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ABSTRACT :ABSTRACT :ABSTRACT :ABSTRACT :    

Objective:Objective:Objective:Objective: To evaluate whether the correction of the axial 

inclination of retroclined maxillary incisors in Class II division 2 

cases might affect the pharyngeal airway size and volume using 

Cone-Beam Computed Tomography (CBCT) and the Invivo Dental 

software (Anatomage). Materials and Methods:Materials and Methods:Materials and Methods:Materials and Methods:    Eighteen adult 

male Class II division 2 subjects were enrolled in this study (mean 

age 23.83 ± 3.67 years). Two CBCT scans were obtained for each 

subject; pretreatment and after completion of the maxillary arch 

leveling only. The pretreatment and post-leveling pharyngeal air 

way mean values (size and volume) were compared using the 

paired sample t-test. Results:Results:Results:Results: The results showed statistically 

significant increase (P≤0.05) in all oropharyngeal airway 

measurements following maxillary dental arch leveling. There has 

been 9.53% ±1.45% raise in the oropharygeal airway volume. In 

addition the analyses of the pretreatment and post-leveling 

mandibular measurements revealed high statistically significant 

changes (P≤ 0.001) as follows: SNB angle increased, and FH-Mn Pl 

and Y axis-FH angles decreased, following the leveling of upper 

anteriors. Conclusion:Conclusion:Conclusion:Conclusion: The correction of the maxillary incisors 

inclination in Class II division 2 subjects improved the pharyngeal 
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airway size and volume. This might be attributed to the anterior 

mandibular repositioning following the correction of upper incisors 

retroclination.  

These findings are of valuable clinical importance, especially 
in cases of Class II division 2 with breathing problems due to 
pharyngeal constrictions. 

INTRODUCTION 

Angle
1 
defined Class II division 2 malocclusion in 1907 as  

“the malocclusion characterized specifically by distal occlusion of the 

teeth in both lateral halves of the lower dentition, indicated by the mesio-

distal relations of the first permanent molars, but with retrusion instead of 

protrusion of the upper incisors.”
 
 

The morphological characterization of Angle Class II division 2 

cases with retroclination of the upper incisors and the deep bite lead to a 

common belief that the mandible is displaced posteriorly in this type of 

malocclusion.  

Several researchers 
2-4  

reported that the mandible in Class II division 2 

cases is in a distal relationship to the cranium and related the posterior 

position of the mandible to the muscular pressure against the maxillary 

central incisors and excessive closure of the bite. Godiawala and Joshi
 5
 

compared Class II division 2 and normal occlusion cases. They reported 

that the mandible in Class II division 2 was distinctly placed distally in 

males only. Moreover, Enany
6
 reported that the mandible was placed 

distally in Class II division 2 male subjects only when comparing Class I, 

II and III subjects. While Rostom, Zaher and El-Harouni
7 
presented a 

morphogenic description of the mandible in both Class II divisions. The 

authors reported that both Class II divisions showed a more retrusive 

mandibular position than normal.  

It is believed that relatively short and/or posteriorly placed 

(retrognathic) mandible might force the tongue and the soft palate back 

into the pharyngeal space, narrowing the pharyngeal airway passage 

causing a reduction in oropharyngeal airway volume and increasing the 
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likelihood of impaired respiratory function.
8-10

 Moreover, Class II 

patients showed smaller oropharyngeal airway volumes when compared 

with Class I and Class III patients.
9
 A retrognathic mandible which is 

often related to Class II malocclusions has often been reported in 

concurrence with obstructed sleep in children; and has been regarded as a 

predisposing factor for the development of obstructive sleep apnea.
11-13

 

This causal relation between the mandibular backward position, 

retrognathism and reduced pharyngeal airway dimensions, explained why 

therapy targeting advancement of the mandibular position in Class II 

cases by functional appliances
14,15

 and mandibular advancement surgery
16
 

has shown an increase in pharyngeal air way dimensions.  

