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ABSTRACT 

Objectives: To evaluate the effects of fixed orthodontic treatment with first-premolar extraction 

on upper airway dimensions in African American adults compared to those treated without 

premolar extraction. Materials and Methods: This retrospective study was based on 50 adults 

with bimaxillary dentoalveolar protrusion who received full fixed orthodontic treatment with or 

without (n=25 per group) extraction of four first premolars. Lateral cephalometric records were 

obtained from the department of Orthodontics, University at Buffalo School of Dental Medicine 

and the Division of Orthodontics and Dentofacial Orthopedics, University of Rochester Eastman 

Institute for Oral Health. The inclusion criteria were healthy females and males, ages 18 and 

above, presenting with bimaxillary dentoalveolar protrusion. Cephalometric tracings and 

analyses were conducted by one investigator using Dolphin imaging software at two time points, 

Tl= Pre-treatment, and T2= Post-comprehensive orthodontic treatment. Changes in dentoskeletal 

variables and upper airway dimensions were compared between the extraction and non

extraction groups using independent sample t-test. Results: The mean age of the sample was 

28.9 (SD 7.7) years. Changes from T1 to T2 were found to be significant in both groups forUl

SN, IMP A, Upper lip to E-Plane, and Lower lip to E-Plane. The changes in the upper airway 

dimensions within the extraction and non-extraction groups, respectively were as follows: 

Superior posterior airway space (SPAS), 0.21mm (SD 3.21) vs 0.69mm (SD 2.51) (p - value< 

0.05 ); Middle airway space, -0.lOmm (SD 3.31) vs 0.54mm (SD 2.79); Inferior airway space, 

0.46mm (SD 4.2) vs 0.19mm (SD 3.32). Between group comparisons showed that there was non

significant difference in all skeletal measurement when the means between the non-extraction 
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and extraction groups were compared. Dentoalveolar measurements showed that lower and upper 

incisors were more retroclined in the extraction group. IMP A, and Ul-SN measurements were 

reduced more in the extraction group by a mean of 4.8 degrees (P < 0.001) and 5.9 degrees (P = 

0.021), respectively. Treatment changes for all airway dimensions were not significantly 

different between the extraction and non-extraction groups. Conclusion: This study found no 

statically significant difference in upper airway dimensions between the extraction and the non

extraction groups. Additionally, there was no statistically significant difference in upper airway 

measurements before and after premolar extraction. Premolar extraction does not influence the 

upper airway in adult African American populations. 

Key words: Bimaxillary proclination; Airway dimension; Bimaxillary protrusion; 

Cephalometrics; premolar extraction; African America 
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Chapter I 

LITERATURE REVIEW 
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1.1 Bimaxillary Protrusion 

Bimaxillary proclination can be described as flaring of mandibular and maxillary teeth, 

especially the incisors, which will result in protrusion of the lips and convexity of a patient's 

face (!).Keating suggested that upper incisor inclination of 115° and lower incisor inclination of 

99° or more, together with an interincisal angle of 125° or less, are features that diagnose 

bimaxillary proclination ( 1). 

Bimaxillary proclination can also include a vertical facial pattern, a decreased nasolabial 

angle, and a thin and elongated upper and lower anterior alveoli (2). Bimaxillary dentoalveolar 

proclination is more common in African American and Asian American populations (3), but it 

can be seen in almost every ethnic group (2). The etiology for this phenomenon seems to be 

multifactorial and complex. Genetic factors as well as environmental factors, such as mouth 

breathing, tongue and lip habits, and diet have all been linked to bimaxillary protrusion (3). In 

addition, Patients presenting with this condition are likely to have larger teeth then the normal 

population, which is often compensated by the inclination of the anterior teeth (3). 

Previous studies investigating patients with bimaxillary protrusion found that patients 

always show a mild Class II skeletal pattern with a retrusive chin contour, diverging facial 

planes, and vertical growth pattern. These morphologic features result in an unpleasing retrusive 

chin contour that will lead to an unattractive profile (4). Keating studied the cephalometric 

characteristics in Caucasians and found that patients with bimaxillary protrusion have a shorter 

posterior cranial base, a longer and more prognathic maxilla, and a mild Class II skeletal pattern. 
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In addition, those patients displayed a smaller upper and posterior face height, diverging facial 

planes, and a procumbent soft tissue profile with a low lip line (1). In another study where 32 

Asian adults' profiles were studied after extraction of four first-premolars to solve the 

bimaxillary protrusion condition, Lew reported significant improvement in upper and lower 

incisor protrusion, nasolabial angle, upper and lower lip length, and upper and lower lip 

protrusion (5). 

Flynn et al. ( 6) developed specific cephalometric values for diagnosis and treatment 

planning for orthognathic surgery in African American adults. After comparing the mean value 

between African American and Caucasians, they found that African Americans have "greater 

maxillary skeletal prognathism, greater skeletal lower anterior face height, greater upper 

posterior face height, greater proclination of the lower incisor, greater posterior cranial base 

length, greater mandibular body length, and greater skeletal facial convexity". They also found in 

their analysis of the data that the upper and lower anterior dental heights, upper and lower lip 

lengths, and soft tissue thickness of the lips and chin are greater in African American than in 

Caucasian (6). And finally, a reduction in nasal depth and projection, bony chin depth, and a 

smaller nasolabial angle were found in African Americans (6). Additionally, in his research 

comparing White and Black Americans' intra and extra-oral characteristics, Drummond found 

that Black Americans typically present with a stronger and larger tongue. These findings, in 

concurrence with loose flaccid lips, resulted in procumbent and proclined anterior teeth in a 

larger portion of the Black American population (7). 
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1.2. Bimaxillary Protrusion treatment with Extractions 

It is increasingly difficult for clinicians to honor referring dentist requests of non

extraction treatment, while also addressing the common patient complaint ofbimaxillary 

protrusion (8). Four premolar extraction is most often the course of treatment chosen by 

clinicians to treat patients with bimaxillary protrusion. The extraction treatment not only 

provides space for incisor retraction, but also result in soft tissue profile improvement, an 

approach that is not recommended in patients with a straight or retrusive profile (8). It is also a 

solution for the common complaint amongst the patients to help reduce their soft tissue 

protrusion (8) which has a negative perception in many cultures (2). 

Bills et al studied the cephalometric values for patients from different ethnicity with 

bimaxillary protrusion before and after orthodontic treatment with four premolar extraction. 

When compared with the norm, those patients had a reduced interincisal angle (Ul-Ll) by 17.8 

degrees and much more obtuse measures of incisor inclination, 10.2 degrees for the upper incisor 

(Ul-SN), and 10. 7 degrees for the lower incisor (Ll-MP) (2). 

Al-Abdwani et al. studied the changes in points A and B following the closing of 

extraction spaces by retracting incisors. They found significant backward location of B point in 

the horizontal dimension before and after treatment (9). Similarly, Hosseinzadeh-Nik et al 

showed in patients treated with four premolar extraction versus non-extraction, that in the 

extraction group, landmark points B and Pogonion moved posteriorly after orthodontic treatment 

and this had a direct influence on the changes of soft tissue points B' and soft tissue Pog' which 

also moved posteriorly (9). They also found in both treatment modalities, that there is no 

reduction in vertical facial dimension (9). 
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It is important to consider the soft tissue response when extraction treatment is rendered. 

Different reports in the literature suggest variability in the soft tissue response to the extraction 

treatment which provide different ratios of incisor retraction to lip retraction. That is why a 

number of different factors should be examined in patients with bimaxillary protrusion such as 

interlabial gap, lip redundancy, and quality of the lip musculature (2). Bowman and Johnston 

indicated that extraction treatment gives approximately a 50-60% chance of improving the 

patient's profile. Patient pretreatment lip protrusion should be taken into consideration when 

premolar extraction is a treatment option to ensure aesthetic improvement. Clinicians are to be 

mindful of the small failure rate, with about 4% ofpatient treatments resulting in excessively 

flattened extraction profiles (10). Other studies noted that soft tissue changes due to orthodontic 

treatment are unpredictable (7). Despite this, the trend amongst most clinicians is to perform an 

extraction of the four first-premolars with maximum anchorage, as this is a widely accepted 

approach to reduce facial convexity (7). 

There are many factors that should be considered by the clinician prior to extraction of 

the four premolars. These include overjet, overbite, crowding and other soft tissue considerations 

beyond just the smile aesthetics (11). Additionally, Brodie et al. argued that clinicians must 

respect the existing dental arch parameters. And since the functional limits of arch size are 

thought by some to be genetically predetermined, correcting the malocclusion by extraction is 

necessary so that treatment results are confined to the limits of the dentition and will help in 

achieving proper esthetics, preserve the health of the oral tissues, and maintain occlusion 
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stability (12). Also, some authors believe that having wide buccal corridors lead to a less 

attractive smile, and it is in their belief that this is one of the negative outcomes of extraction 

(11). 

