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MAS are now widely used for the treatment of OSA both as a 
primary therapy and as an alternative for patients with severe 
OSA who are unwilling or unable to tolerate CPAP.5 MAS are a 
simple, reversible, quiet, and cost effective therapy for selected 
patients with OSA.

study objectives: CPAP is used as the fi rst-line treatment 
for patients with severe OSA, but this machine is not always 
feasible to use on the long term. We performed a clinical trial 
to determine whether patients with OSA could use a man-
dibular advancement splint (MAS) as a short-term treatment 
alternative to CPAP.
Methods: Twenty-two patients adherent with CPAP therapy 
were recruited to the study. Each patient used the MAS for ap-
proximately 4 months. The transition between CPAP to MAS 
was gradual, and patients were asked to start using MAS togeth-
er with CPAP during the MAS titration until subjective improve-
ment or maximum mandibular advancement was achieved. 
Sleepiness (ESS), quality of life (SAQLI), and polysomnography 
were recorded prior to and after MAS titration. Patients recorded 
CPAP or MAS usage for the following 3 months.
Results: Seven women and 12 men with a mean age of 53.8 
(± 12.1) years and mean body mass index of 28.1 (± 4.8) 
kg/m2 completed the clinical trial. Prior to MAS, CPAP adher-
ence was 5.8 h/night. AHI decreased signifi cantly with MAS 
use compared to baseline (30.7 ± 23.1 vs 13.2 ± 11; p < 0.01). 
Fourteen patients (74%) had > 50% decrease in their AHI, 
while 2 patients had an increase in their AHI. There were no 

signifi cant differences in SAQLI between MAS and CPAP treat-
ment, while ESS decreased signifi cantly on MAS. MAS self-re-
ported usage was correlated with treatment effi cacy (r = 0.52; 
p < 0.05). Seventy-fi ve percent of the patients reported being 
suffi ciently satisfi ed with MAS to continue to use it as an alter-
native short-term therapy.
Conclusions: MAS partially or completely reduced sleep disor-
dered breathing in the majority of selected, successfully CPAP-
treated severe OSA patients. Many patients can probably effec-
tively use MAS as a short-term treatment alternative to CPAP.
Clinical trial Registration: ClinicalTrials.gov registration 
number NCT00358605.
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Obstructive sleep apnea (OSA) is a common syndrome 
that is characterized by recurrent episodes of partial or 

complete upper airway obstruction during sleep. OSA is as-
sociated with reduced quality of life, decreased cardiovascular 
health and increased healthcare utilization, car crashes, and 
mortality.1,2 There are a variety of treatment options currently 
available for OSA including lifestyle modifi cations, continu-
ous positive airway pressure (CPAP), mandibular advance-
ment splints (MAS), and corrective upper airway surgery. 
CPAP is the most effi cient treatment for OSA and has been 
demonstrated to improve daytime symptoms and reduce car-
diovascular disease and car crashes.3,4 Despite improvements 
in the portability of CPAP machines, many patients fi nd this 
treatment not feasible when away from home. CPAP machines 
require access to a reliable electrical source while asleep. This 
can sometimes be provided by a battery, but is quite cumber-
some and needs periodic recharging. Many patients faced with 
short-term diffi culties complying with CPAP during periods 
of travel or vacation stop treatment in these circumstances. 
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bRIeF sUMMARY
Current knowledge/study Rationale: Many patients with OSA who 
are under CPAP treatment will experience temporary circumstances dur-
ing which CPAP is not convenient, and therefore adherence is compro-
mised. There is a lack of studies evaluating the combination of CPAP 
and OA where patients can alternate between the two therapies.
study Impact: This study may impact clinical treatment recommenda-
tions with a patient-centered treatment approach. Patients can express 
treatment preferences; deliberate the options; and agree on a treatment 
plan implementing both devices (CPAP and OA). This combination of 
therapies allows greater fl exibility of treatment and opportunity for on-
going adherence during those temporary circumstances in which CPAP 
cannot be used.
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In randomized controlled trials comparing both modalities of 

treatment, CPAP therapy is consistently more effective in reduc-
ing sleep disordered breathing events.6-9 While CPAP and MAS 
have similar subjective and cardiovascular outcomes, patients 
tolerate MAS better.8-11 The superior patient satisfaction associ-
ated with the use of MAS reflects the relative simplicity and 
convenience of this form of treatment. Patients are offered one 
or the other treatment, but the combination of these two spe-
cific therapies warrants further investigation. To our knowledge, 
there has only been one previous study12 that has attempted the 
combination of these two therapies, with the disadvantage of us-
ing a non-titratable device without a follow-up by a dentist for 
adjustments. The objective of this study was to determine the 
feasibility of using MAS as an alternative treatment in patients 
previously established on CPAP. This combination of treatments 
would permit greater flexibility and improved treatment adher-
ence in circumstances where CPAP cannot be tolerated.

