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Objectives: Sleep bruxism (SB) frequently is associated with other sleep disorders and pain concerns. Our
study assesses the efficacy of a mandibular advancement appliance (MAA) for SB management in adoles-
cents reporting snoring and headache (HA).
Methods: Sixteen adolescents (mean age, 14.9 ± 0.5) reporting SB, HA (>1 d/wk), or snoring underwent
four ambulatory polysomnographies for baseline (BSL) and while wearing MAA during sleep. MAA was
worn in three positions (free splints [FS], neutral position [NP], and advanced to 50% of maximum pro-
trusion [A50]) for 1 week each in random order (FS–NP–A50 or NP–A50–FS; titration order, NP–A50).
Reports of HA were assessed with pain questionnaires.
Results: Overall, sleep variables did not differ across the four nights. SB index decreased up to 60% with
MAA in A50 (P = .004; analysis of variance). Snoring was measured as the percentage of sleep time spent
snoring. The subgroup of snorers (n = 8) showed significant improvement with MAA (�93%; P = .002). Ini-
tial HA intensity was reported at 42.7 ± 5/100 mm, showing a decreasing trend with MAA (�21% to �51%;
P = .07).
Conclusion: Short-term use of an MAA appears to reduce SB, snoring, and reports of HA. However, inter-
actions between SB, breathing during sleep, and HA as well as the long-term effectiveness and safety of
MAA in adolescents need further investigation.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction obstructive sleep apnea [4,10,11]. Subjects reporting SB in associa-
Sleep bruxism (SB) is a sleep-related movement disorder char-
acterized by teeth grinding and clenching. It is frequently observed
in pediatrics, and recent epidemiologic studies have reported SB
prevalence ranging from 13% to 38% in children and adolescents
[1–3]. The etiology of SB is still under investigation. Genetic, phys-
iologic, neurologic, and psychosocial factors may be involved in the
genesis of the rhythmic masticatory muscle activity (RMMA) that
frequently occurs (P2 episodes/h of sleep) in patients with SB [4].

Repeated and sustained masticatory muscle activity during
sleep may have a number of clinical consequences, such as tooth
wear, tooth damage, muscle fatigue, orofacial pain, and headache
(HA) [1,4–6]. SB also may be concomitant with other sleep disor-
ders, including parasomnias (e.g., sleepwalking, sleep talking,
enuresis), periodic limb movements during sleep, restless legs syn-
drome, and sleep-disordered breathing (SDB) [7–9]. All of these
conditions may share common pathophysiologic factors. In partic-
ular, it has been hypothesized that coactivation of the jaw-opening
and jaw-closing muscles during RMMA may reopen the upper
airway in response to an obstructive respiratory event such as
ll rights reserved.
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l. Sleep bruxism, snoring, and h
0.1016/j.sleep.2013.03.009
tion with pain, HA, or sleep concerns may need further clinical
investigation and treatment usually is required. Our study assesses
the effectiveness of a mandibular advancement appliance (MAA),
previously used to separately manage SB, HA, and SDB [12–14] in
adolescents reporting SB, HA, and snoring. We hypothesized that
the MAA could improve breathing during sleep to the benefit of
all concomitant concerns that may share common pathophysio-
logic substrates.

2. Material and methods

A randomized, controlled, crossover design was used. The pro-
tocol was approved by the Ethics Review Board of the Hôpital du
Sacré-Coeur de Montréal. All participants and at least one of their
parents signed a written consent form and received compensation
for participating in the study.

2.1. Study sample

Participants were recruited through announcements (approved
by the Ethics Review Board) posted from winter 2009 to summer
2011. Volunteer candidates were initially screened in phone
interviews conducted by research staff, either directly or through
eadaches in adolescents: short-term effects of a mandibular advancement
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their parents. Candidates with a history of SB with HA or snoring
were invited to come to the university research laboratory for a
clinical examination and an initial ambulatory polysomnographic
(PSG) assessment. Reports of SB and snoring were then confirmed
in the first PSG recording. SB diagnosis was based on an RMMA in-
dex (number of episodes/h of sleep) P2 [15,16].

