extremities.
Hedth assessment was by questionnaire and
physicd examination. Tenosynovitiswas
defined as swdling, loca pain, and finger
weskness during movement. The prevaence of
tenosynovitis among the mestcutters was 4.5%.
The PR for tenasynovitis as defined by physicd
examination could not be calculated because
there were no cases amnong the comparison
group. The PR of tendinitis-like symptoms
reported on the questionnaire among the
meatcutters was 3.09 (1.43, 6.67) compared
to the condruction foremen. Serologic testing
for rheumatoid arthritis was done to control for
potential confounding, none was detected.
Authors noted that tenosynovitis occurred in

younger age groups.

Strength of Association—Repetition
and Hand/Wrist Tendinitis

The PRsfor repetitive work and hand/wrist
tendinitisin the sudies reviewed above ranged
from 1.4t06.2:



Repetition and Hand/Wrist Tendinitis

PR and 95% CiI Authors Exposed/Unexposed Groups

5.5 (0.7-46.3) Armstrong et a. [1987a]* HI REP & LO FORCE/LO
REP & LO FORCE

17.0 (2.3-126.2) HI REP & HI FORCE/LO
REP & LO FORCE

3.7(1.9-7.3) to Amano et d. [1988] Shoe assemblers/clerks, nurses,

6.2 (2.7-14.0) operators, cooks, keypunchers

25(1.0-6.23) Bystrém et al. [1995] Auto assemblers/generd
population

1.4 (0.8-2.5) Kuorinkaand Koskinen [1979] | Scissor makers/department
dtore assistants

1.8 (0.9-3.4) McCormack et al. [1990] Textile production/ maintenance
workers, etc.

31(1.4-6.7) Roto and Kivi [1984] Mestcutters/construction
foremen

4.1(2.6-6.5) Luopaarvi et d. [1979)* Food packers/department store
assgants excluding cashiers

*Study met all four criteria.

In evaluating these RR estimates, study
limitations should be considered in addition to
detidicd sgnificance Saidicd sgnificance
addresses the likelihood that the results are not
due to chance done, whereas study limitations
can biasthe RR estimatesin ether direction. Al
of the PRs were greater than one, and four of
the saven were setigticdly sgnificant. The
range (1.4-6.2) might reflect the levd of
contrast in repetitiveness between the exposed
and comparison groups. For example, in
McCormack et a. [1990], the comparison
group consisted of machine maintenance
workers, transportation workers, and
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cleaners and sweepers, whose exposure to
repetition was not measured. If there were
some exposure to repetitive work in the
comparison group, then thiswould tend to
decresse the RR for hand/wrist tendinitis among
the textile workers. Another concern with this
study isthe possbility that the knitting workers
may not have been exposed to very reptitive
work due to grester automation in the knitting
process. The effect of this potentia
misclassification of exposure would adso be to
decrease the RR.

Note that Kuorinka and Koskinen and
Luopaérvi et d. both used the same

comparison group, but the number of subjects



in the department store assistant group was 143
for Kuorinka and Koskinen, and 133 for
Luopgarvi (who excluded cashiers from the
comparison group). If Kuorinka and Koskinen
did not exclude cashiers, this might tend to
decrease the RR.

The highest RR (6.2) reported for repetitive
work was by Amano et a. [1988]. In this study
it is unclear whether the examiner was blinded
to whether the subjects were shoe assemblers
or in the comparison group of non-assembly
line workers that included clerks, nurses,
telephone operators, cooks, and key punchers.
Because the occupationa groups were
examined on separae dates blinding seems
unlikely. The lack of aclear case definition
leaves open the possibility of examiner bias,
which might lead to an increased RR.
Alternatively, if there were a Sgnificant number
of key punchersin the comparison group, who
may have been exposed to repetitive work, that
would tend to decrease the contrast in
exposure and might lead to adecreasein the
RR.

