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INTRODUCTION:  Ellis-van  Creveld  (EVC)  syndrome  is one  of  the  rarest  ciliopathy  syndromes.  It is caused
by mutations  of  the EVC  and  EVC2  genes  which  encode  the  EVC proteins  present  in the  basal  body  of the
primary  cilium.
PRESENTATION  OF CASES:  We  report  on a  Saudi  family  with  two  affected  children.  Gene  analysis  revealed
a  homozygous  c.2T  >A in  exon  1 of the  EVC gene.  The  most  interesting  finding  in  our  patients  was  the
wide  – spread  cone-shaped  epiphyses  in  the  hands  and  feet.
DISCUSSION:  Although  cone-shaped  epiphyses  is a known  feature  of  EVC  syndrome,  it usually  limited  to
the middle  or  proximal  phalanges.  The  wide-spread  cone-shaped  epiphyses  seen  in  our patients  have
one-shaped epiphyses not  been  previously  reported.
CONCLUSION:  EVC  syndrome  is very  rare in  the Middle  East.  We  report  on  the first  Saudi family  with
EVC  syndrome  confirmed  by  gene  analysis.  The  most  unique  finding  in  our  patients  was  the  wide-spread
cone-shaped  epiphyses  in  the  hands  and  feet.  The  abnormality  is probably  related  to  abnormal  Indian
hedgehog  signaling  in  the primary  cilium.

©  2017  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
access  article  under  the CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
. Introduction

Ciliopathies are a group of syndromes caused by genetic muta-
ions encoding proteins related to the formation or function of the
mbryonic primary cilium [1]. The primary cilium is composed of
hree parts: a basal body (attached to the actin network of the cell),
n axoneme (projecting microtubules) and a ciliary membrane
covering the axoneme) [2]. The primary cilium is the site of hedge-
og signal transduction which includes Sonic hedgehog (involved

n limb patterning and the pathogenesis of ulnar polydactyly) and
ndian hedgehog (involved in the coordination of chondrocyte pro-
iferation and differentiation) [2,3].

Ellis-van Creveld (EVC) syndrome (also known as chondro-
ctodermal dysplasia, MIM  225500) is one of the rarest ciliopathies.
t is inherited as autosomal recessive and is caused by mutations
f the EVC and EVC2 genes which encode the EVC proteins present
n the basal body of the primary cilium. The syndrome is known
o be prevalent in Amish, Brazilian and Ashkenazi Jewish popu-

ations [4,5]. Outside these populations, the birth prevalence has
een estimated to be 7/1,000,000 live births [6].
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reativecommons.org/licenses/by-nc-nd/4.0/).
The EVC syndrome is characterized by disproportionate
short limb dwarfism, ulnar polydactyly, cone-shaped epiphyses,
capitate-hamate fusion, hypoplasia of the distal phalanges, dys-
plastic nails, oligodontia, multiple frenulae, conical teeth, and short
ribs. About two-thirds of patients have cardiac defects [7,8]. A char-
acteristic defect in the lateral aspect of the proximal tibial epiphysis
(leading to genu valgum) has also been reported [8].

Although cone-shaped epiphysis is a known radiological feature
of EVC syndrome, it is usually limited to the middle or proximal
phalanges. In this report, we  describe two  Saudi siblings with EVC
syndrome and a very unusual wide-spread cone-shaped epiphyses
of the hands and feet. This finding has not been previously reported.
Furthermore, our report represents the first Saudi family with EVC
syndrome confirmed by gene analysis. The work has been reported
in line with the SCARE criteria [9].

2. Case reports

Two Saudi siblings presented to the senior author (MMA)  with
classic features of EVC syndrome. The parents were first degree

cousins and had no abnormalities. The clinical and radiological fea-
tures of their two affected children are summarized in Table 1; and
are demonstrated in Figs. 1–6. Of interest is the presence of wide-
spread cone-shaped epiphyses in the hands and feet (Figs. 3–6).

Group Ltd. This is an open access article under the CC BY-NC-ND license (http://

dx.doi.org/10.1016/j.ijscr.2017.08.022
http://www.sciencedirect.com/science/journal/22102612
http://www.casereports.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijscr.2017.08.022&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:moqattan@hotmail.com
dx.doi.org/10.1016/j.ijscr.2017.08.022
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


CASE  REPORT  –  OPEN  ACCESS
A. Al-Fardan, M.M.  Al-Qattan / International Journal of Surgery Case Reports 39 (2017) 212–217 213

Table  1
Clinical and Radiological Features in Two Saudi Siblings with Evc Syndrome.

