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Abstract Objective The present study aimed to evaluate esthetic and functional outcomes
from the surgical treatment of Madelung deformity in children.
Method This is a retrospective study of pediatric patients with Madelung deformity
who were surgically treated with dome osteotomy of the distal radius and Vickers
ligament section from 2015 to 2018. Patients with a minimum postoperative follow-up
period of 12 months were included. Demographic data, surgical technique, clinical and
radiographic outcomes were analyzed. Pre and postoperative radiographic evaluation
consisted of ulnar tilt, lunate subsidence lunate fossa angle, and palmar carpal
displacement measurements. The postoperative clinical evaluation consisted of ranges
of motion of the wrist, visual analog scale (VAS) and Disabilities of the Arm, Shoulder
and Hand (DASH) score.
Results Four patients were included, two with idiopathic Madelung deformity and

Keywords two with bone dysplasia. All patients were females and presented bilateral disease. Six
= bone diseases, wrists were operated on. The median age at surgery was 15.5 years old, and the median

developmental postoperative follow-up time was of 37.5 months. The postoperative radiographic
= osteotomy analysis revealed an average correction of 8.8 +7.5° for ulnar tilt, 3.0 3.9 mm for
= radius (anatomy) lunate subsidence 8.2 4+ 6.6° for lunate fossa angle, and 4.7 + 2.6 mm for palmar carpal
= ulna displacement. Average postoperative ranges of motion of the wrist joint were
= child 75.8 £3.4° for flexion, 62.5+14.1° for extension, 25.7 £2.9° for radial deviation,
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Introduction

40.0 +2.9° for ulnar deviation, 88.3 & 2.4° for pronation, and 82.5 +2.5° for supina-
tion. The median VAS was 1 for residual pain, 0 for functional deficit, 0 for esthetic
impairment, and 10 for recommending the surgical procedure. The median DASH score
was 0.

Conclusion Madelung deformity treatment using dome osteotomy of the distal
radius and Vickers ligament section results in excellent esthetic and functional
outcomes.

Objetivo Avaliar o resultado estético e funcional do tratamento cirGrgico da defor-
midade de Madelung em idade pediétrica.

Método Estudo retrospectivo dos pacientes com deformidade de Madelung em idade
pediatrica tratados cirurgicamente através de osteotomia em cupula do radio distal e
seccao do ligamento de Vickers entre 2015 e 2018. Foram incluidos doentes com
tempo de seqguimento pos-operatério minimo de 12 meses. Foram analisados dados
demograficos, técnica cirtrgica, resultados clinicos e radiograficos. A avaliacao
radiografica pré e pos-operatéria consistiu na medicao da inclinacdo ulnar, do
afundamento semilunar, do angulo da fossa semilunar e do desvio palmar do carpo.
A avaliacdo clinica pos-operatéria consistiu na medicdo das amplitudes articulares do
punho, escala visual analdgica (EVA) e score Disabilities of the Arm, Shoulder and Hand
(DASH, na sigla em inglés).

Resultados Foram incluidos quatro pacientes, dois com Madelung idiopatica e dois
com displasia 6ssea, todos do sexo feminino e com doenca bilateral. Foram operados 6
punhos, a idade mediana a data de cirurgia foi 15,5 anos, e o tempo mediano de
seguimento po6s-operatério foi de 37,5 meses. Na analise radiografica pos-operatoria,
verificou-se uma correcao média de 8,8 +7,5° da inclinacdo ulnar, de 3 +3,9mm do
afundamento semilunar, de 8,2 +6,6° do angulo da fossa semilunar e de 4,7 + 2,6 mm
do desvio palmar do carpo. Na avaliagdo da amplitude articular média p6és-operatéria,
registrou-se flexdo de 75,843,4° extensdo de:62,5+14,1°; desvio radial de
25,7 +£2,9°%; desvio cubital de 40,0 +2,9; pronacdo de 88,3 +2,4° e supinacao de
82,5+ 2,5°. Registou-se EVA mediana para dor residual=1, défice funcional =0,
prejuizo estético=0, e recomendacdo de procedimento cirirgico=10. A mediana
do score DASH foi 0.

