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Prospective evaluation of an oral appliance
in the treatment of obstructive sleep apnea
syndrome

Abstract The purpose of this study
was to investigate the effects of an
oral appliance (OA), with and without
mandible advance, in the treatment of
obstructive sleep apnea syndrome
(OSA). Twenty-four patients diag-
nosed with OSA agreed to participate
in this study. The patients were treated
for 3 months (with a removable soft
elastic silicone positioner customized
with thermoplastic silicone and with a
5-mm opening). Patients were se-
lected, using a randomized design, to
receive an OA model either with (12
patients) or without advance (12 pa-
tients). Before treatment, a snoring
questionnaire, the Medical Outcomes
Study 36-Item Short-Form Health
Survey (SF-36), the Functional Out-
comes of Sleep Questionnaire
(FOSQ), the Epworth Sleepiness
Scale (ESS), and polysomnography
were completed. Fifteen subjects
completed the protocol (13 men, two
women). With respect to basal values,
the mandible-advanced OA group

presented a decrease in the mean
apnea–hypopnea index (AHI) (33.8±
4.7 versus 9.6±2.1; p<0.01), number
of arousals per hour (33.8±13.9
versus 16.0±1.5; p<0.05), ESS score
(14.7±5.1 versus 5.1±1.9; p<0.05),
snoring score (15.4±1.9 versus 10.1±
3.2; p<0.05), and total FOSQ score
(78.1±22.6 versus 99.3±14.4;
p<0.05). After treatment, the non-
advanced group presented a decrease
in the mean AHI (24.0±12.2 versus.
11.7±7.9; p<0.05). However, no sig-
nificant differences were found in the
number of arousals per hour, ESS
score, snoring, and total FOSQ score
in the non-advanced group. Neither
study group showed significant dif-
ference in mean SF36 scores. Oral
appliances, especially those that ad-
vance the mandible, offer an effective
treatment for OSA.
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Introduction

Obstructive sleep apnea syndrome (OSA) is a common dis-
order affecting approximately 2% of middle-aged women,
4% of middle-aged men [1], and 6% of people between the
ages of 50 and 70 [2]. This disorder is characterized by
recurrent cessation of airflow caused by total or partial col-
lapse of the upper airway [3]. The gold standard for treatment
of OSA is continuous positive airway pressure (CPAP), but
problems of noncompliance exist mainly among younger
and less-severely affected patients [4, 5]. Oral appliances

(OA) have emerged as an increasingly popular alternative,
and the use of these appliances is gaining attention and
acceptance [6–10]. The majority of OSA patients have
symptoms related to poor-quality sleep, such as excessive
daytime sleepiness and tiredness, lack of concentration,
memory impairment, and deterioration in quality of life [11,
12]. Several studies analyzing the health-related quality of
life (HRQoL) of patients with OSA syndrome have focused
on the effect of CPAP treatment [13–17]; however, few
studies have centered on the effect of OA treatment [18, 19].
Therefore, we conducted a clinical effectiveness study for the
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purpose of determining the impact of OA therapy (with and
without mandible advance) on the HRQoL of patients with
OSA in our community.

Patients and methods

Study population

Twenty-four patients (20 men, four women) diagnosed with
OSA were asked to participate. Suspicion of OSA was due
to daytime sleepiness, loud snoring, nocturnal choking and
awakenings, cease-breathing events, or all four of these,
as reported by the patient or bedmate. Inclusion criteria
were the presence of at least two OSA symptoms and an
apnea–hypopnea index (AHI) ≥10/h, as determined by
polysomnography. Exclusion criteria were over 75 years
of age, body mass index (BMI) >40 kg/m2, inadequate den-
tal anchoring structures (too few teeth) for the OA, tem-
poromandibular joint dysfunction (pain during mandibular
advancement or limitation of mouth opening), high-risk
professions, or cardiovascular, neurological, or psychiatric
disorders. Excluded patients were provided alternative
therapy.

