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Abstract

Background: The current limited evidence may be suggestive that mandibular advancement appliance (MAAs)
result in improvements in AHI scores, but it is not possible to conclude that MA As are effective to treat paediatric
OSA. There are significant weaknesses in the existing evidence due primarily to absence of control groups, small
sample sizes, lack of randomization and short-term results. Aim: the objective of the present study was to evaluate
MAAs in children with OSA.

Material and Methods: Children presenting an apnea-hypopnea index (AHI) greater than or equal to one event
per hour were considered to be apneic. This group of children with AHI greater than or equal to one was ran-
domly divided through a draw into two subgroups: half of them in an experimental subgroup and half of them in
a control subgroup. In the experimental subgroup, molds of each of these children’s maxillary and mandibular
arches were taken using standard molds and molding material. The control group did not use any intraoral device
and did not undergo any type of treatment for OSAS. The MAAs used in this study had the aim of achieving
mandibular advancement, thereby correcting the mandibular position and dental occlusion, and perhaps increas-
ing the airway and treating OSAS. After 12 consecutive months of use of the mandibular advancement devices,
polysomnography examinations using the same parameters as in the initial examinations were requested for both
the experimental and the control subgroup.

Results: There was a decrease in AHI in the experimental group and an increase in the control group, with statisti-
cal significance. These data were used to calculate the sample size, which was 28 children in total in the groups.
Conclusions: There was a decrease in AHI one year after implementing use of mandibular advancement devices,
in comparison with the group that did not use these devices.
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Introduction

The great development that has taken place in studies
on sleep disorders over recent years, among which de-
scription of obstructive sleep apnea syndrome (OSAS)
is perhaps the most significant, has demonstrated the
complexity of the problem and shown the need for multi-
disciplinary interrelations in various healthcare fields.
OSAS is a chronic evolutive disease with high morbid-
ity and mortality rates that comprises a polymorphous
set of symptoms going from snoring to excessive day-
time somnolence, with severe general hemodynamic,
neurological and behavioral repercussions (1,2).

Many studies have now been conducted with the aims
of defining anatomical abnormalities that predispose
towards OSAS and describing different tests and treat-
ments for OSAS in adult populations (1,2). However,
there is only a small number of studies on child popula-
tions, in which it might be possible to diagnose and treat
the problem early on (1). Recent studies have correlated
orofacial dysfunctions and OSAS. It has been observed
that mouth-breathing children present cephalometric
patterns similar to those of adults with OSAS (2,3).
OSAS during childhood leads to significant physical
and neuropsychomotor impairment. Thus, it needs to be
recognized and treated early on, in an attempt to avoid
or attenuate its consequences, which are very deleteri-
ous to proper child development (3,4). Adenotonsillec-
tomy and, in selected cases, continuous positive airway-
pressure (CPAP) have been the preferred treatments for
OSAS in children, but without having absolute success
in treating this syndrome (1-5). Minimally invasive
treatments have been proposed more recently, compris-
ing intra-oral and extra-oral devices and speech therapy
(3-8). Among the intra-oral devices, mandibular ad-
vancement appliances (MAAs) has been used to treat
OSAS among children (5-10), although only a small
number of studies have evaluated using this method
for OSAS and there is no consensus with regard to us-
ing MAAs (5,6). The current limited evidence may be
suggestive that MA As result in improvements in AHI
scores, but it is not possible to conclude that MA As are
effective to treat paediatric OSA (5,6). There are signifi-
cant weaknesses in the existing evidence due primari-
lyto absence of control groups, small sample sizes, lack
of randomization and short-term results (7-10). There-
fore, the objective of the present study was to evaluate
MAAs in children with OSAS.

Material and Methods

This was a randomized controlled prospective clinical
trial. The sample was obtained from children from the
school Campinas who were at the physiological stage of
mixed dentition. They had a clinical diagnosis of man-
dibular retrusion, with symptoms of obstructive sleep
apnea (OSAS): Mouth breathing, agitation, coughing,
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choking, hyperextended neck during sleep, snoring,
daytime hypersomnolence, hyperactivity and behavio-
ral alterations (1). These children were referred to the
snoring and apnea outpatient clinic and underwent a
complete nighttime polysomnography examination.
Children presenting an apnea-hypopnea index (AHI)
greater than or equal to one event per hour were consid-
ered to be apneic (1). This group of children with AHI
greater than or equal to onewas randomly (table system)
(11) divided through a draw into two subgroups: half of
them in an experimental subgroup and half of them in a
control subgroup.

