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Associations of work activities requiring pinch or hand grip or exposure to
hand-arm vibration with finger and wrist osteoarthritis: a meta-analysis

by Paula EC Hammer, MD,” Rahman Shiri, MD,? Ann | Kryger, MD," Lilli Kirkeskov, MD," Jens

Peter Bonde, MD '

Hammer PEC, Shiri R, Kryger Al, Kirkeskov L, Bonde JP. Associations of work activities requiring pinch or hand
grip or exposure to hand-arm vibration with finger and wrist osteoarthritis: a meta-analysis. Scand J Work Environ
Health. 2014;40(2):133-145. doi:10.5271/sjweh.3409

Objective We systematically reviewed the epidemiologic evidence linking finger and wrist osteoarthritis (OA)
with work activities requiring pinch or hand grip or exposure to hand-arm vibration (HAV).

Methods PubMed and Embase databases were searched up to June 2013. We selected studies assessing the
associations of radiographic diagnosed finger and/or wrist joint OA with work activities involving pinch or hand
grip or exposure to HAV. We used specific criteria to evaluate completeness of reporting, potential confounding,
and bias. Pooled odds ratios (OR) were computed using random-effects meta-analyses.

Results Of the 19 studies included, 17 were cross-sectional, 1 was a prospective cohort, and 1 a case—control
study. The meta-analyses of studies that controlled their estimates for at least age and gender showed the asso-
ciations of pinch grip work with proximal interphalangeal joint [OR 1.56, 95% confidence interval (95% CI)
1.09-2.23] and the first carpometacarpal joint OA (OR 2.10, 95% CI 1.06—4.17), but not with distal interpha-
langeal, metacarpalphalangeal, or wrist joints OA. Hand grip work and exposure to HAV were not associated
with any finger or wrist OA.

Conclusion Epidemiological studies provide limited evidence that pinch grip may increase the risk of wrist or
finger OA, but causal relation cannot be resolved because of cross-sectional designs and inadequate characteriza-
tion of biomechanical strain to the hand and wrist.

Key terms degenerative joint disease; osteoarthrosis; manual work; meta-analysis; occupational exposure.

Osteoarthritis (OA) is a progressive joint disease char-
acterized by focal erosive lesions, loss of cartilage,
and bone hypertrophy underneath the cartilage (1).
Radiographic OA changes are joint-space narrowing,
osteophytes, subchondral sclerosis, and subchondral
cysts (1). Using clinical and radiological criteria, OA of
the wrist and fingers (hereafter “hand OA”) comprise
one third of all joints affected by OA (2, 3). The preva-
lence of radiographically diagnosed hand OA is about
10% in the age group of 40—49 years, reaching 80%
and 90% among men and women >70 years, respec-
tively (4). These numbers most likely overestimate the
clinical occurrence of hand OA as many people with
radiographic evidence of OA have no symptoms (5).
Mannoni et al showed that the prevalence of symptom-
atic hand OA among subjects >65 years of age is only

15% (6, 7). The cause of pain in OA is still unclear (8,
9). The aetiology of OA is multi-factorial. In addition to
age and gender, metabolic, genetic, and biomechanical
risk factors have been studied (10—12). Physical activ-
ity of moderate intensity has been suggested to protect
against the development of hand OA by strengthening
muscles and ligaments (13). However, the findings of
unusual patterns of joint involvement in hand OA in
certain occupations have supported the hypothesis that
biomechanical forces may contribute to development of
hand OA (14-17). It has been suggested that continuous
overload of hand joints resulting from highly monoto-
nous usage may lead to joint impairment, for instance by
interference with nutrition of the joint cartilage (18, 19).
This probably requires pressure exerted on the cartilage
by muscular contraction. Supporting this assertion is the
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Associations of manual work and hand osteoarthritis

observation that arthritis does not develop in paralyzed
limbs in spite of immobile positions, and that hands
weakened by hemiplegia or peripheral nerve injury do
not generate Heberden’s nodes (20, 21).

If biomechanical load of the hand joints is indeed
contributing to the actiology of hand OA, it is expected
that this disorder is more prevalent in some occupations.
Even so, it is still unresolved whether the development
of hand OA can be caused by work-related activities,
or whether occupational exposures only precipitate the
symptoms among subjects with radiographic OA (22).
Jensen et al (12) published a review on occupational
activities involving gripping in relation to finger OA.
However, this narrative review did not perform a sys-
tematic evaluation of the evidence level.

The objective of this paper was to review the avail-
able evidence on the association of hand OA with work
activities involving repeated and/or sustained pinch grip,
hand grip, or exposure to hand-arm vibration (HAV).
Manual work, when mentioned in this document, refers
to any work activity that involves primarily the use of
the hands.

Methods

Literature search

We performed a systematic search in PubMed and
Embase to identify original papers in English that pro-
vide risk estimates of radiologic hand OA in relation to
manual work. We used four search strings detailed in a
footnote to Supplementary table A (www.sjweh.fi/data
repository.php). After merging to omit duplicates, the
combined searches resulted in 1951 hits. Eligible papers
were identified according to specified exclusion criteria
(Supplementary table A). Studies were included regard-
less of their design or quality. Finally 19 original studies
(20 papers) were qualified for the meta-analysis. A semi-
nal paper addressing the influence of pattern of usage on
the structure and function of the hands in female textile
workers was not included because appropriate measures
of association could not be computed (23).

Outcome definition

The defining criterion for wrist and finger OA was radio-
graphically detected OA regardless of symptoms and
clinical signs. Finger OA denotes OA in >1 of the follow-
ing joints: distal interphalangeal (DIP), proximal inter-
phalangeal (PIP), and metacarpophalangeal (MCP). Wrist
OA denotes OA in the carpometacarpal (CMC) joints and/
or the intracarpal joints. The first CMC joint (thumb-base)
was distinguished from OA in other wrist joints.
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Exposure definition

We grouped manual work into three categories: (i) pinch
grip: activities requiring repetitive and/or sustained grip
with the fingers being pressed together at their tips to
hold an object — most often pinch grip involves primar-
ily the thumb, the index finger and the middle finger.
These activities require, in general, precision pinch, for
example writing, sewing, knitting, painting with small
brushes and holding dentistry instruments; (ii) hand grip:
activities mostly requiring repetitive and/or sustained
holding an object pressing all fingers against the palm.
In this case the activities require power grip, for example
handling heavy tools, cutting with knives and carrying
heavy objects. Manual activities requiring jolting of the
hands were included in this category; and (iii) HAV: use
of handheld tools emitting vibration.

Four studies stated explicitly whether the work
activities required repeated and/or sustained pinch or
hand grip (18, 24-26). For the remaining studies, the
authors (including three specialists in occupational
medicine) categorized the type of manual exposure by
an assessment of job titles and described work activities.
For example, textile work was considered to require
mostly pinch grip, while foundry work and mining were
activities considered to require mostly hand grip.

Assessment of studies

In order to provide a transparent evaluation of the
epidemiological evidence, we systematically assessed
three separate aspects of each eligible study, namely
completeness of reporting, bias, and confounding.

Completeness of reporting

To assess completeness of reporting, we applied a modi-
fied version of a checklist originally proposed by van
der Windt et al (27), which has recently been used
in several systematic reviews (28, 29). The aim is to
describe whether a paper provides essential information
on key study characteristics, such as design, sampling
frame and recruitment, participation rates, population
characteristics, exposure and outcome ascertainment,
and statistical methods. This approach does not result
in “quality” scores, which are discouraged in systematic
reviews (30). The applied completeness of reporting
checklist includes eight criteria detailed in Supple-
mentary table B (www.sjweh.fi/data_repository.php).
Each item was assigned a score of “1” if the specified
information was provided and “0” if not. Each paper
was independently reviewed by at least two of the
authors. Disagreements between the reviewers were
resolved by discussion. Total scores for completeness
of reporting were calculated as sum of scores for each


www.sjweh.fi/data_repository.php
www.sjweh.fi/data_repository.php
www.sjweh.fi/data_repository.php

study by giving equal weight to all items. Completeness
of reporting was considered high if a total score of >5
was achieved.

