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Abstract

Background: OSAS during childhood leads to significant physical and neuropsychomotor impairment. Thus, it
needs to be recognized and treated early in order to avoid or attenuate the chronic problems associated with
OSAS, which are deleterious to a child’s development. Adenotonsillectomy and, in select cases, continuous positi-
ve airwaypressure (CPAP) have been the preferred treatments for OSAS in children, and yet they are ineffective at
fully ameliorating the disease. Minimally invasive treatments have recently been proposed, comprising intra-oral
and extra-oral devices as well as speech therapy. Objetive: to conduct a meta-analysis on studies from around the
world that used rapid maxillary expansion (RME) to treat OSAS in children.

Material and Methods: We performed a meta-analysis of studies using RME for OSA treatment in children. A
literature survey was conductedusing PubMed and Medline for English articles published up to December 2014
with the following descriptors: Sleep Apnea, Obstructive, Children, Treatment, Orthodontic, Othopaedic, Maxi-
llaryexpansion. Studies were included in the meta-analysisif they were case-controlled studies, randomized, and
involved non-syndromic children aged 0 to 12years old diagnosed with OSA by the polysomnography apnea-
hypopnea index (AHI) before and after the intervention, submitted RME only.

Results: In all, 10 articles conformed to the inclusion criteria and were included in this meta-analysis. The total
sample size across all these articles was 215 children, having a mean age of 6.7 years,of whom58.6%were male.
The mean AHI during the follow-up was -6.86 (p <0.0001).

Conclusions: We concluded that rapid maxillary expansion (RME) in children with OSAS appears to be an effec-
tive treatment for this syndrome. Further randomized clinical studies are needed to determine the effectiveness
of RME in adults.
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Introduction

Recently, great advancements have taken place in sleep
disorder research, among which, the characterization of
obstructive sleep apnea syndrome (OSAS) is perhaps the
most significant (1-3). This has revealed the complexity
of OSAS and demonstrates a need for multidisciplinary
interrelations spanning various healthcare fields. OSAS
is a chronic evolutive disease with high morbidity and
mortality rates (4-7). Disease etiology comprises a po-
lymorphous set of symptoms ranging from snoring to
excessive daytime somnolence, co-presenting with se-
vere general hemodynamic, neurological and behavio-
ral repercussions (8-11).

Many studies have aimed to define the anatomical ab-
normalities that predispose patients to OSAS and detail
various tests and treatments for OSAS in adult popula-
tions (12-15). However, there are only a small number of
studies on OSAS in children, although it might be pos-
sible to diagnose and treat the disease early in life (1-5).
Recent studies have correlated orofacial dysfunctions
with OSAS in children (16-19).

OSAS during childhood leads to significant physical
and neuropsychomotor impairment. Thus, it needs to
be recognized and treated early in order to avoid or at-
tenuate the chronic problems associated with OSAS,
which are deleterious to a child’s development (2-7).
Adenotonsillectomy and, in select cases, continuous
positive airwaypressure (CPAP) have been the prefe-
rred treatments for OSAS in children, and yet they are
ineffective at fully ameliorating the disease (1-9). Mini-
mally invasive treatments have recently been proposed,
comprising intra-oral devices (19-27) as well as speech
therapy (28). Among the available intra-oral devices, ra-
pid maxillary expansion (RME) has been used to treat
OSAS among children (19-27) . However only limited
studies have evaluated this treatment for its efficacy in
ameliorating OSAS symptoms (19-27). Therefore , there
is no consensus about the benefits of using RME to treat
OSAS (1,2,19-27). The present study aimed to conduct
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a meta-analysis on studies from around the world that
used RME to treat OSAS in children.

Material and Methods

A bibliographic search for all articles published in Eng-
lish up to December, 2014 was conducted using PubMed
and Medline with the following search terms: Sleep Ap-
nea, Obstructive, Children,Treatment, Orthodontic, Or-
thopedic and Maxillary Expansion.

The inclusion criteria restricted the search to studies
having the following characteristics: randomized trials,
case-control or cohort studies,and studies on non-syn-
dromic children between the ages of 0 and 12 years with
a diagnosis of OSAS from polysomnography, who un-
derwent RME with polysomnography afterwards, and
for whom an apnea-hypopnea index (AHI) score was
available both before and after RME (Fig. 1). After se-
lecting studies that met the inclusion criteria, data on
sex, age, and AHI before and after RME were compiled.
Treatment effects were combined by means of a meta-
analysis using the random-effects method (29,30).

The means were grouped using the weighted means
method, according to the weight that each study repre-
sented, as assessed according to the sample size and va-
riance presented in the study. The differences were then
compared using the weighted means method (weighted-
means score). Comparisons were made using the mean,
standard deviation, and 95% confidence interval, as well
as the difference between the time in question and the
baseline were obtained. Thus, negative means indicated
that there was a decrease in the mean values. Confiden-
ce intervals that did not pass through the value zero in-
dicated a significant effect (p < 0.05).The software used
for the analysis was comprehensive meta-analysis ver-
sion 2.2. The significance level was 5%.

