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ABSTRACT
Background/aim Dupuytren disease is a
fibroproliferative hand condition. The role of exposure to
vibration as a risk factor has been studied with
contradictory results. Since field hockey is expected to be
a strong source of hand-arm vibration, we hypothesised
that long-term exposure to field hockey is associated
with Dupuytren disease.
Methods In this cross-sectional cohort study, the
hands of 169 male field hockey players (IQR: 65–
71 years) and 156 male controls (IQR: 59–71 years)
were examined for signs of Dupuytren disease. Details
about their age, lifestyle factors, medical history,
employment history and leisure activities were gathered.
Prior to the analyses, the groups were balanced in risk
factors using propensity score matching. The association
between field hockey and Dupuytren disease was
determined using a subject-specific generalised linear
mixed model with a binomial distribution and logit link
function (matched pairs analysis).
Results Dupuytren disease was observed in 51.7% of
the field hockey players, and in 13.8% of the controls.
After propensity score matching, field hockey playing as
dichotomous variable, was associated with Dupuytren
disease (OR=9.42, 95% CI 3.01 to 29.53). A linear
dose-response effect of field hockey (hours/week x years)
within the field hockey players could not be
demonstrated (OR=1.03, 95% CI 0.68 to 1.56).
Discussion We found that field hockey playing has a
strong association with the presence of Dupuytren
disease. Clinicians in sports medicine should be alert to
this less common diagnosis in this sport.

INTRODUCTION
Dupuytren disease (DD) is a chronic hand condi-
tion, characterised by fibroblasts of the palmar
fascia that transform into myofibroblasts, prolifer-
ate, deposit matrix and form nodules. Later on,
cords are formed that may contract, causing flexion
contractures of the fingers.1 In the general elderly
population, the prevalence of this disease ranges
from 0.6% to 31.6%.2

Several intrinsic risk factors have been associated
with DD, such as genes,3 4 age5 6 and male
gender.6 7 Various extrinsic risk factors, such as
alcohol consumption and vibration exposure, have
been associated with DD as well.8–10 Vibration
exposure to the hands due to the handling of vibra-
tion tools, for instance, can cause microtrauma and
peripheral vascular changes.11–13 These two
mechanisms are suggested to be involved in the
pathogenesis of DD.
In the past decades, two literature reviews were

conducted to elucidate the association between DD

and vibration.14 15 Liss and Stock14 concluded that
there is a strong indication for the presence of this
association. Recently, a meta-analysis demonstrated
that vibration was significantly associated with
DD.15 Both reviews suggest that there is evidence
for a dose–response relationship, but many
included papers suffered from methodological
flaws (eg, unjustified corrections for factors that are
not confounders, no physical examination to diag-
nose DD, inconsistencies in cross tabs possibly
leading to an overestimated effect size).10 16 17 So
the reviews are inconclusive and more directed
research towards vibration is needed.
Most studies investigating this association take

only the vibration exposure during work-related
activities into account.8–10 18 19 However, vibration
exposure can also occur during leisure activities
(eg, sculpturing, do-it-yourself activities)20 and
sports (eg, tennis, baseball, golf).21–24 If vibration
exposure during these kinds of activities is asso-
ciated with the presence of DD, this needs to be
assessed when studying the influence of vibration
on the occurrence of DD.
There is only one previous paper that reports a

high prevalence of DD in sportsmen.25 However,
this study focuses on the repetitive strain to the
palmar fascia, and not on the vibration exposure.
Sports such as field hockey can result in vibrations
with large amplitudes, especially when impacts are
not located on the sweet spot of the stick.23

Therefore, we expected that there might be an
association between field hockey and DD.
Furthermore, we assumed that the majority of the
field hockey players are white collar workers in the
Netherlands. Therefore, this population is suitable
to investigate vibration exposure, since it is unlikely
that the possible effect of vibration through hockey
will be confounded by an effect of manual work.
The aim of the current study was to determine
whether field hockey is associated with the pres-
ence of DD in elderly male field hockey players.
We hypothesised that this association is present,
and that a dose–response relation exists.

METHODS
Design
The hypothesis was tested by a cross-sectional
cohort study, including a group of field hockey
players and a control group.

Participants
We performed a sample size calculation in
G*Power, V.3.1.226 using an OR of 2.36 for vibra-
tion and manual work in association with DD15

and a proportion of DD equal to 0.22.5 To obtain
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a power of 80% for a two-sided test with the significance level
at 5%, 74 participants were needed in each group (hockey
players vs controls) for a two-sample χ2 test.