Feature Case 1 (Female, 5 years old) Case 2 (Female, 6 years old)

Disproportionate short
limb dwarfism

Yes Yes

Narrow chest Yes Yes
Cardiac defects Atrial septal defect Atrial septal defect
Genu  valgum Yes Yes
Nail  dystrophy All digits All digits
Oral features Oligodontia, conical teeth, multiple frenulae Oligodontia, conical teeth, multiple frenulae
Brachydactyly In the hands In the hands
Postaxial polydactyly Both hands and both feet (The polydactyly of hands were

excised prior to presentation to our clinic)
Both hands

Radiological features:
- Ribs Short ribs Short ribs
-  Proximal tibia Defect in the lateral aspect of the proximal tibial

epiphysis and exostosis of the medial proximal tibia
Defect in the lateral aspect of the proximal epiphysis

-  The hips Short femoral necks Short femoral necks
-  The hands Generalized mild brachydactyly, postaxial polydactyly,

hypoplasia of distal phalanges, and wide-spread
cone-shaped epiphyses (See Figs. 3 and 4). No
capitate-hamate fusion

Generalized moderate brachydactyly, postaxial
polydactyly, hypoplasia of the distal phalanges, and
wide-spread cone-shaped epiphyses (See Figs. 5 and 6).
Capitate-hamate fusion was seen in the left wrist.

-  The feet Post-axial polydactyly, cone-shaped epiphyses of all
proximal phalanges, hypoplasia of the distal phalanges.

Cone-shaped epiphyses of all proximal phalanges,
hypoplasia of the distal phalanges.
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Fig. 1. Demonstration of the hypoplastic nails (Case 2). Als

All coding exons of the EVC and EVC2 genes were amplified by
CR and the amplified products were then sequenced and ana-
yzed for sequence variations. DNA analysis revealed a homozygous
.2T >A trans-version in exon 1 of the EVC gene in both affected
hildren. Parents were heterozygous for the same mutation. This
hange converts the start codon from ATG to AAG and will disrupt
he translation of the EVC protein. The mutation is known to be a
isease-causing mutation [10].

. Discussion

The EVC syndrome is very rare and is worth reporting. Fur-
hermore, our report aims to report on the first Saudi family with
VC syndrome confirmed by gene analysis. The largest cohort (371
atients from 265 family) of various ciliopathy syndromes was
ecently reported; including families from Saudi Arabia [11]. In that
ohort, none of the patients had mutations of the EVC/EVC2 genes;
onfirming the rarity of the EVC syndrome [11].

The most interesting finding in our patients was the wide-
pread cone-shaped epiphyses in the hands and feet. The EVC
rotein is part of the basal body of the primary cilium which is
he site of Sonic and Indian hedgehog signaling. Experimentally,

bnormalities of the EVC protein lead to disruption of hedgehog
ignaling [10,12]. The Indian hedgehog is involved in the coordi-
ation of chondrocyte proliferation and differentiation; and this is
he most likely cause of cone-shaped epiphyses.
 the brachydactyly and postaxial polydactyly of the hands.

Although genotype-phenotype relationships are controversial
in EVC syndrome, certain mutations are known to be hypomor-
phic; and these mutations cause a less severe phenotype [13,14].
In patients with these hypomorphic mutations, the cone-shaped
epiphyses are either absent or seen in a single phalanx [13,14]. We
also did an extensive literature search on the distribution of cone-
shaped epiphyses in all other reported cases of EVC syndrome and
did not find any cases with wide-spread cone-shaped epiphyses
similar to our cases. In previous cases of EVC syndrome, the cone-
shaped epiphyses were seen in either in the proximal or middle
phalanges [6,15,16]. In our second case, cone-shaped epiphyses
were seen in all of the phalanges (proximal, middle, and distal
phalanges) as well as all of the metacarpals (see Fig. 5).

It is important to realize that cone-shaped epiphyses are
also seen in other ciliopathy syndromes [17–21]. This is not
surprising because the hedgehog signaling is abnormal in all cil-
iopathy syndromes. Furthermore, Al-Qattan [19] reviewed the
literature on craniofacial syndromes with cone-shaped epiphyses
and these included: trichorhinophalangeal syndrome, cleido-
cranial dysplasia, cartilage-hair hypoplasia, and Albright hereditary
osteodystrophy. All these syndromes have in common abnormal-
ities of embryonic bone and cartilage development. The presence
of a defect in the lateral aspect of the proximal tibial epiphysis is

highly characteristic of EVC syndrome [8]. This is also considered
as an epiphyseal abnormality; and it was  present in our patients.
Tsuji et al. [22] demonstrated that EVC mRNA was  present in the
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Fig. 2. Demonstration of the gene valgum and the characteristic defect of the lateral aspect of the proximal tibial epiphyses (Case 2).

Fig. 3. The hands in Case #1. Note the wide-spread cone-shaped epiphyses of all phalanges.
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Fig. 4. The feet in Case #1. Note the cone-shaped epiphyses of all proximal phalanges.

Fig. 5. The hands in Case #2. Note the cone-shaped epiphyses of all phalanges and metacarpals. There is also capitate-hamate fusion in the right hand.
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Fig. 6. The feet in Case #2. Note the con

hondrocytes of the tibial epiphyseal growth plate. The expression
f EVC in the growth plates of the phalanges and metacarpals has
ot been studied and is worth exploring.

. Conclusion

EVC syndrome is very rare in the Middle East. We  report on a
audi family with two affected children. Gene analysis revealed a
omozygous c.2T >A in exon 1 of the EVC gene. The most interesting
nding in our patients was the wide-spread cone-shaped epiphyses

n the hands and feet. This finding has not been previously reported.
he epiphyseal abnormality is probably related to abnormal Indian
edgehog signaling in the primary cilium.
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