
 

 

ROLE OF DISTRACTION OSTEOGENESIS IN CORRECTION OF 

OBSTRUCTIVE SLEEP APNOEA IN TEMPORO-MANDIBULAR JOINT 

ANKYLOSIS PATIENTS 

 

Dissertation Submitted to 

 

BABU BANARASI DAS UNIVERSITY LUCKNOW, UTTAR PRADESH. 

 

 

 

 

 

 

 

 

 

 

 

In the partial fulfillment of the requirements for the degree 

Of 

MASTER OF DENTAL SURGERY 

In 

ORAL AND MAXILLOFACIAL SURGERY 

 

 

By 

Dr. Shaikh Maruf Husain 

 

 

Under the guidance of 

Prof. (Dr.) Hemant Gupta 

 

Professor and Head 

Department of Oral and Maxillofacial Surgery 

 

BABU BANARASI DAS COLLEGE OF DENTAL SCIENCES, 

 LUCKNOW 

BATCH: 2021-2024 





















TABLE OF CONTENTS 
 

S. NO.                                      TITLE 

PAGE 
NO. 

1. List of Tables 

I 

2. List of Graphs 

II 

3. List of Figures 

III 

4. List of annexures 

IV 

5. List of abbreviations 

V-VI 

6. Abstract 

1-2 

7. Introduction 

3-5 

8. Aim and Objectives 

6 

9. Review of Literature 

7-29 

10. Materials and Method 

30-45 

11. Results 

46-55 

12. Discussion 

56-62 

13. Conclusion 

63 

14. Bibliography 

64-74 

15. Annexures 

75-95 

 



 

LIST OF TABLES 

S. NO TOPIC PAGE NO 

1 Gender distribution 

46 

2 Age Distribution 

47 

3 Distribution based on type of distraction 

48 

4 Comparison of upper pharyngeal airway space 

pre & post distraction 

49 

5 Comparison of lower pharyngeal airway space 

pre & post distraction 

50 

6 Comparison of mandibular length pre & post 

distraction 

51 

7 Comparison of ramal height pre & post 

distraction 

52 

8 Comparison of mouth opening pre & post 

distraction 

53 

9 Comparison of AHI pre & post distraction 

54 

10 Comparison of ODI pre & post distraction 

55 

 

 

 

 
I 



 

LIST OF GRAPHS 

S. NO TOPIC 
PAGE 

NO 

1 Gender distribution 

46 

2 Age Distribution 

47 

3 Distribution based on type of distraction 

48 

4 Comparison of upper pharyngeal airway space 

pre & post distraction 

49 

5 Comparison of lower pharyngeal airway space 

pre & post distraction 

50 

6 Comparison of mandibular length pre & post 

distraction 

51 

7 Comparison of ramal height pre & post 

distraction 

52 

8 Comparison of mouth opening pre & post 

distraction 

53 

9 Comparison of AHI pre & post distraction 

54 

10 Comparison of ODI pre & post distraction 

55 

 
II 



 

LIST OF FIGURES 

S. NO. 
                                  

TITLE   PAGE NO 

1. ARMAMENTARIUM 36 

2. PRE-OPERATIVE PHOTOGRAPHS 

 

37 

3. INTRA-OPERATIVE PHOTOGRAPHS 

STAGE 1 SURGERY 

38 

4. POST-OPERATIVE PHOTOGRAPHS 

3 MONTHS 

39 

5. INTRA-OPERATIVE PHOTOGRAPHS 

STAGE 2 SURGERY 

40-41 

6. POST-OPERATIVE PHOTOGRAPHS 

3 MONTHS 

42 

7. MOUTH OPENING PRE & POST 

OPERATIVE 

43 

8. RADIOGRAPHS  44-45 

 

 

 

 

 

 

 III 



 

LIST OF ANNEXURES 

S. NO.                                   TITLE PAGE 
NO. 

1. Ethical Clearance Form 75 

2. Institutional Research Committee Approval 76 

3. Guardian Information Document (English) 77-79 

4. Guardian Information Document (Hindi ) 80-82 

5. Child Information Document (English) 83-84 

6. Child Information Document (Hindi ) 85-86 

7. Child Assent Form (English ) 87-88 

8. Child Assent Form (Hindi) 89 

9. Consent Form ( English) 90 

10. Consent Form (Hindi ) 91-92 

11. Case Sheet 93-94 

12. Plagiarism Report 95 

 

 

 

 
IV 



 

LIST OF ABBREVIATION 

TMJ Temporomandibular Joint 

MIO   Maximum interincisal opening 

SAD Simultaneous arthroplastic distraction 

OSAS Obstructive sleep apnea syndrome 

OHIP   Oral health impact profile 

RCT Randomized controlled trial 

3DVSP 3D virtual surgical planning 

TMJP   Temporomandibular prosthesis 

OPD   Out patient department 

SPSS Statistical package for social sciences 

SD Standard deviation 

PTV   Pterygomandibular vertical plane 

PhW Pharyngeal wall 

CBCT Cone beam computed tomography 

OPG Orthopantomagram 

IOPAR Intra oral periapical radiographs 

OSAS    Obstructive sleep apnoea syndrome 

NCPAP   Nasal continuous positive airway pressure 

MMA   Maxillomandibular advancement 

IMF Intermaxillary fixation 

DO   Distraction osteogenesis 

CCG Costochondral graft 

RCU   Ramus condylar unit 

MDO Mandibular distraction osteogenesis 

PAS    Posterior airway space 

 
V 



 

 

 

 

 

 

 

 

 

 

MPH   Mandibular plane hyoid 

AHI Apnoea hypopnea index 

Qol      Quality of Life 

PrAD   Pre-arthroplastic distraction osteogenesis 

PAD Post-arthroplastic distraction 

osteogenesis 

SAD   Simultaneous arthroplastic distraction 

osteogenesis 

MCDO Mandibular distraction osteogenesis 

ESS   Epworth sleepiness scale 

IA    Interpositional arthroplasty 

BIRD   Bilateral Internal Ramus Distraction of 

the mandible 

PSQI Pittsburgh sleep quality index 

CFM Craniofacial macrosomia 

BT   Bleeding time 

CT   Clotting time 

CBC Complete blood count 

VI 



  Abstract 

 

 1 

 

Background of the study :- Obstructive sleep apnoea is identified as repetitive 

and intermittent upper airway collapse or narrowing during sleep. Skeletal 

advancement through maxillomandibular surgery remains the most effective 

surgical treatment for OSA but is radical with certain relapse rate. Distraction 

osteogenesis of mandible is a single-jaw surgical treatment alternative to bi-jaw 

surgeries having lesser complications. 

Aim: To evaluate the effects of distraction osteogenesis in management of 

obstructive sleep apnoea patients secondary to temporomandibular joints 

ankylosis.  

Methods: Five patients were included in this study. Preoperatively the patients 

were worked up for polysomnography and CT scans. Only those patients with 

Apnoea-hypopnoea index >15 events/h denoting moderate to severe obstructive 

sleep apnoea were included. Distraction osteogenesis was followed with 5 days 

latency period in adult patients and 0 days for children. Rate of distraction was 

1 mm/day for adults and 2 mm/day for children till the mandibular incisors were 

in reverse overjet. After 3 months post distraction assessment was done using 

polysomnography and CT scan. TMJ ankylosis was released by doing 

interpositional arthroplasty after distraction osteogenesis. 

Results: Post distraction improvement was seen in clinical features of OSA like 

daytime sleepiness and snoring. Polysomnographic analysis also showed 

improvement in all cases with apnoea-hypopnoea index from 40.80 to 2.80 per 

hour. Oxygen desaturation index improved from 38.26 to 2.50 per hour. 

Cephalometric analysis showed improvement in all parameters. Upper 

pharyngeal airway pace improved from 9.40 to 12.40 mm. Lower pharyngeal 

airway space improved from 5.60 to 9.60 mm. Mandibular length increased 

from 51.20 to 59.20 mm. Ramal height increased from 37.80 to 43.20 mm and 

mouth opening improved from 5.80 to 37.80 mm. 
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Conclusion: Distraction osteogenesis is a stable and beneficial treatment option 

for temporomandibular joint ankylosis patients with obstructive sleep apnoea. 

Keywords: Temporomandibular joint ankylosis, distraction osteogenesis, 

arthroplasty, obstructive sleep apnea. 
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Ankylosis of the temporomandibular joint is an intracapsular union of the disc-

condyle complex to the temporal articular surface that restricts mandibular 

movements, including the fibrous or bony fusion between condyle, disc, glenoid 

fossa, and eminence.1 Trauma is the most frequent cause of TMJ ankylosis 

followed by local or systemic infection and diseases including ankylosing 

spondylitis, rheumatoid arthritis, and psoriasis.2 

Normal airway depends upon several factors like oral (lower) and 

nasopharyngeal (upper) airways, appearance of face, absence of TMJ pathology 

(TMJ ankylosis), normal TMJ function, mouth opening of 35-55 mm, 

mandibulohyoid distance (6.5cm), normal morphology and growth of mandible 

and maxilla and neck appearance.3 TMJ ankylosis is a disabling condition as it 

affects all factors relating normal airway4.  

Patients with TMJ ankylosis develop obstructed or reduced oropharyngeal 

(upper) and nasopharyngeal (lower) airways5, severe maxillomandibular 

dysplasia, convex profile, reduced mandibulohyoid distance, decreased chin to 

neck angles etc6. Decreased mouth opening causes serious problems in 

mastication, digestion, speech, appearance, and hygiene.7 Overall it disturbs 

facial and mandibular growth, leads to acute compromise of the upper and lower 

airway invariably resulting in physical and psychological disability.6,8  

Diagnosis of TMJ ankylosis is usually made by clinical examination and 

imaging studies, such as plain films, orthopantomograms, computed 

tomography (CT) scans, MRI, and three dimensional reconstruction.6  

The management goal in TMJ ankylosis is to improve the patient’s 

stomatognathic function, correct associated facial deformity, decrease pain, and 

prevent reankylosis. Various surgical modalities have been proposed to manage 

TMJ ankylosis including gap arthroplasty, interpositional arthroplasty, and total 

joint reconstruction. Autogenous tissues, such as ear cartilage, temporalis 

muscle flap, dermis, fat, and bone, have been used. Alloplastic materials, such 

as Proplast Teflon and Silastic have also been used, but with high failure rates.9-

12 
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Obstructive sleep apnoea is characterized by episodes of complete collapse of 

the airway or partial collapse with an associated decrease in oxygen saturation 

or arousal from sleep. This disturbance results in fragmented, nonrestorative 

sleep. Obstructive sleep apnoea occurs as a common disorder in children born 

with congenital craniofacial deformities as well as in male adults .16-18 Surgical 

treatment is indicated in the cases with high apnoea-hypopnoea Index. Although 

soft tissue surgery like uvulopalatopharyngoplasty offers success in treating 

OSA in selected cases, bone surgery is often required in 

congenital/developmental anomalies of the craniofacial complex. 

Maxillomandibular advancement has been shown to be highly effective in 

improving OSA conditions.19 Conventional orthognathic procedures have been 

the workhorse for advancing the craniomaxillofacial and mandibular complex 

at multilevels. The principle is to create a well controlled fracture at specific 

anatomical region to allow repositioning of the jaw segment in a planned 

position. In OSA cases, advancing the jaw bone could enlarge the posterior 

airway three dimensionally and reduce the collapsibility of the soft tissue such 

as the tongue or soft palate14 , thus helping in patients of OSAS.      

Distraction osteogenesis is a novel surgical technique that involves lengthening 

the jawbone to treat obstructive sleep apnoea syndrome. The procedure involves 

making a small cut in the lower jawbone and attaching a metallic distractor 

device. The jawbone is then gradually lengthened by distraction osteogenesis 

along with histodistraction of soft tissue which shifts the attached tissues like 

the tongue forward, thereby freeing the airway.   

