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ABSTRACT

Cleidocranial dysplasia (CCD) is a rare congenital deformity inherited as an autosomal genetic trait with the prevalence of
1:1,000,000. It is characterized by dental defomities such as retained primary teeth, presence of supernumerary teeth, skeletal
dicrepancy, malocclusion and retarded/absence of eruption of permanent teeth. The orthodontist take part in the team for patients
with CCD to resolve the eruption delay of permanent teeth and correct skeletal discrepancies. The aim of this review is to discuss
the history, genetic backgrounds, clinical and dental features, different dental treatment approaches and orthodontic

management of CCD. (Turkish J Orthod 2015;28:31-37)
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INTRODUCTION

Cleidocranial dysplasia (CCD), also known as
Marie-Sainton syndrome, is a rare congenital defor-
mity with a prevalence of 1:1,000,000." The fre-
quency was found equal between genders.? Clei-
docranial dysplasia is associated with pathologic
conditions in anatomic structures such as long
bones, clavicles, skull, jaws, and teeth. A worldwide
definitive set of accepted treatment protocols for this
patient are not known, despite the fact that the
discovery of this disorder is not new.

History of CCD

In early history, possible examples of CCD were
mentioned or documented. One of the heroes
(Thersites) was described with the ability to oppose
the shoulders in front of his body by Homer,® and a
skeleton of a woman living with absent clavicula was
remarked as CCD in ancient Greek.* Moreover, the
skeleton of a woman who died in 1809 showing
characteristic features of CCD is displayed in the
Museum of Pathological Anatomy (Vienna, Austria).®

The first report of clavicular defects was published
in 1765 in French literature.® Nevertheless, the term
Cleido-cranial dyasostosis was coined by Marie and
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Sainton’ in 1897, and thus the disorder was also
titted with the names of the authors. However, 30
years later in 1926, it was Hesse® who described the
craniofacial and dental deformities in CCD patients.

Genetic Background of CCD

Cleidocranial dysplasia shows an autosomal
dominant trait. Occurrence in other family members
is important in the diagnosis of CCD. Of course, as
will be discussed later, the absence or hypoplasia of
the clavicle is the most important feature in patients
suffering from CCD. Nevertheless, this abnormality
can also be observed in a nonsyndromic entity or
other syndromes, such as in Yunis-Varon syndrome,
in which both clavicles are absent.’

The genetic evaluation of CCD shows the
mutation in gene RUNX2 that is essential for
proliferation of osteoblast and dental cells. RUNX2,
located on the chromosome 6p21, has been proven
as the only gene associated with CCD."®"" There-
fore, RUNX2 molecular genetic testing can be used
in the diagnosis of CCD. As mentioned, this gene is
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responsible in the proliferation of precursor cell and
membranous bone formation resulting in the defor-
mities associated with CCD. In a study, the absence
and mutation of RUNX2 were evaluated in experi-
mental animals, resulting in failure and arrest of
bone and tooth development, respectively.’? Also,
numerous different mutations of RUNX2 have been
identified. Suda et al."”® demonstrated the occur-
rence of several supernumerary teeth in cases with
RUNX2 mutations.

Clinical General Features of CCD

Cleidocranial dysplasia may be detected at any
age, but it is mostly not diagnosed until the patient
comes into contact with specialists, generally be-
cause of the lack of complications, which is different
from other dysplasias. Nevertheless, some patients
with CCD have been reported. In some cases,
recurrence of upper airway infections may be
experienced, because of the maldevelopment of
sinuses. Moreover, these patients have potential
hearing loss.™

Individuals with CCD have no significant physical,
physiologic, or social handicap, and most have
normal intelligence. As for skeletal features, bony
disorders can be categorized as into 2 parts: (1)
statural malformations and (2) head and neck
malformations.’® The most prominent characteristic
of this deformation is hypermobility of the shoulders
caused by hypoplasia or absence of clavicles.
Patients may oppose both shoulders in the frontal
midline of their body (Fig. 1). Also, abnormalities of
the hands and feet are common, such as a long
second metacarpal and epiphysis of metacarpals/
tarsals. In general, a moderate short stature is
evident. Other statural malformations include osse-
ous malformation in the cranial base and skull, pelvis
and pubic bone deformity, vertebral defects, and
bossing of frontal, parietal, and occipital bones. On
the other hand, delayed closure of fontanels is an
example pertaining to head and neck malformations
in CCD (Fig. 2). The fontanels may remain open
throughout life.? In individuals with CCD, the upper
forehead is depressed in the midline and bulky
bilaterally to the midline, because of the patency of
the anterior fontanel. The facial structures appear
small compared with the large head. The nasal and
zygomatic structures are hypoplastic.

Clinical Dental Features of CCD

The dentoalveolar characteristics of patients with
CCD are as follows:
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Figure 1. An example patient with cleidocranial dysplasia.
A female patient with hypoplasia of bilateral clavicles, who
can oppose both shoulders in frontal midline of her body.

