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Study Objectives: The purpose of this study was to deter-
mine if subjects with moderate-to-severe obstructive sleep
apnea would experience increasing treatment effect when a
tongue retention component was added to a mandibular re-
positioning appliance.

Design: Cohort study.

Setting: Sleep clinic.

Patients: Forty-four sequentially recruited patients with mod-
erate-to-severe obstructive sleep apnea.

Interventions: Subjects were sleep tested at 4 treatment stages
of oral appliance therapy. The 4 stages were: 6-mm mandibular
protrusion, 8-mm protrusion, 6-mm protrusion with a tongue re-
tention bulb, and 8-mm protrusion with a tongue retention bulb.

Measurements and Results: Forty-one of 44 subjects com-
pleted the protocol. There was a decrease in mean respira-
tory disturbance index from 33.5 events/h at baseline to 18.1
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events/h at stage 4 (p = 0.001). Mean Epworth Sleepiness
Scale (ESS) decreased from 12.3 at baseline to 9.0 at stage
4 (p=0.0001.

Conclusions: A combined approach utilizing both mandibular
protrusion and tongue retention can provide effective treatment
for moderate-to-severe obstructive sleep apnea. The addition
of a tongue bulb may provide further treatment effect when
mandibular protrusion is limited. Appliance designs that allow
for convenient combination therapy need to be developed for
this purpose.
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bstructive sleep apnea (OSA) is a common condition
characterized by repetitive collapse of the pharynx during
sleep.!? The resultant hypoxemia, bursts of sympathetic activ-
ity and sleep disruption are associated with significant health
consequences including hypertension, stroke, and early mortal-
ity.>* Accompanying the pathophysiological consequences of
OSA are the necessary health resource costs that consume an
ever increasing portion of health care resources.®
Oral appliances (OA) are an indicated primary treatment for
those with mild-to-moderate OSA and an alternative in patients
with severe OSA who fail CPAP treatment.” The most extensive-
ly studied OAs are custom-made, adjustable mandibular repo-
sitioning appliances (MRAs).*’ The fabrication process makes
custom-made appliances impractical for trial or temporary use.
Non-customized, prefabricated, “boil and bite” OAs have been
suggested as trial appliances. Unfortunately, the types of these
devices developed to date are much less effective or comfort-
able, and the results do not indicate whether custom devices
will be effective.'” Tongue retaining devices (TRDs) that open
the airway utilizing suction to hold the tip of the tongue forward
are an alternate device but have been the subject of far fewer
investigations than MRAs.'"'? Several recent publications may
demonstrate a renewed interest in the use of TRDs.'*!"
Identifying those who will experience therapeutic success,
even with custom MRA, is challenging. Patient characteristics
including mild-to-moderate OSA severity, female gender, posi-

BRIEF SUMMARY

Current Knowledge/Study Rationale: The study was done to inves-
tigate the practicality and effectiveness of combining tongue retention
devices with mandibular advancement appliances in the treatment of
OSA. The study was also conducted to evaluate the effectiveness of
appliance therapy in moderate to severe OSA as most previous studies
have enrolled subjects with mild to moderate OSA.

Study Impact: The results suggest that development of a combination
appliance may provide increased therapeutic effect when patients have
limited protrusive capabilities. The study suggests that those with mod-
erate to severe OSA may experience considerable benefit from even
modest mandible and tongue repositioning with an appliance.

tion-dependent OSA, and body mass index (BMI) are associ-
ated with but not strongly predictive of therapeutic success.'s?'
Mandibular advancement during polysomnography may be
helpful, but appropriate devices are not yet commercially avail-
able.”>* Recently, spirometry, nasopharyngosgopy, and thera-
peutic CPAP pressures have been investigated as predictors of
success with OAs, but these need confirmation of clinically use-
ful protocols.?** There is a need to develop practical, clinically
relevant protocol for maximizing response to OA treatment.
The purpose of this study was to determine, using a clinically
practical protocol in a pragmatic trial, if significantly more pa-
tients would experience a complete or partial response when
a tongue retention component was added to a mandibular re-
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Figure 1—MRA with TD attached

positioning appliance than with the mandibular repositioning
appliance alone.

