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Abstract: In this paper, a review of the literature was performed to critically evaluate relevant published research 
on diagnosis and treatment of Madelung’s deformity. Madelung’s deformity is a metaphyseal dysplasia of the distal 
radius, where the distal radial joint tilts to the volar and ulnar sides, combined with distal ulnar subluxation and 
elbow dislocation. The main pathogenic factors of this disease include idiopathic, hereditary and acquired factors. 
So far, it is believed that Madelung’s deformity is mainly associated with trauma, epiphyseal dysplasia, nutritional 
disorders, and gene deletion or mutation. It is more common in females, and is an autosomal dominant inheritance 
disease. Most patients suffer from this disease bilaterally. Madelung’s deformity may occur as a complication of 
Leri-Weill dyschondrosteosis. Most patients usually have no clinical symptoms in the early stage, and some patients 
come to the hospital due to wrist pain, stiffness, deformity and a shorter forearm. X-ray film is the main diagnostic 
method for this disease. Magnetic resonance imaging can show local soft tissue and bone abnormalities in the early 
stage, so it is used for the early diagnosis of this disease. The ulnar angle can be classified into different types based 
on the size of the distal radius palmar angle. For severe deformity and symptoms, surgical treatment is often re-
quired, including soft tissue release, distal radius osteotomy, ulnar shortening osteotomy, distal ulnar resection, and 
distal radioulnar joint fusion. Some procedures have better clinical results in relieving pain and improving mobility.
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Introduction

Madelung’s deformity is a rare deformity of the 
forearm and wrist, which was first described by 
Guillaume Dupuytren in 1834 [1]. In 1878, Otto 
Madelung discussed the pathological and ana-
tomical changes and possible causes of this 
disease, and named this disease as Madelung’s 
deformity [2]. The term Manus valga was also 
proposed [3]. In 1929, Leri and Weill reported 
familial dwarfism characterized by short stat-
ure and Madelung’s deformity of the wrist [4], 
but this disease was not paid much attention 
on until the 1970s, with the imaging findings of 
Kozlowski et al. in 1971 describing it as chon-
droplasia [5-7]. Madelung’s deformity is a rare 
congenital malformation that occurs as a com-
plication of Leri-Weill cartilage and osteogene-
sis disorders, it is hereditary in an autosomal 
dominant manner, females are more suscepti-

ble to this disease, with the incidence ratio of 
male to female of about 1:4, and most of pa- 
tients suffer from bilateral onset [8]. Symptoms 
such as wrist pain and limited movement usu-
ally occur in older children or adolescents [2]. 
Madelung’s deformity is also commonly used to 
describe metaphyseal abnormalities of the dis-
tal radius caused by trauma, infection, dyspla-
sia, Turner syndrome, or idiopathic causes, with 
progressive deformities of the distal ulna and 
wrist.

Pathological and anatomical features

The wrist joint is a composite joint composed of 
the radiocarpal joint, ulnar carpal joint, intercar-
pal joint and carpometacarpal joint, with flex-
ion, extension, radial deviation, ulnar deviation 
and forearm rotation. The distal radioulnar joint 
is a complex part of the wrist, functionally. 
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During hand and radius movements, weight 
bearing is transferred to the forearm via the 
distal ulna triangular fibrocartilage complex. 
Madelung’s deformity is characterized by dys-
plasia of the metaphyseal of the distal radius at 
the volar and ulnar sides. The distal joints of 
the radius are tilted toward the volar and ulnar 
sides, the radius is shortened and curved 
toward the volar and ulnar sides, the ulnar head 
protrudes dorsally, and the carpals are arranged 
in triangles [3, 9, 10], accompanied by a sublux-
ation of the distal ulna and dislocation of the 
elbow. The hand is shifted to the volar and ulnar 
side relative to the wrist. The ulna is not involved 
and continues to grow lengthwise normally, 
with a prominent appearance. The distal radio-
ulnar joint becomes unstable, and the carpal 
bone moves towards the palmar and proximal 
ends, resulting in limited movement, pain, and 
deformity [11]. It is mainly caused by stunted 
growth of the ulnar and palmar epiphyseal 
plates of the distal radius, and the asymmetric 
growth of the epiphyseal plates of the distal 
radius is the underlying cause of Madelung’s 
deformity. Although this disease is predomi-
nantly abnormal bones, ligament abnormalities 
are often associated with the disease progres-
sion. In 1992, Vickers and Nielsen described 
the Vickers ligament abnormalities accompany-
ing Madelung’s deformity [12]. This abnormal 
volar radial lunate ligament could tie the lunate 
bone to the distal volar of the radius, resulting 
in lunate sinking and asymmetric growth of the 
distal epiphysis under pressure [12]. Ghatan 
believed that the volar radiolunate ligament 
aggravated the occurrence of the distal radius 
malformation [13]. Other researchers believed 
that Vickers ligament was a secondary change 
rather than the primary cause of the malforma-
tion, due to the formation of the thickened joint 
capsule formed that occupied the missing part 
of the lunate fossa on the palmar side [14].

