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Abstract

Background: In children with residual obstructive sleep apnoea (OSA) despite combined
adenotonsillectomy (TA) and semi-rapid maxillary expansion (SRME), the optimal fur-
ther management remains unclear. This study evaluated the effect of a 12-month pro-
gramme of orofacial myofunctional therapy (OMFT) on residual OSA in this population.
Materials and Methods: In this retrospective cohort study, 80 children (aged 7-9 years)
with polysomnography-confirmed residual OSA (respiratory disturbance index [RDI] > 1
event/h) after combined TA and SRME were followed for 12 months. Forty-one chil-
dren completed a 12-month course of OMFT, and 39 did not, due to compliance concerns,
cost/access barriers, or parental preference. RDI at 12-month follow-up (RDIfinal) was com-
pared between groups by t-test and by a covariate-adjusted general linear model. Results:
Mean baseline RDI did not differ between groups (p = 0.21). At follow-up, mean RDIfinal
was 0.49 events/hour in the OMT group versus 5.26 in controls (p < 0.001; Cohen’s d = 3.64),
a difference that persisted after adjustment for treatment order, sex, age, race, and BMI
(p <0.001). Conclusions: A 12-month OMT programme was associated with near-normal
respiratory indices in children with residual OSA after combined TA and SRME, while
untreated residual OSA showed mild deterioration. Given the non-randomised design, this
should be interpreted as a strong association rather than a confirmed causal effect, and a
randomised trial is warranted.

Keywords: paediatric; obstructive sleep apnoea (OSA); oral myofunctional therapy
(OMEFT); respiratory disturbance index (RDI); residual OSA; multidisciplinary treatment;
polysomnography (PSG)

1. Introduction

Adenotonsillar hypertrophy is generally regarded as the principal cause of paediatric
obstructive sleep apnoea (OSA) [1-4], and adenotonsillectomy (TA) has accordingly become
the standard first-line intervention [5-9]. Despite surgery, residual OSA has been reported
in 13-29% of children following TA. This figure rises to as much as 75% among those who
are overweight or obese [10-13]. Persistent sleep fragmentation, and repeated arousal in
childhood, have been linked to poorer school performance, irritability, and behavioural
disturbance. Maxillary expansion, alone or in conjunction with TA, in patients with OSA

J. Clin. Med. 2026, 15, 7676

https://doi.org/10.3390/jcm15197676


https://crossmark.crossref.org/dialog?doi=10.3390/jcm15197676&domain=pdf&date_stamp=2026-10-04
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0009-0008-8382-2160
https://orcid.org/0009-0001-0032-8415
https://orcid.org/0000-0002-1266-0060
https://orcid.org/0000-0001-7460-071X
https://doi.org/10.3390/jcm15197676

J. Clin. Med. 2026, 15, 7676

20f13

and a narrow maxilla, has also been shown to decrease the severity of OSA. However,
research confirms that it cannot fully resolve OSA [14,15]. In our own cohort, the combina-
tion of TA with semi-rapid maxillary expansion (SRME) achieved a substantial reduction
in the respiratory disturbance index (RDI), yet a subset of children remained short of full
normalisation [16]. It is this unresolved residual disease, present despite two structural
interventions, that the present study sets out to address.

Part of the explanation may lie in the fact that OSA is rarely a purely anatomical
problem [17]. Alongside the airway size, contributors such as poor pharyngeal muscle
responsiveness, a low arousal threshold, and high loop gain have been increasingly impli-
cated [18]. Treatments confined to anatomy, such as CPAP, surgery, and dental appliances,
can consequently underperform when these non-anatomical traits predominate, partic-
ularly in milder disease [19,20]. TA and SRME, whatever their individual merits, each
correct a single structural deficit—lymphoid bulk in one case, transverse maxillary width
in the other—without addressing muscle tone or responsiveness in the pharynx itself [21].
Orofacial myofunctional therapy (OMFT) is directed precisely at this gap. Through isotonic
and isometric exercise, it aims to build tone, endurance, and coordination in the pharyn-
geal and peripharyngeal musculature, encouraging the tongue to rest against the palate
rather than fall posteriorly [22-24]. This favours nasal over oral breathing, and apparently
sustains genioglossus-mediated dilator tone across sleep stages, including REM sleep,
when tone would otherwise decline and the risk of collapse is greatest. Myofunctional
assessment has identified measurably poorer tongue posture, tongue strength, lip strength,
and soft-palate mobility in children with OSA, suggesting the significance of OMFT in this
population [25,26].

The evidence base for OMFT itself is modest, but consistent. Guimaraes and colleagues
were the first to test oropharyngeal exercises formally, in a randomised trial of adults with
moderate OSA [27], and a later meta-analysis by Camacho and colleagues, spanning adult
and paediatric studies, reported apnoea—hypopnoea index (AHI) reductions of roughly
50% in adults and 62% in children, alongside improvements in snoring and daytime sleepi-
ness [28]. The nearest paediatric precedent to the present design is a small retrospective
cohort in which children took up OMFT, after adenotonsillectomy and orthodontic treat-
ment, by referral and family preference, rather than randomisation—though that study
looked at the prevention of relapse in children already cured, rather than the treatment of
confirmed residual disease [29]. To our knowledge, no prior study has examined OMFT
in children with confirmed residual OSA following combined adenotonsillectomy and
maxillary expansion.

The present study evaluates the effectiveness of a twelve-month OMFT programme
on residual OSA in prepubertal children who had already undergone combined TA and
SRME, comparing respiratory outcomes at twelve months between those who completed
the OMFT programme and those who did not.

