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Maxillary distraction osteogenesis in the management of
cleft lip and palate: report of 2 cases
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Abstract (J Korean Assoc Oral Maxillofac Surg 2011:37:321-8)

This study is to evaluate the growth and development of the maxilla advanced by transoral distraction osteogenesisanidcfettatp children.
Subjects are two patients diagnosed as maxillary hypoplasia with cleft lip and palate, and followed up over 5 yearaciiter. disthe age of 11.4
years (mean), the distraction had been rendered and periodically taken lateral cephalograms were analysed to traceftttes graudttao This
cephalometric study showed continuous growth and development of the distracted maxilla to be stable through long term follow-up
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[ . Introduction tension through gradual traction force. Since distraction osteo-
genesis was first described by Codivilla in 1905, it has been

The selection of a proper treatment method in the treatmengleveloped through clinical applications by llizalov. Polley and
of cleft lip and palate (CLP) patients with severe maxillary Figuerod applied this technique to patients with severe defi-
hypoplasia is much complicated. This may be explained byciencies in the maxilla and midface.
palatal scar contracture, upper lip tension, and the fact that Since distraction osteogenesis has been applied to the maxil-
postoperative stability decreases due to large discrepancy ofe and midface, it has been widely performed on CLP patients
horizontal distance in these patientRosé has reported ~ With class Il malocclusion as a new treatment option.
approximately 25% of CLP patients with class Ill malocclu- However, there have been few studies on the long-term follow-
sion need surgical treatment. Although Le Fort | osteotomy hasup results of maxillary growth after distraction osteogenesis,
been widely performed, advancement of the maxilla in cleft especially transoral approach. Whereas the mandible mainly
patients is extremely difficult due to scaasd a deficiency in ~ shows normal growth in CLP patients, long term follow-up of
bone and soft tissue may cause technical problems duringnaxillary growth in CLP patients after distraction osteogenesis
surgery. Furthermore, 4-40% of patients undergoing Le Fort [has been relatively neglected, which may bring problems with
osteotomy show various relapse patterns, which increases witipredictability and stability. Therefore, we report the treatment
long-term follow-up. This may be attributed to scar contrac- outcomes of transoral distraction and the follow-up results of
ture and remarkable interference of the nasal septum in CLFthe growth of the distracted maxilla in terms of cephalometric
patient& In contrast, special attention has been focused on disparameters.
traction osteogenesis as a new surgical treatment which can
compensate for the drawbacks of conventional orthognathic I . Cases report

surgery techniques by inducing new bone formation by using
We analyzed the clinical and cephalometric data from 2

iy ) patients with maxillary cleft deformities related to CLP who
158-7104] & 317 &5 911-1 . . . . o

o] 5hed 2l 5 9] 7)) 5F o] bl )] S EE 1 9] 7 oFol A 9] 7] underwent distraction osteogenesis by a single clinician at
Sun-Jong Kim Department of Oral and Maxillofacial Surgery, Ewha Womans
Department of Oral & Maxillofacial Surgery, Ewha Womans University . . . .

Mockdong Hospital, Ewha Womans University School of Medicine Um\_/erSIty Mokdgng Hospital. Th_ese two patients underwent
911-1, Mok-dong, Yangcheon-gu, Seoul, 158-710, Korea cheiloplasty within one year of birth. The ages of the patients
TEL: +82-2-2650-5631 = FAX: +82-2-2650-5764 at distraction were 10 years 8 months and 12 years 10 months,
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respectively.(Table 1) Bone defect of hard palate and alveoladistractor. After the maxilla was checked for mobilization by
bonewas reconstructed by iliac bone graft prior to distractionrotating the screw clockwise, the distractor was returned to its
osteogenesis. original position.(Fig. 1)

