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ABSTRACT
Objectives: To assess clinically and cephalometrically the pharyngeal airway following distraction osteogenesis of the man-
dible in patients with Temporomandibular joint (TMJ) ankylosis and retrognathic mandible.

Material and Methods: A total of ten patients were included in this study. These patients were thoroughly evaluated pre-oper-
atively and post-operatively both clinically and radiologically using McNamara analysis allowing comparison of pre-op and 
post-op findings.

Results: Out of 10 patients seven were females while three were male (Mean age 13.40 ±5.358 SD). The mean pre-operative 
UPPER airway width was 6.20±3.155 SD as compared to the mean post-operative upper airway (7.30±2.907 SD) with a 
statistically significant p-value (0.003). Mean The mean operative LOWER airway width was 4.90±1.969 SD as compared 
to the mean post-operative lower airway (7.10±2.9282 SD) with a statistically non-significant p-value (0.013). There was a 
negative correlation between post-operative lower airway and age (r= -0.26, sig=0.48).

Conclusion: Distraction Osteogenesis of the mandible can be used successfully in TMJ ankylosis patients with retrognathic 
mandible for the improvement of pharyngeal airway dimensions and relief from symptoms of obstructive sleep apnea due 
to decreased pharyngeal space.
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INTRODUCTION
Malocclusions and craniofacial malformations 

result from structural changes during the growth and 
development of the facial skeletal complex. The genetic 
polymorphisms may disturb the normal sequence of de-
velopmental events of the craniofacial complex and can 
lead to dentofacial anomalies.1 The deformities in the cra-
niofacial region are fairly common due to certain acquired 
and congenital conditions. In the dentofacial region, the 
most common anomaly is due to the short mandible, lead-
ing to retruded lower face profile.2 The common causes 
of acquired mandibular retrognathia include Juvenile idio-
pathic arthritis (JIA), Temporomandibular joint (TMJ) anky-
loses, and infections.3-5 Congenital causes include Pierre 

robin sequence, Nager syndrome, and Treacher Collins 
syndrome. The most common acquired condition related 
to mandibular retrognathia is TMJ ankylosis.3 Temporo-
mandibular joint ankylosis leads to limited mouth opening 
and alters the pattern of growth of the mandible in pre-pu-
bertal patients. The decreased proportion of the mandible 
and its retro position leads to displacement of the tongue 
posteriorly and results in a decrease of the oropharyngeal 
airway orifice, causing airway obstruction and can lead to 
obstructive sleep apnea syndrome (OSAS).6 Patients af-
fected by TMJ ankylosis usually suffer from OSAS due to 
mandibular retrognathia.7 

Distraction is an advanced and relatively safe pro-
cedure for increasing the length and height of the man-
dible, particularly in children. Mandibular distraction os-
teogenesis is being used for upper airway obstruction in 
growing children due to mandibular retrognathia or hypo-
plasia. In this regard, a case series was issued in 1992, for 
the first time.8 Majority of the patients managed with this 
technique were having mandibular hypoplasia. Mandibu-
lar distraction may result in relieving sleep-related upper 
airway obstruction. These patients are at risk for constant 
obstructive sleep apnea (OSA) and are reported with com-



Effect Of Mandibular Distraction Osteogenesis On Airway In Patients With Temporomandibular Joint Ankylosis

https://doi.org/10.52764/jms.22.30.4.7 J Med Sci 2022 October;30(4)271-274271

plaints of snoring, gasping, respiratory pauses, and dis-
turbed sleep.9,10 Polysomnography is the well-established 
tool for the assessment and analysis of OSA.10 Several 
studies have confirmed the effectiveness of distraction 
osteogenesis in the management of sleep apnea in pa-
tients having TMJ ankylosis for initial management. This 
procedure will also help in the improvement of the aesthet-
ic concerns of the patient by lengthening the mandible. 
However, published studies are deficient in the long-term 
usefulness of distraction osteogenesis of the mandible for 
the management of sleep apnea in patients having TMJ 
ankylosis. 

This study aimed to analyze the pharyngeal air-
way clinically and radiographically through cephalometric 
analysis, following distraction osteogenesis of the man-
dible in patients having TMJ ankylosis and retrognathic 
mandible.

MATERIALS AND METHODS
A prospective evaluation of patients was per-

formed who presented to the Department of Oral and 
Maxillofacial Surgery at Khyber College of Dentistry with 
temporomandibular joint (TMJ) ankylosis, symptoms of 
obstructive sleep apnea (OSA) and managed with distrac-
tion osteogenesis of the mandible. A total of ten patients 
were included in the study. 