Patients were selected, using a randomized design, to
receive either an advanced mandible model OA (advanced
group: 12 patients) or a nonadvanced mandible model OA
(nonadvanced group: 12 patients). After undergoing the
first tests, three patients preferred CPAP and one decided
to join a weight-loss program. Thus, 20 patients (17 men,
three women) agreed to continue in this study. The Review
Board on Human Studies at Orense approved the protocol,
and each patient gave informed consent.

Appliance design

A soft elastic silicone positioner for opening and advancing
the mandible was used (Fig. 1). This bimaxilar appliance
joins in a position, which is preset through the construction
bite, the maxillary and the jaw. The appliance is fitted with
superior and inferior tooth prints as well as openings at the
front to facilitate oral breathing. For the manufacture and
placement of the appliance, alginate impressions were taken
of both dental arches, and amold was taken usingwax of the
maximum intercuspation of the maxillary and mandibular
teeth and of the construction bite where the appliance was to
be placed. The wax mold of the construction bite was made
with a variant of the George Gauge System. The alginate
dental impressions were poured in plaster and attached to a
semiadjustable articulator according to the construction
bite. Dental models were waxed, silicone was applied and
polished, and sheen was given. Two models of oral ap-
pliances with 5 mm were applied, one model with advance
and one without. The advanced model included an advance
equal to 75% of the maximum forced advance. After

placing the appliance, tests were carried out to assure that it
was not excessively bothersome. In case of rubbing in the
mouth or on the tongue, the appliance was trimmed and
polished. In patients experiencing nausea, the posterior and
superior zone of the appliance was adapted.

Sleep study

Sleep study was carried out in the sleep laboratory and
included two-channel electroencephalogram (C3-A2,C4-A1),
electrooculogram, submental electromyograms, air flow (three-
port thermistor), electrocardiogram, and measurement of
chest wall movement. The polysomnographic register was
analyzed in periods of 30 s and during phases I, II, III, IV,
and REM, according to the system of Rechtschaffen and
Kales [20]. Apnea was defined as the absence of airflow for
more than 10 s and hypopnea as the reduction of respiratory
flow for at least 10 s accompanied by a 4% or more de-
crease in the saturation of hemoglobin and/or an arousal. The
average of AHI was calculated in hourly samples of sleep.
AHI results were distinguished between supine and lateral
AHI. An arousal was defined according to the American
Sleep Disorders Association [21]. The arousal index was the
average number of arousals per hour of sleep. SaO2 record-
ing was done with a Criticare 504 oximeter with a finger
probe and sampled at a frequency of 0.2 Hz (one sample
every 5 s). The percentage of time spent with SaO2 below
90 (CT90) was also calculated.

Outcome measurements

Before treatment, subjects were applied a complete case his-
tory and a general sleep questionnaire. The questions dealing
with snoring were answered by the bedmate on a five-point
scale [22], and the followings questions were used: “Does

Fig. 1 View of the oral appliance. A soft elastic silicone positioner
fitted with superior and inferior teeth prints as well as openings at
the front to facilitate oral breathing.
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your husband/wife snore loudly”? “Does your husband/wife
snore in all positions”? “How often were you kept awake by
snoring”? “How often were you forced to sleep in another
room”?Each questionwas scored 0 (never snores) to 5 (always
snores).

Subjective sleepiness was evaluated by means of the
Epworth sleepiness scale (ESS) at baseline and repeated
after CPAP treatment using the cross-culturally valid Span-
ish version [23]. This scale consists of eight questions
regarding the tendency to fall asleep in situations of differ-
ent stimulation. Each question is scored 0 to 3: the total
score can vary from 0 (no sleepiness) to 24 (extremely
sleepy) with 10 being the upper limit of normal.

