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Abstract Madelung deformity (MD) comprises an increased volar and ulnar tilt of the joint facet
of the distal radius, secondary to an idiopathic physeal dysplasia. Such change causes
radial shortening and consequent distal ulnar prominence, along with wrist pain and
loss of motion. Surgery becomes an option in patients with severe deformity that do
not respond to conservative treatment.
The classic surgical techniques are problematic for adults, as they are specific for
children and adolescents, whose radial physis is still open. Very few papers discuss the
treatment of adult patients; furthermore, most are focused on the distal radioulnar
joint, and thus do not approach the origin of the pathology.
When analyzing computed tomography scans with tridimensional reconstruction, a
feature of MD, growth arrest of the volar and ulnar portions of the distal radius, is
noted, causing the typical distal radius deformity that leads to lack of coverage of the
lunate bone. That leads to palmar subluxation of the lunate bone and consequent
radiocarpal instability.
We herein describe the possibilities of treatment in different stages of evolution,
summarizing the authors’ view on MD.
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History

Madelung deformity (MD) consists of a complex of wrist
deformities originating from the asymmetrical physeal in-
volvement of the distal radius that affects both the volar and
ulnar regions, an area corresponding to the lunate fossa. It is
an autosomal dominant disorder with incomplete pene-
trance in 40% of the cases, and has also been referred to as
dyschondroplasia, osteochondrodystrophy, or hemiatrophy
of the distal physis.1–5

Otto Madelung (►Fig. 1A) was a German surgeon who
detailed the deformity and its treatment in 1878. Nonethe-
less other authors, including those cited by Madelung, had
described the pathology earlier, such asDupuytren (1834),
Smith (1847), Adams (1854), Malgaigne (1855), and Jean
(1875).2–6

The term Madelung deformity differs from Madelung
disease, which is employed to denote another disease that
was described by the same surgeon: benign lipomatosis of
the cervical region (►Figs. 1B and 1C).2

Today,we already knowmanyaspects ofMD; nonetheless,
its cause remains unknown. The deformity occurs due to a
failure in growth and development of the ulnar and volar
regions of the distal portion of the radius. It is classically
attributed to an early physeal closure, and the disease is also
called dyschondrosteosis1,2,5,7–9.

In 1992, Vickers and Nielsen10 published a series of cases
of 17 patients with MD, and described an anatomical change
in the volar radiocarpal ligaments directed to the lunate
bone. They described those changes as a thick tether, and the
increased tension upon those ligaments over the physis of
that area of the radius would be the cause of its growth
arrest. Unlike the normal ligament, this originates from the
metaphysis, crosses the physis and, according to the most
accepted theory, inflicts physeal compression during growth.
This structure would be later known as Vickers ligament1,4.

Carter and Ezaki13 confirmed its existence in 91% of cases
operated for MD. This anomalous ligament is a matter of
discussion, and may be considered the cause of the changes
in both the lunate bone and carpus, or it may represent
compensatory hypertrophy of the radiocarpal capsule and
radiolunate ligament shortening secondary to bone defor-
mity.11,12 The tendency of the lunate bone toward proximal
and volar migration due to the dysplastic aspect of the radial
fossa would then culminate in its hypertrophy. Prior to the
description by Vickers and Nielsen,10 Linscheid had already
described anatomical changes in the volar radiocarpal liga-
ments and the pronator quadratus muscle in patients with
MD.

The radius becomes shortened and distally deviated to-
wards volar and ulnar directions due to the growth deficit in
the anteromedial portion of the distal physis. Those anatom-
ical changes cause the distal ulna to become prominent, as
there is no growth arrest in this bone.With volar subluxation
of the carpus, these features give rise to a bayonet-shaped
deformity (►Fig. 2).1,4,5

It is important to highlight that some deformities may
simulateMD (known as pseudo-Madelung), such as multiple
osteochondromatosis; “gymnast’s fist”; posttraumatic phys-
eal injuries; rickets; and inflammatory or infectious arthritis,
which are usually unilateral lesions.1,13

