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Review

Introduction

In 1878, Otto W. Madelung reported on a rare disease of 
the wrist, now known as Madelung deformity.

36
 Although 

the first case was presented years before, Madelung was 
the first to provide an overview even before the discovery 
of radiographs.6 In his clinical observations, he describes 
a palmar subluxation of the hand, a prominent distal ulna, 
and volar angulation of the distal radial epiphysis.

36
 Cur-

rently, we know that the deformity is caused by an abnor-
mal growth arrest of the distal radial epiphysis leading to 
volar and ulnar tilting of the radial articular surface, and 
palmar bowing of the distal radius.5,38 Studies have also 
identified an abnormally thickened volar ligament, the so-
called “Vickers ligament,” that tethers the lunate to the 
radius and is hypothesized to hinder growth by compress-
ing the epiphyseal plate.50 Because of its progressive 
nature, the deformity can lead to wrist pain, restricted 
range of motion (ROM), and loss of grip strength, heavily 
interfering with daily activities.18,21,30 In addition, patients 

can complain about the visible deformity caused by prom-
inence of the distal ulna.30 Madelung deformity often 
occurs bilaterally,46 is most often diagnosed in adolescent 
females,40 and has been associated with genetic disorders 
such as Léri-Weill dyschondrosteosis (LWD) and Turner 
syndrome.7,11

Representing less than 2% of pediatric hand deformities,22 
our current understanding of this condition is limited. Despite 
the small number of affected patients, studies have tried to 
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shed light on various clinical aspects of the deformity, 
prompting the rise of multiple classification systems28,40 and 
various radiographic criteria to be used in the diagnostic 
process.14,38 However, the consistency with which these clas-
sification systems are applied remains unclear. This is also 
reflected in patient care, as multiple surgical procedures have 
been proposed to correct the deformity, without a current 
consensus.19,23,32 Therefore, nearly 200 years after its original 
description, a significant knowledge gap remains, with 
respect to the surgical management of Madelung deformity,19 
compromising patients’ access to optimal care.

The purpose of this systematic review is to evaluate the 
current body of literature on Madelung deformity, to iden-
tify available surgical treatment options, criteria utilized for 
surgical decision making, as well as clinical outcomes. The 
following questions will be addressed:

1.	 Which criteria are assessed in the preoperative 
workup?

2.	 What surgical procedures are available to correct 
the deformity?

3.	 What is the primary indication for surgical treat-
ment?

4.	 What are the outcomes in regard to pain and ROM?

Materials and Methods

Search Strategy

The study protocol adhered to the Meta-Analyses of Obser-
vational Studies in Epidemiology (MOOSE) guidelines 
(Supplemental File 1).49 A comprehensive electronic search 
strategy was developed and reviewed by a senior Harvard 
Medical School research librarian. On September 12, 2017, 
an online search was performed using Medline, Embase, 
and the Cochrane Collaboration Library to identify all orig-
inal citations that addressed surgical approaches for Made-
lung deformity. The search was conducted using both 
Medical Subject Heading (MeSH) and free-text using the 
following search terms: “Madelung Deformity,” “Leri-
Weill Syndrome,” and “Dyschondrosteosis.” In addition, a 
manual reference check of all articles meeting inclusion cri-
teria was performed to capture additional references not 
yielded in the initial search. The search was limited to arti-
cles published in English, Chinese, Dutch, French, and Ger-
man from inception to September 2017. Articles published 
in languages other than English were translated by native 
speakers in the research team whenever applicable.

Eligibility Criteria

Studies eligible for inclusion described a corrective opera-
tive procedure for Madelung deformity and included post-
operative outcomes. Studies ineligible for inclusion were 

case reports, case series including fewer than 3 patients, 
studies detailing a surgical technique only, and studies 
including patients with prior corrective procedures of the 
same wrist. In addition, literature reviews and studies that 
did not report patient follow-up and outcomes were 
excluded. If a study described a patient cohort that was used 
in a previous study, the study with shorter follow-up time 
was excluded to capture the most current long-term out-
comes. Abstracts and unpublished studies were not eligible 
for inclusion.

