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Abstract
Purpose This study evaluated the efficacy of oropharyngeal
exercises in children with symptoms of obstructive sleep
apnea syndrome (OSA) after adenotonsillectomy.
Methods Polysomnographic recordings were performed before adenotonsillectomy and 6 months after surgery. Patients
with residual OSA (apnea-Hypopnea Index, AHI>1 and persistence of respiratory symptoms) after adenotonsillectomy
were randomized either to a group treated with oropharyngeal
exercises (group 1) or to a control group (group 2). A
morphofunctional evaluation with Glatzel and Rosenthal tests
was performed before and after 2 months of exercises. All the
subjects were re-evaluated after exercise through
polysomnography and clinical evaluation. The improvement
in OSA was defined by ΔAHI: (AHI at T1−AHI at T2)/AHI
at T1×100.
Results Group 1 was composed of 14 subjects (mean age,
6.01±1.55) while group 2 was composed of 13 subjects (mean
age, 5.76 ± 0.82). The AHI was 16.79 ± 9.34 before
adenotonsillectomy and 4.72±3.04 after surgery (p<0.001).
The ΔAHI was significantly higher in group 1 (58.01 %;
range from 40.51 to 75.51 %) than in group 2 (6.96 %; range
from −23.04 to 36.96 %). Morphofunctional evaluation demonstrated a reduction in oral breathing (p=0.002), positive
Glatzel test (p<0.05), positive Rosenthal test (p<0.05), and
increased labial seal (p<0.001), and lip tone (p<0.05).
Conclusions Oropharyngeal exercises may be considered as
complementary therapy to adenotonsillectomy to effectively
treat pediatric OSA.
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Introduction
Obstructive sleep apnea (OSA) in children is a sleep breathing
disorder characterized by prolonged partial upper airway obstruction and/or intermittent complete obstruction that disrupts
ventilation during sleep and sleep patterns [1]. Untreated
pediatric OSA may result in various problems, such as cognitive impairment, attention and hyperactivity disorder, poor
academic achievement, and cardiovascular and metabolic
complications [2–5].
Various etiological factors may underlie pediatric OSA,
including craniofacial dysmorphism, obesity, and hypotonic
neuromuscular disease, though the most common cause is
adenotonsillar hypertrophy [5, 6].
Adenotonsillectomy (AT) remains the first-line treatment
in children with adenotonsillar hypertrophy, even if recent
evidence suggests that the outcome of this surgical procedure
may not be as favorable as expected and that residual OSA
persists in some cases [7]. Recently, Bhattacharjee confirmed
that AT cured OSA in only 27.2 % of obese and non-obese
children [8].
Alternative treatments for OSA include orthodontic treatment, mandibular advancement, and weight loss; these treatments have variable results [9]. These treatments correct the
oropharyngeal structure but may have no effect on either
functionality or neuromuscular disorders. Oral breathing and
lip hypotonia, which are typical of children with OSA, seldom
change after surgical and/or medical treatment and may be the
cause of residual OSA. They may actually alter the pharyngeal
nasal tone (tongue and cartilage hypotonia), which leads to a
collapse during inspiration and consequently increases nasal
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resistance. Therefore, it is necessary to test the efficacy of
other modalities of treatment for OSA [10].
On the basis of these observations, we hypothesize that
oropharyngeal hypotonia may also be implicated in the pathogenesis of OSA, and that oropharyngeal exercises may improve stomatognathic function and reduce neuromuscular
impairment.
One study in adult patients showed that didgeridoo playing
significantly ameliorated OSA severity and associated symptoms [11]. This might be due to training of the muscles of the
upper airways, which control airway dilation and wall stiffening secondary to didgeridoo playing.
It may therefore be possible to supplement medical and
surgical treatment with oropharyngeal exercises in order to reestablish nasal breathing, normal lip posture, and restore the
correct swallowing pattern. The literature contains few studies
designed specifically to investigate the effectiveness of
orofacial re-education in OSA.
A study conducted on adult patients with moderate OSA
confirmed the ability of oropharyngeal exercises, administered over a 3-month period, to reduce nocturnal respiratory
symptoms and improve sleep efficiency and OSA severity
[10]. Oropharyngeal rehabilitation consisted of isometric and
isotonic exercises involving the tongue, soft palate, and lateral
pharyngeal wall in order to ameliorate functions of suction,
swallowing, chewing, breathing, and speech.
The aim of our study was to evaluate the efficacy of
oropharyngeal exercises as a means of reducing residual
OSA in children after AT.