In summary, the potentid for underestimation of
the RR has been noted in studies where the RR
isa the low end of the range, and the potentid
for overestimation of the RR has been noted at
the high end of the range. Considering these
concerns and Statigica sgnificance, the RR for
hand/wrist tendinitis attributable to
repetitiveness is probably more likely to bein
the middle range of the estimates, based on the
sudies reviewed. The gatigticaly sgnificant
edimates of RR in this middle group range from
25t04.1.
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Temporal Relationship—Repetition
and Hand/Wrist Tendinitis

All of the studies reviewed for this section were
cross-sectiond, so proving that exposure to
repetitive work occurred before hand/wrist
tendinitisis not possble. However, information
in severd of the studies suggests the likelihood
that exposure to repetitive work occurred
before the diagnosis of tendinitis. For example,
recently employed workers were excluded by
Kuorinka and Koskinen [1979)]. In Luopgjarvi
et d.’s[1979] study group, the minimum length
of employment was

3years. Inthe McCormack et d. [1990] study,
the minimum average length of employment in
the job categories was more than 7 years.
Bystrom et d. [1995] noted that subjects were
sdected for clinical examination 5 months after
completion of questionnaires on exposure. Roto
and Kivi’s[1984] subjects had al worked in
the food industry for more than one year.
Armstrong and Chaffin [1979] required a
minimum length of employment of one year.
Ca=e definitions generdly required that
symptoms began after starting the current job
or employment a the plant. This dso suggests
that exposure occurred before disease.

Consistency in Association for
Repetition and Hand/Wrist Tendinitis

All of the studies reviewed showed postive RR
edimates for hand/wrigt tendinitis among
occupationa groups exposed to repetitive
work, ranging from 1.4 to 6.2. Four of the
seven sudies resulted in Satigticdly sgnificant
PRs. Congdering only satisticdly significant
estimates from studies not noted to have serious
limitations (which might bias the RR), the range
narrowsto 2.54.1.



Coherence of Evidence for Repetition
and Hand/Wrist Tendinitis

DeQuervain's disease and other

tenosynovitis of the hand, wrist, and forearm
have been associated for decades with
repetitive and forceful hand activities as one of
the possible causal factors [Amadio 1995].
DeQuervan's disease is the entrapment of the
tendons of the extensor pollicis brevis and
abductor pollicislongus. Other smilar
conditions are trigger thumb and triggering of
the middle and ring fingers, characterized by
pain with motion of the affected tendon.
Despite the fact that the tendon and its sheeth
may be swollen and tender, the histopathology
shows peritendinous fibrosis without
inflammation, and fibrocartilaginous metaplasia
of the tendon sheeth tissue. The role of
inflammeation early in the processis not clear
[Hart et d. 1995]. Asin carpd tunne
syndrome or epicondylitis, acute classca
inflammation does not seem a criticd
pathophysiologica component of the clinica
condition, at least once it becomes chronic.
Despite the observations that too much forceful
and repetitive activity contributes to carpd
tunnel syndrome and epicondylitis, the response
of the tendons and the muscles to repetitive
activity islikely that of a U-shaped curve. Too
little and too much activity may be harmful, but
intermediate levels of activity are probably
beneficid. The studies of tendon and muscle
physiology suggest that a certain amount of
activity maintains the norma date of these
tissues and |eads to adaptive changes. These
tissues have the dbility to repair sgnificant
amounts of damage from some overuse; the
poorly understood issue is when overuse
exceeds the ability of the tissue to repair the
damage or triggers amore harmful type of

damage [Hart et a. 1995]. Marras and
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Schoenmarklin [1991] reported that velocity
and acceleration sgnificantly predicted upper
extremity musculoskeletd disorders (including
tendinitis) among industrid workers performing
hand-intensive job tasks.

Dose-Response Relationship For
Repetition and Hand/Wrist Tendinitis

Kuorinka and Koskinen [1979] reported that
within the group of scissor makers, increased
prevalence of muscle-tendon syndrome
occurred in short versus long cycletasksand in
manipulation versus ingpection tasks. These
increases were not Satidicdly sgnificant. The
authors noted a lack of contrast in exposures
between the subgroups. A non-significant trend
of increasing prevalence of diagnosed muscle-
tendon syndrome with increasing number of
pieces handled per year was aso noted in a
nested case-control analysis (n=36) in the same

study.

