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Long-term Observation of Orthodontic Management and Facial Growth on a
Patient with Familial Cleidocranial Dysplasia
Abstract
The orthodontic management of patients with cleidocranial dysplasia (CCD) is challenging, which takes a
long treatment duration and observation to follow the progress. The completion of treatment is usually
not finished until growth completion. This case describes the long-term stage treatment of a 22-year-old
female presented with familial CCD. The first stage orthodontic treatment was separated into two phases
including surgical exposure of the anterior and posterior teeth, respectively. Extraction of the delayed
exfoliated deciduous incisors and supernumerary teeth to clear the eruption path of the submerged
permanent anterior teeth was started at her age of 8. The impacted anterior teeth were then uncovered,
followed by orthodontic force eruption and alignment of the dentition. The second phase of treatment
included follow up of the posterior teeth eruption. The main treatment objective of this stage was to
establish a functional occlusion by guiding the tooth development. With persistently monitoring her
skeletal growth by serial cephalometric radiographs, open cranial fontanels, skeletal Class III tendency
with underdeveloped maxilla, upward and forward rotated mandible were displayed. After growth
completed, the present treatment was conducted by surgical-orthodontics to correct her skeletal
discrepancy and improve her dental occlusion. Her lip posture and facial profile were balanced after
mandibular setback.

Keywords
cleidocranial dysplasia; supernumerary teeth; impacted teeth; surgical orthodontics; skeletal Class III.

Creative Commons License
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0
License.

This case report is available in Taiwanese Journal of Orthodontics: https://www.tjo.org.tw/tjo/vol31/iss4/4

Case Report
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Long-term Observation of Orthodontic
Management and Facial Growth on a Patient with
Familial Cleidocranial Dysplasia
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The orthodontic management of patients with cleidocranial dysplasia (CCD) is challenging, which takes
a long treatment duration and observation to follow the progress. The completion of treatment is usually not
finished until growth completion.
This case describes the long-term stage treatment of a 22-year-old female presented with familial CCD.
The first stage orthodontic treatment was separated into two phases including surgical exposure of the anterior
and posterior teeth, respectively. Extraction of the delayed exfoliated deciduous incisors and supernumerary
teeth to clear the eruption path of the submerged permanent anterior teeth was started at her age of 8.
The impacted anterior teeth were then uncovered, followed by orthodontic force eruption and alignment of
the dentition. The second phase of treatment included follow up of the posterior teeth eruption. The main
treatment objective of this stage was to establish a functional occlusion by guiding the tooth development.
With persistently monitoring her skeletal growth by serial cephalometric radiographs, open cranial
fontanels, skeletal Class III tendency with underdeveloped maxilla, upward and forward rotated mandible were
displayed. After growth completed, the present treatment was conducted by surgical-orthodontics to correct
her skeletal discrepancy and improve her dental occlusion. Her lip posture and facial profile were balanced
after mandibular setback. (Taiwanese Journal of Orthodontics. 31(4): 226-240, 2019)
Keywords: cleidocranial dysplasia; supernumerary teeth; impacted teeth; surgical orthodontics; skeletal Class III.

INTRODUCTION
Cleidocranial dysplasia (CCD) is a rare autosomal

features are high mobility of the shoulders resulting
from hypoplastic or absent of clavicles, short stature, and
decreased bone density.

1,2

Craniofacial features include

dominant skeletal dysplasia which affect the bone

delayed closing of cranial fontanelles, wide forehead,

undergoing intramembranous ossification, especially the

pronounced frontal bossing, hypertelorism, broad nose

skull, clavicles, and flat bones. The most frequent skeletal

with a depressed bridge, hypoplastic maxilla and zygoma,
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1,2

thus present a relative concave facial profile. In terms of

This 22-year-old female had familial cleidocranial

the dentoalveolar characteristics, I Golan et al. conducted

dysplasia, in company with some related complication

a systematic review of the dentomaxillofacial variability

including absence of bilateral clavicles and osteoporosis.

from 283 CCD patients and found the prevalence of

Osteoporosis was treated with Bisphosphonate since she

supernumerary teeth, eruption failure of permanent teeth

was 8 years old, with persistently monitoring her L-spine

and hypoplastic maxilla were 94.9%, 98.7% and 92.1%,

bone mineral density performed with DXA (dual energy

respectively. From an orthodontist’s view, dentoalveolar

X-ray-resorption), medication stopped until her BMD was

characteristics including hyperdontia, prolonged

same as age-matched women, which was at her age of 10.

retention of deciduous teeth, delayed or absence

With the genetic testing, 60% to 70% CCD is known to be

eruption of permanent teeth, malocclusion and enamel

a hereditary malformation syndrome. By tracing back her

hypoplasia should be carefully evaluated before treatment

family history, the same syndrome was also found on her

planning.

mother and one of her elder brothers.