Data of patients included in the study was re-
corded on a specifically designed proforma after taking 
informed consent. It included the biodata of the patients, 
followed by detailed history, clinical examination, and 
radiographic examination including orthopantomogram 
and lateral cephalogram for airway assessment using Mc-
Namara analysis. 

On follow-up visits after lengthening of the man-
dible with distraction osteogenesis, history, clinical ex-
amination, and postoperative cephalogram analysis were 
carried out to compare preoperative airway status with 

post-operative status. 

Radiographic Airway Assessment McNamara 
Analysis was used to assess the airway status. The width 
of the upper airway was taken from the point on the poste-
rior soft palate outline to the nearest point on the posterior 
side of the pharyngeal wall, taken on the anterior half of 
the soft palate. The intersection of the posterior border of 
the tongue and the inferior border of the mandible to the 
nearest point on the posterior pharyngeal wall was taken 
as reference points to measure the width of the lower air-
way. The normal range of upper airway space is 15-20 mm 
and the range of lower airway space is 11-14 mm.

Information so collected was analyzed using SPSS 
version 22. Means were calculated for age and UPPER 
and LOWER airway widths. A T-test was applied to com-
pare the mean values while Pearson correlation analysis 
was carried out to determine the relationship between air-
way widths and the age of the patient.

RESULTS
A total of 10 patients were included in the study 

where seven were females while three were male (Mean 
age 13.40 ±5.358 SD). All patients reported an improve-
ment in their clinical symptoms 6 months postoperatively. 
Results of t-test analysis showed that the mean pre-opera-
tive UPPER airway width was 6.20±3.155 SD as compared 
to the mean post-operative upper airway (7.30±2.907 SD) 
with a statistically significant p-value (0.003) see Table 1. 
Similarly, the mean pre-operative Lower airway width was 
4.90±1.969 SD as compared to the mean post-operative 
lower airway (7.10±2.9282 SD, p-value=0.013) Table 2.

Pearson correlation test was applied to find out the 
statistics of the correlation between post-operative lower 
airway and age. The result of this test showed that there 
was a negative correlation between post-operative lower 
airway and age (r= -0.26, sig=0.48) Fig 1,2,3,4.

Table 1: Descriptive statistics of baseline characteristic

 Variable Minimum Maximum Mean Std. Deviation

Age 6.00 22.00 13.4000 5.35828

Pre-operative upper airway 2.00 11.00 6.2000 3.15524

Post-operative upper airway 3.00 12.00 7.3000 2.90784

Pre-operative lower airway 2.00 7.00 4.9000 1.96921

Post-operative lower airway 4.00 11.00 7.1000 2.28279

Table 2: Mean difference in airway width (Pre-operative and Post-operative)

Variable Mean 95% Confidence Interval 
of the Difference

 t P value

Lower Upper

Mean difference of upper airway (pre-operative post-operative) -1.10000 -1.72636 -.47364 -3.973 .003

Mean difference of lower airway (pre-operative post-operative) -2.20000 -3.81022 -.58978 -3.091 .013
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DISCUSSION
It is important to look for clinical signs and symp-

toms of obstructive sleep apnea (OSA) in patients with 
TMJ ankylosis and retrognathia.7 Orthognathic surgical 
procedures are used for treating dentofacial anomalies 
and adaptation of ideal skeletal relationship.11 the man-
dibular advancement through distraction osteogenesis 
surgery, alters the pharyngeal airway dimensions, and the 
breathing patterns. 11,12

The structure of the pharyngeal airway can be eval-
uated in a three-dimensional evaluation through cephalo-
metric analysis. The radiographic cephalometry provides 
direct visualization of airway structures and is easily exe-
cuted; having low cost and minimal radiation exposure.1 

the airway dimensions were evaluated by lateral. This ra-
diographic cephalometry is a valuable tool to analyze the 
important structures in relation to airway obstruction and 
is an equally valuable means for assessment of the air-
way after surgical intervention. The role of cephalometric 
analysis gains more importance in patients with ankylosis 
of the TM joint, because of the inability of direct visualiza-
tion of the airway due to limited mouth.13Thorough physi-
cal examination, nasopharyngoscopy, CT scan, MRI, and 
certain other advanced investigatory procedures are also 
mentioned in the literature which is used for upper airway 
evaluation and assessment of OSAS. 14 However, due to 
cost and availability; these methods were not used for pa-
tients in this study. Moreover, the cephalometric analysis 
is a safer and easily cost-effective investigatory tool for the 
assessment of the airway.

