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Abstract

Temporomandibular joint ankylosis, a debilitating disease mainly affecting children, is characterized by progres-

sive restriction of mouth opening and maxilla-mandibular developmental deformities. Craniofacial distraction osteo-

genesis has been developed as a standard surgical strategy for rectification of craniofacial deformities. The purpose

of this study was to assess mono-planar distraction devices for the correction of various mandibular asymmetries in

patients with unilateral temporomandibular joint ankylosis who developed restricted mouth opening and mandibular

retrognathia. All patients were treated using one-stage distraction osteogenesis followed by temporalis fascia inter-

positional arthroplasty under general anesthesia. A significant increase in mandibular ramus and base length was

observed. Although an increase in anterior lower facial height was observed, it was not significant statistically.

A decrease in posterior lower facial height and corpus was observed. Oblique distraction with angular osteotomy

allowed lengthening of both the ramus and corpus, yielding satisfactory results and hence eliminating the need of

secondary surgery. In conclusion, univector internal distractors are effective for correction of multi-planar mandib-

ular deficiencies by optimizing its placement through meticulous planning.
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Introduction

Temporomandibular joint (TMJ) ankylosis is a

prevalent cause of mandibular deformity and distortion

in children due to trauma or infection
[1]
. The major

goals towards the treatment of TMJ ankylosis are to

establish movement and functioning of the jaws, avoid

relapse or setback and achieve normal growth, occlu-

sion and deformity correction
[2]
. Untreated TMJ anky-

losis in children may result in a significant functional

and aesthetic adverse consequences including facial

asymmetry. It can progressively worsen due to hypo-

mobility and abnormal muscle functions. The longer

the duration of hypomobility, the more severe muscu-

lar atrophy and facial asymmetry will be. The short

ramus condyle unit also restricts mid-face growth to a

varying degree. One of the major complications of

TMJ ankylosis is mandibular retrognathia, giving rise

to bird face deformity. It likewise causes inadequate

delicate soft tissue of the lower third of the face and

at the neck, deficiency of the neck angle and abbre-

viated suprahyoid muscles. While TMJ ankylosis

essentially requires surgical arthrectomy, correction

of growth lag can either be achieved through conven-

tional orthognathic procedures, distraction osteogen-

esis or both.
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The treatment of such defects using the arthrectomy

technique results in mouth opening, but deprives the

patient of growth lag compensation and enhanced psy-

chological development owing to compromised

esthetics and function. Limitations of the conventional

osteotomy procedures for correction of deformity are

surgical neurosensory complication, condylar resorp-

tion, postoperative relapse, bone graft failure, limita-

tion of advancement, bone graft donor site morbidity,

and bone formation by secondary healing
[3]
. Although

bone grafting is a compelling device, it conveys the

danger of benefactor site and resorption of the grafted

bone along with donor site pain. Furthermore, bone

grafting for augmentation requires adquate volume of

soft tissue to prevent surgical site infection by obtain-

ing water tight tension free closure. Moreover, the ske-

letal relapse may occur as a result of ductile/tensile

stresses generated by the muscles and soft tissue fol-

lowing bone lengthening techniques.

Distraction osteogenesis can be an alternative tech-

nique for handling such defects. It can be defined as

a procedure of new bone formation between the sur-

faces of bone portions or fragments that are gradually

differentiated in response to incremental traction
[4]
.

Distraction osteogenesis has also drawn attention in

the treatment of extreme mandibular retrognathia.

Inherent aberrances are associated with severe mandib-

ular retrognathia or micrognathia including craniofa-

cial syndromes such as hemifacial microsomia,

Treacher-Collins syndrome, Pierre-Robin syndrome,

and Nager syndrome
[5]
.

The first bone distraction procedure was performed

for the treatment of reduced/shortened femur bone and

reported by a British scientist Codivilla
[6]
. However,

due to a high disorganized rate, the distraction osteo-

genesis technique did not draw much attention until

1954 when Ilizarov had extensive research on this

technique and practical applications for the lower

extremity showed encouraging clinical outcomes
[7]
.

