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Natural course of nontraumatic rotator cuff tendinitis and shoulder

symptoms in a working population

by Barbara A Silverstein, PhD," Eira Viikari-Juntura, DMedSci? Z Joyce Fan, PhD," Dave K Bonauto, MD,

Stephen Bao, PhD," Caroline Smith, BA'

Silverstein BA, Viikari-Juntura E, Fan ZJ, Bonauto DK, Bao S, Smith C. Natural course of nontraumatic rotator
cuff tendinitis and shoulder symptoms in a working population. Scand J Work Environ Health 2006;32(2):99-
108.

Objectives  This study assessed the prevalence, incidence, and persistence of nontraumatic rotator cuff
tendinitis and shoulder symptoms over a 1-year period in a working population and the predictive value of
symptoms and physical findings.

Methods A 1-year prospective study of 436 active workers was conducted at 12 different worksites. Detailed
health interviews, psychosocial questionnaires, and physical examinations were conducted at baseline and again
after 1 year, with shorter evaluations at 4 and 8 months. Individual observed exposure assessment of shoulder
posture, arm—hand activity, and hand forces was conducted.

Results The prevalence of rotator cuff tendinitis at baseline was 7.6% [95% confidence interval (95% CI 5.1—
10.1%)] for the right and 4.8% (95% CI 3.0-7.0%) for the left, compared with shoulder symptoms of 18.6%
(95% CI 14.9-22.3%) (right) and 11.2% (95% CI 8.2-14.2%) (left). The incidence of rotator cuff tendinitis was
5.5% (95% CI 2.8-6.8%) and 2.9% (95% CI 1.0-3.8%), respectively. Higher proportions of participants with
current symptoms or physical findings at baseline became clinical cases after 1 year than those without
symptoms or findings. The 1-year persistence of clinical case status was 31.3% (95% CI 26.9-35.7%) (right) and
31.6% (95% CI 27.2-36.0%) (left). There were significant differences at baseline between the asymptomatic
participants and the clinical cases with respect to physical health on the 12-item Short-form Health Survey
(P=0.0002), the perception of general health (P=0.0027), and the frequency of high hand force exposure
(P=0.0177).

Conclusions Considerable movement occurs between different stages of shoulder problems. Symptoms and
physical findings alone appear to predict clinical case status within 1 year. Frequent follow-up is necessary to

capture changes in health and exposure status in prospective studies.

Key terms active worker; incidence; prevalence.

The prevalence of shoulder pain is high in the general
adult population, ranging from 30% in Manchester Eng-
land (1) to 34% in the Mini-Finland (2) population.
Shoulder impairment was observed in 9% of the partic-
ipants in the Mini-Finland survey population. The prev-
alence of clinically diagnosed rotator cuff tendinitis was
2.0% in the Finnish Health 2000 population (3). A 3-
year follow-up of the Manchester population showed
that 54% were still symptomatic. In working popula-
tions, the annual incidence of shoulder symptoms rang-
es from 14% to 18% (4-8).

In Washington state, 3.3% of all workers’ compen-
sation claims are due to a nontraumatic shoulder disor-
der with an average annual incidence rate of 3.7 per
1000 full-time equivalent employees, an average cost
of USD 10 160, and lost time of 195 days per claim (9).
The incidence of claims due to nontraumatic rotator cuff
syndrome is 1.6 per 1000 full-time equivalent employ-
ees with the average cost of USD 21 872 and 260 lost
days per compensable claim. Lost production time (ab-
sence and reduced performance) among workers with
musculoskeletal pain in the United States averages more
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than 5 hours per week (10). Mechanical factors (repeti-
tive movements, vibration, and duration of employment)
and psychosocial factors appear to increase the risk of
shoulder pain although the effects of individual psycho-
social factors are not consistent across studies (11). In-
creasing age, but neither working in a repetitive work
category nor high psychosocial demands predicted
slowed recovery among industrial and service workers
with shoulder pain and clinical signs of shoulder tend-
initis (12).

Because the incidence and costs of shoulder disor-
ders are high, a better understanding of the natural
course of these disorders in a working population can
better target both primary and secondary prevention ef-
forts. The aim of this study was (i) to assess the preva-
lence, incidence and persistence rates of nontraumatic
rotator cuff tendinitis and shoulder symptoms over a 1-
year period in a working population and (ii) to study
whether shoulder symptoms and physical examination
findings alone predict the clinical case status of rotator
cuff tendinitis.

