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Scientific understanding and clinical
management of Dupuytren disease

Barbara Shih and Ardeshir Bayat

Abstract | Dupuytren disease (DD) is a fibroproliferative disorder of unknown etiology that often results in
shortening and thickening of the palmar fascia, leading to permanent and irreversible flexion contracture

of the digits. This Review provides a detailed update of the scientific understanding of DD and its clinical
management, with perspectives on emerging research and therapy. Established risk factors include genetic
predisposition and ethnicity, as well as sex and age. Several environmental risk factors (some considered
controversial) include smoking, alcohol intake, trauma, diabetes, epilepsy and use of anticonvulsant drugs,
and exposure to vibration. DD has been variously attributed to the presence of oxygen free radicals, trauma to
the palmar fascia, or aberrant immune responses with altered antigen presentation, or to interactions between
these proposed mechanisms. The presence of immune cells and related phenomena in DD-affected tissue
suggests that DD is possibly immune-related. Mechanically, digital contracture is caused by myofibroblasts in
the DD palmar fascia; however, the exact origin of this cell type remains unknown. The mainstay of treatment
is surgical release or excision of the affected palmodigital tissue, but symptoms often recur. Nonsurgical
correction of DD contractures can be achieved by Clostridium histolyticum collagenase injection, although the

long-term safety and recurrence rate of this procedure requires further assessment.
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Introduction

Dupuytren disease (DD) is a fibroproliferative disease that
affects the palmar hand, causing progressive, permanent
and symptomatic flexion contracture of the digits. The
disease may cause deformity of the affected hand, limiting
hand function and diminishing the patient’s quality of life.
DD is considered most common in whites of Northern
European descent.! The average age at onset of disease is
60 years,” and the incidence increases with increasing age.
DD occurs more often in men than in women, but the
sex difference in prevalence diminishes with increasing
age.’ The prevalence of DD within different age groups
and across geographical regions has been comprehensively
reviewed elsewhere.*

As well as age and sex, a number of other factors, includ-
ing ethnicity, family history and environmental factors,
have been implicated in DD;"*” however, despite the con-
dition first being described over 200 years ago (Box 1),
our understanding of its pathogenesis is still unfolding.
In addition, surgical treatment of DD is symptomatic and
associated with a high rate of recurrence.® Better knowledge
of the mechanisms involved could lead to more-effective
and perhaps less-invasive therapies. This Review provides
a detailed evaluation of the scientific understanding of
DD—including genetic and immunological elements,
molecular aberrations, environmental contributions and
disease associations—and its clinical management, with
perspectives on future and emerging research and therapy.
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Disease description

The early stages of DD affect the bands of aponeurotic
fascial fibers that run longitudinally in the palm. The so-
called benign nodular and cord-like lesions of DD are
often progressive and lead to shortening of the skin that
retains and anchors ligaments, eventually progressing to
permanent contracture of the affected digits (Figure 1).°
Although some features of DD suggest a benign neo-
plastic (or quasineoplastic) process, DD is not considered
a premalignant disorder."*

The histological and biochemical alterations in
DD-affected tissue are similar to those in the active stages
of connective tissue wound repair.”!" The tissue com-
prises high numbers of fibroblasts,’ increased deposition
of extracellular matrix (ECM) proteins (especially col-
lagen)'? and the presence of contractile myofibroblasts—
a population of cells involved in the granulation stage of
wound healing, which leads to wound contraction."

On the basis of these morphological and cellu-
lar features, Luck® characterized three stages of DD
presentation: proliferative, involutional and residual.
The progression through these stages varies in different
individuals and can be influenced by known risk factors.
The proliferative stage is characterized by the presence
of cellular fibroblastic nodules, within which the fibro-
blasts do not seem to present any apparent arrange-
ments or align with lines of stress (Figure 2).° At this
stage of the disease, cells, rather than collagen, make up
a large portion of the tissue, and the nodules are likely
to be vascular.’ In the involutional stage, fibroblasts
within the nodules align along the major lines of stress,
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Key points

Genetic susceptibility, age, and ethnicity are the main risk factors for Dupuytren
disease (DD); several environmental risk factors have also been implicated,
although the evidence for some is controversial

Epidemiological, familial, twin, and case—control studies support a genetic
association for DD, and have identified susceptibility loci or genes, including
those encoding transcription factor Zf9, mitochondrial 16s ribosomal RNA and
HLA-DR alleles

Several molecular aberrations have been observed in DD-affected tissue,
relating to cytokines and growth factors, extracellular matrix proteins and
associated molecules, and matrix metalloproteinases and associated proteins
The pathophysiological mechanisms of DD are incompletely understood, but
may be related to oxidative stress, altered wound repair and/or an aberrant
immune response

The mainstay of treatment for DD is surgery to relieve digital contractures, but
this invasive intervention is associated with a high rate of disease recurrence

Injection of Clostridium histolyticum collagenase effectively resolves DD
contractures; however, the long-term recurrence rate and safety of this
nonsurgical approach remain unclear

