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Dit achtergronddocument bij de registratierichtlijn wordt beschreven aan de hand van het 6-
stappenplan voor het melden van beroepsziekten bij het Nederlands Centrum voor Beroepsziekten
(NCvB).

Het 6-stappenplan van het NCvB luidt:

Stap 1. Vaststellen van de aandoening/ziekte

Stap 2. Vaststellen van de relatie met werk

Stap 3. Vaststellen van de aard en het niveau van de oorzakelijke blootstelling

Stap 4. Nagaan van andere mogelijke oorzaken en de rol van de individuele gevoeligheid
Stap 5. Concluderen en melden

Stap 6. Preventieve maatregelen en interventies inzetten en evalueren

Naast de informatie die is beschreven in de registratierichtlijn bevat dit achtergronddocument ook de
referenties naar de medische literatuur die is gebruikt.

Inleiding

Een tenniselleboog, vaak benoemd als epicondylitis lateralis, en nog beter geformuleerd op basis van
wat bekend is over de pathologie als laterale epicondylaire tendinopathie is één van de meest
gemelde beroepsziekten in Nederland (Van der Molen e.a. 2021, Keijsers e.a. 2019, Van der Molen
e.a. 2021b). Hoewel ongeveer 50% van de tennissers deze aandoening krijgen, speelt slecht 5% van
deze patiénten tennis (Pluim e.a. 2009). Uit de literatuur (Keijsers e.a. 2019, NHG standaard 2009,
NVAB richtlijn 2014) weten we dat een tenniselleboog vaak véérkomt in de algemene bevolking met
een prevalentie van 1 tot 3%. In 75% van de gevallen betreft het de dominante arm. Het zijn vooral
patiénten in de werkende leeftijd van 20 tot 65 jaar, en met de hoogste incidentie in de leeftijd van
40 tot en met 50 jaar. De huisarts ziet per jaar 5-8 nieuwe gevallen per 1000 patiénten. In de
leeftijdsgroep van 40-50 jaar is dat 13 per 1000. Onder de beroepsbevolking varieert de incidentie in
prospectieve studies tussen 1 en 5 per 100 werknemersjaren. De drie sectoren met de hoogste
incidentie voor een tenniselleboog als beroepsziekte zijn de bouwnijverheid, de industrie en de
groot- & detailhandel.

Het vermoeden bestaat dat micro- en macroscopische laesies in de gemeenschappelijke origo van de
pols- en vingerextensoren de oorzaak zijn van de tenniselleboog. De laesies zouden vooral door
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overbelasting van de betrokken spieren worden veroorzaakt. In meer dan 95% van de gevallen is het
de pees van de extensor Carpi Radialis Brevis.

Het natuurlijke beloop van een epicondylitis lateralis is gunstig. Na een halfjaar is ten minste 80% van
de patiénten (vrijwel) hersteld en na 1 jaar is dit percentage gestegen naar ten minste 90%. De
prognose is minder gunstig bij:

e allangdurig bestaande klachten of ernstige pijn bij het eerste consult

e |okalisatie in de dominante arm

e recidieven

e bijkomende nekklachten en een hoge lichamelijke en psychische belasting lijken bovendien

een ongunstige invloed te hebben op het beloop.

In deze ongunstige gevallen kunnen de klachten tot en met 2 jaar aanhouden. Het standaardbeleid is

‘wait and see’ en het vermijden van pijnuitlokkende activiteiten. Helaas is er weinig bekend over
effectieve behandelingen waardoor de pijn sneller overgaat.

Stap 1. Vaststelling van de aandoening

De diagnose tenniselleboog wordt gesteld bij drukpijn op of rond de laterale epicondylus en pijn bij
dorsale flexie van de pols tegen weerstand in (NVAB richtlijn 2014). Bij atypische bevindingen (zoals
pijn elders in de elleboog, bewegingsbeperking): overweeg andere elleboogaandoeningen. Bij
(uitstralende) pijn in bovenarm, schouder en/of nek: overweeg schouder- of nekaandoeningen. De
NHG standaard (2009) concludeert ‘Op grond van epidemiologische gegevens en vanwege het
specifieke karakter van epicondylitis concludeert de werkgroep dat indien anamnese en onderzoek
typisch zijn voor epicondylitis, het niet aangewezen is andere aandoeningen uit te sluiten. Temeer
omdat het in dat geval gaat om zeldzame ziekten, die zich deels gegeneraliseerd presenteren of in de
regel een duidelijk andere symptomatologie of ander beloop vertonen, zoals artritis (eventueel ten
gevolge van artrose), osteochondritis dissecans, entrapment van de nervus ulnaris of radialis en
cervicaal radiculair syndroom.’

