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The Mandibular Advancement Device
and Patient Selection in the Treatment

of Obstructive Sleep Apnea

Chul Hee Lee, MD; Ji-Hun Mo, MD; Ik-Joon Choi, MD; Hyun Jong Lee, MD;
Beom Seok Seo, MD; Dong-Young Kim, MD; Phil-Young Yun, DDS;
In-Young Yoon, MD; Hye Won Lee, MD; Jeong-Whun Kim, MD, PhD

Objectives: To evaluate retrospectively the efficacy of
the mandibular advancement device (MAD) in Korean
patients with obstructive sleep apnea (OSA) in terms of
severity and to evaluate prognostic factors deciding the
success of MAD application.

Design: Retrospective analysis.
Setting: Academic tertiary referral center.

Patients: Of 142 patients who underwent MAD appli-
cation for OSA management, 50 (46 men and 4 women;
mean [SD] age, 50.2 [9.8] years) were included from
March 2005 through August 2007.

Intervention: Full-overnight polysomnography was per-
formed before and at least 3 months after intraoral MAD
application in 50 patients. Questionnaires for sleep qual-
ity, Epworth sleepiness scale, and cephalometry were also
studied.

Main Ovutcome Measures: Treatment results were
evaluated and prognostic factors deciding success of MAD
application were assessed.

Results: The mean (SD) apnea-hypopnea index (AHI) de-
creased significantly (P<<.001) from36.6(18.9)t012.3 (11.4).
The success rate, defined by an AHI of lower than 20 and a
50% decrease in AHI, were 74% (37 of 50 patients). Even
patients who were not categorized into the success group
had a decreased AHI. The success rates of patients with mild,
moderate, and severe OSA were 43% (3 of 7), 82% (22 of
27),and 75% (12 of 16), respectively, and a higher success
rate in patients with severe OSA showed that MAD could
be applied even in patients with severe OSA. The duration
of apnea and hypopnea, percentage of patients with snor-
ing, and the Pittsburgh Sleep Quality Index were improved
significantly after treatment. Epworth sleepiness scale scores
and lowest oxygen saturation did not change significantly.
An analysis of prognostic factors did not reveal any signifi-
cantdifference between the success and nonsuccess groups.

Conclusions: The application of MAD significantly improved
nocturnal respiratory function and sleep quality in patients
with OSA, even in patients with severe OSA. In patients with
OSA,MAD can be used as a good alternative treatment mo-
dality regardless of severity because it is noninvasive, easy
to manufacture, and has good treatment results.
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ANAGEMENT OF OB-

structive sleep apnea

(OSA) can be divided

into continuous posi-

tive airway pressure

(CPAP) therapy, surgery, and oral appli-

ances." Continuous positive airway pres-

sure is considered the gold standard treat-

ment modality in the treatment of OSA, and

its effectiveness is well established. How-

ever, the limiting factor of CPAP therapy is

compliance, and the reported long-term
compliance ranges from 40% to 70%.’

Surgery is another treatment modality

for OSA, and it has evolved from oropha-

ryngeal surgery such as uvulopalatopha-

ryngoplasty to staged multilevel surgery.

Staged multilevel surgery is widely ac-

cepted these days, and the last surgical re-

sort is maxillomandibular advancement,

which widens both retropalatal and ret-
roglossal airway, with a success rate re-
ported to be similar to that of CPAP.* How-
ever, maxillomandibular advancement is
an invasive procedure and is not well ac-
cepted in Asians whose jaws are rela-
tively smaller than those of whites.

To overcome disadvantages of CPAP
therapy and surgery, oral appliances such
as the mandibular advancement device
(MAD) have been used in the treatment of
OSA for decades, especially in dental clin-
ics. There are several advantages of MAD ap-
plication over CPAP therapy, such as con-
venience, simpler procedure, smaller design,
lower price, and portability. However, MAD
application has usually been prescribed for
patients with mild to moderate cases of OSA,
and its effectiveness for patients with se-
vere OSA has not been well established. For
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Figure 1. A photograph of the mandibular advancement device used in this
study. It is custom-made from a monobloc and individually fitted without an
open bite.

severe OSA, CPAP treatment is considered the standard
treatment modality.

