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1. Dansk Resumé

Gennem de sidste 30 ar er der i den internationale litteratur kommet fokus pa i hvilket omfang
arbejdsrelateret overbelastning af beveegeapparatet medfgrer specifikke sygdomme. Der foreligger saledes
omfattende dokumentation vedrgrende visse lidelser, herunder hand/arm vibrations syndrom og
karpaltunnelsyndrom, men sammenhaengen mellem arbejdsmaessig eksponering og udvikling af talrige
andre lidelser er stadig uklar.

| denne rapport gives en systematisk oversigt over den aktuelle evidens for sammenhaengen mellem
erhvervseksponeringer og forekomsten af:

Hand osteoarthrose;

Nerve-entrapment pa underarmen (ulnaris, radialis og medianus, fraset karpaltunnelsyndrom);
Dupuytren kontraktur;

De Quervains tenosynovitis;

Digitus saltans (springfinger);

Hypothenar hammersyndrom; og

Os lunatum malaci (Kienbocks sygdom).

Opgavens indhold og afgreensning er anfgrt af Arbejdsmiljgforskningsfondet, der har finansieret
udarbejdelsen af dokumentet.

Der er foretaget en litteratursggning i Medline (Pubmed 1966 — juli 2010) med anvendelse af fglgende
kriterier:

1) Original artikler hvor forekomsten af de relevante lidelser analyseres i forhold til arbejdsmaessige
eksponeringer. Relevante deskriptive studier og rapporter blev ogsa inkluderet mhp at understgtte
baggrunds information og diskussion;

2) Artikler publiceret pa engelsk;

3) Observationer pa mennesker;

4) Full-tekst artikler.

Graden af evidens for arsagssammenhaeng mellem sygdom og erhvervsrelaterede faktorer blev vurderet i
henhold til kriterierne foreslaet af Dansk Selskab for Arbejds- og Miligmedicin (side 11).

Til vurdering af graden af evidens for en &rsagssammenhaeng mellem eksponering og sygdom blev de
arbejdsmaessige eksponeringer beskrevet i studierne kategoriseret i to kategorier hhv manuelt arbejde og
eksponering for hand/arm vibrationer.

Hand Osteoarthrose

Der blev i alt identificeret 28 studier som vedrgrer risiko for hand osteoarthrose ved arbejdsmaessig
eksponering, nemlig: 1 follow-up studie, 2 case-control studier, 18 tveersnitsstudier, og 7 kasuistikker. | 17
studier analyseredes risikoen i relation til biomekaniske faktorer og specifikke erhverv (manuelt arbejde), og i
4 studier risikoen ved eksponering for hand/arm vibration. Vedrgrende eksponering for manuelt arbejde fandt
12 studier en signifikant association til finger osteoarthrose, og 5 studier fandt ikke nogen association. Om
eksponering for hand/arm vibration, fandt 1 studie signifikant association til hAndledsosteoarthrose, mens 3
studier ikke fandt nogen association.

Pa trods af at undersggelserne vedrarer vidt forskellige eksponeringer, er der ved en samlet vurdering
fundet moderat evidens (++) for en arsagsmaessig sammenhaeng mellem manuelt arbejde og risiko for finger
osteoarthrose. Mens evidensen for en arsagsmaessig sammenhang mellem eksponering for hand/arm
vibration og hand osteoarthrose fandtes utilstreekkelig (0).

Nerve-Entrapment pa Underarmen

Der blev fundet 4 analytisk epidemiologiske studier (1 follow-up studie, 2 case-control studier, 1
tveersnitsstudie) og 27 deskriptive studier og kasuistikker. Tre af de analytiske studier omhandlede nervus
ulnaris entrapment, og et studie omhandlede nervus radialis entrapment. Alle 4 studier fandt en positiv
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association mellem biomekaniske faktorer og forekomst af nerve-entrapment syndrom. Hand/arm vibration
blev vurderet | 2 deskriptive studier.

Alle studier havde metodologiske mangler, sdledes forekom der i tre studier selektion, information (inklusiv
recall bias) og / eller observatgr bias. To af studierne havde kun inkluderet f& cases, og i det eneste follow-
up studie var den vaesentligste arbejdsmaessig eksponering ikke klart defineret.

Den samlede evidens for en arsagsmeessig sammenhaeng mellem nerve-entrapment p& underarmen og
manuelt arbejde er begraenset (+), mens evidensen for en kausal association med eksponering for hand/arm
vibration er utilstreekkelig (0).

Dupuytren Kontraktur

Syv teersnitsstudier belysede forekomst at Dupuytren kontraktur (DK) i relation til arbejdsmeessige
eksponeringer. Tre studier evaluerede manuelt arbejde, 3 studier eksponering for hand/arm vibration, og 1
studie evaluerede begge eksponeringer. | forhold til eksponering for manuelt arbejde, fandt tre studier en
positiv association med DK; mens 1 studie fandt ingen association blandt arbejdere i alder under 59 &r, men
negativ association blandt arbejdere i alder over 65 ar. En positiv association mellem eksponering for
hand/arm vibration og DK blev fundet i 3 studier mens 1 studie ikke fandt nogen association. Alle studier
havde veesentlige metodologiske mangler, herunder selektions- og informationsbias og manglende kontrol
for andre personlige faktorer end alder og kan.

Den samlede evidens for en arsagsmaessig sammenhaeng mellem DK og arbejdsmaessige eksponeringer er
derfor begraenset (+).

De Quervain’s Tenosynovitis

| alt 9 tveersnitsstudier og 1 follow-up studie omhandlede De Quervains Tenosynovitis (dQT) i relation til
erhvervsmaessige eksponeringer. Alle studier analyserede manuelt arbejde som eksponering. | 6 af
studierne blev der fundet en positiv association mellem dQT og de studerede; 1 studie fandt ikke nogen
association; og 3 studier var udelukkende deskriptive.

Den samlede evidens for en arsagsmaessig sammenhaeng mellem dQT og arbejdsmaessige eksponeringer
er begraenset (+).

Springfinger

Der blev fundet 1 follow-up studie, 5 tveersnitsstudier, 2 kasuistikker og 1 serie med kirurgiske patienter, der
omhandlede springfinger i relation til arbejdet. Fem studier analyserede ergonomiske faktorer ved manuelt
arbejde, og et studie analyserede forekomsten i specifikke jobs. Fem studier fandt en positiv association
mellem springfinger og de analyserede eksponeringer, og et studie fandt ikke nogen association.

Den samlet evidens for en drsagsmaessig sammenhaeng mellem springfinger og arbejdsmaessige
eksponeringer er fundet begraenset (+).

Hypothenar Hammersyndrom

| alt 2 tveersnitsstudier og 4 case-serier med flere end 10 patienter omhandlede arbejdsrelaterede
risikofaktorer for hypothenar hammersyndrom (HHS). Det ene tvaersnitsstudie vedrarete hand/arm vibration
og det andet udsaettelse for hyppig brug af den ulnare side af hAnden som hammer. Begge studies samt
alle kasuistikker preesenterede kliniske evidens for at repetitive trauma til den hypothenar omrade er
associeret med udvikling af HHS. P& den baggrund, er den kliniske evidens for en kausal association mellem
HHS og repetitive hypothenar trauma steerk (+++), mens den epidemiologiske evidens er utilstraekkelig (0).
Evidensen for en drsagsmaessig sammenhasng mellem hand/arm vibration og HHS er utilstraekkelig (0).

Os lunatum malaci (Kienbocks sygdom)

Der blev fundet 3 tveersnitsstudier og 1 case serie om Kienbocks sygdomg (KS) i relation til erhverv. De
studerede eksponeringer omfattede manuelt arbejde (1 studie), sports aktiviteter (1 studie) og hand/arm
vibration (4 studier). To studier fandt en positiv association mellem KS og erhvervsmaessig eksponering, og 2
studier var deskriptive, dvs. de praesenterede ingen analyser af eventuelle risiko faktorer for KS.

Den samlet evidens for en arsagsmaessig sammenhaeng mellem KS og arbejdsmaessige eksponeringer er
utilstreekkelig (0).
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2. Overall Summary

Through the last 30 years the focus on occupational musculoskeletal disorders has been increasing in the
international literature. There are extensive data on specific disorders, such as hand/arm vibration syndrome
and carpal tunnel syndrome, but the causal relation between occupational exposures and the development
of several others disorders is still unclear.

The aim of this document is to present a systematic critical literature review of the current evidence for a
causal association between occupational exposures (specific manual work and exposure to hand/arm
vibration) and the development of the following disorders:

Hand osteoarthrosis;

Nerve compressive syndromes;
Dupuytren contracture;

De Quervain’s disease;

Trigger finger disorder;
Hypotheanar hammer syndrome;
Kienbock’s disease.

The relevant studies were identified through searches in the US National Library of Medicine (Pubmed 1966
— July 2010) according to the following inclusion criteria:

1) Original articles presenting one of the relevant health outcomes in relation to occupational exposures
(manual work — including hand/arm vibration and sports when relevant). Descriptive studies and reports
were included to support the background information and discussion when they specifically referred to
occupational exposures;

2) Articles published in English;

3) Studies with humans;

4) Full text articles.

The level of evidence was evaluated based on a classification system established by The Scientific
Committee of the Danish Society of Occupational and Environmental Medicine 2005, and used in other
recent reviews (cf page 87).

The diverse occupational exposures assessed by the studies retrieved in this review were aggrouped in two
cathegories — manual work and exposure to hand/arm vibration — which were used to present the overall
evaluation of the level of evidence of a causal association with each of the disorders considered.

Hand Osteoarthritis
The following studies presenting occupational factors in relation to hand osteoarthritis (OA) were retrieved: 1
follow-up study, 2 case-control studies, 18 cross-sectional studies, and 7 case-reports.

Seventeen of the epidemiological studies analyzed biomechanical factors and occupations in relation to
hand OA (including the 2 case-control studies), and 4 studies analyzed exposure to hand / arm vibration
(including the follow-up study).

Regarding exposure to biomechanical factors, 12 studies reported a significant association with hand OA
(including 1 case-control study), and 5 studies did not report any significant associations (including 1 case-
control study). When hand/arm vibration was the exposure analyzed, 1 cross-sectional study found a positive
association with wrist OA, while 1 follow-up and 2 cross-sectional studies did not find any significant
associations with hand and wrist OA.

The overall evidence level of a causal association between finger OA and manual work was considered
moderate (++), while the level of evidence of a causal association between exposure to hand/arm vibration
and hand OA is found insufficient (0).

Nerve Compressive Syndromes

It was retrieved 4 analytic epidemiological studies (1 follow-up, 2 case-controls, 1 cross-sectional), 27
descriptive epidemiological studies and case reports.
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Three of the analytic epidemiological studies addressed ulnar compression syndrome (1 follow-up, 1 case-
control, 1 cross-sectional) and one radial compression syndrome (case-control). All four studies presented
biomechanical factors as the occupational exposure, and found a positive association between the outcome
and some or all the risk factors analyzed. Exposure to hand / arm vibration was studied by two descriptive
studies, one analyzed cubital tunnel and thoracic outlet syndrome, and the other dysfunctions of ulnar, radial
and median nerves.

The present level of evidence of a causal relation between nerve compressive syndromes and manual work
is considered limited (+), while the level of evidence for a causal relation with exposure to hand/arm vibration
is insufficient (0).

Dupuytren’s Contracture
We retrieved 7 cross-sectional studies providing data on risk of Dupuytren’s contracture (DC) in relation to
occupational exposures.

The exposure assessed in 3 studies regarded manual work, three studies evaluated exposure to hand/arm
vibration, and 1 study evaluated both exposures. Regarding manual work, 3 studies found an association
with DC; while 1 study found no association among workers younger than 65 years, but a negative
association among workers older than 65 years. Regarding exposure to hand/arm vibration, a positive
association was found by 3 studies, while one study found none association.

The level of evidence of a causal association between DC and manual work and exposure to hand/arm
vibration is considered limited (+). That means, there is some epidemiological evidence on a positive
relationship but it is not unlikely that this relationship could be explained by chance, bias, or confounding.

De Quervain’s Disease

We retrieved 9 cross-sectional studies and 1 follow-up study presenting occupational factors in relation to De
Quervain’s disease (dQD). The exposure assessed in all studies was manual work. A positive association
between occupational exposures and dQD was found in 6 studies; one study found no associations; and 3
studies were exclusively descriptive.

The present level of evidence is considered limited (+) and further analytic controlled epidemiological studies
are needed. De Quervain’s disease do not different in principle from tenosynovitis in other tendons
(tendovaginitis, tenosynovitis). The evidence of a causal relationship between workloads and developing of
dQD can therefore be equated with evidence for tendovaginitis in the other tendons in the wrist.

Trigger Finger Disorder
We retrieved 1 follow-up study, 5 cross-sectional studies, 2 case reports and one surgical serie presenting
occupational factors in relation to TF.

The exposure assessed in 5 studies regarded specific ergonomic factors in manual work, and specific
occupations in one study. A positive association between occupational exposures and TF was found in 5
studies, and one study did not find any association.

The present level of evidence is considered limited (+) and further analytic controlled epidemiological studies
are needed.

Hypothenar Hammer Syndrome

We retrieved 2 cross-sectional studies, and 4 case series with more than 10 patients presenting occupational
factors in relation to HHS. The exposures assessed in the epidemiological studies were hand / arm vibration
and work with vehicle maintenance, which habitually require the use of the hand as a hammer. Both studies
presented prevalence rates of HHS remarkably higher than expected rates from population samples. This
consistent evidence is supported by a number of case reports / series.

Due to the high specificity of exposure and outcome, a plausible mechanism, and the fact that the disorder
has seldom been reported in abscence of hypothenar trauma, the clinical evidence for a causal relation
between hypothenar repetitive trauma and ulnar artery anomaly in Guyons canal is considered strong (+++).
The main uncertainty relates to limited knowledge on the prevalence of the condition in the general

9/121



population. Thus, the epidemoiological evidene is insufficient (0). The evidence that hand-arm vibration may
cause HHS is insufficient (0).

Kienbock’s Disease
We retrieved 3 cross-sectional studies and 1 case serie presenting occupational factors in relation to KD.

The exposure assessed in the studies was: hand/arm vibration (in all 4 studies), manual work (1 study) and
sport activities (1 study). A positive association between occupational exposures and KD was found in 2
studies, and 2 studies were descriptive, i.e. did not make any analyses on possible risk factors.

Given the very sparse literature on Kienbock’s disease in relation to occupational exposures, the evidence of
a causal association between KD and manual work or exposure to hand/arm vibration is insufficient (0). In
another words, the available studies are of insufficient quality, consistency, or statistical power to permit a
conclusion regarding the presence or absence of a causal association.
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3. Introduction

Since the late 80’s the concept of overuse syndromes and its synonyms, repetitive strain injury and
cumulative trauma disorder, have been extensively discussed among occupational health practitioners.
These terms characterize a wide variety of painful and chronic neuromusculoskeletal disorders of the neck
and upper extremity.[1, 2] The reason why these disorders are so controversial is the fact that they do not
conform to any identifiable anatomical or pathological pattern. In another words, there is no identifiable
pathological basis to these entities. Besides, the signs and symptoms presented vary largely.[3] Already over
200 year ago, Ramazzini noticed that a considerable number of workers complained about painful disorders
of the soft tissues. He assumed that one of the reasons for that could be due to “certain violent and irregular
motions, and unnatural postures of the body, by reason of which, the natural structure of the vital machine is
so impaired that serious diseases gradually develop therefrom.” [4]

Today we have a better understanding of the human body and its biomechanical functions, and some
specific disorders are now established occupational diseases, such white finger syndrome after prolonged
exposure to hand / arm vibration. However, current knowledge on occupational disorders in the upper
extremities is still limited. [5] As it was the case with Ramazzini, many physicians observed that a large part
of the patients complaining of chronic painful disorders of the upper limb were manual workers. This
observation led to the suspicion of a possible causal relation between occupational exposures and the
development of musculoskeletal disorders. For instance, extensive discussions are found in the literature on
overuse syndromes among musicians and sport practitioners.[5-7] There is a lack of studies elucidating
whether these patients really develop disorders because of their exposure at work, or whether the
occupational exposure just precipitate symptoms of disorders with others aetiological factors.

It is still not clear whether overuse syndromes are pathological entities by itself or a pre-stage of defined
clinical diseases. Despite that, many reports in the literature present specific disorders as being the
consequence of occupational overuse or strain.[1] This assertion is mainly seen for diseases, which are not
so frequent in the population, presenting hereby a lack of epidemiological data.

The aim of the present review is to elucidate the current evidence for the relation between occupational
exposures and the occurrence of hand osteoarthritis, nerve compressive syndromes of the arm and hand,
Dupuytren contracture, de Quervain’s disease, trigger finger, hypothenar hammer syndrome, and Kienbock’s
disease.

The evidence criteria applied for this review were recommended by The Danish Working Environment
Research Fund by request of The Danish Working Environment Authority. The knowledge of this review is
expected to benefit specialists in environmental medicine, professionals involved in rehabilitation — such as
occupational therapists and physiotherapists —, authorities involved in occupational health issues, and
persons in general who are engaged in occupational health.
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4. Methods and Inclusion Criteria

The relevant studies were identified through open searches and searches using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010) using the relevant
searching keywords. Even though Pubmed database is open from 1966, it listed in some cases references
prior to this date, which were included when relevant. The retrieved articles were first selected by title, then
by abstract and finally by reading the full text articles. Further relevant articles were retrieved by consulting
reference lists and reviews. Most of the articles dated from before 1966 were obtained this way. All the
writers participated in the literature searching process.

The inclusion criteria for the retrieved articles were:

1) Original articles presenting one of the relevant health outcomes in relation to occupational exposures
(manual work — including hand/arm vibration and sports when relevant). Descriptive studies and reports
were included to support the background information and discussion when they specifically referred to
occupational exposures;

2) Atrticles published in English;

3) Studies with humans;

4) Full text articles.

More details regarding specific searching keywords and the number of articles retrieved are described under
the topic ‘literature search’ for each of the disorders presented.

The diverse occupational exposures assessed by the studies were for practical reasons aggrouped in two
cathegories — manual work and exposure to hand/arm vibration — to present the overall evaluation of the
level of evidence of a causal association with each of the disorders considered.

When the study did not provide any kind of risk estimate, the authors of this review calculated relative risk or
the odds ratio (OR) based on the available data — whenever feasible.

