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 Background: Treating advanced finger joint contractures from Dupuytren disease remains a challenge. We evaluated the ef-
fectiveness of a skeletal distraction device versus alternative treatment options.

 Material/Methods: We analyzed the surgical treatment of contracted finger joints in stage III and stage IV Dupuytren’s disease 
over a 10-year period. Data were obtained from inpatient and outpatient medical records, including postop-
erative clinical examinations and extended Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire 
scores. Complications of infection, postoperative pain, and wound healing disorders were recorded.

 Results: A total of 79 patients (83 hands) were assigned to 2 treatment groups. Patients in group 1 underwent an ini-
tial open transection of the main fibrous cord, Z-plasty, distraction with the Erlangen external distraction de-
vice, and fasciectomy. The distraction period was 13 to 81 days (mean 31 days). Group 2 underwent a conven-
tional single-stage fasciectomy and arthrolysis. DASH scores and subjective patient satisfaction were lower in 
group 1 (20.7/33%) than in group 2 (10.3/50%). However, the staged approach of group 1 to treat proximal in-
terphalangeal joint contractures in the long term (improvement >40%) was more effective than the approach 
of group 2 (>33%). Distraction device pin infections occurred in 20% of hands. Postoperative pain and com-
plex regional pain syndrome type I occurred in 25% of hands in group 1 and 3% in group 2.

 Conclusions: A screw thread driven external fixation device is useful in end-stage Dupuytren’s finger joint contractures. It is 
indicated when joint contractures are advanced and simple arthrolysis is insufficient.
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Background

Dupuytren disease (DD) is a benign fibroproliferative disorder 
of the palmar fascia that can result in severe joint contrac-
tures and severely impaired hand function. In DD, an exces-
sive accumulation of collagen forms cords and nodules [1,2], 
while cords mainly comprised of fibroblasts and myofibroblasts 
have been found to build nodules [3]. It has been suggested 
that the extracellular matrix secreted by the nodules as an ac-
tive part of the disease is remodeled and maintained as cords. 
Finally, the shortening of the cords by the myofibroblasts re-
sults in flexion contracture [3-6]. Palmar fasciectomy of any 
kind – partial, selective, or limited – is currently considered 
the criterion standard treatment and remains the mainstay in 
managing DD [7]. Conservative and minimally invasive meth-
ods such as collagenase injections and percutaneous needle 
transection have their specific indications, but are still under 
debate and are not suitable to treat advanced joint contrac-
tures [8-12]. The far-advanced stages of finger joint contrac-
tures require surgical arthrolysis, which is frequently followed 
by severe wound healing problems, and the affected fingers 
are at risk of amputation. Nevertheless, external distraction 
devices have been developed as a possible means to regain a 
certain amount of finger joint and, hence, hand function [13]. 
Painful cords and flexion deformities in the metacarpophalan-
geal (MCP) [14] and proximal interphalangeal (PIP) joints re-
duce hand function significantly, so that any surgical attempt 
to restore useful hand function can be indicated and worth-
while [15]. The data in the literature show that with an increas-
ing stage of DD finger joint contracture, the results of surgery 
are less satisfying and are associated with an increase in com-
plications and rate of recurrence [16]. Single-stage treatments 
in advanced DD with severe stage IV flexion deformities can 
result in finger amputations. Preoperative distraction aims to 
avoid the harsh stretching of nerves and vessels that occurs 
during a single-stage approach, leading to vascular thrombo-
sis and consequent tissue necrosis. Two-staged approaches 
can help prevent tissue necrosis and potential amputations. 
It has been shown that 2-staged approaches minimize com-
plication rates [13,17,18]. Messina et al described how previ-
ously firm prominent Dupuytren’s bands are reduced to soft fi-
brous ribbons during the distraction period [19]. However, the 
exact beneficial mechanisms of the distraction period still re-
main unclear. The aim of our study was to evaluate the short-
term and long-term effectiveness of an Erlangen minimized 
screw thread external skeletal distraction device in patients 
with Dupuytren Iselin stage III or IV or recurrent DD.