Box 1 | Dupuytren disease—a historical introduction

In 1777, the physician Henry Cline dissected

flexion contractures in two subjects, noting that the
contracted fingers immediately extended when the
fascia were cut through. Cline’s student Sir Astley
Cooper further described the use of a procedure

akin to needle fasciotomy for the treatment of this
condition, and described the aponeurosis as the main
cause of the observed palmar contraction. Cooper

had several communications with and was visited by

his contemporary Guillaume Dupuytren, a prominent
Parisian surgeon who went on to describe the disease in
a famous December 1831 lecture. In this lecture, later
published in the journal Lancet, Dupuytren described
the clinical features of digitopalmar contracture and its
treatment in two of his patients. This publication in the
medical literature ensured that the disease was named
after him, and the eponym Dupuytren has been in clinical
use ever since.

predominately in the longitudinal axes of the hand
and commonly on the ulnar side.” As the contracture
progresses, the nodules become smaller and increas-
ingly ill-defined.’ In the residual stage, the nodules dis-
appear, leaving a hypocellular and tendon-like fibrous
cord (Figure 2). Skin overlying the nodule can become
fused with the underlying fascia and the cords may
shorten, causing flexion contracture of the metacarpo-
phalangeal joints (MCP]Js) and proximal interphalangeal
joints (PIP]s).” As a percentage of total collagen, type III
collagen decreases in the latter stages of DD."

Of note, the histological definitions of ‘nodules’ and
‘cords’ in LucK’s classification differ from the clinical
definitions, in which nodules are described as palpable,
well-defined swellings, and cords are described as tight
bands stretching across the palmar surface and/or joints
causing flexion contractures. The Luck classification
scheme has been adopted in DD research, but is not often
used in clinical practice.

Genetics

Observations from twin studies and family studies
suggest that DD has a strong genetic component.'* DD
aggregates in families, and individuals with a strong
family history of DD may develop a more severe form
of the disease and experience onset at a younger age.”'
Concordance has been demonstrated in monozygotic
twins' and, furthermore, in a UK population the risk
of DD was found to be 2.9-fold higher in individuals
with an affected sibling than in the general population.”
Studies characterizing DD prevalence and phenotype in
different ethnic populations also suggest a geographic
variation that is consistent with genetic predisposition.'®
The transmission of DD has been suggested to follow an
autosomal dominant pattern with variable penetrance;"’
however, whether DD is a complex oligogenic or a simple
monogenic Mendelian disorder is unclear.'”!8

A 6cM region on chromosome 16q (between markers
D16S419 and D16S3032) was positively linked with DD,
although a causative gene for DD was not identified in
this study.” A separate study, however, showed that the
expression of a gene located within this region, IRX6, is
upregulated in DD tissue.?

Case-control studies have explored the possible
association between DD susceptibility and single
nucleotide polymorphisms (SNPs) in the transforming
growth factor (TGF)-P pathway, as the TGF- pathway
has been implicated in DD pathogenesis.?'** No associa-
tion was found between DD and investigated SNPs in
genes encoding TGF-p1,'" TGF-p2,” and TGF-p recep-
tors I-II1,%¢ although some regions of these genes that
remain uninvestigated might still contain DD-causative
polymorphisms or mutations.

Increased activation or expression of TGF-B1 can be
induced by the transcription factor Zf9* or by mito-
chondrial alterations as a result of a partial mitochondrial
depletion or treatment with a mitochondrial inhibitor.?®
Accordingly, DD susceptibility has been associated with
a SNP within the gene encoding 79, and with a hetero-
plasmic mutation located within the mitochondrial 16s
ribosomal RNA region.*® In addition, human leukocyte
alleles (HLA) types have also been associated with DD,
as discussed later in this Review.

Cytogenetic chromosomal aberrances have been
described in cultures of DD-affected tissues. Multiple
studies have reported trisomies of chromosomes 7 and
8,°1%2 abnormalities in these same chromosomes,'* and
loss of the Y chromosome.?>** However, because these
chromosomal changes were observed in culture they
should be interpreted with caution; for example, rather
than causing DD, the observed changes might have
resulted from the amplification of rare cells that are not
related to DD but that have a selective advantage over
normal cells in the in vitro environment.'***** Using array-
based comparative genomic hybridization, Kaur et al.**
did not identify any copy number variations (CNVs) or
chromosomal imbalances in DNA from DD-affected
tissue from 18 patients; the authors suggested that this
inconsistency with findings from DD cultures could be
due to DD-causative cells being present in low numbers
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Figure 1 | Clinical presentation of Dupuytren disease. a | Early-stage DD affecting the palm and the base of the middle finger
with a prominent cord and small nodules causing mild contracture of the MCPJ and minimal loss of extension, grip and
strength. b | A more advanced stage of DD affecting the palm and the base of the fifth digit with an obvious pit (dimpling) at
the base of the digit (but with a less prominent cord and nodule). Marked contracture of the MCPJ results in loss of extension
of the fifth digit and reduced grip strength. ¢ | Advanced-stage DD showing severe deformity. The disease affects the palm and
the base of the fourth and fifth fingers with a prominent nodule and a tight cord causing marked contractures of the MCPJ and
PIPJ of both digits, leading to a permanent fixed flexion deformity with loss of extension and reduced grip in the hand.
Abbreviations: DD, Dupuytren disease; MCPJ, metacarpal phalangeal joint; PIPJ, proximal interphalangeal joint.

within the sampled tissues. A later study using a similar
but higher-resolution technique identified several
common regions of CNV in four DD patients, although
a DD-associated CNV has yet to be determined.*

Immunology

Autoantibodies and antigen presentation
Autoantibodies against collagen types I-IV are report-
edly present more frequently in the blood of patients with
DD than from individuals without DD.**-*” Neumiiller
et al.* suggested that autoantibodies may contribute to
the pathogenesis of DD, and noted that autoantibodies
in DD patients were no longer detectable several months
after surgical intervention, possibly because removal of
DD-affected tissues removed the antigen source.