A deformity called reverse MD has also been described in
the literature, in which the growth disturbance at the ulnar
portionof thedistal radial epiphysis is locateddorsally, instead
of volarly, leading to the anterior tilt of the ulna and dorsal
deviation of the hand due to a reverse radial arch.14

Epidemiology

Corresponding to only 1.7% of congenital hand and upper
limb deformities, MD is rare. There is a female-to-male ratio
of 4:1, and bilaterality in � 74% of the cases.1,4,5,13

Resumen La deformidad de Madelung (DM) comprende un aumento de la inclinación volar y
cubital de la faceta articular del radio distal, secundaria a una displasia fisaria idiopática.
Tal cambio causa un acortamiento radial y la consecuente prominencia cubital distal,
junto con dolor en la muñeca y pérdida de movimiento. La cirugía se convierte en una
opción en pacientes con deformidad severa que no responden al tratamiento
conservador.
Las técnicas quirúrgicas clásicas son problemáticas para los adultos, pues son específ-
icas para niños y adolescentes, cuya fisis radial aún está abierta. Muy pocos artículos
discuten el tratamiento de pacientes adultos; además, la mayoría se centra en la
articulación radiocubital distal y, por tanto, no se acercan al origen de la patología.
Al analizar la tomografía computarizada con reconstrucción tridimensional, se observa
una característica de la DM, la detención del crecimiento de las porciones volar y cubital
del radio distal, lo que provoca la deformidad típica del radio distal que conduce a la
falta de cobertura del hueso semilunar. Eso conduce a una subluxación palmar del
hueso semilunar y la consiguiente inestabilidad radiocarpiana.
Decribimos en este artículo las posibilidades de tratamiento en distintas etapas de
evolución, y resumimos las opiniones de los autores sobre la DM.

Palabras clave

► deformidad de
Madelung

► displasia longitudinal
► subluxación de muñeca
► malformaciones

congénitas de la mano
► perspectiva histórica
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Most cases occur in isolation, and patterns of genetic
inheritance have already been associated with this form of
presentation. There is also a strong association of this
pathology with Leri-Weil dyschondrosteosis, a skeletal dys-
plasia associated to haploinsufficiency of the SHOX gene. This
gene is located at the pseudoautosomal region of the X and Y
chromosomes, representing a transmission pattern that
differs from that of the sex-linked genetic pathologies (pseu-
doautosomal pattern). Thus, the chance that children from
carriers of SHOX haploinsufficiency disorders will inherit the
genetic defect is of 50%. There is also an association to other
diseases that change the structure of the SHOX gene, which
evolves with the development of MD, such as Turner syn-
drome. Furthermore, there are some patterns of genetic
defects that independently originate the pathology, such as
the GNAS mutation. The field of genetics is increasingly
advanced on the understanding of the causation.2,7,13,15

Diagnosis

Clinical Aspects
It is known that MD develops years before causing any
clinically-relevant tilts or symptoms. Thehypoplastic growth

of the distal portion of the radius (volar and ulnar regions)
ends upwith amultitude of structural changes, most notably
increased palmar and ulnar tilt of the distal radius; anterior
curvature of the radial diaphysis; flattening or the absence of
the ulnar physis of the distal radius; dorsal prominence of
the ulnar head; increased distal ulnar tilt; and proximal
migration of the lunate bone, leading to an inverted pyra-
mid-shaped or inverted triangle carpal appearance on the
X-rays. Subtle changes may be detected during childhood if
there is a high level of suspicion. However, the signs of the
disease become apparent in early adolescence, during the
phase of rapid bone growth. The symptoms include pain and
cosmetic complaints in addition to varied levels of loss of
range of motion (ROM) of the wrist, especially on supination
and extension.2,4,7,10

Clinically, the patient presents with complaints related to
a long (relative length) and dorsally-subluxated ulna due to
radial shortening. The handmay assume amore anterior and
ulnar position in relation to the wrist due to carpal migra-
tion; however, thefirst manifestations noticed by the patient
are generally related to the ulna. There may also be com-
plaints that the affected limb is shorter when the deformity
is unilateral. Skeletal changes have also been reported in