METHODS

Subjects were recruited from the Alberta Lung Association
Sleep Center, the major referral center for southern Alberta,
with a population of over 1.5 million. Referral sources for the
center include internists, family physicians, otolaryngologists,
dentists, and psychiatrists. Patients diagnosed with mild-to-
moderate OSA and those with severe OSA who have failed or
refused CPAP are routinely given the opportunity to have a con-
sultation regarding oral appliance therapy. Patients referred for
oral appliance consultation by a physician during the recruiting
period were eligible for inclusion. Inclusion criteria were mod-
erate-to-severe OSA (RDI > 15 events/h)*® and > 10 teeth per
arch. The study was approved by the Conjoint Ethics Commit-
tee of the University of Calgary and written informed consent
was obtained from all participants.

Oral Appliances

An MRA (EMA)* was custom-made for each patient. The
MRA was made from thermoplastic polymer pressure-formed
to dental study models. Protrusion of the mandible was achieved
through elastic straps of varying lengths and stiffness (durom-
eter 60-90), attached bilaterally.

The tongue devices (TD) added to the MRAs were fabricated
by vacuum-molding a single piece of ethyl vinyl acetate, a dental
mouth guard material. These devices have been previously found
to reduce the RDI by > 50% in 34% of subjects and to control
snoring in 73% of subjects’® (Figure 1). Subjects progressed
through 4 stages: 6-mm advancement, 8-mm advancement,
6-mm advancement with TD, and 8-mm advancement with TD.

Sleep tests were planned for each subject at each of the 4
study conditions. The timing of the tests was dependent on the
individual’s ability to acclimate to a particular test condition.

Portable Monitoring
The RDI and oxygen parameters were assessed at baseline and
each of the 4 study conditions using a portable monitor (Sagatech,
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Calgary, Canada) that digitally records oxygen saturation, heart
rate with a pulse oximeter, snoring sounds with a microphone, and
body position with a gyroscope. An off-line algorithm analyzes
the nocturnal oxygen saturation signal to determine the RDI. The
monitor-derived RDI provides a close estimate of polysomnogra-
phy-derived apnea hypopnea index (AHI).*>** Using a diagnostic
criterion value > 15 events/h, the analysis algorithm has a sensitiv-
ity and specificity of 98% and 88%, respectively.*? The portable
monitor used in the study was the same monitor used by the sleep
center for primary diagnosis. Subjects were instructed to use the
sleep monitors only while the appliances were in use and to turn
off the monitors when they removed the appliance.

Study Design

This study employed a prospective repeated measures design,
in which each subject acted as his own control. Patients who
agreed to participate underwent clinical evaluation including
impressions for dental study models. Subjects were seen in the
dental clinic as they progressed through the 4 study stages: 6-mm
protrusion, 8-mm protrusion, 6-mm protrusion with tongue de-
vice, and 8-mm protrusion with tongue device. Portable monitor-
ing was performed at baseline and at each stage when a subject
was able to tolerate the MRA > 4 h/night. A subject’s final out-
come was the study stage furthest along the sequence they were
able to tolerate comfortably during nightly use.

Outcome Measures

The primary outcome measure was the reduction in RDI
as subjects progressed through the study stages. Complete re-
sponse was defined as a reduction of RDI to < 10 events/h. Par-
tial response was defined as a reduction of RDI > 50% and to
<20 events/h. Secondary outcome was the Epworth Sleepiness
Scale (ESS). The ESS is a questionnaire commonly used to as-
sess daytime sleepiness.™

Statistical Analysis

Mixed regression modeling was used to examine mean RDI
under the various study conditions. Mixed regression modeling
for repeated measures was chosen as appropriate as the sleep
tests at each stage were carried out at different times for the in-
dividual subjects and not all individuals have observations at all
stages. Mixed regression is an alternative to repeated measures
ANOVA under these conditions.** Differences were considered
significant at the 5% (p < 0.05) level. STATA 10.0 (Statacorp)
was used for all statistical analyses. A power calculation indi-
cated that a sample size of 35 was require to give a 90% power
to detect a 5 event/h decrease in RDI at each stage (p = 0.05).

