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Abstract

Background: Extraction of premolars is usually prescribed for the orthodontic treatment of cases with inadequate space within the dental
arch or when anterior teeth retraction is indicated; however, it has been advocated that this treatment approach could negatively influence the
airways.

Objective: To identify and critically appraise studies of premolar extractions during orthodontic treatment on upper airway dimensions. Search
methods: Electronic unrestricted searches in nine databases until October 2024. Selection criteria: Clinical studies on humans comparing
comprehensive orthodontic treatment with versus without the extraction of premolars using cone-beam computed tomography to assess upper
airway volume or minimum cross-sectional area (minCSA). Data collection and analysis: After duplicate study selection, data extraction, and
risk-of-bias assessment according to Cochrane, random-effects meta-analyses of Mean Differences (MD) with their 95% confidence intervals
(Cl) were performed, followed by subgroup/meta-regression analyses and assessment of the quality of evidence.

Results: Twelve papers corresponding to 11 unique retrospective non-randomized studies were included, covering 891 patients (35.8%
male; 20.0 years-old on average). No statistically significant differences in the effect of orthodontic treatment on the volume of the naso-
pharynx, palatopharynx, glossopharynx, oropharynx or oral cavity were seen between patients treated with versus without premolar extractions
(P > .05). Similarly, no significant differences were seen between extraction and non-extraction patients in terms of minCSA of the nasopharynx,
palatopharynx, or glossopharynx (P > .05). On the contrary, patients treated with premolar extractions showed increased minCSA of the oro-
pharynx compared to those treated without premolar extractions (4 studies; MD = 23.00 mm?; 95% Cl = 10.74-35.26 mm?; P = .009). No sig-
nificant effects from patient age, sex, or equivalence of the extraction/non-extraction groups were found, while the strength of evidence was
moderate in all cases due to the inclusion of non-randomized studies with high risk of bias.

Conclusions: Limited evidence of moderate strength indicates that, on average, premolar extractions during comprehensive orthodontic treat-
ment have little to no effect on the volume and minCSA of the airways.

Registration: CRD42024621355
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Introduction Skeletal malocclusions as well as their treatment have
been associated with the size and morphology of the upper
airways—even though this does not necessarily trans-
late to differences in breathing. Patients with skeletal Class
II craniofacial patterns seem to have on average decreased
upper airway volume (mainly at the oro-, palato, and the
glossopharynx compartments), while skeletal Class III pa-
tients seem to have increased upper airway volume (mainly
at the oropharynx, the intraoral cavity, and the hypopharynx)
compared to Class I patients [6]. Additionally, hyperdivergent
patients seem to have on average decreased airway volume
at the oropharynx compared to normodivergent patients [6].

Theinterplay between form and function has long been the sub-
ject of discussions in the field of orthodontics and dentofacial
orthopedics, especially when it comes to breathing. Patients
with sleep disordered breathing, and specifically Obstructive
Sleep Apnea (OSA), tend to show distinct craniofacial traits,
including short and steep cranial base, increased mandibular
plane to hyoid bone distance, greater anterior and posterior
face height, more skeletal Class II, shorter and retrognathic
jaws, more vertical craniofacial configuration, increased soft
palate length and thickness, and greater uvula length and
thickness compared to patients without OSA [1-5].
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Regarding several dentofacial orthopedic treatment proto-
cols for Class II, Class III, or transverse discrepancies (man-
dibular advancement, maxillary extraoral traction, maxillary
protraction, or rapid maxillary expansion), these have been
shown to positively influence the size of the upper airways of
growing children [7-11]. Subsequently, these results were in-
terpreted as signs that the orthodontist might be in a position
to indirectly influence the breathing capacity of growing chil-
dren, even though the morphological assessment of the air-
ways with radiographic imaging or even computational fluid
dynamics simulation [12] does not assess the actual breathing
function and does not necessarily correlate well with func-
tional measurements of breathing [13, 14].

Contrary to the assumption that dentofacial orthopedics
might be able to positively influence the anatomic and func-
tional parameters of the upper airways, a question arises as
to whether certain orthodontic therapeutic protocols might
exert a negative influence on the morphology of the upper air-
ways or even the breathing capacity. This concept is discussed
mostly, but not exclusively, on the basis of tooth extractions
performed in conjunction with orthodontic treatment with
fixed appliances. According to this concept, extraction of
teeth and subsequent retraction of the anterior teeth limits the
antero-posterior dimension of the dental arch and the space
available for the tongue, which further restricts the upper air-
ways and can supposedly exacerbate the risk for OSA. It is
important to note though that this notion is supported mostly
by anecdotal evidence, subjective opinion pieces, or individual
uncontrolled clinical studies of poor design and low internal
validity [15-17]. A recent white paper from the American
Association of Orthodontists stated that existing evidence
does not support the notion that arch constriction or retrac-
tion of the anterior teeth facilitated by dental extractions has
a detrimental effect on respiratory function [18]. Finally, a
study assessing the electronic medical and dental health re-
cords in the United States reported that the absence of four
premolars and, therefore, a presumed indicator of past ‘ex-
traction during orthodontic treatment’ cannot be supported
as a significant cause of OSA [19]. This is also confirmed by
a recent large cross-sectional study finding no association
between sleep disordered breathing/sleep disruption and ab-
sence of four first premolars [20].