Study Selection

After completion of an initial electronic database search, all 
citations were identified and imported into EndNote X7.7.1 
(Thomas Reuters, New York, NY). After removal of dupli-
cates, all studies were subject to title and abstract screening 
by 2 independent reviewers (A.P., A.R.J). Subsequently, 
these 2 reviewers obtained and screened full-text articles 
using the eligibility criteria outlined above to obtain the 
final list of articles. Disagreement was resolved by consen-
sus from a third evaluator (S.D.S.). When full-text articles 
were not available, efforts were made to obtain these 
through correspondence with study authors.

Data Collection

The final list of articles was independently evaluated by 2 
authors (A.P., A.R.J) and the following variables were 
extracted: type of study, number of patients, number of 
operated wrists, gender, age at surgery, etiology, criteria 
used in clinical examination, radiographic criteria used in 
the diagnostic process, surgical procedure, indication for 
surgical intervention, intraoperative identification of Vick-
ers ligament, and patient follow-up time. Whenever avail-
able, data for the following clinical outcome variables were 
extracted: pain, ROM, grip strength, and presence of aes-
thetic deformity. For patients who underwent bilateral wrist 
surgery, age at the time of the first operation was selected 
for the “age at surgery” variable, as this would best repre-
sent the age at which patients undergo surgical intervention. 
The majority of surgical procedures were categorized as: 
(1) radial lengthening (eg, wedge osteotomy, Ilizarov tech-
nique); (2) ulnar shortening (eg, resection, excision, oste-
otomy); or (3) a combination of (1) and (2).

Study Quality and Bias Assessment

Each study was evaluated by the level of evidence as pro-
posed by the Centre for Evidence-Based Medicine (Oxford, 
UK). This classification scheme assigns a level of evidence 
ranging from I (highest) to V (lowest).

We were unable to find a published and validated  
scale to assess case series for use in subsequent statistical 
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analyses. Therefore, a novel quality assessment tool was 
developed in accordance with MOOSE guidelines to accu-
rately reflect important factors in the surgical decision mak-
ing process (Supplemental Table 1). The scoring system 
used the following parameters: (1) sample size; (2) disease 
etiology; (3) preoperative clinical exam; (4) radiographic 
criteria; (5) postoperative outcomes; (6) follow-up time; 
and (7) patient-reported outcome measures. One point was 
awarded if the sample size was greater than 10 patients, 
follow-up time was greater than 1 year, and etiology was 
defined for all patients. For pre- and postoperative assess-
ment, a range of 0 to 2 points were awarded based on report-
ing of 2 parameters: pain and ROM. No points were awarded 
if any of these parameters was not described. One point was 
awarded if pain and ROM were described subjectively and 
2 points were awarded if both parameters were quantified. 
Radiographic criteria were assessed using a 0- to 2-point 
scale: no points if criteria were missing, 1 point for self-
defined criteria, and 2 points for standardized criteria (eg, 
Dannenberg or McCarroll). Finally, if authors assessed 
patient-reported outcome measures using a validated tool, 1 
point was awarded.

Two authors (A.P., A.R.J) independently scored each 
study (Supplemental Table 2). The intraclass correlation 
coefficient (ICC) was determined using a reliability analysis 

(IBM SPSS Statistics 25) indicating excellent interrater 
agreement (ICC = 0.802). Due to the wide variety of surgi-
cal procedures and the nature of included studies (exclu-
sively case series), it was not possible to perform bias 
assessments, heterogeneity assessments, or meta-analyses.