2. Materials and Methods
2.1. Study Design

This retrospective cohort study was conducted as a 12-month follow-up analysis
on the sample of patients previously described in a study [16] evaluating the effects of
adenotonsillectomy (TA) and semi-rapid maxillary expansion (SRME), individually and
in combination, on the respiratory disturbance index (RDI) in prepubertal children with
obstructive sleep apnoea (OSA). The current study aimed to assess the impact of orofacial
myofunctional therapy (OMFT) on residual OSA in children who had already completed
both TA and SRME, regardless of the order in which those interventions were performed.
Ethical approval was obtained from the Medical Ethics Committee of the University of
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Greater Manchester. Informed consent for the use of clinical data for research purposes
was originally obtained from the parents or legal guardians of all participants at the time
of clinical care, and this consent was individually reconfirmed with each family prior to
inclusion of their child’s data in the present study. The study adhered to the principles
outlined in the Declaration of Helsinki.

2.2. Sample Selection

This cohort of 80 children was drawn from 3671 children aged 7 to 9 years who
presented for their first orthodontic consultation across nine private orthodontic clinics in
Australia operated by the same specialist between February 2007 and December 2022 [16].
At initial consultation, all children were screened for sleep-disordered breathing using the
BEARS questionnaire; children scoring >5 out of 9 were considered at elevated risk and
referred to a sleep physician for polysomnographic evaluation, from which the diagnosis
of OSA and its severity were confirmed.

All children in this cohort completed both TA and SRME and underwent Level 1
polysomnography (PSG) at baseline (Time 1), post-first intervention (Time 2), and post-both
interventions (Time 3, RDI 3), and hence, were eligible for inclusion in this follow-up study.
Patients were selected for the OMFT/control comparison based on the following criteria:

e  Complete Level 1 in-laboratory PSG records at baseline, post-first intervention, post-
both interventions (Time 3), and 12-month follow-up (Time 4).

e Confirmed residual OSA at Time 3, defined as RDI > 1 event/h.

o  C(lear classification as either having completed a 12-month course of OMFT or as not
having undertaken OMFT.

o Aged 7-9 years at original baseline, with no genetic syndromes, craniofacial abnormal-
ities (beyond maxillary constriction), developmental issues, maxillofacial trauma, or
tumour history.

Exclusion criteria mirrored the parent study, including incomplete records, home-based
or non-Level 1 sleep studies, receipt of any additional ENT or orthodontic/orthopaedic
airway intervention during the 12-month follow-up period, other than OMFT itself, partial
or ambiguous OMFT engagement that could not be clearly classified, and withdrawal of
parental/guardian consent.

The sample was divided into two groups based on residual-OSA management, determined
by family compliance capacity, cost/access, and parental preference, rather than randomisation:

1.  Group 1 (OMFT; n = 41): Children who completed a 12-month course of orofacial
myofunctional therapy.

2. Group 2 (Decline/Non-Compliant; n = 39): Children who did not undertake OMFT,
due to compliance concerns, cost or access barriers, or parental refusal of any further
treatment, for their child’s residual OSA (Figure 1).

Treatment allocation was not randomised but reflected real-world clinical decision-
making, consistent with the parent study.

2.3. Interventions

1.  Orofacial myofunctional therapy (OMFT): OMFT was delivered by a qualified my-
ofunctional therapist, over 12 months, comprising 24 clinical sessions held fortnightly,
combined with 10-15 min of prescribed daily home exercises. Parents were required
to complete a daily diary recording compliance with the home exercise programme.
The myofunctional therapist reduced the frequency and/or duration of exercises
once correct execution of the home programme had been confirmed, consistent with
standard step-down myofunctional therapy protocols.
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2. Control (No Intervention): Children in the control group received no structured
myofunctional intervention over the 12-month follow-up period for the reasons de-
scribed in Section 2.2. No child in either group received any new ENT, or orthodon-
tic/orthopaedic intervention, during this interval.

A follow-up PSG was performed on the full sample of 80 children approximately
12 months after the post-both-interventions PSG (Time 3) of the parent study.

Parent cohort of 80 children (aged 7-9 years)
with confirmed residual OSA (RDI =1 event/hour)
following combined adenotonsillectomy (TA)
and semi-rapid maxillary expansion (SRME)

AN

Completed 12-month orofacial :
myofunctional therapy (OMFT) IR MRER RS O]

programme (cth;gl)
n=41 LS
\
\
\
\
12-month follow-up Level 1 in-laboratory Reasons for non-participation:
polysomnography (PSG) performed - Compliance concerns
on full sample - Cost or access barriers

n =80 - Parental preference

Figure 1. Patient selection flow diagram.

2.4. Data Collection

Original baseline and Time 3 (new baseline for this study) data were derived from
the parent study records, including polysomnographic (PSG) measurement, demographic
details, BEARS questionnaire scores, and cephalometric classifications. At 12-month follow-
up, PSG measurements, anthropometric data (height, weight, BMI category), and BEARS
questionnaire scores were re-collected, together with OMFT session-attendance and home-
practice diary data for Group 1.

BEARS questionnaire scores were used solely as a screening threshold to identify
children requiring referral for polysomnography, as described in Section 2.1, and are
reported here as a binary screen-positive/negative indicator rather than a continuous
outcome measure. BMI was categorised into four ordered groups (underweight, healthy
weight, overweight, obese) based on the treating clinician’s standard assessment at the
time of care. For the covariate-adjusted analysis in Section 3.5, these categories were coded
numerically and entered as an ordinal covariate.