Study population and methods

Design

We conducted a prospective cohort study of rotator cuff
tendinitis and shoulder symptoms among full-time em-
ployees in 12 different manufacturing and health care
facilities in the state of Washington from 2001 to 2004.
A workplace walk-through was conducted by study er-
gonomists to categorize jobs according to the threshold
limit value of the American Conference of Governmen-
tal Industrial Hygienists (ACGIH) for hand activity level
(13). Facilities with at least 20 employees in three of
six force (high—-low) repetition (high-medium-low) cat-
egories were eligible for inclusion. Those eligible and
willing to participate in health assessment data collec-
tions completed an informed consent form approved by
the Washington State Institutional Review Board and
entered the baseline data collection. At baseline and 1-
year visits, we collected information on each worker’s
work and health assessment, physical examination
(blinded to work and health status and physical expo-
sure), and physical exposure assessment (blinded to
health status). We also collected information on symp-
toms during 4- and §-month visits. If there was a change
in symptom status (either more severe or symptoms dis-
appearing), the shoulder—neck examination was repeat-
ed. If a change in job was reported, a re-evaluation of
the job tasks was repeated. Exclusion criteria included
working part-time or with temporary status and work-
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ing in mobile jobs such as forklift driving or in jobs with
more than four tasks due to resource constraints. Indi-
vidual health assessment was conducted during
workhours by the health team (physician, nurse, and
physiotherapist) blinded to exposure category and health
history. The exposure assessment team (blinded to
health status) collected individual exposure assessment
data at baseline and at follow-up if there were job chang-
es.

Study population

Most of the participants (86.5%) worked in the manu-
facturing sector (electronics, medical or exercise equip-
ment, windows, kitchen cabinets, sawmill, and plywood
mills). At baseline, 733 workers (64.5% of those eligi-
ble) participated in the study. The reasons for nonpar-
ticipation were mostly related to the production proc-
ess. We excluded 35 workers who reported, either at the
baseline or at the 1-year follow-up, that their shoulder
problem started as the result of a sudden injury (26 on
the right, 14 on the left, 5 on both sides), leaving 698
participants in the study.

At the 1-year follow-up, 436 (62.5% of those at
baseline) were available for study. Many of those lost
to follow-up (N=262) were laid off (23.7) or had em-
ployment terminated (26.3%) during the economic re-
cession, while 5.3% of the participants had left the com-
pany for another job, and 9.5% were no longer interest-
ed in participating. The remaining 34.4% were unavail-
able due to vacation, sick leave, or an unknown reason.
Two participants (0.8%) were deceased. A higher per-
centage of those lost to follow-up tended to be in the
high lifting group for both the right and left shoulders
(20.2% versus 13.5% time-weighted and 25.8% versus
21.4% high peak-lifting force on the right). While those
lost to follow-up had higher overall psychosocial strain,
there were no significant differences in the baseline SF-
12 scores (see the Health Assessment section) for men-
tal (P=0.86) or physical (P=0.07) health between those
lost to follow-up and those who remained in the study.
A review of workers’ compensation data did not show
that a larger portion of those lost to follow-up filed
workers’ compensation claims than those remaining at
the workplace. Table 1 presents the demographic char-
acteristics of the study population, including those lost
to follow-up. The participants who were lost to follow-
up were younger and had fewer work years in their cur-
rent jobs than those who remained in the study.

Health assessment

Information on individual factors (age, gender, race, and
education), a detailed structured health history (diseas-
es diagnosed by a physician and traumatic injuries), job



history (current job, time on job, and change in jobs),
and the presence of musculoskeletal symptoms was col-
lected by trained interviewers. The participants were
screened for symptoms (using a body map) for any pain
or discomfort in the previous 12 months that lasted at
least 1 week or occurred more than three times. For the
participants with pain or discomfort, a specific body
map was used to ascertain a more precise location of
symptoms. Information on the onset, duration, frequen-
cy, severity, last occurrence, treatment, and whether
there was interference with workpace or the quality and
number of lost workdays was obtained. Professional
interpreters were available to assist those whose prima-
ry language was not English.

A self-administered psychosocial questionnaire was
completed which included job demands, decision lati-
tude, job security, job satisfaction (14), social support
(15), and the 12-item Short-form Health Survey (SF-12)
(16). The questionnaire was available in multiple lan-
guages. Assistance was provided for the participants
with reading difficulties.

An examiner who was blinded to both exposure sta-
tus and the interview data completed a brief physical
examination of the shoulders and neck of all of the par-
ticipants at baseline and again after 1 year. If there was
a change in the symptom status at 4 or 8§ months, the
shoulder—neck examination was repeated.

