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Study Objectives: To compare the efficacy of a mandibular advance-
ment splint (MAS) and a novel tongue stabilizing device (TSD) in the
treatment of obstructive sleep apnea (OSA).

Design: A randomized crossover design was used.

Patients: Twenty-seven patients (20 male, 7 female), recruited from a
tertiary hospital sleep clinic.

Measurements and Results: The apnea-hypopnea index (AHI) was
reduced with MAS (11.68 + 8.94, P = 0.000) and TSD (13.15 £ 10.77,
P =0.002) compared with baseline (26.96 + 17.17). The arousal index
decreased for MAS (21.09 + 9.27, P = 0.004) and TSD (21.9 + 10.56, P
=0.001) compared with baseline (33.23 + 16.41). Sixty-eight percent of
patients achieved a complete or partial response with MAS, compared
with 45% with TSD. The Epworth Sleepiness Scale (ESS) score was
decreased with MAS (P = <0.001) and TSD (P = 0.002). Subjective im-
provements in snoring and quality of sleep were reported, with a better

response for MAS than TSD. Compliance was poorer for TSD, and the
side effect profiles of the 2 modalities were different. All patients were
satisfied with MAS compared to TSD, and 91% of patients preferred
the MAS.

Conclusion: Objective testing showed the MAS and TSD had similar
efficacy in terms of AHI reduction. Patients reported improvements with
both devices; however, better compliance and a clear preference for
MAS was apparent when both devices were offered. Longer term stud-
ies are needed to clarify the role of TSD.
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OBSTRUCTIVE SLEEP APNEA (OSA) IS A COMPLEX MUL-
TIFACTORIAL CONDITION PRODUCED BY A COMBINA-
TION OF ANATOMIC AND PHYSIOLOGICAL FACTORS.'
It is characterized by repetitive complete or partial closure of the
upper airway during sleep resulting in sleep fragmentation and
oxygen desaturation.>* Numerous risk factors including male gen-
der and obesity,* ethnicity,” and craniofacial structure® have been
identified as increasing susceptibility to this disease. OSA has a
significant associated morbidity and mortality and has been linked
to cardiovascular™® and cerebrovascular disease,”'* excessive day-
time sleepiness,' and increased risk for motor vehicle accidents.'>'
The prevalence of OSA varies depending on diagnostic criteria and
population studied, and has been reported as affecting 4% of men
and 2% of women in the middle-aged workforce."> It was also
found that among adults aged 30-69 years, 17% of adults had mild
or worse sleep disordered breathing (AHI > 5), and 5.7% of adults
had moderate or worse sleep disordered breathing.'® As such, OSA
is recognized as a significant public health issue.

While the gold standard of care combines conservative mo-
dalities such as weight loss and nasal continuous positive airway
pressure (CPAP),"” interest in oral devices has been increasing
possibly because of compliance difficulties with CPAP. Man-
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dibular advancement splints (MAS) are the most common type
of oral device; they protrude the mandible during sleep, thereby
having a favorable impact on upper airway structure and function.
Several designs have been extensively investigated and shown
to be efficacious in a substantial number of patients, particularly
those with mild to moderate OSA.'®?' The American Academy
of Sleep Medicine practice parameters recommend the use of
MAS as an alternative to CPAP for patients who prefer oral ap-
pliances or refuse or are unable to tolerate CPAP, particularly in
mild to moderate OSA.* A tongue stabilizing device (TSD) is a
preformed appliance and uses suction to protrude the tongue and
improve upper airway structure and function. The earlier designs
were similar to a mouthguard, covering the upper and lower teeth
to assist retention, with a flexible bulb into which the tongue was
protruded.” The current design has no dental coverage, reduced
bulk, and has the bulb being retained in place only by suction.
There are currently only limited data on the efficacy of the cur-
rent device, which is commercially available.* As they are not
reliant on the teeth for retention, TSD have been proposed as an
option for patients with a reduced number or absence of teeth
(hypodontia, edentulism), or compromised dental health (peri-
odontal disease). The aim of this study was to compare the ef-
ficacy of these 2 types of oral devices in typical OSA patients.