Polysomnography (PSG) Measurements

All PSGs, including the 12-month follow-up study, were Level 1 in-laboratory studies
conducted at accredited paediatric sleep centres, following Australasian Sleep Association
guidelines. Respiratory events were manually scored by certified sleep technicians, blinded
to group allocation. The primary outcome measure was the respiratory disturbance index
(RDI), defined as the average number of apnoeas, hypopnoeas, and respiratory effort-
related arousals (RERAs) per hour of sleep. Scoring criteria followed American Academy
of Sleep Medicine (AASM) paediatric rules:

1.  Apnoea: >90% reduction in airflow for >2 missed breaths, with continued respiratory
effort (obstructive) or absent effort (central).

2. Hypopnoea: >30% reduction in airflow for >2 missed breaths, associated with >3%
oxygen desaturation or arousal.
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3. RERA: Sequence of breaths with increasing respiratory effort leading to arousal,
without meeting apnoea/hypopnoea criteria.

RDI at 12-month follow-up (RDIfinal) and its change from Time 3 were calculated for
each participant.

2.5. Statistical Analysis

All statistical analyses were performed in IBM SPSS Statistics for Windows, Version
31.0 (IBM Corp., Armonk, NY, USA), with significance set at p < 0.05. Means and standard
deviations were calculated for RDIfinal and difference in the RDI (dRDIfin) in the OMFT
and control groups. The two groups were compared using an independent-samples t-test,
with Levene’s test applied to check the assumption of equal variances and a Welch-adjusted
statistic reported where this was not met. Effect sizes are reported as Cohen’s d, Hedges’
correction, and Glass’s delta, each with a 95% confidence interval. Because allocation to
OMT was not randomised, RDIfinal was further modelled using a general linear model
(univariate ANCOVA), with MFT status, treatment order, sex, age group, and race entered
as fixed factors, and baseline (Time 3) RDI and BMI entered as covariates.

3. Results

3.1. Sample Characteristics

The sample consisted of 80 children who had confirmed residual OSA (RDI > 1
event/h) after completing both adenotonsillectomy (TA) and semi-rapid maxillary ex-
pansion (SRME). At Time 3 (baseline for this study), the point immediately after both
interventions were completed, and before any decision about OMFT had been made, mean
RDI across the whole sample was 4.45 + 1.71 events/hour. Participants were divided into
two groups according to whether they subsequently undertook and completed orofacial
myofunctional therapy (OMFT): 41 children completed a 12-month course of OMFT, and
39 did not, due to compliance concerns, cost or access barriers, or parental preference not to
pursue further treatment for the child’s residual OSA. Baseline demographic characteristics
and Time 3 clinical status for each group are presented in Table 1.

Table 1. Demographic characteristics.

Characteristic OMEFT (n=41) Control (n = 39) p
Mean age (years) 8.34 £ 0.53 8.27 + 0.63 0.64
Sex: male/female 18/23 16/22 0.58
Time 3 RDI, mean + SD (events/h) 4.68 +1.39 421 +£1.99 0.21

3.2. RDI at 12-Month Follow-Up (RDIfinal)

By the 12-month follow-up, the two groups had diverged substantially. Children
who had completed OMFT showed a mean RDI of 0.49 £ 0.60 events/hour, a value
within the normal range, whereas children in the control group remained at 5.26 &+ 1.77
events/hour, still within the range of clinically significant residual OSA. This difference
of 4.77 events/hour (95% CI 4.19-5.35) was highly significant (t(78) = 16.29, p < 0.001;
Welch-adjusted t(46.12) = 15.96, p < 0.001), with a very large effect size across all three
measures reported in Table 2b. Individual values ranged from 0 to 2 events/h in the OMFT
group and from 1 to 8 events/hour in the control group, with no overlap between the upper
end of the OMFT distribution and the lower end of the control distribution (Figure 2).
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Table 2. (a). Between-group comparison of RDIfinal and dRDlIfin. (b). Effect sizes.
(@
Outcome OMEFT (n =41), Control (n = 39), Mean Difference t(db
Mean + SD (SE) ~ Mean + SD (SE) (95% CI) b
RDlIfinal (events/h) 0.49 £ 0.60 (0.09) 5.26 £ 1.77 (0.28) 4.77 (4.19-5.35) 16.29 (78) <0.001
dRDlIfin (events/h) —4.20+0.95(0.15)  1.05 4 0.61 (0.10) 5.25 (4.89-5.60) 29.20 (78) <0.001
(b)
Outcome Effect Size Point Estimate 95% CI
Cohen’s d 3.64 2.92-4.36
RDlIfinal Hedges’ correction 3.61 2.89-4.32
Glass’s delta 7.99 6.19-9.79
Cohen’s d 6.53 5.41-7.64
dRDIfin Hedges’ correction 6.47 5.36-7.57
Glass’s delta 5.50 4.21-6.77
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Figure 2. Distribution of respiratory disturbance index (RDI) at 12-month follow-up (RDIfinal), by
group. (Upper panel): decline/non-compliant (control) group; (lower panel): OMFT group. Bars
show the number of children (y-axis) at each RDIfinal value (x-axis, events/hour).