Material and Methods

The study was approved by our institution’s ethics committee 
(approval no. 177_20 Bc). Due to the retrospective design of 

the study, informed consent from the patients was deemed 
unnecessary. Patients with advanced Dupuytren Iselin stage 
III or IV disease of 1 or both hands, who underwent surgery in 
a 10-year period between 2003 and 2012 in our Department 
of Plastic and Hand Surgery, were included in the study. Data 
analysis of inpatient and outpatient medical records was per-
formed spanning the preoperative period to the end of treat-
ment. The Disabilities of the Arm, Shoulder, and Hand (DASH) 
questionnaire score was used to perform a standardized eval-
uation of upper-extremity specific outcomes. The scores for 
all items in the DASH questionnaire are used to calculate a 
scale score ranging from 0 (no disability) to 100 (most severe 
disability) [20,21]. Furthermore, long-term results were stud-
ied using the findings of clinical follow-up examinations, dur-
ing which the range of motion of the treated fingers was re-
corded. To exclude nerve lesions, finger sensitivity was tested 
with the 2-point discrimination test. Patients with previous 
amputation or arthrodesis, or those who underwent surgical 
treatment or any alternative therapy, such as radiation or in-
jection therapy, elsewhere during the study period were ex-
cluded from the study.

According to patient characteristics and the various therapy 
regimens, patients were assigned to 1 of 2 treatment groups. 
The therapy regimen was chosen based on the severity of the 
contraction, the patient’s level of compliance, and the patient’s 
ability to perform the distraction independently. Patients in 
group 1 received an initial open transection of the main fi-
brous cord, Z-plasty, and the continuous skeletal distraction 
of the PIP joint with the Erlangen external distraction device 
(Figure 1), followed by a fasciectomy and open joint finger 
arthrolysis, as a 2-staged approach [13]. The skeletal distrac-
tion device acted as an angular and longitudinal distractor of 
the treated joint, as previously described [13]. Two pins were 
inserted into the bone proximal and distal to the contracted 
joint and connected to the distraction device, which transmit-
ted the extension to the contracted joint [19]. Distraction was 
performed daily by the patients according to the instructions 

Figure 1. The Erlangen skeletal distraction device.
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they were given, dependent on pain and perfusion of the fin-
ger. The distraction process was stopped when the joint was 
completely extended.

Group 2 included patients who underwent a conventional sin-
gle-stage fasciectomy and arthrolysis. Data including sex, age, 
family history, additional afflictions like Morbus Ledderhose/
Morbus Peyronie, nicotine or alcohol abuse, and systemic dis-
eases, such as diabetes mellitus, were recorded for all patients. 
All intraoperative and postoperative complications, such as in-
jury of vessels and nerves, impaired wound healing, infection, 
pain, complex regional pain syndrome (CRPS) type I, bleeding, 
revision surgery, and keloids were recorded. Owing to the ret-
rospective design of this study and incomplete documenta-
tion, complications and the absence of a specific complication 
were recorded when it was reported by the patients. As a re-
sult, the total number of patients is different for each compli-
cation. Descriptive statistical data analysis was performed us-
ing SPSS version 22.0 (IBM, Armonk, NY, USA).

Results

In a 10-year period, 78 patients (83 hands) who underwent 
surgical treatment of Iselin stage III and IV DD were eligible for 
this study. The sex ratio was male to female, 8.8: 1 (70 men 
and 8 women), and patients were an average age of 64 years 
(range, 35-82 years). Five male patients underwent surgery on 
both hands. The DASH questionnaire was completed for 46% 
of the operated hands (n=38) (Figure 2). Follow-up examina-
tion was possible for 27% of the operated hands (n=22). In 
group 1, 20 hands received a 2-staged approach with skeletal 
distraction followed by a fasciectomy. In group 2, 63 hands un-
derwent a conventional single-stage fasciectomy. Twenty-nine 
hands (35%) were classified as Iselin stage III and 54 hands 
(65%) were classified as Iselin stage IV. The subgroup analy-
sis showed that 1 hand (5%) in group 1 was classified as Iselin 

Figure 4. X-ray of the contracted proximal interphalangeal joint.