Etiology and epidemiology

Madelung’s deformity is a rare disease with an 
unknown incidence. In 1977, Flatt reported 
more than 1400 patients with congenital upper 
limb abnormalities, of whom only 1.7% suffered 
from Madelung’s deformity [15]. Minor malfor-
mations may exist for years before clinical 
symptoms appear. It is more common in 
females, with a male to female ratio of 1:4 [8, 

16, 17]. The clinical symptoms mostly appear 
before the age of 20 [8, 18-20].

The specific etiological factors and patho- 
genesis of Madelung’s deformity is also still 
unknown. Leri-Weill cartilage and bone forma-
tion disorders are characterized by Madelung’s 
deformity and may also be associated with 
proximal radius, tibia, and fibula malforma-
tions. Leri-weill syndrome is an autosomal dom-
inant inheritance disease [21], while idiopathic 
Madelung’s deformity is sporadic. SHOX gene 
was first reported to be associated with idio-
pathic short stature and Turner syndrome in 
1997 [22]. Shortly thereafter, SHOX gene point 
mutations were found in a family with Leri-Weill 
achondroplasia [23, 24]. Hirschfcldova et al. 
believed that exon 6 mutation of GNAS gene 
was also closely associated with this disease 
[25-27]. Shahcherachi et al. [28] found that 
achondroplasia, hereditary multiple exogenous 
warts and Ollier’s disease were also caused by 
genetic changes, and local tumor growth 
destroying local epiphysis or cartilage growth 
plates could also cause malformations. 
Although current studies have demonstrated 
that changes in genes such as SHOX and GNAS 
affect changes of hormone levels in the body, 
resulting in uneven bone growth and deformity 
in the corresponding parts with further bone 
growth and maturation, it has not been con-
firmed which gene loci and what changes cause 
such deformities.

Clinical manifestations

The deformity is not obvious when the patient 
is young, and the clinical symptoms are more 
common in older children. After growth and 
development stopped, the deformity is no lon-
ger aggravated. Clinical manifestations includ-
ed palmar inclination of the wrist, ulnar devia-
tion deformity, limited wrist joint activity with 
loss of dorsiflexion activity, wrist pain, and 
abnormal protrusion of ulnar head, combined 
with distal radioulnar joint subluxation, elbow 
joint dislocation or palmar wrist joint disloca-
tion, and limited forearm rotation function in 
severe cases. Most patients have no clinical 
symptoms in the early stage, and some patients 
experience wrist pain, stiffness, and deformity. 
Leri-Weill achondroplasia should be suspected 
if short stature and bilateral wrist malforma-
tions are present in patients [29].
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Imaging examination

X-ray 

The diagnosis of Madelung’s deformity is main-
ly based on X-ray film. The pathologic changes 
are not obvious in the early stage of this dis-
ease, and it is easy to diagnose in the middle 
and late stage because of definite clinical signs. 
Anteroposteric radiographs showed shorter ra- 
dius, increased oblique angle of distal articular 
surface, loss and narrowing of distal ulnar 
epiphyseal plate of radius, widening gap of the 
distal radioulnar joint, and inverted triangle ar- 
rangement of proximal carpus. Lateral radio-
graphs showed subluxation of the distal radio-
ulnar joint with the dorsal subluxation of the 
ulnar head and radius bending to the palmar 
side (Figure 1A and 1B).