METHODS
Subjects

Twenty-seven patients were recruited from a sleep clinic in
a university teaching hospital. The study was approved by the

Comparison of MAS and TSD for OSA—Deane et al



PSG

MAS
Acclimatization
. 1 week
Period
T TSD

1 week
washout

T

1 week
washout

Figure 1—Schematic diagram summarizing the study design.
PSG = polysomnography.

institutional ethics committee, and all patients were provided
with written informed consent. Inclusion criteria were age >
20 years, > 2 symptoms of OSA (snoring, fragmented sleep,
witnessed apneas, daytime sleepiness) and evidence of OSA on
polysomnography with an apnea hypopnea index (AHI) > 10
per hour. Exclusion criteria were regular use of sedative medi-
cations, previous failure of an oral appliance for treatment of
OSA, exaggerated gag reflex, edentulous patients, and < 10
teeth per jaw or evidence of periodontal disease.

Experimental Design

A randomized crossover design was used (Figure 1). The
patients had an 8-week acclimatization period (4 weeks with
each device), during which they were provided with the de-
vices in random order and asked to complete questionnaires.
Patients subsequently underwent 1-week intervention with
each treatment in random order. One-week washout periods
were applied prior to and between the treatment phases. Over-
night polysomnography was performed with the designated
device at the end of each 1-week treatment phase as per previ-
ous studies.'®"

Two types of oral appliances were provided to the subjects.
The MAS was a custom-made 2-piece device (Somnomed
Ltd, Australia) with vertical extensions on the lower com-
ponent and ramps on the upper component which induced a
forward mandibular posture as previously described (Figure
2).'%20 For the current study, a non-titratable version of the de-
vice was used by not incorporating the usual adjustable screw
mechanism. This was to permit patient participation in a
separate magnetic resonance imaging research study with the
device. A protrusive bite was taken with a 4-mm vertical inter-
incisal opening at 75% of the maximal comfortable protrusive
range.'® Patients were instructed on insertion and removal of
the MAS and advised to wear it during the sleeping period
as much as possible. The tongue stabilizing device used in
this trial was a preformed, non-adjustable silicon appliance
constructed by injection molding (Aveo-TSD, Innovative
Health Technologies, New Zealand) (Figure 3). Patients were
instructed to rinse the device with water, place the flanges of
the TSD on the outside of the upper and lower lips, insert the
tongue into the bulb as far as was comfortable, then squeeze
and release the bulb to generate suction. Patients were advised
to increase the suction by protruding the tongue further and/
or squeezing the bulb more should the device loosen or be
insufficiently retentive, or decrease the suction should there
be excessive discomfort.
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Figure 2—Photograph of upper and lower plates of the mandibu-
lar advancement splint.

Treatment Outcome

The primary outcome for treatment efficacy was the apnea-hy-
popnea index (AHI) derived from standard nocturnal polysom-
nography (Compumedics Limited, Australia). Also measured
were total sleep time, sleep time in REM, sleep time in NREM,
arousal index (Al), sleep efficiency, minimum oxygen saturation
(MinS0,), longest apnea, longest hypopnea, and mean duration
of apneas and hypopneas. Apnea was defined as a cessation of
airflow > 10 s with oxygen desaturation > 3% and/or associated
with arousal. Hypopnea was defined as a reduction in amplitude
of airflow > 50% of the baseline tidal volume for > 10 s with an
accompanying oxygen desaturation of > 3% and/or associated
arousal. Nasal airflow was measured using nasal prongs attached
to a pressure transducer. Studies were scored by an experienced
technician who was blinded to the treatment device.

OSA severity was classified according to the baseline AHI.
Mild was defined as an AHI 5 to 15/h, moderate as AHI 15-30/h,
and severe as AHI > 30/h. Treatment outcome was classified as
follows: complete response (CR) was defined as a resolution
of symptoms and a reduction in AHI to < 5/h; partial response
(PR) as an improvement in symptoms and > 50% reduction in
AHI, but where AHI remained > 5/h: and treatment failure (F)
was defined as ongoing clinical symptoms and/or reduction in
AHI < 50%. Compliance failure was defined as a patient who
discontinued treatment.

