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Abstract

Purpose The purpose of this study was to determine whether treatment outcomes vary according to the design of the
mandibular repositioning appliance (MRA). Two titratable MRA`s were compared. The designs differ in
advancement hardware and configuration of acrylic both in bulk and interocclusal contact.
Materials and Methods The primary treatment outcome was the Respiratory Disturbance Index (RDI). Other
outcomes that were compared included Sleep Apnea Quality of Life Index (SAQLI), Epworth Sleepiness Scale,
oxygen saturation and subjective feedback regarding experiences with the appliances. Twenty-four subjects were
recruited from consecutive referrals for MRA therapy following diagnosis of OSA by polysomnography. Subjects
were randomly assigned to a treatment arm of the crossover study. Each subject underwent an initial sleep study
with a type III home monitor to establish a baseline RDI. Subjects were then treated with one of the two MRAs
determined by random assignment. The MRA self-titration phase was monitored until a treatment position was
determined, and the home sleep study was repeated. After a two-week period without any OSA treatment, subjects
received the second MRA and the self-titration treatment protocol was repeated. At completion of treatment with
each appliance, subjects answered questionnaires and underwent a sleep study with the type III monitor. The
outcome data for each appliance were compared using analysis of variance.
Results Eighteen subjects completed the treatment protocol. There were no significant statistical differences in
treatment outcomes between the two appliances. There was a statistically significant (p≤0.05) preference for a MRA
design with minimal coverage of teeth and palate. The subjects’ appliance selection was consistent with a
corresponding reduction in SAQLI score for the selected appliance.
Conclusion Although no statistically significant difference was observed between the two appliances in the
outcomes measured; there was a trend toward greater improvement with the appliance with less acrylic resin bulk
and less interocclusal contact. MRA selection should favor titratable, unobtrusive designs with appropriate
construction to promote acceptance and adherence to MRA therapy.
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Introduction
Obstructive sleep apnea (OSA) results from repetitive collapse of the upper airway during sleep and is a disorder of
significant public health concern. Undiagnosed sleep disordered breathing is prevalent among middle-aged adults
with a wide range of severity [1].There are several negative physiologic consequences including oxygen
desaturation and arousal from sleep [2]. OSA is an important risk factor for cardiovascular and cerebrovascular
disease. OSA also contributes to excessive daytime sleepiness (EDS), impaired cognitive function, and reduced
quality of life[3, 4, 5, 6, 7].
The rationale of a MRA is to displace oropharyngeal tissues by repositioning the mandible which results in a
patent airway [8, 9, 10]. Mandibular position can be manipulated in two basic fashions: rotation and translation.
Rotation increases the vertical space between the maxilla and mandible. Translation positions the mandible
anteriorly (protrusion). The effect of both types of movement must be considered in the treatment of OSA.
Translation of the mandible will also position the soft tissues attached to the mandible anteriorly, thus
increasing the patency of the oronasopharynx. A protrusive mandibular repositioning appliance has been shown
radiographically to increase pharyngeal dimensions [11]. Mandibular protrusion has been repeatedly demonstrated
as a critical component of MRA therapy. Several investigators have investigated the ideal amount of protrusion [12,
13, 14]. These studies treated patients at either 50% or 75% of maximum mandibular protrusion. The primary
treatment outcome measured was Apnea-Hypopnea Index (AHI). Secondarily, they measured subjective evaluation
of treatment. They concluded with regard to both variables that there is no difference in the treatment outcome
between 50% and 75% mandibular protrusion. These studies did not reveal a minimum amount of mandibular
protrusion required for reduction of OSA.
The vertical component of mandibular positioning (rotation) has been evaluated using a similar appliance at
4mm and 14mm [15]. Both appliances produced identical mandibular protrusion. It was concluded that increased
occlusal vertical dimension (OVD) does significantly reduce AHI, but that the 4mm and 14mm appliances produce
the same treatment effects. Hans and coworkers compared the effects of increased OVD and protrusion separately
and in combination [16]. They concluded that increased OVD and protrusion in combination provided the greatest
treatment effect.
A MRA that covers all of the maxillary and mandibular teeth by its nature must increase the occlusal vertical
dimension at least a few millimeters. Therefore the degree of protrusion becomes the more important spatial
dimension to consider in the design of an MRA.
Several authors have recommended the MRA comparisons for the purpose of determining key features [17, 18,
19, 20]. The following features have been manipulated and studied: OVD, mandibular protrusion, titratability,
materials and appliance bulk [12, 13, 15, 16, 21, 22, 23, 24, 25].
There are many mandibular repositioning appliances on the market for treating OSA and very little literature to
guide clinicians in selection. To date, a limited number of clinical studies have compared oral appliances. A recent
cross-over study reported on initial and long term treatment efficacy and subjective evaluation of two widely used
oral appliances, the Klearway and Silencer [26, 27]. The research presented herein is the first cross-over design that
compares the Klearway and TAP 3 oral appliance, two commonly utilized MRAs which differ appreciably in
construction.
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Methods
Subjects
Twenty-four subjects were recruited from the Audie L. Murphy Veteran Affairs Hospital Dental Service in San
Antonio, Texas. All participants had previously been diagnosed with obstructive sleep apnea by polysomnography
and had rejected treatment with CPAP. Exclusion criteria included inadequate tooth support to retain a MRA,
severe cardiovascular, neurological, or respiratory disease, severe nasal obstruction, TMJ dysfunction, concurrent
OSA treatment, previous surgical treatment for OSA and previous MRA therapy.
The study was reviewed and approved by the University of Texas Health Science Center at San Antonio
Institutional Review Board (HSC20070681H). Subjects gave written and oral consent to participate.
A ppliances
The two titratable appliances selected were the Klearway and the TAP3. The Klearway (K) appliance allows 44
incremental mandibular protrusive adjustments of 0.25mm which allows for very fine adjustment to treatment needs
and patient comfort. The K appliance is made of thermoactive acrylic resin which is warmed in water prior to
insertion. Additional retention is obtained from Adam’s clasps placed on first or second molars. A screw
mechanism for advancing the mandible is positioned in the palatal vault. The upper member is connected to the
lower member using a tube and large diameter wire which allows lateral and vertical jaw movement.
The TAP3 (T) appliance is a titratable MRA made with thermoplastic acrylic that fits firmly over the maxillary
and mandibular teeth. The upper member and the lower member can be separated for insertion and removal. The T
appliance is also advanced 0.25mm per full turn using a removable Allen wrench. The mechanism for advancing
the mandible is a small metal hook and base assembly placed on the anterior maxillary and mandibular members of
the appliance. This connection also permits limited lateral movement.
Two commercial laboratories fabricated the appliances: the K group was made by Great Lakes Orthodontics
(Tonawanda, NY) and the T group was made by the same certified dental technician at The Prosthodontic Lab Inc.,
(San Antonio, Texas).
Protocol
At the initial appointment the subjects completed a Medical and Dental History, Epworth Sleepiness Scale (ESS)
[28], and Sleep Apnea Quality of Life Index (SAQLI) [29, 30, 31]. Subjects were randomized into one of two
treatment arms by selecting from a large envelope one small piece of folded paper from a collection of papers with
the same dimensions with an equal number of K’s and T’s printed on them. Group K was initially treated with
Appliance K, while Group T was initially treated with the Appliance T. Maxillary and mandibular alginate
impressions were made along with an interocclusal record made at two-thirds of maximum protrusion using a
George gauge [32]. Subjects were instructed on the use of the Remmers Sleep Recorder (RSR), a level III sleep
recorder [33, 34]. The RSR has been validated as an alternative to PSG in two large clinical studies [35,36]. Written
and verbal instructions included how to apply the probes and how to properly validate each signal using the visualanalogue scale on the front of the recorder. Subjects were instructed to use the RSR for one night of sleep and then
to return the RSR within 24 hours. The sleep data was then downloaded onto a dedicated computer where the data
was analyzed by the Remmers Insight Software using an algorithm to determine the respiratory disturbance index
(RDI) [37]. According to The American Academy of Sleep Medicine guidelines, the term RDI for a portable
monitor (PM) has been defined as the number of apneas + hypopneas/ total recording time rather than total sleep
time [38].
Three probes were used to acquire five signals. The pulse oximeter finger probe was used to acquire a signal
for oxygen saturation and heart rate. The tracheal transducer was placed on the skin above the sternal notch to
record snoring sounds and sleep position. The nasal cannula was used to measure respiratory airflow. All