At present, imaging studies tend to establish 
measurement indicators and diagnostic criteria 

acute angle between the longitudinal axis of 
the ulna and the radial lunate fossa on ortho-
graphic radiographs. Palmar carpal displace-
ment, defined on lateral radiographs as the dis-
tance in millimeters between the farthest point 
of the palmar lunate or cephalic bone perpen-
dicular to the longitudinal axis of the ulna. Ulnar 
tilt lunate sinking and palmarcarpal displace-
ment are reliable and repeatable radiographic 
measurements of the severity of Madelung’s 
deformity. McCarroll et al. proposed the criteria 
for early diagnosis: lunate sinking ≥4 mm, 
lunate fossa Angle ≥40°, ulnar tilt ≥33°, pal-
marcarpal displacement ≥20 mm; when any of 
these measurements are greater than or equal 
to the critical value, Madelung’s deformity may 
be diagnosed, and the lunate fossa angle is 
particularly useful for early diagnosis [31, 32]. 
Ghatan verified these measurement para- 
meters with high observer consistency, and 
believed they could be used for early diagnosis 
of Madelung malformation by clinicians [13].

Figure 1. Anteroposteric radiograph in (A) and lateral radiograph in (B) 
showing oblique angle of distal articular surface, subluxation of the distal 
radioulnar joint.

for deformities in the early 
stage of Madelung’s deformity. 
In healthy people, the distal 
articular angle of the ulnar and 
radius is 150° and the carpal 
angle is 131.5°. In the Made- 
lung’s deformity patients, the 
articular surface angle and 
carpal angle of the distal ulnar 
and radius became smaller or 
even acute. Mc-Carroll et al. 
[30] identified four imaging 
parameters for Madelung’s 
deformity, including ulnar tilt, 
lunate sinking, lunate fossa 
angle, and palmarcarpal dis-
placement. Ulnar tilt, defined 
on anteroposterior radiogra- 
phs as an acute angle between 
the longitudinal axis of the 
ulna and the tangents of the 
proximal scaphoid and lunate 
bones. Lunate sinking, defined 
on orthographic radiographs 
as the distance, in millimeters, 
between the nearest point of 
the lunate and the line perpen-
dicular to the longitudinal axis 
of the ulna and passing th- 
rough the articular surface of 
the distal ulna. The lunate 
fossa angle is defined as the 
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Magnetic resonance imaging (MRI)

MRI can clearly show triangular-fibrous carti-
lage complex (TFCC), Vickers ligament and  
hypoulnar joint injury which can be used as  
an effective auxiliary examination (Figure 2). 
Stehling performed MRI examination on pa- 
tients with Madelung’s deformity and confirmed 
the existence of Vickers ligament and abnormal 
thickening of the volar radiolunate ligament 
[33]. There is no objective criterion for the diag-
nostic value of MRI in this disease. Vickers and 
Nielsen advocated the use of MRI, suggesting 
that early identification of the thickened palmar 
radioular lunate (Vickers) ligaments could be 
used for preventive resection [12]. Other stud-
ies confirmed abnormal thickening of the 
Vickers ligament and the palmar deltoid liga-
ment [34, 35]. Farr et al. reported that MRI was 
a good but not completely reliable examination 
method, and Vickers ligaments are present in 
most cases of Madelung’s deformity, but not in 
all cases [36]. The clinical value of MRI in 
patients with Madelung’s deformity has not 
been rigorously evaluated and is not a routine 
examination at present.

