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A B S T R A C T

Objectives: The objectives of this study were to conﬁrm the eﬃcacy of rapid maxillary expansion in children
with moderate adenotonsillar hypertrophy in a larger sample and to evaluate retrospectively its long-term
beneﬁts in a group of children who underwent orthodontic treatment 10 years ago.
Methods: After general clinical examination and overnight polysomnography, all eligible children
underwent cephalometric evaluation and started 12 months of therapy with rapid maxillary expansion.
A new polysomnography was performed at the end of treatment (T1). Fourteen children underwent clinical
evaluation and Brouilette questionnaire, 10 years after the end of treatment (T2).
Results: Forty patients were eligible for recruitment. At T1, 34/40 (85%) patients showed a decrease of
apnea–hypopnea index (AHI) greater than 20% (ΔAHI 67.45% ± 25.73%) and were deﬁned responders. Only
6/40 (15%) showed a decrease <20% of AHI at T1 and were deﬁned as non-responders (ΔAHI
−53.47% ± 61.57%). Moreover, 57.5% of patients presented residual OSA (AHI > 1 ev/h) after treatment. Disease
duration was signiﬁcantly lower (2.5 ± 1.4 years vs 4.8 ± 1.9 years, p < 0.005) and age at disease onset was
higher in responder patients compared to non-responders (3.8 ± 1.5 years vs 2.3 ± 1.9 years, p < 0.05).
Cephalometric variables showed an increase of cranial base angle in non-responder patients (p < 0.05).
Fourteen children (mean age 17.0 ± 1.9 years) who ended orthodontic treatment 10 years previously
showed improvement of Brouilette score.
Conclusion: Starting an orthodontic treatment as early as symptoms appear is important in order to increase
the eﬃcacy of treatment. An integrated therapy is needed.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Obstructive sleep apnea (OSA) is a sleep disordered breathing characterized by prolonged partial and/or intermittent collapse of the
airway during sleep, that interrupts normal ventilation and normal
sleep patterns, with a prevalence of 1% to 5.7% in children [1–3] .
OSA is a multifactorial disease where different risk factors such
as craniofacial anomalies, adenotonsillar hypertrophy, obesity, alterations in upper airway neuromotor tone and airway inﬂammation
can co-exist. These lead to a decrease in nasopharyngeal airway dimensions that promotes a wide spectrum of symptoms ranging from
primary snoring, to upper airway resistance syndrome, to frank OSA
[4,5].
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Among all the causative factors, adenotonsillar hypertrophy is
the most common cause of childhood OSA [6,7]. Since it is a surgical
therapy, adenotonsillectomy (AT) is limited by surgical risks and,
although it leads to signiﬁcant improvements in respiratory indices,
residual disease is present in a large proportion of children,
especially if aged >7 years, where obesity, severe OSA before surgery
and asthma are present [8]. Moreover, Guilleminault et al. reported
in a recent study the recurrence of sleep respiratory symptoms on
a cohort of OSA patients during adolescence, not depending on the
standard therapies [9].
In addition to large tonsils and adenoids, children with OSA may
present narrow upper airways deriving from narrow and long faces,
maxillary constriction and/or high arched palates and/or some degree
of mandibular retrusion [10–12]. However these orthodontic and craniofacial abnormalities in children with OSA have been widely
ignored even if, in the last decades, correction of mandibular or
maxillomandibular anomalies has been shown to improve OSA [13–18].
Rapid maxillary expansion (RME) is a dentofacial orthopedic
treatment procedure commonly adopted in young patients for the
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treatment of constricted maxillary arches. Several studies have shown
the short-term eﬃcacy of orthodontic treatment with rapid maxillary expander with evidence of a signiﬁcant improvement of OSA
even in children with adenotonsillar hypertrophy [14,15,18].
Pirelli et al. [16] demonstrated that all 31 children studied, with
upper jaw contraction, oral breathing, nocturnal snoring, and OSA,
achieved a normal anterior rhinometry and an apnea–hypopnea
index (AHI) < 1 event per hour after four months of treatment with
RME. Our group has previously demonstrated in 14 children with
dental malocclusion, a body mass index (BMI) <85 percentile, and
OSA conﬁrmed by polysomnography (PSG) a signiﬁcant decrease
in the AHI, hypopnea obstructive index and arousal index after 12
months of RME therapy [17]. Moreover questionnaires on daytime
and night-time, fulﬁlled before and after treatment, showed signiﬁcant decreases in the severity of symptoms.
Only few studies have investigated the long-term effects of orthodontic treatment in OSA by considering the growing and the skeletal
changes occurring through the years [18]. Ten of the 14 children
who completed our 12-month therapeutic trial using RME (see
above) performed 24 months follow-up after the end of the RME
orthodontic treatment. No signiﬁcant changes in the AHI or in other
variables were observed.
Previous papers regarding orthodontic treatment, associated or
not with AT, studied small-size samples. For this reason, the primary
aim of this prospective study was to conﬁrm our previous ﬁndings [17] on the eﬃcacy of RME in children with moderate
adenotonsillar hypertrophy, with a larger sample. The second aim
was to retrospectively evaluate any long-term beneﬁt after onset
of puberty in a group of children who underwent orthodontic treatment with RME 10 years ago.
2. Methods
Children between 4 and 10 years of age who had been referred
to our Paediatric Sleep Center (Sant’Andrea Hospital, Rome, Italy)
and satisﬁed the following inclusion criteria were included: clinical signs of malocclusion (high, narrow palate associated with deep
bite, retrusive bite or crossbite); tonsillar grading I–III [19], signs
and symptoms of OSA (including habitual snoring, apnea and restless sleep as witnessed by parents), AHI > 1 as deﬁned by a laboratory
PSG recording. All the participants’ parents provided written informed consent to the study. The study procedures were approved
by the hospital ethics committee.