Previous studies on the subject have used either two-
dimensional lateral cephalograms or three-dimensional im-
aging (mostly cone-beam computerized tomography [CBCT])
to assess the upper airways before and after orthodontic
treatment with or without extractions. Even though CBCT
does not provide information on the pharyngeal neuromus-
cular tone, susceptibility to collapse, or actual function of
the airway and should not be used to diagnose breathing dis-
orders, it still offers considerable advantages to the lateral
cephalogram in terms of visualizing the upper airway volume
and minCSA, which could be useful for diagnostic purposes
[21]. The existing systematic reviews comparing extraction
versus non-extraction patients assessed with CBCT are prone
to language bias due to excluding non-English studies [22],
did not follow Cochrane’s guidelines on critically appraising
the internal validity of included studies [22-25], or did not
perform meta-analysis [22, 23, 25]. Therefore, it was judged
that a new review on the subject is justified. This systematic
review aims to identify and critically appraise the evidence
from clinical studies in human subjects on the effect of pre-
molar extractions, as part of comprehensive orthodontic
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treatment, on the upper airway volume and minCSA through
CBCT assessment. The null hypothesis was that there is no
difference in upper airway volume and minCSA between pa-
tients treated with and those treated without bilateral pre-
molar extractions during fixed-appliance treatment.

Materials and methods

Protocol and registration

The protocol for this review was prepared a priori, was regis-
tered in PROSPERO (CRD42024621355), and all changes to
the protocol were noted (Supplementary Appendix 1). This
conduct and reporting of this systematic review is based on
the Cochrane Handbook [26] and the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA)
statement [27], respectively.

Eligibility criteria

Any clinical study on systemically healthy and non-syndromic
human patients of any age, sex and ethnicity with any kind of
dental and skeletal malocclusion was considered eligible for
inclusion in this systematic review. Based on the nature of the
research question, the ideal study design to include was par-
allel randomized clinical trials. However, as previous reviews
on orthodontic extractions indicated that very few random-
ized trials exist [24, 28], non-randomized comparative pro-
spective and retrospective before-and-after (cohort) studies
were also included. Excluded were case series/reports, animal
studies, non-clinical studies, studies without comprehensive
orthodontic treatment, studies on patients with systemic dis-
eases (including clefts), studies not using CBCT, studies not
reporting the outcomes of interest, and studies that did not
include a non-extraction fixed-appliance control group. Any
clinical setting was included to increase the generalizability of
the review’s results.

Information sources and search

We searched nine electronic databases without restrictions
for publication language, year and type from inception up
to October 31, 2024 (Supplementary Appendix 2). The ref-
erence lists and citation lists through Google Scholar of eli-
gible articles and existing systematic reviews were reviewed
to identify any additional studies.

Selection process

Initially, studies being obviously not relevant to the review’s
scope were eliminated based on their title and abstract.
Subsequently, the remaining full texts were checked against
the review’s criteria. Study selection was performed independ-
ently and in duplicate by two authors (SNP and MZ) and any
disagreements were resolved through discussion with a third
author (AKP).

Data collection process and items

A pre-piloted collection form was used for data extraction,
which covered (a) study characteristics, including the primary
author with the year of publication, study design, clinical
setting, and country; (b) patient characteristics, comprising
number of patients, age, and sex; (¢) whether any matching
between extraction/non-extraction groups was made; (d)
the skeletal maturation stage of included patients; (e) the
malocclusions of included patients; (f) whether any airway-
related eligibility criteria were used for patient selection
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(including Body Mass Index [BMI] [29]); (g) which premolars
were extracted; (h) whether any anchorage management was
reported; and (i) the voxel size of the used CBCT imaging.
Data extraction was independently and in duplication by two
authors (SNP and MZ), while a third author (AKP) resolved
any existing disparities.

Risk of bias of individual studies

The risk of bias of included randomized trials and non-
randomized comparative clinical studies was assessed with
Cochrane’s ROB 2.0 [30] and ROBINS-I tools [31], respect-
ively. All assessments were performed by two authors in-
dependently (MZ and AKP), with discrepancies resolved
through discussion with a third author (SNP).

Effect measures and data synthesis

Pairwise meta-analysis of mean differences (MD) and
their 95% confidence intervals (CI) was used to pool data
from > 2 similar studies reporting on the same outcome.
Regardless of how the authors of original studies named
them, all reported outcomes were categorized according to
widely accepted anatomical landmarks that delineate each
upper airway compartment (Supplementary Appendix 3).
Even though all compartments were included and reported,
the volume and minCSA of the oropharynx and its separate
constituent compartments of the palatopharynx and the
glossopharynx were adopted as the main outcomes of this
review, due to their critical role in breathing disorders [32,
33]. As several malocclusion-related or treatment-related
characteristics might influence airway dimensions [6, 8, 9,
12, 29, 34], effects of comprehensive orthodontic treatment
were expected to vary among studies, and a random-effects
model was deemed a priori more appropriate to capture
this variability and calculate the average distribution of
treatment effects across studies [35]. A novel restricted
maximum likelihood variance estimator was chosen in all
instances [36] and the Knapp & Hartung adjustment [37]
was used for meta-analyses with > 3 studies. Heterogeneity
between studies was assessed through visual inspection of
a contour-enhanced forest plot (Supplementary Appendix
1) [38], through estimation of tau (absolute heterogeneity)
and I? (relative inconsistency), together with their 95% un-
certainty intervals. Ninety-five percent predictions were
calculated, which incorporate identified heterogeneity and
assist in the interpretation of the meta-analytical estimates
by providing a range of expected effects across various fu-
ture clinical settings [39]. Random-effects meta-regressions
and subgroup analyses were performed according to mean
age, included age group (underage, adult, mixed), and % of
male patients in the study. In order to address the baseline
equivalence of the extraction/non-extraction patients, stand-
ardized mean differences (SMD; Cohen’s d) for baseline
(pretreatment) upper airway dimensions were calculated.
Additionally, extraction versus non-extraction comparisons
from non-randomized studies are bound to be wrought by
confounding by indication (i.e. more severe cases allocated to
extraction treatment) and baseline severity is associated with
treatment duration [40]. As such, SMDs for treatment dur-
ation between extraction/non-extraction patients were cal-
culated as a proxy for baseline malocclusion severity. SMDs
for baseline airway dimensions and treatment duration were
used to run meta-regression or sensitivity analysis (using
an arbitrary cutoff of SMD < 0.5 indicating equivalence).