Confounding

Gender and age are established strong determinants of
hand OA (31, 32). A study was considered subject to
potential confounding if gender and age were not taken
into account in the study design (balanced distribution
across exposure groups) or by statistical analysis. Adjust-
ment for other risk factors such as body mass index, pre-
vious hand trauma and manual leisure activities were also
recorded. We considered confounding as likely if effects
of age and gender were not accounted for.

Bias

We identified three types of bias with obvious relevance
for the present review. First, if enrolment of participants
into a cross-sectional study is dependent on exposure
as well as outcome status, the risk estimates may be
distorted. We considered recruitment bias likely if the
response rate was <60% unless data indicated that par-
ticipation was not differential. Second, retrospective
recall of exposure may be prone to information bias.
Third, blinding towards exposure and clinical outcome
status is essential for unbiased reading of radiographs.
Bias was considered as likely if one or more of the three
types of bias were present.

Meta-analyses

The estimates from studies with reasonable uniform
measures of exposure and outcome were considered for
meta-analyses. This included six studies addressing the
association of finger OA (DIP, PIP, and/or MCP joints)
with work activities involving repeated or sustained
pinch grip (18, 24-26, 33, 34) and nine studies (ten
papers) addressing finger OA and/or wrist OA (intra-
carpal and/or CMC joints) in relation to work activities
involving repeated or sustained hand grip (34—43). The
study of Kellgren & Lawrence (34) was included in both
exposure groups as they provided the estimates sepa-
rately for different occupations. Five studies addressed
finger and/or wrist OA following occupational exposure
to HAV (44-438).

Eight studies reported no appropriate measure of
association. We estimated gender- and age specific odds
ratio (OR) with 95% confidence intervals (95% CI) for
five of these studies (25, 26, 39, 44, 46) and crude OR
for three (34, 38, 48). We calculated Woolf confidence
intervals for the estimated OR. We used a fixed model to
estimate overall OR for combining subgroups of a single
study, eg, combining the estimates for different age
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groups or combining the estimates for men and women.
We used a random model to combine the estimates of a
single study on different joints or to combine the esti-
mates of different studies.

We assessed heterogeneity by I? statistics and publica-
tion bias by a funnel plot and the trim and fill method.
For the assessment of publication bias, we included an
overall estimate of each study (19 studies) in the funnel
plot. We used the Egger’s test to assess the asymmetry of
the funnel plot. All analyses were performed by STATA,
version 13.0 (StataCorp, College Station, TX, USA).

Results

Characteristics of the studies

Tables 1-3 present the main characteristics of the studies
according to manual work involving pinch grip, hand
grip, and HAV, respectively.

Among the 19 studies (20 papers) eligible for this
review, a majority (18, 25, 26, 33-43, 45-48) were
cross-sectional, followed by a prospective cohort (44)
and a case—control study (24). The sample sizes included
>1000 participants (26, 35-37, 41), 500-1000 partici-
pants (25, 33, 38, 39, 42, 43), 100-500 participants (18,
24, 34, 40, 44-46, 48), and <100 participants (47). The
study populations included only men (39, 40, 44-48),
only women (18, 24-25, 38), or both men and women
(26, 33-37, 41-43). The type of work seems a likely
reason for not including both genders in some studies.
For example, grinding, chipping, logging, and work in
the mining and metal industry and in stone pits are typi-
cally male occupations.

The average age of the participants varied from
34-46 years old in studies on exposure to HAV (44—48)
to 50-65 years old in studies addressing pinch and hand
grip (18, 24-26, 34-38, 41-43).

Measures of exposure and outcome

In 13 studies (18, 25, 26, 33, 34, 3840, 44-48), expo-
sure assignment was based on job titles and subjec-
tive recall of exposure provided by questionnaire or
interview in 7 studies (24, 35-37, 41-43). None of the
studies on pinch and hand grip eligible for meta-analysis
performed measures of hand/finger movements, applied
forces, postures, or repetition. Two studies on exposure
to HAV (45, 46) measured exposure levels.

Eleven studies (18, 25, 26, 33, 34, 36, 37, 39-41,
44) used the Kellgren & Lawrence system (50) for
evaluation of radiographs, and two studies (42, 43) used
the atlas of radiographic features by Altman et al (51).
Nakamura et al (38) applied a modification of Swanson’s
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Table 1. Studies on association of manual work requiring repeated and/or sustained pinch grip with hand osteoarthritis (OA) in one case-
control (24) and five cross-sectional studies. [CMC=carpometacarpal joint; CMC-1=first carpometacarpal joint; DIP=distal interphalangeal
joint; IP=interphalangeal joint; MCP=metacarpophalangeal joint; PIP=proximal interphalangeal joint ; 95% Cl1=95% confidence interval].

Study Population Radiographic  Exposure contrast Joint Odds 95% Cl Adjustment Repor- Bias® Con-
classification ratio for other ting? founding®
(OR) covariates
Fontana,  Cases: female patients Not defined Occupations presumed CMC-1  3.78 1.20-11.9 Matched by 6/8 Yes No
2007, surgically treated for (CMC-1 being a risk factor for ethnicity and
France 1-CMC OA (N=61). Mean  surgery) CMC-1 OA (secretaries, 5-year age.
(24) age: 64 years. tailors, dressmakers, Adjusted for
. ~ and hatters; sewers, age, smoking
Controls. f_emale Oftho embroiderers, and status, obesity,
paedic patients (N=120) lated workers: and CMG OA famil
admitted because of inju- related workars; an h amily
ties or traumas secondar domestic helpers and history, hyster-
y B
to motor vehicle collision cleaners) compared ectomy history,
or fall with no history or with other occupations parity, an_d oc-
feature of CMC OA. Mean casional jobs
age: 60 years
Solovieva Female dentists (N=291). Modified Dentists who have Any fin-  1.59 0.86-2.93 Number of 8/8  Yes No
2006, Age: 45-63 years Kellgren & spent most of their ger joint years in clinical
Finland Mean duration of dental ~ Lawrence (less work time on re- Dig1-3 2.22 1.04-4.91 job, daily use
(18) practice: 26 years emphasis on  storative treatment Dig4-5 1.53 0.83-2.82 of computer
osteophytes) and endodontics vs. (hrs), leisure
dentists who have per- time physical
formed variable work activity (hrs),
tasks daily activities
requiring use
of hand (hrs),
and smoking
Solovieva, Female dentists (N=295)  Modified Dentists versus Any fin- 0.72 0.50-1.03 Age 8/8 Yes No
2005, and teachers (N=248). Kellgren & teachers ger OA OR for MCP
Finland Age: 45-63 years Lawrence (less DIP 0.70 0.49-1.00 and MCP-
(25) emphasis on PIP 1.44 0.65-3.16 1 were
osteophytes) MCP 0.51 0.18-1.44 unadiusted
MCP-1  0.67 0.18-2.53 !
Lehto Dentists (N=134) and pop- Kellgren & Pinch grip in dentistry ~ Wrist/fin- Age and gender 7/8 Yes No
1990, ulation sample (N=940).  lawrence versus varied hand ger OA
Finland Age 33-69 years >grade 2 use among a random  Men 2.34 1.08-5.07
(26) Clinical dental practice of sample of general Women 0.82 0.44-1.52
>10 years population. Both 1.24 0.76-2.01
Lawrence Cotton workers (N=345)  Kellgren & Weavers, spinners Men Matched by 7/8 No No
1961, UK and population sample Lawrence and tenters (machine  DIP 1.90 1.10-3.30 age and sex
(33) (N=345). grade 2-4 tenders) versus ran- PIP 241 1.11-5.21
Age >45 years dom sample of general MCP 110 0.52-2.29
population CMC-1 248 1.23-4.99
Wrist 0.40 0.15-1.08
Any joint 1.48 0.85-2.57
Women
DIP 1.35 0.93-1.96
PIP 1.37 0.86-2.18
MCP 0.81 0.46-1.44
CMC-1 1.44 0.90-2.30
Wrist 1.53 0.61-3.81
Any joint 1.28 1.03-1.60
Both
Any joint 1.31 1.06-1.60
Kellgren  Population sample Kellgren & Textile workers versus ~ Men Unadjusted 6/8 Yes Yes
1958, UK (N=380). Lawrence others (miscellaneous  DIP 2.37 0.84-6.67
(34) Age: 55-64 years grade 2-4 group of different PIP 3.55 1.09-11.58
occupations) MCP 2.39 0.77-7.46

