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Abstract
Purpose: Cleidocranial dysplasia is an autosomal dominant disorder characterized by defective ossification of the intramembraneous 
ossification (primarily the clavicles, cranium, and pelvis), and it is caused by mutations in the RUNX2 gene that is responsible for osteo-
blast differentiation. Spine deformities were of progressive nature and considered to be the major orthopedic abnormalities encountered 
in our practice in patients with cleidocranial dysplasia. We aimed to further delineate the underlying spine pathology and its etiological 
understanding. Extraspinal deformities were dealt with respectively.
Material and methods: In this paper, we describe 7 patients who were consistent with the phenotypic and the genotypic characteriza-
tion of cleidocranial dysplasia. Reformatted computed tomography (CT) scans have been applied in several instances to further under-
stand the underlying pathology of progressive spine tilting. Radiographs were sufficient to illustrate other skeletal malformations.
Results: Anatomical survey demonstrates that a broad spectrum of frequently unrecognized orthopedic aberrations were encoun-
tered. We believe that torticollis has evolved in connection with the persistence of synchondrosis of the skull base and the upper 
cervical spine and these are strongly correlated to the well-known pathology of posterior occipital synchondrosis. Similarly, sco-
liosis and kyphoscoliosis resulted from the pathologic aberration of the cartilaginous stage of disrupted embryological develop-
ment. All our results are discussed for the first time. Coxa vara, patellar dysplasia, and genu valgum were observed as extraspinal 
deformities.
Conclusion: This paper includes for the first time the anatomical analysis of the malformation complex of the craniocervical and the 
entire spine in patients with cleidocranial dysplasia. Reformatted CT scan was the modality of choice. We were able to illustrate that the 
persistence of skull base and the cervical spine synchondrosis were correlated with the pathological mechanism of the posterior occipital 
synchondrosis. Therefore, injuries to the craniocervical region in these patients might lead to a wide range of dreadful complications, rang-
ing from complete atlanto-occipital or atlanto-axial dislocation to nondisplaced occipital condyle avulsion fractures with the possibility of 
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Introduction
Cleidocranial dysplasia is a disorder in which the bones 
formed by intramembraneous ossification (primarily 
the clavicles, cranium, and pelvis) are abnormal. The 
characteristic feature in cleidocranial dysplasia is 
hypoplasia or absence of the clavicles. Although the 
most significant abnormalities are seen in the bones 
formed by intramembraneous ossification, enchon-
dral growth is disturbed to a lesser degree, resulting in 
mild dwarfism. The main diagnostic criteria are hered-
itary malformative syndrome characterized by abnor-
mal development of the skull (increased transverse 
diameter with delayed ossification of the fontanelles) 
and the clavicles are either aplastic or hypoplastic.1 
Autosomal dominant inheritance with high penetrance 
and wide expressive variability, though one third of the 
cases are due to mutations. The possibility of a reces-
sive form has been suggested as well.

Previous studies revealed that cleidocranial dys-
plasia is a dysplasia of the median points of particular 
segments of the skeleton (lack of median fusion of 
the cranial sutures and the symphysis of the mandible 
and posterior vertebral arches in addition to diasta-
sis of the symphysis pubis and aplasia of the central 
nuclei of the clavicles).2–4

Tang et al5 have indicated that RUNX2 serves as 
a master gene regulating osteoblast-specific gene 
expression. The gene is expressed in the cells of osteo-
blast lineage only, and its expression is regulated by 
calciotropic agents. In odontogenesis, RUNX2 regu-
lates key epithelial mesenchymal interactions that 
control the progress of morphogenesis and histodif-
ferentiation of the epithelial enamel organ.

None of the above mentioned studies discussed 
the craniocervical and the spine pathology in patients 
with cleidocranial dysplasia. We proved that the pos-
terior occipital synchondrosis is an extensive patho-
logical mechanism with cephalocaudal mechansim.

