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Abstract

Background

We have studied a South African family in which four persons in three generations had bilateral coxa vara. The
proband, a boy aged 4 years, presented with a disturbance of gait. His affected father and uncle had been
assessed and operated on by the first named consultant (DT), and his grandmother by DT’s father.

Method

We performed a general and orthopaedic examination as well as a radiologic skeletal survey of the above four
family members.

Results

The proband’s clinical and radiological assessment showed facial features and clavicular changes in keeping
with cleidocranial dysplasia, an autonomous autosomal dominant genetic disorder. Radiographs of his hips
revealed bilateral coxa vara deformities. The proband’s father, uncle and grandmother also had similar facial and
clavicular features of cleidocranial dysplasia. Their hip radiographs showed evidence of previous internal fixa-
tion subsequent to proximal femoral osteotomies.

Conclusion
Cleidocranial dysplasia is relatively common in South Africa and this condition warrants consideration as a

diagnosis in any person with familial coxa vara.
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Introduction

Cleidocranial dysplasia (CCD) [MIM 119600] is an autoso-
mal dominant skeletal dysplasia which is characterised by
defective formation of the clavicles and patency of the ante-
rior fontanelles." Affected individuals have typical facial
features, short stature and a varying spectrum of additional
dental and minor skeletal abnormalities. Apart from undue
mobility of the shoulder girdles, persons with CCD are
often asymptomatic. Orthopaedic problems are infrequent,
but may include pes planus, genu valgum, scoliosis and
bilateral coxa vara.’

We have assessed four family members in three genera-
tions of a South African family who initially presented with
bilateral coxa vara deformities. This abnormality had previ-
ously been successfully corrected surgically in three of
these individuals. They also had clavicular and skull anom-
alies and a diagnosis of CCD was subsequently established
following radiological studies. Two other persons in the kin-
dred had the typical clavicular and cranial manifestations of
CCD, but without coxa vara.

A large extended Cape Town family comprises several
hundred persons with CCD.’ It is evident that this condition
is relatively common in South Africa, and in the local con-
text, CCD warrants consideration in the differential diagno-
sis of familial coxa vara. Our observations are presented,
depicted and discussed in this article and the orthopaedic
manifestations of CCD are reviewed.

Case report

In the affected family, a boy, his father, paternal uncle and
paternal grandmother each presented with bilateral coxa
vara. In this setting of familial coxa vara (FCV), the diag-
nosis of CCD was subsequently established. Two females in
generations II and III had CCD without FCV. A male cousin
of the proband was unaffected. Other relatives were
deceased and their diagnostic status remains unknown. The
pedigree of the affected family is shown in Figure 1.

The proband (V-1) was a 4-year-old healthy boy of short
stature, with growth-for-age measured along the tenth cen-
tile for height and the twenty-fifth centile for weight. He
was initially seen with the complaint of not being able to run
as fast as his peers. He had a patent anterior fontanelle,
prominent forehead, flattened nasal bridge and eyes set
widely apart. The sternal aspect of both clavicles was
absent, and he was able to almost approximate his shoulders
under his chin (Figure 2). He had a normal range of hip
movements and no obvious spinal deformities.

Radiological assessment of his pelvis showed early bilat-
eral coxa vara with a femoral neck-shaft angle of 120°, and
a Hilgenreiner epiphyseal angle greater than 45°. The pubic
symphysis was widened (Figure 3) and the chest radiograph
revealed bilateral partial absence of the medial aspects of
both clavicles (Figure 4). Wormian bones were evident on
the skull radiographs. The diagnosis of CCD was made on
a basis of these clavicular and cranial abnormalities.

A1 vi2 V3

Key to symbols
solid square or circle
clear square or circle
hatched circle

affected male or female

unaffected male or female

female with CCD without coxa vara
forward slash deceased, not examined

arrow proband

Figure 1. Pedigree of the affected family

Figure 2. The proband (V-1) aged 4 years. He
has the characteristic facies, with a promi-
nent forehead and widely spaced eyes.
Clavicular hypoplasia facilitates anterior
apposition of the shoulders.
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Discussion

Affected individuals usually have mildly short stature;
their length at birth is usually normal, but decreases to
around the second centile by the age of 4-8 years. The
limbs are disproportionately short compared to the trunks,
with upper limbs affected more than lower limbs. General
health is good, with normal mental capabilities and life
expectancy."?

Cleidocranial dysplasia is an autosomal dominant con-
dition and the determinant gene is localised at chromo-
some 6p21.>* The gene product is the transcription factor
RUNX2 (CBFA1) which is important for both membra-
nous and enchondral ossification.” The defect in membra-
nous ossification is reflected by the clinical involvement
of mostly midline structures notably cranium, spine and
pubic symphysis.>**

L

Figure 3. Anteroposterior radiograph of the
proband’s pelvis and hips showing early
bilateral coxa vara and widening of the pubic
symphysis.

Figure 5. Anteroposterior radiograph of the
F pelvis of the proband’s affected father (IV-2).
J 4 Severe coxa vara is evident.
_
Figure 4. Chest radiograph of the proband
showing hypoplasia of the medial aspect of
the right clavicle

The proband’s father (IV-2) and uncle (IV-3) had short
stature together with the typical clavicular and cranial
abnormalities of CCD. They both presented with bilateral
coxa vara, for which osteotomies were performed by DT in
1985, at the ages of nine and six years respectively (Figures
5 and 6) and they are currently awaiting surgery for
trochanteric advancement.

The proband’s paternal grandmother (III-3) has short
stature, with features in keeping with CCD, including an
absent right clavicle and wormian bones in the cranium.
Approximately 40 years ago, bilateral femoral osteotomies
were undertaken by DT’s father, and she is now largely
asymptomatic (Figure 7). No further surgery is currently
being contemplated.