In the experimental subgroup, molds of each of these
children’s maxillary and mandibular arches were taken
using standard molds and molding material (alginate).
These were filled with plaster, thus producing working
models on which intraoral mandibular advancement de-
vices were constructed. The control group did not use
any intraoral device and did not undergo any type of
treatment for OSAS.

The construction of the mandibular advancement de-
vices used in this study was based on the principles of
neuro-occlusal rehabilitation and on the device pro-
posed by Pedro Planas (12), but modified for this study.
The mandibular advancement devices consisted of two
separate acrylic plates: one fitted over the maxillary
arch and other over the mandibular arch. Occlusion be-
tween the plates and consequently mandibular advance-
ment is achieved by means of two tracks constructed on
the occlusal part of the apparatus, and not on the lingual
part as recommended by that author. Union between the
two upper half-arches was achieved not by means of an
expansion screw as recommended by that author, but by
means of a Cofen spring. The mandibular advancement
devices proposed in this study also contain anti-labial
devices in their labial part, in the vestibular-mandibu-
lar region. Maxillary advancement was maintained by
means of a telescopic tube of 1.2 mm in diameter and
a guidewire of 0.7 mm in diameter. This difference of
0.5mm in diameter between the telescopic tube and the
guidewire was recommended with the aim that there
would be greater lateral movement of the mandible. The
MAAs used in this study had the aim of achieving man-
dibular advancement, thereby correcting the mandibu-
lar position and dental occlusion, and perhaps increas-
ing the airway and treating OSAS.

Patients presenting craniofacial malformation, prog-
nathism, obesity or previous orthodontic or orthopedic
treatment were excluded from the sample. Likewise, pa-
tients who had undergone phonotherapeutic treatment
or otorhinolaryngological surgery prior to this study
were also excluded from the sample.

In installing the device, the adaptation of the acrylic
plate to the mucosa and back teeth was checked. The
child was asked to insert and remove the device several
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times, so as to observe whether there was any difficulty
in removing it. The following instructions were issued:
1- Use: the device was to be used at all times, including
while sleeping, and was only to be removed for meals
and for cleaning.

2- Cleaning: the device was to be cleaned periodically.
3- Maintenance: return visits were to be made every
month, for a check-up regarding the adaptation of the
device and any presence of lesions or ulcerations, and to
make adjustments due to wear, polish the device when
necessary and verify the mandibular advancement.
After 12 consecutive months of use of the mandibular
advancement devices, polysomnography examinations
using the same parameters as in the initial examinations
were requested for both the experimental and the con-
trol subgroup. The researcher who read the polysom-
nograms was kept unaware of the group to which each
child belonged and from which child each examination
came, so as to avoid bias.

This study was previously approved by the research eth-
ics committee of the institution where it was conducted:
Discipline of Otorhinolaryngology- Medicine School
- Unicamp (Campinas State University) - S0 Paulo -
Brazil. Parents and caretakers signed consent form.

Results

Between March 2013 and February 2014, 97 children
who fulfilled the inclusion criteria underwent poly-
somnography examinations at the outpatient clinic of
the university hospital of Unicamp (Campinas State
University) - S8o Paulo - Brazil. Out of the 97 poly-
somnography examinations, the results from seven of
them could not be used because of failures in recor-
ding the examination, and these examinations were
excluded from the sample. Among the remaining 90
examinations, 16 presented AHI greater than or equal
to one event per hour and were included in this study.

Mandibular advancement and obstructive sleep apnea in children

This sample was randomly divided by means of a draw,
such that eight children used mandibular advancement
devices for 12 months and the remaining eight children
did not use mandibular advancement devices or any
other treatment for OSAS.

After a one-year period, new polysomnography exami-
nations were undertaken in both groups, using the same
parameters as in the initial examinations. The examina-
tion was performed on eight children in the experimen-
tal group and on six children in the control group, with a
sample loss of two children in the control group.

The mean age of the children at the time of the initial
examination was 8.13 years in the experimental group
and 8.39 years in the control group, without any signifi-
cant difference. Regarding the sex distribution, there
were nine girls and five boys (Table 1).

There was a decrease in AHI in the experimental group
and an increase in the control group, with statistical
significance (Fig. 1). These data were used to calculate
the sample size, which was 28 children in total in the
groups (Table 2).

Table 1. Sample distribution according to sex.