In addition, although otorhinolaryngologists have
played a major role in the treatment of OSA, they may
not have sufficient experiences with MAD application
and are not aware that it could be a good adjunct to sur-
gery. Furthermore, most of the articles about MAD
application have been published in Western countries,
and there have been few articles on Asian patients. Our
objectives were to evaluate the results of MAD applica-
tion in Korean patients with OSA retrospectively, espe-
cially in terms of severity, and to evaluate the prognos-
tic factors affecting the results of MAD application for
patients with OSA. We also wanted to give helpful
information to otorhinolaryngologists on the concept of
MAD application.

DR METHODS

PATIENTS

Initially, 142 patients had undergone MAD application from
March 2005 through August 2007 at Seoul National Univer-
sity Bundang Hospital, Seongnam, Korea. Twenty-five pa-
tients who underwent previous surgery, 51 patients who did
not undergo polysomnography (PSG) with MAD application
mainly because of economic reasons, and 16 patients who were
lost to follow-up were excluded from this study. Fifty patients
had undergone a full-overnight PSG with or without MAD ap-
plication, and they were included in this study. They were 46
male and 4 female patients who were diagnosed as having OSA
with an apnea-hypopnea index (AHI) of greater than 5. Their
ages ranged from 21 through 69 years, with a mean age of 50.2
years. This study was approved by the institutional review board
of Seoul National University Bundang Hospital, Seongnam,
Korea.

The Friedman staging system for tonsil size and tongue po-
sition was assessed. The nasal cavity was endoscopically ex-
amined to exclude patients with moderate to severe nasal sep-

Table 1. Definition of Treatment Results
After MAD Application

With MAD Application

I 1
AHI <20 AHI =20

AHI Reduction

Negative, increased AHI Failure Failure
0%-20% No response No response
20%-50% Response Response
>50% Success Response

Abbreviations: AHI, apnea-hypopnea index; MAD, mandibular
advancement device.

tal deviation. A lateral cephalometric radiograph was taken to
measure the length of the soft palate and tongue base and width
of the posterior upper airway space.

All the patients were referred to a dentist, and a custom-
made MAD was fabricated for each patient (Figure 1). The
MAD was designed as a monobloc that holds the mandible fixed
at 60% of the maximum protrusion without an open bite. Pa-
tients had a second full-overnight PSG after 3 months with the
custom-made MAD applied.

ASSESSMENT OF TREATMENT OUTCOMES

Treatment outcomes were assessed using questionnaires in-
cluding the Epworth sleepiness scale and the Pittsburgh Sleep
Quality Index (PSQI) and PSG data according to OSA sever-
ity, classified as mild (AHI <20), moderate (AHI =20 to <40),
and severe (AHI =40).

The treatment responses were divided into 4 categories ac-
cording to the change in AHI after MAD application: success,
response, no response, and failure. Success was defined as a
greater than 50% reduction in AHI and, with MAD applica-
tion, an AHI of less than 20; response, a 20% to 50% reduction
in AHI or a greater than 50% reduction in AHI and, with MAD
application, an AHI of 20 or greater; no response, a less than
20% reduction in AHI; and failure, an increased AHI after MAD
application (Table 1).

ANALYSIS OF PROGNOSTIC FACTORS

Patients were classified into a success group and a nonsuccess
group. The nonsuccess group includes patients who showed
response, no response, or failure after MAD application.