Results

Search Results

A total of 1026 citations were identified for potential inclu-
sion after initial electronic database search, with 713 cita-
tions remaining after removal of duplicates (Figure 1). Of 
these, 54 were available for full-text review after title and 
abstract screening. Twenty-five studies met eligibility crite-
ria and were included in the study. The 29 studies that did 
not meet eligibility criteria were excluded for reasons 
including case report or case series with fewer than 3 
patients (n = 10), studies not describing corrective surgery 
(n = 7), literature review (n = 4), lack of postoperative 
outcomes (n = 3), prior corrective surgery performed on the 
same wrist (n = 3), and descriptive study of surgical tech-
nique (n = 1). In addition, 1 study was excluded26 as the 
same patient cohort was used by another author that pro-
vided longer follow-up time.48

Figure 1.  Flow diagram.
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Study Characteristics

The 25 included studies are listed in Table 1. All studies 
were case series with type IV level of evidence. Our self-
developed quality assessment tool provided a median qual-
ity score of 5 (range, 2-8). The mean sample size was 9 
(range, 3-19). Mean follow-up time was 6.3 years and was 
available for 20 studies.

Patient Characteristics

We identified 215 patients with 288 operated wrists. The 
majority of patients (90%) were female with a mean age at 
surgery of 18.5 years (range, 5-57 years). Disease etiology 
was reported for 166 patients (77%). Most patients were 
classified as idiopathic Madelung deformity (100 patients; 
60%), 55 patients (33%) had a diagnosis of LWD, and 11 
patients (7%) had a posttraumatic deformity.

Preoperative Evaluation

In the clinical examination process, all studies assessed 
pain, ROM, and presence of aesthetic deformity. In addi-
tion, 8 studies assessed grip strength.1,4,8,13,18,20,44,48 As part 
of the diagnostic process, 14 studies used their own radio-
graphic criteria, 5 studies used the McCarroll criteria,38 and 
3 studies used the Dannenberg criteria.14 The remaining 3 
studies did not specify criteria used.

Surgical Procedures and Outcomes

The primary surgical procedures and outcomes for each 
study are provided in Table 2. The most commonly per-
formed procedure was a combination of radial lengthening 
and ulnar shortening. Other procedures in order of decreas-
ing frequency included radial lengthening, ulnar shortening, 
the Sauvé-Kapandji procedure, and the Langenskiöld  

Table 1.  Study Characteristics.

Study N (wrists) Age, y (range) Etiology
Radiographic 

criteria
Follow-up, mo 

(range) Qualitya

Burrows9 3 (3) 14 (10-17) Idiopathic (2)
Posttraumatic (1)

Other 16 (8-34) 4/10

Ranawat et al42 8 (13) 17 (12-26) Idiopathic (8) Other 96 (12-192) 5/10
Nielsen40 13 (15) 22 (14-57) LWD (5) NS 102 (6-240) 4/10
Vickers and Nielsen50 17 (24) N/A LWD (17) Other NS (15-180) 5/10
Watson et al51 10 (15) 17 (NS) LWD (9)

Posttraumatic (1)
NS 48 (3-132) 4/10

Angelini et al4 15 (25) 18 (16-23) Idiopathic (15) Dannenberg 67 (24-120) 7/10
Murphy et al39 11 (12) 16 (9-31) LWD (7)

Posttraumatic (2)
Dannenberg 48 (13-97) 7/10

de Billy et al15 3 (5) 13 (13-13) Idiopathic (3) Other NS 4/10
Dos Reis et al18 18 (25) 23 (16-35) Idiopathic (18) Other 53 (22-76) 6/10
Salon et al45 7 (11) 15 (11-19) LWD (2) Other 116 (18-264) 5/10
Schmidt-Rohlfing et al46 5 (6) 21 (NS) NS Dannenberg NS 5/10
Ahmed Mir et al2 7 (7) 13 (12-15) Idiopathic (7) Other NS 4/10
Bruno et al9 9 (9) 34 (29-45) LWD (2) Other 42 (6-112) 8/10
Houshian et al30 7 (8) 19 (9-44) LWD (4)

Posttraumatic (3)
Other 30 (18-66) 7/10

Dagregorio and Saint-Cast13 3 (5) 22 (15-33) NS NS NS 2/10
Aharoni et al1 3 (4) 29 (27-32) NS Other 24 (NS) 6/10
de Paula et al16 4 (6) 16 (12-22) NS Other 24 (3-53) 4/10
Glard et al24 3 (4) 29 (27-32) NS Other 24 (NS) 6/10
Potenza et al41 5 (8) 13 (11-13) Idiopathic (5) Other 408 (NS) 5/10
Laffosse et al33 11 (14) 13 (9-16) LWD (2) McCarroll 61 (48-105) 7/10
Kampa et al31 4 (5) 34 (26-45) LWD (3) McCarroll 55 (14-113) 7/10
El-Gafary and El-adly20 7 (7) 10 (5-17) NS Other 24 (NS) 4/10
Mallard et al37 5 (10) 27 (NS) NS McCarroll 95 (7-227) 6/10
Steinman et al48 18 (26) 13 (9-17) LWD (4)