RESULTS

The study population consisted of 44 consecutively recruit-
ed subjects from 183 referred during the recruitment period
(Figure 2). Three subjects were unable to schedule follow-up tests
and were excluded from the analysis. These subjects reported that
they were “too busy” or it was “too inconvenient to come in for
follow-up.” There were no significant differences between those
who had at least one post-treatment test and those who refused
to return for follow-up testing. Forty-one subjects (12 female, 29
male) had at least one post-treatment sleep test (Table 1).
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Figure 2—Study flow diagram
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The mean RDI decreased from 33.5 (15.9) events/h at base-
line to 18.1 (2.6) events/h at stage 4, p = 0.001 (Table 2). Re-
gression modeling confirmed stage as a significant factor and
estimated a decrease of 4.18 (p < 0.001, 95% CI: 5.28-3.08)
events/h per stage. Sixty-one percent of subjects were either
complete or partial responders. Complete response (RDI < 10)
was achieved in 34% (14/41) of subjects, and partial response
(RDI <20 and reduced > 50%) in an additional 27% (11/41) of
subjects (Figure 3).

Sixteen subjects (39%) were non-responders according to
predetermined response criteria. There were 7 severe subjects
and 9 moderate subjects in the non-responder group.

Sleepiness as measured by the ESS showed a continuous
improvement from 12.3 at baseline to 9.0 at the final stage
(Table 3). A proxy for compliance was the number of subjects
tested at each stage (Table 2). Sixty-three percent (26/41) of sub-
jects were able to adapt to wearing the appliance > 4 h at night
at all stages, although not all had complete or partial response.

DISCUSSION

Oral appliances are being used increasingly as therapy for ob-
structive sleep apnea. They are recommended first-line therapy
for mild-to-moderate OSA and second-line therapy for severe

Table 1—Characteristics of the study population

Variable N Mean (SD)
Age 41 54.2 (10.0)
BMI 40 32.3(5.8)
ESS 41 12.3(5.4)
RDI per hour 41 33.5(15.9)
RDI Supine 40 36.5 (28.0)
0O, Average 39 91.0(2.3)
0,<90% 40 26.3 (24.9)

ESS, Epworth Sleepiness Scale; RDI, Respiratory Disturbance
Index; O,, average oxygen saturation; O, < 90%, percent of time
spent at less than 90% oxygen saturation.

Figure 3—Percent response by stage

O Partial Response M Complete Response

Percent Response by Stage

Percent Response
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Stage of Treatment

Stage 1, 6mm protrusion; Stage 2, 8mm protrusion; Stage 3, 6mm plus
tongue bulb; Stage 4, 8mm plus tongue bulb.

OSA.” The majority of studies have investigated effectiveness
in mild-to-moderate OSA and have reported complete or partial
response to MRAs in the range of 65% for mild-to-moderate
OSA.® Few reports exist of effectiveness of either MRAs or
TDs in the moderate-to-severe OSA population.The present
study examined the effectiveness of a staged approach to oral
appliance therapy for OSA, using a combination of MRA and
TD. Forty-one subjects with moderate-to-severe OSA were
studied at baseline and after each of 4 treatment stages. We
found a statistically significant effect of treatment. Treatment
stage predicted 66% of the variability in RDI.

The decrease in RDI was statistically significant and repre-
sented a meaningful change in RDI from baseline to final stage.
At the start of treatment, the mean RDI indicated severe OSA
(> 30 events/h); by the final stage the mean RDI was moderate
(RDI 15-30) events per hour. The ESS decreased from 12.3 at
baseline to 9.0 (p = 0.001) at the final stage.

Sixty-one percent of subjects were either complete or par-
tial responders. Using the same response criteria, Deane'¢ re-
ported complete or partial response in 71%, Mehta in 71%,
and Gindre in 73%.3” The response in our study may have been
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Table 2—Primary outcome comparisons

Stage N RDI Mean (Std Err) 95% CI
Baseline 41 33.5(2.5) 28.6-38.4
6 mm 41 28.0 (2.6) 22.8-33.2
8 mm 35 22.5(2.6) 17.4-27.5
6 mm+TD 28 19.2(2.7) 13.9-245
8 mm +TD 26 18.1(2.6) 13.3-23.0

Complete Partial Combined
Response* Response* Response*
4 (10%) 4(10%) 8 (20%)
10 (24%) 8 (20%) 18 (44%)
12 (29%) 9 (22%) 21 (51%)
14 (34%) 11 (27%) 25 (61%)

6 mm, MRA at 6 mm protrusion; 8 mm, MRA at 8 mm protrusion; 6 mm + TD, MRA at 6 mm protrusion with TD added; 8 mm + TD, MRA at 8
mm protrusion with TD added. *Number of subjects (percent of subjects, number / 41 x 100%).