The Armstrong et d. [19874] dataresulted ina
PR of 17.0 (2.3, 126.2) for jobs that were
highly repetitious and required highly forceful
exertions. This suggests a synergistic effect
when both risk factors are present because the
edimate is greater than the sum of the RR
estimate for force or repetition aone.

Conclusions on Repetition and
Hand/Wrist Tendinitis

There is srong evidence for a pogtive
association between highly repetitive work, in
combination with other job risk factors, and
hand/wrigt tendinitis based on currently
available epidemiologic data. All saven of the
studies reviewed reported positive RR

estimates. Four of these estimates were
datigicaly sgnificant. Potentid confounders



(factors associated with both exposure and
outcome that may distort interpretation of
findings) considered in the studies of hand/wrist
tendinitis included gender, age, other medical
conditions, and outsde activities. Thereisno
evidence that the associations reported here
between repetitive work and hand/wrist
tendinitis are distorted by gender, age, or other
factors.

FORCE

Definition of Force for Hand/Wrist
Tendinitis

Armstrong et a. [1987a] based high and low
force categories on eectromyographs of
forearm flexor muscles of representative
workers. Comparison groups in the other
studies were job categories; selection of the
groups to be compared was based on
observations, questionnaire data, or
survelllance data

Studies Reporting on the Association
of Force and Hand/Wrist Tendinitis

Five studies addressed force: Armstrong et d.
[1987a]; Bystrom et a. [1995]; Kurppaet d.
[1991]; McCormack et a. [1990]; and Roto
and Kivi [1984)].

Studies Meeting the Four Criteria

One of the studies that addressed force met all
four of the evduation criteriac Armdrong et 4.
[1987a]. Armstrong et d. studied 652 industria
workers a seven manufacturing plants
(electronics, sawing, appliance, bearing
fabrication, bearing assembly, and investment
molding). Exposure assessment of jobs
included videotape andyss and EMG of a
sample of workers. Data from this assessment
were then used to categorize jobs

according to level of repetitiveness and force.
Hedlth assessment of workers focused on
deQuervain's disease, trigger finger, tendinitis,
and tenosynovitis. The hand/wrigt tendinitis
case definition required anormal physicd
examinaion findings (increased pain with
ressted but not passive motion or tendon
locking with a papable nodule, or apositive
Finkelgtein’ s test) in addition to meeting
symptom criteria on sandardized interviews.
The PR for the high force/low repetition group
(n=195) compared to the low force/low
repetition group (N=157) was 4.8 (95% Cl
0.6-39.7). The PR for the high repetition/high
force group (n=157) compared to the low
repetition/low force group (n=157) was 17.0
(95% CI 2.3-126.2). The effect of age,
gender, years on the job and plant were
andyzed. A higher prevdence of tendinitiswas
noted among women, but was not significantly
associated with persond factors, whereas
ggnificant differences in posture were observed
between maes and females,

Studies Meeting at Least One Criteria
Bysirom et d. [1995] studied forearm and hand
disorders among 199 automobile assembly line
workers and compared them to 186 randomly
selected subjects from the general Swedish
population. For both groups, exposure was
assessed using rating scales on nurse-
administered questionnaires that addressed
daly duraion of hand and finger movements,
wrigt position, grip, and hand-tool use
[Fransson-Hall et d. 1995]. Videotape andys's
and eectromyograms were conducted on a
subgroup [Hagg et a. 1996]. A diagnosis of
tenosynovitis or peritendinitis required the
observation of swelling and pain during active
movement on physca examination. A diagnoss
of deQuervain’s disease required a poditive



Finkelstein’ stest. No cases of tenosynovitis or
peritendinitis, other than deQuervain's disease,
were found in this study, probably because of
grict clinica criteriaused for the case definition.
The PR for deQuervain's disease among the
automobile assembly line workers was 2.49
(95% CI 1.00-6.23) compared to the general
population group. Psychosocia variables and
other potential confounders or effect modifiers

were addressed by Fransson-Hall et al. [1995].

A higher prevaence of deQuervain's disease
was noted among men than women.