Stap 2. Vaststellen van de relatie met werk
De drie criteria die experts hanteren om de relatie met werk vast te stellen van een ziekte of

aandoening zijn de grootte van de bewezen risicofactoren uit de medische literatuur, een tijdsrelatie
en de biologische plausibiliteit (Verbeek 2012). Voor een groep werknemers met een bepaalde
blootstelling of een bepaalde beroepsgroep wordt een ziekte of aandoening veelal aangemerkt als
beroepsziekte als de etiologische fractie door risico’s in het werk groter dan 50% is. Het relatief risico
is dan twee of groter. Een etiologische fractie van 50% impliceert dat onder de zieke blootgestelde
werknemers 50% van de ziekten te wijten is aan de blootstelling. Voor een individuele werknemer
dient de bedrijfsarts te bepalen of de tenniselleboog bij de werknemer in overwegende mate wordt
veroorzaakt door het werk op basis van op groepsniveau verkregen evidence-based risicofactoren. Bij
het vaststellen of er een oorzakelijk verband met het verrichte werk kan zijn bij een werknemer, is
zoals gezegd ook de tijdsrelatie van belang (bijvoorbeeld de ziekte is ontstaan nadat met het huidige
werk is begonnen, de symptomen verergeren bij specifieke taken of na drukke perioden, of de
klachten zijn minder na vrije dagen, na een vakantie of na de invoering van preventieve maatregelen)
en of de risicofactor in het werk ook in lijn is met het veronderstelde pathofysiologische mechanisme
voor de aandoening of ziekte, denk bijvoorbeeld aan een voldoende latentieperiode of
blootstellingsduur of ‘overbelasting van bepaalde structuren zonder voldoende herstel’.



Stap 3. Vaststellen van aard en niveau van de oorzakelijke blootstelling

De werkgerelateerde risicofactoren voor een tenniselleboog zijn gebaseerd op een systematische
literatuurstudie met meta-analyse en GRADE uitgevoerd door het Nederlands Centrum voor
Beroepsziekten in 2020-2021. De resultaten zijn gepubliceerd in het ‘peer-reviewed’ tijdschrift
American Journal of Industrial Medicine en dit artikel staat in de bijlage | (Bretschneider e.a. 2021) en
is hier digitaal te vinden: https://onlinelibrary.wiley.com/doi/full/10.1002/ajim.23303. Uit dit artikel
blijkt dat de twee werkgerelateerde risicofactoren voor een tenniselleboog zijn (zie de bijlage, figuur
2 over de vijf mogelijke werkgerelateerde risicofactoren en tabel 3 over de definitie van hoge en lage
blootstelling):

e De Strain Index met een score groter dan 5,1 (OR=1,75, 95%BI 1,11-2,78), of

e Draaiing van de onderarm en te denken valt aan meer dan 45 graden gedurende 4 uur per

werkdag (OR 1,85, 95%BI 1,10-3,10).

De Strain Index is een meet- en rekenmethode die bestaat uit drie kwantitatieve variabelen: 1) duur
van de inspanning, 2) aantal inspanningen en 3) duur van een taak per dag, en drie kwalitatieve
variabelen die berusten op een expertoordeel: 1) intensiteit van de inspanning, 2) hand/
polshouding, en 3) snelheid van werken. Op basis van de metingen en de bijbehorende berekening

wordt een score berekend die veelal tussen 0 en 8 ligt. Een Engelstalig voorbeeld van het
scoreformulier van de Strain Index staat in figuur 1.

Strain Index Scoring Sheet

Date: Task:
Company: Supervisor:
Dept: Evaluator:
Risk Factor Rating Criterion Observation Multiplier |  Left Right
Light Barely noticzable or relaxed effort (BS: 0-2) 1
Intensity of Semewhat Hard Noticeable or definite effort (BS: 3) 3
Exertion Hara Obwvious effort; Unchanged facial expression (BS: 4-5) [}
(Borg Scale-B3) very Hard Substantial effort, Changes expression (85 6-7) 9
Near Maximal Uses shoulder or trunk for force (BS: 8-10) 13
<10% Calculated Duration of Exertion (from inputs below) 05
10-29% User Inputs Left Right 1.0
Duration of 30-49% Total observation time (sec.) 15
Exertion 50-19% Single exerfion fime (sec) 20
(% of Cycle) - B0% Number of exertions during 30
- observation time
Calculated Duration of Exertion (%)
=4 Caleulated Efforts Per Minute [from inputs above) 05
1-8 Left Right 10
Efforts Per 514 -
Minute — -
15-19 20
> 20 3.0
Very Good Perfectly Neutral 10
Good Near Neufral 10
HanaWrist Fair Non-Neutral 15
Posture - =
Bad Marked Deviation 20
Very Bad Near Extreme 3.0
Very Slow Extremely relaxed pace 10
Slow Taking one's own time 10
Speed of Werk Fair Mormal speed of motion 10
Fast Rushed. but able to keep up 15
Very Fast Rushed and barely/iunabls to keep up 20
<1 0.25
12 0.50
Duration of Task =
24 0.75
Per Day (hours)
128 1.00
=8 1.50

Figuur 1. Engelstalig voorbeeld van het scoreformulier van de Strain Index (Moore en Garg, 1995),

https://www.tandfonline.com/doi/abs/10.1080/15428119591016863
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Voor het uitvoeren van repeterend werk met een frequentie van meer dan 15 keer per minuut,
buigen en strekken van de pols gedurende meer dan 4 uur per werkdag, en knijpende bewegingen
van de vingers gedurende meer dan 4 uur per dag of met iedere kracht is geen bewijs dat dit de kans
op een tenniselleboog vergroot. Ten slotte, ook voor beeldschermwerk is dus geen bewijs dat dit
werk het risico vergroot.