We excluded patients with a history of previous treatment for
OSA (including tonsillectomy, adenoidectomy and AT), severe tonsillar hypertrophy (grade IV), obesity (BMI value ≥95th centile [20]),
genetic disorders, cerebral palsy, neuromuscular diseases, cardiac
disease, renal disease any systemic diseases or chronic cardiorespiratory or neuromuscular diseases, dysmorphism, major
craniofacial abnormalities or associated chromosomic syndrome.
2.1. Study design
The study design is shown in Fig. 1. After recruitment, all participants underwent a detailed personal and family history and
general clinical examination and had an ear, nose and throat (ENT)
and orthodontic assessment before overnight PSG (T0). Parents were
asked when their child started to present daytime and night-time
symptoms.
All children who met inclusion criteria underwent cephalometric evaluation and started 12 months of therapy with RME and
performed a new polysomnographic assessment (T1). Disease duration was deﬁned as the time between onset of symptoms and the
beginning of the treatment. Parents fulﬁlled a questionnaire at T0
and T1.
Presence of daytime and night-time symptoms in children who
had completed the 12-month therapeutic trial with RME [17] was
investigated through a questionnaire and clinical evaluation, 10 years
after the end of treatment (T2).
2.2. Questionnaire data
The participants’ parents completed the previously validated
Brouilette questionnaire [21], at T0, T1 and T2. The questionnaire
elicited information on daytime symptoms of OSA (including sleepiness, irritability, headache, school problems, tiredness and oral
breathing) and night-time symptoms (including habitual snoring,
apneas, restless sleep, and nightmares).
2.3. Polysomnography
Standard overnight PSG recordings were obtained at baseline,
before starting orthodontic treatment (T0) and after 12 months of
treatment (T1) using a Grass heritage polygraph. The variables recorded included an electroencephalogram (EEG) with at least six
channels (bilateral frontal, central temporal, and occipital monopolar