Distraction osteogenesis is a method of generating new bone following a 

corticotomy or an osteotomy and gradual distraction. The method is based on 

the tension-stress principle proposed by Ilizarov.13,14 The gradual bone 

distraction creates mechanical stimulation which induces biological responses 

and consequently bone regeneration. This is accomplished by a cascade of 

biological processes which may include differentiation of pleuripotent cells, 

angiogenesis, osteogenesis, and bone mineralization. In facial bones, the method 

https://europepmc.org/article/MED/27603361
https://europepmc.org/article/MED/27603361
https://facesurgerydelhi.medium.com/how-does-mandibular-distraction-osteogenesis-treat-obstructive-sleep-apnea-8e253f1c2f47
https://facesurgerydelhi.medium.com/how-does-mandibular-distraction-osteogenesis-treat-obstructive-sleep-apnea-8e253f1c2f47
https://facesurgerydelhi.medium.com/how-does-mandibular-distraction-osteogenesis-treat-obstructive-sleep-apnea-8e253f1c2f47
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was proved to be predictable in animal studies with the generation of new bone 

and was later used in clinical practice.15 

Distraction osteogenesis consists of four steps. In the first phase, called the 

"osteotomy/surgical phase", the bone is cut, either partially, only through the 

hard exterior, or completely, and a device is fitted which will be used in the next 

phases. In the second phase, the latency period, which lasts generally seven 

days, the appliance is not activated and early stages of bone healing are allowed. 

In the third phase, the "distraction phase", the device, which is mounted to the 

bone on each side of the cut, is used to gradually separate the two pieces, 

allowing new bone to form in the gap. When the desired or possible length is 

reached, which usually takes three to seven days, a consolidation phase follows 

in which the device keeps the bone stable to allow the bone to fully heal. After 

the consolidation phase, the device is removed in a second surgical procedure.[1] 

The use of distraction osteogenesis in oral and maxillofacial surgery offers 

several advantages over conventional orthognathic and bone grafting 

procedures, and therefore has became increasingly popular in the last two 

decades especially for severe bone deficiency such as deficient maxilla, 

midface, deficient hypoplastic mandible and deficient alveolar bone prior to 

implants placement. 

The study was designed objectively to determine the effect of distraction 

osteogenesis in management of obstructive sleep apnoea in patients with 

temporomandibular joint ankylosis by clinical and radiological assessment 

along with cephalometry and polysomnography. 

 

 

 

https://en.wikipedia.org/wiki/Corticotomy
https://en.wikipedia.org/wiki/Corticotomy
https://en.wikipedia.org/wiki/Osteotomy
https://en.wikipedia.org/wiki/Bone_healing
https://en.wikipedia.org/wiki/Distraction_osteogenesis#cite_note-EncOto-1
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AIM – To study the efficacy of distraction osteogenesis in management of 

obstructive sleep apnoea. 

 

OBJECTIVES – 

 

1. Comparison of preoperative & postoperative upper and lower pharyngeal 

airway space, ramal height, mandibular length on a lateral cephalogram. 

2. Evaluation of polysomnography preoperatively and postoperatively. 

3. Comparison of mouth opening preoperatively and postoperatively. 
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Prinsell J.R (1999)20 conducted a study to determine the efficacy of 

maxillomandibular advancement (MMA) surgery, with a description of several 

innovations, as a site-specific treatment of obstructive sleep apnoea syndrome 

(OSAS) in 50 patients with disproportionate velo-orohypopharyngeal anatomy. 

Patients were referred for MMA evaluation when applicable conservative 

therapies such as nasal continuous positive airway pressure (nCPAP) were not 

tolerated, refused, or unsuccessful. Case selection was based primarily on the 

sites of disproportionate upper airway anatomy. MMA consisted of a Lefort I 

osteotomy, bilateral sagittal split ramus osteotomies, and a new modified 

procedure called an anterior inferior mandibular osteotomy with indirect hyoid 

suspension. Some patients also received concomitant adjunctive nonpharyngeal 

procedures. He concluded that MMA is highly successful and safe and may be 

a definitive primary single-staged surgical treatment of selected OSAS cases 

with diffusely complex or multiple sites of disproportionate velo-

orohypopharyngeal anatomy. 

Bell RB, Turvey T.A (2001)21 assessed the clinical outcomes of children with 

medically refractory OSA who were treated with a variety of procedures to 

advance the maxillofacial skeleton. The records of eight children with OSA 

were reviewed. Six children had identifiable syndromes associated with 

micrognathia, one child had mandibular ankylosis, and one child was 

nonsyndromic. They concluded that skeletal advancement can be an effective 

treatment for medically refractory OSA in children. Success, however, is 

dependent not only on skeletal position but also on neuromuscular adaptation. 

Bronchoscopy is the most valuable diagnostic and predictive tool. 

Denny AD , Talisman R , Hanson PR , Recinos RF (2001)22 conducted a 

study  to measure changes in the airway cross-sectional area of paediatric 

patients with micrognathia and obstructive airway symptoms after treatment by 

mandibular distraction. The measurements obtained were correlated with the 

clinical outcomes. Ten patients, ranging in age from 3 months to 8 years, 

underwent measurement and distraction. Eight patients were under 30 months 

of age. All patients had retrognathia of greater than 8 mm and obstructive airway 

symptoms while awake that had resulted in tracheostomy, repeated apnoea 
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monitor triggering, or abnormal sleep study. Cephalometric analysis was 

performed pre-treatment and post-treatment by distraction. The effective airway 

space was defined with the following boundaries: a horizontal line from the tip 

of the odontoid to the velum, the uvula tip to the tongue base along the shortest 

line, the tongue base down to the base of the epiglottis, and the horizontal line 

to the posterior pharynx. These lines were traced for each cephalogram, the 

outline was digitized, and the area was calculated by computer. The range of 

distraction was 8 to 22 mm; the mean effective airway increase was 67.5 percent, 

with a range of 26 to 120 percent. Measurable airway increase occurred in all 

patients who underwent distraction, and all patients showed clinical 

improvement. Mandibular distraction seems to provide a consistent change in 

tongue base position that improves obstructive airway symptoms by increasing 

measured effective airway space. The potential for mandibular distraction 

exceeds the simple correction of malocclusion also by eliminating soft-tissue 

obstruction of the micrognathic airway. Airway improvement is independent of 

the syndrome diagnosed. They concluded that mandibular distraction 

osteogenesis may be useful to avoid or decannulate existing tracheostomy in 

infants with micrognathia. 

Wang X, Wang XX, Liang C, Yi B and Li Z.L (2002)23 conducted a study to 

evaluate the effect of distraction osteogenesis in correction of micrognathia 

accompanying obstructive sleep apnoea syndrome on 28 patients. A total of 51 

distraction devices were placed for bilateral distraction in 23 patients and for 

unilateral distraction in five patients. The mean age of patients was 21.2 years. 

Each patient was evaluated preoperatively and postoperatively with 

cephalometry and polysomnography. The authors concluded that mandibular 

distraction osteogenesis is an effective method for correcting micrognathia 

accompanying obstructive sleep apnoea syndrome. Compared with other current 

routine surgical procedures, it has many advantages, such as low risk, simple 

manipulation, high curative rate, low relapse rate, and stable result. It is 

presently the most effective method for the treatment of this difficult and 

complicated disorder. 

Prinsell J.R (2002)24 presented a retrospective review of several published case 

series with inclusion criteria of 20 or more patients who underwent MMA and 
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received documented preoperative and postoperative diagnostic 

polysomnography. Protocols of MMA as a primary vs. secondary operation, 

with and without adjunctive procedures in a site-specific approach, were 

compared and discussed. He concluded that MMA is a highly successful and 

potentially definitive primary single-staged surgery that may result in a 

significant reduction in OSAS-related health risks, as well as financial savings 

for the health care system. The diagnosis and management of OSAS requires a 

multidisciplinary team approach, including a working relationship between the 

dentist and sleep physician. General dentists and dental specialists who 

participate in the management of snoring and OSAS cases should have some 

knowledge of basic sleep medicine. 

Lopez E.N and Dogliotti P.D (2004)25 evaluated retrospectively 41 patients 

who underwent temporomandibular joint reconstruction during the last 10 years. 

20 patients were treated by costochondral graft, 15 patients by arthroplasty, and 

6 patients by other surgical procedures. Septic etiology was found in 54% cases. 

Follow-up was of at least 12 months of all cases. 75% of patients treated with 

bone graft required secondary surgery. Clinically, patients showed variable 

degrees of facial deformity and an unknown potential of mandibular growth 

following TMJ arthroplasty. The authors concluded that their treatment 

protocol, which includes TMJ joint arthroplasty with temporal muscle 

interposition, and distraction osteogenesis in mandible, as a second procedure 

can be used to correct residual asymmetry or retrognathism if necessary. 

Ko EW, Hung KF, Huang CS, Chen PK (2004)26 conducted  a study to assess 

the effectiveness of multiplanar mandibular distraction by evaluating the 

treatment effect and 1-year stability, measuring changes on the affected and 

nonaffected sides, and evaluating correction of the occlusal plane and oral 

commissure cant. Eleven patients aged 5 to 9.4 years who underwent unilateral 

multiplanar mandibular distraction were included, 10 with hemifacial 

microsomia and one temporomandibular joint ankylosis. Intermaxillary elastics 

were applied to intraoral dental devices during and after distraction until bony 

consolidation and occlusal interdigitation was achieved. Radiographs were 

taken and measured before distraction, after vertical distraction, after 

completion of distraction, and 1 year after treatment. Frontal facial photographs 
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were obtained to analyse the changes in the position of the oral commissure. The 

facial profile was improved by sagittal mandibular advancement. Although the 

facial height increased 6.6 mm during vertical distraction, with a net gain of 5.8 

mm in follow-up, the mandibular plane angle was maintained. The affected 

mandibular length increased 8.3 mm after distraction and remained unchanged 

after 1 year. Ramus height increased 12.7 mm after distraction and relapsed 3.8 

mm at follow-up (30%). The affected body length demonstrated postoperative 

growth of 3.1 mm. Correction of the chin deviation was 9.8 mm after distraction 

and relapsed 1.6 mm (16.3%) after 1 year. Canting of the occlusal plane and oral 

commissure was corrected and remained stable. The 1-year follow-up revealed 

that the new sagittal jaw relation and mandibular body length were stable, and 

the achieved occlusal interdigitation was well maintained. 

Rao K, Kumar S, Kumar V, Singh AK, Bhatnagar SK (2004)27 conducted a 

study to evaluate the use of distraction osteogenesis for simultaneous correction 

of the mandibular deformity.This study was done on six children with temporo-

mandibular joint ankylosis and mandibular deformity. Uniaxial double pin 

distractors with Schanz pins were used. The patients underwent simultaneous 

gap arthroplasty and mandibular osteotomy (retromolar) with distractor 

insertion. Distraction was started on the fifth post-operative day. The patients 

were put on dynamic temporo-mandibular joint exercises on the first post-

operative day. All patients had a satisfactory mouth opening on follow-up. 

Satisfactory cosmetic correction of the mandibular deformity was also achieved 

in all these patients. Some degree of malocclusion resulted from treatment due 

to which the patients were placed on orthodontic treatment. 