Conclusao O tratamento da deformidade de Madelung através da osteotomia em
clpula do radio distal e seccdo do ligamento de Vickers permite obter um excelente
resultado estético e funcional.

activities.”” This deformity is more common in female ado-
lescents and it is often bilateral. Madelung deformity is etio-

Madelung deformity is characterized by an ulnar deviation of
the articular surface of the distal radius, volar subluxation, and
ulnar impaction of the carpus. It represents 1.7% of all congen-
ital anomalies of the upper limb.' =3 Its onset is attributed to the
partial closure of the medial and volar portion of the distal
physis of the radius, which is potentially associated with the
local presence of a thickened fibrous band (corresponding to
the short radiolunate ligament), the so-called Vickers liga-
ment.*> This ligament has a restrictive, compressive effect
over the growth of the distal radius, worsening the deformi-
ty.*® The progressive anatomical change results in a modifica-
tion of the radiocarpal and ulnocarpal joint congruence, which
evolves from an initial phase of mere esthetic perception to
potentially significant pain at the wrist level, limited range of
motion, grip strength loss, and a marked impact on daily life

logically classified as idiopathic and associated with bone
dysplasia, chromosomal abnormalities, or post-trauma situa-
tions.'0-12 Hereditary, autosomal dominant inheritance is
frequently described, with genetic screening for X-linked
and SHOX gene mutations usually employed to exclude
conditions such as Turner syndrome or Léri-Weill
dyschondrosteosis.®'1~13

Clinical evaluation of affected patients often reveals a
prominent distal ulna and volar carpal subluxation in rela-
tion to the forearm. Wrist extension and forearm supination
may vary depending on the severity of the deformity, and the
distal radioulnar joint may be loose or unstable. In the
presence of clinical suspicion, a radiographic evaluation is
usually requested and peremptory for diagnostic confirma-
tion. Validated diagnostic criteria consider different clinical
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characteristics and/or radiographic variables, including ul-
nar tilt, lunate subsidence lunar fossa angle, palmar carpal
displacement, and ulnar variance.'"'® There are several
options for surgical treatment according to the severity of
the deformity and the age of the patient. Surgery is usually
indicated in cases with persistent pain, functional limitation,
and progressive bone deformity in a skeletally immature
subject.217

The present study aimed to evaluate esthetic and func
tional outcomes from the surgical treatment of Madelung
deformity in pediatric patients using the distal radial dome
osteotomy technique and Vickers ligament section.

Materials and Methods

Retrospective descriptive study analyzing clinical files from
patients with Madelung deformity who were surgically
treated from 2015 to 2018.The inclusion criteria were age
< 18 years old, surgical treatment consisting in dome osteot-
omy of the distal radius and Vickers ligament section, and a
minimum postoperative follow-up period of 12 months. The
primary surgical indication was wrist progressive deformity
with (radial/ulnocarpal) pain refractory to reduced activity,
anti-inflammatory medication, orthosis, or physical therapy
for a minimum period of 6 months.

The following parameters were analyzed: demographic
data (gender, age at diagnosis, and laterality), age at surgery,
surgical technique, bone healing time, and radiographic and
clinical outcomes. The pre and postoperative radiographic
evaluation consisted in ulnar tilt, lunate subsidence lunar
fossa angle, and palmar carpal displacement measure-
ments,'4 which were determined using radiographic images
of the wrist and the forearm (in anteroposterior and lateral
views) obtained at our institution. Preoperative radiogra-
phies were those closest to the date of surgery. A postopera-
tive clinical evaluation was carried out in a medical visit and
consisted of the ranges of motion of the wrist and forearm
joints, visual analog scale (VAS) for pain, functional deficit,
esthetic impact, and surgical treatment recommendation,
and Disabilities of the Arm, Shoulder and Hand (DASH)
score.'® The present study was authorized by the Ethics
Committee of the Hospital, and patients and their families
signed an informed consent form.

Surgical Technique
The patient was placed in the supine position, and antibiotic
prophylaxis was administered (usually with intravenous

Fig. 1 Volar approach to the radius for identification, section, and
excision of the Vickers ligament.
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cefazolin at a 30 mg/kg dose). A tourniquet was placed at
the proximal region of the arm and was inflated at
200 mm/Hg.

