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OCCURRENCE OF RADIAL CLUB HAND IN CHILDREN
WITH DIFFERENT SYNDROMES

Avdeichik N.V., Govorov A.V., Golyana S.1., Safonov A.V.

The Turner Scientific and Research Institute for Children’s Orthopedics, Saint-Petersburg, Russian Federation

Aim. Clinical analysis of congenital radial club hand as part of some genetic syndromes as well as the optimization
of methods of non-surgical and surgical treatment of patients with this pathology.

Material and Methods. From 2007 to 2014, we conducted a survey of 170 children with congenital radial club
hand. Among them, 32 patients were diagnosed (18.8%) with different syndromes. We assessed the degree to
which the radius was underdeveloped among this group of patients as well as the management features of patients
according to various comorbidities.

Results. The assessment identified Holt-Oram syndrome in 17 children (nine boys and eight girls; 53.1%) and
TAR-syndrome in nine children (four boys and five girls; 28.1%). VACTERL syndrome was detected in four male
patients (12.5%) and Nagera syndrome was observed in two children (one boy and one girl; 6.25%). Surgical
treatment of radial club hand in patients with genetic syndromes is the same as that of the patients with isolated
congenital radial club hand: a single- or two-stage correction of the hand relative to the ulna with subsequent
reconstruction of the rays of the hand. The duration of treatment of such patients did not significantly differ
compared to the patients with isolated congenital radial club hand.

Conclusion. Congenital radial club hand, identified as part of genetic syndromes, requires a comprehensive
examination to diagnose comorbidities, observation, and treatment by specialists to determine the optimal age for
surgical correction of the existing strain of the upper limb.
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Introduction

Congenital radial club hand is a congenital upper
limb malformation, characterized by hypoplasia
occurring in a longitudinal direction resulting in
the radial deviation of the wrist and shortening
of the forearm. The degree of malformation varies
from hypoplasia to aplasia of various segments of
the forearm and wrist. The typical clinical sign of
congenital radial club hand is the shortening of the
distal radius.

Radial club hand is a longitudinal deficiency
of the radial bone in the forearm. This congenital
deficiency is estimated to occur in 1 in 30,000 to 1
in 100,000 live births. It characterized by an absent
or incomplete radius, absent or incomplete thumb,
malformations of fingers (usually from the second
to the fourth), radial deviation of the wrist toward
the thumb, and some degree of neuromuscular
deficiency. It occurs bilaterally in 38%-58% of cases.
The male to female ratio is 3:2 [1, 2, 3].

In 1733, Petit first described radial club hand in
an autopsy of a neonate with bilateral club hands
and absent radii [4]. Congenital radial club hand

may occur as a separate disease or as a symptom of
other genetic syndromes. Currently, more than 20
syndromes are known to be associated with radial
club hand (radial dysplasia) [5].

Previous studies have failed to show any concrete
genetic basis for the etiology of congenital radial
syndrome. There are many theories regarding the
etiological factors, which can be broadly divided into
two groups, namely, exogenous and endogenous.
In a study, Wiedemann et al (1962) proposed that
20% of defects were congenital, 20% resulted from
exogenous factors and the remaining 60% were of
unknown etiology [6, 7].

However, many authors prefer the current
theory proposing that deformation results from
the destruction or impeded development of the
tissue from which the limb is developed [3, 8].
This is because of from various factors, including
medication and radiation. In addition, mechanical
factors, such as increased intrauterine pressure
because of oligohydramnios, small amnion, amniotic
constrictions, and tumors of the ovaries and uterus,
may also play a part in disease etiology [5-7].
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The most frequently associated and clinically
significant syndromes are thrombocytopenia with
the absence of the radial bone (TAR syndrome),
Holt-Oram syndrome (hand-heart syndrome),
VACTERL syndrome (VATER association), and
Nager syndrome (acrofacial dysostosis) [1-3, 9-12].
Less common syndromes include the Baller-Gerold,
Miller, and Roberts syndromes [5, 13]. Each of
these syndromes requires an individual approach to
formulate an optimal treatment strategy.