The patients with craniofacial anomalies and 
mandibular retrognathia were usually managed with a 
tracheostomy, endotracheal intubation, and extended 
nasal airways, before the introduction of mandibular dis-
traction.15 In 1992, McCarthy et al8 presented a series of 
patients who underwent distraction osteogenesis of the 
mandible, aided in the avoidance of tracheotomy in some 
children with the hypoplastic mandible. The hypoplasia of 

Fig 1: Correlation between age and Post-operative 
Lower airway (R2=-0.258)

Fig 4: Pre-op and Post-op airway widths

Fig 2: Mean difference between Pre-op upper airway 
and Post-op upper airway

Fig 3: Mean difference between Pre-op Lower airway 
and Post-op Lower airway
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the mandible is addressed by lengthening the mandible 
through distraction osteogenesis which provides support 
supraglottic and pharyngeal airway. Though the original 
study published by McCarthy et al.8 was aimed at the im-
provement in the aesthetic outcome in children with cra-
niofacial anomalies through the use of mandibular distrac-
tion. This was followed by several subsequent studies that 
demonstrated the improvement of the airway dimensions 
in children with mandibular hypoplasia through the use 
of mandibular distraction. In a study by Carls and Sailer16 
a series of seven children having severe mandibular hy-
poplasia and secondary breathing difficulty were treated 
with distraction osteogenesis. All of these patients were 
having improvement in their respiratory symptoms after 
the procedure.

In the present study, an improvement in the clin-
ical symptoms was reported post-operatively by all the 
patients included. This finding was reinforced by an in-
crease in the dimensions of the airway measured radio-
graphically. Results of the t-test analysis showed that the 
mean pre-operative upper airway width was 6.20±3.155 
SD as compared to the mean post-operative upper air-
way (7.30±2.907 SD) with a statistically significant p-val-
ue (0.003). Similarly, the mean pre-operative lower airway 
width was 4.90±1.969 SD as compared to the mean 
post-operative lower airway (7.10±2.9282 SD) with a sta-
tistically non-significant p-value (0.013).

Several studies have reported similar findings in-
cluding a local case report by Qiam et al, who document 
findings consistent with our study results. Zeitoun, in his 
study of nine patients having bilateral ankylosis of the TM 
joint, was treated in two stages. 17,18 In the first stage the 
body length or ramus height was increased and in the sec-
ond stage, the ankylotic mass was resected after achiev-
ing the consolidation neo bone formed as a result of dis-
traction. This was followed by post-operative radiographic 
and clinical assessment. He reported that six patients out 
of seven showed that there was a significant reduction 
of snoring and improvement in obstructive sleep apnea, 
which is in accordance with the results of our study. Sim-
ilar study results were reported by Prado et al and Lin et 
al1, 15.

Our results showed a negative correlation between 
post-operative lower airway and age (r= -0.26, sig=0.48). 
Martin et al.19 studied the association of age, gender, and 
posture with upper and lower airway size in Edinburgh UK, 
and demonstrated similar results. They showed that the 
Pearson correlation coefficient between age and upper 
airway was in the range of -0.25 to -0.34 in seated and 
supine positions respectively. 

The results of the study carried out by Eikermann20 
and his colleagues were also in agreement with our study. 
They showed that increased age was significantly correlat-
ed with the collapse of the pharyngeal wall (r = 0.69; p < 

0.01) and pharyngeal resistance while sleeping (r = 0.56; 
p < 0.01). This correlation was independent of gender 
and body mass index. These data from the literature may 
explain the underlying mechanisms of the tendency for 
pharyngeal collapse in advanced age. The only difference 
between the present investigations and the studies done 
by Martin et al. and Eikermann is that our study has been 
conducted on post-operative Distraction osteogenesis 
patients while the former has on non-operated individuals 
19,20.

The small sample size is one of the major limita-
tions of our study. Large-scale studies are needed with 
bigger sample sizes to address the issue with better clini-
cal reliability and significance. Moreover, mass awareness 
programs on print and electronic media should be initiat-
ed to address the gravity of this problem in the initial stag-
es of trauma-related ankylosis and subsequent changes 
in the airway. 

Otolaryngologists should work in close liaison with 
the maxillofacial surgical team so that procedures like low-
er airway dilatation can also be performed along with up-
per airway widening by distraction osteogenesis. 

CONCLUSION
Distraction osteogenesis for mandibular lengthen-

ing is an effective means of increasing the dimensions of 
the pharyngeal airway in patients with TMJ ankylosis who 
have signs and symptoms of airway obstruction. It leads 
to obvious clinical and radiological improvement in the na-
sopharyngeal airway improving the quality of life.
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