All analyses were conducted in R 4.2.2. (R Foundation for
Statistical Computing, Vienna, Austria) by one author (SNP),
with open dataset [41], alpha set at 0.05 and a two-sided
P-value.

Reporting bias assessment and certainty
assessment

Hints of reporting biases (including the possibility of pub-
lication bias) were planned to be assessed through contour-
enhanced funnel plots and formally with Thompson’s test.
The Grades of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach was employed [42] to
gauge the certainty around the results of meta-analyses and
findings were presented with a revised summary of findings

table [43].

Results

Study selection

The initial electronic database search yielded 1202 records
and one additional was identified through manual searching
(Fig. 1). After eliminating 258 duplicates, 944 records were
left for further evaluation and were assessed against the eli-
gibility criteria (Supplementary Appendix 4). Ultimately, 12
publications [44-55], corresponding to 11 distinct clinical
studies, were included in the quantitative synthesis (as one
study was reported in two papers [54, 55]). Most of the in-
cluded studies (7/11; 64%) were published as papers in peer-
reviewed journals, while the remaining four (36%) were
published as dissertation/thesis [45, 47, 51, 52]. All studies
were in English, except for one paper published in a Chinese
journal [49].

Study characteristics

The characteristics of included studies are summarized in
Table 1. All 11 included studies were retrospective non-
randomized before-and-after (cohort) studies and were con-
ducted in university clinics or private practices from just
three different countries (Australia, China, and United States
of America). In total, 891 patients were included in the 11
studies (mean 81 patients/study from the 11 studies reporting
sample size), with 36% being male (319/891; from the 11
studies reporting sex) while the average age was 19.9 years
(from the 10 studies reporting on age). Among the 11 studies,
2/11 included underage samples [44, 47], 3/11 included
adult samples [48, 50, 53], 3/11 included mixed underage/
adult samples [45, 51, 52], and 3/11 did not report the age
range of their sample [46, 49, 54]. Matching of the extraction
and non-extraction patients was done in only about half the
studies (6/11; 55%), but not always for all confounders that
could potentially affect airway dimensions. Skeletal matur-
ation was reported only in one study [51], which used the
cervical vertebral maturation method. Various types of mal-
occlusions were included within the identified studies de-
fined either as skeletal/dental Classes I-III, crowding, sagittal/
vertical skeletal configuration, or dentoalveolar inclination.
Breathing disorders or upper airway anomalies were expli-
citly ruled out in only 45% (5/11) of the included studies. In
the extraction group, either two maxillary or four premolars
were extracted, and the 1% premolars were extracted more
often than the 2™ premolars (even though this was only par-
tially reported). In all studies fixed appliances were used for
comprehensive orthodontic treatment, except for one study
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Figure 1. PRISMA flow diagram for the identification and selection of eligible studies.

[50], where 7% of the patients were treated with aligners.
CBCT voxel size was reported in 8/11 studies and ranged be-
tween 0.3 and 0.4 mm.

Risk of bias of included studies

The risk of bias for the included non-randomized studies was
assessed with the ROBINS-I tool (Table 2). The most prob-
lematic domains were the selection of patients into the study
(critical in 100% of the studies), followed by confounding
(critical in 55% and serious in 27% of the studies), while it
was unclear in all studies if blinding of the outcome measure-
ment was undertaken.

Data synthesis

All eleven included studies reported data on treatment-related
(post- minus pretreatment) volumetric changes of at least one
upper airway compartment (or combinations of two compart-
ments). One study [51] included its full data in a table, which
was extracted and re-analyzed for this review (Supplementary
Appendix 5). Existing evidence indicated that overall no stat-
istically significant differences (P > .05 in all instances) were
observed between extraction and non-extraction patients for
volume of (i) the nasopharynx (4 studies; MD = -74.72 mm?,
95% Cl=-236.34 to 86.90 mm?®; P = .24; Appendix 6); (ii)
the palatopharynx (7 studies; MD =-351.57 mm’ 95%
CI=-993.31 to 290.17 mm?; P = .23; Fig. 2A); (iii) the oral
cavity (1 study; MD = -1421.92 mm?; 95% CI=04596.76
to 1752.92 mm?®; P = .38; Appendix 7); (iv) the oropharynx
(6 studies; MD =286.47 mm?’ 95% Cl=-1171.66 to
1744.60 mm?®, P =0.64; Fig. 2B); (v) the glossopharynx
(4 studies; MD =165.07 mm?* 95% Cl=-1142.45 to
1472.58 mm?; P = .71; Fig. 2C); (vi) the naso- & oropharynx
combined (1 study; MD = 337.80 mm?3; 95% CI = -1859.48

to 2535.08 mm?; P = .76; Appendix 8); and (vii) the glosso-
& hypopharynx (2 studies; MD =-527.52 mm? 95%
Cl=-1617.53 to 562.48 mm?; P = .34; Appendix 9).