Methods
The study protocol was approved by the Medical 
University of Vienna (Ethics Committee, EK Nr. 

morbid and or mortal outcome. On the other hand, the persistence of a cartilaginous spine was the reason behind the progressive spine tilt-
ing. This pathological form can be considered as a notoriously unpredictable malformation complex. The value of presenting these patients 
is to demonsterate that the genotype is not a precise index to assess the severity and the natural history of the phenotype.
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921/2009), and informed consents were obtained 
from the patients’ guardians. Our patients were of dif-
ferent ethnic origins. The patients’ records were stud-
ied at the Department of Bone Disorders, Orthopedic 
Hospital of Speising, Vienna, Austria. Extensive 
search for specific phenotypic features, natural his-
tory, and skeletal surveys were performed to prepare 
this review, which is illustrative of the spectrum of 
the skeletal abnormalities in cleidocranial dysplasia. 
All manifested round, flat facies, which were small in 
comparison with the large size of the skull. The supe-
rior orbital margins were prominent than the inferior 
margins.

Saddle-shaped nose, flap ears, retroposed maxilla, 
and prominent mandible with a high-arched palate 
were notable. All our patients presented with abnormal 
cranial development such as frontal bossing, separated 
by a vertical sulcus (natiform forehead) associated 
with prominent parietal bossing, with the transverse 
diameter. Skull radiographs showed brachycephalic 
skull with increased biparietal diameter, frontal boss-
ing, wide spaced sutures, multiple sutural (wormian 
bones), absent parietal bone ossification, with the 
anterior fontanelle remaining open associated with 
persistent posterior occipital synchondrosis. Closure 
of the sutures is markedly delayed, and the anterior 
fontanels were markedly enlarged. Persistence of the 
cranial fontanels, especially the bregmatic, with dia-
stasis of the sutures and a membranous texture upon 
palpation (papyraceous cranium) were encountered 
in all patients (Fig. 1).

The trunks in all our patients were characterized 
by the presence of complete aplasia of the clavicles 
and are associated with disappearance of the supra-
clavicular and infraclavicular fossae so that the neck 
seems to imperceptibly continue into the thorax. Also 
present were winged scapulae and drooping shoulders 
with abnormal excessive mobility allowing the shoul-
ders to be adducted to the point were the deltoid areas 
touch each other in the region of the sternum (puppet 
shoulders). In addition, the scapulae touch each other 
posteriorly (Fig. 2).
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in size by 6  months and is completely closed by 
18 months of age.

The posterior fontanel, lying between paired 
occipital bones, generally closes by 4 months of age. 
Fifty percent of postnatal head growth occurs by the 
age of 18 months. Between 2 and 5 years of age, head 
circumference rapidly increases, tapering off by the 
age of 5 years.

Unlike the head, 50% of trunk growth is not reached 
until the age of 8 years; thus, head size is dispropor-
tionately large until then. Younger children have less 
cervical lordosis, the cervical Cobb’s angle is inversely 
proportional to the child’s age until 8. This allows the 
child’s head to center over the thorax to maintain bal-
ance and requires modification of the normal head 
position when using a halo immobilization. After the 
age of 5 years, the rate of skull growth decreases, and 
adult head size is generally attained by age 12.6–8

Radiographs were nonsufficient to understand the 
nature of the abnormal craniofacial contour. Therefore 
we referred to a reformatted computed tomography 
(CT) scan.

Torticollis
In all our patients, there was no sternocleidomastoid 
muscle spasm, nor was there aplasia of the muscles 
in the nuchal cavity of the affected side. The muscle 
strength, sensation, and reflexes ( Hoffman’s, Babinski’s 
and Chaddock’s reflexes) of the upper and lower limbs 
were negative. Bowel and bladder sphincter control 
were normal.

The neck mobility limitations were the reason to 
further analyze the craniocervical junction, namely 
the base of skull and the upper cervical vertebrae.

Skull base
The skull base is a platform at the bottom of the cra-
nium that cradles the brain, provides support and pro-
tection, and serves as the entrance and exit for major 
vascular and neural structures. The skull base sepa-
rates the neurocranium (calvaria) from the facial vis-
cerocranium (jaw and muscles of mastication).

The skull base is called the chondrocranium 
because most of these bones are performed in carti-
lage and ossify by the process of endochondral ossi-
fication. Most of the facial bones and calvaria expand 
rapidly owing to the brain.6,7

Figure 1. Skull radiographs show brachycephalic skull with increase 
biparietal diameter, frontal bossing, wide spaced sutures, multiple sutural 
(wormian bones), and absent parietal bone ossification. The anterior fon-
tanelle remains open, associated with posterior occipital synchondrosis. 
Closure of the sutures is markedly delayed, and the anterior fontanelle are 
markedly enlarged. Persistence of the cranial fontanelles, especially the 
bregmatic, with diastasis of the sutures and a membranous texture upon 
palpation of the papyraceous cranium are constant features in CCD.

