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Objective:  Hearing  loss  is a highly  prevalent  condition  in  the  pediatric  population.  Pediatric  maxillary
expansion  is  a widespread  treatment  to address  transverse  maxillary  deficiency.  First  reports  describing
an  association  between  improvements  for patients  with  HL and  PME  initiated  in  the  1960s.  In this  system-
atic  review  and  meta-analysis  we aim  to review  the role  of maxillary  expansion  in reducing  conductive
hearing  loss  in  pediatric  population.
Review  methods:  Pubmed  (Medline),  the  Cochrane  Library,  EMBASE  and  Trip  Database  were  checked.  Main
outcome  was  expressed  as the difference  between  air-bone  gap, compliance,  ear  volume  and  conductive
hearing  thresholds  before  and  after  treatment  and  the  95%  confidence  interval.
Results: A  total  of  10 studies  (218  patients)  met  inclusion  criteria.  The  pooled  data  in the meta-analysis
under  a random  effects  model  shows  a statistically  significant  difference  of  10.57  dB  mean  reduction  after
palatal expansion.  The  air-bone  gap  was  significantly  reduced  by  5.39 dB (CI  95%  3.68,  7.10).  Compliance
and  volume  were  assessed  in three  studies,  with  a non-significant  positive  difference  in  the  compliance
(0.14)  and  a statistically  significant  difference  for volume  (0.80)  after  palatal  expansion.
Conclusion:  This  systematic  review  and  meta-analysis  found  a  positive  effect  of  pediatric  maxillary  expan-

sion in  conductive  hearing  loss  in  well-select  children.  However,  results  cannot  be extrapolated  for
children  with  conductive  hearing  loss  without  an  accompanying  orthodontic  indication  (maxillary  con-
striction).  It showed  that  the existing  prospective  studies  exhibited  qualitative  pitfalls,  limiting  the  ability
to  obtain  conclusive  evidence  about  the  role  of  pediatric  maxillary  expansion  on  conductive  hearing  loss
in  children.

© 2022  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction
Hearing loss (HL) is a highly prevalent condition in the pediatric
population [1]. The exact etiology of otitis media with effu-
sion (OME) is unknown, however it appears to be multifactorial.
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Watchful waiting” has been recommended as the first line treat-
ent for OME, while severe and persistent cases are candidates for

entilation tube insertion (grommets) [2].
In 1966, Braun first observed a correlation between HL and max-

llary constriction [3,4]. It is one of the most frequent craniofacial
keletal problems, with a prevalence ranging from 2.7 to 23.3% [5].
Pediatric maxillary expansion (PME) is a widespread treatment
o address transverse maxillary deficiency, and by consequence
mprove dentofacial abnormalities, nasal airway and target sleep
isordered breathing [6].
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First reports describing an association between improvements
for patients with HL and PME  initiated in the 1960s [3], with the first
large case series in 1975, when Gray found that recurrent serous oti-
tis media decreased remarkably in patients who had undergone ME
[7]. Since then, several authors have explored the role of maxillary
expansion in the outcomes of OME. While the exact mechanism is
unknown, it has been suggested that maxillary expansion widens
and tense up the elevator and tensor palatini muscles, therefore
improving ET function. Furthermore, it has been shown that max-
illary expansion decreases nasal resistance in pediatric patients,
and as a consequence improved nasal breathing can reduce the
occurrence of otitis media [8], at least in due to changes in the
microflora of the oropharynx [9], which have shown to reduce the
risk of respiratory infections in a clinical trial [10].

In this systematic review and meta-analysis we  aim to review
the available data and shed some light in the question of the role of
maxillary expansion in reducing conductive hearing loss in pedi-
atric population. The main objective is to assess the change in
the pure tone audiogram after maxillary expansion in pediatric
patients. The secondary objectives are the change in audiogram
air-bone gap; the change in ear volume and the change in the ear
drum compliance.

2. Methods

This review was performed in accordance with PRISMA guide-
lines [11], and a formal PROSPERO protocol was published
according to the NHS International Prospective Register of System-
atic Review (No----blinded----) prior to conduct the review. Also,
we followed the recommendations of the AMSTAR-2 guideline [12].

2.1. Literature search. Inclusion and exclusion criteria

The criteria for considering studies for the systematic review
were based on the population, intervention, comparison, outcome,
timing and setting (PICOTS) framework [13].