The hockey players were recruited from a field hockey club
for elderly male field hockey players, most of whom have played
at a high level for a long period of time. The measurements
took place during a tournament, so all 204 elderly male field
hockey players who were registered for the tournament were
asked to participate in this study. The controls consisted of 250
males from an age-stratified random sample of the general
elderly population in the city of Groningen, the Netherlands,
that was drawn from the municipal administration. These parti-
cipants were previously included in a prevalence study,5 and
agreed to being approached again for further research. To
control for the confounding effect of manual work, all manual
workers were excluded, as well as all controls who were
exposed to vibration during occupational, leisure or sports
activities.

All participants gave written informed consent. Owing to the
nature of this study, no approval of the medical ethics commit-
tee was needed.

Procedure
Prior to the start of the study, we asked the board of the field
hockey club for permission to approach their members. After
that, the field hockey players received an email with information
about this study. On 16 May 2013, the measurements took
place during a tournament. Before the start, the field hockey
players were reminded of this study using a presentation.

All participating field hockey players were interviewed about
their employment history, leisure activities, lifestyle factors,
health and demographics. These interviews were conducted by
employees of the department of Plastic Surgery, who received
training beforehand on how to perform the interview, to ensure
that all participants were interviewed the same way. After the
interview, the hands of the participants were examined for signs
of DD by medical doctors (RL and PMNW) with broad experi-
ence in diagnosing DD.

The same data were collected from the controls. Diagnosis of
DD in the control group was already determined using physical
examination in the study of Lanting et al5 using the same cri-
teria, but controls were contacted again by telephone to collect
detailed information about their employment history, leisure
activities, lifestyle factors and other missing information.

Outcome measures
The primary outcome measure was the presence of DD in one
or both hands, defined as nodules or cords with or without
flexion contractures of the fingers. The severity of the disease
was a secondary outcome measure and determined using an
adapted version of the Iselin classification (figure 1).27

We collected age, smoking habits and alcohol consumption as
additional measures, including the amounts consumed repre-
sented by cigarettes, cigars or pipes per day or by glasses per
week, respectively. All participants were also asked about their
general health, including diabetes, epilepsy and whether they
had sustained hand injuries in the past. The hockey players were
asked about the intensity (hours/week) and duration (years) of
field hockey during their life.

Statistical analyses
Descriptive statistics were presented by frequencies and percen-
tages for nominal and ordinal data. For data at the interval or
ratio level, descriptives were presented by medians and IQRs.

Differences between the hockey players and controls were deter-
mined by Fisher’s exact test for nominal and ordinal data, and
by the Mann-Whitney U test for data at the interval or ratio
level.

Since we expected the two groups to be significantly different
on various characteristics, we used propensity score matching to
balance the groups.28 A propensity score can be considered as
an a priori probability of a participant to be included in the
experimental group, in this case the field hockey group, given a
set of characteristics. By matching the participants based on the
propensity score, we matched field hockey players with controls
having the same likelihood to be part of the hockey group. The
propensity score was calculated using a logistic regression model
based on the variables age, diabetes, smoking, alcohol consump-
tion and familial presence of DD.29–31 Epilepsy was not
included, since only one participant suffered from this disease.
Then propensity score matching with replacement was carried
out32 with exact match priority. We used a caliper of 0.2 SD of
the logit score as the tolerance level for matching.33 When mul-
tiple controls were equally eligible to be matched to a field
hockey player, the participant to be matched was chosen ran-
domly. To determine whether the matching procedure success-
fully balanced the two groups in descriptive characteristics, we
did the same statistical comparisons as mentioned in the para-
graph above.

A subject-specific generalised linear mixed model was fitted to
determine the effect of field hockey as a dichotomous variable
on the proportion of DD. A Bernoulli distribution with a logit

Figure 1 Iselin classification (adapted) indicating the different stages
of Dupuytren disease.
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link function was used. We entered hockey (yes/no) as a fixed
effect, and a random effect for matched pairs to control for the
correlated observations (resulting from the matching
procedure).