Perceived health status and quality of life were evaluated
through a generic questionnaire—Medical Outcome Sur-
vey Short Form 36 (SF-36) [24]—as well as with an OSA
questionnaire more closely adapted for OSA, the Functional
Outcomes of Sleep Questionnaire (FOSQ) [25]. Scores of
the eight SF-36 subscales range from 0 (minimum well-
being) to 100 (maximum well-being). The SF-36 addresses
the following eight domains: physical functioning, role
physical, role emotional, social functioning, mental health,
vitality, bodily pain, and general health perception. FOSQ
contains 30 items divided into five scales: activity level,
vigilance, intimacy and sexual relationships, general pro-
ductivity, and social outcome. Scale scores were added to
compute a global score ranging from 0 (maximal dysfunc-
tion) to 120.

Treatment outcome was classified into the following
categories: Complete response was defined as a resolution
of symptoms together with reduction in AHI to a level
below 5/h, and partial response was defined as more than
50% reduction in AHI with AHI remaining above 5/h.
Treatment failure was defined as ongoing clinical symp-
toms and/or less than 50% reduction in AHI. Compliance
was assessed from the information provided by the patients
and their partners. Sufficient compliance was assumed
when subjects gave assurance that the device had been worn
every night for at least 6 h throughout the study period. If a
patient could not tolerate the appliance or failed to use it for
at least three successive weeks, a lack of compliance was
assumed and the subject was excluded from the study.

Study design

Treatment was tested by randomly placing either an ad-
vanced or nonadvanced mandible model OA in patients for
3 months. A gradual adjustment by the patient was recom-
mended during the first 2 weeks, and thereafter, the appli-
ance was worn every night (a little before going to bed for
better adaptation). After 1month of use, compliance and side
effects were evaluated. If the patient informed mobility in
the appliance, dental pain, or pain in the mastication mus-
cles, a new clinical visit was advised. Regardless of findings
or snoring, another polysomnography, a complete range of

questionnaires, and recording of any side effects were per-
formed 3 months after placement.

Statistical methods

Continuous variableswere expressed as themean ± standard
deviation unless otherwise indicated. The t test, two tailed,
for paired samples was applied to test differences pre- and
posttreatment; non-normally-distributed variables were com-
pared using Wilcoxon rank sum test. Next, we compared the
change in total FOSQ scores and in SF-36 dimension be-
tween pretreatment and posttreatment for the two groups. In
order to identify changes that were clinically significant—
rather than only statistically significant—effect sizes were
calculated in each variable by dividing the mean change in a
variable by the standard deviation of the variable at baseline
[26]. As an indicator of the magnitude of therapeutic benefit,
we used the Cohen indicators [27]: 0.20 means small, 0.50
moderate, and 0.80 or higher large. The chi-square test was
used to compare categorical and ordinal data. Statistical sig-
nificance was accepted at p<0.05.

Results

Study population

Of the 20 patients receiving an OA, five withdrew from the
study within the first month due to side effects. In the ad-
vanced group, one patient withdrew because of nausea and
two because of appliance displacement. In the nonadvanced
group, one withdrew because of nausea and one because of
appliance displacement. Consequently, complete evaluation
was performed in 15 patients (13 men, two women), eight
with the advanced model and seven with the nonadvanced
model. Patient characteristics at baseline did not differ be-
tween advanced and nonadvanced groups. The mean age
was 55.6±11.8 years in the advanced group versus 53.0±12.7
years in the nonadvanced group. The mean BMI was 27.9±
4.3 versus 28.4±4.2 kg/m2. The five patients (four men, one
woman) who withdrew from the study presented no signif-
icant difference in baseline values compared to the 15 patients
who completed the study. Themean agewas 54.6± 6.3 years in
the group that withdrew versus 53.5±13.5 years the complet-
ing group. BMI was 26.8±2.8 versus 28.3±5.3 kg/m2. Body
weight presented no change during the study (86.3±2.3 kg at
baseline versus 86.2±2.4 kg at follow-up).

Polysomnographic outcomes are summarized in Table 1.
The mean AHI after treatment decreased significantly in
both groups. It was only in the advanced group that we
found significant changes in AHI in the supine position.
After treatment, the advanced group also presented a sig-
nificant decrease in the number of arousals per hour.
However, no statistically significant differences were found
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in the percentages of sleep efficiency, sleep stages, or CT90
in either group.