A volar approach to the radius was performed through a
longitudinal incision ( 47 cm), exploring the space between
the flexor carpi radialis and the radial artery. The pronator
quadratus muscle was identified and a distal based “L” flap
was elevated to expose the volar face of the radius. The
Vickers ligament was identified, divided, and excised
(=Figure 1). Under direct observation and fluoroscopic
support, the metaphyseal region of the radius soon to be
osteotomized was identified, avoiding damage to the distal
radioulnar joint and the radial distal physis (when present).
A circumferential radial subperiosteal dissection was per-
formed and the dome (distally concave) fenestration of the
distal volar and dorsal metaphysis cortex began using a
1.2/1.6 mm Kirshner (K) wire (=Figure 2). Two 2.0/2.4 mm
K wires were placed percutaneously in parallel or diverging
position through the radial styloid and oriented towards the
fenestrated region of the osteotomy, without passing beyond
it (~Figure 3). Radial dome osteotomy was performed using
curved osteotomes (~Figure 4); next, a reduction maneuver
was performed with longitudinal traction, radial deviation,
pronation, and dorsal deviation of the distal fragment. While
the main surgeon sustained this reduction, the assistant
surgeon advanced the K wires through the osteotomy focus
up to the cortical fixation at the proximal fragment.

Fig. 2 Dome fenestration of the distal concavity of the volar and
dorsal cortex of the metaphyseal region of the distal radius with a
Kirschner wire (1.6 mm).

Fig. 3 Introduction of two Kirschner wires (2.0/2.4 mm) parallel or
divergent to each other at the level of the radial styloid, towards the
metaphyseal region of the previously fenestrated distal radius,
without passing beyond it.
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Fig. 4 Osteotomy at the distally concave dome of the metaphyseal
region of the distal radius with curved osteotomes.

Reduction and fixation were confirmed fluoroscopically
(=Figure 5). The K wires were folded and cut, leaving an
end outside the skin to allow their removal during a medical
visit. A limited volar fasciotomy was performed prophylacti-
cally, and closure began by partially reapproximating the
pronator quadratus flap with absorbable sutures. Subcuta-
neous tissue and skin were closed with absorbable sutures.
The limb was immobilized with a split short arm plaster cast
to prevent postsurgical edema/compartment syndrome.

Postoperative Protocol

The immediate postoperative period focused on limb eleva-
tion, neurovascular surveillance, and active finger mobility.
The average postsurgical length of stay in our institution was
of 3 days, and the patients met the discharge criteria when
they were comfortable with the plastered immobilization
and with no pain at rest, digital edema, or neurovascular
deficits. At a visit 5 to 6 weeks postsurgery, the plastered
immobilization was removed, the surgical wounds were
verified, and the K wires were removed without the need
for an anesthetic procedure. During this visit, a radiograph of
the forearm (in anteroposterior and lateral views) was
performed to evaluate the reduction obtained and the quali-
ty of the bone callus/consolidation. When callus formation
was deemed incipient, another short arm cast was placed
and maintained until achieving unequivocal bone consolida-
tion. The patients were subsequently evaluated clinically and
radiographically in visits at 3, 6 and 12 months after surgery
and then once a year.

Results

From 2015 to 2018, 4 children with Madelung deformity
were surgically treated at our institution. Two of these
patients had an idiopathic deformity and two subjects pre-
sented it in the context of bone dysplasia due to Léri-Weill
dyschondrosteosis. All patients were females with bilateral
disease. Six wrists were operated on. The primary indication
for surgery was disabling pain. The median follow-up time
was 37.5 months (range, 2 to 44 months). The median age at
the 15 visit was 13 years old (range: 11 to 15 years old) and
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Fig. 5 Fluoroscopic control of the reduction and fixation achieved
during the metaphyseal osteotomy at the dome of the distal radius
with Kirschner wires (anteroposterior and lateral views).

the median age at surgery was 15.5 years old (range: 13 to
17 years old). The surgical approach consisted of a dome
osteotomy of the distal radius with Vickers ligament section,
fixation with Kirshner wires and plaster cast immobilization.
These procedures were performed by three specialized sur-
geons. The mean bone healing time up to the removal of the
plastered immobilization was 11.6 +2.4 weeks. The radio-
graphic evaluation comparing pre and postoperative findings
revealed an average correction of 8.8 +£7.5° for ulnar tilt,
3.0 3.9 mm for lunate subsidence 8.2 + 6.6° for lunate fossa
angle, and 4.7 +2.6 mm for palmar carpal displacement
(=Table 1). Average postoperative ranges of motion of the
wrist joint were 75.8+3.4° for flexion, 62.5+14.1° for
extension, 25.742.9° for radial deviation, 40.0+2.9° for
ulnar deviation, 88.3 +2.4° for pronation, and 82.5+2.5°
for supination (~Figure 6; =Table 1). Postoperatively, the
median VAS was 1 for residual pain (range: 0 to 4), 0 for
functional deficit (range: 0 to 2), 0 for negative esthetic
impact (range: 0 to 3), and 10 for recommending the surgical
procedure to other patients (range: 8 to 10) (~Table 1). The
median DASH score was 0 (range: 0 to 5), including for its
specific sport module (range: 0 to 50). There was a minor
postoperative complication of decreased sensitivity at the
radial edge of the wrist, with complete spontaneous resolu-
tion in 8 weeks.