The amount of maxillary gingiva displayed is an important aspect of smile aesthetics. 

Studies have not provided evidence to prove that extraction treatment has a positive effect in this 

regard. Studies demonstrate that four premolar extractions have no deleterious effects on how 

much of the maxillary gingiva is displayed during smiling (11). One can expect significant 

changes in skeletal, dental and soft tissue after orthodontic treatment (13).The main reduction in 

arch length comes from retracting anterior teeth, which also changes the anterior boundary of the 

oral cavity (14). 

1.3 Airway 

The marriage between orthodontics and the upper airway anatomy is best explained by the 

relationship between facial and airway types, airway shape and volume through stages of somatic 

growth and the clinician's potential to modify the airways passages (15). Oropharyngeal and 

nasopharyngeal structures have a significant effect on the growth and development of 

craniofacial and dental complexes, which is why this has been an area of interest for many 

clinicians (16). 

The upper airway includes different structures like bone, cartilage and soft tissue that can 

adapt to functions related to respiration, phonation and deglutition (17). The anatomical basis of 

speech and hearing as part of the nasopharyngeal region is impacted by varied interactions 

between bony compartments and by muscular and soft tissue functions (18). 
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Obstructive Sleep Apnea patients have shown skeletal and soft tissue patterns that can 

lead to reduction in airway space. The face and anterior cranial base tend to be retruded, the 

cranial base angle reduced, the mandible short or retrognathic ( or both), and the lower face 

height and maxillomandibular plane angles increased. Also, the location of the hyoid bone in 

relation to the mandibular plane is inferior, both soft palate and tongue are enlarged, and the 

posterior airway space (PAS) is less than normal (19). 

An open oral airway must be maintained in order to be able to breathe through the mouth, 

and to make this happen both the mandible and the tongue are displaced downward and 

backward and the head is tipped back (19). Solow and Kreiborg described in their 'soft tissue 

stretching hypothesis' the effect of the mode of breathing and head posture on the facial growth 

pattern. They claimed that mouth breathing can cause the lips, cheeks and musculature to stretch 

which result in upright incisors and narrow arches and cause a change in jaw posture, which you 

can observe in subjects with long faces and open bite growth patterns (17). 

Airway dimensions are influenced by jaw position and age. Between ages 7-18 years of 

age, both male and female subjects show an increase in airway volume; however, airway volume 

in males increases at a faster rate than airway volume in females (20). In female subjects, the 

length of the airway increases between the ages of 7 and 15 years of age without further 

lengthening after the age of 15. In contrast, the length of the airway in male subjects increases 

through the age of 18. The upper-airway width increases between the ages of 6 and 18 in both 

male and female subjects (20). 

In direct correspondence with somatic growth and maturity, the upper-airway growth in 

healthy children occurs predominantly during primary (ages 0-5 years old) and permanent (ages 
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12-16 years old) stages of the dentition (20). Male subjects are shown to have longer upper 

airways than their female counterparts, and in general males also have greater cross-sectional 

upper-airway regions (20). As a direct effect, the evaluation of pharyngeal airway dimensions 

has to be considered within the context of physical growth and maturity. Studies have shown that 

between the ages of 6-9 years and between 12-15 years, the greatest rate of changes in the soft

tissue measurements of the posterior pharyngeal wall will be seen (3). 

Despite the lack of data on African American populations, a study has shown that 

heritability patterns in both African American and Caucasians were similar, but African 

Americans tended to have narrower airways (21). 

The relation between craniofacial growth pattern and airway dimensions has been the 

subjects of many studies. Different skeletal features such as retrusion of both jaws and vertical 

maxillary excess in hyperdivergent patients can be a reason to having a narrower anteroposterior 

airway dimension. Others noted that patients with Class II skeletal discrepancies had 

significantly smaller pharyngeal airways than those that had Class I and III (22). Pliska et al. on 

the other hand found no significant differences in airway volumes between Class II and Class I 

patients when assessed at pre-treatment or post-treatment (23). Claudino and his co-workers 

claimed that patients who have greater ANB angles, will have a smaller airway volume (17). 

Facial morphology can have different variations between patients, and the reason for that is in 

the location and degree of constriction of the airway (24). Alves Jr et al. found in their study that 

patients who had deficient mandibular growth had less airway volume, airway area, minimum 

axial area and the posterior airway space (PAS) than the patients when compared with patients 

who had normal growth anteroposterior relationship between maxilla and mandible (25). 
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It is reported that patients with high mandibular plane angles have a reduced airway 

volume compared with normal and low angle patients, and that there are significant differences 

in the pharyngeal airway volume depending on the individual's vertical skeletal patterns (23). 

Based on Pliska et al's findings, no significant difference was found between the initial volumes 

of patients within the 3 mandibular plane angle groups of high, normal and low angles (23). 

Patients with a vertical pattern within the normal range of values and who present with 

mandibular prognathism have the largest upper airway space followed by the normal mandible 

and mandibular retrognathism (13). In another study, Wang showed when comparing high angle 

and low angle patients that there was no difference found in their pharyngeal airway size (14). 

On the contrary, according to Haskell et al it is important to take the vertical dimension 

into account when treating patients for airway patency. "Brachyfacial patients with a flat 

mandibular plane angle that are retrognathic or bimaxillary skeletally retrusive and with a low 

hyoid may be at greater risk for sleep apnea or other obstructive sleep disorders later in life if an 

associated airway morphology is determined to be more "rounded" in configuration." (26). Any 

treatment option that might reduce vertical and A-P skeletal dimensions should be avoided in 

patients who have both brachyfacial and retrognathic mandible (26). 

The main determinant to the size of pharyngeal space is the relative growth and 

characteristics of the soft tissues surrounding the dental and facial skeleton ( 18). The anatomical 

structure of the upper airways consists of the nasopharynx, oropharynx and the laryngopharynx. 

Of these passages, the oropharynx is potentially the most susceptible to the adverse effects of 

orthodontic treatment primarily because it is the narrowest of the three (13). The boundary of the 

oropharynx consists of four components which are, the root of the tongue, soft palate, and 

posterior and lateral pharyngeal wall (13). There is also a direct relationship between changes in 
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dentofacial structures with changes in nasopharyngeal structures, comprised of the positioning of 

the hyoid bone (27). 

Cakan reported in his study, "Tongue pressure is considered to be particularly important 

in the diagnosis of malocclusion and the prognosis of orthodontic treatment" (27). The tongue is 

attached to the hyoid bone through many muscular and connective tissue attachments, and when 

it is moved posteriorly, it narrows the airway (27). The position of the tongue can effect 

mandibular growth. Anterior forces from the tongue in some patients causes mandibular 

prognathism while posterior tongue forces may lead to mandibular retrognathism (28). Looking 

into tongue posture Wright et al., found that the apex of the tongue was slightly below the incisal 

edges of lower incisors. On the other hand, Rakosi et al. found the dorsum of tongue rests in high 

position in patients with Class II malocclusion. Similarly, Tarkar et al. found that patients with 

hyperdivergent patterns have significantly higher positions of the dorsum of their tongues at all 

levels (29). 

Craniofacial growth and development can be affected by the functions of both the tongue 

and lower jaw muscles which Ferraz et al. reported in their study, and they found that strain of 

the muscle, ligaments and fascia alter the position of hyoid bone in patients with all different 

kinds of malocclusion (29). 

Cephalograms are still a widely used tool for evaluation of the pharyngeal airways, as 

Miles et al. reported the high reliability of cephalometric landmarks and measurements (20). 

Using lateral cephalograms to study airway, one can only evaluate sagittal and vertical 

dimensions because it is 2-dimensional (23). 
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1.4 The effect of extraction treatment on Upper Airway 

Crowding is typically resolved by either extracting teeth or expansion of the dental arches. 

One can sometimes find significant changes in dentofacial parameters when extraction treatment 

is chosen, for example changes in both soft tissue profile and incisor angulation (30). 

Choosing an extraction regimen has many effects. Recently clinicians showed increased 

interest in the effect of extractions on upper airway volume and function, including possible 

associations with obstructive sleep apnea, influences on people's health, and quality of life (23). 

Many studies showed that a variety of changes occur in the soft tissue profile, incisor 

angulations, vertical facial height, and mandibular plane angle when either extraction or non

extraction treatment options are chosen. The question to answer: "Is changing incisor inclination 

and soft tissue position during an extraction option leading to a change in tongue position and 

eventually a change in upper airway volume?" (16). Despite expected changes in incisor 

angulations and position, Valiathan et al. found no statistically significant oropharyngeal airway 

volume changes in extraction groups versus nonextraction groups in his study (16). 

