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A�RETROSPECTIVE�EVALUATION�OF�
OROFACIAL�AIRWAY�DIMENSIONS
AFTER�RAPID�MAXILLARY�EXPANSION

ABSTRACT

Objective: The purpose of the study was to 
assess the sagittal oro-pharyngeal airway 
dimensions after rapid maxillary expansion 
in Indian populations. 

Materials and methods: Pre and post 
treatment lateral cephalograms of 100 
patients treated with rapid maxillary 
expander were obtained.  Cephalometric 
values (pre and post expansion) of upper 
and lower air way spaces in sagittal 
dimension were recorded and compared.

Results: There was a significant increase in 
the sagittal dimension of the upper airway. 
However, no substantial difference was 
observed with respect to the sagittal 
dimension of lower airway.

Conclusion: Rapid maxillary expansion 
definitely improves the upper pharyngeal 
airway, but haslimited influence on the 
lower pharyngeal airway.
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INTRODUCTION

Constricted maxillary arch is commonly associated 

with narrowing of the pharyngeal airway along with 

cross bite (unilateral/bilateral), occlusal disharmony 
1, 2and aesthetic problems . A glance in to the literature 

reveals the role maxillary constriction in the 
 3–5aetiology of obstructive sleep apnoea (OSA) . 

OSA is characterized by the episodic cessation of 

breath during sleep. This results in oxygen 

desa tu ra t ion  and  f requen t  a rousa l  f rom 
6sleep .Several studies have reported that patients 

with OSA have abnormal cephalometric dentofacial 

morphologic patterns associated with reduced 

cranial base length and angle, increased ANB angle, 

hyperdivergent mandibular plane, elongated 

maxillary and mandibular teeth, narrowing of the 

upper airway, long and large soft palate, and large 
1, 2, 7– 10tongue . 

Haskell et al reported that OSA has a high 
11prevalence rate of 4% in men and 2% in women .  

The most serious consequences of OSA include 

cardiovascular diseases such as hypertension, 

tachycardia, atherosclerosis, increased risk for 

cerebrovascular accidents, coronary artery disease 
12and more . The pathogenesis of these effects is still 

being studied but it is generally accepted that the 

intermittent hypoxia and hypercapnia episodes 

triggers homeostatic compensations in the body, 
13leading to cardiovascular diseases over time .  It is 

believed that the sleep induced relaxation of the 

muscles attached to the soft tissues of the pharynx is 

aggravated by gravity and the retropositioning of the 

tongue mass during supine position, narrowing the 
14airway lumen .  

Preventing the collapse of the lumen of the pharynx 

during sleep is the main objective in treatment of 

OSA.  At present, several treatment options based 

on the severity of the apnoeic events are rendered, 

including continuous positive airway pressure 

(CPAP) therapy, surgical treatments and mandibular 

repositioning therapy. Oral appliances have been 

reported to improve breathing by decreasing nasal 

resistance and reducing the apnoea hypopnea index 

(AHI).  For breathing to take place, patency of the 

pharynx or upper airway is vital.  With the exception 

of the two ends of the airway, the nares and the small 

intrapulmonary airways, the pharynx is the only 

collapsible segment of the respiratory tract with the 
11potential to be altered by diverse treatment effects .

Rapid maxillary expansion is the treatment of 

choice for the correction of maxillary transverse 
15width deficiency since 1860 . A great deal of 

16, 17, research has been carried in this field since then 
18. Several studies reported that RME produces 

craniofacial structural changes along with 
17, 18, 19dentofacialchanges . Maxillary expansion 

increases the nasal volume and reduces the nasal 

airow resistance, hence, improves the nasal 
19–24respiration . Hence, our research project aims to 

describe the upper and lower pharyngeal airway 

changes after rapid maxillary expansion in Indian 

population.

Materials and methods:

In this study, lateral cephalograms of 100 patients 

who had maxillary constriction requiring maxillary 

expansion were included.

Inclusion criteria 

a) 12–16 years of age.

b) No history of previous orthodontic 

treatment.

c) No history of any surgical procedure 

directed at their nasal cavities or 

pharyngeal airway prior to or during 

treatment.

d) No craniofacial anomalies/ syndromes.

Lateral cephalograms were obtained prior to the 

treatment for evaluating the upper and lower 

pharyngeal airway. Expansion was done using 

hyrax-type maxillary expander banded on the 

maxillary first premolars and first molars. The 

patients were monitored weekly for appropriate 

activation of the appliance. Hyrax was turned1 or 2 

times per day (0.25–0.5 mm) until the desired 

expansion was achieved. Slight overexpansion was 

obtained anticipating mild relapse. The appliance 

was kept in situ for a time period of 6 months for 

consolidation followed which the appliance was 

removed and Hawley's appliance was delivered for 

retention. Post treatment cephalograms (obtained 

the day of removal of the appliance)was taken to 
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evaluate the upper and lower pharyngeal airway 

after expansion. The pre and post treatment values 

were compared to see the net change in the upper 

and lower pharyngeal airway following expansion.

The lateral cephalometric images for each subject 

were taken using the same imaging device. The 

dimensions of the upper and lower pharyngeal 

airways were measured directly from the 

cephalometric radiograph according to the 
25, 26McNamara Airway Analysis . Upper airway 

width was measured from point on posterior outline 

of soft palate to closest point on posterior 

pharyngeal wall, taken on anterior half of soft palate 

and lower airway width was measured from 

intersection of posterior border of tongue and 

inferior border of mandible to closest point on 

posterior pharyngeal wall (Figure 1). For inter 

examiner reliability, measurements for 15 randomly 

selected patients were repeated by an equally trained 

examiner, 15 days after the original measurements. 