Methods

Participants
Patients with symptomatic OSA and an apnea-hypopnea in-

dex (AHI) > 10 events/h adherent with CPAP (> 4 h/night) for a 
minimum period of 3 months were recruited to the study. Patients 
were excluded if they had any comorbid diseases, had a safety-
critical occupation, were looking for an alternative treatment to 
stop CPAP treatment, or had dental contraindications to MAS 
treatment, (< 8 teeth per arch or severe periodontal disease).13 This 
study was approved by the UBC Human Ethics Committee, and 
all patients signed a consent form prior to inclusion in the study.

Polysomnography
All patients had baseline diagnostic polysomnography (PSG) 

prior to initiation of CPAP treatment. The laboratory PSG was 
performed according to practice parameters published by the 
American Sleep Disorders Association Standards of Practice 
Committee.14 Standard measurements included electroencepha-
lography (EEG), electrooculography (EOG), submental and 
tibial electromyography (EMG), electrocardiography (ECG), 
chest and abdominal respiratory impedance plethysmography 
(Respitrace; Ambulatory Monitoring Systems, Ardsley, NY), 
arterial oxygen saturation was recorded using a pulse oximeter 
(Model N-100; Nellcor Inc., Hayward, CA, USA), and na-
sal airflow was recorded using nasal cannulae connected to a 
pressure transducer (Ultima Airflow Pressure Sensor; Braebon 
Medical Corp., Carp, Ontario, Canada). PSG data were ana-
lyzed manually according to AASM criteria by a certified poly-
somnographic technologist. All patients were prescribed CPAP 
and had used it consistently for a minimum of 3 months. CPAP 
adherence was objectively measured prior to recruitment.

Questionnaires
Patients completed an Epworth Sleepiness Scale (ESS)15 and 

quality of life and side effects (SAQLI) questionnaires16 at re-
cruitment while on CPAP. ESS and SAQLI were repeated after 
MAS titration and while on MAS for ≥ 2 weeks. Patients were 
then informed of the results of the PSG and were instructed to 
use either the MAS or CPAP at their discretion for the following 

3 months. They were instructed to keep a 3-month diary where 
they tracked which treatment was used each night. After this 
3-month period, patient and partner satisfaction were assessed 
using visual analog scales. At the end of the study, patients 
were asked whether they were sufficiently satisfied with MAS 
to continue with it as a short-term treatment alternative and/or 
purchase it at a similar cost to CPAP.

MAs Protocol
Patients were fitted with a titratable MAS (Klearway).17 To 

ensure safety and adherence, the transition between CPAP to 
MAS was gradual, and patients were asked to start using MAS 
together with CPAP. Patients were instructed to advance the 
MAS 0.5 mm per week. Patients were then advised to stop using 
the CPAP for 1 or 2 nights to evaluate the efficacy of the MAS 
once a month. CPAP pressure was not adjusted during treat-
ment, since after titration patients would use only one treatment 
at a time. Patients were evaluated by the dentist once a month, 
and further titration was recommended based on the patient’s 
subjective evaluation. Once patients felt that the MAS had ei-
ther successfully reduced the snoring and sleepiness or if the 
maximum mandibular advancement had been achieved, patients 
underwent PSG with the MAS and also repeated the ESS and 
SAQLI questionnaires. Treatment success was defined as AHI ≤ 
10; suboptimal treatment if 20 ≤ AHI > 10; or treatment failure if 
AHI > 20 or ESS > 9 or ESS > 4 CPAP value. Treatment efficacy 
was also described as a decrease in the AHI greater than 50%, a 
decrease of less than 50%, or increase of the AHI compared to 
the baseline AHI. The clinical trial was registered as ClinicalTri-
als.gov registration number NCT00358605.

study design
The study design included the patient’s diagnostic PSG and 

the assurance that patients were adherent to CPAP for a mini-
mum of a 3-month period. Once patients were included in the 
study, they answered the ESS and SAQLI while on CPAP. All 
patients received a custom-made adjustable MAS. After the ad-
justment period, all patients underwent a repeat PSG, ESS, and 
SAQLI while on MAS treatment alone. After MAS outcomes 
disclosure, patients were followed for 3 months with a treatment 
use diary where they could use CPAP or MAS at their will. A 
schematic flow chart of the study design is shown in Figure 1.

statistical Analysis
Statistical analyses were performed using SPSS version 15.0 

(SPSS Inc., Chicago, Illinois, USA). Descriptive data were pre-
sented by percentage, mean, and standard deviation. Compari-
sons between baseline and follow-up for AHI, ESS, SAQLI, 
and treatment usage were analyzed using paired Student t-tests, 
and Pearson correlation tests were applied to determine the cor-
relation between MAS AHI and days per month of MAS usage. 
A p value of 0.5 was considered statistically significant.

