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Pharyngeal airway dimensional 
changes after premolar extraction in
skeletal class II and class III 
orthodontic patients
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Abstract:
OBJECTIVE: To assess and compare the changes in pharyngeal airway space dimensions following 
orthodontic treatment of skeletal class II and class III facial deformities with premolar extraction.
MATERIALS AND METHODS: Sixty pre and posttreatment lateral cephalometric radiographs 
of patients who underwent fixed orthodontic treatment with premolar extraction were collected. 
The sample was divided into two groups – 32 patients with skeletal class II and 28 patients with 
skeletal class III malocclusion. Both groups were subdivided into growing patients (<16 years old) 
and adults (>16 years old). Nasopharyngeal, palatopharyngeal, and glossopharyngeal airway 
space dimensions were measured in the pretreatment (T0) and posttreatment (T1) cephalometric 
radiographs using Dolphin Imaging 11.7 software. Two‑way, repeated‑measures analysis of variance 
was used to assess the in‑treatment changes.
RESULTS: Nasopharyngeal airway dimension showed similar significant increase in class II (P = 0.042) 
and class III (P = 0.049) patients from T0 to T1, whereas palatopharyngeal and glossopharyngeal 
dimensions were insignificantly decreased in both groups. However, both malocclusions followed 
the same pattern of changes in relation to airway dimensions. In addition, no significant statistical 
difference was found in the airway spaces between growing and adult patients.
CONCLUSIONS: Extraction of premolars did not affect the pharyngeal dimensions except those of 
the nasopharynx, which showed a significant increase after extraction in both groups.
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Introduction

Analysis of the pharyngeal airway space 
has been of interest for orthodontists, 

oral surgeons, and ENT specialists with 
respect to their treatment modalities. 
Orthodontic camouflage treatment in 
class I bimaxillary protrusion and class II 
and class III malocclusion, with two or four 
premolars extraction, may encroach on the 
tongue space due to a reduction in the arch 

length. Its effects on the dimensions of the 
pharyngeal airway are unknown.[1]

Likewise, the significant relationship 
between pharyngeal, dentofacial, and 
craniofacial structures explains the concern 
of many previous studies,[1,2] with regards 
to airway dimensional changes. The airway 
space has three levels in relation to their 
adjacent structures – the nasopharynx, 
palatepharynx, and glossopharynx.[3] 
Previously conducted studies revealed that 
the important determinants of airway 
morphology include the size of the tongue, 
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soft palate, and pharyngeal fat pads, as well as the 
positions of the lateral pharyngeal wall, maxilla, and 
mandible.[4]

Moreover, different facial deformities reflect discrepancies 
in the size, form, and position of the upper or lower jaw 
and the surrounding soft tissues on pharyngeal airway 
morphology.[3] Zhong[5] and Solow et al.[6] concluded 
that airway adequacy is related to the position and 
size of the mandible rather than maxillary variables. 
However, Wenzel et al.[7] found no association between 
airway size and morphology of the mandible, even 
though they reported change in maxillary protrusion 
and nasopharyngeal airway dimensions.

Over the years, multiple imaging modalities, including 
cephalograms, fluoroscopy, fiber‑optic pharyngoscopy, 
computed tomography, and magnetic resonance, have 
been introduced and used to evaluate airway space. 
Although advanced techniques are widely spreading, 
they are expensive and not readily available for dental 
use. Cephalometric analysis is a reliable and most 
common tool for the assessment of dental and skeletal 
anomalies,[8,9] and most of the studies reviewed used 
cephalometric analysis to assess airway dimensional 
changes.

Because the retraction of the incisors after premolar 
extraction alters not only soft tissues, including the 
tongue pharyngeal airway space, further investigation 
is necessary to evaluate the effect of such treatment and 
its consequent influences on airway space dimensions.[2]

The purpose of this retrospective study was to evaluate 
and assess the dimensional changes that may occur in the 
pharyngeal airway space due to premolars extraction as 
a part of orthodontic treatment in patients with skeletal 
class II and class III malocclusion.

Materials and Methods

The study was conducted in the Orthodontic Department 
of the College of Dentistry in King Saud University from 
September 2015 to April 2016. The College of Dentistry 
Research Center at King Saud University approved this 
study #IR 0142.

Participants
Pretreatment (T0) and posttreatment (T1) lateral 
cephalometric radiographs from 60 patients reporting to 
the orthodontic department were collected. All patients 
underwent orthodontic treatment with premolars 
extraction and fixed orthodontic appliances.