Lateral cephalometrics have been used in initial studies looking at the effect of the 

pharyngeal airway space after orthodontic treatment. Studies of four premolar extractions 

showed differing outcomes on airway dimensions, ranging from the reduction in airway space, to 

no change. Other studies showed different outcomes based on the mechanics used during 

treatment (23). Extracting teeth in cases with severe crowding will result in no decrease in the 

airway volume because the space will be used to align the adjacent teeth (21). 

Orthodontic treatment with extraction has attracted attention as altered dentofacial 

morphology may be associated with obstructive sleep apnea (23). Stefanovic et al. examined the 
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pharyngeal airway of 31 adolescents between extraction and non-extraction groups and found 

that there were no statistically significant differences at either the beginning or the end of 

treatment, and that oropharyngeal size was unaffected even though the dental arch perimeter was 

reduced. A consideration to be made was that the study population was a sample of patients with 

ongoing craniofacial growth, and this might have partially masked the treatment effects on the 

airway (23). Following an analysis of 74 healthy adult airway structures before and after 

orthodontic treatment using CBCT imaging, no significant differences were found regarding the 

effects on the nasopharynx, or the retropalatal and retroglossal regions of the oropharynx 

between extraction and nonextraction treatments (23). 

A study by Germec-Cakan et al. investigated the upper airway dimensions in patients 

who were treated with non-extraction versus patients who were treated with extraction with 

minimum or maximum anchorage. They found that using minimum anchorage mechanics 

increased both the superior airway space and the middle airway space. While when maximum 

anchorage mechanics were used, a reduction in both middle and inferior airway space were 

found (27). When an orthodontist extracts premolars for treatment, he/she can close the spaces 

by either retracting the anterior teeth or protracting the posterior teeth. These two movements 

have different effects on the upper airway dimension, where the first option results in reduction 

of airway, the latter causes an increase (13). In the study of Bhatia et al. following retraction of 

upper and lower incisors (by 7.75 mm and 7.15 mm, respectively), significant changes in the 

velopharynx and glossopharynx were found. The changes may have occurred as a result of 

retracting the incisors which may have reduced the oral cavity and subsequently pushed the 

tongue backward to adapt to this change which could explain the reduction of pharyngeal airway 

at the level of soft palate and tongue in adults (30). Because the nasopharynx and hypopharynx 

12 



are supported by bone and cartilage, and thus not easily deformed, no changes were seen in those 

two areas (30). 

Bhatia et al. also noted that after retraction of the anterior teeth the hyoid bone moved 

posteriorly to prevent the tongue from shifting into the airway space. Similarly, Wang et al. 

found that the hyoid bone not only moved posteriorly, but also inferiorly (30). A recent study by 

Maurya et al. showed that extraction treatment did not significantly constrict the volume of the 

upper airway in adults and both extraction and non-extraction groups had similar oropharyngeal 

measurements (12). On the contrary, Sharma et al. found narrowing of the pharyngeal airway 

size in relation to velopharyngeal, glossopharyngeal and hypopharyngeal area as a result of four 

premolars extraction (12). Similarly, Nuvusetty et al. found that after retraction of the incisors in 

Class I bimaxillary dentoalveolar protrusion patients a significant narrowing of pharyngeal 

airway behind soft palate, uvula, and at the base of the tongue was observed (12). Another study 

carried out by Al Maaitah et al. found that extracting four premolars to treat patients with 

bimaxillary proclination does not affect the upper airway dimensions, even though tongue length 

and arch dimensions had a significant decrease in their measurement (3). Overall, the results of 

above studies varied most likely because of the differences in the parameters selected for 

measurement, different diagnostic methods used to measure changes and the treatment 

techniques. 
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1.5 Study objectives 

The aim of this study was to evaluate the effects of fixed orthodontic treatment with first premolar 

extraction on the upper airway dimensions in adult patients of African American ethnicity 

compared to non-extraction treatment. 
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Chapter II 

MATERIALS AND METHODS 
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2.1. RESEARCH METHODOLOGY 

2.1.2. Study Design 

This retrospective comparative study was conducted on records obtained from adult 

subjects who received comprehensive fixed orthodontic treatment with four first premolar 

extractions to correct bimaxillary dentoalveolar protrusion. The extraction sample was compared 

to a non-extraction group of adult subjects who received comprehensive fixed orthodontic 

treatment but without four first premolar extractions. The study received approval from the 

University at Buffalo Health Sciences Institutional Research Board (Project# STUDY00002316). 

Measurements on lateral cephalograms were made at two time points: [Tl] 

approximately two weeks pre-treatment; and [T2] post-comprehensive orthodontic treatment, the 

day of debonding. The outcomes of interest included changes in the upper airway dimensions 

and in the skeletal, dental, and soft tissue findings between the two time points and the two 

companson groups. 

2.1.3. Sample Population 

The samples for both the treatment and control groups were obtained from the 

Department of Orthodontics, University at Buffalo School of Dental Medicine, in Buffalo, New 

York, and the Division of Orthodontics and Dentofacial Orthopedics, University of Rochester 

Eastman Institute for Oral Health. In Rochester, New York. The sample was treated between 

2004 and 2016. The extraction group consisted of African American adults with bimaxillary 

dentoalveolar protrusion treated with four first premolar extractions. The non-extraction group 

consisted of African American adults with bimaxillary dentoalveolar protrusion treated without 

four premolars extractions. 

2.1.4. Participant Selection Criteria 

The following inclusion criteria were considered for the extraction group: 

1) Adult females and males over the age of 18 

2) Class I or Class II skeletal (ANB angle ranged from 4.1 to 6.4 degrees) 
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3) Full-permanent dentitions (excluding third molars) 

4) Upper lip to E-plane greater than 3mm and lower lip to E-plane more than 5mm 

5) Bimaxillary dentoalveolar protrusion, diagnosed by having an upper incisor inclination 

(U 1-SN) of at least 115 degrees and lower incisor inclination (IMP A) of 99 degrees or 

more, together with an interincisal angle of 125 degrees or less. 

6) Treated with fixed orthodontic appliances with extraction of upper and lower first 

premolar teeth. 

7) Presence of pre- and post-treatment records of adequate diagnostic quality. 

The inclusion criteria for the non-extraction group was similar to the extraction group but minus 

the upper and lower first premolar extraction. 

Patients were excluded if they were treated with surgery, those that received upper two premolar 

extraction only, Class III malocclusion, treatment with other appliances (i.e., clear aligners), 

craniofacial syndromes., and missing teeth other than third molars. 

Patients had no medical history of pharyngeal pathology and/ or nasal obstruction, snoring, 

obstructive sleep apnea, adenoidectomy, and tonsillectomy. 

2.1.5. Sample size calculation 

The power analysis was based on the findings of Al Maaitah et al study (3), in which they 

estimated their SD to be 2.7 mm for the middle airway space. A sample of at least 25 subjects 

per group was recommended to achieve a power level of 80 %, and significance level of 0.05. 

2.1.6. Study Procedures 

Patient records treated from 2004-2016 were screened using the Dolphin imaging system 

(version 11.7). Eligible charts were identified by searching through the malocclusion 

classification codes, when Class I and Class II malocclusion patients were identified, patients age 
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18 and above were selected. Cephalometric radiographs were examined to include all patients 

who had bimaxillary dentoalveolar protrusion. Patients also had to have fixed orthodontic 

treatment with extraction of upper and lower first premolars. The first 25 cases that met all 

inclusion criteria were included in this study. Study procedures for the non-extraction group was 

similar to the extraction group but minus the upper and lower first premolar extraction. 

All patients were treated using edgewise 3M victory series pre-coated brackets (Monrovia, CA, 

USA); McLaughlin, Bennet, and Trevisi (MBT) prescription. In the extraction group, 18 patients 

were treated with maximum anchorage as part of their treatment mechanics. Thirteen patients 

received a Nance appliance, while the other 5 received a Trans-palatal arch. The remaining 7 

patients only had stainless steel ties between upper first molars and second premolars during 

canine retraction. Then closing loops were used to retract the anterior segments in all of the 25 

patients. 

Cephalometric measurements: 

Patients' information was deidentified, and each chart number was assigned a study ID. A key 

containing each chart number with their corresponding assigned study ID was created. Then 

Excel random whole number generator between 1 and 500 was used to give the study IDs new 

codes with a new key that corresponded to each study ID. 

Patients' radiographs were taken with three different machines. The machines are Carestream 

9300C (Atlanta, GA, USA), Instrumentarium (GE) (Charlotte, NC, USA), and Sirona 

ORTHOPHOS XG Plus (Bensheim, Germany). 

The cephalometric radiographs were measured at two time points, Tl= Pre-treatment, and T2= 

Post-comprehensive orthodontic treatment taken on the same day of debonding. 

Before tracing, all cephalograms were standardized using a digital ruler where the length was set 

at 30 mm. The cephalometric images were then traced and analyzed digitally using Dolphin 

imaging software by one investigator (S.T.). 