Inclusion criteria were age from 12 to 19 years, PSG-diagnosed
SB, presence of snoring, or reports of frequent HA (>1/wk). HA
intensity was assessed with a questionnaire using a 0- to 100-
mm visual analog scale (VAS). HA was self-reported with no clini-
cal diagnosis. HA criteria were based on the definition of probable
episodic tension-type HA (International Classification of Headache
Disorders, The International Headache Society [17]). Exclusion cri-
teria were diagnosed migraine, cluster HA, orthodontic treatment,
severe medical diseases, and regular use of medications.

2.2. Study protocol

At first visit, candidates filled out questionnaires to assess re-
ports general health, sleep quality, pain, HA, and SB. Clinical exam-
ination, performed by MCC, included an assessment of dental,
temporomandibular joint, and masticatory muscle status. The first
ambulatory PSG usually was performed on the day of the clinical
examination to both confirm the SB diagnosis and to establish a
baseline (BSL) night. Because the ambulatory PSG system allowed
participants to sleep in their own bed at home, a habituation night
was not required. Candidates who met the inclusion criteria were
invited to come to the dental clinic for dental impressions and
radiograms. X rays including a panoramic view and a lateral ceph-
alogram were performed to rule out contraindications to MAA use
and to assess craniofacial features. The MAA was manufactured by
a specialized dental laboratory (Dentec Laboratory, Quebec City,
Canada) and was graciously provided with no obligation by Res-
Med (Narval O.R.M.™ CC, USA and France). It consisted of an opti-
mized mandibular retainer device comprising upper and lower
custom-made semirigid splints linked by a tractable and adjustable
flexible joint (Fig. 1). Once the individually fitted MAA was custom-
ized, it was given to the participant who was instructed to wear it
during sleep only. The MAA was worn in three different positions
(for 1 wk each) in random order: free splints (FS), neutral position
(NP), and advanced to 50% of maximum protrusion (A50). FS posi-
tion was obtained by removing the connectors between the upper
and lower splints so that only the dental surfaces were covered,
allowing a full range of jaw movement. In NP the mandible was re-
tained in maximum intercuspidation (set as the participant’s nor-
mal occlusion). Although no advancement is obtained, this
setting prevents the jaw from moving backward during sleep.
The A50 position was obtained by shortening the connectors to re-
tain the mandible at 50% of the previously measured maximum
protrusion. Each MAA position was tested for one week followed
Fig. 1. The mandibular advancement appliance used in our study
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by a washout period (5–7 d) to avoid a potential carryover effect.
The three positions were randomized into two sequences: (1) FS,
NP, A50; or (2) NP, A50, FS, in compliance with a titration paradigm
(NP–A50). Participants were randomly allocated to either se-
quence. Appliance compliance was monitored using self-report
questionnaires. After each week with the MAA, participants under-
went PSG recordings while wearing the device during sleep.

2.3. Ambulatory PSG

An ambulatory PSG system (Siesta, Compumedics, Australia)
was used at the participant’s home (level 2). This system ensured
high participation and compliance, especially in adolescents; only
25% of our sample (i.e., four participants, all aged >16 y) would
have participated if the study had been conducted in a hospital-
based sleep center instead of at home. Participants and their par-
ents were instructed on how to start and stop PSG recording in
the evening and on awakening. If any technical concern had com-
promised the data, sleep recording was repeated the following day.
The overall success rate of the ambulatory PSG recordings was 86%.

The following channels were recorded: electroencephalogram
(F3M2, F4M1, C3M2, C4M1, O1M2, O2M1, electrooculogram (right
and left), electrocardiogram, and electromyogram from the supra-
hyoid muscles and the right and left masseter and temporalis mus-
cles (essential for RMMA scoring). Respiratory parameters were
assessed by recording abdominal and thoracic respiratory effort,
airflow (oronasal cannula), and oximetry. A microphone was
placed at the center of the participant’s forehead to measure snor-
ing. Data were visually scored according to the American Academy
of Sleep Medicine criteria [18] for offline analysis. Despite the ab-
sence of audio–video recordings, RMMA was scored according to
standard published rules [19]. Breathing events were scored
according to the American Academy of Sleep Medicine criteria
for children [18,20]. All nights were scored by the same examiner
who was blind to the presence or absence and position (i.e., FS, NP,
A50) of the MAA.