Kurppaet a. [1991] conducted a prospective
cohort study of tenosynovitis or peritendinitis
(and epicondylitis) in amest processing factory
in Finland. Three hundred seventy-seven
meatcutters, meatpackers, and sausage makers
were compared to 338 office workers,

mai ntenance workers, and supervisors.
Exposure assessment was based on previoudy
published literature and knowledge of jobs at
the plant. Job categories were sdlected based
on whether or not strenuous manua work was
required. The cohort was followed for 31
months. Health assessment conssted of
physica examinaions by plant physicians who
were on-dte daly, usng predetermined criteria
for diagnosing tenasynovitis or peritendinitis
(swelling or crepitation and tendernessto

pa pation adong the tendon and pain at the
tendon sheath, in the peritendinous area, or a
the muscle-tendon junction during active
movement) and deQuervain’s disease (positive
Finkelgein' s test). Incidence dengity rates (if a
recurrence of tendinitis occurred after 60 days,
it was congdered a new case) for tendinitis
were compared between each of the strenuous
job categories and ether the mae or femae
comparison group of combined non-strenuous
job categories (office workers, maintenance
workers and supervisors). The RR for tendinitis

among the meatcutters (100% males)
compared to the male comparison group was
14.0 (5.7, 34.4); the RR for tendinitis among
the meatpackers (79% female) compared to
the female comparison group was 38.5 (11.7,
56.1); and therisk retio for tendinitis among the
sausage makers (86% female) was 25.6 (19.2,
77.5). A limitation of the study isthe fact that
the subjects were not actively evauated for
musculoskeleta disorders. Investigators relied
on workersto seek medica care. This could
result in adifference in case ascertainment
between the exposed and unexposed groups
because workers in non-strenuous jobs may
not have sought medica care for
musculoskeletd disorders since they might ill
be able to perform their jobs, whereas workers
with MSDs in srenuous jobs might not be able
to perform their jobs, and would be more likely
to seek medica care. If subjects sought medical
care, investigators were very likey to capture
the information, even if medicd care was
provided outside the plant, plant nurses
received and reimbursed the bills, and recorded
the diagnosis and sick leave. However, when
diagnoses were made by physicians outside the
plant, diagnodtic criteriawere unknown; this
occurred in 25% of the cases. Exposed and
comparison groups were Smilar in age and
gender mix, athough gender varied with job.

McCormack et a. [1990] studied tendinitis and
related disorders of the upper extremity among
1,579 textile production workers compared to
468 referents that included machine
maintenance workers, transportation workers,
cleaners, and sweepers. The textile production
workers

were reported, based on knowledge of the jobs
to be exposed to repetitive finger, wrist and
elbow moations, no forma exposure assessment



was conducted. Hedlth assessment included a
questionnaire and screening physica
examination followed by a diagnostic physicd
examination. The diagnoss of tendinitis
required pogtive physca findings suggestive of
inflammation. The textile production workers
were divided into four broad job categories.
Boarding (n=296), was the only category noted
to require forceful work. The PR for tendinitis
among the boarding workers was 3.0 (95% ClI
1.4-6.4), compared to the reference group.
Race and age were not related to outcome, but
the prevaence of tendinitiswas higher in
workers with less than three years of
employment. Femde gender was a Sgnificant
predictor of tendinitis (p=0.01), but job
category was a stronger predictor (p=0.001).

Roto and Kivi [1984] studied the prevalence of
tenosynovitis among 92 mae meetcutters
compared to 72 mae construction foremen. No
forma exposure assessment was conducted.
Meatcutters work entailed repetitive physica
exertion of upper extremities and shoulders.
Congtruction foremen’swork did not involve
repetitive movements of the upper extremities.
Hed th assessment was by questionnaire and
physicad examination. Tenosynovitiswas
defined as swelling, locd pain, and finger
weekness during movement. The prevaence of
tenosynovitis among the meatcutters was 4.5%.
The PR for tenosynovitis as defined by physica
examination could not be caculated because
there were no cases among the comparison
group. The PR of tendinitis-like symptoms
reported on the questionnaire among the
meatcutters was 3.09 (1.43, 6.67) compared
to the condruction foremen. Serologic testing
for rheumatoid arthritis was done to control for
potential confounding, none was detected.
Authors noted that tenosynovitis occurred in

younger age groups.
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Strength of Association—Force and
Hand/Wrist Tendinitis