CMC-1 4.60 1.60-13.2
Wrist 1.32 0.25-6.96
Any joint 2.85 1.69-4.80

Women

DIP 111 0.42-2.96
PIP 1.74 0.65-4.65
MCP 0.60 0.19-1.84
CMC-1 150 0.55-4.11
Wrist 1.60 0.16-16.15
Any joint 1.21 0.74-1.99
Both

Any joint 1.82 1.27-2.61

a Number of study characteristics with complete information.
b Bias is likely because of differential recruitment, retrospective recall of exposure and/or reading of radiographs without blinding of exposure status.
¢ Confounding is likely because effects of age and/or gender were not accounted for.
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Table 2. Association of repeated and/or sustained hand grip with hand osteoarthritis (OA) in ten cross-sectional studies. [CMC=carpometacarpal
joint; CMC-1=first carpometacarpal joint; DIP=distal interphalangeal joint; IP=interphalangeal joint; MCP=metacarpophalangeal joint;
PIP=proximal interphalangeal joint; 95% Cl=95% confidence interval].

Study Population Radio- Exposure contrast Joint 0dds 95% Cl Adjustment for Report- Bias®  Confoun-
graphic ratio other covariates ing? ding®
classification

Bernard Population sample  Kellgren & Jolting of the hands DIP 3, PIP Age and body  6/8 Yes No

2010, USA (N=3548). Lawrence and legs versus. work- 2 and/or mass index

(41) Mean age grade 2-4 ing sitting most of the ~ CMC-1

men: 63 years time (occupations not ~ Men 0.93 0.57-1.51
women: 61 years specified) Women 1.82 1.19-2.76
Both 1.37 0.99-1.88

Rossignol Primary care pa-  Not specified  Repetitive hand move-  OA in >1 Unadjusted 4/8 Yes Yes

2005, tients (N=1615 men ments and working at  hand joint

France, and 1219 women) machine pace versus  (joints not

(35) Mean age 62 years care seekers with knee  specified)

or hip OA Men 15 0.9-25
Women 36 24-57
Both 2.50 1.80-3.48

Haara 2003 Population sample  Kellgren & Exposure to lifting/car- CMC-1 0.85 0.71-1.03 Age, education- 6/8 Yes No

and 2004, (1560 men and Lawrence rying heavy objects, OAin>1 al level, body

Finland 2035 women) grade 2-4 awkward hand pos- finger joint mass index,

(36-37) Age 53-72 years tures, whole body or (joints not and smoking

HAV, or repeated move- specified)

ments of the hands, and Men 1.28 1.05-1.57
work at machine pace  Women 1.34 1.10-1.63
(occupations not speci- Both 1.06 0.69-1.62
fied) versus exposure to

none of these factors.

Kessler Patients sched- Altman atlas  Heavy physical exertion >2 IP 11 0.7-16 Age, sex, body 6/8 Yes No

2003, uled for hip or for joint space at work versus moder- CMC-1 0.7 0.5-11 mass index,

Germany  knee replacement  narrowing ate, slight or none (oc-  Any joint 0.87 0.56-1.36 hypertension,

(42) (N=243 men and cupations not specified) diabetes, and

396 women). Age: knee OA
53-72 years

Jones Rheumatologic Altman atlas ~ Work with high impact  DIP 1.29 0.69-2.43 Age, sex, age- 5/8 Yes No

2002, patients (174 men, for joint space of mechanical stress to  CMC 0.73 0.40-1.33 sex interaction,

Australia 348 women). narrowing hand joints (occupa- Any joint 0.96 0.55-1.68 body mass in-

(43) Mean age tions not specified) dex, and family

men: 53 years versus others status
women: 57 years

Nakamura Female cooks Swanson Cooks with >150 meals/ DIP Unadjusted 4/8 Yes Yes

1993, (N=482) and mu-  grade 1-5 day versus munici- Cooks, >150 7.57 3.13-18.31

Japan (38) nicipal employees pal employees, and meals/day

(N=298). cooks with >30 meals/ Cooks, >30  3.03 1.13-8.09
Age 40-59 years day versus municipal ~ meals/day
employees Both groups  5.03 2.61-9.71
combined

Lawrence Male foundry work- Kellgren & Foundry workers who ~ DIP 0.61 0.40-0.93 Age 7/8 No No

1966, UK ers (N=299) and Lawrence had worked for >10 PIP 1.57 0.79-3.12

(39) population sample  grade 2-4 years and a random MCP 0.89 0.54-1.47

(N=298). Age =35 sample of general popu- Wrist 0.72 0.41-1.28
years lation from same area  Any joint 0.84 0.58-1.20

Kellgren  Population sample  Kellgren & Male miners versus DIP 1.52 0.80-2.91 Unadjusted 6/8 Yes Yes

1958, UK (173 men). Lawrence others (miscellaneous  PIP 1.66 0.69-4.00

(34) Age: 55-64 years  grade 24 group of different MCP 1.77 0.82-3.83

occupations) CMC-1 1.23 0.52-2.89
Wrist 1.28 0.44-3.73
Any joint 151 1.05-2.16

Kellgren ~ Male miners Kellgren & Miners and black- OA'in any Unadjusted 5/8 No Yes

1952, UK (N=84), manual Lawrence smiths, machinists, hand joint

(40) workers (N=45) grade 2-4 carpenters, painters (joints not

and office workers and other blue-collar  specified)
(N=42). workers, respectively, ~ Miners 8.20 1.04-64.66
Age: 40 -50 years versus office workers ~ Manual work- 5.12 0.57-45.82
(clerks and administra- ers
tive staff) Both groups  6.57 1.46-29.56

a Number of study characteristics with complete information.

b Bias is likely because of differential recruitment, retrospective recall of exposure and/or reading of radiographs without blinding of exposure status.

¢ Confounding is likely because effects of age and/or gender were not accounted for.
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Table 3. Studies on association of exposure to hand-arm vibration (HAV) and hand osteoarthritis (OA). [SD=standard deviation; 95%
C1=95% confidence interval].

Study Population Radiograph  Exposure contrast Joint Odds 95% Cl Adjustment for  Report- Bias® Confound-
classification ratio other covariates ing? ding®
system

Kivekés Male lumberjacks Kellgren &  Lumberjacks (mean Hand 1.60 0.65-3.89 Age 6/8 No No

1994, (N=178) and controls, Lawrence  duration of exposureto  and wrist

Finland peat workers (N=118). grade 2-4 ~ HAV 19.7 years (range  (joints

(44) Mean age: lumberjacks 8-35 years)) versus peat not

41 years, controls 39 workers /tractor driving  specified)
years and maintenance

Bovenzi Male foundry work-  Not Chipping and grinding ~ Wrist 530 1.13-24.73 Unadjusted. 5/8 No No

1987, Italy ers at one company,  specified operators versus me- Two groups had

(45) HAV exposed (N=67) chanics and maintenance similar mean

and HAV unexposed workers age and SD
(N=46)
Mean age: 39 years

Malchaire  Male workers in stone Ad hoc Quarry workers (mean ~ Wrist 118 0.46-3.00 Matched by age 3//8 Yes No

1986, pits (quarrying and scheme duration of HAV expo-

Belgium slitting granite blocks, grade sure 14.6 years around

(46) N=82) and manual 1 hour per day ) versus

workers (N=75). manual workers
Mean age 34 years

Kumlin Male lumberjacks Not Lumberjacks (duration  Hand 1.55 0.24-9.88 Matched by age 3/8 Yes No

1973, (N=35) and random  specified of HAV exposure ranged and wrist

Finland controls from the from 7-20 years around  (joints

(47) radiological archives 5-9 hours per day) ver- not

(N=35). Mean age 43 sus reference specified)
years

Hellstrom Male lumberjacks Not Lumberjacks using Hand 0.74 0.46-1.18 Unadjusted 3/8 No Yes

1972, (N=150) and for- specified chain saw (mean dura-  and wrist

Norway  est workers who tion of exposure to HAV: (joints

(48) never used chain saw 9 years) versus forest  not

(N=57). Mean age 46 workers not using chain  specified)

years saw

a Number of study characteristics with complete information.

b Bias is likely because of differential recruitment, retrospective recall of exposure and/or reading of radiographs without blinding of exposure status.
¢ Confounding is likely because effects of age and/or gender were not accounted for.

grading of OA (52), and Malchaire et al (46) described
their own classification methods. The classification
criteria for radiographic OA were not mentioned in
five studies (24, 35, 45, 47, 48). The radiologists were
blinded in the analyses of the radiographs in more than
half of the studies (18, 25, 26, 33, 36, 37, 39-42, 44, 45).
Intra- and/or inter-observer agreement on the radiologi-
cal classifications was analyzed in five studies (25, 26,
37, 43, 46).