Then, to examine the presence of a dose–response relation,
we applied logistic regression within the field hockey group of
the original (non-matched) database, with field hockey entered
as a continuous variable. This variable was standardised to the
absolute number of weeks that a participant had played ((hours/
week×years)/168). Age was included in the model to account
for its potential confounding effect. Additionally, we did an
ordinal logistic regression analysis to determine the effect of
field hockey on the severity of the disease, defined by the Iselin
stage. A sensitivity analysis was performed to gain more insight
into the effect of field hockey on the presence of DD.

The propensity matching procedure and analyses were per-
formed in SPSS V.23. Missing values were excluded listwise
from the analyses, and a significance level of 5% was used.

RESULTS
A total of 325 individuals participated in this study. Among the
field hockey players, 169 of the 204 hockey players who were
asked to participate agreed to do so (83%). In the control
group, this was 156 of the 247 (63%). Three of the 91 non-
participating controls replied that they refused to participate,
while the other 88 did not respond. In the full set of 325 parti-
cipants, 24 of the 169 field hockey players (14%) were manual
workers, compared to 67 of the 156 controls (43%). This dif-
ference was statistically significant (χ2=33.3, p<0.001). We
excluded manual workers and controls exposed to vibration
(figure 2). The propensity score matching procedure yielded 42
pairs, so the data of 84 participants in total were used in the
analyses.

Table 1 shows the descriptive statistics of the field hockey
players and the controls before and after propensity score
matching. Before matching, there were significant differences
between the two groups with respect to age and smoking habits.
After matching, differences in characteristics reduced or
vanished.

Table 2 shows the proportion of DD in the two groups, as
well as the severity of the disease. DD was almost four times
more prevalent in the field hockey group compared to the

controls. In both groups, mild disease (ie, nodules in the
absence of contractures) was the most common disease presenta-
tion. Only a few participants in both groups showed DD with
flexion contractures of the finger(s).

To visualise the proportion of DD with respect to the amount
of field hockey exposure, we plotted the logit of the proportion
of DD against different groups of field hockey exposure
(figure 3). It can be seen that the logit of the proportion of DD
was much lower in the control group compared to the field
hockey players.

The results of the generalised linear mixed model after pro-
pensity score matching indeed show that field hockey playing as
a dichotomous variable was significantly associated with the
presence of DD (OR=9.42; 95% CI 3.01 to 29.53).

Within the field hockey group, figure 3 demonstrates that the
highly exposed groups had a higher logit of the proportion of
DD than the lower exposed groups. This indicates the possibility
of a dose–response relation. However, applying logistic regres-
sion within the field hockey group showed that field hockey as a
continuous variable (expressed as (hours/week×years)/168), cor-
rected for age, did not demonstrate a significant dose–response
relation with DD (OR=1.03; 95% CI 0.68 to 1.56). The same
result was found when disease severity (Iselin stage) was used as
an outcome variable (OR=1.00; 95% CI 0.67 to 1.49).

We did a sensitivity analysis to determine if the choice of the
model (linear profile for field hockey and the log odds for DD)
would affect the conclusion. Two additional analyses were pro-
vided. We tried different cut-off points for the amount of field
hockey to see if field hockey beyond the cut-off point would
entail a higher proportion of DD. The optimal cut-off point
was determined at 217 hours/week×years, and provided a
p value of 0.059. The second analysis tested a shift in distribu-
tion of field hockey between participants with and without DD
using a Mann-Whitney U test (p=0.433). Both analyses did not
demonstrate a dose–response relation either.

DISCUSSION
After propensity score matching, our main result shows that
field hockey has a strong association with DD. This extends pre-
vious findings of vibration being associated with DD in the
occupational setting.8–10 We did not find a continuous dose–
response relation within the field hockey group. This seems to
be in contrast to several other studies that report a linear dose–
response relation between vibration and DD.8 16 17

Why no dose–response relation?
There are several possible explanations that may account for this
discrepancy. Previous reported studies may have overestimated
the effect due to methodological issues, for example, no phys-
ical examination to diagnose DD, or inconsistencies in cross
tabs possibly resulting in an incorrect OR calculation.8 17

Further, we drew our sample among elderly field hockey
players who were still playing. Therefore, severe cases of
Dupuytren with large hockey exposure might not have entered
our sample due to the sampling procedure, as patients with
severe disease would not be able to play anymore. Another pos-
sibility is that hand injury, which might result from playing field
hockey, contributes to the larger proportion of DD in the field
hockey group, but not to a dose–response relation. Hand injury
has previously been associated with DD,5 34–36 and field hockey
players might have a higher probability of injury as a conse-
quence of the sport. We did inquire about hand injury to
address this, but most participants had difficulties remembering

Figure 2 Schematic representation of the inclusion and exclusion
procedure.
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the type of injury, and which hand or finger was injured. Thus,
we could not evaluate this hypothesis any further.

