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INTRODUCTION
Mandibular deficiency is usually caused by the failure of growth 
of one or more condyles. It may be attributed to congenital de-

formities, such as hemifacial microsomia, Goldenhar syndrome, 
Pierre Robin sequence, or Treacher-Collins syndrome [1]. The 
condition may also be acquired due to trauma, infection, or 
temporomandibular joint ankylosis. Reconstruction of man-
dibular deficiencies remains a challenge. Conventional osteoto-
mies and bone grafting are associated with longer stay in hospi-
tals, increased risk of infection, relapse, and discomfort to the 
patient. Many patients require multiple surgeries [2].

The method of distraction osteogenesis was introduced by 
Codivilla at the beginning of the 20th century. During 1950s, 
Ilizarov contributed to the development of the technique by 
elucidating the biological and mechanical principles in new 
bone formation. The first successful clinical application of dis-
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traction osteogenesis was reported by McCarthy et al. in the 
unilateral and bilateral correction of mandibular deficiency in 
four children. Since then, distraction osteogenesis has been a 
preferred treatment method for the correction of abnormality 
in the craniofacial region [3]. It induces the formation of new 
bone at the vascularized margins of preexisting bones separated 
by incremental traction, and the process commonly employs 
distraction devices for the mechanical stretching of bone tissues 
[4]. Distraction devices have been classified depending on the 
direction of distraction and the site of application [2]. External 
osteodistraction devices can be applied unidirectionally, bidi-
rectionally, and three-dimensionally. By contrast, internal or in-
traoral distractors can be applied only unidirectionally [2]. The 
choice of device entirely depends on the treatment goal.

In India, mainly due to economic constraints, neglected adult 
cases of mandibular deficiency present to plastic surgeons. The 
patients predominantly visit before marriage when the facial 
appearance becomes utmost important for social acceptance. 
The goal of reconstruction in these cases remains to be aesthet-
ic appearance rather than a perfect functional reconstruction. 
In such cases, distraction osteogenesis provides optimal results 
because of its ability to stretch the overlying deficient soft tissue 
along with the bone.

Multiplanar distractors are ideal for providing three-dimen-
sional distraction. However, these distractors are proprietary 
and their cost is a hindrance to poor patients.

Bidirectional distraction osteogenesis was first described by 
Molina and Ortiz Monasterio in 1994 [5]. Bidirectional distrac-
tors can be easily assembled by local technicians and used safely 
in adult patients. Bidirectional distraction osteogenesis provides 
a more precise control of the distraction process compared with 
unidirectional distraction, which means that bidirectional dis-
traction osteogenesis does not require additional autogenous 

bone grafting [6].
In this study, we describe the application of bidirectional dis-

tractors in six adult patients with congenital mandibular defor-
mities and assess the outcomes. 

METHODS
The study was conducted at our institute between 2016 and 
2018. The prospective study included six individuals (four 
women and two men) with a mean age of 20.4 years (range, 
17–24.4 years). In total, five patients had hemifacial microso-
mia and one had unilateral temporomandibular joint ankylo-
ses. All the patients underwent bidirectional mandibular dis-
traction osteogenesis.

An extraoral mandible distractor was used in all the patients 
(Fig. 1). Two osteotomies were performed on either side of the 
gonial angle, and two 2-mm pins were placed in each segment. 
The mean distraction period was 3.1 months (range, 2.5–4 
months). The consolidation period was 6 weeks. Intermaxillary 
elastics were applied to control lateral mandibular movement.

Facial computed tomography was performed preoperatively 
(T1) and 1 year after completion of treatment (T2). Clinical 
photographs were taken preoperatively and at 1-year follow-up.

In order to assess patient satisfaction, we used the question-
naire designed by Datta et al. [7] for the pre-distraction, distrac-
tion and post-distraction phases. The pre-distraction question-
naire was administered 1 week before surgery after the patient 
had been counseled regarding the surgery. The distraction 
phase questionnaire was given to the patient in the third to 
fourth week after surgery once the patient had entered the con-
solidation phase. The post-distraction phase questionnaire was 
filled by the patient 6 months after removal of the distraction 
device.