Results
Ten articles that conformed to the inclusion criteria
were used in this meta-analysis (Table 1, Figs. 1,2). The

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Caprioglio et al.,2013 14 06 14 | 5.7 1.2 14 213% -4.30 [-5.00, -3.60] <3

Guillerminault et al.,2008 5.1 3.8 16 |12.2 4 16 1.4% -7.10 [-9,80, -4.40] E—

Guillerminaultetal.,2011 54 0.6 10 | 63 4.7 10 1.2% -0.90[-3.84, 2.04] =

Miano et al.,2009 54 625 9 |174 21 9 0.1% -12.00 [-26.31, 2.31]

Pirelli et al.,2004 04 11 31 (1218 2.6 31 10.6%-11.78 [-12.77,-10.79] e

Pirelli et al.,2005 05 1.2 42 (1217 25 42 14.9% -11.67 [12.51,-10,83] -

Pirelli et al.,2012 65 31 40 (128 0 40 Not estimable

Villa et al.,2007 15 16 16 | 58 68 16 0.9% -4.30 [-7.72,-0.88]

Villa et al.,2011 54 06 15 (111 0.7 15 483% -5,70 [-6.17,-5.23] [ |

Villa et al.,2013 264 3.11 22 581 605 22 1.3% -3.17[-6.01, -0.33] =&
Total (95% CI1) 175 175 100% -6.86 [-7.18, -6.54] |

Heterogeneity: Chi2 = 320.20, df = 8 (P < 0.00001); 12 = 98%
Test for overall effect: Z=41.48 (P < 0.00001)

Fig. 1. Selected studies to conduct the meta-analysis.
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total size of the sample in these articles was 215 chil-
dren, with a mean age of 6.7 years (Table 1) and 58.6%
of subjects were male (Table 1). The mean AHI during
the follow-up evaluation was -6.86 (p <0.0001) (Fig. 2).
To assess whether the selected studies were capable of
being compiled, we performed a heterogeneity test, yiel-

Table 1. Selected studies to conduct the meta-analysis.
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high heterogeneity existed between studies. However, stu-
dies included in this meta-analysis indicate that there is de-
crease in AHI after maxillary expansion in children with
OSAS. Additionally, these studies suggest that the AHI de-
cline is maintained as indicated by follow-up tests ranging
from 3 months to 14 years (seven years after ERM) (3).

Evid
Author Year | N | Male | Female AHIO | AHI1 | Follow-up | p-value V]'e Vee';“
Guilleminault et al.
(19) 2011 15 6.5+-0.2SEM | 11.1+-0.7 5.4+-0.6 3 0.15 2B
Villa et al. (20) 2011 10 6.6+-2.1 SD 6.3+4.7 2.4+2.0 12 0.05 3B
Miano et al. (21) 2009 9 6 3 6,4+-197SD | 17.4+-21 5.4+-6.25 12 0.02 3B
Villa et al. (22) 2007 16 9 7 6.6+-2.0 SD 5.8+-6.8 1.5+-1.6 12 0.005 3B
Pirelli et al. (23) 2004 31 19 12 12.18+-2.6 |  0.4+-1.1 4 0.0001 3B
Pirelli et al. (24) 2005 42 26 16 1217+2.5 | 0.5+-1.2 4 0.000 3B
Pirelli et al. (25) 2012 40 12.8 6.5+-3.1 4 0.05 3B
Villa et al. (26) 2013 22 8.20+-2.62SD | 5.81£6.05 | 2.64+3.11 12 0.005 3B
Caprioglio et al. (27) 2013 14 7.1+-0.6 SD 5.7+1.2 1.4+-0.6 12 <0.001 3B
Guilleminault et al.
(28) 2008 16 16 6.45+-0.8SD | 12.2+-4.0 5.1+3.8 6 3B
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Fig. 2. The mean AHI during the follow-up evaluation.
ding an inconsistency between studies: Chi? = 320.20, Discussion

df =8 (p<0.00001); I = 98%. To Higgins et al., largest
heterogeneities that 75% is considered high when per-
forming the meta-analysis is questionable (30) (Fig. 2).

The results of this meta-analysis show that a limited num-
ber of studies used RME in treating childhood OSA. In
addition, there were no randomized controlled trials and
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Several theories attempt to explain why there is a mea-
surable decrease in AHI after RME, in children with
OSAS. It is believed that RME decreases nasal resistan-
ce and facilitates the passage of air through the nose. In
addition to improving the quality of nasal respiration,
RME increases the maxillary dental arch and thus im-
proves the position of the tongue enabling propersealing
of the lips when the mouth is closed. It also indirectly
increases the oropharyngeal space (28). These effects
of RME may contribute towards diminishing OSAS in
children. However, further studies are needed in order
to fully test this hypothesis.

