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Elbow tendinopathy and occupational biomechanical overload:
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Bologna, Italy Objectives: To evaluate the evidence of an association between occupational and
non-occupational exposure to biomechanical risk factors and lateral elbow tendi-
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Medicine. S.Orsola-Malpighi University Methods: We carried out a systematic review of the literature. We searched

Hospital, via Palagi 9, 40138 Bologna, Italy. MEDLINE (up to November 2019) and checked the reference lists of relevant ar-
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ticles/reviews. We aimed to include studies where (a) the diagnosis was based on

physical examination (symptoms plus clinical signs) and imaging data (if any); and
(b) the exposure was evaluated with video analysis and/or direct measurements. A
quality assessment of the included studies was performed along with an evaluation
of the level of evidence of a causal relationship.

Results: We included four studies in the qualitative synthesis: two prospective co-
horts and two cross-sectional studies. All the included studies investigated “lateral/
medial epicondylitis”, albeit the diagnosis was not supported by imaging techniques.
Two cohort studies suggested that a combination of biomechanical risk factors for
wrist/forearm is associated with increased risk of “lateral epicondylitis”. This as-
sociation was not observed in the two included cross-sectional studies. The cohort
studies suggested that a Strain Index score higher than 5 or 6.1 could double the risk
of “lateral epicondylitis”. No association with increased risk of “medial epicondyli-
tis” was observed.

Conclusions: There is limited evidence of a causal relationship between occupational
exposure to biomechanical risk factors and lateral elbow tendinopathy. For medial
elbow tendinopathy, the evidence is insufficient to support this causal relationship.

No studies on olecranon bursitis and biomechanical overload were identified.
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1 | INTRODUCTION

Elbow tendinopathy, a common painful disorder of the upper
limb, may affect the tendinous insertion of the wrist extensor
or wrist flexor muscles at the lateral or medial epicondyle
respectively.'” In the vast majority of cases, it is a self-limit-
ing condition that can persist for over 1 year and can recur.’
In the general Finnish population, a prevalence of 1.3% was
estimated for lateral elbow tendinopathy and 0.4% for medial
elbow tendinopathy.4

Lateral elbow tendinopathy is often referred to as “tennis
elbow”, while the medial elbow tendinopathy is commonly
known as “golfer's elbow”.>°

The term “epicondylitis” (lateral and medial) has been
widely used in the literature to identify these conditions:
however, the use of this term should be abandoned, as it
suggests an inflammatory pattern, while in many cases the
condition has a degenerative origin.l Histopathological data
highlight the possible absence of inflammatory mechanisms
at any stage of elbow tendinopathy.2 Furthermore, it is im-
portant to underline that “elbow tendinopathy” is a definition
that should not be used when only symptoms are collected.
In the case of epicondylar pain, “epicondylalgia” or “elbow
pain” are the most appropriate terms before a diagnosis is
made.”

Another elbow soft-tissue pathology is olecranon bur-
sitis, also called “dart throwers’ elbow”.® It is a common
inflammatory process of the olecranon bursa: in the Israel
Defense Forces olecranon bursitis has a crude incidence rate
of 12/10 000 person/years among administrative personnel
and 97/10 000 in the case of combat duty personnel.’

Shiri et al found that some individual factors could be
associated with lateral and medial elbow tendinopathy. In
particular, smoking appeared to be a risk factor for both lat-
eral and medial elbow tendinopathy, while obesity was as-
sociated with medial elbow tendinopathy in women.* It has
been reported that olecranon bursitis was associated with
diabetes mellitus, rheumatoid arthritis, alcoholism, and HIV
infection.'”