3

1,2,4,5

2

Owing to the craniofacial and dentoalveolar features,

Patient had been treated in our center since she was

treatment of CCD requires a multidisciplinary approach

8 years old, with a chief complaint of anterior permanent

that may include dental correction, orthognathic surgery

teeth was not found so far. Extraorally, pronounced frontal

and cranioplasty along with the management of any

bossing, wide forehead, hypertelorism, and acceptable

complication of CCD. The objective of this case report is

facial symmetry were presented. Intraorally, 51, 52, 62,

to elucidate the orthodontic management and long-term

72, 82 were over-retained and bilateral primary second

observation of a case with CCD.

molars were in mesial step relationship (Figure 1).

CASE REPORT

Radiographic examination revealed four supernumerary
teeth over incisor region, opening of anterior cranial

Figure 1.	Pre-treatment facial and intraoral photographs of 8 years old showing pronounced frontal bossing,
wide forehead, hypertelorism, and delayed exfoliated primary incisors (51, 52, 62, 72, 82).
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fontanelles and skeletal sutures (Figure 2).
•

Diagnosis
Familial cleidocranial dysplasia, Class III
malocclusion with multiple supernumerary teeth.

Treatment objectives and plan
The following treatment objectives were established:
•	Surgical removal of supernumerary teeth and
cystic pathologies
•

a stable functional occlusion

Extraction of over-retained primary teeth

•	Anteroposterior space regaining in the alveolar arch
•	Planning of the anchorage units for orthodontic
traction
•	Uncover and bond unerupted permanent
teeth as well as guiding into occlusion with
orthodontic traction
•	Perform dental alignment and leveling to achieve

Monitor Class III skeletal growth tendency

Treatment progress
The timing of the first stage treatment was governed
by appropriate root formation of about 1/2 to 2/3 of the
6,7

expected tooth length in the permanent tooth germs.

At

the first appointment, impression was taken for guiding
appliances fabrication, which were conducted with rigid
0.036 stainless steel wire as the frame to withstand the
long span arch wire welded on the deciduous second
molar bands as the anchorage units. Then surgical removal
of supernumerary teeth and over-retained deciduous
teeth as well as surgical exposure of 11, 12, 21, 22, 32,
42 were performed under general anesthesia. Buttons
were also bonded on the exposed permanent incisors
before mucoperiosteal flap closure in the same procedure,

Figure 2.	Pre-treatment radiograph revealed four supernumerary teeth over incisor region (yellow circle
area), opening of anterior cranial fontanelles and skeletal sutures.

228
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Figure 3.	First phase of first stage treatment: treatment progress photos demonstrated orthodontic traction of the delayed
erupted permanent incisors by steel ligature wires toward the maxillary and mandibular appliance.

Figure 4.	Intraoral photographs at debonding visit. All the anterior teeth were brought into dental arch.

followed by occlusal traction of the permanent incisors

47. Therefore, 47 was surgically-exposed, which was also

toward the rigid arch wire (Figure 3). After 6 months of

erupted without orthodontic intervention (Figure 6). After

traction, the anterior teeth were emerged or well extruded,

the completion of first stage treatment, the main treatment

they were bonded with edgewise brackets for alignment

objective of establishing a functional occlusion by guiding

till finish with proper overbite, overjet and Class I molar

the tooth development was achieved.

relationship (Figure 4). In the first phase of treatment,

With persistently monitoring her mandible growth by

she had harmony facial profile with acceptable facial

serial cephalometric radiographs, open cranial fontanels

symmetry (Figure 5). In the second phase of treatment

and skull sutures, hypoplastic nasal bone, limited increase

included follow up of the posterior teeth eruption. After

in maxillary height, marked increase in mandibular ramus

the supernumerary teeth over premolar regions were

height, vertical direction of condylar growth, skeletal

removed, all the posterior teeth were self-erupted except

Class III tendency with upward and forward rotated
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Figure 5.	Facial photographs at debonding visit.