The results of this study suggest that the onset of DD may be
triggered by playing field hockey, and that it does not
influence the disease course. One theory is that mechanical
stress (of field hockey) produces microtrauma that may trigger
the Wnt-signaling pathway, which is involved in cell prolifer-
ation and differentiation.37 By activating this pathway through
mechanotransduction,38 proliferation of fibroblasts occurs. This
theory is supported by the findings that the anomalies in DD
tissue resemble the early stages of wound repair.36 39 This
would support our findings of an effect of field hockey with the
absence of a dose–response relation.

Strengths and limitations
The strength of this study is that all the participants were phys-
ically examined by medical doctors experienced in diagnosing
DD. An inter-observer agreement study indicated that experi-
enced observers reach an agreement of 95–100% for diagnosing
the disease.40 This guarantees the reliability of our observations.

Another strength is the use of propensity score matching. In
observational studies like this, randomisation is not possible.
Therefore, several sources of bias are introduced that can result
in incorrect conclusions.28 After matching, the differences
between the two groups were reduced or vanished, indicating

that propensity score matching provided a more balanced view
on the characteristics between the field hockey players and con-
trols. Additionally, by excluding all manual workers, we had a
relatively homogeneous group of participants who were all
exposed to vibration in the same way. This further extends the
reliability of our results. Finally, using a sensitivity analysis, we
tested whether we chose the correct model to evaluate the asso-
ciation. This was not significant, so we can assure that there is
no dose–response relation between field hockey and the pres-
ence of DD in our sample.

There are several limitations in our study. First, recall bias was
probably present in our study, since many variables were gath-
ered using an interview. Unfortunately, there are no alternatives
to determine, for instance, the lifetime exposure to vibration as
in field hockey.

Second, the sample size calculation showed that we needed
74 participants in each group, while we had 42 participants in
each group after matching. However, this sample size calculation
was performed for a two-sample χ2-test and not for matched
samples. Propensity score matching increased our effect size
compared to an analysis without correction.

Third, it is likely that the surface on which the field hockey
players have played, and the material of which the sticks have
been manufactured, can have large influences on the biomechan-
ics of a field hockey shot. We did not gather this kind of infor-
mation, so it might be that the lack of a dose–response relation
can be explained by this.

Finally, we probably missed severe cases due to the sample
selection, since hockey players with severe DD may not be able
to play anymore. Missing severe cases has probably resulted in
an underestimation of the effect size in our sample. Although
we examined 83% of the hockey players, it might be that those
who did not participate were not affected and therefore did not
feel the need to participate. However, by emphasising the
importance of participation before the start of the tournament,
especially if the players were thought to be unaffected, we tried
to limit the selection bias. Unfortunately, selection bias can
never be ruled out in observational studies like this.

In conclusion, we found that field hockey playing has a strong
association with the presence of DD. Clinicians in sports medi-
cine should be alert to this less common diagnosis in this sport.

Table 2 Proportion of Dupuytren cases and disease severity in the
field hockey group compared to the control group

Hockey players (n=145) Controls (n=58)

Dupuytren (n) 75 (51.7%) 8 (13.8%)
Missing (n) 0 0
Iselin stage (n)
1 63 (43.4%) 5 (8.6%)
2 5 (3.4%) 1 (1.7%)
3 6 (4.1%) 2 (3.4%)
4 1 (0.7%) 0 (0.0%)
Missing (n) 0 0

Table 1 Characteristics of the field hockey players and the controls before and after the propensity score matching procedure

Before propensity score matching After propensity score matching

Hockey players (n=145) Controls (n=58) p Value Hockey players (n=42) Controls (n=42) p Value