Materials and methods
Subjects
This prospective, case-control study was based on 42 children
who were referred to our Pediatric Sleep Center (S. Andrea
Hospital, Rome, Italy) for habitual snoring, apnea, or restless
sleep as reported by their parents.
In all cases, the diagnosis of OSA was confirmed by means
of a laboratory polysomnography (PSG) yielding an obstructive apnea/hypopnea index (AHI) >1 ev/h, according to the
standard criteria of the American Academy of Sleep Medicine
(AASM) [12]. We adopted a clinical cutoff value of AHI >5
for moderate-severe OSA [13, 14], while residual OSA was
defined as an AHI index >1 ev/h after AT and persistence of
respiratory symptoms (snoring, oral breathing, and sleep
apnea).
Exclusion criteria were positive history for recurrent
laryngospasm, allergy, asthma, acute or chronic cardiorespiratory or neuromuscular diseases, chronic inflammatory
diseases, major craniofacial abnormalities, chromosomal
syndromes, or epilepsy.

Inclusion criteria were children >4 years old, to ensure
better compliance in the execution of the exercises, a PSG
recording with a diagnosis of moderate-severe OSAS, and
residual OSA after AT. Informed consent was obtained from
parents, and the study was approved by the Ethics Committee
of the Sant’Andrea Hospital.
Study design
The clinical history was obtained for all the patients. All the
children underwent an ear, nose, and throat (ENT) and orthodontic assessment to evaluate the presence of adenotonsillar
hypertrophy, malocclusion, and/or ogival palate.
Polysomnographic recordings were performed, and the
Sleep Clinical and Rating Scale was administered before AT
(T0) and 6 months after (T1). Thereafter, patients with residual
OSA were randomized in two groups—a case group treated
with oropharyngeal exercises plus nasal washing consisting of
the application of saline in each nostril three times a day
(group 1) and a control group treated with nasal washing alone
(group 2). All the subjects were re-evaluated by means of a
PSG and clinical evaluation (Fig. 1, study design graph)
2 months later (T2), in order to avoid possible influences from
seasonal changes.
Sleep analysis
All the subjects were evaluated in our Pediatric Sleep Center
by means of a full-night PSG after a night of adaptation in the
hospital. Children were studied in a quiet, darkened room with
an ambient temperature of 24 °C in the company of one of
their parents. All the recordings started at the patients’ usual
bedtime and continued until spontaneous awakening. Standard overnight PSG recordings were obtained by means of a
Grass Heritage polygraph. The variables recorded included an
electroencephalogram with at least eight channels (frontal,
central, temporal and occipital, referred to the contralateral
mastoid), an electro-oculogram (electrodes placed 1 cm above
the right outer cantus and 1 cm below the left outer cantus and
referred to the mastoid electrode), a submental electromyogram, and an electrocardiogram (one derivation). Chest and
abdomen movements were measured by strain gauges.
Oronasal airflow was recorded with a thermocouple and nasal
pressure cannula and tracheal sound with a microphone sensor. Arterial oxygen saturation was monitored using a pulse
oximeter. A digital time-synchronized video recording was
performed.
Sleep stages were scored according to the AASM standard
criteria [12]. All the following sleep architecture parameters
were evaluated: total sleep time (TST = time from sleep onset
to the end of the final sleep epoch minus time awake); sleep
efficiency (defined as the percentage ratio between TST and
time in bed); and percentage of stages 1, 2, and 3 nonrapid eye
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Fig. 1 Study design graph. The
graph shows the enrolled patients
follow-up. AHI Apnea-Hypopnea
Index; AT adenotonsillectomy,
ENT ear, nose, and throat; OSA
obstructive sleep apnea
syndrome; PSG
polisomnography; ADHD-RS
Attention Deficit Hyperactive
Disorder Rating Scale, SCR sleep
clinical record

movement (NREM) sleep and rapid eye movement (REM)
sleep. Central, obstructive, and mixed apnea events were
counted according to the criteria established by the AASM
[12].
Re-education
Oropharyngeal exercises were divided into three categories,
i.e., (1) nasal breathing rehabilitation, (2) labial seal and lip
tone exercises, and (3) tongue posture exercises. Examples of
exercises are described in Fig. 2.
Children were required to perform the exercises every day
at home, at least three times a day, doing 10–20 repetitions
each time. Group 1 underwent three monthly meetings with a
therapist. In the first meeting (T1), the therapist carried out a
morphofunctional evaluation and taught the patients and their
parents nasal breathing rehabilitation exercises and exercises
designed to restore competence and tone lip, which children
were required to perform daily at home for 2 months. All the