5

recordings were assessed by the Primary Investigator to assure complete signal reception on all channels and the
resulting data was reviewed by a Diplomate of the American Board of Sleep Medicine.
The appliances were inserted two to three weeks after the initial appointment. The appliance was initially fitted
at the protrusive position correlating with the interocclusal record. The subject was instructed to begin advancing
the appliance by turning the screw one turn per night until snoring ceases, the subject experiences optimal reduction
in sleepiness (as determined by the subject) or cannot advance the mandible further. The subject used these
parameters to determine the end point of treatment.
Three to four weeks after beginning titration the subject was again evaluated. If the subject had experienced
adequate reduction in snoring, optimal reduction in sleepiness or could not advance the mandible further he or she
completed ESS and SAQLI and Follow-up Questionnaires. If the appliance was not adequately titrated the subject
was appointed for an additional evaluation two to four weeks later. Repeated evaluations continued until a
satisfactory endpoint was achieved. At that time the subject underwent an additional ambulatory sleep study. When
the subject returned the RSR within 24 hours of completing the sleep-study they surrendered their first treatment
appliance. Subjects were reminded that they must not participate in any other treatment of OSA and that they
would receive the second MRA at the beginning of the second phase of the study in two weeks.
Treatment Phase Two followed the same protocol as treatment phase one except that Group K was treated with
Appliance T and Group T was treated with the Appliance K. At the completion of Treatment Phase two (i.e. the end
of the patient’s research participation) the subject was instructed to select either the Appliance K or Appliance T for
ongoing OSA therapy – their choice was recorded. Subjective feedback on the MRAs was recorded throughout all
appointments. These experiences included symptoms, side effects and recommendations for a better appliance.