Steinbacher DM, Kaban LB, Troulis MJ (2005)28 conducted a study to 

evaluate mandibular lengthening by distraction osteogenesis (DO) to achieve 

decannulation of micrognathic children with “permanent” tracheostomies. Total 

5 children, aged 2 to 14 years, who received a tracheostomy between ages 2 and 

36 months for airway obstruction were included in this study. All patients 

underwent bilateral mandibular distraction using semiburied, unidirectional 

devices. The authors concluded that mandibular advancement by DO is a 

potentially viable treatment option for tracheostomy-dependent children with 

upper airway obstruction secondary to micrognathia. 
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Sadakah AA, Elgazzar RF, Abdelhady AI (2006)29 performed a study to 

evaluate the feasibility of transoral bimaxillary distraction osteogenesis before 

releasing temporomandibular joint (TMJ) ankylosis using intraoral mandibular 

distractors. Nine patients aged 14–35 years were included. A bilateral Le Fort I 

osteotomy was performed together with a mandibular osteotomy on the affected 

side(s). An intraoral distractor(s) was inserted in the lower jaw, followed by an 

intermaxillary fixation (IMF) to maintain preoperative dental occlusion. The 

distractor was activated, after a latency period of 5–7 days, 2 times daily by 0.5 

mm followed by a consolidation period of 6–8 weeks. TMJ ankylosis was then 

released via a preauricular incision, gap arthroplasty was performed, and 

mandibular movement was established after removal of the IMF and distractor. 

Optimal results were achieved clinically and radiologically with minimal 

relapse and complications. The study concluded that intraoral distraction of a 

deformed mandible and maxilla before releasing TMJ ankylosis is a feasible and 

perhaps advantageous technique. 

Shehta EAA, Medra AMM (2006)30 performed a study to evaluate the efficacy 

of modified simultaneous maxillary–mandibular distraction to correct facial 

asymmetry in patients with compensated occlusion and a canted occlusal plane. 

During the period January 1998–December 2003, 15 patients with facial 

asymmetry were treated using a modified technique of simultaneous maxillary–

mandibular distraction. Their facial deformities were caused by 

hemicraniofacial microsomia or ankylosis of the temporomandibular joint 

(TMJ).The mean (range) gain in mandibular height was 16 mm, and increase in 

elongation 14 mm achieved over 11–22 days. Predicted movement on 

cephalometric analysis correlated closely with the actual distraction.The author 

derived to a conclusion that simultaneous bimaxillary distraction osteogenesis 

is a robust technique that provides the surgeon with the ability to correct facial 

asymmetry in patients with hemi craniofacial microsomia and those with facial 

deformity after ankylosis of the TMJ. A cephalometric prediction tracing made 

before distraction is a reliable guide to the actual distraction needed to correct 

the facial deformities in patients. 

Lin SY, Halbower AC, Tunkel DE, Vanderkolk C (2006)31 conducted a study 

to evaluate the long-term benefits of mandibular distraction on sleep-related 
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upper airway obstruction in young children with mandibular hypoplasia. Five 

children with upper airway obstruction from craniofacial anomalies were treated 

with mandibular distraction, with a minimum follow-up of 12 month.  They 

concluded that most children who undergo mandibular distraction for upper 

airway obstruction associated with mandibular hypoplasia demonstrate 

significant clinical improvement of obstructive sleep apnoea. However, those 

children who continue to have symptoms of sleep-disordered breathing after 

surgery should undergo polysomnography for evaluation of persistent 

obstructive sleep apnoea. 

Ravindran C, Ramkumar S, Nandakumar N (2006)32 presented a case of 

obstructive sleep apnoea syndrome due to mandibular hypoplasia resulting from 

a TMJ ankylosis, which was treated with distraction osteogenesis of the 

mandible. They found that the use of distraction osteogenesis for the treatment 

of obstructive sleep apnoea is a novel and ground breaking concept and can also 

be a successful alternative to other surgical options. It simultaneously advances 

both the soft and hard tissues, in the process corrects the functional as well as 

the aesthetic aspects of the deformity. 

Lu Xiaofeng, Tang Yousheng, Shen Guofang, Zhu Ming, Li Qingyun, Qiu 

Weiliu (2008)33 conducted a study to apply the treatment of DO for the pa tients 

of OSAHS with craniomaxillofacial deformities, in which 58 patients of 

OSAHS with craniomaxilloman dibular deformities were examined by PSG and 

cephalometric analysis with age ranging from 4 to 22 years. There were 36 

patients suffering from TMJ ankylosis with micrognathia, 6 cases in 

micrognathia, 5 cases of first and second bronchial arch syndrome, 8 cases 

maxilla hypoplasia, and 3 cases Crouzon syndrome. They were treated by 

osteotomy of mandible body and/or ramus, Le fort I or Le fort III osteotomy and 

DO. Advanced distance was from 12 to 40 millimetres. They were evaluated by 

PSG and cephalometric analysis postoperatively with mean duration of follow 

up of 2.5 years. The authors found that the patients had better profile and the 

narrow upper airway was relieved with AHI dropping from 69.6 pre-operatively 

to 3.3 post-operatively. They concluded that DO is a good treatment method for 

the patients of OSAS with micrognathia, especially for the patients with severe 

craniomaxillomandibular deformities. 
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Genecov DG, Barceló CR, Steinberg D, Trone T, Sperry E (2009)34 

conducted a study to evaluate the long-term success of mandibular distraction 

osteogenesis in patients with mandibular airway obstruction syndrome 

(MAOS). Bilateral distraction osteogenesis of the mandible was performed in 

67 patients, 26 patients did not have any prior surgical treatment, and 41 patients 

already had a tracheotomy. The distraction devices used were internal in 33 and 

external in 34 of 67 patients. The distraction protocol consisted of a 24-hour 

latency period and then a 1-mm/d activation period. The mean activation period 

was 19.4 days, the mean consolidation period was 73 days, and the mean length 

of distraction achieved was 22 mm. They concluded that distraction 

osteogenesis of the mandible provides an excellent treatment for micrognathia 

and airway obstruction in patients younger than 6 years who do not respond to 

conservative treatment. It prevents the need for tracheostomy and allows for 

early decannulation in patients who previously underwent tracheostomy and is 

consistent with the improvement of feeding and prevention of gastroesophageal 

and laryngeal refluxes. 

Feiyun P, Wei L, Jun C, Xin X, Zhuojin S, Fengguo Y (2009)35 performed a 

study to evaluate the simultaneous correction of bilateral temporomandibular 

joint ankylosis with mandibular micrognathia using internal distraction 

osteogenesis (DO) with the help of a 3-dimensional craniomaxillofacial model 

technique.A total of 16 patients with bilateral temporomandibular joint 

ankylosis and mandibular micrognathia were included. Obstructive sleep 

apnoea and hypopnea syndrome was diagnosed in all patients preoperatively. 

Threedimensional craniomaxillofacial models of the 16 patients were 

constructed using computed tomography and a rapid prototype technique. 

Simulation surgery and individual internal DO was performed on the models. 

The treatment included simultaneous DO of the mandibular body and transport 

DO for temporomandibular joint arthroplasty. The distraction was started on the 

seventh day after surgery with distraction rate of 0.8 mm/day. The patients 

began active mouth opening postoperatively. Distracters were kept in place for 

4 months and then removed. Polysomnography, cephalometry, and computed 

tomography were performed at 6 months postoperatively. They noticed that 

obstructive sleep apnoea and hypopnea syndrome was cured, and the 
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micrognathia was corrected in all the patients. The average mouth opening 

increased from 4.6 mm preoperatively to 33.5 mm postoperatively. The average 

range of the sella-nasion-supramental angle increased from 68.7 degrees to 77.6 

degrees. Bone formation in the distraction gaps were observed. The follow-up 

period was 29.7 months. No complications or recurrence of temporomandibular 

joint ankylosis or micrognathia occurred in any patient during the follow-up 

period. 

Rajkumar GC, Manjunath, Shashikala R, Veerendra KD (2011)36 

conducted a study on patients with temporomandibular joint ankylosis who 

commonly present with mandibular hypoplasia as a result of trauma to the 

temporomandibular joint, middle ear infection or due to various syndromes. 

This process induces new bone formation along the vector of distraction force 

without requiring the use of a bone graft. 4 patients in which 3 patients had 

bilateral temporomandibular joint ankylosis and one patient with unilateral 

temporomandibular joint ankyloses were included who underwent surgical 

correction of temporomandibular joint ankylosis and mandibular hypoplasia 

with distraction osteogenesis using extra-oral distraction device to achieve 

distraction of more than 20 mm. This study concluded that distraction 

osteogenesis is the treatment of choice for temporomandibular joint 

reconstruction and anterior linear advancement of the hypoplastic mandible in 

whom the mandibular advancement is highly difficult to be achieved by the 

conventional osteotomy procedures. The relapse rate over a period of 5 year is 

very minimal. 

Brevi BC, Toma L, Magri AS, Sesenna E (2011)37 performed a study using 

orthognathic technique of mandibular osteodistraction to achieve 1 to 2 cm 

advancements in Forty-four patients who were affected by severe OSAS. They 

concluded that the mandibular distraction technique is a good option in cases 

that require a large degree of mandibular advancement, because it decreases 

damage to the inferior alveolar nerve, decreases temporomandibular problems, 

and allows gradual monitoring of the esthetic result. The DO technique allows 

a larger advancement, almost double that of traditional procedures, and gradual 

development of esthetic changes. Larger advancements should guarantee 
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immediate and improved results and stability of the modifications as patients 

age and/or gain weight. 

Sahoo NK, Tomar K, Kumar A, Roy ID (2012)38 Compared the outcomes of 

reconstruction options adopted for the management of temporomandibular joint 

(TMJ) ankyloses by conducting a retrospective cohort study which consisted of 

a sample of patients with TMJ ankylosis diagnosed clinically and radiologically 

and depending upon the reconstruction provided, the cases were divided into 2 

groups. Group I included the cases treated by excision of ankylosed mass and 

interposition of temporalis myofascial flap. In group II, the cases were treated 

by excision, temporalis myofascial flap interposition, and reconstruction of 

ramus condylar unit (RCU). Two different methods of reconstruction were used, 

costochondral graft (CCG) (group IIa) and distraction osteogenesis (group IIb). 

The outcome variables were range of jaw motion, overgrowth of CCG, 

reankylosis, and other complications. The average mouth opening achieved in 

both groups was 36 mm. Failure was observed in 3 patients, 1 from group I and 

2 from group IIa. One case of bilateral ankylosis and 2 cases of unilateral 

ankylosis had recurrence. No overgrowth of CCG was observed. It was found 

that in cases with no or minimal mandibular deformity, interpositional 

arthroplasty with temporalis myofascial flap was a good option without a second 

surgical wound. However, in younger patients, joint reconstruction with both 

costochondral graft and distraction osteogenesis of RCU was more appropriate 

and had similar results. The failure of treatment may be due to noncompliance 

to postsurgical physiotherapy rather than the selection of reconstruction options. 

Jaspers GW, Booij A, de Graaf J, de Lange J (2012)39 assessed the long-term 

effects of Maxillomandibular advancement (MMA) on OSAS by means of AHI 

in polysomnography and Epworth Sleepiness Scale (ESS). The study was a 

retrospective cohort study with a normal follow-up protocol. They concluded 

that MMA is promising in aspects of AHI and ESS reduction and larger long-

term cohort studies of MMA are needed to confirm these clinical outcomes. 

Gupta GM, Gupta P, Sharma A, Patel N, Singh A (2013)40 conducted a study 

for evaluation of functional and esthetic outcome after correction of mandibular 

hypoplasia secondary to temporo-mandibular ankylosis treated by Distraction 
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osteogenesis. The study included 14 patients with severe mandibular 

hypoplasia. Unilateral distraction was done in cases with just mandibular 

asymmetry, while bilateral distraction was done in cases with retrognathia with 

or without asymmetry .Mean distraction done was 14.2 mm. Functional 

outcome was evaluated based on individual score of parameters. Parameters of 

function like occlusion, airway and biting chewing showed improvement in all 

except for one patient. Also, both patient and panel perceptions for esthetics had 

improved post distraction in all the cases. 