Edtimates of RR for hand/writ tendinitis among
those in jobs requiring forceful exertion range
from 2.5 to 38.5:

The very large risk ratios reported by Kurppa
et a. [1991] could be biased upward because
of the difference in case ascertainment between
the exposed and unexposed groups.
Investigators did not actively evaluate subjects
for MSDs, but relied on workers to seek
medica care. Asthe authors noted, workersin
non-strenuous jobs may not have sought
medica care for MSDs since they might sill be
able to perform their jobs, while workersin
strenuous jobs may not have been able to
perform their jobs and would be more likely to
seek medicd care. This potentid for differentia
case ascertainment between the exposed and
unexposed groups undermines the credibility of
the magnitude of the risk estimate.

Satidicdly sgnificant estimates of RR for
hand/wrist tendinitis among workers who
perform strenuous tasks from the remaining
studies range from 2.5to 3.1.



Force and Hand/Wrist Tendinitis

PR and 95% ClI

Authors

Exposed/Unexposed Groups

4.8 (0.6-39.7)

17.0 (2.1-26.2)

Armstrong et d. [19874]

HI FORCE & LO REP/LO
FORCE & LO REP

HI FORCE & HI REP/
LO FORCE & LO REP

2.5 (1.0-6.23)

Bystrom et al. [1995]

Auto assemblers/genera
population

14.0 (5.7-34.4) to
38,5 (11.7-56.1)

Kurppaet d. [1991]

Meat processorg/office
workers, maintenance workers,

SUPErVisors
3.0(1.4-6.49) McCormack et al. [1990] Textile boarding workers/
mai ntenance workers, etc.
31(1.4-6.7) Roto and Kivi [1984] Mestcutters/construction
foremen

* Study met al four criteria.

Temporal Relationship—Force and
Hand/Wrist Tendinitis

The Kurppaet d. [1991] study determined
exposure status of 83% of the cohort on
October 2, 1982, and followed their hedlth
gatus until April 30, 1985. The remaining
subjects entered the study when they became
permanent employees, and were aso followed
until April 30, 1985.

Although the remaining studies that addressed
force were cross-sectiona, the following
information increases the likeihood that
exposure to forceful work occurred before the
occurrence of tendinitis, Bystrom et a. [1995]
noted that subjects were sdected for clinical
examination

5 months after completion of questionnaires on
exposure. McCormack et a. [1990] reported
that the minimum average length of employment
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in the job categories studied was more than 7
years. Roto and Kivi's

[1984] subjects had al worked in the food
industry for more than one year. Armstrong et
a. [1987a] required a minimum of 1 year of
employment to be included in the studly.

Consistency of Association—Force
and Hand/Wrist Tendinitis

All of the studies reviewed reported postive
RR esimates for hand/wrigt tendinitis among
occupationa groups exposed to forceful
exertions, ranging from 1.8 to 38.5. Four of the
five sudies reported datisticaly sgnificant
findings. If only satisticadly sgnificant estimates
from studies in which limitations were not noted
are consdered, RR estimates for force and
hand/wrigt tendinitis range from 2.5 to 3.1.




Coherence of Evidence—Force and
Hand/Wrist Tendinitis

See Reptition Section.

Evidence of a Dose-Response
Relationship—Force and Hand/Wrist
Tendinitis

Armstrong et d. [1987a] demonstrated a dose-
response relationship between jobs requiring
forceful exertions and hand/wrist tendinitis. The
edimate of RR for hand/wrist tendinitis among
workers with jobs that were classified as HIGH
FORCE & LOW REPETITION was 4.8 (0.6,
39.7), while the estimate for HIGH FORCE &
HIGH REPETITION jobswas 17.0 (2.3,
126.2), compared to the comparison group of
LOW FORCE & LOW REPETITION jobs.

Conclusions on Force and
Hand/Wrist Tendinitis

Thereis strong evidence for an association
between work that requires forceful exertions,
in combination with other job risk factors, and
hand/wrigt tendinitis based on currently
available epidemiologic data. All five of the
studies reviewed reported data that resulted in
positive RR estimates. Four of thefive
edtimates were datidticaly significant.
Eliminating one esimate of RR from a sudy
with noted limitations that might bias the
estima