Completeness of reporting, confounding and bias

Completeness of reporting was considered high in
15 studies (18, 25, 30, 32-34, 36, 37, 39-45) where
information on >5 of 8 study characteristics was pro-
vided (Supplementary table B). Insufficient informa-
tion on response rates, population characteristics, and
ascertainment of exposure and outcome were most
common.

Risk estimates were adjusted for effects of gender
by design or analyses in all studies, but six studies did
not provide age-stratified data (34, 35, 38, 40, 45, 48).

Bias of risk estimates due to differential recruit-
ment, retrospective recall of exposure and/or reading
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of radiographs without blinding to exposure status was
considered likely in all except six studies (33, 39, 40,
44,45, 48), see tables 1-3 and Supplementary table 2.

Pinch grip

Pinch grip work was associated with PIP (OR 1.68,
95% CI 1.22-2.31, I>=0%) and CMC-1 joints OA (OR
2.04, 95% CI 1.40-2.97, 1>=11.7%), but not with DIP,
MCP or wrist joints OA (figure 1). The pooled OR
for any hand joint OA was 1.35 (95% CI 0.98-1.86,
>=71.3%).

Hand grip

Hand grip work was associated with any hand joint
OA (pooled OR 1.51, 95% CI 1.05-2.15, 1’=82.6%),
but not with PIP, DIP, MCP-1, or CMC-1 joints OA
(figure 2).

Hand-arm vibration

Of five studies on the association of exposure to
HAV with hand OA among male workers, two studies



First author & year

Hammer et al

ES (95% Cl) Weight (%)
Proximal interphalangeal joint
Solovieva 2005 — T 1.44 (0.65, 3.16) 16.57
Lawrence 1961 - 1.59 (1.07, 2.37) 65.30
Kellgren 1958 — 2.33 (1.09, 4.96) 18.13
Subtotal (F = 0.0%, P = 0.627) < 1.68 (1.22, 2.31) 100.00
Distal interphalangeal joint
Solovieva 2005 —T* 0.70 (0.49, 1.00) 36.50
Lawrence 1961 N 1.50 (1.10, 2.06) 37.74
Kellgren 1958 T 1.59 (0.78, 3.23) 25.76
Subtotal (F = 81.9%, P = 0.004) -1 = 1.15 (0.65, 2.05) 100.00
Metacarpophalangeal joint
Solovieva 2005 D S p—— 0.51(0.18, 1.44) 12.56
Lawrence 1961 T 0.91 (0.58, 1.43) 66.68
Kellgren 1958 — 1.20 (0.53, 2.67) 20.77
Subtotal (F = 0.0%, P = 0.442) 0.90 (0.62, 1.30) 100.00
First carpometacarpal joint
Fontana 2007 * 3.78 (1.20, 11.90) 10.32
Lawrence 1961 - 1.70 (1.15, 2.52) 65.73
Kellgren 1958 — 2.56 (1.24, 5.29) 23.95
Subtotal (F = 11.7%, P =0.322) S 2.04 (1.40, 2.97) 100.00
Wrist
Lawrence 1961 — 0.82 (0.42, 1.61) 80.12
Kellgren 1958 1.41 (0.37, 5.43) 19.88
Subtotal (F = 0.0%, P=0.481) = 0.91 (0.50, 1.67) 100.00
Hand
Fontana 2007 * 3.78 (1.20, 11.90) 6.10
Solovieva 2006 e 1.59 (0.86, 2.93) 13.56
Solovieva 2005 T 0.72 (0.50, 1.03) 19.91
Lawrence 1961 T 1.31 (1.06, 1.60) 23.94
Kellgren 1958 —* 1.82 (1.27, 2.61) 19.94
Lehto 1990 e 1.24 (0.76, 2.01) 16.56
Subtotal (F =71.3%, P =0.004) 1.35(0.98, 1.86) 100.00
\ \ \ \ \ \ \ \

0.125 0.25 0.5 1.0

20 40 80 16.0 32.0

Odds ratio

Figure 1. A random-effects meta-analysis on the association between work tasks involving pinch grip and finger or wrist osteoarthritis.

addressed wrist OA (45, 46) and three examined any
hand joint OA (44, 47, 48). A meta-analysis of five
studies (figure 3) revealed no association between
exposure to HAV and hand OA (pooled OR 1.29, 95%
CI0.71-2.35).

Gender-specific results

Pinch grip work was associated with any hand OA
among men (OR 2.14, 95% CI 1.41-3.25, 1>=31.6%)
but not women (OR 1.16) (figure 4). On the other
hand, hand grip work was associated with any hand OA

among women (OR 2.46, 95% CI 1.36-4.46, 1>=89.2%)
but not men (OR 1.24).

Publication bias

The pooled OR of 19 studies on the associations of pinch
or hand grip or exposure to HAV with hand OA was
1.39 (95% CI 1.11-1.75). The funnel plot of 19 studies
was symmetrical (figure 5). P-value for Eager’s test was
0.37. The trim and fill method imputed only two missing
studies. The pooled OR adjusted for funnel plot asym-
metry was 1.32 (95% CI 1.05-1.66).
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First author & year ES (95% ClI) Weight (%)
Proximal interphalangeal joint
Lawrence 1966 —T 1.57 (0.79, 3.12) 62.08
Kellgren 1958 — T 1.66 (0.69, 4.00) 37.92
Subtotal (F = 0.0%, P = 0.922) =~ 1.60 (0.93, 2.75) 100.00
Distal interphalangeal joint
Jones 2002 e 1.29 (0.69, 2.43) 24.66
Nakamura 1993 — T 5.03 (2.61, 9.71) 24.39
Lawrence 1966 T 0.61 (0.40, 0.93) 26.44
Kellgren 1958 T 1.52 (0.80, 2.91) 24.50
Subtotal (= 89.6%, P = 0.000) E o le—— 1.54 (0.63, 3.75) 100.00
First metacarpophalangeal joint
Haara 2004 —— 0.85(0.71, 1.03) 81.79
Kessler 2003 T 0.70 (0.50, 1.10) 18.21
Subtotal (F= 0.0%, P = 0.383) <> 0.82 (0.69, 0.97) 100.00
First carpometacarpal joint
Haara 2004 —— 0.85(0.71, 1.03) 78.76
Kessler 2003 T 0.70 (0.50, 1.10) 17.54
Kellgren 1958 I — 1.23 (0.52, 2.89) 3.71
Subtotal (F=0.0%, P = 0.452) & 0.83 (0.71, 0.98) 100.00
Hand
Bernard 2010 e 1.37 (0.99, 1.88) 13.06
Rossignol 2005 —— 2.50 (1.80, 3.48) 12.98
Haara 2003-04 e 1.06 (0.69, 1.62) 12.08
Kessler 2003 — 0.87 (0.56, 1.36) 11.91
Jones 2002 — 0.96 (0.55, 1.68) 10.76
Nakamura 1993 — 5.03 (2.61, 9.71) 9.77
Lawrence 1966 ¢ 0.84 (0.58, 1.20) 12.68
Kellgren 1958 T 1.51(1.05, 2.16) 12.69
Kellgren 1952 * 6.57 (1.46, 29.56) 4.07
Subtotal (F= 82.6%, P = 0.000) < 1.51 (1.05, 2.15) 100.00
\ \ \ \ \ \ \ \

0.125 0.25 0.5

Odds ratio

10 20 40 8.0 16.0 320

Figure 2. A random-effects meta-analysis on the association between work tasks involving hand grip and finger or wrist osteoarthritis.