Villa et al. (2007) observed that 78.5% of the children
that they studied presented with enlarged tonsils and
that after RME, the tonsils shrank. They emphasized
that this decrease was relative, since there were increa-
ses in the size of adjacent structures (22). This was also
observed by Pirelli e al. (2004), who reported that after
RME, there was an increase in the oropharyngeal space
and modification of the position of the tongue (23).
These observations led us to ask whether RME is capa-
ble of increasing the oropharyngeal space and whether
it wouldindirectly affect the size of the tonsils. In four
of these six studies, adenotonsillectomy was not perfor-
med, yet the results obtained were close to those of the
studies in which it was. However, the studies in which
RME was the sole treatment excluded children who had
undergone a surgical treatment for OSAS (19-22). This
may have introduced selection bias into the studies and
implied that children with a lower degree of tonsil enlar-
gement were selected. On the other hand, in one of these
studies, it was observed that RME produced a decrease
in tonsil volume (23). Further studies are needed in or-
der to evaluate the limits for RME treatment of OSAS
in children with large-volume tonsils and adenoids.
Another important factor emerging from a meta-analysis
of these studies was that in addition to the AHI, children
also co-presented symptoms associated with sleep quali-
ty, cognitive factors, somnolence and irritability (19-23).
There was a trend among all these articles and the present
meta-analysis suggest that the hypothesis that RME di-
minishes the AHI of children with OSAS. However, the-
se studies were not unanimous in supporting the hypo-
thesis that there were improvements in non-respiratory
factors associated with OSAS. Further controlled studies
are required in order to test this hypothesis.

A relationship between OSAS and mouth-breathing has
been demonstrated in children other studies (22). These
studies also observed that after RME, there is a subs-
tantial decrease in mouth-breathing of treated children.
In children with nasal obstruction, RME not only redu-
ces nasal obstruction but also raises tongue posture and
enlarges the pharyngeal airway (19). Were commend
conducting future studies focusing the relationship bet-
ween OSAS and mouth-breathing in children.
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We conclude that rapid maxillary expansion in children
with OSAS appears to be another effective treatment
for this syndrome. Further randomized clinical studies
are needed to assess whether this treatments efficacy is
retained throughout adulthood.

References

1. Marcus CL, Brooks LJ, Draper KA, Gozal D, Halbower AC, Jones
J, et al. Diagnosis and management of childhood obstructive sleep
apnea syndrome. Pediatrics. 2012;130:576-84.

2. Flores-Mir C, Korayem M, Heo G, Witmans M, Major MP, Ma-
jor PW. Craniofacial morphological characteristics in children with
obstructive sleep apnea syndrome: a systematic review and meta-
analysis. J Am Dent Assoc. 2013;144:269-77.

3. Guilleminault C, Huang Y, Quo S. Teenage sleep-disordered brea-
thing: Recurrence of syndrome. Sleep Med. 2003;14:37-44.

4. McNamara JA Jr, Lione R, Franchi L, Angelieri F, Cevidanes LH,
Darendeliler MA, et al. The role of rapid maxillary expansion in the
promotion of oral and general health. Prog Orthod. 2015;16:33.

5. Alabi BS, Abdulkarim AA, Musa 10, Adegboye O, Aremu SK,
Abdur-Rahman LO, et al. Prevalence of snoring and symptoms of
sleep disordered breathing among primary school pupils in Ilorin,
Nigeria. Int J Pediatr Otorhinolaryngol. 2012;76:646-8.

6. Souki BQ, Lopes PB, Pereira TB, Franco LP, Becker HM, Oliveira
DD. Mouth breathing children and cephalometric pattern: does the
stage of dental development matter?. Int J Pediatr Otorhinolaryngol.
2012;76:837-41.

7. Barewal RM, Hagen CC. Management of snoring and obstructive
sleep apnea with mandibular repositioning appliances: a prosthodon-
tic approach. Dental Clinics of North America, 2014;58,159-80.

8. Barbe F, Duran-Cantolla J, Sanchez-de-la-Torre M, Martinez-
Alonso M, Carmona C, Barcelo A, et al. Effect of continuous positive
airway pressure on the incidence of hypertension and cardiovascular
events in nonsleepy patients with obstructive sleep apnea: a randomi-
zed controlled trial. JAMA. 2012;307:2161-8.

9. Carroll JL. Obstructive sleep-disordered breathing in children:
new controversies, new directions. Clin Chest Med. 2003;24:261-82.
10. Baratieri C, Alves M Jr, de Souza MM. Does rapid maxillary ex-
pansion have long-term effects on airway dimensions and breathing.
Am J Orthod Dentofacial Orthop. 2011;140:146-56.