The definition criteria for the health outcomes included in this review are presented in the table below:

Health outcome Definition criteria
Hand / Finger / Wrist Osteoarthritis Clinical and radiographic (presence of joint-space narrowing
(specific joints: distal and proximal and/or osteophytes and/or subcondrale cysts)

interphalangeal, metacarpophalangeal,
carpometacarpal and carpal)

Nerve compressive syndromes Clinical and electrophysiological (abnormal nerve
conduction studies)

Dupuytren Contracture Clinical (thickening with or without contractures of the
palmar fascia)

De Quervain’s Disease Clinical (pain over the radial side of the wrist and/or with

resisted thumb extension and/or resisted thumb abduction;
and positive Finkelstein’s test)

Trigger Finger Disorder Clinical (catching or popping of digital movements with both
flexion and extension at either the metacarpophalangeal or
proximal interphalangeal joints)

Hypothenar Hammer Syndrom Clinical and angiographic (vascular abnormalities of the
ulnar artery at the wrist)
Kienbock’s Disease Clinical and radiographic (abnormalities of the lunate bone)

The level of evidence of a causal association between an exposure to a specific risk factor and a specific
outcome was evaluated based on a classification system established by The Scientific Committee of the
Danish Society of Occupational and Environmental Medicine (DASAM), which has been used in other recent
reviews.[8, 9]

The following categories were used:
+++ strong evidence of a causal association
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++ moderate evidence of a causal association

+ limited evidence of a causal association

0 insufficient evidence of a causal association

- evidence suggesting lack of a causal association

Description of categories:

Strong evidence of a causal association (+++):
A causal relationship is very likely. A positive relationship between exposure to the risk factor
and the outcome has been observed in several epidemiological studies. It can be ruled out
with reasonable confidence that this relationship is explained by chance, bias or confounding.

Moderate evidence of a causal association (++):
A causal relationship is likely. A positive relationship between exposure to the risk factor and
the outcome has been observed in several epidemiological studies. It cannot be ruled out with
reasonable confidence that this relationship can be explained by chance, bias or confounding,
although this is not a very likely explanation.

Limited evidence of a causal association (+):
A causal relationship is possible. A positive relationship between exposure to the risk factor
and the outcome has been observed in several epidemiological studies. It is not unlikely that
this relationship can be explained by chance, bias or confounding.

Insufficient evidence of a causal association (0):
The available studies are of insufficient quality, consistency, or statistical power to permit a
conclusion regarding the presence or absence of a causal association.

Evidence suggesting lack of a causal association (-):
Several studies of sufficient quality, consistency and statistical power indicate that the specific
risk factor is not causally related to the specific outcome.

Comments:

The classification does not include a category for which a causal relation is considered as established
beyond any doubt.

The key criterion is the epidemiological evidence.

The likelihood that chance, bias and confounding may explain observed associations are criteria that

encompass criteria such as consistency, number of ‘high quality’ studies and type of design. Biological
plausibility and contributory information may add to the evidence of a causal association.
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5. HAND OSTEOARTHRITIS

5.1 Introduction

Osteoarthritis (OA) can be characterized as progressive articular cartilage loss with concomitant changes in
the bone underneath the cartilage. When it is extensive, the changes are visible on radiographs as joint-
space narrowing, osteophytes, and subcondrale cysts.

Osteoarthritis is the most common form of arthritis affecting millions of people worldwide. The prevalence of
radiographically diagnosed hand OA increases steadily with age. In the age group of 40 to 49 years, 10% of
subjects are affected, whereas in subjects older than 70 years, the prevalence is 90% in women and 80% in
men. [10] These numbers most likely overestimate the real clinical burden of hand OA. Mannoni et al for
instance showed that the prevalence of symptomatic hand OA among subjects older than 65 years in Italy is
only 15%. [11, 12] In the US the incidence of symptomatic radiographic hand OA is, according to Oliveria et
al 1995, about 0,5% per year.[13]

Osteoarthritis of the hand is a major cause of impairment in performing activities of daily living. Thirty percent
of all joints affected by OA are the joints of the hand.[14] The distal interphalangeal (DIP) joint demonstrates
the highest OA prevalence overall. OA prevalence rates specific for second DIP, third proximal
interphalangeal (PIP), and first carpometacarpal (CMC) joints have been reported at 35%, 18%, and 21%,
respectively.[15] Women have a higher prevalence of symptomatic hand OA than do men.[16] The reason
for that is still not clearly elucidated.[17]

Many people with pathologic and radiographic evidence of osteoarthritis have no symptoms[11]. From a
clinical perspective, the most compelling definition of disease is one that combines the pathology of disease
with pain that occurs with joint use.[18] The cause of pain in osteoarthritis is still unclear.[19, 20]

The aetiology of primary arthrosis is multi-factorial and age, gender, metabolic and genetic factors, nutrition
and biomechanical factors (such as muscle weakness, joint laxity, joint injury and repetitive strain) have been
studied as risk factors.[18, 21, 22]

The global frequency of OA is expected to increase with the progressive increase in life expectancy of the
population. Considering that OA is the musculoskeletal disease with the highest number of known and
suspected risk factors, it is to expect that modifying risk factors, when possible, may present opportunities for
prevention of osteoarthritis-related pain and disability. With this in mind is the aim of this review to elucidate
possible occupational risk factors for hand /finger / wrist OA (more specifically OA in the following joints:
distal and proximal interphalangeal, first metacarpophalangeal, carpometacarpal and carpal) and hereby
prevention perspectives.

The American College Of Rheumatology (ACR) have established clinical criteria for symptomatic primary
OA . They concluded that the clinical diagnosis of OA of the hand did not necessary require the present of
typical radiographic changes.

The definition criteria for osteoarthritis applied for this review are clinical signs of OA and radiographic
(presence of joint-space narrowing and/or osteophytes and/or subcondrale cysts) abnormalities confirmed
osteoarthritis. The reason for using both clinical and radiographic criteria was to avoid including articles
focusing more on symptoms suggesting osteoarthritis instead of the clearly diagnosed disorder.

5.2 Literature search

The relevant studies were identified through open searches and search using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010). The following searching
keywords were combined using the relevant operators ‘and’ / ‘or’":

e Osteoarthritis

! Altman R, Alarcon G, Appelrouth D, et al. The American College Of Rheumatology criteria for the classification nad
reporting of tha osteoarthritis of the hand. Arthritis and Rheumatism, Vol.33, No.11
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Finger

Hand

Occupational

Hand-Arm Vibration Syndrome
Hand Deformities, Acquired [Mesh]
Hand Bones [Mesh]

Hand Joints [Mesh]

Finger Joint [Mesh]

Occupational Exposure [Mesh]
Occupational Medicine [Mesh]
Occupational Diseases [Mesh]
Occupational Health [Mesh]
Occupational Groups [Mesh]
Occupational Accidents [Mesh]
Industry [Mesh]

Employment [Mesh]

Occupations [Mesh]

Disorders of Environmental Origin [Mesh]
Environmental Exposure [Mesh]

The diagnostic criteria for osteoarthritis should be based on clinical and radiological investigations.

The electronic search retrieved 864 articles. After selecting the articles as described under the topic
‘methods and inclusion criteria’ (on the introduction of this review) there were 62 articles, which were
considered relevant. They are classified as follow: 34 articles regarding background information or reviews
and 28 original articles. The latter includes 1 follow-up, 2 case-controls, 18 cross-sectional and 7 case-
reports.

The studies are discussed below and resumed in the tables listed according to exposure to biomechanical
factors or hand/arm vibration, and under each topic they are presented according to descending year of
publication and alphabetic sequence both in the text and in the tables. The epidemiological studies regarding
biomechanical occupational exposures (17 studies) are shown in table 1. Table 2 contains epidemiological
studies regarding exposure to hand/arm vibration (4 studies) and table 3 presents case reports.

5.3 Biomechanical occupational exposures

From a longitudinal cohort study (The Clearwater Osteoarthritis Study), designed to identify the major risk
factors for the development and progression of radiographic OA, Bernard et al 2010[23] carried out a cross-
sectional study to assess the influence of different occupational exposures on risk of site-specific
radiographic osteoarthritis of the knee, hand, foot, and cervical spine. The study sample consisted of 3436
men (1098) and women (2450) aged 40 years and older. Exposure was measured by a structured
questionnaire. The occupational exposure evaluated for hand OA was jolting of the hands and legs. The
reference group was those subjects who indicated that they performed their jobs “ sitting most of the time”.
Only 6 % of the participants reported jolting of the hands and legs. The association between hand OA and
jolting of the hands showed positive associations for women — OR = 1.82 (1.19-2.76) (adjusted for age and
BMI). For men, there were no significant associations — OR = 0,93 (0,57-1,51).

The big sample size is a strength in this study, while a major limitation regards the exposure assessment.
Jolting of hands was crudely assessed by self-reproted information and was present only in about 6 percent
of the population studied.

Fontana et al 2007[24] investigated the occupational risk factors for OA of the thumb-CMC joint among
women. They designed a case-control study with 61 women requiring surgery for thumb-CMC OA (cases)
compared with 120 women admitted in a department of orthopaedic surgery without signs of thumb-CMC OA
(controls). A detailed structured interview was developed to elicit information about occupational factors.
Occupational factors were based on a detailed history of job, coded to International Standard Classification
of Occupations (ISC0O-88). The different occupations were distinguished in four groups: manual occupations
(those whose main task require the use of the hands); non-manual occupations; occupations assumed as
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being at risk for CMC OA (occupations for which the main tasks require thumb use); and occupations not at
risk. The occupational factors identified as risk factors were: 1) occupations presumed to be associated with
increased risk for thumb-CMC OA — OR = 3.78 (95% Cl, 1.20 — 11.92); 2) occupations involving repetitive
thumb use (>20 movements per minute and/or thumb flexion/extension at least once per minute) — OR =
11.91 (95% ClI, 3.65-38.86); and 3) jobs perceived by the subject having not enough rest breaks during a
day — OR =5.95 (95% CI, 1.66 —21.28).

The study has the strength that case and controls were adjusted for many different non-occupational factors,
but the assessment of exposure was based on subjective and retrospective information. This predisposes to
information bias, where affected individuals have the tendency to overestimate the exposures. Moreover,
study size was limited and therefore only effects of highly prevalent occupational exposures can detected.

In a cross-sectional study with 291 female dentists Solovieva et al 2006[25] evaluated whether the pattern of
dental work tasks was associated with finger osteoarthritis. Three patterns emerged reflecting high,
moderate, and mild task variation. They found that the dentists with a history of low task variation had a
greater prevalence of osteoarthritis in the thumb, index, and middle fingers compared with dentists with high
variation (OR 2.22; 95%CIl 1.04-4.91).

One strength of this study is that the groups were adjusted for many different personal factors (age, family
history of Heberden's nodes, BMI, specialization, number of years in clinical practice, daily use of computer,
daily manual activities and smoking history), which reduces possible confounders. A few limitations of the
study are that only women were included, the exposure was assessed retrospectively and there was no
assessment of hand workload for the different work tasks.

Rossignol et al 2005 [26] investigated in a cross-sectional study with 2834 symptomatic patients the relation
between thirty different occupations and five biomechanical stresses and the prevalence of OA of the knee,
hip, and hand. Patients between the age of 20 and 80 years with osteoarthritis of the hip, knee or hand were
recruited throughout France by their treating physician. Information about occupation and occupational
stresses to joints were reported to the physicians. Patients had to have worked for one year or more during
their lifetime and the occupations they held longest were reported. The biomechanical stresses evaluated
were: 1) lift or carry heavy objects, 2) keep the affected joint in uncomfortable positions, 3) work in a vibrating
vehicle or with vibrating tools, 4) repeat the same movements continuously and 5) work at a pace set by a
machine. They found that repetition of movements continuously or working at machine pace were risk factors
for developing hand OA among women, and that workers in construction, mechanics, clothing and food
sectors had the highest proportion of osteoarthritis of the hands (48.0%) in the whole study population
(36.2%) (p=0.01).

The discrimination of thirty different occupational groups gave the advantage of identifying the occupations
with higher prevalence of OA, but the assessment of exposure to biochemical stresses was based just on
subjective information, making recall and information bias possible.

In another cross-sectional study comparing 295 female dentists with 248 female teachers age 45-63 years
Solovieva et al 2005 investigated the effect of mechanical stress on finger OA. The subjects were identified
through the registers of the Finnish Dental Association and The Finnish Teachers’ Trade Union. They found
a pattern of involvement for moderately severe OA with clustering within the thumb, index and middle fingers
among dentists and clustering within the ring and little fingers among teachers. On the other hand the
prevalence of OA in any finger joint and also in any distal interphalangeal joint was higher among the
teachers.[27]

One limitation in this study is that there was no specification of the hand load teachers were exposed to.

In a cross-sectional survey with over 3.000 subjects from the Mini-Finland Health Survey (which was the first
national health examination survey in the world and represented the Finnish population over 30 years of age)
Haara et al 2003[28] investigated finger joint OA and its associations with alleged risk factors and with life
expectancy. The occupational biomechanical factors assessed were: 1) lifting or carrying heavy objects, 2)
stooped, twisted, or otherwise awkward work postures, 3) vibration of the whole body or the use of vibrating
equipment, 4) continuously repeated series of movements, and 5) paced work (working speed determined by
a machine). The total number of these risk factors was designated “the sum index of physical stress at work”.
It was found a positive association between the maximal sum index of physical stress at work and OA in any
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finger joint among women (OR=10,97 — 95% CI 1,25-95,90) but no association in men (OR=1,75 — 95% ClI
0,78-3,91). The association was mainly due to close associations between workload and OA in PIP and
MCP joints among women. No increasing risk from the minimal to maximal sum index of physical strain was
found. The physical stress index shower a positive association (not statistically significant) to symmetrical
DIP OA in either sex (OR=2,72—- 95% CI 0,86-8,58 for men and OR=1,46 — 95% CI 0,33-6,51 for women).
The group made a follow-up of mortality 14 years later to evaluate whether finger OA was a predictor of
mortality.

Some strengths in this study are the big sample size and that the main outcome was finger osteoarthritis,
while a weakness is retrospective self-reported exposure assessment.

Kessler et al 2003[29] investigated in a cross-sectional study including 693 patients scheduled for hip or
knee replacement whether whether isolated OA of the first carpometacarpal joints and the interphalangeal
joints differs in its aetiology, considering potential risk factors such as age, gender, body mass index,
occupational history, OA in the hip or knee joints, hypertension and diabetes. Age showed as expected a
positive association with the occurrence of both interphalangeal OA (OR=1,11 — 95% CI 1,08-1,14) and
carpometacarpal OA (OR=1,11 — 95% CI 1,08-1,15). Female gender showed a positive association with OA
of the first CMC-joints (OR=1,8 — 95% CI 1,2-2,7) and a non-statistically significant association with
interphalangeal OA (OR=1,3 — 95% CI 0,9-1,9). They did not found any association between heavy physical
exertion at work place and OA of the first-CMC-joints (OR=0,7 — 95% CI 0,5-1,1) or IP-joints (OR=1,1 — 95%
CI1 0,7-1,6).

The main limitation of this article is that heavy physical exertion at work place was no specified, which makes
the assessment of occupational exposure unclear.

Jones et al 2002[30] studied the association between sex and lifestyle factors and hand OA in a cross-
sectional design with 522 participants. The lifestyle factors analyzed were smoking, occupation, sport
participation and physical activity (the last three parameters regarded the current status and between the
ages of 20 to 40 years). History of digit fracture and BMI were also included in the analysis. Each occupation
received a score according to the degree of mechanical stress to hand joints (grade 0 = low impact or grade
1 = high impact). They found that high impact occupations did not show any statistically significant
association to clinical or radiological hand OA (OR=1,3 — 95% CI 0,65-1,97 for Heberden’s nodes; OR=1,29
—95% CI 0,69-2,43 for DIP OA and OR=0,73 — 95% CI 0,4-1,33 for CMC disease). High impact physical
activity or sport participation had no association with the prevalence or severity of hand OA either.

Some weaknesses of the study are that the recall of occupation was made subjectively and retrospectively,
which allows information bias, and that the assessment of high or low impact occupations is not clearly
detailed.

In a cross-sectional study Caspi et al 2001[31] investigated the frequency, severity and distribution of hand
OA, and possible relation between these findings and the demographic, occupational, and medical data from
253 geriatric patients. Occupational history included details from the exact jobs and the hand requirements
and strain involved, estimated later on a scale of 1 to 3 (occupational degree). The duration in years of
occupation at each job was recorded. An occupational score was determined by summing the multiplication
of the estimated hand occupational degree of each job (graded 1 to 3) by the duration of each job. The
occupational scores resulted in a final classification into manual or non-manual work. The results showed
that hand OA was prevalent in that elderly cohort, and that its severity was influenced by inherent traits such
as age, female gender, ethnicity, and handedness. Occupational history did not show any correlation to the
expression of hand OA.

The study has the limitations of a small number of participants with a high mean age (79 years), which do not
reflect the age of the economic active population. Besides it is expectable to find a high prevalence of hand
OA among all the participants given their old age. That can be the reason why it was not possible to find any
relevant difference among the subjects regarding occupational history.

Nakamura et al 1993[32] investigated in a cross-sectional study the role of workload in the pathogenesis of
OA of DIP-joints. They compared 482 female cooks considered to have primarily manual work with 298
female municipal employees. The group of cooks was further divided into two groups according to how many
meals they prepared per working day. It was found statistically significant higher rates of DIP OA among the
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cooks as follows: 13,5 and 5,9% contra 2,0% among municipal employees (P<0,05). Within the group of
cooks they found that those who prepared more meals per working day presented higher rates of DIP OA
when compared with those who prepared half as many meals per working day (13,5% contra 5,9%; P<0,01).
The study presents the strength of comparing the same occupational group trying to make a differentiation
only in workload. But the lack of precision regarding the description of the exposure besides the amount of
meals prepared (for example regarding which specific cooking tasks and which kind of cleaning work was
also performed by each group) constitutes a limitation of the study. It was not referred in the article how the
occupational information was obtained, so a possible information bias should also be considered.

Lehto et al 1990[33] compared in a cross-sectional design 136 dentists with 940 controls from a population
sample regarding the prevalence and distribution of hand OA. The results showed that the overall
prevalence of hand OA was similar among dentists and controls (OR=1,3 — 95% CI 0,7-2,5 for male dentists
and OR=0,6 — 95% CI 0,3-0,9 among female dentists). But the proportion of affected DIP-joints of all
arthrotic joints of the hands was in both male and female dentists greater than that in controls, especially
below the age 50 (0-60% among controls and 70-100% among dentists — statistical significance not
informed).

Despite the small number of cases the study has some strengths. The specification of which joints presented
OA in both groups made it possible to identify different patterns of involvement, and the choice of dentists,
for whom the use of the precision grip is a well-established workload, made it possible to definite the
exposure.

In a case-control study which compared skeletons of weavers and manual workers with non-manual workers
performed by Waldron and Cox 1989[34] it was found none significant difference regarding the rates of hand
OA. The limitation of this study was the small number of cases and controls (13 and 26 respectively) and the
inaccuracy of the exposure’s assessment given that occupational history was built up from post-mortem
information.

Hadler et al 1978[35] compared in a cross-sectional study three groups of female textile workers — winders,
burlers and spinners — (n=64) who worked at the same rural mill regarding their workload and the pattern of
hand OA involvement. A task description was made by a consulting industrial engineer and ergonomist, and
a standard time-motion analysis was made available by the plant industrial engineer. Regarding task
differences winding was the only task perceived as bymanual requiring considerable wrist motion and power
grip and little fine finger motion or precision grip. For burling and spinning the workers used heavily and
extensively precision grip with the first three fingers, while the 4" and 5" fingers were spared mainly in
spinning. Range of motion and radiographic OA changes were analyzed for all workers. Symptoms were not
taken into account in attempt to avoid their influence as a confounder. Regarding the findings of hand OA
involvement they found significant differences between right and left hands with most of cases occurring in
the right hand. Almost all the workers were right handed. It was also found that the winders were the only
group with bilateral impairment of range of motion on the wrist. Burlers and spinners had significantly more
OA changes in the 2" and 3" fingers than winders. And burlers had more clinical signs of OA in the 5" finger
than spinners. So the found task differences corresponded to the pattern of usage at work.