Thirty-one measurements (22 skeletal and dental measurements and 9 airway measurements) were 
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identified on each lateral cephalogram, resulting in 18 linear and 13 angular measurements. 

Definitions of the different points and measurements used are shown in Tables 1-3. 

2.1.7. Intra-examiner reliability: 

To assess intra-examiner reliability, ten radiographs were retraced one week apart, five 

radiographs from each group to determine reliability. 

2.1.8. Inter-examiner reliability: 

To assess inter-examiner reliability, 10 radiographs were retraced one week apart, five radiographs 

from each group to determine reliability. 

Statistical analysis: 

Data were analyzed with IBM SPSS Software statistics for Windows (version 25.0, IBM Corp, 

Armonk, NY:). In each group, descriptive statistics were calculated for all lateral cephalogram 

measurements. For comparisons of the 2 groups (Non-extraction vs Extraction) at baseline (pre

treatment) and for assessing the responses to treatment (delta) the 2 independent samples 
11 11Student's t-test was used-- when the results of the Shapiro-Wilk's test was n.s. for both groups 

and the results of the homogeneity of variance test (Levene's) is also 11n.s. 11 In all other cases the 

non-parametric Mann-Whitney U test was used. 

For assessments of change from pre-treatment to post treatment (delta) for each treatment group 

separately, the paired samples Student's t-test was used when the Shapiro-Wilk's test result was 
11 11n.s. for Delta, otherwise the Wilcoxon Signed Ranks Test was used. Data were analyzed at the 

5% significance level. 
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V 

Table 1. Points and Measurements Used to Assess Upper Airway Dimension 

Cephalometric Point 

TT 

Et 

u 

PNS 

Me 

Go 

B 

RGN 

H 

C3 

IAA 

IPA 

MPA 

PSP 

PSPh 

Description 

Tongue tip 

Epiglottic tip 

Epiglottic fold 

Tip of soft palate (tip ofUvula) 

Posterior nasal spine 

Menton 

Gonion 

Point B 

Retrognathion 

Hyoidale (The most superior and anterior 
point of hyoid bone) 
Anterioinferior limit of third cervical vertebra 

Point of intersection of base of the tongue 
and extension of line B-Go 
Point of intersection of posterior pharyngeal 
wall and extension of line B-Go 
point of perpendicular line from point U to 
posterior pharyngeal wall 
Point of intersection of line from soft palate 
center perpendicular to posterior 
pharyngeal wall and posterior margin of soft 
palate 
Point of intersection of line from soft palate 
center perpendicular to posterior 
pharyngeal wall 
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Table (2). Dentoskeletal measurements: 

SNA (0 
) Angle between Sella and point Aat nasion 

SNB (0 
) Angle between Sella and point B at nasion 

ANB (0 
) Angle between point A and B at nasion 

Maxillary length (mm) Distance between CO and A 

Mandibular length (mm) Distance between Co and Gn 

Anterior facial height (mm) Distance between ANS and Me 

Lower facial height(%) (ANS-Me/(N-ANS+Ans-Me)) 

Total Anterior face height (mm) Distance between N and Me 

Posterior facial height (mm) Distance between Go and CF 

SN-MP (0 
) Angle between Sn and GoGn 

FMA (0 
) Angle between the mandibular plane and the FH 

plane 
FMIA (0 

) Angle between lower incisor and FH plane 

IMPA (LI-MP) (0 
) Angle between lower incisor and mandibular 

plane 
Interincisal Angle (UI-LI) (0 

) Angle between upper and lower incisors 

UI-SN (0 
) Angle between upper incisor and SN plane 

UI-NA (mm) Distance between N-A line and long axis of 
maxillary incisor 

UI-NA (0 
) Angle of N-A line and long axis of maxillary 

incisor 

LI-NB (mm) Distance between N-B line and long axis of 
mandibular incisor 

LI-NB (0 
) Angle between N-B line and long axis of 

mandibular incisor 
Soft Tissues 

Nasolabial Angle (Col-Sn-UL) (0 
) Angle formed by the intersection of a line tangent 

to columella of the nose and a line drawn from 
subnasale to mucocutaneous border of upper lip 

Upper lip to E-Plane (mm) Distance between upper lip and E-plane 

Lower lip to E-Plane (mm) Distance between lower lip and E-plane 

21 



Table 3. Airway Dimension Measurements: 

1) TGL (mm) 

2) PNSPa (mm) 

3) SPAS (mm) 

4) MAS (mm) 

5) IAS (mm) 

6) VAL (mm) 

7)MPH(mm) 

8) C3H (mm) 

9)HRGN(mm) 

Tongue length (TT-V) 

Soft palate length (PNS-U) 

Superior posterior airway space (Distance 
between PSP and PSPh) 

Middle airway space (Distance between U and 
MPA) 

Inferior airway space (Distance between IAA 
and IPA) 

Vertical airway length ( distance between PNS 
and V) 

Perpendicular distance from hyoid bone to 
mandibular plane 

Distance between hyoid and C3 

Distance between hyoid bone and RGN 
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Figure 1. Cephalometric measurements of the airway dimensions. 

A Point A 
TT Tongue tip 
B Point B 
RGN Retrognathion 

Me Menton 
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PNS Posterior nasal spine 

SPAS Superior posterior airway space (Distance 
between PSP and PSPh) 

MAS Middle airway space (Distance between U and 
MPA) 

IAS Inferior airway space (Distance between IAA and 
IPA) 

Go Gonion 

u Tip of soft palate (tip ofUvula) 

C3 Anterioinferior limit of third cervical vertebra 

Et Epiglottic tip 

V Epiglottic fold 

H Hyoidale (The most superior and anterior point of 
hyoid bone) 
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CHAPTER III 

RESULTS 
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3.1. Examiner reliability 

The intra-examiner reliability was measured by repeating the same measurements for ten 

radiographs (5 control, 5 treatment) at one-week interval by the PL For intra-rater reliability 

assessment, Intraclass Correlation Coefficient showed a high level of agreement for repeated 

measurements (0.954 and 0.999). All coefficients were close to one for all the measurements in 

both groups, Table 4. 

The inter-examiner reliability was conducted by repeating the same measurements for ten 

radiographs (5 control, 5 treatment) by a third-year orthodontic resident. Inter-examiner 

reliability tested using Intraclass Correlation Coefficient showed a very good level of agreement 

for repeated measurements (0.899 and 0.999). All coefficients were close to one for all 

measurements in both groups, Table 5. 

3.2. Descriptive Statistics 

A total of 50 subjects were included, 35 females (70%) and 15 males (30%). The extraction 

group consisted of 25 subjects: 14 females (56%) and 11 males (44%) with a mean age of28.96 

years (SD 7.49). The non-extraction group consisted of 25 subjects: 21 females (84%) and 4 

males (16%) with a mean age of28.84 years (SD 8.10). 

The mean treatment duration of the non-extraction group was 2 years and 6 months (SD 8.17), 

while in the extraction group, the mean treatment duration was 3 years and 3 months (SD 10.48) 

Baseline demographic characteristics of the samples are presented in Table 6 and Table 7. 
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3.3. Results of Normality Tests-Tl: pre-treatment 

As shown in Table 8, there were 10 measurements where the requirement of normality was not 

acceptable at the pretreatment phase, based on the Shapiro-Wilk's test for the Non-extraction 

group, the Extraction group or both. These measurements were: 

Total Anterior face height (N-ME) 

IMPA (LI-MP) 

Ul-SN 

Ul-NA (mm) 

Nasolabial Angle 

Upper lip to E-Plane (mm) 

Lower lip to E-plane (mm) 

SP AS (PSP-PSPh) 

MAS (U-MPA) 

C3H 

For these 10 measurements, the non-parametric Mann-Whitney U test was used. Also from Table 

5, there were no indications that the requirement of homogeneity of variances was unacceptable 

for the remaining 21 measurements. 

3.4. Cephalometric comparisons at pre-treatment (Tl): 

As seen on Table 9, for the 21 measurements for which the requirements of Normality 

and Homogeneity of Variance were found acceptable, there were no statistically significant 

differences between the two groups at Tl (Baseline), based on a Bonferroni corrected Student's t

test. Similarly, for the 10 variables where the requirement ofNormality was found to be 

questionable, there were no statistically significant differences found, based on the Bonferroni 

corrected Mann-Whitney U test. This indicates that both samples started with similar skeletal, 

dental, and airway characteristics. 
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3.5. Results of Normality Tests-T2-Tl (Changes within each groups): 

As seen on Table 8, there were 6 measurements for which the Shapiro-Wilk's test of 

Normality indicated that this requirement was not met for changes (Delta) in the non-extraction 

group. These measurements are: IMPA (LI-MP), Ul-NA, LI-NB, Nasolabial Angle, Lower lip 

to E-plane (mm), TGL (TT-V). Also shown in Table 8, there were 4 measurement in the (Delta) 

of the extraction group where the P- value was <0.05 which indicated that the Shapiro-Wilk's 

test of Normality test was not met. These measurements are: MANDIBULAR LENGTH (CO

GN) (mm), Total Anterior face height (N-ME), Upper lip to E-Plane (mm), MAS (U-MPA). 