ResULts

Participants
Nineteen of 22 patients recruited for the study completed 

the trial. One patient could not tolerate the MAS due to exces-
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sive salivation, and 2 patients were unable to attend the fol-
low-up PSG. Seven women and 12 men completed the clinical 
trial with a mean age of 53.8 (± 12.1) years and a mean body 
mass index (BMI) of 28.1 (± 4.8) kg/m2. CPAP adherence was 
5.8 (± 0.8) h per night prior to the study. Baseline demographic 
data is provided in Table 1.

Polysomnography
Baseline AHI compared to AHI while on MAS treatment de-

creased significantly from 30.7 ± 23.1 to 13.2 ± 11.0 events/h 

(p < 0.01). Patient baseline and follow-up (MAS) AHI data are 
shown in Figure 2. The MAS successfully treated 47% of the 
patients, while 21% reached suboptimal results and 32% were 
considered treatment failures. Fourteen of 19 patients (74%) 
showed a reduction ≥ 50% in the AHI. Further changes in the 
AHI expressed as percentage are shown in Figure 3. In the 
evaluation of sleep quality, MAS treatment did not change sleep 
architecture (as percentages of sleep stage N1, N2, N3, or REM) 
and did not significantly improve the mean oxygen saturation.

In the 3-month follow-up period, MAS usage reflected treat-
ment efficacy, with a significant negative correlation between 
days per month of MAS use and MAS AHI (r = -0.45 p < 0.05; 
Figure 4). There were two exceptions, one patient in whom the 
MAS was highly effective but used it infrequently, and one patient 
used the MAS exclusively despite MAS treatment AHI > 20/h.

Questionnaires
While on CPAP treatment, patients reported a mean ESS of 

8.5 and a SAQLI score of 4.8. There was significant improve-

Baseline diagnostic PSG

CPAP treatment

CPAP adherence measured

22 patients were invited to the study

ESS, SAQLI

Titration of MAS used in conjunction with CPAP

Subjective improvement on MAS or maximum mandibular 
advancement

Follow-up PSG, ESS and SAQLI. Disclosure of results to 
patients

3 months at the discretion of patient to use CPAP or MAS

3 moths usage diary, satisfaction questionnaire

Minimum of 3 months

1 drop-off

2 lost follow-up

Figure 1—Schematic flow chart of the study design table 1—Demographic data for 19 sleep apnea patients 
who completed the study

Age 53.8 ± 12.1
Gender, % male 63%
BMI, kg/m2 28.1 ± 4.8
Baseline AHI 30.7 ± 23.1
ESS on CPAP 8.5 ± 4.3
SAQLI on CPAP 4.8 ± 0.7
CPAP Adherence (h/day) 5.8 ± 0.8

All values except gender are mean ± SD.
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Figure 2—Significant reduction of the apnea and hypopnea 
index when comparing no treatment to MAS treatment 
(p < 0.01)
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ment in ESS while on MAS compared to CPAP (5.5 ± 3.0 vs 
8.5 ± 4.3) and no difference in SAQLI while on MAS compared 
to CPAP (5.5 ± 0.9 vs 4.8 ± 0.7). There was no significant dif-
ference in reported side effects with MAS compared to CPAP, 
but MAS side effects (salivation and jaw discomfort) were more 
common in patients who were infrequent users of MAS. Six pa-
tients (31%) used MAS exclusively during the first month of fol-
low-up. There was no significant difference between treatment 
nights per month (16.1 ± 12.1 nights on CPAP and 15.0 ± 11.4 
nights on MAS). Sixteen patients (84%) reported wearing MAS 
while on vacation or traveling, and 11 (58%) reported using it 
at home. Sixteen patients completed a follow-up questionnaire. 
Patient preference between treatments did not show a statisti-
cal significant difference, as 56% of the patients preferred the 
MAS, 31% preferred CPAP, and 13% responded that they had 
no preference. In terms of patient perception of treatment effi-
cacy, 19% of the patients felt that the MAS was more effective 
than CPAP, 44% felt both treatments were equally effective, and 
37% felt that CPAP was more effective than MAS, which was 
not significantly different. When bed partners were asked about 

treatment preference, a significantly higher number of patients 
preferred MAS treatment (88%), while 6% preferred CPAP and 
6% showed no preference (Figure 5). At the end of the trial, 
85% of the patients reported using MAS, and 75% of them said 
they would purchase the MAS at a similar cost to the CPAP.