Figure 2. The trunks in all our patients were characterized by the pres-
ence of complete aplasia of the clavicles and are associated with disap-
pearance of the supraclavicular and infraclavicular fossae so that the 
neck seems to imperceptibly continue into the thorax. Winged scapulae, 
drooping shoulders with abnormal excessive mobility, allowing the 
shoulders to be adducted to the point where the deltoid areas touch each 
other in the region of the sternum (puppet shoulders) are shown.

All our patients showed abnormal craniofacial 
contour, torticollis, scoliosis, and kkyphoscolisois, 
and a constellation of extraspinal deformities such as 
coxa vara and genu valgum were also present.

Cranial development
The anatomy of the skull prior to skeletal maturity 
is important to consider in the management of spine 
maldevelopment. During the first 1 or 2 years of 
life, significant changes in the shape and location 
of the membranous bones of the calvarium occur 
as the skull plates grow and interdigitate. At birth, 
the anterior fontanel is present due to gaps between 
the paired frontal and parietal bones; this decreases 
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The bones of the skull base are derived from 
cartilaginous precursors, known as the chondrocra-
nium, while the calvarial bones form from membra-
nous bone. The development of the cartilaginous skull 
base begins around the 40th day of gestation, with 
the conversion of mesenchyme into cartilage. This 
mesenchyme surrounds the developing notochord to 
form a floor for the base of the brain. During the 5th 
week, the notochord becomes enclosed by the bod-
ies of the upper cervical vertebrae and passes into the 
basioocciput. Here it lies directly in contact with the 
endoderm of the embryonic pharynx. Skull base syn-
chondroses are regarded as important growth centers 
of the craniofacial skeleton, particularly the sphenooc-
cipital synchondrosis, because of its late ossification 
and important contribution to postnatal cranial base 
growth. The sphenooccipital synchondrosis seems to 
have a more prominent role in growth of the human 
skull up to adult life than other midline chondral 
structures. In the postnatal period, endochondral ossi-
fication of the cranial base synchondroses contributes 
to the expansion of the ossification centers and growth 
of the cranial base. Therefore, cranial base synchon-
droses are analogous structures to growth plates of 
the long bones in that they allow for rapid endochon-
dral growth of the bone and eventually close when the 
bone reaches its final size.6,7,9,10

Radiographic assessment of the cervicocranium 
is the traditional modality for patients with spine 
deformities. It is based on the anteroposterior open 
mouth radiograph and a lateral radiograph and oblique 
view. There are instances in which interpretation of 
the upper cervical spine can be misleading and per-
haps challenging because of the wide range of nor-
mal/abnormal anatomic variants and synchondroses.

The axis
The axis is formed from 4 primary ossification 
centers: the body, the 2 neural arches, and the dens. 
These ossification centers are separated by a cartilagi-
nous plate called a synchondrosis. The synchondrosis 
between the dens and the body of C-2 is prone to frac-
tures in young children.

In children, the axis is divided by synchondroses 
between the dens, body, and neural arches. The carti-
laginous plate between the dens and body of C2 is an 
area of potential weakness that does not ossify until 
the child is 5 to 7 years old. The weak synchondrosis, 

in combination with the relatively large size of the 
child’s head, which can act as a pendulum in high 
speed trauma, makes the odontoid synchondrosis 
prone to traumatic injury.11,12

Trauma is the main cause of Occipito-atlantal  
abnormality, particularly in pediatric acute care prac-
tice. Children are vulnerable to this injury because 
of their small occipital condyles and horizontally 
oriented atlanto-occipital joints. Trauma can cause 
injury or rupture of the tectorial membrane and the 
alar ligaments that allow movement of the cranium 
relative to the spine.13 Dynamic lateral cervical spine 
radiographs showed vague anatomical structure of 
the odontoid in our patients.

The existence of craniocervical malformation 
signifies the potential for both sudden death and or 
significant morbidity as a result of maldevelopment 
of the skull base and the upper cervical vertebrae. To 
further understand the craniocervical malformation 
complex we referred to reformatted CT scan.