Gender Group P-value
control experim total
female 3 6 9 0.5804
50.00 75.00
male 3 2 5
50.00 25.00
total 6 8 14

Table 2. Comparison between groups and times of AHI measurements (ANOVA for repeated measurements),

and sample size calculation.

Group N Variable | Mean SD Min Median Max P-value
Control 6 Age 8.13 0.99 6.80 8.00 9.80 0.7458
AHI1 1.58 0.42 1.10 1.55 2.10 0.0036
AHI2 1.97 0.30 1.70 1.80 240
Experim 8 Age 8.39 1.31 6.60 8.95 9.80
AHI1 1.66 0.28 1.30 1.65 2.20
AHI2 0.30 0.23 0.00 0.30 0.60
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Fig. 1. AHI distribution between groups.

Discussion

The results from this study demonstrate that there was a
decrease in AHI after the mandibular advancement de-
vices had been used and an increase in this index in the
control group. The mean AHI of the sample was initially
1.8. This level can be considered to be low. We believe
that this factor can be explained because we excluded
children who had undergone otorhinolaryngological
surgery or who were obese, from our sample (1). New
studies to evaluate mandibular advancement devices in
the excluded groups will be necessary.

Our study only evaluated patients presenting retro-
gnathism, and the OSAS rate among these children
seemed to us to be high. Our results demonstrated that
the mandibular advancement devices were effective for
diminishing the AHI. New studies are needed in order
to evaluate not only whether there are any alterations
in the AHI, but also whether there is any improvement
in the quality of sleep and in other issues that permeate
this field, such as cognition, irritability, sociability and
daytime somnolence (1-5).

A recent review study only identified four studies that
involved samples of children with OSAS and mandibu-
lar advancement devices (4). It was concluded that these
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studies were insufficient to be able to state that this ther-
apy was effective against OSAS during childhood (6).
Our study is possibly the first randomized controlled
trial. One of the limitations of the present study was
the small sample size, but we used these data to make a
sample size calculation, which indicates what the ideal
sample size would be for new studies of this type on
childhood OSAS. There are also no studies on mandib-
ular advancement devices with longer follow-ups. New
studies are needed in order to evaluate the long-term
effects of mandibular advancement devices.

The devices used for mandibular advancement are
variously described as orthodontic, orthopedic, fixed
and removable (5,6). Studies that have used mandibu-
lar advancement devices in treating childhood OSAS
have used different devices to achieve this advance-
ment (7-10). Most of these studies used a removable de-
vice (7,9,10). In addition to mandibular advancement,
a tongue retainer was included in two studies, with the
aim of stimulating the tongue to adopt a resting position
directly behind the upper incisors and to improve its ha-
bitual position (7-10). A maxillary expansion screw was
also included in one of these studies (9).

In our study, we used a novel functional orthopedic de-
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vice that was adapted for mandibular advancement with
the aim of improving tongue position and labial tonicity.
We believe that increased airway size is achieved not
only through mandibular advancement but also through
modification of tongue position and improvement of lip
sealing (7). However, this factor will have to be the sub-
ject of future studies.

Another factor that makes successful mandibular ad-
vancement easier to achieve was the age group that was
studied. Further studies will be needed in order to as-
sess whether mandibular advancement devices are ef-
fective in other age groups among children.

There is no consensus regarding the length of time
per day for which mandibular advancement devices
should be used (6-10). The studies using these devices
recommend either 24-hour usage or only overnight us-
age (7-10). In our study, we indicated that these devices
should be used at all times, with removal only for eating
and for oral hygiene. We observed that there was good
adherence to treatment, especially during the initial
months with the device installed. However, this adher-
ence gradually decreased over the course of the months.
New studies will be needed in order to assess the length
of daily use that would be ideal for using these devices
(©6).

There is also no consensus regarding the total length of
time for which mandibular advancement devices should
be used. Studies have used periods of six to twelve
months (7-10). In our research protocol, we indicated
that the device should be used for twelve months, but
we observed that before this length of time had been
reached, the mandibular advancement had already tak-
en place. We observed that the longer the daily period of
use was, the faster the mandibular advancement was.
Lastly, OSAS during childhood continues to be a great
challenge, from its diagnosis (because of the technical
difficulty of conducting polysomnography) to its ade-
quate treatment. Nonetheless, we believe and our results
indicate that when mandibular advancement devices are
properly indicated, they may be more than coadjuvants
in treating childhood OSAS.

Conclusions

There was a decrease in AHI one year after implement-
ing use of mandibular advancement devices, in compar-
ison with the group that did not use these devices.
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