Despite the small number of subjects, this study emphasives the importance of clearly specifying the
outcomes and the different exposures.

In a cross-sectional study with 299 male foundry workers aged 35 years and over and 298 controls
Lawrence et al 1966[36] investigated the prevalence of OA of hands, knee and hips and of disc degeneration
of dorsal and lumbar spine, and correlated it with symptoms and loss of work due to disease. They found
that foundry workers had significantly less OA of the DIP-joints than the controls (OR=0,64 — 95% CI 0,43-
0,95). In none of the joints was there significantly more OA in the foundry workers.

The aim of this study was not specifically to investigate hand OA, and the focus of the discussion was disc
degeneration in the lumbar spine and pain complaints related to exposure to radiant heat, which reduces the
relevancy of the study to the this review.

Lawrence 1961[37] compared 345 cotton operatives with 345 controls regarding OA of hands and feet and

disc degeneration of cervical, dorsal and lumbar spine. They found radiological evidence of OA more
frequent in the DIP-, PIP- and in the 1-CMC-joints in the male cotton workers than in the controls (OR=1,9 —
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95% CI 1,0-3,3; OR=2,5-95% CI 1,1-5,7 and OR = 2,4 — 95% CI 1,2-5,0 respectively). In the MCP-joints
the male cotton workers had much the same prevalence of OA as the controls but it was more severe
(OR=1,1 — 95% CI 0,5-2,4). There were no significant differences between female cotton workers and
controls. The authors divided the cotton workers in weavers, spinners and others in an attempt to identify,
which function within a cotton mill would be associated with higher rates of OA, but there were insufficient
male weavers for any statistical analysis and the results were not significant among women.

In a cross-sectional study with 380 participants from a population sample Kellgren and Lawrence 1958[38]
investigated the prevalence of OA and pattern of joint involvement of the hands, feet, knees, hips, and of
disc degeneration of cervical and lumbar spine. The occupations were divided in 74 miners, 18 cotton
workers, 130 domestic workers and others, which were a miscellaneous group of different occupations. It
was found that among male cotton workers, compared with the miscellaneous group of occupations, all the
small joints of the hands appeared to be more frequently affected by radiological OA, but the number of
cotton workers was too small for the observed differences to reach accepted levels of significance except for
OA in the 1-CMC joints (OR=1,6 — 95% CI 1,6-13,2) and in the PIP-joints (OR=3,5 — 95% CI 1,1-11,0). The
results were not statistically significant for female cotton workers. Among miners there was a suggestive
trend of higher prevalence of OA of MCP joints but the results were not statistically significant either.

Some limitations of this study were the small number of subjects and the lack of specification of the
miscellaneous group, which was made up of small numbers of workers in a wide variety of not specified
occupations.

The same group, i.e. Kellgren and Lawrence 1952[39] studied in a cross-sectional design degenerative joint
diseases of hands, knees, and cervical and lumbar spine among 84 miners, 45 manual workers and 42 office
workers. They found that hand OA occurred fairly equally among the miners and manual workers but were
virtually absent in the office workers (OR= 8,2 — 95% CI 1,4-47,9 among miners and OR=5,1- 95% CI 0,7-
37,6 among manual workers compared to office workers).

The study focused on OA changes of spine and knees and commented the findings of hand OA very briefly.
Besides that, the number of participants was small and hand OA was not further specified (fingers or wrist
OA).

5.4 Exposure to hand/arm vibration
Four studies investigated whether there is a correlation between exposure to hand/arm vibration and
development of hand or wrist OA.

Kivekas et al 1994[40] designed a seven-year follow-up study of white-finger symptoms and radiographic
hand and wrist osteoarthritis in 213 lumberjacks and 140 referents. The subjects were first examinated in
1978 regarding the prevalence of white-finger symptoms and translucencies in the wrist bones. Then in 1985
a follow-up study was performed to analyze changes in white-finger symptoms, the effect of these symptoms
on the professional life of lumberjacks, and the relationship between hand/arm vibration and changes in
hand and wrist bones. A questionnaire was answered by the subjects to determine work history, general
state of health and symptoms. Clinical and radiographic examinations of wrist and hands were performed.

They found that in both groups there was a strong relationship between OA and age. After allowance for
age, the prevalence of OA was not related to exposure time to hand/arm vibratioin among the lumberjacks
(OR=1,3 - 95% CI 0,6-2,5).

Some strengths of this study are a long duration of exposure to hand/arm vibration (mean 19,7 yearsand the
differentiation between radiographically detectable translucencies (cysts and vacuoles) of the wrist and
radiographic OA changes of hand and wrist. A limitation is that neither the exposure nor the outcome is
further elucidated, for example regarding hours per day of exposure and which joints presented OA. ). The
relatively young age of the subjects (18-54 years) can also be considered a limitation because it may
underestimate an eventual risk factor for the developing of OA, given that this disorder is more frequent after
the age of 50 years.

Bovenzi et al 1987[41] analyzed in a cross-sectional study bone and joint disorders in the upper extremities
(wrist, elbow and shoulder) among 67 chipping/grinding operators and 46 manual workers not exposed to
hand/arm vibration. The control group included workers performing manual tasks at the same foundry
(mechanics, maintenance men). The found prevalence of wrist OA was 19,4% among the vibration-exposed
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workers and 4,3% among controls (P<0,025; OR=5,3 — 95% CI 1,3-21,7). The prevalence of cysts in the
metacarpal and carpal bones was almost the same in the two groups. Among the chipping and grinding
operators a slight but not significant trend in the prevalence of skeletal abnormalities with increasing vibration
exposure was observed.

One positive aspect of this study is the detailing of the exposure regarding vibration levels for the specific
tools and exposure measurement by total hours of exposure.

Malchaire et al 1986[42] investigated bone and joint changes in the wrist and elbow in 82 workers exposed
to hand/arm vibration to 75 age-matched controls in a cross-sectional design. The control group included
manual workers from the same stone pits as the cases. All cases of wrist OA were found among subjects
older than 45 years. It was found 13 cases of wrist OA among 48 wrists analyzed in the exposed group with,
and 11 cases among 46 wrists in the control group. This finding was not statistically significant (OR=1,09 —
95% CI 0,4-2,6). Besides age, no other personal factors were taken into account.

The study did not specify which activities the control group of manual workers performed. This would be
relevant to elucidate whether the control was exposed to factors suspected of contributing to the occurrence
of wrist OA. This could maybe explain the lack of difference on the prevalence of wrist OA between the two
groups.

Kumlin et al 1973[43] compared, in a cross-sectional study, radiological changes of carpal and metacarpal
bones and phalanges between 35 lumberjacks and 35 controls not exposed to hand/arm vibration. The age-
matched control group was selected at random from the radiological archives. They found no statistically
significant differences regarding the prevalence of hand and wrist OA between the two groups (OR=1,5 —
95% CI 0,2-9,7).

5.5 Case reports

It was found seven articles, which published case reports. Five of those regarded biochemical occupational
exposures[44-48], and two reported exposure to hand/arm vibration.[49, 50] In most of the cases a pattern of
involvement, which was proposed as associated to specific workloads was found.
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Table 5.6 — Epidemiological studies on hand osteoarthritis in relation to biomechanical occupational

exposures

OA = osteoarthritis; yrs = years; m = men; w = women; IP = interphalangeal joint; IP-thumb: interphalangeal
joint of the thumb; PIP = proximal interphalangeal joint; DIP = distal interphalangeal joint; MCP =
metacarpophalangeal joint; 1-CMC = first carpometacarpal joint; IC = intracarpal joints; OR = odds ratio;
ORmM = odds ratio for men; ORw = odss ratio for women; Cl = confidende interval

Reference Population Design | Relevant exposure | Relevant Selected results -
outcome Risk estimate
referred when
possible (95% CI)
Bernard et al | n=3436 (1098 Cross- Jolting of the hands | Radiographic ORmM=0,93 (0,57-
2010 m, 2450 w) sectional hand OA (DIP, 1,51)
USA[23] Mean age: 63 PIP and 1-CMC) |ORw=1,82 (1,19-
yrs - m, 31 yrs - 2,76)
w
Adjusted for age and
BMI
Fontana et al | n=181 women Case Occupations Radiographic 1- | Occupations at risk:
2007 (61 cases, 120 | control presumed to be CMC joint OA OR=3,78 (1,20-
France[24] controls) associated with 11,92)
Mean age: 64 increased risk for Thumb use:
yrs (cases), 60 CMC OR=11,91 (3,65-
yrs (controls) Repetitive thumb 38,86)
use (>20 “Not enough breaks™:
movements OR=5,95 (1,66-
per minute 21,28)
and/or thumb
flexion / extension Adjusted for age,
at least once per smoking status,
minute) obesity, CMC OA
Jobs perceived by family history,
subjects as having hysterectomy, parity
“Not enough rest and occasional jobs
breaks during a
day”.
Solovieva et | n=291 female Cross- Variation of work Radiographic Low task variation:
al dentists sectional | tasks: finger OA OR= 2,22 (1,04-4,91)
2006 Age: 45-63 yrs high (mixture of for OA in thumb,
Finland[25] different tasks), index and middle
moderate (%2 finger
restorative %2
surgical) and Adjusted for age,
low (mainly family history of
restorative and Heberden's
endodontics) nodes, BMI,
specialization,
Mean duration of number of years in
dental practice: 26 clinical practice, daily
years use of computer,
daily manual
activities and
smoking history
Rossignol et | n=2834 (1615 Cross- Thirty different Radiographic Repetition of
al m, 1219 w) sectional | occupational groups | (over 90% of the | movements
2005 Mean age: 61,8 + five different cases) or clinic continuously or
France[26] yrs biomechanical hand OA working at machine
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stresses

pace:
ORm=1,5 (0,9-2,5)
ORwW=3,6 (2,4-5,7)

Solovieva et |n=543 (295 Cross- Precise and Radiographic Patterns of joint
al female dentists, |sectional |repetitive finger OA (DIP, involvement for
2005 248 female movements among | PIP, IP-thumb, moderately severe
Finland[27] teachers) dentists MCP) OA:
Age: 45-63 yrs
Dentists: OR=1.80
(1.16-2.80) for
clustering within the
thumb, index and
middle fingers
Teachers: OR=9.75
(4.78-19.88) for
clustering within the
ring and little fingers
Adjusted for age
Haara et al n=3595 (1560 Cross- Sum index of Radiographic For the maximal
2003 m, 2035 w) sectional | physical stress at finger OA (DIP, workload exposure:
Finland[28] Age: 35 - >75 work — based on the | PIP, MCP, CMC,
yrs sum of five different | IP-thumb) OA in any finger
exposures: joint:
lifting or carrying ORmM=1.75 (0.78-
heavy objects 3.91)
stooped, twisted, or ORw=10.97
otherwise awkward (1.25-95.90)
work postures Symmetrical DIP
vibration of the OA:
whole body or the ORmM=2.72 (0.86-
use of vibrating 8.58)
equipment ORw=1.46 (0.33-
continuously 6.51)
repeated series of
movements Adjusted for age,
paced work, educational level,
working speed body mass index,
determined by a and smoking
machine
Kessler etal |n=639 (around |Cross- Heavy physical Radiographic For 1-CMC OA:
2003 60% women) sectional | exertion at work finger OA (1- OR=0,7 (0,5-1,1)
Germany[29] | Age: 53-72 yrs place CMC, IP)
For IP-joints OA:
OR=1,1 (0,7-1,6)
Jones et al n=522 (174 m, |Cross- High impact Clinical and For Heberden's
2002 348 w) sectional | occupations (those |radiographic nodes:
Australia[30] | Mean age: 53 associated with high | finger OA (DIP- OR=1,13 (0,65-1,97)

yrs (m), 57 yrs
(W)

degree of
mechanical stress
to hand joints)

and CMC-joints)

For DIP OA:
OR=1,29 (0,69-2,43)

For CMC OA:
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OR=0,73 (0,4-1,33)

Adjusted for age,
sex, age-sex
interaction, BMI and
family status

Caspi et al n=253 (171 w, Cross- Manual versus non- | Clinical and No significant
2001 82 m) sectional | manual work radiographic correlation between
Israel[31] Mean age: 79 finger OA (DIP, occupational history
yrs PIP, 1-CMC, and the clinical or
MCP) radiologic OA of both
hands in the whole
group
Nakamura et |n=780 (Cases: |Cross- Elementary school | Clinic Elementary school
al 482 female sectional | cooks: 150-450 (Heberden'’s CooKkKs:
1993 cooks; Controls: lunches daily nodes) or Heberden’s nodes -
Japan[32] 298 female Pre-school cooks: radiographic DIP | OR=4,19 (2,4-7,31)
municipal 30-80 lunches and | OA (radiographs
employees) snacks from only 114 DIP OA - OR=7,57
Age: 40-59 yrs Municipal subjects) (3,51-
employees: cooked 16,3)
only at home Pre-school cooks:
Heberden’s nodes -
OR=1,65 (0,83-3,26)
DIP OA - OR=3,02
(1,18-
7,74)
Lehto et al n=1076 (136 Cross- Extensive use of Radiographic OA | OA of all joints:
1990 dentists, 940 sectional | precision grip for at | of fingers and ORmM=1,3 (0,7-2,5)
Finland[33] controls) least 10 years wrist (DIP, PIP, | ORw=0,6 (0,3-0,9)
Age: 33-69 yrs among dentists IP, MCP, 1-CMC)
The proportion of
arthrotic DIP joints of
the total number of
arthrotic joints of the
hands was higher in
dentists than in
controls
Waldron and | n=39 male Case Weaver Pathologic signs | No relation found
Cox 1989 skeletons (13 control Manual of hand OA between occupation
UK[34] cases, 26 Non-manual and OA of hands,
controls) occupations spine, shoulder or at
Mean age: 71,6 any other site.
yrs (cases), 57,6
yrs (controls)
Hadler et al n=64 female Cross- Highly repetitive, Radiographic Task-related
1978 textile workers | sectional | stereotyped and finger and wrist differences
USA[35] (29 burlers, 16 complex hand OA corresponding to the

winders, 19
spinners)

Mean age: 52
yrs (burlers), 49
yrs (winders and
spinners)

movements in
spinning, burling or
winding for at least
20 years

pattern of usage at
work
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Lawrence et
al

1966

UK[36]

n=597 (299
male foundry
workers, 298
male controls)
Age: 35-74 yrs

Cross-
sectional

Foundry work for at
least 10 years

Radiographic
finger and wrist
OA

DIP OA: OR= 0,64
(0,43-0,95)

PIP OA: OR= 1,53
(0,8-2,95)

MCP OA: OR= 0,91
(0,56-1,47)

CMC and IC OA:
OR=0,73 (0,42-
1,26)

Lawrence
1961
UK[37]

n=690 (345
cotton
operatives, 345
controls)

Age >45 yrs

Cross-
sectional

Cotton workers
(weavers, spinners
and doublers,
tenters and others)

Radiographic
finger (DIP, PIP,
MCP, 1-CMC)
and wrist OA

DIP OA:
ORm=1,9 (1,0-3,3)
ORw=1,2 (0,7-1,9)

PIP OA:
ORmM=2,5 (1,1-5,7)
ORw=1,3 (0,6-2,5)

MCP OA:
ORm=1,1 (0,5-2,4)
ORw=0,8 (0,3-1,9)

1-CMC OA:
ORmM=2,4 (1,2-5,0)
ORw=1,4 (0,7-2,6)

Wrist OA:
ORm=0,4 (0,1-1,1)
ORw=0,8 (0,2-2,7)

Adjusted for age and
sex

Kellgren and
Lawrence
1958

UK[38]

n=380 (173 m,
207 w)
Age: 55-64 yrs

Cross-
sectional

Miners (only men),
Cotton workers,
Domestic (only
women),

Others

Radiographic
hand (DIP, PIP,
MCP, 1-CMC)
and wrist OA

Miners

DIP - OR=1,5 (0,6-

3,5)

PIP - OR=1,6 (0,7-

4,0)

MCP-OR=1,7 (0,8-

3,8)

1-CMC - OR=1,2
(0,5-

2,8)

Wrist - OR=1,1

(0,3-3,2)

Cotton workers
DIP - ORm=2,3
(0,8-6,5)
ORw=1,1
(0,4-2,9)
PIP - ORm=3,5
(1,2-11,0)
ORw=1,7
(0,6-4,6)
MCP - ORm=2,3
(0,7-7,2)
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ORw=0,5

(0,2-1,8)
1-CMC - ORm=4,6
(1,6-
13,2)
ORw=1,5
(0,5-4,0)
Wrist - ORm=1,3
(0,2-6,9)
ORw=1,5
(0,1-
15,8)
Domestic
DIP - OR=0,8 (0,3-
2,1)
PIP - OR=1,1 (0,4-
2,7)
MCP-OR=0,6 (0,2-
1,7)
1-CMC - OR=1,0
(0,4-2,5)
Wrist - OR=1,0
(0,1-9,0)
Kellgren and |n=171 (84 male |Cross- Miners Radiographic Miners:
Lawrence miners, 45 male | sectional | Manual workers hand and wrist OR=8,2 (1,4-47,9)
1952 manual workers, (blacksmiths, OA
UK[39] 42 male office machinists, Manual workers:
workers) carpenters, painters OR=5,1 (0,7-37,6)
Age: 40-50 yrs and general
labourers)
Office workers
(clerks and

administrative staff)
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Tabel 5.7 — Epidemiological studies on hand osteoarthritis in relation to exposure to hand/arm

vibration

OA = osteoarthritis; yrs = years; m = men; w = women; IP = interphalangeal joint; IP-thumb:
interphalangeal joint of the thumb; PIP = proximal interphalangeal joint; DIP = distal interphalangeal joint;
MCP = metacarpophalangeal joint; 1-CMC = first carpometacarpal joint; IC = intracarpal joints; OR = odds
ratio, ORm = odds ratio for men; ORw = odss ratio for women; Cl = confidende interval

Age: 33-58 yrs

Population Design Relevant exposure Relevant Selected results
outcome - Risk estimate
referred when
possible (95%
Cl)
Kivekas et |n =353 (213 male |Follow-up | Work with old, heavy Radiographic 1978:
al lumberjacks, 140 chain saws, whose hand and wrist | OR=0,8 (0,3-2,1)
1994 male controls) vibration was poorly OA 1985:
Finland[40] | Age: 18-54 yrs damped (mean OR=1,3 (0,6-2,5)
exposure time 19,7
years) Age adjusted
Bovenziet |n=113 (67male Cross- Vibrating tools in Radiographic OR =5,3 (1,3-
al chipping / grinding | sectional | chipping and grinding wrist OA 21,7)
1987 operators, 46 male work (exposure time:
Italy[41] controls) 348-20160 hours) Age adjusted
Mean age: 39 yrs
Malchaire et | n=157 (82 male Cross- Work with pneumatic Radiographic OR=1,09 (0,4-
al cases, 75 male sectional |tools to quarry and slit wrist OA 2,6)
1986 controls) granite blocks in stone
Belgium[42] | Age: 20-58 yrs pits on average 14,6
years around 1 hour per
day
Kumlin et al | n=70 (35 male Cross- Work with chain saw Radiographic OR=1,5 (0,2-9,7)
1973 lumberjacks, 35 sectional | (exposure time: 7-20 wrist and
Finland[43] | male controls) years) fingers OA Age adjusted
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Tabel 5.8 — Case reports on hand osteoarthritis in relation to occupational exposures

OA = osteoarthritis; yrs = years; m = men; w = women; IP = interphalangeal joint; IP-thumb: interphalangeal
joint of the thumb; PIP = proximal interphalangeal joint; DIP = distal interphalangeal joint; MCP =
metacarpophalangeal joint; 1-CMC = first carpometacarpal joint; IC = intracarpal joints; OR = odds ratio;
ORmM = odds ratio for men; ORw = odss ratio for women

Reference

Population

Exposure

Results

Jensen and
Sherson 2007
DK[44]

n=1 male industrial
worker who made
panels for folding
doors

Forceful and repetitive ulnar
flexion of both first fingers for
9 years

Bilateral OA of 1-CMC joints

Stothard 1987

winder

coils into a slot using the

Age: 44 yrs
Poole 1993 n=3 female sewing | Paced, repetitive and Case 1: severe DIP OA of the right
UK[45] machinists stereotyped work index and middle fingers.