Sleepiness and sleep quality were assessed with the validated
French versions, adapted for adolescents, of the Epworth sleepiness
scale and the Pittsburg Sleep Quality Index.

2.4. Statistical analysis

Based on Landry-Schönbeck et al. [13], a sample size of 16 par-
ticipants is sufficient to detect a 40% decrease in RMMA index from
BSL under NP (effect size, 0.77) with a power of 0.80 and at 0.05 a
level. BSL, FS, NP, and A50 data were statistically compared using
repeated measures analysis of variance and pairwise tests (signifi-
cant at P 6 .05). Abnormally distributed data (Shapiro–Wilk nor-
mality statistic, <0.05) were normalized by applying Log10. In the
case of randomly missing data, a mixed model analysis was applied
. Picture from ResMed Narval O.R.M� CC (www.resmed.com).

eadaches in adolescents: short-term effects of a mandibular advancement
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to include all participants in the analysis. Data were analyzed using
SPSS (IBM SPSS Statistics, version 17.0.0 for Macintosh, Chicago, IL,
USA).
3. Results

3.1. Demographic, clinical, and dental characteristic of the sample at
BSL

Of the adolescents screened through phone interviews, 23 can-
didates were invited to the research laboratory to undergo clinical
examination and the first ambulatory PSG. Of these, 16 participants
(eight girls, eight boys; mean age, 14.9 ± 0.5 y) met the inclusion
criteria and completed the study (no dropouts). At the clinical
examination, 11 participants were aware of tooth grinding during
sleep because it was reported by their parents, and the remainders
were told by other sources (e.g., friends, siblings, dentists). The
majority (12/16) also reported daytime teeth clenching and other
daytime oral parafunctions such as lip, nail, or cheek biting or
gum chewing. In the screening questionnaire, all participants re-
ported frequent HA (>1/wk) in the morning (11/16), during the
day (10/16), or in the evening (11/16). HA pain was described as
a feeling of tightening and pressing on the head without other
associated symptoms (e.g., nausea, photophobia). Mean HA inten-
sity assessed on a 0- to 100-mm VAS was 42.75 ± 5 on the screen-
ing questionnaire and 48 ± 6.2 on clinical examination. Only six of
the 16 participants reported occasional use of analgesics (e.g., ibu-
profen, acetaminophen) for intense HA and seven participants re-
ported nonrefreshing sleep. However, scores on the Epworth
sleepiness scale and the Pittsburg Sleep Quality Index were within
reference range (mean value ± standard error of the mean, 7.3 ± 1.1
and 5.7 ± 0.6, respectively). All participants were healthy (i.e., no
medical or neurologic diseases) and had a normal body mass index.
During the clinical examination, participants also were assessed for
dental and temporomandibular joint status, orthognathic profile,
and Mallampati score (Table 1). Three participants presented
mixed dentition (i.e., both primary and secondary teeth) but ade-
quate MAA retention and fit was obtained in all cases.

3.2. Sleep variables

Sleep variables recorded by the ambulatory PSG system in BSL,
FS, NP, and A50 nights are presented in Table 2. Overall, no signif-
icant differences in sleep architecture were found between the four
nights. However, in a pairwise comparison between nights, the
percentage of stage N2 sleep significantly decreased between BSL
and NP nights (P = .03) and between BSL and A50 nights (P = .02).
Table 1
Oropharyngeal characteristics of the study sample assessed during the clinical
examination.