Treatment

Non-surgical treatment

The natural history of Madelung’s deformity is 
rarely reported, and patients may remain as- 
ymptomatic into adulthood. As the disease pro-
gresses, instability of the radioulnar joint, radio-
carpal arthritis, and ulnar deformity may even-
tually occur. Treatment for these symptoms 
remains controversial. Nonsurgical treatments 
include non-steroidal anti-inflammatory drugs 
(NSAIDs) and immobilization. Pratyush report-
ed a 19-year-old patient, who experienced  
pain, deformity, and limited movement for 5 
years, received small splint immobilization and 
NSAIDs for analgesia, and had pain and symp-
toms relief after 6 months of follow-up [37]. In a 
long-term follow-up of a group of patients with 
immature bone development, Nielsen found 
that most patients experienced relief from pain 
and other symptoms 10 years later, suggesting 
that surgery should be postponed until bone 
maturity, but the natural history of untreated 
Madelung’s deformity is unknown due to the 
lack of long-term prospective case-control stu- 
dies [18].

For patients with severe deformity and obvious 
symptoms, the wear and tear of extensor ten-
don is a non-operative complication, which is 
mainly caused by repeated friction stimulation 
of extensor finger tendon in dorsal subluxation 
of ulnar head. The extensor tendon of the ulnar 
finger is often involved. Ducloyer reported 6 
cases of spontaneous digitor-extensor tendon 
rupture in patients with Madelung’s deformity, 
suggesting that early surgical treatment might 
avoid the occurrence of this complication [32].

Surgical treatment

Surgery should be considered for patients with 
severe deformities or persistent pain and limit-
ed movement. Limited movement of the wrist is 
usually characterized by wrist ulnar deviation 
and limited dorsiflexion. The extent of rotation 
is still debated, and Roderick reported that 
compared to supination, pronation movement 
is significantly limited in patients with Made- 
lung’s deformity [38].

There is no consensus on the surgical indica-
tion of Madelung’s deformity. Dos Reis report-

Figure 2. MRI showing triangular-fibrous cartilage 
complex (TFCC) injury.
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Figure 3. Vickers ligament was excised in picture (A and B), Distal radius fornix osteotomy and fixcationg in picture 
(B-D).

ed 18 patients with Madelung’s deformity 
received osteotomy for correction, and 14 
patients were mainly treated with wrist defor-
mity [39]. JeanMichel believed that wrist pain 
and limited movement were basic surgical indi-
cations [40]. There are a variety of surgical 
methods, some of which can relieve postopera-
tive pain, improve the range of movement, and 
achieve better clinical results. However, a large 
sample of long-term follow-up results is still 
needed as evidence.

Ligament release: Vickers identified two signifi-
cant pathologic changes in the Madelung’s 
deformity, namely, growth inhibition of the 
epiphyseal plate of the distal radius, resulting 
in volar and ulnar arcuate alteration of the dis-
tal radius, and the presence of Vickers liga-
ments. Vickers ligament may tie the lunate to 
the volar side of the distal radius, exacerbating 
the distal radial deformity. Vickers recommend-
ed that both lesions should be removed through 
a volar transverse incision. Resection was per-
formed at the bridge of the distal radius epiphy-
seal plate to prevent the reconstruction of the 
bridge, and Vickers ligament was also excised 
[12] (Figure 3A, 3B).

The effect of early prophylactic Vickers liga-
mentectomy in children with mild skeletal im- 
maturity is unclear. Ghatan suggested com-
bined ulna shortening or distal ulna epiphyseal 

block and Vickers ligamentectomy for mild 
Madelung’s deformity [13]. Ulnar shortening 
may relieve the symptoms of ulnar dorsal sub-
luxation. Vickers ligament release ease the 
pain and improved lunate sinking [41].

Distal radius fornix osteotomy combined with 
ligament release: Vicker’s ligamentectomy sig-
nificantly relieved wrist pain and improved wrist 
range of motion, but did not alter the remaining 
wrist deformity. For severe Madelung’s defor-
mity, distal radius osteotomy combined with 
ligamentectomy was performed (Figure 3B-D). 
A retrospective analysis of patients with severe 
Madelung’s deformity was conducted, and dis-
tal radius osteotomy combined with ligament 
release resulted in the relief of malformation 
and wrist range of motion and pain [42].