11. Twasaki T, Saitoh I, Takemoto Y, Inada E, Kakuno E, Kanomi R,
et al. Tongue posture improvement and pharyngeal airway enlarge-
ment as secondary effects of rapid maxillary expansion: a cone-beam
computed tomography study. Am J Orthod Dentofacial Orthop.
2013;143:235-45.

12. Villa MP, Rizzoli A, Rabasco J, Vitelli O, Pietropaoli N, Cecili
M, et al. Rapid maxillary expansion outcomes in treatment of obs-
tructive sleep apnea in children. Sleep Med. 2015;16:709-16.

13. Ngiam J, Cistulli PA. Dental treatment for paediatric obstructive
sleep apnea. Paediatr Respir Rev. 2015;16:174-81.

14. Villa MP, Castaldo R, Miano S, Paolino MC, Vitelli O, Tabarrini
A, et al. Adenotonsillectomy and orthodontic therapy in pediatric
obstructive sleep apnea. Sleep Breath. 2014;18:533-9.

15. Tapia IE, Marcus CL. Newer treatment modalities for pediatric
obstructive sleep apnea. Paediatr Respir Rev. 2013;14:199-203.

16. Marino A, Ranieri R, Chiarotti F, Villa MP, Malagola C. Rapid
maxillary expansion in children with Obstructive Sleep Apnoea Syn-
drome (OSAS). Eur J Paediatr Dent. 2012;13:57-63.

17. Villa MP, Miano S, Rizzoli A. Mandibular advancement devices
are an alternative and valid treatment for pediatric obstructive sleep
apnea syndrome. Sleep Breath. 2012;16:971-6.

18. Zhang C, He H, Ngan P. Effects of twin block appliance on obs-
tructive sleep apnea in children: a preliminary study. Sleep Breat.
2013;17:1309-14.

19. Guilleminault C, Monteyrol PJ, Huynh NT. Adeno-tonsillectomy
and rapid maxillary distraction in pre-pubertal children, a pilot stu-
dy. Sleep Breath. 2011;15:173-7.



Med Oral Patol Oral Cir Bucal. 2016 Jul 1;21 (4):e465-9.

20. Villa MP, Rizzoli A, Miano S, Malagola C. Efficacy of rapid
maxillary expansion in children with obstructive sleep apnea syn-
drome: 36 months of follow-up. Sleep Breath. 2011;15:179-84.

21. Miano S, Rizzoli A, Evangelisti M. NREM sleep instability chan-
ges following rapid maxillary expansion in children with obstructive
apnea sleep syndrome. Sleep Med. 2009;10:471-8.

22. Villa MP, Malagola C, Pagani J. Rapid maxillary expansion in
children with obstructive sleep apnea syndrome: 12-month follow-
up. Sleep Med. 2007;8:128-34.

23. Pirelli P, Saponara M, Guilleminault C. Rapid maxillary expan-
sion in children with obstructive sleep apnea. Sleep. 2004;27:761-6.
24. Pirelli P, Saponara M, Attanasio G. Obstructive Sleep Apnoea
Syndrome (OSAS)and rhino-tubaricdisfunction in children: thera-
peutic effects of RME therapy. ProgOrthod. 2005;6:48-61.

25. Pirelli P, Saponara M, Guilleminault C. Rapid maxillary expan-
sion before and after adenotonsillectomy in children with obstructive
sleep apnea. Somnologie. 2012;16:125-32.

26. Villa MP, Castaldo R, Miano S, Paolino MC, Vitelli O, Tabarrini
A. Adenotonsillectomy and orthodontic therapy in pediatric obs-
tructive sleep apnea. Sleep Breath. 2014;18:533-9.

27. Caprioglio A, Meneghel M, Fastuca R. Rapid maxillary expan-
sion in growing patients: Correspondence between 3-dimensional
airway changes and polysomnography. Int J Pediatr Otorhinolaryn-
gol. 2014;78:23-7.

28. Guilleminault C, Quo S, Huynh NT. Orthodontic Expansion
Treatment and Adenotonsillectomy in the Treatment of Obstructive
Sleep Apnea in Prepubertal Children. Sleep. 2008;31:953-7.

29. Durieux N, Vandenput S, Pasleau F. OCEBM levels of evidence
system. Rev Med Liege. 2013;68:644-9.

30. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ. 2003;327:557-60.

Acknowledgements

FAPESP process 2012/00092-0. Part of a postdoctoral project.

All authors certify that they have no affiliations with or involvement
in any organization or entity with any financial interest (such as ho-
noraria; educational grants; participation in speakers’ bureaus; mem-
bership, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrangements), or
non-financial interest (such as personal or professional relationships,
affiliations, knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.

Conflicts of interest
None

e469

Maxillary expansion and obstructive sleep apnea: meta-analysis



