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Abstract: Dupuytren’s disease (DD) is a pathological condition of the palmar fascia that is 

characterized by the formation of tight collagenous disease cords leading to permanent finger 

contractures. The disease is most prevalent in Caucasian men, and its incidence increases with 

age advancement. The most common complaint from patients having DD is the impairment of 

normal hand function. At present, the disease is incurable and the pathophysiology of DD is 

unknown. The most common treatment for DD is surgery; however, this treatment is associated 

with a high rate of recurrence. More recently, researchers have begun to explore the molecular 

basis of DD in the hopes of developing new, more effective treatment for DD. This review will 

summarize the history and clinical presentation of the disease, highlight current and emerging 

molecular treatments, and explore the implications of these advancements for future work.
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Introduction to management issues  
in the treatment of Dupuytren’s disease
Dupuytren’s contracture (or Dupuytren’s disease [DD]) is a pathological condition 

affecting the palmar fascia of the hand resulting in flexion deformities of the affected 

fingers.1 This disease can also affect the plantar fascia, a condition called Ledderhose 

disease or plantar fibromatosis. Plantar fibromatosis is immunohistologically similar in 

presentation to DD of the palmar fascia, but unlike DD, patients with plantar fibroma-

tosis do not typically develop contractures of the affected plantar structure.2 The DD 

affecting the hands often results in limitations in dexterity and can have a significant 

impact on an individual’s ability to engage in vocational and avocational activities. 

Patients also report safety concerns, specifically expressing fear that the fixed flexion 

of the finger will make it more susceptible to injuries.3 Finally, patients living with 

DD also express concerns about how their contracture will affect their social contact, 

chiefly their ability to give a proper handshake.3 For these reasons, correction of flex-

ion deformities is desirable. Unfortunately, in the absence of a full understanding of 

the molecular pathology, treatment is now merely aimed at eliminating the contracted 

pathologic disease tissue, without addressing the  underlying pathophysiology.

In terms of treatment, the most common approach continues to be the surgical 

resection of the disease cord followed by intensive postoperative physiotherapy.4,5 

Because of the significant morbidity associated with surgery, less extensive treatment 

approaches have been tried such as the needle aponeurotomy or enzymatic digestion 

of the disease cords. However, these procedures are not curative and are associated 
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with a high rate of recurrence.6 Recent research has begun 

to explore the molecular basis of disease progression and 

recurrence in the hopes of developing new, more effective 

treatments for the management of DD. The objective of this 

review will be to (1) summarize the history and clinical 

presentation of the disease, (2) highlight current and emerg-

ing conventional and molecular treatments, and (3) explore 

the implications of these advancements for future work and 

enhanced patient care.

Prevalence and etiology
The prevalence of DD is influenced by age, gender, and 

ethnicity. This disease is thought to be an inherited domi-

nant condition with variable penetrance that affects males 

7–15 times more often than females.7 Typically, disease 

onset emerges after the fourth or fifth decade of life in 

males, whereas the disease tends to develop later in life for 

females.7,8 Although primary DD is more prevalent in males, 

after surgery the probability of recurrence is approximately 

equal in both the sexes.7 Although uncommon, DD has been 

reported in children and infants.9–12 The disease has been 

reported in infants as young as 6 months old,11 and to date, 

there have been only a few histologically confirmed cases 

of DD identified in the literature.12 Within this pediatric age 

group, histological confirmation is strongly recommended to 

rule out other possibilities of digit contractures or nodule for-

mation or both, such as camptodactyly, arthrogryposis, con-

genital ulnar drift, and epithelioid sarcoma.9,12 Because of the 

relatively low incidence of DD in children, many  clinicians 

believe that this is an entity separate from  classical DD.

DD is common in certain Caucasian populations, includ-

ing Scandinavia, Britain, and Australia, but is less prevalent 

in other regions, such as Southern Europe, South America, 

and Asia.13,14 Although uncommon in most of Asia, certain 

populations within this area, specifically Japan and Taiwan, 

have higher prevalence, comparable to the values reported in 

Northern European populations.15 The prevalence of DD has 

been reported to be as high as 39.5% in males who are older 

than 70 years and are of Northern European descent.16

In the year 1963, Hueston13 first described a DD diathesis, 

a term that describes factors that would strongly predict dis-

ease severity and disease recurrence after treatment. Patients 

of Northern European descent, who present a younger age of 

onset, and those who have a positive family history of DD 

have an increased probability of developing the condition, 

as well as having a more aggressive disease progression. 