Fig. 1. (A) A biplanar distractor. (B) Schematic drawing showing distractor placement.
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Measurement was performed using Geomagic Freeform soft-
ware (3D Systems, Rock Hill, SC, USA). Features evaluated 
were skeletal changes in the affected mandible, changes in the 
occlusal plane, and changes in oral commissure cant. Three-di-

mensional reconstruction was used to observe the skeletal 
changes in the affected mandible. Both sides of the mandibular 
contour in the lateral view were seen (Fig. 2).

The parameters that were used to determine changes in the 
occlusal plane were (Fig. 3): line connecting the bilateral lo 
(latero–orbitale) points= X-axis; line perpendicular to the X-
axis through the center of the skull= Y-axis; MA= vertical dis-
tance of maxillary molar to the X-axis on the affected side; 
MN= vertical distance of maxillary molar to the X-axis on the 
unaffected side; chin deviation= horizontal distance of chin to 
the Y-axis (the chin deviating toward the affected side is defined 
as a negative value).

The parameters that were used to determine changes in oral 
commissure cant were (Fig. 4): measurement of the frontal fa-
cial photograph; a line connecting the pupils in both eyes de-
fined as the horizontal reference plane; FA= vertical distance of 
oral commissure to the horizontal reference plane on the affect-
ed side; FN= vertical distance of oral commissures of the hori-
zontal reference plane on the unaffected side; F ratio= FA/FN.

RESULTS
Tables 1-3 depict the changes in parameters, namely Co-Go 

Fig. 3. Occlusal plane. X-axis, line connecting the bilateral lo 
(latero-orbitale) points; Y-axis, line perpendicular to the X-axis 
through the center of the skull; MA, vertical distance of maxillary 
molar to the X-axis on the affected side; MN, vertical distance of 
maxillary molar to the X-axis on the unaffected side; chin deviation, 
horizontal distance of chin to the Y-axis (the chin deviating toward 
the affected side is defined as a negative value).

Fig. 4. Oral commissure cant. Measurement of the frontal facial 
photograph, and mark line connecting the pupils in both eyes de-
fined as the horizontal reference plane. FA, vertical distance of oral 
commissure to the horizontal reference plane on the affected side; 
FN, vertical distance of oral commissures of the horizontal refer-
ence plane on the unaffected side; F ratio=FA/FN.

Fig. 2. Lateral view of a three-dimensional reconstructed skull. Co, 
condylion; Go, gonion, Gn, gnathion; Co-Go, ramus height; Go-Gn, 
body length; X, gonial angle.
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(N), Co-Go (A), Go-Gn (N), Go-Gn (A), gonial angle (N), go-
nial angle (A), MN, MA, chin deviation, and F ratio.

Assessment of the skeletal changes in the mandible revealed an 
increase in ramus height and body length, whereas a decrease in 
the gonial angle. On analysis, we found that following distrac-
tion, the mean mandibular height represented by Co-Go dis-
tance on the affected side, increased by 11.4 mm. The mean 
mandibular length on the affected side, represented by Go-Gn 
distance, was found to increase by 3.4 mm. Because of a higher 
increase in mandibular height as compared to the length we 
found that the mean gonial angle on the affected side decreased 
by 2.4°.

Postoperative changes in the occlusal plane and oral commis-
sure cant was also noted in terms of chin deviation and F ratio, 
respectively. In order to quantify the change in occlusal cant we 
used the distance MA which represented the vertical distance of 
the maxillary molar to the line passing through the lateral or-
bitale (X-axis) on the affected side. Following distraction, the 
mean increase in this distance on the affected side was found to 

be 5.9 mm.
The chin deviation was measured as the distance of gnathion 

from the Y-axis and following distraction the mean shift was 
measured to be 7.21 mm from the affected side towards Y-axis.