Secondary outcomes were assessed using a standardized
questionnaire used in our previous published studies.'®!” These
included subjective snoring frequency and intensity, quality of
sleep, daytime sleepiness,” side effects, patient satisfaction, and
appliance preference. Each questionnaire was completed by the
patient at the end of the acclimatization phase after wearing
each device for 1 month. Compliance, assessed by the number
of weeks the patient wore the device in the 1 month available to
acclimatize to each device, was also investigated.

Statistical Analysis

Data were analyzed using SPSS (Version 14 and 16). The
polysomnographic results were subjected to paired Student’s t-
Tests to demonstrate any difference between MAS and TSD.
Cross tabulation and Pearson y? tests (using linear-by-linear P
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Figure 3—Photograph of the tongue stabilizing device.

value) compared the percentage of patients within treatment
outcome categories by appliance and OSA severity, as only 2
devices were involved. Analysis of variance (ANOVA) was
used to test for period and order effects. All descriptive statis-
tics are presented as mean + standard deviation. The results of
the questionnaires were assessed graphically. Due to the large
number of tests carried out with unknown dependence, and al-
lowing for multiple tests, we replaced the standard significance
level of 0.05 with a P value of <0.01. A priori power calculation
indicated that a sample size of 21 subjects was required to give
a 90% power to detect a 50% reduction in AHI (P = 0.05), based
on the data from our group’s previous study.'®

RESULTS

Out of 27 patients initially recruited, 22 patients (16 male, 6
female) completed the protocol. Two patients failed to complete
the study for medical and work-related reasons, and 3 patients
attended the first consultation, then subsequently withdrew for
personal and time concerns unrelated to the nature of the de-
vices. The demographics and baseline data for the patients who
completed the protocol (16 male, 6 female) are demonstrated
in Table 1. Five patients had mild OSA, 11 had moderate OSA,
and 6 had severe OSA. As 50% (3) of the female patients and
19% (3) of the male patients were classified as severe OSA,
males and females were grouped together for analysis. The
mean anteroposterior mandibular advancement with MAS was
77% of maximum protrusion (mean 4 mm, range 2-10 mm).
There was no significant difference in body mass index (BMI)
between severity groups.

Results of the polysomnography are detailed in Table 2. A de-
crease in AHI was recorded for 91% of the patients when using
MAS and 77% of the patients when using TSD. Analysis of the
effect of the appliances on AHI in supine and other body positions
during sleep demonstrated that AHI between baseline and TSD,
and baseline and MAS were significantly different (P < 0.001 in
each case). There was a marginally significant reduction in REM
sleep between baseline and TSD (P = 0.056), and between base-
line and MAS (P = 0.051), but not between TSD and MAS (P =
0.72). Subgroup analyses comparing males and females demon-
strated little difference between MAS and TSD (data not shown).
Of note, in 2 patients the TSD was only tolerated for less than 2
hours during the polysomnographic study.

The treatment outcome with MAS demonstrated that 27.3%
had a complete response, 40.9% had a partial response, and
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Table 1—Patient Characteristics at Baseline

Mean = SD Range
Age (years) 49.4+£11.0 24.8-65.3
Body mass index (kg/m?) 29.3+£5.6 20.6-38.3
Baseline AHI (/h) 27.0+£17.2 10.3-75.7
Baseline MinSaO, (%) 84.3+6.5 71-95

AHI = apnea-hypopnea index; MinSaO,= minimum oxygen satu-
ration.

31.8% failed. With TSD 22.7% had a complete response, 22.7%
had a partial response, and 54.5% failed. Linear-by-linear y*
tests demonstrated a trend towards a significant difference be-
tween TSD and MAS (P = 0.06). When assessing treatment
outcome with both appliances compared with the patients OSA
severity, no significant difference (exact linear-by-linear) was
detected between the mild, moderate and severe OSA groups
(MAS, P =0.71; TSD, P = 0.23). Table 3 compares the num-
ber of patients in each category of treatment outcome for MAS
and TSD. There were no significant period or order effects. Al-
though the analysis showed that there was significant interper-
sonal variability, there was not enough difference between the 2
appliances to reach significance.