Posttraumatic (4)
McCarroll 132 (84-168) 8/10

Saffar and Badina44 19 (21) 27 (8-51) NS McCarroll 51 (7-228) 8/10

Note. LWD = Léri-Weill dyschondrosteosis; NS = not specified.
aScore calculated using self-designed quality assessment tool.
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procedure. Seventeen studies described the primary indica-
tion for surgical intervention, with the occurrence of pain 
being the decisive factor in 14 studies. Three studies intra-
operatively identified and resected Vickers ligament.39,48,50

All studies reported postoperative pain reduction in 
the majority of patients and 20 studies reported an 
improved ROM. Patient-reported outcomes were assessed 
in 4 studies,8,31,37,48 of which 3 used the Disabilities of the 
Arm, Shoulder and Hand score. One study used a visual 
analog scale (VAS) to assess pre- and postoperative 
pain.30

The majority of studies reported complications. Revi-
sion procedures were reported in 10 studies (40%), with 
varying indications, including complex regional pain syn-
drome, recurrence of deformity, and need for additional 
reconstructive procedures.

Discussion

In this review, we evaluated the available literature describ-
ing surgical interventions in patients with Madelung defor-
mity, with respect to disease etiology, clinical examination 
parameters, radiographic criteria, choice and type of inter-
vention, and surgical outcomes. Pain, ROM, aesthetic 
deformity, and occasionally grip strength were assessed in 
clinical examination, with pain being the most common 
indication for surgery. A variety of surgical procedures exist 
to treat Madelung deformity, with reportedly satisfactory 
outcomes in terms of pain and ROM. However, the hetero-
geneity of surgical techniques described, diversity of radio-
graphic criteria used, and inconsistencies in reporting the 
etiology of the deformity and outcomes did not allow for 
quantitative comparisons. These factors, combined with the 

Table 2.  Surgical Procedures and Outcomes.

Study
Surgical 

procedures
Primary 

indication Pain reduced ROM improved Complications

Burrows9 RL/US Deformity NS   50% NS
Ranawat et al42 RL/US, USa Pain 100% 100% 1 revision surgery
Nielsen40 RL/US, US Pain   69%     8% 3 revision surgeries
Vickers and Nielsen50 LP Pain 100% 100% 1 iatrogenic injury
Watson et al51 RL, RL/US Pain 100% NS 8 revision surgeries
Angelini et al4 SK Pain   87%   87% 1 CRPS
Murphy et al39 RL NS 100% 100% 2 revision surgeries

1 hardware removal
de Billy et al15 RLb Pain 100% 100% 1 transient neurological injury
Dos Reis et al18 RL/US Deformity   80% 100% 1 wound infection

1 CRPS requiring revision surgery
Salon et al45 RL/US Pain 100% 100% 1 revision surgery
Schmidt-Rohlfing et al46 RL, US Pain 100%   20% None
Ahmed Mir et al2 RLb Pain 100% 100% None
Bruno et al8 US Pain 100% 100% 1 revision surgery
Houshian et al30 RLb Pain 100% 100% 2 infection

2 revision surgery
Dagregorio and Saint-Cast13 RL Pain 100% 100% None
Aharoni et al1 US NS 100% NS NS
de Paula et al16 RL NS 100% 100% None
Glard et al24 US NS 100% 100% NS
Potenza et al41 RL/US NS 100% 100% None
Laffosse et al33 RL/US Pain   82% 100% 2 neurological deficits (transient)
Kampa et al31 RL/USa Pain 100% 100% 1 hardware removal
El-Gafary and El-adly20 RLb Deformity 100% 100% NS
Mallard et al37 RL NS 100% 100% 7 hardware removal