Data on treatment-related changes in the minCSA of dif-
ferent airway compartments were reported from 9 of the 11
included studies, as two studies [45, 54] did not report such
data. Existing evidence indicated that overall no statistic-
ally significant differences (P > .05 in all instances) were ob-
served between extraction and non-extraction patients for the
minCSA of (i) the nasopharynx (2 studies; MD = -16.56 mm?;
95% CI=-51.91 to 18.80 mm? P =.36; Appendix 10);
(i) the palatopharynx (4 studies; MD =-19.62 mm?
95% Cl=-43.74 to 4.51 mm? P=.08; Fig. 3A); (iii)
the glossopharynx (2 studies; MD =-1.73 mm?%* 95%
CI=-33.80 to 30.34 mm?; P =.92; Fig. 3C); (iv) the glosso-
& hypopharynx combined (2 studies; MD = -10.61 mm?;
95% CI=-45.93 to 24.71 mm?; P = .56; Appendix 11); and
(v) the naso- & palatopharynx (2 studies; MD =4.27 mm?;
95% CI=-19.18 to 27.72 mm?; P =.72; Appendix 12). On
the contrary statistically significant differences were seen for
the minCSA of the oropharynx, where patients treated with
premolar extractions showed significantly greater minCSA
than patients treated without premolar extractions (4 studies;
MD =23.00 mm?; 95% CI =10.74 to 35.26 mm?; P =.009;
Fig. 3B). However, in all instances the differences between ex-
traction versus non-extraction treatment were of very small
magnitude (small effect) and therefore are bound to be of
little clinical relevance.

Between-study heterogeneity was for the most part small
to moderate (Table 3), with a couple of exceptions like the
minCSA for the nasopharynx (Supplementary Appendix
10) and the minCSA for the glosso- & hypopharynx
(Supplementary Appendix 11), where only two studies with
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Table 2. Risk of bias of included studies with the ROBINS-I tool.
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Domain Chen  Feizi Guo Joy Leslie  Mladenovic Mostanghi Pliska  Shannon Stefanovic Valiathan
2018 2021 2022 2020 2014 2024 2021 2016 2012 2023 2010

Confounding Critical Critical Moderate Moderate Critical Serious Critical Serious Critical ~ Critical Serious

(crowding, skeletal pat-

tern, amount of retrac-

tion, age, sex, BMI)

Selection of partici- Critical Critical Critical ~ Critical ~ Critical Critical Critical Critical Critical ~ Critical Critical

pants into the study

Classification interven- Low Low Low Low Low Low Low Low Low Low Low

tions

Deviations from in- Low Low Low Low Low Low Low Low Low Low Low

tended interventions

Missing data (pre- Low Low Low Low Low Low Low Low Low Low Low

requisite the presence

of data for inclusion in

the study)

Measurement of out- Unclear Unclear Unclear  Unclear  Unclear Unclear Unclear Unclear Unclear  Unclear Unclear

comes (blinding)

Selection of reported Low Low Low Low Low Low Low Low Low Low Low

results (selective re-
porting)

BMI, body mass index.

varying results were included. The impact of observed hetero-
geneity can also be gauged by the random-effects predictions,
which in all cases included both negative and positive values.
This means that orthodontic treatment with premolar extrac-
tions in a future patient cannot be associated with certainty
with either greater or smaller airway volume and or minCSA.

The strength of clinical recommendations that can be
drawn for the review’s main outcomes is in all instances mod-
erate, due to the inclusion of non-randomized studies with
methodological limitations and high risk of bias (Table 4).

Similarity of the compared extraction versus non-extraction
groups within each study according to baseline (pretreatment)
airway dimensions and treatment duration was assessed by
calculating the SMDs for these variables (Supplementary
Appendix 13). No significant differences were mostly seen
for baseline airway dimensions (P> .05, except for one in-
stance of a single study), indicating that the compared extrac-
tion and non-extraction groups were mostly similar in airway
dimensions. The complete opposite was seen for treatment
duration, where in all instances orthodontic treatment in the
extraction group took significantly longer than in the non-
extraction group (P < .05 in all instances; effect moderate to
very large). This indicates that the included studies did not as-
sess borderline extraction/non-extraction cases but included
extraction cases that were considerably different (presumably
more severe) than non-extraction cases.

Subgroup analyses, meta-regressions, and sensitivity ana-
lyses were conducted for the two meta-analyses including at
least 5 studies (Supplementary Appendix 14-15). No signifi-
cant results were found according to (i) patient sex (as % of
male patient in the study sample); (ii) mean age; (iii) inclusion
of underage, adult, or mixed patient samples; (iv) extrac-
tion/non-extraction difference in treatment duration; and
(iv) baseline upper airway volume differences between ex-
traction/non-extraction patients (Supplementary Appendix
14). Finally, several additional analyses were planned in

the protocol but could ultimately not be performed due
to the limited material that was available (Supplementary
Appendix 1).

Discussion

Evidence in context

This systematic review summarizes evidence from clinical
studies comparing comprehensive orthodontic treatment
with versus without premolar extractions using CBCT to as-
sess any possible changes in the pharyngeal volume and or
minCSA. Data from 11 studies and a total of 891 growing
or adult patients indicated that there are overall little to
no differences in treatment-related changes in the pharyn-
geal volume and or minCSA between patients treated with
versus without premolar extractions. The only exception was
the minCSA of the oropharynx, where significantly greater
minCSA was seen for patients treated with extractions com-
pared to patients without extractions (P <.05): however, this
was of little clinical relevance compared to the natural vari-
ability of the upper airway size.