Scoliosis
The embryologic development of the vertebral column 
is a complex and rapid process. The complete ana-
tomic pattern is formed in mesenchyma during the first 
6 weeks of intrauterine life. Defects of formation or 
segmentation of the primitive vertebrae may occur dur-
ing this period. Once the abnormal mesenchymal mold 
is established, the cartilaginous and bony stages follow 
that pattern, and the vertebral anomalies are fully estab-
lished at birth. The classification of the developmental 
vertebral anomalies that produce congenital scoliosis 
is based on the embryologic development of the spine. 
There are 2 basic groups of anomalies: those caused by 
a defect of formation and those caused by a defect of 
segmentation of one or more vertebrae.14

Synchondrosis is the development of union 
between 2 bones by the formation of either hyaline 
cartilage or fibrocartilage. A synchondrosis is usually 
temporary and exists during the growing phase until 
the intervening cartilage becomes progressively thin-
ner during skeletal maturation and ultimately becomes 
obliterated and converted into bone before adult 
life. In simple terms, a synchondrosis is a cartilagi-
nous joint. It allows only slight movement between 
bones compared with the synovial joint, which has 
a much greater range of movement. The process of 
ossification within the centrum of the vertebral body 
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is similar to that of tertiary ossification. Longitudinal 
growth mostly occurs at the chondroepiphyseal por-
tions of the end-plates.

These areas also allow circumferential expansion 
of the vertebral centrum. The posterior elements also 
demonstrate longitudinal growth. An anterior growth 
plate exists at each neurocentral synchondrosis. 
A posterior growth plate at the spinous process syn-
chondrosis allows the laminar and pedicular regions 
to lengthen. Posterior element growth ceases at 5 to 
8 years of age after the synchondrosis close. Anterior 
column continues until 16 to18 years of age, and 
asymmetric closure may lead to scoliosis. Latitudinal 
growth is the result of a combination of perichondral 
and periosteal apposition, while longitudinal growth 
is due to endochondral ossification.

Vertebral growth plates enlarge via the addition 
of cells at the periphery. Interstitial growth in the 
transverse growth plate appears to be related to the 
enlargement of the epiphyseal ossification center. 
The vertebral physis has a limited height compared 
with that of long bones. The perichondral ossification 
zone of Ranvier is much less evident in a growing 
vertebra. Vertebrae grow through a typical endo-
chondral ossification sequence, with the initial pro-
duction of primary spongiosa. Remodelling occurs 
throughout the growth process until skeletal maturity. 
Throughout the human body, cartilaginous joints can 
be found in the symphysis pubis, between the ribs and 
sternum, between adjacent vertebrae in the spinal col-
umn, and at the growth plates between the epiphysis 
and metaphysic of tubular bones.15

Radiographs in our scoliotic patients showed pro-
gressive scoliosis and kyphoscoliosis in 5 patients out 
of 7. To further delineate the underlying pathology 
of the progressive spine tilting in these patients, we 
referred to reformatted CT scan.

Lower limb abnormalities
Coxa vara
Coxa vara is a decrease in the angle between the head 
or neck and shaft of the femur, often in presence of a 
metaphyseal defect.

In other words the neck-shaft angle is less than 
110°. It is characterised by a decrease in the neck-
shaft angle and clinically by a waddling gait or limb 
length discrepancy. Symptoms do not develop until 
the child starts to walk and often not before the age of 

3 or 4 years. There is a typical limp or a waddling gait 
resembling that of dysplastic developmental disloca-
tion of the hip. Abduction of the hip is limited, there 
is a positive Trendelenburg’s sign on standing on the 
affected side, and the greater trochanter is elevated. 
Congenital coxa vara results in a decrease in metaphy-
seal bone as a result of abnormal maturation and ossi-
fication of proximal femoral chondrocyte. As a result 
of congenital coxa vara, the inferior medial area of 
the femoral neck may be fragmented. A progressive 
varus deformity might also occur in congenital coxa 
vara as well as excessive growth of the trochanter and 
shortening of the femoral neck. Coxa vara is treated by 
valgus osteotomy of the proximal femur. Indications 
for surgery are identical to those for developemental 
coxa vara (ie, a neck-shaft angle of less than 90°, a 
Hilgenreiner-epiphyseal angle of 60° or more, or pro-
gression of deformity). Younger patients may show 
progressive acetabular remodelling after osteotomy. 
In older children, pelvic osteotomy to improve the 
containment of the hip is advised. Adductor tenotomy 
may be required after valgus osteotomy because of 
the lenghthening effect of valgus.