The change in cant of the oral commissure was determined us-
ing the F ratio, which is the ratio of the vertical distance from X-
axis to the oral commissure of the affected side (FA) to the nor-
mal side (FN). In a normal face the ratio should be 1. Following 
distraction, we found that this ratio increased from 0.86 to 0.96.

The results confirmed that bidirectional distraction osteogen-
esis increased the height and length of the mandible on the af-
fected side. Canting of the occlusal plane and oral commissure 

Table 1. Skeletal changes in the mandible

Change
Mean (range)

T1 T2 

Co-Go (N, mm) 51.2 (48.5–53.3) 50.4 (48.4–52.9)

Co-Go (A, mm) 37.4 (36.5–39.1) 48.8 (46.5–49.7)

Go-Gn (N, mm) 54.3 (53.1–55.3) 53.6 (53.0–54.1)

Go-Gn (A, mm) 58.5 (56.9–59.1) 61.9 (58.8–62.2)

Gonial angle (N, °) 142.2 (141.8–143.1)   142.1 (140.6–143.5)

Gonial angle (A, °) 145.6 (144.2–147.5)   143.2 (142.2–144.2)

Co, condylion; Go, gonion; Gn, gnathion; Co-Go, ramus height; Go-Gn, body length; 
N, normal side of the mandible; A, affected side of the mandible; T1, mean mea-
surements before distraction; T2, mean measurements after distraction.

Table 2. Changes in the occlusal plane

Change
Mean (range)

T1 T2 

MN (mm) 68.1 (67.5–69.1) 68.8 (67.1–69.9)

MA (mm) 62.7 (61.4–62.9) 68.6 (67.6–69.1)

Chin deviation (mm) −10.88 −3.67 

MN, vertical distance of maxillary molar to the X-axis on the unaffected side; MA, 
vertical distance of maxillary molar to the X-axis on the affected side; T1, mean 
measurements before distraction; T2, mean measurements after distraction.

Table 3. Change in the oral commissure cant
T1 T2

F ratio (FA/FN) 0.86 0.96

FA, vertical distance of oral commissure to the horizontal reference plane on the af-
fected side; FN, vertical distance of oral commissures of the horizontal reference 
plane on the unaffected side; T1, mean measurements before distraction; T2, mean 
measurements after distraction.

Fig. 5. (A) Preoperative facial profile of an 18-year-old male patient 
with left hemifacial macrosomia. (B) One-year follow-up picture of 
the patient. (C) Frontal view of the facial skeleton (preoperative). 
(D) Postoperative frontal view showing skeletal changes. (E) Lateral 
view of facial skeleton (blue arrows: preoperative). (F) Postoperative 
lateral view showing skeletal changes (blue arrows: sites of new bone 
formation marked). X-axis, line connecting the bilateral lo (latero-
orbitale) points; Y-axis, line perpendicular to the X-axis through the 
center of the skull.
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was corrected. Overall, the facial deformity was corrected. 
In Fig. 5, the representative case of left-sided hemifacial mi-

crosomia is presented to depict the facial and skeletal changes 
after unilateral bidirectional distraction osteogenesis. 

With regard to indication of surgery in the pre-distraction 
phase (Table 4) all the patients said their main concern was 
problem with the facial appearance as the motivating factor for 
surgery with the family also playing a major role in motivating 
the patients for surgery. Two out of six patients (33% of the 
study group) also complained of problem in chewing as anoth-
er factor for undergoing surgery. All Patients understood the 
treatment protocol and were willing to undergo distraction 
with an extraoral device.

In the distraction phase (Table 5) pain and difficulty in chew-
ing were the major complications faced by the patients. One pa-
tient complained of transient numbness of lower lip but it sub-

sequently resolved. In the post-distraction phase (Table 6) all 
patients were happy with the esthetic outcome of the procedure 
and came to the conclusion that they would definitely recom-
mend the procedure to other patients facing similar problems.