Stap 4. Nagaan van andere mogelijke oorzaken en de rol van de individuele gevoeligheid

Het uitvoeren van sporten zoals tennis en het doen van risicovolle werkzaamheden in de vrije tijd
met de hierboven genoemde risicofactoren kunnen ook bijdragen aan het ontstaan van een
tenniselleboog. De systematische review ‘Risk factors of lateral epicondylitis: A meta-analysis’ is
gebruikt voor de selectie van niet-werkgebonden risicofactoren (Sayampanathan e.a. 2020).
Persoonsgebonden factoren die het risico op een tenniselleboog vergroten bij werkenden zijn vrouw
zijn (versus man zijn) (OR=1,29, 95%BI 1,12-1,49) en roken of hebben gerookt versus niet roken
(OR=1,49, 95%BI 1,18-1,87). Een BMI = 25 vergeleken met een BMI <25 resulteerde niet in een
groter risico. Geen andere persoonsgebonden risicofactoren zijn beschreven in deze review.

Stap 5. Concluderen en melden
Wanneer is er bij een tenniselleboog sprake van een beroepsziekte? Op basis van de studie van
Bretschneider e.a. (2021) kan worden geconcludeerd dat er een redelijk tot hoog mate van zekerheid
is dat voldoende blootstelling aan één of beide werkgerelateerde risicofactoren de kans op een
beroepsziekte vergroot. Deze risicofactoren — zie ook stap 3 — zijn:

e De Strain Index met een score groter dan 5,1 (OR=1,75, 95%BI 1,11-2,78), of

e Draaiing van de onderarm en te denken valt aan meer dan 45 graden gedurende 4 uur per

werkdag (OR 1,85, 95%Bl 1,10-3,10).

Een tenniselleboog kan als beroepsziekte worden gemeld als de bedrijfsarts van mening is dat na het
doorlopen van het zes-stappenplan één of beide risicofactoren in overwegende mate de oorzaak is van
de tenniselleboog.

Stap 6. Preventieve maatregelen en interventies inzetten en evalueren

Werk dient bij voorkeur te worden uitgevoerd met een Strain Index lager dan 5,1 en/of minder dan
45 graden draaiing van de onderarm voor minder dan 4 uur per dag. Op 11 augustus 2021 is in
PubMed gezocht naar preventieve maatregelen met de woorden ("tennis elbow"[MeSH Terms]) AND
(prevention[Title/Abstract]). Dit resulteerde in 24 studies. Daar zaten geen specifieke studies bij naar
het effect van preventieve maatregelen in werk op het verkleinen van het risico op een
tenniselleboog. De best mogelijk oplossing dient dus te worden gekozen op basis van
werkplekonderzoek en in samenspel tussen werkgever, werknemer, bedrijfsarts, en preventisten
zoals arbeidshygiénisten, ergonomen of bedrijfsfysiotherapeuten (Keijsers e.a. 2019). Hun specifieke
advies staat hieronder beschreven in tabel 1 (Keijsers e.a. 2019). Voorbeelden van oplossingen uit de
praktijk die effectief kunnen zijn, zijn mogelijk beschreven in de arbocatalogi voor diverse sectoren
en branches: https://www.arboportaal.nl/externe-bronnen/arbocatalogi.

Ook de volgende website kan van nut zijn:
https://www.arboportaal.nl/onderwerpen/werkhoudingen
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Tabel 1. Aanbevelingen voor werkende en werkgever over mogelijk effectieve acties voor

werkgerichte zorg en preventie gericht op arbeidsparticipatie letterlijk overgenomen uit het artikel

van Keijsers e.a. (2019).

For the worker

For the employer

e Reassure by informing that TE in
general has a good prognosis for pain

e Thatitis unlikely to result in long-
term disability

¢ Stimulate to continue functioning

¢ Discuss the presence of possible
occupational risk factors and possibilities
the worker has to reduce or overcome
these

e  Temporarily refrain from tasks that
are very painful and stimulate the
worker to discuss this with the employer

e After a period of sickness absence or
modified duties, help to return to work
according to a time-contingent work
resumption plan with a gradual increase
in activities

¢ Inform that TE in general has a good prognosis for pain and that it is
unlikely to result in long-term disability unless occupational factors are
at stake like depicted in Table 1

¢ Explain that workers with TE whose condition is aggravated by their
work or appear work-related, need temporarily modified duties or sick
leave to allow time for the condition to improve

¢ Engage the employer in taking responsibility of securing a healthy
and productive workplace if disease-specific occupational risk factors
like depicted in appear at stake

¢ Advice what occupational experts like occupational physicians, for
instance, in cooperation with occupational therapist, occupational
hygienists, ergonomist, or physiotherapist can do to assess whether the
work indeed has contributed to TE, preferably using a health impact
assessment, and about possible preventive work-related measures that
reduce the risk factors at stake and facilitate return to work

TE: tennis elbow.
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Bijlage | Work-relatedness of lateral epicondylitis: systematic review including meta-analysis and
GRADE - https://onlinelibrary.wiley.com/doi/10.1002/ajim.23303

Abstract

Background Lateral epicondylitis (LE) is a highly prevalent musculoskeletal disorder in workers, often
associated with physically demanding work. Knowledge on work-relatedness of LE is crucial to
develop appropriate preventive measures. The aim of this study was to investigate the prospective
association between work-related physical risk factors and LE.