Fig. 1. Study design graph.
, pilot study (N = 14); →, new sample enrolment (N = 26). AHI, apnea–hypopnea index; ENT, ear, nose and throat; OSA, obstructive sleep
apnea syndrome; PSG, polisomnography; RME, rapid maxillary expansion.
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montages referred to the controlateral mastoid), an electrooculogram (electrodes placed 1 cm above the right outer cantus and
1 cm below the left outer cantus and referred to A1), a submental
electromyogram, and an electrocardiogram (ECG) (1 derivation). Sleep
was subdivided into 30-s epochs, and sleep stages were scored according to the standard criteria of the American Academy of Sleep
Medicine (AASM) [22]. The following conventional sleep parameters were measured: total sleep time, deﬁned as the time from sleep
onset to the end of the ﬁnal sleep stage; sleep eﬃciency, deﬁned
as the percentage ratio between total sleep time and total recording time (from lights-out clock time to lights-on clock time). The
percentage of total sleep time in each stage was measured as follows:
percentage of stage N1, stage N2, stage N3, and stage R (REM sleep).
Arousals were detected visually according to the criteria reported
in the recent annual for the scoring of sleep and associated events
by the AASM [22].
Central, obstructive, and mixed apnea events were counted according to the criteria established by the AASM [23]. Chest and
abdomen movements were measured by strain gauges. Oronasal
airﬂow was recorded by means of an oronasal thermocouple and
nasal pressure. Arterial oxygen saturation (SpO2) was monitored with
a pulse oximeter. The AHI was deﬁned as the average number of
apneas and hypopneas per hour of sleep. All recordings started at
the patients’ usual bedtime and continued until spontaneous awakening. All recordings were scored visually by one of the investigators,
who was blinded to the subjects’ group, age, and sex. Residual OSA
after treatment was deﬁned as the presence of AHI >1/h [8].
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2.4. Ear, nose and throat assessment
Before orthodontic assessment children underwent an ENT examination to grade tonsillar hypertrophy according to a standardized
scale ranging from 1 to 4 [20].
2.5. Orthodontic assessment and orthopedic therapy
The orthodontic evaluation detected the presence of malocclusion. The malocclusion was classiﬁed according to Angle’s criteria
[24]. Lateral cephalometric ﬁlms were obtained before the orthodontic treatment (T0). All the radiographs were taken using a
standardized technique, with teeth in occlusion and lip relaxed. The
head was adjusted so that the Frankfurt horizontal plane was parallel to the ﬂoor. All of the lateral cephalograms were traced and
the measurements recorded by the same operator (M.C.). The method
error was determined by repeating the measurement process for
15 randomly selected radiographs again. Mean values from the ﬁrst
and second tracings were used to determine the method error
through Dahlberg’s formula. The paired samples t-test showed no
signiﬁcant mean differences between the two series of records [25].
Cephalometric measurements are illustrated in Fig. 2.
At the end of evaluation a Rapid Maxillary Expander (RME) was
applied. RME is a ﬁxed device with an expansion screw and two
bands (Leone Sesto Fiorentino, Florence) cemented to the second
deciduous molars of the upper jaw because the ﬁrst permanent
molar in many subjects was not completely erupted. The screw was

