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AbstrAct
This article evaluates the use of distraction osteogenesis in the treatment of mandibular ret-

rognathia and laterognathia and the long term treatment results of the patients treated with this 
technique. The procedure was carried out in 5 subjects (3 males and 2 females, mean age 18.4 years) 
aged between 14 years and 27 years. In patients treated with bilateral mandibular distraction, it was 
observed that the ANB angle decreased by a mean of 5°, the mandibular corpus length increased 
by a mean of 14.5 mm and the overjet decreased by a mean of 12.2 mm after treatment. In patients 
treated with unilateral mandibular distraction, a mean of 3.5° reduction was achieved in ANB angle, 
the mandibular corpus length increased by a mean of 5.5 mm and a mean of 7 mm correction was 
achieved in relation to craniofacial midline with treatment. One of these patients showed an increase 
of 10 mm in ramus height on the affected side and a decrease of 5° in gonial angle whereas the 
other one showed an increase of 12.5° in gonial angle and an increase of 11 mm in ramus height 
on the affected side after treatment. The most significant long term relapse was observed in one of 
the patients treated with bilateral mandibular distraction. Long term relapse seen in the rest of the 
patients was within clinically acceptable limits. It can be concluded that distraction of the deformed 
mandible is a feasible and effective technique for treating mandibular retrognathia and laterogna-
thia. However, it must be borne in mind that accurate placement of the distractors and determining 
the correct distraction vector are crucial factors that have an influence on long term clinical suc-
cess. (Eur J Dent 2009;3:335-342)
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Distraction osteogenesis has become a wide-
ly accepted procedure in orthopedics and has 
been applied to treat the skeletal deformities 
and severe bony defects in the craniofacial com-
plex.1-8 With this procedure, bone volume can be 
increased by gradual traction of a fracture cal-
lus formed between osteotomized bony seg-
ments.8-10 Bone lengthening by osteotomy and 
distraction osteogenesis of long bones was first 
described in 1905 by Codvilla and popularized by 
Ilizarov. Mandibular lengthening by gradual dis-
traction was reported in 1973 by Synder et al who 
used an extraoral device in a canine study; new 
bone formation at the elongated site was demon-
strated later by Karp et al. In 1992, McCarthy et 
al successfully elongated the mandible by up to 
24 mm.7,8,11,12 Distraction osteogenesis is particu-
larly useful for treating cases of severe bony hy-
poplasia where the surgical movement required 
to correct the malocclusion is outside the range 
predictably achievable with routine orthognathic 
surgery techniques.8,10,13

In patients for whom only mandibular deficien-
cies need to be corrected surgically, bilateral sag-
ittal split osteotomy (BSSO) is the most common 
procedure. Intra-oral distraction osteogenesis 
during orthodontic treatment as a solution for a 
Class II malocclusion has been proposed as an 
alternative to BSSO.14-19 Mandibular distraction is 
becoming a prevalent surgical treatment for ret-
rognathia and asymmetry, and many reports have 
demonstrated that this technique provides great 
clinical benefits for mandibular deficiency and 
other craniofacial deformities.7,8,20,21 One of the 
shortcomings of distraction osteogenesis, how-
ever, is that accurate positioning of the proximal 
segment can be difficult to achieve either because 
of an inaccurate displacement vector or because 
of an unpredictable soft tissue influence on the 
immature regenerate. It has been shown in an an-
imal model and in clinical case reports that post-
distraction regenerate can be molded by external 
forces.13,22-26

van Stiejen et al studied the complications in 
bilateral mandibular distraction osteogenesis and 
recorded a total of 28 complications in their study 
sample of 70 patients. They reported osteotomy 
related complication in 1 patient, technique and/

IntroductIon or device-related complications in 10 patients, 
infection in 5 patients, prolonged sensory loss in 
the distribution of the alveolar nerve in 3 patients, 
compliance related complications in 6 patients 
and condylar problems in 3 patients.27

In this paper, the results of mandibular length-
ening and correction of mandibular asymmetry by 
distraction osteogenesis are demonstrated.

subJEcts And MEtHods
The procedure was carried out in 5 subjects (3 

males and 2 females, mean age 18.4 years) aged 
between 14 years and 27 years. The orthodontic 
and surgical treatment of the subjects was per-
formed at the same center. Written informed 
consent was obtained from the parent or patient 
before treatment. The detailed information on 
subjects is shown in Table 1.