The growth of the upper airway seems to coincide with
somatic growth as both the pharyngeal volume and minCSA
gradually increase in both sexes from the age of 8 years until
the age of 18 years, while the minCSA in males shows max-
imum peak growth after the age of 13 years [56]. Similarly,
comparisons of three-dimensional pharyngeal airway dimen-
sional parameters such as volume, mean CSA, minCSA, linear
width, depth, and length in adults and children at various
dental developmental stages showed that there is a positive
correlation with age, meaning they increased with time, while
the shape of the pharynx becomes more elliptical mediolateral
(increased width relative to the anteroposterior depth) with
adulthood [57]. The greatest rate of growth in pharyngeal di-
mensions was noted when children were in the primary den-
tition (0-5 years) and the permanent dentition (12-16 years)
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(A) EX NEX [ small [moderate| large [very large|
Study n:mean(SD) n:mean(SD) Palatopharynx volume (mm?) MD 95% CI
Mostaghni 2021 20:-885.00(3,729.73) 20:250.00(3,720.00) 4— -1135.00 [-3443.65; 1173.65]
Chen 2018 25:-773.81(813.45) 25:332.67(618.46) B -1106.48 [-1507.04; -705.92]
Shannon 2012 22:914.36(2,046.10) 51:999.43(1,920.28) ] -85.07 [-1089.44; 919.30]
Pliska 2016 26:-412.70(3,042.50) 48:-399.30(3,294.60) E -13.40 [-1508.85; 1482.05]
Joy 2020 41:-90.00(3,497.05) 42:-210.00(2,715.78) 120.00 [-1229.22; 1469.22]
Stefanovic 2012 31:1,668.87(3,077.00) 31:1,105.38(3,256.61) . 563.49 [-1013.68; 2140.66]
Leslie 2014 64:1,556.48(10,125.98) 90:963.20(9,912.17) — e 593.28 [-2623.56; 3810.13]
Meta-analysis -351.57 [-993.31; 290.17]
Prediction [-1949.87; 1246.72]
peaat e Yy

Volume decrease Volume increase

with extractions with extractions
(B)

EX NEX [ small [moderate| large |[very large]

Study n:mean(SD) n:mean(SD) Oropharynx volume (mm3) MD 95% ClI
Mostaghni 2021 20:-1,885.00(5,191.95) 20:-100.00(5,080.63) —% -1785.00  [-4968.64; 1398.64]
Valiathan 2010 20:1,082.60(2,504.30) 20:1,701.10(3,677.70) ; -618.50 [-2568.49; 1331.49]
Shannon 2012 22:2,674.46(3,978.37) 51:2,701.94(3,728.40) -27.48 [-1979.58; 1924.62]
Guo 2022 120:1,658.40(5,366.43) 40:176.10(5,027.98) - 1482.30 [-347.94; 3312.54]
Feizi 2021, 9:3,288.89(7,289.75) 18:3,105.56(6,643.68) —f—— 2146.21 [-4700.57; 8992.98]
Leslie 2014 64:4,211.14(13,797.38) 90:1,472.87(12,825.87) —— 2738.27 [-1556.82; 7033.37]
Meta-analysis 286.47 [-1171.66; 1744.60]
Prediction [-1941.06; 2514.01]
12=13% BR300 0 0D g Que®

Volume increase
with extractions

Volume decrease
with extractions

(C)

Study

Mostaghni 2021
Shannon 2012
Pliska 2016
Leslie 2014

Meta-analysis
Prediction
12=40%

EX
n:mean(SD)

20:-352.50(1,634.24)
22:1,760.11(2,306.02)
26:-412.50(1,503.20)
64:2,664.80(14,179.35)

NEX \

n:mean(SD)

20:250.00(1,660.48)
51:1,710.80(2,565.92)
48:-1,109.30(2,328.60)
90:-121.20(13,388.85)

small ][ moderate ][ large | [very large]

Glossopharynx volume (mm?2) MD 95% Cl
-602.50 [-1623.56; 418.56]
49.31 [-1144.20; 1242.82]
696.80 [-179.45; 1573.05]
2786.00 [-1654.63; 7226.63]
165.07 [-1142.45; 1472.58]

[-2505.36; 2835.50]

T T ——

P NP0 o e®
Volume decrease
with extractions

)

Fe®

Volume increase
with extractions

Figure 2. Random-effects meta-analyses comparing extraction and non-extraction comprehensive orthodontic treatment in terms of volume of the (A)
palatopharynx, (B) oropharynx, and (C) glossopharynx. adj, adjusted-forconfounders estimates used; Cl, confidence interval; EX, extraction treatment;
MD, mean difference; n, number of patients; NEX, non-extraction treatment; SD, standard deviation.

stages [57]. The mode of growth was similar amongst male
and female patients, while the only difference was that the
pharyngeal length was greater in adult male versus adult fe-
male patients [57] with this finding being attributed to the
pubertal vocal remodeling in males [58].