Age: 54-56 yrs Case 2 and 3: DIP OA of the right
index, middle and ring fingers and
sclerosis of the trapezioscaphoid
joint of right hand in case 3

Williams et al | n=7 male manual Manual work demanding Bilateral MCP OA, most prominent in
1987 workers sustained gripping motions of | the second and third joints
USA[46] Age: 51-72 yrs both hands for more than 30
years (seven different
occupations)
Wilson and n=1 male armature | Repetitive pressing down of Degenerative changes with

hyperextension of the IP joints and

UK[47] Age: 55 yrs thumbs for 8 years flexion of MCP joints bilaterally, most
proeminent in the dominant hand
Fam and Kolin | n=1 male Jackhammer operator in road | Bilateral OA in second and third
1986 jackhammer construction for 27 years MCP and elbows. Minor OA changes
Canada[49] operator in DIP, shoulder, knee and first MTP
Age: 62 yrs joint. No changes in the wrist.
Minuk et al n=1 female Pipetting — flexion / extension | OA of right IP-thumb
1982 laboratory employee | movement of the first IP of the
USA[48] right hand about 20.000 times
per hour
Schumacher | n=1 male Construction worker and Fusion of the carpal bones bilaterally
etal 1972 jackhammer intermittently jackhammer but normal MCP and PIP, small
USA[50] operator operator for 30 years osteophytes in the elbows, calcific
Age: 59 yrs tendonitis in right shoulder.
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5.9 Discussion

Design
The following studies presenting occupational factors in relation to hand OA were retrieved: 1 follow-up
survey, 2 case-controls, 18 cross-sectional studies, and 7 case-reports.

The geographic distribution of the studies revealed seven studies from UK, six from Finland, three from
France, one from lItaly, one from Belgium, one from Denmark, one from Germany (in at total of twenty
european studies), five from USA, one from Canada, one from Israel, one from Australia and one from
Japan.

Seventeen of the epidemiological studies analyzed biomechanical factors and occupations in relation to
hand OA (including the 2 case-control studies), and 4 studies analyzed exposure to hand / arm vibration
(including the follow-up study).

Regarding exposure to biomechanical factors, 12 studies reported a significant association with hand OA
(including 1 case-control study), and 5 studies did not report any significant associations (including 1 case-
control study). When hand/arm vibration was the exposure analyzed, 1 cross-sectional study found a positive
association with wrist OA, while 1 follow-up and 2 cross-sectional studies did not find any significant
associations with hand and wrist OA.

The retrieved original articles were most cross-sectional studies, which point out possible related factors, but
do not elucidate causality.

The majority of the studies presenting comparisons between different groups did not include other
characteristics than age and gender as possible confounders. None of the studies adjusted for polyarthrosis
or obesity. It was retrieved only one follow-up study, which adjusted the groups only for age and did not have
osteoarthritis as the main outcome.

Diagnostic Criteria

The radiological definition of OA differs considerably among the studies because it was used different
classification systems. The Kellgren and Lawrence system[51] was utilized by 11 studies; the atlas of
radiographic features by Altman et al[52] was utilized by 3; a modification of Swanson’s grading of
osteoarthritis was used by Nakamura et al[32]; Malchaire et al described their own classification methods,
and the classification criteria for radiographic OA was not mentioned in 4 studies. Waldron and Cox applied
paleopathologic methods to diagnose OA, given that they studied skeletons. The criteria for the clinical
definition of OA was not clearly specified or not even mentioned in most of the studies.

Outcome

In six studies OA of the hand/finger/wrist was not the main outcome. Only very few studies informed whether
finding of OA regarded the dominant or the non-dominant hand. Ten studies did not specify the outcome
(which specific joints were affected), referring the outcome just as finger, hand or wrist OA.

Patterns of involvement

Five of the epidemiological studies found particular patterns of finger OA involvement corresponding to the
occupational workload exposure, suggesting a causal relation between specific workload exposures and the
localization of osteoarthritis in the fingers.

Hadler et al[35] were the first group that published in 1978 results pointing out this possible causal relation.
They found that the dominant hand was more affected than the non-dominant hand among winders, burlers
and spinners. Besides, the pattern of involvement within the dominant hand was different for the three
groups, corresponding three different patterns of usage during work. Their results are still widely referred by
various authors of recent studies.

In a similar way Solovieva et al[25] evaluated whether the pattern of dental work tasks was associated with
finger osteoarthritis. It was found greater prevalence of osteoarthritis in the thumb, index and middle fingers
among the dentists with a history of low task variation than among dentists with high variation. The same
group compared female dentists and teachers — occupations with different hand use —, and found different
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patterns of involvement for moderately severe OA with clustering within the thumb, index and middle fingers
among dentists, and clustering within the ring and little fingers among teachers. Remarkably they found also
that the prevalence of OA in any finger joint and in any DIP joint was higher among the teachers compared
with the dentists.[27] In a comparison of dentists and controls Lehto et al[33] found that the proportion of DIP
OA of all arthrotic joints of the hands was in both male and female dentists greater than that in controls,
especially below the age 50, while the prevalence of OA of all joints of the hands was very similar in both
sexes of the controls and in female dentists with a tendency — though not statistically significant — to be
higher in male dentists. It was pointed out that dentists extensively use precision grip, which probably
overload mainly the DIP-joints.

Haara et al[28] found in a cross-sectional study of a population sample that history of physical workload was
associated with OA in any finger joint among women, but it did not show any relation to symmetrical DIP OA
in either sex.

Among the total of seven case reports, four of them presented peculiar patterns of finger OA involvement in
the dominant hand that correspond to the occupational workload exposure, also suggesting a causal relation
between specific work exposures and the development of finger OA.[44, 45, 47, 48]

So the question is whether symmetrical finger/hand/wrist OA has a different pathophysiology, and hereby
risk factors, than OA presenting specific patterns of involvement. For example, could the development of
interphalangeal OA be associated with performing fine repetitive movements? Or could the development of
OA of the first carpometacarpal joint be associated with the repetitive use of power grip? These and other
questions are expected to be answered by future controlled studies.

Exposure

As in the case of outcomes, the exposures analyzed by the 21 epidemiological studies were very
heterogeneous. Only four different exposures were reasonably comparable in 10 studies — dental work in 3
studies, hand/arm vibration in 4, cotton workers in 2 and miners in 2 (one study with both cotton workers and
miners).

In some studies the exposure was not well defined and just referred as heavy physical exertion or heavy
labor. The duration of exposure was not informed in various studies.

The exposure was called manual work in several studies, but the criteria for defining manual work varied
widely. Some just applied the term to occupations generally known as manual, for example dentists, cooks,
weavers, cotton workers, carpenters, painters, etc. Others used score classifications taking into account
different biomechanical loads to evaluate whether a job could be called manual or not. Those classifications
could for example be based on the articles author’s opinion or on a consensus among rheumatologists and
specialists in occupational medicine.

The choice of the study population was based on specific occupations in 8 studies. Those regarding dentists
(three studies), cooks (one study), textile workers (one study) and cotton operatives (one study) based their

choice on occupations requiring primarily hand/finger use. Foundry workers and miners were selected in two
studies with the aim of investigate the prevalence of different forms of OA and of disc generative disease.

In almost all epidemiological studies the assessment of the exposure was based on subjective and
retrospective information given by the workers, which presents the risk of recall and information bias. Only
Hadler et al[35] used a task description based on extern observations from a consulting industrial engineer
and ergonomist.

Regarding exposure to hand/arm vibration various studies suggest that wrist OA are not specific caused by
vibration. Instead is likely to result from the strong dynamic and static joint loading (often in extreme positions
of the joint) and repetitive movements typical for tool manipulation in any heavy labour. On the other hand
exposure to vibration may induce additional articular load due to the increased need for joint stabilization and
gripping forces.[53-55] Further investigations should take in account the great number of possible
confounders and effect modifiers.

The fundamental reason why occupational exposure has been associated with OA is based on the theory
affirming that the development of OA can be triggered by biomechanical factors producing joint overload.
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Thus occupations promoting repetitive monotone movements would be the ideal model of joint overload
predisposing to the development of OA. This pathophysiological theory is discussed below.

5.10 Pathophysiology

The pathology of osteoarthritis involves the whole joint in a disease process that includes focal and
progressive articular cartilage loss with concomitant changes in the bone underneath the cartilage, including
development of marginal outgrowths, osteophytes, and increased thickness of the bony envelope (bony
sclerosis). Soft-tissue structures in and around the joint are also affected. These structures include
synovium, which may show modest inflammatory infiltrates; ligaments, which are often lax; and bridging
muscle, which becomes weak.[18]

The association between intensive use of the same muscles or motions for a long duration promoting the
development of hand OA, has been controversial.[30, 31, 56, 57] A beneficial effect of physical activity of
moderate intensity on the strength of the muscles and ligaments has been suggested as a protective effect
on joint OA. The results of the study by Rogers et al showed that moderate/high joint stress was associated
with a reduced risk of hip/knee OA among women.[58]

On the other hand the findings of unusual patterns of involvement of hand OA among certain occupations, as
discussed above, have supported the theory of biochemical stresses as aetiological factors.

This theory suggest that repetitive movements with relatively low muscle activity may not result in muscle
tissue damage, whereas continuous overload of finger joints resulting from highly monotonous usage may
lead to joint impairment.[25, 59]

The mechanism by which the possible deleterious effects of pressure and static positions are mediated to
the joints might be a subtle interference with the nutrition of the articular cartilage. This probably requires
pressure exerted on the cartilage by muscular contraction, given that arthrosis does not develop in paralyzed
limbs despite of immobile positions, and that hands weakened by hemiplegia or peripheral nerve injury do
not generate Heberden's nodes.[60, 61]

It is important to keep in focus that OA is a multi-factorial disease where non-mechanical factors as age,
gender, metabolic and genetic factors and others mechanical factors as previous trauma play a role.

That is why some authors affirm that the development of OA depends on a generalized predisposition to the
condition, and thus extern factors, as biomechanical stresses, more likely affects the localization of OA than
the development of the disease itself. In another words a mechanical joint overload could accentuate a
tendency toward development of OA in predisposed individuals, but will have little or none effect on those
not predisposed.[62] But this assertion has not been elucidated yet, given various reports and studies
showing the occurrence of OA among individuals without apparently predisposing factors.

For example Rossignol et al showed an early onset of OA among workers in heavy labour jobs, with almost
40% of patients reporting their first symptoms before the age of 50.[26] Lehto et al[33] also found higher
prevalence of finger OA among dentists especially below the age 50 compared to controls from a population
sample.

e Osteoarthritis and gender
In seven studies, the analyzed population included only men[34, 36, 39-43], and in five studies only
women.[24, 25, 27, 32, 35] The articles, which studied only men, regarded occupations typically known
for having male workers (grinding and chipping work, work with chain saws and pneumatic tools to quarry
and slit granite blocks in stone pits, mining and metal industry). There is no clear reason why some
studies included only female populations, given that the occupations analyzed are represented by both
sexes (dentists, cotton workers, cooks and others)

Among the nine studies including men and women in the analyzed population[23, 26, 28-31, 33, 37, 38],
two of them did not comment whether there was any difference in the prevalence or distribution of OA
between these groups. In three studies the prevalence of OA was higher among women, where
Rossignol et al found also that women presented higher prevalence of OA of multiple joints.[26, 29, 30]
Only Lehto et al[33] reported higher prevalence of finger OA among male dentists compared with female
dentists.
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Three studies reported similar prevalence rates between men and women.[31, 37, 38] Though, more
severe OA was found among women by Caspi et al, and higher prevalence of OA of multiple joints was
found among women by Kellgren and Lawrence 58. None of these studies analyzed the reasons for the
differences found between sexes.

It is relevant to investigate whether the differences in prevalence and distribution of hand OA among men
and women could be explained by different biomechanical occupational exposures. It has been
suggested for example that women preferably perform jobs requiring precision grip, and hereby are more
exposed to overload of the DIP-joints. On the other hand it is not elucidated if men and women are
exposed to different workloads within the same occupation. For example whether the stronger grip- and
pinch-forces male dentists potentially exert, compared to female dentists, might be the reason why male
dentists present higher prevalence of hand OA than female dentists as showed by Letho et al.[33]

5.11 Summary

Osteoarthritis (OA) can be characterized as progressive articular cartilage loss with concomitant changes in
the bone underneath the cartilage. It is the most common form of arthritis affecting millions of people
worldwide. The prevalence of radiographically diagnosed hand OA increases steadily with age. Osteoarthritis
of the hand is a major cause of impairment in performing activities of daily living. Thirty percent of all joints
affected by OA are the joints of the hand.

The aetiology of primary arthrosis is multi-factorial and age, gender, metabolic and genetic factors, nutrition
and biomechanical factors (such as muscle weakness, joint laxity, joint injury and repetitive strain) have been
studied as risk factors.

The purpose of the present review was to evaluate the current evidence for causal relations between
occupational exposures and the development of hand OA.

The relevant studies were identified through open searches and search using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010).

The following studies presenting occupational factors in relation to hand OA were retrieved: 1 follow-up
study, 2 case-control studies, 18 cross-sectional studies, and 7 case-reports.

Seventeen of the epidemiological studies analyzed biomechanical factors and occupations in relation to
hand OA (including the 2 case-control studies), and 4 studies analyzed exposure to hand / arm vibration
(including the follow-up study).

Regarding exposure to biomechanical factors, 12 studies — including four comprehensive large cros-
sectional studies and one case-control study — reported a significant association with hand OA; while five
studies — including a large comprehensive cross-sectional study — did not report any significant associations.
When hand/arm vibration was the exposure analyzed, 1 cross-sectional study found a positive association
with wrist OA, while 1 follow-up and 2 cross-sectional studies did not find any significant associations with
hand and wrist OA.

Main limitaitons are crude or inadequate measures of exposure and large heterogeneity of analysed
outcomes. Thefore it is hard to evaluate consistency across studies.

5.12 Conclusion

We rate the overall evidence level of a causal association between finger OA and manual work as moderate
(++). A significant association between manual work and finger OA was found by 12 out of 17 independent
studies including four large and comprehensive cross-sectional studies, where bias towards elevated risk
seems less likely. A major concern in the cross-sectional studies is preferential drop-out of diseased workers
among exposed, which will result in bias towards the null. Accordingly this type of bias may cause falsely
negative studies and result in underestimation of risk in positive studies. Pronounced exposure
misclassification is expected to cause bias in the same direction. On the other hand, retrospective collection
of self-reported exposure information and inadeqaute confounding control may result in false positive
findings. It is not possible in the single study or overall to evaluate theextend of these opposing types of bias.
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The findings of specific clinical patterns of involvement of hand OA, which correlates to specific
biomechanical workloads, provide a substantial support to the association.

On the other hand, we rated the level of evidence of a causal association between exposure to hand/arm
vibration and hand OA as insufficient. The reason for that is the small number of studies on this issue (4
studies), with relatively few subjects analyzed, and with inconsistent results.

It is however undoubtedly that there is a lack of controlled studies with comprehensive and unbiased
documentation of exposure as well as outcomes for both occupational exposures — manual work and
hand/arm vibration.

It is a big challenge to elucidate the specific role of occupational exposures in the development of OA, given
the large number of inherited and acquired factors, which have to be taken into account. But it is to expect
that future controlled trials would make it possible.

Occupational joint overload of the hand is potentially an important aetiological factor contributing to the

occurrence of OA in a sizeable segment of the population. Thus there is a need of further controlled studies
focusing on precise exposures and well-defined populations.
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6. NERVE COMPRESSION SYNDROMES

6.1 Introduction

Compression neuropathy refers to nerve damage from applied pressure of any source. Nerve compression
syndromes of the upper extremity are characterized by compression of the ulnar, radial or median nerve
along their course from the brachial plexus to the hand, resulting in clinical symptoms and/or
electrophysiological changes.[63] [64] [65, 66] The term “entrapment” implies a mononeuropathy caused by
pressure exerted by an anatomic or pathologic structure. All entrapment neuropathies are compression
neuropathies, but not all compression neuropathies are caused by entrapment. A nerve may be compressed
because of abnormal enlargement. A nerve of normal dimensions may be compressed from a narrowed
space and the pressure can be externally or internally. The site of compression may be a static or dynamic
structure, such as the pronator teres muscle. Compression neuropathies may develop acutely, as with
tourniquet paralysis, or chronically. In the absence of trauma, the relation of the disorder to work or other
activity has been suggested.[67] The present review aims to elucidate the available evidence of the
association between occupational exposures and the development of nerve compressive syndromes,
excluding carpal tunnel syndrome, given that this disorder has been reviewed prior in a similar paper.