1 persistent neurological deficit
Steinman et al48 RL NS   83%   83% 6 revision surgeries
Saffar and Badina44 RL, RL/US NS   75% 100% 16 hardware removal

1 revision surgery
1 CRPS

Note. ROM = range of motion; RL = radial lengthening; US = ulnar shortening; NS = not specified; LP = Langenskiöld procedure; SK = Sauvé-
Kapandji procedure; CRPS = complex regional pain syndrome.
aUlnar shortening through Darrach procedure.
bRadial lengthening through Ilizarov technique.
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lack of patient-reported outcome measures, compromised 
our ability to make recommendations regarding optimal 
treatment.

Strengths and Limitations

A major strength of our study is that it is the first systematic 
review assessing surgical management of Madelung defor-
mity. Our study is largely limited by the nature of included 
studies: All 25 studies were low-powered case series of 
low-quality evidence (IV). Also, the possibility of publica-
tion bias could weaken the overwhelmingly positive 
reported outcomes in terms of pain and ROM.

Etiology

Madelung deformity is often classified into 4 groups based 
on etiology: (1) posttraumatic; (2) bone dysplasia; (3) chro-
mosome abnormalities; and (4) idiopathic occurrence.28 
Existing literature supports the association between Made-
lung deformity and skeletal dysplasias or genetic syn-
dromes,7,11 with mutations or deletions in the short stature 
homeobox (SHOX) gene identified as key factors.43 Some 
studies even suggest that most Madelung deformity patients 
have an underlying genetic condition.29,52 In contrast, the 
majority of patients in our review were classified as idio-
pathic, yet none of the included studies mentioned genetic 
testing as part of their clinical management. This could 
imply that patients described as idiopathic” in origin were 
potentially misclassified due to lack of genetic workup. 
Furthermore, mutations of the SHOX gene have also been 
associated with idiopathic presentations of the deformity.25 
These factors support that the absence of genetic testing 
could skew our understanding of the true etiology of Mad-
elung deformity.

In addition, there was no clear rationale for selection of 
the surgical approach based on etiology. Different etiolo-
gies can present with unique anatomic deformities which 
can influence treatment choice. Prior research has shown 
that LWD patients were more likely to have a deformity 
involving the entire radius.52 This is clinically relevant, as 
this could result in more severe functional and aesthetic 
manifestations, in turn requiring more complex surgical 
interventions.

Radiographic Criteria and Imaging

There were multiple radiographic criteria used across stud-
ies. Radiographic criteria based on common findings in 
Madelung deformity have been described to aid in the diag-
nostic workup.14,38,50 However, most studies in our review 
used their own radiographic criteria. This heterogeneity 
underscores existing inconsistencies in the radiographic 
assessment of Madelung deformity. This could be explained 

by the limitations inherent to 2-dimensional assessment and 
its inability to capture the 3-dimensional (3D) nature of 
Madelung deformity. We anticipate that the application of 
3D imaging will revolutionize our understanding of Made-
lung deformity by providing a roadmap for the develop-
ment of new morphological parameters for more objective 
diagnosis and classification. This new spatial assessment 
could also facilitate the use of innovative techniques such as 
3D preoperative planning for osteotomies,17 with the goal to 
more accurately restore normal anatomic and functional 
relationships.

Surgical Intervention

A variety of procedures exist to treat Madelung defor-
mity. In our review, it appeared that surgeons almost 
exclusively chose any of the following approaches for 
surgical correction: lengthening of the radius, shortening 
of the ulna, or a combination of both. Vickers and Nielsen 
were the first to use the Langenskiöld procedure in 17 
patients (24 wrists) with Madelung deformity.50 The pro-
cedure consists of resecting the affected part of the radial 
physis and interposing fat to prevent recurrence of a bony 
bridge,34 enabling radius growth in a more normal fash-
ion. The Sauvé-Kapandji procedure was used primarily in 
1 study.4

The main indication for surgical intervention in this 
review was pain. This is interesting, provided the signifi-
cance placed on radiographic parameters and degree of 
deformity as important considerations for operative inter-
vention. Instead, these parameters could be considered as 
essential components of successful surgical planning.