The snoring scale improved in the advanced group (15.4±
1.9 versus 10.1±3.2; p<0.05) after treatment. No significant
differences were found in the nonadvanced group (14.4±3.0
versus 14.6±1.7). The ESS improved in the advanced group
(14.7±5.1 versus 5.1±1.9; p<0.05) after treatment. No sig-
nificant differences were found in the nonadvanced group
(16.3±2.5 versus 13.6±6.7). The FOSQ and SF36 parame-
ters at baseline and posttreatment in each group with and
without advance are summarized in Table 2. Total FOSQ
score showed significant improvement in the advanced
group with a large effect size (0.90). However, no signifi-
cant differences with respect to basal values were found in
the non-advanced group. At 3 months, neither study group
showed significant difference in mean SF36 dimensions or
in the effect sizes.

After treatment with OA, 15 patients (100%) presented
partial or complete response. OAwas effective in completely
controlling OSA symptoms in six patients (40%). In the ad-
vancedgroup, four patients (57%) achieved complete response
and three 43%) achieved partial response. In the nonadvanced
group, two patients (25%) achieved complete response and six
75%) achieved partial response. No treatment failure occurred
in either group. Compliance was 7.7±0.5 in the advanced

group versus 6.5±1.4 h in the nonadvanced group. Of patients
completing treatment, two in the advanced group presented
excessive salivation without serious consequences.

Discussion

The results of our study demonstrate that symptoms and
measured breathing disturbances in OSA patients were alle-
viated by oral appliance treatment (both with and without
mandible advance). Although both appliances significantly
reduceAHI, the group treatedwith theOAwhich advances the
mandible presented a greater reduction, and more than half
of the patients in this group achieved complete control of
OSA symptoms as well as significant improvement in spe-
cific quality of life scores. The reduction in AHI observed in
our study has also been reported in other studies[10, 28–32].
It is interesting to note that patients in the advanced group
presented a decrease in the number of apneas in the supine
position, suggesting that the device could be particularly
effective in cases of position-dependent OSA [33].Moreover,
only this group presented a significant improvement in the
snoring scale.

Some authors have reported better values for sleep archi-
tecture or for the arousal indexwith oral appliance treatment,

Table 1 Polysomnographic vari-
ables: a comparison of both study
groups at baseline and
posttreatment

Pretreat Before treatment, Post-
treat after 3 months of treat-
ment, AH apnea hypopnea
index, CT90 percentage of time
spent with SaO2 below of 90,
NREM nonrapid eye movement
sleep, REM rapid eye movement
sleep

Advanced group (n=8) Nonadvanced group (n=7)

Pretreat Posttreat p values Pretreat Posttreat p values

AHI (h) 33.8 (14.7) 9.6 (12.1) <0.01 24.0 (12.2) 11.7 (7.9) 0.05
Lateral AHI 10.2 (14.1) 7.0 (14.6) N.S. 12.6 (24.4) 13.4 (21.4) N.S.
Supine AHI 69.4 (24.4) 19.8 (26.7) <0.01 23.6 (17.1) 33.9 (22.1) N.S.
CT90 10.8 (14.7) 8.4 (12.1) N.S. 8.5 (6.4) 7.7 (6.1) N.S.
Sleep efficiency (%) 65.8 (15.2) 71.3 (12.0) N.S. 63.6 (14.5) 56.7 (9.8) N.S.
REM sleep (%) 16.8 (4.3) 15.5 (5.9) N.S 10.7 (1.9) 10.1 (5.6) N.S.
NREM sleep (%) 84.2 (5.9) 83.2 (4.3) N.S. 89.2 (1.9) 88.4 (6.7) N.S.
Arousal index (h) 33.8 (13.9) 16.0 (11.5) <0.05 27.0 (15.4) 34.4 (23.8) N.S.

Table 2 Quality-of-life questionnaire results: a comparison of both study groups at baseline and posttreatment.