Methods A systematic literature review was conducted in MedLine using PubMed from January 1,
2010 until February 16, 2021. Inclusion criteria were: 1) LE was clinically assessed, 2) exposure to
work-related physical risk factors was assessed, and 3) associations between LE and work-related
physical risk factors were reported in prospective studies. Quality of evidence was assessed using the
Grading of Recommendations, Assessment, Development and Evaluation.

Results In total, 318 workers with LE from a population of 5,036 workers from five studies were
included. Meta-analyses revealed high-quality evidence for associations between LE and a Strain
Index (SI) score >5.1 (OR 1.75, 95%Cl 1.11-2.78) and moderate-quality evidence for forearm rotation
>4h/day or forearm rotation 245° for 245% time (OR 1.85, 95%Cl 1.10-3.10). Gripping, flexion and

extension of the wrist, and repetitive movements showed no significant associations with LE.

Conclusion High-quality evidence was found indicating that a higher Sl increased the risk of LE.
Moderate-quality evidence was found for an association between forearm rotation and LE. No
associations were found between other physical risk factors and LE. Primary preventive interventions

should focus on a reduction of the Sl and of high exposure of forearm rotation in work.

Keywords: Prevention - occupational disease - physical risk factors - occupational exposures - lateral

epicondylitis - elbow tendinopathy - tennis elbow - workers’ health - occupational physician
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Introduction

Lateral epicondylitis (LE), also known as tennis elbow or lateral elbow tendinopathy, is an overuse
injury of the short extensor of the wrist (i.e. extensor carpi radialis brevis) , and a common cause of
pain in the lateral side of the elbow.! 2 The etiology of LE is not completely understood, but it is
assumed that overuse leads to increased tenocyte proliferation and production of ground

substance.?

LE is most prevalent among people of working age between 20 and 65 years.* Itis a frequently
reported condition in several working populations, such as computer users, manufacturing workers,
and service workers.®> ®7 LE might become a chronic disorder, as, for example, a study of Nilson et al.
showed that 54% and 55% of patients respectively still experienced pain and function loss after two
years.® LE can result in loss of function, such as decreased hand grip strength.® As a result, LE can
lead to the long-term and frequent sick leave of workers,'® and potential productivity loss. As

recovery can take more than a year,*! LE in workers puts a high burden on society.?

While there are several treatment options for LE, such as corticosteroids injections and platelet rich
plasma injections and surgery,® evidence on the effectiveness of these treatments is inconclusive. As
the majority of cases of LE are self-limiting when the patient avoids aggravating activities,*® 3 the
prevention of overuse that causes LE is crucial. Effective interventions to prevent work-related LE
should be based on evidence-based risk factors.* This indicates that knowledge of the risk factors of

LE is needed to implement appropriate preventive measures.

Recently, three systematic reviews addressed risk factors associated with LE. Sayampanathan et al.
found that personal risk factors, such as female sex and having a smoking history, were associated
with LE.”® However, this study did not report on work-related risk factors. The study of Curti et al.
concluded that limited evidence was found for a causal relationship between occupational exposure
to biomechanical risk factors and LE based on a qualitative best-evidence data synthesis.'® This
review did not provide a meta-analysis. Moreover, not only were prospective cohort studies included
— one of the preferred designs in etiological studies - but case referent and cross-sectional studies
were, too. These same two limitations are applicable to the systematic review of Seidel et al., who

wrote about work-related physical risk factors.’

Although psychosocial factors like low job control and low social support are associated with an

increased risk of LE.X®, these factors are probably more so called distal factors and not directly

10



affecting the onset of the tendinopathy. For instance, Keijsers et al. showed that there was limited
and inconsistent evidence that psychological factors in work were a risk factor for LE. 3 In addition, a
systematic review including prospective cohort studies, showed that psychosocial factors contributed
to a much lesser extent in the onset of specific shoulder tendinitis when also correcting for

biomechanical exposures *°.

Therefore, a systematic review including prospective cohort studies, assessing physical risk factors
and clinically assessed LE, and meta-analyses with evidence synthesis using the Grading of
Recommendations, Assessment, Development and Evaluation (GRADE) framework 2° might shed
better insight into the impact of work-related risk factors on the onset or worsening of LE. The aim of
the present systematic review is to investigate 1) which work-related physical risk factors are
prospectively associated with clinically diagnosed LE, and 2) to what extent these risk factors are

associated with the onset or worsening of LE.

Methods
A systematic review including a meta-analysis was performed based on the criteria of the PRISMA

statement.?! No review protocol was published.

Eligibility criteria

The following criteria for inclusion were used: the study was written in English, German, or Dutch; LE
was clinically assessed; work-related physical risk factors were described in terms of high and low
physical exposure; study designs were prospective cohort studies; the association between LE and
work-related physical risk factors were described using effect estimates, or could be calculated from

the data provided.