Participants: pediatric patients up to eighteen years of age.
Intervention: maxillary expansion.
Comparison: pre- and posttreatment data, or treatment and no

treatment cohorts (cohorts and clinical trials).
Outcomes: any objective measurement of hearing and tym-

panogram (audiometry, brainstem auditory evoked potentials).
Timing: without limitation to timing after surgery.
Setting: without limitation to the setting.
Types of studies: clinical trials, case series, prospective and ret-

rospective cohort studies published in peer-reviewed journals. We
did not include case reports, thesis or meeting communications.
There were no restrictions by date or publication type, and the
last update of the search was performed in Feb 2020. We  included
studies published in English, Spanish, German, French, Italian and
Portuguese languages.

Exclusion criteria: exclusion criteria consisted of: (1) studies
on syndromic patients; (2) dual publications; (3) studies involving
adults without separate analysis for the pediatric sample; (4) arti-
cles in which a surgical intervention other than maxillary expansion
was performed before the post-intervention hearing evaluation;
(5) studies in which hearing evaluation was not performed; (6)
studies where hearing evaluation was performed but data was  not
reported.

2.2. Search strategy
We  followed the PRISMA statement recommendations to per-
form a systematic review, searched Pubmed (Medline), Trip
Database, the Cochrane Library, Science direct, SciELO, LILACS, and
OpenGrey. We  used a predefined search strategy adapted to each
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atabase syntaxis: (“maxillary expansion” OR “palatal expansion”
R “RPE” OR “RME” OR “maxillary disjunction” OR “palatal disjunc-

ion”) AND “hearing”. The abstracts of the papers retrieved were
horoughly reviewed by two authors from the Rhinology Study
roup of the Young Otolaryngologists of the International Fed-
ration of Otorhinolaryngological Societies (CCH, VSP), and those
otentially fulfilling inclusion criteria were full-text read. When-
ver differences in the judgement of the eligibility, full texts were
ncluded for final assessment. We  also manually reviewed refer-
nce listings of all selected articles to identify works overlooked in
he initial search.

.3. Data extraction, categorization, and analysis

Two authors from the Rhinology Study Group of the Young
tolaryngologists of the International Federation of Otorhino-

aryngological Societies (CCH, VSP) analyzed the articles that met
nclusion criteria. Variables assessed included sample size, gender,
ge, indication for treatment, type of expander used, follow-up
eriod and main outcomes. The main outcome was expressed as
ifference between the variable before and after treatment and the
5% confidence interval. When a control group was  available, it
as expressed as difference between controls and cases mean. Pure

one audiogram results are expressed in decibels (dB), ear volume
n cubic centimeters (cm3) and compliance in decapascals (daPa).
f data was  missing from a study, the corresponding author was
ontacted at least twice in an attempt to collect it.

.4. Assessment of study quality

We  assessed the selected articles for both, the level of evidence
nd quality. Level of evidence was  classified according to the Oxford
entre for Evidence-Based Medicine Levels [14]. The risk of bias was
ssessed according to the Quality Assessment of case series studies
hecklist from National Institute for Health and Clinical Excellence
15].

.5. Statistical analysis

All statistical data were analyzed with STATA for Macintosh v.
5.1 (StataCorp ®). The significance threshold was  set at P < .005,

n line with the movement toward better science supported by the
uropean Annals of Otorhinolaryngology Head & Neck Diseases.

Results of non-divisible variables as years and decibels were
ound to the closest entire value.

We used the Cochrane Collaboration’s Review Manager Soft-
are (REVMAN) version 5.3 (Nordic Cochrane Centre, Cochrane
ollaboration, 2014, Copenhagen, Denmark) to conduct the meta-
nalysis. The heterogeneity was checked using the Q-test and I2

est. A fixed effects model was used when a I2 value was < 50%, and
 random effects model when it was  ≥ 50%. Finally, the publication
ias was assessed by a funnel plot and Egger regression.

. Results

.1. Search results

A flowchart of the search process appears in Fig. 1. The ini-
ial search resulted in 92 publications. After reading all titles and
bstracts, 13 studies were selected for full reading. A total of 10
tudies (218 patients) met  inclusion criteria. Three authors were

ubsequently contacted twice for additional data, however none of
hem answered [16–18].