Advanced group (n=8) Nonadvanced group (n=7)

Pretreat Posttreat p values Effect size Pretreat Posttreat p values Effect size

FOSQ (total score) 78.1 (22.6) 99.3 (14.4) <0.05 0.90 83.7 (20.8) 82.3 (13.9) NS 0.02
SF-36 dimension
Physical functioning 70.7 (16.4) 74.1 (18.4) NS 0.20 71.5 (20.7) 78.8 (19.1) NS 0.30
Role physical 83.4 (30.2) 87.5 (30.6) NS 0.13 81.2 (34.7) 87.5 (35.6) NS 0.18
Role emotional 81.0 (37.7) 77.7 (46.6) NS 0.09 80.0 (29.9) 87.5 (12.5) NS 0.25
Social functioning 78.3 (13.6) 78.2 (12.4) NS 0.00 81.3 (18.8) 79.4 (26.9) NS 0.10
Mental health 60.1 (19.3) 59.4 (19.2) NS 0.00 52.0 (15.7) 56.0 (18.0) NS 0.25
Energy/vitality 49.3 (18.8) 50.7 (8.4) NS 0.00 55.2 (12.2) 56.2 (19.2) NS 0.08
Bodily pain 70.3 (38.7) 67.0 (21.3) NS 0.08 65.3 (37.4) 65.5 (19.2) NS 0.00
General health perception 60.7 (22.0) 61.0 (20.7) NS 0.00 57.4 (6.8) 58.4 (10.5) NS 0.14

Pretreat Before treatment, Posttreat after 3 most of treatment, FOSQ Functional Outcomes of Sleep Questionnaire, SF-36Medical Outcome
Survey Short Form 36
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suggesting a significant decrease in sleep fragmentation [28,
32, 34]. The advanced group in our study presented a
decrease in the arousal index after treatment (though normal
ranges are not attained), but no changes were found in sleep
architecture. Furthermore, only this group presented a sig-
nificant improvement in the Epworth somnolence scale after
treatment, which may be associated to the decrease in the
arousal index mentioned above.

Themajority of our patients derived a significant subjective
benefit from theOA.Complete responsewas observed in 40%
of patients, which is within the range observed by other au-
thors. Mehta et al. [35] reported complete response in 37.5%
of patients. Also, Pitsis et al. [36] reported complete response
ranging from 52% to 57% of patients. As reported in other
studies [37], the most common side effects in our study from
using an OAwere nausea and device displacement. Although
excessive salivation was reported by some patients (especially
in the advanced group), this was not cause for abandonment
[38]. The compliance rate was high in both groups, with no

significant differences, and this was also in line with the
findings of other authors [34]. Quality of life was assessed
using two self-administered questionnaires. The first was the
generic SF-36, and the second the more specific FOSQ spe-
cially developed for patients with sleep disorders leading to
excessive sleepiness.

Despite the limitation of the small number of evaluated
patients, the present study shows that OSA patients under-
going treatment with the advanced mandible OA improved
under the FOSQ questionnaire but not in SF36 scores. This
may be due to the fact that the FOSQ is OSA specific [25,
39]. Although other studies exist demonstrating the in-
creased effectiveness of OAs with advance [19], we know
of no other study that demonstrates the ameliorative effects
of OA treatment on HRQoL.

In conclusion, OAs (both those that advance themandible
and those that do not) have proven to be an effective treat-
ment for patients with OSA.

References

1. Young T, Palta M, Dempsey J et al
(1993) The occurrence of sleep-disor-
dered breathing among middle-aged
adults. N Engl J Med 328:1230–1235

2. Zamarron C, Gude F, Otero Y et al
(1999) Prevalence of sleep disordered
breathing and sleep apnea in 50- to
70-year-old individuals. A survey.
Respiration 66(4):317–322

3. Remmers JE,DeGrootWJ, SauerlandEK,
Anch AM (1978) Pathogenesis of upper
airway occlusion during sleep. J Appl
Physiol 44:931–938