At surgery of distraction, a horizontal incision was made 5- After a latency period of 7 days, the maxilla was distracted
10 mm superior to the mucogingival junction between bilateral 0.5 mm twice daily. The distractor was removed after a consol-
first molar teeth. The anterior aspect of the maxilla and zygo-idation period of 12 weeks. The patients were observed with
matic buttress areas were exposed. The anticipated vector gberiodic follow-up for supervision of orthodontist and oral sur-
the maxillary distraction was determined. The distractor wasgeon per three months and no additional surgeries were per-
temporarily fixed at both zygomatic buttresses. To avoid dam-formed. Lateral cephalograms were taken immediately before
age to unerupted permanent tooth germ and previouslysurgery (T0), and immediately after distraction (T1), 6 months
repaired alveolar bone, the horizontal maxillary osteotomy was(T2), 1 year (T3), 2 years (T4) and 5 years (T5) after
conducted superior to the level of conventional Le Fort | surgery.(Fig. 2)
osteotomy. Minimal pterygomaxillary junction osteotomy was To standardize the amount of maxillary movement and
performed and the maxilla was not down-fractured. The dis-growth of the maxilla and mandible, the Natural Head Position
tractor was then fixed to the zygomatic buttresses in the pre{NHP) horizontal and vertical reference lines, as proposed by
planned position, and the maxilla was checked for sufficient Madsenet al’, were used. The horizontal reference line was
mobility by activation of the distractor. After suture, the turn- defined as a line through the nasion rotatédupward from
ing arm of distractor was fixed to the area between the incisorthe sella-nasion, and the vertical reference line was defined as
and canine teeth with microscrews and steel wires so that tha line perpendicular to the horizontal line passing through the
patients or their parents might easily access and activate theella. The magnitude of the horizontal and vertical movement

Table 1. Patient information

Patient | Patient Il
Age at the time of distraction 10yr 8 mo 12 yr 10 mo
Cleft classification Unilateral complete cleft lip and palate, Lt Unilateral incomplete cleft lip and palate, Rt
Previous cheiloplasty 3 mo after birth 4 mo after birth
Previous cleft palate surgery 15 mo after birth 16 mo after birth
Previous reconstruction of alveolar cleft anterior iliac bone graft reconstruction anterior iliac bone graft reconstruction
(9 yr 8 mo) (12yr 3mo)
Follow-up period 5yr8 mo 5yr3mo
Preoperative overjet (mm) -4.35 -5.84
Amount of advancement done (mm) 8.41 9.08
Postperative overjet / last follow-up overjet (mm) 4.06/2.20 3.24/-1.75
Actual distracted amount (mm) 10/10 (Rt/Lt) 10/6 (Rt/Lt)
Orthodontic treatment after distraction Camouflage treatment after Orthognathic surgery is planned due to
distraction osteogenesis remarkable growth of mandible

(yr: year[s], mo: month[s])

Fig. 1. Clinical photographs at surgery.
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Distraction Distractor
Operation strat removal
0.5mmx2
per day
7 days 10 days 12 weeks
LY
L
A Latency Distraction  Consolidation A A
period period period
TO: Preoperative T1: At the end of distraction T3: At 1 year after T1 T5: At 5 years after T1
T2: At 6 months after T1 T4: At 2 years after T1

Fig. 2. Treatment protocol for maxillary distraction using an intraoral distractor.

Fig. 3. Representation of landmarks and constructed lines
used to identify craniofacial and dental parameters on lat-
eral cephalometric radiograph. The following points were
assessed; N: nasion, S: sella, ANS: anterior nasal spine,
PNS: posterior nasal spine, A: subspinale, B: supramen-
tale, Mx1: incisal edge of maxillary central incisor, Pg:
pogonion, Gn: gnathion, Go: gonion, Me: menton, Mn1:
incisal edge of mandibular central incisor, X-Axis: horizon-
tal reference line-line through nasion rotated 7° upward
from sella-nasion line, Y-Axis: vertical reference line-line
perpendicular to horizontal reference line through sella.

were made by an oral surgeon and an orthodontist using the
same program (V-ceph 5.5, Osstem, Seoul, Korea).

1. Case 1

The patient first reported to our department with multiple
missing teeth at 5 years old. Cheiloplasty and hard palate
surgery was done previously by plastic surgeons, and they
referred the patient to our clinic for dental problems. He was
diagnosed as complete unilateral CLP on the left side and
skeletal Class Il due to maxillary deficiency. Distraction of
maxilla was planned and autogenous anterior iliac bone graft
was performed 13 months prior to distraction due to bony
defect of left side of hard palate and alveolar bone.