Sensitivity analysis

We excluded the studies from the meta-analyses that
did not control their estimates for age. For pinch grip,
the pooled OR of PIP OA was 1.56 (95% CI 1.09-2.23,
>=0%), 2.10 for CMC-1 (95% CI 1.06-4.17, 1>=39.8%)),
and 1.25 for any hand OA (95% CI 0.87-1.80, 1>=69.2%)).
The pooled OR of hand OA for pinch grip was 1.73 (95%
CI 1.10-2.71, 1>=0%) among men. For hand grip, the
pooled OR of any hand OA among both genders com-
bined was 1.03 (95% CI 0.84-1.26, I>=17.4%). It was
1.47 (1.12-1.94, 1>=40.1%) among women.
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Discussion

Through a systematic search, we identified 19 studies
(20 papers) assessing the association between hand OA
and manual work, which we classified into work mostly
characterized by pinch or hand grip or use of handheld
vibrating tools. Pinch grip work was associated with
PIP and MCP-1 joints OA, but not with DIP, MCP, or
wrist joints. Hand grip work and exposure to HAV were
not associated with finger or wrist OA. In the gender-
specific analyses, pinch grip work was associated with



First author & year

Kivekas 1994
Bovenzi 1987
Malchaire 1986
Kumlin 1973

Hellstrom 1972

Overall (F = 46.1%, P=0.115)

First author & year

Pinch grip in men
Lehto 1990
Lawrence 1961
Kellgren 1958

Subtotal (I = 31.6%, P = 0.232)

Pinch grip in women
Fontana 2007
Solovieva 2006
Solovieva 2005
Lehto 1990
Lawrence 1961
Kellgren 1958

Subtotal (F = 63.6%, P =0.017)

Hand grip in men
Bernard 2010
Rossignol 2005
Haara 2003
Lawrence 1966
Kellgren 1958
Kellgren 1952

Subtotal (F = 59.4%, P = 0.031)

Hand grip in women
Bernard 2010
Rossignol 2005
Haara 2003
Nakamura 1993

Subtotal (F = 89.2%, P = 0.000)

Hammer et al

ES (95% Cl) Weight (%)
—— 1.60 (0.65, 3.89) 22.68
—————=———— 5.30(1.13,24.73) 11.26
—E 1.18 (0.46, 3.00) 21.59
1.55(0.24, 9.88) 8.38
—% 0.74 (0.46, 1.18)  36.09
1.29 (0.71,2.35)  100.00
Figure 3. A random-effects meta-
analysis on the association between
exposure to hand-arm vibration and
T T T T T T T T ini Y
0125025 0.5 1.0 2.0 40 8.0 16.0 320 any hand joint osteoarthritis.
Odds ratio
ES (95% Cl) Weight (%)
S e 2.34 (1.08, 5.07) 22.95
DG 1.48 (0.85, 2.57) 37.07
—— 2.85 (1.69, 4.80) 39.98
<= 2.14 (1.41, 3.25) 100.00
- 3.78 (1.20, 11.90) 6.26
I 1.59 (0.86, 2.93) 14.36
- 0.72 (0.50, 1.03) 21.66
e 0.82 (0.44, 1.52) 14.19
—— 1.28 (1.03, 1.60) 26.11
— 1.21 (0.74, 1.99) 17.41
1.16 (0.84, 1.60) 100.00
— 0.93 (0.57, 1.51) 15.43
T 1.50 (0.90, 2.50) 14.68
—— 1.28 (1.05, 1.57) 26.95
—— 0.84 (0.58, 1.20) 20.00
—— 1.51 (1.05, 2.16) 20.07
. 6.57 (1.46, 29.56) 2.86
1.24 (0.95, 1.62) 100.00
. 1.82 (1.19, 2.76) 25.33
e 3.60 (2.40, 5.70) 25.14
— 1.34 (1.10, 1.63) 28.13
— 5.03 (2.61, 9.71) 21.40
— — 2.46 (1.36, 4.46) 100.00
\ \ \ \ \ \ \
0.125 025 0.5 10 20 4.0 80 16.0 320
Odds ratio

Figure 4. A gender-specific random-effects meta-analysis on the associations of work tasks involving pinch or hand grip with any hand joint

osteoarthritis.
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Figure 5. A funnel plot of 19 studies on the associations of exposure
to work tasks involving pinch grip or hand grip or hand-arm vibration
with any hand joint osteoarthritis

any hand OA among men while hand grip was associated
with any hand OA among women.

Quality assessment

A major limitation of this review was the cross-sec-
tional design of the majority of included studies, which
precludes causal inference. The only prospective cohort
study was based on a small sample with few years of
follow-up and confounding control restricted to gender
and age (44). Fontana et al’s case—control study (24)
presented confounding control for several factors but
the study sample was quite small.

Crude exposure characterization was another impor-
tant limitation of the included studies. The biomechanical
strain on finger and wrist joints was not quantified in any
of the studies and the reliability of the expert classification
of jobs into those mostly requiring pinch and hand grip,
respectively, is uncertain. Exposure—response could sel-
dom be evaluated and studies varied in grouping of finger
and wrist joints. However, two studies on HAV exposure
did present objective exposure assessments.

Preferential drop-out of diseased workers among
the exposed is a potential limitation in cross-sectional
studies that will result in bias towards the null. Only two
studies took this bias into account by including workers
on sick leave in the study population (33, 39). Even in
these studies, healthy worker selection may attenuate
observed associations because workers with hand OA
may have left the job before the study was initiated. On
the other hand, recruitment bias may inflate risk estimates
in studies where people are enrolled following visits to
the general practitioner or surgeon (24, 35, 42). Workers
with manual work tasks may have more difficulties in
carrying out their work than non-manual workers with the
same degree of hand OA. Similarly, pronounced exposure
misclassification, such as control groups composed of
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manual workers, is expected to underestimate the risk of
a potential association between manual work activities
and hand OA. However, retrospective and self-reported
collection of exposure data may overestimate the risk
estimate. It is not possible to evaluate the overall influ-
ence of these opposing types of bias.

Only a few studies considered relevant confounders
such as previous hand trauma, manual leisure activities
requiring repetitive/sustained pinch or hand grip and
handedness.

Outcome assessment

The use of radiological findings as the main diagnostic
criterion for hand OA is not equivalent to disease occur-
rence because radiological signs of OA often are subclini-
cal (5). We chose to use radiological rather than clinical
criteria because they are more well-defined for hand OA
and because the aim of this review is to examine occu-
pational risk factors for the development of OA — not to
evaluate the clinical burden of the disease. Besides, the
radiographic definition of hand OA is currently the most
widely used in epidemiological studies (53).

Exposure assessment

In most of the studies, exposures were crudely assessed by
self-reporting. Moreover the criteria for defining manual
work varied widely. Some applied the term to occupations
generally known as manual — such as dentists, cooks,
cotton workers, and carpenters (18, 25, 26, 34, 38, 40) —
while others used various score classifications to evaluate
whether a job should be categorized as manual or not
(36, 37, 42, 43). Furthermore, the indirect determination
of biomechanical exposures — categorization into pinch
or hand grip — based upon information on job and work
tasks must always be considered with caution.

Pathophysiological mechanisms

Theoretically, biomechanical factors producing joint
overload may trigger development of OA (15, 16, 54).
Several biomechanical studies support this assertion.
An et al (55) demonstrated that the compressive force
across the articular surface is much higher in the PIP
and MCP joints than DIP joints during grasp (hand
grip), briefcase grip, holding a glass, or opening a jar.
In grasp, compression forces have been shown to rise
dramatically from the IP joint of the thumb to the first
MCP to the first CMC joint (56).