One of the findings of the present meta-analysis was an
increase in the minCSA of the oropharynx in the extraction
group. This finding could be mostly attributed to the above
evidence regarding the evolution of upper airway dimen-
sions during craniofacial growth until adulthood and the
fact that orthodontic treatment usually is performed during
this developmental stage rather to orthodontic treatment it-
self. The meta-analysis was based on four studies [44, 47,
53]: two with underage patients [44, 47], one with adult

patients [53], and one with mixed underage/adult patients
(but where age was taken into account through re-analysis
[Appendix 5]). Explorative analysis of the baseline minCSA
of the oropharynx differences between extraction/non-
extraction groups showed similarity (4 studies; SMD = 0.09;
95% CI =-0.24 to 0.42; P = .60). On the other hand, treat-
ment duration differed significantly between extraction/non-
extraction groups (4 studies; SMD =1.16; 95% CI=0.80
to 1.52; P <.001). This indicates that more time might have
passed and presumably more growth for the extraction than
for the non-extraction patients, which might explain the
greater increase in minCSA during treatment for the former
than the later. On the other hand, the one study on adult pa-
tients [53] still showed a greater oropharynx minCSA for
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(A)

EX

NEX [ small ][ moderate |[ large _|[ verylarge |

Study n:mean(SD) n:mean(SD) Palatopharynx minCSA (mm?) MD 95% CI
Chen 2018 25:-28.58(28.33)  25:1.24(28.18) ' ] -29.82  [-45.48;-14.16]
Mostaghni 2021 20:-21.94(76.66)  20:3.44(78.52) _q__ -25.38  [-73.47; 22.72]
Joy 2020 41:-15.03(90.85) 42:-9.61(71.35) : -5.42 [-40.62; 29.78]
Pliska 2016 26:-20.80(84.70)  48:-22.90(81.80) I 2.10 [-37.84; 42.04]
Meta-analysis ’ -19.62 [-43.74; 4.51]
Prediction — [-73.79; 34.56]
12=7%: 193 -154 77 -39 0 39 77 154 193

minCSA decrease minCSA increase

with extractions with extractions
(B) EX NEX [ small |[moderate]|[ large |[verylarge]|
Study n:mean(SD) n:mean(SD) Oropharynx minCSA (mm?)  MD 95% ClI
Feizi 2021, 9:30.96(86.29) 18:41.48(112.45) ; 8.92 [-84.53; 102.37]
Valiathan 2010  20:17.40(60.10) 20:1.90(54.70) 15.50 [-20.12; 51.12]
Guo 2022 120:23.40(106.73) 40:-2.50(91.42) '_ 25.90 [-8.27; 60.07]
Leslie 2014 64:48.89(117.63) 90:18.80(116.01) +— = 30.09 [-7.39; 67.57]
Meta-analysis Q 23.00 [10.74; 35.26]
Prediction —— [-21.16; 67.16]
12=0% 210-168 84 42 0 42 84 168 210

minCSA decrease
with extractions

minCSA increase
with extractions

EX
n:mean(SD)

NEX
n:mean(SD)

(C)

Study

Mostaghni 2021
Pliska 2016

20:1.91(88.98)
26:-32.30(72.60)

20:18.37(91.37)
48:-37.80(97.10)

Meta-analysis
12=0%

minCSA decrease
with extractions

small ][ moderate |[ large |[ verylarge |
Glossopharynx minCSA (mm?) MD 95% ClI
-16.46 [-72.35; 39.44]
5.50 [-33.66; 44.66]
-1.73 [-33.80; 30.34]
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Figure 3. Random-effects meta-analyses comparing extraction and non-extraction comprehensive orthodontic treatment in terms of minimum cross-
sectional area of the (A) palatopharynx, (B) oropharynx, and (C) glossopharynx. adj, adjusted-for-confounders estimates used; Cl, confidence interval;
EX, extraction treatment; MD, mean difference; minCSA, minimum cross-sectional area; n, number of patients; NEX, non-extraction treatment; SD,

standard deviation.

extraction patients (MD =25.90 mm?). Therefore, the ob-
served significantly greater minCSA for extraction patients
cannot be fully explained by the differential growth potential.

An association between upper airway dimensions and
OSA severity assessed through polysomnography has been
identified in children with Class II malocclusion with the
differences being mainly observed in the oropharyngeal and
hypopharyngeal compartments and the values being con-
sistently reduced in children suffering from OSA [59]. More
specifically, children with OSA exhibited reduced values in
the minCSA of the oropharynx and hypopharynx, reduced
linear depth (antero-posteriorly) at the level of the oropha-
ryngeal minCSA, and increased oropharyngeal length [59].
Amongst the various upper airway dimensional parameters
tested against OSA presence, the minCSA of the oropharynx,

minCSA of the hypopharynx and oropharyngeal length were
identified as significant predictors of OSA while the minCSA
of the oropharynx was the only significant predictor for OSA
severity [59].

OSA pathophysiology is attributed to factors not only
related to narrow upper airways, but also aberrations in
neuromotor tone, as solely anatomic factors (such as dis-
crepancies in craniofacial skeletal development/pattern,
obesity, or adenotonsillar hypertrophy) cannot always pre-
dict the presence of OSA [60]. Postnatal environmental
changes and functional demands throughout life related to
hypoxia, hypercapnia, increased physical activity through
exercise, injury, stress, pharmacological interventions, or re-
spiratory gas changes during early development play a crucial
role in causing permanent alterations in the neural control
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Table 3. Meta-analyses performed.

Outcome Studies MD (95% CI) P tau2 (95% CI) 12 (95% CI) Prediction
(Patients)

Volume: nasopharynx (mm?) 4(269) -74.72 (-236.34, 86.90) 24 0(0,>100) 0% (0%, 85%) -479.13, 329.70

Volume: palatopharynx (mm?®) 7 (536) -351.57(-993.31,290.17) 23 280654.65 44% (0%, 76.4%) -1949.87,1246.72
(0,>999999.99)

Volume: oral cavity (mm?) 1(113) -1421.92 (-4596.76,1752.92) .38 - - -

Volume: oropharynx (mm?) 6(494)  286.47 (-1171.66, 1744.60) .64 310109.09 13% (0%, 78%) -1941.06,2514.01
(0,>310109.09)

Volume: glossopharynx (mm?) 4 (341)  165.07 (-1142.45,1472.58) 71 224825.73 40% (0%, 79%)  -2505.36,2835.50
(0,>999999.99)

Volume: naso- & oropharynx 1(74) 337.80 (-1859.48,2535.08) .76 - - -

(mm?)