Table 3—Secondary outcome comparisons: ESS

Stage ESS (SD)
Baseline 12.3(5.4)
6 mm 10.3 (4.4)*
8 mm 9.7 (4.2
6 mm +TD 9.2 (4.3)*
8 mm +TD 9.0 (4.6)#

*Significant difference from baseline p = 0.001. ASignificant difference
from 6 mm p = 0.001. #Significant difference from 8 mm p = 0.009.

limited by the design of the combination device. The titration
protocol may also have limited the response. Gradual titra-
tion of MRAs (stepwise increase) is standard recommended
clinical protocol and is meant to allow patients to increase
tolerance of the device in new positions over time. Numer-
ous studies have reported increased response with increased
protrusion.”#*¥7 Previous studies have allowed patients to
advance (titrate) their appliances to maximum tolerable pro-
trusion or symptom relief. Our subjects were only allowed a
limited number of protrusion settings

Mehta reports a mean acclimatization period of more than 19
weeks.*® While our subjects were not tested until they could tol-
erate the device for at least four hours of sleep at any particular
stage, our entire study was conducted in less than 20 weeks. If
subjects had a longer time to acclimate to the devices, they may
have had a greater response.

Patient preference was not predetermined as an outcome
measure, but it is suggested by the number tested at each
stage of the study. Deane reported that subjects preferred the
MRA to the TD and that more subjects removed the TD dur-
ing sleep compared to the MRA (86% vs 9%).' The design
used in this study made the TD impossible to remove sepa-
rately. While the addition of a TD may be of benefit some pa-
tients with limited protrusion, some of our subjects may have
had a better response with further protrusion rather than the
addition of the relatively uncomfortable TD. A further limita-
tion of TDs is that the amount of tissue in the bulb and the
strength of suction is determined by the patient and cannot
be controlled.

A recent study by Sutherland was the first to examine airway
structure and volumetric changes produced by a TD compared
to MRA using magnetic resonance imaging (MRI)."” They re-
port differences in the location and degree of airway change
produced by TD compared to MRA. The TD increased the ve-
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lopharyngeal lateral diameter to a greater extent than the MRA.
The TD also increased antero-posterior diameter with anterior
displacement of the tongue. The MRA produced significant an-
terior displacement of the tongue base muscles. They did not
examine the association between volume of tongue protruded
and response. If explored in future studies, the relationships
between tongue volume in the TD and response could inform
appliance design.

Based on the findings of Sutherland, the response of the
combination device can be considered in terms of the different
expected effect on airway caliber produced by the individual
components. The difference between response at 6-mm pro-
trusion (20%) and 8-mm (44%) is consistent with improved
response with titration found in previous studies.?**¥” This dif-
ference could reflect the increase in response due to anterior
displacement of the tongue base muscles. The difference in re-
sponse between 6 mm (20%) and 6 mm plus TD (51%) as well
as between 8 mm (44%) and 8 mm plus TD (61%) possibly
shows the effect of increased airway caliber unique to the action
of a TD. The TD may increase response more at less mandibu-
lar protrusion than at greater mandibular protrusion. If so, it
could be of clinical significance to increasing response in those
with limited mandibular protrusion.

Our results may have been influenced by selection bias,
as the study design was not randomized. Other limitations
arise from the bulky nature of the combination device. Our
trial involved putting together two separate devices, MRA
and TD, which were not designed to go together. A device
designed for combination would likely be more comfortable.
As the protrusion in the MRA used is obtained through the
use of flexible and stretchable straps, the measures of 6 mm
and 8 mm are likely overestimates of the actual protrusion.
The use of portable monitors is potentially limiting. Portable
monitors may produce an underestimation of the RDI, as
electroencephalography is not used and the monitor is not
able to record respiratory effort related arousals (RERAS).
Study time rather than sleep time is the denominator when
calculating the events per hour. The limitations of portable
monitors was partially controlled, as the same monitor was
used for diagnosis by the referring sleep physicians and that
the portable monitor protocol followed the AASM and the
Canadian Thoracic Society guidelines.?*

Further studies are needed, using devices designed for com-
bination, to explore the effectiveness of combining mandibular
protrusion and tongue retention in the treatment of OSA.
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