dIsCUssIoN

We have demonstrated that patients with OSA established 
on CPAP can use MAS as an alternative treatment. MAS was 
effective in reducing sleep disordered breathing in the majority 
of patients. With the exception of one patient, all subjects found 
MAS useful and have subsequently alternated between CPAP 
and MAS at home or used it solely for traveling. For patients 
adherent to CPAP treatment, this modality is well accepted and 

Data presented as percentage of patients. *CPAP and No preference significantly different than MAS preference, p < 0.05.

MAS CPAP No preference
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Figure 5—Subjective evaluation of treatment

increase
25% to 0

1 to 25% 26% to 50% 51% to 75% > 76%

10
9
8
7
6
5
4
3
2
1
0

Nu
m

be
r o

f P
at

ien
ts

Percentage of AHI Reduction

Figure 3—Distribution of the number of patients with their 
respective percentage of change in the AHI

0

5

10

15

20

25

30

35

0 10 20 30 40 50

MAS AHI

MA
S 

Us
e (

da
ys

/m
on

th
)

Figure 4—Significant correlation between AHI when 
wearing a MAS (MAS-AHI) and days per month of MAS 
usage (r = -0.454; p = 0.05)
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not inconvenient, although many patients may not use it while 
traveling. We have demonstrated that MAS is useful as an alter-
native therapy and patients will tend to use MAS while travel-
ing instead of avoiding treatment in these circumstances. This 
is the first study to use titratable MAS on patients compliant to 
CPAP that investigates the applicability of having an alternate 
treatment for traveling.

Treatment preference outcomes, with a higher percentage of 
patients preferring MAS over CPAP, were similar to previous 
studies,9,10 although this is the first report to evaluate and de-
scribe a significantly higher preference in favor of MAS by the 
bed partner. The opportunity for an easier treatment approach 
was well received by most patients and bed partners, and we 
further hypothesize that these patients will have a tendency to 
spend fewer days without the use of any treatment modality. 
The treatment approach to OSA should always be individual-
ized; a patient-tailored therapy requires patient involvement in 
planning and decision-making in their treatment. Patient life-
style, including consistent access to a reliable electrical source 
while asleep, should be evaluated; patients may be frustrated if 
their needs are not taken into account.18

For the evaluation of the treatment effects on sleepiness and 
quality of life, previous studies have shown that patients with 
OSA present with a significant impairment in daytime sleepi-
ness, quality of life, and neurocognitive function, which can be 
improved with CPAP and MAS therapy.6-9,19 Randomized control 
trials have shown no significant differences in subjective sleepi-
ness and quality of life when comparing CPAP to MAS.8,20,21 
Our study showed an interesting and important finding in terms 
of daytime sleepiness. When compared to sleepiness on CPAP, 
patients showed a significant decrease in their ESS score when 
using MAS. One could hypothesize that patients were less likely 
to occasionally drop treatment, and therefore the long-term ef-
fects on sleepiness were further consolidated.

The level of CPAP compliance effects on sleepiness has been 
widely studied. The assumption of good CPAP compliance use 
is commonly described as a 4 h per night on 70% of nights.22 
Antic and colleagues,23 though, identified a treatment dose ef-
fect for subjective sleepiness, where a greater percentage of pa-
tients achieved normal functioning with longer use of CPAP. 
Based on our results, we hypothesize that combination therapy 
may be similar to higher hours to CPAP use, and combination 
therapy might be superior to CPAP alone in terms of the subjec-
tive sleepiness outcomes.

Quality of life is often measured in comparative studies. 
Similar to the present trial, previous studies found similar effi-
cacy in MAS and CPAP when assessed by FOSQ, SF-36, anxi-
ety and depression scales, or Nothingham health profiles.8,9,20 
In contrast, there are two studies showing a greater impact of 
CPAP compared to MAS in quality of life.21,24 The appliance 
used in these studies was not titratable and thus likely did not 
achieve ideal mandibular protrusion with less efficacy than a ti-
tratable MAS. According to Lettieri and collaborators,25 adjust-
able devices are superior to single jaw position appliances and 
produce a greater reduction in the AHI, especially in moderate 
to severe OSA.