A number of authors 
17-21

 deduce that the mandibular path of closure 

is influenced by the lingually inclined maxillary incisors and the deep 

bite; where the mandible is forced into a retruded position by the anterior 

teeth and the condyles are displaced posteriorly. It is a common belief 

that “unlocking” the mandible in Class II division 2 malocclusions allows 

correction of the distocclusion.
22,23  

Cleall and BeGole 
24
 assumed that the 

correction of the deep overbite and proclination of upper incisors altered 

the distal mandibular shift in Class II division 2 cases, adding credence to 

the concept of freeing the mandible. Moreover, Gong and coworkers 
25
 

and Fathallah et al 
26
 concluded that correction of the maxillary incisors 

retroclination in Class II
 
division 2 deep-bite cases lead to a statistically 

significant change of the condylar position moving anteriorly and 

inferiorly. This might presume a correlation between the incisors 

retroclination, mandibular backward position and consequently the 

pharyngeal airway dimensions in Class II
 
division 2 malocclusion. 

Conversely other authors 
27-31

 found no evidence to support that the 

mandible is “distally locked” and that the mandibular positions revealed 

no signs of anterior mandibular repositioning after proclination of the 

retroclined upper incisors during the treatment of Class II division 2.  

Two dimensional imaging techniques using lateral cephalograms are 

used to evaluate changes in airway dimensions14-16. They are valuable 

but the complex anatomy of the airway is not fully appreciated except 

with 3-dimensional images.
32
 In addition, lateral cephalometric films 
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have many limitations such as: image enlargement and distortion, 

structure overlap, limited identifiable landmarks and positioning 

problems that may adversely affect image quality.
33
 

Compared with traditional Computed Tomography (CT) techniques, 

CBCT is a better method for airway volume measurement because of its 

lower cost, easier access, availability to dentists, X-ray beam limitation, 

image accuracy, rapid scan time, display modes unique to maxillofacial 

imaging, reduced image artifacts and much lower overall effective 

absorbed dose of radiation than CT. 
34,35

 Besides, CBCT images can 

provide both two dimensional planner projections and three dimensional 

surface or volume rendered images.
34,35

 

According to our knowledge the effect of the correction of retroclined 

upper anterior teeth on pharyngeal airway in adult Class II division 2 cases 

has not been discussed up till now. Moreover, the controversial data 

regarding the unlocking and forward shift of the mandible in Class II 

division 2 cases, prompted us to investigate whether change in the 

pharyngeal airway would be expected following the correction of the 

retroclined maxillary incisors in adult Class II division 2 cases.  

MATERIALS & METHODS 

The sample size was estimated using a computer software 
36
, it was 

determined that 14 subjects would be needed to conduct this study with a 

power of 90% at alpha = 0.05.  

Eighteen adult male Class II division 2 subjects (mean age was  

23.83 ± 3.67 years) were enrolled in this study. All the included cases had 

Angle Class II molar and canine relationships with ANB angle >3°, deep 

bite (more than 50%), retroclined maxillary incisors and presence of 

contact between the palatal surface of the maxillary incisors and the labial 

surface of the opposing mandibular incisors. Subjects with obstructive 

sleep apnea, respiratory problems and those with repeated episodes of 

tonsillitis or adenitis were excluded from the study. All subjects were free 

from seasonal allergies, no systemic diseases that may affect the TMJ,  

no history of trauma or surgery to the TMJ, no history of previous 

orthodontic and/or orthopedic treatment, no upper respiratory operations 
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(adenoidectomy, tonsillectomy) before or during treatment; and no 

clinically detectable functional shifts. 

All recruited subjects were within the normal weight range [body 

mass index (BMI) 18.5-24.9 kg/m
2
 at pretreatment] with no recent history 

of excessive weight fluctuations and not undergoing weight altering diets 

at the time of treatment.  

The subjects were treated at the Department of Orthodontics, Faculty 

of Dentistry, Alexandria University. A written informed consent was 

obtained from each subject before enrollment in the study. Ethical 

committee of Faculty of Dentistry, Alexandria University, approved the 

ethical concerns of this study. 

All patients were treated with a non extraction protocol using 0.022 

X 0.028 inch preadjusted appliances. The maxillary arch leveling started 

by 0.014 inch nitinol continuous arch wires progressing up to 

0.019x0.025 inch stainless steel wires.   