TAR syndrome. This syndrome was first
described in 1959 by Shaw et al. [14]; in 1969,
J. G. Hall with a group of collaborators established
its diagnostic criteria [15]. It was concluded to be
an autosomal dominant disorder and estimated
to occur in 1 in 100,000 live births [14, 15]. It
is also known that thrombocytopenia is because
of complete absence of megakaryocytes in 66%
cases, decreased in the number of megakaryocytes
in 12%, and functionally inactive megakaryocytes
in 12% and eosinophilia (55%), and anemia [13].
However, more than 50% of children grow up with
normal platelet counts [16]. Approximately 40% of
children die in infancy because of severe bleeding,
while a small percentage of children gradually have
a decrease in the number of thrombocytes as they
grow [13].

Because of the high risk of bleeding, surgery
is recommended in children with TAR syndrome
only after the platelet count becomes normal [13,
16, 9, 14-15, 17-18]. In the musculoskeletal system,
bilateral congenital anomalies of the shoulder bone
and the shoulder joint definitively occur in cases of
radial club hand.

The distinguishing feature of this syndrome is
that the first ray of the hand remains intact [9]. In
50% of cases, it may affect the lower extremities
(congenital dislocation of the hip, femoral neck
deformation, and aplasia of the fibula) [16].

Some of the rarely seen symptoms of this
disease are cleft palate, congenital heart defects,
short stature, strabismus, hyperhidrosis, kidney
malformations, agenesis of the uterus and ovaries,
and pancreatic cysts [13, 15]. Sixty-two percent of
children who suffer from this disease are allergic to
dairy products. [17]

Holt-Oram syndrome. Holt and Oram first
described this condition in 1960. It is an inherited
disorder characterized by abnormalities of the
upper limbs and heart. Holt—-Oram syndrome is the

most common form of heart-hand syndrome, with
a prevalence estimated at 1 case per 100,000 total
births. Genetic studies have shown mutations in the
gene TBX5 which is important in the development
of the heart and upper limbs [10]; inheritance
patterns may be autosomal dominant (60%) or
sporadic (40%) [12].

Clinical manifestations of the syndrome in the
musculoskeletal system are variable. Abnormalities
may be unilateral or bilateral and asymmetric
and may involve the radial, carpal, and thenar
bones. Aplasia, hypoplasia, fusion, or anomalous
development of these bones produces a spectrum
of phenotypes, including triphalangeal or thumb
absence [13]. The main clinical manifestation of
this syndrome in the cardiovascular system is either
an atrial septal defect or a ventricular septal defect.
Cardiac anomalies may include cardiac conduction
defects, such as progressive atrioventricular block
and atrial fibrillation. In the absence of septal
defects, anomalies, such as patent ductus arteriosus
and peripheral vascular hypoplasia, are frequently
present [19].

VACTERL syndrome (VATER association). This
syndrome derives its name from the first letters of
the non-random co-occurrence of birth defects. It
was first described in 1974 based on the study of
34 patients by S. Temtami and D. Miller. Frequency
of mutations is 1 in 30,000 live births. The disease
occurs sporadically, and its etiology is unknown.
Disease incidence is high among children whose
mothers are diabetic. Studies have revealed the effect
of antibiotics (anthracyclines) in rats that cause
defects similar to that of the VACTERL syndrome [11].

Frequent symptoms are a) malformation
of the spine (60%-80%) that typically includes
segmentation defects, such as hemivertebrae,
kyphoscoliosis, and meningocele; b) congenital
heart disease (40%-80%), particularly ventricular
septal defect; ¢) imperforate anus/anal atresia (55%-—
90%); d) esophageal atresia and tracheo-esophageal
fistula (50%-80%); e) malformation of the forearm
and hand on the side of the radius (40%-50%) that
include hypoplasia or aplasia manifested in the
first ray, preaxial polydactyly, and syndactyly; and
f) renal abnormalities (53%), such as renal agenesis,
dysplasia, and hydronephrosis [13, 20, 21].