Discussion

The patients with Madelung deformity included in our study
showed a gender and age trend similar to that described in the
literature, with a predominance of female adolescents and
bilateral disease.””'”° Etiologically, two patients presented a
deformity associated with bone dysplasia (Léri-Weill dyschon-
drosteosis); both were referred to a genetic consultation due to
the clinical picture of wrist deformity, short stature, meso-
melic limb shortening, and family history of a similar pheno-
type. One of these patients also had lunate-pyramidal
synostosis in agreement with the spectrum of bone dyspla-
sia-associated skeletal anomalies.?’ According to the literature
and consistent with our work, these patients have a more
severe condition affecting the entire radius.?' One of the
patients underwent a genetic study that revealed a heterozy-
gous mutation at the SHOX gene. The other patient did not
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Table 1 Results of the radiographic (pre and postoperative) and clinical (postoperative) evaluation of patients with Madelung
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deformity who underwent distal radial dome osteotomy and Vickers ligament section

Pre- and Postoperative Radiographic Assessment

recommendation

Wrist 1 Wrist 2 Wrist 3 Wrist 4 Wrist 5 Wrist 6 Average
A Correction
Pre- | Post- | Pre- | Post- | Pre- | Post- | Pre- | Post- | Pre- | Post- | Pre- | Post-
Ulnar tilt (°) 39 | 17 49 | 48 66 | 64 24 | 16 29 | 24 45 | 30 8.8°
Lunate subsidence (mm) | 15 | 4 10 10 9 4 8 7 4 3 0 0 3mm
Lunate fossa angle (°) 27 | 25 54 |53 68 | 58 41 32 51 30 41 35 8.2°
Palmar carpal 25 | 20 29 | 20 21 15 21 20 21 16 21 19 4.7mm
displacement (mm)
Postoperative Clinical Evaluation
Wrist 1 | Wrist 2 Wrist 3 Wrist 4 Wrist 5 Wrist 6 Average
Joint mobility (°)
Flexion/extension 80/70 75/60 75/35 75/80 80/60 70/70 75.8°/62.5°
Radial/ulnar deviation 25/40 30/40 25/40 2545 25/40 20/35 25°/40°
Pronation/supination 90/80 90/80 85/85 90/85 85/80 90/85 88.3°/82.5°
Wrist 1 Wrist 2 Wrist 3 Wrist 4 Wrist 5 Wrist 6 Median
DASH Score [0-100] 0 0 0 0 5 1,7 0
VAS [0-10]
Residual pain 1 1 4 1 1
Negative esthetic impact 1 2
Functional deficit 1 2
Surgical procedure 10 10 10 10 8 10 10

Abbreviations: A, variation; DASH, Disabilities of the Arm, Shoulder and Hand; VAS, visual analog scale.

Fig. 6 Clinical photograph of postoperative wrist and forearm mobility. A - patient submitted to a bilateral surgical procedure; B - patient

submitted to a bilateral surgical procedure; C- patient submitted to a surgical procedure on the left wrist; D - patient submitted to a surgical