With regards to the type of MAS treatment, titratable MAS 
have higher efficacy rates,25 and a careful follow-up by the 
dentist is recommended by the American Academy of Sleep 

Medicine.26 We are aware of one previous study which addressed 
the feasibility of using MAS as an adjunct treatment in patients 
previously established on CPAP.12 The study used a non-adjust-
able MAS at 75% of mandibular advancement. Some patients 
had the appliance mailed to them, and there was minimal dental 
follow-up. The study measured CPAP and MAS efficacy with a 
portable monitor rather than detailed polysomnography. With-
out the refined adjustments and progressive titration of the MAS 
conducted by a dentist, of the 50 patients in that study who were 
fitted for MAS, only 9 were able to complete the study and 31 
patients withdrew due to side effects from the MAS. The authors 
speculate that “insecurities” related to withdrawal from CPAP 
therapy as well as the use of a relatively simple MAS may have 
been contributory factors to the low acceptance rate. The current 
study also reinforces that a specialized dentist in the field should 
be responsible for insertion of the device and follow-up of the 
patients and that gradual titration of the mandible is extremely 
important to improve MAS efficacy. Despite the use of titration, 
according to our study protocol, patients were not asked to fur-
ther adjust their appliances after the follow-up PSG. It is com-
mon in clinical practice to continue mandibular advancement 
if residual apneas are seen and further protrusion is possible. 
Therefore, an even higher success rate may have been achieved. 
Titration procedures are extremely important and are clearly re-
lated to MAS adherence and efficacy.27

The effect of treatment in the reduction of apneas is very 
important. Our study raises one issue in that some of our pa-
tients effectively treated with CPAP and provided with short-
term MAS treatment subsequently discontinued their CPAP 
treatment in favor of MAS. It is imperative that the patients are 
aware of the efficacy of MAS. In the present study we found a 
positive correlation between the reduction in the AHI and MAS 
usage, showing that the allowance for patients to utilize both 
therapies is safe. In this regard, a follow-up sleep assessment 
should always be considered as part of a treatment protocol and 
in every patient with OSA treated with MAS. Despite the pres-
ence of residual apneas and the inferior efficacy of MAS com-
pared to CPAP, it is interesting that some studies have shown that 
with a higher adherence to MAS, patients have similar health 
outcomes related to blood pressure8 and endothelial function.28 
In a recent study, Lam and collaborators29 evaluated a group 
of severe OSA patients with recent diagnosed hypertension or 
on hypertensive drugs and found that despite the partial reduc-
tion in the AHI (67 to 25/h), there was significant improvement 
in the systolic and diastolic blood pressure measurements after 
one year of treatment.

This study has some clear limitations. Patients recruited to 
the study were biased to those who were willing to try another 
therapy because of lifestyle issues. It is possible that these pa-
tients, despite good initial reported CPAP adherence, were not 
as compliant to treatment on the long-term. Objective MAS 
adherence could not be obtained, as there was no readily avail-
able MAS adherence monitor in the market at the time of this 
study. Subjective treatment adherence reporting generally over-
estimates actual objective treatment adherence. This is a short-
term study; the evaluation of usage of these treatments over a 
one-year period would have been ideal.

Despite the short-term evaluation, we believe this study re-
flects some patient behavior in daily life, such as changing treat-
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ment for relief of side effects or for convenience during travel. A 
different treatment option is likely useful when patients are ex-
periencing specific side effects or discomfort, which could be re-
lieved with the other form of therapy or while away from home.

The present study suggests that the mandibular advancement 
splint is a safe short-term alternative treatment approach for 
CPAP compliant patients. Since patient involvement in treat-
ment choices may increase adherence with treatment; patient 
involvement would tend to increase overall adherence in the 
long term and decrease subjective sleepiness. Patient-tailored 
treatment is synonymous with good medicine, and life-long 
therapies are dependent on the patient’s cooperation and adher-
ence. We believe that it is important to include patients in deci-
sions about their treatment and to offer more than one type of 
therapy for OSA patients who are potentially good candidates 
for MAS therapy.

CoNCLUsIoNs

A majority of patients with OSA already successfully treated 
with CPAP can effectively be treated with MAS as a short-term 
alternative treatment when travelling, when an electrical supply 
is not available, or on days that patients are not willing to use 
CPAP and tend to forgo treatment. A combination of therapies 
allows greater flexibility of treatment and opportunity for ongo-
ing adherence in circumstances where CPAP cannot be used.
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