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Abstract
Background: The aim of this study is to evaluate the association between occupational exposure to biomechanical risk 
factors and shoulder tendinopathies. Methods: We updated recent systematic reviews about specific shoulder disor-
ders and work-related risk factors. MEDLINE was searched up to September 2022. Studies satisfying the following 
criteria were included: i) the diagnosis was based on physical examination plus imaging data (when available), and 
ii) the exposure assessment was based on video analysis and/or directly measured. Results: Five studies met the 
inclusion criteria: three cross-sectional studies identified from published systematic reviews and two cohort studies 
retrieved from the update. Two studies investigated shoulder tendinitis, one supraspinatus tendinitis, and the other 
two rotator cuff syndrome. The diagnosis was based on physical examination, not supported by imaging techniques 
for all the included studies. In four out of five studies, the exposure was assessed by experienced ergonomists with the 
support of video recordings. In two studies, the exposure assessment was further supplemented by force gauge meas-
urements or direct measurements of upper arm elevation. Only the combined exposure of working with arms above 
shoulder level with forceful hand exertion appears to be associated with rotator cuff syndrome: i) a cohort study re-
ported an HR=1.11 (95%CI 1.01-1.22) for each unit increase in forceful repetition rate when the upper arm is flexed 
≥45° for ≥29% of the working time; and ii) a cross-sectional study showed an OR=2.43 (95%CI 1.04-5.68) for the 
combination of upper arm flexion ≥45° for more than 15% of the time with a duty cycle of forceful exertions more than 
9% of the time. Conclusions: There is moderate evidence of a causal association between shoulder tendinopathy and 
combined exposures of working above shoulder level with forceful hand exertion. The evidence is insufficient for any 
single biomechanical exposure on its own. High-quality cohort studies with direct exposure measures and objective 
diagnostic criteria are needed. The occupational origin of shoulder tendinopathies is still an open question that must 
be properly answered.

1. Introduction

Shoulder disorders are prevalent among men and 
women of the general population (7% and 9.1% 

in England and 6.8% and 9.0% in France, respec-
tively) [1, 2]. However, the prevalence of shoulder 
pain varied considerably across studies and case 
definitions [3]. Rotator cuff syndrome is one of the 
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most frequently reported shoulder disorders among 
the working population in both men and women, 
with an incidence of more than 2/100 person-years 
among subjects older than 44 years [4].

Rotator cuff disorders encompass a broad spec-
trum of conditions affecting tendons of rotator 
cuff muscles ranging from inflammation to tears or 
rupture [5]. There is no universally accepted way to 
label or define shoulder tendinopathies [6]. Shoul-
der disorders have been described in the literature 
under a variety of names including, but not limited 
to, rotator cuff disease, rotator cuff syndrome, rota-
tor cuff tendinitis/tendinosis, subacromial impinge-
ment syndrome, subacromial shoulder disorders, 
subacromial bursitis, supraspinatus tendinitis/
tendinosis, infraspinatus tendinitis/tendinosis, and 
bicipital tendinopathy.

The international classification of diseases 10th 
revision (ICD-10) covers the following shoulder le-
sions: M75.0 (adhesive capsulitis of shoulder), M75.1 
(rotator cuff syndrome), M75.2 (bicipital tendinitis), 
M75.3 (calcific tendinitis of the shoulder), M75.4 
(impingement syndrome of the shoulder), M75.5 
(bursitis of the shoulder), M75.8 (other shoulder 
lesions), and M75.9 (shoulder lesion, unspecified). 
However, no international consensus has been reached 
about the diagnosis of “subacromial pain syndrome” 
suitable for epidemiological studies: only 34% of the 
panellists agreed that a case definition for epidemio-
logical research could be based on symptoms only [7].

Biomechanical risk factors for shoulder disorders 
include repetitive upper arm movements, working 
above shoulder height, and shoulder efforts; non-
occupational risk factors could be associated with 
shoulder pain among adults [4, 8].

We aimed to evaluate the association between 
shoulder tendinopathies and occupational exposure 
to biomechanical risk factors ranking the quality of 
evidence for establishing a causal relationship. How-
ever, to our knowledge, a critical appraisal focusing 
on objective criteria for both exposure assessment 
and diagnosis has yet to be performed.

2. Methods

For the present review, we included shoulder 
tendinopathies defined as the following: i) rotator 

cuff syndrome/disease; ii) tendinitis/tendinosis of 
the rotator cuff muscles; iii) bicipital tendinitis/
tendinopathy; iv) calcific tendinitis; and v) impinge-
ment syndrome. These diagnoses correspond to 
M75.1-M75.4 codes of ICD-10.