3.3. Change in RDI from Time 3 to Time 4 (dRDIfin)

Over the 12-month follow-up period, the OMFT group showed a mean reduction
in RDI of 4.20 & 0.95 events/hour, while the control group showed a mean increase of
1.05 £ 0.61 events/h. This between-group difference of 5.25 events/hour (95% CI 4.89-5.60)
was highly significant ((78) = 29.20, p < 0.001; Welch-adjusted: #(68.12) = 29.52, p < 0.001),
with an exceptionally large effect size (Cohen’s d = 6.53, 95% CI 5.41-7.64; Hedges’ g = 6.47;
Glass’s A = 5.50). Every child in the OMFT group showed improvement (dRDIfin ranging
from —6 to —2 events/hour), while every child in the control group showed no change
or worsening (dRDIfin ranging from 0 to +2 events/hour); the two distributions did not
overlap (Figure 3).
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Figure 3. Distribution of change in RDI from Time 3 to 12-month follow-up (dRDIfin = RDIfinal
— RDI3), by group. (Upper panel): decline/non-compliant (control) group; (lower panel): OMFT
group. Negative values indicate improvement (RDI reduction); positive values indicate worsening.

3.4. Distribution of Outcomes

Examining each child’s individual trajectory, rather than their endpoint alone, yielded
a consistent pattern. Over the 12-month follow-up period, mean RDI fell by 4.20 & 0.95
events/hour in the OMFT group, while the control group’s mean RDI rose by 1.05 = 0.61
events/hour, indicating that residual OSA left without further intervention did not remain
stable, but tended to worsen modestly over the following year. The resulting between-group
difference of 5.25 events/hour (95% CI 4.89-5.60) was again highly significant (t(78) = 29.20,
p < 0.001; Welch-adjusted t(68.12) = 29.52, p < 0.001), with an exceptionally large effect
size (Table 2b). Every child in the OMFT group showed improvement (dRDIfin ranging
from —6 to —2 events/hour), while every child in the control group showed no change
or deterioration (0 to +2 events/hour); the two distributions did not overlap at any point
(Figure 4).

3.5. Covariate-Adjusted Analysis

A general linear model for RDIfinal in terms of MFT, adjusted for treatment order,
sex, age group, race, BMI and baseline RDI (RDI3), found a significant effect of MFT
(F(1,69) = 1492.99, p < 0.001), with baseline RDI also significant (F(1,69) = 133.72, p < 0.001)
but no other significant factors or covariates (all p > 0.135). The estimated marginal
means (Table 3) show a large difference between MFT groups—0.28 for Yes versus 5.42
for Decline/non-comp—while the means for the other factors differ only marginally from
one another. The parameter estimate for RDI3 was 0.41 (SE 0.08), reflecting the significant
effect of baseline RDI on 12-month outcome. The overall model accounted for 96% of the
variance in RDIfinal (R? = 0.962, adjusted R? = 0.956).
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Figure 4. Individual RDI trajectories from Time 3 (RDI3) to 12-month follow-up (RDIfinal), by
group. Each line represents one child. (Left panel): children who completed the OMFT programme;
(right panel): children in the decline/non-compliant control group.

Table 3. Estimated marginal means for RDIfinal from the covariate-adjusted general linear model,
by MFT status and other model factors. Values are model-based (adjusted) means with standard
errors and 95% confidence intervals, evaluated at the model’s covariate means (baseline RDI = 4.45,
BMI = 2.04).

Factor Value Label Adjusted Mean RDIfinal Std Error (SE) 95% CI
No 5.42 0.10 5.22-5.63
MET Yes 0.28 0.11 0.07-0.49
ENT-First 2.73 0.12 2.50-2.96
Order Exp-First 2.98 0.11 2.75-3.20
Male 2.90 0.11 2.68-3.12
Sex Female 280 0.10 2.60-3.00
7.0-7.9 3.03 0.13 2.77-3.28
Age Group 8.0-8.6 2.75 0.13 2.49-3.00
8.7-9.0 2.78 0.11 2.56-3.00
Caucasian 2.53 0.20 2.14-2.92
Race East Asian 2.89 0.09 2.72-3.07
South Asian 3.11 0.16 2.79-3.42
Others 2.88 0.18 2.52-3.24

The reason for non-participation was available for the control group: cost/access
barriers (n = 22), non-compliance (n = 9), and lack of interest (n = 8). Adjusted models
showed the OMFT group differed significantly from all three subgroups on both outcomes,
while the subgroups did not differ from one another (adjusted mean RDIfinal: 0.29 vs.
5.37-5.53; dRDIfin: —4.16 vs. 0.92-1.08), Given the small size of the non-compliance
(n =9) and lack-of-interest (n = 8) subgroups, this comparison was likely underpowered to
detect moderate differences between reasons for non-participation, and the absence of a
statistically significant difference should not be interpreted as evidence of true equivalence
between these subgroups (Figure 5).
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Figure 5. Individual RDI trajectories from Time 3 (RDI3) to 12-month follow-up (RDIfinal) with
reasons for non-participation.

4. Discussion

This study found that children who completed the structured 12-month OMFT ex-
ercise showed a substantial and consistent improvement in their residual OSA having
already undergone combined adenotonsillectomy and semi-rapid maxillary expansion.
By 12 months, the OMFT group’s mean RDI had returned to within the normal range,
whereas children who did not undertake OMFT remained in the residual-OSA range and, if
anything, showed a small further rise in RDI over the same period. The two groups ended
up with significant differences in individual children’s residual RDI as well as the amount
of improvement seen, and they barely came close to each other. In fact, not one child, in
either group, had a result that matched anyone in the other group.