Age in years (median) 67.0 61.5 0.001* 66.0 62.5 0.122*
IQR 65.0–71.0 58.3–68.3 (62.0–69.3) (59.0–71.0)
Missing (n) 3 0 0 0
Alcohol consumption in units/week (median) 10.0 5.0 0.166* 8.5 6.50 0.603*
IQR 5.0–20.0 0.2–11.3 (3.8–14.0) (2.0–14.0)
Missing (n) 3 0 0 0
Smoking in pack years (median) 2.5 6.4 0.001* 3.0 0.0 0.334*
IQR 0.0–13.0 0.0–23.0 (0.0–15.0) (0.0–11.2)
Missing (n) 3 0 0 0
Diabetes (n) 11 (7.6%) 5 (8.6%) 0.779† 4 (9.5%) 3 (7.1%) 1.000†
Missing (n) 0 0 0 0
Epilepsy (n) 0 (0.0%) 1 (1.7%) 0.286† 0 (0.0%) 0 (0.0%) –

Missing (n) 0 0 0 0

*Mann-Whitney U test.
†Fisher’s exact test.
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What are the findings?

▸ Field hockey is strongly associated with Dupuytren disease.
▸ No dose–response relation was found.
▸ Field hockey seems to trigger the onset of Dupuytren

disease, but appears to have no influence on the course.

How might it impact on clinical practice in the future?

Given the high prevalence of Dupuytren disease in male field
hockey players, clinicians should be alert to this less common
diagnosis in sports medicine.

Acknowledgements The authors would like to thank the players of the
tournament of field hockey club ‘De Zestigplussers’ for their cooperation. The
authors thank Sophie Post, MD, Evert-Jan ten Dam, MD, Joep Willemsen, MD,
Sanne Molenkamp, MD, Edo Bramer, MD and Jill van Meegdenburg, MD for
assisting in the data collection process.

Contributors SP, E-JtD, JW, SM, EB and JvM assisted in the data collection
process during the field hockey tournament.

Competing interests None declared.

Patient consent Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1 Rayan GM. Dupuytren’s disease: anatomy, pathology, presentation, and treatment.

J Bone Joint Surg Am 2007;89:189–98.
2 Lanting R, Broekstra DC, Werker PM, et al. A systematic review and meta-analysis

on the prevalence of Dupuytren disease in the general population of western
countries. Plast Reconstr Surg 2014;133:593–603.

3 Dolmans GH, Werker PM, Hennies HC, et al. Wnt signaling and Dupuytren’s
disease. N Engl J Med 2011;365:307–17.

4 Hindocha S, John S, Stanley JK, et al. The heritability of Dupuytren’s
disease: familial aggregation and its clinical significance. J Hand Surg Am
2006;31:204–10.

5 Lanting R, van den Heuvel ER, Westerink B, et al. Prevalence of Dupuytren disease
in the Netherlands. Plast Reconstr Surg 2013;132:394–403.

6 Gudmundsson KG, Arngrimsson R, Sigfusson N, et al. Epidemiology of Dupuytren’s
disease: clinical, serological, and social assessment. The Reykjavik Study. J Clin
Epidemiol 2000;53:291–6.

7 Dolmans GH, Hennies HC. The genetic basis of Dupuytren’s disease: an
introduction. In: Eaton C, ed. Dupuytren’s disease and related hyperproliferative
disorders. Heidelberg, Germany: Springer-Verlag, 2012:87–92.

8 Descatha A, Carton M, Mediouni Z, et al. Association among work exposure,
alcohol intake, smoking and Dupuytren’s disease in a large cohort study (GAZEL).
BMJ Open 2014;4:e004214.

9 Palmer KT, D’Angelo S, Syddall H, et al. Dupuytren’s contracture and occupational
exposure to hand-transmitted vibration. Occup Environ Med 2014;71:241–5.

10 Descatha A, Bodin J, Ha C, et al. Heavy manual work, exposure to vibration and
Dupuytren’s disease? Results of a surveillance program for musculoskeletal
disorders. Occup Environ Med 2012;69:296–9.

11 Murrell GA. An insight into Dupuytren’s contracture. Ann R Coll Surg Engl
1992;74:156–60; discussion 161.

12 Griffin MJ, Welsh AJ, Bovenzi M. Acute response of finger circulation to force and
vibration applied to the palm of the hand. Scand J Work Environ Health
2006;32:383–91.

13 Bovenzi M, Welsh AJ, Griffin MJ. Acute effects of continuous and intermittent
vibration on finger circulation. Int Arch Occup Environ Health 2004;77:255–63.

14 Liss GM, Stock SR. Can Dupuytrens contracture be work-related?: review of the
evidence. Am J Ind Med 1996;29:521–32.

15 Descatha A, Jauffret P, Chastang JF, et al. Should we consider Dupuytren’s
contracture as work-related? A review and meta-analysis of an old debate. BMC
Musculoskelet Disord 2011;12:96.