Figure 3.  Patient with recurrent stage IV Dupuytren‘s 
contracture.
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Figure 2. Flow chart of study participation.
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stage III, compared with 28 hands (44%) in group 2. Nineteen 
(95%) of the treated hands in group 1 were classified as Iselin 
stage IV (Figures 3, 4), compared with 35 (56%) of the treat-
ed hands in group 2. Potential risk factors, including positive 
family history, smoking, and alcohol abuse, had a similar in-
cidence of 20% to 30% in both groups (Table 1). The postop-
erative DASH score was higher in group 1 (mean, 20.7) than 
in group 2 (mean, 10.3). Thirty-three percent of patients who 
were successfully followed up in group 1 (4 of 12) were com-
pletely satisfied with their treatment, compared with 50% of 
patients who were followed up in group 2 (17 of 34). The av-
erage time to achieve maximum distraction and joint release 
with the Erlangen distraction device was 31 days (range, 13-
81 days). The patient with the distraction period of 81 days 
presented initially with a 95° flexion contracture and massive 
arthrosis of the PIP joint. Postoperative follow-up was per-
formed after an average of 39 months in group 1 and after 
an average of 51 months in group 2.

From the 2-staged treatment of group 1, the average post-
operative extension deficit of the MCP joint was 15°, with an 
improvement of 30° over the preoperative extension deficit. 
From the single-stage treatment of group 2, the postoperative 
extension deficit of the MCP joint was 5°, compared with 30° 
before surgery, with an improvement of 83%. Patients with 
the 2-staged therapy in group 1 showed long-term outcomes 
in mobility of the PIP joint, especially with a 35° improvement 
in extension (Figures 5, 6). In group 2, the mean improvement 
of PIP joint extension was 20°.

The most frequent postoperative complication was infection, 
which occurred in 20% of the treated hands in each group (4 
of 20 in group 1; 6 of 30 in group 2), and wound healing prob-
lems in 17% (2 of 12) treated hands in group 1 and in 26% 

(7 of 27) treated hands in group 2 (Figure 7). Complaints of 
postoperative pain after the procedures and CRPS type I were 
present in 3 of 12 (25%) treated hands in group 1 and in 1 
of 29 (3%) treated hands in group 2. These patients received 
several treatment modalities such as pharmacological treat-
ments, physical therapy, and patient education, which relieved 
the symptoms considerably. Hypertrophic scars appeared most 

Group 1 Group 2

Hands (no.) 20 63

Mean age (years) 61 64

Male (no. of hands) 17 58

Female (no. of hands) 3 5

Iselin stage III (no. of hands/%) 1/5% 28/44%

Iselin stage IV (no. of hands/%) 19/95% 35/56%

Positive family history (no. of 
hands/%)

6/30% 19/30%

History of smoking (no. of hands/%) 4/20% 13/21%

History of alcohol abuse (no. of 
hands/%)

4/20% 13/21%

Table 1. Patient characteristics of treatment groups 1 and 2.

Figure 5. Intraoperative image of the applied distraction device.

