
Open Access Library Journal 
2024, Volume 11, e11783 

ISSN Online: 2333-9721 
ISSN Print: 2333-9705 

 

DOI: 10.4236/oalib.1111783  Jul. 17, 2024 1 Open Access Library Journal 
 

 
 
 

Valuation of the Effect of Premolar Extractions 
in the Context of Orthodontic Treatment on 
Vas: A Systematic Review of the Literature 

Qaderi Mokhtar*, Traore Abdoul Aziz, Ousehal Lahcen 

Department of Orthopaedics, Faculty of Dentistry, University Hassan II, Casablanca, Morocco 

 
 
 

Abstract 
Introduction: The extraction of premolars is now a procedure frequently 
practiced as part of orthodontic treatment although it is subject to contro-
versy. Its main objective which is very often the repositioning of the incisors, 
considered a guarantee of stability of an orthodontic treatment, is likely to 
reduce the arch perimeter and therefore the space dedicated to the tongue 
resulting in a reduction in the dimensions of the upper airway (VAS). The 
aim of this study was to highlight the impact of premolar extractions for or-
thodontic treatment on the upper airway. Methodology: This was a system-
atic review of the literature including cohort studies, case-control studies and 
randomised clinical trials. The study population consisted of patients with 
malocclusion requiring extractions of 4 premolars for orthodontic purposes, 
without gender or age restriction. The intervention consisted of comparing 
changes in the dimensions of the VAS in patients who had undergone ortho-
dontic treatment with extraction of 4 premolars, regardless of the orthodontic 
mechanics used, the type of appliance, the technique used and the duration of 
treatment, with patients before treatment, treated without extractions or not 
treated. To do this, the databases chosen for our bibliographic research are 
Medline, Science Direct, Scopus and Cochrane Library and during a period 
between 01/11/20015 and 01/11/2023. Results: The initial comprehensive lit-
erature search of databases using different Boolean keywords and equations 
resulted in a total of 930 titles. After deleting the duplications and critical 
reading of the abstracts, only 12 articles were selected that met the eligibility 
criteria of our study. The 12 studies that met the eligibility criteria for this 
study were included with a total of 758 patients, 547 women (72%) and 211 
men (28%). Conclusion: It is difficult to draw definitive conclusions from 
this systematic review of retrospective clinical studies. The hypothesis is that 
premolar extraction reduces the arch perimeter, thereby restricting the space 
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for the tongue and positioning it further back. This adaptation of the tongue 
to its new habitat would lead to constriction of the oropharyngeal airways. 
Several studies have been designed to test this hypothesis, but to date, solid 
evidence is lacking. 
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1. Introduction 

At present, the orthodontic paradigm has shifted to soft tissues, and orthodon-
tists believe that soft tissue analysis, including facial contour evaluation, neuro-
muscular function, Language, tonsils and airways are integral to orthodontic di-
agnosis and treatment planning. The extraction of permanent teeth as part of 
orthodontic treatment has always been a controversial topic in clinical ortho-
dontics. 

One of the first orthodontists to indicate permanent tooth extractions to cor-
rect malocclusions was Charles Tweed, who found that only 20% of his clinical 
cases treated without extractions were successful. However, his ideas were con-
siderably different from the non-extractionist theory supported by his professor, 
Edward Angle [1]. Extraction of the premolars is now a procedure frequently 
performed as part of orthodontic treatment. 

The decision regarding dental extraction as part of an orthodontic treatment 
plan depends on a number of factors such as the age of the patient, the width of 
the dental arch, the dentoalveolar ratio, the profile of the face, the extent of the 
congestion, and the clinician’s judgment and preferences. Depending on the di-
agnosis and treatment plan, 2 or 4 premolars are usually extracted. The reposi-
tioning of the incisors is considered a guarantee of stability of orthodontic 
treatment; however, it reduces the arch perimeter and therefore the space dedi-
cated to the tongue. This can affect the dimensions of the upper airway (VAS).  