1. Overretained primary teeth

2. No resorption of the roots of primary teeth

3. Multiple supernumerary teeth. Indeed, hyper-
dontia is the most prominent dental charac-
teristic of CCD. Yamamoto et al."® reported an



Figure 2. An example patient with cleidocranial dysplasia.
The metopic suture is still visible on the posteroanterior
radiography.

individual with CCD who had 63 supernumer-
ary teeth present. It was hypothesized that the
supernumerary teeth are due to the incom-
plete or delayed resorption of dental lamina.'’
These teeth may be located uniformly, in a
double row, or chaotically in either the
maxillary or mandibular dental arch.'®

4. Retarded eruption and lessened eruption
potential of permanent teeth (Fig. 3). Different
claims are proposed about this topic. Some
researchers have observed in their histolog-
ical studies that the cementum layer of the
unerupted as well as the erupted tooth roots
of CCD patients was absent.'®?° On the
contrary, Counts et al.?! compared the ce-
mentum of 2 to 10 teeth of individuals with
and without CCD, respectively. They suggest-
ed that no differences were present between
them and concluded that the amount of
cementum is not the critical factor in occur-
rence of multiple unerupted teeth in CCD.

5. Reduced height of the lower third of the face

6. Skeletal Class lll tendency

Figure 3. An example patient with cleidocranial dysplasia.

Multiple unerupted permanent teeth present on panoramic
radiography.

7.

8.
9.

10.
1.
12.
13.

14.
15.

Underdeveloped maxilla in all 3 dimensions
(Fig. 4)

Upward and forward rotated mandible
Shallow buccal as well as lingual sulcus of
alveolar bones

Insufficient vertical development of alveolar
bones

An approximately 3-year delay of root devel-
opment of permanent teeth’”2

Abnormally high palate (Fig. 4)

Cleft palate®

Open bite

Dental crowding and malalignment

Dental Treatment

The purpose of dental treatment is to provide a
functional masticatory mechanism and an accept-

able

appearance. To achieve these goals, different

approaches have been defined in the literature.
However, the main dental treatment steps can be
summarized into the following groups®?:

1.

In

Prosthodontic approach: Removal or extraction
of persistent primary, supernumerary, and
unerupted permanent teeth and prosthetic
replacement

. Surgical approach: Removal of persistent

primary and supernumerary teeth and surgical
autotransplantation of unerupted permanent
teeth

Orthodontic approach: Removal of persistent
primary and supernumerary teeth and ortho-
dontic active traction and alignment of unerupt-
ed permanent teeth

addition to this categorization, skeletal treat-

ment can also be formulated as (1) an orthodontic
approach (orthopedic treatment and realignment of
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Figure 4. An example patient with cleidocranial dysplasia.
A constricted maxilla with abnormal high palate.

jaws) or (2) a surgical approach (orthognathic
surgery).

The orthodontic treatment goals in patients with
CCD could be summarized as®*

1. Diagnosis and treatment planning

2. Correction of transversal deficiency in the

maxillary arch®*

Monitoring Class Ill skeletal growth tendency

Extraction of persistent primary teeth

5. Surgical removal of supernumerary teeth and
cyctic pathologies

6. Anteroposterior space regaining in the alveo-

B w

lar arch

7. Planning of the anchorage units for orthodon-
tic traction

8. Uncover and bond unerupted permanent
teeth

9. Guiding the permanent teeth into occlusion
10. Alignment of teeth, finishing and retention

Every patient should be considered unique, and
according to the requirements as well as the age of
the patients, several of the above-mentioned treat-
ment steps might be skipped or added.

If the orthodontic approach is planned, other
subgroup approaches are present according to the
timing of removal of primary teeth and active
eruption of unerupted teeth®:

1. The Toronto- Melbourne approach: A series of
surgical procedures are performed at different
intervals. At age 5 to 6 years, deciduous
anterior teeth and at age 9 to 10 years,
deciduous posterior teeth are removed. Also,
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at each intervention, the supernumerary teeth
and pathological conditions in the correspond-
ing region are removed. After eruption of
permanent first molars, permanent incisors
are exposed. At age 9 to 12 years, the
premolars are exposed.?®

2. The Belfast-Hamburg approach: One episode
of surgery. All deciduous teeth and supernu-
merary teeth are removed, and all unerupted
permanent teeth are exposed at 1 appoint-
ment. The age is not specified.?®

3. The Jerusalem approach: Two episodes of
surgery. During the first stage (at age 10-12
years) and second stage (at 13 years and
older), the anterior teeth and posterior teeth are
guided into occlusion, respectively.?%2

4. The Bronx Approach: Two or at most 3
episodes of surgery. The age is not specified.
First, all primary and supernumerary teeth are
removed. Afterward, unerupted teeth are ex-
posed and guided orthodontically into occlu-
sion. Finally, orthognathic surgery and place-
ment of dental implants are performed.?®

Orthodontic Approach in CCD

Dental abnormalities are typical in 93.5% of the
cases suffering from CCD.?° The treatment duration
may last longer depending on the number of dental
abnormalities present. Rocha et al.*° reported an
orthodontic treatment duration of 13 years and
argued that this long period is a reasonable time in
a CCD patient. Therefore, to provide long-term care
for these patients, special attention should be given
during the diagnosis, and an interdisciplinary ap-
proach should be performed throughout the treat-
ment.