Two CBCT scans were obtained for each subject, one before the 

start of the treatment (pretreatment) and the second immediately  

after completion of the leveling stage of the maxillary arch only  

(post-leveling). A built in Laser beam and the device cephalostat were 

used to orient and standardize the subject’s head for reproducibility of the 

two scans. Patients were instructed to occlude in maximum intercuspation 

throughout the scan.
37
 All scans were obtained using Galileos comfort, 

Sirona, Germany. The device performs volumetric study with a view field 

of 15x15x15 cm, delivering a dose of 75µSv, at 85 KV, 5-7 mA in 

around 14 seconds. The same machine settings were adjusted by the same 

operator before each scan to ensure the standardization. DICOM files 

were obtained on the workstation (Galaxis 1.9, Sirona dental technology, 

Germany) the data was acquired with 0.3 mm slice thickness, with  

a resolution of 1024x1024 image matrix and 0.3/0.15 mm isotopic voxel 

size. The patient’s DICOM file was loaded into the Invivo Dental 

software (Anatomage, San Jose, Calif.), volumetric imaging software for 

three-dimensional volumetric airway analysis. 
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The landmarks and measurements used are shown in Table 1 and 

Figures 1-3. The linear pharyngeal airway size measurements were 

modifications based on the methods described previously by Lowe et al
38
 

and Zhong et al.
39
 

To obtain the angular and linear measurements for this study;  

2-dimensional lateral cephalometric radiographs were obtained from  

the 3-dimensional CBCT data and the required measurements were 

obtained using the angular and linear measurement tools.  

To define the oropharynx volume area of interest, the DICOM 

images obtained from CBCT scans were analyzed using Invivo Dental 

software (Anatomage). The total oropharyngeal airway volume was 

demarcated as the airway volume between two planes as shown in Figure 

4. The superior plane was defined on the midsagittal image as the 

horizontal line through the posterior nasal spine extending to the posterior 

wall of the pharynx and the inferior plane was defined as the horizontal 

line through the superior point of the epiglottis extending to the posterior 

wall of the pharynx.
40
 Once segmentation was performed, the software 

automatically computed the volume of the oropharyngeal region (Figure 5). 

All the measurements of the study were performed by a blinded  

operator. 

STATISTICAL ANALYSIS 

Statistical calculations were carried out using Statistical Package for 

Social Sciences (SPSS/ version 17). The data were tested for normality 

by One-Sample Kolmogorov-Smirnov test; all the P values were greater 

than 0.05, thus the data was judged as normally distributed. Besides 

descriptive statistics (mean, standard deviation), in order to test the 

statistical significance of the difference between the means of the 

pretreatment and post-leveling measurements of the variables, a paired 

sample t-test was used. Moreover, the absolute and percentage changes of 

the airway and mandibular position were calculated. The statistical 

significance level was established at P ≤ 0.05. 
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To detect method error, randomly selected 10 CBCTs were 

measured a second time 15 days later by the same operator. The initial 

and the repeated measurements were compared using the paired t-test. 

The test did not show significant difference at the 0.05 level.  

RESULTS 

The sample consisted of 18 adult male Class II division 2 subjects 

with mean age 23.83 ± 3.67 years. The mean study duration (leveling 

procedure) was 5.26 ± 1.43 months. All included subjects were within the 

normal weight range; BMI 18.5-24.9 kg/m
2
 with no excessive weight 

changes during the study.  

The results (Table 2) displayed a statistically significant increase in 

all the airway measurements; PNS-R, SPP-SPPW, U-MPW, V-LPW, 

VAL and oropharygeal airway volume, following maxillary dental arch 

leveling; with a high elevation observed in the (SPP-SPPW) size and 

VAL (P ≤ 0.01), and the oropharygeal airway volume (P ≤ 0.001). There 

has been 9.53% ±1.45% raise in the oropharygeal airway volume 

following correction of the axial inclination of the upper anteriors.  

Also the analyses of pretreatment and post-leveling means of the 

mandibular measurements revealed high statistically significant changes 

(P ≤ 0.001) as follows: SNB angle and FH-Mn PL increased, while Y axis-

FH angles decreased following the leveling of upper anteriors. The 

mandibular measurement changes point to a forward and upward 

movement of the mandible after upper anteriors leveling. 

 

Table 1.  Landmarks and Measurements. 

Landmarks                                      

� Hor:   Most inferior point of spheno-occipital synchondrosis. 

� PNS: Posterior nasal spine. 

� R: Point of intersection of line from Hor to PNS and posterior   
pharyngeal wall. 