Ulnar nerve compressive syndromes

There are multiple potential areas of ulnar nerve entrapment or injury. The ulnar nerve passes between the
medial border of the triceps and the intermuscular septum (arcade of Struthers) and may be compressed by
the edge of the septum. The nerve passes posterior to the medial epicondyle and lies in the condylar groove.
If the groove is shallow or the medial epicondyle is small, the ulnar nerve may sublux during elbow flexion,
becoming hereby more vulnerable to trauma. Passing between the medial epicondyle and the olecranon the
ulnar nerve enters the forearm between the heads of the flexor carpi ulnaris, which it innervates. The deep
fascia forms a fibrous arcade that serve as the roof of a structures termed the cubital tunnel, which is another
potential site of entrapment.[68] The ulnar nerve also innervates the medial head of flexor digitorum
profundus muscle in the proximal forearm. The dorsal ulnar cutaneous sensory nerve arises from the ulnar
trunk 5 — 6 cm proximal to the wrist and transmits sensation from the dorsoradial hand. In the palm, the ulnar
nerve enters Guyon'’s canal (the ulnar tunnel) between the pisiform and the hook of the hamate bones.
Within the Guyon’s canal the superficial branch innervates the palmaris brevis muscle and supplies
sensation to the fifth digit and the medial half of the fourth digit. The deep branch supplies the hypothenar
muscles before exiting the ulnar tunnel to innervate the interossei, ulnar lumbricals, adductor pollicis, and
deep head of flexor pollicis brevis muscles.

e Ulnar neuropathy at the elbow (cubital tunnel syndrome)
Ulnar neuropathy at the elbow (UNE) is the second most common upper extremity mononeuropathy, after
only carpal tunnel syndrome.[55, 67] The mechanics of nerve injury likely include external compression,
traction, or entrapment at the arcade of Struthers, condylar groove, or flexor carpi ulnaris. Space-
occupying lesion, elbow deformity, arthritis, and peripheral neuropathy may predispose to UNE.[55, 69,
70]

Symptoms of UNE are commonly numbness and tingling in the little and ulnar half of the ring fingers,
often accompanied by weakness of grip, particularly during activities for which torque is applied to a tool.
Sensory involvement on the ulnar dorsal aspect of the hand also suggests UNE, as the dorsal cutaneous
branch of the ulnar nerve originates proximal to the canal of Guyon. Atrophy of the ulnar intrinsic muscles
of hand and clawing contracture of the ring and little fingers can be seen in advanced cases.[71]
Important differential diagnoses for UNE are medial epicondylitis and nerve compressive syndromes from
the neck or plexus brachialis.

Despite numerous reports describing the treatment of this disorder and its pathophysiology, its exact
incidence and prevalence is still unknown. Mondelli et al 2005[72] reported an incidence of 24,7/100.000
person-year in a general population, and Descatha et[55] al found in a 3-year follow-up among industrial
workers an estimated incidence of cubital tunnel syndrome of 0.8% per person-year. For a population
exposed to repetitive and forceful movements, Pellieux et al 2001[73] estimated its annual incidence rate
at 2.6%, based on claims for occupational diseases.

The prevalence of UNE reported in the literature varied from 2.8% among workers whose occupations
required repetitive work to 6.8% in floor cleaners[55, 74]. Higher prevalence levels have been observed in
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some studies or populations: 40% in a group of 69 musicians and 42.5% (subclinical ulnar nerve
entrapment at the elbow) for 167 workers who used hand-operated vibrating tools.[75, 76]

Based mainly on surgical series, some risk factors have been identified. For example, male gender and
fracture of the elbow predisposes the development of ulnar nerve compression at the elbow [77, 78].
However, most of the reported risk factors have not been the subject of epidemiological studies.[79]

e Ulnar neuropathy at the wrist (Ulnar tunnel syndrome)
Ulnar tunnel syndrome is compression of the ulnar nerve at the wrist (more specifically in the Guyon’s
canal) and may involve sensory or motor fibers or both. Shea and McClain[80] classified the ulnar tunnel
syndrome into a pure motor, a pure sensory, or combined motor and sensory neuropathy.

The clinical presentation varies depending on the location of the lesion. Clinical findings that differentiate
ulnar tunnel syndrome from UNE include normal sensation on the dorsum of the hand and normal
strength of flexor carpi ulnaris and flexor digitorum profundus. Another important differential diagnose is
carpal tunnel syndrome.

Ulnar compression at the wrist by ganglion cysts and other space-occupying lesions, tendovaginitis,
occupational injuries, trauma, bicycling, and congenital anomalies has been described.

Modification of hand use with avoidance of pressure on the wrist or splinting is tried in cases in which no
surgical lesion is found. [67, 81]

Median nerve compressive syndromes

The most common form of all nerve entrapment syndromes is carpal tunnel syndrome, which consists in
compression of the median nerve at the carpal tunnel at the wrist. According to Mysiew and Colacis
1991[82], median nerve compression is in more than 90% of these cases located at the carpal tunnel and
less than 10% at the elbow level. This well-established syndrome is not included in this review that focus on
more rare forms of entrapment of the median nerve known as pronator teres syndrome and anterior
interosseous nerve entrapment.

Pronator teres syndrome consists in the compression of the median nerve in the forearm by or between the
humeral and ulnar heads of the pronator teres muscle. [63, 67] The clinical manifestations include pain in the
over the pronator muscle area worsened by forceful pronation, paresthesia of the 3 Y2 radial fingers. The
objective findings include weakness of flexor pollicis longus and the lateral thenar muscles with
demonstrable atrophy in chronic cases. Usually there is no complaint of weakness of the grip or nocturnal
exacerbation of pain or paresthesia, making a differential diagnose with carpal tunnel syndrome.

In the forearm the median nerve passes beneath the aponeurotic band of the biceps (lacertus fibrosus). The
nerve enters the pronator teres muscle, where numerours fibrous bands may exist in the vicinity of the two
heads of the muscle. The anterior interosseous nerve has its origin from the median nerve at this location.
Leaving the pronator teres, the median nerve passes below the proximal edge of the flexor digitorum
sublimes muscle. At the wrist the median nerve crosses into the palm trough the carpal tunnel. The roof of
this canal is the transverse ligament, and a concave arch of carpal bones constitutes the floor. [83]

Anterior interosseuous nerve entrapment at the level of pronator teres or flexor digitorum sublimes muscles
by fibrous bands, anomalies, or trauma (mainly fractures) also causes proximal forearm pain that increases
with exercise. It may also occur spontaneously. Weakness of thumb and index flexion at the distal
interphalangeal joints, demonstrated by abnormal pinch, is found in clinical examination. There is no sensory
loss in the hand or weakness of the lateral thenar muscles, which differentiates this disorder from from
pronator teres and carpal tunnel syndromes.

Neither the prevalence nor the incidence of pronator teres syndrome and of anterior interosseuous nerve
entrapment is known, given that the literature about these disorders presents only case reports and case
series.

Radial nerve compressive syndromes
Radial nerve compression is less common than median or ulnar nerve compression.
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The main trunk of the radial nerve courses between the lateral and medial heads of the triceps then lies
along the spiral groove of the humerus bone. The spiral groove is a potential site of radial nerve
compression, known as high radial nerve compressive syndrome. Fractures of the humerus and extern
compression against the humerus in the spiral groove are the most common causes of high radial nerve
compression. It may also result from compression by a tourniquet, from the use of crutches, and from
allowing the arm of an anaesthetised patient to hang over the operation table. It may develop during sleep,
especially when the patient is intoxicated (“saturday night palsy”). The nerve may also be damaged by deep
intramuscular injection into the posterior or lateral aspects of the upper arm. Radial palsy after muscular
effort is rare, but it has bee reported.[84-87] The symptoms of high radial entrapment are characterized by
loss of wrist and digital extension and sensory loss in the distribution of the superficial radial nerve. This can
be clinically distinguished from posterior interosseous nerve entrapment, in which there is no sensory loss
and no totally loss of wrist extension.[88] Only case reports regarding high radial nerve entrapment are found
in the literature, so its prevalence and incidence is still unknown, however it is considered a relatively rare
entity.

After leaving the spiral groove in the humerus bone, the radial nerve runs anterior to the lateral epicondyle
before supplying brachioradialis and extensor carpi radialis longus muscles. The main trunk then divides into
a superficial sensory and terminal deep motor branch. The superficial sensory branch descends the radial
aspect of the forearm and supplies the dorsal radial aspect of the hand. This trajectory is known as radial
tunnel (from the radial head to the inferior border of the supinator muscle), therefore compression of the
radial nerve at this site is by some authors called radial tunnel syndrome (RTS). The clinical manifestation of
radial tunnel syndrome is forearm pain localized 3-5 cm distal to the lateral epicondyle worsened by resisted
supination or midldle finger extension. Paresis is not seen given that the entrapment affects the deep
sensory branch of the radial nerve. The causes for RTS can be various including bands of fascia, the radial
recurrent vessels, and the fibrous edge of the origin of the supinator that constitutes the Frohse arcade.
Some observational studies of industrial workers or heavy manual workers suggested that some
occupational factors, such as a cumulative trauma phenomenon, could predispose to RTS.[89-93] The main
differential diagnose is lateral epicondylitis. Very limited data is found regarding the prevalence of radial
tunnel syndrome, mainly because of this entity is frequently confused with epicondylitis.[90] Werner [94]
estimated the prevalence of RTS in 5% of cases of lateral epicondylitis (called by some authors by “resistant
tennis elbow”). [93, 95]

The terminal motor branch of the radial nerve, the posterior interosseous nerve, passes through the
supinator muscle and enters the extensor compartment where it supplies supinator, adductor pollicis longus,
and all of the extensors of the forearm. The fibrous edge of the supinator, the arcade of Frohse, is a potential
site of entrapment of the posterior interosseous nerve — condition known as posterior interosseous
syndrome. Clinical manifestations include pain proximal in the forearm and weakness or paresis of the
extensor muscles of the forearm. There is though normal function of the supinator and extensor carpi radialis
longus muscles, which may lead to radial deviation of the wrist. There is no sensory loss. Surgery is
indicated only if there is progression of motor loss or lack of response to activity modification and
splinting.[67]

6.2 Literature search

The relevant studies were identified through open searches and search using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010). The following searching
keywords were combined using the relevant operators ‘and’ / ‘or”:

Nerve compression syndromes
Ulnar nerve

Radial nerve

Median nerve

Pronator teres syndrome
Occupational

Occupational Exposure [Mesh]
Occupational Medicine [Mesh]
Occupational Diseases [Mesh]
Occupational Health [Mesh]
Occupational Groups [Mesh]
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Occupational Accidents [Mesh]

Industry [Mesh]

Employment [Mesh]

Hand-Arm Vibration Syndrome [Mesh]
Occupations [Mesh]

Disorders of Environmental Origin [Mesh]
Environmental Exposure [Mesh]

NOT carpal tunnel syndrome [Mesh]

The diagnostic criteria for nerve compressive syndromes should be based on clinical and
electrophysiological findings.

The electronic search retrieved 704 articles. After selecting the articles as described under the topic
‘methods and inclusion criteria’ (on the introduction of this review) there were 80 articles, which were
considered relevant.

The articles presented the following designs: 49 reviews / background information, 4 analytic epidemiological
studies (1 follow-up, 2 case-controls, 1 cross-sectionals), 27 other epidemiological studies and case reports.
The studies are discussed below. Table 1 resumes the analytic epidemiologic studies. Tables 2, 3, and 4
present case reports and other epidemiological studies regarding ulnar, median and radial nerve
compressive syndromes respectively. The studies are listed in the tables according to descending year of
publication and alphabetic sequence.

6.3 Ulnar nerve compressive syndromes

e Analytic epidemiological studies
In a case-control study with 110 patients treated surgically for ulnar nerve compression at the elbow and
192 controls (patients with cervical or lumbar disc disease) Bartels and Verbeek 2007 [79]investigated the
association between different risk factors and ulnar nerve compression at the elbow. The analyzed risk
factors were gender, body mass index, smoking and alcohol comsuption, occupation, level of education,
previous fracture of or around the elbow, previous subluxation of the elbow joint, diabetes mellitus,
hypothyroidism and hypertension. The only biomechanical occupational factor included was repetitive
movement of arm during last job. Each occupation received a category number according to the British
Standard Occupational Classification. The highest category numbers regarded heavy manual labour.

The number of the category was then multiplied by the length of time in years in that occupation and the
sum of all these products was divided by the total time (in years) that a person had worked to indicate a
categorical estimation of the total working history. Smoking (OR=2,94 95% CI 1,58-5,48), education level
(OR=1,45 95% ClI 1,16-1,81), total working experience (OR=1,25 95% CI 1,10-1,42) and heavy labour
(OR=2,23 95% CI 1,31-3,80) were identified as risk factors for the development of ulnar nerve
compression at the elbow. The fact that repetitive movement of the arm during work was not found as a
risk factor (OR=1,1 95% CI 0,66-1,85) could be explained by a recall bias, where the patients could not
precisely definite repetitive movements and recall the frequency of those.

The study is the first of its design, which analyzes different risk factors, including occupational history, in
relation to nerve entrapment at the elbow. The main limitation of this study is the crude exposure
assessment. Possible selection bias with exclusion of ulnar nerve compression with light symptoms, and
incomplete survey response (87% of the cases and 74% of the controls) are other weaknesses that may
be noticed.

Conlon and Rempel 2005 [96]designed a cross-sectional study with the aim of estimate the prevalence of
mononeuropathy at the wrist among 202 engineers who use computers and identify associated risk
factors. The evaluated outcomes were ulnar and median nerve entrapment at the wrist — the later being
carpal tunnel syndrome. The analyzed factors age, gender, BMI, medication use, smoking status,
physical activities, hours of computer use at work and private, typing speed, break time per day, duration
of employment, and driving a car. The diagnoses were based on the presence of symptoms associated
with abnormal electrophysiological studies. The prevalence of ulnar neuropathy at the wrist among
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engineers was 1.8% (right hand), and 2.9% (left hand) — eight cases in total. The diagnoses ulnar
neuropathy and carpal tunnel syndrome were considered together in the logistic regression analyses.
Hours of computer use, BMI, and antihypertensive medication use revealed a positive association with
the presence of the disorders (OR=6,53 95%CI 1,44-29,7; OR=1,11 95%CI 1,0-1,23; and OR=5,26
95%CIl 1,28-21,8 respectively). Typing speed, driving hours per week, and total break time of 20 min per
day present a negative association (OR=0,96 95%CI 0,93-0,98; OR=0,84 95%CI 0,73-0,96; and OR=0,57
95%CI 0,32-1,02 respectively). No analysis specifically for ulnar neuropathy was made.

The main strength of this study is the inclusion of several personal and occupational factors. But some
limitations can be commented. The participants in the study presented higher rates of symptoms,
comparing with the employees, who did not accept to participate in the study, resulting possible selection
bias. And the self- reported assessment of exposure predisposed to information bias. Furthermore it is
not explained in the study the reason for finding higher prevalence of neuropathy in the left hand
compared to the right hand.

Descatha et al 2004[55] designed a 3-year-follow-up study with 598 workers from six different sectors to
investigate the incidence of ulnar nerve entrapment at the elbow in repetitive work. The job sectors
included were assembly line (packaging excluded), clothing and shoe industry (packaging excluded), food
industry (packaging excluded), packaging and supermarket cashiering. The potential risk factors
evaluated were: 1. Personal variables (age, gender, smoking, body mass index, leisure-time activities,
presence of psychosomatic or depressive problems); 2. Occupational activity (sectors and number of
years on the job); 3. Postures and biomechanical constraints (holding in position, turning and screwing,
working with force, using elbows for support, holding a tool in position and using a vibrating tool); 4.
Psychosocial work factors (job control and job satisfaction), and 5. Other work-related musculoskeletal
disorders affecting the elbow or the ulnar nerve directly or indirectly. The found annual incidence was
estimated at 0.8% per person-year, given that there were 15 new cases during the 3- year period. Holding
a tool in position was the only biomechanical risk factor identified (OR=4.1, 95% CI 1.4-12.0). Obesity
(OR=4.3, 95% CI 1.2-16.2) and the presence of medial epicondylitis, carpal tunnel syndrome, radial
tunnel syndrome, and cervicobrachial neuralgia were also found as risk factors for ulnar nerve
entrapment at the elbow. The associations with “holding a tool in position” and obesity were unchanged
when the presence of other diagnoses was taken into account.

This is the first follow-up study investigating the incidence of ulnar nerve entrapment at the elbow in
repetitive work. It is remarkable that a wide number of different potential risk factors were taken into
account. But the study presents some limitations. Even though there were a large number of subjects in
the study, the risk factors assessment was based on only 15 cases (new cases in the 3-year period). The
diagnostic criteria for ulnar nerve entrapment at the elbow were exclusively clinical without confirmatory
nerve conduction tests. The postures and biomechanical constraints had been self- assessed and many
occupational health physicians were involved in the study, which may have induced information and
observer bias. It was not clear what “holding in position” exactly involved, whether it should be an
expression of static work for example.

Other epidemiological studies and case reports

Hirata and Sakibara 2007 [97] performed sensory nerve conduction tests on 34 male workers diagnosed
with hand/arm vibration syndrome compared to 23 controls. The aim of the study was to clarify the range
of involvement for hand-arm vibration syndrome in the median, ulnar and radial nerves of the hand.
Neuropathy types were classified by possible carpal tunnel syndrome (CTS), Guyon’s syndrome and
digital neuropathy. Guyon’s syndrome was found in 26,5% of the cases versus 4,3% in the control group
(P=0,03). Distal neuropathy of the radial nerve was found in 29,4% of the cases versus 4,3% in the
control group (P=0,03). Multi focal neuropathy, defined in the study as a combination of CTS, Guyon'’s
syndrome and digital neuropathy, was the most frequent disorder found in 52,9% of the cases and in
4,3% of the controls (P=0,000). They found no cases of cubital tunnel syndrome.

None analyses of the occupational exposures or of personal factors as possible confounders were made.
In a cross-sectional study with 21 male tennis players and 21 male controls, who did not perform any kind
of regular sport activity, Colak et al 2004[98] analyzed the influence of regular and intense practice of an

asymmetric sport such as tennis on nerves in the elbow region by nerve conduction studies. The groups
were matched according to age, weight, height, and limb lengths. They found that the sensory and motor

37/121



conduction velocities of the radial nerve and the sensory conduction velocity of the ulnar nerve were
significantly delayed in the dominant arms of tennis players compared with their non-dominant arms and
normal subjects (P<0,05). There were no statistical differences in the latencies, conduction velocities, or
amplitudes of the median motor and sensory nerves between controls and tennis players in either the
dominant or non-dominant arms. None analyses of other potential risk factors between the groups were
made.

This study is the first published analyzing asymptomatic tennis players with nerve conduction studies.
Some limitations in the study can be cited. There was no information about whether other personal
factors were taken into account as possible confounders, such as prior traumas and comorbidities.
Although reaching statistical significance between the two groups, nerve conduction values for tennis
players were within the normal range.

Ruess et al 2003[99] reported the findings of musculoskeletal disorders among 12 radiologists in relation
to computer use in their work activities. Time working as staff, workday hours, and academic activities
were recorded. Nonoccupational activities were also noted. An industrial hygienist evaluated the
department work areas and staff offices. Three radiologists were diagnosed with cubital tunnel syndrome
and one with carpal tunnel syndrome. Comparing these 4 cases with the others 8 radiologists, it was
found that they had significantly greater workday hours (P < 0.05) and performed more research (P <
0.003) than the asymptomatic radiologists.

None analyses of the occupational exposures or of personal factors as possible confounders were made.

Patterson et al 2003 [100]described a cross-sectional study with 25 road or mountain bike riders before
and after a 600-km bicycle ride with the aim of identify cases of ulnar and median nerve neuropathies at
the wrist (the latter meaning carpal tunnel syndrome). The cases were determined based on symptoms
and clinical examination, no electrophysiological tests were performed. Twenty-three of the 25 cyclists
experienced either motor or sensory symptoms, or both. No statistical significant differences were found
between the groups of road and mountain bike riders. No analyses on biomechanical exposures were
made.