Literature search

A literature search was conducted in MedLine using PubMed from January 2010 until February 16,
2021. Several terminologies of LE and work-related physical risk factors were combined to generate
the search strategy. References of included studies were screened for additional studies to include.

Table | shows the complete search strategy in Medline using Pubmed (Table I).
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Table I: Search strategy in medline using Pubmed, performed on February 16" 2021

PubMed

Tennis elbow | (("elbow tendinopathy"[Title/Abstract] OR ("tennis elbow"[MeSH Terms] OR "elbow
tendinopathy"[MeSH Terms] OR "lateral epicondylitis"[Title/Abstract] OR "elbow
injur*"[Title/Abstract] OR "tennis elbow"[Title/Abstract]) OR ("elbow"[MeSH Terms]
OR "elbow joint"[MeSH Terms]))

Work-related | ("occupational disease*"[MeSH Terms] OR "occupational disease*"[Title/Abstract]
risk factors OR "risk factor*"[MeSH Terms] OR "risk factor*"[Title/Abstract] OR "work-
related"[Title/Abstract] OR ("causality"[MeSH Terms] OR “etiology"[Title/Abstract]))
OR ("psychosocial load"[Title/Abstract] OR "physical load"[Title/Abstract] OR
"occupational exposure*"[Title/Abstract] OR "occupational exposure*"[MeSH
Terms])

Study selection

After duplicates were removed by [blinded], all studies were screened independently by at least two
of the authors. First, studies were screened by title and abstract, and studies that did not meet the
inclusion criteria were excluded. Second, all remaining studies were reviewed in full text and
included if they met the inclusion criteria. Disagreements (19.5%) were resolved by discussion

between two authors and a third reviewer made the final decision, if necessary.

Data collection

The following data were extracted from the included studies by [blinded]: author, year of publication,
country where the study was performed, study design, length of follow-up, definition of work-related
physical risk factors, method of assessment of work-related physical risk factors, study population,
control group, case definition of LE, method of clinical assessment of LE, and (adjusted) risk estimate
in OR, HR, IRR or RR, including 95% confidence intervals (95% Cl) and correction for confounders. All

extracted data were checked by a second author [blinded].

Quality assessment
The methodological quality of the study and additional physical exposure assessment was
independently rated by two authors [blinded and blinded]. For the quality assessment of the study,

I.** was used. The checklist covers five

the checklist from the systematic review of van der Molen et a
topics, and 16 items in total. The five topics were 1) study population (e.g., if the study population
was defined), 2) assessment of exposure (e.g., if the exposure was clearly defined), 3) assessment of
outcome (e.g., if the outcome was defined), 4) study design and analysis (e.g., if inclusion and
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exclusion criteria were clearly defined) and 5) data analysis (e.g., if risk estimate was provided). An
overview of the complete checklist is shown in Appendix 1. Possible decisions on the items were 1)
positive, 2) negative, or 3) unclear. Methodological quality was considered as high when at least 11

of the 16 items were judged as positive.

To assess the quality of the physical exposure assessment and the clinical outcome assessment of LE,
we used the scoring system of Sulsky et al 22 For the assessment of the physical exposure, a
maximum of five points could be obtained if the exposure had a direct measurement of the elbow
strain described in specific quantitative data, (e.g., applied force measurements, load weight
handled, time of holding a specific elbow posture, number of repetitions per time unit), four points if
measurement of the elbow strain was indirect using qualitative specifications (e.g., high repetition,
awkward posture, heavy load weight) that were additionally checked through video analysis. If the
qualitative specifications were not additionally checked by video analysis, three points could be
obtained, and two points if the intensity (e.g., how long, or how heavy was the load weight) of the
qualitative specifications were not provided (e.g., flexion/extension of the wrist or dynamic
movements). The study would score one point if only the type of work was reported (e.g., manual
factory worker, neurosurgeon). For the assessment of the clinical outcome, a study could obtain a
maximum of three points if the assessment of LE was diagnosed by a (para) medical expert, two
points if a clinical questionnaire without a clinical diagnosis was conducted, and one point if the

assessment of LE was self-reported. The complete checklist is shown in Appendix 2.

Data analysis

A meta-analysis was performed to assess whether work-related physical risk factors were associated
with LE. A prerequisite was that at least two categories of high versus low exposure were defined in
the study for each work-related physical risk factor. In addition, at least ten cases of LE had to be
present in the high and the low exposure category to be included in the meta-analysis, otherwise we
combined two or more exposure categories when available to meet this criterion. We calculated a
pooled OR and 95% Cl for each work-related physical risk factor, using 1* as a measure of consistency
in a random effects model of Cochrane’s Revman 5.4. The results are presented as forest plots. No

additional analyses were performed.