The airways can be divided into two parts: the upper respiratory tract (VAS) 
which includes the nasal cavity, pharynx and larynx; and the lower respiratory 
tract (VAI) which corresponds to the trachea, bronchi and lungs. VAS is respon-
sible for the physiological processes of swallowing, phonation and breathing. 

The factors influencing the morphology of VAS are the size of the tongue and 
soft palate, the position of the lateral pharyngeal wall and the position of the 
maxilla and mandible [2]. In addition, patients with malocclusions have been 
reported in the literature to have differences in the size and position of soft tis-
sue structures and airways [3]. The pharynx bike is the narrowest part of the 
respiratory tract which is therefore the most sensitive to stenosis and obstruc-
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tion; it has been described that it may be affected by orthodontic treatment [4]. 
Evidence showed that significant dentofacial changes occurred after ortho-

dontic treatment with extraction; these changes concerned skeletal structures, 
the soft tissue profile and the position of the incisors and have the potential to 
affect the position of the tongue and pharyngeal space [5]. The main concern 
regarding changes in VAS dimensions after orthodontic extraction of premolars 
is related to its adverse effects on sleep quality. Several studies have shown that 
upper airway stenosis leads to respiratory disorders such as snoring and obstruc-
tive sleep apnoea (OSA), which negatively affect quality of life [6] [7]. 

The orthodontist is faced with a clinical dilemma: should the incisors be ex-
tracted and repositioned or should the VAS and the impact of extractions on 
their permeability be considered? The question that each practitioner asks is: 
What is the effect of premolar extractions and therefore the lingual repositioning 
of the incisors on the permeability of VAS? It is to try to answer this question 
that we conducted this systematic review of the literature whose objective was to 
highlight the impact of premolar extractions for orthodontic treatment on the 
upper airways. 

2. Materials and Methods 

This is a systematic review of the literature including cohort studies, case-control 
studies and randomized clinical trials.  

The protocol for this review was registered on 12/25/23 on the INPLASY plat-
form (International Platform of Registered Systematic Review and Meta-analysis 
Protocols) under the following registration number: INPLASY2023120099 and 
under the DOI: 10.37766/in plasy 2023.12.0099.  

The databases chosen to carry out our bibliographic search are the following: 
Medline, Science Direct, Scopus and Cochrane Library during the period be-
tween 01/11/2015 and 01/11/23. 

The 4 main concepts of our research topic were: “Orthodontic treatment, 
Premolar’s extractions, and Upper airways”. 

Study population consisted of patients with malocclusion requiring extrac-
tions of 4 premolars for orthodontic purposes, without gender or age restric-
tions. The intervention consisted of comparing the changes in the dimension of 
the VAS (total volume, and/or volume of the nasopharynx, oropharynx and hy-
popharynx) in patients who had benefited from orthodontic treatment with ex-
traction of 4 premolars regardless of the orthodontic mechanics used. (Maxi-
mum/reciprocal/minimal anchorage/absolute anchorage by miniscrew), the type 
of device, the technique used and the duration of treatment with patients before 
treatment, treated without extractions or not treated. 

The criteria for inclusion in this work were as follows: 
Studies dealing with the effects of orthodontic extractions of premolars on 

VAS; 
Randomized and non-randomized clinical trials; 
Descriptive and analytical observational studies: case control study, cohort 
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and cross-sectional study as well as retrospective studies; 
Articles published between 2015 and 2023; 
The Criteria for Exclusion were: 
1) Articles judged as case studies, expert reports, letters, comments, and editori-

als. 
2) Articles that do not meet the objectives of our work on the basis of the 

reading of abstracts and the critical reading of the full text. 
3) Articles dealing with the effects of orthodontic treatment without extrac-

tion on VAS. 
4) Articles with a publication date prior to 2015. 
5) Articles in a language other than French and English. 
After reading the titles of 685 articles, we kept 122 articles (563 articles were 

eliminated). After reading the summaries of the 122 articles, we kept 35 articles 
(87 articles were eliminated according to the exclusion criteria). The final num-
ber of validated publications is 12 articles and represents a database for system-
atic analysis that will be explored in the results and discussions section. All stud-
ies selected were observational studies and the quality assessment of these stud-
ies is carried out by STROBE (“Strengthening the Reporting of Observational 
studies in Epidemiology”).  