patients were also required to fill in a diary in which their
compliance to exercises was recorded. The aim of the second
meeting was to ensure that the home exercises were being
executed correctly. In the third meeting (T2), group 1
underwent the second morphofunctional evaluation.
In order to reduce a possible observer bias, the therapist who
performed all the morphofunctional evaluations in both groups
at T1 and T2 was always the same and he was blinded to the
group because another therapist had taught the exercises.
Nasal washing was performed using the Neti Pot filled with
2.5 % saline hypertonic solution. All the patients performed
nasal washing two times, in the morning and evening, for
2 months.
Sleep questionnaire data
We proposed the Sleep Clinical Record (SCR), which combines the patient’s history and clinical items, for each child
[15]. The first part considers the nose, oropharynx, dental, and
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Fig. 2 Examples of some oropharingeal exercises. a Nasal breathing rehabilitation, b labial seal and lip tone exercises, and c tongue posture exercises

skeletal occlusion. Tonsillar hypertrophy was graded according to a standardized scale ranging from 0 to 4. Tonsillar size
was graded as: 1+=medial borders of tonsils lateral to or
extending to the pillars, 2+=medial borders of tonsils lateral
to or extending to the lateral uvular margins, 3+=medial
borders of tonsils medial to the lateral uvular margins, and
4+=includes “kissing” tonsils, which meet at the midline [16].
Grades 3 and 4 were considered as positive. The palate position was graded according to the Friedman classes, considering classes 3 and 4 as positive [17]. The second part is based
on the Brouillette questionnaire [18], while the last part examines the presence of symptoms of inattention and hyperactivity using the Attention Deficit Hyperactive Disorder Rating
Scale (ADHD-RS) [19], which had previously been filled out
by the parents of all the participants. We have previously
validated and explained elsewhere [15] how to obtain the

overall score from these evaluations. However, an overall
score ≥6.5 is considered highly predictive of OSA.
Morphofunctional schedule
The therapist completed a morphofunctional evaluation form
that assessed respiratory pattern (nasal or oral), labial seal
(competent or not), and lip tone (normal or not) [20, 21]. All
the participants also underwent the Glatzel and Rosenthal
tests, which assess nasal patency (Fig. 3).
Statistical analysis
Data are expressed as means ± standard deviation (SD). The
normality of the data distribution was assessed by the
Kolmogorov-Smirnov test. T test was used for parametric
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Fig. 3 Schedule for morphofunctional evaluation during monthly meeting. T1 6 months after adenotonsillectomy, T2 2 months after T1

data. Contingency tables (the χ2 test) were used to compare
the frequencies of categorical variables.
The improvement in OSA was defined by ΔAHI (AHI at
T1−AHI at T2)/AHI at T1×100. A p value <0.05 was considered statistically significant. The statistical analysis was
performed using a commercial software package (SPSS, version 11; SPSS; Chicago, IL, USA).

Results
We enrolled 42 children, but 12 children (5.04 %) who did not
display residual OSA at T1 were excluded, another two from

group 1 who did not comply with the exercises they were
required to perform, and one from group 2 who not only did
nasal washes but also nasal steroids for 3 months. The mean
age of the remaining 27 patients included in the final analysis,
24 of whom were male (88.8 %), was 4.82±1.36 years.
The AHI index decreased significantly from baseline (T0)
to T1 (16.79±9.34 versus 4.72±3.04, p<0.0001) (Fig. 4), as
well as SCR score (9.42±1.60 versus 4.20±1.95, p<0.0001)
in all the children. By contrast, the ADHD-RS score did not
decrease significantly (Table 1).
There were no differences in the children’s anthropometric,
clinical, or respiratory parameters between group 1 (14; mean
age, 6.01±1.55 years) and group 2 (13; mean age, 5.76±
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Fig. 4 Apnea-hypopnea index
(AHI) before (T0) and after (T1)
adenotonsillectomy in total
group, group 1, and group2.
T0 before adenotonsillectomy,
T1 6 months after
adenotonsillectomy;
*, †, ‡ differences between AHI at
T0 and T1 p<0.001

0.82 years), nor did any significant difference emerge between
the two groups in the AHI at T1 (Table 2).
The efficacy of oropharyngeal exercises expressed by ΔAHI was higher in children in group 1 (58.01 %; range from
40.51 to 75.51 %) than in those in group 2 (6.96 %; range from
−23.04 to 36.96 %) as showed in Fig. 5.
After 2 months of oropharyngeal exercises, the
morphofunctional evaluation revealed a significant reduction
in oral breathing, a positive Glatzel test, a positive Rosenthal
test, as well as increased labial seal and lip tone; by contrast, the
morphofunctional evaluation in group 2 did not detect any
significant difference after 2 months of nasal washing (Table 3).
Discussion
This prospective and randomized study shows, for the first
time, that oropharyngeal exercises can be used to treat residual