Of papers selected for full-text reading, three publications
ere excluded for the following reasons: one was performed in
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syndromic patients [10]; one included adults without subgroup
analysis [19] and finally, one was a case report [4].

3.2. Results of the included studies

The median age was 10.5-year-old (Table 1). The lowest mean
age was reported by De Stefano et al. [18] and Cozza et al. [20] (7-
years-old), the highest by Taş pinar et al. [21] (14-years-old). The
youngest child was six-years-old [18,20].

The mean sample size is 21.8 patients (SD 6.75). The largest
sample was reported by Taş pinar et al. [21] (35 patients), and the
smallest by Ceylan et al. [22] (14 patients).

All articles used rapid expansion protocols, with the exception
of Kiliç et al. [23], who used semi-rapid expansion protocol.

3.3. Thresholds

Thresholds were assessed in nine studies. The included studies
only assessed hearing by audiometry, none of them used brainstem
auditory evoked potentials, and seven provided mean differences
and standard deviations. All selected articles found a positive differ-
ence after palatal expansion. However, confidence intervals were
statistically significant in only five studies. The pooled data in the
meta-analysis under a random effects model shows a statistically
significant difference of 11 dB mean reduction after palatal expan-
sion (CI 95% 5.21, 15.92) (Fig. 2).

3.4. Air-bone GAP
Changes in air conduction thresholds were assessed in six
studies, however mean differences and standard deviation were
provided in four. The pooled data in the meta-analysis under a
fixed effects model shows a statistically significant difference of

3

−
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 dB mean reduction in air-bone gap after palatal expansion (CI
5% 3.68, 7.10) (Fig. 2).

.5. Compliance and ear volume

Compliance and ear volume were assessed in three studies, but
nly two could be included in the meta-analysis. The pooled data
nder a fixed effects model found a positive difference in the com-
liance (0.14) and volume (0.80) after palatal expansion. The effect
as  not statistically significant for compliance (CI 95% −0.14, 0.42)

ut it was for volume (CI 95% 0.60, 1.01) (Fig. 2).

.6. Long term effects

The mean follow-up period after PME  is 13.8 months, when
djusted by sample size. The smallest follow-up interval was  per-
ormed by Ceylan et al. [22] (4.5 months), and the largest equally by
iliç et al. [24], Taş pinar et al. [21], and Kiliç et al. [23] (24 months).
our authors found stable results after treatment [21,23–25], while
n one improvement was noticed only after 8 months [26], and one
emonstrated relapse [22]. Results are summarized in Fig. 3.

.7. Level of evidence and quality of the included studies

According to the Oxford Center for Evidence Based Medicine
lassification [14], all included studies are considered level 4. All
tudies are quasi-experimental, with the exception of Micheletti
t al. [17], the only selected cohort study.
.8. Publication bias

The funnel plot (Fig. 4) and the Egger regression (coefficient
4.48, P = 0.129) do not suggest a publication bias.
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Table 1
Description of the included studies.

Author (year) Design/level of
evidence

Sample size
and sex

Age (years).
Mean, (SD),
(range)

Indication for
treatment

Technique Main outcome (difference, 95%
confidence interval)

ENT selection Follow-up
(months)

Singh H (2019) Quasi-
experimental
study/Level 4

26 (11 F, 15 M) 11.1 (±1.8)
(9–13)

Bilateral
posterior
crossbite. No
history of
previous
orthodontic
treatment

Appliance:
Hyrax
Activation: RPE
0.5 mm/day
7–14 days
Retention: 3
months. Rigid
transpalatal
arch 6 months

Threshold (250,
500, 1000,
2000 Hz). (dB)

5.27 (0.45; 10.08) Adenoids: no
Rhinitis: yes
(excluded)
CHL: yes

9

Static compliance
(daPa)

No SSD in
compliance in any
group.

Middle ear volume
(cm3)

SSD in Mild and
moderate severity.
No SSD in severe
and normal group.

Kılıç N  (2016) Quasi-
experimental
study/Level 4

15 (8 F, 7 M) 10.07 (±2.72)
(6–15)

Maxillary
constriction.
Deep palatal
vault. Bilateral
crossbite.
Conductive
hearing loss.
Resistance
OME > 3
months

Appliance: Acrylic
bonded appliance (10)
Hyrax (5).
Activation: RPE
0.4 mm/day.
Retention: 4 months.