DISCUSSION
Reconstruction of mandibular asymmetry in adults is extreme-
ly difficult. Many procedures exist to correct facial asymmetry 
in these patients, such as mandibular and maxillary osteoto-
mies with/without bone grafting [5]. These procedures are usu-
ally associated with long hospital stay, morbidity, chances of in-
fection, and relapse. Orthognathic surgery for mandibular defi-
ciency in adults is also difficult because of the overlying soft tis-
sue deficiency [8].

Distraction osteogenesis has proven to be a safe and effective 

Table 4. Evaluation of patient priorities and understanding in the pre-distraction phase

No. Sex/age 
(yr)

Understood 
procedure?

Reasons for seeking surgery
Motivating factor Understood all 

modalities?
Reaction to 

deviceAesthetic Function Most Imp

1 F/23 Yes Aesthetic None Aesthetic Self, family Yes Acceptable

2 F/22 Yes Aesthetic Chewing Aesthetic Self, family Yes Acceptable

3 F/24.4 Yes Aesthetic Chewing Aesthetic Self, family Yes Acceptable

4 F/17 Yes Aesthetic None Aesthetic Self, family Yes Bulky

5 M/18 Yes Aesthetic None Aesthetic Self, family Yes Acceptable

6 M/19 Yes Aesthetic None Aesthetic Self, family Yes Acceptable

F, female; M, male.

Table 5. Evaluation of patient comfort during the distraction phase

No. Sex/age 
(yr)

Appliance and 
expectations Complaints People’s comments Type of comments Response to 

comments Suffering? Right decision

1 F/23 Yes Pain, transient numbness Always Encouraging Ignore Not sure Yes

2 F/22 Yes Pain Always Encouraging Ignore Not sure Yes

3 F/24.4 Yes Pain Always Neutral Ignore Not sure Yes

4 F/17 Yes Pain Always Neutral Ignore Yes Yes

5 M/18 Yes Pain Always Encouraging Ignore No Yes

6 M/19 Yes Pain Sometimes Encouraging Ignore No Yes

F, female; M, male.

Table 6. Evaluation of patient satisfaction in the post-distraction phase

No. Sex/age 
(yr)

Level of 
satisfaction Facial app Speech Breathing Chewing Most important Treatment 

worth it?
Treatment worth 
problems faced?

Would you 
recommend?

1 F/23 Satisfied Better No No Can’t say Appearance Yes Yes Yes, no hesitation

2 F/22 Totally satisfied Better No No Yes Appearance Yes No Yes, no hesitation

3 F/24.4 Satisfied Better No No Yes Appearance Yes Yes Yes, no hesitation

4 F/17 Satisfied Better No No No Appearance Yes Yes Yes, some hesitation

5 M/18 Satisfied Better No No Can’t say Appearance Yes Yes Yes, no hesitation

6 M/19 Satisfied Better No No No Appearance Yes yes Yes, no hesitation

F, female; M, male.
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alternative in the management of craniofacial deficiencies. It in-
duces the formation of new bones at the vascularized margins 
of preexisting bones separated by incremental traction. As a 
natural consequence, the overlying soft tissues are also stretched. 
It reduces the requirement of bone grafts. Distraction osteogen-
esis can be performed at any age, and when performed in adults 
after completion of skeletal growth, chances of relapse are less. 

In our patients, distraction osteogenesis was performed using 
external biplanar distractors. Double osteotomy was performed 
in each case and distractors were applied to achieve both verti-
cal and horizontal lengthening. Contraindications to double 
osteotomy include small children and inadequate bony stock 
[2]. All our patients were adults with complete bone growth. 
With careful preoperative planning, risk of avascular necrosis of 
the intermediate bone block can be minimized. In our series, 
there was no avascular necrosis. 

Although multiplanar distraction would have been ideal for 
mandibular distraction osteogenesis in adults, the devices are 
proprietary and often out of reach of poor patients. Therefore, 
we used the biplanar distractor, which can be easily made local-
ly and is affordable. Our rationale for using this device was 
since our patients were all adults and had come for aesthetic 
correction, an increase in height and length of mandibles would 
effectively camouflage the facial deformity. 