Oropharyngeal characteristics of the study sample
(n = 16)

Mean ± SEM or
numbers (%)

Maximum mouth opening (mm) 50.2 ± 1.5
Maximum jaw protrusion (mm) 8.1 ± 0.4
Dental and skeletal class
(based on cephalometric assessment)

Class I 3/16 (18.75%)
Class II 11/16 (68.75%)
Class III 2/16 (12.5%)

Mallampati score
Type I 3/16 (18.75%)
Type II 7/16 (43.75%)
Type III 4/16 (25%)
Type IV 2/16 (12.5%)

Abbreviation: SEM, standard error of the mean.

Please cite this article in press as: Carra MC et al. Sleep bruxism, snoring, and h
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A sequence effect (group with the sequence FS, NP–A50 vs
group with the sequence NP–A50, FS) was ruled out using t tests
for certain variables, including sleep duration, arousal index, num-
ber of awakenings, and RMMA index. No differences between
groups were observed.

3.3. Sleep bruxism

RMMA data are presented in Table 2. RMMA episodes were
identified and scored during sleep and wake epochs. SB was diag-
nosed and participants were included in the study if the RMMA in-
dex was greater than two episodes per hour of sleep. However, for
the statistical analysis, the RMMA index reported in Table 2 refers
to episodes only occurring during sleep.

With the MAA, RMMA index significantly decreased (overall,
P = .01) and linearly from BSL toward FS, NP, and A50 nights
(P = .007). Specifically, the RMMA index decreased by 16.8% from
BSL to FS night (P = .02), 40% from BSL to NP night (P = .02), and
60.5% from BSL to A50 night (P = .004). However, no significant dif-
ference was observed between the three MAA positions. Only one
participant showed an increase in RMMA index and only in the
night with the MAA in advanced position (A-50). In BSL and MAA
nights (regardless of position), the majority of RMMA episodes
(69.7% on average) were associated with sleep arousal (during a
<5-s time window), with no statistical difference between nights.
Parallel to the RMMA index, the electromyogram burst index line-
arly decreased (P = .01), with an overall significant decrease be-
tween BSL and FS, NP, and A50 nights (P = .02) and no differences
between the three MAA positions.

3.4. Snoring and breathing during sleep

In the absence of a standard validated method to measure and
report snoring, we quantified it as the percentage of sleep time
spent snoring. From the PSG recordings, overall snoring did not
change (P = .1; Table 2). Because no standard criteria are available
to identify a threshold value for snoring, we used the median value
for the BSL night as a cutoff to divide our sample into two groups
(above or below the median value of 3.7%). The P3.7% group
showed a significant reduction in snoring (P = .002), which de-
creased linearly (P = .007) by 79% in FS night (P < .001), 95.8% in
NP night (P = .005), and 93% in A50 night (P = .008). However, no
difference was observed between the three MAA positions. In the
<3.7% group, no significant difference was found between nights.

The apnea-hypopnea index and oxygen saturation levels were
within reference range.

3.5. Report of HA

On a VAS scale, reports of HA were assessed the day after each
PSG recording. Overall, HA intensity showed an improving trend,
decreasing by 21 to 51% from the initial reported intensity
(P = .07). However, due to the heterogeneous nature of the HA
(morning vs daytime) in our sample and the methodology used
(morning questionnaire), no significant difference was detected
between the four nights. For the six participants who only reported
HA in the morning, a significant reduction in HA intensity (�57%)
was observed between BSL and NP nights (P = .03).

3.6. Subjective assessment and side effects of the mandibular
advancement appliance

Participants were asked to evaluate on a VAS their sleep quality
and the comfort and effectiveness of the MAA after each wearing
period in FS, NP, and A50 position. Overall, sleep quality was unaf-
fected by the use of the oral device, which was well-tolerated by all
eadaches in adolescents: short-term effects of a mandibular advancement
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Table 2
Polysomnographic variables for the baseline (BSL) night and the three nights with the mandibular advancement appliance (MAA) worn in three different positions (free splints
[FS], neutral position [NP], and advanced to 50% of maximum jaw protrusion [A50]). To comply with a titration paradigm, the three positions were randomized into two
sequences: (1) FS, NP, A50; or (2) NP, A50, FS. Participants were randomly allocated to one of two sequences. For table clarity, nights with the MAA are presented in order from
active control to advanced, disregarding the two randomized sequences. Data are presented as mean ± standard error of the mean or median (min–max). P values are calculated
with analysis of variance. If normality test (Shapiro–Wilk) was <.05, data of that variable were normalized by applying Log10. Significant differences are in bold characters.