Figure 6.	Radiograph of 4 years after first phase treatment debonding. After the supernumerary teeth over
premolar region were extracted, all the permanent premolars self-erupted. Surgical exposure
was also performed for 47 eruption.

Figure 7.	Superimposition of the lateral cephalometric radiograph of patient’s 8 (black, before 1st stage
treatment), 13 (blue, 1.5 year after 1st stage treatment), and 17.5 (red, 7 years after 1st stage
treatment) years old.
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mandible were displayed (Figure 7).

9). To solve her problem, the second stage treatment of

After growth completion, patient was concerned

surgical-orthodontics to correct her skeletal discrepancy

about protrusive chin and inadequate upper incisor show

and improve her dental occlusion was performed. With a

at 22 years of age. Extraorally, chin deviated to left side by

surgery-first approach, full mouth was bonded with 0.022

2 mm with nose axis deviated to her right side. According

x 0.028 slot pre-adjusted edgewise brackets (OPA-K®

to her facial midline, her upper midline shifted to left side

prescription) and 3D pre-surgical records were obtained

by 0.5 mm with upper incisor displayed 0 mm at rest and

1 month before the surgery. Surgical planning was

2.5 mm on smiling. Intraorally, a 1.5 mm overbite, -2

simulated in 3D software to achieve precise movement of

mm overjet was presented with bilateral Class III canine

roll, pitch and yaw direction. The tentative surgical plan

and Class I molar relationship (Figure 8). Her lateral

was conducted as a 2-jaw orthognathic surgery including

cephalometric analysis indicated SNA angle of 85.0, SNB

Le Fort I 1-piece osteotomy advancement and clockwise

angle of 86.5, and ANB angle of -1.5. Her facial pattern

rotation to increase upper incisor show and improve smile

was hypodivergent, as he mandibular plane angle (SN-

arc, mandible bilateral sagittal split osteotomy setback to

MP) represented 22.5ﾟ. Her upper lip was retrusive to the

decrease chin projection. In the 2-jaw orthognathic surgery

esthetic E-line and the NLA was obtuse (Table 1, Figure

plan, ANS move forward by 4.5 mm and downward by 1.9

Figure 8.	Facial and intraoral photographs before 2nd stage treatment. Upper midline shifted to left side by 0.5 mm with the reference of facial
midline. At rest, a 0 mm upper incisor show was presented. When she smiled, a 2.5 mm upper incisors show was noticeable. Intraorally, a 1.5
mm overbite, -2 mm overjet was presented with bilateral Class III canine and Class I molar relationship.
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Figure 9.	Lateral and anteroposterior cephalometric radiographs before 2nd stage treatment.

Table 1. Cephalometric analysis indicated a skeletal Class III relationship with ANB angle of
-1.5°. The hypoplastic nasal bone may cause the SNA being over-estimated. Hypodivergent
facial type was also presented with the SN-MP angle of 22.5°.
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Norm

Initial

SNA (°)

79.8~83.2

85.0

SNB (°)

75.7~78.7

86.5

ANB (°)

3.2~5.0

-1.5

SN-MP (°)

33.8~38.4

22.5

UFH/LFH (%)

45/55

44/56

U1-NA (mm)

4.3~8.1

4.0

U1-SN (°)

103.9~108.8

109.5

L1-NB (mm)

5.4~10.2

6.5

L1-MP (°)

93.4~99.2

100.0

E-line : upper lip

0.7~3.1

-6.5

E-line: lower lip

0.2~3.4

0.0
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mm; upper incisor move forward 1.4 mm and downward

by performing only BSSO setback of the mandible instead

2 mm; mandible setback 5 mm on left side and 6 mm on

of 2-jaw orthognathic surgery.

right side; pogonion move backward 6 mm and downward

After the surgery, cephalometric analysis indicated

2mm. However, the high bony density, the adjacent vital

a skeletal Class I relationship with a 5 degree increase

structures and short vertical midfacial height limited

in ANB angle (Figure 10, Table 2). The real surgical

the safety approach of Le Fort I osteotomy, the surgeon

outcome showed the B point moved backward 3.7 mm

decided only to solve her problem of protruded mandible

and downward 0.5 mm, pogonion moved backward 3.5

Figure 10.	Lateral and anteroposterior cephalometric radiographs in 1 week after orthognathic surgery.