Hueston13 also suggested that patients who have bilateral 

hand involvement and ectopic lesions (DD beyond the palm) 

are more likely to have aggressive disease progression and 

increased risk of recurrence. The severity of a patient’s 

 disease presentation continues to be an important factor in 

the management of this disease.

In addition to genetic factors, a number of comorbidi-

ties and socioenvironmental factors have been identified 

as contributing to this condition. Studies have suggested 

that there is increased risk for DD in patients with certain 

underlying health conditions, such as diabetes mellitus17,18 

and epilepsy.19 Lifestyle risk factors that have been associated 

with DD include smoking and alcoholism, or high alcohol 

consumption.20–22 Other factors, such as the contributions 

of manual labour,23 hand or wrist trauma,24 and a history 

of repetitive hand vibrations,25 have also been associated 

with the disease. The contributions of these factors remain 

controversial, however, and other studies have been unable 

to identify any correlation between, eg, trauma and DD 

initiation.23,26,27

Clinical presentation
DD often occurs bilaterally, but typically affects one hand 

more severely than the other. The ring and small fingers are 

most often involved, though the other fingers and thumb may 

also be affected.28 The disease is believed to progress from a 

nodule to a cord29 that, as it matures, contracts and induces 

permanent fixed flexion of the affected digit(s).30

The earliest signs of DD involve changes in the skin, such 

as the presence of skin pitting.31 Skin pits are caused by full-

thickness palmar skin retraction into the subcutaneous tissue. 

There can also be changes to the dorsum of the hand with 

the presence of knuckle pads or Garrod nodes.32 However, 

these are more prevalent in patients with bilateral disease and 

those with ectopic disease, such as plantar fibromatosis and 

Peyronie disease.33,34 Hence, it has been suggested that skin 

pits are a more reliable early indicator of DD.

A nodule is a palpable soft-tissue mass adhered to the 

skin and underlying palmar fascia and is often used as a 

diagnostic feature of the disease.29 These masses are typi-

cally painless, but can result in pain at the time of disease 

onset or when associated with tenosynovitis caused by the 

restriction of the flexor tendons.35 There are two main types 

of nodules: the palmar nodules found adjacent to the distal 

palmar crease and the digital nodules, which are commonly 

located near the proximal interphalangeal (PIP) joint or at 

the base of the digits.

As the disease progresses, a cord begins to form as a 

protrusion from the nodule. These cords seem to follow 

 normal palmar fascial structures that in their healthy states are 
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designated as “bands”. As the cord matures, it becomes more 

fibrotic and takes on a more prominent appearance, superfi-

cially resembling a tendon.36 The contracture of the mature 

cord results in the distinct flexed position of the digits.

The most common cord formed in the palm, the  so-called 

precentral cord arising from the precentral band of the 

palmar fascia, typically results in a flexion deformity of 

the metacarpophalangeal (MCP) joint. In some cases, the 

precentral cord may bifurcate at the level of the distal palmar 

crease; however, the cord rarely displaces the neurovascular 

 bundle.37 Other cords that affect the palm include the verti-

cal and natatory cords (arising respectively from the vertical 

bands of Legueu and Juvara, and the natatory ligaments), 

although these are less common than the precentral cord.38 

Since the palmar fascia is continuous with the digital fascia, 

contractures of the palm often enter the digits, where they can 

induce additional flexion deformities of the PIP and distal 

interphalangeal (DIP) joints.

The most frequently encountered digital cords are the 

central, lateral, and spiral cords.30 The central cord is an 

extension of the precentral cord that forms in the midline of 

the neurovascular bundles and attaches to the flexor tendon 

sheath. This cord can cause deformities in the MCP joint 

and the PIP joint, but it rarely displaces the neurovascular 

bundles. The lateral cord is a continuation of the bifurcated 

precentral cord and is considered the pathological state of 

the lateral digital sheath. Unlike the central cord, it attaches 

to the skin or to the tendon sheath near the Grayson’s 

ligament. This cord usually results in deformities of the PIP 

joint, but can also affect the DIP joint. In some instances, 

these lateral cords can result in the displacement of the 

neurovascular bundle toward the midline, complicating the 

surgical approach. The spiral cord is also an extension of 

the precentral cord that starts off deep in the neurovascular 

bundle and distal to the MCP joint. In the digit, the cord 

advances lateral to the neurovascular bundle to involve the 

lateral digital sheath and then superficial to the neurovascular 

bundle to involve  Grayson’s ligament. In doing so, the cord 

wraps itself around the neurovascular bundle, which causes 

the superficial, proximal, and central displacement of the 

neurovascular bundle when finger contractures are produced 

(Figure 1). This displacement also puts the neurovascular 

bundle at risk of being severed during surgery.