Khan M.Z, Ahmed A and Shah A.H (2013)41 reported a 2-year follow-up of 

a female patient with Micronesia and OSAS secondary to unilateral TMJ 

ankylosis of the right side. The treatment involved vertical ramus osteotomy, 

coronoidectomy and external distraction osteogenesis of her mandible. After the 

treatment of micrognathia oropharyngeal airway space was increased, patient 

was followed up for 2 years and the results remained uneventful. They 

concluded that DO is a safe, effective and rapid technique to treat OSA related 

to micrognathia particularly in cases that require a large degree of mandibular 

advancements. 

Yadav, R, Bhutia O, Shukla, G and Roychoudhury A (2013)42 evaluated the 

effects of distraction osteogenesis in management of obstructive sleep apnoea 

patients secondary to temporomandibular joints ankylosis. Fifteen patients were 

included in study. Preoperatively the patients were worked up for 

polysomnography and CT scans. Only those patients with Apnoeaehypopnoea 

index >15 events/h denoting moderate to severe obstructive sleep apnoea were 

included in the study. They concluded that Distraction osteogenesis is a stable 

and beneficial treatment option for temporomandibular joint ankylosis patients 

with obstructive sleep apnoea. 

Tahiri Y, Viezel-Mathieu A, Aldekhayel S, Lee J, Gilardino M (2013)43 

reviewed effectiveness of distraction osteogenesis in the treatment of airway 

obstruction in pediatric patients with mandibular hypoplasia. Studies involving 

isolated distraction of the pediatric mandible (younger than 18 years) with 

descriptive reporting of airway changes were included. Extracted data included 

demographics, initial diagnosis, distractor type, distraction protocol, 
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predistraction and postdistraction airway status, and complications. Seventy-

four articles met the inclusion criteria, resulting in 711 patients with craniofacial 

abnormalities who underwent mandibular distraction osteogenesis. Mean age at 

the time of distraction was 18.1 months. They concluded that in addition to its 

positive effect on facial appearance, mandibular distraction osteogenesis is an 

effective procedure for the treatment of airway obstruction associated with 

congenital craniofacial defects involving mandibular hypoplasia in 

appropriately selected patients. 

Lam DJ et al (2014)44 conducted a study to assess the rate and predictors of 

surgical success and complications among (1) patients who underwent maxillary 

distraction osteogenesis prior to other airway procedures (MDO first), and (2) 

patients who required an initial tracheotomy and were subsequently treated with 

MDO (tracheostomy first). They concluded that Mandibular distraction 

osteogenesis has a high rate of success in avoiding tracheostomy. Patients who 

required tracheostomy before MDO had a lower success rate in achieving 

decannulation and a higher rate of complications. However, these patients also 

had a higher rate of syndromic diagnoses and associated comorbidities. Patients 

with Goldenhar syndrome have a decreased likelihood of surgical success. 

Nurliza A et al (2015)45 described a case of a four year old girl who presented 

with mandibular hypoplasia in anterior-posterior direction secondary to left 

TMJ ankyloses which was further complicated with presence of severe trismus, 

adenoid hyperplasia grade III and moderate obstructive sleep apnoea. They 

performed two stages of surgical intervention which were bilateral mandibular 

distraction osteogenesis via submandibular approach followed by left 

condylectomy and gap arthroplasty with interpositional myofascial temporalis 

flap 4 months later. They concluded that mandibular distraction osteogenesis is 

effective in treating mandibular deformity and relieving symptoms of OSA. The 

sterolithography model played an important role in surgical planning and 

multidisciplinary approach was crucial for optimum surgical correction of this 

maxillofacial deformity. 

Mehrotra D, Vishwakarma K, Chellapa A L ,Mahajan N. (2016)46 

conducted a study to evaluate the hard and soft tissue changes after pre-
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arthroplasty simultaneous maxillomandibular distraction osteogenesis for the 

correction of post-ankylotic dentofacial deformities. This prospective study 

included 10 patients with unilateral temporomandibular joint (TMJ) ankylosis 

who presented with a facial deformity and a maxillary cant. Simultaneous 

maxillomandibular distraction was planned based on clinical and radiographic 

examinations. A horizontal mandibular osteotomy was performed in the ramus 

and the distractor device was fixed. A bilateral Le Fort I osteotomy was then 

performed and a four-hole straight plate was fixed on the contralateral 

zygomatic buttress to act as a fulcrum. After a latency period of 5 days, the 

distractor was activated twice daily by 0.5mm until the required vertical 

lengthening was achieved. Intermaxillary fixation was maintained during the 

entire distraction period. After a consolidation period of 8-12 weeks, the 

distractor was removed. All patients were followed up for a period of 12-24 

months. A marked improvement in the facial asymmetry was noted in all cases. 

The occlusal cant and mandibular retrusion improved satisfactorily, and the 

average postoperative inter-incisal opening was 35.6mm. They concluded that 

pre-arthroplasty simultaneous maxillomandibular distraction offers a good 

treatment outcome, as it allows improvements in facial aesthetics as well as 

function. 

Tsui W, Yang Y, Cheung L and Leung YY (2016)47 conducted a systematic 

review to answer the clinical question “What are the effectiveness of mandibular 

distraction osteogenesis (MDO) and its complications to treat patients with 

obstructive sleep apnoea syndrome (OSAS)?”.A systematic search including a 

computer search with specific keywords, reference list search, and manual 

search were done. Relevant articles on MDO were assessed and selected in 3 

rounds for final review based on 5 predefined inclusion criteria and followed by 

a round of critical appraisal. Different types of distraction and their treatment 

outcomes of OSAS were recorded with standardized form and analyzed. This 

systematic review showed that MDO was effective in resolving OSAS in adults 

with retrognathic mandible. MDO also showed promising results in infants or 

children with OSAS. From the results of this systematic review they 

recommended to define the criteria of success or cure for OSAS surgery in 

children and infants. They also recommended setting up randomized controlled 
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trials to compare MDO with traditional maxillomandibular advancement 

surgery for OSAS patients and to provide a better evidence on the success and 

complication rates of the techniques. 

Kumari P et al (2017)48 conducted a study to evaluate the changes in posterior 

airway space (PAS) and mandibular plane hyoid (MPH) distance following 

mandibular advancement using distraction osteogenesis (DO). Twenty-five 

consecutively operated patients of mandibular hypoplasia who underwent 

mandibular advancement using distraction with at least 12 months follow-up 

were included in the study. The study group comprised 15 males and 10 females 

with an age range of 15–30 years. The authors concluded that statistically 

significant changes were achieved in MPH and SNB. Although change in PAS 

was statistically insignificant, it may have clinical applications, especially in the 

field of Phase II surgical management of obstructive sleep apnoea. 

Baskaran M, Arularasan SG, Divakar TK, Thirunavukkarasu R (2017)49 

assessed the versatility of distraction osteogenesis in the treatment of 

micrognathia. The study included 4 patients with micrognathia of the mandible 

with the   age range 10 – 20 years. Osteotomy and placement of intraoral 

distractor done was under general anaesthesia. The parameters assessed were 

ramus height, body length, hyoid mental distance, posterior pharyngeal airway 

space, chin projection, facial asymmetry occlusion, midline shift pre and post 

operatively. There was a significant improvement in all parameters observed in 

all patients. 

Tomonari H, Takada H, Hamada T, Kwon S,  Sugiura T and Miyawaki S 

(2017)50 described the case of a 16-year-old female patient with micrognathia, 

temporomandibular joint (TMJ) ankylosis, and obstructive sleep apnoea, who 

was treated with mandibular distraction osteogenesis (DO) combined with 

sliding genioplasty, using skeletal anchorage. The study concluded that 

Mandibular DO using skeletal anchorage with intermaxillary elastics is useful 

for preventing extrusion of the upper and lower anterior teeth, thereby 

preventing rotation of the mandible. In addition, mandibular DO combined with 

sliding genioplasty is effective at improving both dentofacial deformities and 

impaired respiratory function. 
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Balaji SM (2017)51 reported a case of a 3-year-old boy who was struggling with 

severe retrognathic chin and OSA causing hypopneic episodes and snoring. He 

was successfully treated by bilateral mandibular distraction.  The author found 

that DO is a powerful tool for surgical reconstruction of complex jaw 

deformities. The goal of treatment in infants with severe micrognathia is to focus 

on breathing and feeding and to optimize growth and nutrition. It appears to be 

the superior method of reconstruction technique when performed correctly and 

effectively lengthens the jaws without the use of grafts. 

Zhang C, Li Y, Ye B, Liu Y, Bao C, Zhu S (2017)52 described the authors’ 

experience of bidirectional distraction osteogenesis for the treatment of 

mandibular deformities caused by TMJ ankylosis.Sixteen patients with TMJ 

ankylosis and severe secondary mandibular deformities were treated with 

bidirectional distraction osteogenesis and release of joint from January 2013 to 

December 2015. Clinical outcomes were assessed based on the oral function, 

radiography, and medical photography. No reankylosis was found during the 

follow-up period. Sufficient volume and new bone density had been formed 

after the consolidation period. All patients had maintained stable improvement 

in oral function during the follow-up period. Most of the patients achieved 

satisfactory outcomes. Bidirectional transport distraction osteogenesis 

technique proved to be a good and effective therapeutic option in treatment of 

bilateral or unilateral TMJ ankylosis patients associated with mandibular 

micrognathia. 

Zhang W et al (2017)53 evaluated the effects of the sequential treatment of 

temporomandibular joint ankylosis with secondary deformities by distraction 

osteogenesis on 40 patients with temporomandibular joint ankyloses. The 

treatment procedure led to improved mouth opening and appearance and the 

symptom of snoring disappeared. The patients were followed up for 4 to 72 

months, 4 patients showed recurrence, and needed further surgical treatment. 

They concluded that the sequential treatment of temporomandibular joint 

ankylosis with secondary deformities by distraction osteogenesis, arthroplasty 

and orthognathic surgery could achieve satisfactory and stable result. 
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Andrade NN, Mathai PC, Ganapathy S, Aggarwal N, Rajpari K, Nikalje T 

(2018)54 performed pre-arthroplastic mandibular distraction osteogenesis [DO] 

to increase the PAS and resolve the underlying OSA prior to releasing the 

ankylosis.Twenty-five cases of TMJ ankylosis with micrognathia and OSA 

were included in this prospective observational sleep study. They were further 

divided into a paediatric group [14 subjects] and an adult group [11 subjects]. 

All cases presented with a history of onset of ankylosis during childhood [before 

the completion of craniofacial growth] as result of which there was a lack of 

forward growth of the mandible. Patients underwent initial DO of the mandible 

followed by a second procedure for distractor removal and ankylosis release. 

Questionnaires, lateral cephalograms and sleep studies were taken pre-

operatively (T0), immediate post-distraction to the desired length (T1) and 12 

months post the distractor removal and ankylosis release (T2). The parameters 

studied were PAS width, apnoea hypopnea index [AHI], O2 saturation, mouth 

opening and mandibular advancement. Statistical analysis revealed that DO of 

the mandible significantly improved OSA by increasing the PAS which was 

evident by the lower AHI score. Mouth opening was also significantly improved 

post ankylosis release and maintained at the T2 interval. Ten subjects followed 

up beyond the T2 interval [mean 28 months post ankylosis release] and their 

data also revealed positive compliance towards physiotherapy, adequate mouth 

opening and maintenance of normal AHI. The authors concluded that pre-

arthroplastic mandibular DO is a successful modality for treatment of OSA in 

TMJ ankylosis patients with stable results at 12 months. By resolving the narrow 

airway and OSA, compliance towards physiotherapy was improved thus 

reducing the risk of re-ankylosis in the long term. 