16 Lucas G, Brichet A, Roquelaure Y, et al. Dupuytren’s disease: personal factors and
occupational exposure. Am J Ind Med 2008;51:9–15.

17 Cocco PL, Frau P, Rapallo M, et al. Occupational exposure to vibration and
Dupuytren’s disease: a case–controlled study. Med Lav 1987;78:386–92.

18 Burke FD, Proud G, Lawson IJ, et al. An assessment of the effects of exposure to
vibration, smoking, alcohol and diabetes on the prevalence of Dupuytren’s disease
in 97,537 miners. J Hand Surg Eur Vol 2007;32:400–6.

19 Bovenzi M. Hand-arm vibration syndrome and dose–response relation for vibration
induced white finger among quarry drillers and stonecarvers. Italian Study Group on
Physical Hazards in the Stone Industry. Occup Environ Med 1994;51:603–11.

20 Gauthier F, Gélinas D, Marcotte P. Vibration of portable orbital sanders and its
impact on the development of work-related musculoskeletal disorders in the
furniture industry. Comput Ind Eng 2012;62:762–9.

21 Nathan AM. Dynamics of the baseball-bat collision. Am J Phys 2000;68:979–90.
22 Roberts JR, Jones R, Mansfield NJ, et al. Evaluation of vibrotactile sensations in the

‘feel’ of a golf shot. J Sound Vibrat 2005;285:303–19.
23 Russell DA. Flexural vibration and the perception of sting in hand-held sports

implements. 41st International Congress and Exposition on Noise Control
Engineering; Vol 12. 2012.

Figure 3 The effect of field hockey
on the logit of the proportion of
Dupuytren disease.

Broekstra DC, et al. Br J Sports Med 2016;0:1–6. doi:10.1136/bjsports-2016-096236 5

Original article

group.bmj.com on September 25, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://dx.doi.org/10.1097/01.prs.0000438455.37604.0f
http://dx.doi.org/10.1056/NEJMoa1101029
http://dx.doi.org/10.1016/j.jhsa.2005.09.018
http://dx.doi.org/10.1097/PRS.0b013e3182958a33
http://dx.doi.org/10.1016/S0895-4356(99)00145-6
http://dx.doi.org/10.1016/S0895-4356(99)00145-6
http://dx.doi.org/10.1136/bmjopen-2013-004214
http://dx.doi.org/10.1136/oemed-2013-101981
http://dx.doi.org/10.5271/sjweh.1034
http://dx.doi.org/10.1007/s00420-004-0507-4
http://dx.doi.org/10.1002/(SICI)1097-0274(199605)29:5<521::AID-AJIM12>3.0.CO;2-2
http://dx.doi.org/10.1186/1471-2474-12-96
http://dx.doi.org/10.1186/1471-2474-12-96
http://dx.doi.org/10.1002/ajim.20542
http://dx.doi.org/10.1016/j.jhse.2005.02.002
http://dx.doi.org/10.1016/j.cie.2011.11.035
http://dx.doi.org/10.1119/1.1286119
http://dx.doi.org/10.1016/j.jsv.2004.08.030
http://bjsm.bmj.com/
http://group.bmj.com


24 Hennig EM, Rosenbaum D, Milani TL. Transfer of tennis racket vibrations onto the
human forearm. Med Sci Sports Exerc 1992;24:1134–40.

25 Logan AJ, Mason G, Dias J, et al. Can rock climbing lead to Dupuytren’s disease?
Br J Sports Med 2005;39:639–44.

26 Faul F, Erdfelder E, Buchner A, et al. Statistical power analyses using G*Power 3.1:
tests for correlation and regression analyses. Behav Res Methods
2009;41:1149–60.

27 Iselin M, Iselin F. Maladie de Duputren. Traité de chirugie de la main. Brussels:
Flammarion, 1967s.

28 Rubin DB. Using propensity scores to help design observational studies:
application to the tobacco litigation. Health Serv Outcomes Res Methodol
2001;2:169–88.

29 Brookhart MA, Schneeweiss S, Rothman KJ, et al. Variable selection for propensity
score models. Am J Epidemiol 2006;163:1149–56.