Participants were selected according to the following 
inclusion criteria:

1. Skeletal class II or class III malocclusion according 
to the angular measurement (Eastman standard 
means for ANB angle) and linear measurement 
(Wits appraisal analysis);

2. The mean age of both experimental groups was 
17 ± 5 years and 18 ± 4 years for class II and class III 
malocclusions, respectively;

3. Extraction of upper first premolars for skeletal class II 
patients and lower first premolars in skeletal class III 
patients to correct the dental problems indicated in 
the patients’ records;

4. All participants were medically fit, no hyperplasia 
of the adenoid and/or tonsils, and no pharyngeal 
pathology or any respiratory tract problems based 
on lateral cephalometric assessment and medical 
records;

5. Availability of pre and posttreatment lateral 
cephalograms with clear anatomical structures of 
interest.

The sample was divided into two main groups: Class II 
(males = 10, females = 22) and Class III (males = 12, 
females = 16), as shown in Table 1.

Group 1: Pretreatment (T0) and posttreatment (T1) 
lateral cephalometric radiographs from 32 patients 
with skeletal class II malocclusion, defined by an ANB 
angle >5° and Wits appraisal >2.9 mm and >1.7 mm for 
male and female patients, respectively, were analyzed. 
This group was further subdivided according to Cervical 
Vertebrae Maturation (CVM) assessment:
 1a: Growing patients <16 years old (19 patient)
 1b: Adults ≥16 years old (13 patient).

Group 2: Similarly, pre and posttreatment lateral 
cephalometric radiographs from 27 patients with skeletal 
class III malocclusion, defined by an ANB angle <1° and 
Wits appraisal <−0.9 mm and <−1.7 for male and female 
patients, respectively. This group was subdivided as 
follows:
 2a: Growing patients <16 years old (16 patient)
 2b: Adults ≥16 years old (12 patients).

Methods
All pre and posttreatment lateral cephalometric 
radiographs were exposed to the same equipment with a 
standardized technique (patients in natural head position 
and teeth in centric occlusion). All measurements 
concerning the classification of malocclusion were 

Table 1: Demographic data of class II and class III of 
experimental groups
Class Age Gender ANB Wits Appraisal

Male Female Male Female
Class II 17 ± 5 10 22 >5° >2.9 >1.7
Class III 18 ± 4 16 16 <1° <−0.9 <−1.7
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analyzed using two methods: manually using a pencil 
and acetate tracing sheet and digitally using Dolphin 
Imaging 11.7 software (Chatsworth, CA, USA), registered 
by the College of Dentistry, King Saud University.

The cephalograms were digitized using a scanner and a 
transparency adaptor (Epson Perfection 4990 photo) at 
300 dpi resolution and saved in an image format. Scanning 
was performed in the presence of the specific ruler of the 
Dolphin Imaging 11.7 software [Figure 1] to overcome 
the magnification of the radiographs. Figure 2 illustrates 
the landmarks and linear measurements used in our study 
based on the analysis by McNamara[10] and Lowe et al.[11]

Respiratory tract problems were identified by reviewing 
patients’ medical records and then double checked by 
digital analysis using the McNamara linear method,[12] 
which was based on the upper pharyngeal width, 
measured from the dorsum of the soft palate to the 
closest point on the posterior pharyngeal wall. Patients 
with airway obstruction/impairment were excluded if 
the upper pharyngeal width was ≤5 mm in width.

Statistical analysis
All data were entered in the Microsoft Excel 
(Microsoft 2011, Redmond, WA, USA) and analyzed 
using SPSS v. 22.0 (SPSS Inc., Chicago, IL, USA).

Measurement errors between the two investigators were 
first assessed. Ten lateral cephalometric radiographs 
from five individuals were randomly selected to test for 
inter‑examiner and intra‑examiner reliability, which was 
re‑analyzed after a 1‑month interval. The mean differences 
were less than 1.0 mm and 1.0° for linear and angular 
measurements, respectively, and the reliability between 
both examiners was very high (0.95). Cephalometric 
analysis of the pharyngeal airway space, including the 
nasopharynx, palatopharynx, and glossopharynx, were 

obtained from pre and posttreatment radiographs, as 
shown in Figure 2. Subsequently, statistical analysis 
using two‑way, repeated‑measures analysis of variance 
(ANOVA) was conducted. A significance level of 5% was 
used; P < 0.05 was considered to represent a statistically 
significant relationship.