The presence of autoantibodies can be associated
with variation in genes involved in antigen presenta-
tion. Pereira et al.’” reported that autoantibodies to
denatured collagen type II were more prevalent in HLA-
DR4-positive DD patients than the control population.
On a different note, Neumiiller ef al.’® found a posi-
tive association between DD and HLA-DRB3, as well
as increased levels of autoantibodies against collagen
and elastins in HLA-DRB3-positive individuals, which
were higher in patients with DD compared with healthy
controls. Three separate reports found no statistically
significant associations between DD and HLA antigen
distribution.’-** However, Spence and Walsh*' noted a
higher (although not statistically significant) incidence
of HLA-DR4 in individuals with DD than those without.
They also found that HLA-DR3-positive DD patients
almost always carried HLA-AI and HLA-BS alleles, and
argued that the HLA A1-B8-DR3 haplotype, which has

also been associated with other autoimmune disorders,
could be important in DD. Brown et al.*> determined
that the risk of DD was increased 2.3-fold in individuals
with the HLA-DRBI1*15 genotype.

Immune cells
Various inflammatory and immune effector cells have
been studied in DD, including macrophages,*** lympho-
cytes,*>* dermal dendrocytes* and Langerhan cells,*”
with respect to both blood composition* and tissue infil-
tration. ¥~*>*’ Andrew et al.** noted that a large number
of macrophages were present in the skin of a patient with
DD. Another study* demonstrated an increased number
of Langerhan cells in DD nodules and at the dermo-
epidermal junction compared with healthy carpal tunnel
tissue. Similarly, Sugden et al.* and Qureshi et al.*” both
identified factor XIIIa-positive cells in the skin, nodules,
and blood vessels near nodules; however, the significance
of these cells is unclear as they are also observed in
normal tissues. MHC II-positive cells share similar mor-
phology and distribution with factor XIIIa-positive cells
in DD, suggesting that the observed factor XIIIa-positive
cells might be activated cells of macrophage lineage.**
Complementary to the positive association of HLA-
DRB1*15 with DD reported by Brown et al.,*> a few
studies have described the distribution of HLA-DR-
positive cells in patients with DD.*~*¢ Increased expres-
sion of HLA-DR markers, which indicates expression
of MHC class II molecules and an increased potential
for antigen-presentation to T cells, has been associated
with activated immune cells.*> In a study of subcutaneous
tissue from 14 patients with DD, HLA-DR antigen was
present in 15-41% of non-adherent cells, compared
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a

Normal fascia
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development
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b

Abnormal
fascia after
development
of DD

Histological features (nodule)
= Rich in fibroblasts
= Fibroblasts are not aligned along lines of stress

Histological features (cord)
= Alignment of fibroblasts along stress fibers
= Reduced cellularity
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Figure 2 | Histological changes observed in Dupuytren disease. Compared with a | normal palmar fascia, b | the abnormal
fascia in which DD nodules form is highly cellular with an increased amount of extracellular matrix. Fibroblasts within DD
nodules do not align along stress lines in the early stages of the disease, but ¢ | as the disease progresses and cords develop,
cellularity is reduced and fibroblasts become aligned along the lines of stress. In addition, abnormal skin and subcutaneous fat
have been proposed to be involved in the pathological process of the disease. Abbreviation: DD, Dupuytren disease.

with 1.2% non-adherent cells from the palmar fascia
of individuals without DD undergoing carpal tunnel
decompression.”” In the blood of patients with DD, the
fraction of activated (CD3*DR*) T cells and memory
(CD4*CD45RO* and CD8*CD45RO") T cells is increased
and the fraction of CD5* B cells is decreased in compari-
son with blood from healthy donors; these aberrances are
more pronounced in patients with more-severe DD.*

Cytokines and growth factors

The expression of several cytokines, growth factors
and their receptors are dysregulated in DD, includ-
ing interleukin (IL)-1a," IL-1pB,* epidermal growth
factor and its receptor,*>* basic fibroblast growth fac-
tor,?2851 platelet-derived growth factor (PDGF)*>%
and, as mentioned above, TGF-{ (Figure 3; Table 1).22*
Immunocytochemical studies have associated PDGF
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protein expression with myofibroblasts in the pro-
liferative and involutional stages of DD,** and PDGFB
expression has been detected in fibroblasts from biopsy-
obtained samples of DD-affected tissues but not those of
normal transverse palmar fascia.”