Nager Syndrome (Acrofacial dysostosis).
In 1948, F. Nager and ]. deReynier described the
characteristics of this syndrome as maxillofacial
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dysostosis with hypoplasia of the thumb and radius.
Nager syndrome is a rare condition, and although
its prevalence is unknown, more than 200 cases have
been reported in the medical literature. Inheritance
is known to be autosomal dominant with diverse
expressivity. The gene maps to chromosome 9q32.
The anomalies of the maxillofacial region include
palpebral fissures, reduced or absent eyelashes,
eyelid coloboma, sharp mandibular hypoplasia,
shortening of the hard palate, and hypoplasia of
the rudimentary molar. Permanent signs include
hearing losses caused by stenosis or atresia of the
auditory canal, occasional preauricular growths,
and deformation and low positioning of the ear
[1,5]. When examining children with multiple
malformations, it must be noted that such
malformations are not specific to any particular
disease and even rare anomalies may have different
disease etiologies. Diagnosis should not be based
on only one symptom, and it must be noted that
minor malformations are not less important than
major anomalies.

Objective

The objective of this study was to analyze
congenital radial club hand and genetic syndromes
associated with it as well as the optimization of
methods for conservative and surgical treatments of
patients.

Materials and Methods

From 2007 to 2014, a comprehensive study of
170 children with congenital radial club hand was
conducted at GI Turner Orthopedic Institute for
children. Among these, 32 patients (18.8%) were
identified with different syndromes. To assess the
stages of underdevelopment of the forearm and
hand, we used the classification proposed by VS
Prokopovich in 1980. We modified this to include
four stages. First stage—underdevelopment of the
radius. This was not determined radiographically
but clinically, we observed the deviation of the
radial side of the wrist. Second stage— hypoplasia
of the radius up to 50% of the length of the forearm.
Third stage— more than 50% underdevelopment of
the radius. The fourth stage— aplasia of the radius.
In addition, diagnostic tests were performed on
concomitant diseases. All data were retrospectively

collected and analyzed, including the different
methods used in treating the patients.

Results

Patient distribution was made according to
organs that were affected. The most frequent
syndrome was Holt-Oram identified in 17 children
(9 boys and 8 girls; 53.1%). Nine children were
presented with TAR syndrome (4 boys and 5 girls;
28.1%). VACTERL syndrome was observed in
4 male patients (12.5%), whereas Nager syndrome
was observed in 2 children (1 boy and 1 girl, 6.25%).

The mean age of outpatients who came for
consultation was of 4.2 £ 2.5 (range, 1-12) months.
There were more boys (18 patients, 56.2%) than girls
(14 patients, 43.8%). Early consultation by patients
helped to reveal lesions associated with organs and
systems as well as to conservatively treat, reposition,
and stretch soft tissues from the radial edge of the
forearm and hand.

All 32 patients were admitted for surgical
treatment (mean age, 2.9 + 2.8 years; range,
7 months to 12 years). An assessment of patient
history revealed that surgical interventions aimed
to address other co-existing pathologies were
performed in 12 children (37.5%). Surgeries were
performed to correct problems in the cardiovascular
(7 children, 58%), digestive (3 children, 9.4%), and
urinary (2 children, 6.3%) systems.

The aim of the primary surgery was to eliminate
the radial deviation of the hand and to increase the
possibly to restore bilateral finger-gripping ability.
Therefore, we used one-stage or two-stage methods of
correction. Simultaneous middle repositioning of the
wrist and its fixation onto the ulna was performed
in 28.1% of the patients. This was done to passively
reposition the wrist to the middle. This corresponds to
the second stage of the two-stage method of correction
in the case of a forearm deformity. In situations where
it was not possible to reposition the wrist to the
middle, another two-stage method was used.

The first stage of surgery was the removal of
tensioned soft tissues from the radial edge of the
forearm, the excision of the connective cord, which
is located along the projection of the radius if
necessary, and the mounting of a distraction device
on the forearm and the wrist.