Kékosy 1994 [76]studied the prevalence of thoracic outlet syndrome and cubital tunnel syndrome among
167 workers exposed to hand/arm vibration. The occupations included motor sawyers, chipping and
grinding workers, rock drill operators, grinders and operators of other vibrating tools. They found one of
the referred compressive syndromes in 30% of the examinated workers, while diffuse peripheral
neuropathy was seen in 22%. Those results suggest that focal lesions of the peripheral nerve are more
common than diffuse neuropathy.

None analyses of the occupational exposures or of personal factors as possible confounders were made.
It was retrieved 15 case reports on ulnar nerve entrapment at the wrist or at the elbow, which referred to

the patients occupations. Those reports regarded the following activities: byciclism, kitchen chef,
computer use, autovehicle driving, secretary job, rope fabric, video game playing, meat packing.

6.4 Median nerve compressive syndromes

Analytic epidemiological studies
None was found.

Other epidemiological studies and case reports
The results of Colak et al 2004[98], which are commented above included also median nerve neuropathy.

Stal et al 1998[101] performed a cross-sectional study with 30 female machine milkers in Sweden, who
presented persistent symptoms (for a period of one year) from the upper extremity. They found a
surprisingly high prevalence of pronator syndrome, 23 cases out of 30 examinated individuals. The total
sample of workers, where the cases were taken from was 201, resulting 11,4% of the workers presenting
with pronator teres disorder. Given that the diagnostic criteria were symptoms and physical examination
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the pertinent question is, whether it was made the correct diagnosis. Some ergonomic aspects of the
machine milking work were discussed, but no assessment of exposures was made.

Only one case report on pronator teres syndrome referring the patients occupations was found. The
reported activities were: heavy manual labor, baseball and musical instrument playing. [102]

6.5 Radial nerve compressive syndromes

Analytic epidemiological studies

In a case-control study with 21 blue-collar workers previously diagnosed with radial tunnel syndrome and
21 controls (matched for gender, age and plant) Roquelaure et al 2000 [89]investigated occupational risk
factors for radial tunnel syndrome. The workers were from three different plants, where television sets,
shoes and automobile brakes were manufactured. The diagnosis of radial tunnel syndrome was
established based on review of all employees’ medical files. The cases were defined if the medical files
included the following conditions: forearm pain along the radial nerve in front of the radial head, 3to 5 cm
distal to the lateral epicondyle; positive “middle finger test” (ie, pain elicited in the region of the common
extensor origin by extension of the middle finger extended elbow) or positive “resisted forearm supination
test”; positive results of a neurophysiological examination; or surgical release of the radial nerve. The
assessed data were medical history (body mass index, hand dominance, smoking habits, alcohol
consumption, use of analgesics, history of pregnancy, menopause, gynaecological surgery and oral
contraceptives use), non-occupational activities (education level, marital situation, household chores,
playing of musical instruments and physical exercise) and occupational activities (type of work, length of
employment and duration of previous manual work). A job-site work analysis including type and posture
of hand and elbow movements — e.g. repetitive, precise, forceful, static —, type of tools used, work
cadence, and work hours and breaks was performed by direct observation by two specially trained
assessors unaware of the medical status of the workers. It was found 3 occupational risk factors for radial
tunnel syndrome (RTS). Exertion of force of over 1 kg more than 10 times per hour was the main
biomechanical risk factor (OR=9.1, 95% CI 1.4-56.9). Prolonged static load applied to the hand during
work (OR=5.9, 95% CI 1.2-29.9) and work posture with the elbow fully extended (OR=4.9, 95% ClI 1.0-
25.0) were also associated with RTS. Personal factors and activities, such as household chores, sport
and leisure activities were not associated with RTS.

This is the only published article to date analysing occupational risk factors for RTS. The main strength of
the study is the detailed objective exposure assessment. The main limitation is the small number of
participants.

Other epidemiological studies and case reports
The results of Colak et al 2004[98], which are commented under ulnar nerve compressive syndrome
included also radial nerve neuropathy.

It was retrieved 5 case reports on radial nerve entrapment referring the patient’s occupations. The
reported activities were: heavy manual labor, tennis playing and kitchen chef.[84-87, 103]
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Table 6.6 — Analytic epidemiological studies on nerve compression syndromes in relation to
occupational exposures
yrs = years; m = men; w = women; OR = odds ratio; ORm = odds ratio for men; ORw = odss ratio for women;
ClI = confidende interval

Reference Population |Design |Relevant Outcome Diagnostic Selected
exposure criteria results —risk
estimate
referred when
possible (95%
Clh
Bartels and n=302 (110 |Case- Total work Ulnar nerve Clinical and Total work
Verbeek 2007 cases, 192 |control |experience |compression |electrophysio- |experience:
[79]Netherlands | controls) Heavy at the elbow logical OR=1,25 (1,10-
Mean age: manual work examination 1,42)
50 yrs Repetitive Heavy manual
movement of work
the arm OR=2,23 (1,31-
during last 3,80)
job Repetitive
Lower or movements:
none OR=1,1 (0,66-
education 1,85)
Lower or none
education
OR=1,45 (1,16-
1,81)
Conlon and n=202 Cross- Hours of Ulnar nerve Questionnaire | Hours of
Rempel engineers sectional | computer entrapment at | and computer use:
2005[96] Mean age: use the wristand | electrophysio- | OR=6,53
USA 42 yrs Years of carpal tunnel |logical (1,44-29,7)
work with syndrome examination
computer
Typing
speed
Break time
per day
Driving a car
Descatha et al n=598 Follow- | holding in Ulnar nerve Clinical OR=4.11
2004[55] workers (178 |up position entrapment at | examination (1.38-12.23) for
France m, 420 w) turning and | the elbow 3-year incidence
Age: <30 - screwing statistically
>50 yrs working with significant only
force for holding a tool
using elbows in position
for support repetitively.
holding a
tool in Values for the
position others
repetitively parameters not
using a referred in the
vibrating article
tool)
Roquelaure et al | n=42 Case- exertion of Radial tunnel | Clinical and Exertion of
2000[89] workers (21 | control | force of > syndrome electrophysio- | force:
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France

cases, 21
controls)
Age: 18-59
yrs

1kg more
than 10
times per
hour

static work of
the hand
(pinching or
squeezing
objects or
tools)
working with
the elbow
fully
extended

logical
examination

OR=9,1 (1,4-

56,9)

Static work:

OR=5,9 (1,2-

29,9)

Elbow extended:
OR=4,9 (1,0-

25,0)
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Table 6.7 — Other epidemiological studies and case reports on ulnar nerve compressive syndromes
in relation to occupational exposures
yrs = years; m = men; w = women

Reference Population Exposure Outcome Diagnostic criteria
Krishnan etal |n=1 male chef |Whisking and chopping |Ulnar nerve Clinical and
2009[103] Age: 29 yrs food for many hours compression at the electrophysiological
Australia wrist examination
Black et al n=1 female 80-miles bike ride Ulnar nerve Clinical and
2007[104] bicyclist compression at the electrophysiological
USA Age: 29 yrs wrist examination
Hirata and n=34 male Work with vibrating tools | Guyon’s syndrome, Clinical and
Sakibara workers for around 27 years carpal tunnel electrophysiological
2007[97] diagnosed with syndrome, and digital | examination
Japan hand/arm neuropathy (involving
vibration ulnar, radial or
median nerve)
Colak et al n=42 men (21 | Regular and intense Ulnar, median and Clinical and
2004[98] tennis players, |tennis practice radial nerve electrophysio-logical
Turkey 21 controls) entrapment at the examination
Mean age: 27 elbow
yrs
Kalainov n=1 male One week-long Ulnar nerve Clinical and
2003[105] bicylclist mountais bicycling tour | compression at the electrophysiological
USA Age: 41 yrs wrist examination
Liguori et al n=5 computer | Compression of the Palmaris brevis Clinical and
2003 [106] users (1 proximal spasm syndrome - electrophysiological
Italy woman, 4 men) | hypothenar eminence lesion at the examination
while using a computer | superficial branch of
mouse the ulnar nerve at the
and keyboard for wrist
several months
Patterson n=25 byciclists | 600-km bicycle ride Ulnar nerve Clinical examination
2003 [100] (13 men, 12 compression at the
USA women) wrist
Mean age: 33
yrs
Ruess et al n=12 Computer use Cubital tunnel Clinical examination
2003[99] radiologits syndrome and carpal
USA tunnel syndrome
Capitani and n=3 male Extension of the wrist Ulnar nerve Clinical and
Beer 2002[107] | bicyclists with compression of the | compression at the electrophysiological
Switzerland Age: 38, 41, 49 |ulnar palm against the | wrist examination
yrs corner of the bicycles
handlebar while cycling
Kakosy n=167 workers | motor sawyers Thoracic outlet Clinical and
1994[76] exposed to chipping and grinding syndrome and cubital | electrophysiological
Italy hand/arm workers tunnel syndrome examination
vibration rock drill operators
grinders and
operators of other
vibrating tools
Deleu n=2 male Intermittently Ulnar nerve Clinical and
1992[108] computer users | compression of the compression distal to | electrophysiological
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Belgium Age: 23, 34 yrs | region proximal to the the wrist examination
wrist crease of while
using a computer
mouse for almost one
year
Abdel-Salam et | n=3 male Resting on the elbow Ulnar nerve Clinical and
al 1991[109] vehicle drivers | while driving compression at the electrophysiological
UK Age: 36, 44, 45 elbow examination
yrs
Davie et al n=1 male Pressure on the Ulnar nerve Clinical and
1991[110] computer user | extended wrist and compression at the electrophysiological
UK Age: 33 yrs hypothenar eminence wrist examination
while using a computer
mouse for several hours
daily for five months
Maimaris and | n=2 male Cycling 120 and 80 Ulnar nerve Clinical examination
Zadeh bicyclists miles entrapment at the
1990[111] Age: 24, 47 yrs wrist
UK
Streib 1990 n=1 female Writing or typing for Ulnar nerve Clinical and
USA[112] secretary several hours compression at the electrophysiological
Age. 48 yrs wrist examination
Chew 1988 n=1 male Tightening up a rope Ulnar nerve Not mentioned in the
[113] ropemaker and twainning it round entrapment at the article
New Zealand | Age: 24 yrs the right forearm under | wrist
considerable tension
repeatedly for seven
months
Friedland 1984 |n=1 male Playing video-game 4-6 | Ulnar nerve Clinical and
UK[114] video game hours a day for 1 month | entrapment at the electrophysiological
player wrist examination
Age: 28 yrs
Streib and Sun | n=3 male meat | Tight handgrip around Ulnar nerve Clinical and
1984[115] packers the knife handle during | entrapment at the electrophysiological
USA Age: 24, 24, 39 | deboning meat several | wrist examination
yrs hours per day
Noth et al 1980 | n=4 bicyclists Pressure on the ulnar Ulnar nerve Clinical examination
Germany[116] |(1 woman, 3 side of the hand while entrapment at the (electrophysiological
men) cycling for several days | wrist studies in two cases)
Age: 23, 24,
24, 26 yrs
Eckman 1975 | n=3 bicyclists | Cycling 3000 miles in 30 | Ulnar nerve Clinical and
USA[117] (data from only |days entrapment at the electrophysiological
one case: wrist examination
male, 22 yrs)
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Table 6.8 — Other epidemiological studies and case reports on median nerve compressive syndromes
in relation to occupational exposures
yrs = years; m = men; w = women

Reference |Population |Exposure Outcome Diagnostic criteria
Stal et al n=23 female |Holding a 2-3,5 kg milking Pronator teres Clinical examination
1998[101] machine cluster with dorsal flexed syndrome (associated
Sweden milkers wrist, supinated forearm and | with ulnar nerve
Mean age: few degrees flexed elbow entrapment at the
45 yrs repetitively while machine elbow in 2 cases and
milking for around 20 years | at the wrist | 1 case)
Morris and | n=7 male Heavy manual labour Pronator teres Clinical and
Peters[102] |workers requiring forceful pronation syndrome electrophysiological
1976 Age: 27-70 and finger flexion (shoveler, examination
USA yrs woodworker, mechanic,
baseball pitcher, fiddler,
barber)
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Table 6.9 — Other epidemiological studies and case reports on radial nerve compressive syndromes in
relation to occupational exposures
yrs = years; m = men; w = women

of the elbow against weights

Reference Population |Exposure Outcome Diagnostic criteria
Krishnan etal |n=1female |Whisking and Radial tunnel Clinical and
2009 chef chopping food for many hours symdrome electrophysiological
Australia[103] | Age: 38 yrs examination
Prochaska et |n=1 male Intensive tennis training session | High radial nerve Clinical and
al 1993[86] tennis player | for several hours. entrapment electrophysiological
USA examination
Streib 1992[85] | n=3 male Heavy continuous work with arm | High radial nerve Clinical and
USA workers for many hours followed by a entrapment electrophysiological
Age: 38, 34, |sudden forceful contraction and | (associated with examination
27 yrs stretch of the arm muscles pronator teres
(lineman, factory worker, truck | syndrome in one
driver) case)
Mistunaga and | n=1 men Strenuous muscular activity High radial nerve Clinical and
Nakano Age: 20 (painting, lifting 50-pounds paint | palsy unilateral electrophysiological
1988[84] years buckets repetitively, moving examination
USA heavy wood and lifting and
automobile motor and shell
while painting the body)
Lotem et al n=3 male loading a truck with 50-kg pipes | High radial nerve Clinical and
1971[87] workers pushing a heavy container a few | palsy unilateral electrophysiological
Israel Age: 40, 45, | meters examination
49 years performing extension exercises
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6.10 Discussion

Design

The present review retrieved 4 analytic epidemiological studies — 1 follow-up, 2 case-controls and 1 cross-
sectional. Information bias (from self-reported exposure assessment) and / or selection bias (incomplete
survey response, selection based on symptoms, inclusion of suspected cases) were found in all studies.
Given the relative rare incidence / prevalence of some nerve compression syndromes, the studies presented
small number of participants. For example, the only follow-up study based their results in only 15 cases.

Not all epidemiological studies took personal factor into account as possible confounders.
The other studies included in this review were mainly descriptive epidemiological studies and case reports /
series, which have a limited epidemiological relevance.

Diagnostic criteria
Among the epidemiological studies two based the diagnoses of nerve compression syndromes only on the
clinical examination, i.e. without confirming electrophysiological studies, including the only follow-up study.

The appropriate diagnose of nerve compression syndromes should be based on a complete assessment of
symptoms, a detailed neurological clinical examination and on confirming electrophysiological studies. Well-
established diagnostic criteria are essential to provide a possibility of comparison among different
epidemiological studies.

Outcome

Regarding the analytic epidemiological studies ulnar nerve entrapment at the elbow was the aim of two
studies, ulnar nerve entrapment at the wrist (and carpal tunnel syndrome) of one, and radial tunnel syndrome
of one. Most of the case reports / series regarded ulnar nerve entrapment at the wrist.

One case-control study and one case report were about radial tunnel syndrome. High radial entrapment was
the issue of 4 case reports. Pronator teres syndrome was mentioned only in one cross-sectional study and
one case report.

The diversity of outcomes makes a comparison among the studies impossible.

Exposure

A large heterogeneity was observed in the assessment of exposure to physical risk factors. None of the
included articles used the same definition to determine exposure to force, repetitiveness, hand—arm vibration
or awkward posture. Besides, most of the studies used questionnaires or interviews only to determine
magnitude, frequency or duration of exposure.

e Biomechanical factors
The association of nerve entrapment and occupational exposure is probably due to the fact that the
proposed physiopathology is based on strain of the nerves. It is then to expect that occupations requiring
repetitive movements, producing hereby motion and strain of the nerves, would result in higher
prevalence of nerve entrapment, giving the opportunity to analyze those relative rare syndromes in larger
samples.

There are several reports of apparently higher rates of nerve compression syndromes among certain
occupations. For example regarding UNE, prevalence rates varied from 6.8% among floor cleaners
[mondelli 06] to 40% in some group of musicians.[75] Lederman 2006[118] commented on his review of
focal peripheral neuropathies in instrumental musicians that there is no sufficient evidence to suggest that
instrumentalists are at higher risk of developing focal neuropathies than anyone else, although there are
some specific disorders that appear to be related directly to the playing position or the manner in which
the instrument is held[119].

Diverse exposures related to work activities has been suggested as possible risk factors for the
development of nerve compression syndromes. As Bozentka [120] mentioned in his physiological study of
this disorder, epidemiologic studies of occupational ulnar nerve entrapment at the elbow are rare. Most of
the occupational studies are case reports in specific occupations or industrial sectors.[76, 100, 109, 121,
122] Most of them do not include an assessment of exposure to biomechanical factors.[55] Some studies
though analyzed biomechanical factors.
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A new danish (unpublished study) included 726 cases of patients diagnosed with ulnar neuropathy 2001-
2007 and 1909 community referents. A job exposure matrix comprising 169 job groups with quantitative
exposure estimates obtained by averaging five experts’ ratings was constructed. Repetitive but not
forceful work showed an odds ratio 1.3 95% CI 1.2-3.2; non-repetitive, but forceful work showed an odds
ratio 1.9 95% CI 1.2-3.2; and repetitive and forceful work showed an odds ratio 2.0 95% CI 1.2-3.1.
Results were adjusted for fractures, smoking, alchohol consumption, and BMI (Svendsen SW et al.,
PREMUS 2010). These results support a causal relationship between work strain and ulnar neuropathy.

According to Roquelaure et al 2000[89], repetitive exertion of force, prolonged static load applied to the
hand and work posture with full extension of the elbow (particularly with twisted posture of the forearm)
were risk factors for the development of radial tunnel syndrome. This is in agreement with previous
clinical studies showing the occurrence of RTS in manual workers performing repetitive tasks and forceful
forearm prosupination and elbow flexion or extension.[90, 92, 93]

In a review by Piligian et al 2000[71] some work-related risk factors were mentioned and appeared to be
common to cubital tunnel syndrome: repetitive and sudden elbow flexion, and repeated trauma or
pressure to the elbow at the ulnar groove. However, no quantitative information from this review is
available.[123]

In the results of the follow-up study of Descatha et al it was found that “holding a tool in position” was the
main risk factor to the development of UNE. This biomechanical factor had not been mentioned in other
studies on ulnar nerve entrapment at the elbow, but it was found in those that focused more on the role of
vibration, than on the repetitive use of tools. In their study “exposure to vibrating tools” was restricted to
hand-held tools, and “holding a tool in position” seemed to be more important for UNE than exposure to
vibration issued from a sewing machine (which is met by almost all the workers in the clothing and shoe
industries). The three incident cases in the shoe industry had to hold a tool in position, repeatedly, in
addition to using a sewing machine. In bivariate analyses, there was also a positive association with
“using elbows for support”. Many authors have reported that elbow flexion and extension are involved in
the occurrence of ulnar nerve entrapment at the elbow.[120, 124, 125] .

Colak et al[98] demonstrated that the sensory and motor conduction velocities of the radial and ulnar
nerve were significantly delayed in the dominant arms of tennis players compared with their non-dominant
arms and with control subjects. They suggest that repetitive motion and overload of wrist and elbow are
the major factors contributing to these findings among tennis players.