Age, tonsil size (0, 1, 2, 3, and 4), Friedman tongue position
(grade 1, 2,3, and 4), Friedman stage (1, 2, 3, and 4), body mass
index (BMI), AHI, average oxygen saturation (percentage), low-
est oxygen saturation (percentage), mean apnea duration (sec-
onds), mean hypopnea duration (seconds), and supine position
(percentage) during sleep were analyzed between success and non-
success groups to find out prognostic factors. Cephalometry was
used for the analysis of prognostic factors in terms of anatomic
characteristics of the upper airway between the 2 groups. Uvula
length, length of tongue base from the posterior nasal spine, pha-
ryngeal airway space (PAS) at the level of the tongue base (TB-
PAS), and pharyngeal airway space at the level of the soft palate
(SP-PAS) were measured and analyzed.

STATISTICAL ANALYSIS

Statistical analysis was performed, and all the continuous vari-
ables were given as mean (SD) values. The t test and paired ¢
test were performed for the analysis of data. P<<.05 was con-
sidered statistically significant.
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Table 2. Friedman Staging System and Demographic Data of Patients According to the 0SA Severity

0SA Severity?
1
Variable Mild Moderate Severe P Value
Friedman tonsil size, grade 1.7 (1.0 1.3 (0.7) 1.2 (0.8) 19
Friedman tongue position, grade 2.0(0.7) 2.0 (0.9) 2.2 (0.8) .73
Friedman stage 2.1(0.8) 2.3(0.3) 2.3 (0.6) 7
Age, y 48.3 (12.0) 51.7 (11.1) 50.4 (11.2) .73
BMI 242 (2.2) 25.4 (2.8) 271 (2.9) .07
Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); OSA, obstructive sleep apnea.
2Data are given as mean (SD) value.
Table 3. Polysomnographic Results After MAD in All Patients
Without MAD With MAD Difference Between 95% Cl Around
Result Application (A)? Application (B)? A and B2 the Difference P Value
AHI 36.6 (18.9) 12.3 (11.4) 24.3 (16.7) 16.7 t0 31.9 <.001
Al 20.8 (18.3) 4.0 (9.0) 16.8 (15.6) 11.5t0 22.1 <.001
HI 16.0 (8.9) 8.6 (6.7) 7.4(9.9) 4.0t010.8 .004
Apnea duration, s 245 (7.3) 18.4 (7.1) 6.1(6.8) 3.8t084 <.001
Hypopnea duration, s 23.7 (5.2) 25.7 (5.5) -2.0 (5.4) -3.7100.3 .04
Average oxygen saturation, % 94.7 (2.1) 95.2 (4.8) -0.5(2.1) -12100.3 .09
Lowest oxygen saturation, % 81.2 (6.6) 83.4 (13.4) -2.2(17.2) -8.010 3.6 31
Snoring, % 41 (21) 27 (8) 14 (28) 41023 .007
ESS, score 9.9 (4.9 9.0 (5.0 0.9 (4.1) -05t02.3 12
psal 7.6 (4.0) 6.3 (3.3) 1.3 (4.1) -0.1t0 2.7 .04

Abbreviations: AHI, apnea-hypopnea index; Al, apnea index; Cl, confidence interval; ESS, Epworth sleepiness scale; HI, hypopnea index; MAD, mandibular

advancement device; PSQI, Pittsburgh Sleep Quality Index.
@Data are given as mean (SD) value.

BT

There were 7, 27, and 16 patients with mild, moderate,
and severe OSA, respectively. There were no significant
differences in baseline characteristics such as age, BMI,
tonsil size, Friedman tongue position, and Friedman stage
among the 3 severity groups (Table 2). Patients did not
complain of any serious complications except for 2 pa-
tients with mild temporomandibular joint pain, which
improved spontaneously over time.