The physiological plausibility of this finding is consistent with what is known about
OMFT’s mechanism of action. Because TA and SRME each address a single anatomical
contributor to obstruction, lymphoid bulk and transverse maxillary width, respectively, nei-
ther directly restores pharyngeal muscle tone or corrects habitual low-tongue posture, and
mouth breathing. OMFT targets exactly this residual functional deficit, and the sustained
increase in genioglossus-mediated dilator tone it is thought to produce, including during
REM sleep when tone physiologically declines. This offers a coherent explanation for why
children with anatomically adequate but functionally unresolved airways continued to
improve under OMFT while untreated children did not.

The direction and general pattern of this result align with the limited existing paediatric
literature. Bandyopadhyay et al.’s meta-analysis of ten paediatric studies found AHI fell
from 4.32 to 2.48 events/hour, a 43% reduction [30]—notably, from a baseline close to the
Time 3 RDI observed in this cohort (4.45)—making it a reasonably matched comparison by
disease severity, even though the percentage effect is considerably smaller than the ~90%
reduction seen in this study.

Treatment dose appears to be a recurring determinant of whether myofunctional
therapy produces a measurable effect in children and adults alike. Huang et al.’s paediatric
cohort found no significant change in AHI across the full treated group, but a significant
reduction confined to the minority (10 of 54 children, 18.5%) who achieved full protocol
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compliance [31]—echoing findings in the adult literature, where a network meta-analysis
found no significant pooled AHI benefit overall, except when daily practice reached 30 min
or more for at least 3 months [32]. The present study’s 12-month duration, and diary-
monitored compliance, sit at the high end of this dose spectrum relative to most published
paediatric protocols, which may partly explain the magnitude of the effect observed,
independent of the selection-bias question addressed below.

The closest randomised comparator is Villa et al.’s trial, which evaluated oropharyn-
geal exercises specifically in children with residual OSA after adenotonsillectomy [33]—the
same clinical population addressed here, and, unlike the present study, genuinely ran-
domised. Villa et al. found a significantly greater AHI reduction with exercises than with
sham nasal washing (AAHI 58.0% vs. 6.96%, individual AHI falling from 4.87 to 1.84 in the
treatment arm, p = 0.004, with no significant change in controls), alongside significant im-
provements in oral breathing, labial seal, and lip tone, confined to the treatment group [33].
This provides genuine randomised-trial support for the qualitative pattern observed here,
though over a much shorter intervention (2 months) in a considerably younger population
(mean age ~5-6 years, versus 8.3 years in this cohort).

An earlier, non-randomised precedent shares the present study’s central limitation more
directly than Villa et al.’s trial. Guilleminault et al. followed 24 children with a normalised
AHI after adenotonsillectomy and orthodontic treatment, who were referred for myofacial re-
education; only 11 actually received it, while 13 did not, through family follow-through rather
than assignment [29]. At follow-up, performed 22-50 months after treatment completion, the
11 treated children showed no recurrence of breathing abnormality (AHI 0.5 & 0.4/h), while
the 13 untreated children showed clinically significant recurrence (AHI 5.3 £ 1.5/h, p = 0.001),
alongside significant differences in oxygen saturation and flow limitation. This pattern—a
clean separation between a treated and an untreated group under non-randomised, family-
driven allocation—closely mirrors the present study’s design and result, and is therefore
better read as a shared methodological limitation than as independent confirmation of a true
treatment effect, a point taken up further in Section 4 below.

Saccomanno et al.’s review of nine randomised trials across children and adults
concluded that myofunctional therapy’s inconsistent clinical adoption reflects variable pro-
tocols, poorly quantified adherence, and short follow-up (typically 2-6 months) more than
genuine doubt about its direction of effect [34]. The present study’s 12-month follow-up
and diary-recorded compliance data address two of these three gaps directly, strengthening
the interpretability of the result relative to much of the existing paediatric literature.

The finding that untreated residual OSA did not simply remain stable, but became
mildly worse over 12 months, is itself noteworthy. It suggests that residual disease following
combined surgical and orthodontic treatment should not be regarded as a fixed, tolerable
endpoint requiring no further action, but as a state that may deteriorate in the absence
of intervention, plausibly reflecting ongoing somatic growth, ongoing habitual mouth
breathing, or gradual loss of whatever partial compensation existed at Time 3.

This study has several notable strengths: to our knowledge, it is the first to evaluate
orofacial myofunctional therapy specifically in children with confirmed residual OSA
following combined adenotonsillectomy and maxillary expansion, rather than in children
at risk of relapse after apparent cure; the 12-month intervention period and structured,
diary-recorded compliance monitoring exceed the duration and adherence documentation
typical of prior studies in this field; all respiratory outcomes were derived from objective
Level 1 in-laboratory polysomnography, scored by technicians blinded to group allocation;
and the two comparison groups were well balanced at baseline on age, sex, and residual
disease severity (Table 1), which strengthens confidence that the observed difference reflects
more than a pre-existing disparity. Nonetheless, the principal limitation of this study is that
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allocation to OMFT was not randomised: families chose, or were guided toward, therapy
based on compliance capacity, cost and access, and personal preference. A covariate-
adjusted analysis (Section 3.5) confirmed that the association between OMFT and 12-
month RDI persisted, with an almost identical magnitude, after adjustment for treatment
order, sex, age group, race, BMI, and baseline RDI severity—indicating that none of these
measured variables account for the observed difference. This strengthens confidence in the
result but does not resolve it: adjustment can only rule out confounding by variables that
were measured, and it remains possible that unmeasured family-level factors associated
with the capacity to complete a demanding 12-month therapy programme—rather than
OMFT itself—contributed to the difference observed. The reason for non-participation was
analysed as a secondary check (Section 3.5), though given the small size of these subgroups
this analysis was likely underpowered, and the finding of no significant difference between
reasons should be interpreted with caution rather than as evidence that the specific reason
for non-participation is irrelevant to the outcome.