Case definitions

To be classified as a clinical case of nontraumatic rota-
tor cuff tendinitis, a participant had to have at least one
positive shoulder test [resisted abduction, internal rota-
tion, or external rotation or painful arc (17)] and meet
both of the following symptom criteria: (i) shoulder pain
or burning in the past 12 months occurring more than
three times or lasting more than 1 week, and (ii) shoul-
der pain or burning present in the 7 days prior to the
assessment

To follow the natural course, we classified the par-
ticipants into five categories according to symptoms and
physical findings (table 2).

Silverstein et al

Table 1. Demographic characteristics of the participants.

Characteristic Participants Participants Participants
at attending lost to
baseline® one year follow-up & ®
(N=698) follow-upa® (N=262)
(%) (N=436)(%) (%)
Male 52.6 49.3 58.0
Race
White 58.9 57.6 61.1
Asian 18.6 20.2 16.0
Hispanic 13.0 13.0 13.0
Other 9.5 9.2 9.9
With at least high 83.7 83.5 84.0

school education

aMedian age: 40.0 years for participants at baseline, 41.0 years for those
attending 1-year follow-up, and 37.6 years for those lost to follow-up.

b Median years in current job: 2.3 years for participants at baseline, 2.5
years for those attending the 1-year follow-up, and 1.9 for those lost to
follow-up.

With permission of the participants, individual
claims data were extracted from the workers’ compen-
sation system for evidence of nontraumatic shoulder dis-
orders between 2000 and 2003 to compare with the find-
ings of the study case definition.

Physical exposure assessment

In order to assure variability in exposure, we used the
ACGIH hand activity level (HAL) during a workplace
walkthrough to categorize participants into six prelimi-
nary exposure categories.

Individual exposure assessment included videotap-
ing the participants from two angles for a synchronized
viewing of the tasks to estimate exposures to high forc-
es, postures, and repetitive movement. High forces per-
ceived by the ergonomist to be equal to or greater than
8.9 N of pinch or object weight (corresponding to 2 1b
or 0.9 kg), or 44.1 N of power grip, object weight or
push—pull force (corresponding to 10 1b or 4.5 kg) were
measured at the task level. Videotapes of the tasks were
time-studied using Multimedia Media Task Analysis
(MTVA) software (18). Single task jobs were videotaped

Table 2. Classification of the participants by diagnostic criteria. (+ = positive, — = negative, - = either positive or negative)

Classification No symptoms?  Physical findings Past Current Clinical

or physical without symptoms symptoms case
findings symptoms ®

Shoulder pain or burning in the past 12 months _ + + +

occurring more than 3 times or lasting more than 1 week

Shoulder pain or burning present in the - + +

7 days prior to the assessment

Shoulder test on physical examination + - - +

2 No symptoms fulfilling both symptom criteria; a small number of participants (2 right, 0 left side at baseline; 3 right, 2 left side at 1-year follow-up) had
symptoms in the 7 days prior to the assessment but did not fulfill the 12-month frequency or duration criterion.

b No symptoms fulfilling both symptom criteria; a small number of participants (4 right side, 5 left side at baseline; 3 right side, 1 left side at 1-year follow-
up) had symptoms that fulfilled only the 12-month frequency or duration criterion.
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for 15 minutes. Multi-task cyclic jobs were videotaped
for each task. Noncyclic task jobs were videotaped at
three different times during the day to capture different
tasks. The frequency and duration of each high force
exertion were identified. Task distribution information
(percentage of time each task took in the job) was ob-
tained in interviews of the workers or the supervisors.
They were used to develop time-weighted estimates for
each task and were translated into the percentage of the
shift with high force for the left and right hand and the
frequency of high force per minute over all of the tasks.
The calculation of the percentage of the shift for the
various high forces was done for lifting. Since all of
these variables showed a highly skewed distribution and
some of our diagnostic groups were small, we dichot-
omized the variables according to published guideline
limits, as in appendix B of the Washington State ergo-
nomics rule (19). The cut point for the high frequency
of high force exertions of 6/minute, upper-arm abduc-
tion >60 degrees (20), for more than 7.0% of the time,
upper-arm flexion >45 degrees (21-22) for more than
4.0% of the time, hand exertion duration =6 seconds,
and hand exertion frequency of 20/minute was close to
the 75th percentile value of these exposure variables.

Analysis

Because the focus of this paper is to show the clinical
course of nontraumatic shoulder disorders in working
populations, descriptive statistics have been presented
by shoulder and clinical category. Psychosocial factors
were dichotomized on the basis of median scores. The
analyses were conducted using SAS (version 9.1) (23)
statistical software. The Wilcoxon rank sum test or
Kruskal-Wallis test was used to assess the differences
between the clinical categories for continuous variables,
and chi-square tests were used for the categorical vari-
ables.