OSA. In 2010, both Bhattacharjee [8] and Ye [22] confirmed
that AT resolves OSA in only 27.2 and 30 % of children,
respectively. Orthodontic treatment and medical treatment
(intranasal and topical corticosteroids) may also have a
short-term beneficial effect on AHI, but do not definitively
cure this disorder [9, 23]. Furthermore, the optimal dosage and
duration of therapy have yet to be clearly understood, as well
as the groups of patients (e.g., younger versus older or normal
weight versus obese) who can respond better to such therapies
[24]. In addition, it is still unclear whether the addition of other
anti-inflammatory agents, such as leukotriene receptor antagonists, has additive or synergistic effects [25, 26].
However, AT remains the first-line treatment for pediatric
OSA, particularly in patients who have a moderate to severe
condition combined with adenotonsillar hypertrophy [27]. In
our study, we had observed a significant reduction in respiratory symptoms and in the AHI index after AT, though the
disease resolved completely (AHI <1 ev/h) in approximately

Table 1 Anthropometric, clinical, and polysomnographic characteristics
of total sample at T0 and T1. Data are expressed in mean ± SD (standard
deviation)
Total group (n=27)

Age (years)
Weight (kg)
Height (cm)
BMI centile
AHI (ev/h)
SaO2 average (%)
SCR
ADHD-RS

p

T0 (baseline)

T1 (after AT)

4.82±1.36
19.93±7.15
107.19±10.39
58.70±36.71
16.79±9.34
96.69±1.80
9.42±1.60
4.33±5.64

5.59±1.35
23.47±7.79
109.22±23.54
67.52±29.58
4.72±3.04
97.8±1.09
4.20±1.95
3.72±4.50

ns
ns
ns
ns
<0.0001
ns
<0.0001
ns

AHI Apnea-Hypopnea Index, BMI body mass index, ADHD-RS Attention Deficit Hyperactive Disorder Rating Scale, SCR sleep clinical record,
T0 before adenotonsillectomy, T1 6 months after adenotonsillectomy

Table 2 Anthropometric, clinical, and polysomnographic characteristics
of each group at T1 (after AT). Data are expressed in mean ± SD (standard
deviation)
Group 1 (n=14)

Group 2 (n=13)

p

Age (years)
Weight (kg)
Height (cm)
BMI centile

6.01±1.55
25.62±9.18
108.94±30.08
81.85±29.94

5.76±0.82
20.13±3.10
109.67±7.33
68.22±28.68

ns
ns
ns
ns

AHI (ev/h)
SaO2 average (%)
SCR
ADHD-RS

4.87±2.96
97.80±1.22
4.07±2.22
2.69±3.61

4.56±3.22
97.74±0.97
4.50±1.12
4.40±5.86

ns
ns
ns
ns

AHI Apnea-Hypopnea Index, BMI body mass index, ADHD-RS Attention Deficit Hyperactive Disorder Rating Scale, SCR sleep clinical record
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Fig. 5 Individual values for Apnea-Hypopnea Index (AHI). In group 1, AHI from T1 to T2 decreased significantly. In contrast, in group 2, AHI from T1
to T2 was similar. T1 6 months after adenotonsillectomy, T2 2 months after T1

30 % of children, a finding that is in keeping with the data in
the literature [7, 8].
Although there have been numerous reports of residual
OSA following orthodontic, medical, and surgical treatment,
the causes and mechanisms underlying the incomplete resolution of OSA are still unknown. In 2010, when Bhattacharjee
et al. quantified the effect of demographic and clinical confounders known to affect the success of AT, they found that
age, BMI, presence of asthma, and severity of pre-AT AHI
emerged as the main factors contributing to post-AT AHI [8].
It should be borne in mind that although surgical (removal
of tonsils and adenoids), orthodontic (enlarging the maxilla
through rapid maxillary expansion), and medical (reducing
lymphadenoid tissue size) treatments correct the oropharyngeal structure they have no effect on either functionality or
neuromuscular disorders.
For example, oral breathing and lip hypotonia, which are
typical of children with OSA, do not usually change after
surgical, orthodontic, and/or medical treatment and may cause
residual OSA.
In their study published in 2012, Gallerano et al. focused on
the effect of oropharyngeal exercises following surgicalorthodontic treatment as a means of achieving long-term
success in dentoskeletal dysmorphisms [28]. They observed
that such treatment promotes the recovery of neuromuscular