Pathophysiology
Although the precise pathophysiology of DD is unclear, 

this disease is often classif ied as a f ibroproliferative 

 condition. The pathogenesis of DD has been divided 

into three stages: (1) proliferative, (2) involution, and (3) 

residual.36,39 The proliferative stage is characterized by nod-

ule formation, resulting from fibroblast hyperproliferation, 

myofibroblast differentiation, and type I and type III collagen 

deposition.36,39–41 Eventually, this process gives rise to the dis-

ease cord structure. During the involutional stage of disease 

progression, myofibroblasts align along the lines of tension 

of the diseased tissue. These cells are thought to generate 

contractile forces that lead to shortening of the diseased tis-

sue with subsequent further collagen deposition permanently 

shortening the cord and causing joint contractures.36,41 Finally, 

during the residual stage, there is a further increase in type 

I collagen production.36,41 The disease cord also becomes 

more acellular in this stage, with increased myofibroblasts 

apoptosis.36,41,42

It is generally believed that myofibroblast-generated con-

tractile forces are largely responsible for the digit contractures 

in DD. This theory is based on extensive data demonstrating 

a temporal correlation between the appearance of myofibro-

blasts and the onset of contraction.43–45 Although these cells 

are of fibroblastic lineage, they express a number of specific 

muscle-associated markers, including α-smooth muscle 

actin (a predominant isoform of actin found in contractile 

cells called myofibroblasts) and calponin, but lack other 

important smooth muscle  markers, such as myosin.46 These 

myofibroblasts form extensive contacts to the extracellular 

matrix (ECM) at fibronectin-rich sites termed fibronexus.47,48 

The disease cord tissue expresses high levels of fibronectin, 

and immunohistological analysis suggests that myofibroblasts 

within the disease cord interact with α
5
β

1
 integrin–fibronectin 

complexes.49–51

On a biochemical level, DD resembles an exaggerated 

wound-healing response. Both DD and wound granulation 

tissue display an increased ratio of type III to type I collagen 

early on and a corresponding decrease in this collagen ratio 

in the later stages.39 Transforming growth factor (TGF)-β, 

a pleotrophic cytokine released during the inflammatory 

response of wound healing, is highly upregulated in DD.52 

The cytokine TGF-β1 has been shown to promote both 

fibroblast proliferation through β-catenin-mediated transac-

tivation of transcription53 and myofibroblast differentiation 

through induction of α-smooth muscle actin expression.54 

We have previously shown that β-catenin is abundantly 

present throughout the disease cord, but it is virtually 

absent from patient-matched phenotypically normal palmar 

fascia.55 Moreover, we have found that when disease cells 

are cultured on type I collagen in order to more closely 

recapitulate in vivo conditions, TGF-β1 induces β-catenin 
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accumulation while attenuating levels of  α-smooth 

muscle actin.56 When disease cells are cultured in stressed 

3-dimensional collagen lattices, TGF-β1 stimulation of 

disease cells showed enhanced cell contractility, correlated 

with increases in α-smooth muscle actin levels and myofi-

broblast differentiation.57 In addition to TGF-β1, DD is also 

characterized by the upregulation of platelet-derived growth 

factor, basic fibroblast growth factor, and epidermal growth 

factor, ie, biologically active molecules that are implicated 

in the various stages of wound healing.58,59 These parallels 

to wound healing in DD have led to the hypothesis that DD 

may be a response to injury, possibly due to microtrauma 

or hypoxia, although the evidence in the literature is still 

inconclusive.

Current and emerging treatments
Although the current research focus is on the identification 

of potential molecular therapies for DD management, the 

most widely practiced intervention continues to be surgi-

cal treatment.60 Here, we organize current and emerging 

treatments for DD into three categories of interventions: (1) 

surgical interventions, (2) physical interventions, and (3) 

biological interventions.