In the postoperative period, the single most
important procedure was soft tissue distraction,
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which began on the third day at a rate of 0.25 mm,
three times daily. In addition, conservative treatment
was performed to improve blood circulation to the
upper extremities (Vitaphone, laser therapy, and
treatment with drugs that improve blood circulation
in the cervical portion of the spine). Period of
distraction of soft tissues ranged from 20 to 30 days
with an average of 26.7 + 4.4 days. We noticed a
decrease in the timing of this step and reduction in
pains during medical treatment before surgery by
an average of 7 £ 2.3 days. The gap between the first
stage and the second stage ranged from 0 to 60 days
(mean time, 11.4 + 14.4 days). The second stage of
surgery was to fix the wrist onto the head of the
ulna. Therefore, an incision was made on the lateral
surface of the forearm in transverse direction at the
projection of the head of the ulna with an extension
to the edge of the elbow.

After gaining access to the extensor tendon of
the fifth finger and the hand, it was shifted aside.
This allowed for safe incision of the interposed
soft-tissue between the epiphysis and the proximal
portion of the ulna bone near the wrist, fixing it
with Kirschner wires. Using two Kirschner wires
passed in cross direction through the second and
fifth metacarpal bones, the hand was fixed to the
ulna for 6 weeks. After removing the spokes,
prostheses of the forearm and hand were applied to
save the achieved correction.

Nine patients with TAR syndrome (Fig. 1) were
examined and treated surgically. All cases were
patients at stage four (underdeveloped radius).

During examination and hospitalization for
surgery blood counts revealed varying platelet

levels ranging from 52 x 10°/L to 496 x 10°/L
(mean value, 212.7 x 10%/L). X-rays showed a fourth
degree underdevelopment of the radius in all cases.
The main goal for surgical treatment in this group
of patients was removing and fixing the hand to the
ulna.

All cases were performed using a two-stage
procedure (Fig. 2). Grip function of the hand
was accessed bilaterally (between the thumb and
the first finger). In 5 children (55.5%), abduction
and repositioning of the thumb was done using a
combination of skin grafts.

Postoperative use of NSAIDs led to a sharp
decrease in platelet count (10% and 32% in 2 patients,
respectively) compared with the preoperative platelet
count, and this was followed by a prolonged severe
edema of the forearm and hand and subcutaneous
hematoma.

Holt-Oram Syndrome was seen in 17 patients
(53.1%) with congenital club hand (Fig. 3). Significant
gender differences in terms of treatment were not
observed among children (9 boys, 8 girls). Assessing
the cardiovascular system, we found ventricular
septal defects in 7 children, patent ductus arteriosus
in 6, false chordae tendineae in 2, and atrial septal
defect and dextrocardia in 1 patient. Some patients
had a combination of ventricular septal defect with
other heart defects. Two patients were diagnosed
with congenital hydronephrosis, whereas bilateral
lesions in the upper extremities were observed in
3 children. Among these, 2 cases were reported
with Type IV bilateral radial bone hypoplasia,
whereas in the third case, Types II and IV were
observed in different limbs. Isolated lesions were

Fig. 1. A 12-year-old Patient D; the appearance of the forearms
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observed on the right forearm and hand in 8 patients,
whereas on the left in 5 patients. X-ray examination
revealed varying degrees of hypoplasia of the radius:
Type II was identified in three forearms, Type III in
two forearms, and Type IV in 13 forearms. This is an
important diagnostic criterion, indicating that there is
the possibility of connective tissue deformation located
at the projection of the radius in Type III and IV.

Figure 3 shows the correction of the radial
deviation of the hand by a two-stage procedure.
In patients with third and fourth types of
underdevelopment, there was further assessment
and dissecting of the spiked connective tissue
located at the projection of the radius during the
first stage of operation. The first ray of the hand (in
all cases of aplasia) was restored by pollicization of
the second finger of the hand (Fig. 4).

VACTERL syndrome was diagnosed in 4 patients.
Bilateral lesion of the upper limbs was observed in
2 patients. There were unilateral lesions in 2 patients
with deformation of the forearm and hand at the

right side. The degree of underdevelopment of the
radius in all cases was Type IV. In addition, the first
ray was absent on the affected side (Fig. 5). Surgical
correction of the radial deviation of the wrist was
performed in a two-stage procedure. The first ray of
the hand was reduced by pollicization of the second
finger.