Chen K, Xiao D, Abotaleb B, Chen H, Li Y, Zhu S. (2018)55 conducted a 

study to evaluate the accuracy of virtual surgical planning and 3-dimensional 

(3D) printed templates to guide osteotomy and distraction osteogenesis (DO) in 

the treatment of temporomandibular joint (TMJ) ankylosis and secondary 

mandibular deformity. Seven consecutive patients diagnosed with TMJ 

ankylosis and mandibular deformities were included. A composite skull model 

was obtained with data from spiral computed tomography (CT) and laser 

scanning of the dental arch. A virtual surgical simulation was performed using 
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Dolphin Imaging 11.7 Premium. Then, the virtual plan was transferred to the 

operation using 2 surgical templates. These templates were designed by 3D 

printing using data from the virtual surgical simulation for guiding the 

osteotomy and the DO, respectively. The preoperative measurement and 

differences between the actual mandibular position and the virtual plan were 

analysed. Postoperative radiographs, CT images, and quantitative analysis 

showed a clinically acceptable precision for the position of the mandible. The 

mean length of the mandible and the vertical height of the DO were 79.1 and 

14.9 mm, respectively. With the 3D superimposition and linear measurement, 

the mean difference between the virtual plan and the actual results ranged from 

0.64 ± 0.20 to 1.90 ± 0.85 mm. All patients obtained satisfactory changes in the 

facial profile and marked improvement in postoperative pharyngeal airway 

space and mouth opening. The results of this study showed that virtual surgical 

planning and 3D printed guiding templates facilitated treatment planning, an 

accurate osteotomy, repositioning of bony segments, and contouring of the 

mandibular border in the treatment of TMJ ankylosis and secondary mandibular 

deformity. 

Bi RY, Luo XT, Jiang N, Zhu SS, Li YF (2018)56 conducted study on 

seventeen patients who underwent spiral computed tomographic (CT) scans 

before and after DO. After treatment, the overall posterior airway space was 

enlarged in all three sections of the airway (oropharyngeal, glossopharyngeal, 

and laryngeal). They compared rates of change in the airway among the sections 

using 2-dimensional and 3-dimensional assessments, and found that the rate of 

change in 3-dimensional assessment of volume was significantly higher than 

that in the 2-dimensional.They also found that the higher 3-dimensional rate of 

change came from changes in the oropharyngeal and glossopharyngeal sections, 

while there was no significant difference between the 2- and 3-dimensional rates 

of change in the laryngeal section. Because the laryngeal section had the most 

robust enlargement after DO in both the overall area of the posterior airway 

space and volume. The authors concluded that 3-dimensional assessments were 

more sensitive to smaller changes in the airway space during the operation. This 

suggests that 3-dimensional assessments are preferable in the prediction and 

evaluation of the effects of DO on the posterior airway space. 
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Kumar D et al (2019)57 conducted a study to evaluate the role of primary osteo-

distraction prior to ankylosis release in patients, diagnosed with sleep apnoea, 

facial asymmetry, and reduced quality of life secondary to temporomandibular 

joint ankylosis. The study included 10 patients in the age group of 13 – 40 years 

with TMJ ankylosis who underwent primary osteo-distraction for mandibular 

advancement. The amount of distraction achieved post-operatively was more in 

cases of unilateral TMJ ankylosis compared to bilateral TMJ ankylosis. In all 

the ten cases of TMJ ankylosis with sleep apnoea, there was significant 

improvement in the airway and Epworth Sleep Scale. There was significant 

improvement of quality of life among these patients and post-operatively. 

Yu X, Wang J, Hou S, Zeng R (2019)58 reported a case of a 4-year paediatric 

patient with early-onset bilateral TMJ ankylosis and severe secondary 

micrognathia, as well as obstructive sleep apnoea syndrome. They found that 

TMJ management with simultaneous mandible distraction is an effective 

method to improve mandibular movement restrictions, airway obstructions and 

micrognathia and patients with childhood onset require early surgical treatments 

to avoid secondary malformations. However, poor compliance with post-

surgical physiotherapy is likely to lead to a limited range of motion following 

surgery. 

Ma Y, Huang Y,Zhu S and Li Y(2019)59 conducted a study to explore the use 

of simultaneous arthroplasty and distraction osteogenesis in the treatment of 

children with ankylosis of the temporomandibular joint (TMJ) and secondary 

mandibular deformities. Between January 2012 and December 2016, 17 

children with age range 4–12 years were treated. Preoperatively, the mean 

maximal incisal opening was 1.4 mm. Distraction began after five to seven days 

at a rate of 0.5 mm twice daily, and the distractor was removed three to five 

months after the completion of distraction. The mean follow-up time after 

removal was 29.6 months, and the distance of distraction was 14.4 mm. After 

treatment, all patients had satisfactory outcomes, a good facial profile, 

alignment of the midline lower incisor, and a level occlusal plane. The mean 

maximum incisal opening reached 35.7 mm. Bone formation across the 

distraction gap was good. The mean minimum axial area of the airway increased 

from 61.4 mm to 96.4 mm. No patients had a recurrence of ankylosis during 
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follow up. The results suggested that simultaneous arthroplasty and distraction 

osteogenesis is feasible in this age group. 

Kandamani J (2020)60 conducted a review to find a scientific evidence based 

background for the mandibular distraction osteogenesis in treatment of 

temporomandibular ankylosis. A literature search using google scholar and 

science direct was made using the following terms: ankylosis, 

temporomandibular joint, distraction. The inclusion criteria for the review 

consisted of: controlled clinical trials, retrospective studies, case reports, and 

follow-up studies. The author concluded that  distraction osteogenesis of 

mandible in the first phase and followed by release of ankylosis (with gap or 

inter-positional arthroplasty) in the second phase operation or Release of 

ankylosis (with gap or inter positional arthroplasty) followed immediately by 

distraction osteogenesis, either of these two techniques can be carried out 

considering its own advantages and disadvantages and the treatment planning 

should be sequenced according to individual needs depending on the age at 

diagnosis and expertise available, goal should be focussed on achieving the 

highest inter incisal distance possible and immediate relieve of the narrow 

posterior airway space through release of the ankylosis. Also intensive mouth 

opening physiotherapy is mandatory to achieve and maintain an acceptable inter 

incisal distance. 

Vignesh U, Mehrotra D, Bhave S M and Singh PK (2020)61 performed a 

study to evaluate the success of distraction osteogenesis in temporomandibular 

joint (TMJ) ankylosis patients with facial deformities. QoL and the Oral Health 

Impact Profile (OHIP) were prospectively studied in 42 consecutive patients 

with facial deformities, planned for maxillofacial distraction osteogenesis, using 

2 validated questionnaires, the Orthognathic Quality of Life Questionnaire and 

OHIP14. All the patients had prearthroplastic distraction. Significant 

improvement was identified on all QoL and OHIP questions after distraction. 

The post distraction overall mean QoL score among patients with extraoral or 

intraoral distractor did not have a significant difference, but facial appearance 

in the bilateral distraction group; jaw function and overall well-being in the 

multivector distraction group; and facial appearance, jaw function, and overall 

well-being in maxillomandibular distraction group had significant 
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improvements. The study concluded that distraction osteogenesis considerably 

improves oral health and health related QoL in patients with TMJ ankylosis with 

facial deformities. 

Kamath AT, Kudva A, Singh A (2020)62 presented a case of a patient with the 

triad of TMJ ankylosis, retrognathia, and OSA who underwent DO for 

correction of  OSA followed by bilateral TMJ reconstruction with stock 

alloplastic prostheses on the distracted mandible, along with genioplasty to 

correct retrogenia. They concluded that in patients with concomitant TMJ 

ankylosis and OSA, the sequencing of surgery and the preferred treatment 

modality to correct the deformity has been a matter of debate and the use of 

stock alloplastic TMJ prostheses to correct TMJ ankylosis following mandibular 

distraction for the correction of mandibular retrognathia and OSA provided a 

successful outcome for this patient one-year post surgery. One-year post-

surgery, the patient demonstrated stability and a good maximum incisal opening. 

Xia L, Zhang Y, An J, Chen S, He Y (2020)63 conducted a study which aimed 

to evaluate the remodelling of condyles reconstructed by transport distraction 

osteogenesis (DO) in patients with temporomandibular joint (TMJ) ankylosis. 

Twenty-one patients with 26 affected joints were followed up. Patients who had 

undergone gap arthroplasty and TMJ reconstruction by DO were included. 

Computed tomography images were obtained preoperatively, upon completing 

distraction, upon removal of the distraction device, and >2 years 

postoperatively. The following were measured: mandibular ramus height, 

distance between gonion and Frankfurt plane, condylar width, and condyle 

ramus angulation. Of the 21 patients, one showed re-ankylosis, while five 

exhibited anterior open bite. They concluded that DO combined with gap 

arthroplasty was an effective method for the treatment of TMJ ankylosis to 

improve MMO. 

Albert D, Muthusekhar M R (2021)64 conducted a systematic review to 

compare the effectiveness of various sequences of DO in the management of 

TMJ ankylosis with micrognathia/and obstructive sleep apnoea syndrome 

(OSAS). Inclusion criteria were case series and prospective and retrospective 

studies involving adult/paediatric human subjects with unilateral/bilateral TMJ 
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ankylosis and micrognathia/OSAS treated with DO. Of 73 studies identified, 

only 10 were included in the qualitative synthesis. The outcomes assessed were 

as follows: maximum mouth opening (MMO), posterior airway space (PAS), 

polysomnography variables, reankylosis, mandibular length, and chin and 

mandible position. MMO and mandibular length increased, chin and mandibular 

position improved by the end of treatment in all the three sequences, and 

polysomnography variables and PAS significantly improved in pre-arthroplastic 

distraction osteogenesis (PrAD) compared to post-arthroplastic distraction 

osteogenesis (PAD) and improved in simultaneous arthroplastic distraction 

osteogenesis (SAD) compared to baseline. Reankylosis was significantly less in 

PrAD. More well-designed studies comparing the three sequences of DO should 

be carried out to arrive at a consensus. 

Agarwal S.S , Sahoo N.K , Datana S , Bhandari S.K (2021)65 conducted a 

study to evaluate the efficacy of mandibular corpus distraction osteogenesis 

(MCDO) in the management of obstructive sleep apnoea (OSA) secondary to 

temporomandibular joint (TMJ) ankyloses. 15 patients comprehensively 

managed for severe OSA secondary to TMJ ankylosis with combined 

orthodontics and were studied objectively by comparing apnoea–hypopnea 

index (AHI) scores and airway parameters, and subjectively by Epworth 

sleepiness scale (ESS) survey at pretreatment (T0) and 1-year postsurgery (T1). 

Change in skeletal parameters at T1 was evaluated by comparison of sella-

nasion-point A (SNA), sella-nasion-point B (SNB), and point A-nasionpoint B 

(ANB) angles. Change in AHI per millimeter advancement was also calculated. 

They concluded that MCDO is an effective modality for the treatment of severe 

OSA secondary to TMJ ankylosis. 

Vanmathi V.K, Parasuraman V and Ramya Vanmathi R (2021)66 presented 

a case describing the management of unilateral bony re-ankylosis of 

temporomandibular joint after the failure of a costochondral graft in an eight-

year-old girl. They performed simultaneous gap arthroplasty and distraction 

osteogenesis to separate the ankylotic mass and lengthen the ramus-condyle unit 

and concluded that the management of bony ankylosis of TMJ with facial 

asymmetry and retrognathia can be effectively managed by simultaneous gap 

arthroplasty and distraction as a single-stage treatment procedure. Also, 
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effective postoperative care at an early stage, intense physiotherapy, and 

rigorous long term followup are essential to prevent reoccurrence of TMJ 

ankylosis. 