TREATMENT OUTCOMES OF MAD APPLICATION

With MAD application, AHI significantly improved from
36.6 (18.9) to 12.3 (11.4) (difference, 24.3 [16.7]; 95%
confidence interval [CI], 16.7 to 31.9; P<<.001). Thirty-
seven patients (74%) were classified as success, 11 (22%)
as response, and 2 (4%) as no response. The apnea and
hypopnea indexes also significantly improved, and the
mean duration of apnea and hypopnea significantly de-
creased (Table 3). Average oxygen saturation in-
creased from 94.7% (2.1%) to 95.2% (4.8%), without
reaching statistical significance. The percentage of pa-
tients with snoring decreased markedly from 41% (21%)
to 27% (8%) (difference, 14% [28%]; 95% CI, 4% to 23%;
P=.007). Epworth sleepiness scale score also decreased
from 9.9 (4.9) t0 9.0 (5.0), without reaching statistical
significance (difference, 0.9 [4.1]; 95% CI, -0.5 to 2.3;
P=.12), whereas the PSQI decreased significantly from

7.6 (4.0) t0 6.3 (3.3) (difference, 1.3 [4.1];95% CI, -0.1
to 2.7; P=.04) (Table 3).

TREATMENT OUTCOMES
ACCORDING TO OSA SEVERITY

Treatment results were analyzed according to OSA se-
verity (Table 4 and Table 5). Success rates for pa-
tients with mild and moderate OSA were 43% (3 of 7 pa-
tients) and 82% (22 of 27 patients, respectively). Even
in severe cases, a 75% success rate (12 of 16 patients)
was obtained. In patients with mild OSA, AHI and Al were
significantly improved, whereas AHI, Al HI, snoring, and
PSQI were improved in patients with moderate OSA
(Table 5 and Figure 2). Average and lowest oxygen satu-
ration increased significantly in patients with severe OSA
(Table 5).

ANALYSIS OF PROGNOSTIC FACTORS

Patients were classified into success and nonsuccess
groups, and prognostic factors were assessed between the
2 outcomes (Table 6). Both demographic data (age and
BMI) and PSG data (AHI, Al, apnea duration, hypopnea
duration, average oxygen saturation, and lowest oxygen
saturation) did not show any significant differences be-
tween the 2 groups. There were no significant differ-
ences between the 2 groups for Friedman tonsil size, Fried-
man tongue position, and Friedman stage. Furthermore,
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Table 4. Cross-tabulation of Treatment Results According to 0SA Severity

Patients, No. (%)

Treatment T 1
0SA Severity Failure, No. No Response Response Success Total
Mild 0 1(14) 3(43) 3(43) 7 (100)
Moderate 0 1(4) 4 (15) 22 (81) 27 (100)
Severe 0 0(0) 4 (25) 12 (75) 16 (100)
Total 0 2 (4) 11 (22) 37 (74) 50 (100)
Abbreviation: OSA, obstructive sleep apnea.

Table 5. Treatment Results After MAD Application According to OSA Severity

Without MAD With MAD Difference Between 95% Cl Around

0SA Severity Application (A)? Application (B)2 A and B2 the Difference P Value

Mild (n=7)
AHI 15.7 (2.4) 10.1 (3.7) 5.6 (3.1) 33t07.9 .005
Al 5.7 (3.0) 1.7 (1.4) 4.0(2.4) 2.2t05.8 .009
HI 10.0 (4.9) 8.3(4.2) 1.7 (4.4) -1.61t05.0 42
Apnea duration, s 25.2 (7.9) 19.6 (7.0) 5.6 (5.7) 141098 12
Hypopnea duration, s 23.0 (5.9) 27.0 (6.5) 4.0 (6.3) -0.71t0 8.7 .08
Average oxygen saturation, % 95.6 (1.7) 95.7 (1.5) 0.1(0.8) -0.51t00.7 .25
Lowest oxygen saturation, % 85.0 (3.2) 86.6 (5.7) 1.6 (5.3) -2.3105.5 44
Snoring, % 42 (26) 18 (23) 24 (16) 11t035 .07
Supine position, % 48 (27) 46 (18) 2 (19) -13t0 16 .67
ESS 10.0 (4.5) 8.9 (6.1) 1.1(4.8) -251t04.7 >.99
PSQl 7.2 (3.9) 5.4 (2.1) 1.8 (2.7 -0.2103.8 .35