PSG variables BSL night (no appliance) FS night NP night A50 night (50% advanced) P value

Sleep variables
Total sleep time (min) 414.5 ± 14.4 396.6 ± 23.5 390.7 ± 21.3 398.3 ± 18.8 .8
Wake time after sleep onset (min) 11 (2.7–46) 11.7 (1–74.7) 19.2 (2.3–101.3) 11.3 (11.3) .6
Sleep efficiency (%) 96.7 (91–99.3) 96.6 (82.1–99.6) 94.4 (76.4–99.2) 95.8 (86.8–98.7) .2
Stage N1 (%) 3 (2–10) 3.1 (0.7–8.5) 4.9 (1.9–8.1) 3.4 (1.3–9.2) .2
Stage N2 (%) 42.5 ± 2.1 37.9 ± 2.2 38.9 ± 2 38.3 ± 1.6 .1
Stage N3 (%) 36 ± 2.4 40.1 ± 2.9 38.5 ± 2.2 39.4 ± 2.3 .3
Stage R (%) 17.1 ± 1 18.1 ± 1.3 17.8 ± 1.1 18.4 ± 1.1 .7
NREM/REM sleep cycles (n) 4.5 (2–5) 4 (3–6) 4 (2–6) 4 (3–8) .5
Awakenings (n) 16 (6–52) 21 (2–53) 30.5 (5–75) 21 (7–62) .4
Arousals (n/h) 11.6 (4.8–27.5) 10.8 (3.4–40.2) 12.3 (4.5–22.3) 13.4 (3.3–26.4) .4
Sleep stage shifts (n/h) 28.6 ± 1.6 29.1 ± 1.7 30.5 ± 2 30.6 ± 2.3 .6

Sleep-related masticatory movement variables
RMMA index (n/h) 3.8 (1.8–7) 3.2h

(0.1–6.4)
2.3h

(0–7)
1.5h

(0.1–15.5)
.01

EMG burst index (n/h) 18.65 (8.9–51) 19.1 (0.6–46.8) 12.4 (0–41.6) 10.3 (1–116.1) .02

Sleep-related breathing variables
Snoring (% of sleep time spent snoring) (n = 16) 3.7

(0.1–67.4)
3.9
(0.1–25.9)

1.5
(0–17.1)

2.3
(0.26.6)

.1

Group P 3.7% (n = 8) 21.4 (3.8–67.4) 4.5h (0.2–19.9) 0.9h (0–13) 1.5h (0–14.7) .002
Group < 3.7% (n = 8) 2.9 (0.1–3.5) 3.9 (0.2–25.9) 2.6 (0–17.1) 3.8 (0–26.6) .7

Apnea-hypopnea index (n/h)§ (n = 16)
0.7 ± 0.2

(n = 14)
1 ± 0.4

(n = 16)
1 ± 0.2

(n = 16)
0.6 ± 0.1

.5

Oxygen saturation level (%)§

Overnight mean value
Overnight minimum value
Overnight maximum value

(n = 12)
97.6 ± 0.2
94.4 ± 0.5
99.7 ± 0.1

(n = 15)
97.4 ± 0.2
94.1 ± 0.5
99.6 ± 0.1

(n = 16)
97.5 ± 0.1
94.5 ± 0.3
99.5 ± 0.1

(n = 15)
97.7 ± 0.1
94.6 ± 0.4
99.8 ± 0.1

.2

.8

.2

Abbreviations: PSG, polysomnography; BSL, baseline; FS, free splints; NP, neutral position; A50, advanced to 50% of maximum jaw protrusion; min, minute; h, hour; NREM,
nonrapid eye movement sleep; REM, rapid eye movement sleep; RMMA, rhythmic masticatory muscle activity; EMG, electromyographic.
h Significant difference compared to BSL night. No difference was observed between the MAA nights (FS, NP, A50)(post hoc analysis; see result section for more details).
§ Mixed general model for the presence of random missing data. Sample size is indicated for each variable and each night.

