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Abstract
Background: Some orthodontic devices used in children share similar design princi-
ples to appliances used to treat obstructive sleep apnoea in adults. As well as treating 
malocclusion, orthodontic appliances used in children may therefore also have effects 
on the upper airway.
Objective: A review of the literature to assess the effects of orthodontic treatment on 
the upper airway dimensions in children assessed on CBCT.
Materials and Methods: Following registration of the protocol (PROSPERO 
CRD42023439056), a systematic electronic search of published studies was per-
formed using several databases (PubMed; Scopus, Web of Science and Science 
Direct) in accordance with the PRISMA guidelines. Inclusion criteria were as follows: 
age under 18 years, orthodontic treatment with any appliance, a control group who 
received no treatment or a non-active alternative treatment and airway measurement 
using CBCT. RoB-2 and ROBINS-I tools were used to assess risk of bias and quality of 
the evidence.
Results: In total, 341 studies were identified following the initial search. Title and 
abstract screening resulted in 45 studies for further full-text analysis. On comple-
tion of the screening process, a total of 23 studies met the inclusion criteria. Study 
interventions included functional appliances (10 studies), rapid maxillary expansion 
(RME) (9 studies), reverse-pull headgear (1 study) and 4 premolar dental extractions 
(3 studies). The included studies had moderate to high risk of bias, and the quality of 
evidence was low.
Conclusion: The scientific evidence shows that functional appliances are associated 
with significant improvements in both upper airway volume and constriction when 
used in children however, the effects on the nasal cavity are limited. RME was associ-
ated with a significant increase in nasal cavity and nasopharyngeal dimensions, but 
not the upper pharyngeal airway. Neither reverse-pull headgear nor dental extrac-
tions were associated with any change in airway dimensions; however, the evidence 
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1  |  BACKGROUND

Mandibular retrognathia and maxillary constriction are risk factors 
for reduced upper airway dimensions in children.1,2 Consequently, 
dentofacial changes achieved with orthodontic treatment have the 
potential to also influence the dimensions of the upper airway.3 
Rapid maxillary expansion (RME) corrects arch width discrepancies 
by expanding the maxilla in the transverse dimension.4 Likewise, 
functional appliances (FA) correct increased overjet while also im-
proving mandibular retrognathia.4 Furthermore, mandibular ad-
vancement devices (MAD) share the same design principals as FA 
and have been shown to increase upper airway patency in patients 
with obstructive sleep apnoea (OSA).5,6

It is not possible to accurately assess the upper airway using stan-
dard 2-dimensional (2D) orthodontic imaging, as the upper airway is a 
complex 3-dimensional (3D) structure.7 Furthermore, most 3D imaging 
methods such as magnetic resonance imaging (MRI) and medical com-
puted tomography (CT) have not routinely been used in orthodontics 
due to accessibility, high costs and higher radiation doses.8

Cone-beam computed tomography (CBCT) is a contemporary 3D 
imaging technique which can be used for orthodontic diagnosis and 
treatment planning and offers distinct advantages over MRI and CT, 
such as a lower radiation dose, lower cost, easier access and shorter 
acquisition time.9 Furthermore, CBCT has the ability to accurately 
differentiate between the airway and soft tissues with high reso-
lution, which allows for more accurate imaging of the upper airway 
when compared to traditional 2D orthodontic imaging.10

Therefore, the aim of this study was to systematically review the 
literature to determine the 3D airway effects of orthodontic treat-
ment in children, when assessed with CBCT imaging, and using a 
comparable matched control group. A review utilising these parame-
ters has not been previously reported.

2  |  METHODS

This systematic review was carried out by two assessors (YA and 
LS) and is reported according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statements.11

2.1  |  Registration of protocol

The protocol was registered in the PROSPERO database 
(CRD42023439056). There were no significant deviations from the 
protocol.

2.2  |  Inclusion and exclusion criteria

Inclusion and exclusion criteria were established with the PICO 
method (Population, Intervention, Controls and Outcome).