Results

Demographic characteristics, physical exposure and
psychosocial factors by shoulder status at baseline

For conciseness of presentation, the focus in the results
is primarily on the right shoulder. The demographic
characteristics of the study population are shown in ta-
ble 3 according to the right shoulder status at baseline.
Of the 436 baseline participants available after 1 year,
the female participants reported a greater proportion of
symptoms but showed a lower proportion of physical
findings and clinical cases than the men. Compared with
the clinical cases, the participants without signs or
symptoms (noncase) did not differ in gender or race dis-
tribution or education level, but were younger by 5 years
and had fewer years in their current job.

Men and women were not evenly distributed in the
initial physical workload categories with a higher per-
centage of men in the high force-low repetitive jobs
(80.8%) and a higher percentage of women in low
force—high repetitive jobs (59.4%, P=0.0027). No sig-
nificant difference in the original job categories was
observed among the clinical cases when compared with
the rest of the study population (P=0.61). There were
significant differences at baseline between the asymp-
tomatic participants and clinical cases with respect to
the frequency of high hand-force exposure (P=0.0178).
The no symptoms, no physical findings groups (N=263)
had a lower proportion of frequent high hand-force ex-
posure (23.2% at baseline, 22.4% at 1 year) than the in-
cidence cases (N=22) (31.8% at both baseline and 1
year) throughout the study, although the difference was
not statistically significant (table 4).

Right-sided clinical cases and those with only phys-
ical findings reported the lowest general health
(P=0.0005). Those with right-sided current symptoms
or clinical case status reported lower social support

Table 3. Demographic characteristics of the participants by right shoulder status at baseline (N=436).2

Characteristic No symptoms Physical Past Current Clinical
or physical findings without symptoms symptoms case
findings symptoms (N=21) (N=48) (N=33)
(N=298)(%) (N=36)(%) (%) (%)
Male (N=215) 52.7 47.2 33.3 313 57.6
Race
White (N=251) 58.7 61.1 42.9 56.3 54.6
Asian (N=88) 19.1 13.9 38.1 22.9 21.2
Hispanic (N=57) 13.4 16.7 9.5 8.3 15.2
Other (N=40) 8.7 8.3 9.5 12.5 9.1
With at least high school education (N=364) 82.9 83.3 81.0 91.7 78.8

2Median age: 40.3 years for the participants with no symptoms or physical findings, 43.3 years for those with physical findings without symptoms, 37.3
years for those with past symptoms, 43.4 years for those with current symptoms, and 45.7 years for clinical cases.

b Median years in current job: 2.3 years for the participants with no symptoms or physical findings, 2.5 years for those with physical findings without
symptoms, 2.2 years for those with past symptoms, 4.3 for those with current symptoms, and 3.8 for clinical cases.
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Table 4. Observed exposures by right shoulder status at baseline (N=436).2

Higher level All No Physical Past Current Clinical P-value®
participants symptoms  findings  symptoms  symptoms case
attending or without (N=21) (N=48) (N=33)
1-year physical ~ symptoms (%) (%) (%)

follow-up findings (N=36)
(N=436) (N=298) (%)

(%) (%)
Upper-arm abduction >60 degrees >7.0% of the time 23.6 22.5 36.1 23.8 271 15.2 0.29
Upper-arm flexion >45 degrees >4.0% of the time 31.0 29.2 36.1 38.1 33.3 33.3 0.81
Lifting, time-weighted average >44.1 N 13.5 13.1 22.2 4.8 14.6 121 0.46
Lifting, peak >66.7 N 21.6 21.5 30.6 19.1 16.7 21.2 0.66
Hand exertion duration >6 seconds 22.7 24.2 194 14.3 18.8 24.2 0.81
Hand exertion frequency >20/min 18.1 16.4 16.7 19.1 25.0 24.4 0.51
Frequency of high forces ¢ >6/min 24.3 23.5 19.4 28.6 18.8 42.4 0.13

2 Time-weighted or peak lifting was dichotomized according to published guideline limits, as in appendix B of the Washington State ergonomics rule (19).
The cut point for upper-arm abduction, upper-arm flexion, duration of hand exertion, frequency of hand exertion, and high frequency of high force
exertions was close to the 75th percentile of these exposure variables.

b Chi-square test for the five shoulder status groups, o.=0.05.

¢ High forces were defined as >8.9 N of the pinch force or object weight (corresponding to 2 Ib or 0.9 kg) or as 44.1 N of the power grip, object weight, or
push—pull force (corresponding to 10 Ib or 4.5 kg) according to the Washington State ergonomics rule (19).