Table 2. Cephalometric analysis after orthognathic surgery with surgery-first approach. The data indicated a skeletal Class I
relationship with ANB angle of 3.5° after BSSO setback of the mandible.

Norm

Initial

1 week after surgery

SNA (°)

79.8~83.2

85.0

85.0

SNB (°)

75.7~78.7

86.5

81.5

ANB (°)

3.2~5.0

-1.5

3.5

SN-MP (°)

33.8~38.4

22.5

24.5

UFH/LFH (%)

45/55

44/56

44/56

U1-NA (mm)

4.3~8.1

4.0

4.0

U1-SN (°)

103.9~108.8

109.5

109.5

L1-NB (mm)

5.4~10.2

6.5

3.5

L1-MP (°)

93.4~99.2

100.0

93.5

E-line: upper lip

0.7~3.1

-6.5

-4.5

E-line: lower lip

0.2~3.4

0.0

-1.5
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mm and downward 0.5 mm (Figure 11). Patient was

the anteroposterior skeletal discrepancy was corrected

satisfied with the surgical outcome, her lip posture and

with mandible setback 4 mm at B point and 3 mm at

facial profile were balanced, however, upper incisor show

pogonion, suggested a stable surgical outcome (Figure

increased because of the correction of anterior crossbite

14, Table 3). The regional superimposition of the maxilla

instead of maxilla downward movement, which was not

and mandible showed slightly controlled tipping with

performed by the surgical risk but still acceptable (Figure

extrusion of upper incisor and distal movement of the

12). The post-surgical orthodontic treatment including:

upper molar; slightly tipping lingually of the lower incisor

(1) increase upper anterior tooth show by gentle upper

and mesial movement of the lower molar after post-

anterior extrusion (2) evaluate the gingival grafting to

surgical orthodontic treatment. These tooth movement

reduce the upper anterior gingival recession (3) finish and

were a result of space creating with open coil spring for

detail the occlusion in Class I relationship (4) retention:

2 premolars in the upper arch and space closure in the

upper and lower fixed and removable retainers were done.

lower arch (Figure 15). Bilateral Class I canine and molar

nd

relationship, proper overbite and overjet as well as well-

Treatment results

aligned maxillary and mandibular dentition were achieved

After treatment, patient’s facial convexity was

(Figure 13). Although the upper incisor show at smile is

increased and became straight facial profile without facial

compromised, a great improvement in facial proportion

asymmetry (Figure 13). The overall superimposition of

and better smile arc was obtained.

initial and final cephalometric film demonstrated that

Figure 11.	Superimposition of the lateral cephalometric radiograph of before treatment (black) and after
orthognathic surgery with surgery-first approach (red, 1 week after orthognathic surgery)
showed B point moved backward 3.7 mm and downward 0.5 mm, pogonion moved backward
3.5 mm and downward 0.5 mm.
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Figure 12.	Extraoral and intraoral photographs of one-month post-operative follow up.

Figure 13.	Facial and intraoral photographs after 2nd stage treatment. She had straight facial profile and her facial appearance and lip
posture were balanced. A 2mm overbite and overjet with bilateral class I canine and molar relationship were presented.
Mild gingival recession was found over upper incisors, however, were not worsen than the initial condition.
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Figure 14.	Superimposition of the lateral cephalometric radiograph of before (black) and after (orange)
nd
2 stage treatment showed B point moved backward 4.0 mm and downward 1.0 mm,
pogonion moved backward 3.0 mm and downward 1.0 mm.

Table 3. Cephalometric analysis before and after 2nd stage treatment. The data indicated a skeletal Class I relationship with
ANB angle of 3° after BSSO setback of the mandible. The inclination of upper and lower incisors was decreased. Although
the upper and lower lips were retrusive to E-line due to lack of maxilla surgery, the lip posture was balanced after treatment.