While the baseline balance described above rules out imbalance on the variables
measured, families who successfully completed 24 fortnightly sessions over 12 months,
together with daily supervised home practice, may plausibly differ from families who did
not in unmeasured ways—general health engagement, household stability, or capacity
to sustain a demanding therapeutic commitment—any of which could independently
influence a child’s respiratory trajectory. The completeness of the separation between
groups is consistent with a genuine and substantial treatment effect, but it is also the
pattern one would expect if allocation itself was tied to such unmeasured factors, and the
present, unadjusted analysis cannot fully distinguish between these explanations. The
narrow range of residual RDI values in this cohort may also have contributed to the
completeness of this separation independent of selection effects: a treatment effect of the
magnitude observed here, relative to a measurement range this compressed, would be
expected to produce limited overlap between groups even under random allocation, since
there is little room within the scale for treated and untreated trajectories to cross.

Further limitations include the single-centre, private-practice setting, which may limit
generalisability to broader or less airway-conscious populations; the 12-month follow-up
window, which, while longer than most prior studies in this field, remains short relative to
the craniofacial and pubertal changes that may themselves influence airway dimensions
over a longer horizon; and reliance on parent-completed compliance diaries, which are
subject to reporting bias and were not independently verified.

5. Conclusions

This study found that a 12-month programme of orofacial myofunctional therapy was
associated with a return to near-normal respiratory function in children with residual OSA
after combined adenotonsillectomy and semi-rapid maxillary expansion, while untreated
children remained in the residual-OSA range and showed mild worsening over the same
period. This pattern was directionally consistent with the two most closely comparable
prior studies, though the effect observed here was larger than typically reported. Because
allocation to therapy was not randomised, and the non-randomised comparator in the
literature shares this same limitation, the result should be interpreted as a strong association
rather than proof of a causal effect. A randomised controlled trial with objective compliance
monitoring and longer follow-up is warranted to confirm this finding.

Author Contributions: Conceptualization, D.M.; methodology, D.M.; software, P.P; validation, K.K.

and P.B.; formal analysis, N.B.; investigation, D.M.; resources, D.M.; data curation, D.M.; writing—
original draft preparation, N.B.; writing—review and editing, N.B.; visualisation, D.M.; supervision,

https://doi.org/10.3390/jcm15197676


https://doi.org/10.3390/jcm15197676

J. Clin. Med. 2026, 15, 7676 12 0f 13

P.B. and K.K; project administration, N.B. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and ethical approval was obtained from the Institutional Research Board (IRB) and
Ethical Review Committee (ERC) of the University of Greater Manchester, Bolton, UK (Ref No.
024 /Ethics-IRB-REC/CoLDS-UoGM/27.07.2026).

Informed Consent Statement: Informed consent was obtained from all subjects” parents/legal
guardians involved in the study.

Data Availability Statement: The datasets generated and/or analysed during the current study are
available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to thank the Myofunctional Therapy team for their
clinical care and data collection support.

Conflicts of Interest: The authors have no conflicts of interest to disclose.

References

1.  Koh, TK;; Kim, J. Treatment of Pediatric Obstructive Sleep Apnea. Kosin Med. |. 2024, 39, 89-93. [CrossRef]

2. Li, A,;Hui, S; Wong, E.; Cheung, A_; Fok, T. Obstructive Sleep Apnoea in Children with Adenotonsillar Hypertrophy: Prospective
Study. Hong Kong Med. J. 2001, 7, 236-240.

3.  Chang, SJ.; Chae, K.Y. Obstructive Sleep Apnea Syndrome in Children: Epidemiology, Pathophysiology, Diagnosis and Sequelae.
Korean |. Pediatr. 2010, 53, 863-871. [CrossRef]

4. Greenfeld, M.; Tauman, R.; DeRowe, A; Sivan, Y. Obstructive Sleep Apnea Syndrome Due to Adenotonsillar Hypertrophy in
Infants. Int. J. Pediatr. Otorhinolaryngol. 2003, 67, 1055-1060. [CrossRef]

5. Australasian Sleep Association. Adenotonsillectomy for Paediatric Obstructive Sleep Apnoea: Submission from the Australasian Sleep Asso-
ciation (ASA); Australasian Sleep Association: Blacktown, NSW, Australia, 2013. Available online: https://sleep.org.au/common/
Uploaded%?20files /Public%20Files / Professional %20resources/Sleep%20Documents / paediatric%20MSAC.pdf (accessed on
1 August 2026).