For the other 21 measurements, only Ul-SN, did not meet the requirement of homogeneity of 

variances based on the Levene test. The 20 measurements that met the requirements of 

homogeneity of variances based on the Levene test were examined using the 2 independent 

samples Student's t-test. The remaining 11 measurements were examined using the Mann

Whitney test. 

3.6. Cephalometric comparisons between extraction and non-extraction groups: 

Skeletal changes: 

Table 10 presents the changes in the skeletal measurements pre- and post- treatment in 

the two groups. There were no significant differences in skeletal measurements before and after 

treatment for both groups. Also, there was non-significant difference in all skeletal measurement 

when the means between the non-extraction and extraction groups were compared. 

Dental changes: 

All dental measurements within the non-extraction group changed significantly (P < 

0.001) before and after treatment except for Ll-NB(mm), Table 10. Both upper and lower 

incisors retroclined. Ul-SN had a statistically significant reduction of 6.3 degrees (P < 0.001), 

and IMP A had a reduction of 4.9 degrees (P = 0.011 ). Upper incisors were retracted relative to 
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the NA line by a mean of 2.5 mm (P < 0.001). A significant increase in the Interincisal angle 

(Ul-Ll) was also observed (12.6 degrees, P < 0.001). 

In the extraction group, all the dental measurements underwent a statistically significant 

change (P < 0.001), Table 10. Both upper and lower incisors were retroclined. Ul-SN had a 

statistically significant reduction of 12.2 degrees (P < 0.001 ), and IMP A had a reduction of 9. 8 

degrees (P < 0.001). Upper incisors were retracted relative to the NA line by a mean of 4.7 mm 

(P < 0.001), while lower incisors were retracted 3.6 mm (P < 0.001) relative to the NB line. 

Significant increase in the Interincisal angle(Ul-Ll) was observed 23.1 degrees (P < 0.001). 

When the means between the non-extraction and the extraction groups were compared, a 

statistically significant difference was found for all the dental measurement, Table 10. Lower and 

upper incisors retroclined more in the extraction group. IMPA, and Ul-SN measurements were 

reduced more in the extraction group by a mean of 4.8 degrees (P < 0.001) and 5.9 degrees (P = 

0.021), respectively. Upper incisors were retracted relative to the NA line more in the extraction 

group by a mean of 2.2 mm (P < 0.001), while lower incisors were retracted relative to the NB 

line by a mean of 2.4 mm (P < 0.001). 

Soft tissue changes: 

Soft tissue measurements in the non-extraction group showed statistically significant 

changes. The Nasolabial angle increased by 3 degrees (SD 4.06), while both the upper and lower 

lip were reduced in protrusion relative to E-Line by a mean of 0.57 mm (SD 0.33) and 0.61 mm 

(SD 0.51, respectively, Table 10. 

In the extraction group, the upper and lower lips showed a significant reduction after 

treatment. The upper lips in relation to E-line reduced by 1.1 mm (SD 0.61) while the lower lips 

reduced by 1.6 mm (SD 0.81). 
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When compared between groups, soft tissue measurements had more improvements in 

the extraction group compared to the non-extraction group. Both upper and lower lips had more 

reduction in the extraction group by (0.5mm,0.9mm respectively). 

Airway changes: 

Although the tongue length decreased in the extraction group by a mean of 1.9mm (SD 

3.56), while in the non-extraction group, the mean increased slightly 0.3 mm (SD 3.55). After 

applying the Mann Whitney test there was no significant difference between the groups, Table 

10. 

Even though the tongue length measurement was reduced in the extraction group, it did 

not lead to a change in the upper airway dimensions. That could be explained by the ability of 

patient's airway muscles to compensate the reduction of the tongue length that resulted from the 

extraction treatment. 

The distance between the hyoid bone and retrognathion (RGN) increased in both group. 

In the extraction group, it increased by a mean of2.1 mm (SD 3.85), and in the non-extraction 

group by a mean of 1.6 mm (SD 5.57). Although there was a 0.5 mm difference between the two 

means, we found no-significant differences between the groups using the Student's t-test. 

All the airway measurement showed a non-significant change before and after treatment 

in each group and when the means between the non-extraction and extraction group were 

compared. 
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Chapter IV 

DISCUSSION 
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This was a retrospective comparative study on the effects of fixed orthodontic treatment 

with first premolar extraction on upper airway dimensions in adult African American subjects. The 

sample was compared to a control group that underwent fixed orthodontic treatment without first 

premolar extractions. The concept of this paper was previously studied in subjects with bimaxillary 

protrusion (3, 14, 27), however, to our knowledge, there are no similar studies that focused on the 

African American populations. 

This study focused only on African American populations due to differences in airway 

dimensions noted in former studies. Patel et al. (21) studied the heritability of upper airway 

dimensions derived using acoustic pharyngometry. Acoustic pharyngometry is a simple, quick, 

non-invasive method for measuring upper airway dimensions and assessing sleep apnea risk. In 

their study, the authors aimed to assess the genetic basis for upper airway size as obtained by 

pharyngometry. A total of 655 participants over the age 14 years old underwent three acoustic 

pharyngometry measurements. Variance component analyses adjusted for age and sex were used 

to estimate heritability of pharyngometry-derived airway measures. The authors found that 

although African- Americans tend to have narrower airways compared to Caucasians, heritability 

patterns were similar in these two groups. This might be due to them having smaller cross-sectional 

mean and minimal pharyngeal areas in comparison with Caucasians (21). 

The current study included adults over the age of 18 years old to eliminate any effect of 

growth that potentially could mask the outcome of the orthodontic treatment offered. Assessing an 

adult sample will eliminate any outcomes confusion in respect to age of subjects reported in 

previous studies (20, 23). Nevertheless, this study did not compare different anteroposterior 
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skeletal classifications nor assess different vertical skeletal patterns due to the limited sample size 

included. For example, previous studies showed that patients, from different ethnicity 

backgrounds, with Class II skeletal patterns have smaller pharyngeal airways than those with Class 

I pattern (22). Claudino et al. claimed also that patients who have greater ANB angle have smaller 

airways volume (17). In contrast, Pliska et al. compared airways dimensions in subjects with Class 

II and Class I skeletal patterns and found no significant differences in the initial airway volume, 

as well as the post treatment outcome between the Class II and Class I groups (23). 

Furthermore, another study showed that patients with high angle (increased vertical growth 

patterns) have significantly reduced airway volume in comparison to those with normal or low

angle growth patterns (22). Based on the result ofPliska et al., no significant difference was found 

between the initial airway volumes for patients with the three mandibular plane angle groups 

evaluated; high, normal and low angles (23). Similarly, Wang et al compared airway size among 

high- and low-angle subjects and found no differences in their pharyngeal airway size (14). 

Skeletal changes: 

In this study all the skeletal measurements showed no significant differences before and 

after fixed orthodontic treatment in both the extraction and control groups. Similar findings were 

reported in previous studies (3 , 14, 27). This is expected because the sample treated was only non

growing adults with minimal skeletal changes. On the contrary to our results, Sharma et al found 

in their study that skeletal and soft tissue points A and B retracted significantly after premolars 

extraction. The differences between the previous study and our study could be due to the treatment 

modalities. In Sharma et al's study, during incisors retraction, palatal root torque in the upper arch 
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wires and lingual root torque in the lower arch wires were added to prevent labial movement of 

the roots (3). While in our study, to our knowledge, torque was not added to the arch wires during 

incisor retraction. These differences in treatment mechanics may have contributed to the 

differences in results. 

Dental and soft tissue changes: 

In our study and following first premolars extractions and retraction of the anterior 

segments in the extraction group, we found a significant reduction in the proclination of the upper 

and the lower incisors. This is portrayed by the Ul-SN measurement that had a statistically 

significant reduction of 12.2 degrees (SD 6.43), and the IMPA had a reduction of9.8 degrees (SD 

4.03). Moreover, there was statistically significant reduction in the upper and the lower lip 

positions which improved patient's facial esthetics and reduced procumbency. The position of the 

upper lips in relation to E-line was reduced by a mean of 1.1 mm (SD 0.61), while the lower lips 

position was reduced by a mean of 1.6 mm (SD 0.81). These findings were in agreement with 

multiple previous studies (10,18,29,30). 