GRADE
We used the GRADE framework (Grading of Recommendations, Assessment, Development and

Evaluation)? to assess the quality of evidence for the studies included in the meta-analysis, and used
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the criteria of van der Molen et al. for the work-relatedness of specific shoulder disorders as GRADE
factors.?’ The quality of evidence was judged as: high, moderate, low, or very low. The starting point
of evidence for each work-related physical risk factor was high, as all included studies were
prospective cohort studies seeking to confirm an independent association between risk factor and
outcome. The quality of evidence was downgraded based on 1) study limitation (downgraded if a
high risk of bias was present in the majority of included studies), 2) inconsistency (downgraded if |2
was higher than 70%), 3) indirectness (downgraded if LE was not clinically diagnosed), 4) imprecision
(downgraded if Cl effect size was <1 and >2), and 5) publication bias (downgraded if publication bias
was strongly suspected or unclear). The quality of evidence could be upgraded (if no downgrade was
performed on these previous criteria), based on 1) effect size (upgraded if the OR (95%Cl) of a risk
factor was greater than 2.5), and 2) dose effect (upgraded if a dose effect is present in the majority of

studies for that risk factor).

Results

Study selection

The search resulted in 1,042 studies. There were no duplicates. After initial screening of titles and
abstracts, 29 studies remained for full text screening. In total, five studies fulfilled the inclusion
criteria and were included, namely Descatha et al. (2013)%, Fan and Bao et al. (2014)%, Fan and

Silverstein et al. (2014)%® Garg et al. (2012)?” and Herquelot et al. (2013)? (Figure 1).

Study characteristics

Of the included prospective cohort studies on work-related physical risk factors and the incidence of
LE, four studies were conducted in the United States of America?*?” and one study was conducted in
France.”® Included workers were manufacturing workers,?*, 227 construction, biotechnology,* and
healthcare workers,?® 2% those in the service industry,?® and workers in poultry processing.?” The
study of Garg et al. included skilled and unskilled blue collar workers, cleaning operatives, and
healthcare assistants.?® The total population of workers included in all studies in this review consisted
of 5,036 workers, of which two studies used the same population.?® % In total, 318 cases of LE were
observed. LE was assessed by physical examination in all five studies. In the studies of Fan, Bao et al.
and Fan, Silverstein et al., LE was diagnosed as pain in the lateral humeral epicondylar region on
resisted wrist extension, or tenderness on palpation of the lateral epicondyle as occurring during
physical examination. The physical examination was conducted by an occupational physician, a
registered nurse, or a physical therapist, all blinded to self-reported health status.?>2® In the study of

Garg et al., the physical examination investigated pain at or near the lateral epicondyle, pain upon
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palpation in one or more of six points when applying approximately 4 kg of force, and lateral
epicondylar region pain upon either resisted wrist extension or third digit extension—all were used
to diagnose LE. The physical examination was performed by a trained registered occupational
therapist.?” In the study of Herquelot et al. physical examinations were performed by occupational
physicians using the methodology and clinical tests of the Saltsa consensus document of LE.% Finally,
in the study of Descatha et al. a physical examination was conducted, however the characteristics of
the examiner were not mentioned.?* (complete overview of data extraction is shown in Appendix 3).
Two studies assessed the association between the exposure of wrist flexion and extension?*2® and LE.
Two studies assessed both the exposure of forearm rotation?2?® and of tasks including hand gripping
and pinch grip force, and the incidence of LE.>*?® Two studies assessed the association between
repetitive tasks and the incidence of LE.2>?’ Finally, two studies assessed the association between a

high score on the Strain Index and the incidence of LE.?>?’

Quality of studies (methodological quality)

The quality score of the studies ranged from 11 to 14 points in total, indicating that all studies had a
high methodological quality (Table Il). The initial agreement between the two raters was 81%. The
study by Garg et al. had the highest quality score of 14 out of 16 points in total.?” Inclusion and
exclusion criteria and information about possible withdrawals were not reported by all studies,

except for the study of Descatha et al.?*

Quality assessment of physical exposure and assessment of outcome

The quality of the physical exposure assessment in all five studies was high, namely six to eight points
in total (Table Il, last two columns). Two studies used questionnaires to measure work-related
physical risk factors.?*?® Three studies scored the maximum amount of five points. They used
videotape analyses to measure the exposure of work-related physical risk factors.?®?” All studies
scored the maximum number of points for the clinical assessment of LE, given this was an inclusion

criterion in our review.2*?%28 (Table II, last two columns).
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Table Il: Results quality assessment of the studies and of the physical exposure and clinical outcome lateral epicondylitis
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Meta-analysis and GRADE

For the following five work-related physical risk factors, a meta-analysis and assessment of the
GRADE criteria was performed: flexion and extension movements of the wrist, forearm rotation,
(pinch) gripping, repetitive movements, and Strain Index. Details of the assessment of the GRADE

framework are presented in Table IV.

Flexion and extension of the wrist

The meta-analyses showed, based on two studies,?*?® that there was very low-quality evidence that
high exposure to flexion and extension movements of the wrist was not significantly associated with
an increased risk of the onset of LE (OR 1.61, 95%Cl 0.47 — 5.52) (Figure 2) (Table IV). High exposure
to flexion was defined as bending more than 4 hours a day, or wrist flexion and extension >15° for

>40% time (Table 1l1).

Forearm rotation

The meta-analysis showed, based on two studies,?® 2% that there was moderate quality evidence that
forearm rotation was significantly associated with an increased risk of the onset of LE (OR 1.85,
95%Cl 1.10 — 3.10) (Figure 2) (Table 1V). High exposure was defined as the forearm rotating more

than 4 hours a day, or forearm rotation >45° for 245% time (Table Ill).