 

 
Figure 1. Flowchart of the relevant item selection process. 
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The following data were extracted from the included studies: title and name of 
authors, year of publication, study types, sample, diagnosis, means of measure-
ment and finally conclusion. 

Figure 1 summarizes the sequence of literature searches on the different da-
tabases using the different keywords and Boolean equations mentioned above, 
according to the PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) flow diagram. The initial exhaustive search resulted in a to-
tal of 930 titles, 245 were eliminated due to duplications. The remaining 685 
were examined by titles and abstracts and 650 studies were excluded. The analy-
sis of the full text of the remaining 35 articles led to the exclusion of 23 other 
publications. 12 articles therefore met the eligibility criteria. 

3. Results 

A total of 758 patients were included in the selected studies with 547 women 
(72%) and 211 men (28%). All the characteristics of the 12 selected studies were 
described in the table below (Table 1). 

 
Table 1. Summary table of the characteristics of selected studies. 

Authors, 
Reference 

Years 
Title 

Type of study and 
Sample 

Diagnosis and 
Means of  

measurement 
Conclusion 

Cho HN et 
al. [2] 
2021 

Effect of extraction  
treatment on upper airway 
dimensions in patients with 
bimaxillary skeletal  
protrusion relative to their 
vertical skeletal pattern 

Retrospective study 
55 patients 

(10 Men and 45 
Women) 

23.4 5.21 years 

Biprognathia 
Profile 

teleradiography 

The size of the pharynx remains 
stable with sagittal changes. The 
oropharynx may be sensitive to  
vertical changes after  
extractions 

Jena AK et 
al. [3] 
2022 

Adaptive changes in the  
posterior pharyngeal wall 
following large retraction of 
incisors during  
comprehensive orthodontic 
treatment 

Retrospective study 
61 patients 

Group I without  
extractions: 27 
(21.04 ± 2.08) 
Group II with 
extraction : 34 
(22.50 ± 3.53) 

Skeletal class I 
with a  

biproalveolia 
Profile 

teleradiography 

No change was observed in the  
dimension of the VAS after  
incisor retraction. 

Bhatia Lt C 
et al. [4] 

2016 

Effect of retraction of anterior 
teeth on pharyngeal airway 
and hyoid bone position in 
Class I bimaxillary  
dentoalveolar protrusion 

Retrospective study 
22 patients (9 men 

and 13 women): 22.52 
years old 

Skeletal Class I 
Biproalveolia 

Profile  
teleradiography 

Incisor repositioning influences the 
size of the airway as well as the  
position of the hyoid bone which 
becomes more posterior. 

Shi X et al. 
[5] 

2021 

Effects of miniscrew-assisted 
orthodontic treatment with 
premolar extractions on upper 
airway dimensions in adult 
patients with Class II 
high-angle malocclusion 

Retrospective study 
18 patients 

21.2 ± 2.9 years 

Hyperdivergent 
Class II.1 

CBCT (Cone 
beam computed 

tomography) 
Profile  

teleradiography 

The use of miniscrews for the intru-
sion of the molars allows anterior 
rotation of the mandible which  
allows the increase in the size of the 
airway despite the  
extractions of premolars 
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Continued 

Aldosari 
MA et al. 
[6] 2019 

Evaluation of the airway space 
changes after extraction of 
four second premolars and 
orthodontic space closure in 
adult female patients with 
bimaxillary protrusion 

Retrospective study 
29 patients 

Ages 18 to 30 years 

Class I 
Biproalveolism 

Profile  
teleradiography 

Extraction of the 4 second  
premolars does not affect the size of 
the VAS 

Zhang J et 
al. [7] 
2015 

Upper airway changes after 
orthodontic extraction  
treatment in adults: A  
preliminary study using cone 
beam computed tomography 

Retrospective study 
18 patients 

(5 males and 13  
females) 