Threshold (250,
500, 1000,
2000 Hz). (dB)
(RPE group)

21.9 (14.78; 29.02) Adenoids: no
Rhinitis: no
CHL: yes

10

Micheletti KR
(2012)

Cohort/Level 4 18 (9 F, 9 M) 8.1 (±3.7) (UK) Posterior
crossbite

Appliance: Haas
expander
Activation:
0.5 mm/day
Retention: UK

Threshold (500,
1000, 2000, 3000,
4000 Hz). (dB)

No SSD Adenoids: no
Rhinitis: no
CHL: yes

12

GAP (500, 1000,
2000, 3000,
4000 Hz). (dB)

No SSD

Tympanogram
(Herger
classification)

In a subgroup
(n = 9) with middle
ear dysfunction
Before: 67% type C,
22% type A, 11% As
After: 100% type A

Villano  A
(2006)

Quasi-
experimental
study/Level 4

25 (15 F, 10 M) 7.24 (±0.58)
(6.8–8.2)

Orthodontic
reasons (not
specified).
Recurrent OME
and conductive
hearing loss

Appliance: UK
Activation:
3 times/day
7–14 days
Retention: 8 months
retainer

Threshold
(250–4000 Hz).
(dB)

17.03
(14.90–19.17)

Adenoids: no
Rhinitis: no
CHL: yes

8

Tympanogram
(Herger
classification)

100% patients
changed flat
tympanogram to A
type
tympanogram. (No
SA)

De  Stefano A
(2009)

Quasi-
experimental
study/Level 4

27 (12 F, 15 M)  7 (SD UK) (6–8) Bilateral
posterior
crossbite. High
palatal vault

Appliance:
Hyrax
expander
Activation:
0.5 mm/day
Retention: 3
months

GAP
(250–4000 Hz).
(dB)

19.12 (No SA) Adenoids: yes
(excluded)
Rhinitis: yes (excluded)
CHL: yes

12

Tympanogram
(Herger
classification)

36 type B and 18
type C2
pre-expansion.
Improvement to 46
type A and 8 type
C1 after 12 months
(No SA)

34
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Table 1 (Continued)

Author (year) Design/level of
evidence

Sample size
and sex

Age (years).
Mean, (SD),
(range)

Indication for
treatment

Technique Main outcome (difference, 95%
confidence interval)

ENT selection Follow-up
(months)

Kılıç N (2008) Quasi-
experimental
study/Level 4

19 (14 F, 5 M) 13.5(±1)
(12–14.9)

Severe
maxillary
width
deficiency,
bilateral
crossbite, and
deep palatal
vault

Appliance: Acrilic
bonded
Activation: semirapid
(not explained).
Retention: 6 months
and rigid transpalatal
arch 2 years

Threshold (250,
500, 1000,
2000 Hz) (dB).

4.13 (−0.86; 9.12) Adenoids: no
Rhinitis: no
CHL: no

24

GAP (500, 1000,
2000 Hz) (dB)

4.63 (0.37; 8.90)

Static compliance
(daPa)

0.14 (−0.21; 0.48)

Middle ear volume
(cm3)

0.73 (0.50; 0.96)

Kılıç N  (2008) Quasi-
experimental
study/Level 4

15 (12 F, 3 M) 13.43 (±0.86)
(11.25–14.83)

Severe
maxillary
width
deficiency,
bilateral
crossbite, and a
deep palatal
vault

Appliance: Acrylic
bonded appliance
Activation: RME  twice
a day, until adequate
expansion was
achieved
Retention: 6 months
and rigid transpalatal
arch 2 years

Threshold (250,
500, 1000,
2000 Hz). (dB).

5.58 (0.36; 10.81) Adenoids: no
Rhinitis: no
CHL: no

24

GAP (500, 1000,
2000 Hz). (dB).