Surgical interventions
Surgical intervention, the most commonly used treatment 

for DD, is typically considered when the contracture sig-

nificantly affects hand function. This occurs usually when 

the MCP and/or PIP flexion contracture exceeds 30°. Many 

techniques are available for addressing finger contractures 

and joint deformities associated with this condition. One 

common approach is palmar fasciectomy, which involves the 

resection of the affected palmar fascia. There are three main 

variants of palmar fasciectomy: local, regional, and total 

fasciectomy. Of the three variants, local fasciectomy is the 

least invasive, which involves the resection of segments of 

the disease cord, thereby releasing finger contractures.61 As 

residual diseased tissue remains in the hand following the 

local fasciectomy procedure, the chance of recurrence is 

high.61 The more common approach is the use of regional 

or partial fasciectomy, a technique involving the removal of 

as much of the affected fascia as possible.62 This technique 

is associated with a lower probability of disease recurrence 

relative to the local fasciectomy procedure.61 Total or radi-

cal fasciectomy is a more invasive procedure, involving the 

excision of the palmar and digital fascia.61 However, this 

technique is often associated with increased risks of surgi-

cal complications and does not have lower recurrence rates 

when compared to partial fasciectomy.61 For less-advanced 

disease involving only palmar cords, the use of fasciotomy 

has been advocated. Fasciotomy is a technique used to 

release contractures by dividing the disease cord without 

the excision of the diseased tissue.63 As the diseased tissue 

is not removed, the risk for disease recurrence is relatively 

high.64 The closed procedure, often referred to as needle fas-

ciotomy or needle aponeurotomy, involves the placement of 

a needle adjacent to the cord and the “slicing” of the disease 

cord with the sharp bevelled edge of the needle to release 

the contracture.65,66 Although this procedure is minimally 

invasive in nature, many surgeons still believe that it should 

A B C

Figure 1 A and B) The digital neurovascular bundles (stippled) displaced by a spiral cord. C) The digit after resection of the cord, the preserved neurovascular bundle is 
restored to its normal anatomical position.
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be used with caution as it puts the flexor tendons and nerves 

at risk for being severed during surgery.66 This procedure is 

currently believed to have a role only in the management of 

mild-to-moderate MCP contractures. An alternative approach 

to closed fasciotomy is the open fasciotomy procedure. This 

approach involves creating an incision in the palm of the hand, 

allowing for the visualization of the disease cord.67 The cord 

can then be severed, and the contracture is thereby released.67 

This procedure is less invasive like the closed fasciotomy, 

but has the advantage that it reduces the risk of damage to 

the nerves in the hand as it allows for direct visualization of 

the disease cord.

For the management of aggressive or recurrent disease, 

dermofasciectomy has been recommended. This extensive 

technique involves the excision of the diseased fascia en 

bloc with the overlaying skin, and the subsequent use of 

skin grafts to close the skin.68,69 When compared to fasci-

ectomy alone, dermofasciectomy offers a lower chance of 

disease  recurrence.68 Therefore, despite the need for longer 

postoperative rehabilitation, this technique is sometimes 

recommended for younger patients who have a history of 

aggressive disease recurrence.

Physical interventions
Often in an attempt to improve long-term extension, splinting 

is prescribed as a postoperative physical therapeutic modality.70 

Although its effectiveness is still unclear, splinting is used to 

maximize finger extension and function by promoting wound 

healing and reducing scar tissue formation.71 However, splint-

ing on its own as an alternative to surgery is unlikely to be 

effective in slowing disease progression or reducing finger 

contractures or both.

Radiation therapy has also been proposed as an alter-

native to surgery in early disease stages.72 Some clinical 

studies suggest that radiotherapy may be effective in 

slowing disease progression.72,73 Nonetheless, the effec-

tiveness of radiation therapy has not been convincingly 

shown, and further work needs to be done to investigate 

the potential toxicity and long-term risks associated with 

the use of localized radiation for the treatment of a benign 

condition.