Distraction osteogenesis has been used for the treat-

ment of long bones for many years until Synder
[8]
uti-

lized external fixator to stretch and lengthen a canine

mandible. Further extensive work by McCarthy in

1990s reported distraction osteogenesis in the mand-

ible of patients with one-sided craniofacial microsomia

and related disorders
[9-10]

.

Mandibular lengthening acquired by gradual distrac-

tion results in expansion of mandibular bony tissues as

well as additionally relative coordination, congruence

modification of muscles and the surrounding soft tis-

sues. The forces produced and transformed by the dis-

tractor on the mandible are alike to physiological

forces throughout the course of mandibular develop-

ment
[11]
. These factors combine to achieve a better post-

operative correction. The objective of this study was to

assess the role of mono-planar distraction devices in

correction of various post ankylosis mandibular defor-

mities.

Patients and Methods

Patients

We selected TMJ ankylosis patients who had restricted

mouth opening and mandibular retrognathia. All patients

were treated using distraction osteogenesis followed by

temporalis fascia interpositional arthroplasty under gen-

eral anesthesia. Eight adult patients fulfilling the inclu-

sion criteria (restricted mouth opening along with

mandibular retrognathia clinically and radiographically

diagnosed as unilateral TMJ ankylosis, irrespective of

socioeconomic status) were included in this study.

Patients suffering from chronic and debilitating diseases

(diabetes mellitus, pulmonary tuberculosis, etc) were

excluded from this study.

Each patient was educated about the surgical proce-

dure and an informed consent was obtained for the sur-

gical treatment and for participation in this study. The

study protocol was approved by the research ethics

committee at BabuBanarsi Das College of Dental

Sciences, Lucknow. To determine the discrepancies

of the body and ramus of the mandible, a detailed pre-

operative radiographic analysis for each patient was

performed to trace cephalometric landmarks on lateral

and posteroanterior cephalogram. For this purpose,

quadrilateral and Steiner's analysis were performed.

The quadrilateral analysis demonstrated a ratio of 1:1

between maxillary and mandibular base length for a

balanced facial pattern. In the case of normal physiolo-

gical growth of facial structures, the maxillary base

length was equal to the mandibular base length. Both

the affected and non-affected sides of the mandible

were traced to focus on the ramus height bilaterally,

and ramus height proportions were calculated accord-

ingly.

Surgical procedure

The surgical protocol involved one-stage distraction

osteogenesis followed by temporalis fascia interposi-

tional arthroplasty post consolidation using the extra-

oral approach (Risdon incision). A custom fabricated

internal distractor was placed after corticotomy of both

the buccal and lingual cortex. Osteotomy at the man-

dibular angle with oblique placement of the internal

distractor was done in 5 patients based on treatment

planning by Wolfgang Losken
[4]
. In the remaining 3

patients, ramus osteotomy was performed to achieve
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the desired ramus height followed by consolidation

body osteotomy for corpus lengthening. Distraction

was started on the 5
th
-7

th
day postoperatively and con-

tinued at the rate of 0.5 mm 12 hourly till completion

of the calculated deficiency and was left to consolidate

for a period of 8-10 weeks. The results were then eval-

uated and compared using preoperative and postopera-

tive cephalograms. Statistical analysis was performed

using the IBM SPSS V19 (IBM Corp., Armonk, NY,

USA) and Wilcoxon Signed Rank test (2-tailed) of sig-

nificance was applied.

Results

As per inclusion criteria, all the patients exhibited

deviation of the mandible as well as non-palpable or

diminished TMJ movements during preoperative

examination. Mouth opening ranged from 2 to 10

mm (mean value of 6.25 mm ¡ 3.24 mm), which

was lower than normal physiological mouth opening.

For the purpose of comparison, preoperative measure-

ments were recorded (Table 1) for maxillary and man-

dibular basal lengths and their mutual skeletal

relationships. The preoperative measurements of skele-

tal tissues were suggestive of compromised mandibular

growth requiring therapeutic intervention.