Statistics
Objective physiologic data and subjective questionnaire data were analyzed to determine if appliance design
affects appliance efficacy and patient preference. The sample size of 18 was determined for the primary treatment
outcome, RDI, based on values from literature [21] using the nQuery 6.0 software. When n= 18, a paired t-test with
a 0.025 one-sided significance level (0.05 two-sided significance level) had 80% power to detect clinically relevant
difference between the two appliances, assuming the SD of difference =7.0. The SD was calculated assuming a
correlation of 0.6 for observations on the same patient and a SD of 7.8 for a single set of observations [21]. A 10%
dropout rate was assumed. This analysis indicated a sample size of 20 would permit demonstration of equivalence
or non-equivalence between appliances. Contrary to initial expectations for a 10% dropout it was necessary to
recruit twenty-four subjects to obtain complete results from eighteen.
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Results
Of the twenty-four subjects recruited to participate six did not complete the protocol leaving eighteen subjects. This
satisfied the power analysis completed prior to beginning the study. There was no significant difference (p≤0.05) in
outcome variable between those who did and did not complete the study protocol.
Subjects in arms K and T were compared with respect to the variables measured at baseline. The subjects in
arm T had a significantly greater weight, BMI and neck circumference. No other differences were significant
between the baseline measurements of arm K and arm T. Thus, the distributions of variables in the two arms were
similar as expected because of random assignment.
OSA is classified as mild (AHI 5-14.9), moderate (AHI 15-29.9) or severe (AHI≥30). To examine the effects of
treatment for patients of differing severity, we grouped the patients according to this classification. The patients
were distributed as follows: five mild, six moderate and two severe. The results of the analyses indicated that there
was no significant statistical difference in any of the response variables between the two appliances (Table 1). We
note that even though the individual differences were not statistically significant, for all five variables, the means for
Appliance T were lower than the means for Appliance K. This suggested that overall there might be a difference in
the two appliances that was not detectable using any single variable alone. When these five variables were analyzed
using multivariate analysis, the two appliances were still not significantly different (P=0.3316).
Although there was no difference in the two appliances, it was also necessary to determine whether the
treatment of the patients with these appliances was effective. In order to determine this, the baseline measurements
were compared to the measurements at the end of treatment. For both appliances the ESS and SAQLI were
significantly (p≤0.05) lower than the baseline, but the RDI and percentage of time that SaO2<90% were not (Table
2).
We also analyzed the data to determine if either appliance had a different effect within the AHI classifications
(Table 3). Neither appliance proved to be more effective than the other in any AHI classification for any variable
recorded. There was no observed significant interaction of AHI and other treatment outcome measures. This
finding supports using the difference in treatment group means, in association with AHI, as the preferred indicators
of treatment effect.
One of the goals of this study was to consider subjective perception of the appliances. At the end of the
treatment protocol we asked the subjects which appliance they preferred for ongoing therapy. Table 4 displays the
selection made for the definitive appliance. Thirteen of 18 subjects completing the study selected Appliance T as
their preferred appliance (13/18=72.2%) while 5 of 18 subjects (5/18=27.8%) selected Appliance K as their
preferred appliance (P=0.0963 for testing a null hypothesis that one-half of the subjects would choose each
appliance). Based on the number selecting appliance T, it would seem that there is a preference for appliance T.
However it is also critical to consider the subject’s affinity to the first appliance they used. There was no significant
association (P=1.000, Fisher’s Exact Test) of preferred choice with the order that an appliance was tested (Table 4).
Seven of the 13 subjects that selected appliance T received that MRA first (7/13=53.9%) and 3 of the 5 subjects that
selected appliance K received it first (3/5=60.0%).
Subjects were asked why they made their selection. All subjects who selected Appliance T referred to the
minimal bulk as a determinant in their decision. The second most common reason for selecting Appliance T related
to the lack of hardware against the palate. There was no consensus for choosing Appliance K. The subjects’
appliance selection was associated with the SAQLI score with the appliance selected. Those who selected appliance
T had a significantly lower SAQLI score (p≤0.05) for Appliance T than these subjects had for Appliance K.
Likewise, those who selected Appliance K had a significantly lower SAQLI score (p≤0.05) for Appliance K than for
the subjects who preferred Appliance T had with Appliance K. Additionally those who selected Appliance K had a
significantly lower ESS score (p≤0.05) with Appliance K than the subjects who preferred with Appliance T had with
Appliance K.
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Discussion
Previous research delineated the importance of several characteristics of MRAs – titratable protrusion and increased
vertical dimension. This study compares two commonly used MRAs that include these characteristics. The results