Conventional records such as photographs and
cephalometric and panoramic radiographs are taken
in patients with CCD. Also, recent advances in
imaging technology yielded better outcomes with 3-
dimensional records such as cone beam computed
tomography. The most recognizable dental feature in
patients is the eruption delay and impaction of
permanent teeth and the presence of multiple
supernumerary teeth. Thus, 3-dimensional evalua-
tion of the dentition will be beneficial, not only to
detect the precise location of supernumerary teeth
and the contiguity to roots of erupted permanent
teeth, unerupted teeth buds, and anatomical struc-
tures but also to distinguish between supernumerary
and permanent teeth.?’



Providing space for the unerupted teeth may
maximize the potential for eruption and also the
root formation.3? Space in the vertical, sagittal, and
transversal dimensions can be obtained by extrac-
tion of the supernumerary and primary teeth, as
well as anteroposterior and transversal expansion
of the alveolar arch.?>*'33 Farrar and Van Sick-
els® argued that the mechanical interference of
supernumerary teeth is the reason for lack of
eruption of permanent teeth. On the other hand,
Hitchin and Fairley®® suggested that the failure of
resorption of alveolar bone is the reason for
unerupted permanent teeth. Therefore, while spon-
taneous eruption of unerupted teeth after removal
of primary teeth and providing space is expected,
this is generally not common in CCD patients after
root formation is finished.'” However, in patients of
young age, allowing natural eruption after removal
of primary and supernumerary teeth is the current
protocol.*°

Regardless of the cause of unerupted teeth, it is
necessary to stimulate the eruption process.
Consequently, the next treatment step is the
orthodontic traction of the unerupted teeth.?”:32-36
A number of erupted teeth is required as anchor-
age to enable this traction. In many cases, the first
molars in each jaw are erupted, and usually either
an anchorage appliance containing the molar is
fabricated. If these teeth are missing, alternatives
to dental anchorage units should be arranged.?’
Becker and Shochat®? suggested that the palatal
arch is a better alternative than erupted teeth for
anchorage; hence, the traction period would be too
long and the supporting tissues of the teeth could
be damaged. If an anchorage appliance is the
choice, it has to be rigid to withstand oral functions
as well as long spans of archwires.>?

Nowadays, dental implants,37 miniscrews,
and miniplates*® are preferred as orthodontic
anchorage units, which provide skeletal anchorage.
Dental implants can be placed in the retromolar or
palatal region to tract unerupted teeth in the
mandibular and maxillary posterior region, respec-
tively.®”*! In cases with several impacted perma-
nent teeth in the alveolar bone area, dental
implants are indicated instead of screws. The
implants are combined with orthodontic appliances
such as lingual arches to serve as indirect
anchorage units. If only several teeth are unerupt-
ed in one-quarter of dental arches and the other
teeth are well aligned, screws can also be preferred
(Fig. 5). Screws are suitable for direct as well as

38,39

Figure 5. An example patient with cleidocranial dysplasia
(CCD). The panoramic radiography of a 16-year-old patient
with CCD. The case was prepared for orthodontic traction by
placement of orthodontic attachments on each tooth and
miniscrews bilaterally.

indirect anchorage. In this method, incisions or
mucogingival flap reflection is not necessary, and
therefore it is noninvasive and more comfortable for
the patient. In addition, Kuroda et al.*? advised the
placement of screws in the contralateral jaw and
afterward to tract the unerupted teeth using
intermaxillary elastics. However, this method re-
quires patient cooperation, and in cases with
multiple unerupted teeth, such as CCD cases,
usage could be problematic. After traction of the
permanent teeth, alignment is performed. If malpo-
sition of the jaws are present, orthodontic prepara-
tion for orthognatic surgery may also be needed.

Surgical and orthodontic treatment of CCD pa-
tients is difficult, and unexpected complications in 1
or more treatment steps may occur. Tooth buds may
be damaged during tooth exposure while they are in
an insufficient developmental state.*® Furthermore,
the operator may be confused when distinguishing
supernumerary from unerupted permanent teeth and
may remove the permanent teeth.

CONCLUSION

The orthodontic management of patients with
CCD is challenging. The duration is long and is
frequently not finished until growth is seized.
Therefore, a careful and comprehensive treatment
plan should be determined and followed by an
interdisciplinary team. The operator has to take
preferences of the patient into account, since
different treatment options exist and thereby differ
in cost and treatment duration. Overall, the dialog for
motivation and chief complaints with the patient is
one of the most important parts in the treatment
protocol of patient with CCD.
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