Table 5. Psychosocial aspects of the work at baseline for the participants by right shoulder status. (SF12 = 12-item Short-form Health
Survey)

Characteristic ~ All participants No symptoms or  Physical findings Past symptoms ~ Current symptoms Clinical case P-value?

attending 1-year physical findings  without symptoms (N=20) (N=43) (N=32)

follow-up (N=415) (N=286) (N=34)

%"® Me- Range %" Me- Range %® Me- Range %?® Me- Range %" Me- Range %" Me- Range

dian dian dian dian dian dian

High job 62.2 - . 622 - . 64.7 - . 50.0 - - 695 - . 68.8 - . 0.74
demands ©
High decision 62.7 - . 63.6 - . 76.5 - . 60.0 - - 442 . . 656 - . 0.0531
latitude
High job 69.2 - . avas . 76.5 - . 65.0 - - 558 - . 59.4 . . 0.14
satisfaction
High social 64.6 - . 671 - . 76.5 - . 70.0 - - M9 . . 56.3 - . 0.0078
support
High job 69.9 - . 724 . . 64.7 - . 70.0 - - 674 - . 56.3 - . 0.38
security
High general 56.1 - . 619 - . 353 - . 70.0 - - 442 . . 344 . . 0.0005
health
Physical - 48.8202-61.8 - 49.6 20.2-61.8 - 49.7 29.8-57.3 - 46.7 28.5-58.0 - 46.422.3-55.8 -  44.9 27.9-54.2 <0.0001 ¢
health (SF12)¢
Mental - 52417.0-634 - 52.7 18.9-62.7 - 54.0 21.6-61.7 - 49.8 17.0-634 - 50.325.8-61.0 - 52.1 26.5-60.0 0.33¢

health (SF12)¢

2Chi-square test, o=0.05.

b Percentage greater or equal to median.

¢ The psychosocial factors were dichotomized on the basis of the median score: job demands (median 3.0, range -4.0-10.0), decision latitude (median
10.0, range -2.0-22.0), social support (median 9.0, range 3.0-12.0), job satisfaction (median 1.0, range -3.0-3.0), job security (median 1.0, range -3.0-
3.0), and general health (median 7.0, range 2.0-10.0).

9 N=375 for all of the participants attending the 1-year follow-up, N=260 for those with no symptoms or physical findings, N=31 for those with physical
findings without symptoms, N=18 for those with past symptoms, N=39 for those with current symptoms, and N=27 for clinical case.

¢ Kruskal-Wallis test, a=0.05.

(P=0.0078), and the clinical cases had lower SF-12 Natural course of shoulder disorders
physical health scores (P=0.0002) than those with no
symptoms (table 5). The post-hoc nonparametric tests Table 6 summarizes the natural course of the nontrau-
further indicated that there were significant differences matic onset shoulder problems in terms of prevalence,
at baseline between the asymptomatic participants and incidence, persistence, and recovery rates. The preva-
the clinical cases with respect to SF-12 physical health lence of shoulder symptoms, physical findings, and clin-

(P=0.0002) and the perception of general health ical cases was higher on the right side than on the left
(P=0.0027). (P<0.0001 for all comparisons). There were 10 bilateral
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Table 6. Summary table of the prevalence and incidence of rotator cuff tendinitis and shoulder symptoms

Health outcome Right shoulder Left shoulder

N % N %

Prevalence of shoulder symptoms during the past 12 months?

Total baseline population (N=698) 168 241 112 16.0
Those of the baseline population who attended the follow-up, baseline value (N=436) 102 234 65 149
1-year follow-up (N=436) 83 19.0 70 16.1
Prevalence of shoulder symptoms during the past 7 days and 12 months®
Total baseline population (N=698) 135 193 85 122
Those of the baseline population who attended the follow-up, baseline value (N=436) 81 186 50 11.2
1-year follow-up (N=436) 64 147 55 126
Prevalence of rotator cuff tendinitis ¢
Total baseline population (N=698) 53 7.6 35 5.0
Those of the baseline population who attended follow-up, baseline value (N=436) 33 7.6 21 4.8
1-year follow-up (N=436) 33 7.6 19 4.4
Incidence of 12-month symptoms [N=334 (right), 371 (left)] 41 123 44 119
One-year incidence of clinical stage rotator cuff tendinitis [N=403 (right), 415 (left)] 22 55 12 2.9
Participants not fulfilling symptom criteria and without physical findings [N=298 (right), 351 (left)] 6 2.0 4 1.1
Participants with physical findings but not fulfilling symptom criteria [N=36 (right), 20 (left)] 8§ 222 4 200
Participants fulfilling symptom criteria but without physical findings at baseline [N=48 (right), 29 (left)] 7 146 4 138
Persistence of 12-month symptoms [N=102 (right), 65 (left)] 42 M2 26 40.0
Persistence of clinical stage rotator cuff tendinitis [N=33 (right), 21 (left)] 11 333 7 333
Complete recovery from clinical stage rotator cuff tendinitis [N=33(right), 21 (left)] 13 394 11 524

aDenotes pain, stiffness, spasm, inability to raise arm, burning, numbness, or tingling with a frequency of at least once a month OR lasting at least 1 week.

b Presence of the shoulder problem fulfilling the above 12-month symptom criterion AND shoulder problem during the past 7 days; no additional criterion
for intensity, duration, or frequency for the symptoms during the past 7 days.