(Pinch) gripping

The meta-analysis showed that based on two studies,?*?® there was very low-quality evidence that
high exposure of (pinch) gripping was not significantly associated with increased risk of the onset of
LE (OR 0.96, 95%Cl 0.36-2.55 (Figure 2) (Table IV). High exposure was defined as gripping for more

than 4 hours a day or any pinch grip force (Table Il1).

Repetitive movements
The meta-analysis showed, based on two studies?>%, that there was high quality evidence that high
exposure to repetitive movements was not significantly associated with LE (OR 0.71, 95%Cl 0.42-

1.20) (Figure 2) (Table IV). High exposure was defined as more than 15 efforts per minute (Table Ill).
Strain Index

The meta-analysis showed, based on two studies??%, that there was high-quality evidence that a high

score, according to the Strain Index, was significantly associated with an increased risk of the onset of
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LE (OR 1.75, 95%Cl 1.11- 2.78) (Figure 2) (Table 1V). High exposure was defined as a Strain Index
higher than 6.1 or Strain Index higher than 5.0 (Table IlI).
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Table llI: Definition of the high versus low exposure groups as used in the meta-analysis

Work-related physical | High exposure (n: Low exposure (n: OR | 95%CI
risk factors lateral epicondylitis) lateral epicondylitis)
Flexion and extension | Bending: more than 4 Bending: noor<1 1.61 | 0.47-5.52
wrist hours a day 24 (272:20) | hour, 1-2, 2-4 hours a
day 2% (403:10)
Wrist flexion/extension | Wrist
>15° for 240% time 2° flexion/extension >15°
(457:32) for <40% time 2°
(320:25)
Forearm rotation Rotating more than 4 Rotating no or <1 1.85 | 1.10-3.10
hours a day 24 (159:12) | hour a day **(371:11)
Forearm rotation >45° | Forearm rotation 245°
for 245% time 2° for <45% time 2°
(431:37) (346:20)
(Pinch) gripping Gripping for more than | No gripping ** 0.96 | 0.36-2.55
4 hours a day %4 (312:11)
(175:10)
Any pinch grip force 26 | No pinch grip %
(248:13) (529:44)
Repetitive movements | > 15 efforts per minute | <9 efforts per minute | 0.71 | 0.42-1.20
25 (245:15) 25 (274:24)
> 15 efforts per minute | <9 efforts per minute
27 (505:47) 27 (59:7)
Strain Index SI> 5 2° (458: 40) SI<5 25 (299:17) 1.75 | 1.11-2.78

SI > 6.1%7 (362:47)

SI<6.1 27(133:9)
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Table IV: Grading of Recommendations Assessment Development and Evaluations (GRADE) framework for the work-related physical risk factors for lateral

epicondylitis

Work-related Number of | Prospective | Phase of Study Inconsistency | Indirectness | Imprecision | Publication | Effect Dose Certainty
physical risk participants | cohort investigation limitations | (i"2>70%)J Diagnosis Cl effect bias size effect
factor (number of | studies 1=explorative |, | risk of not size (<1 strongly OR>2.51 | Majority

Incident 2/3=explanatory | bias clinically and >2) suspected of

cases of LE) across assessedd, | Yesd Yes 4 studies

studies,
Flexion/extension | 1452 (87) 2/2 2 1724 85%, 0/2 1.61[0.47 — | Not 1.61 N.a Very low
wrist 2426 5.52] ¢ detected
Forearm rotation | 1307 (80) 2/2 2 1/24 14% 0/2 1.85[1.10 | Not 1.85 N.a Moderate
24,26 -3.10] detected
(Pinch) gripping 1264 (78) 2/2 2 1/24 70%, 0/2 0.96 [0.36 — | Not 0.96 N.a Very low
24,26 2.55]1 4 detected
Repetitive 1083(93) | 2/2 2 0/2 0% 0/2 0.71[0.42 — | Not 0.71 N.a High
movements 2>%’ 1.20] detected
Strain Index 25?7 1252 (113) | 2/2 2 0/2 0% 0/2 1.75[1.11 - | Not 1.75 N.a High
2.78] detected
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Discussion

This review, including meta-analyses, showed high-quality evidence for a prospective association
between a high score on the Strain Index and LE, and moderate-quality evidence for an association
between high exposure to forearm rotation and LE among workers. No significant associations were
found for high exposure to wrist flexion and extension, (pinch) gripping, or repetitiveness of

movements for an increased risk of LE.

Applying the Bradford Hill criteria for causation,?® the risk estimates for the association between
physical exposure and LE was substantial (strength of association) and present among large and
various working populations (consistency) for clinically assessed LE (specificity). All studies were

25 27

prospective (temporality) and two studies showed biological gradients, namely the presence of a

dose response relationship.

1718 our meta-analysis

Although previous systematic reviews did find an effect for repetitiveness,
showed that repetitiveness was not significantly associated with LE. In our meta-analysis of
repetitiveness, we used results from the two studies using the Strain Index, in which high exposure
was defined as more than 15 efforts per minute, and low exposure less than nine efforts per
minute.?®#” A possible explanation is that the data included for the category of low repetitiveness
including tasks with heavy loads, which is more likely to lead to an increased risk of LE, and as a

result, led to a lack of significance of associations for high versus low repetitiveness of movements.