24.1 ± 3.8 years old 

Hyperdivergent 
skeletal Class II 

CBCT 

No significant differences in VAS 
volume and height after extraction 
of the first 4 premolars. The sagittal 
dimensions of the VAS are  
narrowed in the middle and lower 
parts 

Mortezai 
O et al. [8] 

2023 

Effect of premolar extraction 
and anchorage type for  
orthodontic space closure on 
upper airway dimensions and 
position of hyoid bone in 
adults: A retrospective  
cephalometric assessment 

Retrospective study 
142 patients 

40 cases of Class I  
biproalveolism 

40 cases 

Class I with  
moderate  

congestion 
40 cases Class II 

22 cases Classe III 
Profile  

teleradiography 

Variations in the dimensions of the 
VAS and the position of the hyoid 
bone are affected by the type of  
anchor used to close the extraction 
spaces of the first 4 premolars. 

Zheng Z et 
al. [9] 
2017 

Computational fluid  
dynamics simulation of the 
upper airway response to large 
incisor retraction in adult 
class I bimaxillary protrusion 
patients 

Retrospective study 
30 patients 
19 females 
11 males 

25.87 ± 0.78 years old 

Class I  
Biproalveolism 
Computational 
fluid dynamics 

(CFD) 

CFD is a validated method for  
accurately calculating the  
aerodynamic flow characteristics of 
the VAS, enabling flow and regional 
pressure to be described. 
After extraction, the oropharynx 
and hypopharynx increase  
resistance to flow pressure, and the 
risk of pharyngeal collapse  
increases after incisor retraction 
with maximum anchorage 

Guo R et 
al. [10] 
2022 

Oropharynx and hyoid bone 
changes in female extraction 
patients with distinct sagittal 
and vertical skeletal patterns: 
A retrospective study 

Retrospective study 
Group I 

40 patients without 
extractions 

Group 2 
120 patients with 

extractions 

Class I Normo 
(30 patients) 
Class I Hyper 

(30) 
Class II Normo 

(30) 
Class II Hyper 

(30) 
CBCT 

The oropharynx increases in volume 
after extractions, more so in Class I 
than Class II patients. The hyoid 
bone is displaced posteriorly. 

Joy A et al. 
[11] 
2020 

Airway and cephalometric 
changes in orthodontic  
patients after premolar  
extractions 

Retrospective study 
Group I 

42 patients without 
extractions (22 M + 
20 F) 26 ± 8.0 years 

old 
Group 2 

41 patients with  
extractions (20 M + 

21 F) 26.1 ± 7.1 years 

Classe I DDM 
Classe II DDM 
Classe III DDM 

CBCT 

No significant differences in  
sagittal and transverse VAS dimen-
sions 
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Continued 

Al Kawari 
HM et al. 
[12] 2018 

Pharyngeal airway  
dimensional changes after 
premolar extraction in skeletal 
class II and class III  
orthodontic patients 

Retrospective study 
60 patients 

Group I 
10 M + 22 F 

17±5 years old 
Group II 

12 M + 16 F 
18 ± 4 years 

Group I = Skeletal 
Class II 

Group II = 
Skeletal Class III 
Profile teleradio-

graphy 

Increased rhinopharyngeal volume 
in Class II and Class III patients. 
Changes in the dimensions of the 
hypopharynx and oropharynx are 
not significant. 

Fang MR 
et al. [13] 

2022 

Study of pharyngeal airway 
morphology with CBCT:  
Benefits of four premolar 
extraction orthodontic  
treatments 

Retrospective study 
80 patients 
Class I: 30 

(5 H + 25F)  
15.7 ± 4.48 
Class II : 35 

( 8 H + 27 F)  
18.1 ± 5.41 
Class III: 15 
(3 H + 12F) 
18.9 ± 4.45 

Classe I Squel 
Classe II Squel 
Classe III Squel 

CBCT 

Premolar extractions do not affect 
VAS dimensions 

4. Discussion 

There is no real consensus in the literature on this subject; the methods of evalu-
ating this probable restriction of the airways also vary from one author to an-
other. Half of the authors retained in our study stated that orthodontic extrac-
tions of the 4 premolars did not affect the size of the VAS while the other half 
stated that a change could occur in the direction of a reduction in the volume of 
VAS the following premolar extractions.  