4.61 (0.23; 9.00)

Static compliance
(daPa)

0.135 (−0.37; 0.64)

Middle ear volume
(cm3)

1.05 (0.62; 1.47)

Cozza  P (2007) Quasi-
experimental
study/Level 4

24 (8 F, 16 M)  7 (SD UK) (6–8) No adenoidal
blockage. OME
and conducted
hearing loss

Appliance: Butterfly
expander
Activation: RPE 3
times/day.
Retention: 6 months

Audiometry
thresholds

Descriptive data,
no SA
Before: 12 patients
conductive hearing
loss. 12 light
conductive hearing
loss
After: 23 normal. 1
light conductive
hearing loss

Adenoids: yes
(excluded)
Rhinitis: no
CHL: yes

24

Tympanogram
(Herger
classification)

Descriptive data,
no SA
Before: 4 A, 10 B,
8 C, 2 As, 0 Ad
After: 18 A, 0 B, 1 C,
3 As, 2 Ad

Taşpinar  F
(2003)

Quasi-
experimental
study/Level 4

35 (21 F, 14 M) 14.6 (SD UK)
(13–16)

Maxillary
constriction
and high
palatal vault

Appliance: Hyrax
Activation: RPE 3
times/day 3 days then
2/day
Retention: 6 Months.
Rigid transpalatal arch
2 years

Threshold (250,
500, 1000,
2000 Hz).

17.13 (13.66;
20.59)

Adenoids: no
Rhinitis: no
CHL: no

24

GAP (250, 500,
1000, 2000 Hz).

6.37 (4.12; 8.62)

Ceylan  I (1996) Quasi-
experimental
study/Level 4

14 (11 F, 3 M) 12.11 (±1.9)
(10.4–16.9)

Maxillary
width
deficiency,
deep palatal
vault

Appliance: Hyrax
Activation: RME
0.6 mm/day 3 days,
0.4 mm/day
Retention: 4.5 months

Threshold (250,
500, 1000,
2000 Hz). (dB).

1.67 (−6.08; 9.42) Adenoids: no
Rhinitis: no
CHL: no

24

GAP (250, 500,
1000 Hz). (dB).

2.52 (−2.56; 7.61)

UK: unknown; SSD: statistically significant differences; SA: statistical analysis; PTA: pure tone audiogram; Hz: hertz; ME:  rapid maxillary expansion; CHL: conductive hearing loss; dB: decibel.

35
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4. Discussion

There has been prior extensive reviews about this topic [27–29].
However, this study is the first meta-analysis assessing the role of

maxillary expansion on conductive hearing thresholds in pediatric
patients. Also, different from previous reviews, in this study the
results from pure tone audiogram, air-bone GAP, compliance and
ear volume were independently assessed.

r
t
u

36
t plot.

In this systematic review and meta-analysis, maxillary expan-
ion in the pediatric population has been shown to significantly
educe conductive hearing thresholds by 10 dB and audiometric
ir-bone GAP by 5 dB.
The method utilized to assess hearing show heterogeneity in
eported results. Some authors present their result as changes in
he audiometric GAP, others only in thresholds, however most have
sed both.
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There were significant differences in audiometric frequencies
used by different authors. Most authors selected 250, 500, 1000
and 2000 Hz [16,21–25], while some excluded or added additional
frequencies [17]. Only Villano et al. [26] and De Stefano et al. [18]
included all the frequencies between 250 to 4000 Hz.

There is variability in frequencies tested even within the same
study. Ceylan et al. [22] chose four frequencies for thresholds, but
only three (excluded 2000 Hz) for the audiometry air-bone gap.
Similar findings were observed in the work of Kiliç et al. [23,24],
which excluded 250 Hz frequency for air-bone gap. Cozza et al. [20]
did not present tested frequencies, instead, their results were cat-
egorized. Authors who used only lower frequencies justified it as
conductive hearing loss due to OME  primarily affects that range.
However Villano et al. [26] found statistically significant changes in
high frequencies as well, suggesting that while conductive HL due
to OME  affects predominantly low frequencies, the whole audio-
gram should be performed as valuable information about high
frequency HL can be overlooked.

In relation to tympanogram studies, maxillary expansion in chil-
dren was followed by a significant 0.80 cm3 mean increase in ear
volume assessed by impedanciometry after treatment. Changes
were not significant for ear drum compliance.

Seven authors performed tympanogram; however, results were

reported differently. The same three authors who published
changes in compliance [16,23,24], presented alterations in ear vol-
ume, while four presented it as a categorical variable following the
Herger classification [17,18,20,26].

O

O

37
-line.

While most selected authors hypothesize that changes in middle
ar function after PME  are explained by improvement in the ET
unction, none objectively assessed its permeability.