Fig. 2. Cephalometric measurements. SNA, maxillary prognathism; SNB, mandibular prognathism; ANB, difference between SNA and SNB; NSBa, cranial base angle; MLNSL, mandibular inclination in relation to the anterior cranial base; NL-NSL, maxillary inclination in relation to the anterior cranial base; ML-NL, mandibular inclination in
relation to the maxillary inclination; NSAr, sella angle; SarGo, articular angle; ArGoMe, gonial angle; S Go/NMe, total facial index; NANS/ANSMe, anterior facial index; PNSAd1,
linear distance between PNS and the nearest point of adenoids along the PNSBa line; PNSBa, distance between PNS and Ba; PNSAd2, linear distance between PNS and the
nearest point of adenoids along the line passing in PNS and perpendicular to the SBa line; PNSSo, perpendicular from PNS to the SBa line in point So (point of intersection
of line from PNS perpendicular to SBa line); Ad2So, linear distance between So and the outmost point of adenoids along the PNSSo line; Ad1Ba, linear distance between Ba
and the outmost point of adenoids along the PNSBa line; PNSAd1/PNSBa, superior nasopharyngeal adenoids gradient; Ad2So/PNSSo, superior nasopharyngeal airway gradient; PNSAd2/PNSSo, inferior nasopharyngeal adenoids gradient; Ad1Ba/PNSBa, inferior nasopharyngeal airway gradient.
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turned two consecutive turns once a day for several days (10.9 ± 1.2
days) until the palatal cusp of the upper molars came into contact
with the buccal cusp of the lower molars. Finally the screw was ﬁxed
with a steel ligature wire and acrylic in order to keep the achieved
maxillary expansion. The device was removed after 12 months.
2.6. Statistical analysis
Paired t-test or Wilcoxon test and the non-parametric test ANOVA
(Friedman test) were used to compare two or more repeated measurements. Unpaired t-test or Mann–Whitney and non-parametric
ANOVA test (Kruskal–Wallis) with post hoc Bonferroni were used
to compare two or more groups. Contingency tables (χ2 test) with
Fisher’s correction were used for comparison of proportions. Pearson
correlations and multiple regression analysis were used to assess
the relation between the dependent variables and potentially explanatory variables.
The variance of AHI (ΔAHI) before and after the orthodontic
therapy (AHI T1 − AHI T0/AHI T0 × 100) was used to deﬁne the impact
of treatment. Differences and correlations were considered to achieve
statistical signiﬁcance when the p-value was <0.05. A statistical software package (SPSS 13, Chicago, Ill) was used for calculations.
3. Results
The previous 12 months’ follow-up study protocol [17] was continued for the following four years. Thirty out of 64 eligible patients
for the orthodontic treatment agreed to start the therapy in the orthodontic department of our hospital. Four of them refused to repeat
PSG. Twenty-six patients completed the follow up and this allowed
us to increase the sample size up to 40 patients (mean age 6.3 ± 1.6
years, range 4.3–10.5; 23 boys). At baseline orthodontic evaluation
all children presented with narrow palate, associated in 29 cases (72.5%)
to malocclusion: 8/29 subjects (20%) had crossbite, 13/29 subjects
(32.5%) deep, and 5/29 subjects (12.5%) open bite. A retrusive bite
was present in 10/29 subjects (25%). Moreover 10 patients (25%) had
moderate tonsillar hypertrophy (grade III) (Table 1). A questionnaire
showed that snoring and apneas were the most common symptoms
reported. However most of the daytime and night-time symptoms
improved signiﬁcantly after the treatment (Table 1).
The AHI decreased signiﬁcantly from T0 to T1 (4.7 ± 4.4 ev/h vs
1.6 ± 1.4 ev/h, p < 0.001) as well as the arousal index (16.3 ± 7.9 n/h
vs 13.2 ± 6.7 n/h, p < 0.05), whereas total sleep time (402.1 ± 50.3 min
vs 433.4 ± 67.2 min, p < 0.05) and mean overnight oxygen saturation (96.8 ± 1.5% vs 97.5 ± 1.8%, p < 0.05) increased signiﬁcantly. BMI
centile did not increase signiﬁcantly from T0 to T1 (Table 1).
ΔAHI (mean 49.31% ± 54.39%) was signiﬁcantly related to disease
duration (p < 0.05) (Fig. 3), and there was no difference according
to type of malocclusion and presence of severe tonsillar hypertrophy. Stepwise linear multiple-regression analysis identiﬁed disease
duration as the only variable that was signiﬁcantly correlated with
ΔAHI (p = 0.006; r2 = 0.18; standardized β coeﬃcient = −0.431). We
deﬁned responders patients as children who showed a decrease of
AHI greater than 20% at T1 and as non-responders children who
showed a decreasing <20% of AHI at T1.
The present data showed that in 6/40 patients (15%) AHI did not
respond to the treatment (2.1 ± 1.3 ev/h vs 2.9 ± 1.3 ev/h, ΔAHI
−53.47% ± 61.57%). In 34/40 patients (85%) AHI decrease was greater
than 20% from T0 to T1 (5.2 ± 4.7 ev/h vs 1.4 ± 1.3 ev/h, ΔAHI
67.45% ± 25.73%) (Fig. 4).
No differences for gender, malocclusion, tonsillar hypertrophy, BMI
centile, and atopy emerged between the two groups. Disease duration
was signiﬁcantly lower (2.5 ± 1.4 years vs 4.8 ± 1.9 years, p < 0.005)
and age at disease onset was higher in responder patients compared
to non-responders (3.8 ± 1.5 years vs 2.3 ± 1.9 years, p < 0.05) (Table 2).
By examining baseline values of cephalometric variables it is possible

Table 1
Clinical, anthropometric and polysomnographic parameters in children at baseline
(T0) and 1 year after treatment (T1).

Anthropometric parameters
Age (years)
BMI (kg/m2)
BMI centile
Questionnaire
Brouillette score
Daytime symptoms
Oral breathing
Bruxism
Daily sleepiness
Halitosis
Night-time symptoms
Snoring
Apneas
Respiratory effort
Night-time sweating
Restless sleep
Polysomnographic parameters
AHI (events/h)
SpO24
TST (min)
SE (TST/time in bed) (%)
Arousal index (number of
events/hour of sleep)
S1 (%)
S2 (%)
SWS (%)
REM (%)

Baseline (T0)
N = 40

One year after
treatment (T1)N = 40

p

Mean ± SD

Mean ± SD

6.3 ± 1.6
17.7 ± 3.3
66.2 ± 26.3

7.6 ± 1.5
18.2 ± 3.7
71 ± 15

<0.001
<0.05
NS

−0.03 ± 1.8
N (%)

−3.0 ± 1.1
N (%)

