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Pre-Centralization Soft Tissue Distraction for Bayne Type
IV Congenital Radial Deficiency in Children
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Abstract: There are several surgical options for the treatment of

severe congenital radial deficiency. The aim of the current study was

to evaluate the results of a staged protocol consisting of gradual soft

tissue distraction with an Ilizarov external fixator followed by cen-

tralization of the ulna. Three patients (four extremities) with Bayne

type IV radial club hand were treated at an average age of 18 months.

At a follow-up of 26 months, an average correction of 72 degrees in

the hand–forearm angle and an improvement of 19 mm in the hand–

forearm position were obtained. There were no cases of neurovascular

compromise, wound infection, carpal resection, or ulnar shortening.

All families were pleased with the results. These findings suggest that

a staged surgical approach is a technically feasible alternative in the

treatment of severe congenital radial club hand deformity in young

children.
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Congenital radial club hand or longitudinal radial de-
ficiency is characterized by radial deviation of the hand,

significant shortening of the forearm, and generalized under-
development of the extremity.1–3 The thumb is usually absent
or hypoplastic and the ulna is typically 60% of normal length.4

The incidence of radial club hand is estimated to be 1 in
30,000 to 1 in 100,000 live births.5 It is bilateral in 38% to 58%
of cases.6

Originally described in 1733 by Petit, the management
of congenital radial club hand has undergone significant
changes. Numerous procedures and modifications have been
developed to treat this condition.7–9 Most reports detail the use
of a single-stage treatment of this condition. Nanchahal,10

using the Kessler apparatus for soft tissue distraction followed
by centralization, reported favorable results; however, some

patients who underwent centralization needed carpal wedge
resections. The purpose of the current study was to evaluate
the results of pre-centralization distraction lengthening of the
soft tissue for Bayne type IV11 congenital longitudinal radial
deficiency treated over a three-year period.

MATERIALS AND METHODS
Three consecutive patients (four extremities) who

underwent gradual correction of their deformities based on
a staged protocol were identified. Informed consent was
obtained prior to initiating the treatment protocol.

The average age at the index procedure was 18.3 (range
15–22) months. All patients had type IV deformity (Figs. 1
and 2) according to the Bayne and Klug classification system,1

with complete radiographic absence of the radius. All patients
were boys, and two right and two left extremities were
involved. All affected extremities had an absent thumb. None
of the patients had any previous surgical intervention of their
upper extremities.

The staged protocol consisted of the use of a forearm-
based resting splint to keep the wrist in maximum ulnar devia-
tion for approximately 6 weeks. Occupational therapy with
stretching exercises of the affected wrist, hand, and elbow was
also prescribed. This was followed by soft tissue distraction
using the Ilizarov apparatus. An appropriate-sized Ilizarov ring
was mounted off a 1.5-mm referencewire placed at right angles
to the ulnar shaft (Fig. 3). The proximal fixation was supple-
mented with 3-mm half-pins mounted off the proximal ring in
a dorsal to volar direction. Distal fixation was achieved with
two beaded-tip 1.5-mm Ilizarov wires placed through each of
the four metacarpal shafts in a radial to ulnar direction.
Distraction translation hinges were applied on the ulnar aspect
of the construct connecting both rings (Fig. 4A). A distraction
rod was then placed on the radial aspect between the proximal
and distal rings. Also, a multi-hole Ilizarov plate was sus-
pended off the distal ring for placement of dynamic slings used
for support and mobilization of each digit (Fig. 4B). At the
time of surgery, no acute correction was carried out. The
family was instructed to begin distraction approximately 7
days after surgery at the rate of 1 mm per day, divided in two
installments of 0.5 mm each. The rate was adjusted according
to discomfort and swelling of the hand. Occupational therapy
was instituted within 2 days of surgery, including range-of-
motion exercises for the fingers and elbow as well as the use of
dynamic slings to keep the fingers in extension. Superficial pin
tract infection that was controlled with a 1-week course of oral
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antibiotics was common while the external fixator was in
place.

Approximately 4 weeks after achieving the desired
position of the hand and wrist, with an attempt at slight
overcorrection, the Ilizarov apparatus was removed and the
extremity was placed in a long-arm cast with the wrist placed
in the maximally corrected position.

To decrease the possibility of secondary infection, the
external fixator pin sites were allowed to heal prior to
proceeding with the next phase of surgical correction. This
portion of the protocol consisted of centralization of the ulna
using the dorsal bilobed skin flap described by Evans12,13 (Fig.
1B). After confirming proper alignment of the carpus over the
distal ulna, a Kirschner wire was placed in a retrograde fashion

FIGURE 1. Preoperative (A) and early
postoperative (B) clinical photograph
of the right-sided radial longitudinal
deficiency. The skin incision used for
the dorsal bilobed flap can be seen in
the postoperative picture. Note the
spreading of the dorsal incision. This
child’s family refused pollicization.