At first, we re-evaluated the studies already in-
cluded in published systematic reviews about spe-
cific shoulder disorders and work-related risk 
factors [9-11]. These three systematic reviews are 
based on the same methodological approach, and 
each, in turn, constitutes an update of the previous 
one. We retrieved the list of included studies, and 
two authors (SC and SM) independently extracted 
the following data: first author, year of publication, 
systematic reviews identifying the included studies, 
study design, outcome assessment, and exposure as-
sessment. For each included study, data about diag-
nosis and exposure assessment were retrieved and 
categorized according to predefined criteria [12]. 
Each combination of diagnosis and exposure was 
ranked for case definition and exposure assessment. 
The hypothetical combinations of case definition 
and exposure assessment and their evidence quality 
are reported in Supplementary Table 1.

The minimum criteria to be qualified as poten-
tially eligible for the present study are as follows: 
i) the diagnosis is based on physical examination 
(symptoms plus clinical signs), and ii) the exposure 
assessment is based on video analysis or video-
based observations. The best scenario is repre-
sented by studies whose case definition is based on 
physical examination plus imaging (e.g., Magnetic 
Resonance Imaging, MRI). Exposure is assessed 
using quantitative measures of biomechanical ex-
posure like inclinometer measurements. Studies 
based on self-reported symptoms (e.g., shoulder 
pain) and/or an indirect assessment of biomechani-
cal exposure (e.g., job titles, job exposure matrix, 
self-reports, or expert ratings) did not qualify for 
inclusion but were retained for descriptive pur-
poses. Studies about a wide spectrum of shoulder 
pathologies were poorly rated and reported non-
standardized and adequately described diagnostic 
criteria and/or exposure assessment. Of note, stud-
ies using imaging alone (without physical examina-
tion) do not allow a standardized medical diagnosis, 
precluding any ratings. Occupational exposure to 
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vibration and psychosocial risk factors were not in-
cluded as well.

In addition, we updated the search of the litera-
ture included in MEDLINE (through PubMed) 
from November 1, 2018, up to September 25, 2022. 
The search strategy is reported in Supplementary 
Table 2. Briefly, search terms related to shoulder 
tendinopathies were combined with the “more spe-
cific” PubMed search filter for occupational deter-
minants of diseases [13], along with terms related 
to biomechanical risk factors. Such a search strat-
egy was validated against the reference set of 34 
citations included in the three selected systematic 
reviews [9-11]. The reference lists of included stud-
ies and other reviews about the topic of interest (if 
any) were checked for additional citations (including 
grey literature reports). No language restriction was 
applied. Case reports and case series were excluded.

Two authors (SC and SM) independently 
screened titles and abstracts to identify potentially 
relevant studies. The same two authors assessed 
whether each full article met the inclusion crite-
ria. Disagreements were resolved by a third author 
(FSV). Multiple publications were detected, and 
valuable information was retained as appropriate. 
Two authors (SC and SM) independently extracted 
data from each eligible study. We collected informa-
tion on the first author, year of publication, study 
design, outcome assessment, and exposure assess-
ment. Data about diagnosis and exposure were then 
classified according to the quality of evidence [12].

The quality of included studies was evaluated 
according to predefined criteria [12]. Two authors 
(SC and SM) independently performed the qual-
ity assessment. Disagreements were resolved by 
consensus. The quality assessment covered the fol-
lowing topics: i) study design; ii) study population; 
iii) outcome assessment; iv) exposure assessment; 
and v) data analysis. The overall quality score ranges 
from 3 to 17. According to tertile distribution, stud-
ies were classified into three categories, namely: 
low-quality (3-7), medium-quality (8-12), and 
high-quality studies (13-17). To evaluate the causal 
relationship between shoulder tendinopathies and 
occupational exposure to biomechanical risk factors, 
a slightly modified version of the criteria developed 
by The Scientific Committee of the Danish Society 

of Occupational and Environmental Medicine was 
used [12, 14].

3. Results

The three published systematic reviews on spe-
cific shoulder disorders and work-related risk fac-
tors included 34 studies (excluding duplications) 
[9-11]. Of these, three studies met the inclusion 
criteria for the present study [15-17]. The update of 
the electronic search in MEDLINE retrieved 696 
potentially relevant references, of which 20 were 
assessed in full text. Of these, one met the inclu-
sion criteria [18]. Eight additional references were 
identified through other sources [19-21] and one 
study qualified for inclusion [22]. Overall, five stud-
ies were included in qualitative synthesis. The flow 
diagram is summarised in Figure 1.