Apart from individual factors, elbow tendinopathy and
olecranon bursitis are considered more common among
manual laborers.'''® The extensive literature review edited
by Bernard et al at NIOSH on epidemiological evidence
for work-related musculoskeletal disorders concluded
that elbow tendinopathy resulted associated with force
and strongly associated to a combination of factors (eg
force and repetition, force and posture); the evidence for
causal relationship was insufficient for repetition and pos-
ture alone.'® It should be underlined that the International
Labour Organization list of occupational diseases (2010)
includes “olecranon bursitis due to prolonged pressure
of the elbow region” and “epicondylitis due to repetitive
forceful work™."?

van Rijn et al carried out a systematic review about the
association between lateral and medial elbow tendinopathy
and work-related factors'®: they reported an association be-
tween lateral elbow tendinopathy and handling loads >20 kg
at least 10 times/d, handling tools >1 kg, and repetitive hand/
arm movements > 2 h/d. Risk factors associated with me-
dial elbow tendinopathy included: handling loads >5 kg (2
times/min at a minimum of 2 h/d), handling loads >20 kg
(at least 10 times/d), high hand grip forces >1 h/d, repetitive
movements >2 h/d, and the use of vibrating tools >2 h/d. The
authors concluded that their findings (mainly from cross-sec-
tional studies) needed to be confirmed in longitudinal stud-
ies. Furthermore, the included studies were heterogeneous in
terms of study design, exposure assessment, and diagnostic
criteria.

Descatha et al. performed a systematic review of the
prospective studies on lateral elbow tendinopathy and oc-
cupational exposure: a meta-analysis of the results of the
five included studies was in favor of an association between
lateral elbow tendinopathy and occupational exposure to
biomechanical overload involving the wrist and/or elbow.!”
However, in the included studies the evaluation of expo-
sure was mainly based on self-reported data (three out five
studies).

Conversely, a prerequisite to establishing a causal rela-
tionship between an exposure and a disease is to have evi-
dence for the disease and evidence for the exposure according
to the best available science.'® For this reason, we aimed to
perform a systematic review of the available evidence on the
association between occupational (and non-occupational) ex-
posure to biomechanical risk factors and: (a) lateral elbow
tendinopathy; (b) medial elbow tendinopathy; and (c) olecra-
non bursitis, searching for studies based on objective criteria
for exposure evaluation and diagnosis.

2 | METHODS

This systematic review was conducted according to the
PRISMA statement.'” The study protocol was registered with
PROSPERO at https://www.crd.york.ac.uk/prospero/ (regis-
tration number: CRD42018118228).

2.1 | Case definition

Few diagnostic criteria have been proposed for the diagno-
sis of lateral/medial elbow tendinopathy.”*' Local pain on
resisted wrist extension (lateral) or on resisted wrist flexion
(medial) are commonly used clinical signs.21 However, a re-
cent systematic review concluded that none of the physical
examination tests alone was sufficient for rule in or out an
elbow tendinopathy.22 Ultrasonography (US) and magnetic
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TABLE 1

Exposure assessment

Sketch of the evidence for the disease and for the exposure
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Objective evaluation

Indirect evaluation

Quantitative
method of direct
measurement”
Case definition
Objective diagnostic criteria
Imaging (plus physical examination) ++/++
Physical examination (symptoms plus clinical signs) HAFF
Symptoms
Structured interview (current and past health history) —/++
Self-administered questionnaire ——/++

Video analysis Job title, self-reported

or video-based Experts’ assessment, job
observations observations exposure matrix
++/+ ++/— +/——

+/+ +/— +——

=/ —/- —/——

——/+ o ——/—=

Note: The symbols relate to the overall assessment of a hypothetical study based on exposure data and case definition. Each combination ranks the level of evidence

based on data quality for exposure assessment and diagnosis. The best scenario is depicted as (++/++), while the worst as (——/—-). The dark grey area identifies

those combinations that satisfy the inclusion criteria for the present review.

“It includes direct measurements like motion analysis and measurement of force.

resonance imaging (MRI) may help detecting cases of lat-
eral/medial elbow tendinopathy.”’24 US allows for an inex-
pensive dynamic examination of elbow structures and can be
considered an important screening tool for diagnosis, albeit
it is more operator-dependent than MRI.*** In the case of
chronic elbow pain, the most reliable method is the MRI,
since it is able to detect tendon tears.” However, the use of
MRI is limited due to its high costs and applicability.