Fig. 1 German surgeon Otto W. Madelung (1846–1926) (A), author of the description of MD, which is an increased volar and ulnar tilt of the
joint facet of the distal radius, secondary to an idiopathic physeal dysplasia (B). He is also, the author of the description of Madelung disease,
which is the benign lipomatosis of the cervical region (C). (Modified from J Hand Surg Am, 2006;31:177–1822).
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patients with MD, such as cubitus valgus, tibial bowing,
absence of the humeral head, shortened arms and legs,
and brachydactyly. Many of them occur in patients with
dyschondrosteosis.1,11

Radiography
The main imaging modality for MD is radiography. Poster-
oanterior and lateral images provide the information onmost
of the structural changes in the wrist.1,16,17 The carpus
appears as an inverted pyramid or triangle, with the apex
toward the lunate bone; there is an increase in the relative
length of the ulna; and ulnar dorsal subluxation with distal
radioulnar joint (DRUJ) opening may also be observed, along
with widening and distortion of the normal anatomy of the
ulnar head. Increased ulnar and palmar tilts of the radius are
identified, and the fossa from the medial metaphysis of
the radius becomes flame-shaped at the insertion site of
the Vickers ligament. The carpus remains subluxated volarly
and ulnarly, and, due to flattening of the ulnar physis of the
distal radius, bowing of the anterior diaphysis of the radius
ensues.16–20

The surface of the radial joint shows an average ulnar
deviation of 60° on the anteroposterior view (normal values:
� 23°), and a volar tilt of 35° on the lateral view (normal
value: 11°). The angle between the radius and the third
metacarpal bone, usually of 5°, is greater than 15° inMD.16–21

The aforementioned changes, when identified in isola-
tion, do not warrant the diagnosis and, therefore, McCarroll

et al.16 have established radiographic patterns that, when
added together, provide a high positive predictive value for
the diagnosis of MD (►Fig. 3).

Radiographs on Anteroposterior View

- Ulnar tilt: the complement of acute angle A (90-A),
which is formed by a line corresponding to the
ulnar longitudinal axis and another line tangential
to the proximal surface of the scaphoid and lunate
bones; MD is characterized whenever the angle
exceeds 33°.

- Sinking of the lunate bone: distance in millimeters from
a line perpendicular to the longitudinal axis of the ulna,
at the join line, and themost proximal point of the lunate
bone. It is positive if the ulna goes beyond that point, and
MD is characterized if it exceeds 4mm.

- Angle of the fossa of the lunate bone: the complement of
acute angle C (90-C), which is formed by the longitudinal
axis of the ulna and a tangential line toward the fossa of
the lunate bone; MD is characterized if the angle is
greater than 40°.

Radiographs on Lateral View

- Volar carpal displacement: distance in millimeters be-
tween the longitudinal axis of the ulna and the most
palmar point at the surface of the lunate or capitate
bones; MD is characterized if it exceeds 20mm.

Fig. 2 Due to the asymmetric growth of the distal physis of the
radius, MD features an association of anatomical variations. The
radius becomes shortened and its distal aspect tilts volarly and
ulnarly. Those anatomical changes cause the distal ulna to become
prominent as there is no growth arrest in this region. With volar
subluxation of the carpus, these features give rise to a bayonet-shaped
deformity (A,B).

Fig. 3 Radiographic patterns that McCarroll et al.16 have determined
for the diagnosis of MD. Anteroposterior radiograph: ulnar tilt (A);
lunate sinking (B); and angle of the lunate fossa (C). Lateral
radiograph: volar carpal displacement (D).
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Magnetic Resonance Imaging
Magnetic Resonance Imaging (MRI) is not necessary for the
diagnosis, but it may contribute for a better tridimensional
understanding of the deformity, and it also shows the
presence of theVickers ligament, and enables the assessment
of secondary changes in the triangular fibrocartilage com-
plex, and the determination of the extent of physeal com-
promise.1,3,21 Some authors advocate that MRI in children
with a family history of the disease may show early evidence
of thickening of the volar radiocarpal ligament and provide
an earlier treatment with resection, thus avoiding disease
progression. In their classic article, Vickers and Nielsen10

advocated the use of MRI for the early diagnosis to identify
the presence of the anomalous ligament, but such indication
is not a consensus22–24 (►Fig. 4A, 4B, 4C).