Distraction devices were applied in each case and

activated after every 12 hour (1 mm/day). The mean

latency and consolidation periods and total distraction

obtained are shown in Table 2. The applied distrac-

tion resulted in a significant increase in mandibular

base length during the period (P50.017). Although an

increase in anterior lower facial height was observed,

it was not significant statistically (P50.180). A decrease

in posterior lower facial height and corpus was

observed, but it was significant only for change in cor-

pus (P50.018). A significant increase in mandibular

base length was observed during the period (P50.017).

Although an increase in anterior lower facial height

was observed, it was not significant statistically

(P50.180). A decrease in posterior lower facial height

and corpus was observed, but it was significant only

for change in corpus (Table 3).

A remarkable growth of the mandible bone was

observed at the first follow up in response to the dis-

tracter devices; however, no change was recorded in

any of the linear parameters between the first and sec-

ond follow up intervals. Similar results were observed

for vertical mandibular growth. A significant change in

the vertical height of mandible was observed with

achievement of a mean value of 1.00 mm at the first

follow up.

Discussion

To overcome developmental jaw defects, excessive

advancement of the mandible (more than 7 mm) is

challenging and becomes increasingly more unstable

with traditional osteotomies
[12]
. The masseter and pter-

ygoid muscles in combination with other extended deli-

cate tissues assume a part in the relapse connected with

the incremental protracting of the ramus during orthog-

nathic intervention
[13-14]

. In addition, if the advancement

is more than 10 mm with conventional osteotomies, the

inferior alveolar nerve would be stretched resulting in

neurosensory deficit. Such types of complications can

be avoided while using distraction osteogenesis hence

becomes the treatment of choice for mandibular hypo-

plasia
[15]
. Moreover, the degree of advancement that

can be achieved by distraction osteogenesis is much

better (sometime more than 20-22 mms) than that

obtained by conventional osteotomies
[16]
. In the current

study, the diversion was from 12 to 23 mm and none of

the patients reported neurosensory deficits of the infer-

ior alveolar nerve.

In case of conventional mandibular advancement

using osteotomies and bone grafts in similar patients,

the muscles and the tight skin envelop results in com-

promised correction and aesthetics. Whereas using dis-

traction osteogenesis, all the tissues from skeleton to

skin are lengthened at the same time with optimum aes-

thetic and useful outcomes. In distraction osteogenesis,

the extension of the muscle occurs all around the muscles

along with the site of osteotomy
[17]
. Most importantly, the

Table 1 Preoperative measurements for skeletal

tissue and their relationships

Skeletal component Measurement

Mean mouth opening (mm) 6.25¡3.24

Mean maxillary basal length (mm) 47.13¡3.09

Mean mandibular basal length (mm) 39.50¡4.41

Mean anterior lower facial height (mm) 59.13¡4.52

Mean posterior lower facial height (mm) 36.87¡2.42

Mean corpus deficiency (mm) 8.56¡3.22

SNA angle (u ) 79.63¡3.25

SNB angle (u ) 71.50¡6.78

ANB angle (u ) 8.13¡4.16

Go angle (u ) 126.00¡4.78

SNA: Sella Nasion to A point angle; SNB: Sella Nasion to B point

angle; ANB: A point to Nasion to B point angle.

Table 2 Distraction osteogenesis parameters

Parameter Mean¡SD

Latency period (days) 6.00¡0.54

Total distraction (mm) 16.88¡3.60

Consolidation period (weeks) 9.63¡1.06
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direction, course and amount of bone lengthening might

be controlled alongside lengthening of soft tissues
[18]
.

Throughout distraction osteogenesis, animated histo-

genesis happens in distinctive tissues including the

gingiva, blood vessels, ligaments, cartilage, muscle

and nerve
[19-20]

. The debate does not in any way under-

mine the integrity of conventional orthognathic proce-

dures, but only highlights its limitation towards

patient selection. Certain cases requiring mild to mod-

erate skeletal corrections can be best managed using

orthognathic surgical approaches that offer immediate

correction with minimal hospitalization.