With respect to olecranon bursitis, physical examination
together with an accurate anamnesis may help diagnosing
the two main forms of the disease (septic vs non-septic).
Anteroposterior and lateral radiographs are useful to under-
stand the causal factors of the disease, while MRI help differ-
entiating septic and non-septic olecranon bursitis.*

For the present review, we included studies where the di-
agnosis was based on imaging or at least on physical exam-
ination (symptoms plus clinical signs). In the case diagnostic
criteria were not standardized and adequately described, such
studies were not considered eligible. Moreover, we excluded
studies where the diagnosis was based on referred symptoms
(eg epicondylalgia) reported by interview or self-adminis-
tered questionnaire alone.

2.2 | Exposure assessment

Biomechanical risk factors associated to lateral/medial elbow
tendinopathy included wrist/elbow repetitive movements,
forceful exertions, awkward postures, hand-arm vibrations,
or a combination of these."*'® In addition to those, olecra-
non bursitis has been associated with overuse or repetitive
microtrauma.'?

We included studies that reported quantitative mea-

sures of the exposure (like motion analysis, measurement of

force or, at least, observations supported by video analysis).
Studies reporting self-assessment of biomechanical exposure
(eg through questionnaire) and/or expert's judgement were
excluded. Studies using job titles as indicator/proxy of bio-
mechanical exposure (including job exposure matrix) were
excluded as well. In addition, studies investigating other risk
factors than biomechanical as main exposure (with biome-
chanical overload treated as confounder) were not considered
eligible for the present study.

2.3 | Eligibility criteria

We distinguished different levels of evidence for the diagno-
sis of the disease and for exposure assessment. We included
only studies where (a) the evidence for the disease was based
on physical examination and imaging data (if any); and (b)
the evidence for the exposure was based on objective meas-
urements. Table 1 classifies the potentially pertinent articles
according to the different level of evidence for the disease
and for the exposure.

2.4 | Search strategy
We conducted a systematic review of the literature included
in MEDLINE (through PubMed) until November 20, 2019.
To retrieve citations regarding elbow tendinopathies
and olecranon bursitis, we used PubMed Medical Subject
Headings (MeSH) terms (ie elbow tendinopathy, tennis
elbow) along with non-MeSH terms (such as golfer elbow,
epicondylitis, olecranon bursitis).
To locate citations related to occupational exposure
to biomechanical overload, the “more sensitive” PubMed
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search filter for occupational determinants of diseases”’ and
the “more sensitive” PubMed filter for agricultural workers'
diseases™
added further terms (entered as ‘free text words’) related to
the field of ergonomics and biomechanical risk factors.

To perform an extensive search including non-occupational
exposure to biomechanical overload, we added MeSH and non-
MeSH terms related to the field of sport activity in general.

Electronic searches were supplemented by manual searches
of reference lists of included studies and reviews about the
topic of interest (if any). No language restriction was applied.
Case reports and case series were excluded. The search strat-
egy for MEDLINE (through PubMed) is reported in File S1.

were evoked. In addition to those search filters, we

2.5 | Selection of studies and data
extraction

Two authors (SC and SM) independently screened titles and
abstracts of the citations retrieved by the search strategy for
potential inclusion. The full text of all articles potentially
qualifying for inclusion was retrieved and the same pair of
authors assessed whether each full article met the inclusion
criteria. Disagreements were resolved by discussion. If disa-
greement persisted, a third author (FSV) made the final deci-
sion. The two-step process for selecting studies along with
exclusion criteria is reported in File S2.

Two authors (SC and SM) independently extracted data
from each eligible study. Standardized forms were used to col-
lect information on: authors, study design, country, participants,
outcome assessment, exposure assessment, main results (pref-
erably risk estimate), and adjustment for confounders (if any).
In the case of redundant (multiple) publications,29 we aimed at
excluding duplicate studies from the review.