procedure on the right wrist.
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undergo a genetic study, and she was instructed on the
dominant character of the disease and the risk of transmitting
it in a future parental project. There is no mandatory orienta-
tion for immediate genetic testing of these patients, since the
added information does not imply in a relevant benefit for their
lives; in addition, apart from the skeletal changes described,
apparently there are no complications of associated systemic
diseases.'” On the other hand, in some patients with Madelung
deformity of unknown etiology and clinical characteristics
that are not part of the usual clinical spectrum, a genetic study
should be considered to identify any potential chromosomal
change.? Our service offers a multidisciplinary approach with
genetics consultation for patients with Madelung deformity
and a phenotype suggesting bone dysplasia or atypical clinical
characteristics. The decision to request genetic testing is up to
our colleagues at the Medical Genetics service from our
hospital. Surgical indication varies in the literature, and it
considers different factors such as pain, age, esthetic impact,
functional limitation, deformity progression, compressive
nerve injury, or associated tendon rupture.z'”’zz’23 In the
present study, the primary surgical indication for all patients
was disabling wrist pain. Regarding surgical procedures, ado-
lescents with symptomatology and structured deformity such
as those in the present study often are submitted to corrective
osteotomies, and the distal radial dome osteotomy is one of the
most attractive options due to good clinical and radiographic
outcomes.”*%” Dome osteotomy allows an intraoperative,
three-dimensional, partial or total restitution of the radio-
carpal and radioulnar alignment and a decreased ulnar vari-
ance by distal translation of the lunate facet associated with a
distal radius segment rotation.”®?” In addition, in cases of
greater severity with ulnocarpal impaction, ulnar shortening
can be performed at the same time or at a second procedure for
wrist balance and to minimize ulnocarpal or distal radioulnar
joint pain.” The present study did not consider the need for
additional ulnar procedures, maintaining the absence of ulnar
pain or ulnocarpal impaction symptoms during the median
postoperative follow-up period of 37.5 months. It is worth
mentioning that distal ulna epiphysiodesis with radius osteot-
omy remains an option in skeletally immature patients > 10
years old because it minimizes the likelihood of worsening of
the ulnocarpal deformity and the potential need for late ulnar
shortening osteotomies.”” Some surgeons also indicate a
prophylactic surgery in asymptomatic, skeletally immature
subjects with no marked deformity, opting for a distal radius
physiolysis (Langenskidld procedure) and Vickers ligament
section as an approach to minimize or prevent deformity onset
or progression.*?8 The radiographic evaluation revealed a pre
and postoperative variation with correction of all parameters
evaluated, consistent with other studies considering the same
procedure and some of the same parameters.?*® The litera-
ture reports studies with a wide range of surgical procedures
and radiographic analysis based on different radiological
criteria;*'>1® therefore, comparative analysis is necessarily
limited. It should be noted that, although with no marked
correction of these radiographic parameters, surgical treat-
ment was associated with excellent clinical and functional
outcomes (median VAS of 0 for residual pain and functional
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deficit). This data suggests the importance of factors other than
bone correction of the deformity for the clinical outcome, such
as radiolunate decompression through section of the Vickers
ligament. At the postoperative clinical evaluation, all patients
reported an important reduction in pain and improvement in
joint range of motion, consistent with the description of
Peymani in a systematic review about different approaches
to the surgical treatment of Madelung deformity.? Patient
satisfaction with the surgical procedure is also highlighted,
with a median VAS of 0 for esthetic impact and 10 for
recommending the treatment to other patients. The median
DASH score was also maximum, including for its specific sport
module, reflecting the enormous postsurgical satisfaction and
functionality. A neuropraxia of the sensitive radial nerve, with
spontaneous resolution after 8 weeks, was the single compli-
cation in our patients. Although K wires were introduced
percutaneously, avoiding the presumed nerve territory and
advanced with the motor in oscillatory mode, the literature
states that the translation of distal radial fragment shifts the
orientation of the Kwires to a longitudinal position, which may
be enough to create a local nervous compressive effect during
reduction.* This compressive effect usually is transitory and
tends to resolve after extraction of the K wires, as in our case.
The limitations of the present study included the lack of a
clinical evaluation for range of motion and preoperative DASH
score determination. As an improvement and future guidance
on data standardization for further studies on Madelung
deformity, we will adopt the protocol proposed by Peymani®
in our service.

Conclusions

The surgical treatment of Madelung deformity is associated
with excellent clinical and functional outcomes. The degree
of radiographic correction of the deformity through a dome
osteotomy of the distal radius does not seem to be the single
determining factor for clinical outcomes, suggesting the
importance of other factors associated with osteotomy and
deformity correction, such as radiolunate decompression by
section of the Vickers ligament. In our experience, the dome
osteotomy of the distal radius with Vickers ligament section
in symptomatic adolescents with structured Madelung de-
formity results in excellent esthetic outcomes, high satisfac-
tion, and excellent functional outcomes.
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