Fig. 3. A 4-year-old Patient M with Holt-Oram
syndrome. The appearance of the forearms and
hands

Fig. 2. A 12-year-old patient D; X-ray of the forearm
and hand at distraction stage and after centralization of
the hand onto the ulna

With respect to existing comorbidities in
the patients, esophageal atresia was operated on
during the first days of life. Kidney damage was
also observed in all patients. The most common
cardiovascular lesion, the tetralogy of Fallot, was
identified in 2 cases. Anomalies of the spine were
found in 3 patients. All symptoms were detected in
only 2 children.

A study was conducted and surgical treatments
were performed on 2 patients with Nager syndrome
(acrofacial dysostosis). Type IV deficiency of the
radius, combined with aplasia of the first finger of
the hand (Fig. 6), was observed in all patients.

Fig. 4. A 5-year-old Patient M with Holt-Oram syndrome.
The appearance of the right hand intraoperatively and at one

year after operation

Fig. 5. A 4-year-old Patient B. with VACTERL syndrome.
The image and radiograph of both forearms and hands

Fig. 6. A 5-year-old Patient A. with Nager syndrome.
The appearance of the face and the forearm
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We also detected palpebral fissures and various
malformations of the facial region of the skull
(Fig. 6). In all cases, there was atresia of the ear
canal.

Surgical treatment consisted of a two-stage
procedure involving the correction of radial
deviation, followed by pollicization of the second
finger.

Discussion

Congenital radial club hand can manifest as
an independent disease and can also be part of
a collection of syndromes. Differentiating the
pathological causes is important because choosing
the best treatment strategy depends on existing
comorbidities [4, 6, 7, 16].

The correction of comorbidities requires
preoperative preparation and examination as well as
the postoperative management of the patient. Thus,
the study of blood parameters in patients with TAR
syndrome showed no anemia and eosinophilia,
despite the description of these features by many
authors [14-15]. We observed an increase in the
number of platelets towards normal values during
the growth of the children that is consistent with
other studies [16, 17-18]. Because of the reduction
of platelets in patients receiving NSAIDs, we
reconsidered the tactics of postoperative pain
management to reduce the risk of bleeding. Heart
diseases, such as ventricular septal defect and patent
ductus arteriosus, described as characteristic of the
Holt-Oram syndrome in the literature were also
present in our clinical observations [19, 22-23].
The most severe comorbidity was the VACTERL
syndrome [21].

Despite the description in the medical literature
regarding difficulties in correcting deformities of the
upper extremity in this group of patients [4, 6, 16],
we found no significant difference in surgical tactics.
In some cases, an early conservative treatment
allowed us to simultaneously operate on the hand
(centralization), achieving positive functional and
cosmetic results.

Conclusions

Congenital club hand requires a comprehensive
study designed to identify comorbidities that require
additional counseling, specialists, and determination

of the age for surgical correction of deformities of the
upper extremity. Only physical state compensation
allows for the correction of existing deformities of
the upper extremity. Early conservative treatment
to stretch the soft tissues from the radial edge of
the forearm allows for reduced surgical treatment
time, reduced surgical trauma, and improvement of
the cosmetic and functional condition of the entire
affected upper limb.

Application of the two-stage method of
correcting radial deviation of the wrist with the
distraction of soft tissues in combination with
physiotherapy is proposed to reduce or eliminate
pain, prevent flexion contractures of the fingers, and
reduce the time between stages of surgical treatment.
TAR syndrome requires monitoring the changes
in blood parameters at all stages of treatment.
Selective drug therapy in the postoperative period,
with the exclusion of NSAIDS, is needful to avoid
complications caused by a sharp decline in platelet
count. Various syndromes with congenital radial
club hand often make the orthopedic traumatologist
engage in a sequence of surgical corrections
of accompanying deformities. Often, surgical
intervention is not the first-line choice for treatment
but allows you to restore the function of the upper
extremity and improve the social lives of children.
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BPOXAEHHAS AYHYEBASI KOCOPYKOCTb Y AETEM
B CTPYKTYPE TEHETUHECKNX CUHAPOMOB