Snoring frequency improved from 81.8% of patients snoring
5-7 nights per week at baseline to 11.1% with MAS and 13.6%
with TSD. MAS eliminated snoring in 40.9% of patients com-
pared with 27.3% for TSD according to patient’s perception.
With MAS all patients reported improvement in snoring sever-
ity, with 27.3% being very much improved and 59.1% being
much improved. With TSD, fewer patients indicated a favor-
able change in snoring severity, with 13.6% being very much
improved, 13.6% being much improved, and 22.7% reporting
no improvement. As an indicator of daytime sleepiness, the
Epworth Sleepiness Scale (ESS) score decreased significantly
with MAS (3.50 + 2.41, P =0.000) and TSD (5.86 +4.63, P =
0.002) compared with baseline (8.55 £ 5.12). Subjective com-
pliance was better for MAS, with regular use (every night of
the week for > 6 h per night) reported by 81.8% of patients,
compared with 27.3% for TSD (Figure 4). The incidence of
patients involuntarily removing MAS during the night was
9% compared with 86.4% with TSD. At the 4-week follow-up
appointment, MAS use was reported by 86.4% of the patients
after 3 weeks, whereas 63.6% of patients discontinued use of
TSD by 3 weeks. Side effects caused by MAS were jaw dis-
comfort (59.1%) and dryness of mouth (50%), compared with
TSD, with which excess salivation (86.4%), dryness of mouth
(59.1%), and soft tissue irritation (50%) were problematic. All
patients were satisfied with MAS, and 90.9% of patients pre-
ferred this device. Satisfaction with the TSD was indicated by
59.1% of the patients, with 3 patients being very dissatisfied.

DISCUSSION

Oral appliances are increasingly being used in the manage-
ment of OSA. The MAS is the more widely investigated oral
appliance with an abundance of literature supporting its use in
the management of OSA patients, particularly those with mild
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Table 2—Comparison of Polysomnographic Variables Between Baseline, MAS, and TSD

Variable Baseline MAS
Mean + SD Mean + SD
TST, min 400 £51 347+ 77
REM sleep, min 53+22 63 +28
NREM sleep, min 286 +41 283 £ 64
Arousal index/h 33+£16 21+9
Sleep efficiency % 80+ 11 78+ 17
AHI/h 27+17 12£9
MinSaO, % 84+7 87+5

TST = total sleep time; AHI = apnea hypopnea index; MinSaO,= minimum oxygen saturation.

P Value TSD P Value
Mean + SD
ns 320+ 97 ns
ns 53 +31 ns
ns 269 + 76 ns
0.004 21+11 0.001
ns 79+ 11 ns
0.000 13+11 0.002
ns 88+ 6 ns

82

41
32
30 27
20
9 9
10
0 0
0

occasionally

MAS
B TSD

% of patients

regularly rarely not at all

Figure 4—Comparison of compliance frequency reported by pa-
tients using MAS and TSD.

to moderate OSA.'*22 Across a number of studies, complete
and partial response to MAS have been demonstrated in an av-
erage of 65% of OSA patients.” There is good understanding
of the indications for the prescription of MAS and supervising
this treatment modality. In contrast, the role of TSD remains
uncertain due to a paucity of evidence, with a limited number
of studies with small sample sizes and using several appliance
designs.**#*3° In our short-term randomized controlled study,
we demonstrated that MAS and TSD had similar effects on
AHI, but that MAS was associated with greater symptomatic
improvement, compliance, and patient preference.

The primary outcome in this study was AHI; we found that
it decreased in 91% of patients when using MAS and 77% of
patients when using TSD.