Ulnar and radius osteotomy combined with dis-
tal radioulnar arthroplasty: Radioulnar arthro-
plasty was performed to correct the distal radi-
us deformity and to fix the unstable and painful 
radioulnar joint. Closed or open wedge osteo- 
tomy may be performed. It was reported that 
the combination of ulnar shortening osteotomy 
and distal radius osteotomy was used to treat 
severe Madelung’s deformity of adolescent 
patients, and postoperative follow-up showed 
that the malformation was eliminated, pain was 
alleviated and joint functions were improved 
[43] (Figure 4A, 4B). Schroven et al. [44] sug-
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ulnar head subluxation. Sauve-
Kapandji (SK) surgery com-
bined with distal radioulnar ar- 
throdesis and the creation of a 
prosthetic radioulnar joint was 
used to save radioulnar insta-
bility or arthritis and improve 
partial wrist joint function [45] 
(Figure 5).

Radial osteotomy: Radial oste-
otomy alone can also be used 
to correct the malformation 
characterized by the volar and 
ulnar angulation of the distal 
radius. A previous study report-
ed that after radial osteotomy, 
all malformations were cor-
rected, distal ulnar joint was 
stable, the mobility of wrist 
joint improved, and no adverse 
complications happened dur-
ing postoperative follow-up 
[46]. Michae et al. [47] report-

Figure 4. Ulnar shortening osteotomy and distal radius osteotomy in antero-
posteric view (A) and lateral view (B).

Figure 5. Sauve-Kapandji (SK) surgery.

gested that radioulnar osteoplasty with ulnar 
head preservation could stabilize the radioul-
nar joint, preserve the structure of the radiocar-
pal joint, and avoid progressive aggravation of 

ed 11 patients, of whom 8 underwent a simple 
radial open wedge osteotomy to correct the 
inherent deformity of the radius and improve 
the radioulnar joint chimerism.

Ulnar osteotomy: Pain in patients with Made- 
lung’s deformity is mainly caused by dorsal pro-
trusion of the ulnar head and ulnar carpal jo- 
int abnormalities. Researchers suggest distal 
ulnar resection for adult patients with epiphy-
seal growth and development stopping and 
ulnar inclination of distal radius >45°. Bruno 
reported symptomatic patients with Madelung’s 
deformity treated by simple ulnar shortening, in 
which there were only mild bone malformation 
and ulnar joint symptoms caused by dorsal 
ulnar subluxation, and the patients’ bones were 
mature at the time of treatment [38].

The main indications for Madelung’s deformity 
are wrist pain and limited movement. For grow-
ing children without symptoms, regular check-
ups are required. Patients with unstable osteo-
arthritis of the radioulnar joint and malformed 
carpal ulnar joint require surgical intervention 
once their deformity worsens progressively. For 
patients with unclosed epiphyseal plates, liga-
mentolysis combined with osteotomy might be 
used. If the ulnar length is normal, a radial oste-
otomy combined with ulnar epiphyseal fixation 
is performed. If the ulna is too long, ulnar short-
ening should be performed.
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Problems and prospects

Plain radiographs are used to diagnose Ma- 
delung’s deformity. As the disease develops 
into the middle and late stages, characteristic 
changes occur. Three-dimensional (3D) CT can 
visually display the spatial position relationship 
between radius and ulna, as well as the three-
dimensional changes of wrist deformity, which 
is helpful to design the osteotomy plane and 
angle before surgery. However, most patients 
first see a doctor in adolescence when it is dif-
ficult to use CT for diagnosis due to high doses 
of radiation. MRI can show abnormalities of lig-
aments and epiphysis, which is easy for early 
diagnosis, but there is no clear evaluation index 
at present. In the future, EOS imaging could aid 
diagnosis by providing more detailed images of 
malformations while effectively reducing radia-
tion exposure.

There is no unified surgical method for 
Madelung’s deformity. Both radial and ulnar 
ostetomy and ligament ectomy can improve the 
clinical symptoms, but with intraoperative vas-
cular and nerve damage, and postoperative 
infection risk. Therefore, it is imperative to seek 
minimally invasive and precise treatment, and 
3D printed models and computer navigation 
technology used to guide personalized surgery 
might shorten the operation time, reduce blood 
loss and improve the success rate of surgery. 
Future research should focus on etiology, objec-
tive assessment, and development of treat-
ment guidelines.
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