Similar results were also reported in a study carried out by Diels et al. (31) who evaluated 

60 lateral cephalometric radiographs of African American patients pre- and post-orthodontic 

treatment. They evaluated the changes in the dentofacial complex and the soft tissue profile as a 

result of both the orthodontic treatment and the growth in male and female groups. In their study, 

they found significant reduction in the proclination of the upper and the lower incisors. Ul

Constructed FH had a statistically significant reduction in both male and female groups of 8.6 

degrees and 12.4 degrees respectively. IMPA also had a reduction in both male and female groups 

of 8 degrees and 8.8 degrees respectively. The subnasale-soft tissue pogonion line (Sn-Pg') was 
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used to measure the lip protrusion. Their results showed significant amount of retraction of both 

the upper and the lower lip. The upper lip retracted 1.5 mm in males and 1.74 mm in female, 

whereas the lower lip retracted 2. 7 mm in males and 2.53 mm in females (31 ). On the other hand, 

Bill et al (2) evaluated the lateral cephalograms pre- and post-treatment for a total of 48 patients, 

from different backgrounds, with bimaxillary protrusion and stated that following four premolar 

extractions both the dental and the soft tissue procumbency were reduced. Both upper and lower 

incisors were retroclined following four premolar extractions by a mean of 12.7 degrees and 5.6 

degrees respectively. Additionally, the upper and lower lips in relation to the E-plane were 

retracted by a mean of 2.4 mm and 3 mm, respectively (2). 

Airway changes: 

The American Association of Orthodontists in published a White Paper on obstructive 

sleep apnea (33). The information presented on obstructive sleep apnea (OSA) and orthodontics 

indicated that many practitioners have a misunderstanding of the potential effects of orthodontic 

treatment with extraction on the upper airways dimensions (33). 

"The specific effects on the dental arches and the muscles and soft tissues ofthe oral cavity 

following orthodontic extractions can differ significantly, depending on the severity ofdental 

crowding, the amount ofprotrusion ofthe anterior teeth and the specific mechanics used to close 

the extraction spaces" (33). 

Our study evaluated the changes in nine airway measurements pre- and post-treatment 

among the extraction and the non-extraction groups, both groups had 25 subjects. No significant 
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difference in all airway measurements were obtained when comparing the mean of the extraction 

group to those of the non-extraction group. This was in agreement with Valiathan et al.' s (16) 

findings. The authors of this study used cone beam computed tomography (CBCT) of 20 patients 

who were treated with four premolar extractions and compared them with 20 other patients who 

received fixed orthodontic treatment with no extraction. The pre- and post-treatment comparisons 

showed no statistically significant oropharyngeal airway volume changes between the two groups. 

Furthermore, our study found no significant difference in all airway measurements within the 

extraction group following four premolar extractions. Although the tongue length was reduced 

within the extraction group (mean= 1.9mm) (SD 3.56), it was deemed non-significant. 

Similar results were also reported in a study carried out by Al Maaitah et al. who evaluated 

lateral cephalometric radiographs pre- and post-orthodontic treatment (3). They studied 

cephalograms and dental casts of 40 subjects presenting with bimaxillary proclination and found 

that orthodontic treatment with extraction of four premolars did not affect the upper airway 

dimensions of the subjects even though the tongue length and the dental arch dimensions reduced 

significantly after treatment. The difference in tongue length result of Al Maaitah et al.' s study (3) 

and the current study might be explained by to the differences in sample size and lack of a control 

group to confirm the findings in the former study which included 40 subjects. Whereas, the current 

study included a larger sample of 50 subjects, 25 in each group. Also, our study only looked at 

African American populations while the previous study did not specify the ethnicity of their 

sample. On the contrary, our results are similar to those published by Pliska et al. who analyzed 

74 healthy adult airway structures before and after orthodontic treatment using CBCT imaging. 

They found no significant differences in the outcomes on the upper airway dimensions between 

the extraction and the non-extraction treatment groups (23). Furthermore, Larsen et al (32) 
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investigated the relationship between obstructive sleep apnea (OSA) and premolar extractions. 

Their sample size was large (n=5,584), half of them were treated with four premolar extractions 

while the other half was used as a control group. Both groups were matched by age range, gender, 

and body mass index (BMI). The authors found no evidence to support that four premolars 

extractions play a significant role in the cause of OSA. 

Patients that started with small upper airways or whom had their upper airways were 

reduced or increased in size due to orthodontic treatment, did not necessarily have a change in 

their airway function due to the adaptability and dynamic nature of the airway. It has been reported 

that narrow airway in patients do not necessarily lead to OSA; however it might lead to obstruction 

and sleep-disordered breathing .. This phenomenon can be attributed to the inability of a subject's 

airway muscles to compensate adequately, which emphasize the significance of neuromuscular 

control on airway function during sleep (33). 

Germec-Cakan et al (27) focused on the effect of orthodontic anchorage on the size of 

upper airway. The study investigated the upper airway dimensions in patients treated with non

extraction orthodontics versus patients treated with extractions which included the use ofminimum 

and/or maximum anchorage. They found that using minimum anchorage mechanics increased the 

mean of both the superior airway space and the middle airway space by approximately 1.5mm 

after treatment. They related this increase to the mesial molar movement that could have resulted 

in an increase in the posterior tongue space within this group. They mentioned also that this 

increase might be due to continuing pharyngeal growth. Whereas, when maximum anchorage 

mechanics were used, a reduction of approximately 3 mm in the mean of both the middle and the 

inferior airways space were found (27). They explained that this reduction impacted the tongue 
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space which was reduced as a result of a significant incisor retraction. Our study focused on 

maximum anchorage mechanics but found no significant reduction or change in the different 

airway regions. This variation between the previous study (27) and the current one could be due 

to the differences in methodologies, the treatment techniques and the applied orthodontic treatment 

mechanics. 

Contrary to our results, Sharma et al. also found that there was narrowing of the pharyngeal 

airways size in relation to the velopharyngeal, the glossopharyngeal and the hypopharyngeal areas 

after four premolars extractions (12). The differences between this study and our study can be 

explained by the difference in the age ranges of the samples included. Our adult sample presented 

with bimaxillary protrusion, while in Sharma et al.'s study, the sample was bimaxillary protrusive 

young adolescents. 

4.1. Study Limitations: 

Since most patients who seek orthodontic treatment are children and adolescents, finding an 

adult sample with bimaxillary protrusion was difficult and hence limited our sample size. Other 

limiting factors included ethnicity and lack of quality records. 

Additionally, factors such as gender, body mass index, height, and weight should be matched 

between the control and the treatment groups. Given the retrospective nature of this study, 

controlling for these factors was not possible. Similarly, other factors that might affect the 

outcomes of the study such as treatment modalities and mechanics used were not standardized 

among our sample. Treatment plans however, in terms of extraction vs non-extraction and 

maximum vs. minimum anchorage were controlled in our sample. 
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Finally, we used two dimensional lateral cephalometric radiographs to evaluate the upper airway 

which is a three-dimensional structure. Despite this limitation, lateral cephalograms are still a 

widely accepted tool for the evaluation of the pharyngeal airways. Miles et al. (20) reported a high 

reliability of cephalometric landmarks and measurements for airway measurements. 

4.2. Implications for future studies 

Future studies should assess a larger sample size to confirm the outcomes of orthodontics 

treatment with four-premolar extractions on the upper airway dimensions. 

Using three-dimensional imaging techniques to evaluate the upper airway could provide a 

better understanding of the functional and the volumetric changes in the upper airway size after 

orthodontic treatment with four premolar extraction and would allow an accurate assessment of 

airway volume and area. 
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CHAPTERV 

CONCLUSIONS 
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This study found no statically significant difference in upper airway dimensions between the 

extraction and the non-extraction groups. Additionally, there was no statically significant 

difference in upper airway measurements before and after premolar extraction. Premolar extraction 

does not influence the upper airway in adult African American populations. 
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Table 4. Intraclass Correlation Coefficient for Intra-Examiner 

Skeletal SNA 

SNB 

ANB 

MAXILLARY LENGTH (CO-A) (mm) 

MANDIBULAR LENGTH (CO-GN) (mm) 

ANTERIOR FACIAL HIEGHT (ANS-ME) (mm) 

LFH (ANS-ME/N-ANS+ANS-ME) (%) 

Total Anterior face height (N-ME) 

Posterior facial height (GO-CF) 

Sn-GoGN 

FMA (MP-FH) 

Dental FMIA (Ll-FH) 

IMPA (Ll-MP) 

lnterincisal Angle (Ul-Ll) 

Ul-SN 

Ul-NA (mm) 

Ul-NA 

Ll-NB (mm) 

Ll-NB 

Soft tissue Nasolabial Angle 

Upper lip to E-Plane (mm) 

Lower lip to E-Plane (mm) 

Airway TGL (TT-V) 

PNSPa (PNS-U) 

SPAS (PSP-PSPh) 