Chugh A, Mehrotra D, Yadav P K (2021)67 performed a systemic review to 

generate evidence towards the role of DO in TMJ ankylosis, evaluate its 

efficiency and develop an algorithm for use of DO in TMJ. The research 

question was formulated using the PICOS statement for reporting guidelines in 

systematic reviews, where the efficiency of DO was evaluated in terms of mouth 

opening, correction of facial deformity and asymmetry, airway correction, and 

its long term effects.1130 articles reported DO as a treatment modality for TMJ 

ankylosis, of which 32 prospective studies, 16 retrospective and 2 RCTs were 

included in the study. DO was used for mandibular distraction in 45 studies and 

for simultaneous maxillomandibular distraction in only five studies. An 

algorithm for use of DO in TMJ ankylosis was developed. They concluded that 

although DO has proven its application in TMJ ankylosis cases, its best use is 

for correction of obstructive sleep apnoea. Relapse causing loss of posterior 

ramal height is a concern after transport DO, pre-arthroplastic DO appears to 

best correct mandibular deformity and a maxillomandibular deformity requires 

simultaneous maxillomandibular distraction. 

Purohit S, Datarkar A, Bhawalkar A, Dawre S and Pardiwala A.F. (2021)68 

conducted a study to evaluate the sequential treatment of patients with 

temporomandibular joint ankylosis and secondary deformities by distraction 

osteogenesis and subsequent arthroplasty or orthognathic surgery on 15 patients 

with age ranging from 18 to 28 years diagnosed with unilateral 

temporomandibular joint ankylosis. All the 15 patients were first treated with 

distraction osteogenesis followed by interpositional arthroplasty of TMJ. They 

concluded that distraction osteogenesis followed by arthroplasty and corrective 

orthognathic surgery when required can provide good results in 

temporomandibular joint ankylosis patients with good facial features, stable 

occlusion, adequate mouth opening and reduction in obstructive sleep apnoea 

syndrome. 
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Upadya VH, Bhat HK, Rao BHS, Reddy SG (2021)69 reviewed studies 

comparing   various classifications and surgical techniques for the treatment of 

temporomandibular joint ankylosis. PubMed, EBSCO, Web of Science, and 

Google Scholar were searched using a combination of keywords. Articles 

related to classification, resection-reconstruction of the temporomandibular 

joint, and management of airway obstruction were considered and categorized 

based on the objective. They concluded that Interpositional arthroplasty (IA) 

results in better maximal incisal opening compared to gap arthroplasty, with no 

significant difference in recurrent rates and that distraction osteogenesis (DO) 

is emerging as a popular technique for the restoration of symmetry and function 

as well as for relieving airway obstruction. IA, with a costochondral graft, is 

recommended in growing patients and may be combined with or preceded by 

DO in cases of severe airway obstruction. Alloplastic total joint replacement 

combined with fat grafts and simultaneous osteotomy procedures are gaining 

popularity. A custom-made total joint prosthesis using CAD/ CAM can 

efficiently overcome the shortcomings of stock prostheses. 

Rubio-Bueno P (2021)70 conducted a study to investigate the usefulness of 

Bilateral Internal Ramus Distraction of the mandible (BIRD) to cure OSA. 

Study design was of an interventional (surgical) one-arm trial of OSA patients 

assessed before and 12 months after BIRD. All patients were evaluated by pre- 

and post-operative polysomnography and three-dimensional scans. The amount 

of skeletal advancement, percentage of upper airway volume increase and 

postoperative value of mandibular occlusal plane were the predictor variables. 

Changes in the apnoea-hypopnoea index (AHI), oxygen desaturation index 

(ODI), and percentage of time with saturation under 90% (TC90) were the main 

outcome variables. The author concluded that  lengthening the mandibular 

ramus by distraction osteogenesis to cure OSA appeared to be more effective 

and safer when compared to other surgical protocols, especially in very severe 

cases with initial AHI>50/h. Titration of the mandibular advancement weekly 

using respiratory polygraphy allows better healing control and customization of 

the skeletal advancement, enhancing the aesthetic result. 

Zhang YF et al. (2022)71 performed a study to compare the treatment effect of 

distraction osteogenesis and maxillomandibular advancement for severe 
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obstructive sleep apnoea hypopnea syndrome patients and to guide clinical 

decisions about treatment of OSAHS. The preoperative and postoperative data 

of 37 patients were collected in which cephalometry, polysomnography (PSG), 

Pittsburgh sleep quality index (PSQI) and Epworth sleepiness scale (ESS) scores 

were analysed. With propensity score matching method, the treatment effect of 

MMA and DO was analysed and compared. They concluded that for severe 

OSAHS patients, distraction osteogenesis showed a better therapeutic effect 

compared to that of MMA. 

Ma LK et al (2023)72 conducted a study to evaluate the effect of mandibular 

distraction osteogenesis (MDO) on respiratory function in Craniofacial 

macrosomia (CFM) patients with obstructive sleep apnoea (OSA) according to 

polysomnography (PSG).They retrospectively analysed patients with CFM who 

underwent PSG before surgery and after completion of mandible distraction. 

The Paediatric Sleep Questionnaire (PSQ) was used to assess patients' signs and 

symptoms related to OSA. They concluded that MDO can improve OSA-related 

symptoms in CFM patients. In addition, respiratory function was improved in 

most patients after MDO, based on PSG. CFM patients, especially those with 

OSA, can benefit from MDO. 

Dholabhai P, Anchlia S, Dhuvad J, Bhatt U, Nakrani A, Kania J (2023)73 

conducted a study to evaluate the efficacy of simultaneous TMJ ankylosis 

(TMJA) release with uniplanar mandibular distraction in the management of 

facial deformity, improvement in function and obstructive sleep apnoea in 

growing patients. Ten patients in the age group of 5-15 years with 

unilateral/bilateral TMJA and mild to moderate OSA and short body length but 

ramus height within normal limits were treated with simultaneous ankylosis 

release and uniplanar mandibular distraction osteogenesis. Clinical, 

radiographic, and OSA parameters were evaluated and followed up for 1 year. 

They concluded that simultaneous TMJA release with uniplanar mandibular 

Distraction osteogenesis may be recommended as the treatment of choice in 

growing patients with mild to moderate OSA and facial deformity, as it causes 

simultaneous correction of micrognathia, facial asymmetry, OSA and prevents 

the need for an additional surgery. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/respiratory-physiology
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Eligibility criteria 

Inclusion criteria 

 Patients with unilateral or bilateral TMJ ankylosis who are diagnosed with 

obstructive sleep apnoea. 

 Age ranging between 12-45 years with mandibular hypoplasia. 

Exclusion criteria 

 Patients with any bone disorders 

 Subjects with any underlying systemic disease or compromised immunity. 

 Patients not willing to participate in the study. 

 

Materials Required 

 Armamentarium:- 

 Mouth mirror, tweezer and probe   

 Metallic scale   

 B. P. handle no. 3 with blade no. 15 

 Howarth and Molts periosteal elevator 

 Dissecting scissor 

 Retractors 

 Micromotor and handpiece  

 Dental Bur kit  

 Oscillating bone saw  

 Osteotomes  

 Disposable syringes  

 Stainless steel miniature Distraction device with bicortical screws. 

 Tissue holding forcep   

 Suture- 3-0 vicryl and 3-0 mersilk 

 Needle holder  

 Other surgical instruments 
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METHODOLOGY 

 

Study Design 

A prospective, randomized, single centre study was performed in patients with 

TMJ ankylosis and Obstructive sleep apnoea. Patients reporting to the out-

patient department (OPD) of Oral and Maxillofacial Surgery, Babu Banarasi 

Das College of Dental Sciences, Lucknow participated in the study. 

Method –  

 5 patients were included in the study. 

 Routine laboratory and radiological investigations, Informed/written 

consents, preanesthetic evaluation was done for all the patients. 

 The patients were prepared as per the routine aseptic protocol and under 

laryngoscopic assisted intubation, general anesthesia was administered. 

 Preoperative mouth opening, polysomnography and lateral cephalometric 

analysis was recorded. 

Mandibular Distraction was done under general anaesthesia using either extra 

oral submandibular incision or intraoral vestibular incision. The 

submandibular incision (Risdon approach) was placed 1.5 to 2 cm inferior to 

the mandible to reduce the risk of neuropraxia of the marginal mandibular nerve. 

The mandibular vestibular incision was placed 3 to 5 mm inferior to the 

mucogingival junction extending posteriorly over the external oblique ridge, 

traversing mucosa, submucosa, buccinator muscle, buccopharyngeal fascia, and 

periosteum. The incision is usually no more superior than the occlusal plane of 

the mandibular teeth to help prevent herniation of the buccal fat pad into the 

surgical field and also spare the buccal artery and nerve. 

Osteotomy was done with the help of saw / bur. Distractor device was placed 

and fixed with titanium screws. Unrestricted movements of bone segments upon 

activation of distraction was verified and wound closed.  

 Latency period of 3 – 5 days was allowed for soft callous formation 

following distraction of 0.5 mm twice a day.  
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 Consolidation period of 8 – 10 weeks was allowed for callous maturation 

after completion of distraction.  

 Ankylosis was released in a separate operative procedure after completion 

of distraction and consolidation.  

 The exposure of the joint was done by Alkayat - Bramley incision followed 

by arthrectomy / interpositional arthroplasty with temporalis fascia. 

 All patients were subjected to post-operative physiotherapy. 

 

PARAMETERS ASSESSED :- 

Patients for surgery were selected irrespective of sex, religion or socio-

economic status. The parameters assessed are- 

1. Correction of obstructive sleep apnoea based on polysomnography  

2. Cephalometric evaluation : Airway- Upper and lower pharyngeal airway 

                                                                 Mandibular length 

                                                                 Ramal height 

3. Mouth opening: Inter-incisal, measured in millimetres, both pre and post 

operatively. 

 

STATISTICAL ANALYSIS 

 

The data for the present study was entered in the Microsoft Excel 2007 and 

analyzed using the SPSS statistical software 23.0 Version. The descriptive 

statistics included mean, standard deviation frequency and percentage. The level 

of the significance for the present study was fixed at 5%. 

The intragroup comparison was done using the Wilcoxon Sign Rank test    

depending upon the normality of the data. The Shapiro–Wilk test was used to 

investigate the distribution of the data and Levene’s test to explore the 

homogeneity of the variables. 
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Mean 

 



X 
X

N
 

 

Where: 



X = the data set mean 

∑ = the sum of 

X = the scores in the distribution 

N = the number of scores in the distribution 

 

Range 

 

 

 

Where: 

= largest score 

= smallest score 

 

Variance 

 

 

 

 



range Xhighest  Xlowest



Xhighest



Xlowest



SD2 
(X  X)2

N
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The simplified variance formula 

 

 

 

Where: 

SD2 = the variance 

∑ = the sum of 

X = the obtained score 

= the mean score of the data 

N = the number of scores 

 

 

Standard Deviation (N) 

 

 

The simplified standard deviation formula 

 

Where: 

SD = the standard deviation 

∑ = the sum of 

X = the obtained score 



SD2 
X 2 

(X)2

N
N



X



SD 
(X  X)2

N



SD 
X 2 

(X)2

N
N
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= the mean score of the data 

N = the number of scores 

Wilcoxon Sign Rank test 

The Wilcoxon signed-rank test is a non-parametric statistical 

hypothesis test used either to test the location of a set of samples or to compare 

the locations of two populations using a set of matched samples. When applied 

to test the location of a set of samples, it serves the same purpose as the one-

sample Student's t-test. On a set of matched samples, it is a paired difference 

test like the paired Student's t-test (also known as the "t-test for matched pairs" 

or "t-test for dependent samples"). Unlike the Student's t-test, the Wilcoxon 

signed-rank test does not assume that the data is normally distributed. On a wide 

variety of data sets, it has greater statistical power than the Student's t-test and 

is more likely to produce a statistically significant result. The cost of this 

applicability is that it has less statistical power than the Student's t-test when the 

data is normally distributed. 