4. Hoffstein V, Viner S, Mateika S,
Conway J (1992) Treatment of obstruc-
tive sleep apnea with nasal continuous
positive airway pressure. Patient com-
pliance, perception of benefits, and side
effects. Am Rev Respir Dis 145:841–
845

5. Meurice JC, Dore P, Paquereau J, Neau
et al (1994) Predictive factors of long-
term nasal continuous positive airway
pressure treatment in sleep apnea syn-
drome. Chest 105:429–433

6. Schmidt-Nowara W, Lowe A, Wiegand
L et al (1995) Oral appliances for
the treatment of snoring and obstructive
sleep apnea: a review. Sleep 18:501–
510

7. Rogers R (2000) Oral appliance therapy
for the management of sleep disordered
breathing: an overview. Sleep Breath
4:79–83

8. Liu Y, Zeng X, FuM, Huang X, Lowe A
(2000) Effects of a mandibular reposi-
tioner on obstructive sleep apnea.
Am J Orthod Dentofac Orthoped
120:639–647

9. Cartwright R (2001) What’s new in oral
appliances for snoring and sleep apnea:
an update. Sleep Med Rev 5:25–32

10. Tan YK, L’Estrange PR, Luo YM et al
(2002) Mandibular advancement splints
and continuous positive airway pres-
sure in patients with obstructive sleep
apnoea: a randomized cross-over trial.
Eur J Orthod 24:239–249

11. Gall R, Isaac L, Kryger M (1993)
Quality of life in mild obstructive sleep
apnea. Sleep 16:S59–S61

12. Fornas C, Ballester E, Arteta E et al
(1995) Measurement of general health
status in obstructive sleep apnea hy-
popnea patients. Sleep 18:876–879

13. Sanner BM, Klewer J, Trumm A et al
(2000) Long term treatment with con-
tinuous positive airway pressure im-
proves quality of life in obstructive
sleep apnoea syndrome. Eur Respir J
16:118–122

14. Barnes M, Houston D, Worsnop CJ et al
(2002) A randomized controlled trial of
continuous positive airway pressure in
mild obstructive sleep apnea. Am J
Respir Crit Care Med 165:773–780

15. Sin DD, Mayers I, Man GC, Gharary A,
Pawluk L (2002) Can continuous posi-
tive airway therapy improve the general
health status of patients with obstructive
apnea?: a clinical effectiveness study.
Chest 122:1679–1685

16. Profant J, Ancoli-Israel S, Dimsdale JE
(2003) A randomized, controlled trial
of 1 week of continuous positive
airway pressure treatment on quality of
life. Heart Lung 32:52–58

17. Pichel F, Zamarron C, Magan F et al (in
press) Health related quality of life in
patients with obstructive sleep apnea:
effects of long term positive airway
pressure treatment. Respir Med

18. Walker-Engstrom ML, Wilhelmsson B,
Tegelberg A, Dimenas E, Ringqvist I
(2000) Quality of life assessment of
treatment with dental appliance or
UPPP in patients with mild to moderate
obstructive sleep apnoea. A prospective
randomized 1-year follow-up study.
J Sleep Res 9:303–308

19. EnglemanHM,McDonald JP, GrahamD
et al (2002) Randomized crossover trial
of two treatments for sleep apnea/hy-
popnea syndrome: continuous positive
airway pressure and mandibular reposi-
tioning splint. Am J Respir Crit Care
Med 166:855–859

20. Rechtschaffen A, Kales A (1968) A
manual of standardised terminology,
techniques and scoring system for sleep
stages of human subjects. BIS/BRI, Los
Angeles

21. American Sleep Disorders Association
(1992) EEG arousals: scoring rules and
examples: a preliminary report from the
Sleep Disorders Atlas Task Force of the
American Sleep Disorders Association.
Sleep 15:173–184

24



22. Pancer J, Al-Faifi S, Al-Faifi M,
Hoffstein V (1999) Evaluation of vari-
able mandibular advancement appli-
ance for treatment of snoring and sleep
apnea. Chest 116:1511–1518