¢ Criteria for symptoms as above AND with a positive sign in one of the following tests: resisted shoulder abduction, internal rotation, external rotation, or
painful arc (in the provocation test reported, intensity of pain >1 on a scale from 0 to 4) (17).

clinical cases at baseline and 6 after 1 year. A consider- were identified at the 4- and 8-month follow-up visits
able migration between the various states of shoulder and 14 at the annual visit. Incident cases were present
problems was observed during the follow-up of 1 year across the sites, both in manufacturing and in health
(figure 1, for the right shoulder). For all five diagnostic care. The incidence of clinical cases tended to be high-
categories, the major path was to the no symptom—no er for the right side than for the left (P=0.08). Those
physical finding status by 1 year (88.3%). There were with only symptoms (P<0.0001, right or left) or physi-
22 incident cases (5.5%) on the right side, of which 8 cal findings (P=0.0007 right, 0.0024 left) at baseline

Baseline No symptoms Physical
all No physical findings with- Past symptoms Current symptoms* Clinical case
N=698) findings out symptoms 33 82 53
474 56
—> 176 (37.1%) —> 20 (35.7%) —> 12 (36.4%) —> 34 (41.5%) = 20 (37.7%)
Baseline
(attended | No symptoms Physical
1-year No physical findings with- Past symptoms Current symptoms™ Clinical case
follow-up findings out symptoms 21 48 33
_ 298 36
N=436)
o 2.0% R 22.2% 4.8% o 14.6%
88.3% 61.1% o 76.2% o 521% o 394%
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Figure 1. Natural course of nontraumatic rotator cuff tendinitis and other shoulder problems on the right side. (* = symptoms fulfilling the 12-
month and 7-day criteria, S = symptoms, F = findings, CLIN = clinical, FIND, findings, CURR = current)
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were much more likely to contract clinical case status
within 1 year than those with no symptoms and no phys-
ical findings. Three participants with right-shoulder clin-
ical case status at baseline became left-shoulder inci-
dent cases at 1 year.

Job changes between the baseline and follow-up

Of those (N=263) who were without symptoms and
physical findings with regard to their right shoulder
throughout the study, 36.9% reported a job change dur-
ing the follow-up. A minority (19 participants, 7.2%)
changed physical load category according to the ergo-
nomic assessment. Among the incident cases the corre-
sponding percentages were 50.0 and 13.6. Of the 13
right-sided prevalent cases at baseline with complete
recovery, 7 (53.9%) changed jobs and 5 (38.4%)
changed physical load category. Of the 11 persistent
cases, 5 (45.5%) changed jobs and 3 (27.3%) changed
exposure category. Among the participants who re-
mained without symptoms or physical findings, 19
changed jobs in force (7 decreased, 4 increased, and 8
no change) or in repetition (11 decreased, 4 increased,
and 4 no change). Among the 3 incident cases with con-
firmed job changes, 1 changed to lower force and 2
changed to higher repetition before becoming an inci-
dent case. Of the 5 recovered cases with job changes
confirmed in the ergonomic assessment, 2 decreased in
force, 3 decreased in repetition, and 1 increased in rep-
etition. The 3 persistent cases with job changes includ-
ed 2 decreased in force and 1 decreased in repetition.
Thus there was no clear pattern of job change related to
the case definitions.

Interference with quality or pace of work, sick leave, and
seeking medical advice

Of the 22 participants who were diagnosed as incident
cases in the 1-year follow-up, 22.7% reported difficul-
ty in maintaining a normal workpace or quality of work,
9.1% having been on light or restricted duty and 31.8%
having had medical treatment for their shoulder prob-
lem. The corresponding proportions for the persistent
cases (N=11) were higher at baseline (27.3%, 36.4%,
and 45.5%, respectively) and stayed high at the 1-year
follow-up (45.5%, 36.4%, and 50.0%, respectively).
Those who recovered (N=13) showed some high pro-
portions at baseline with respect to difficulty in main-
taining workpace or quality (38.5%) and having sought
medical treatment (23.1%), with a major decrease by the
1-year follow-up (0.0% and 7.7%, respectively). Missed
workdays were reported by 10 (18.2%) of the 55 par-
ticipants diagnosed as clinical cases at any time during
the study.

