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History of Treatment, Classifications, Natural History and

Prognosis with respect to Recurrence

Abstract

Binoti Sheth', Bhaskaranand Kumar?

Clinical presentation of radial club hand deformity varies from mild hypoplasia to complete absence of radius. Various classification systems

are described for radial club hand deformity as the treatment is based on the severity of affection. Treatment of radial club hand has

progressed over the years from no treatment to conservative treatment to aggressive surgical correction. Recurrence after the surgical

treatment is one of the challenging problems in this anomaly. History of treatment, advances and modifications of treatment, natural history

and recurrence with respect to treatment have been described here.
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Introduction

In 1733, Petit first described radial club hand
in an autopsy of a neonate with bilateral club
hands and absent radii. If untreated, the
deformity does not appear to worsen over
time, but there is limitation in prehension
and the hand is used primarily to trap objects
between it and the forearm. Lamb found that
the activities of daily living are not
significantly affected in unilateral
involvement, but bilateral involvement
reduces the activities by one third. In radial
club hand, ulna length at birth is known to
be approximately 50-75% of the normal ulna
length. This limb length discrepancy
normally persists throughout growth.
According to the literature, the ulna may
finally be shortened by as much as 40% of its
normal length.[1] There is general
agreement favouring surgical correction at 3-
6 months of age in children with inadequate
radial support of the carpus.

Classifications:

Various classification systems have been
described for radial club hand deformity.
Most useful and currently accepted
classification is modification of that
proposed by Heikel.[2] In this classification
system, four types are described.

Type 1: (short distal radius)

In this type, the distal radius epiphysis is
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present but is delayed in appearance. The
proximal radial epiphysis is normal. The
overall length of the radius is slightly less ,but
the ulna is not bowed. (Fig.1)

Type 2 : (hypoplastic radius)In this type
both proximal and distal radial epiphysis are
present, but are delayed in appearance. Due
to this there is moderate shortening of the
radius and thickening and bowing of the
ulna.(Fig. 2)

Type 3:(Partial absence of radius) Here,
there is partial absence of proximal, middle
or distal third of radius, distal being most
common. Ulna is thickened and bowed. The
carpus is usually radially deviated and
unsupported. (Fig. 3)

Type 4 : (total absence of radius)

This is the most common type of radial club
hand. Here ,there is radial deviation of the
carpus, palmar and proximal subluxation,
frequent pseudoarticulation with the radial
border of distal ulna.There is shortening and
bowing of the ulna. (Fig. 4)

Bayne and Klug [3] have described a
radiological classification system with four
types.

Type 1: Deficient distal radial epiphysis
Type 2 : Deficient distal and proximal radial
epiphysis.

Type 3 :Partial aplasia of radius(present
proximally)

Type 4 :Total aplasia of radius(complete
absence)

Type 4 is the most
common type of
radial club hand.
A fifth type was
added by

il Goldfarb et al [4]

Dr. Binoti Sheth describing a radial

dysplasia with participation of the humerus.
James and colleagues expanded the
classification by including deficiency of the
carpal bones with a normal distal radius
length as type 0 and isolated thumb
anomalies as type N.

Variable degrees of thumb deficiencies are
frequent with all patterns of radial club
hand.(Fig. 5) Manske et al.[ 5] have devised
a global classification system of radial
longitudinal deficiency.(Table 1) They have
included thumb and carpal abnormalities
also in the classification. Carpal anomaly
implies hypoplasia, coalition, absence or
bipartite carpal bones .Hypoplasia and
absence are more common on radial side of
carpus and coalitions are more common on
ulnar side. X rays must be taken beyond 8
years to allow for ossification of carpal
bones.

History of Treatment:

The goal of treatment in radial club hand is
to correct the wrist deformity, to maintain
the corrected position, to provide wrist-like
mobility, to preserve longitudinal growth
capacity of ulna and to achieve an acceptable
cosmetic result.