MAS (U-MPA) 

IAS (IAA-IPA) 

VAL (PNS-V) 

MPH 

C3H 

HRGN 

Intraclass Correlation 

.996 

.998 

.980 

.996 

.996 

.981 

.954 

.991 

.999 

.995 

.997 

.992 

.996 

.996 

.995 

.993 

.998 

.998 

.998 

.998 

.977 

.979 

.998 

.990 

.999 

.998 

.995 

.991 

.997 

.991 

.998 

95% Confidence Interval 

Lower Bound Upper Bound 

.984 .999 

.992 1.000 

.923 .995 

.985 .999 

.984 .999 

.926 .995 

.826 .988 

.964 .998 

.995 1.000 

.979 .999 

.989 .999 

.968 .998 

.983 .999 

.983 .999 

.981 .999 

.972 .998 

.990 .999 

.990 .999 

.991 .999 

.991 .999 

.912 .994 

.919 .995 

.993 1.000 

.961 .998 

.998 1.000 

.994 1.000 

.978 .999 

.963 .998 

.987 .999 

.965 .998 

.992 .999 

I P- value 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 
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Table 5. Intraclass Correlation Coefficient for Inter-Examiner 

Intraclass 95% Confidence Interval 
Correlation Lower Bound Upper Bound 

Skeletal SNA .980 .923 .995 <0.001 

SNB .987 .947 .997 <0.001 

ANB .961 .851 .990 <0.001 

MAXILLARY LENGTH (CO-A) (mm) .997 .988 .999 <0.001 

MANDIBULAR LENGTH (CO-GN) (mm) .997 .988 .999 <0.001 

ANTERIOR FACIAL HIEGHT (ANS-ME) (mm) .954 .826 .988 <0.001 

LFH (ANS-ME/N-ANS+ANS-ME) (%) .899 .648 .974 <0.001 

Total Anterior face height (N-ME) .981 .927 .995 <0.001 

Posterior facial height (GO-CF) .998 .993 1.000 <0.001 

Sn-GoGN .993 .971 .998 <0.001 

FMA (MP-FH) .996 .982 .999 <0.001 

Dental FMIA (Ll-FH) .997 .987 .999 <0.001 

IMPA (Ll-MP) .997 .988 .999 <0.001 

lnterincisal Angle (Ul-Ll) .999 .995 1.000 <0.001 

Ul-SN .998 .992 1.000 <0.001 

Ul-NA (mm) .997 .986 .999 <0.001 

Ul-NA .997 .989 .999 <0.001 

Ll-NB (mm) .989 .958 .997 <0.001 

Ll-NB .997 .988 .999 <0.001 

Soft tissue Nasolabial Angle .997 .987 .999 <0.001 

Upper lip to E-Plane (mm) .955 .829 .989 <0.001 

Lower lip to E-Plane (mm) .967 .873 .992 <0.001 

Airway TGL (TT-V) .997 .987 .999 <0.001 

PNSPa (PNS-U) .982 .930 .996 <0.001 

SPAS (PSP-PSPh) .998 .992 1.000 <0.001 

MAS (U-MPA) .998 .993 1.000 <0.001 

IAS (IAA-IPA) .996 .982 .999 <0.001 

VAL (PNS-V) .995 .979 .999 <0.001 

MPH .997 .988 .999 <0.001 

C3H .978 .913 .994 <0.001 

HRGN .995 .982 .999 <0.001 
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Table 6. Gender distribution of the groups 

Gender Total 
Female N (%) 

Male N (%) 

Group I Non-extraction 21 (84.0%) 4 (16.0%) 25 

I Extraction 14 (56.0%) 11 (44.0%) 25 

Total 35 (70.0%) 15 (30.0%) 50 

Table 7. Age and treatment duration of the sample 

Group N Mean Std . Deviation Median Minimum Maximum 

Age Non-extraction 25 28.84 8.10 27.00 20 57 

Extraction 25 28.96 7.49 28.00 20 49 

Total 50 28.90 7.72 27.00 20 57 

Treatment duration in months Non-extraction 25 30.12 8.17 28.00 16 46 

Extraction 25 39.44 10.48 40.00 22 57 

Total 50 34.78 10.42 32.00 16 57 

Treatment duration in years Non-extraction 25 2.5100 .68 2.3333 1.33 3.83 

Extraction 25 3.2867 .87 3.3333 1.83 4.75 

Total 50 2.8983 .86 2.6667 1.33 4.75 
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Table 8. Summary ofresults for Shapiro-Wilk's test of Normality for pre-treatment measurements and post-treatment measurements. 

Non-Extraction Extraction Levene's I I I I 
Pre Delta Pre Delta Pre DeltaMeasurement 

Skeletal I SNA n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. SNB n.s. n.s. n.s. n.s. n.s. 

n.s.ANB n.s. n.s. n.s. n.s. n.s. 

MAXILLARY LENGTH (CO-A) (mm) n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. MANDIBULAR LENGTH (CO-GN) (mm) n.s. n.s. n.s. <0.05 n.s. 

ANTERIOR FACIAL HIEGHT (ANS-ME) (mm) n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. LFH (ANS-ME/N-ANS+ANS-ME) (%) n.s. n.s. n.s. n.s. n.s. 

Total Anterior face height (N-ME) <0.05 n.s. n.s. <0.05 n.s. <0.05 

Posterior facial height (GO-CF) n.s. n.s. n.s. n.s. n.s. n.s. 

Sn-GoGN n.s. n.s. n.s. n.s. n.s. n.s. 

FMA (MP-FH) n.s. n.s. n.s. n.s. n.s. n.s. 

Dental n.s. I FMIA (Ll-FH) n.s. n.s. n.s. n.s. n.s. 

n.s. IMPA (Ll-MP) <0.05 <0.05 <0.05 n.s. n.s. 

lnterincisal Angle (Ul-Ll) n.s. n.s. n.s. n.s. n.s. n.s. 

Ul-SN <0.05 n.s. <0.05 n.s. n.s. <0.05 

Ul-NA (mm) n.s. n.s. <0.05 n.s. n.s. n.s. 

Ul-NA n.s. <0.05 n.s. n.s. n.s. <0.05 

Ll-NB (mm) n.s. n.s. n.s. n.s. n.s. n.s. 

Ll -NB n.s. <0.05 n.s. n.s. n.s. n.s. 

Soft tissue I Nasolabial Angle <0.05 <0.05 n.s. <0.05 n.s. <0.05 

Upper lip to E-Plane (mm) <0.05 n.s. <0.05 <0.05 n.s. n.s. 

Lower lip to E-plane (mm) <0.05 <0.05 <0.05 n.s. n.s. <0.05 
Airway n.s. I TGL (TT-V) n.s. <0.05 n.s. n.s. n.s. 

PNSPa (PNS-U) n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. SPAS (PSP-PSPh) n.s. n.s. <0.05 n.s. n.s. 

n.s. MAS (U-MPA) <0.05 <0.05 n.s. n.s. n.s. 
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IAS (IAA-IPA) n.s. n.s. n.s. n.s. n.s. n.s. 

VAL (PNS-V) n.s. n.s. n.s. n.s. n.s. n.s. 

MPH n.s. n.s. n.s. n.s. n.s. n.s. 

C3H <0.05 n.s. n.s. n.s. n.s. n.s. 

HRGN n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. - Not statistically significant, p > 0.05; Fail to reject null hypothesis ofNormality. 
<0.05 - Statistically significant at the 5% level; Reject the null hypothesis. 
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Table 9. Cephalometric differences between extraction and non-extraction groups at Pre-treatment (Tl) 

Skeletal 

Dental 

Measurement 

SNA 

SNB 

ANB 

MAXILLARY LENGTH (CO-A) (mm) 

MANDIBULAR LENGTH (CO-GN) (mm) 

ANTERIOR FACIAL HIEGHT (ANS-ME) (mm) 

LFH (ANS-ME/N-ANS+ANS-ME) (%) 

Total Anterior face height (N-ME) 

Posterior facial height (GO-CF) 

Sn-GoGN 

FMA (MP-FH) 

FMIA (Ll-FH) 

IMPA (Ll-MP) 

lnterincisal Angle (Ul-Ll) 

Graue 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Mean 

86.1 

I 85.1 

82.0 

I 80.8 

4.1 

I 4.3 

87.6 
I 85.0 

116.1 

113.8 

68.6 

I 68.6 

58.2 
I 

58.1 

115.8 

116.0 

61.6 

I 59.5 

32.6 

I 34.2 

22 .7 

I 26.1 

54.8 
I 

51.4 

102.6 

102.5 

105.7 

101.5 

Std. 
Deviation 

3.3 

4.4 

3.4 

4.3 

1.8 

1.9 

4.5 

6.4 

7.6 

6.8 

7.0 

5.2 

2.6 

2.5 

8.2 

7.4 

4.7 

6.7 

4.8 

6.6 

5.1 

6.8 

5.7 

5.0 

4.0 

4.1 

4.6 

4.3 

Median 

85.9 

84.8 

81.8 

81.2 

3.7 

4.4 

87.7 

84.4 

116.8 

114.1 

67 .7 

68.2 

58.3 

57.6 

116.2 

116.4 

61.5 

59.6 

31.6 

35.3 

21.5 

27.7 

54.6 

51.3 

100.7 

100.4 

106.0 

101.1 

Student's M-W 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

NA n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

NA n.s. 