For intra examiner reliability, the same examiner 

repeated the measurements for 15 randomly 

selected patients almost one month after the first 

measurements. The statistical analysis was done 

using SPSS software. An analysis was done using 

the Student's independent samples t-test for 

comparison of the variables (pre-treatment airway 

measurements and the post-treatment airway 

measurements). 

Results:

Pre Treatment 

Value

Post Treatment 

Value

Difference P value

Upper pharyngeal 

airway
15.4 ± 1.7 mm 17.1 ± 1.1 mm 1.6 ± 1.5 mm 0.06 **

Lower pharyngeal 

airway
11.4 ± 1.9 mm 12.1 ± 1.2 mm 0.3 ± 1.4 mm 0.21

Table: 1 Comparison of pre and post treatment values of oropharyngeal airway. 

** P < 0.05 denotes significant change.

Figure 1

A change in upper and lower pharyngeal airway was 

observed following RME expansion (Table:1). 

After treatment, the upper pharyngeal airway was 

signicantly (p Value 0.06)increased by 1.6 ± 1.5 

mm. However, there was no signicant difference (p 

Value 0.21) in the lower pharyngeal airway 

measurement (mean = 0.3 ± 1.4 mm).

Orofacial airway dimensions after rapid maxillary expansion
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Discussion:

Obstructive sleep apnoea is characterised by the 

collapse of the pharyngeal airway space resulting in 

air way obstruction, decreased oxygen saturation 

and disrupted sleep. Collapse may frequently occur 
27at retroglossal and retropalatal regions . Therefore 

any abnormality in tonsils, adenoids, soft palate, 

uvula, tongue and lateral pharyngeal walls can affect 

the airway space. Cephalometric studies have 

shown that abnormalities in the craniofacial region 

like narrowed posterior air space, elongation of the 

soft palate, mandibular deciency, and inferiorly 

placed hyoid bone relative to the mandibular plane 

predispose to OSA by its adverse e ects on the 
1, 2, 26, 28oropharyngeal airway . Furthermore, maxillary 

constriction might play a major role in the 

pathophysiology of OSA since it is associated with 

low tongue posture that could result in oropharynx. 

Although the pharynx is a 3 dimensional structure 

and patients are usually evaluated wake and upright 

position, lateral cephalometry is commonly used in 

clinical practice in our country because of its 

relative simplicity, accessibility, low cost and 

minimal radiation. So this technique reveals a 

variety of soft and hard tissue abnormalities that 

may indicate patients with narrow and collapsible 

upper airways. Cephalometry has provided 

substantial insight in to the pathophysiology of 

OSA, identifying craniofacial deformities. 

Moreover posterior airway space can be easily 

measured from the lateral cephalograms.

In the present study, it was observed that the rapid 

maxillary expansion showed a significant increase 

in the upper pharyngeal airway, while there was no 

significant di erence in the lower pharyngeal 

airway. An increase in nasal cavity volume and 

thereby signicant reduction in the nasal airway 

resistance is the advantages of rapid maxillary 
19, 31expansion . Therefore, maxillary expansion 

certainly have a positive role on decreasing nasal 

resistance and increasing the upper airway. This is in 

agreement with previous studies conducted so far on 

the effect of RME in the treatment of cases with 

inadequate nasal capacity and chronic respiratory 
19, 24problems . Though it is impossible to quantify the 

linear changes in the size of nasal cavities, RME has 
32, 33been proven to lessen the nasal air resistance . 

RME should be done in conjunction with transverse 

constriction of maxilla, not to be performed solely 
33for improving the airway . 

The average duration of treatment in the present 

study was 6 months. Age related growth of 

nasopharynx was an important factor taken in to 

consideration. Growth has been reported to 

influence the size and shape of the nasopharynx. It is 

believed that the total depth of the nasopharynx is 
37established in the rst or second year of life , while 

its length continues to increase until maturity. This 

increase in length was attributed to the descent of the 

hard palate and cervical vertebrae away from the 
38cranial base . Bergland found a 38% increase in 

nasopharyngeal height from six years of age to 
39maturity .

It was found in the present study that after RME 

treatment, the upper and lower airways were 

increased. However, the increase was only 

signicant in the upper airway. Literature is 

abundant with reports stating that the upper 

pharyngeal depth increases with age, whereas the 

lower pharyngeal depth was established early in life 
38. Johnston and Richardson studied the changes in 

the pharyngeal skeletal size, pharyngeal soft tissue 

thickness, pharyngeal airway depth, and soft palate 

dimensions in addition to standard craniofacial 

measurements. The results showed absolutely no 

change in the nasopharyngeal skeletal dimensions, 

whi le  the  an te ro-pos te r ior  dep th  of  the 

nasopharyngeal lumen increased as a result of a 

r educ t ion  in  th i ckness  o f  the  pos te r io r 

nasopharyngeal wall. Their ndings indicate that 

pharyngeal morphology is not immutably 

established during childhood and adolescence, but 
39changes throughout adult life . RME expansion 

would truly improve the pharyngeal airway 

dimensions in maxillary constriction cases which 

would have positive role on nasal airway resistance. 

Conclusion:

There is a significant association between 

craniofacial morphology and pharyngeal airway 

sagit tal  dimensions.  After  RME, sagit tal 

measurement of hypopharyngeal airway showed no 

significant change, but a statistically significant 

increase in nasopharyngeal level was clearly evident 

in the present study. The change in pharyngeal 

airway dimensions over time requires further 

research. Advanced three dimensional digital 

imaging techniques could provide researchers with 

a better understanding of the dynamic changes in the 

upper and lower airways throughout RME 

treatment.
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