Figure 6.  Fully extended proximal interphalangeal joint after a 
distraction period of 19 days.
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Figure 7. Complications after treatment.
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frequently in group 1, in 9 of 13 hands (69%), compared with 
12 of 39 hands (31%) in group 2. Reduction of sensitivity was 
described in 1 of 12 (8%) treated hands in group 1 and in 1 of 
31 (23%) treated hands in group 2. The overall rate of relapse 
was less than 15% in both groups. Pin infections of the dis-
traction device occurred in 4 of 20 hands (20%). Four patients 
in group 1 developed fractures of the distracted fingers. Two 
fractures were treated conservatively and 1 fracture of the mid-
dle phalanx required longer treatment with the distraction de-
vice. Another fracture of the middle phalanx was treated with 
additional Kirschner wire osteosynthesis. Arterial repair dur-
ing fasciectomy was necessary in 1 hand in group 1 (5%) and 
in 3 hands in group 2 (5%). Surgery for recurrent disease was 
necessary in 2 hands each in group 1 (10%) and group 2 (3%)

Discussion

Treatment of advanced flexion deformities of the fingers or 
recurrent DD remains challenging. We analyzed our standard 
therapy methods in advanced or relapsing DD with or with-
out the use of external fixation distraction because the litera-
ture on the optimal therapy in these advanced cases remains 
scarce. Among various technical devices available for use, the 
external fixation device proposed by Messina and Messina 
has been used to pretreat the contracture by stretching the 
contracted skin and potentially stretching the contracted joint 
structures [18]. This apparatus, however, is hampered by its 
bulkiness. Therefore, we previously developed a smaller de-
vice [13] as an alternative to pneumatic pre-expansion [22]. 
Nevertheless, even when such a pretreatment seems techni-
cally more feasible with a smaller device, the surgical therapy 
of joint contractures still remains tedious, and a considerable 
level of compliance from the patient is required. End-stage DD 
with far-advanced joint flexion contractures requires frequent 
arthrodesis, or can even require finger amputation, when stan-
dard surgical release is attempted. A possible insufficient per-
fusion of the surgically treated finger might be recorded using 
indocyanine angiography [23,24]. Methods of tissue engineer-
ing and regenerative medicine [25-28] have been applied to 
study the behavior of Dupuytren cells in culture and to modi-
fy their proliferation, but these methods are not yet available 
for routine clinical treatment [6]. The cord transection meth-
od was initially performed by Baron Guillaume Dupuytren in 
Paris in 1831, and was widely used until the 1960s. Since then, 
a localized fasciectomy with resection of macroscopically af-
fected connective tissue has become the criterion standard of 
surgical treatment. It has been widely discussed in the litera-
ture that a simple checkrein ligament release alone does not 
sufficiently address the shortened arteries or deficient skin 
required to treat PIP flexion contractures [29]. To overcome 
that problem, various devices, such as the Messina continu-
ous extension technique (TEC) device and the Digit Widget 

system [17], have been used to distract the soft tissue and re-
lieve the joint contracture. Studies comparing checkrein liga-
ment release alone with fasciectomy versus preliminary soft-
tissue distraction followed by a surgical release to treat PIP 
contractures have shown that a staged procedure has benefi-
cial outcomes [17]. The present retrospective analysis corrob-
orates these findings.

When dealing with advanced joint contractures, an optimized 
treatment strategy with partial fasciectomy as the central 
step appears to be useful. With a partial fasciectomy alone, 
Donaldson et al reached an improvement in MCP extension of 
38% [30], whereas the patients in our present study showed 
a postoperative improvement in joint function of up to 83%. 
Our results are higher than those reported in the literature, 
where in general the outcome of improved PIP joint function 
after contracture ranges between 30% and 63% [15,16,30-32]. 
These improvement figures are similar to our results in group 
2, which yielded a 33% improvement in PIP joint mobility. Our 
overall complications are similar to those reported in other 
studies, namely a rate of vessel and nerve injuries of 2% to 
3% [33] and wound healing disorders of 2% to 57% [31,34]. 
The development of CRPS type I has been reported in other 
studies as ranging from 2% to 4%. [30,31]. A reason for our 
higher 25% rate of pain or CRPS I in group 1 might be that a 
clear distinction between pain and CRPS 1 was not possible 
because of the retrospective character of this study. Citron et 
al described CRPS type I of up to 38% [35]. Subjective patient 
satisfaction data, as validated with the DASH score, corrobo-
rates the findings of other researchers, who reported scores 
between 7 and 30 points [36,37].