Population: Children or adolescents (<18 years age).
Intervention: Orthodontic treatment with any orthodontic appliance.
Controls: Longitudinal non-treatment or alternative non-active 

treatment control group.
Outcome: Effects on airway constriction and/or airway volume 

assessed with CBCT.
Research articles not published in English, as well as review articles, 

systematic reviews, editorials, letters and commentary were excluded.

2.3  |  Data sources

Following registration of the protocol, a retrospective search of four 
databases (PubMed, Scopus, Web of Science and Science Direct) 
was carried out in February 2024, with no date limit set.

2.4  |  Search strategies and screening

All MeSH terms, keywords and terms related to orthodontics; airway; 
CBCT; and children or adolescents were used and combined with 
Boolean operators ‘AND’ and ‘OR’ (Table 1). Once duplicates were 
removed, the studies collected from the database search were ini-
tially screened using titles and abstracts based on the inclusion and 
exclusion criteria. Studies meeting the criteria were then subject to a 
second stage of full-text screening to confirm the articles' suitability 
for inclusion. Furthermore, reference lists of included studies were 
manually searched to identify any additional studies for inclusion. The 
systematic search of the literature was carried out by the authors.

2.5  |  Data extraction and synthesis

The data extracted from each study included the date of publica-
tion, first author, journal name, type of publication, study objectives, 
sample size, intervention details and outcomes.

2.6  |  Quality assessment

The quality assessment was carried out according to the Cochrane 
Handbook of Systematic Reviews12 Randomised controlled 

is limited. Functional appliances may reduce the severity of obstructive sleep apnoea 
(OSA) in children.
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    |  3ABDALLA and SONNESEN

trials were assessed using the Risk of Bias 2 (RoB-2) tool.13 Non-
randomised studies were assessed using the Risk of Bias in Non-
randomised Studies of Interventions (ROBINS-I) tool.14

3  |  RESULTS

A total of 355 studies were identified following the initial search and 
once duplicates were removed. Abstract screening resulted in 42 
studies for further full-text analysis. On completion of the screening 
process, the search yielded 23 included studies (Figure 1). Nineteen 
studies were excluded at the full-text screening stage due to a lack 
of a suitable control group. Without a control group, the effects of 
growth cannot be excluded as a significant confounding variable 
rendering these studies as having a severe risk of bias.

3.1  |  Study characteristics

Twenty-three studies met the inclusion criteria. No studies were 
published prior to 2010. Descriptive data for the studies and the 
main findings are summarised in Table  2. Study interventions in-
cluded FA (10 studies),15–24 RME (9 studies),25–33 Reverse-pull 
headgear (facemask therapy) (1 study)34 and 4 premolar dental 
extractions (3 studies).35–37 Only 4 studies had sample sizes over 
60 patients,21–23,25 with most studies having sample sizes of 30 or 
fewer patients.14–20,27–31,34,35 There was heterogeneity among the 
included studies in definition of airway boundaries, methods of air-
way measurement, airway demarcation and orthodontic appliance 
designs. Consequently, meta-analysis was not possible.

3.2  |  Risk of bias assessment

The risk of bias assessment for the RoB-2 (randomised) and 
Robins-I (non-randomised) studies is shown in Figures  2 and 
3, respectively. Six studies were of high risk of bias due to 

methodological limitations. The only randomised controlled trial25 
had a high risk of bias due to a lack of reported allocation conceal-
ment. Furthermore, although blinding of treatment providers and 
patients was not feasible, there was no blinding during outcome 
assessment.

Of the non-randomised studies, five17,20,28,30,33 were of high risk 
of bias as they did not control for the time interval between scans, 
meaning growth was a significant confounding variable. The remain-
ing studies were of moderate risk of bias. All except two studies24,35 
did not control for body mass index (BMI). As BMI is not routinely 
recorded as part of standard orthodontic records, retrospective 
studies would not be expected to have access to this data.