Levels of TGF-f transcripts in DD-affected tissues
have been reported to be higher than those in fascia
obtained from individuals undergoing carpal tunnel
decompression.*® Moreover, expression of the TGF-[2
isoform in DD cord tissues is higher than in unaffected
control fascia.” The addition of exogenous TGF-{2 has
been shown to increase the level of contracture in both
DD and control fibroblasts cultured in a collagen lattice;
however, neutralizing TGF-B2 did not seem to affect the
elevated level of contracture observed in DD fibroblasts,
suggesting that the contracture is not a result of higher
levels of endogenous TGF-B2 in DD fibroblasts.”® The
TGF-PB1 isoform intensely localizes within fibroblasts,
myofibroblasts and capillary endothelial cells in all
stages of DD, whereas intense intracellular localization
of TGF-B2 occurs only within myofibroblasts in the pro-
liferative and involutional stages.” In an in vitro primary
cell culture model, type I collagen was implicated as a
regulator of TGF-P1 signaling in DD pathogenesis.**

Other molecular aberrations
Aberrant expression or distribution of molecules involved
in cell adhesion, ECM and interaction with ECM—
including certain collagen types,'>*>~*’ fibronectin iso-
forms,"?* a5p1 integrin,”®* periostin,****-** 3-catenin,*>*
glycosaminoglycans (GAGs),*% proteoglycans,*"*” and
tenascin-C**%'—have been described in DD (Figure 3;
Table 1). Elevated levels of B-catenin—an integral com-
ponent of the Wnt signaling pathway—have been charac-
terized in DD, both in vitro and in vivo.®* Although
mutations within exon 3 of the B-catenin gene have been
associated with both deep and superficial fibromatoses,
these mutations have not been observed in DD.%*¢* In
addition, overexpression of B-catenin does not corre-
late with DD recurrence.® Varallo et al.®* suggested that
B-catenin may be involved in DD pathology since high
levels of B-catenin enhance normal fibroblast motility and
invasiveness; however, the results of a number of studies
regarding the role of Wnt gene expression in p-catenin
upregulation are conflicting.®*”° Whilst one study” sug-
gested that Wnt genes are unlikely to be involved in the
B-catenin accumulation associated with DD, another
study® suggested that overexpression of B-catenin might
be regulated by upstream Wnt pathways. Increased expres-
sion of Wnt5a is found in DD during the involutional
stage, which also shows an increased level of f-catenin.®
The involvement of the B-catenin pathway has also been
suggested by comparisons of microRNA profiles between
samples from DD tissue and external controls.**
Elevated levels of total GAG content have been
observed in DD tissues in recent studies,® although
earlier studies had suggested the contrary.* Flint et al.®®
and Parry et al.” reported higher levels or percentages (of
total GAG) of dermatan sulfate and chondroitin sulfate,
as well as lower levels or percentages of hyaluronic acid,

Genetic risk factors Environmental risk factors

HLA type Trauma/exposure to vibration

Family linkage Alcohol consumption
Zf9 polymorphism

Mitochondrial mutation
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Figure 3 | Proposed mechanisms of and risk factors for Dupuytren disease. Risk
factors associated with DD include genetic factors, environmental factors and
disease association. The contribution of several of these risk factors to DD
development has been ascribed to mechanisms involving altered immune
responses, abnormal wound repair and oxygen tension. Aberrations in molecules
involved in cytokine and growth factors, ECM-associated proteins, and MMPs and
associated proteins are also thought to be involved in DD pathogenesis.
Abbreviations: ADAM12, a disintegrin and metalloproteinase domain 12; ADAMTS, a
disintegrin and metalloproteinase with a thrombospondin type 1 motif; bFGF, basic
fibroblast growth factor; DD, Dupuytren disease; ECM, extracellular matrix; IL-1,
interleukin-1; MMP, matrix metalloproteinase; TGF, transforming growth factor; TIMP,
tissue inhibitor of metalloproteinase; Zf9, Kruppel-like factor 6.

in DD-affected tissues when compared with unaffected
skin and fascia from the same individuals. With respect to
small proteoglycans, DD-affected tissue has been associ-
ated with an accumulation of biglycan with small derma-
tan sulphate chains of high molecular mass, an increased
amount of large chondroitin sulfate-dermatan sulfate
proteoglycan, and changes in dermatan sulphate chain
structures of decorin.’”

The presence of different GAG molecules could affect
collagen fibril density and diameter, and collagen fibrils
in DD-affected tissues are of smaller diameter when com-
pared with unaffected tissues.” An increased type IIL:type I
collagen ratio has been noted in DD-affected fascia;
type III collagen is virtually absent from normal palmar
fascia but is abundant in DD tissues.'? This difference
in collagen-type ratio may be associated with upregula-
tion of PDGF as well as TGF-:* increased expression of
type III collagen by mesangial cells is prevented by anti-
bodies that neutralize PDGF or TGF-p and enhanced by
the addition of PDGF or TGF-B.7? Type I collagen could
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Table 1 | Molecular aberrations reported in Dupuytren disease

Setting

Type of molecule

Cytokines and growth factors

Extracellular matrix and their
associated proteins

MMPs and associated proteins

Other molecules

By location in tissue

Nodule

Cord

Skin overlying
nodule

Fat

By stage of disease

Proliferative stage

Involution stage

Residual stage

Other

Disease stage or
location in tissue
unspecified or
other classification
method used, or
analysis performed
in serum

Increased expression of IL-1a,
IL-18, bFGF and TGF-$?248

Increased expression of TGF-p224

NR

NR

TGF-B1 expressed in fibroblasts
and myofibroblasts, and TGF-$2
expressed in myofibroblasts?*
PDGF expressed in
myofibroblasts®?