<0.001

25.8%
27.6%
48.3%
65.5%

25%
17.9%
14.8%
39.3%

NS
NS
0.004
0.04

96.8%
80.6%
74.2%
37.9%
63.3%
Mean ± SD

17.9%
10.7%
11%
32.1%
25%
Mean ± SD

0.000
0.000
0.000
NS
0.002

4.7 ± 4.4
96.8 ± 1.5
402.1 ± 50.3
86.1 ± 9.7
16.3 ± 7.9

1.6 ± 1.4
97.5 ± 1.8
433.4 ± 67.2
86.5 ± 10.1
13. 2 ± 6.7

<0.001
<0.05
<0.05
NS
<0.05

5.9 ± 4.6
43.4 ± 10.1
32.3 ± 10
17.8 ± 6.2

8.3 ± 14.1
44.3 ± 11.9
29.3 ± 9.1
20.2 ± 7.2

NS
NS
NS
NS

AHI apnea–hypopnea index; BMI, body mass index; S1, sleep stage 1; S2, sleep stage
2; SE, sleep eﬃciency; SWS, slow-wave sleep; SpO2%, average overnight arterial oxygen
saturation; TST, total sleep time.

to note that the parameter NSBa (cranial base angle) is signiﬁcantly
higher in the non-responder group (p = 0.03). Despite a tendency for
difference (p = 0.06) the anterior total facial ratio SGo/NMe was not
smaller in the responder group. This result is conﬁrmed by the higher
angle, in the vertical plane, of the parameter ML-NSL (mandibular
inclination in relation to theanteriorcranial base) even though not

Fig. 3. Correlation between ΔAHI and disease duration. AHI, apnea–hypopnea index.
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Fig. 4. AHI changes from baseline (T0) to 1 year after treatment (T1) in group 1 and group 2. AHI, apnea–hypopnea index.

Table 2
Clinical and polysomnographic parameters in responder and non-responder patients.

Age (years)
Age at onset (years)
Disease duration (years)
Gender (males)
Malocclusion
Tonsillar hypertrophy (grade III)
AHI T0
SpO2% T0
AHI T1
SpO2% T1

Responders
N = 34

Non-responders
N=6

Mean ± SD
6.3 ± 1.4
3.8 ± 1.5
2.5 ± 1.4
N (%)
15 (44.1%)
25 (73.5%)
9 (26.4%)
Mean ± SD
5.2 ± 4.7
96.7 ± 1.6
1.4 ± 1.3
97.4 ± 1.9

Mean ± SD
7.1 ± 2.7
2.3 ± 1.9
4.8 ± 1.9
N (%)
2 (33.3%)
4 (66.7%)
1 (16.6%)
Mean ± SD
2.1 ± 1.3
97.3 ± 1.4
2.9 ± 1.3
98.0 ± 1.7

p
NS
<0.05
<0.005
p
NS
NS
NS
p
<0.005
NS
<0.05
NS

AHI, apnea–hypopnea index (events/h); BMI, body mass index; NS, not signiﬁcant;
SpO2%, average overnight arterial oxygen saturation.

statistically signiﬁcant in the same group. No other variables differed
between the two groups of patients (Table 3).
Looking at the complete eﬃcacy of treatment, deﬁned as AHI < 1,
23/40 patients (57.5%) presented residual OSA since they had AHI > 1.
No signiﬁcantly clinical anthropometric and cephalometric differences were noted in children with residual OSA and children without
(Table 4).
No patient was treated again with RME after the initial treatment.
Patients were followed-up by the orthodontists every year for ﬁve
years (they are still ongoing follow-up). Considering the second aim
of our study, Brouilette score was administered to 14 children (mean
age of these children was 17.0 ± 1.9 years, 10 males) who ended the
orthodontic treatment 10 years previously, to evaluate the
recurrence of night-time and daytime symptoms, through the years.
The mean age of these children was 17.0 ± 1.9 years, 10 males
(62.5%). Night-time and daytime symptoms were decreased
compared to T0 but they were not modiﬁed by the end of the
treatment through the following 10 years. After 10 years (T2), the
Brouilette score improved compared to baseline (Table 5).
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Table 4
Cephalometric variables in children with residual OSA (AHI >1 ev/h) and in children with complete resolution of OSA (AHI <1 ev/h) after treatment.

Table 3
Cephalometric variables in responder and non-responder patients.