The major extra-articular limitations to adduction 
of the proximal segment of the femur after osteotomy 
are the tensor fascia lata and the gluteus medius and 
minimus muscles. If adequate adduction is not pres-
ent when a valgus osteotomy is performed, an abduc-
tion contracture will result. Because of the long lever 
arm of the lower extremity, the abduction contracture, 
in some cases, may resolve with physical therapy and 
gravity.16,17 All our patients illustrated coxa vara.

Genu valgum
Genu valgum is a lower limb deformity that is char-
acterized by the typical pattern of circumduction, 
requiring that the individual swing each leg outward 
while walking in order to take up steps without strik-
ing the planted limb with the moving limb. In chil-
dren younger than 6 years, physiologic genu valgum 
is common but self-limiting and innocuous.

In children with pathologic genu valgum, when the 
axis deviates into or beyond the lateral compartment 
of the knee, regardless of the etiology, a remarkable 
number of problems may ensue.

Pathologic genu valgum warrants aggressive treat-
ment to alleviate symptoms and prevent progression. 
Surgical intervention is the only successful intervention 
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for correcting the deformity, which includes osteot-
omy and hemiepiphysiodesis (growth manipulation). 
Hemiepiphysiodesis may be planned, either temporary 
with staples or transphyseal screws or permanent via 
timed hemiepiphysiodesis. Valgus alignment of the 
lower extremities is normal in a child between 2 and 
8 years of age. The maximum amount of physiologic 
valgus occurs between 2 and 4 years, after which the 
alignment of the lower extremities assumes a mild val-
gus femoral-tibial angle, the normal alignment in an 
adult. Therefore, by 8 years of age, there should be 
little or no change in alignment of the lower extrem-
ity, and preparation for treatment of what is deemed 
excessive physiologic valgus may be made at this age. 
In a younger child passing through the physiologic val-
gus phase, radiographs are not indicated unless there 
is evidence of unusual phenotypic features compat-
ible with a skeletally dysplastic disorder. After 8 years 
of age, correction of excessive genu valgum may be 
indicated when there is gait disturbance, difficulty 
in running, knee discomfort, patellar malalignment, 
evidence of ligamentous instability, or excessive cos-
metic concern.17–19 Two patients only out of 7 showed 
genu valga.

Patellar dysplasia
The anlage of the patella starts to form as early as the 
sixth week of foetal life by detachment from the anlage 
of the lower part of the femur, which takes place prox-
imal to the region of the future joint and then descends 
by the third month of fetal life and lies in the depres-
sion between the future femoral condyles. The rectus 
femoris future tendon material is then seen running 
over the anterior surface of the anlage of the patella.20

Van Huyssteen et  al21 showed that patients with 
symptomatic patellar instability will have either 
objective patellar instability (true atraumatic dis-
location with an anatomical abnormality) or poten-
tial patellar instability (pain, catching or locking of 
the patellofemoral joint, and inability to rehabilitate 
quadriceps with an anatomical abnormality). All our 
patients manifested ischialpatellar dysplasia.

Results
Cranial development
Reformatted CT scan of the skull in our patients 
showed increased biparietal diameter and fron-
tal bossing, and the anterior fontanel remains open 

and markedly enlarged in an adult patient. There 
was defective ossification of the mandibular menti 
(symphysis). In addition, there was persistence of the 
line of the 2 pieces of the mandible (persistent syn-
chondrosis), and prognathism was marked (Fig. 3).

Torticollis
We encountered extreme malformation complex of 
diffuse skull base and upper cervical spine malfor-
mation complex. Sagittal reformatted CT scan in 
a 15-year-old patient with cleidocranial dysplasia 
showed defective ossification of the sella turcica 
and the clivus as well. In addition, it showed that the 
entirety of the skull base and most of the sphenoid 
bone and the clivus were cartilaginous, while the 
remainder of the cranial vault underwent simultane-
ous defective membranous ossification. The odontoid 
was hypoplastic and there was agenesis of the ante-
rior arch of the atlas. Also note the severe ossifica-
tion defects of the anterior and the posterior fontanels 
respectively (Fig. 4). Dentocentral synchondrosis has 
been detected in all patients.