TGF-B1 expressed in fibroblasts
and myofibroblasts, and TGF-32
expressed in myofibroblasts®*
PDGF expressed in
myofibroblasts®?

TGF-B1 expressed in fibroblasts
and myofibroblasts?*

Increased expression of PDGF in
fascia®

Decreased expressionll of EGF in
fascia®®

Higher ratio of surface:intracellular
EGFRY in involutional stage
compared with other stages®®
Increased levels of bFGF and its
receptors®®

Increased expression of type | collagen
and other collagen types, a5p1 integrin,
periostin, proteoglycan 4 and
tenascin-C55:56:58.61

Altered ratio of fibronectin isoforms??

Increased expression of type | collagen,
other collagen types and periostin®®5¢
Involvement of B-catenin has been
suggested®*

NR

NR

a5B1 integrin detected in the highly
cellular areas and fibronectin expressed
in the extracellular matrix8:5°

a5B1 integrin detected in the highly
cellular areas and fibronectin expressed
in the extracellular matrix; however,
expression of the two molecules is
absent in hypocellular areas®®%°

Decreased levels of fibronectin
and a5B1 integrin®85°

Proteoglycan alterations” and increased
expression of glycosaminoglycans®%-67
Type lll collagen present in fascia that
appears normal'?

Increased expression of $-catenin®
Increased expression of periostin
MRNA®°

Increased expression of TIMP-1, Increased
TIMP-2, MMPs, ADAM12 and expression of
ADAMTSg*56:61,74,126 androgen
Decreased expression of TIMP-2, receptors®!
TIMP-3, TIMP-4, MMPs and

ADAMTSgs#56:126

Increased expression of TIMP-1, Increased
TIMP-2, MMPs, ADAM12 and expression of
ADAMTSsS126 MafB®®

Decreased expression of MMP-3126
NR

Increased expression of ADAM122°

Higher glucose
catabolic enzymes
activities'®

Increased
expression of
ALDH1A1 and
IRX62°

Altered lipid
composition'®3

NR NR

NR NR

NR NR

Increased expression of TIMP-1 Increased

and TIMP-2 in the proliferative expression of bone
areas of DD tissue™ morphogenetic
Levels of TIMP-1 in sera are higher  proteins in

in DD patients than in controls™
Serum levels of TIMP-1 are higher
in the proliferative stage than in
the involutional or residual
stages’®

fibroblasts™

*Increased expression of MMP-1, MMP-2, MMP-7, MMP-11, MMP-13, MMP-14, MMP-15, MMP-16, MMP-17, MMP-19, MMP-21, ADAMTS-2, ADAMTS-3, ADAMTS-4, ADAMTS-5, ADAMTS-9,
ADAMTS-12, ADAMTS-14, ADAMTS-16 and ADAMTS-18. *Decreased expression of MMP-3, MMP-27, ADAMTS-1, ADAMTS-6, ADAMTS-8, ADAMTS-19 and ADAMTS-20. SIncreased expression of
MMP-2, MMP-7, MMP-11, MMP-13, MMP-16, ADAMTS-3, ADAMTS-12 and ADAMTS-18. llObserved in first-degree and third-degree contracture, where first-degree contractures present with palmar
tubercles and small cords but no contracture, and third-degree contractures affect the proximal interphalangeal joint. TObserved in second-degree contracture, defined as a bending contracture
affecting the metacarpophalangeal joint. *Accumulation of biglycan with small dermatan sulphate chains of high molecular mass, increased amount of large chondroitin sulfate—dermatan sulfate
proteoglycan, and changes in dermatan sulphate chain structures of decorin. Abbreviations: ADAM12, a disintegrin and metalloproteinase domain 12; ADAMTS, a disintegrin and metalloproteinase
with a thrombospondin type 1 motif; bFGF, basic fibroblast growth factor; DD, Dupuytren disease; EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; IL, interleukin; MMP, matrix
metalloproteinase; mRNA, messenger RNA; NR, not reported; PDGF, platelet-derived growth factor; TGF, transforming growth factor; TIMP, tissue inhibitor of metalloproteinases.

be a regulator of B-catenin accumulation and a modi-
fier of TGF-P1 signaling in DD cells, as suggested by Vi
et al.>* Elevated levels of periostin mRNA levels have also
been reported in DD tissues in comparison with adjacent
unaffected palmar fascia.’*%'-%* Moreover, incorporation
of exogenous periostin into fibroblast-populated collagen
lattice assays induces increased contracture and increased
levels of a-smooth muscle actin (a marker for myo-
fibroblasts) in DD fibroblasts compared with unaffected
fascia fibroblasts.®*