3.3  |  Results for functional appliances

The studies used various functional appliance designs (5 
herbst,15,19,21–23 2 twinblock,18,20,24 1 MARA appliance,17 1 mono-
block and twinblock16). All studies demonstrated a significant in-
crease upper airway volume when compared to controls,15–24 and 
all studies except one19 found a significant improvement in airway 
minimum cross-sectional area (MCA). Two of the studies15,16 did not 
report MCA changes.

One study22 found a reduced sagittal jaw discrepancy, a forward 
mandibular rotation and an anterior repositioning of the hyoid bone 
were skeletal changes significantly associated with airway changes 
in FA treatment. A further study23 found morphological deviations of 
the upper spine (MDUS) were significantly associated with a reduced 
effect on the upper airway volume and MCA when compared to pa-
tients without MDUS. However, patients with MDUS still showed a 
significant increase in upper airway dimensions when compared to 
controls treated without FA.

One study24 was conducted on children diagnosed with OSA 
and found, as well as a significant increase in airway dimensions, 
FA treatment was also associated with a significant reduction 
in OSA symptoms measured using the Apnoea Hypopnea Index 
(AHI).

PubMed Orthodont* AND airway AND (cone beam computed 
tomography OR cone beam CT OR cone-beam CT OR CBCT 
OR 3D volumetric computed tomography OR volume computed 
tomography OR 3D OR 3-D OR three dimensions OR three-
dimensional OR three-dimension) AND (child* OR adolescent)

281

Scopus TITLE-ABS-KEY (child* OR adolescent) AND TITLE-ABS-
KEY (airway) AND TITLE-ABS-KEY ((cone AND beam AND 
computed AND tomography) OR (cone AND beam AND ct) OR 
(cone-beam AND ct) OR (cbct) OR (3d AND volumetric AND 
computed AND tomography) OR (three-dimensional)) AND 
TITLE-ABS-KEY (orthodont*) AND NOT DOCTYPE (re)

131

Web of Science (((ALL = (airway)) AND ALL = ((Cone beam computed 
tomography) AND (CBCT) AND (cone-beam CT) AND (cone 
beam CT) AND (CBCT))) AND ALL = (orthodont*)) AND 
ALL = (child* OR adolescent)

10

Science Direct Orthodontics AND airway AND (CBCT OR (cone beam CT) OR 
(cone beam computed tomography)) AND (child OR adolescent)

146

TA B L E  1  Search strategy.
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4  |    ABDALLA and SONNESEN

3.4  |  Results for rapid maxillary expansion

The findings of most studies were that RME had no significant 
effects on the upper airway volume when compared to con-
trols.25–27,29,30,32,33 Two studies28,31 which segmented the upper 
airway into different zones found significant increases in the vol-
ume of the nasopharynx but not the oropharynx, when compared 
to controls. Furthermore, one study30 found no significant increase 
in upper airway volume or MCA. However, when the retropalatal 
area was studied in isolation, a significant difference in the MCA was 
found.

Three studies26,27,31 investigated the nasal cavity and upper 
airway separately. There were significant improvements in volume 
and constriction of the nasal cavity compared with controls. In 
contrast, there were no significant improvements in upper airway 
dimensions.

3.5  |  Results for reverse-pull headgear

One study34 found there were no significant effects on the upper 
airway when reverse-pull headgear (facemask) was used.

F I G U R E  1  Flow diagram of the study 
selection process.11
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3.6  |  Results for dental extractions

Two studies35,36 compared pre- and post-treatment airway volume 
in patients who had fixed orthodontic appliance treatment with four 
premolar extractions to a control group also treated with fixed ap-
pliances but without extractions. Both studies found no significant 
differences in airway dimensions and volume between the extrac-
tion and non-extraction groups. Both patient groups were matched 
for molar relationship, age and gender. One study35 also matched 
patients for ethnicity, pre-treatment airway volume, BMI and height.