describe both quantitative and qualitative outcomes of MRA therapy. This direct comparison provides direction in
both appliance design and appliance selection.
The objective of the study was to determine if two different appliance designs result in different treatment
outcomes. The crossover design allowed both appliances to be tested with a closely monitored clinical treatment
protocol and effectively compared using a relatively small number of subjects. The crossover design permitted the
evaluation of twice as many appliances while removing the inter-patient variability – all comparisons were made
relative to the within-subject variation (intra-patient variation).
The study protocol used the subject’s and clinician’s best judgment with respect to improvement of symptoms
to determine the protrusive endpoint with oral appliance therapy. It was at this position that the final sleep study
was performed with each appliance. Two subjective measures (SAQLI and ESS) and two objective measures (RDI
and SaO2) were measured. Both subjective measures had statistically significant improvement (p≤0.05) after
treatment with both appliances. Both objective measures did not have statistically significant improvement
(p≤0.05). However, the improvement in RDI achieved by appliance T is very near the level of statistical
significance and may be clinically significant as indicated by the subjective measures. A larger sample size may
have demonstrated a statistically significant difference in the change in RDI. The inconsistency between subjective
and objective measures also highlights the importance of using objective measures for determining the treatment
endpoint. The protocol used herein to determine endpoint, although flawed, simulates typical clinical conditions.
Clinicians should use subjective data to determine when to acquire objective measurements that can then be used to
identify an appropriate therapeutic endpoint [39].
This research protocol was conducted in a VA facility, which provided ready access and recruitment of subjects.
Most patients in the VA system are male so this patient source provided only one female for the study. Additionally
many VA patients suffer from multiple ailments that complicated availability and ability to participate. The male to
female ratio was much greater than the usual population referred for MRA therapy. The effect of this is unknown,
but it is an important consideration for the application of the results.
The subject dropout rate was higher than anticipated. The dropouts were not related to one appliance or the
other. They were however related to age, the dropout patients having an average age of 59.4 and the completing
subjects having an average age of 47.4 years. This data indicate that age negatively influences a patient’s ability or
willingness to adapt to an intraoral appliance. The number of dropouts was too small to determine the effects, if
any, of appliance construction on the dropout rate.
Although there was a significant difference for weight, BMI and neck circumference between treatment arms,
these differences had no influence on our estimates of treatment differences. Because each subject in the study
received both appliances, the comparisons of appliances are within subject. The body weight, BMI, and neck
circumference were measured once and thus the same values of these "covariates" would be used to adjust the
responses to each of the two appliances. The adjustment due to the covariates would affect only between-subjects
comparisons - the within-subject comparison will all have adjustments that are numerically equal to zero [40].
The relationship between SAQLI score and appliance selection is important because it indicated that subjects
preferred the appliance associated with a greater improvement in quality of life. It also may indicate that both
appliances affect a different improvement in quality of life and that it is appropriate to select a different appliance
for certain patients. It is important to determine the patient variables that might dictate selection of a treatment
appliance.
Several variables were evaluated to determine success with the appliances. None of the variables showed any
difference in treatment success between the two appliances. Both appliances induced mandibular protrusion,
increased vertical dimension and were titratable. Despite differences in construction and materials, no significant
differences were observed in measured objective treatment outcomes.
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Difference in final protrusive position was evaluated and compared between the two appliances. We were able
to do this because the first and second appliance for each patient was fabricated using the same interocclusal record.
The data in Table 1 suggest that patients choose a less protrusive position, but the difference was not statistically
significant (p≤0.05) between the two appliances.
In summary, no statistically significant difference was found between the two appliances of different design and
construction based on ESS, SAQLI, RDI and SaO2. Despite similar physiologic improvements the clear majority of
subjects preferred an appliance that is less bulky and covers fewer surfaces of the mouth. Subjective measures
approximate endpoint, but objective measures should determine therapeutic endpoint when possible. When
selecting or designing an appliance bulk should be minimized, particularly adjacent to the palate and tongue. The
appliance should allow titratable protrusion and should provide some increase in the vertical space between the
maxillary and mandibular teeth.
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Table 1. Treatment group means.
Appliance K
Variables