Two patients had mandibular asymmetry re-
sulting from odontogenic infection in one and from 
trauma in the other and the other three had sagit-
tal mandibular deficiency. Of these three patients, 
one had a history of trauma during early childhood 
and in the other two the aetiology was unclear. 
One of these three patients underwent mandibu-
lar advancement surgery with BSSO. However, be-
cause of relapse seen after treatment, a decision 
was made to perform mandibular advancement 
by distraction osteogenesis. Three of five patients 
underwent bilateral mandibular distraction and in 
the remaining two patients, unilateral mandibular 
distraction osteogenesis was performed to correct 
mandibular asymmetry. Of these 2 patients, one 
underwent surgically assisted rapid maxillary ex-
pansion prior to unilateral mandibular distraction 
and the other one received surgery for the treat-
ment of the ankylosis of the temporomandibular 
joint. However, the asymmetry remained. 

All five patients had pre-and post-operative 
orthodontic treatment with fixed appliances and 
distraction osteogenesis surgery was carried out 
under general anesthesia in all cases. Lateral and 
posteroanterior cephalometric and panoramic ra-
diographs were taken from all patients on three 
different occasions (before treatment, after treat-
ment and during follow-up period). The landmarks 
and planes used in cephalometric analysis are 
shown in Figure 1. Further surgical procedure in-
cluded genioplasty in three patients. 

In patients 4 and 5, a complete oblique oste-
otomy of the ascending ramus was made through 
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an intraoral approach protecting inferior alveo-
lar nerve. Due to difficulty experienced in placing 
the distractors intraorally, the distractors were 
placed after exposing the ramus through a 2.5 cm 
long extra-oral submandibular incision . Prior to 
completion of the osteotomy, distractor (Vasquez-
Diner type intra-oral distractor, Leibinger, Ger-
many ) was adapted to the bone surface. An effort 
was made to place the distractor perpendicular 
to the osteotomy line. After a latency period of 1 
week, active distraction was started at a rate of 0.5 
mm twice per day. 

In patients 2 and 3, intra-oral distractors (Me-
dartis, Modus MDO 2.0, Basel, Switzerland) were 
used and an extra-oral distractor (Molina bi-di-
rectional extraoral mandibular distractor, KLS 
Martin, USA) was used in patient 1. The intra-oral 
distractor was placed as parallel as possible to 
the maxillary occlusal plane after performing a 
vertical osteotomy in the lower retromolar region 
through an intra-oral approach and the extra-oral 

distractor was placed in the ascending ramus af-
ter performing an oblique osteotomy through an 
intra-oral approach. The fixation pins of the extra-
oral distractor were attached to the basal man-
dibular bone transcutaneously close to the pos-
terior border of ramus above the osteotomy line. 
Following a latency period of 1 week, activation 
was started at a rate of 0.5 mm twice per day at 
the vertical rod of the distractor (in patient 1), then 
continued at the horizontal rod until the sagittal 
mandibular deficiency was resolved. Once desired 
mandibular lengthening was achieved, the fixa-
tion screw was loosened and then moulding of the 
regenerate was carried out using anterior heavy 
elastics to obtain a stable occlusion. On the com-
pletion of the moulding procedure, the consolida-
tion period started and lasted 12 weeks. 

rEsuLts
In patient 4, the distraction rod fractured to-

wards the end of the distraction procedure. The 
rod was then removed and the distractor was left 
in place for 3 months for the consolidation of the 
regenerate. Afterwards, the broken distractor was 
removed and replaced with another intra-oral dis-
tractor (Guerrero-Bell type intra-oral distractor, 
Leibinger, Germany) following a vertical osteoto-
my made in the mandibular corpus. 

In all patients, paresthesia developed on the 
related side(s) following surgery and intensified 
during distraction period. However, it disappeared 
gradually in the long term. Genioplasty was re-
quired in some patients as mandibular asymmetry 
could no further be corrected by distraction osteo-
genesis once a CL I canine relationship was estab-
lished bilaterally. 

In patients 1,2 and 3, it was observed that the 
ANB angle decreased by a mean of 5°, the man-
dibular corpus length increased by a mean of  14.5 Figure 1. Landmarks and planes used in lateral cephalometric 

analysis.

Patient Age Sex Type of Distracion Genioplasty Follow-up period

1 14 F Bilateral extra-oral Yes 4.1 years

2 17 M Bilateral intra-oral No 3.8 years

3 18.3 F Bilateral intra-oral Yes 5.3 years

4 27 M Unilateral intra-oral No 4 years

5 16.3 M Unilateral intra-oral Yes 4.2 years

Table 1. Clinical features of the patients.
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mm and the overjet decreased  by a mean of 12.2 
mm after treatment. Ramus height increased by 
3 mm in one patient only. Increase in gonial an-
gle was observed in post-treatment records in 
all 3 patients except one who later exhibited re-
lapse in follow-up records. Moreover, a signifi-
cant increase in convexity angle was observed on 
the completion of treatment in all 3 patients. Of 
all these 3 patients, patient 3 exhibited the most 
significant relapse in ANB angle, gonial angle, 
horizontal overjet and convexity angle in follow up 
records.