Skeletal
SNA (°)
SNB (°)
ANB (°)
NSBa (°)
ML-NSL (°)
NL-NSL (°)
ML-NL (°)
NSAr (°)
SarGo (°)
ArGoMe (°)
SOMMAT (°)
S Go/Nme ratio (%)
NANS/ANSMe ratio (%)
Nasopharynx
PNSAd1/PNSBa (mm)
Ad2So/PNSSo (mm)
Ad1Ba/PNSBa (mm)
PNSAd2/PNSSo (mm)

Responders
N = 34

Non-responders
N=6

Mean ± SD

Mean ± SD

p

79.61 ± 3.32
75.10 ± 3.40
4.33 ± 1.80
132.05 ± 4.85
37.96 ± 5.14
6.57 ± 2.87
30.69 ± 5.42
123.36 ± 4.98
147.44 ± 6.75
129.52 ± 6.67
400.30 ± 5.16
61.63 ± 3.49
76.31 ± 4.89

77.30 ± 2.90
73.76 ± 1.73
3.30 ± 1.62
138.01 ± 6.49
39.66 ± 3.93
9.05 ± 4.16
31.11 ± 3.25
127.08 ± 4.60
144.98 ± 4.70
129.73 ± 3.38
401.80 ± 4.34
59.33 ± 1.96
80.33 ± 5.24

NS
NS
NS
0.03
NS
NS
NS
NS
NS
NS
NS
0.06
NS

31.42 ± 22.36
73.47 ± 7.13
25.57 ± 7.19
71.61 ± 11.05

32.80 ± 9.73
70.80 ± 8.28
28.60 ± 8.26
69.75 ± 7.54

NS
NS
NS
NS

SNA, maxillary prognathism; SNB, mandibular prognathism; ANB, difference between
SNA and SNB; NSBa, cranial base angle; ML-NSL, mandibular inclination in relation
to the anterior cranial base; NL-NSL, maxillary inclination in relation to the anterior
cranial base; ML-NL, mandibular inclination in relation to the maxillary inclination;
NSAr, sella angle; SarGo, articular angle; ArGoMe, gonial angle; S Go/NMe, total facial
index; NANS/ANSMe, anterior facial index; PNSAd1, linear distance between PNS and
the nearest point of adenoids along the PNSBa line; PNSBa, distance between PNS
and Ba; PNSAd2, linear distance between PNS and the nearest point of adenoids along
the line passing in PNS and perpendicular to the SBa line; PNSSo, perpendicular from
PNS to the SBa line in point So (point of intersection of line from PNS perpendicular
to SBa line); Ad2So, linear distance between So and the outmost point of adenoids
along the PNSSo line; Ad1Ba, linear distance between Ba and the outmost point of
adenoids along the PNSBa line; PNSAd1/PNSBa, superior nasopharyngeal adenoids
gradient; Ad2So/PNSSo, superior nasopharyngeal airway gradient; PNSAd2/PNSSo,
inferior nasopharyngeal adenoids gradient; Ad1Ba/PNSBa, inferior nasopharyngeal
airway gradient.

4. Discussion
Our data support the usefulness and the eﬃcacy of orthodontic
treatment in children with OSA and support previous ﬁndings [13–18].
A larger sample size highlights that the best results are achieved
when an early orthodontic/orthopedic treatment is undertaken in
late deciduous dentition and early mixed dentition. Moreover it is
known that early recognition and early treatment of OSA could
prevent its complications such as neurocognitive and behavioral disturbances, systemic inﬂammation, and cardiovascular and metabolic
dysfunction [26–31].
Although sleep respiratory parameters improved after 12 months
of treatment, our results highlighted that oral breathing is still reported suggesting that a precocious re-education intervention is

Skeletal
SNA (°)
SNB (°)
ANB (°)
NSBa (°)
ML-NSL (°)
NL-NSL (°)
ML-NL (°)
NSAr (°)
SArGo (°)
ArGoMe (°)
SOMMAT (°)
S Go/NMe (ratio%)
NANS/ANSMe (ratio%)
Nasopharynx
PNSAd1/PNSBa (mm)
Ad2So/PNSSo (mm)
Ad1Ba/PNSBa (mm)
PNSAd2/PNSSo (mm)

Residual OSAS
N = 23

No residual OSAS
N = 17

Mean ± SD

Mean ± SD

p

79.31 ± 2.52
74.33 ± 2.84
4.80 ± 2.01
132.42 ± 4.39
38.65 ± 5.33
6.36 ± 2.67
31.33 ± 5.35
122.44 ± 4.39
148.60 ± 7.13
129.26 ± 7.02
400.38 ± 5.33
61.16 ± 3.78
76.26 ± 5.24

79.19 ± 4.06
75.46 ± 3.56
3.41 ± 1.09
133.81 ± 6.58
37.95 ± 4.56
7.65 ± 3.63
30.18 ± 4.71
125.93 ± 5.27
145.15 ± 5.15
129.88 ± 5.14
400.86 ± 4.73
61.14 ± 2.93
78.23 ± 5.03