2.6 | Assessment of the study quality

A quality assessment of the included studies was performed.
The quality of the studies was independently assessed by
two authors (SC and SM). Disagreements were resolved by
consensus. The quality assessment was derived from a pre-
existing tool developed for the evaluation of other musculo-
skeletal outcomes™ and adapted accordingly. It covers five
major topics, namely:

a. Study design (1-3): cross-sectional study (1), cohort
with a follow-up <1 year (2), cohort with a follow-up
>1 year (3);

b. Study population (0-3), sum of: adequate description of
inclusion and exclusion criteria (1), participation rate
>70% (1), and sufficient description on completers vs
withdrawals (1);

c. Outcome assessment (1-3): physical examination (symp-
toms and clinical signs) (1), physical examination (symp-
toms and clinical signs) plus imaging techniques (2),
blinding for exposure status (+1);

d. Exposure assessment (1-3): observation and video analy-
sis (1), observation, video analysis and quantitative meas-
urements (2), blinding for outcome status (+1);

e. Data analysis (0-5): confounders reported in descriptive ta-
bles only (1), control for confounding (age and/or gender)
(2), control for confounding (age and/or gender and other
confounders) (3), analysis adjusted for non-occupational bio-
mechanical risk factors (eg sport, hobby, housekeeping) (+1),
robustness of the results to the presence of missing data (+1).

The quality score of the included studies was calculated
as the sum of each item (minimum score of 3 and maximum
of 17). Based on the tertile distribution of the quality score,
studies were classified in: low quality (3-7), medium quality
(8-12), and high quality studies (13-17).

2.7 | Best-evidence synthesis

We reported a comprehensive summary of all the findings
of the included studies. Data were analysed using the best-
evidence synthesis as first introduced by Slavin.*!

The studies were classified according to the type of study
design (where the prospective cohort study was judged as the
preferred one) and ranked by their methodological quality
score.

To evaluate the causal relationship between the disease
under study (ie elbow tendinopathy) and the exposure to bio-
mechanical risk factors we used the widely accepted conven-
tion: “a positive relationship has been observed between the
exposure and disease in studies in which chance, bias and con-
founding could be ruled out with reasonable confidence”. This
is the requirement set by the International Agency for Research
on Cancer for establishing sufficient evidence for carcinoge-
nicity in humans.*> However, this definition does not specify
“how many” studies are necessary. For the purpose of this re-
view, we adopted the slightly modified criteria proposed by The
Scientific Committee of the Danish Society of Occupational and
Environmental Medicine for the study of other musculoskeletal
outcomes.*” The following levels of evidence were used:

a. Strong evidence: positive relationship observed between
exposure and outcome in two or more high quality
cohort studies and several high-quality observational
studies other than cohort studies;

b. Moderate evidence: positive relationship observed be-
tween exposure and outcome in one high quality cohort
study and several high-quality observational studies other
than cohort studies;
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c. Limited evidence: positive relationship observed between
exposure and outcome in some observational studies; it is
not unlikely that this relationship could be explained by
chance, bias or confounding;

d. Insufficient evidence: the available studies are of insufficient
quality, consistency, or statistical power to permit a conclu-
sion regarding the presence or absence of a causal association;

e. No evidence is provided when no studies could be found.

3 | RESULTS
3.1 | Study selection

The flow diagram of the study selection is summarized in
Figure 1 (see File S3 for the PRISMA Checklist). The elec-
tronic search retrieved 2266 potentially relevant references,
of which 42 were assessed in full-text. Of these, 37 did not
meet the inclusion criteria. No additional potentially eligible
articles were identified through hand searching. Four studies

Records identified through
MEDLINE
(n=2266)

A4
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were included in qualitative synthesis. Of note, one of the
four studies was reported in two articles.