Another possible indication for MRI in cases of MD would
be to assess the growth potential of the physis of the distal
radius, as well as to plan a possible release, or for the
diagnosis of secondary degenerative processes in case of
salvage surgical procedures.25–27

Computed Tomography
Computed tomography (CT) is also useful for the surgical
planning, especially in cases of distal radius osteotomies and
DRUJ adjustments.28,29

Treatment

Non-surgical Treatment
Little is known about the natural history of MD. Some
patients remain knowingly either asymptomatic or with
few complaints even into adulthood. Nonetheless, some

patients present progressive symptoms due to the degener-
ative process of the DRUJ, with or without instability, radio-
carpal arthrosis, and ulnocarpal impingement. At present,
with the current data, it is almost impossible to predict
which patients will be symptomatic.1,3,21

Asymptomatic patients with no severe deformities or
significant chondral compromise, and without cosmetic
complaints, are to be followed up every six months until
adulthood21 (►Fig. 5).

For patients with few synmptoms and mild deformity,
non-surgical treatment is the consensus. For these cases,
symptom relief is achieved with referentiation to a hand
therapist, use of orthoses, systemic and local anti-inflam-
matory drugs, and application of ice packs1 (►Fig. 6).

Fig. 4 Detail of the Vickers ligament, which is an anatomical change in the volar radiocarpal ligaments toward the lunate. It consists of a thick
cord that theoretically increases the tension on the physis of the distal radius (A). Langenskiöld procedure for young patients with high growth
potential, consisting of release of the physeal bar (epiphysiolysis) and fat interposition within the void created (B). Dome-shaped metaphyseal
distal radius osteotomy associated with resection of the Vickers ligament, indicated for adolescent patients with deformity and no degenerative
changes (C).

Fig. 5 Female patient, 10 years old, with bilateral MD, more
pronounced on the left (A,B). The patient had few symptoms; the
main finding was loss of supination. Radiography reveals the main
features of the disease (C).
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In adult patients with MD, spontaneous rupture of the
extensor tendons of the digits due to attrition with DRUJ
irregularities has also been described, a mechanism similar
to that of rheumatoid arthritis.30

As a general rule, invasive treatment (surgery) should be
considered in patients who present such a deformity that is
intense enough to bring about symptoms before physeal
closure, and in cases of severe deformity causing functional
disability and pain.1,5,21

Surgical Treatment
Symptomatic patients or those with cosmetic complaints,
with advancing disease and significant progression close
to skeletal maturity, often require surgical treatment.
Surgery aims to achieve pain relief and functional recov-
ery, with cosmetic issues considered a secondary
concern.1,5,21

Treatment should consider the degree of skeletal maturi-
ty; the severity of the angular deformities and the lunate
fossa; symptom intensity; the degree of chondral compro-
mise; DRUJ instability; the presence of radiocarpal osteoar-
thritis; and the presence of ulnocarpal impingement
syndrome (►Table 1).13,21

The surgical treatment is divided into groups of
procedures according to skeletal maturity, the severity
of the deformity, and the presence of degenerative
changes.

Immature Skeleton with High Growth Potential

Physiolysis with Resection of the Vickers Ligament (Surgical
Technique)
Vickers’ ligament, due to its different from normal metaphy-
seal insertion of radiocarpal ligaments that have their

Fig. 6 Female patient, 35 years old, with bilateral MDy, and more than 20 years of clinical follow-up (A,B). The radiographs show MD (C,D).
Clinically, the patient shows good range of motion, with slight loss of wrist extension and flexion. Forearm pronation and supination are retained
(C).

Table 1 Treatment of Madelung Deformity Based on Disease
Staging. The authors’ preferred procedures for each stage are
shown in bold.