FIGURE 2. A, Preoperative anteroposte-
rior view radiographs of the right hand
and wrist of the patient shown in Figure
5, demonstrating Bayne type IV defor-
mity. B, Followup anteroposterior view
radiographs of the right hand and wrist
of the patient shown in Figure 1,
demonstrating correction of Bayne type
IV deformity.
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through the ulna and then passed antegrade into the index or
long metacarpal. No carpal resection or ulnar shortening was
performed. Care was taken to preserve the distal ulnar growth
plate. The distal ends of the extensor and flexor carpi ulnaris
tendons were shortened and re-tensioned if redundancy was
noted during surgical correction. The radial-sided tendons
were hypoplastic and not lengthened or transferred. Post-

operatively, strict extremity elevation for 48 to 72 hours was
carried out, thus minimizing edema.

All patients had complete absence of the thumb and
were offered pollicization (Fig. 5). A rest period of 8 to 24
weeks was allowed prior to the pollicization in three of the four
extremities (patients 1 and 3). The intramedullary pin was re-
moved at the time of pollicization. The family of patient 2
refused pollicization and the intramedullary pin was removed
in the office 6 weeks after surgery.

Patients were assessed radiographically by analyzing
preoperative and postoperative hand and wrist radiographs as
described by Manske et al.14 Two measurements were made.
The hand–forearm angle (HFA) is the intersection angle
between the long axis of the long finger metacarpal and the
distal ulna as seen on an anteroposterior radiograph of the
hand and forearm. A ‘‘minus’’ HFA refers to the hand and long
index metacarpal axis directed in ulnar deviation with respect
to the distal ulna—the more desired position. The hand–
forearm position (HFP) refers to the distance in millimeters
between the base of the little finger metacarpal and the distal
ulna. If the proximal pole of the little finger metacarpal was
ulnar to the axis of the distal ulna, the position (HFP) was
recorded as positive millimeters; a change in the ulnar direc-
tion was considered an improvement in the position of the
hand.

The goal was to achieve slight overcorrection with ulnar
deviation of the hand and ulnar translation of the hand and
wrist at the end of the treatment protocol.

RESULTS
Before surgery the average HFA and HFP were 86

degrees (range 50–108 degrees) and29 mm (22 to218 mm),
respectively (Tables 1 and 2). At an average follow-up of 26

FIGURE 3. An intraoperative fluoroscopic view showing the
position of the proximal and distal Ilizarov rings orthogonal to
the ulnar shaft and metacarpals, respectively. The two beaded
wires inserted in a radial to ulnar direction can be seen
mounted off the distal ring.

FIGURE 4. Clinical photographs of
two patients during early (A) and late
(B) phases of gradual correction using
an Ilizarov external fixator. Note
the distraction rod on the radial side
and the universal hinges on the ulnar
side between the two rings. A plate
attached to the distal ring is used to
suspend dynamic slings to maintain
the fingers in extension.
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(range 22–34) months, the HFA had improved to an average of
14 degrees (6–26 degrees) and the HFP to +10 mm (+2 to +14
mm), an improvement of 72 degrees (44–97 degrees) and 19
mm (+4 to +31 mm), respectively.

The time spent in the external fixator ranged from 90 to
150 days (mean 130 days). There were no cases of neuro-
vascular injury, wound infection, unplanned surgeries, or deep
pin tract infections. No patient lost any finger, wrist, or elbow
mobility following completion of the treatment protocol. One
patient (patient 3) developed an incomplete synostosis
between the index and long finger metacarpal, in the region
of the Ilizarov wire insertion site. In the same patient, the
intramedullary pin broke at the level of the distal ulnar growth
plate during cast immobilization. The broken hardware was
removed uneventfully at the time of pollicization.

All parents answered ‘‘yes’’ when asked, ‘‘Based on your
experience, if you had a choice, would you have your child

undergo the same set of surgical interventions?’’ In the patients
who underwent pollicization, basic key pinch function
involving the pollicized digit was present.

DISCUSSION
The goals of treatment of Bayne type IV congenital lon-

gitudinal radial deficiency are to correct the wrist deformity,
maintain the corrected position, provide wrist-like mobility,
preserve longitudinal growth capacity of the ulna, and to
achieve an acceptable cosmetic result.14,15 A variety of treat-
ment protocols have been described for the treatment of
congenital radial club hand, including centralization,9 radia-
lization,7 and microvascular epiphyseal transfer15 in younger
children and distraction osteogenesis of the ulna in the older
child, especially with recurrent deformity or neglected
cases.4,16,17 While one-stage procedures subject the patient
to a single operation, they are associated with the possible
need for carpal resections, ulnar shortening, and sacrifice of
the distal ulnar growth plate, stretch injury to the radial
neurovascular structures, excessive swelling of the hand, and
wound complications.