A further study37 compared the pre- and post-treatment volume 
of the oral cavity in patients who had treatment with fixed appli-
ances and four premolar extractions compared to a control group 
who received the same treatment without extractions. The groups 
were matched for age and degree of dental crowding. This study 
found that there was a lesser increase in the oral cavity volume over 
time in the extraction group when compared to the non-extraction 
group. Furthermore, males demonstrated a greater increase in oral 
cavity volume when compared to females.

4  |  DISCUSSION

This systematic review is the first of its kind to exclude studies that 
did not include a suitable matched control group, of which a signifi-
cant number were identified in the literature search. The volume 
of the upper airway increases with growth in untreated children.38 
Consequently, growth is a significant confounding variable when in-
tervention studies are conducted on the upper airway in children, 
which can only be accounted for by using an age-matched and un-
treated control group.39

4.1  |  Functional appliances

All studies demonstrated a significant increase in upper airway vol-
ume when compared to controls,15–24 and all studies except one20 
found a significant improvement in airway constriction. All the stud-
ies which found a positive effect on airway constriction used soft-
ware to determine the slice of the airway with the least area (MCA 
method).15–18,20–24

The study19 which found no significant difference in airway 
constriction used an alternative method involving linear antero-
posterior (A-P) measurements at three standardised points along 
the airway. There are significant limitations in measuring airway 
constriction using a small number of linear measurements, com-
pared with the MCA method that measures airway constriction in 
all CBCT slices between upper and lower boundaries. A cephalomet-
ric study40 measuring five antero-posterior linear airway measure-
ments found that not all points showed improvements in the airway 
constriction after FA. Consequently, the differences in the results 
of airway constriction could be due to methodological limitations of 
one of the studies.19
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F I G U R E  2  Quality assessment of 
randomised clinical trial using the RoB-2 
tool13 (created using ‘robvis’ package for 
R statistical software (v4.4; R Core Team 
2024)).50

F I G U R E  3  Quality assessment of 
non-randomised trials using the ROBINS-I 
tool14 (created using ‘robvis’ package for 
R statistical software (v4.4; R Core Team 
2024)).50
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There was a 4-year mean time interval between pre- and post-
treatment scans in the study19 which found FA had no positive effect 
on airway constriction. This interval was considerably longer than all 
the other FA studies suggesting any change in airway constriction 
because of FA treatment may be transient. However, cephalometric 
studies with long-term follow-up41 have shown dimensional changes 
in the upper airway following FA treatment were maintained and 
stable.

Three studies investigated the effects of FA on the nasal cavity 
and nasopharynx in isolation and reported no significant differences 
in airway changes between the FA and control groups.15,16,20 This 
suggests that the airway effects of FA may be significant in the infe-
rior part of the upper airway only.

One study22 found that an anterior repositioning of the mandi-
ble, a forward rotation of the mandible and an anterior positioning 
of the hyoid bone were skeletal changes that were associated with 
a positive change in the airway after FA treatment. Previous stud-
ies have shown similar findings, with a more posterior positioning of 
pogonion and the hyoid bone being associated with increased symp-
toms of OSA.42 This may be explained by a more posterior placed 
mandible forcing the tongue and soft palate back into the pharyn-
geal airway space.42

Although children with MDUS demonstrated an increase in 
airway dimensions when compared to controls, the change was 
significantly reduced when compared to children without MDUS. 
These findings are supported by a study of adults with OSA,43 
which found that OSA patients with MDUS may respond less fa-
vourably to treatment with MAD, when compared to adults with-
out MDUS.

One FA study involved children with OSA and found a signifi-
cant reduction in AHI scores when measured 30 days following the 
cessation of FA treatment. This is also consistent with the findings 
of a previous randomised controlled trial.44 Unlike in adults, where 
a reduction in AHI requires a mandibular advancement appliance to 
be worn consistently,5 these findings suggest that when FA are used 
in children AHI scores may remain reduced, even without the con-
tinuation of active appliance therapy. However, studies involving a 
greater follow up period would be required to determine whether 
these changes are sustained following FA treatment.