Volume: glosso- & 2(133) -527.52(-1617.53, 562.48) .34 449083.89 (-) 66% (-) -

hypopharynx (mm?)

minCSA: nasopharynx (mm?) 2 (133) -16.56 (-51.91, 18.80) 36 53991 () 81% (-) -

minCSA: palatopharynx (mm?) 4 (247)  -19.62 (-43.74,4.51) .08  80.83 7% (0%, 86 %) -73.79,34.56
(0, > 808.30)

minCSA: oropharynx (mm?) 4(381)  23.00(10.74, 35.26) .009 0 (0,>100) 0% (0%, 85%) -21.16,67.16

minCSA: glossopharynx (mm?) 2 (114) -1.73 (-33.80, 30.34) .92 0(-) 0% (-) -

minCSA: glosso- & 2 (133) -10.61 (-45.93,24.71) .56 500.78 (-) 75% (-) -

hypopharynx (mm?)

minCSA: naso- & 2 (136) 4.27(-19.18,27.72) 72 0() 0% (-) -

palatopharynx (mm?)

CI, confidence interval; MD, mean difference; minCSA, minimum cross sectional anchorage.

system by inducing changes in cellular and synaptic levels
[61]. Subsequently, these environmental influences during
important pre- and postnatal maturation stages establish de-
velopmental plasticity, which refers to persistent changes in
the structure and/or function of the respiratory control neural
network, depicting adaptations beyond the patients’ gen-
etic blueprint [62] that could even be triggered by maternal
psychological stress or habits such as smoking [63]. Thus, it
is worth noting and recognizing that major factors beyond
the scope of orthodontics are related to the developmental
and functional parameters and characteristics of the upper
airways.

The relationship of orthodontic treatment and functional
breathing assessments remains inconclusive. An unpublished
randomized cross-over trial simulating arch constriction
(similar to post-extraction space closure and retraction) by
using vacuum-formed retainers with 5§ mm acrylic added to
the lingual aspects of the dentition found no significant effects
on breathing, as seen through the oxygen desaturation or the
respiratory events index [64]. Similarly, a retrospective study
of extraction versus non-extraction patients using subjective
questionnaires of patient-reported sleep quality/OSA risk [65]
indicated that no differences existed between normodivergent
extraction patients, hyperdivergent extraction patients, and
normodivergent non-extraction patients. This is further con-
firmed by two large national health records studies that failed
to find an association between diagnosis of OSA/sleep dis-
ordered breathing and absence of four premolars (taken as
proxy for history of past extraction-based orthodontic treat-
ment) [19,20]. On the other hand, an unpublished prospective
uncontrolled cohort study indicated that changes in maxillary
dental arch length and maxillary intercanine width correlated
significantly with the change in the Apnea-Hypopnea Index

(AHI) [66]. It is, however, important to note that the present
study was observational and without a control group and
included both underage and adult patients. A wide range of
dental movements were performed, including (i) upper incisor
retroclination/proclination (=17 ° to 17°) and (ii) upper incisor
retraction/protraction (-5.4 to 3.4 mm). Most importantly,
only correlations were provided and no actual effect meas-
ures, while no differentiation between health and OSA before
and after treatment was made. A retrospective study on four
1% premolar extractions with large incisor retraction under
maximum anchorage in adult patients with bimaxillary pro-
trusion found that the amount of upper incisor incisal edge
retraction correlated with retraction of the hyoid in the hori-
zontal direction and decrease in the average cross-sectional
area of the hypopharynx [16]. However, in this study the
upper incisors were significantly retracted (mean retraction
of the incisor tip 7.6 mm [95% CI: 7.0 to 8.2 mm]; mean re-
traction of the incisor apex 3.9 mm [95% CI 3.2 to 4.7 mm]),
which is not representative of the average premolar extrac-
tion case. Furthermore, the average cross-sectional area was
measured and not the minCSA while no functional assessment
of breathing or formal diagnosis of breathing disorders were
performed. Another study on post-adolescent patients (mean
age 21.2 years) with bimaxillary protrusion treated with 1%
premolars’ extractions and large incisor retraction with max-
imum anchorage (mean retraction of the incisor tip 6.8 mm
[95% CI: 5.9 to 7.7 mm]) found that the amount of retraction
of the lower incisor tip correlated with decreases in lateral
cephalometric measurements of the airway behind the soft
palate, uvula, and the tongue [67]. Similarly, this study was
based on patients with large incisor retraction and employed
lateral cephalograms, which are not optimal for assessing the
upper airway. Other studies found that premolar extraction
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Table 4. Summary of findings table according to the GRADE approach for selected outcomes.

Anticipated absolute
effects (95% CI)

Difference with
extractions

Non-extraction
group?