Regarding pronator teres syndrome, Stal 1998[101] proposed that the concentration of muscle tension
around the elbow during milking is probably considerable because the biceps and brachialis muscles are
contracted in this working position and, furthermore, the pronator muscle is stretched. In this position, the
median nerve could probably become entrapped.

The evidence for the associations mentioned above is primarily based on results presented in cross-
sectional studies, therefore the causality of the reported associations between exposure and the
occurrence of one of the specific disorders is debatable. Some of these mechanisms proposed above are
supported by anatomic studies and are discussed below under physiopathology.

Hand/arm vibration

The exposure to hand/arm vibration in relation to nerve compressive syndromes was the aim of two
studies. The results of Kakosy[76], who study cubital tunnel and thoracic outlet syndromes, suggested
that the neuropathy observed among exposed workers were more frequently focal (i.e. compressive
syndromes) than diffuse. Hirata and Sakibara[97], who study dysfunctions of ulnar, radial and median
nerves, found contrary results in their study, suggesting that diffuse neuropathy is the main effect of
exposure to hand/arm vibration. This issue has been indirectly discussed in other reports, but at the
moment there is no consense on this issue.[126, 127] In another words, it is not clear whether the
neurological alteration of hand/arm vibration syndrome are due to a direct effect of vibration on the nerves
or to secondary nerve entrapment, caused by for example wrist or elbow deformities.
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6.11 Pathophysiology

Nerves of the upper extremity have considerable mobility throughout their length, however their “tunnels” are
narrow spaces in close relation to the surrounding tissues. Compression by adjacent structures may tether a
nerve and restrict its mobility, thereby causing stretching in response to joint motion.[63]

Tension, motion, and friction are all known to be etiologic factors in compressive neuropathies, but their
exact roles have not been elucidated. The effect of motion and tension on nerve conduction, blood flow, and
histology has been studied in animal and human models.[69]

Wright et al 2001 [69] performed a biomechanical study with fresh-frozen transthoracic cadaveric specimens
to establish the relationship between ulnar nerve excursion at the wrist and elbow and the movement of the
shoulder, elbow, wrist, and fingers. Their results indicated that the ulnar nerve glides proximally and distally
with upper extremity movement both at the wrist and elbow in the normal individual. They found that the
ulnar nerve requires over 2 cm of unimpeded movement both at the elbow and wrist to perform full motions
of the upper extremity involving the shoulder, elbow, wrist, and fingers. If this normal nerve excursion is
obstructed, increased mechanical forces (strain) can occur across the portion of tethered nerve. This
increase in strain may cause direct mechanical damage to the nerve or injury may result from ischemia,
which likely occurs when a particular nerve experiences strain values more than 15%

These anatomical and physiological parameters are the base for the proposed theories about occupational
exposure to repetitive motion and overload of wrist and elbow and the development of nerve compressive
syndromes. Some theories are presented below. Those theories are mainly based on case series and
descriptive epidemiological surveys, reason why they may be viewed critically.

Roles et al 1972[90] proposed that repeated forceful movements of the elbow (markedly pronation and
extension of the elbow) tighten the fibrous edge of diverse muscles, which can become firm fibrous bands
capable of marked nerve constriction. This process can cause a generalised rise in tissue tension with
oedema of the paraneural tissue, resulting in focal ischaemia of the underlying nerve.

Regarding pronator teres syndrome, hypertrophy of the pronator muscle resulting from repeated pronation
movements has been suggested as contributing to compression of the median nerve trough this muscle. As
the muscle repeatedly contracts, the flexor digitorum sublimes muscle’s edge tautens, causing further trauma
to the nerve.[128]

Given the superficial position of the ulnar nerve, it is vulnerable to extern compression at the elbow and at
the wrist. Examples of such situations have been seen among workers leaning on the elbows and
compression of bicycle’s handlebar during long rides. Various activities evolving alternated supination-
pronation motions and extension of the elbow have been implicated in the presence of ulnar nerve
entrapment. [128]

In their study with tennis players Colak et al 2004[98] suggested that forceful repetitive movements of
musculotendinous compartments of the forearm may cause fascial thickening, resulting in stretching or
impingement of the surrounding nerve. Besides, as showed by clinical studies, the throwing motion and
elbow flexion, which are repetitively performed by tennis players, increases cubital tunnel pressures around
the elbow. Ulnar nerve traction and excursion occurs because the course of the nerve is behind the axis of
rotation of the elbow (fact that could explain the absence of abnormality of the elbow joint itself and history of
injury among patients suffering of UNE). This excursion and traction forces are further increased when the
shoulder is placed in abduction and the wrist in extension, and in situations evolving valgus forces, as in
throwing.[69, 120]

It is important to keep in mind that nerve compression may also be produced by space-occupying lesions
(such as tumors, cysts, inflammatory processes), systemic diseases, and by post-traumatic conditions. The
mechanisms involved in those situations are discussed in other relevant papers.

e Personal risk factors

The role of demographic parameters such as age, gender and other personal risk factors in the
development of nerve compressive syndromes is not totally elucidated.
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Male gender has been suggested as predisposing to the development of ulnar nerve compression at the
elbow.[77, 78] However, most of the reported risk factors have not been the subject of epidemiological
studies.[79]

Smoking has been found as a risk factor for the development of ulnar nerve compression in some reports.
The biological substrate for that is unclear and there is no evidence of a dose — response relationship.
Nevertheless, it is possible that the effects of smoking on the microvasculature may reduce the likelihood
of recovery in a damaged nerve. Alternatively, it may be postulated that the repetitive movement involved
with smoking (flexing and extending the elbow) may predispose to nerve compression. However, smoking
hand dominance is not correlated with the side on which surgery is performed, nor the amount of
cigarettes smoked daily.[129]

Regular alcoholic consumption does not seem to be a risk factor as previously reported. [129]

The association observed between obesity and ulnar nerve entrapment at the elbow, on the results of
Descatha et al[55], can be explained by mechanisms similar to those involved in carpal tunnel syndrome,
dealing with the increase of fat and edema in the cubital tunnel. The same study found an association
between ulnar nerve entrapment at the elbow with other work-related musculoskeletal disorders,
especially medial epicondylitis and carpal tunnel syndrome. This suggests that workers with one work-
related musculoskeletal disorder have an increased risk for others, especially if there are common
occupational risk factors involved.

Other causes for nerve compression suggested in the literature include hormonal alterations and
systemic diseases, such as pregnancy, oral contraceptive ingestion, diabetes mellitus, and
hypothyroidism. [130]

6.12 Summary

Compression neuropathy refers to nerve damage from applied pressure of any source. Nerve compression
syndromes of the upper extremity include compression of the ulnar, radial or median nerve along their
course from the brachial plexus to the hand, resulting in clinical symptoms and/or electrophysiological
changes. In the absence of trauma, the relation of the disorder to work or other activity has been suggested.
The purpose of the present review was to evaluate the current evidence for a causal relation between
occupational exposures and the development of nerve compressive syndromes, excluding carpal tunnel
syndrome, given that disorder has been reviewed prior in a similar paper[8].

The relevant studies were identified through open searches and search using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010).

It was retrieved 4 analytic epidemiological studies (1 follow-up, 2 case-controls, 1 cross-sectional), 27
descriptive epidemiological studies and case reports.

Three of the analytic epidemiological studies addressed ulnar compression syndrome (1 follow-up, 1 case-
control, 1 cross-sectional) and one radial compression syndrome (case-control). All four studies presented
biomechanical factors as the occupational exposure, and found a positive association between the outcome
and some or all the risk factors analyzed. Exposure to hand / arm vibration was studied by two descriptive
studies, one analyzed cubital tunnel and outlet syndrome, and the other dysfunctions of ulnar, radial and
median nerves.

6.13 Conclusion

The present review aimed to present the current evidence for a possible association between occupational
exposure and the development of ulnar, radial and median nerve compressive syndromes (excluded carpal
tunnel syndrome). It was found a wide heterogeneity of case reports / series and descriptive studies, but only
four analytic epidemiological studies, which presented different outcomes, diagnostic criteria and exposure
assessments. All studies presented critical information and / or selection bias, which limit their
epidemiological relevance. As a result the present level of evidence of a causal relation between nerve
compressive syndromes and manual work is considered limited (+), while the level of evidence for a causal
relation with exposure to hand/arm vibration is insufficient (0).
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7. DUPUYTREN’'S CONTRACTURE

7.1 Introduction

Dupuytren’s contracture (DC) is characterized by thickening and contracture of fibrous bands of the palmar
fascia (aponeurosis) resulting in progressive flexion of the fingers. First described by Guillaume Dupuytren, a
French surgeon, in 1831 the disorder is also called Dupuytren’s disease, maladie de Dupuytren and palmar
fiboromatosis.[131]

The condition is more frequent in males than females, and the prevalence increases with age, reaching 10-
20% or higher among males, and 5% or higher among females in the 60" decade.[132, 133]The male /
female ratio varies with age being of 8,4 in the age of 40-44 years and 2,7 in the age of 70-74 years. [133]
Recent studies on the pathogenesis of DC suggested that the male predominance is related to the
expression of androgen receptors in Dupuytren’s fascia rather than genetics.[134]

Geographical differences have been reported, with the prevalence thought to be higher in places such as
Scandinavia, the Netherlands, United Kingdom, and Australia than in Mediterranean areas, Africa, and the
Orient; however, reports on DC in Japan have shown similar prevalences. [135] Most investigators today
agree that genes only predispose the individual to the development of the disease rather than directly
causing it. [134]

It is frequently bilateral; when unilateral, it has been more frequent in the right than left hand in some but not
all series. In some cases changes similar to DC may be found in other parts of the body, including the feet
(contracture plantar aponeurosis), the penis (Peyronie’s disease), and knuckle changes on the extensor side
of the hand (knuckle pads). [135]

The clinical picture includes nodules (which are usually central to the diagnosis), thickening or retraction of
the skin, cords, and bands in the palmar side and, finally, joint contracture of the fingers. The ring finger has
been most frequently affected in many series, followed by the little finger. The condition may be
asymptomatic, even after contracture has developed, while others may complain of aching, tingling, or
difficulty grasping objects; some eventually require surgery to the contracture for relief of symptoms or
improved function. There is little confusion in recognizing advanced cases of DC, but the early signs
challenge even the most experienced observer to distinguish between DK and the normal hand in which
thick skin or prominent fascia are seen. [135]

Although one of the earliest references to the relation between DC and occupational activities dates back to
its first description, its etiology remains unknown today and the role of occupational exposure is still
debated.[136, 137]

Increased incidence of Dupuytren’s disease has been seen in relation to alcohol abuse. Epilepsy / use of
anti-convulsant drugs is also often linked to Dupuytren’s disease, with the incidence in epileptics as high as
56 percent.[134] There are also links to diabetes mellitus and smoking.[138] The higher prevalence in
diabetics is often believed to be related to the microangiopathy and increased collagen production that is
present in these cases. It is interesting that diabetics also have increased rates of flexor tenosynovitis and
carpal tunnel syndrome, other common “inflammatory” or “proliferative” processes in the hand.[137]
Dupuytren’s disease has been reported to be three times higher in smokers, which may be related to the
microvascular changes in the hand that occur with smoking.[134, 138] Rheumatoid arthritis is the only
condition that has been associated with a lower incidence of Dupuytren’s disease.[137] The physiopathology
of DC is further discussed below.

The aim of this review is to present the current evidence for a relationship between occupational exposures
and the development of Dupuytren’s contracture.

7.2 Literature search

The relevant studies were identified through open searches and search using Medical Subject Headings
(MESH-terms) in the US National Library of Medicine (Pubmed 1966 — July 2010). The following searching
keywords were combined using the relevant operators ‘and’ / ‘or”:

e Dupuytren contracture

e Dupuytren disease
e Occupational
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Occupational Exposure [Mesh]
Occupational Medicine [Mesh]
Occupational Diseases [Mesh]
Occupational Health [Mesh]
Occupational Groups [Mesh]
Occupational Accidents [Mesh]
Industry [Mesh]

Employment [Mesh]

Hand-Arm Vibration Syndrome [Mesh]
Occupations [Mesh]

Disorders of Environmental Origin [Mesh]
Environmental Exposure [Mesh]

The diagnostic criteria for Dupuytren contracture were based on clinical findings of thickening with or without
contractures of the palmar fascia.

The electronic search retrieved 982 articles. After selecting the articles as described under the topic
‘methods and inclusion criteria’ (on the introduction of this review) there were 24 articles, which were
considered relevant.

The articles presented the following designs: 17 reviews / background information, and 7 cross-sectional
studies. These studies are discussed below and presented in table 1. The studies are listed according to
descending year of publication and alphabetic sequence both in the text and in the tables.

Lucas et al 2008[132] studied the relation between DC and personal factors and occupational exposure in a
cross-sectional survey with 2.406 male civil servants employed at the Equipment Ministry in France in 1998.
Less than 5% refused to be included in the study. Case subjects, that is, those diagnosed with Dupuytren’s

disease, were older on average than subjects with no signs of DC (50.7 years versus 44.8 years; P<0.0001).

Structured interview was used to obtain subjects’ age and biomechanical exposure and medical history. The
occupational biomechanical exposures included were: using a tool with handle, using a vibrating tool,
manual handling, and repairing mechanical equipment. A score for each exposure was constructed to
estimate the total duration of lifetime occupational exposure, expressed in months. The number of years
worked was multiplied by an estimate of average annual frequency. The total exposure score was the sum of
the four lifetime scores, one for each defined task. The occupational exposure was defined as low,
intermediate, and high level of exposure. Diagnostic criteria for DC were clinical signs of thickening of the
palmar fascia and/or flexion contracture in phalanx 2, 3, 4, or 5. Dupuytren’s disease was diagnosed in 212
men (8.8%). The occupational exposure score was significantly higher in this group of cases than in the rest
of the sample (P<0.0001). Occupational exposure was associated with DC (adjusted OR=2.20 95% CI 1.39—
3.45 for the intermediate and 3.10 95% CI 1.99-4.84 for the high exposure groups), with adjustment for age,
leisure physical activities, alcohol consumption (>=5 servings per day), history of diabetes, epilepsy, hand
trauma, and familial history of Dupuytren’s disease.

The main strength of this study, which considerably enhances its relevancy for this review, are the analyses
of occupational exposures together with most of the clearly established personal risk factors, and the attempt
of making a quantitative assessment of manual occupational exposure. Some limitations are that the
exposure assessment was based on questionnaire, and that smoking status was not taking into account.
The reason for that is that the role of smoking habits in Dupuytren’s disease was not clearly shown until after
this study was designed.

Burke et al 2007[138] examined 97.537 male miners seeking compensation for hand/arm vibration syndrome
with the aim of studying the effects of exposure to vibration, smoking, alcohol and diabetes on the
prevalence of DC. All stages of the disease from thickening of the palmar fascia to established contractures
being considered as cases of Dupuytren’s disease. The assessment of exposure to hand/arm vibration was
based on the claimant’s answer of how many years during their employment in any industry they had been
exposed to vibrating tools. The assessment simply related to the total years of exposure, without enquiry into
the time during the shift when directly exposed to vibration or type of vibrating tool used. There was a
statistically significant association with smoking, alcohol consumption and diabetes mellitus. It was found no
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statistically significant correlation between years of exposure to vibration and the prevalence of DC
(OR=1,00 95% CI 0,99-1,00; P=0,23). There was considerable collinearity between years of exposure and
the linear and quadratic age variables, which is expected to have increased the standard error of years of
exposure. However, the large sample size is likely to have compensated adequately for this effect.

The large sample size and the association of DC with personal factors in the analyses are strengths of this
study. But the crude self-reported assessment of exposure to hand/arm vibration and the lack of information
on how the quite large number of participants was enrolled (mainly whether there were many different
examinators through a long period of time) constitute important limitations. A misclassification of the
exposure could have happened given that miners perform in general manual work. So it is not possible to
identify whether exposure to hand/arm vibration or manual work or both are the real potential risk factors to
the development of DC. Including patients seeking compensation for a proposed occupational disease is a
selection bias, which also may have predisposed to information bias.

Khan et al 2004[139] investigated the relationship between the incidence of DC and occupational social
class among a survey population of 520.493 men in England and Wales. Social classes were defined as
professional (1), managerial and technical (2), skilled non-manual (3N), skilled manual (3M), partly skilled
(4), and unskilled (5). For men, classes 3M, 4 and 5 included predominantly manual occupations. The
selection of DC cases was based on a national database using the International Statistical Classification of
Diseases. It was found 169 new cases of DC recorded during a 12-month period (incidence of 34,3 per
100.000 men). The occupational social classes were grouped into “non-manual” (1, 2, and 3N) and
“manual” (3M, 4, and 5) groups. The prevalence of Dupuytren’s disease in manual workers was similar to
non-manual workers up to the age of 59 years. The cumulative incidence rates were found to be significantly
higher in the non-manual than in the manual group beyond 65 years of age. No “P” values, odds ratio or
confidence intervals were informed. This difference could not be explained by an eventual tendency for men
from lower social classes to under-utilize primary health care, given that consultation rates per person with
Dupuytren’s disease were actually higher in social class 5,and were no different for classes 3M and 4,than
those for other social classes.

Some limitations in this study can be mentioned. There is no specification regarding biomechanical
occupational exposures, and age was the only personal factor taken into account, which predisposes to a
wide number of possible confounders.

Gudmundsson 2000[140] designed a cross-sectional study with 1297 men and 868 women from the
Reykjavik study, which is a population-based prospective cohort study of randomly selected individuals born
between 1907 and 1934 living in the Reykjavik and adjacent communes. The possible relation between the
DC and clinical, social, and biochemical parameters were estimated with age-adjusted univariate logistic
regression analysis. Participants who did not have signs of Dupuytren’s disease at the clinical evaluation
compound the reference cohort. Participants were classified for 100 different occupations, but the study
focused on manual workers (seamen, farmers, and laborer) and tradesmen (carpenters, blacksmiths,
masons) and men in professions demanding higher education.

Among the 1297 men examined, 249 (19.2%) had definite signs of Dupuytren’s disease. The prevalence of
the disease increased significantly with age from 7.2% in men aged 45-49 years to 39.5% among those 70—
74 years old. The disease was much more rare among the 868 women. Only 38 (4.4%) had any signs of the
disease of which most (n=31) were 60 years or older. The left and right hands were equally often affected in
both sexes.

Among the Dupuytren’s patients 15.3% (38/249) were manual workers compared to 8.6% (90/1048) of the
reference cohort (OR = 1.66; 95% CI 1.08-2.53; P<0.02). Furthermore, 14.5% (36/249) of the Dupuytren’s
patients were tradesmen compared to 8.6% (90/1048) of the reference group (OR=1.83 95%CI 1.19-2.82;
P<0.01). Only 5.6% (14/249) of the Dupuytren’s patients had a university degree compared to 11.7%
(123/1048) of the reference group (OR=0.55;P<0.05). Comparison of manual workers and those with
occupations demanding higher education shows that Dupuytren’s disease was almost three times more
common among the manual workers (OR=2.95; P<0.002).