In patients 4 and 5, a mean of 3.5° decrease was 
observed in ANB angle and the mandibular corpus 
length increased by a mean of 5.5 mm after treat-
ment. One of these patients showed an increase of 
10 mm in ramus height on the affected side and a 
decrease of 5° in gonial angle whereas the other 
one showed an increase of 12.5° in gonial angle 

and an increase of 11 mm in ramus height on the 
affected side after treatment. In both patients the 
horizontal overjet was reduced with treatment and 
the convexity angle became more obtuse. A mean 
of 7 mm correction was achieved in relation to 
craniofacial midline. Follow up records indicated 
1 mm of relapse in horizontal overjet in patient 4 
and 0.2 mm of relapse in horizontal overjet and 1° 
of relapse in convexity angle in patient 5. The re-
sults of lateral cephalometric analysis are shown 
in Table 2. Pre- and post-treatment photographs 
and radiographs along with pre-treatment study 
casts of patient 2 are shown in Figures 2 and 3. 
Pre-and post- treatment photographs and radio-
graphs of patient 5 are shown in Figures 4 and 5.

dIscussIon
Bilateral sagittal split osteotomy (BSSO) and 

distraction osteogenesis are the most common 

Figure 2. (a-c) Pre-treatment study casts, (d-f) pre-treatment 
extra-oral photographs, (g) pre-distraction lateral cephalo-
metric radiograph and (h) pre-distraction panoramic radio-
graph of Patient 2.

Figure 4. Pre-treatment (a-c) intra-oral photographs, (d-f) ex-
tra-oral photographs, (g) lateral cephalometric radiograph, (h) 
PA cephalometric radiograph and (i) pre-distraction PA cepha-
lometric radiograph of Patient 5.

Figure 3. Post-treatment (a-c) intra-oral photographs, (d-f) 
extra-oral photographs, (g) lateral cephalometric radiograph 
and (h) panoramic radiograph of Patient 2.

Figure 5. Post-treatment (a-c) intra-oral photographs, (d-f) 
extra-oral photographs, (g) lateral cephalometric radiograph 
and (h) PA cephalometric radiograph of Patient 5.
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techniques currently applied to surgically correct 
mandibular deformities. Although randomized 
clinical trials are lacking, some support was found 
in the literature for distraction osteogenesis hav-
ing advantages over BSSO in the surgical treat-
ment of low and normal mandibular plane angle 
patients needing greater advancement (greater 
than 7 mm). In all other mandibular retrognathia 
patients the treatment outcomes of distraction os-
teogenesis and BSSO seemed to be comparable.28 

Differential growth and conventional orthognathic 
procedures become more difficult and less pre-
dictable when correcting severe mandibular de-
ficiencies requiring lengthening of the mandible 
more than 8–10 mm.29 The primary advantage 
claimed in connection with distraction osteogen-
esis is that it allows major reshaping of the facial 
bones without bone grafts or jaw wiring. It is be-
lieved that distraction osteogenesis may be safer 
than other methods of facial reconstruction, since 
it can involve less blood loss and a lower risk of in-
fection.30 Moreover, reports on patients with cleft 
palate have suggested that maxillary advance-
ments achieved by distraction are more stable 
than the advancements achieved with orthogna-
thic surgery.31,32

The specially fabricated hardware used for 
the distraction process can be internal or exter-
nal. Advantages of external devices include ease 
of placement and removal. In addition, some ex-

ternal devices allow multi-dimensional control. 
External devices, however, are very conspicuous 
and are more likely to cause traction scars than 
internal devices. Although intra-oral distractors 
are known to have some advantages (i.e. no fa-
cial scar, better tolerance by the patient), they are 
only unidirectional and require a subsequent sur-
gical procedure for their removal.33 We observed 
ulcerative lesions around the distractor pins par-
ticularly during the consolidation period and post-
operative facial scar in patient 1. Our experience 
leads us to think that the placement of intra-oral 
distractors in desired locations is associated with 
the experience of the surgeon. For this reason, the 
surgical procedure for the placement of intra-oral 
distractors took longer than that for extra-oral 
distractors.