Chaisson et al (57) analyzed in a longitudinal study
the effect of maximal hand grip strength on the inci-
dence or new occurrence of hand OA. They found
that men with high maximal hand grip strength had an
increased risk of OA in the PIP and MPC joints and



thumb base. Among women, they found an increased
risk of developing OA in the MCP joints and a modest
increase in risk for OA in the thumb base. The absence
of a relationship between maximal hand grip strength
and the development of OA in the DIP joint is not sur-
prising since maximal forces at this site are attained dur-
ing pinch rather than hand grip (58). A potential concern
regarding this study is that grip strength is a mediating
variable in the relationship between use pattern and
incident OA, particularly since occupational and physi-
cal activities were crudely assessed. This confirms the
importance of objective and detailed biomechanical
assessment of occupational activities in this scenario.
Cvijetic et al’s longitudinal study (59) is another exam-
ple: they found that grip strength was related to hand
OA among men but not women. It should be noted that
90% of the men were farmers, while 63% of the women
were housewives. Once again, the question is whether
this difference was attributable to occupational activity.

Findings of specific clinical patterns of involvement
of hand OA that correlate to specific biomechanical
workloads, as shown by several studies in this review
(18, 24-26, 36, 38, 42, 43), seem informative. The
study of Hadler et al (23) was a pioneer study using this
approach. They identified two main patterns of manual
activities among textile workers. Burling and spinning
required precision pinch grip with the first three fingers
in the dominant hand, while winding were performed
with both hands requiring wrist motion and sustained
hand grip. They found that burlers and spinners pre-
sented more OA changes in the second and third fingers
of the dominant hand when compared to winders, while
winders were the only group with bilateral impairment
of range of motion on the wrist.

Six studies reported different risk estimates for men
and women although formal tests for interaction by gen-
der were not performed in any of these studies (33-35,
37,41, 43). It is known that hormonal and metabolic fac-
tors play a role in the development of hand OA (10, 11).
However, occupational exposures could also contribute
to these gender-dependent differences. It has been sug-
gested that women prefer to perform jobs requiring
precision pinch grip and, therefore, are more exposed
to overload of the distal finger joints (23). On the other
hand, it is not elucidated whether men and women are
exposed to different workloads within the same occu-
pation. For example, a stronger pinch grip among male
compared to female dentists might explain the higher
prevalence of hand OA among male dentists (26).

It is of interest whether symmetrical hand OA has a
different patophysiology and, thus, different risk factors
than OA presenting specific patterns of involvement of
the hand mostly used at work. One might argue that
hand OA can be the first manifestation of polyarthritis.
However polyarthritis is always symmetrical (1). So

Hammer et al

even though the symptoms may be precipitated by use of
the dominant hand at work, radiological signs of OA are
expected to be symmetrical. The studies focusing on this
aspect found actually different clinical and radiological
signs of OA between the dominant and non-dominant
hand (18, 23, 25).

Regarding exposure to HAV, it is still unclear
whether hand OA is specifically related to the vibration
transmitted to the hand or the strong dynamic and static
joint loading — often in extreme positions of the joint
— and repetitive movements typical for tool manipu-
lation in heavy manual activities (60). On the other
hand, vibration from hand-held tools per se may induce
additional joint load due to the increased need for joint
stabilization and hand grip force (61, 62). These ques-
tions remain to be answered.

Concluding remarks

Current meta-analysis provides limited support to the
hypothesis that work activities requiring repeated and /
or sustained pinch grip contribute to the occurrence of
finger or wrist OA. Major limitations of the included
studies were poor characterization of biomechanical
strain to the hand and wrist and lack of prospective
cohort studies. Regarding the association of occupa-
tional exposure to hand grip or HAV with finger or wrist
OA, the current evidence is insufficient as a result of
inconsistent findings.

References

1. Kelley WN, Harris ED, Ruddy S, Sledge CB. Textbook of
rheumatology. 4th ed. Philadelphia: WB Saunders Company;
1993.

2. Woolf AD, Pfleger B. Burden of major musculoskeletal
conditions. Bull World Health Organ. 2003;81(9):646—56.

3. Cushnaghan J, Dieppe P. Study of 500 patients with limb
joint osteoarthritis. I. Analysis by age, sex, and distribution of
symptomatic joint sites. Ann Rheum Dis. 1991 Jan;50(1):8—13.
http://dx.doi.org/10.1136/ard.50.1.8.

4. Cimmino MA, Parodi M. Risk factors for osteoarthritis. Semin
Arthritis Rheum. 2005 Jun;34(6 Suppl 2):29-34. http://dx.doi.
org/10.1016/j.semarthrit.2004.03.009.

5. Pereira D, Peleteiro B, Aratijo J, Branco J, Santos RA, Ramos
E. The effect of osteoarthritis definition on prevalence and
incidence estimates: A systematic review. Osteoarthritis
Cartilage. 2011 Nov;19(11):1270—85. http://dx.doi.
org/10.1016/j.joca.2011.08.009.

6. Mannoni A, Briganti MP, Di Bari M, Ferrucci L, Costanzo
S, Serni U, et al. Epidemiological profile of symptomatic
osteoarthritis in older adults: A population based study in
dicomano, italy. Ann Rheum Dis. 2003 Jun;62(6):576-8.
http://dx.doi.org/10.1136/ard.62.6.576.

7. Mannoni A, Briganti MP, Di Bari M, Ferrucci L, Serni U,
Masotti G, et al. Prevalence of symptomatic hand osteoarthritis

Scand J Work Environ Health 2014, vol 40,no 2 143


http://dx.doi.org/10.1136/ard.50.1.8
http://dx.doi.org/10.1016/j.semarthrit.2004.03.009
http://dx.doi.org/10.1016/j.semarthrit.2004.03.009
http://dx.doi.org/10.1016/j.joca.2011.08.009
http://dx.doi.org/10.1016/j.joca.2011.08.009
http://dx.doi.org/10.1136/ard.62.6.576

Associations of manual work and hand osteoarthritis

10.

11.

12

13.

14.

15.

17.

18.

19.

20.

21.

22.

in community-dwelling older persons: The icare dicomano
study. Insufficienza cardiaca negli anzizni residenti a
dicomano. Osteoarthritis Cartilage. 2000;8 Suppl A:S11-3.
Dieppe PA. Relationship between symptoms and structural
change in osteoarthritis: What are the important targets for
therapy? J Rheumatol. 2005 Jun;32(6):1147-9.

Dieppe PA, Lohmander LS. Pathogenesis and management of
pain in osteoarthritis. Lancet. 2005;365(9463):965—73. http://
dx.doi.org/10.1016/S0140-6736(05)71086-2.

Felson DT, Lawrence RC, Dieppe PA, Hirsch R,
Helmick CG, Jordan JM, et al. Osteoarthritis: New
insights. Part 1: The disease and its risk factors. Ann
Intern Med. 2000 Oct 17;133(8):635—46. http://dx.doi.
org/10.7326/0003-4819-133-8-200010170-00016.

Grotle M, Hagen KB, Natvig B, Dahl FA, Kvien TK. Obesity
and osteoarthritis in knee, hip and/or hand: An epidemiological
study in the general population with 10 years follow-up.
BMC Musculoskelet Disord. 2008;9:132. http://dx.doi.
org/10.1186/1471-2474-9-132.

Jensen V, Beggild H, Johansen JP. Occupational use of precision
grip and forceful gripping, and arthrosis of finger joints: A
literature review. Occup Med (Lond). 1999 Aug;49(6):383-8.
http://dx.doi.org/10.1093/0ccmed/49.6.383.

Rogers LQ, Macera CA, Hootman JM, Ainsworth BE, Blairi
SN. The association between joint stress from physical activity
and self-reported osteoarthritis: An analysis of the cooper
clinic data. Osteoarthritis Cartilage. 2002 Aug;10(8):617-22.
http://dx.doi.org/10.1053/joca.2002.0802.

Lane NE, Bloch DA, Jones HH, Simpson U, Fries JF.
Osteoarthritis in the hand: A comparison of handedness and
hand use. J Rheumatol. 1989 May;16(5):637—42.

Mackinnon SE, Novak CB. Repetitive strain in the workplace.
J Hand Surg Am. 1997 Jan;22(1):2—18. http://dx.doi.
org/10.1016/S0363-5023(05)80174-1.

. Verdon ME. Overuse syndromes of the hand and wrist. Prim

Care. 1996 Jun;23(2):305-19. http://dx.doi.org/10.1016/
S0095-4543(05)70278-5.