The main limitation of the included studies is the lack of a
roper control group. The presence of a control group is of utmost

mportance, considering the natural course of self-resolution and
mprovement in Eustachian tube function and hearing in some OME
atients [2]. None of the selected papers present a matched control
roup. This is a major limitation, which makes impossible to obtain
ny solid conclusion with the available evidence.

Three authors included unmatched controls. Kiliç et al. [25]
ncluded patients without conductive hearing loss, Singh et al. [16]
ncluded patients with bilateral cleft palate, and finally, Micheletti
t al. [17] described a control group without OME and hearing loss.

Only one study on this topic had an appropriate control group,
owever it was not included in this systematic review as it was
erformed in Down’s syndrome patients [10]. In this article both
roups had improvement in hearing loss, however there were sta-
istically significant differences favoring rapid maxillary expansion
roup.

All papers failed to control for significant confounding factors.
irst age, as the ET and intermaxillary suture maturation vary
ith age. Authors included patients with a wide age range with-

ut subgroup analysis, preventing an adequate data pooling. Also,
he youngest included child was six-years-old, which introduces
n important bias, as there is no information in younger children
ho  are usually most severely affected by persistent OME.

Patient selection may  be the most important issue on analyzed
apers. As previously emphasized by Timms  [24], these stud-

es were performed in children selected to PME  for dento-facial
ndications, with or without unreported conductive hearing loss.
or example, Micheletti et al. [17] did not find differences after
reatment, however, the median threshold both before and after
reatment was only 5 dB. It means that children had an appro-
riate conductive hearing before expansion, without margins for

mprovement after maxillary expansion.
Six of ten included papers evaluated patients with OME  and con-

uctive hearing loss [16–18,20,25,26]. Cozza et al. [20] specifies that
hey selected patients with OME  and conductive hearing loss, with-
ut adenoid hypertrophy. However, half of their sample had minor
earing loss, and only 10 of 24 patients had a flat tympanogram.
his fact has been previously explored by Timms [30], who  pointed
ME, therefore not expected to present hearing changes.
The association of adenoid hypertrophy and rhinitis with

ME is well described [31]. Ideally, patients suffering with OME
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undergoing PME  should have treatment for rhinitis and significant
adenoid hypertrophy, or for investigation purposes been identified
to perform a subgroup analysis. Only De Stefano et al. [18] per-
formed this detailed evaluation. Cozza et al. [20] excluded patients
with adenoid hypertrophy only, without mention to rhinitis.

Although there are numerous reports on short-term effects of
PME on conductive hearing loss, there is scarcity of information
on long-term results. This is the first review to provide a timeline
graphic (Fig. 3). Only Ceylan et al. [22] found relapse after ME,  how-
ever as pointed out by Timms, selection bias and lack of appropriate
control for confounding factors are likely to explain it [30].

There are no studies comparing different appliances or activa-
tion protocols. Kiliç et al. [25] (2016) used different types (hyrax and
acrylic bonded), however they did not perform a subgroup analysis.
Kiliç et al. [24] (2008) attributed their results at least in part to the
type of device and schedule used for the expansion protocol.

The amount of expansion and retention times varied among
selected papers as well. The amount of expansion may  be influ-
enced by the severity of the maxillary constriction and the degree of
expansion obtained, however none of authors adjusted their results
by these factors.

Semi- rapid maxillary expansion (SRME) and slow maxillary
expansion have some advantages, such as less relapse tendency
and more physiologic results [32]. However, it has been suggested
that SRME causes less effect on the intermaxillary suture. The only
paper who used semi-rapid maxillary expansion is Kiliç et al. [23],
with positive effects, however the confidence interval was  not sta-
tistically significant.

Finally, as with any systematic review, we may  have missed
studies in the literature despite our best efforts.

5. Conclusions

This systematic review and meta-analysis found a positive effect
of pediatric maxillary expansion in conductive hearing loss in
well-select children. However, the main limitation is the lack of
control group. Given the self-improvement of OME, this limitation
makes impossible to obtain any solid conclusion. The importance
of this study is not to directly take conclusions from it, but to
guide future research. Secondly, results cannot be extrapolated for
children with conductive hearing loss without an accompanying
orthodontic indication (maxillary constriction). It showed that the
existing prospective studies exhibited qualitative pitfalls, limiting
the ability to obtain conclusive evidence about the role of pediatric
maxillary expansion on conductive hearing loss in children. Future
studies should have larger samples, control groups and detailed
evaluation for confounding factors.