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

30.61 ± 8.15
70.76 ± 6.79
28.38 ± 6.78
69.75 ± 7.07

NS
NS
NS
NS

32.76 ± 28.23
75.15 ± 7.31
23.92 ± 7.43
72.76 ± 12.96

SNA, maxillary prognathism; SNB, mandibular prognathism; ANB, difference between
SNA and SNB; NSBa, cranial base angle; ML-NSL, mandibular inclination in relation to
the anterior cranial base; NL-NSL, maxillary inclination in relation to the anterior cranial
base; ML-NL, mandibular inclination in relation to the maxillary inclination; NSAr, sella
angle; SarGo, articular angle; ArGoMe, gonial angle; S Go/NMe, total facial index; NANS/
ANSMe, anterior facial index; PNSAd1, linear distance between PNS and the nearest
point of adenoids along the PNSBa line; PNSBa, distance between PNS and Ba; PNSAd2,
linear distance between PNS and the nearest point of adenoids along the line passing
in PNS and perpendicular to the SBa line; PNSSo, perpendicular from PNS to the SBa
line in point So (point of intersection of line from PNS perpendicular to SBa line); Ad2So,
linear distance between So and the outmost point of adenoids along the PNSSo line;
Ad1Ba, linear distance between Ba and the outmost point of adenoids along the PNSBa
line; PNSAd1/PNSBa, superior nasopharyngeal adenoids gradient; Ad2So/PNSSo, superior nasopharyngeal airway gradient; PNSAd2/PNSSo, inferior nasopharyngeal adenoids
gradient; Ad1Ba/PNSBa, inferior nasopharyngeal airway gradient.

needed in addition to standard therapy as reported by several authors
[32–35]. Several considerations could have been studied in the nonresponder patients. Our interest was to evaluate whether patients
who do not beneﬁt at all from treatment had speciﬁc craniofacial
characteristics. Looking at baseline cephalometric evaluation, it is
possible to note that the parameter NSBa (cranial base angle) is signiﬁcantly higher in the non-responder group (p = 0.03), indicating
that non-responder patients showed a more retrognathic facial type.
Moreover the vertical parameter, SGo/NMe, was lower in the nonresponder group indicating an increase in the anterior total face
height, even if not statistically signiﬁcant (p = 0.06) (Table 3).
According to Jarabat classiﬁcation [36], facial height ratio (FHR)
or Jarabat quotient is 59–63% in the neutral growth pattern. If we
compare the non-responder group with the responder group they

Table 5
Anthropometric parameters and questionnaire results of treated subjects at baseline (T0), 1 year after treatment (T1) and 10 years after the end of treatment (T2).
Baseline (T0)
N = 14
Mean ± SD
Clinical and anthropometric parameters
Age (years)
5.9 ± 1.7
Percentile of BMI
77.4 ± 34
Brouillette score
0.8 ± 1.4
Clinical symptoms
N (%)
Snoring
14 (100%)
Oral breathing
13 (92.8%)
Bruxism
5 (35.7%)
Daily sleepiness
10 (71.4%)
Halitosis
9 (64.3%)

1 year after treatment (T1)
N = 14

10 years after the end of
treatment (T2)N = 14

Mean ± SD

Mean ± SD

7.3 ± 1.7
82.5 ± 11.9
−2.9 ± 1.2
N (%)
6 (42.8%)
10 (71.4%)
4 (28.5%)
3 (21.4%)
7 (50%)

17.0 ± 1.9
69.4 ± 22.6
−2.4 ± 1.1
N (%)
10 (71.4%)
8 (57.1%)
3 (21.4%)
1 (7.1%)
11 (78.6%)