Outcome
Studies (patients)

Quality of the
evidence (GRADE)

Palatopharynx volume +398.5 mm’ 351.6 mm’® smaller
7 studies (536 patients) (993.3 smaller to
290.2 greater)
Oropharynx volume +1510.6 mm? 286.5 mm?® greater
6 studies (494 patients) (1171.7 smaller to
1744.6 greater)
Glossopharynx volume +225.9 mm?® 165.1 mm?® greater
4 studies (341 patients) (1142.5 smaller to
1472.6 greater)
Palatopharynx -5.7 mm? 19.6 mm? smaller
minCSA (43.7 smaller to 4.5
4 studies (247 patients) greater)
Oropharynx minCSA +9.5 mm? 23.0 mm? greater
4 studies (381 patients) (10.7 to 35.3
greater)
Glossopharynx -11.7 mm? 1.7 mm? smaller
minCSA (33.8 smaller to

2 studies (114 patients) 30.3 greater)

What happens with extractions

PPOO moderate* Little to no difference in palatopharynx volume
PPOO moderate* Little to no difference in oropharynx volume
PHDHOO moderatee Little to no difference in glossopharynx volume
PPOO moderate* Little to no difference in palatopharynx minCSA
PPOO moderate* Little to no difference in oropharynx minCSA
PHHOO moderatee Little to no difference in glossopharynx minCSA

Intervention: comprehensive orthodontic treatment with fixed appliances or aligners with or without the extraction of premolars (either only 2 maxillary
or 4 premolars)/Population: underage or adult patients (growing/non-growing) with different kinds of dental or skeletal malocclusions/Setting: university

clinics and private practices (Australia, China, United States of America).

“Response in the non-extraction group is based on the response of included studies (random-effects meta-analysis of treatment changes).

bStarts from ‘high’.

‘Downgraded by one levels for imprecision due to the inclusion of non-randomized studies with serious/critical risk of bias.
CI, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; minCSA, minimum cross-sectional area.

with anterior retraction using maximum anchorage in adult
bimaxillary protrusion patients had no considerable effect on
the airway volume, cross-sectional area, or hyoid bone pos-
ition [52, 53, 68, 69]. Among these studies, two studies that
were included in the present review [52, 53] did not find any
statistically significant difference in the effect of orthodontic
treatment on either airway volume and or cross-sectional area
or hyoid horizontal position between patients treated with 1+
premolars’ extraction and moderate or maximum anchorage
[53]. In the present meta-analysis, no formal meta-regression
of airway differences with average upper/lower incisor retrac-
tion could be performed, as limited data existed due to in-
complete reporting and lack of open provision of the studies’
datasets. Overall, even for such cases with very large incisor
retraction, evidence on the association between incisor retrac-
tion and airway dimensions or breathing function remains in-
conclusive and no robust conclusions can be drawn.

The present study was based on CBCT measurements of the
airways before and after comprehensive orthodontic treatment.
It is though important to note that CBCT is not a standard im-
aging modality for the diagnosis of breathing disorders. First,
the images acquired from CBCT can be influenced by many fac-
tors, including among others position of the head, inhalation
or exhalation stage, and the instructions given to the patient
(staying still, avoiding swallowing, holding breath, keeping lips
relaxed, etc) during image acquisition and the various airway
compartments show different reliability [70]. Furthermore, the
acquired CBCT images are reconstructed in order to perform
the needed measurements including delineation of areas of
interest and manual/automatic thresholding of gray levels, while
the operator’s experience plays a crucial role in performing the

processes [70]. Additionally, CBCT provides a static image of
the upper airway and does not provide a functional assess-
ment of the breathing capacity and, as such, it cannot replace
polysomnography, which remains the gold standard for the
diagnosis of sleep related breathing disorders including OSA.

Strengths and limitations

This review has several strengths, including its pre-registration
[71], a comprehensive and unrestricted literature search, critical
appraisal of included studies’ internal validity according to cur-
rent guidelines [31], use of improved meta-analytical methods
with improved performance [36], and transparent provision of
the study’s dataset [72]. Moreover, the present review was based
on 3D imaging data from CBCT, which are more precise in
evaluating the complex upper airway morphology compared to
lateral cephalograms [18]. Additionally, contrary to previous sys-
tematic reviews, the present review was not based solely on aspects
of statistical significance and p values but critically appraised the
clinical relevance of any findings from included studies. As such,
in most meta-analyses the results of included studies pertained
to very minor effects that are of little clinical relevance (as their
effects are contained in the white contour of the forest plots in
Figs 1-2). Finally, the novel finding of the present review, which
has not been reported from previous reviews, is the statistically
significant difference in minCSA of the oropharynx that indicated
that premolar extraction treatment is surprisingly associated with
greater cross-sectional area compared to non-extraction patients.

There are, however, several limitations in this review.
First, its recommendations can be only as strong as the
quality of the primary material. As such, only retrospective
non-randomized studies were included, and these have been
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shown to introduce bias [73]. Indeed, included studies did
not compare borderline extraction/non-extraction cases that
could be considered similar in all aspects (Supplementary
Appendix 13) (i.e. that would have been randomized to either
treatment protocol). Therefore, the provided meta-analyses
might be prone to selection bias, which might influence this
review’s results. Furthermore, the present review was based
on data on the size of the upper airways (that could be con-
sidered a surrogate endpoint) and not on breathing capacity
or polysomnography, which can lead to the diagnosis of
breathing disorders.

Conclusions

Based on the results of existing retrospective before-and-after
(cohort) studies on comprehensive orthodontic treatment, no
statistically significant differences in upper airway volume or
minCSA were found between extraction and non-extraction
treatment protocols for the average patient. Patients treated
with premolar extractions tended to show greater minimum
cross-sectional area at the oropharynx than patients treated
without extractions, but this is of little clinical relevance.
Caution is warranted for the interpretation of these findings
due to flaws of included retrospective studies with potential
selection bias and confounding.
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