� SPPW: Point of intersection of line from soft palate center 
perpendicular to posterior pharyngeal wall. 
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� SPP: Point of intersection of line from soft palate center perpendicular 

to posterior pharyngeal wall and posterior margin of soft palate. 

� U: The tip of the uvula. 

� MPW: Foot point of perpendicular line from point U to posterior 

pharyngeal wall. 

� V: The most postero-inferior point on the base of the tongue. 

� LPW:  Foot point of perpendicular line from point V to posterior 

pharyngeal wall. 

� E: Epiglottis 

Measurments  

Upper airway size: 

1) PNS-R (mm):  Distance between PNS and R 

2) SPP-SPPW(mm): Distance between SPP and SPPW 

3) U-MPW(mm): Distance between U and MPW 

4) V-LPW(mm): Distance between V and LPW 

5) VAL(mm): Vertical airway length, distance between PNS and V 

Oropharygeal airway volume (cm
3
): airway volume between horizontal 

line through the PNS and the inferior plane was defined as the 

horizontal line through the superior point of the epiglottis. 

Mandibular  measurements: 

1) SNB angle  

2) FH-Mn Pl angle: FH (Frankfort plane) defined by line passing 

through Orbital (Or) and Porion (Por). Mn (Mandibular  plane) defined 

by line passing through Gonion (Go) and Gnathion (Gn). 

3) Y axis - FH angle: Mesial angle at the intersection of the Y-axis   

(S-Gn)  and FH plane. 
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Figure 1. The landmarks and analyses of pharyngeal airway and mandibular position. 

 

 

Figure 2. The pharyngeal airway linear analyses used in the study. 
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Figure 3. The mandibular angular measurements used in the study. 

 

Figure 4. Midsagittal plane of a CBCT showing the limits of the oropharyngeal airway. 

The superior border is the horizontal line through the posterior nasal spine 

extending to the posterior wall of the pharynx. The inferior border is the 

horizontal line through the superior point of epiglottis extending to the 

posterior wall of the pharynx.  
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Figure 5.  Midsagittal plane of a CBCT, showing segmentation of the area of interest for 

the oropharyngeal airway volume measurement, using the Invivo Dental 

software (Anatomage). 

Table 2. Pretreatment and post-leveling Means, Standard Deviations, P Values and 
Absolute and Percentage changes of the oropharyngeal airway and mandibular 
measurements. 

Measurements 
Pretreatment 

(n=18) 

Post-leveling 

(n=18) 

P Absolute 

change 

Percentage 

change 

Upper airway size      

1) PNS-R (mm) 14.43±3.88 15.97±3.06 0.02* 1.54±1.56 10.69±17.35 

2) SPP-SPPW (mm) 14.24±1.79 15.51±1.88 0.008** 1.27±1.09 8.91±7.83 

3) U-MPW (mm) 10.40±5.06 12.13±5.67 0.023* 1.73±1.85 16.59± 7.83 

4) V-LPW (mm) 10.95±5.11 12.83±6.84 0.029* 1.88±2.12 17.17±10.06 

5) VAL (mm) 48.14±8.05 50.44±7.23 0.009** 2.30±1.2 4.78±4.99 

Oropharygeal airway  

volume (cm3) 
7.24±1.43 7.93±1.51 0.000*** 0.69±0.12 9.53±1.45 

Mandibular measurements      

1)  SNB angle  75.10±1.29 76.60±1.26 0.000*** 1.5 ± 0.53 2±0.72 

2)  FH-Mn Pl angle  31.60±1.17 28.40±0.84 0.000*** -3.2±1.32 -10.03±3.89 

3)  Y axis- FH angle  68.40±2.37 62.20±1.81 0.000*** -6.2±2.04 -9.01±2.78 

* P≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001 
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DISCUSSION 

Our study addresses potential confounding factors. First of all, 

included subjects were all males to avoid any bias in results due to  

gender and they were all adults (mean age 23.83 ± 3.67 years) to 

eliminate the effect of growth on the air way measurements. All subjects 

were within the normal weight range (BMI 18.5-24.9 kg/m
2
) with no 

excessive weight changes during the study, to exclude the effect of 

weight fluctuations on our results. A number of researches concluded that 

weight loss and decreased BMI are followed by an increased air way 

volume, reduction in sleep-disordered breathing and improvement in 

pharyngeal function.
41,42

 In addition subjects with seasonal allergies, 

adenitis or tonsillitis were excluded as it is known that the pharyngeal 

airway is liable to changes of dimensions due to hypertrophy of lymphoid 

tissues. 