Timing of distraction has incited significant debate

amongst various authors. Lopez and Dogliotti
[11]

exhorted that arthroplasty ought to be carried out prior

to mandibular distraction osteogenesis. However, other

school of thought says that it may prompt the condyles

moving upward and backward within the glenoid fossa

during distraction
[21-22]

. The measurement of displace-

ment is associated with mandibular lengthening,

adverse outcomes during distraction may happen due

to eccentric vector administration, active and dynamic

mouth opening after ankylosis release
[23-24]

. In contrast,

mandibular distraction osteogenesis procedures help to

avoid rotary as well as upward motions of the condylar

segment throughout the distraction course
[18]

. Kwon

et al. reported that this may result in unstable occlusion

and distraction during arthroplasty and has the likeli-

hood of mobility of the distraction site throughout

rumination or functional exercise based recuperation

(physiotherapy), consequently expanding the likeli-

hood of pseudo-arthrosis at the distraction site
[24]
. It is

difficult to manipulate the distraction vectors using

‘‘molding to regenerate’’ and the application of max-

illo-mandibular elastics during dynamic distraction

phase to close an open bite. Moreover, it is unreliable

to handle the occlusal plane in instantaneous and

simultaneous distraction and arthroplasty as a result

of an active physical treatment needed for avoidance

of re-ankylosis; in addition, it is difficult to anticipate

the mandibular position after condylectomy
[25]
.

Gonzalez
[12]

suggested that for cases of TMJ ankylo-

sis, two-stage surgeries should be performed. During

the first stage, ramal and corpus lengthening should

be achieved, which allows the clinician a predictable

mandibular ramus and vertical augmentation and man-

dibular lengthening and the second stage surgery is

planned once the consolidation is completed, which

consists of freeing of TMJ ankylosis by arthroplasty.

Following this protocol, there is a better control of dis-

traction segments as the immobile joint denoted to the

foundation that might move the mandible in the for-

ward direction, instead of the retrogressive direction
[23]
.

This avoids pressure against the new surgically created

joint, and allows active physiotherapy after releasing

the joint
[12]
. These findings are in with the current study

where horizontal and vertical advancement yielded

separately to optimum results with enhanced chin pro-

minence.

In two-stage distraction, ramus distraction was done

first, assuming that ramus distraction would not only

increase the ramus height but also eliminate potential

occlusal interferences and would additionally yield cer-

tain degree of corpus lengthening. Oblique placement

of distractor on the other hand allows lengthening of both

ramus and corpus at the same time yielding satisfactory

results, and eliminating the need of the second surgery,

thus giving an edge over differential vertical and horizon-

tal distraction. However, we observed that instances of

hardware failure in our cases were related to oblique dis-

traction especially where more than 12 mm of correction

was desired. Hardware related complications were

observed in 3 patients in which breakage of distractor

was seen. This complication did not influence the final

treatment result as in 2 patients the distraction procedure

had already been completed to the strategic, calculated

endpoint. They were subsequently put on maxilla-

mandibular fixation with acrylic wafer at inter-cuspation

in occlusion during the consolidation period. However,

in one patient, breakage was seen during the third day

of distractor activation, in which the second surgery

was performed with re-fixation of new distraction device.

Table 3 Changes in linear variables at follow up (post distraction) compared to baseline

Parameter Preoperative First follow up Second follow up Z P

Maxillary base length (mm) 47.13¡3.09 47.13¡3.09 47.13¡3.09 0 1

Mandibular base length (mm) 39.50¡4.41 46.25¡5.92 46.25¡5.92 2.388 0.017

Anterior lower facial height (mm) 59.13¡4.52 59.50¡4.78 59.50¡4.78 1.342 0.180

Posterior lower face height (mm) 36.88¡2.42 36.75¡2.38 36.75¡2.38 1.000 0.317

Mean corpus deficiency (mm) 8.56¡3.22 1.94¡4.78 1.94¡4.78 2.375 0.018

Significance is analyzed by Wilcoxon signed rank test.
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In conclusion, separate horizontal and vertical

advancements are required to yield optimal results.

Oblique placement of distractor with angular osteotomy

allows lengthening of both the ramus and corpus at the

same time, yielding satisfactory results and eliminating

the need of second surgery, thus giving an edge over dif-

ferential vertical and horizontal distraction. Univector

internal distractor can effectively be used for correction

of multiplanar mandibular deficiencies by optimizing its

placement through meticulous planning.
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