Another physical modality that has been described in the 

literature is the use of ultrasound heat therapy.74 The regular 

use of ultrasound can break disulfide bonds that hold collagen 

fibrils together. When ultrasound is combined with physical 

stretching, this may lead to improvements in function and 

may also slow down disease progression.74 However, prospec-

tive randomized studies have never been performed, and the 

short- and long-term effectiveness of this treatment modality 

remains unproved.

Biological interventions
In light of the high rates of disease recurrence and risks 

inherent to surgical interventions, the primary focus of most 

research in DD has been on identifying potential molecular 

targets for nonsurgical alternative therapies.  Differential 

gene expression analysis combined with molecular and 

functional studies of diseased tissues and cells have helped 

identify a number of candidates. One novel treatment 

modality that has emerged over the years is the use of 

localized collagenase injections.75–77 Since the established 

disease cords are primarily composed of type I collagen,18,78 

this makes them susceptible to the enzymatic activity of 

collagenase, which specifically degrades peptide bonds 

in collagen fibers. A number of studies have suggested 

that collagenase injection into disease cords can decrease 

finger contracture.18,75–77 A recent, double-blind, randomized 

prospective study showed that collagenase injection is an 

effective nonoperative treatment to reduce contractures 

and improve joint mobility in advanced disease cases.75 

Although collagenase injection may reduce some contrac-

tures associated with the condition, the long-term rate of 

recurrence is yet to be determined. One long-term study 

of collagenase injection for the treatment of DD showed 

that while the majority of patients treated with collage-

nase showed reduced joint contractures, of the patients 

who completed the 8-year follow-up, six had experienced 

disease recurrence.79 In their current form, collagenase 

injections are, at best, a convenient treatment since the cel-

lular source of the collagen is not targeted by this approach. 

Finally, since collagenase is not specific to the disease cord 

structure, the long-term safety of injecting this enzyme into 

regions of the hand that also contain normal palmar fascia 

and tendons, which are also composed of type I collagen, 

is yet to be determined.

The use of corticosteroid injections has been advocated as 

a treatment for early disease.80 It has been used in the clinical 

setting, and at least in one report, that the intralesional injec-

tion of a corticosteroid directly into palmar nodules resulted 

in the softening and flattening of the disease structures.80 This 

correlates with molecular studies that show that steroids can 

function as an antifibrotic agent, reducing cell proliferation, 

while inducing apoptosis or programmed cell death.81,82 How-

ever, the potential side effects of steroid use, and particularly 

long-term steroid use, should be considered before treatment. 

Steroid injections as an antifibrotic treatment have been 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Orthopedic Research and Reviews 2010:2submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

40

Vi et al

shown to increase patients’ risks of skin depigmentation, as 

well as dermal atrophy from collagen degradation.83,84

Other biological approaches that have been tried in 

 clinical settings include the use of enzymatic fasciotomy 

and δ-interferon injections. In the year 1971, Hueston85 

suggested that enzymatic fasciotomy can achieve similar 

outcomes to surgical fasciotomy and may be an appropriate 

alternative for select patients. Enzymatic fasciotomy can be 

described as the injection of a cocktail of proteolytic and 

anti-inflammatory enzymes, targeting the fibroproliferative 

and collagenous nature of the disease environment.85 This 

injection is accompanied by the physical manipulation and 

straightening of the digit to break the disease cord and release 

the contracture. In the year 1992, a study that examined the 

long-term effects of enzymatic fasciotomy was published.86 

In this study, although the technique was shown to reduce 

contracture and improve hand function, there was a rapid rate 

of early recurrence within 2–3 years among the population 

studied.86 Also, the necessity of forced contracture extension 

to break the disease cord may result in damage to other parts 

of the palmar fascia or tendons.

The use of intralesional δ-interferon injections has been 

described in the literature as a possible treatment for DD.87 

Molecular studies on cells derived from DD patients indicate 

that δ-interferon is a cytokine that can reduce cell prolifera-

tion, collagen production, and the expression of α-smooth 

muscle actin.88,89 Although there are a number of studies 

showing the potential benefits of using δ-interferon in the 

treatment of DD, most of these studies have been conducted 

in vitro and whether these can translate to improvements in 

a patient is largely unknown. One small pilot study found 

that injections of δ-interferon led to a decrease in the size of 

the lesion(s) associated with DD, and that at least in hyper-

trophic scar tissue, treatment with δ-interferon resulted in a 

decrease in α-smooth muscle actin expression and myofi-

broblast formation by immunohistochemistry.87 This study 

was not specific to DD and included only four patients with 

DD in the hand, whereas the remainder presented hypertro-

phic scars or plantar fibromatosis. Larger and more specific 

studies on DD patients are required to determine whether 

the therapeutic benefits of δ-interferon in cell cultures in 

laboratories can translate to improvements in hand functions 

in clinical settings.