The nature of distraction osteogenesis is well 
suited for stretching of the pterygomasseteric 
sling, which is not easily overcome by conven-
tional procedures. Pterygoid muscle usually does 
not adapt to the elongation of ramus. However, 
during distraction osteogenesis, active histiogen-
esis occurs in different tissues including gingiva, 
blood vessels, ligaments, cartilage, muscles and 
nerves. These adaptive changes in the soft tissues 
decrease the relapse risk and allow the treatment 
of severe facial deformities.34,35  Although we ob-
served a significant increase in ramus height on 
the affected side in patients 4 and 5. We did not 

Patients 1 2 3 4 5

Stages PreT PoT FU PreT PoT FU PreT PoT FU PreT PoT FU PreT PoT FU

SNA (deg) 75.5 76 76 84 84 84 77.5 78 78 78 78 78 75 76 76

SNB (deg) 67 73 73 76 80 80 69 75 74 74 75 75 63 70 70

ANB (deg) 8.5 3 3 8 4 4 8.5 3 4 4 3 3 12 6 6

Corpus length,

Me-Go (mm) 53 65 65 72 87 87 65.5 83 83 65 70 70 55 61 61

Ramus height, 

Go-Ar, Go-Co* (mm) 39 42 42 56 56 56 36 36 36

L 49 

R 75

 L 59 

R 75

 L 59 

R 75

L 80 

R 60

L 80 

R 71

L 80 

R 71

Gonial angle 

(PRP-MP) (deg) 121 154 153 111 113 113 133 125 128 129 124 124 118.5 131 131

Horizontal 

overjet (mm) 17.5 5 5 18 4 4.5 13 3 4 12 4 5 9 3.8 4

Convexity angle 

(Gl-Sn-Pg) (deg) 147.5 155 155 144 159 159 154 163.5 162 165 170 170 142.5 156 155

Table 2. Results of lateral cephalometric  analysis.

* Patients with laterognathia

Deg: Degree; PreT: Pre-treatment; PoT: Post-treatment; FU: Follow-up; L: Left ramus; R: Right ramus.
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observe a significant increase in ramus length in 
patient 1 in whom the vertical component of the 
external distractor was activated. In our opinion, 
the activation did not translate exactly to the de-
sired increase in ramus length due to angular al-
terations performed during distraction. 

Patient 3 developed anterior open bite dur-
ing distraction as a result of misplacement of the 
distractor and reduced vector control. Anterior 
open bite in this patient was corrected by mould-
ing of the regenerate using intermaxillary elastics 
for 10 days following the removal of the distrac-
tion cylinders from the distractors in the second 
week of the consolidation period. However, follow 
up records taken 5.3 years after the completion of 
treatment indicated relapse of the anterior open 
bite.  Gateño et al suggested that computer as-
sisted surgical planning and modeling could be 
helpful in determining the correct distraction vec-
tor and in accurate placement of the distractors.36 
In our opinion, the long term relapse observed in 
Patient 3 could have been avoided or its rate could 
have been decreased through the use of computer 
assisted surgical planning and modeling. The uni-
lateral posterior open bite seen in patients 4 and 
5 during distraction was corrected by orthodontic 
extrusion of the posterior teeth using elastic trac-
tion. No anterior open bite was seen in patient 2 
in whom an effort was made to place the distrac-
tors parallel to the maxillary occlusal plane. We 
believe that gonial angle increase in patients 1,3 
and 5 was caused by the downward relocation of 
menton point as a result of genioplasty. Although 
genioplasty was deemed indicated for the patients 
2 and 4, it was not performed as the patients were 
satisfied with the treatment result.

A possible advantage of distraction is its ef-
fect on the inferior alveolar nerve. Makarov et 
al suggested that if acute nerve injury is avoided 
with surgery, then up to 10 mm of distraction of 
the mandible would appear to produce minimal 
effects on inferior alveolar nerve function.37 In all 
patients, paresthesia developed on the related 
side(s) following surgery and intensified during 
distraction period. However, it diminished gradu-
ally after the treatment and was not observed in 
follow-up examinations. 

Marked changes occurred in the position and 
shape of the lower jaw and in the occlusion as a re-
sult of mandibular distraction. Even though the ra-
mus height remained unchanged in patients 2 and 

3, significant amount of lengthening was achieved 
in mandibular corpus in patients 1,2 and 3. An in-
crease in ramus height was observed in patients 
4 and 5 on the affected side. Anterior movement 
of the lower jaw resulted in sagittal improvement 
of the prominence of the chin point. However in 
patients 1,3 and 5, genioplasty was deemed nec-
essary as required chin prominence could not be 
achieved by distraction alone due to limitation im-
posed by post-distraction dental occlusion. 

concLusIons
It can be concluded that distraction of the de-

formed mandible is a feasible and effective tech-
nique for treating mandibular retrognathia and 
laterognathia and that long term relapse is within 
acceptable limits. However, it must be borne in 
mind that accurate placement of the distractors 
and determining the correct distraction vector are 
crucial factors that have an influence on long term 
clinical success. 
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