Norm

236

Initial

Debond

SNA (°)

79.8~83.2

85.0

85.0

SNB (°)

75.7~78.7

86.5

82.0

ANB (°)

3.2~5.0

-1.5

3.0

SN-MP (°)

33.8~38.4

22.5

26.0

UFH/LFH (%)

45/55

44/56

44/56

U1-NA (mm)

4.3~8.1

4.0

2.5

U1-SN (°)

103.9~108.8

109.5

104.5

L1-NB (mm)

5.4~10.2

6.5

2.0

L1-MP (°)

93.4~99.2

100.0

89.0

E-line: upper lip

0.7~3.1

-6.5

-6.0

E-line: lower lip

0.2~3.4

0.0

-3.5

Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4

10.30036/TJO.201912_31(4).0004

Orthodontic Management of Cleidocranial Dysplasia

Figure 15.	Regional superimposition of maxilla and mandible showed a slightly controlled tipping with
extrusion of upper incisor and distal movement of the upper molar; slightly tipping lingually
of the lower incisor and mesial movement of the lower molar after post-surgical orthodontic
treatment.

and delayed exfoliated primary teeth, the anterior and

DISCUSSION

posterior teeth are guided into occlusion at 10-12 years

(1) S t a g e t r e a t m e n t o f c l e i d o c r a n i a l
dysplasia patient
There is a general consensus that the best results will
be obtained when CCD is diagnosed and treated since
early age. Table 4 describes the problems and treatment
goals of the first and second stage treatment.
Literatures described three most common first
stage treatment options, including Toronto-Melbourne,
8,9

Jerusalem and Belfast-Hamburg procedure.
•

Toronto-Melbourne procedure: A series of

surgical procedures are performed at different intervals.
Removal of deciduous anterior teeth at 5-6 years old and
deciduous posterior teeth at 9-10 years old. Supernumerary

old and older than 13 years old, respectively.
•

Belfast-Hamburg procedure: Single procedure

without specific age is indicated. All deciduous teeth
and supernumerary teeth are removed, and all unerupted
permanent teeth are exposed at 1 appointment.
In terms of the clinical consideration of first stage
treatment, the timing to start traction is suggested as the
6,7,10

root formation is 1/2 to 2/3 of their expected length.

In

our case, at her age of 8 years old, treatment was started
from the anterior segment, with a modified Jerusalem
procedure. Then the space available for posterior teeth
eruption is monitored.

teeth and pathological condition in the corresponding

(2) Craniofacial growth pattern

region are removed as well. After permanent first molar

The craniofacial growth pattern of patient with CCD

eruption, permanent incisors are exposed. At 9-12 years

has been described as brachycephalic, delayed or failed

old, the permanent premolars are exposed.

closure of the fontanels, open skull sutures, short cranial

Jerusalem procedure: Two times of surgical

base, missing or hypoplastic nasal bone, deficient vertical

procedures. After the removal of supernumerary teeth

height of the maxilla and mandibular prognathism with an

•
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11,12

increased anteroposterior length of the mandible.

be performed at a higher level to prevent the injury of

With the benefit of long-term treatment in this case,

tooth bud and great palatine nerve, leading to a smaller

her craniofacial growth pattern can be observed by the

distance between the osteotomies and orbit.14,15 When

superimposition of the lateral cephalometric films from

the fracture line extends upward to the skull base from the

mixed dentition to adult (Figure 7). From the overall

pterygomaxillary separation at the time of down-fracture,

superimposition of 8 and 13 years old, the maxillary

an adverse transmission of forces via the sphenoid bone

vertical height was increased, and the maxilla grew

to the cranial portions is the main reason of the optic

downward and forward, along with a marked increase

nerves injury.14,16 Another issue of this case is the

in the ramus height. Furthermore, the vertical growth

use of bisphosphonate during her childhood, her bone

direction of condyle gave rise to a forward rotation of the

mineral density compared with normal age-matched

mandible, which increased the tendency of hypo-divergent

women is showed in Figure 16. Her bone density was

facial type. However, during 13 to 17.5 years old, growth

high since adolescent, this may lead to a sclerotic hard

in maxillary height was severely reduced, primarily

palate in the tuberosity region and the pterygomaxillary

because of the resorption of the nasal floor was minimal.

junction, which was also difficult for down-fracture.13

The mandibular ramus height was increased, result in a

In our case, these two main reasons lead to a less precise

forward growth of the mandible and mandibular dentition,

pterygomaxillary disjunction. Due to a higher risk of

thus leading to a Class III profile.