Table 1 reported the list of studies included in 
three published systematic reviews classified accord-
ing to quality of evidence. Overall, 34 studies were 
listed including 19 cross-sectional studies, 3 case-
control studies and 12 cohort studies.

Most of these applied a case definition based 
on physical examination but performed an indi-
rect assessment of biomechanical exposure. In one 
case, ultrasonography further supported the clinical 
diagnosis [23]. Of note, three other studies did not 
meet the minimum diagnostic requirements (i.e., 
imaging - MRI or ultrasonography - without physi-
cal examination was used) [24-26]. On the con-
trary, none of the studies was detected using a case 
definition based on self-reports and direct exposure 
measurements. In addition, 13 studies were poorly 
ranked according to case definition and exposure as-
sessment criteria. The ranking for outcome/exposure 
combination by study design is reported in Table 2.

Altogether, five studies met the inclusion criteria 
for the present review: three cross-sectional studies 
were identified from the selected systematic reviews 
[15-17], and two cohort studies were retrieved from 
the update [18, 22] (Table 1). The main characteris-
tics of the included studies are reported in Table 3.

Two studies investigated shoulder tendinitis 
[15, 22], another one supraspinatus tendinitis [16], 
and the last two rotator cuff syndromes [17, 18]. The 
case definition was based on physical examination 
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was associated with an adjusted OR of 3.29 (95%CI 
1.34-8.11) compared to non-repetitive work. The 
risk for high force demands (i.e., ≥10% of maxi-
mal voluntary contraction) was more than fourfold 
(adjusted OR 4.21, 95%CI 1.71-10.40) compared 
to the reference group, whereas performing 80% of 
cycle time without pauses reported an OR of 3.33 
(95%CI 1.37-8.13). Combined exposures were 
found to be at risk as well [15]. Svendsen and col-
leagues reported that supraspinatus tendinitis was 
associated with current upper arm elevation above 
90° for 6–9% of working hours (OR 4.70, 95%CI 
2.07-10.68); however, no association was found for 
lifetime upper arm elevation above 90˚, for both 
dominant and non-dominant shoulder [16]. The co-
hort study by Werner and colleagues did not report 
an association between shoulder tendonitis and ab-
normal hand activity threshold limit value (42.3% of 
incident cases vs. 40.6% of referent subjects, p=0.87 

for all the included studies. In four out of five stud-
ies, the exposure was assessed by experienced ergon-
omists with video recordings combined with plant 
walkthrough and self-reported task distribution [15, 
18, 22] or work history [17]. In one study, the expo-
sure assessment was further supplemented by force 
gauge measurements of objects’ weights and push/
pull forces [17]. The other study was based on direct 
measurements of upper arm elevation above 30°, 
60°, and 90° using an inclinometer which consisted 
of a sensor on each upper arm and a torque index 
combining posture and force along with the collec-
tion of individual occupational history [16].

In the study by Frost and colleagues, the risk of 
shoulder tendinitis was three times higher for work-
ers performing repetitive tasks (adjusted Odds Ra-
tio [OR] 3.12, 95% Confidence Interval [95%CI] 
1.33-7.34) [15]. In particular, the high frequency of 
shoulder movements (i.e., 15-36 movements/min) 

Figure 1. Flow-chart of included studies.
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at the univariate analysis) or hand peak force at the 
dominant side (2.96 in incident cases vs. 2.96 in ref-
erent subjects, p=0.98 at the univariate analysis) [22].

The study by Silverstein and colleagues reported 
that frequent forceful exertions (i.e., ≥ five times/
min) were associated with an increased risk of ro-
tator cuff syndrome (adjusted OR 2.02, 95%CI 
1.01-4.07); on the other hand, performing shoul-
der movements more than 20 times per minute 
was found not to be associated (adjusted OR 1.01, 
95%CI 0.43-2.38) [17]. In addition, upper arm flex-
ion ≥45° doubled the risk of rotator cuff syndrome 
when maintained for more than 18% of the time 
(adjusted OR 2.16, 95%CI 1.22-3.83). The com-
bination of upper arm flexion ≥45° for more than 
15% of the time was associated with rotator cuff 
syndrome either with a duty cycle of forceful exer-
tions more than 9% of the time (OR 2.43, 95%CI 
1.04-5.68) or a forceful pinch more than 0% of the 
time (OR 2.66, 95%CI 1.26-5.59) [17].