The patients preoperative overjet was -4.35 mm and we
intended for an overjet of +4 mm after distraction considering
post-operative relapse. And since the direction of action of
transoral distractor is not only forwards but also downwards,
we decided to distract total of 10 mm in order to gain + 4 mm
overjet. Distraction osteogenesis was used in same amounts
(10 mm) on both left and right sides. The maxilla showed
increase in SNA (4.33 and ANB (6.74). From the horizon-
tal and vertical reference lines, Point A moved a mean of 6.72
mm forward and a mean of 2.21 mm downward. The mandible
showed posterior and downward rotation movements. Overjet
increased 8.41 mm (-4.35-4.06 mm). During a period of 5

of point A and B were measured on each lateral cephalogramyears and 8 months, decrease in ANB (1)%thd SNA (2.30)

and SNA, SNB, ANB, upper incisor to SN, nasolabial angle, was observed. This decreasing tendency was particularly
distance from the upper and lower lips to the E line, overjetnoticeable during the T2-T3 period rather than the T1-T2 peri-
and overbite were also measured.(Fig. 3) All measurementod. From the horizontal and vertical reference lines, Point A
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moved 2.80 mm forward and 7.88 mm downward. Overjet treatment. There were no complications from previous alveolar
decreased by 1.86 mm (within 22% of baseline, 2.20 mm)reconstruction and distraction osteogenesis. No extra follow up
which showed a Class | relationship. The maxillary anterior surgery is scheduled, and the patient will only be under ortho-
teeth to SN line angle increased by 10.84de to camouflage  dontic supervision until growth is finished.(Figs. 4-7, Table 2)

Fig. 4. Comparison of clinical photo-
graph. A. Preoperative, B. After dis-
traction osteogenesis, C. Post-op 5
years 8 months.

Fig. 5. Comparison of Lateral cephalo-
gram. A. Preoperative, B. After distrac-
tion osteogenesis, C. Post-op & years
8 months.

Fig. 6. Comparison of Introral photo-
graph, frontal view. A. Preoperative, B.
after distraction osteogenesis.
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Table 2. Cephalometric analysis of patient I

TO T1 T2 T3 T4 T5 T1-TO T5-T1

SNA () 74.11 78.45 78.14 76.54 76.97 76.87 434 -1.58
SNB () 80.10 77.70 77.57 79.12 79.59 78.42 -2.40 0.72
ANB (%) -5.99 0.75 0.57 -2.58 -2.62 -1.55 6.74 -2.30

Point A to ver. reference lihémm) 60.19 62.40 62.33 65.54 68.48 70.28 2.21 7.88
Point A to hor. reference lihémm) 61.52 68.24 67.28 68.32 69.48 71.04 6.72 2.80
Point B to ver. reference lihémm) 98.82 97.42 100.03 100.62 114.81 118.42 -1.40 21.00
Point B to hor. reference lihmm) 77.72 77.04 77.82 80.48 80.42 79.02 -0.68 1.98
Ulto SN () 99.37 97.08 98.63 94.50 106.24 107.42 -2.29 10.34
Nasolabial angle’() 83.35 95.62 93.56 95.31 91.13 89.42 12.27 -6.20
Upper lip to E-line (mm) -7.42 -1.79 -1.70 -2.36 -4.24 -3.28 5.63 -1.49
Lower lip to E-line (mm) -2.45 -1.60 -1.36 -1.23 -1.84 -1.89 0.85 -0.29
Incisal overjet (mm) -4.35 4.06 5.68 3.10 2.40 2.20 8.41 -1.86
Incisal overbite (mm) 5.96 2.85 212 2.04 2.18 1.98 -3.11 -0.87

(TO: before distraction osteogenesis [DO], T1: after DO, T2: 6 months after DO, T3: 1 year after DO, T4: 2 years afteb D€nrsSfter DO,
ver: vertical, hor: horizontal)

 The natural head position (NHP) horizontal and vertical referencé liees used for measuring amount of Point A and B to reference lines.
Refer to Fig. 3.

Il due to maxillary deficiency. Distraction of maxilla was
planned and autogenous anterior iliac bone graft was per-
formed 7 months prior to distraction due to bony defect of
right side of hard palate and alveolar bone.