Several authors10,15,18 have described the concept of soft
tissue distraction preceding centralization for congenital radial
deficiency. Most of these reports mention unilateral or simple
transfixation external fixators. Nanchahal10 used the Kessler
and monolateral external fixators for soft tissue distraction in
four children with congenital radial club hand. Although their
patients were younger at the time of the index surgery (8
months vs. 18 months), the average improvement in hand–
forearm angulation was 38 degrees compared with 72 degrees
in our patients. Also, one patient in their series needed
subsequent bilateral carpal wedge resections.

Smith and Greene18 described two children with radial
aplasia who underwent pre-centralization soft tissue distrac-
tion using the Orthofix monolateral fixator. Radiographic
parameters describing the relationship of the hand to the

FIGURE 5. Preoperative (A) and postoperative (B) clinical
photographs of a 22-month-old boy with bilateral severe
congenital radial longitudinal deficiencies; he underwent
three-staged reconstruction including pollicization of both
extremities. Note the prominent dorsal skin incisions used for
post-distraction centralization.

TABLE 1. Pre- and Postoperative Hand–Forearm Angle (HFA)

Patient Side
Age at
OR (mo)

Preop
HFA (�)

Postop
HFA (�)

Correction
HFA (�)

1 R 22 95 15 80

1 L 22 108 11 97

2 R 18 92 26 66

3 L 15 50 6 44

Average 18 86 14 72

TABLE 2. Pre- and Postoperative Hand–Forearm Position (HFP)

Patient Side
Preop

HFP (mm)
Postop

HFP (mm)
Correction
HFP (mm)

1 R 22 +2 +4

1 L 28 +14 +22

2 R 29 +9 +18

3 L 218 +13 +31

Average 29 +10 +19
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forearm were not elaborated before or after surgery. Vilkki15

used a monolateral external fixator in conjunction with a
microvascular second toe transfer to the distal ulna in nine
children with type IV radial aplasia. With regard to the design
of the external fixator, the author commented, ‘‘the lengthen-
ing device can still be improved and it should have the
potential to correct angular deformities.’’ The author also
acknowledged unpredictable growth of the transferred bone,
cosmetic concerns of the transferred skin pedicle, and
technical difficulties with microvascular transfer. Residual
radial deviation of the wrist averaging 20 degree was noted at
follow-up.

Percutaneous techniques for deformity correction of the
extremities are becoming more popular in the literature.19

Although there are reports describing the use of the Ilizarov
device for ulnar lengthening in congenital radial defi-
ciency4,16,17 and acquired soft tissue contractures around
the wrist,20 we were unable to find any report describing its
use for soft tissue distraction for congenital radial club hand
in young children. Sabharwal21 reported on the use of the
Ilizarov device for reconstruction using bone transport in two
cases of radial club hand-like deformity with infected
nonunion of the distal radius in older patients.

We believe that the Ilizarov device offers certain
advantages over previously described external fixators for
pre-centralization soft tissue distraction in children with Bayne
type IV congenital radial deficiency. By having the option of
placing multiple bony anchors in different planes and ap-
plication of translational hinges corresponding to the apex of
the deformity and the ability to suspend dynamic slings off the
distal end of the fixator, a more comprehensive and phy-
siologically sound distraction can be achieved. However, one
does need to be familiar with the intricacies involved in the
application of the Ilizarov device. Also, compliance by the
patient’s family in following instructions for gradual correction
is required.

By using the staged approach described in this report,
one can safely distract the soft tissues and avoid several of the
problems associated with reconstruction of the congenital
radial club hand deformity that are often seen with other tec-
hniques. Using pre-centralization soft tissue distraction with
the Ilizarov external fixator, we were able to achieve significant
correction of both angulation and translation of the hand unit
over the distal ulna while maintaining adequate bone stock and
neurovascular function.

In terms of clinical outcome, all extremities remained in
a functional position and in each case the hand was well seated
over the distal ulna. We experienced two complications in the
same patient (patient 3): an incomplete metacarpal synostosis
and intramedullary pin fracture. The metacarpal synostosis
occurred in the area of the beaded transverse wires of the
Ilizarov apparatus. The clinical significance of this finding is
unclear at present. Intramedullary pin breakage may have been
avoided with the use of a larger-diameter pin.

A longer follow-up is required for assessing the in-
cidence and severity of recurrent deformity. Nevertheless, our
findings suggest that by using the staged approach for type IV
congenital radial club hand, a significant improvement in
deformity with a more functional position of the hand can be
achieved while minimizing overall complications. These
outcomes compare favorably to other reports in the literature.
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