23. Ferrer M, Vilagut G, Monasterio C et al
(1999) Measurement of the perceived
impact of sleep disorders: Spanish
version of the functional outcomes
sleep questionnaire and the Epworth
sleepiness scale. [Medida del impacto
de los trastornos del sueño: las ver-
siones españolas del cuestionario fun-
cional del sueño y de la Escala de
somnolencia de Epworth]. Med Clin
(Barc) 113:250–255

24. Alonso J, Regidor E, Barrio G et al
(1998) [Population reference values of
the Spanish version of the Health
Questionnaire SF-36] Valores pobla-
cionales de referencia de la versión
española del Cuestionario de Salud SF-
36. Med Clin (Barc) 111:410–416

25. Weaver TE, Laizner AM, Evans LK
et al (1997) An instrument to measure
functional status outcomes for disorders
of excessive sleepiness. Sleep 20:835–
843

26. Kazis LE, Anderson JJ, Meenan RF
(1989) Effect sizes for interpreting
changes in health status. Med Care 27:
S178–S189

27. Cohen J (1977) Statistical power for the
behavioral sciences. Academic Press,
New York

28. Clark GT, Arand D, Chung E, Tong D
(1993) Effect of anterior mandibular
positioning on obstructive sleep apnea.
Am Rev Respir Dis 147:624–629

29. Eveloff SC, Rosenberg CL, Carlisle CC,
Millman RP (1994) Efficacy of a Herbst
mandibular advancement device in ob-
structive sleep apnea. Am J Respir Crit
Care Med 149:905–909

30. O’Sullivan RA, Hillman DR, Mateljan R,
PantinC, FinucaneKE (1995)Mandibular
advancement splint: an appliance to treat
snoring and obstructive sleep apnea. Am J
Respir Crit Care Med 151:194–198

31. Pancer J, Al-Faifi S, Al-Faifi M,
Hoffstein V (1999) Evaluation of vari-
able mandibular advancement appli-
ance for treatment of snoring and sleep
apnea. Chest 116:1511–1518

32. Henke E, Frantz DE, Kuna ST (2000)
An oral elastic mandibular advance-
ment device for obstructive sleep
apnea. Am J Respir Crit Care Med
161:420–425

33. Marklund M, Persson M, Franklin KA
(1998) Treatment success with a man-
dibular advancement device is related
to supine-dependent sleep apnea. Chest
114:1630–1635

34. Ferguson KA, Ono T, Lowe AA,
Al-Majed S, Love LL, Fleetham JA
(1997) A short term controlled trial of an
adjustable oral appliance for the treat-
ment of mild to moderate obstructive
sleep apnoea. Thorax 52:362–368

35. Mehta A, Qian J, Petocz P et al (2001)
A randomized, controlled study of a
mandibular advancement splint for
obstructive sleep apnea. Am J Respir
Crit Care Med 163:1457–1461

36. Pitsis AJ, Darendeliler MA,
Gotsopoulos H, Petocz P, Cistulli PA
(2002) Effect of vertical dimension on
efficacy of oral appliance therapy in
obstructive sleep apnea. Am J Respir
Crit Care Med 166:860–864

37. Fritsch KM, Iseli A, Russi EW et al
(2001) Side effects of mandibular ad-
vancement devices sleep apnea treat-
ment. Am J Respir Crit Care Med
164:813–818

38. Johnston CD, Gleadhill IC, Cinnamond
MJ, Gabbey J, Burden DJ (2002)
Mandibular advancement appliances
and obstructive sleep apnoea: a ran-
domised clinical trial. Eur J Orthod
24:251–262

39. Reimer MA, Flemons WW (2003)
Quality of life in sleep disorders. Sleep
Med Rev 7:335–349

25


	Prospective evaluation of an oral appliance in the treatment of obstructive sleep apnea syndrome
	Abstract
	Introduction
	Patients and methods
	Study population
	Appliance design
	Sleep study
	Outcome measurements
	Study design
	Statistical methods

	Results
	Study population

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


