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SUMMARY

Hand and foot functions of the cases with cleft hand and foot 
deformities are usually good. Autosomal recessive inheritance 
is frequently seen in a patient  with a family history of  cleft 
hand and foot. However, our cases had autosomal dominant 
inheritance trait. Herein we have presented the family that had 
congenital cleft hand and foot deformity.

Key words: Split-hand/split-foot malformations, autosomal 
dominant inheritance

ÖZET

Yarık el/yarık ayak malformasyonlu bir aile

Yarık el ve ayak deformiteleri bulunan olgularda el ve ayak 
fonksiyonları genellikle iyidir. Ailesinde yarık el ve ayak bulu-
nan durumlarda sıklıkla otozomal resesif geçiş mevcuttur. An-
cak, olgularımız otozomal dominant geçişe sahipti. Biz burada 
doğuştan yarık el ve ayak deformitesi olan bir aileyi sunduk. 

Anahtar kelimeler: Yarık el/yarık ayak malformasyonları, oto-
zomal dominant geçiş 

Genet ik

Göztepe Tıp Dergisi 29(1):69-72, 2014
doi:10.5222/J.GOZTEPETRH.2014.069

ISSN 1300-526X

Split-hand, and split-foot malformations: A family

Ali KARAMAN *, Tülay TOS **, Bilge GEÇKİNLİ *, Hatip AYDIN *, Sebahattin ATAOĞLU ***

Geliş tarihi: 29.05.2013 
Kabul tarihi: 15.07.2013
* İstanbul Zeynep Kamil Kadın ve Çocuk Hastalıkları Eğitim ve Araştırma Hastanesi, Genetik Kliniği 
** Dr. Sami Ulus Çocuk Hastalıkları Eğitim ve Araştırma Hastanesi Genetik Kliniği
*** Erzurum Nenehatun Jinekoloji ve Obstetrik Hastanesi, Acil Servisi

Split-hand/foot malformation (SHFM) is a con-
genital limb malformation with median clefts of 
the hands and feet, and aplasia and/or hypoplasia 
of the phalanges. The aetiogenesis of SHFM is not 
well understood, however, defects in the develop-
ment and/or differentiation of the apical ectodermal 
ridge (AER) are most probably involved (1,2). Five 
different forms of SHFM exist in humans associ-
ated with different genetic anomalies (3). SHFM1 is 
associated with genomic lesions on chromosome 
7q21 in a minimal region, which includes the distal-
less-related homeogenes DLX5 and DLX6 (4,5). The 
double knockout of Dlx5 and Dlx6 (Dlx5/6 D-KO) 
in the mouse leads to ectrodactyly in the hind limbs 
(6,7) with defective development of the middle por-
tion of the AER. Dlx genes code for homeodomain 
transcription factor homologues to insect distal-
less and play a key role in the control of appendage 
development (8-10). In mammals, there are six Dlx 
genes organized into three tail-to-tail bigenic clus-
ters, Dlx1/2, Dlx5/6 and Dlx3/7 (10,11). Dlx genes are 

expressed in craniofacial primordia, in the develop-
ing brain, ectodermal placodes, and limbs, where 
they are both expressed in the AER (7,9,12) and in the 
underlying mesenchyme. 

SHFM4 is caused by mutations in p63, a gene cod-
ing for a transcription factor homologous to p53 and 
p73 (13). Mutations of p63 are also associated with 
other autosomal, dominant, human syndromes, in-
cluding ectrodactlyly-ectodermal dysplasia and cleft 
lip (EEC). p63 plays a major role in the control of 
epithelial morphogenesis (1,2) controlling the expres-
sion of stratification markers. p63 knockout mice 
(p63 KO) show severedefects affecting their skin, 
limbs, craniofacial skeleton, hair and mammary 
gland and in general fail to form normal ectodermal 
structures with profound defects in squamous epi-
thelial lineages. It has been shown that both p63 and 
Dlx5 and Dlx6 (Dlx5/6) play a critical role in the 
control of AER development (1,2,6,7). We report five 
cases with ectrodactyly involving hands or feet.
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CASE REpORT
 
A 6-year-old boy presented with deformed hands 
and feet since birth. There were median clefts of 
both hands and right foot. In the left hand, there was 
absence of third and fourth fingers and, in the right 
hand, there was absence of third and fourth fingers 
(Figure 1a). The right food had a deep midline cleft. 
In the right foot, there was absence of third and 
fourth fingers (Figure 1b). There were no other dys-
morphic features. The systemic examination was 
normal. He was a product of non-consanguineous 
marriage and term normal delivery with no signifi-
cant perinatal events. The index case was second in 
birth order. The first sibling was a female baby. This 
baby also had similar deformed hands (Figure 1c). 
The mother had median clefts of the feet (Figure 
1d). The father did not notice any abnormal fea-

tures. His aunt had median clefts of the feet (Figure 
1e). His maternal grand-father had similar deformed 
hands and feet. However, there was no history of 
similar clinical profile in any of the relatives of the 
father. 