VAS is composed of the nasopharynx, oropharynx and laryngopharynx, 
among which the oropharynx is the narrowest and potentially the most sensitive 
to adverse effects after orthodontic treatment [14]. The base of the tongue, soft 
palate and posterior and lateral pharyngeal walls form the boundary of the oro-
pharynx. A large incisive repositioning results in a reduction in the volume of 
the oral cavity, which can affect the position of the tongue and soft palate and 
thus lead to a narrowing of the VAS [15] [16]. According to Guo R et al., naso-
pharynx and hypopharynx are supported by bone and cartilage and are located 
far from the oral cavity; they are not easily influenced by extractions. In contrast, 
the oropharynx includes soft tissues and tongue; it is directly connected to the 
oral cavity and therefore more sensitive to changes [10]. 

The main concern about the impaired pharyngeal dimension caused by or-
thodontic extraction is the quality of sleep of patients. Constriction of the VAS 
can lead to respiratory disorders, such as snoring and obstructive sleep apnea 
(OSA), which can significantly degrade the quality of life of patients. OSA is a 
chronic sleep-related respiratory dysfunction, defined by the cessation of airflow 
accompanied by persistent respiratory stress due to the collapse of the VAS [17] 
[18]. Recently, there has been increasing evidence that patients with OSA have 
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dento-facial morphological features associated with narrowing of the upper res-
piratory tract [19] [20]. The etiopathogenesis of OSA is still uncertain and sev-
eral factors are implicated, including anatomical factors leading to VAS narrow-
ing and obesity [21].  

Several studies have been conducted by the authors to identify the real impact 
of orthodontic therapy on the upper airways. 

Thus, Cho HN et al. [2] in their retrospective study of 55 patients treating bi-
prognathia cases noted that pharynx size remains stable at sagittal changes. 
Oropharynx, on the other hand, may be sensitive to vertical changes after ex-
tractions.  

Similarly, Jena AK et al. [3] in their study of 61 subjects with a skeletal class I 
associated with biproalveolie noted that no change was observed in the VAS di-
mension after incisive retraction as Aldosari M et al. [6] in their study of 29 pa-
tients who had a skeletal class I associated with biproalveolie. These authors used 
profile teleradiography as a means of evaluating changes in VAS dimensions. 

Other authors have used CBCT as a means of assessment in pre and post or-
thodontic treatment. Thus, Zhang et al. [7] reported in their study of 18 subjects 
with skeletal class II associated with facial hyperdivergence that there are no sig-
nificant differences in the volume and height of VAS after extractions of the first 
4 premolars. According to the latter, the sagittal dimensions of VAS are nar-
rowed in the middle and lower parts. Joy A et al. [11] and Fang MR et al. [13] 
also reported in their CBCT study that premolar extractions did not affect VAS 
dimensions.  

As for Zheng Z et al. [9], they used a specific means of evaluation, computa-
tional fluid dynamics (CFD). This is a validated method to accurately calculate 
the aerodynamic characteristics of the VAS flow, thus describing the flow rate 
and regional pressure. In their study of 30 patients of class I biproalveolie, they 
noted that after extraction, oropharynx and hypopharynx increased the resis-
tance to flow pressure and the risk of collapsing pharynx thus increased after in-
cisive retraction with maximum anchoring. 

Among the possible factors involved in the modification of VAS dimensions 
after extraction and incisive repositioning has been mentioned by some authors 
in the literature, the posterior-inferior movement of the hyoid bone. However, 
this posterior-inferior repositioning of this bone remains controversial. Chen et 
al. [15] showed that there was a significant correlation between the degree of re-
traction of the hyoid bone in the horizontal direction and the decrease in VAS, 
while Bhatia Lt et al. [4] revealed in their study of 22 class I biproalveolie pa-
tients that incisive repositioning influenced the size of the airway as well as the 
position of the hyoid bone that became more posterior using profile teleradio-
graphy. 