Coronal reformatted CT scan in an 9-year-old-
patient showed dentocentral synchondrosis of the 
axis associated with odontoid process dysplasia and 
persistence of infantile synchondrosis over the entire 
cervical spine (Fig. 5).

Figure 3. Reformatted CT scan of the skull show increased biparietal 
diameter and frontal bossing, and the anterior fontanel remains open and 
markedly enlarged in an adult patient. There was defective ossification 
of the mandibular menti (symphysis). In addition, there was persistence 
of the line of the 2 pieces of the mandible (persistent synchondrosis). 
Prognathism was marked associated with defective development of the 
upper jaw.
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butterfly and hemivertebrae (like) because of defective 
ossification along the entire spine with subsequent devel-
opment of progressive scoliosis/ kyphoscoliosis (Fig. 6).

This result confirms that the overall latitudinal 
growth, the longitudinal growth, the vertebral growth 
plates, and the interstitial growth of the entire spine in 
patients with cleidocranial dysplasia are remarkably 
defective.

Lower limb abnormalities
Coxa vara
One 12-year-old patient underwent valgus osteotomy 
of the proximal femora. LCP-Pediatric-Hip Plate has 
been applied bilaterally to correct the varus deformity 
and to rotate the proximal femoral physis from a ver-
tical to horizontal position (Fig. 7).

Genu valgum
Hemiepiphysiodesis (guided growth technique) was 
planned in a 9-year-old patient (temporary hemiepi-
physiodesis with 8-plates via timed hemiepiphysiod-
esis has been performed) (Fig. 8).

Figure 4. Sagittal reformatted CT scan in a 15-year-old adult patient with 
cleidocranial dysplasia showed defective ossification of the sella turcica 
and the clivus. In addition, it showed that the entirety of the skull base 
and most of the sphenoid bone and the clivus are cartilaginous, while 
the remainder of the cranial vault underwent defective membranous 
ossification. The odontoid is hypoplastic, and there was agenesis of the 
anterior arch of the atlas. Also note the severe ossification defects of the 
anterior and the posterior fontanels respectively.

Figure 5. Coronal reformatted CT scan in a 9-year-old patient showed 
dentocentral synchondrosis of the axis associated with odontoid process 
dysplasia and persistence of infantile synchondrosis over the entire cer-
vical vertebrae.

Scoliosis
Reformatted coronal CT scan of the spine in an adult 
patient (17 years of age) showed the massive pathologic 
aberration of the cartilaginous stage of development 
(defective primary ossification of the vertebral column) 
causing effectively the maldevelopment of extensive 

Figure 6. Reformatted coronal CT scan of the spine in a 17-year-old adult 
patient showed the massive pathologic aberration of the cartilaginous stage 
of development (defective primary ossification of the vertebral column) caus-
ing effectively the maldevelopment of extensive butterfly-like and hemiverte-
brae like malformation (defective vertebral ossification) along the entire spine 
with subsequent development of progressive scoliosis/kyphoscoliosis.
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ossification of the ischium and pubis. In addition, 
there was maldevelopment of the capital femoral epi-
physes and both were separated from the metaphy-
ses with upward and medial inclination. Note the gap 
between the epiphyses and the irregular metaphyses 
respectively. Hypoplasia of the patellae was evident 
with subsequent development of patellar maltracking 
(Figs. 9 and 10).

Discussion
Marie and Sianton1 and recent reports3–5 revealed 
that cleidocranial dysplasia or dysostosis involves 
dental anomalies and bone abnormalities with mem-
branous ossification of clavicles, cranium, face, and 
pelvis but rarely of the spine and the remainder of the 
skeleton. The main radiographic features, as previ-
ously reported, are associated with the skull, which is 
described as brachyphalic associated with increased 
biparietal diameter, frontal bossing, wide-spaced 
sutures, multiple wormian bones, and anterior fon-
tanelle remaining open in adulthood associated with 
posterior occipital synchondrosis persisting until 4 or 
5 years of life.3,4 Our results showed that skull base 
and entire spine malformation complexes are the 
paramount deformities in patients with cleidocranial 
dysplasia and require special attention and care.