Results

Statistical analysis revealed that skeletal class II patients 
showed a significant dimensional increase (P < 0.05) in 
nasopharyngeal cephalometric measurements between 
pretreatment and posttreatment (T0–T1), whereas no 
significant difference was found in the palatopharynx 
and glossopharynx in the same group, as shown in 
Table 2 and Figure 3.

On the other hand, a statistically significant increase 
(P < 0.05) was observed in the nasopharyngeal airway 
dimension in the skeletal class III group. However, at 
the palatopharyngeal level, there was a weak significant 
decrease (0.05 < P < 0.10) between pretreatment and 
posttreatment readings. In contrast, the glossopharyngeal 
dimension showed an insignificant statistical difference, 
as illustrated in Table 3 and Figure 4.

Figure 2: Cephalometric landmarks and analysis of the pharyngeal airway. 
(1) Nasopharynx (upper airway): distance between the posterior pharyngeal 

wall (PPW) and the dorsum of the soft palate (DSP). (2) Palatopharynx 
(middle airway): distance between the posterior pharyngeal wall (PPW) and the tip 
of the uvula (U). (3) Glossopharynx (lower airway): distance between the posterior 
pharyngeal wall (PPW) and the intersection between the posterior tongue contour 

and the angle of the mandible (T‑M)
Figure 1: Digitized cephalometric scan with the specific ruler from Dolphin 

Imaging 11.7 software

Table 2: Pharyngeal airway measurements (mm) 
changes in skeletal class II
Measurement Pretreatment 

mean T0 ± SD mm
Posttreatment 

mean T1 ± SD mm
P

Nasopharyngeal 5.127 ± 1.5 5.587 ± 1.2 0.042*
Palatopharyngeal 4.200 ± 1.2 4.300 ± 1.1 0.640
Glossopharyngeal 5.060 ± 1.6 4.853 ± 1.3 0.538
* P<0.05 (significant); P>0.10 (insignificant)
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Table 3: Pharyngeal airway measurements (mm) 
changes in skeletal class III
Measurement Pretreatment 

mean T0 ± SD mm
Posttreatment 

mean T1 ± SD mm
P

Nasopharyngeal 5.070 ± 1.2 5.533 ± 1.4 0.049*
Palatopharyngeal 4.815 ± 1.5 4.459 ± 1.2 0.062
Glossopharyngeal 6.394 ± 1.7 6.057 ± 1.4 0.147
*P<0.05 (significant); P>0.10 (insignificant)

Figure 4: Pharyngeal space measurement before and after treatment in 
class III (mm)

Figure 3: Pharyngeal space measurement before and after treatment in 
class II (mm)

As shown in the analysis, skeletal class II and class III 
patients exhibited the same pattern of changes in 
nasopharyngeal and glossopharyngeal measurements. 
Dissimilarities were observed between the two groups 
in the palatopharyngeal dimension. It was insignificantly 
increased in class II patients and decreased with weak 
significance in class III patients [Table 4].

Because growth differences play an important rule, 
further investigation was carried out to exclude growth 
as a factor by dividing the sample into growing and 
adult groups. Surprisingly, a statistically significant 
difference was not observed between both groups in 
relation to growth. In addition, differences in all airway 
space measurements were found to be statistically 
insignificant [Tables 5 and 6]. Consequently, both groups 
were pooled together and classified into class II and 
class III patients.

Discussion

The goals of orthodontic treatment are to correct 
malocclusions and improve the dentofacial relationship, 
which may require the removal of premolars.[13] Several 
authors such as Solow et al.[6] have reported an intimate 
relationship between airway adequacy and different 
craniofacial morphologies.[6] Others consider incisor 
retraction to be an important factor that may lead to 
the narrowing of the airway.[4] The main aim of this 
retrospective analytical study was to assess and compare 

the pattern of the changes in the upper, middle, and 
lower pharyngeal airway dimensions before and after 
orthodontic treatment with the extraction of premolars 
in skeletal class II and class III malocclusions. These 
measurements were obtained from cephalometric 
radiographs while patients were seated in natural head 
position.

Moreover, previous studies emphasized that the 
pharyngeal airway dimensions are influenced by 
growth.[2,14] Studies reported that individuals aged 
6–9 and 12–15 years showed higher rate of changes 
in soft tissue measurements of the pharynx.[9] An 
increase in adenoid thickness leads to a decrease in 
the nasopharyngeal airway space, becoming narrow at 
age 5; then, the adenoid tissue enlarges again at 11 years 
of age. Consequently, the sample group of the current 
study was divided into growing and adult subgroups. 
Unpredictably, data analysis revealed no statistically 
significant difference between the two subgroups with 
regards to the pharyngeal airway dimensions. This 
result, together with the literature findings, indicates that 
growth may have little, if any, effect on the dimensional 
changes of the pharyngeal airway.[15] As a result, the 
subgroups were pooled together to form groups of 
class II and class III patients, and the pharyngeal 
dimensions were measured on lateral cephalometric 
radiographs using the Dolphin imaging system.