Silverstein et al

The 15 (37.5%) persistent cases of shoulder symp-
toms (figure 1) reported having difficulty in maintain-
ing a normal workpace (40.0% at baseline, 33.3% at
1 year) and had medical treatment for the shoulder prob-
lem (33.3% at baseline, 20.0% at 1 year), the propor-
tions were comparable to the persistent cases of rotator
cuff tendinitis. The proportion having been on light or
restricted duty was higher at baseline than in the 1-year
follow-up (13.3% at baseline, 0% at 1 year).

Discussion

This descriptive paper followed the natural course of
rotator cuff tendinitis and shoulder symptoms in a work-
ing population in a variety of industries with different
physical and psychosocial risk factors. The vast major-
ity of the participants remained without signs and symp-
toms of rotator cuff tendinitis. One-year incident cases
were relatively infrequent. The only statistical difference
between those who were without signs and symptoms
versus clinical cases was the exposure to frequent high
hand forces at baseline.

As this study shows, case definitions are critical
when both the incidence and prevalence of work-relat-
ed musculoskeletal disorders are estimated. In an effort
to identify “nontrivial” shoulder cases and increase the
likelihood of participants remembering whether or not
they had had an episode in the previous year, we limit-
ed the case definition to those with recurring symptoms
of nontraumatic origin. The definition of a clinical case
of rotator cuff tendinitis in this study is consistent with
the physical examination criteria for shoulder tendinitis
advocated by Helliwell et al (24) and Sluiter et al (17).
However, because our “clinical cases” were still work-
ing with pain and physical findings, they may have been
more representative of milder rotator cuff tendinitis than
clinical case series or worker compensation cases.

The difference in case definition may explain some
of the difference generally seen between men and wom-
en with musculoskeletal disorders in working popula-
tions. In this study there was some evidence of differ-
ential reporting of symptoms by gender (higher among
the women) while physical findings and clinical cases
were more likely among the men (table 3). This finding
may have implications with respect to the overestima-
tion of risk by gender for case definitions based on
symptoms alone. However it does not mean that we
should not conduct studies of symptoms alone. As this
study shows, recurring symptoms may predict future
clinical cases.

Two important limitations of this study were the par-
ticipation rate (64.5%) and the follow-up rate (62.5%).
The greatest restriction on participation was imposed by
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the production process. While some supervisors active-
ly encouraged participation, many others were more
concerned about meeting production needs and there-
fore discouraged participation. It was extremely diffi-
cult to identify the actual number of potentially eligible
participants. For some sites, we were limited in the to-
tal number of participants that we could have. The sec-
ond limitation was the economic downturn experienced
during the study. It is difficult to estimate how the base-
line and follow-up participation rates affected our esti-
mates of the prevalence, incidence, and persistence of
shoulder problems. However, the reasons for nonpartic-
ipation and nonretention appeared to be mostly produc-
tion-related and structural. Moreover, our data showed
that the proportions of those lost to follow-up did not
differ between the different shoulder status groups (fig-
ure 1) (ie, we saw no clear health-based selection out
of our cohort). Limiting participant selection to those
with four or fewer tasks may have eliminated those with
infrequent but high shoulder loads such as mechanics
or other skilled trade people and thereby caused an un-
derestimation of the effect of high physical shoulder
loads.

The incidences of 12-month symptoms on the right
(12.3%) and left (11.9%) side were comparable with the
14% found by Miranda et al (4) and the 15% reported
by Harkness et al (5) and Luime et al (7). The case def-
inition of Miranda et al (4) was pain on at least 8 days
in the past 12 months, that of Harkness (5) was pain at
least 1 day in the previous month, and that of Luime (7)
was an episode of pain, stiffness, or discomfort at any
time during the past 12 months. The study population
in the Harkness et al study was considerably younger
(median age 23 years) than our study population, and
the definition of 12-month symptoms in our study was
more stringent than that of Luime et al. Another study
with a different design and case definition among com-
puter users in Denmark (8) reported the incidence of
shoulder symptoms in the past 12 months by frequency
(18%) and intensity (20%) separately.

Of the participants reporting right-sided 12-month
symptoms at baseline, 41% still had them after 1 year
(table 6). This value is lower than the 55% with persist-
ent symptoms for 12 months reported by Miranda et al
(4) and the 54% reported by Macfarlane et al (1) in a 3-
year follow-up.