Various proteinases and their inhibitors that are
involved in ECM degradation have been shown to be
dysregulated in DD (Figure 3; Table 1). Patients with
DD have higher serum levels of tissue inhibitors of
metalloproteinase (TIMP)-1 in the serum than those
without DD,” and those with proliferative-stage DD
have higher levels of TIMP-1 than those with disease at
the involutional or residual stage.” Increased amounts
of TIMP-1 and TIMP-2 have been observed in pro-
liferative areas of DD tissue, compared with little or no
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expression in fascia obtained from individuals under-
going carpel tunnel decompression.””* Increased expres-
sion of matrix metalloproteinase (MMP)-2 has been
observed in DD tissues compared with control tissues
and in DD tissues subjected to higher mechanical stress
in vitro.”*”7¢ In addition to MMP levels being associated
with DD recurrence,” treatment with ilomastat—an
inhibitor of MMP—reduces contracture in a fibroblast-
populated lattice assay, accompanied by reduced acti-
vity of MMP-1 and MMP-2 and increased activity of
membrane type 1 MMP; the inhibition of contracture is
most prominent in nodular fibroblasts.”® Members of the
ADAM (a disintegrin and metalloproteinase domain)¢¢!
and ADAMTS (a disintegrin and metalloproteinase with
thrombospontin motifs)**”” protein families have also
been found to be dysregulated in DD and to be associ-
ated with post-surgical recurrence of DD.**¢”” Several
other members of the MMP, ADAMTS and TIMP family
have been reported to show aberrant expression in DD
(Figure 3).°%° Other reported molecular aberrations in
DD include bone morphogenetic proteins,**” the tran-
scription factor MafB,” tyrosine kinase-like orphan recep-
tor 2,% myoglobin® and androgen receptors (Table 1),
but their roles in DD have not been explored in detail.

Environmental and other risk factors

Twins are not always concordant for DD, suggesting a
possible role for environmental factors.®? Several environ-
mental factors have been proposed to contribute to DD
development, including alcohol intake,**-% smoking,*-5°
manual labor or exposure to vibrations,* elevated blood
glucose levels,*”*8 low body weight,*” low BMI* and use
of anticonvulsant drugs.* For instance, DD prevalence is
linked with trauma or increased exposure to vibrations,
and DD fibroblasts demonstrate less change in the peak
cytosolic calcium response upon application of mechani-
cal stress (laminar fluid flow) than normal fibroblasts.”
Evidence for the association between DD prevalence and
some of these environmental factors is, however, con-
flicting, as some studies have reported no statistically
significant association between DD and alcohol intake,”
exposure to vibration®? or smoking.”*

Nonetheless, DD has been associated with several other
diseases, including epilepsy (and use of anticonvulsant
medication),’? diabetes mellitus,3*% HIV infection,”
frozen shoulder® and cancer.”>% There is a 24% increase
in overall risk of cancer in DD patients who have been sur-
gically treated for DD that persists 10 years or longer after
the operation in comparison with the risk in the general
population.® A high incidence of DD has been reported
in individuals with diabetes,* although the severity of
diabetes did not correlate with DD incidence in a study by
Noble et al.% Hart and Hooper'® suggested that diabetes
might only be a triggering factor for DD, based on the
observation that DD in individuals with diabetes tends to
be milder and rarely requires surgical intervention.* By
contrast, more severe forms of DD with a high incidence
of contractures have been observed in patients with epi-
lepsy,’* often bilaterally and symmetrically and associated
with knuckle pads and plantar nodules in the foot.*” From

these observations, it has been suggested that an unknown
mechanism may trigger a chronic fibrotic condition that
develops into DD in some individuals upon exposure to
anticonvulsant drugs.'®® Critchley et al.¥ proposed that
the association between DD and anticonvulsant therapy
is mediated through the stimulation of tissue growth
factors at affected sites, rather than through the central
release of growth hormone or alteration in liver metabo-
lism. Regarding associations of DD with other diseases,
Bower et al.”® reported a higher prevalence of DD among
patients with HIV compared with the general population,
although this was not observed in a different cohort of
patients with HIV investigated by French et al.”” Notably,
the incidence of DD is lower in patients with rheumatoid
arthritis than in those without.”® Hindocha et al.* have
comprehensively reviewed the incidence of DD in relation
to etiological factors.

Proposed disease etiology
DD nodules have been proposed to originate from or
adjacent to the fascia, or aponeurosis.’ As the disease pro-
gresses, the nodules expand towards the skin, displace
subcutaneous fat and attach to the deeper layers of the
skin.’ The skin and subcutaneous fat overlying the fascia,
however, might also be involved in DD pathogenesis and
recurrence.**”® The activity of glucose catabolic enzymes
is reportedly higher in the dermis overlying DD contrac-
tures than in normal palmar fascia.'® In addition, a surgi-
cal treatment for DD that involves replacing the overlying
skin, and that often removes adherent subcutaneous fat,
is associated with a lower rate of recurrence than surgery
without skin excision.'” Subcutaneous fat might reduce
trauma to the fascia by providing a cushioning, or shock-
absorbing, effect.'®> Lower levels of subcutaneous fat tissue
have been noted in individuals with DD in comparison
with those without.”" Low body weight and low BMI have
also been associated with DD.*” In addition, palmar fat in
patients with DD is altered in composition in comparison
to that from healthy controls, with DD fat being richer
in free fatty acids, methyl esters of fatty acids and free
cholesterols, containing less phospholipids and higher
amounts of octanoate and other short-chain fatty acids.'®
Furthermore, three genes, ADAMI12, ALDHIAI and
IRX6, are differentially expressed in DD subcutaneous fat
when compared with site-matched control samples from
individuals undergoing carpal tunnel decompression.?
From histological examinations, Gabbiani and
Majno'* proposed that myofibroblasts are responsible
for the digital contractures seen in DD. Tomasek ef al.'®
noted that extracellular fibrils at the surface of DD myo-
fibroblasts are in close association with intracellular
bundles of actin microfilaments; these bundles extend
from the myofibroblasts, connecting them with the sur-
rounding matrix and other myofibroblasts.* The involve-
ment of myofibroblasts in the remodelling of connective
tissues has been previously reviewed."
Lysophosphatidic acid (LPA) promotes DD fibroblast
contraction in a dose-dependent manner,'* and depen-
dent on the regulation of myosin light chain phosphatase
by Rho and Rho kinase.'”” Inhibitors of LPA-promoted
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Figure 4 | Suggested algorithm for the assessment and treatment of Dupuytren
disease. The management of DD involves a detailed clinical evaluation and
assessment to determine the best course of treatment. Abbreviations: DD,
Dupuytren disease; DIPJ, distal interphalangeal joint; MCPJ, metacarpal
phalangeal joint; PIPJ, proximal interphalangeal joint.