Non Surgical Treatment

Riordan [6] recommends applying a long
arm cast as soon after birth as possible. The
cast is applied in three stages using a
technique similar to that used in clubfoot
casting. The hand and wrist are corrected
first and then the elbow is corrected as much
as possible. The correction may be achieved
in the infant but according to Milford,
casting and splinting is often impractical in a
child of age less than 3 months. Lamb [7]
reported that elbow extension contracture
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absence or
Normal . .
hypoplasia
absence,
absence or .
° hypoplasia hypoplasia or
YPoP coalition
absence,
absence or .
' hypoplasia hypoplasia or
PP coalition
absence,
absence or .
’ i hypoplasia or
hypoplasia P
coalition
absence,
absence or '
° hypoplasia hypoplasia or
YPop coalition
absence,
absence or .
) hypoplasia hypoplasia or
YPop coalition

Table 1: Global classification system of radial club hand

normal normal
normal or radio-
| ulnar synostosis or
norma .
radial head
dislocation

normal or radio-

>2 mm shorter ulnar synostosis or

than ulna radial head
dislocation

hypoplasia hypoplasia

physis absent variable hypoplasia

absence absence

can be improved by splinting with hand and
wrist in neutral position. Current
recommendation of treatment is to start
from birth with stretching and splinting in
order to lengthen the soft tissues and
facilitate the reduction of the deformity. A
large retrospective review of 446 patients
including 137 patients managed non
surgically and 309 patients managed with
either a centralization or radialization
procedure, found that those managed
surgically had improvement in appearance
and function, including improved
alignment, range of motion and strength [8].

Surgical Treatment

Initial surgical treatment described by
Bardenheuer was ulnar osteotomy to correct
bowing and splitting of distal ulnar for
insertion of carpus. Hoffa in 1890 performed
a distal transverse osteotomy of ulna to
simply realign the ulna. Albee [9] in 1919
attempted to create a radius with a free tibial
graft. These surgeries did not give
satisfactory result.

Centralization:

In 1894, Sayre [10] described the
centralization technique that has now
become the treatment of choice across the
world. Sayre had described shaping of the
distal ulna and notching of the carpus.
Although maintaining alignment, this
procedure resulted in a high incidence of
spontaneous ulnocarpal fusion with inherent
loss of motion and reduced growth potential

of the ulna. Many authors have subsequently
modified this procedure in an attempt to
decrease the potential morbidity while
maintaining wrist position. Lidge [11] in
1969 introduced an improved method where
ulnar epiphysis was preserved at the expense
of central carpal bones that had to be
resected. Although early results were good,
late results were less satisfactory. Lamb
recommended creation of carpal notch to
stabilize the carpus on the ulna. He
suggested depth of the notch to be equal to
the transverse diameter of the distal ulna and
this required removal of all of the lunate and
most of the capitate. As against this, Watson
etal.[12] suggested not to excise any of the
carpus because of the possibility of affecting
growth of the forearm. Buck-Gramcko
(1985) and Bayne and Klug also suggested
not to remove any of the carpus.

Different incisions and surgical approaches
for centralization procedure have been

described due to
the problems of
significant skin
tension on radial
side following
ulna
repositioning.
Manske and
McCarroll [13]
preferred
transverse ulnar
incision, as : ek,

described by

Riordan, removing an ellipse of skin (Fig. 6)
Watson, Beebe and Cruz [12] preferred
ulnar and radial z-plasty incisions to allow
removal of the distal radial anlage which they
believe is essential. Lamb (1972) [14] and
Buck Gramcko (1985) described S-Shaped
incision for better exposure. (Fig. 7)

Evans described dorsal bilobed skin flap to
provide additional skin on radial side and
take up excess on the ulna side of the wrist.
This gives good access to wrist joint and
surrounding soft tissue structures.(Fig. 8 )
DeLorme (1969) [15] first suggested
intramedullary fixation of carpus on the
ulna. Most authors now prefer to use K wire
to secure alignment of long or index
metacarpal with the ulna for at least 6 weeks.
Still the recurrence rates are high. To
overcome the recurrence tendency,
additional procedures were introduced
including collateral ligament reconstruction,
soft tissue balancing by tendon transfer and
leaving K wire for as long as possible
(preferably several years) Bora et al [16].
recommended adjunctive tendon transfer.
FDS from central digits was transferred
around the postaxial side of the forearm into
the dorsal aspect of metacarpal shaft.
Hypothenar muscles were transferred
proximally along ulnar shaft. ECU was
transferred distally along the shaft of the
metacarpal of little finger. However, this
procedure failed to prevent 25-35 degrees
of recurrent radial deviation. Bayne and Klug
recommended transfer of FCU into the
distally advanced ECU to help prevent
radiovolar deformity.