Several incident cases were identified at the 4- and
8-month follow-up rather than at the 1-year follow-up.
Moreover, the relatively high proportion of those with
persistent symptoms (41.2% and 40.0%, respectively)
and persistent clinical rotator cuff tendinitis cases
(33.3% and 33.3%, respectively), as well as those with
complete recovery from clinical stage rotator cuff tend-
initis (39.4% and 52.4%, respectively) raises some is-
sues, including appropriate case definitions, incident or
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episodic designation, frequency of follow-up, and long-
term consequences. Bonde et al (12) reported that 50%
of the clinical cases in their study had recovered by
roughly 10 months, compared with the 70-75% recov-
ered by 1 year in our population. Bonde et al (12) did
not find that the repetitive work category or psychoso-
cial demands had a significant influence on recovery.
However, the follow-up was performed annually,
whereas in our study, it was done at 4-month intervals,
during which lost worktime and job transfers were fre-
quent.

Of the 12 left-shoulder incident cases at 1 year, three
were right-shoulder clinical cases at baseline; this find-
ing suggests that a problem in one shoulder could be a
risk factor for the other shoulder. This observation
comprises an important implication for prevention. It
would be better to treat the original shoulder problem
to avoid a second problem on the other side. It is also
important to reduce any contributory work factors for
both shoulders.

Those with only symptoms or physical findings at
baseline were much more likely to develop clinical case
status within 1 year than those with neither symptoms
nor findings. These results indicate that the surveillance
of symptoms among working populations, as well as
physical examinations of nonsymptomatic participants,
can identify subgroups with a high risk of becoming
clinical cases (secondary prevention).

In a clinical population with incident shoulder pain,
Croft et al (25) reported that only 21% had recovered
completely at 6 months. Similarly, in a Dutch clinical
population, van der Windt et al (26) reported complete
recovery from incident cases of shoulder pain for 23%
at 1 month and for 59% at 1 year. Although our popula-
tion consisted of active workers not necessarily seek-
ing treatment, 40.6% of the clinical cases of rotator cuff
tendinitis on the right side and 52.6% on the left had
recovered by the time of the 1-year follow-up. It may
be that the clinical cases lost to follow-up were more
severely affected, but we have no data from which to
draw a definite conclusion about this possibility.

Shoulder disorders interfered with work perform-
ance or productivity for a notable proportion of the clin-
ical cases, whereas missed workdays were reported fair-
ly infrequently. The relatively high prevalence of reports
of interference with workpace or quality due to pain is
consistent with that reported by Stewart et al (10) with
respect to workers in the United States with muscu-
loskeletal pain and reporting more than 5 hours of lost
or reduced productivity per week in the previous 2
weeks. The vast majority was due to reduced perform-
ance while at work rather than to work absence.

The clinical cases and the participants with current
symptoms had lower proportions of perceived high job
security and social support than those with no symptoms



or physical findings, whereas there was little difference
in job satisfaction (table 5). These findings are consist-
ent with those of Nahit et al (27), who reported that high
job demands and poor support increased the odds of in-
cident shoulder pain, while job satisfaction was no dif-
ferent in a newly employed population, although our
study did not show significant difference in job demand.

Reported job changes were common and as frequent
among those who were nonsymptomatic and without
physical findings throughout the study as among the in-
cident, recovered, and persistent cases. However, job
changes in which the ergonomic assessment confirmed
a change in the physical workload category seemed to
be more frequent among the incident, persistent, and
recovered cases than among those who remained with-
out symptoms and findings. The small number of par-
ticipants with clinical case status at any time prevented
a detailed analysis of the relations between the direc-
tion of change in physical loading and the change in di-
agnostic group. It therefore remains unknown whether
the frequent job changes in this population represented
an informal means of reducing specific exposures be-
lieved to play a role in rotator cuff tendinitis.

In working populations, shoulder problems appear
to be frequent and volatile in their course. Those with
symptoms or physical findings alone at baseline appear
to be more likely to become clinical cases in the course
of the preceding year. The comparable proportions of
reporting the interference of shoulder problems with
work quality among persistent cases of shoulder symp-
toms and rotator cuff tendinitis suggested that self-re-
ported complaints of shoulder problems should not be
ignored. If we are to understand the clinical course of
shoulder problems in working populations better, it is
imperative that case definitions include specific shoul-
der location, some estimate of duration and frequency
of episodes, and standardized clinical tests. In a follow-
up study, changes in both exposure and health outcome
need to be monitored. For example, after all jobs with
frequent high hand force have been identified, efforts
can be made to reduce the exposure (primary preven-
tion). For those who are symptomatic or have physical
findings, efforts should be made to reduce exposure
through job modification, and these workers should be
monitored closely to prevent further progress of the dis-
order (secondary prevention). Frequent follow-up will
identify incident cases that may be missed with annual
follow-up alone.
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