The cervical spine differs from the thoracic 
or lumbar region in both anatomy and functional 
respects. In particular, the upper cervical spine has 

Figure 7. AP radiograph in a 12-year-old patient showed valgus osteot-
omy of the proximal femora to correct the coxa vara. LCP-Pediatric-Hip 
Plate has been applied bilaterally to correct the varus deformity and to 
rotate the proximal femoral physis from a vertical to horizontal position.

Figure 8. Hemiepiphysiodesis in a 9-year-old patient (temporary 
hemiepiphysiodesis with 8-plates via timed hemiepiphysiodesis) was 
performed.

Figure 9. AP radiograph of the pelvis in a 9-year-old patient with cleidocra-
nial dysplasia. Note that the pelvis showed a combination of delayed 
ossification of the ischium and pubis. In addition, there was maldevelop-
ment of the capital femoral epiphyses, and both were separated from the 
metaphyses with upward and medial inclination. Note the gap between 
the epiphyses and the irregular metaphyses respectively.

Patellar dysplasia
Anterioposterio (AP) radiograph of the pelvis and 
lateral radiographs of the knees in an 11-year-old 
patient with cleidocranial dysplasia show that the 
pelvis and knees showed a combination of delayed 
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its own unique anatomy, including several ligaments 
designed to permit axial rotation of the atlas and 
head. Therefore the pathogenesis of cervicothoracic 
scoliosis should be carefully evaluated. Studying the 
craniocervical abnormality in scoliotic patients needs 
a higher index of suspicion and prompt evaluation.

The odontoid abnormalities have a reputation for 
being missed, leading to a situation of future insta-
bility and potential risk for neurologic injury.13 The 
axis develops from 5 primary centers of ossification, 
which are usually present at birth. There is 1 center 
for the body of the axis, 2 for the odontoid process 
(which represents the body of the atlas), and 2 for 
the vertebral arch. The neurocentral synchondrosis, 
the cartilaginous structure that joins the body to the 
2 posterior centers of ossification, ossifies between 
the ages of 3 and 6 years. In our group of patients, it 
was quite obvious that synchondrosis was a perma-
nent rather than a temporary process.

Currarino22 described primary spondylolysis of the 
axis in 3 children, 1 of whom had pycnodysostosis. 
He suggested that the lesion might be congenital and 
represents a defect of chondrification of the mesen-
chymal precursor of the vertebra rather than a failure 
of fusion of the centers of ossification.

Embryologically, the spine develops in 3 stages: the 
membranous, the cartilaginous, and the ossific. In the 
membranous stage, the axial skeleton first differenti-
ates from the mesenchyme, most of which occurs in 
serially arranged pairs of mesodermal segments desig-
nated as sclerotomes. The sclerotomes migrate to lie in 
paired segmental masses alongside the notochord. Each 
sclerotome differentiates into a compact caudal portion 
and a less dense cranial half. At alternate segments, 

there is an intersegmental artery between a less dense 
and a compact portion. The denser caudal part of each 
sclerotome mass then unites with the looser cranial half 
and thus forms the substance of the definitive vertebra. 
The intervertebral disk differentiates from the denser 
caudal region. This is called the membranous vertebral 
column, which is succeeded at about the fourth week 
of foetal life by the cartilaginous vertebral column. 
Two cartilaginous centers appear on either side of the 
notochord and rapidly extend around it, thereby form-
ing the bodies of the cartilaginous vertebrae. Second 
pairs of cartilaginous foci appear in the lateral parts of 
the vertebral arch. Still different cartilaginous centers 
appear for each costal arch.23,24 Interestingly, it was 
evident that our patients manifested typical patterns of 
embryological cartilaginous aberration.

Kusumi and Turnpenny25 described a list of spine 
malformation complex in connection with several 
syndromic entities that resulted from disruption of the 
induction of formation of the axial skeleton; Klippel-Feil 
syndrome, spondylocostal dysotosis, Jarcho-Levin syn-
drome, Goldenhar syndrome, VACTERL association 
(also VATER syndrome) which is a non-random associa-
tion of birth defects were included as well in their study. 
Cleidocranial dysplasia was not included.