Evolutive stage Procedures

Immature skeleton
with high growth
potential

Resection of the Vickers ligament
Physiolysis
Physiolysisþ resection of the
Vickers’ ligament

Immature skeleton
and low growth
potential

Dome osteotomy of the
radiusþphysiolysis

Mature skeleton
without
degenerative
changes

Ulnar shortening osteotomy
Radius volar opening osteotomy
Radius dorsal closure
osteotomyþ ulnar shortening

Patients with
degenerative
changes

Darrach procedure
Sauvé-Kapandji procedure
DRUJ arthroplasty
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proximal attachment at the epiphysis, creates physis com-
pression of ulnar and volar radius during growth. Authors in
the literature10,13 rely on that theory to explain the early
physeal closure of distal radius at that region. This ligament
would also be responsible for generating the iverted pyramid
shape of the carpus by anchoring the lunate at a lower
position.10,13

The proper procedure at this stage of evolution was
described by and has been historically named after Langen-
skiöld; nonetheless, Vickers was responsible for its popular-
ity in the treatment of MD4,5,10 (►Fig. 4B). The procedure
consists of release (closure) of the physeal bar at the volar
and ulnar regions of the distal radius, associated to anoma-
lous ligament resection. Some authors in the literature5

initially employed a transverse volar approach to the wrist.
Later, other authors21 favored the longitudinal approach. The
radiolunate ligament is elevated from the radius and
resected. Next, an osseous portion, 5mm from the DRUJ,
connecting the metaphysis to the epiphysis and passing
through the physis, is osteotomized and resected. For greater
precision, perforations with a Kirschner wire may be per-
formed to demarcate a dotted line that indicates the bone to
be resected. The interposition of fat is still performed in the
bone defect to prevent the formation of a new physeal bone
bar.5,10,21,31

Despite promising reports13 of isolated resection of the
Vickers ligament in mild deformities and early stages, there
is still no consistent evidence that such isolated procedure is
an effective treatment.13

Epiphysiodesis of Distal Ulnar Physis
It is more of a historical procedure, and not commonly used
nowadays.

Immature Skeleton with Low Growth Potential

Radius Dome Osteotomy Associated to Physiolysis (Surgical
Technique)
Procedures that address only the progression of deformity in
patients with advanced degree of skeletal maturity are
deemed insufficient. In this case, corrective surgeries should
be performed.11–13,21

In 2006, Harley et al.11 published good results with the
Henry volar approach. Using curved osteotomes, a dome
osteotomy is performed in themetaphysis of the distal radius
along with the release of the thickened radiocarpal liga-
ments. After the osteotomy, the distal fragment is aligned
through a maneuver that demands traction, radial deviation,
pronation, and dorsal translocation. The original technique
employs 2.4-mm Steinmann pins for osteotomy fixation,
which are retained for 6 weeks11 (►Fig. 4C).

Mature Skeleton Without Degenerative Changes

Isolated Osteotomy of the Radius (Surgical Technique)
Isolated Osteotomy recommended to correct primary defor-
mity of the radius. Different forms of radial osteotomies are
used, including closing and opening wedges for intra-

operative correction, or progressive correction by means of
the Ilizarov technique.12,29,32–36

Currently, the trend is to prioritize radial opening proce-
dures and thus promote an improvement in ulnar variance,
as it enables an increase in radial length, in addition to the
correction of the primary defect.12,34,36,37 To avoid over-
lengthening of the radius in one single procedure, some
authors advocate the association of this technique to ulnar
shortening osteotomy.38,39

Isolated Ulnar Osteotomy
Becausemost complaints and symptoms are related to dorsal
ulnar prominence and ulnocarpal impingement, ulnar short-
ening procedures can offer considerable clinical improve-
ment. Minimally-invasive-osteotomy devices can now be
used, producing an equally-effective and more biological
procedure.40,41