Barton NJ, Hooper G, Noble J, Steel WM. Occupational
causes of disorders in the upper limb. BMJ. 1992
Feb 1;304(6822):309-11. http://dx.doi.org/10.1136/
bm;j.304.6822.309.

Solovieva S, Vehmas T, Riihiméaki H, Takala EP, Murtomaa H,
Luoma K, et al. Finger osteoarthritis and differences in dental
work tasks. J Dent Res. 2006;85(4):344-8. http://dx.doi.org/
10.1177/154405910608500412.

Novak CB, Mackinnon SE. Repetitive use and static
postures: A source of nerve compression and pain. J Hand
Ther. 1997;10(2):151-9. http://dx.doi.org/10.1016/
S0894-1130(97)80069-5.

Goldberg RP, Zulman JI, Genant HK. Unilateral primary
osteoarthritis of the hand in monoplegia. Radiology. 1980
Apr;135(1):65-6.

Stecher RM, Karnosh LJ. Heberden’s nodes; the effect of
nerve injury upon the formation of degenerative joint disease
of the fingers. Am J Med Sci. 1947 Feb;213(2):181-91. http://
dx.doi.org/10.1097/00000441-194702000-00009.

Cooper C. Occupational activity and the risk of osteoarthritis.
J Rheumatol Suppl. 1995 Feb;43:10-2.

23 Hadler NM, Gillings DB, Imbus HR, Levitin PM, Makuc D,

24.

144

Utsinger PD, et al. Hand structure and function in an industrial
setting. Arthritis & Rheumatism. 1978;21(2):210-20. http://
dx.doi.org/10.1002/art.1780210206.

Fontana L, Neel S, Claise JM, Ughetto S, Catilina P.

Scand J Work Environ Health 2014, vol 40, no 2

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Osteoarthritis of the thumb carpometacarpal joint in women
and occupational risk factors: A case-control study. J Hand
Surg Am. 2007 Apr;32(4):45—65. http://dx.doi.org/10.1016/].
jhsa.2007.01.014.

Solovieva S, Vehmas T, Riithimdki H, Luoma K, Leino-Arjas
P. Hand use and patterns of joint involvement in osteoarthritis.
A comparison of female dentists and teachers. Rheumatology
(Oxford). 2005, Apr;44(4):521-8. http://dx.doi.org/10.1093/
rheumatology/keh534.

Lehto TU, Ronnemaa TE, Aalto TV, Helenius HY.
Roentgenological arthrosis of the hand in dentists
with reference to manual function. Community Dent
Oral Epidemiol. 1990 Feb;18(1):37—41. http://dx.doi.
org/10.1111/j.1600-0528.1990.tb00659.x.

van der Windt DA, Thomas E, Pope DP, de Winter AF,
Macfarlane GJ, Bouter LM, Silman AJ. Occupational risk
factors for shoulder pain: A systematic review. Occup Environ
Med. 2000 Jul;57(7):433—42. http://dx.doi.org/10.1136/
oem.57.7.433.

Palmer KT, Bonzini M, Harris EC, Linaker C, Bonde JP.
Work activities and risk of prematurity, low birth weight
and pre-eclampsia: An updated review with meta-analysis.
Occup Environ Med. 2013 Apr;70(4):213-22. http://dx.doi.
org/10.1136/0emed-2012-101032.

Bonde JP, Jorgensen KT, Bonzini M, Palmer KT. Miscarriage
and occupational activity: A systematic review and meta-
analysis regarding shift work, working hours, lifting, standing,
and physical workload. Scand J Work Environ Health. 2013
Jul;39(4):325-34. http://dx.doi.org/10.5271/sjweh.3337.
Verbeek J, Ruotsalainen J, Hoving JL. Synthesizing study
results in a systematic review. Scand J Work Environ Health.
2012, May;38(3):282-90. http://dx.doi.org/10.5271/
sjweh.3201.

Yusuf E, Nelissen RG, loan-Facsinay A, Stojanovic-Susulic
V, DeGroot J, van Osch G, et al. Association between weight
or body mass index and hand osteoarthritis: A systematic
review. Ann Rheum Dis. 2010 Apr;69(4):761-5. http://dx.doi.
org/10.1136/ard.2008.106930.

Sun BH, Wu CW, Kalunian KC. New developments in
osteoarthritis. Rheum Dis ClinNorth Am. 2007 Feb;33(1):135-48.
http://dx.doi.org/10.1016/j.rdc.2006.12.003.

Lawrence JS. Rheumatism in cotton operatives. Br J Ind Med.
1961 Oct;18:270-6.

Kellgren JH, Lawrence JS. Osteo-arthrosis and disk
degeneration in an urban population. Ann Rheum Dis. 1958,
Dec;17(4):388—97. http://dx.doi.org/10.1136/ard.17.4.388.
Rossignol M, Leclerc A, Allaert FA, Rozenberg S, Valat
JP, Avouac B, et al. Primary osteoarthritis of hip, knee, and
hand in relation to occupational exposure. Occup Environ
Med. 2005 Nov;62(11):772-7. http://dx.doi.org/10.1136/
0em.2005.020057.

Haara MM, Heliovaara M, Kroger H, Arokoski JP, Manninen P,
Karkkdinen A, et al. Osteoarthritis in the carpometacarpal joint
of the thumb. Prevalence and associations with disability and
mortality. ] Bone Joint Surg Am. 2004 Jul;86-A(7):1452-7.
Haara MM, Manninen P, Kroger H, Arokoski JPA, Kérkkdinen
A, Knekt P, et al. Osteoarthritis of finger joints in Finns aged
30 or over: Prevalence, determinants, and association with
mortality. Ann Rheum Dis. 2003;62(2):151. http://dx.doi.
org/10.1136/ard.62.2.151.

Nakamura R, Ono Y, Horii E, Tsunoda K, Takeuchi Y. The
aetiological significance of work-load in the development
of osteoarthritis of the distal interphalangeal joint. J


http://dx.doi.org/10.1016/S0140-6736(05)71086-2
http://dx.doi.org/10.1016/S0140-6736(05)71086-2
http://dx.doi.org/10.7326/0003-4819-133-8-200010170-00016
http://dx.doi.org/10.7326/0003-4819-133-8-200010170-00016
http://dx.doi.org/10.1186/1471-2474-9-132
http://dx.doi.org/10.1186/1471-2474-9-132
http://dx.doi.org/10.1093/occmed/49.6.383
http://dx.doi.org/10.1053/joca.2002.0802
http://dx.doi.org/10.1016/S0363-5023(05)80174-1
http://dx.doi.org/10.1016/S0363-5023(05)80174-1
http://dx.doi.org/10.1016/S0095-4543(05)70278-5
http://dx.doi.org/10.1016/S0095-4543(05)70278-5
http://dx.doi.org/10.1136/bmj.304.6822.309
http://dx.doi.org/10.1136/bmj.304.6822.309
http://dx.doi.org/10.1177/154405910608500412
http://dx.doi.org/10.1177/154405910608500412
http://dx.doi.org/10.1016/S0894-1130(97)80069-5
http://dx.doi.org/10.1016/S0894-1130(97)80069-5
http://dx.doi.org/10.1097/00000441-194702000-00009
http://dx.doi.org/10.1097/00000441-194702000-00009
http://dx.doi.org/10.1002/art.1780210206
http://dx.doi.org/10.1002/art.1780210206
http://dx.doi.org/10.1016/j.jhsa.2007.01.014
http://dx.doi.org/10.1016/j.jhsa.2007.01.014
http://dx.doi.org/10.1093/rheumatology/keh534
http://dx.doi.org/10.1093/rheumatology/keh534
http://dx.doi.org/10.1111/j.1600-0528.1990.tb00659.x
http://dx.doi.org/10.1111/j.1600-0528.1990.tb00659.x
http://dx.doi.org/10.1136/oem.57.7.433
http://dx.doi.org/10.1136/oem.57.7.433
http://dx.doi.org/10.1136/oemed-2012-101032
http://dx.doi.org/10.1136/oemed-2012-101032
http://dx.doi.org/10.5271/sjweh.3337
http://dx.doi.org/10.5271/sjweh.3201
http://dx.doi.org/10.5271/sjweh.3201
http://dx.doi.org/10.1136/ard.2008.106930
http://dx.doi.org/10.1136/ard.2008.106930
http://dx.doi.org/10.1016/j.rdc.2006.12.003
http://dx.doi.org/10.1136/ard.17.4.388
http://dx.doi.org/10.1136/oem.2005.020057
http://dx.doi.org/10.1136/oem.2005.020057
http://dx.doi.org/10.1136/ard.62.2.151
http://dx.doi.org/10.1136/ard.62.2.151

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Hand Surg Br. 1993 Aug;18(4):540-2. http://dx.doi.
org/10.1016/0266-7681(93)90167-E.