Moderate (n=27)
AHI 29.7 (5.7) 9.2 (6.7) 20.5 (7.6) 17.6 10 23.4 <.001
Al 15.0 (8.8) 2.3(3.12 12.7 (7.5) 9.9t015.5 <.001
HI 15.3 (6.2) 6.9 (4.7) 8.4(8.2) 53t011.5 <.001
Apnea duration, s 24.8 (9.3) 18.1 (6.1) 6.7 (7.1) 4.0t09.4 <.001
Hypopnea duration, s 24.2 (4.3) 25.5(5.3) -1.3 (4.6) -3.0t004 27
Average oxygen saturation, % 94.8 (2.1) 95.0 (1.7) -0.2 (0.7) -0.5t00.1 .65
Lowest oxygen saturation, % 81.2 (6.2) 82.3 (7.8) -1.2 (18.9) -8.3105.9 77
Snoring, % 44 (26) 28 (23) 16 (33) 3t028 .04
Supine position, % 68 (26) 57 (27) 11 (15) 5t0 16 .08
ESS 10.0 (8.8) 8.2 (4.1) 1.8 (4.3) 0.2t03.4 .04
PSQl 8.0(4.2) 6.1(5.7) 1.9 (3.9) 041034 .02

Severe (n=16)
AHI 61.1 (18.5) 19.6 (17.0 415 (19.9) 31.7t051.3 <.001
Al 41.9 (21.6) 8.7 (15.2 33.2 (18.3) 24210422 <.001
HI 19.1 (12.3) 10.9 (6.6) 8.2 (16.2) 0.3t0 16.1 .10
Apnea duration, s 23.3 (6.0) 17.6 (5.3) 5.7(7.2) 2.2109.2 .02
Hypopnea duration, s 23.3 (6.3) 24.8 (5.7) -1.5(6.2) -45t01.5 43
Average oxygen saturation, % 94.0 (1.0) 95.3 (3.3) -1.3(3.1) -2.8100.2 .02
Lowest oxygen saturation, % 79.6 (5.4) 83.9 (8.0) -4.3 (5.7) -71t0-15 .02
Snoring, % 34 (20) 29 (30) 5(33) -11to 21 .56
Supine position, % 64 (36) 66 (30) -2 (27) -11t0 16 .76
ESS 9.7 (4.4) 9.8 (5.6) -0.1 (2.7) -14101.2 .92
psal 8.6 (4.8) 6.4 (6.8) 2.2 (4.6) -0.1t04.5 22

Abbreviations: AHI, apnea-hypopnea index; Al, apnea index; Cl, confidence interval; ESS, Epworth sleepiness scale; HI, hypopnea index; MAD, mandibular
advancement device; OSA, obstructive sleep apnea; PSQI, Pittsburgh Sleep Quality Index.

aData are given as mean (SD) value.

pretreatment cephalometric data (length of uvula, length
of tongue base, TB-PAS, and SP-PAS) did not show any
significant difference between the 2 groups.

o TN

The application of MAD has been considered an estab-
lished treatment option for snoring and mild OSA. A
guideline published by American Academy of Sleep

Medicine in 1995 stated that MAD was indicated as
first-line therapy for mild OSA and as second-line
therapy for moderate to severe OSA.° In the present
study, we evaluated the success rate of MAD application
according to OSA severity, and the success rate (based
on an AHI <20 and a =50% reduction in AHI), even
when including patients with severe OSA, was 74%. A
recent article on the effectiveness of oral appliances in
the treatment of severe OSA also showed that the suc-
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Figure 2. Change of apnea-hypopnea index (AHI) before and after mandibular advancement device (MAD) application according to severity of obstructive sleep
apnea (OSA) (A, mild; B, moderate; and C, severe). A marked decrease in AHI was observed in all patients with OSA regardless of severity.

cess rate (based on an AHI <0) was 52%, showing simi-
lar results with our study.® Other articles also showed a
good efficacy of MAD application even for patients with
severe OSA.”®