6. Locci, C.; Cenere, C.; Sotgiu, G.; Puci, M.V,; Saderi, L.; Rizzo, D.; Bussu, E; Antonucci, R. Adenotonsillectomy in Children with
Obstructive Sleep Apnea Syndrome: Clinical and Functional Outcomes. J. Clin. Med. 2023, 12, 5826. [CrossRef]

7.  Rubinstein, B.J.; Baldassari, C.M. An Update on the Management of Pediatric Obstructive Sleep Apnea. Curr. Treat. Options
Pediatr. 2015, 1, 211-223. [CrossRef]

8.  Ehsan, Z.; Ishman, S.L.; Soghier, I.; Almeida, FR.; Boudewyns, A.; Camacho, M.; Carno, M.-A.; Coppelson, K.; Ersu, R.H.; Ho,
A.T.N.; et al. Management of Persistent, Post-Adenotonsillectomy Obstructive Sleep Apnea in Children: An Official American
Thoracic Society Clinical Practice Guideline. Am. ]. Respir. Crit. Care Med. 2024, 209, 248-261. [CrossRef]

9.  Panetti, B.; Federico, C.; Sferrazza Papa, G.F,; Di Filippo, P.; Di Ludovico, A.; Di Pillo, S.; Chiarelli, F.; Scaparrotta, A.; Attanasi,
M. Three Decades of Managing Pediatric Obstructive Sleep Apnea Syndrome: What’s Old, What’s New. Children 2025, 12, 919.
[CrossRef]

10. Gozal, D.; Tan, H.-L.; Kheirandish-Gozal, L. Treatment of Obstructive Sleep Apnea in Children: Handling the Unknown with
Precision. J. Clin. Med. 2020, 9, 888. [CrossRef]

11.  Mitchell, R.B.; Boss, E.F. Pediatric Obstructive Sleep Apnea in Obese and Normal-Weight Children: Impact of Adenotonsillectomy
on Quality-of-Life and Behavior. Dev. Neuropsychol. 2009, 34, 650-661. [CrossRef]

12. Mitchell, R.B.; Kelly, ]. Outcome of Adenotonsillectomy for Obstructive Sleep Apnea in Obese and Normal-Weight Children.
Otolaryngol. Neck Surg. 2007, 137, 43-48. [CrossRef]

13. Maeda, K,; Tsuiki, S.; Nakata, S.; Suzuki, K,; Itoh, E.; Inoue, Y. Craniofacial Contribution to Residual Obstructive Sleep Apnea
after Adenotonsillectomy in Children: A Preliminary Study. J. Clin. Sleep Med. 2014, 10, 973-977. [CrossRef]

14. Alrumaih, R.; Alterki, A.; Qali, M. Maxillary Expansion in the Management of Obstructive Sleep Apnea: A Comprehensive
Review. Dent. J. 2025, 13, 410. [CrossRef]

15. Shah, E.; Cheever, V.J.; Marr, V.L. Impact of Maxillary Palatal Expansion on Airway Dimensions and Sleep-Disordered Breathing.
Dent. J. 2026, 14, 23. [CrossRef]

16. Mahony, D.; Bhattarai, N.; Petocz, P. Maxillary Arch Expansion and Adenotonsillectomy in Prepubertal Children Diagnosed with

Paediatric Obstructive Sleep Apnoea: An Interventional Study. J. Clin. Med. 2026, 15, 2981. [CrossRef]

https://doi.org/10.3390/jcm15197676


https://doi.org/10.7180/kmj.24.120
https://doi.org/10.3345/kjp.2010.53.10.863
https://doi.org/10.1016/s0165-5876(03)00182-4
https://sleep.org.au/common/Uploaded%20files/Public%20Files/Professional%20resources/Sleep%20Documents/paediatric%20MSAC.pdf
https://sleep.org.au/common/Uploaded%20files/Public%20Files/Professional%20resources/Sleep%20Documents/paediatric%20MSAC.pdf
https://doi.org/10.3390/jcm12185826
https://doi.org/10.1007/s40746-015-0022-8
https://doi.org/10.1164/rccm.202310-1857ST
https://doi.org/10.3390/children12070919
https://doi.org/10.3390/jcm9030888
https://doi.org/10.1080/87565640903133657
https://doi.org/10.1016/j.otohns.2007.03.028
https://doi.org/10.5664/jcsm.4028
https://doi.org/10.3390/dj13090410
https://doi.org/10.3390/dj14010023
https://doi.org/10.3390/jcm15082981
https://doi.org/10.3390/jcm15197676

J. Clin. Med. 2026, 15, 7676 13 of 13

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Thuy, N.-H.T.; Phan, TH.G.; Eid, A.H.; Maccioccu, P.; Camboni, S.; Casu, G.; Posadino, A.M.; Giordo, R.; Pintus, G. Obstruc-
tive Sleep Apnea: Epidemiology, Pathophysiology, Complications, Diagnosis, Management, and Emerging Fibrosis-Linked
Remodeling. MedComm 2026, 7, e70877. [CrossRef]

Suzuki, M. Obstructive Sleep Apnea -Consideration of Its Pathogenesis. Auris. Nasus. Larynx 2022, 49, 313-321. [CrossRef]
Jang, J.-W.; Ju, H.-M.; Jeon, H.-M.; Ahn, Y.-W.; Jeong, S.-H.; Ok, S.-M. Obstructive Sleep Apnea: Pathophysiology and Treatment.
J. Oral Med. Pain 2024, 49, 71-78. [CrossRef]

Osman, A.M.; Carter, S.G.; Carberry, J.C.; Eckert, D.]J. Obstructive Sleep Apnea: Current Perspectives. Nat. Sci. Sleep 2018, 10,
21-34. [CrossRef]

Samara, P.; Athanasopoulos, M.; Athanasopoulos, I. Unveiling the Enigmatic Adenoids and Tonsils: Exploring Immunology,
Physiology, Microbiome Dynamics, and the Transformative Power of Surgery. Microorganisms 2023, 11, 1624. [CrossRef]