Patients with Degenerative Changes

DRUJ Arthroplasty (Surgical Technique)
Patients with advanced MD whose treatment in earlier
stages has been insufficient or delayed may develop severe
symptoms from DRUJ instability, severe limitation to prono-
supination, and relevant prominence of the distal ulna. The
Darrach and Sauvé-Kapandji procedures have been classical-
ly described (►Fig. 7). An alternative to those procedures is
DRUJ total arthroplasty with a semi-constrained prosthesis,
as described by Coffey et al.42 This procedure involves the use
of a metallic component fixed to the radius, covering the
sigmoid fossa, with an ulnar intramedullary stem comprised
of a final spheroid structure of ultra-high molecular weight
polyethylene replacing the distal ulna. It is of note that
patients with serious anatomical changes concomitant to
DRUJ compromise may require previous corrective proce-
dures (radial or ulnar osteotomy).42

Concepts by Authors in the Literature

As described by Harness et al.43 in 2004, the volar and ulnar
portions of the distal radius are the cornerstone for carpal
stabilization. In distal radius fractures, the compromise of
that site creates severe instability and lunate volar displace-
ment, with ensuing carpal volar subluxation. In MD, the
carpus behaves in the sameway; however, the literature does
not emphasize that the hypoplastic volar and ulnar portions
of the radius cause the carpus, and mainly the lunate, to
displace volarly.

The anatomical change in the volar radiocarpal ligaments
(VRCLs), described by Vickers and Nielsen10 as a thick cord
directed towards the lunatebone, is suggested as the possible
cause of physeal injury at that area of the radius. Nonethe-
less, to date, it cannot be statedwith certainty if the anatom-
ical changes in the VRCLs and the pronator quadratus muscle
would be the cause or a consequence of MD.5,13,21

Weconsider that, since the Vickers ligament is not present
in every patient with MWD, and because the patients in the
series reported by Vickers and Nielsen10 had amean age>12
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years – that is, patients in advanced stages of the disease –,
VRCL thickening would be an adaptive hypertrophy in an
attempt to contain the volar subluxation of the carpus,
particularly the lunate. Therefore, resection of the Vickers
ligament as an isolated treatment in childhood may not only
not help, but might even worsen carpal instability.

Most treatmentsproposed forMDaddress the changes in the
ulnar side of the wrist.40–42,44 Those techniques do not aim at
correcting the radial deformity of the volar aspect of the lunate
fossa, the site of origin of the disease. There is no description of
intra-articular correction of radiocarpal changes, as there is for
other changes in the surface of the distal radius joint.45,46 The
disadvantage of any extra-articular osteotomy of the radius is
the fact that improving the joint surface tilt may lead to a
“funnel-shaped” carpus in radial deviation, as its triangular
shape will not change, and may result in limitation to ulnar
deviation and long-term degenerative changes.

Several authors47,48 have described good results with the
use of volar osteotomy of the distal radius for different
changes. In an analogy to hip dysplasia, in which there is a
lackof acetabular coverage for the femoral head, we suggest a
new treatment method for MD in skeletally-mature patients
without degenerative changes. We advocate for a distal
radius osteotomy through a volar approach so that joint
realignment is achieved to improve the contact area of the
lunate bone. The rotation and lengthening of the distal
epiphysis of the radius create support and coverage for the
lunatebone, improving the alignment of both the radiocarpal
joint and the DRUJ.

The initial idea of a simple, obvious procedure with
intra-articular osteotomy and bone grafting seems too
aggressive to an already diseased carpus, and will certain-
ly lead to joint stiffness and an increase in pain.45,46