© Aeoetiuux H.B., Tosopos A.B., Ionana C.J., Caponos A.B.
OI'BY «HMOOU nm. V. Typuepa» Munsgpasa Poccun, Cankr-IlerepOypr

Henp nccnegoBanua. Knmamdeckuii ananus BpoK/eHHO Ty4eBoil KOCOPYKOCTH, BXOAAIIell B COCTaB reHeTMYeCKIX
CHHJPOMOB, a TaK)Xe ONTHMM3ANA METONOB KOHCEPBAaTMBHOIO M XMPYPrM4ecKOTo NAe4YeHNsA MAalVIeHTOB C 3TUM
BUJOM IIaTOIOTMII.

Marepuansl u Metopsl. C 2007 mo 2014 roj npoBefeHO KOMIUIEKCHOe oOcnegoBanme 170 geTeil ¢ BpOXKAeHHOI
My4eBoit KocopyKocTbio. Cpeqyu HuX 65110 BbisABIeHO 32 manyenTa (18,8 %) ¢ pasnuunbiMu cuagpomamu. OneHeHa
CTelleHb HeTOPa3BUTHA TY4YeBOIl KOCTH CPelyl JaHHOI Ipynmbl manueHToB. OnpeneneHbl 0COOEHHOCTI BefeHNs
MAIEHTOB B 3aBUCHUMOCTHU OT CONMYTCTBYIOUIUX NMAaTOIOTMIA.

Pesynbrarel. IIpoBesenHasa oneHka BbiABIWIa cuHApoM Xonra — Opama (Holt-Oram Syndrom) y 17 pereit
(9 manpuukoB u 8 geBouyek) — 53,1 %. Taxke BoisABIeH TAR-cuHppoM y 9 pmeteit (4 Manpumka u 5 geBOYeK) —
28,1 %. Cungpom VACTERL o6Hapy>keH y 4 HaI[ieHTOB MY>KcKoro noma — 12,5 %. Cuagpom Harepa nabmiogancsa y
2 pereii (1 Manbuuk u 1 geBouka) — 6,25 %. TaKTHMKa XMPyPrUYeCKOro IeUYeHIs Ty4eBoil KOCOPYKOCTU B CTPYKType
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TeHeTYeCKNX CUHAPOMOB IIPIMEeHAIACh Ta JKe, YTO 1 y MAIMIeHTOB C I30TUPOBAaHHOI BPOKAeHHOII KOCOPYKOCTbIO:
BBINOTTHAZIACH IIEHTPALMsI KICTY HAa TOKTEBYI0 KOCTh MpeAIIeYbsi OTHOMOMEHTHBIM MIN JBYX3TAaIlHBIM CIOCOO0M
¢ mocnenylomeil peKOHCTpyKuueii nydeit. Cpoku TedeHUs NMAIMEHTOB C 3TUMM NATONOTUAMU He OTAMYATUCh OT
CPOKOB JIeYeHNA NMAIMIEHTOB ¢ N30MMPOBAHHON BPOKAEHHOI KOCOPYKOCTBIO.

3akmouenne. BpoxxenHas mydeBass KOCOPYKOCTb, BbISIBIeHHas B COCTaBe TeHETUYECKUX CUHIPOMOB, TpebyeT
KOMIIIEKCHOTO 00C/IeJoBaHMUsA IS AMATHOCTUKYM CONYTCTBYIOIIMX IAaTONOTWII, HAOMIOMeHNS M TedeHUs
Y CHEenMaNNCTOB, ONpeNeTeHNs BO3PACTHBIX NOKA3aHUI /IS XMPYPIUIeCKOil KOPPEeKINMI MMEIoUIXcs AedopMaiuii

BerHeﬁ KOHECYHOCTHU.

KnroueBble cmoBa: Bpoxx[ieHHas jydeBass KocopykocTb, Holt-Oram-cunppom, VACTERL-cunpgpom, TAR-cunpgpom,

Harepa cungpom.
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