The patients preoperative overjet was -5.84 mm and an
overjet of +3 mm was planned according to the orthodamtist
recommendation. Because right cleft resulted in collapse of
maxillary dental arch with the dental midline offset to the
right, we decided to correct maxillary yawing by distraction of
different amount on each side. Distraction osteogenesis was
done in different amounts on left (6 mm) and right (10 mm)
side. The maxilla showed increases in SNA (3)4&hd ANB
(7.23), and post-operative dental midline showed similarity
with facial midline. From the horizontal and vertical reference
lines, Point A moved 7.05 mm forward and 1.98 mm down-
Fig. 7. Superimposition of Lateral cephlogram.(T0-Black, ward. Overjet increased by 9.08 mm. During a period of 5
T1-Red. T5-Green) years and 3 months, increase in SNA (0)1dnd decrease in

ANB (6.49") were observed. From the horizontal and vertical
reference lines, Point A moved 0.28 mm posteriorly and 7.20
mm downward. The mandible showed a significant increase in
growth, leading to crossbite in T2 period and negative ANB

2 Case ? values in T5 period. Overjet decreased by 4.99 mm (55% of

baseline). No complication was observed on the maxillary

The patient first reported to our department with anterior right alveolar ridge which was treated with alveolar recon-
cross-hite at 6 years old. Cheiloplasty and hard palate surgergtruction. The facial midline was offset 1 mm to the left, but
was done previously by plastic surgeons. He was diagnosed ais will be treated through orthognatic surgery once growth is
incomplete unilateral CLP on the right side and skeletal Classfinished.(Figs. 8-10, Table 3)

— Pre-op
— After DO
— POD5Y &M
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A B C

Fig. 8. Comparison of clinical photo-
graph. A. Preoperative, B. After dis-
traction osteogenesis, C. Post-op 5
years 3 months.

Fig. 9. Comparison of Lateral cephalo-
gram. A. Preoperative, B. After dis-
traction osteogenesis, C. Post-op 5
years 3 months.

Table 3. Cephalometric analysis of patient Il

TO T1 T2 T3 T4 T5 T1-TO T5-T1
SNA () 73.8 77.24 76.78 76.79 77.08 77.38 3.44 0.14
SNB () 75.58 71.79 72.89 74.24 75.27 78.42 -3.79 6.63
ANB (%) -1.78 5.45 3.89 2.55 1.81 -1.04 7.23 -6.49
Point A to ver. reference lihémm) 79.24 81.22 82.49 84.42 86.28 88.42 1.98 7.20
Point A to hor. reference linémm) 87.24 94.29 94.38 92.18 94.44 94.01 7.05 -0.28
Point B to ver. reference lihémm) 142.48 146.42 148.89 150.24 149.42 152.37 3.94 5.95
Point B to hor. reference lihnm) 79.42 77.71 79.89 80.42 80.84 84.24 -1.71 6.53
Ulto SN () 94.76 103.9 96.12 96.42 94.13 93.42 9.14 -10.48
Nasolabial angl€e’() 92.48 88.51 82.1 80.93 89.61 88.42 -3.97 -0.09
Upper lip to E-line (mm) -3.22 1.73 1.24 111 -1.85 -1.94 4.95 -3.67
Lower lip to E-line (mm) 5.42 4.83 4.88 4.72 1.76 242 -0.59 -2.41
Incisal overjet (mm) -5.84 3.24 -0.01 -0.48 -1.24 -1.75 9.08 -4.99
Incisal overbite (mm) -1.42 0.6 -0.22 -0.83 -0.42 -1.24 2.02 -1.84

(TO: before distraction osteogenesis [DO], T1: after DO, T2: 6 months after DO, T3: 1 year after DO, T4: 2 years afteb D€arsGfter DO,
ver: vertical, hor: horizontal)

 The natural head position (NHP) horizontal and vertical referencé Virees used for measuring amount of Point A and B to reference lines.
Refer to Fig. 3.
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movement in unilateral CLP with preceding alveolar bone
grafting.