30 Rubin JP, Yaremchuk MJ. Complications and toxicities of implantable biomaterials
used in facial reconstructive and aesthetic surgery: a comprehensive review of the
literature. Plast Reconstr Surg 1997;100:1336–53.

31 Rubin DB, Thomas N. Matching using estimated propensity scores: relating theory
to practice. Biometrics 1996;52:249–64.

32 Caliendo M, Kopeinig S. Some practical guidance for the implementation of
propensity score matching. J Econ Surv 2008;22:31–72.

33 Cochrane WG, Rubin DB. Controlling bias in observational studies: a review.
Sankhya Ser A 1973;35:417–46.

34 Mikkelsen OA. Dupuytren’s disease: the influence of occupation and previous hand
injuries. Hand 1978;10:1–8.

35 Elliot D, Ragoowansi R. Dupuytren’s disease secondary to acute injury, infection or
operation distal to the elbow in the ipsilateral upper limb—a historical review.
J Hand Surg Br 2005;30:148–56.

36 Howard JC, Varallo VM, Ross DC, et al. Wound healing-associated proteins Hsp47
and fibronectin are elevated in Dupuytren’s contracture. J Surg Res
2004;117:232–8.

37 Labus MB, Stirk CM, Thompson WD, et al. Expression of Wnt genes in early wound
healing. Wound Repair Regen 1998;6:58–64.

38 Khan KM, Scott A. Mechanotherapy: how physical therapists’ prescription of
exercise promotes tissue repair. Br J Sports Med 2009;43:247–52.

39 Cheon SS, Cheah AY, Turley S, et al. beta-Catenin stabilization dysregulates
mesenchymal cell proliferation, motility, and invasiveness and causes aggressive
fibromatosis and hyperplastic cutaneous wounds. Proc Natl Acad Sci USA
2002;99:6973–8.

40 Broekstra DC, Lanting R, Werker PM, et al. Intra- and inter-observer agreement on
diagnosis of Dupuytren disease, measurements of severity of contracture, and
disease extent. Man Ther 2015;20:580–6.

6 Broekstra DC, et al. Br J Sports Med 2016;0:1–6. doi:10.1136/bjsports-2016-096236

Original article

group.bmj.com on September 25, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://dx.doi.org/10.1249/00005768-199210000-00011
http://dx.doi.org/10.1136/bjsm.2004.015792
http://dx.doi.org/10.3758/BRM.41.4.1149
http://dx.doi.org/10.1023/A:1020363010465
http://dx.doi.org/10.1093/aje/kwj149
http://dx.doi.org/10.1097/00006534-199710000-00043
http://dx.doi.org/10.2307/2533160
http://dx.doi.org/10.1111/j.1467-6419.2007.00527.x
http://dx.doi.org/10.1016/S0072-968X(78)80019-9
http://dx.doi.org/10.1016/j.jhsb.2004.08.002
http://dx.doi.org/10.1016/j.jss.2004.01.013
http://dx.doi.org/10.1046/j.1524-475X.1998.60109.x
http://dx.doi.org/10.1136/bjsm.2008.054239
http://dx.doi.org/10.1073/pnas.102657399
http://dx.doi.org/10.1016/j.math.2015.01.010
http://bjsm.bmj.com/
http://group.bmj.com


years field hockey players aged over 60
Dupuytren disease is highly prevalent in male

Harder, Inge Smits and Paul M N Werker
Dieuwke C Broekstra, Edwin R van den Heuvel, Rosanne Lanting, Tom

 published online September 22, 2016Br J Sports Med 

 http://bjsm.bmj.com/content/early/2016/09/22/bjsports-2016-096236
Updated information and services can be found at: 

These include:

References

 #BIBL
http://bjsm.bmj.com/content/early/2016/09/22/bjsports-2016-096236
This article cites 37 articles, 11 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on September 25, 2016 - Published by http://bjsm.bmj.com/Downloaded from 

http://bjsm.bmj.com/content/early/2016/09/22/bjsports-2016-096236
http://bjsm.bmj.com/content/early/2016/09/22/bjsports-2016-096236#BIBL
http://bjsm.bmj.com/content/early/2016/09/22/bjsports-2016-096236#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com

	Dupuytren disease is highly prevalent in male field hockey players aged over 60 years
	Abstract
	Introduction
	Methods
	Design
	Participants
	Procedure
	Outcome measures
	Statistical analyses

	Results
	Discussion
	Why no dose–response relation?
	Strengths and limitations

	References