Pre-centralization distraction:

Another recommendation to prevent
recurrence was to use soft-tissue distraction
before centralization (Fig. 9). Kessler
[17](1989) described a technique to
passively distract the soft tissue with an
external fixation before centralization.
Goldfarb et al reported on soft tissue
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Figure 3: Type 3 radial club hand

Figure 4: Type 4 radial club hand

Figure 5: Variable degrees of thumb deficiencies

distraction precentralization and noted that
the centralization could be performed
effectively and without tension after
distraction, which averaged 6mm.
Nanchahal and Tonkin [18] reported a
similar experience, noting that carpal
realignment was possible in 5 of 6 patients
who underwent preoperative distraction,
but only in 1 of 6 patients treated without
distraction. Kanojia et al [19] reported
similar experience with an external fixator
and noted that early application can lead to
completion of surgical treatment by 10
months of age in the vast majority of
patients. Sabharwal et al[20] used Ilizarov
for soft tissue distraction prior to
centralization, considering it to be more
comprehensive achieving physiologically
sound distraction. Ilizarov has certain
advantages over external fixator, as there is
option of placing multiple bony anchors in
different planes, application of translational
hinges corresponding to the apex of the
deformity. Bhat et al.[21] used MAC system
(Multi axial correction) for correction of
triplanar angulation, translation, rotation
and limb length discrepancy. They found it
useful especially in adolescent age group
with previous failed soft tissue procedures.
Dana et al.as well as Prokopovitch [22] and
Kessler have reported small series of radial
club hand deformities treated by external

fixator application to gradually stretch the
soft tissues to facilitate centralization.
Radialization:

Even with soft tissue distraction prior to
centralization, there is high incidence of
unsatisfactory results. Buck-Gramcko in
1985 developed a modified technique to
improve the outcome. It is called
'radialization’ [23]. In this technique, the
hand is brought with its radial carpal bones
over the head of the ulna and fixed with a K
wire in moderate ulnar deviation to produce
some overcorrection(Fig.10). Also ECR and
FCR muscles are transposed to weaken the
forces for radial deviation, thereby
preventing recurrence while a better muscle
balance is established. Both modifications
tend to improve mechanical conditions
which are prerequisites to maintain hand
and forearm in proper relation. Also, in this
technique, the resection of carpal bones can
be avoided to help increase total arm length
and improve range of motion. Buck
Gramcko used this technique in 30 cases
and found satisfactory results. With
improved function and further growth, the
distal end of the ulna became broad like a
radius.

Ulnar lengthening:

Ulnar lengthening was another technique
used to increase forearm length, typically
with the aid of a circular frame such that

-, correction of the

Figure 6: Transverse ulnar | | Figure 7: S- shaped

incision for centralization

incision for centralization

radial deviation
can occur
simultaneously.
Farr et al [24]
recommended
lengthening
procedure to be
performed in
school age
children (8-10
years) to gain
Figure 8: Dorsal bilobed skin sufficient limb
incision as described by Evans length for

performance of ADL including perineal care
in adolescence and adulthood. A second
lengthening step may follow after growth
cessation, depending on the functional
outcome of the first procedure. They
reported on 8 cases in 6 patients and noted
that initial post surgical gains were not
maintained and there was recurrence of
radial deviation at an average 4 years follow
up. Two major complications occurred,
including an ulnar fracture after frame
removal and insufficient regenerate during
lengthening. Peterson et al [25] described 9
children who underwent 13 lengthenings
after previous centralization procedures.
The average gain in length was 4.4 cm (range
1.8-8.0 cm). All patients had at least one pin
site infection that was treated with
antibiotics. 4 patients required additional
procedures including internal fixation and
bone grafting for delayed union in 3 patients
and wrist arthrodesis for recurrence in 1
patient. Yoshida et al[26] investigated the
growth of the ulna after repeated
lengthenings. After the initial lengthening,
the average length improved from 57% to
89% of the normal side, but then regressed
to 70% whereas after the second
lengthening, the average length was 102%
but regressed to 83%. Bone growth was
markedly decreased after the second
lengthening. Hence, when multiple
lengthenings are performed the second one
should be done after skeletal maturity (Fig.
11). Sestero et al [27] assessed the ulnar
length and growth of 72 limbs treated either
surgically or non surgically over 80 years.
They found that non surgically treated
extremities attained 64% of normal length,
whereas patients who underwent surgery
achieved 48% (notched centralization) to
58% (non notched centralization) of normal
ulnar length. They also calculated an average
annual ulnar growth of 2.6 cm after surgery,
compared with 3.6 cm for patients treated
non surgically. However, a recent study of
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Figure 9: Pre-centralization distraction using external fixator

Figure 10: Radialization technique

446 affected hands reported that surgical
treatment was superior to conservative
treatment in terms of appearance and
function. Hill et al.[28] have suggested that
full restoration of length is not necessary for
this procedure to have a successful outcome.
Recurrence of deformity after forearm
lengthening has not been well described.
Kawabata et al.[29] observed a tendency
towards recurrence of ulna bowing and
radial deviation in 4 of 7 patients, showing a
final angular deformity of 19 degrees.
Radial lengthening:

Matsuno et al [30] described 4 cases of mild
(Bayne and Klug type I and II) radial club
hand treated with radial lengthening and
simultaneous soft tissue distraction between
ulna and 3rd metacarpal. Three of the four
patients required several lengthenings to
correct the recurring discrepancy between
the radius and ulna. Only two of the four
patients had acceptable function and
appearance after the multiple procedures. In
one patient, lengthening was abandoned
owing to severe bone absorption at the distal
end of the radius.