The cohort study by Meyers and colleagues failed 
to identify an association between rotator cuff syn-
drome and any single biomechanical exposure. 
However, it showed an increased risk of incident ro-
tator cuff syndrome for interactions between forceful 
hand exertions and upper arm elevation. In particu-
lar, it was found i) an hazard ratio [HR] of 1.11 
(95%CI 1.04-1.34) for each unit increase in total 
repetition rate when the upper arm is abducted 30° 
for 12%-21% of the working time; ii) an HR of 1.18 
(95%CI 1.04-1.34) for each unit increase in force-
ful repetition rate when the upper arm is abducted 
30° for 12%-21% of the working time; iii) an HR 
of 1.16 (95%CI 1.04-1.29) for each unit increase in 
forceful repetition rate when the upper arm is ab-
ducted ≥60° for 5% of the working time; iv) an HR 
of 1.11 (95%CI 1.01-1.22) for each unit increase in 
forceful repetition rate when the upper arm is flexed 
≥45° for ≥29% of the working time [18].

The quality assessment of the five included stud-
ies is reported in Table 4.

Four studies were ranked with medium quality 
scores [15-18], and the other one was classified 
as low quality [22]. Four out of five studies con-
trolled for confounding [15-18]; of these, only one 
adjusted for non-occupational biomechanical risk 
factors [15].

4. Discussion

This review showed limited evidence of a causal 
relationship between occupational exposure to biome-
chanical risk factors and shoulder tendinopathies.

We summarised the existing epidemiologi-
cal evidence for the associations between shoulder 
tendinopathies and occupational exposure to bio-
mechanical risk factors. This study has a specific 
focus on both outcome and exposure assessment; 
in particular, we included i) studies in which physi-
cal examination was part of the outcome definition 
with or without the support of imaging; and ii) the 
exposure assessment was based on direct measure-
ments or estimated with video recordings. Studies 
that used as outcome shoulder pain or were based 
on MRI/US without physical examination [24-26] 
were not considered to provide evidence of any 
causation as well those reporting/using an indirect 
measure of the exposure.

US was reported to be as accurate as MRI for 
identifying and measuring the size of partial and 
full-thickness rotator cuff tears [27]. However, a 
high prevalence of rotator cuff tears in asymptomatic 
subjects was detected using MRI [28]. The study 
also revealed a relationship of rotator cuff tears with 
increasing age in subjects who had normal, pain-
less shoulder function. This casts a shadow for those 
studies that used imaging alone to diagnose shoul-
der tendinopathy in the absence of positive physical 
findings, considering that the disease–exposure as-
sociation might be underestimated and confounded 
by age.

Compared to MRI, US tends to be more op-
erator dependent, less costly and more accessible 
[29]. However, imaging techniques are not rou-
tinely applied in large epidemiological studies and, 
as reported in a recent scoping review, some stud-
ies proposed the use of X-ray to assess shoulder de-
generative changes, while others sustained the use of 
US, to exclude a rotator cuff rupture [30].

A range of methods have been developed for the 
assessment of exposure to risk factors for work-
related musculoskeletal disorders. The choice be-
tween these methods depends upon the nature of 
the investigation and purposes of the study. Self-
reports from workers can be used to collect data on 
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Table 4. Detailed assessment of study quality for each included study (minimum score of 3 and maximum of 17).

Items
Frost 
2002

Svendsen 
2004a Werner 2005 Silverstein 2008 Meyers 2021

a.	 Study design (1-3)

Cross-sectional (1) 1 1 - 1 -
Cohort with a follow-up≤1 year (2) - - - - -
Cohort with a follow-up>1 year (3) - - 3 - 3

b.	 Study population (0-3), sum of:

Adequate description of inclusion/exclusion 
criteria (1)

1 1 0 1 1

Participation rate ≥70% (1) 1 1 0 1 1
Sufficient description on completers vs 

withdrawals (1)
0 0 0 0 0

c.	 Outcome assessment (1-3)

Physical examination (symptoms and clinical 
signs) (1)

1 1 1 1 1

Physical examination (symptoms and clinical 
signs) plus imaging techniques (2)

- - - - -

Blinding for exposure status (+1) 1 1 0 1 1
d.	 Exposure assessment (1-3)

Observation and video analysis (1) 1 - 1 - 1
Quantitative measurements (2) - 2 - 2 -
Blinding for outcome status (+1) 0 0 0 1 1

e.	 Data analysis (0-5)