contraction, including nifedipine, verapamil, prosta-
glandin E, (PGE ) and PGE,, have been proposed as
potential drugs for DD.!% Rayan et al.’® suggested that
increased LPA and decreased PGE may contribute to
DD; however, higher levels of PGE, and PGF, have been
reported in DD fascia.'*®

From the perspective of pathways involved in DD eti-
ology, three major hypotheses have been proposed: altered
immune response, abnormal wound healing, and the

involvement of oxidative stress (Figure 3). A causative role
for abnormal immune responses is supported by reports
of aberrances in immunological elements in DD, includ-
ing autoantibodies,’**” immune cells,*~***” cytokines and
growth factors,?»?*#5-°052 and by the positive association
between DD and HLA-DRB1*15. The involvement of
abnormal wound healing processes is supported by not
only this altered immunity (the initial stage of wound
healing involves an inflammatory response), but also
aberrances in ECM proteins and their proteinases, the
involvement of myofibroblasts—a key cell type involved
in the final stages of wound healing—and the possibility
that trauma and exposure to vibration increase the risk of
DD.!*#6% In addition, biochemical changes and turnover
in collagen have been described as similar to those that
occur during wound repair.'>*’

Mechanisms involving free radicals and oxidative
stress have been proposed to explain the association
between DD and each of diabetes, alcohol consumption
and smoking.'?!"® Concentrations of hypoxanthine,
which is involved in producing oxygen free radicals, has
been found to be sixfold higher in DD tissues than in
non-DD tissue.'® The highest levels of hypoxanthine
were detected in the ‘nodular’ area,'® a highly pro-
liferative area that some have proposed is the site of
disease origin.” Murrell et al.'® also demonstrated xan-
thine oxidase activity in DD-affected palmar fascia,
although the level of this activity was not compared with
that in samples from healthy individuals. Low concentra-
tions of free radicals can induce skin fibroblasts to pro-
liferate, and this proliferation is inhibited by free-radical
scavengers in a dose-dependent manner.'® The negative
association between DD and rheumatoid arthritis might
also support the involvement of oxygen free radicals,’® as
drugs involved in the treatment of rheumatoid arthritis
may inhibit the effects of free radicals.'’

Clinical management

Disease assessment

The management of DD involves a detailed clinical
evaluation and assessment to determine the best course
of treatment (Figure 4). The DD diathesis is used to
assess prognosis and risk of recurrence. The diathesis
includes ethnicity, family history of DD, age, sex and
whether lesions are bilateral and/or occur at sites other
than the hands.® Among other methods, disease severity
is determined by the Hueston tabletop test, which deter-
mines whether the patient is able to place their palm flat
on a tabletop, and the modified Tubiana staging system,
which measures degree of contracture by goniometry
and incorporates recurrence, number of affected digits,
number of nodules, number of pits, presentation of other
related disease and previous treatment.'? Several fea-
tures should be noted upon clinical examination: sites
of nodules and bands or contracted cords, skin pitting,
degree of skin involvement, measurement of the angle
between the MCPJ and PIPJ, Garrod’s nodes, surgical
scars, sensation in the palm and digits, positive digital
Allen’s test, and presentation of secondary Boutonnieére,
swan neck or other digital deformities.®
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Figure 5 | Current and emerging treatments for Dupuytren disease. The three main surgical treatments for DD are
fasciotomy (division, not removal, of the cord), limited fasciectomy (removal of DD-affected fascia), and dermofasciectomy
(removal of DD-affected fascia and overlying skin and subcutaneous fat, followed by introduction of a skin graft). The use of
enzymatic injection with the collagenase Clostridium histolyticum is emerging as a nonsurgical treatment for DD.

Abbreviation: DD, Dupuytren disease.

Surgical treatment

Surgical intervention—with fasciotomy, fasciectomy or
dermofasciectomy—is the current mainstay of treat-
ment for DD (Figure 5).* No definitive threshold for
surgical treatment exists, however, in terms of degrees
of contracture of the digital joints. Most surgeons seem
to set a surgical threshold of 40° flexion contracture in
the MCPJs and 20° in the PIPJs."”® In our experience,
however, surgery should not be restricted to presentation
with a certain degree of MCP]J or PIP] contracture, but is
indicated when the disease is functionally symptomatic
or progressive, or both.’