The test is named for Frank Wilcoxon (1892–1965) who, in a single paper, 

proposed both it and the rank-sum test for two independent samples. The test 

was popularized by Sidney Siegel (1956) in his influential textbook on non-

parametric statistics. Siegel used the symbol T for the test statistic, and 

consequently, the test is sometimes referred to as the Wilcoxon T-test. 

 

Blood investigations - BT, CT, CBC (Hb%, ESR, TLC, DLC) Blood sugar, S. 

Urea, S. Creatinine. 

Viral markers – HbsAg, HIV 1&2, HCV. 

Radiographic investigations - OPG, IOPAR, Lateral Cephalogram, PA Chest. 

Sleep study- Polysomnography 



X

https://en.wikipedia.org/wiki/Non-parametric_statistics
https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Statistical_hypothesis_testing
https://en.wikipedia.org/wiki/Student%27s_t-test
https://en.wikipedia.org/wiki/Paired_difference_test
https://en.wikipedia.org/wiki/Paired_difference_test
https://en.wikipedia.org/wiki/Normal_distribution
https://en.wikipedia.org/wiki/Statistical_power
https://en.wikipedia.org/wiki/Statistical_significance
https://en.wikipedia.org/wiki/Frank_Wilcoxon
https://en.wikipedia.org/wiki/Mann-Whitney-Wilcoxon_test
https://en.wikipedia.org/wiki/Sidney_Siegel
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PHOTOGRAPHS 

 ARMAMENTARIUM 

 

 

 

 

 

 

 

 

 

 

 

Distractor Device 
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PRE-OPERATIVE PHOTOGRAPHS 
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STAGE 1 SURGERY 

INTRA-OPERATIVE PHOTOGRAPHS 
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POST-OP 3 MONTHS 
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STAGE 2 SURGERY 

INTRA-OPERATIVE PHOTOGRAPHS 

 

 

 

Incision Marking 

 

            

                          Flap Reflection                                                                 Ankylotic Mass 
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Interpositioning of temporalis fascia 

 

 

Closure 
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POST-OPERATIVE 3 MONTHS 
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MOUTH OPENING 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Pre-Operative MIO 11 mm 

Post-Operative MIO 37.5 mm 
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RADIOGRAPHS 

 

Pre-Operative OPG 

 

Post-Operative OPG After 3 Months 

 

Post-Operative OPG After 1 Year 
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Pre-Operative Lateral Cephalogram 

 

Post-Operative Lateral Cephalogram After 3 Months 

 

Post –Operative Lateral Cephalogram After 1 Year 
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GENDER DISTRIBUTION OF STUDY SUBJECTS 

Table 1. Gender distribution 

 N Percentage Mean Age 

Female 03 60% 16.33 

Male 02 40% 14.50 

 

 

 

Based on the gender distribution 60% were females and 40% were males. The mean 

age of the females was 16.33 years and mean age of the males was 14.50 years. 

 

 

Graph 1. Gender Distribution 
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AGE DISTRIBUTION OF STUDY SUBJECTS 

Table 2. Age Distribution 

 Mean Age Std Deviation Std Error 

Female 16.33 1.21 0.324 

Male 14.50 1.67 0.367 

 

 

The mean age of the females was 16.33 years (sd=1.21) and mean age of the males was 

14,50 years (sd=1.67) 

 

 

 

 

Graph 2. Age distribution 
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DISTRIBUTION BASED ON TYPE OF DISTRACTION 

 

Table 3. Distribution based on type of distraction 

 N Percentage 

U/L 01 20% 

B/L 04 80% 

 

Based on type of distraction, 20% had undergone U/L distraction and 80% had 

undergone B/L distraction. 

 

 

 

 

Graph 3. Distribution based on type of distraction 
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INTRAGROUP COMPARISON OF CEPHALOMETRIC EVALUATIONS 

BETWEEN PRE AND POST DISTARCTION VALUES 

Table 4. Comparison of upper pharyngeal airway space pre & post 

distraction 

 

Mea

n 

Std. 

Deviation 

Minimum Maximum 

Z 

value 

P 

value 

Pre Distraction 

9.40

00 

2.60768 7.00 13.00 

2.123 

0.042 

(Sig) 

Post Distraction 

12.4

000 

1.67332 11.00 15.00 

 

The mean upper pharyngeal airway space at predistraction was 9.40 and at post 

distraction was 12.40. The intragroup comparison between the pre and post 

distraction values was done using the Wilcoxon Sign Rank test and the 

difference was found to be statstitically significant between pre and post values. 

There was a significant increase in the values of upper pharyngeal airway space 

from pre distraction level after the distraction. 

 

Graph 4. Comparison of upper pharyngeal airway pre & post distraction 
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Table 5. Comparison of lower pharyngeal airway space pre & post distraction 

 Mean 
Std. 

Deviation 
Minimum Maximum 

Z 

value 

P 

value 

Pre Distraction 5.6000 1.51658 4.00 7.00 

2.031 
0.041 

(Sig) 
Post Distraction 9.6000 1.51658 8.00 12.00 

 

The mean lower pharyngeal airway space at the predistraction was 5.60 and at 

the post distraction was 9.60. The intragroup comparison between the pre and 

post distraction values was done using the Wilcoxon Sign Rank test and the 

difference was found to be statstitically significant between pre and post values. 

There was a significant increase in the values of lower pharyngeal airway space 

from pre distraction level after the distraction. 

 

 

Graph 5.Comparison of lower pharyngeal airway pre & post distraction 
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Table 6. Comparison of mandibular length pre & post distraction 

 

 

 

 

 

 

 

 

 

The mean mandibular length at the predistraction was 51.20 and at the post 

distraction was 59.20. The intragroup comparison between the pre and post 

distraction values was done using the Wilcoxon Sign Rank test and the 

difference was found to be statstitically significant between pre and post values. 

There was a significant increase in the values of mandibular length from pre 

distraction level after the distraction. 

 

 

Graph 6. Comparison of mandibular length pre & post distraction 
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 Mean 

Std. 

Deviation 

Minimum Maximum Z value P value 

Pre Distraction 51.2000 5.06952 46.00 58.00 

2.158 

0.039 

(Sig) 

Post Distraction 59.2000 4.81664 54.00 66.00 
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Table 7. Comparison of ramal height pre & post distraction 

 Mean 
Std. 

Deviation 
Minimum Maximum 

Z 

value 

P 

value 

Pre Distraction 37.8000 2.68328 34.00 40.00 
2.034 

0.049 

(Sig) 
Post Distraction 43.2000 4.32435 37.00 48.00 

 

The mean ramal height at the predistraction was 37.80 and at the post distraction 

was 43.20. The intragroup comparison between the pre and post distraction 

values was done using the Wilcoxon Sign Rank test and the difference was 

found to be statstitically significant between pre and post values. There was a 

significant increase in the values of ramal height from pre distraction level after 

the distraction. 

 

 

 

 

Graph 7. Comparison of ramal height pre & post distraction 
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INTRAGROUP COMPARISON OF MOUTH OPENING BETWEEN PRE 

AND POST DISTARCTION VALUES 

Table 8. Comparison of mouth opening pre & post distraction 

 

 

 

 

 

 

The mean Mouth opening at the predistraction was 5.80 and at the post 

distraction was 37.80. The intragroup comparison between the pre and post 

distraction values was done using the Wilcoxon Sign Rank test and the 

difference was found to be statstitically significant between pre and post values. 

There was a significant increase in the values of mouth opening from pre 

distraction level after the distraction. 

 
Graph 8. Comparison of mouth opening pre & post distraction 

 

0

5

10

15

20

25

30

35

40

Pre Distraction

Post Distraction

5.8

37.8

 Mean Std. 

Deviatio

n 

Minimu

m 

Maximu

m 

Z 

valu

e 

P 

value 

Pre Distraction 5.8000 2.77489 3.00 10.00 -

2.13

2 

0.001 

(Sig) 
Post Distraction 37.800

0 

1.48324 36.00 40.00 



 Observations And Results       

 

 

54  

INTRAGROUP COMPARISON OF POLYSOMNOGRAPHY EVALUATION 

BETWEEN PRE AND POST DISTARCTION VALUES 

 

Table 9. Comparison of AHI pre & post distraction 

 Mean 

Std. 

Deviation 

Minimum Maximum 

Z 

value 

P 

value 

Pre Distraction 40.8000 7.98123 32.00 52.00 
-

2.023 

0.043 

(Sig) 
Post Distraction 2.8000 .83666 2.00 4.00 

 

The mean AHI at the predistraction was 40.80 and at the post distraction was 

2.80. The intragroup comparison between the pre and post distraction values 

was done using the Wilcoxon Sign Rank test and the difference was found to be 

statstitically significant between pre and post values. There was significant 

decrease in the values of AHI from pre distraction level after the distraction. 

 

 

Graph 9. Comparison of AHI pre & post distraction 
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Table 10. Comparison of ODI pre & post distraction 

 Mean Std. 

Deviation 

Minimum Maximum Z 

value 

P 

value 

Pre Distraction 38.2600 4.13981 34.00 43.00 -

2.023 

0.043 

(Sig) 
Post Distraction 2.5000 .60828 1.80 3.20 

 

The mean ODI at the predistraction was 38.26 and at the post distraction was 

2.50. The intragroup comparison between the pre and post distraction values 

was done using the Wilcoxon Sign Rank test and the difference was found to be 

statstitically significant between pre and post values. There was significant 

decrease in the values of ODI from pre distraction level after the distraction. 

 

 

Graph 10. Comparison of ODI pre & post distraction 
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In the past, oral and maxillofacial surgeons were consulted for patients with 

obstructive sleep apnoea only when other methods of treatment such as 

continuous positive airway pressure, dental appliances and soft tissue 

operations, failed. With time, the high level of success achieved by 

maxillomandibular advancement to enlarge the skeleton and thereby expand the 

soft tissue airway has made sleep medicine physicians and OSA patients to 

consult oral and maxillofacial surgeons more frequently and at an earlier stage 

in the treatment. 

Obstructive sleep apnoea is a sleep-related breathing disorder defined as absence 

of breathing for 10 seconds or more despite an effort to breathe.74 OSA affects 

almost 1 billion people globally, with 425 million adults aged 30-69 years 

having moderate to severe OSA. The increasing prevalence of OSA is related to 

the rising rates of obesity. It has been reported that there is a genetic 

component as some risk factors, including obesity and upper airway soft tissue 

structure that are genetically inherited.75Successful treatment of OSA can be 

achieved by a variety of medical and surgical modalities. Because of the 

magnitude, morbidity and potential instability of standard surgical techniques 

for large expansions of the facial skeleton, the use of distraction osteogenesis 

(DO) as a minimally invasive alternative has become an important treatment 

modality.76 

Sleep-related reduced ventilatory drive and neuromuscular combined with 

anatomic risk factors are likely to play a significant role in upper airway 

obstruction during sleep. The anatomic factors that promote pharyngeal 

narrowing include large neck circumference, soft tissue, bone, or vessels. Many 

of these structures can lead to increased surrounding pressure of the upper 

airway resulting in pharyngeal collapsibility and/or insufficient space to 

accommodate the airflow in a portion of the upper airway during sleep. In 

addition, the upper airway muscle tone plays a role as when it decreases, a 

repetitive total or partial airway collapse results. The most common cause of 

OSA in adults is obesity and advancing age. The severity of OSA decreases with 

age when adjusting for BMI.77 
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Anatomic Factors contributing to OSA are micrognathia, retrognathia, facial 

elongation, mandibular hypoplasia, adenoid and tonsillar hypertrophy, inferior 

displacement of the hyoid. Nonanatomic risk factors include central fat 

distribution, obesity, advanced age, male gender, supine sleeping position and 

pregnancy.77 

DO is an alternative for acute bone lengthening in situations requiring large 

movements not attainable by standard osteotomies, acute lengthening, and bone 

grafting. Advancements of 20 mm or more without a bone graft, the associated 

donor site morbidity, scarring, and potential for infection can be achieved. Soft 

tissue seems to grow linearly along lines of tension, and skin, muscles, nerves, 

and vascular tissue are generated, not stretched.78 Resistance to advancement by 

the soft tissue envelope is decreased by this process of distraction histogenesis.79 

The advantage with DO is obvious, especially for severe midface hypoplasia 

and micrognathia where the stretched soft tissue envelope contributes to relapse 

after traditional osteotomies, acute lengthening, and bone grafts. Scarring from 

previous operations (cleft lip and palate repair, uvulopalatopharyngoplasty, 

orthognathic surgery) or radiation therapy may limit amount of advancement 

possible by standard orthognathic surgical procedures. These patients are ideal 

candidates for DO. 