direct optic nerve contusion, compression by an atypical

It can be concluded that the amount of bone

fracture fragment, or optic nerve compression secondary

apposition over orbital floor, alveolar process and nasal

to hematoma or edema, 1-jaw surgery was performed to

bone was small. Maxillary height increased from 8 to 13

solve her main concern in compromise.

years old but stopped afterward. The vertical direction
of condylar growth gave rise to a forward rotation of the
mandible in relation to the anterior cranial base.
(3) Limitation of surgical correction
It is effective and generally-accepted to perform the
Le Fort I osteotomy advancement for maxillary hypoplasia
cases. However, although it is rare, the devastating
complication of visual loss should be critically prevented.
In 2002, Lo et al had described 2 cases with the
severe complication of monocular blindness out of 94
cases of cleft patients who underwent Le Fort I osteotomy
13

and distraction osteogenesis. From the literature, Lanigan
et al. also found 2 cases of blindness out of 800 cases
undergoing orthognathic surgery based on the survey of
North American oral and maxillofacial surgeons.
During Le Fort I osteotomy, the procedure of
pterygomaxillary dysjunction may cause atypical fracture
patterns in maxillary hypoplastic patient. In a maxillary
hypoplasia case, the pterygomaxillary dysjuction has to

238

(4) Treatment outcome of 1-jaw and 2-jaw
orthognathic surgery
According to patient’s chief complaint, the
inadequate upper incisor displayed and protrusive
mandible was concerned. However, abnormal craniofacial
structure limits the surgical approach of LeFort I
osteotomy. The treatment outcome of 1-jaw and 2-jaw
orthognathic surgery in different aspect is concluded in
Table 5.

CONCLUSION
(1) In early age, space reapportioning and sequential
traction of the delay erupted permanent teeth after
surgical removal of the supernumerary teeth can achieve a
functional occlusion.
(2) Surgical-orthodontic is a feasible way to correct
the craniofacial growth pattern of deficient maxilla and
prognathic mandible for CCD patient. Careful evaluation
Taiwanese Journal of Orthodontics. 2019, Vol. 31. No. 4
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Figure 16.	Patient’s L-spine BMD (red line) compared with normal age-matched women (blue line) from her age of 7
to 14. At her age of 7, osteoporosis with high risk of fracture was confirmed, therefore, patient started to take
Bisphosphonate until her BMD was similar with age-matched woman. The medication stopped at her age of 10.
However, the examination of L-spine BMD revealed high bone density after 12 years old.

Table 4. Problems and treatment goals of 1st and 2nd stage treatment.

Problems

1st stage

Treatment goals

- hyperdontia

- surgical removal of SNT and cystic pathologies

- retarded or lack of eruption of the
permanent teeth

- planning of the anchorage units for orthodontic
traction

- over-retained primary teeth

- uncover and guide unerupted permanent teeth
into occlusion
- alignment of teeth

- skeletal Class III relationship
2nd stage

- maxillary hypoplasia

- surgical-orthodontics: surgical correction of
skeletal discrepancy

- mandibular prognathism
- malocclusion

Table 5. Comparison of the treatment outcome of 2-jaw and 1-jaw orthognathic surgery.

Tentative surgical plan
(Le Fort I + BSSO)
- Treatable post-surgical occlusion
Occlusion

- Treatable post-surgical occlusion

- Decreased U incisor inclination
and increased L incisor
inclination
- Increased U incisor show

Profile
(esthetics)

Real surgical treatment
(BSSO)

- Correct chin projection

- Improve obtuse NLA and
retrusive upper lip
- Mandible can be setback easier
with the clockwise rotation of the
maxillomandibular complex
- Correct chin projection
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of the anomalies of their craniofacial structure before

practical implications with an overview of the South

treatment was crucial; however, a flexible approach can

African experience. Oral Surg Oral Med Oral

still fulfill an esthetic and satisfactory result of patient’s

Pathol Oral Radiol. 2013;115:46-55.

facial profile after growth complete.

9. Rahime Burcu Nur, Feyza U ̈ lku ̈ r, Didem
Nalbantgil. Orthodontic care of CCD patient. Turkish J
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