Baseline

Appliance T

Mean ± SE

Significance

Mean ± SE

Significance

K vs. T

RDI

16.5 ± 3.2

10.3 ± 3.2

P=0.1640

7.7 ± 3.3

P=0.0559

P=0.1359

ESS

12.2 ± 1.1

7.8 ± 1.1

P=0.0017

7.6 ± 1.1

P=0.0012

P=0.9089

SAQLI

60.6 ± 4.7

46.0 ± 4.5

P=0.0091

39.7 ± 4.7

P=0.0004

P=0.3379

7.7 ± 3.1

6.8 ± 3.1

P=0.7224

3.7 ± 3.2

P=0.1156

P=0.1423

SAO2<90%
Δ Protrusion (mm)
(Final-Initial)

3.3 ± 0.4

2.6 ± 0.5

12

P=0.1612

Table 2. Comparison of baseline variables between per protocol subjects and dropouts.
Variable
Age (years)
Weight (kg)
Height (cm)
BMI (kg/m)
Neck Circumference (cm)
AHI
Systolic BP (mmHg)
Diastolic BP (mmHg)
Max Protrusion (mm)
ESS
SAQLI
RDI
SaO2 below 90%

n
18
18
18
18
18
18
18
18
18
18
18
18
18

Per protocol
Mean
SE
47.4
2.6
100.2
3.7
178.5
1.6
31.4
1.0
43.5
0.9
19.3
4.6
129.3
3.0
77.9
2.3
11.7
0.5
12.2
1.2
60.6
4.9
16.5
5.1
7.7
3.4

Dropout
n
Mean
SE
6
59.5
3.4
6
99.8
6.6
6 176.3
2.2
6
32.1
2.1
6
45.6
1.2
6
28.5
10.0
6 132.3
7.1
6
74.3
4.5
6
9.8
0.6
6
11.3
2.6
6
67.7
5.7
5
15.8
5.0
4
2.5
1.8
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Significance
P=0.0218
P=0.9508
P=0.4874
P=0.7278
P=0.2852
P=0.3547
P=0.6550
P=0.4665
P=0.0858
P=0.7427
P=0.4490
P=0.9451
P=0.1891

Table 3. Treatment group means by AHI classification.
Variables

RDI

ESS

SAQLI

SAO2<90%

Δ
Protrusion
(mm)
(FinalInitial)

AHI
classification

Treatment Appliance
Appliance K
Appliance T
Mean ± SE

Mean ± SE

Mild

9.5 ± 1.5

5.8 ± 1.5

Moderate

8.7 ± 2.0

10.9 ± 2.7

Severe

18.6 ± 3.2

11.0 ± 3.2

Mild

6.8 ± 1.2

6.7 ± 1.2

Moderate

9.0 ± 1.6

5.6 ± 1.6

Severe

9.5 ± 2.7

17.5 ± 2.7

Mild

48.5 ± 5.8

36.7 ± 5.8

Moderate

42.7 ± 7.6

33.7 ± 7.6

Severe

43.5 ± 12.7

72.5 ± 12.7

Mild

4.5 ± 1.5

0.9 ± 1.5

Moderate

12.5 ± 2.0

13.1± 2.7

Severe

1.3 ± 3.2

0.5 ± 3.2

Mild

2.9 ± 0.4

2.3 ± 0.5

Moderate

3.6 ± 0.6

3.5 ± 0.6

Severe

3.4 ± 0.9

2.1 ± 0.9

Significance of
interaction*
P=0.2489

P=0.0779

P=0.1558

P=0.5736

P=0.6462

* The interaction of AHI classification and treatment is a test of difference between K and T by AHI classification.
A non-significant test indicates these differences are similar in all AHI classifications.
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Table 4. Subjects' preferred appliance.
First treatment arm

Selected appliance

Total

T

Appliance
T
7

Appliance
K
2

9

K

6

3

9

Total

13

5

18
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