The meta-analysis also showed significant associations between high exposure to forearm rotation,
and an increased risk of LE. This finding is supported by results from cadaver studies showing that
forearm pronation led to significantly higher bone-to-tendon contact, which is considered to be one

of the causes of LE.®®

While no significant association for repetitiveness and LE was found, our meta-analysis showed that a
high score on the Strain Index was significantly associated with LE, and the strength of evidence was
the highest of all pooled estimates, according to the GRADE framework. The Strain Index consists of
three quantitative variables: 1) duration of exertion, 2) number of exertions and 3) duration of a task
per day, and three qualitative variables relying on an analysist’s judgement: 1) intensity of exertion,
2) hand/wrist posture, and 3) speed of work. Based on given scores, each task is assigned a rating
between one and five, in which one is assigned to the lowest scoring category and five to the highest
scoring category of the variable. Finally, depending on the assigned rating of the task, each task is
assigned to a unique multiplier, and the Strain Index is calculated by multiplying these six

multipliers.3! As high exposure to wrist flexion and extension, repetitiveness, and (pinch) grip were



not significantly associated with LE, the intensity and duration of exertion might be important
determinants for risk of LE. Future research should investigate these different elements of Strain
Index and thresholds to determine the most appropriate risk factor for preventive interventions in
the workplace. In addition, a revised Strain Index has been developed in which categorical multipliers
are replaced by continuous multipliers. Future studies investigating risk factors of LE might benefit

from the use of this revised Strain Index.3?

The study of Curti et al. also described a positive association between Strain Index and LE.®. In
addition, Descatha et al. also performed a systematic review and meta-analysis on work-related
physical risk factors for LE, including prospective cohort studies only,” and found a significant
association for overall biomechanical exposure involving the wrist and/or elbow and risk of LE.
Although our search was performed until 2021, we did not find any additional prospective cohort
studies, but conducted meta-analyses for five different biomechanical factors and assessed the

strength of each meta-analysis with GRADE.

Methodological considerations

As it is assumed that the onset of LE is caused by overuse, and an earlier study showed that the
evidence on psychosocial risk factors for LE was limited?, we did not include psychosocial factors in
our study. However, the role of psychosocial work-related factors cannot be ruled out in the etiology

of LE 38, and should be taken into account in prevention and treatment.

The search for this systematic review was only conducted in the Medline database, using PubMed as
a database that is more focused on clinically assessed conditions. However, as recommended to
conduct the search in more databases®? this might be a limitation of the study. Nevertheless, to make
sure we did not miss relevant articles, we also looked for additional studies in the references of the
included studies. Moreover, as recently similar systematic reviews on risk factors of LE were
published, we checked the references of these systematic review articles too, and found that all

relevant studies were also shown in the results of our search in PubMed.

A strength of this review is that we only included prospective cohort studies, as they enable a better
distinction between cause and effect.!* In addition, we performed a meta-analysis and used the

GRADE framework for assessment of the quality of evidence.?°
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In this review we only included studies with LE as clinical diagnosis, which is also considered a
strength. However, clinical case definitions and physical examination differed between included
studies, indicating a standardized or harmonized clinically method of diagnosing LE3* is still lacking in
prospective work-related studies. Future studies on LE should preferably use harmonized case

definitions. 3

Another strength of this review is the extensive assessment of the quality of evidence, including the
assessments of physical exposure.?? Using the scoring system of Sulsky %, it appeared that the
majority of included studies used direct measurement of the elbow strain with quantitative data, and
therefore resulted in the highest score for quality of assessment of physical exposure. However, the
paper of Stock et al. showed that for example self-reported questions on physical effort had good
agreement regarding validity with reference methods.3¢. This result shows that for some exposure

variables, self-reports are valid to assess physical demands at work.

A final limitation could be that there have been three reviews within the last ten years about this
topic. However, we compared the outcomes of these reviews and further unraveled the separate

contribution of each risk factor based on quantitative data.

Future research and practical implications

According to the Strain Index and forearm rotation, especially combined exposures should be
targeted at worksites to reduce the risk of LE. Working populations like neurosurgeons,®” (fruit tree)
farmers,3 coalminers,* and nursery cooks?® are all examples of jobs in which physical exposure plays
an important factor, and therefore, are jobs with a high risk for LE. In contrast, workers in jobs which
are characterized by predominantly low force repetitiveness without extreme forearm rotation
appear less likely to be at risk for LE. As no new evidence has emerged since 2014, prospective cohort
studies and preventive activities should particularly focus on factors emerging from the Strain Index,

and forearm rotation.

It can be concluded from this meta-analysis that work-related physical risk factors involving the wrist
and/or elbow might be associated with LE. High-quality evidence was found for significant
associations between a high score on the Strain Index and the risk of LE, and moderate-quality
evidence was found for high exposure to forearm rotation and LE. Furthermore, no significant
associations were found for high exposure to wrist flexion and extension, repetitiveness of

movements and (pinch) grip in work. Occupational physicians should be aware of the possible work-
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related physical risk factors for LE, and preventive measures should be focused on reducing exposure

to high risk factors for LE, such as forearm rotation at work.
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