Table 3
Self-report evaluation of the mandibular advancement appliance.

Variable FS night NP night A50 night P value

Appliance adaptation period (d) 3.6 ± 0.7 3.5 ± 0.5 5.4 ± 1.6 0.2
Time wearing the appliance (h/night) 7.6 ± 0.3 7.6 ± 0.3 7.5 ± 0.4 0.4
Nights/wk with the appliance (n) 5.5 ± 0.4 6 ± 0.6 5.3 ± 0.3 0.7
MAA Comfort (VAS) 57.8 ± 5.6 48.1 ± 5.3 40.7 ± 6.8 0.03
Overall MAA satisfaction (VAS) 63.9 ± 5.8 68.2 ± 5 58.9 ± 5.6 0.3
Overall MAA effectiveness (VAS) 65.7 ± 5.6 73.6 ± 4.4 60 ± 7.6 0.1

Abbreviations: FS, free splint; NP, neutral position; A50, 50% advanced; MAA, mandibular advancement appliance; d, day; h, hour; wk, week; VAS, visual analog scale (0–
100 mm).
Data are presented as mean ± standard error of the mean. P values are calculated with analysis of variance. Significant differences are in bold characters.
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participants. Sleep quality was evaluated at 58.2 ± 5.2 (mean VAS
score ± standard error of the mean) after the BSL night, with no
change for the other PSG recorded nights; mean VAS score was
56.5 ± 6 after FS night, 52.1 ± 6.4 after NP night, and 53.7 ± 7.6 after
A50 night (P = .9; analysis of variance). Subjective reports of adap-
tation period duration, time and nights per week wearing the oral
appliance, MAA effectiveness, and satisfaction showed no change
between FS, NP, and A50 position (Table 3). Conversely, MAA com-
fort significantly and linearly decreased with position advance-
ment (P = .03) (Table 3). No side effects were observed in the
treatment periods and no MAA broke or was damaged.
4. Discussion

Our study provides new insights into the effectiveness of the
MAA. Our results suggest that short-term use of an MAA during
Please cite this article in press as: Carra MC et al. Sleep bruxism, snoring, and h
appliance. Sleep Med (2013), http://dx.doi.org/10.1016/j.sleep.2013.03.009
sleep in adolescents with SB may help reduce RMMA and improve
snoring and HA. We examined adolescents with comorbidities,
which frequently are observed in daily clinical practice. However,
these conditions rarely receive a confirmed diagnosis or further
attention. Yet early diagnosis and treatment are vital in this young
population to prevent later consequences (e.g., damage to the sto-
matognathic system, the impact on academic performance of
chronic pain or HA, risks for SDB-related cardiovascular and meta-
bolic disorders).

Several types of oral appliances have been tested and have
shown variable effectiveness in managing SB [12,13,21,22]. How-
ever, the actual mechanism of action remains unknown [23]. His-
torically the effectiveness of oral appliances in SB has been
attributed to various mechanisms, including covering tooth sur-
faces, modifying peripheral sensory inputs, or adjusting occlusal
status. In the case of the MAA studied here, we hypothesize that
the improved breathing during sleep could result in fewer SB
eadaches in adolescents: short-term effects of a mandibular advancement
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episodes, based on the recent proposal that SB-related co-contrac-
tions of jaw-opening and jaw-closing muscles may act to reopen
the airway after an obstructive respiratory event [11]. Consistent
with previous studies in young adults [12,13,24], our findings con-
firm the short-term effectiveness of an MAA in adolescents with
SB, HA, and snoring. However, although progressive clinical
improvement was achieved, no significant difference was found
between the occlusal FS position (control) and the neutral or ad-
vanced positions (active jaw retaining or repositioning). Thus, the
hypothetical relationship between RMMA and breathing during
sleep cannot be further elucidated. This hypothesis should be
tested in SB patients with concomitant SDB.