Fasciotomy, performed percutaneously, surgically
divides the cord to release the contracture without remov-
ing the cord, and is generally considered suitable for
early-stage disease involving passively correctable flexion
contracture in the MCPJs alone.® Fasciectomy removes
the diseased palmar fascia, including the cord and nodule,
via an open approach that can be limited, segmental or
radical in extent for mild to moderate stages of primary
disease.® Dermofasciectomy involves removal of the
diseased palmar fascia (cord and nodule) and overlying
affected skin; a full-thickness skin graft or skin substitute
is usually employed to cover the defect in recurrent or
severe disease.>” In certain cases of longstanding advanced
PIPJ contracture, external fixators can be used in addition
to dermofasciectomy. Amputation can be a last resort for
severe recurrent DD contractures despite previous surgi-
cal interventions. Variations of these surgical techniques

exist, but a detailed discussion of the clinical manage-
ment of DD, which has been comprehensively reviewed
elsewhere,'*is beyond the scope of this Review.

Nonsurgical treatment

The surgical treatment of DD is invasive, poten-
tially involves a long recovery period and is associ-
ated with a high rate of recurrence, discussed in more
detail below."® Several nonsurgical interventions have
been evaluated in clinical trials, including Clostridium
histolyticum collagenase injection (in phase II and III
trials),''>!'¢ radiotherapy,"”""® interferon-y injection'"®
and steroids.'

In a double-blind, placebo-controlled randomized
phase III clinical trial, 308 patients with MCP]J or PIP]
contracture of 20° or more received up to three injections
of C. histolyticum collagenase (0.58 g per injection) at
30-day intervals.'”* Compared with placebo, the treatment
considerably reduced DD contractures and improved the
range of motion in affected joints, with 92% of contractures
of the MCPJ contractures being reduced to 30° degrees or
less. C. histolyticum collagenase was approved by the FDA
in February 2010 as an injectable treatment for DD.

Radiotherapy administered in the early stages of DD can
prevent disease progression.'"”'*® In a long-term follow-
up of radiotherapy applied to early-stage DD (no exten-
sion deficit, or total flexion deformity of 1-5°), 70-87%
of cases remained stable and showed no progression after
13 years.'®
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Post-treatment follow-up

Following treatment, two major issues demand con-
sideration: rehabilitation and post-treatment compli-
cations. With respect to rehabilitation, most surgeons
recommend post-surgery physiotherapy for all DD
cases.'”” Many surgeons use dressing or splintage imme-
diately after surgery, and most also recommend the use
of night splintage;''* however, the evidence for post-
operative splinting is inconsistent. Rives et al.'* found an
improvement in the extent of PIPJ contracture in patients
who undertook post-operative dynamic-extension splint-
ing, whereas Ebskov et al.'** concluded that this interven-
tion did not influence the post-operative clinical outcome.
A 2008 systematic review suggested that the level of evi-
dence for the effects of post-operative splinting is low,
and that a more extensive study is required to determine
its clinical significance.’” The main complication of DD
treatment is the high rate of recurrence,® referring to the
reappearance of DD in the region affected before treat-
ment. Extension of the disease can occur in some cases,
where new lesions are found in previously unaffected
regions. Reported recurrence rates range widely, possibly
as a result of differing interpretations of the term ‘recur-
rence’ and variation in the length of follow-up, as well
as the use of diverse surgical methods. Detailed recur-
rence rates reported for each surgical method have been
reviewed elsewhere; figures from some studies are listed
as follows: 71% for fasciotomy, 50% for needle fascio-
tomy, 12.5% (at 2 years) to 71% (at 10 years) for partial
fasciectomy, 5% (at 41 months) to 39.7% (at 47 months)
for total fasciectomy, and 0% (at 80-100 months) to 8%
(at 24-100 months) for dermofasciectomy.'**

In an 8-year follow-up of collagenase injection in six
patients treated for isolated MCPJ contracture and two
treated for isolated PIP] contracture, recurrence was
observed in six of the eight cases. The recurrence in the
MCPJ group was, however, generally less severe than
the pre-injection contracture, and patient satisfaction
with the procedure was high.' Studies with larger sample
sizes are required to determine the recurrence rate and
efficiency of collagenase treatment.

Other than recurrence, potential complications involved
in the surgical treatment of DD include nerve damage,
sympathetic dystrophy reflex, stiffness, infection, incom-
plete correction and loss of fingers.'"* Two cases of tendon
rupture and one case of complex regional pain syndrome
were reported following collagenase injection.'"®

Conclusions

DD is a common proliferative fibromatosis of unknown
etiology. The main risk factors contributing to DD
susceptibility include age, ethnicity, family history and
sex. Major hypotheses suggested for the initiation of the
disease include altered immune responses, local hypoxia
and abnormal wound-healing responses. Although surgi-
cal intervention remains the mainstay of treatment, this
approach is associated with complications and high recur-
rence rates. A number of non-invasive therapies have been
effective and the use of C. histolyticum collagenase injec-
tion therapy by specialists hand surgeons seems promising
but long-term follow-up data using a larger sample size are
required to determine the safety and risk of recurrence
with this approach. Further elucidation of the mechanisms
involved in DD pathogenesis and a better understanding
of the relationship of pathogenesis to etiology will con-
tinue to have an impact on the diagnosis, therapy and
prognosis of the disease.
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