3.2 | Study characteristics

The main characteristics of the included studies were reported
in Table 2. The included studies consisted in two prospective
33-35 and two cross-sectional studies.***” Two studies
A,33'35 one in Colombia,?’6 and the

cohorts
were conducted in the US
other one in Taiwan.’’

One study investigated “lateral epicondylitis” alone,’
while the other three studies examined both “lateral epi-
condylitis” and “medial epicondylitis”.33’34’36’37 No studies
on olecranon bursitis were identified according to inclusion
criteria.

For all the included studies, the diagnosis of “lateral/medial
epicondylitis” was provided by physical examination on the
base of symptoms and clinical signs.33’37 None of the studies
reported the use of imaging techniques as diagnostic criteria.

N

Records screened
(n=2266)

Records excluded based on
title and abstract
(n=2224)

A 4

Full-text articles assessed
for eligibility
(n=42)

A 4

Studies included in
qualitative synthesis
(n=4)
reported in 5 articles

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=0)

Full-text articles excluded, with reasons:
(n=37)

e not about biomechanical
overload/elbow tendinopathy,
n=7

e methodological study/review,
n=4

e exposure assessment through
questionnaire/job title, n=7

e 1o exposure assessment, n=13

e different time spans for
diagnosis and exposure
assessment, n=1

e diagnosis based on referred
symptoms/diagnostic criteria not
standardized, n=5

FIGURE 1 Flow diagram of the study selection
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TABLE 3 Quality assessment of the included studies

Study
Study Authors Study design (1-3)  population (0-3)
#1 Fan 2014 3 1
Fan 2014%* 3 1
#2 Garg 2014 3 1
#3 Barrero 2012% 1 2
#4 Chiang 1993’ 1 1

Journal of UccupatinnaI'Health_Wl LEY—L s

Outcome Exposure Data analysis Total quality
assessment (1-3) assessment (1-3)  (0-5) score

2 3 2 11

2 2 3 11

2 2 5 13

1 2 1 7

2 2 2 8

Note: The quality score was calculated as the sum of each item (minimum score of 3 and maximum of 17). High quality studies were defined as those with a total

score > 13.

In the four studies, the exposure was assessed by experienced
observers with the support of video recordings.3 337 Of these, one
study applied the Strain Index (SI) for the exposure assessment,>*
while the SI and the American Conference of Governmental
Industrial Hygienists' (ACGIH) threshold limit value (TLV) for
hand-activity level (HAL) were used in another one.®

Forceful exertions were estimated by surface electromyog-
raphy in two studies®®*” and by force gauges and grip dyna-
mometer in one study.33 Postures of the hands and forearm were
assessed by sensors for movement analysis in one study.36

3.3 | Quality assessment

The quality assessment of the included studies is reported in
Table 3. The quality score ranged from 7 to 13. The most fre-
quently missing items were the lack of information about
completers and withdrawals, the participation rate higher than
70%, and the lack of control for confounders (including non-
occupational biomechanical risk factors). Only one cohort study
was classified as high quality (total score of 13 out of 17).%
The other three studies were ranked with medium/low quality
score.*>3*3%37 The assessment of each item is reported in File S4.

3.4 | Summary of study results

The included studies used similar case definitions. However,
they were heterogenous in terms of: (a) type and number of
biomechanical risk factors studied; (b) methods adopted to
estimate or measure the single risk factor; (c) indices or com-
posite measures of exposure.

Among the four included studies, the cohort study by
Garg et al reported the highest quality score.®® At the multi-
variable analysis, the risk for “lateral epicondylitis” increased
with the increase in the SI score (up to the value of 9) with a
hazard ratio (HR) of 1.18 per unit increase (95% confidence
interval [95% CI], 1.02-1.37). In the case of applying the rec-
ommended SI limit value of 6.1, the risk of “lateral epicon-
dylitis” was more than doubled as compared to less exposed
(HR 2.3, 95% CI [1.12-4.75]). TLV for HAL introduced as

continuous or categorical variable showed a non-statistically
significant trend for increased risk of “lateral epicondylitis”.