The present study is the first comparative study for TSD and
demonstrates that TSD can yield an improvement in AHI, al-
though in a lesser percentage of patients than MAS. Treatment
outcome in this study was based on rigorous definitions, as pre-
viously reported by our group, which is a strength of our study.
The percentage of patients with complete and partial response
for TSD was lower than MAS, although this did not quite reach
statistical significance. In addition the arousal index decreased
significantly with MAS and TSD which is consistent with pre-
vious studies on MAS'®!*3! and TSD.*

The MAS used in this study has been rigorously evaluated in
previous studies. In contrast to previous studies of this device,
we used a titration strategy aimed at achieving mandibular ad-
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Table 3—Cross-Tabulation Showing Treatment Response with
MAS and TSD

MAS Response Total
Complete  Partial Failure
TSD Response
Complete 3 1 1 12
Partial 1 4 0 5
Failure 2 4 6 5
Total 6 9 7 22

vancement at approximately 75% of maximal jaw protrusion,
rather than the maximal comfortable limit of advancement.
This was because the MAS design was modified to remove the
titration screws for the purpose of undertaking MRI scans in
a separate study. An actual advancement of 77% + 8% (range
2-10 mm) was achieved in this study. An important limitation
of this study was that patients did not have further mandibular
advancement as they acclimatized to MAS, which may have
limited improvement in OSA in some patients. In support of
this possibility is the lower complete response rate than previ-
ously reported by studies using this MAS design. Despite this
limiting factor, the MAS provided significant clinical benefit.

The TSD appliance was non-adjustable, with the patient con-
trolling the amount of tongue protrusion and suction generated
by the device. It was noted that patients protruded the tongue
into the appliance by differing amounts and squeezed the bulb
with differing force. There was no method to standardize the ap-
plication of TSD, with each individual having to establish his or
her own comfort level. The forward tongue posture and stretch-
ing of the related soft tissues (especially the lingual frenum)
may have caused discomfort, which in turn may have limited
the amount of tongue protrusion and their potential response
to TSD. The use of TSD in this manner reflects the real-life
use of the device, which is intended by the manufacturer to be
available over the counter for use in an unsupervised manner.
We believe that clinical supervision is required to ensure patient
safety and optimal outcome.

When the sequence of appliance provided first in the accli-
matization and trial phases was considered, no significant dif-
ference was detected in the treatment outcome, although there
was variation between individuals. It was observed that patients
who were provided with the TSD as their first device were more
willing to persist with the appliance than those who received
MAS first, and subsequently appeared less enthusiastic about

Comparison of MAS and TSD for OSA—Deane et al



TSD. Patients appeared to find the MAS more comfortable and
easier to manipulate than the TSD. In addition, 13 of 22 patients
achieved the same category of response to treatment with both
MAS and TSD. This suggests that some patients may consis-
tently respond to either form of oral appliance. and raises the
issue of predictive parameters that could be used to identify
such “responders.”

Subjective evaluation of snoring frequency and severity
showed both MAS and TSD were regarded by the patients (and
their partners) as providing an improvement, however TSD was
reported to produce less improvement than MAS. O’Sullivan
and colleagues® found a reduction of 18% in snoring frequency
and 15.8% in snoring intensity using MAS. Kingshott and col-
leagues* found the TSD significantly reduced snoring frequen-
cy in the 61-70 decibel range, but did not alter snoring in other
decibel ranges.

Quality of sleep was improved with oral appliance therapy
as has been demonstrated in other studies.'®*’33 Mehta et al.'®
demonstrated a combined improvement in snoring, sleep qual-
ity and daytime sleepiness in 83% of the patients with MAS.
In an evidence-based review of 87 articles by Ferguson et al,”’
it was concluded that effects on sleepiness and quality of life
were apparent yet improvements in other neuro-cognitive out-
comes were less consistent when using oral appliances. In this
study all patients reported improvement in quality of sleep with
MAS, compared with 45% with TSD.