Confounders in descriptive tables only (1) - - 1 - -
Control for confounding (age, gender) (2) - - - - -
Control for confounding (age, gender, and 

others) (3)
3 3 - 3 3

Analysis adjusted for non-occupational 
biomechanical risk factors  
(e.g. sport, hobby) (+1)

1 0 0 0 0

Robustness of the results to missing data (+1) 0 0 0 0 0
Total quality score 10 10 6 11 12

workplace exposure by using, for instance, interviews 
or questionnaires. However, a major problem with 
these subjective methods is that worker perceptions 
of exposure have been found to be imprecise and 
unreliable. For example, having musculoskeletal 
complaints were found to increase the probability of 
workers reporting higher durations or frequencies 
of physical load in comparison with those workers 
without musculoskeletal complaints from the same 

occupational groups [31, 32]. On the contrary, direct 
measurement techniques can provide more reliable 
data than those based on subjective judgements only. 
For the purpose of the present study, we included 
studies that reported quantitative measures of the 
exposure (like force measurement or, at least, obser-
vations supported by video analysis). Direct meas-
urements and video-based observation of exposure 
are more desirable considering that these methods 
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In the present study, we searched PubMed only. 
Nevertheless, PubMed indexes the vast majority of 
high-quality studies published in biomedical jour-
nals [34]. In addition to that, we successfully tested 
our PubMed search strategy against the 34 studies 
included in the three selected reviews [9-11]. As a 
result, all 34 citations were retrieved.

5. Conclusion

High-quality cohort studies are needed. Direct 
exposure measures and objective diagnostic criteria 
are desirable to minimize potential biases. Further-
more, there is a need for a consensus on the minimal 
diagnostic criteria used in epidemiological studies 
on shoulder tendinopathies. Epidemiological stud-
ies on the possible occupational origin of shoulder 
tendinopathies should consider non-occupational 
risk factors (including sports) and comorbidities. So 
far, the occupational origin of shoulder tendinopa-
thies is still an open question that needs to be prop-
erly answered.

Supplementary Materials: Supplementary Table 1, 
Supplementary Table 2, Supplementary Table 3.
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Supplementary Table 1. Level of evidence based on data quality for exposure assessment and diagnosis.
Exposure assessment

Diagnosis Direct evaluation Indirect evaluation

Quantitative 
measures

Video analysis 
or video-based 
observations

Job title, self-reported assessment, 
job exposure matrix, experts’ ratings

Imaging (plus physical 
examination)

++/++ ++/+ ++/-

Physical examination (symptoms 
plus clinical signs)

+/++ +/+ +/-

Self-reported symptoms -/++ -/+ -/-
Modified from Curti S, Mattioli S, Bonfiglioli R, et al. Elbow tendinopathy and occupational biomechanical overload: A systematic 
review with best-evidence synthesis. J Occup Health. 2021 Jan;63(1):e12186.

Supplementary Table 2. Search strategy developed for PubMed.
Search strategy
#1
(shoulder pain[MH] OR shoulder impingement syndrome[MH] OR ((rotator cuff[MH] OR “rotator cuff ” OR 
infraspinatus[TW] OR supraspinatus[TW] OR subscapularis[TW] OR biceps[TW] OR bicipital[TW] OR shoulder 
joint[MH] OR shoulder[MH] OR shoulder*[TW]) AND (cumulative trauma disorders[MH] OR pain[TW] OR 
complaint* OR disorder* OR discomfort* OR symptom* OR tendon* OR tendin*)) OR “rotator cuff tear*” OR “rotator 
cuff syndrome” OR “rotator cuff disease*” OR “subacromial impingement” OR “shoulder impingement*” OR “subacromial 
pain”)

#2
(occupational diseases[MH] OR occupational exposure[MH] OR occupational medicine[MH] OR occupational 
risk[TW] OR occupational hazard[TW] OR (industry[MeSH Terms] mortality[SH]) OR occupational group*[TW] 
OR work-related OR occupational air pollutants[MH] OR working environment[TW] OR “at work”[TW] OR 
“repetitive work” OR “manual work” OR lifting[MH] OR workload[MH] OR physical exertion[MH] OR Moving and 
Lifting Patients[MH] OR “heavy lifting” OR “manual material handling” OR “manual lifting” OR “manual handling” OR 
“repetitive lifting” OR posture[MH] OR “awkward position*” OR “awkward postur*” OR “above shoulder” OR “upper arm 
elevation” OR “overhead work”)

#3
#1 AND #2

#4
#3 NOT (animals[MH] NOT humans[MH])
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