Therefore, we decided to use the dysplastic distal radius

Fig. 7 Female MD patient, 37 years old, complaining of pain (score of 7/10 on the Visual Analog Scale [VAS]), and restriction in pronosupination
(total: 50°) (A). The radiographs showed advanced degenerative changes in the DRUJ (B). Sauvé-Kapandji resection arthroplasty was indicated
and performed. At 12 months of evolution, the patient presented well-aligned healing at the DRUJ arthrodesis, and considerable pain
improvement (VAS score of 2/10), along with good recovery of flexion-extension, pronosupination, and wrist radial and ulnar tilts (B-E).
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Fig. 8 A 24-year-old female patient with the diagnosis of MD complaining of pain and deformity in the left wrist (A,B). The X-rays showed the
typical features of the disease, including distal radius shortening and volar angulation, along with lunate volar subluxation, but no degenerative
signs (C,D). Tomographic study with three-dimensional reconstruction images detailing wrist deformity. The anteroposterior view of the joint
shows distal radius shortening and increased ulnar angulation (D). The lateral view shows lunate volar subluxation caused by the absence of the
volar and ulnar extremities of the distal radius (E).
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itself for joint reconstruction. An adequate coverage and
support to the lunate bone is achieved through an extra-
articular osteotomy and with the rotation of the epiphysis
of the radius (►Figs. 8 and 9). This is the “shelf” procedure
for MD, in an analogy to the well-established technique
used for congenital hip dysplasia. The osteotomy is fixated
with a locking plate applied to the volar aspect of distal
radius.

Hypertrophic and thickened VRCLs can be observed,
and, in this technique, they are neither resected nor
lengthened. The origin of radiocarpal ligaments at the
ulnar portion of the distal radius will likely be the most
distal limit of the osteotomy. The distal epiphysis of the
radius is repositioned to enable the provision of support
and coverage for the lunate bone. The maneuver is per-
formed with a laminar spreader positioned at the extreme
volar and ulnar portions of the osteotomy. The tool helps
in lengthening and rotation of the distal epiphysis of the
radius, which will be greater at this side of the radius39

(►Figs. 10 and 11).
In patients in need of little lengthening, radial osteotomy

may be performed in isolation. However, when radial short-
ening is severe (greater than 2 cm),we advise to proceedwith
an ulnar shortening osteotomy (described by Milch), which
facilitates the reduction of the distal radioulnar joint and
reduces the amount of necessary bone grafting to fill the void
created in the radius (►Figs. 12 and 13).

In patients with degenerative radiocarpal and DRUJ
changes, Kaempf de Oliveira et al.27 have described an
intra-articular technique for distal radius reconstruction. It
employs the lunate bone to reconstruct the distal radius,

Fig. 9 Schematics of the volar shelf technique of osteotomy for lunate coverage. A volar wrist incision through the flexor carpi radialis is placed
with elevation of the pronator quadratus muscle in an L-shaped fashion to reach the volar bone aspect of the distal radius (A). After the
osteotomy, the distal epiphysis of the radius is repositioned to increase the coverage area of the lunate and the support (shelf). A laminar
spreader is positioned at the most volar and ulnar portions of the radius, to lengthen and rotate the radial distal epiphysis (B). A fixed-angle volar
plate is placed for osteotomy fixation after carpal alignment correction (C).

Fig. 10 Intraoperative view of the patient in►Figure 7. Flexor Carpi
Radialis (FCR) type extended volar approach (A). Elevation of the
pronator quadratus muscle (B).Kirschner wires are used as guides for
the osteotomy that is placed 1.5 cm proximally to the joint and parallel
to the articular surface (C,D).
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Fig. 11 After the osteotomy, the distal epiphysis of the radius is repositioned to increase the contact area and coverage (shelf) of the lunate. A
laminar spreader is positioned at the most volar and ulnar portions of the radius to lengthen and rotate its distal epiphysis (A,B). A fixed-angle
volar plate is used for osteotomy fixation (C).

Fig. 12 Clinical aspect of the patient at five years postoperatively. Wrist alignment has improved, and the distal ulnar protrusion is no longer
visible (A,B). Final range of motion of 85° of flexion (C); 80° of extension (D); 90° of supination (E); and 90° of pronation (F).
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associated with proximal carpectomy and the Sauvé-
Kapandji procedure. The technique is performed through a
dorsal longitudinal incision, followed by a dorsally-based, V-
shaped radiocarpal capsulotomy. The Sauvé-Kapandji proce-
dure is performed through the same dorsal incision; lunate
positioning and fixation are performed at the void created in
the distal radius. The resected portion of the ulnar neck is
employed as a bone graft for the radius. Definitive fixation of
the ulnar distal portion and lunate grafting are performed
with a 4.5-mm cannulated screw with a washer, associated
to a Kirschner wire to avoid fragment rotation (►Figs. 14

and 15).
The procedure promotes an improvement in pain, grip

strength, and pronosupination, with no considerable change
in the radiocarpal ROM. As observed in patients submitted to
proximal carpectomy, our technique does not offer complete
recovery of wrist motion; however, it does not cause either a
significant impairment of function or the need for a revision
surgery27 (►Figs. 16 and 17).