The present study showed an increase in the 
nasopharyngeal airway space after orthodontic 
treatment in all skeletal class II and class III patients 
with premolar extraction. This increase in posttreatment 
measurements suggests that the extraction may have 
a positive effect on the airway space, which is of great 
importance in patients with respiratory problems. 
This finding was in agreement with Stefanovic et al.,[16] 
who found that, although the dental arch perimeter 
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Table 4: Comparison between class II and III pharyngeal airway dimensional changes
Measurement Difference In pre‑post mean 

T0 ‑ T1 ± SD mm Cl II
P Difference In pre‑post mean 

T0 ‑ T1 ± SD mm Cl III
P

Nasopharyngeal −0.460±1.1 0.042* −0.463±1.1 0.049*
Palatopharyngeal −0.100±1.1 0.640 0.356±0.9 0.62
Glossopharyngeal 0.207±1.8 0.538 0.337±1.1 0.147
*P<0.05 (significant); P>0.10 (insignificant)

Table 6: Comparison between pretreatment and posttreatment measurements in growing and adult patients in 
class III (mm)
Measurement Growing Nongrowing

Pretreatment mean 
T0 ± SD mm

Posttreatment mean 
T1 ± SD mm

P Pretreatment mean 
T0 ± SD mm

Posttreatment mean 
T1 ± SD mm

P

Nasopharyngeal 4.9±1.2 5.6±1.7 0.052** 5.3±1.1 5.5±0.9 0.367
Palatopharyngeal 4.8±1.5 4.5±1.4 0.393 4.6±1.4 4.5±1.1 0.726
Glossopharyngeal 6.0±1.9 5.8±1.7 0.696 6.4±1.6 6.2±1.1 0.617
*P<0.05 (significant); P>0.10 (insignificant)

Table 5: Comparison between pretreatment and posttreatment measurements in growing and adult patients in 
class II (mm)
Measurement Growing Nongrowing

Pretreatment mean 
T0 ± SD mm

Posttreatment mean 
T1 ± SD mm

P Pretreatment mean 
T0 ± SD mm

Posttreatment mean 
T1 ± SD mm

P

Nasopharyngeal 4.7±1.6 5.4±1.2 0.156 5.4±1.2 5.9±1.2 0.205
Palatopharyngeal 4.1±1.1 4.0±1.1 00.538 4.2±1.2 4.5±1.1 0.457
Glossopharyngeal 5.2±1.5 4.5±1.1 0.146 4.8±1.6 5.0±1.4 0.682
*P<0.05 (significant); P>0.10 (insignificant)

decreased significantly as a result of premolars 
extraction, this reduction did not negatively influence 
the dimensions of the pharyngeal airway. Chen et al.[4] 
found that incisor retraction may cause narrowing of 
the upper airway dimension, however, his sample 
included adult patients having bimaxillary protrusion. 
However, the palatopharyngeal and glossopharyngeal 
dimensions in our study revealed a generalized decrease 
in all patients from both groups. This reduction could 
be explained because of tongue retraction caused by 
the narrowing of the tongue space after orthodontic 
treatment with extraction. This finding was in agreement 
with Germec‑Cakan et al.,[15] who reported a decrease 
in the middle and inferior airway spaces. However, 
Valiathan et al.[14] concluded that, after orthodontic 
treatment with premolar extraction, there were no 
statistically significant changes in pharyngeal airway 
volume.

Consequently, airway analysis should be taken into 
consideration when planning orthodontic therapy. The 
upper airway is important in respiration, swallowing, 
and phonation, and this study identified the reduction 
of the palatopharyngeal and glossopharyngeal airway 
spaces after orthodontic treatment. Further investigations 
should employ three‑dimensional imaging modalities 
and a larger sample size, which will increase the power 
of the statistical analysis.

Conclusions

A significant increase in the nasopharynx was observed 
in class II and III patients after orthodontic treatment 
with premolar extraction. The changes in the airway 
dimensions of the palatopharynx and glossopharynx 
were insignificant in both classes after the extractions. 
Growth had no significant effect on the dimensional 
changes of the pharyngeal airway in our study sample.
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