4.2  |  Rapid maxillary expansion

The compensatory mechanism of head posture may explain why 
the majority of RME studies found no significant differences in 
airway dimensions, when compared to controls.45 An extension of 
the head in relation to the upper cervical spine (increased cranio-
cervical angle) occurs in response to airway constriction to ensure 
that an adequate airway volume is maintained.45 Consequently, 
it is possible that RME increases the airway volume and airway 
constriction but the associated reduction in compensatory head 
posture results in no significant net gain in airway dimensions 
overall.29

RME studies isolating the nasal cavity from the rest of the upper 
airway found a significant improvement in airway dimensions when 
compared to controls.26,27,31 In contrast to functional appliances, 
RME therefore appears to have a greater effect more superiorly in 
the upper airway at the level of the nasal cavity and nasopharynx.

4.3  |  Reverse-pull headgear

One study34 found no significant airway effects compared to un-
treated controls when reverse-pull headgear was used, although the 
sample size was relatively small (18 patients). However, these find-
ings are supported by a systematic review, which found that surgical 
advancement of the maxilla in isolation did not have a positive effect 
on upper airway MCA.46

4.4  |  Orthodontic extractions

Although the available evidence suggests that orthodontic extrac-
tions do not influence upper airway dimensions when compared to 
non-extraction controls, sample sizes of the two studies35,36 were 
relatively small and further research with larger sample sizes would 
be beneficial to confirm these findings.

One study found orthodontic treatment with dental extractions 
may reduce the volume of the oral cavity when compared to a 
treatment involving a non-extraction treatment. However, the 
study also found that males demonstrated a greater increase in oral 
cavity volume when compared to females, and there were more 
males in the control group when compared to the extraction group. 
Consequently, this may have been a source of bias in the findings.

4.5  |  Limitations of the existing literature

A significant limitation was the number of studies which did not in-
clude an adequate control group to allow for growth as a confound-
ing variable. Furthermore, the pubertal growth spurt also needs to 
be accounted for with a control group, as the rate of airway growth 
increases during the pubertal growth spurt.1 Chronological age 
is poorly correlated with the timing of the growth spurt; however, 
skeletal age is well correlated with the growth spurt.1 The timing 
of the pubertal growth spurt is also influenced by gender.47 In ad-
dition, an increased vertical jaw relationship is a risk factor for both 
a constricted upper airway1 and a reduced skeletal response in rela-
tion to FA.1 Only one RME,28 and three FA studies21–23 controlled 
for all these variables (age, skeletal age, gender and vertical jaw 
relationship).

Heterogeneity was found in the included studies in the anatom-
ical definition and measurement of the upper airway; thus, pooling 
results was not possible. A validated method for delineating and 
measuring the upper airway has recently been proposed48; how-
ever, only four CBCT studies utilised a validated method.21–23,28 
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Furthermore, airway measurements may differ depending on the 
software used to measure volume and constriction.49

4.6  |  Limitations of the review

The review was restricted to articles written in English only. It is pos-
sible that papers written in languages other than English may have 
further contributed to findings of this study.

5  |  CONCLUSION

Although effective at achieving skeletal and dental expansion, RME 
is not associated with significant 3D changes in the upper airway. 
However, there may be significant isolated increases in the dimensions 
of the nasal cavity and nasopharyngeal airway. In contrast, FA are asso-
ciated with a significant improvement in both upper pharyngeal airway 
volume and constriction when used in children however, the effects on 
the nasal cavity are limited. Reverse-pull headgear (facemask) as well as 
orthodontic extractions do not appear to have any significant effects 
on the airway; however, the evidence is limited. There is also limited 
evidence that FA may reduce the severity of OSA in children.
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