Fan et al reported the findings of their study in two arti-
cles where they evaluated several occupational risk factors
along with their combination by applying different methods
of exposure assessment: (a) video analysis plus quantitative
methods for forceful exertions computation33 ; and (b) video
analysis plus assessment of biomechanical overload using
the SL.** In the first case, at the multivariable analysis, fore-
arm pronation (>45° for >40% time) combined with (1) any
power grip; (2) lifting for >3% of time; and (3) and duty
cycle for >10% reported a HR of 2.8 (95% CI,1.35-5.77),
2.50 (95% CI, 1.19-5.24); and 2.25 (95% CI, 1.09-4.66) for
“lateral epicondylitis” respectively. Neither longer duration
of the awkward posture nor any of the forceful exertion alone
increased significantly the risk of “lateral epicondylitis”.33 In
the second case, the SI scores were used to categorize job risk
classifications by proposed cut-off values.** At multivariable
analysis, the job risk classification of High exposure (SI > 5)
was associated with an adjusted HR of 2.06 (95% CI 1.16-
3.64) and 1.41 (95% CI1 0.64-3.12) for “lateral epicondylitis”
and “medial epicondylitis”, respectively, as compared to Low
level of exposure (SI < 5). On the other hand, the three-level
classification of Safe, Action, and Hazardous jobs (SI < 3,
SI 3.1-7, and SI > 7, respectively) was not associated with
“lateral epicondylitis” or “medial epicondylitis”. On the
basis of the distribution of the study population, the job risk
classification was further divided in three levels of exposure
(SI > 12 and SI 5.1-12 vs SI < 5). This classification indi-
cated significant relationships for “lateral epicondylitis” (HR
2.00,95% CI [1.04-3.87] for SI 5.1-12; and HR 2.12, 95% CI
[1.11-4.05] for SI > 12), while no sign of an association for
“medial epicondylitis” was present.

The cross-sectional study by Chiang et al reported the
prevalence of workers suffering from “lateral/medial epicon-
dylitis” classified according to three levels of exposure based
on repetitiveness and force required by regular daily tasks.”’
Workers exposed to high repetitiveness and highly forceful
movement of the upper limbs reported the highest prevalence
(17.9%, 5/28). However, the differences between groups were
not statistically significant.
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The cross-sectional study performed in eight flower com-
panies showed a higher prevalence among workers performing
classification and bunching tasks™®; however, no control group
was used. In addition, no information was provided about sta-
tistical significance of observed differences between tasks.

With respect to non-occupational exposure to biomechan-
ical risk factors, two studies collected information about hob-
bies and sports.33 33 Only in one study, the authors carried out
a multivariable analysis where an increased risk of “lateral
epicondylitis” was associated with swimming (introduced as
binary variable), but not with other physical activities per-
formed outside of work.*

Finally, data about comorbidities (such as diabetes melli-
tus and hypertension) and high body mass index (BMI) were
collected in two studies and reported in the univariate analy-
sis.¥¥3% No study performed multivariable analyses adjusted
for comorbidities.

4 | DISCUSSION

This systematic review showed that there is limited evidence
of a causal relationship between occupational exposure to bi-
omechanical risk factors and lateral elbow tendinopathy. For
medial elbow tendinopathy, the evidence is insufficient to
support this causal relationship. We included two cohorts—
reported in three articles—and two cross-sectional studies
investigating “lateral/medial epicondylitis”. Conversely, no
studies on olecranon bursitis and biomechanical overload
were identified.