1 vs 2 vs 3

p
1 vs 2

1 vs 3

2 vs 3

NS
<0.005

<0.005

<0.005

NS

<0.005
NS
NS
<0.005
NS

<0.005
NS
NS
<0.005
NS

NS
NS
NS
<0.005
NS

NS
NS
NS
NS
NS
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show a lower value and they are closer to the hyperdivergent growth
pattern (FHR < 59%). This result is conﬁrmed by the greater
amplitude in the vertical plane of the angle ML-NSL even though
not statistically signiﬁcant. It is well documented, indeed, that
mouth-breathing, presented in children with OSA, induced the
development of longer faces [37–41]. The switch from a nasal to
an oronasal (mouth and nose combined) breathing pattern, in fact,
induces functional adaptations that include an increase in total
anterior face height and vertical development of the lower anterior
face. Moreover, it is important to bear in mind that in this group,
disease duration was signiﬁcantly higher and age at disease onset
was lower compared to responders, suggesting that the earlier the
oral breathing occurs, the more serious skeletal alterations typical
of snoring and OSA become, the more diﬃcult it will be to achieve
OSA resolution. This is the reason why the patients should be treated
as early as symptoms appear in order to interrupt the vicious circle.
Maybe a new treatment with RME or with a different orthodontic
device should be performed.
Although it is well known that a successful outcome is achieved
in both AT and orthodontic treatment, our goal was to highlight the
role of RME in OSA children with malocclusion and without signiﬁcant tonsillar hypertrophy. Although only 42.5% of patients
achieved an AHI < 1 as determined by the post-RME PSG, most children had evidence of residual OSA after RME treatment. It is
important to underline that residual OSA was present also in responder children (AHI T1 2.44 ± 1.2 ev/h ΔAHI 48.59% ± 20.78%). The
occurrence of residual OSA is supported by different studies underlying that a single treatment is often not enough to obtain a
complete resolution of the disease even if a signiﬁcant ΔAHI after
treatment is present and that a multidisciplinary approach could
be successful [8,14,42–46]. Moreover since the AHI < 1 may not be
appropriate and an agreement of AHI cut-off value for residual OSAS
is currently unavailable, cut-off value could inﬂuence the evaluation of treatment eﬃcacy. It is easy to understand that considering
a higher cut-off to deﬁne residual OSAS, the percentage of patients who showed a resolution of the disease consequently increases.
There are very important open questions on the deﬁnition of residual OSA that will clearly be the focus of further studies in the
next years.
The ideal treatment should be able to eradicate the disease, as
suggested by the normalization of AHI independently from the decreasing rate of it, so we evaluated the cephalometric parameters
in order to understand whether there were structural issues that
can predict the treatment eﬃcacy or characteristics that might
suggest alternative or integrated orthodontic treatments.
No differences in cephalometric measurements were present
comparing the group of patients with residual OSA with the patients who achieved complete resolution. However it is possible to
note that the patients with residual OSA showed a higher value of
the cephalometric parameter ANB (difference between maxillary
prognathism and mandibular prognathism) angle, even if it was not
statistically signiﬁcant.
Guilleminault et al. showed that recurrence of symptoms during
teenage years in a group of adolescents with OSA, previously treated
with AT and orthodontia at a mean age of 7.5 years, may be due to
hormonal status changes [9].
Our data on follow-up evaluation of 14 patients after 10 years
showed that orthodontic treatment has long-lasting beneﬁts on
symptoms and prevents, after the onset of puberty, the recurrence of baseline conditions (Table 5). It is important to underline
that symptoms such as snoring and oral breathing persist after the
onset of puberty or are present again after 10 years from the end
of treatment showing that RME is not the deﬁnitive treatment and
that a closer follow-up is needed.
Once again we could suppose that myofunctional re-education
could help subjects to acquire physiological breathing and to correct
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oral breathing, both of which are involved in airway muscle function and upper airway patency in order to ameliorate symptoms after
10 years. As suggested by data from the literature, best results are
achieved with a combination of oropharyngeal exercises and other
therapeutic options [32–35,44]. It is therefore clear that rehabilitation should follow or integrate treatments for sleep disorders to
prevent future complications.
This study presents several limitations such as the lack of
polysomonographic data in the 10 years follow-up group. Since they
refused to undergo a new PSG, only the questionnaire could be administered. Moreover the age of onset of symptoms was parentally
reported and this could have also inﬂuenced the assessment of
disease duration.
We administered Brouillette questionnaire to evaluate the recurrence of symptoms in adolescent patients 10 years after the end
of orthodontic treatment in order to compare it with the questionnaire previously administered, although Brouillette questionnaire
was originally validated for children until the age of 10 years. On
the other hand the questions of Brouilette questionnaire used for
the score are about snoring, apneas and restless sleep and there should
be no difference in asking the questions of a child or of a teenager.
Further studies with larger samples are needed to assess the predictive role of cephalometric analysis in the choice of treatment and
its eﬃcacy.
5. Conclusions
In conclusion, our results conﬁrm our previous ﬁndings and data
by other authors. Starting orthodontic treatment as early as symptoms appears to be, once again, an important message to transmit
in order to increase the eﬃcacy of treatment. Non-responder patients, in fact, have a longer duration of disease and a lower age of
onset. Moreover, it could be suggested that, in the presence of some
structural characteristics, the orthodontic treatment should be personalized based on the patient’s phenotype. An early myofunctional
rehabilitation may be useful.
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