DO requires patient understanding and cooperation.80 Failure to follow the 

prescribed activation can result in inappropriate vector of distraction, inadequate 

regenerate formation and even dismantling of the distractor. With bimaxillary 

DO, a prolonged period of maxillomandibular fixation is necessary, affecting 

speech, alimentation, and social interaction. During the process of distraction, 

patients may experience pain, problems sleeping, and disturbances of 

recreational activities.81 

In this study the cause of the retrognathic mandible in all patients was post 

traumatic, long standing, temporomandibular joint ankylosis which is fusion of 

the condyle to the temporal bone leading to retarded growth of the mandible. In 

severe retrognathia the space available for the tongue is diminished and as the 

tonicity of muscles decreases during sleep the tongue falls back which causes 

obstruction of the upper airway, resulting in episodes of apnoea. Repeated bouts 
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of transient hypoxaemia occur leading to high sympathetic nervous system 

activity which results in complications like hypertension, angina, stroke, 

myocardial infarction and cardiac failure.82 

The age range of patients in this study was 11-20 years. The mandibular 

condyles in children are more prone to intra-capsular fractures due to trauma or 

surgical manipulation because they have a broad head and a relatively narrow 

neck.83 Moreover, paediatric condyles have a high regenerative and remodeling 

capacity, which significantly increases the likelihood of ankylosis after trauma, 

or re-ankylosis after surgery.84 

Distraction osteogenesis was performed in all patients before the release of the 

TMJ ankylosis, because if TMJ ankylosis is released before doing distraction 

osteogenesis than the already diminished posterior airway space will be further 

compromised and will pose problems in the post operative period (tracheostomy 

may be needed). In all the cases a linear distractor was used for lengthening the 

mandible as the only movement required was in the horizontal ramus. After 

distraction TMJ arthrectomy was done with interpositional arthroplasty and later 

on genioplasty was performed to improve the facial esthetics. 

According to the present study, there is more female predilection, which is 

similar to several other hospital-based studies85 in literature but this result is also 

contradictory to many studies as they state the reason that male do more outdoor 

activities as compared to females.84 In this study, females had a high prevalence 

of TMJ ankylosis as compared to males, which may be due to the difference in 

the anatomy of condyle and differences in their hormonal level. Increasing 

serum levels of estrogen and progesterone with increasing grade of severity of 

TMDs suggest a role of these hormones as etiological factors for TMDs.86 

Signs and symptoms of TMDs are four times more common among women, 

who seek specialized treatment for this disease three times more frequently than 

men. Despite the fact that the low prevalence of TMDs in men has not been 

completely elucidated yet, the presence of higher testosterone levels may be a 

plausible explanation.87 
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There is the hypothesis that the presence of estrogen receptors in women’s TMJ 

changes metabolic functions increasing ligament laxity. Estrogen also increases 

susceptibility to painful stimuli by modulating the limbic system. Although 

researchers do not share the same opinion, studies in humans have shown that 

painful symptoms increase by 30% among patients on menopause treatment 

with estrogen replacement therapy and by 20% in women using oral 

contraceptives.87 

Polymorphism in the estrogen receptor has been shown to be correlated to the 

intensity of pain, facial axis angle and mandibular body length in patients who 

suffer from TMJ osteoarthritis. However, despite these studies, until recently no 

direct evidence has been found that links female reproductive hormones to TMJ 

disease or that defines the mechanisms by which these hormones may cause 

TMJ disease. A recent study has shown that estrogens and relaxin could 

contribute to the degeneration of cartilage homeostasis by disrupting TMJ and 

inducing activation of metalloproteinases that degrade cartilage matrix 

macromolecules (collagen and proteoglycans).87 

In this study, all cases were found in 11–20 year old age group, and this finding 

is similar with that of various studies88,89 that stated TMJ ankylosis is commonly 

seen in children and young adults. 

In this study, bilateral TMJ ankylosis (80%) was more prevalent as compared to 

unilateral TMJ ankylosis (20%). According to the literature, unilateral cases 

tended to show better clinical outcomes than bilateral cases. TMJ ankylosis 

cases could present as a bilateral or unilateral lesion based on the number of 

joints affected. Most of the patients presented with bilateral TMJ ankylosis. The 

high prevalence of bilateral TMJ ankylosis might be due to the trauma (falling) 

mechanism that could result in mandibular symphysis fracture which, in turn, 

produces a higher chance of osteogenic potential bone fragments in the condylar 

process.90 

The amount of mandibular advancement required in this study was more than 

1.5 cm (mean 2.2 cm) and in such cases distraction osteogenesis would be 

considered as the better option rather than standard osteotomies. Advancement 



  Discussion 

 

 

60  

was carried out after a latency period of 5 days in adults and 0 day for children. 

The rate of distraction was 1 mm/day for adults and 2 mm/day for children until 

the mandibular incisors were in reverse overjet or edge to edge position.91 

The results of this study confirm the findings that there was a significant 

rectification of oro-pharyngeal airway width, mandibular length, ramal height, 

mouth opening, AHI index and ODI index in the patients with TMJ ankylosis 

after distraction of mandible with distractor device. Furthermore, there was 

significant improvement of quality of life among these patient’s pre- and post-

operatively. No evidence of reankylosis was observed in any patients during the 

study period. 

The patients were also compared , pre distraction and immediate post-

consolidation using lateral cephalograms to determine changes in their oro-

pharyngeal airway space and dimensions following mandibular distraction. The 

airway dimensions were first measured using McNamara analysis92(1984) 

utilizes measurements in relation to the upper pharynx and lower pharynx. The 

upper pharyngeal width is measured from a point on the posterior outline of the 

soft palate to the closet point on the posterior pharyngeal wall, while the lower 

pharyngeal width is measured from the intersection of the posterior border of 

the tongue and the inferior border of the mandible to its corresponding closet 

point on the posterior pharyngeal wall. The oro-pharyngeal airway space was 

then traced on the lateral cephalogram using the following radiographic points—

Sella (S), Nasion (N), Frankfurt Horizontal, and Pterygomandibular Vertical 

Plane93. A line connecting the posterior nasal spine and anterior tubercle of the 

atlas defined as the superior border of the posterior airway space , while the line 

drawn across the median glosso-epiglotic fold parallel to FH defined the inferior 

border of the PAS. The posterior border of the PAS was defined as the posterior 

pharyngeal wall and the anterior border was defined as the posterior tongue 

outline and the PTV. The anteroposterior PAS dimension was measured as a 

line connecting the most posterior point of the tongue and PhW drawn parallel 

to FH. The tracings were then super-imposed on a grid and the area involved 

was manually measured. The results of pre and post distraction comparison 
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revealed statistically significant improvement in pharyngeal airway post 

distraction, in this study. 

The mean upper pharyngeal airway space increased from predistraction 9.40 to 

post distraction 12.40 . There was a significant increase in the values of upper 

pharyngeal airway space. 

The mean lower pharyngeal airway space at the predistraction was 5.60 which 

increased to 9.60 post distraction. There was a significant increase in the values 

of lower pharyngeal airway space. 

COGS analysis was done to determine the height of the ramus by measuring the 

distance in millimeters between the articular angle and the gonial angle(Go) 

(total ramus height) and mandibular body length by measuring the linear 

distance between gonion(Go) and pogonion(Pg) in the pre and post operative 

lateral cephalogram x-ray which showed significant increase. 

The mean mandibular length at the predistraction was 51.20 and at the post 

distraction was 59.20 . There was a significant increase in the values of 

mandibular length from pre distraction level after the distraction. 

The mean ramal height at the predistraction was 37.80 and at the post distraction 

was 43.20 . There was a significant increase in the values of ramal height from 

pre distraction level after the distraction. 

The mean Mouth opening at the predistraction was 5.80 and at the post 

distraction was 37.80 . There was a significant increase in the values of mouth 

opening. 

Polysomnography refers to a systematic process used to collect physiologic 

parameters during sleep. A polysomnogram is a procedure that utilizes 

electroencephalogram, electro-oculogram, electromyogram, electrocardiogram, 

and pulse oximetry, as well as airflow and respiratory effort, to evaluate for 

underlying causes of sleep disturbances. PSG is considered to be the gold 

standard for diagnosing sleep-related breathing disorders, which 

include obstructive sleep apnoea, central sleep apnoea, and sleep-related 

hypoventilation/hypoxia.94 

https://www.sciencedirect.com/topics/medicine-and-dentistry/polysomnography
https://www.sciencedirect.com/topics/medicine-and-dentistry/pulse-oximetry
https://www.sciencedirect.com/topics/medicine-and-dentistry/obstructive-sleep-apnea
https://www.sciencedirect.com/topics/medicine-and-dentistry/central-sleep-apnea
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In our study polysomnography for all patients was done both preoperatively and 

postoperatively in which all the patients were having severe OSA. Improvement 

in mean apnoea-hypopnoea index was seen in all cases. The mean AHI at the 

predistraction was 40.80 and at the post distraction was 2.80 . There was 

significant decrease in the values of AHI from pre distraction level after the 

distraction. This shows that advancement of mandible increases space for 

tongue and prevents fall back during sleep, thus reducing the episodes of apnoea 

and hypopnoea. This is in correlation with a study.95  

The mean ODI at the predistraction was 38.26 and at the post distraction was 

2.50 . There was significant decrease in the values of ODI from pre distraction 

level after the distractionImprovement in desaturation in turn reduces the 

chances of transient hypoxaemia and thus reduces chances of complications 

associated with obstructive sleep apnoea 

We noted that improvement in facial profile, snoring and daytime sleepiness can 

be achieved by distraction osteogenesis in retrognathic patients and in patients 

like those in the present study, where the amount of advancement needed is more 

than 10 mm, distraction osteogenesis can be considered as it causes tension 

across the osteotomy and induces bone formation and histogenesis of blood 

vessels, muscles, nerves, cartilages, ligaments, skin and mucosa.96,97,98 Thus 

there is less chance of relapse as compared to orthognathic surgery. 
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Within the scope and limitations of this study, following conclusions can be 

drawn:  

I. Moderate to severe obstructive sleep apnoea secondary to 

temporomandibular joint ankylosis can be successfully treated by distraction 

osteogenesis of the mandible. 

II. Improvement in posterior airway space and facial profile can be achieved by 

doing distraction osteogenesis in retrognathic patient secondary to 

temporomandibular joint ankylosis associated with obstructive sleep 

apnoea. 

III. Upper and lower pharyngeal airways space improved significantly in the 

post distraction phase. 

IV. Mandibular length and ramal height increased significantly after distraction 

osteogenesis. 

V. There was significant improvement in the mouth opening post operatively. 

VI. Apnoe-Hypopnoea index and oxygen desaturation index improved 

significantly in post distraction phase. 
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