DISCUSSION

SHFM involves median clefts of the hands and feet 
with associated syndactyly, aplasia and/or hypopla-
sia of the phalanges, metacarpals and metatarsals 
(14). Its incidence has been reported to be about 1 
in 90,000 babies with no sex predeliction (15). Two 
expressions of SHFM occur, one with isolated in-
volvement of the limbs, known as the non-syndro-
mic form, and the second, the syndromic form, with 
associated anamolies such as tibial aplasia, mental 
retardation, ectodermal and craniofacial findings, 

Figure 1a.

Figure 1b.

Figure 1c.

Figure 1d.
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orofacial clefting and deafness (16). Our cases be-
longs to the non-syndromic type of SHFM as there 
is no associated anomaly. SHFM patients have fre-
quently autosomal recessive inheritance. However, 
our cases had autosomal dominant inheritance.

The developmental patterning of the limbs results 
from gradients of signalling molecules in three 
spatial dimensions:proximo-distal (shoulder-finger 
direction), antero-posterior (thumb-little finger di-
rection), and dorso-ventral (back-palm direction) 
(Figure 2). For correct development, three special-
ized cell clusters are of primary importance: the api-
cal ectodermal ridge (AER), the progress zone (PZ), 
and the zone of polarizing activity (ZPA). These 
groups of cells produce signalling molecules that 
determine the fate of neighbouring cells by instruct-
ing them to remain undifferentiated, to proliferate, 
or to differentiate into a particular cell type.

Failure to initiate the AER leads to truncations of all 
skeletal elements of the limb (stylopod, zeugopod, 
autopod). This was first demonstrated by studies in 
which the AER was surgically excised (17,18). Since 
SHFM only affects the autopod, this probably re-
flects a failure to maintain the normal function of 
the AER (Figure 2). Genetic defects, as well as en-
vironmental factors, may cause ectrodactyly by in-
terfering with AER function or maintenance. For in-
stance, treatment of pregnant rats with retinoic acid 
induces limb malformations, including ectrodactyly, 
by inducing AER cell death (19). Other environmen-
tal factors that are known to induce ectrodactyly in 
rodents include cadmium, hydroxyurea, cytarabine, 
methotrexate, ethanol, caffeine, cocaine, valproic 
acid, acetazolamide and methoxyacetic acid (20).

The AER, which is located at the distal rim of the 
developing limb bud, is crucial for the formation 
and identity of digits. Signals from the AER al-
low the underlying mesenchymal cells of the PZ to 
maintain their proliferative activity (21-25). A number 
of key players in the AER are known. These include 
fibroblast growth factors (FGFs), bone morphoge-
netic proteins (BMPs), WNT signalling molecules, 

and homeobox-containing proteins, such as MSX1 
and MSX2. AER formation is induced by mesoder-
mal signalling to the overlying ectoderm. Molecules 
involved in this process include FGF10, its receptor 
FGFR2 (26), and BMPs, which control the ectoder-
mal expression of MSX transcription factor genes 
(27). 

FGFs fulfil two major functions. They maintain 
limb outgrowth by inducing proliferation of mes-
enchymal cells in the PZ and they maintain Sonic 
Hedgehog (SHH) expression in the ZPA. Impor-
tant signalling molecules involved in the latter are 
BMPs, whose activity is modulated by SHH sig-
nalling from the ZPA, through Formin (FMN) and 
Gremlin (GRE) (28,29). Several FGFs are restricted to 
the AER: FGF4, FGF8, FGF9 and FGF17. These 
AER-FGFs are crucial for limb development. In 
mice, simultaneous conditional ablation of Fgf4 and 
Fgf8 is compatible with normal AER initiation, but 
defective gene expression in the underlying mesen-
chyme. The AER itself is maintained until embry-
onic day E11 (29), when it begins to degenerate. The 
Fgf4 and Fgf8 double knockouts have aplasia of 
both proximal and distal limb elements, which may 
be explained by a reduction of mesenchymal cells in 
the limb bud (23). 

Ectrodactyly can be treated surgically in order to 
improve function and appearance. Prosthetics may 
also be used. Parents should be counseled regarding 
the possibility of recurrence of the disease in the fu-
ture siblings and antenatal diagnosis by ultrasonog-
raphy should be offered (30,31).
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