Other biological agents that may offer therapeutic 

benefits include calcium channel blockers and matrix 

metalloproteinase (MMP) inhibitors. Calcium channel 

blockers, nifedipine and verapamil, have been shown in 

vitro to inhibit lysophosphatidic acid-induced contraction 

of DD cells;90 but the effects of these blockers on cells 

derived from normal  palmar fascia were not explored. 

The use of MMP  inhibitors has also been proposed in the 

literature.91–93 The MMPs and their inhibitors regulate ECM 

turnover and function.  Studies have found correlations in 

MMP expression and DD progression and recurrence.93 

Moreover, it has been shown that the use of ilomastat, a 

broad MMP inhibitor, decreases mechanical tension gen-

erated by disease nodule and cord cells.91 Although both 

calcium channel blockers and MMP inhibitors have been 

shown to affect molecular processes implicated in the pro-

gression of DD, further studies are required to determine 

the effectiveness of such treatments in improving hand 

and joint functions in patients.

Discussion and implications  
for future work
There is general consensus that a greater understanding 

of the molecular mechanism of disease progression will 

lead to the creation of more specific and effective treatment 

 alternatives. Since surgeons do not generally see patients 

with DD until they are presented with finger contractures, 

the study of disease progression can be difficult. Moreover, 

since the treatment of choice in the early stages of DD is 

observation, the genetic and molecular study of early stage 

DD is not always feasible. Together, these factors have made 

the study of disease recurrence an attractive option.

Clinically, the reduction in disease recurrence associated 

with dermofasciectomy,68 which typically removes adjacent 

tissue in addition to the disease cord, has been interpreted 

by some to indicate that ECM-cellular interactions promote 

DD progression and recurrence.94 Many of the dysregulated 

genes that have been identified in DD encode secreted 

ECM proteins that would be predicted to accumulate in 

the surrounding fascia.95–99 If any of this modified ECM 

is left behind after the surgical resection of the DD cord, 

there is the potential for these secreted factors to activate 

fibroblasts resident in the adjacent fascia to differentiate 

into myofibroblasts and promote disease recurrence.56 

However, many molecular studies of DD have elected to 

study the pathophysiology of these cells using traditional 

tissue-culture procedures, which removes disease cells from 

their native environment, negating potential interaction of 

disease cells with their surrounding microenvironment. Our 

laboratory has established that culturing of both disease and 

phenotypically normal fascia cells on type I collagen, which 

is abundantly found in the disease cord, causes cells to elicit 

differential responses to TGF-β1 treatment, suggesting that 
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cell-to-matrix interaction is an important component of the 

pathology of DD.56

While structural components of the ECM such as 

 collagens, laminin, fibronectin, and elastin are often altered in 

DD,49,100 proteases including a disintegrin and metalloprotease 

domain containing protein 12, MMP-2 and MMP-9, proteo-

glycans (notably PRG4), and “matricellular” components 

including tenascin C and periostin have also been identified as 

being altered.96,97,99 Recently, we have identified that periostin 

induces proliferation and apoptosis of phenotypically normal 

fibroblasts derived from the palmar fascia adjacent to the DD 

cord, while inducing myofibroblast differentiation of DD 

cells.99 ECM molecules such as periostin, which initiate dif-

ferential response in DD cells and adjacent fibroblasts, may 

have different roles in DD progression and recurrence and 

represent attractive targets for therapeutic intervention. The 

characterization of these proteins, therefore, may identify 

novel therapeutic targets to prevent DD recurrence.

Conclusion
In summary, while the use of collagenase is an emerging 

treatment for the management of DD, it is not curative and 

the long-term effects are still unknown. For the time being, 

surgical resection remains the treatment of choice despite 

the high rate of recurrence associated with this procedure. 

The recent advances in our understanding of the molecular 

pathophysiology of this disease have led to the identifica-

tion of novel molecular targets that hopefully will lead to 

the creation of more effective treatment alternatives.
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