Another possible treatment option for adult or elderly
patients with MD associated to degenerative changes is
selective carpal denervation, which provides a
reduction of pain while preserving the motion of the
wrist joint.49

The association of MD with distal radius fracture is
exceedingly rare. There are only two articles50,51 in the
literature about that association. The first one50 describes
an extra-articular fracture treated conservatively; and

Fig. 13 Five years after the shelf osteotomy, the X-rays show
complete bone healing and remodeling at the site of the procedure.
There are no RCJ or DRUJ degenerative changes. Wrist alignment has
been corrected with improved lunate volar subluxation (A,B).
Tomographic slices showing plate positioning and its relation to the
DRUJ (C,D).

Fig. 14 40-year-old female secretary with bilateral MD, with
complaints of bilateral pain and deformity in both wrists for more than
25 years (A,B). Anteroposterior (C) and lateral (D) radiographs
revealing severe degeneration of the distal radioulnar joint and
between the radius and lunate fossa (black arrows). Computed
tomography (E F) ascertains the severe degeneration (black arrows),
showing the preservation of joint line between the distal lunate and
proximal capitate bones (white arrows).

Fig. 15 Illustrative figure made from the anteroposterior radiograph
of the wrist. Scaphoid in green; lunate in blue; triquetrum in pink;
and second carpal row in yellow (A). Preoperative planning with
proximal row carpectomy; Sauvé-Kapandji procedure at the DRUJ; and
reconstruction of the dysplasia of the volar portion of the lunate fossa
along with the lunate bone. The lunate graft in the radius is in blue (B).
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the second one51 reports the onset of MD after a distal radius
fracture. We have operated our first patient with an intra-
articular fracture of the distal radius with MD using a locked
volar plate, and we have obtained an excellent functional
outcome (►Fig. 18).

Conclusion

In recent years, diagnostic radiologic criteria have greatly
evolved in a more standardized and clearer fashion. There is
still no rule of thumb to define the ideal treatment for
patients with MD. The results with the early treatment by
physiolysis seem promising. However, it is still difficult to
advocate surgical treatment for patients withmild deformity
and few symptoms, as there is no way to know which ones
will be symptomatic in the future. With time, we will
probably not treat patients with MD, but rather patients at
risk of developing the disease.

The advancement in imagingmodalities (CT andMRI) and
the improvement in fixationmaterials have greatly helped to
improve the results of corrective osteotomies in patients
bearing the deformity. The clearer and more precise visuali-
zation of the deformity, including tridimensional reconstruc-
tions, enables a better planning and execution of the
procedure.

In the present article, we provide an overview of MD
history, aswell as the classical treatment andmanagement of
this pathology. It is important to stress that we are evolving,
but there is still much to discover regarding MD.
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Fig. 16 Intraoperative view. Good quality of the proximal capitate portion of the joint (�) and distal radius lunate fossa (Ω), employing the lunate
bone as a graft for the reconstruction of the distal radius lunate fossa (#) (A). Good congruity between the radius (Ω), lunate graft (#), and
capitate proximal pole (�) (B).

Fig. 17 Early postoperative anteroposterior (A) and lateral (B) radiographs.
Good radiocarpal alignment is observed, along with correction of the
deformity. Radiographs after ten years of evolution (C,D). Healing of the
DRUJ and lunate graft arthrodesis. The joint space between the lunate fossa
and the capitate has also been preserved, albeit with a moderate
degenerative process. Clinical appearance at ten years of evolution. Patient
has reasonable range of motion, with neither pain nor deformity (E,F).
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