To study the occupational origin of a disease, we first
need the evidence of the disease that should be preferably
based on the most reliable diagnostic method.'® However,
the case definition of the four included studies was based on
symptoms and physical examination signs, but not confirmed
by imaging techniques (such as US or MRI). This means that,
even if the term “epicondylitis” was used, these studies were
actually investigating the putative occupational origin of re-
ferred or provoked epicondylalgia.38 It could be argued that
sometimes it is not possible to collect state-of-the-art diagno-
sis and it is quite common to use surrogate for diagnosis in
large scale epidemiological studies. Nevertheless, it should
be imperative to establish in advance the minimal diagnostic
requirements that a study should satisfy in order to provide a
meaningful contribution to a specific field of investigation. In
the case of elbow tendinopathy, we believe that the scientific
community should start a debate on the case definition to be
used in epidemiological studies, as it was done for carpal tun-
nel syndrome more than two decades ago.”

In the second place, evidence is needed for the objective
evaluation of exposure assessment.'** In the four included
studies the exposure assessment was performed by experi-
enced ergonomists with the support of video analysis.>>™’

One of these studies applied the ACGIH TLV for HAL and
the SI,35 which combine two or more biomechanical risk
factors for upper extremity musculoskeletal disorders and re-
port summary measures of the risk.*"*? The exposure was
evaluated using the SI alone in another study.34 Applied
force and forceful exertions were evaluated on the basis of
observational methods in one study.35 On the other hand, two
studies measured forceful exertions by surface electromy-
ography, 337
mometer in addition to ergonomists' and workers' esteem.
The analysis of the postures of the hands and forearm was as-
sessed by sensors for movement analysis in one study only.3 6

Two cohort studies suggested that a combination of bio-
mechanical risk factors for wrist/forearm is associated with
increased risk of “lateral epicondylitis”, albeit the diagnosis
was not supported by imaging techniques.n'35 Furthermore,
this putative association was not observed in the other two
cross-sectional studies included in the qualitative synthesis.3 637

The combined measures of exposure as well as the meth-
ods adopted to estimate or measure the biomechanical risk
factors differed between the first article published by Fan
et al*® and the study by Garg et al.® Conversely, the latter
together with the second article published by Fan et al** ad-
opted the ST as a method to estimate the biomechanical over-
load, even if using different cut-off values in the analysis.
Both studies suggested that a SI score higher than 5% 0r6.1%
could double the risk of “lateral epicondylitis”.

No association with increased risk of “medial epicondy-
litis” was reported in the cohort study by Fan et al.** Indeed,
this possible association was not supported by the findings
from the two included cross-sectional studies, as well.***’

Taken together, these findings suggest that the evidence
of a causal relationship between lateral elbow tendinopathy
and exposure to biomechanical risk factors is still limited,
whereas for medial elbow tendinopathy the evidence of this
relationship is insufficient.

These findings were apparently in contrast with those of
previous systematic reviews.'®!7 In 2009 van Rijn et al found
an association between several work-related risk factors
and lateral/medial elbow tendinopathy.l6 Considering that
the authors included studies rather heterogeneous in terms
of study design, evaluation of the exposure and diagnostic
criteria and their findings were mainly based on cross-sec-
tional studies, they stated that the evidence for causality was
still debatable. The meta-analysis performed by Descatha
et al strongly supported an association between lateral elbow
tendinopathy and occupational exposure to biomechanical
overload involving the wrist and/or elbow.'” Although this
systematic review aimed to include only prospective studies,
the majority of them (three out five) were based on self-re-
ported data in terms of exposure assessment.

while another one used force gauge and dyna-
33

In addition, it is worth noting that a recent pooled analysis
of baseline cross-sectional data of three occupational cohorts
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(presumably two of three were those studied by Fan et al®>3*

and Garg et al®®) reported a strong association between “lat-
eral epicondylitis” and cardiovascular risk factors expressed
using a modified Framingham score.* This association re-
mained after adjustment for known and potential confounders,
including the measure of job physical demand evaluated with
the SI. At multivariable analysis (adjusted for BMI, cardiovas-
cular risk score and job satisfaction), the odds ratio for SI was
0.97 (95% CI, 0.95-1.00) for “lateral epicondylitis” defined as
both symptoms and at least one positive physical examination
test.* Hence, it should be underscored that it is not unlikely
that the positive relationship between referred or provoked lat-
eral epicondylalgia and exposure to biomechanical risk factors
could be explained by chance, bias, or confounding.