Koka, V.; De Vito, A.; Roisman, G.; Petitjean, M.; Filograna Pignatelli, G.R.; Padovani, D.; Randerath, W. Orofacial Myofunctional
Therapy in Obstructive Sleep Apnea Syndrome: A Pathophysiological Perspective. Medicina 2021, 57, 323. [CrossRef]
Sonavane, M.G.; Nair, S.P. Physiotherapy-Based Interventions for the Management of Obstructive Sleep Apnea: A Comprehensive
Review. Indian J. Respir. Care 2026, 15, 49-60. [CrossRef]

Rueda, J.; Mugueta-Aguinaga, I; Vilaro, J.; Rueda-Etxebarria, M. Myofunctional Therapy (Oropharyngeal Exercises) for Obstruc-
tive Sleep Apnoea. Cochrane Database Syst. Rev. 2019, 2019, CD013449. [CrossRef]

Maeo, K.; Kitamura, T.; Kohira, W.; Suzuki, Y.; Yamakawa, Y.; Ueda, K.; Ishii, H.; Kanomi, R.; Iwasaki, T. Low Tongue
Posture Improvement Effect of Orofacial Myofunctional Therapy Comprehensive Study of Nasal Ventilation Condition Using
Computational Fluid Dynamics and Dental Arch Morphology. Orthod. Craniofac. Res. 2025, 28, 872-881. [CrossRef]

Wu, X.-R; Xie, S.-Q. Orofacial Myofunctional Therapy in Children with Adenotonsillar Hypertrophy: A Narrative Review. Nurs.
Commun. 2025, 9, €2025010. [CrossRef]

Guimaraes, K.C.; Drager, L.F.; Genta, P.R.; Marcondes, B.F.; Lorenzi-Filho, G. Effects of Oropharyngeal Exercises on Patients with
Moderate Obstructive Sleep Apnea Syndrome. Am. . Respir. Crit. Care Med. 2009, 179, 962-966. [CrossRef]

Camacho, M.; Certal, V.; Abdullatif, J.; Zaghi, S.; Ruoff, C.M.; Capasso, R.; Kushida, C.A. Myofunctional Therapy to Treat
Obstructive Sleep Apnea: A Systematic Review and Meta-Analysis. Sleep 2015, 38, 669—675. [CrossRef]

Guilleminault, C.; Huang, Y.S.; Monteyrol, PJ.; Sato, R.; Quo, S.; Lin, C.H. Critical Role of Myofascial Reeducation in Pediatric
Sleep-Disordered Breathing. Sleep Med. 2013, 14, 518-525. [CrossRef]

Bandyopadhyay, A.; Kaneshiro, K.; Camacho, M. Effect of Myofunctional Therapy on Children with Obstructive Sleep Apnea: A
Meta-Analysis. Sleep Med. 2020, 75, 210-217. [CrossRef]

Huang, Y.-S.; Chuang, L.-C.; Hervy-Auboiron, M.; Paiva, T.; Lin, C.-H.; Guilleminault, C. Neutral Supporting Mandibular
Advancement Device with Tongue Bead for Passive Myofunctional Therapy: A Long Term Follow-up Study. Sleep Med. 2019, 60,
69-74. [CrossRef]

Xu, Y; Yang, R.; Yu, M.; Gao, X. Efficacy of Myofunctional Therapy for Obstructive Sleep Apnea: A Systematic Review and
Network Meta-Analysis. ]. Evid.-Based Dent. Pract. 2025, 25, 102137. [CrossRef]

Villa, M.P; Brasili, L.; Ferretti, A ; Vitelli, O.; Rabasco, ].; Mazzotta, A.R.; Pietropaoli, N.; Martella, S. Oropharyngeal Exercises to
Reduce Symptoms of OSA after AT. Sleep Breath. Schlaf Atm. 2015, 19, 281-289. [CrossRef]

Saccomanno, S.; Valeri, C.; Palermiti, M.; Salvati, S.E.; Inchingolo, E; Ferrante, L.; Inchingolo, A.D.; Palermo, A.; Isola, G.; Dipalma,
G.; et al. Myofunctional Therapy in Sleep Disorders: A Systematic Review. Explor. Med. 2026, 7, 1001396. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15197676


https://doi.org/10.1002/mco2.70877
https://doi.org/10.1016/j.anl.2021.10.007
https://doi.org/10.14476/jomp.2024.49.4.71
https://doi.org/10.2147/NSS.S124657
https://doi.org/10.3390/microorganisms11071624
https://doi.org/10.3390/medicina57040323
https://doi.org/10.5005/jp-journals-11010-1233
https://doi.org/10.1002/14651858.CD013449
https://doi.org/10.1111/ocr.70000
https://doi.org/10.53388/IN2025010
https://doi.org/10.1164/rccm.200806-981OC
https://doi.org/10.5665/sleep.4652
https://doi.org/10.1016/j.sleep.2013.01.013
https://doi.org/10.1016/j.sleep.2020.08.003
https://doi.org/10.1016/j.sleep.2018.09.013
https://doi.org/10.1016/j.jebdp.2025.102137
https://doi.org/10.1007/s11325-014-1011-z
https://doi.org/10.37349/emed.2026.1001396
https://doi.org/10.3390/jcm15197676

	Introduction 
	Materials and Methods 
	Study Design 
	Sample Selection 
	Interventions 
	Data Collection 
	Statistical Analysis 

	Results 
	Sample Characteristics 
	RDI at 12-Month Follow-Up (RDIfinal) 
	Change in RDI from Time 3 to Time 4 (dRDIfin) 
	Distribution of Outcomes 
	Covariate-Adjusted Analysis 

	Discussion 
	Conclusions 
	References