Figure 6. Anteroposterior radiograph of the
pelvis of IV-2 in adulthood, following surgi-
cal correction of the coxa vara
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Figure 7. Anteroposterior radiograph of the
pelvis of III-2, the proband’s affected pater-
nal grandmother. The sequelae of previous
bilateral femoral osteotomies are evident.

Cranial and facial features of

cleidocranial dysplasia

Typical facial features’

e large head with a small face

e bossing of frontal and parietal regions

e patent sutures and fontanelles,
fontanelle closure

* increased distance between the eyes

*  widened, flattened nasal bridge

* mandible prognathism

e dental complications, notably supernumary teeth,
retained deciduous teeth and delayed eruption of per-
manent teeth.

with delayed

Dental problems and these craniofacial characteristics are

the main reasons for affected individuals seeking medical

attention. For this reason, dentists and odontologists are

often instrumental in making a positive diagnosis.’

Typical radiological features of the skull:"*’

e incomplete ossification of cranial sutures

e patent fontanelles

e wormian bones, especially in the parietal and occipi-
tal area

e underdeveloped maxilla and sinuses

Congenital pseudoarthrosis of the clavicle is rare,
but should be considered if there is unilateral involvement
of especially the middle third of the right clavicle,
and is present at birth

Skeletal manifestations of
cleidocranial dysplasia

Clavicle'**”7

The clavicles may be entirely or partially absent, usually
bilaterally, allowing shoulder hypermobility and subse-
quently leading to the classic sign of the individual being
able to approximate the shoulders under the chin. These
changes are very variable and in some affected persons,
the clavicles may be normal. Clavicular abnormalities are
seldom a cause of disability, except if compressing the
brachial plexus.

The spectrum of clavicular abnormalities includes
absent or hypoplastic lateral third (common), each clavi-
cle consisting of two separate fragments, with the middle
section being absent, absence of medial third of clavicle
and pseudoarthrosis of the clavicle.

Congenital pseudoarthrosis of the clavicle is rare, but
should be considered if there is unilateral involvement
of especially the middle third of the right clavicle, and
is present at birth. As a single entity, it is not associated
with other musculoskeletal abnormalities.®
Pseudoarthrosis of the clavicle also warrants considera-
tion when there is bilateral clavicular involvement in
CCD. Right-sided pseudoarthrosis in CCD may occur
in association with elevation of the first rib. As the
development of the clavicular component of CCD is not
adequately explained by inadequate membranous o0ssi-
fication, this anomaly may develop due to pressure
exerted on the clavicle by the subclavian artery which is
at a higher level on the right side. The presence of cer-
vical ribs or elevated first ribs, both previously
described in association with CCD, may contribute fur-
ther to its development.®

Pelvis®’

Pelvic anomalies include failure or delayed ossification of
the pubic symphysis, failure of ossification of the ilium, a
widened pubic symphysis and complete or incomplete
absence of the sacrum or coccyx.

Hips3,7,8

Hip anomalies include coxa vara which is usually bilater-
al. Coxa vara is defined as any reduction in the normal
angle between the femoral neck and shaft. In the new-
born, the neck-shaft angle is 155°, and decreases with age
to an angle of 130°. A ‘chef’s hat’ appearance of the
femoral head is suggestive but not pathognomonic of
CCD.*

Other skeletal manifestations®’

In the shoulder the scapulae may be small and dysplastic

with abnormal supraspinatus fossa and acromial facets.
In the arm and forearm, the medial humeral epicondyle

may be dysplastic, with partial absence of the radius.
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In the hands, short, tapered distal phalanges are fre-
quent. Accessory epiphyses, especially involving second
metacarpal and cone-shaped epiphyses may be radiologi-
cally evident. In the feet, epiphyses present at both ends
of metatarsals are common.

The spine is not usually malaligned but scoliosis, kypho-
sis and lordosis can occur.

Radiological features include prominent cervical trans-
verse processes, cervical ribs, failure of union of neural
arches, spondylolysis, spondylolisthesis and hemiverte-
brae.

Management of coxa vara

in cleidocranial dysplasia

Surgical management of coxa vara is the gold standard
and conservative management is regarded as being inef-
fective. In particular, surgery is needed to promote ossifi-
cation of the femoral neck and correct the deformity.””
Absolute surgical indications include neck-shaft angle
less than 90°, Hilgenreiner’s epiphyseal angle greater than
60°, and documented progression of worsening of varus
angulation.™

Timing of surgery has not been unanimously deter-
mined," but recurrence has been documented in children
undergoing surgery before the age of 6 years. The optimal
age must be determined individually — the child should
not be too young in order to avoid early closure of the
capital femoral epiphysis and subsequent leg length dis-
crepancy and greater trochanteric advancement. Equally,
the child should also not be too old, so that sufficient time
remains for improvement of growth before growth plate
closure.

In terms of surgical procedures, many different types of
osteotomies have been described.”'® The most reliable and
least demanding procedure has been shown to be an
intertrochanteric valgus osteotomy with plate fixation, the
extent of which depends on the extent of the child’s initial
deformity.

In our case study, the natural history of the treated dis-
ease is apparent, with elongation of the greater
trochanters causing difficulty with gait and hip move-
ment. Epiphysiodesis of the greater trochanter has only
previously been described in association with mild cases
of coxa vara, but we are considering early growth retar-
dation of the trochanteric apophyses of the proband.’”

Conclusion

We have identified six individuals in four generations of a
family with CCD, four of whom have bilateral coxa vara.
The recognition of the characteristic facial, cranial and
clavicular abnormalities is essential in order to make a
diagnosis. It is imperative to identify hip pathology early
on, in this instance bilateral coxa vara, in order to avoid
deformity and delay in surgical management.
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