Louis et al®* have shown that the relapse rate of orthognathic
surgery becomes higher as the amount of maxillary advance-
- \ ment increases. Some investigators have demonstrated that the
{/ N maximum of maxillary advancement achieved by conventional
) orthognathic surgery techniques is about 10 mm in CLP
patients, therefore distraction osteogenesis can be performed
when advancement over 10 mm is requitédEven other
investigators have stated that the maximum advancement by
conventional orthognathic surgery techniques in CLP patients
is 5 mm due to scar contracttifé Based on these results, we
have performed distraction osteogenesis in cases that require
maxillary advancement ot 5 mm. In our cases, we performed
distraction osteogenesis with advancement of 10 mm in con-
sideration of post-operative relapse and quantity we were to
gain.
ne. 10 Sipermpositon of Laters oephlogram. (T0-Black. Cheunget al** have indicated that skeletal stability is better

' in distraction osteogenesis than in Le Fort | osteotomy, regard-
less of the magnitude of maxillary movement, because skeletal
relapse occurs more frequently in Le Fort | osteotomy due to
insufficient soft tissue. A previous meta-analysis in cleft chil-
dren has suggested that the distraction is more effective in the
treatment of severe cleft patietitsRachmielet al'” had
demonstrated that the relapse rate of distraction was smaller

) ) ) _ because of regeneration of membranous bone between the
Distraction osteogenesis has been developed through improves ;e segments

ments of osteotomy techniques and fixation of bone fragments. Kusnotoet al?* have proposed that the consolidation period
As Polley and Figueroab first performed distraction osteogenesi%hould be adequately maintained because active bone forma-
on patients with cleft deformities in the maxilla and midface, . o~curs in the pterygoid region 6 weeks after maxillary dis-

there have been- numergus re-ports on successfu! forward movezciion. In our cases, an adequate consolidation period of 12
ment of the maxilla by distraction osteogernfésisThis method

not only has the advantages of simplicity, safety and pre-
dictability, but also showed satisfactory outcomes in patients .. .- \vas not down-fractured with minimal dissection of

who have difficulty in undergoing conventional orthognatic soft tissue in the pterygomaxillary area and around the nasal

surgery. Distraction osteogenesis produces skeletal Change%avity, which was based on the results reported by preiious
through traction force on callus, which accelerates tissuevitro andin vivostudie:

regeneration, especially in the soft tissue-deficient area sur- In our cases, from the horizontal and vertical reference lines,

rounding the borfe”. Point A moved a mean of 6.89 mm forward and a mean of 2.10

In conventional orthognathic surgery undergoing maxillary .\, gownward after distraction. Because vector of intraoral
- 0, i - i . . . . . . .
advancement, 5-80% of CLP patients showed post-operativyiiraction is anterior and inferior, about 7 mm of anterior

relapse and long-term instabifity’. C.heunget aI.“.reported movement was acquired. After a period of 5 years and 6

that the relapse rate of orthognathic surgery with respect tomonths, Point A moved a mean of 1.26 mm forward and a
1 1 I 0, 1 -

horizontal and vertical reference lines was 22% with long-term mean of 7.54 mm downward. This implies that a lower relapse

follow-up. Posnick and Dagyseported a vertical relapse of rate in distraction osteogenesis than in orthognathic surgery

19%, a horizontal relapse of 23% and a mean relapse of 6.9, pe attributed to the persistent growth of the maxilla after
mm. Thongdee "f‘nd Samméareported a honzontgl relapse 9f distraction osteogenesis, which is similar to the results reported
31% and a vertical relapse of 52% after maxillary surgical by previous studies®?

— Pre-op
—— After DO
POD 5Y 8M

Il . Discussion

weeks was given. In addition, after adequate maxillary move-
ment was identified at surgery by activating distractors, the
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Distraction osteogenesis has been developed through numer-

ous

clinical and experimental studies and has various advan:

tages over orthognathic surgery in cleft patients. Although

postoperative normal maxillary growth was difficult to achieve 13

due

to scar contracture and tension from the upper lip in con-

ventional method, distraction osteogenesis improved bone and

soft tissue, and dentofacial structure through persistent maxil- ,

lary
In

provide improvements in facial aesthetic, a stable intermaxil- 15,

lary
lary

10.

11.

328

growth.
summary, distraction osteogenesis is thought to be able to

relationship and occlusion status due to persistent maxil-
growth.

16.
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