Financial support

There is no financial support.

Disclosure of interest

The authors declare that they have no competing interest.

References

[1] Maw  AR, Bawden R. Factors affecting resolution of otitis media with effusion
in  children. Clin Otolaryngol Allied Sci 1994;19(2):125–30.
[2] Browning GG, Rovers MM,  Williamson I, Lous J, Burton MJ. Grommets (ven-
tilation tubes) for hearing loss associated with otitis media with effusion in
children. Cochrane Database Syst Rev 2010;1(10):CD001801.

[3] Braun F. A contribution to the problem of bronchial asthma and extension of
the  palatine suture. Rep Congr Eur Orthod Soc 1966;42:361–4.

[

38
European Annals of Otorhinolaryngology, Head and Neck diseases 140 (2023) 31–38

[4] Laptook T. Conductive hearing loss and rapid maxillary expansion. Report of a
case. Am J Orthod 1981;80(3):325–31.

[5] Thilander B, Pena L, Infante C, Parada SS, de Mayorga C. Prevalence of maloc-
clusion and orthodontic treatment need in children and adolescents in Bogota,
Colombia. An epidemiological study related to different stages of dental devel-
opment. Eur J Orthod 2001;23(2):153–67.

[6] Camacho M,  Chang ET, Song SA, Abdullatif J, Zaghi S, Pirelli P, et al. Rapid max-
illary expansion for pediatric obstructive sleep apnea: a systematic review and
meta-analysis. Laryngoscope 2017;127(7):1712–9.

[7] Gray LP. Results of 310 cases of rapid maxillary expansion selected for medical
reasons. J Laryngol Otol 1975;89(6):601–14.

[8] Neeley WW,  Edgin WA,  Gonzales DA. A review of the effects of expansion
of  the nasal base on nasal airflow and resistance. J Oral Maxillofac Surg
2007;65(6):1174–9.

[9] Cazzolla AP, Campisi G, Lacaita GM,  Cuccia MA,  Ripa A, Testa NF, et al. Changes
in  pharyngeal aerobic microflora in oral breathers after palatal rapid expansion.
BMC Oral Health 2006;6:2.

10] de Moura CP, Andrade D, Cunha LM,  Tavares MJ,  Cunha MJ, Vaz P, et al. Down
syndrome: otolaryngological effects of rapid maxillary expansion. J Laryngol
Otol 2008;122(12):1318–24.

11] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med  2009;6(7):e1000097.

12] Shea BJ, Reeves BC, Wells G, Thuku M,  Hamel C, Moran J, et al. AMSTAR 2: a
critical appraisal tool for systematic reviews that include randomised or non-
randomised studies of healthcare interventions, or both. BMJ  2017;358:j4008.

13] O’Sullivan D, Wilk S, Michalowski W,  Farion K. Using PICO to align medi-
cal  evidence with MDs  decision making models. Stud Health Technol Inform
2013;192:1057.

14] OCEBM Levels of Evidence [Internet]. CEBM; 2016 [cited 2019 Nov 10]. Avail-
able from: https://www.cebm.net/2016/05/ocebm-levels-of-evidence/.

15] National Institute for Health and Care Excellence. Apendix D. In: Methods for
the  Development of NICE Public Health Guidance. London: National Institute for
Health and Care Excellence (NICE); 2012 (NICE Process and Methods Guides).

16] Singh H, Maurya RK, Sharma P, Kapoor P, Mittal T, Atri M.  Effects of maxillary
expansion on hearing and voice function in non-cleft lip palate and cleft lip
palate patients with transverse maxillary deficiency: a multicentric random-
ized controlled trial. Braz J Otorhinolaryngol 2019;3:315–25.

17] Micheletti KR, de Mello JA, de Almeida Barreto Ramos SR, Scheibel PC, Scheibel
GG,  Ramos AL. Effects of rapid maxillary expansion on middle ear function:
one-year follow-up. Int J Pediatr Otorhinolaryngol 2012;76(8):1184–7.

18] De Stefano A, Baffa C, Cerrone D, Mathur N, Cascini V, Petrucci AG,  et al. Manage-
ment of recurrent otitis media with rapid maxillary expansion: our experience.
B-ENT 2009;5(1):13–7.
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