Moreover, ensuring the absence of functional shifts was to discard 

the idea that patients with functional shifts, might have shifted forward in 

the second CBCT -thereby opening the airway- as opposed to a true 

anterior movement resulting from the incisor proclination. 

Up to our knowledge no other researchers studied the relation 

between the correction of upper insicors inclination and the change in the 

pharyngeal airway in Class II division 2 cases using three dimensional 

images (CBCT).  

The selection of the CBCT technique was preferred to the 

conventional CT because of: its lower cost, easier access, availability to 

dentists, X-ray beam restriction, image accuracy, speedy scan time and 

lower effective dose.
34,35 

 Moreover, the incorporation of the cephalostat 

and the laser beam in the CBCT machine ensured the accurate head 

positioning for accurate reproducibility of standardized scans. 

The results of this study displayed a significant increase in all the 

airway measurements following the correction of the axial inclination of 

the retroclined upper anteriors, with a high statistical significant elevation 

especially observed in the (SPP-SPPW) size and VAL (P ≤ 0.01) and the 

oropharygeal airway volume (P ≤ 0.001). Our results might be attributed 

to the associated anterior functional displacement of the mandible after 
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freeing its lock. This might be explained by the noteworthy increase in 

the SNB angle and decrease in FH-Mn Pl and Y axis-FH angles, 

indicating forward and upwards displacement of the mandible.  

A number of authors
17-19,21-23

 agreed that deep-bite can cause 

posterior mandibular displacement, especially if combined with lingually 

inclined incisors, because the incisors can create interferences that cause 

a distal path of closure. Cleall and BeGole 
24
 presumed that the correction 

of the deep overbite and proclination of upper incisors in Class II division 2 

cases modified the path of closure of the mandible and aided in the 

correction of the Class II molar relation. Gong and colleagues 
25
 also 

found that with the increase of inclination of upper incisors and bite 

opening; the mandibular condyles moved anteriorly and inferiorly. 

Recently, Sallam et al 
20
 denoted posterior condylar displacement in  

Class II division 2 subjects with deep bite, minimal overjet and 

retroclined maxillary incisors. Lately, Fathallah et al
26
 reported that the 

correction of the maxillary incisors retroclination in Class II
 
division 2 

subjects showed statistically significant functional displacement of the 

condylar moving anteriorly and inferiorly. 

On the other hand, many studies disagreed with our results. Pullinger 

et al
28  

found no correlation between incisal overbite, overjet and condylar 

position. Other studies 
30,31

 found no significant evidence to support that 

the mandible is “distally locked” because of the maxillary central incisors 

angulations. Gianelly and coworkers 
29
 did not believe that the correction 

of the overbite will allow the mandible to shift forward. However, they 

used corrected tomograms and the study did not directly test the effect of 

unlocking the bite on the condylar position on the same subjects rather 

they compared Class II with and without deep bite. In a study by 

Demisch , Ingervall  and Thüer
27
 the spontaneous anterior mandibular 

repositioning after proclination of the maxillary incisors was not 

validated. This might be because the appliance used for proclination of 

the upper incisors incorporated anterior bite plates leading to downward 

and backward rotation of the mandible, which might have cancelled the 

effect of the anterior mandibular repositioning. 
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CONCLUSION 

Based on the results from this study, the following conclusions can 

be inferred. 

• The correction of the maxillary incisors inclination in Class II division 2 

subjects improved the pharyngeal airway size and volume.   

• This might be attributed to the anterior mandibular repositioning 

subsequent to the correction of the retroclined upper anteriors. 

Studying the changes in the pharyngeal airway size and volume after 

upper anteriors leveling has valuable clinical implications, especially in 

cases of Class II division 2 with breathing problems due to pharyngeal 

constrictions. Moreover, the association between deep-bite with 

contacting incisors in relation to mandibular retro-positioning is of 

clinical importance, because it may affect the treatment strategies; 

whether to extract or not in the upper arch. 
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