function and re-educates all the functions that do not comply
with structural surgical changes.
Assuming that this is true, what role does neuromuscular
dysfunction play in the etiopathogenesis of residual OSA? Is
neuromuscular dysfunction a cause or a consequence of residual OSA?
We hypothesize that some signs, such as oral breathing,
hypotonic lips, and an incorrect swallowing pattern, may
predispose subjects to OSA and they may contribute to residual disease. An alternative approach to pediatric OSA aimed at
rehabilitating neuromuscular function is therefore warranted.
In this regard, oropharyngeal exercises may help to resolve the
stomatognathic dysfunction that persists following other types
of standard therapy.
In our study, oropharyngeal exercises led to a significant
decrease in nasal obstruction, which in turn reduced the proportion of positive Glatzel and Rosenthal tests and improved
nasal patency, thereby allowing patients to regain nasal breathing; moreover, seal lip exercises designed to strengthen the
lips also allowed children to regain correct labial seal.
The data published by Guimarães suggest that the role of
oropharyngeal exercises in adult patients with OSA is limited,
which, as Guilleminault points out, highlights the importance
of identifying and promptly intervening in children with OSA
in order to optimize the normal growth of the airways and to

Table 3 Morphofunctional evaluation in each group
Group 1 (n=14)

Oral breathing
Labial seal
Lip tone
Positive Glatzel test
Positive Rosethal test

Group 2 (n=13)

T1 (%)

T2 (%)

p

T1 (%)

T2 (%)

p

13/14 (92.9)
2/14 (14.3)
3/14 (21.4)
10/14 (71.4)
10/14 (71.4)

4/14 (28.5)
12/14 (85.7)
10/14 (78.6)
3/14 (21.4)
3/14 (21.4)

0.002
<0.001
<0.05
<0.05
<0.05

12/13 (92.3)
1/13 (7.7)
2/13 (15.4)
7/13 (53.8)
7/9 (53.8)

11/13 (84.6)
1/13 (7.7)
2/13 (15.4)
6/13 (46.2)
6/9 (46.2)

ns
ns
ns
ns
ns

T1 6 months after adenotonsillectomy, T2 2 months after T1
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ensure a lasting impact in the treatment of sleep disorder
breathing [10, 29].
Our prospective study and Guilleminault’s retrospective
study are the first studies conducted on oropharyngeal exercises in children with OSA; for this reason, it is impossible to
ascertain at what age children are most likely to comply with
treatment and at the same time be spared irreversible neuromuscular damage.
Experimental data have documented the efficacy of oropharyngeal exercises in other disorders, such as Noonan syndrome (multiple malformation disorder with an autosomal
dominant inheritance pattern) and in Beckwith-Wiedemann
syndrome (congenital disorder that involves a somatic overgrowth during the patient’s first years of life), both of which
have yielded successful outcomes [30, 31]. This study does
have several limitations, which include the small sample size
and the varying degree of children compliance. Moreover, it is
not known if a longer follow-up time can influence the effect
of the exercises or if it is enduring. More research is needed.

Conclusion
OSA does not resolve following first-line treatment in a considerable number of children. Postoperative PSG could be
useful to identify subjects who may require additional therapy
when symptoms persist. Although the reasons underlying the
incomplete recovery following such treatments are still unclear, we hypothesize that residual OSA may be due to incomplete recovery of neuromuscular function after surgical,
orthodontic, and medical treatments. Indeed, a major limitation of such treatments is that they act exclusively on the
structural pathway. However, the most appropriate age for
oropharingeal exercises remains a matter of debate.
Our results, which are supported by those of other studies,
highlight the need for further research to investigate the persistence of neuromuscular deficits after first-line treatments. It
is worth bearing in mind that nonpharmacological therapies
have very few side effects and tend to be considerably less
expensive than other therapies. Furthermore, the rehabilitative
exercises that we propose are easily taught, but since the
parents’ cooperation is essential, it is important to consider
the family’s psycho-sociocultural level, as well as to educate
and motivate the family. We believe that all children with
OSA who have received any kind of treatment for OSA should
undergo a oropharingeal evaluation aimed at assessing the
need for neuromuscular rehabilitation.
Ethical standards Informed consent was obtained from parents, and the
study was approved by the Ethics Committee of the Sant’ Andrea Hospital.
Conflict of interest The authors declare that they have no conflict of
interest.
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