Some limitations of this study are that the association of DC with work was not the main focus, and that there
is no details about how the classification of the occupations was made.
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In a cross-sectional study with 828 stone workers Bovenzi et al 1994[141] investigated the occurrence of
disorders associated with hand/arm vibration syndrome. The group exposed to vibration included 145 quarry
drillers who used rock breakers and rock drills, and 425 stonecarvers processing stone blocks in the mills. Of
the stonecarvers, 188 used only rotary tools (angle grinders), and 237 used both rotary and percussive tools
(angle grinders and light stone hammers). The remaining 258 stone workers formed the control group, which
consisted of manual polishers and machine operators not exposed to hand transmitted vibration. The
assessment of exposure included questionnaire answers (kind of vibration tools, hours of use / day, days /
year and total years of use for each tool) and a workplace tool assessment (measurements of hand
transmitted vibration during the most frequent work tasks) to determine the vibration levels.

The personal factors analyzed were age, history of musculoskeletal disorders (such as persistent pain of the
shoulders, elbows, wrists, and hands, muscle weakness, weakness, and Dupuytren's contracture), leisure
activities, previous muscle or tendon injuries, bone fractures, constitutional white finger, systemic diseases
(diabetes, connective tissue diseases, cardiovascular, neurological, or joint disorders), regular medical
treatment, smoking status, and alcohol consumption. No information about the diagnostic criteria for DC was
given.

It was found 57 cases of DC among the workers exposed to hand/arm vibration, and 7 cases among the
controls, resulting in OR=2,6 (95% CI 1,24-5,49). For the subgroups of exposed workers the following odds
ratio were found: OR=2,58 (95% CI 1,07-6,2) for quarry drillers; OR=1,85 (95% CI 0,74-4,61) for stonecavers
using only rotary drills; and OR=3,23 (95% CI 1,44-7,23) for stonecavers using both rotary and percussive
tools.

For the occurrence of vibration induced white finger a dose-response relation with life-time vibration dose
was found, and a similar trend was observed for DC, though the last was not statistically significant.

Some strengths of this study are worth mentioning. The exposure assessment was detailed, combining
guestionnaire with workplace assessment. Relevant personal risk factors, such as previous injuries, other
musculoskeletal disorders and systemic diseases were taken into account to the analyses. Though the self-
reported assessment of total years of exposure predisposed to information / recall bias.

Thomas and Clarke 1992[142] designed a cross-sectional study to investigate whether vibration induced
white finger and Dupuytren’s contracture were related. They assessed 500 claimants for vibration induced
white finger, whose occupations were steel industry and shipbuilding (n=431), miners (n=10), construction /
demolition (n=57) and others (n=2). An age-matched (50-85 years) control group was composed of 150 men
consecutively admitted to a surgical department. All stages of DC were included, from single palmar nodule
to advanced flexion contractures. Data on medical history and smoking habits were recorded, but there is no
information whether the groups were controlled for those parameters. The assessment of exposure to
vibrating tools was registered in total years of exposure based on questionnaire answers. It was found that
the prevalence of DC among vibration-exposed workers was significantly higher compared to controls
(19.9% and 10.7% respectively; P<0,02>0,01). No analyses for the specific occupations were made.

The main limitations of this study are that the groups were apparently not controlled for other personal
factors than age, and that the assessment of exposure was self-reported. Besides, it seems that the control
group (patients hospitalized at a surgical department) differs substantially from the cases (active working
population), but this is not discussed in the study. The use of claimants seeking for compensation for their
diseases predisposed a selection bias.

Bennet 1982[143] analyzed the occurrence of DC among 300 male workers in polyvinyl chloride
manufacturing plants. Workers from a plant where bagging and packing were performed by hand (n=216)
were compared to 84 workers from another plant where those activities were not performed. The groups
were comparable regarding age, family history of DC, medical history, previous injuries, alcohol intake and
smoking habits. The diagnosis of DC was graded as follow: presence of nodule but no contracture, minimal,
moderate or severe contracture. It was found 16 cases of DC among the workers in the bagging and packing
plant and one case among the controls (OR=6,6 95% CI 1,1-39,1).

There were no further analyses on personal risk factors or specific biomechanical exposures.

The main limitation in this study is the crude assessment of exposure, i.e. no specification of which
biomechanical patterns the tasks of bagging and packing represented.

53/121



Mikkelsen 1978[144] studied, in a cross-sectional design, the influence of occupation and previous hand
injuries on the occurrence of DC. The study sample was 901 individuals (647 men, 254 women) presenting
DC among 15.950 citizens registered in an epidemiological study in a Norwegian town. It was recorded data
on occupation, handedness and previous hand trauma. The occupations were divided into 4 groups: heavy
manual work (lumberjacks, full time farmers, etc); medium heavy work (bricklayers, most of the mechanics);
light manual work (dentists, most industrial workers); and non-manual work (clerks, vicars, etc). The hand
injuries considered were fractures of hand or wrist, tendon injuries, lacerations, deep infections and burns
leaving visible scars. There was no information about which diagnostic criteria were used.

Dupuytren’s disease occurred in all type of occupations, but the prevalence increased with increasing degree
of hard manual work. The odds ratio for DC among heavy manual work compared to light manual work was
OR=1,6 (95% CI 1,2-2,2) for men, and OR=6,8 (95% CI 1,0-45,5) for women; and for heavy manual work
compared to non-manual work was OR=3,0 (95% CI 2,2-4,2) for men, and OR=21,9 (95% ClI 4,6-103,7) for
women. The frequency of hand trauma was higher among men with DC when compared to the general
population. For women this relation was not investigated. Considering that hand injury may occur more
frequently among heavy manual workers, a new analysis was made without men with DC and previous hand
trauma. The relationship between DC and heavy manual work was reduced, but not eliminated. The data
from this analysis were not shown.

The limitation of this study is that no other personal factors than gender were taken into account as potential
confounders.

Early 1962[145] investigated the occurrence of DC among 4881 men and 392 women at a large engineering
works. The prevalence of DC among men varied from 1 in 1,000 for the age group 15-24 years, to 15% in
those over 65 years. A separate analysis of office and manual workers showed no significant differences: 4%
among office workers and 3,3% in manual workers (OR=0,81- 95% CI 0,49-1,36). Among women, who were
mainly clerical workers, there was only one case of DC, which occured in the group 45-54 years.

To elucidate whether occupation might affect the progress and severityof DC this factor was analyzed
among non-manual, light manual and heavy manual workers. The highest proportion of mild cases occurred
among light workers (96% of the cases were mild), while this proportion was very similar between non-
manual (79%) and heavy manual workers (77%). This difference between between light and heavy manual
workers in the proportion of mild cases of DC (P=0,04) may in part be due to the difference in the average
length of history (9 and 12 years respectively) for those two groups.

An important limitation of this study is the lack of information about which kind of occupation was classified
as manual (including light and heavy manual) and non-manual.

Hueston 1960[146] compared the prevalence of DC among 530 male employees of a large brewery and 550
male clerical workers (office workers). The age was divided in two categories: <= 39 years and 40-59 years.
Of the brewery workers, approximately half worked handling bulk bee and the remainder handled bottled
beer. There was no significant difference in the occurrence of DC among the two groups (OR=0,78 — 95% CI
0,52-1,16).

Interestly the author analyzed also the relation between DC and manual inactivity (reflected by chronic bed
patients) and found significant higher rates of DC among the chronic bed patients (OR=2,12 — 95% CI 1,43-
3,15). A possible cause mentioned for that was association of DC with Sudeck’s atrophy (a reflex
sympathetic dystrophy syndrome which can occur following immobilisation), but this theory had not been
further investigated.

Herzog 1951[147] investigated the prevalence of DC among 3.000 workmen and male clerks. All cases
except four were found among workers aged over 40 years, as follows: 22 cases of DC among 503
steelworkers 4,3%), 22 cases among 451 miners (4,6%) and 19 cases among 480 clerks (3,75%). The odds
ratio for DC was OR=1,17 (95% CI 0,62-2,21) among steelworkers, and OR=1,25 (95% CI 0,66-2,38) among
miners compared to clerks. No other analyses were made.

547121



Table 7.3 — Epidemiological studies on Dupuytren’s disease in relation to occupational exposures.
yrs = years; m = men; w = women; OR = odds ratio; ORm = odds ratio for men; ORw = odss ratio for women;
Cl = confidende interval

Reference Population Design Relevant Exposure | Selected results —rrisk estimate
referred when possible (95%
Cl)
Lucas et al n=2.406 male civil | Cross- Low Intermediate score: OR=2,20
2008[132] servants sectional | Intermediate (1,39-3,45)
France Mean age: 50 yrs High occupational High score: OR=3,10 (1,99-
score 4,84)
(based on exposure
to manual work and | Adjusted for age, leisure physical
hand/arm vibration) | activities, alcohol consumption,
history of diabetes, epilepsy, hand
trauma and familial history
Burke et al n=97.537 miners | Cross- Hand/arm vibration OR=1,00 (0,99-1,00)
2007[138] Age: 25-99 yrs sectional
UK Adjusted for age, diabetes history,
smoking status and alcohol
consumption
Khan et al 2004 | n=502.493 men Cross- Manual versus non- | Cumulative incidence rates
[139] Age: 40-84 yrs sectional | manual work significantly higher among non-
UK manual workers older than 65
years
Adjusted for age
Gudmundsson et | n=2.165 (1297 Cross- Manual workers OR = 1.66 (1.08-2.53) for manual
al 2000[140] men, 868 women) | sectional | (seamen, farmers, workers and
Iceland Age: 45-74 yrs and laborer) OR=1.83 (1.19-2.82) for
Tradesmen tradesmen comparing to the
(carpenters, reference group
blacksmiths, masons)
Professions OR=2.95 (CI not informed,;
demanding higher P<0.002) for manual workers
education (university | comparing to professions
degree) demanding higher education
Adjusted for age
Bovenzi et al n=828 stone Cross- Hand/arm vibration OR=2,6 (1,24-5,49)
1994[141] workers (570 sectional
Italy cases, 258 Adjusted for age, smoking,
controls) alcohol consumption and upper
Mean age: 39 yrs limb injuries
Thomas and n=650 (500 Cross- Hand/arm vibration Higher prevalence of DC among
Clarke [142] cases, 150 sectional vibration exposed workers
1992 controls)
UK Age: 50-85 yrs Adjusted for age
Bennet n=300 male Cross- Manual bagging and | OR=6,6 (1,1-39,1)
1982[143] workers (216 sectional | packing work
UK cases, 84 Adjusted for age, gender, family
controls) history of DC and medical history
Age not informed
Mikkelsen n=901 workers Cross- Heavy manual work | heavy manual work compared to
1978[144] (647 men, 254 sectional | Medium heavy work | light manual work:
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Norway

women)
Age: 20-89 years

Light manual work
Non-manual work

ORmM=1,6 (1,2-2,2)
ORw=6,8 (1,0-45,5)
heavy manual work compared to
non-manual work:
ORmM=3,0 (2,2-4,2)
ORw=21,9 (4,6-103,7)

Early 1962[145] |n=5273 workers |Cross- Manual work OR=0,81 (0,49-1,36) for manual
UK (4881 men, 392 | sectional | Office work work compared to office work
women) (among men; analyses for women
Age: 15-74 yrs were not made)
Adjusted for age
Hueston n=1.080 male Cross- Brewery workers OR=0,78 (0,52-1,16)
1960[146] workers sectional | Office workers
Australia Age: <=39 - 59 Adjusted for age
yrs
Herzog n=3.000 male Cross- Steelworkers OR=1,17 (0,62-2,21) for
1951[147] workers sectional | Miners steelworkers and
UK Age: > 40 yrs Clerks OR=1,25 (0,66-2,38) for miners

comparing to clerks

Age restriction; not stratification
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7.4 Discussion

Design
We retrieved 7 cross-sectional studies according to the selection criteria. Three of the studies did not control
the analyses for other personal factors than age and gender. [139, 142, 144]

The sample size of the population study was larger than 10.000 individuals in 2 studies [138, 139], and
below 1.000 subjects in 4 studies. [141-144] Selection and / or information bias were found in 4 studies.
[132, 138, 141, 142]

A positive association between occupational exposures and DC was found in 5 studies; a negative
association was found in one study; and one study did not find any association.

Diagnostic criteria
The diagnosis of DC was based on clinical findings of thickening and / or contracture of fibrous bands of the
palmar fascia in all studies.

Outcome

Dupuytren’s contracture was not the main outcome in one study. [141]

In 4 studies all stages of DC (from single palmar nodule to advanced flexion contractures) found in the
clinical examination were considered as cases. [132, 138, 142, 143] None of these studies performed an
inter observer control to validate the reproducibility of diagnosis. One study used codes for DC registered in
a national database to select the cases.[139] There was no information about the diagnostic criteria for DC in
2 studies.[141, 144]

It is important to remind that distinguishing between DC and the normal hand with thick skin or prominent
fascia can be a challenge. Lennox et al. [148] reported on the degree of clinical agreement between two
orthopedic surgeons who independently examined 200 consecutive patients in geriatric wards in Aberdeen,
Scotland. There was perfect agreement for observing flexion contractures (kappa 1 .0), while for skin
tethering, palmar nodules, and knuckle pads there was good agreement (kappas of 0.8, 0.7, and 0.7,
respectively).

Exposure

The exposure assessed in 4 studies regarded manual vs. non-manual work. The distinction between these
groups was based on occupations in two studies; on social classes in one study; and on biomechanical
exposures in one study.

Three studies evaluated exposure to hand/arm vibration in relation to the occurrence of DC. In all three
studies, the total time of exposure was assessed based on self-reported data. In only one study objective
measurements of the vibration levels of the tools used by the workers were performed.

Several studies used control groups who had manually forceful work, which in itself may be a risk factor for
developing DC. This may lead to an underestimation of the combined effect of vibration and forceful work.

Manual work and use of vibrating tools have been suspected to have an association with DC since the first
descriptions of this disorder by the French surgeon Guillaume Dupuytren.[131] Historical and surgical case
series supported this assertion, and are the base for the exposures investigated in recent epidemiological
studies.

7.5 Pathophysiology

Although the aetiology of Dupuytren’s disease remains unknown, much has been uncovered about the
associated cellular and connective tissue changes in DC.[136, 137] This disease is classified as a
fibroproliferative disorder in a group that includes keloid scars. Fibroblast proliferation is a key feature of
early Dupuytren’s disease and manifests clinically as a nodule. In these early stages, Dupuytren’s disease is
histologically similar to fibrosarcoma.[149] As the disease progresses, proliferation fizzles out and connective
tissue assembles, manifesting clinically as the cord. Parallels have been drawn between Dupuytren’s
disease and wound healing.[150] As well as cellular proliferation, both conditions are marked by collagen
type Il deposition.[151] Similarly, the myofibroblast, a contractile cell derived from fibroblast differentiation, is
prominent in both granulation tissue, where it assists wound closure, and Dupuytren’s tissue, where it may
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be the engine behind contracture.[152] The healing wound is an environment rich in biologically active
molecules that coordinate repair. Up-regulation of various growth factors and their receptors has also been
shown in Dupuytren’s tissue, including transforming growth factor _ and basic fibroblast growth factor.[134]
What injurious events might precipitate a “wound healing” response in Dupuytren’s disease is unknown,
although hypoxia-induced free radicals and microtrauma of collagen fibres have been suggested as possible
triggers. [136]

Occupational exposure

Although one of the earliest references to an eventual causal relation between DC and occupational
activities dates back to its first description, the role of occupational exposure is still debated. [136, 137]
Two mechanisms whereby injury to the hand, wrist, or forearm — which may occur as a result of manual
work — have been suggested as precipitating the onset of DC.[134]

Hyperextension injuries and falling on the outstretched hand result in microruptures in the palmar fascia
that will trigger a repair process. In support of this theory is the study by Larson et al[153], who were able
to reproduce these lesions in the palmar aponeurosis of the monkey as a result of partial rupture of the
palmar fascia mechanically. Regarding manual work, it is not well elucidated which specific component in
this kind of work that could trigger the development of DC. For example, whether microtraumas of the
palmar fascia could arise from handling tools, or repetitive movements, or a combination of various
factors.

The second theory of pathogenesis proposes a vascular mechanism and states that any trauma distal to
the elbow is associated with ipsilateral hand swelling, vasomotor disturbance, and secondary ischemia of
the palmar fascia. In support of this opinion is the study by Plewes[154] on industrial workers who
developed Dupuytren’s disease as a result of reflex sympathetic dystrophy after upper-limb injury.

Exposure to vibration at work has been suggested as an aetiological factor for DC based on the same
mechanisms as explained above, i.e. by causing collagen fibre rupture or palmodigital ischaemia. [138]
Palmodigital ischaemia may arise in the hand as part of the vascular component of hand / arm vibration
syndrome. But it is important to keep in mind that work with vibrating tools requires in general
biomechanical strains, which may contribute to the development of DC. But in praxis it is difficult to isolate
vibration effects from biomechanical effects in work with vibrating tools.

Personal factors
Various epidemiological studies have shown geographic variations in the occurrence of DC, which
suggests a genetic predisposition. [134]

Most investigators agree that genes only predispose the individual to the development of the disease
rather than directly causing it. In fact, the excessive collagen type Il and fibrosis in Dupuytren’s disease
are known not to be caused by a genetic defect in collagen production but rather are secondary to an
increase in fibroblast density.[155] Some studies have suggested that the male predominance in
Dupuytren’s disease is related to the expression of androgen receptors in Dupuytren’s fascia rather than
genetics.[156] More recently, however, there has been evidence that gene mutations may participate
directly in the pathogenesis of Dupuytren’s disease and the best example was shown by Bayat et al.[157]
A study of 20 patients presenting Dupuytren’s disease with a maternally transmitted inheritance pattern
showed a mutation within the mitochondrial genome in 90% of patients. The defective mitochondria
generate abnormally high levels of free radicals and have defective apoptotic mechanisms, and hence
directly participate in the pathogenesis of the disease.

Smoking, diabetes and aging are factors that lead to microangiopathy and ischemia of the palmar fascia.
Murrell et al[158] studied the palmar fascia from patients with Dupuytren’s contracture and compared it
with that from patients with carpal tunnel syndrome. The former showed markedly narrowed microvessels
that were surrounded by thickened and laminated basal laminae. Ischemia results in two events occurring
in the palmar fascia that result in the release of free radicals. As antioxidant enzyme activities decrease
with age in fibroblasts, aging acts by both vascular and metabolic mechanisms.[157]

The release of free radicals has two main effects: proliferation of fibroblasts and production of cytokines.

It is important to note that the level of freeradical formation in Dupuytren’s disease is relatively lower than
other pathologic conditions such as ischemia—reperfusion injury.[134] Murrel et al showed that a low
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concentration of free radicals stimulated fibroblast proliferation, resulting in a 6-fold and 40-fold increase
in fibroblast density in the cord and nodular areas of Dupuytren’s contracture, respectively, when
compared with normal palmar fascia. [158] Furthermore, it is well known that as fibroblast density
increases, collagen type Il production is also relatively increased. [155]

Alcohol, which is a known predisposing factor in Dupuytren’s disease, is associated with metabolic
changes that result in increased release of free radicals and in increased products of lipid
m