Vascularised metastarsophalangeal
transfer:

In 1920, an attempt was made to reconstruct
the radius with bone graft to support the
carpus. In 1945, non vascular epiphyseal
transfer was attempted for treatment of
radial club hand, but the results were
disappointing, with disrupted ulnar growth
plate and increase in limb length
discrepancy. Also, there was inadvertent
ankylosis / arthrodesis of wrist and loss of
radial support. Vikki [30] reported the
results of vascularised second
metatarsophalangeal joint on 24 limbs with
an average follow up of 11 years. The
average radial deviation at final follow up
was 28°, the average active wrist total arc of
motion was 83° and the average length of
the ulna was 67% of the contralateral side.
But complications were present in more

than 50% of patients, including failure of the
transfer and subluxation of the joint.

Post-operative assessment:

The outcome of various surgical procedures
can be assessed by cosmetic appearance,
total wrist arc of motion and certain
radiological measurements as described by
Manske et al.[13] HFA (Hand-FA angle) is
the intersection angle between long axis of
the long metacarpal and distal ulna, as
measured on AP x-ray. Minus’ HFA refers to
the hand and long axis of long finger
metacarpal distal axis directed in ulnar
deviation with respect to distal ulna. This is
the more desired position. HFP (Hand FA
position) refers to the distance in mm
between base of little finger metacarpal and
distal ulna. If proximal pole of little finger
metacarpal was ulnar to the axis of distal
ulna, the position (HFP) recorded as
positive mm, a change in ulnar direction was
considered an improvement in the position
of hand. Ulnar bowing was defined as the
angle between the intersection of the
proximal and distal ulnar bi sector lines. The
goal of treatment in radial club hand is to
achieve slight overcorrection with ulnar
deviation of hand and ulnar translation of
hand and wrist at the end of treatment. (Fig.
12)

Recurrence:

Despite various advances in the surgical
treatment of radial club hand, recurrence of
radial angulation and ulna bowing is
common. A possible cause may be the soft
tissue, which remains pathologic after
centralization or radialization. After
consecutive lengthening and relative
realignment of the forearm, the altered
fibrous muscles and connective tissue lead
to progressive rebowing of the ulna and a
radial shift of the wrist. Precentralization
distraction aids in soft tissue balancing at the
time of centralization, but it is unknown
whether the technique will improve
maintenance of alignment with longer
follow-up. Deformities noted to be more
severe preoperatively were more likely to
recur. Also, recurrence was associated with
young age (less than 12 months) at index
procedure and immediate post operative
radial deviation position. It is advisable to
inform the parents (and patients) at the time
of centralization, that the deformity may
recur. Lamb reported 3 recurrences of volar
angulation after 31 centralization procedures
[14]. Damore et al[32] reported that the
mean total angulation (radial deviation and
ulnar bow) improved from 83° before
centralization to 38° after, but recurred to
63° radial deviation at a mean 6.5 years after
centralization. Geck et al [34] performed

Figure 11: Ulnar lengthening

using external fixator

15| International Journal of Paediatric Orthopaedics | Volume 2 | Issue 2 | May-Aug 2016 | Page 12-16




Sheth and Kumar

www.ijpoonline.com

survivorship analysis of 29 radial club hand
treated with centralization or radialization,
with an end point of revision surgery for
recurrence. At S years, one third of patients
presented with a recurrent deformity that
was subsequently treated by revision.
According to Pike et al.[33] post
centralization recurrence of radial
angulation to greater than 45°, an inability to
actively extend the wrist to within 25° of
neutral (i.e. 25° of flexion) or both, are
considered as indications for re-surgery.
Treatment of recurrent deformity after
centralization is problematic; repeated
centralization is likely to fail again because of
the instability of the hand and carpus at the
end of a single forearm bone. The preferred
treatment after a failed centralization
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There are several treatment options
for radial club hand, including non surgical
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ulnarization; ulnocarpal arthrodesis; soft
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