We used three-dimensional reconstruction to analyze our re-
sults. In the recent years, three-dimensional skeletal analysis has 
proven to be equally accurate for cephalometric analysis [9]. In 
our patients, facial scanning was performed preoperatively, and 
6 months and 1 year postoperatively. Computed tomography 
scanning was performed preoperatively and 1 year postopera-
tively. Geomagic Freeform software was used to analyze and 
calculate the results. 

The prime factor for motivation for surgery was the aesthetic 
appearance and the decision was influenced by family members 
in 100% of cases. In the study of Datta et al. [7] the family 
members were involved in 58.3% of the cases in motivating the 
patient for surgery. Since all patients in our study group were 
young and not married so the family had a much more promi-
nent role in decision-making.

In Datta et al. [7] about 53.84% of the study group readily ac-
cepted the extraoral appliance, while the others had some ap-
prehension regarding the bulk and esthetics. In our study 
group, 100% of the study group accepted the extraoral device. 
One of the reasons for this change in attitude towards the extra-
oral device was probably the financial constraint faced by all 
patients in our study group.

The most common side effect of the distraction phase was re-
ported as pain in the lower jaw and difficulty in chewing 

[7,10,11]. Although most patients in our study group com-
plained of pain, it was managed with oral dose of NSAIDs. 
Only two out of six patients in the study group complained of 
difficulty in chewing during the distraction phase. But the rate 
of patients experiencing transient numbness of the lower lip 
varied widely in all studies. While Datta et al. reported 76% pa-
tients experiencing this complication, only 14% had transient 
numbness in the study group of Primrose et al. [7,11]. In our 
group 16% of patients experienced this complication. Regard-
ing social interaction most of our patients preferred to avoid 
social contact, as most people were inquisitive about their de-
vice. Although they found encouragement after they explained 
the procedure, still they felt uncomfortable in talking about it. 
This phenomenon was also reported in studies by Primrose et 
al. [11] and Pelo et al. [12] the where a majority of their patients 
admitted to socializing less and feeling “abnormal,” self-con-
scious and uncomfortable in public situations. 

In the post-distraction phase 16% of our patients were “totally 
satisfied” while 84% said they were “satisfied” with the proce-
dure. This was similar to results by Datta et al. [7] where 30% 
were “totally satisfied” and 69% were “satisfied” with the proce-
dure. 

One of the important measures of patient satisfaction is 
whether they would undergo the treatment again considering 
the problems they faced. One hundred percent of our study 
group said they found the treatment worth the problems faced 
and would definitely recommend it to other patients. Similar 
results were shown by Datta et al. [7] and Ayoub et al. [10] who 
found 84.61% and 78.57% of study groups would recommend 
this procedure to other patients without any hesitation. 

The cases presented in our study are unique because of vari-
ous reasons. First, biplanar mandibular distraction has been 
used for correction of mandible deficiency in adult patients. 
There is paucity of literature in this regard because neglected 
cases present more frequently in developing countries and the 
patients are usually managed at an earlier age in developed 
countries. Our aim was to provide optimum results at mini-
mum cost, and this distractor proved to be effective. Second, 
bidirectional distractors increased the height and length of the 
mandible, effectively camouflaging the facial deformity. Be-
cause no face is perfect, the patients were satisfied with the im-
proved facial profile. Third, three-dimensional reconstruction-
based outcome analysis was performed. Similar studies with 
multiplanar distractors have documented the results based on 
cephalometric findings [13]. We found no studies using bipla-
nar distractors where three-dimensional scanning was used to 
measure the outcome. With this technology, we could prove 
conclusively that there is indeed an increase in height and 
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length of the mandible as well as an improvement in occlusal 
cant. Overall, the results suggest the efficacy of bidirectional 
mandibular distraction in the correction of mandibular asym-
metry. 

In conclusion, mandibular asymmetry in adults creates signif-
icant aesthetic concern. With careful surgical planning, compli-
cations can be minimized. Bidirectional mandibular distraction 
remains a safe and viable option for correcting facial symmetry 
in adults. It is an effective treatment for the correction of man-
dible deformities in adult patients. 
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