As for the loss of anchorage of the molars, it seems to increase the space be-
hind the tongue, which can play an essential role in improving the dimensions of 
the VAS. In the study of Germec-Cakan et al. [16], the average increase in VAS 
space was about 1.5 mm after treatment. The author attributed this increase to a 

https://doi.org/10.4236/oalib.1111783


Q. Mokhtar et al. 
 

 

DOI: 10.4236/oalib.1111783 9 Open Access Library Journal 
 

mesial movement of 3 mm of the molars after resolution of the anterior clutter 
in cases by reduced anchoring. 

However, Zhang et al. reported that the effect of extractions on the upper res-
piratory tract during orthodontic treatment appears to be an adaptive change in 
respiratory tract morphology, rather than a decrease in respiratory tract size [7]. 

In this study, the large variation between studies in the age of recruited sub-
jects reduced comparability. In adolescents, the volume of VAS increases rapidly 
due to craniofacial growth. However, VAS is mature and stops growing in adult 
patients. Thus, the growth potential should be considered when evaluating the 
effect of orthodontic extraction treatment on VAS in adolescents [22] [23]. 

Malocclusion is another factor to consider. Different types of malocclusions 
have their own treatment protocols and extraction indications. In studies in-
volving patients diagnosed with Class I bi-maxillary protrusion, the indication 
for extraction of the 4 premolars was incisive repositioning. After extensive re-
traction of the anterior teeth, a reduction in the volume of EVA was observed. In 
contrast, an increase in the volume of VAS was observed in patients diagnosed 
with Class I crowding and treated by extracting four premolars to eliminate 
crowding. The remaining extraction space after resolution of the MDD was used 
for closing the space by molar anchoring loss. Four premolars were extracted in 
both groups of subjects, but the treatment protocol was different. As a result, ex-
tractions affected the VAS in the opposite way [24] [25]. 

Three methods for assessing the dimensions of VAS (cephalometry, CT, and 
CFD) were used in the included studies, which could also affect the reliability 
and comparability of the results. High correlations were reported between the 
use of profile X-rays and CBCT imaging acquisitions to assess the pharyngeal 
airway [26]. However, the pharynx is a three-dimensional tubular structure and 
two-dimensional imaging can easily lose some dimensional information [27]. 
The American Association of Orthodontists on Obstructive Sleep Apnea and 
Orthodontics suggests that the 3D evaluation is ideal for evaluating the dimen-
sions of the VAS [28]. 

The results of this systematic review showed that, during orthodontic treat-
ment with extraction of the premolars, significant retraction of anterior teeth 
and loss of anchorage of molars were the two main factors that could affect the 
dimensions of the upper airways. However, the lack of consensus of the authors 
on the question tends to show that the morphology and initial pharyngeal di-
mensions are likely to respond differently to dento-skeletal changes in ortho-
dontic treatment. 

1) Limitations of the study: It should be noted that at the end of this system-
atic review, we found no randomized or non-randomized clinical trials, no 
case-control or prospective studies. The subject was treated in the literature only 
by retrospective studies based on the examination of orthodontic records of al-
ready treated patients. Also, efforts by researchers are requested on this subject 
to carry out more serious studies, with good quality and high reliability in terms 
of scientific evidence. 
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2) Conflicts of interest: There is no conflict of interest. 
3) Financial support: There was no financial support for this study. 

5. Conclusions 

It is difficult to draw definitive conclusions based on this systematic review of 
retrospective clinical studies concerning the effects of premolar extraction on the 
VAS dimension. The hypothesis is that the premolar extraction decreases the 
arch perimeter and the size of the oral cavity thus restricting the tongue space 
and positioning it later.  

This adaptation of the tongue to its new interior would cause a constriction of 
the oropharyngeal airways. Several studies have been designed to test this hy-
pothesis, but so far, solid evidence is lacking. 
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