Of the many treatments that have been tested for SB manage-
ment (e.g., oral appliances, medications, behavioral therapy), none
have been demonstrated to be effective in curing the disorder (i.e.,
completely eradicating SB) [21]. Most tested oral appliances were
effective in reducing SB in the first 2 to 6 weeks of treatment but lost
their effect in the long term (6 months) [25]. The reason for this re-
mains unclear, though adaptation or placebo mechanisms have been
proposed [25–27]. Compared with other treatments, the MAA ap-
pears to be the most effective for SB [21]. However, data are available
on short-term treatments in adults only, and most studies showed a
significant improvement but not a complete resolution of this sleep
disorder [13,24]. Moreover, in our study, residual SB activity was ob-
served when the MAA was used. This finding suggests that, as for
other spontaneous movements during sleep (e.g., periodic limb
movements) [28,29], RMMA also presents a heterogeneous nature;
more than one type of RMMA episode may occur during sleep,
including isolated RMMAs, arousal-related RMMAs, breathing-re-
lated RMMAs, and leg– or body movement–related RMMAs. Conse-
quently, these movements also may vary in their response to
different treatments that specifically address the related factors.

Additionally, oral appliances have been reported to exacerbate
SB [24]. In our sample, only 1 participant showed a clear increase
in RMMA with the MAA in advanced position. However, the uncon-
trolled PSG recording condition (at the participant’s home) does
not guarantee that the MAA was properly worn throughout the
night. The appliance used in our study did not include an intrade-
vice compliance chip, which would be useful for objectively mon-
itoring sleep time with the MAA.

Reports of HA, especially in the morning, have been related to
both SB and SDB [6,30]. Putative pathophysiologic mechanisms in-
clude repeated and sustained muscle contractions in SB and recur-
rent hypoxia and hypercapnia in SDB. However, these hypotheses
remain to be validated, and many other factors may be involved.
For example in our study, the majority of participants also were
aware of daytime oral parafunctions such as tooth clenching or nail
and lip biting. These are recognized risk factors for the develop-
ment and maintenance of forms of orofacial pain including HA
[1,31]. The coexistence of wake-time bruxism may explain the par-
tial effect of the MAA on subjectively assessed reports of HA, the
only symptom to show only an improving trend in our sample.

To our knowledge, an MAA rarely is applied to manage snoring
or SDB in pediatrics, in which more radical or definitive treatments
such as adenotonsillectomy or orthodontics are preferred [32,33].
However, oral devices may be used as a temporary treatment or
when indicated to mimic and test the potential effects of orthope-
dic therapy or orthognathic surgery, which usually are performed
toward the end of adolescence [34]. On a short-term basis, the
MAA appeared to be well-tolerated by the participants, with no
interference in sleep quality or jaw functioning. However, the
potential side effects of long-term use of an MAA by adolescents
are unknown and further studies are needed before clinical appli-
cation can be recommended.

Due to the limitations of our study, our results need to be
further investigated and confirmed. First, we were unable to
Please cite this article in press as: Carra MC et al. Sleep bruxism, snoring, and h
appliance. Sleep Med (2013), http://dx.doi.org/10.1016/j.sleep.2013.03.009
determine the effects of airway opening and improved oxygena-
tion during sleep on RMMA activity and reports of HA concerns.
According to the post hoc sample size estimation, to show a statis-
tically significant difference between the three MAA positions,
more than 100 participants would be needed for the RMMA index
and more than 200 for reports of HA. However, it is important to
note that a more homogeneous sample (e.g., morning HA only)
possibly would have diminished the required sample size. More-
over, the study protocol was designed to test the MAA effect in
the short term. Long-term treatment may be necessary to obtain
notable improvement in signs and symptoms related to SB, HA,
and SDB. At this point the long-term effectiveness and safety of
the MAA remain unknown.
5. Conclusion

Short-term use of an MAA appears to reduce SB, snoring, and re-
ports of HA in adolescents. However, interactions between SB,
breathing during sleep, and HA as well as the long-term effective-
ness and safety of the MAA in adolescents need further
investigation.
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