When Messina treated finger joint contractures solely with his 
above-mentioned TEC device, he noted that more than 50% 
of his patients showed a relapse as early as 10 days after the 
removal of the distraction device. Therefore, he developed a 
2-step approach with partial fasciectomy following the distrac-
tion to treat advanced Dupuytren contractures [18]. Although 
Messina reported a complete joint extension in his patients 
within 14 days, our patients needed an average of 31 days to 
achieve satisfactory results. After the addition of a partial fas-
ciectomy in the second step, 90% of Messina’s patients were 
reported to have good to excellent results. Unfortunately, 
he did not further specify the range of motion the patients 
regained or the length of the follow-up period. In another 
study, Citron and Messina reported an improvement in PIP 
extension of 63% in 13 patients after a mean follow-up of 18 
months [35]. Other studies reported on a distraction device 
treatment for 28 days that ended with a partial fasciectomy. 
They achieved an improvement of 50% in PIP extension with-
in 6 to 48 months [38]. The authors’ experiences with patient 
compliance were similar to ours.
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The 2-stage method is not free of unexpected complications. 
In 4 patients in group 1, we noted fractures of the distracted 
fingers, necessitating prolonged fixation therapy, Kirschner wire 
osteosynthesis, or immobilization until the bone was healed. 
One patient with a fracture fell on the distraction device, and 
the origin of the fractures of the other 3 patients is unknown. 
One reason for fracture might be the tension on the contract-
ed joint. Another issue we found in our study was the devel-
opment of unexpected pain during the distraction period. This 
naturally influenced the compliance of patients to complete 
the distraction treatment. Interestingly, other researchers ei-
ther did not report or did not observe any pain in their pa-
tients [18,35]. We suggest that a fast distraction and neglect-
ing the occurrence of unusual pain may be possible reasons 
for this inconsistency. Given the number of unwanted adverse 
effects, it is understandable that the subjective rating score of 
patients with an external fixation distraction was found to be 
worse than that of patients without distraction.

There were some potential study limitations. Owing to the ret-
rospective study design, the DASH score was recorded only af-
ter surgery, so comparison with the score before surgery was 
not possible. The Tubiana classification of DD was not possi-
ble in all patients because of incomplete documentation. Even 
though both groups included severe joint contractures classi-
fied as Iselin stage III or IV, 95% of the treated hands in group 1 
were classified as Iselin stage IV, compared with 56% in group 
2. This difference might explain why group 1 had worse DASH 
scores than did group 2. The number of patients in group 1 
was much smaller than in group 2. One reason might be that 

a distraction period requires a patient who is compliant with 
the instructions and is able to do the distraction independently. 
Furthermore, a staged approach including previous distraction 
is indicated in extremely severe joint contractures and most 
patients presented more moderate stages of DD.

The Erlangen external screw thread distractor is demanding and 
requires frequent outpatient visits, even though it was shown 
to be effective in our study. Therefore, it should be indicated 
only in patients with a high level of compliance, but may be 
kept in mind as another tool to treat isolated joint contractures.

Conclusions

Sufficient treatment and the achievement of long-term posi-
tive outcomes of advanced end-stage Dupuytren’s finger joint 
contractures remain challenging. The careful assessment of 
hand and joint function and choice of the appropriate surgi-
cal approach with staged procedures seem to be important 
to effectively treat advanced Dupuytren’s finger contractures. 
External skeletal traction devices are helpful in treating severe, 
long-lasting PIP joint flexion contractures. Our results empha-
size the effectiveness of a 2-staged approach to obtain results 
that are superior to those of a single-stage surgery in advanced 
Dupuytren’s finger joint contractures.
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