With respect to olecranon bursitis, no studies about the
putative occupational origin of the disease were found; some
anecdotal links to occupational activities involving frequent
traumas to the elbow were reported.26 This was not expected
considering that the International Labour Organization in-
cludes the “olecranon bursitis due to prolonged pressure of
the elbow region” in the list of occupational diseases (revised
2010) which represents the latest worldwide consensus on
diseases internationally accepted as caused by work. "

It should be underlined that in epidemiological setting
(in contrast with the clinical one) the diagnosis of work-re-
lated musculoskeletal disorders is made by the medical
investigator who is looking for diseased subjects in an
(assumed) healthy population. Consequently, one would
expect that in the epidemiology of work-related musculo-
skeletal disorders—conditions which have a high sponta-
neous incidence even in non-exposed populations—case
definitions were based on the best available diagnostic
techniques, exposures were directly measured with an ap-
propriate tool and studies were performed with blind tech-
niques (exposure/outcome).”’ In addition to that, direct
measurements and video-based observation of exposure
are more desirable considering that these methods are as-
sumed to have a higher level of accuracy than subjective
assessment and self-reports, which tend to be more prone
to misclassification of the exposure.‘m’45

The quality score of the included studies ranged from 7
to 13 (out of 17). It is worth noting that the only high-quality
study is, at the same time, the only one in which the exposure
was estimated using an observational method, but where a
direct measurement is lacking.35 In addition, the outcome
was blinded with respect to exposure assessment in two
studies,** whereas blinding for exposure status in the case
of outcome assessment was reported in three studies.** 3537

It is unexpected that in the case of elbow tendinopathy (ie
“tennis/golfer's” elbow) the data collected on hobbies and
sports were so limited, if not missing. Actually, only Garg
et al reported multivariable analysis controlled for non-oc-
cupational biomechanical risk factors, such as swimming.35
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Observational studies are prone to various biases includ-
ing reverse causality.46 Concerns may be raised for cross-sec-
tional studies, where it may be difficult to ascertain the
temporal order of exposure and disease. This aspect is often
neglected as potential explanation for apparent or unexpected
association. In the present review, we classified the included
studies according to study design and applied the criteria de-
veloped by the Scientific Committee of the Danish Society
of Occupational and Environmental Medicine to evaluate the
causal relation between elbow tendinopathy and exposure to
biomechanical risk factors.*® Cohort studies were judged as
the preferred ones and all included studies were then ranked
by their methodological quality score.

One of the strengths of this study is to search for articles
concerning non-occupational exposure to biomechanical
overload, using terms related to the field of sport activity in
general. Moreover, we applied two sensitive search filters tai-
lored for occupational etiology of disease,””?® adding terms
related to the field of ergonomics and biomechanical risk
factors.

We searched through PubMed only. However, in the field
of occupational medicine, the vast majority of high-quality
articles are indexed in PubMed.*’” Hence, the probability of
retrieving other studies satisfying the inclusion criteria in an-
other database of the scientific literature is very low.

5 | CONCLUSIONS

There is the need for well-planned and properly designed co-
hort studies in which, making a distinction between lateral
and medial elbow tendinopathy, outcome, and exposure are
assessed and measured with the best available techniques,
including blinding of exposure and outcome assessment. A
consensus on the minimal diagnostic criteria to be applied in
epidemiological studies of elbow tendinopathies is needed as
well as on objective exposure assessment. Future cohort stud-
ies have to consider all possible confounders (including non-
occupational biomechanical risk factors and comorbidities)
and minimize potential biases. Until that, even meta-analyses
and systematic reviews cannot provide definitive answers to
research questions on elbow tendinopathies and, more in gen-
eral, occupational musculoskeletal diseases.
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