Objective compliance with oral appliances in the manage-
ment of OSA is difficult to ascertain. While there has been a
report of an objective compliance measuring device, this is not
routinely available.** Hence we relied on self-report for this
study. Compliance, as indicated by the number of nights per
week worn (minimum 6 hours per night), was assessed over a
4 week period and divided into 4 groups: regularly (worn every
night of the week), occasionally (worn 3-4 nights of the week),
rarely (worn 1-2 nights of the week), and not at all (device
never worn). Compliance was better for MAS and was compa-
rable to other MAS studies. Mehta and colleagues'® reported a
compliance rate of 87.5% with MAS at one month. There is no
literature to assess compliance with TSD but it can be assumed
that like MAS, compliance rates are likely to decrease relative
to the length of follow-up. To further appreciate the compliance
issues patients were asked if they unknowingly removed the ap-
pliances during the night. Patients involuntarily removed MAS
during the night in 9% of cases compared with 86.4% of cases
for TSD, with the device often ending up on the bedside table.
This was further evidenced by the fact that 2 patients were only
able to tolerate the TSD for less than 2 hours during the efficacy
polysomnograph. This appears to be a major limitation of TSD.
In addition, MAS use was reported by 86.4% of the patients
after 3 weeks, however 63.6% of patients discontinued use of
TSD by 3 weeks. Patient satisfaction is likely to be a key influ-
encer of compliance. In our short-term study all patients were
satisfied with MAS and 91% of patients preferred this device.
Satisfaction with TSD was indicated by only 60% of the pa-
tients, with 3 patients being very dissatisfied.

Both MAS and TSD resulted in patients reporting side ef-
fects, with each appliance producing a different type and severity
of problems. For MAS the main concerns were jaw discomfort
(59%) and dryness of mouth (50%). These side effects were
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largely mild in nature, resolved within about 30 minutes of re-
moving the device, did not persist beyond 1 to 2 weeks and did
not prevent the patients from using the MAS. The main side ef-
fects caused by TSD were reported as excess salivation (86.4%),
dryness of mouth (59.1%), and soft tissue irritation (50%). The
problems generated with TSD varied from mild to severe in na-
ture, and appeared to persist for up to or longer than 3 weeks.
Several patients described a temporary tingling sensation to the
tongue lasting approximately 30 minutes to 1 hour. Minor ulcer-
ation of the lingual frenum also occurred, and was addressed by
enlargement of the “notch” to accommodate the frenum. If the
patient’s lingual frenum inhibited their ability to protrude their
tongue into the TSD, their response may have been suboptimal
and in turn affected compliance. Patients also indicated swallow-
ing was more difficult with TSD due to the vertical mouth open-
ing. The reduction of AHI in supine sleep and slight reduction
in REM sleep may have been influenced by the side effects, in
particular excess salivation, however there was no statistically
significant difference between MAS and TSD. The side effects
were severe enough to prevent nearly half of the sample continu-
ing with the TSD, compared with MAS where the side effects did
not prevent any of the subjects from using the device.

Our study had a number of potential limitations. The sample
population was recruited from a sleep disorders clinic known
for its research interest in dental treatments for OSA, and this
could have resulted in a referral bias. As the characteristics of
the sample population were consistent with other sleep apnea
populations reported in the literature, it would appear that bias
was minimal. Our sample size was small, raising the possibil-
ity of a type 2 error, although our priori sample size calcula-
tion suggested the sample size was adequate. Despite this, the
results from the study usefully inform clinical practice in this
area. Reduced titration of the MAS may have resulted in a
lower response rate, thereby reducing the apparent difference
in treatment effects. Similarly, the inability to standardize the
TSD suction levels and degree of tongue protrusion, which are
unable to be measured, may have affected treatment outcome.
The randomized crossover design, while an important strength
of this study in eliminating between-patient variability, had a
relatively short duration. Questionnaires were useful in pro-
viding feedback on the patients experience with the devices,
but they relied on the accuracy of patient reporting, which may
have resulted in responses that minimized or exaggerated the
experience of patients. More information may have been ob-
tained if the patients had been able to use each appliance for a
longer period prior to the testing phase of the study. The impor-
tant question of clinical effectiveness was not resolved by our
short-term study.

In conclusion, this study showed that 4 weeks of MAS and 4
weeks of TSD can improve the parameters of OSA, including
daytime and nocturnal symptoms. Although the findings sug-
gest similar treatment effects of the two appliances in terms of
reducing AHI, the higher complete response rate, overall ac-
ceptance, and compliance with MAS suggest it is a superior
treatment for OSA in the clinical setting. However for subjects
who are able to tolerate TSD, or are inappropriate for MAS
(e.g., insufficient teeth), this may be a viable treatment option,
and further work is required to evaluate the role of TSD in the
management of OSA.
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