Huynh et al26 hypothesized that asymmetrical (left-
sided or right-sided) growth at this site is believed to 
lead to pedicle-length asymmetry, which then causes 
vertebral rotation and, ultimately, the development 
of scoliotic curves. A computer model was used to 
investigate whether pedicle asymmetry, either alone 
or in combination with other deformations, could be 
involved in the pathomechanisms leading to scolio-
sis. In light of our findings, we can consider that the 
hypothesis of Huynh et al is partially accepted.

The lower extremities are normally weight bear-
ing throughout life; axial alignment of the lower 
extremities is critical with respect to determining the 
demands to which articular cartilage is repeatedly 
exposed during gait. Alignment is therefore an impor-
tant consideration in many clinical situations, whether 
considering deformity corrections, fracture reduction, 
or total knee arthroplasty. Alignment refers to the 
collinearity of the hip, knee, and ankle. Orientation 
refers to the position of each articular surface relative 
to the axes of the individual limb segments (tibia and 
femur). Alignment and orientation are best judged 
using standing long AP view radiographs of the entire 

Figure 10. Lateral knees radiograph in a 9-year-old patient showed 
defective ossification of the patellae with subsequent development of 
patellar maltracking.
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lower extremity. Proper rotation of the limb is critical 
and requires the patella be centered between the fem-
oral condyles and directed forward. A standardized 
technique is useful to assure that the radiographs are 
reproducible. The knee is most vulnerable to changes 
in the normal coronal plane relationship of the joints 
of the lower extremity.17,27

Valgus osteotomy of the upper femur at the inter-
trochanteric or subtrochanteric level is the most effec-
tive way to correct the varus deformity, to rotate the 
proximal femoral physis from a vertical to horizontal 
position (relieving shear stress on it), and to enhance 
ossification of the defect. LCP-Pediatric-Hip Plate has 
been applied bilaterally to correct the varus deformity 
and to rotate the proximal femoral physis from a ver-
tical to horizontal position and has been performed 
successfully in 1 of our patients.28 Guided growth 
technique has been performed to overcome the genu 
valga in 2 patients with cleidocranial dysplasia.

The guided growth is a well known technique from 
the work of Blount.29 Though 8- plate technique as 
invented by Peter Stevens, which consists of extrap-
eriosteal application of small low-profile 2-hole plate 
and an overpassing growth plate, was our choice.30 
The pelvis and knees show a combination of absent 
or delayed ossification of the ischium or part of the 
ischium and or pubis and absent or deficient ossifica-
tion and hypoplasia of the patellae. Small or absent 
patellae associated with abnormal ossification of the 
ischiopubic junction and/or infra-acetabular ax cut 
notches are critical findings for the clinical diagno-
sis of small patella syndrome.20 It seems that patients 
with cleidocranial are manifesting similar pelvic and 
patellar abnormalities as in small-patella syndrome.

The patellar stability relies on the limb align-
ment; the osseous architecture of the patella and the 
trochlea, the integrity of the soft tissue constraints, 
and the interplay of the surrounding muscles are the 
basic principles of normal alignment. Ischiopubic-
patella syndrome is a generalized bone dysplasia with 
diagnostic features in the pelvis and knees and subtle 
changes in other parts of the skeleton, as well as dys-
morphic features.20

Summary
A literature review in patients with cleidocranial dys-
plasia was mostly restricted to delineate the pheno-
typic and genotypic correlations. None of the above 

mentioned articles discussed the aetiology behind the 
serious spine malformation complex. Through the 
detailed anatomical analysis of the spine via reformat-
ted CT scan, we were able to confirm the existence of 
disrupted embryological development amid the carti-
laginous stage of embryological development of the 
spine. This sort of aberration was the reason of the 
maldevelopemnt of the entire spine causing progres-
sive scoliosis and kyphoscoliosis in 5 patients with 
cleidocranial dysplasia. In practice, this sort of spine 
pathology can be considered a hazardous pattern of 
spine maldevelopment.

Spine physicians and surgeons should have proper 
understanding of the risks involved in therapy or 
surgery for patients with cleidocranial dysplasia. 
Without a definite knowledge of the pathophysiology 
of a suspected syndrome, it is quite difficult to plan a 
preoperative strategy for major spine surgery in these 
patients. 

Conclusion
The value of presenting these patients is to demon-
strate that the genotype is not a precise index to assess 
the severity and the natural history of the phenotype.
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