n.s. 
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Ul-SN 

Ul-NA (mm) 

Ul-NA 

Ll-NB (mm) 

Ll-NB 

Soft tissue 
Nasolabial Angle 

Upper lip to E-Plane (mm) 

Lower lip to E-plane (mm) 

Airway 
TGL (TT-V) 

PNSPa (PNS-U) 

SPAS (PSP-PSPh) 

MAS (U-MPA) 

IAS (IAA-IPA) 

VAL (PNS-V) 

MPH 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

116.9 

118.8 

8.4 

I 8.6 

31.0 

I 33.3 

10.3 

I 10.5 

39.0 

I 40.4 

91.3 

I 94.4 

3.4 

I 3.5 

5.8 

I 6.1 

80.5 

I 81.3 

35.3 

I 33.6 

12.8 

I 11.6 

10.5 

I 10.7 

13.2 

I 12.1 

58.3 

I 60.3 

14.4 

I 15.7 

2.5 

4.3 

2.0 

2.8 

3.8 

4.2 

3.1 

2.9 

4.5 

4.1 

7.5 

8.2 

0.9 

0.6 

1.7 

1.4 

7.2 

7.4 

5.6 

4.3 

3.2 

3.1 

3.0 

2.6 

3.3 

2.8 

6.6 

7.1 

5.4 

5.6 

115.9 

117.5 

8.6 

8.7 

31.5 

33.8 

9.8 

10.8 

39.0 

39.8 

93 .8 

95.8 

3.3 

3.3 

5.2 

5.7 

81.7 

81.4 

34.8 

33.4 

12.5 

11.1 

9.8 

10.0 

12.4 

11.9 

57.4 

61.0 

14.1 

16.5 

NA n.s. 

NA n.s. 

n.s. 

n.s. 

n.s. 

NA n.s. 

NA n.s. 

NA n.s. 

n.s. 

n.s. 

NA n.s. 

NA n.s. 

n.s. 

n.s. 

n.s. 
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Non-extraction 36.4 5.2 35.5 
C3H NA n.s. 

Extraction 34.5 4.0 35.1 

Non-extraction 40.1 5.5 39.0 
HRGN n.s. 

Extraction 38.9 5.6 39.4 

*M-W: Mann Whitney test 
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Table 10. Cephalometric treatment changes in extraction and non-extraction groups 

Measurement 

Skeletal SNA 

SNB 

ANB 

MAXILLARY LENGTH (CO-A) 
(mm) 

MANDIBULAR LENGTH (CO-
GN)(mm) 

ANTERIOR FACIAL HIEGHT 
(ANS-ME) (mm) 

LFH (ANS-ME/N-ANS+ANS-
ME)(%) 

Total Anterior face height (N-
ME) 

Posterior facial height (GO-CF) 

Sn-GoGN 

FMA (MP-FH) 

Pretreatment Posttreatment 
Group Mean Mean Dif. Mean SD Median Student's M-W 

Non-extraction 86.1 
86.2 

.160 .65 .20 n.s. 

Extraction 
85.1 85.4 

.248 .69 .20 

Non-extraction 
82.0 82.2 

.264 .73 .10 n.s. 

Extraction 
80.8 81.1 

.280 .65 .20 

Non-extraction 
4.1 4.0 -.108 .40 -.20 n.s. 

Extraction 
4.3 4.3 

-.060 .33 .00 

Non-extraction 
87.6 

87.6 
-.040 1.06 -.10 n.s. 

Extraction 
85.0 84.7 

-.312 .98 -.40 

Non-extraction 
116.1 

116.2 
.116 1.10 .10 NA n.s. 

Extraction 
113.8 113.9 

.112 1.14 .30 

Non-extraction 
68.6 

68.9 
.240 1.19 .50 n.s. 

Extraction 
68.6 68.5 -.120 1.26 -.20 

Non-extraction 
58.2 58.4 

.224 1.13 .40 n.s. 

Extraction 
58.1 58.4 

.236 1.11 .40 

Non-extraction 
115.8 115.5 

-.268 1.44 .00 NA n.s. 

Extraction 
116.0 115.6 

-.376 1.79 -1.20 

Non-extraction 
61.6 61.8 

.220 1.49 .50 n.s. 

Extraction 
59.5 59.7 

.204 1.46 .30 

Non-extraction 
32.6 32.5 -.092 .92 .00 n.s. 

Extraction 
34.2 33.8 

-.424 1.07 -.40 

Non-extraction 
22.7 23.2 

.508 1.96 -.20 n.s. 

Extraction 
26.1 25 .1 

-1.024 1.81 -1.00 
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Dental 54.8 59.5 FMIA (Ll-FH) Non-extraction 4.688 5.71 5.50 * 

Extraction 
51.4 62 .2 

10.788 4.43 10.50 

IMPA (Ll-MP) Non-extraction 
102.6 97 .7 

-4.924 5.36 -5 .20 NA * 

Extraction 
102.5 92 .7 

-9.784 4.03 -9.30 

lnterincisal Angle (Ul-Ll) Non-extraction 
105.7 119.3 

12.552 7.66 12.30 * 

Extraction 
101.5 124.7 

23 .148 9.16 21.50 

Ul-SN Non-extraction 
116.9 110.6 

-6.316 4.07 -7.40 NA * 

Extraction 
118.8 106.6 

-12 .24 6.43 -13.40 

Ul-NA (mm) Non-extraction 
8.4 5.9 

-2.496 2.05 -2.00 * 

Extraction 
8.6 3.9 

-4.696 3.28 -5 .00 

Ul-NA Non-extraction 31.0 
25.6 

-5 .936 3.52 -6.80 NA * 

Extraction 33.3 
20.8 

-12 .54 5.69 -12 .80 

Ll-NB (mm) Non-extraction 
10.3 9.0 

-1.284 2.04 -1.20 * 

Extraction 
10.5 6.9 

-3.608 3.25 -3.90 

Ll-NB Non-extraction 
39.0 34.2 

-4.888 5.46 -5.70 NA * 

Extraction 
40.4 30.2 

-10.12 4.54 -9 .70 

Soft tissue Nasolabial Angle Non-extraction 91.3 
94.3 

3.040 4.06 3.00 NA n.s. 

Extraction 
94.4 98.3 

3.988 7.20 2.70 

Upper lip to E-Plane (mm) Non-extraction 
3.4 2.8 

-.576 .33 -.60 NA * 

Extraction 
3.5 2.4 

-1.076 .61 -1.00 

Lower lip to E-plane (mm) Non-extraction 
5.8 5.2 

-.616 .51 -.60 NA * 

Extraction 
6.1 4.5 

-1.584 .81 -1.70 
Airway TGL (TT-V) Non-extraction 

80.5 80.8 
.300 3.55 -.80 NA n.s. 

Extraction 
81.3 79.4 

-1.924 3.56 -2 .70 

PNSPa (PNS-U) Non-extraction 
35.3 35.3 

.084 2.29 -.60 n.s. 

Extraction 
33.6 34.8 

1.244 3.12 .60 

SPAS (PSP-PSPh) Non-extraction 
12.8 13.4 

.696 2.51 1.20 n.s. 

Extraction 
11.6 11.8 

.212 3.21 .20 

56 



11.1 NA n.s. .544 2.79 -.30 

10.6 
-.108 3.31 .00 

13.4 n.s. .196 3.32 -.60 

12.6 
.460 4.20 .00 

59.5 
1.224 2.90 2.30 n.s. 

61.0 
.672 2.63 .00 

15.0 n.s..648 3.87 .90 

17.2 
1.456 3.12 1.40 

36.7 
.280 2.59 .30 n.s. 

35.5 
.964 2.43 1.10 

41.8 n.s. 1.684 5.57 1.70 

41.1 
2.140 3.85 1.60 

MAS (U-MPA) 

IAS (IAA-IPA) 

VAL (PNS-V) 

MPH 

C3H 

HRGN 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

Non-extraction 

Extraction 

10.5 

10.7 

13.2 

12.1 

58.3 

60.3 

14.4 

15.7 

36.4 

34.5 

40.1 

38.9 

* -p - value < 0.05 after Bonferroni correction 
NA - test not applicable 
n.s. - not statistically significant at p=0.05 level after Bonferroni correction 
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