Lawrence JS, Molyneux MK, Dingwall-Fordyce I. Rheumatism
in foundry workers. Br J Ind Med. 1966 Jan;23(1):42-52.
Kellgren JH, Lawrence JS. Rheumatism in miners. Part II:
X-ray study. Br J Ind Med. 1952;9(3):197.

Bernard TE, Wilder FV, Aluoch M, Leaverton PE. Job-related
osteoarthritis of the knee, foot, hand, and cervical spine. J
Occup Environ Med. 2010 Jan;52(1):33—8. http://dx.doi.
0rg/10.1097/JOM.0b013e3181c40e98.

Kessler S, Stove J, Puhl W, Stiirmer T. First carpometacarpal
and interphalangeal osteoarthritis of the hand in patients
with advanced hip or knee OA. Are there differences in the
etiology? Clin Rheumatol. 2003 Dec;22(6):409—13. http://
dx.doi.org/10.1007/s10067-003-0783-5.

Jones G, Cooley HM, Stankovich JM. A cross sectional study
of the association between sex, smoking, and other lifestyle
factors and osteoarthritis of the hand. J Rheumatol. 2002
Aug;29(8):1719-24.

Kivekés J, Rithimédki H, Husman K, Hénninen K, Harkonen
H, Kuusela T, et al. Seven-year follow-up of white-finger
symptoms and radiographic wrist findings in lumberjacks and
referents. Scand J Work Environ Health. 1994 Apr;20(2):101-6.
http://dx.doi.org/10.5271/sjweh.1425.

Bovenzi M, Fiorito A, Volpe C. Bone and joint disorders in the
upper extremities of chipping and grinding operators. Int Arch
Occup Environ Health. 1987;59(2):189-98. http://dx.doi.
org/10.1007/BF00378496.

Malchaire J, Maldague B, Huberlant JM, Croquet F.
Bone and joint changes in the wrists and elbows and their
association with hand and arm vibration exposure. Ann
Occup Hyg. 1986;30(4):461-8. http://dx.doi.org/10.1093/
annhyg/30.4.461.

Kumlin T, Wiikeri M, Sumari P. Radiological changes in carpal
and metacarpal bones and phalanges caused by chain saw
vibration. Br J Ind Med. 1973 Jan;30(1):71-3.

Hellstrom B, Andersen KL. Vibration injuries in norwegian
forest workers. Br J Ind Med. 1972 Jul;29(3):255-63.

Sterne J. Meta-Analysis in stata: An updated collection from
the stata journal. College Station: Stata Press; 2009.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis. 1957 Dec;16(4):494-502. http://
dx.doi.org/10.1136/ard.16.4.494.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Hammer et al

Altman RD, Hochberg M, Murphy WA, Wolfe F, Lequesne
M. Atlas of individual radiographic features in osteoarthritis.
Osteoarthritis Cartilage. 1995 Sep;3 Suppl A:3-70.

Swanson AB, Swanson GD. Osteoarthritis in the hand. J
Hand Surg Am. 1983 Sep;8(5 Pt 2):669—75. http://dx.doi.
org/10.1016/S0363-5023(83)80242-1.

Hart DJ, Spector TD. Definition and epidemiology of
osteoarthritis of the hand: A review. Osteoarthritis Cartilage.
2000;8 Suppl A:S2-7.

Radin EL, Parker HG, Paul IL. Pattern of degenerative arthritis.
Preferential involvement of distal finger-joints. Lancet.
1971 Feb 20;1(7695):377-9. http://dx.doi.org/10.1016/
S0140-6736(71)92213-6.

An KN, Chao EY, Cooney WP, Linscheid RL. Forces in the
normal and abnormal hand. J Orthop Res. 1985;3(2):202—11.
http://dx.doi.org/10.1002/jor.1100030210.

Cooney WP, Chao EY. Biomechanical analysis of static forces
in the thumb during hand function. J Bone Joint Surg Am. 1977
Jan;59(1):27-36.

Chaisson CE, Zhang Y, Sharma L, Kannel W, Felson DT.
Grip strength and the risk of developing radiographic hand
osteoarthritis: Results from the framingham study. Arthritis
Rheum. 1999 Jan;42(1):33-8. http://dx.doi.org/10.1002/1529-
0131(199901)42:1<33::AID-ANR4>3.0.CO;2-1.

Moran JM, Hemann JH, Greenwald AS. Finger joint contact
areas and pressures. J Orthop Res. 1985;3(1):49-55. http://
dx.doi.org/10.1002/jor.1100030106.

Cvijeti¢ S, Kurtagi¢ N, Ozegovi¢ DD. Osteoarthritis
of the hands in the rural population: A follow-up study.
Eur J Epidemiol. 2004;19(7):687-91. http://dx.doi.
org/10.1023/B:EJEP.0000036794.40723.8e.

Gemne G, Saraste H. Bone and joint pathology in workers
using hand-held vibrating tools. An overview. Scand J Work
Environ Health. 1987 Aug;13(4):290-300. http://dx.doi.
org/10.5271/sjweh.2048.

Descatha A, Leclerc A, Chastang JF, Roquelaure Y, Study Group
on Repetitive Work. Incidence of ulnar nerve entrapment at the
elbow in repetitive work. Scand J Work Environ Health. 2004
Jun;30(3):234-40. http://dx.doi.org/10.5271/sjweh.784.
Hagberg M. Clinical assessment of musculoskeletal disorders
in workers exposed to hand-arm vibration. Int Arch Occup
Environ Health. 2002 Jan;75(1-2):97-105.

Received for publication: 20 December 2012

145

Scand J Work Environ Health 2014, vol 40, no 2


http://dx.doi.org/10.1016/0266-7681(93)90167-E
http://dx.doi.org/10.1016/0266-7681(93)90167-E
http://dx.doi.org/10.1097/JOM.0b013e3181c40e98
http://dx.doi.org/10.1097/JOM.0b013e3181c40e98
http://dx.doi.org/10.1007/s10067-003-0783-5
http://dx.doi.org/10.1007/s10067-003-0783-5
http://dx.doi.org/10.5271/sjweh.1425
http://dx.doi.org/10.1007/BF00378496
http://dx.doi.org/10.1007/BF00378496
http://dx.doi.org/10.1093/annhyg/30.4.461
http://dx.doi.org/10.1093/annhyg/30.4.461
http://dx.doi.org/10.1136/ard.16.4.494
http://dx.doi.org/10.1136/ard.16.4.494
http://dx.doi.org/10.1016/S0363-5023(83)80242-1
http://dx.doi.org/10.1016/S0363-5023(83)80242-1
http://dx.doi.org/10.1016/S0140-6736(71)92213-6
http://dx.doi.org/10.1016/S0140-6736(71)92213-6
http://dx.doi.org/10.1002/jor.1100030210
http://dx.doi.org/10.1002/1529-0131(199901)42:1<33::AID-ANR4>3.0.CO;2-I
http://dx.doi.org/10.1002/1529-0131(199901)42:1<33::AID-ANR4>3.0.CO;2-I
http://dx.doi.org/10.1002/jor.1100030106
http://dx.doi.org/10.1002/jor.1100030106
http://dx.doi.org/10.1023/B:EJEP.0000036794.40723.8e
http://dx.doi.org/10.1023/B:EJEP.0000036794.40723.8e
http://dx.doi.org/10.5271/sjweh.2048
http://dx.doi.org/10.5271/sjweh.2048
http://dx.doi.org/10.5271/sjweh.784