In this review, most studies reported objective outcome 
measures such as pain and ROM. However, we were unable 
to make comparisons across studies because of the diversity 
of surgical interventions and poor specification of ROM 
and pain for individual participants. This eliminated the 
ability to link surgical procedures to postoperative out-
comes, in turn compromising our ability to evaluate effi-
cacy of surgical techniques.

Complications occurred in the majority of studies, and 
the need for a revision procedure was the most common 
postoperative complication. A prior review of 15 studies23 
did not provide information regarding the general incidence 
of postoperative complications. In our review, there was no 
identifiable surgical intervention associated with a higher 
complication rate. This finding may be misleading, as stud-
ies often did not specify complications according to the sur-
gical procedure.

Studies have confirmed the presence of Vickers ligament 
in multiple Madelung deformity patients undergoing mag-
netic resonance imaging.12,47 One study even suggested that 
all congenital cases of Madelung deformity are character-
ized by the presence of this ligament.3 This abnormal  
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ligament has been thought to contribute to developmental 
arrest of the distal radius through compression, and early 
identification and removal may have significant prophylactic 

potential.50 However, underlying etiology and identification 
of this ligament were not consistently reported. With only 3 
of our included studies describing Vickers ligament, this 

Figure 2.  Madelung deformity protocol for use in future studies.
Note. PROM = Patient Reported Outcome Measures.
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precluded any discussion about its influence on the anatom-
ical changes seen in Madelung deformity.

Recommendations for Future Research and 
Practice

We were unable to conduct a meta-analysis due to the low 
quality of studies as reflected by the scores from our self-
developed assessment tool. Therefore, we propose several 
changes in the methodology of future studies which we 
deem necessary considering the rarity of Madelung defor-
mity. During clinical evaluation, a thorough history and 
physical exam is imperative and includes family history of 
disorder, existing medical conditions, and prior trauma. 
An interdisciplinary approach, including coordination 
with a genetic counselor, should be considered as part of 
the routine workup. Genetic testing could be particularly 
helpful in patients with an obscure etiology or lack of pre-
ceding wrist trauma to identify potential chromosomal 
aberrancies.

The pre- and postoperative physical examination should 
include uniform, quantified measurements of all clinically 
relevant variables. Pain is quantified using a VAS, a vali-
dated instrument commonly used for measuring pain inten-
sity. ROM measurements of the affected and contralateral 
wrist should include flexion, extension, pronation, supina-
tion, radial, and ulnar deviation. Patient satisfaction with 
the aesthetic appearance could be quantified using patient-
reported outcome measures such as the Michigan Hand 
Outcomes Questionnaire10 or the Patient-Rated Wrist Eval-
uation questionnaire.35 A routine grip strength measure-
ment should be considered, as it may indicate postoperative 
improvement.4 In addition, a standardized imaging proto-
col needs to be developed and uniformly adapted, possibly 
using a 3D assessment of the deformity. Surgeons should 
aim to identify and report on the presence of Vickers liga-
ment intraoperatively, as prevalence and existing etiologic 
association are still unknown and require investigation.

Multiple algorithms have been proposed for the surgical 
management of Madelung deformity, selecting appropriate 
treatment based on a variety of factors such as patient age, 
pain location, skeletal maturity, and the presence of second-
ary arthritis.19,27 Yet these algorithms are based on low-qual-
ity evidence. Future studies should implement data collection 
protocols to increase study homogeneity and evidence qual-
ity. A suggested template can be found in Figure 2.

Conclusion

Despite nearly 200 years of experience with Madelung 
deformity, there remains a paucity of evidence-based algo-
rithms regarding the surgical decision-making process. Out-
comes are reported in an inconsistent manner, prohibiting 
pooling of studies and comparisons of surgical procedures 

and their outcomes. We propose multiple changes to serve as 
the basis for new clinical guidelines that will increase the 
quality of evidence in future studies, compensating for small 
sample sizes.
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