The reason that CPAP therapy has been preferred in
patients with severe OSA is that CPAP therapy is more
effective, relieves symptoms and apnea completely, and
can be prescribed without patient selection. Two pub-
lished studies have evaluated overnight titration of MAD
application to determine the therapeutic efficacy and po-
sition, making it possible to be used in patients with se-
vere OSA without delay.”'® However, since MAD appli-
cation had a more than 70% success rate without titration
in our study, it may be controversial whether titration is
required before MAD application. Interestingly, several
randomized crossover studies comparing CPAP therapy
vs MAD application showed that MAD application was
preferred by patients even though CPAP therapy was more
effective in reducing AHI, suggesting that MAD was more
convenient than CPAP.'!*

Most of the studies of MAD were performed in West-
ern countries, and studies in Asian countries are rare."”
Because Asians have different craniofacial characteris-
tics and have more severe OSA compared with whites
when matched for age, sex, and BMI,'*!" we assumed that
treatment outcome of MAD application might be differ-
ent. However, our results are almost the same as those
from previous studies.”!>18:1?

We also evaluated predictors of treatment outcome
using multiple variables including demographic and ana-
tomic variables. Several known predictors related to treat-
ment outcome have been previously published. Clinical
variables such as younger age,">***! lower BML,*** po-
sitional sleep apnea,”* and increased amount of MAD
protrusion have been shown to be related to better out-
come. Smaller soft palate and tongue, shorter soft palate
length, and increased retropharyngeal airway space were
known to be related to better outcome. However, our
study has revealed no predictors of treatment outcome.
All the demographic and cephalometric variables were
not different between success and nonsuccess group, while
a study using precephalometry and postcephalometry

Table 6. Prognostic Factors of the Success Group
vs the Nonsuccess Group

Success  Nonsuccess

Group? Group? P
Factor (n=37) (n=13) Value
Age,y 49.7 (11.1) 511 (11.7) .69
BMI 25.5 (2.5) 26.9 (2.6) 24
AHI 37.6(28.4) 34.6(17.4) .66
Al 20.2 (25.6) 23.3 (15.5) .08
Apnea duration, s 23.8 (5.4) 25.7 (6.5) 45
Hypopnea duration, s 24.7 (6.0) 27.5(7.8) .24
Average oxygen saturation, % 94.8 (2.2) 94.3 (1.1) .30
Lowest oxygen saturation, % 81.8 (6.9) 80.2 (6.2) 49
Friedman tonsil size, grade 1.3 (0.9) 1.4 (0.6) .62
Friedman tongue position, grade 1.9 (0.8) 2.2(0.9) .46
Friedman stage 2.2 (0.5 2.3(0.7) 44
Length of uvula, cm 4.3(0.4) 4.3 (0.6) .08
Length of tongue base, cm 7.9(0.7) 8.4 (0.3) .29
Uvula/TB 0.5(0.2) 0.5(0.2) 24
TB-PAS, cm 1.2 (0.3) 1.1(0.4) .33
SP-PAS, cm 0.9(0.3) 0.9(0.2) 49

Abbreviations: AHI, apnea-hypopnea index; Al, apnea index; BMI, body
mass index (calculated as weight in kilograms divided by height in meters
squared); SP-PAS, posterior pharyngeal airway space at the level of the soft
palate; TB-PAS, pharyngeal airway space at the level of tongue base;
Uvula/TB, length of uvula/length of tongue base.

2Data are given as mean (SD) value.

showed that responders had an increase in hypopharyn-
geal sagittal cross-sectional area after wearing the
appliance.”

Dentists have reported most of the studies of MAD ap-
plication. Otorhinolaryngologists may have not been ac-
tive in the use of oral appliances owing to insufficient
knowledge of MAD and low confidence in their effi-
ciency. However, in our experience it has many advan-
tages and could be a good adjunct treatment option in
patients with OSA with poor surgical outcome. There-
fore, more interest in MAD application by otorhinolar-
yngologist, is necessary for its development.

The limitation of our study in evaluating prognostic
factors is the study size. A study with 630 patients showed
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some prognostic factors such as female sex, mild sleep
apnea, and supine-dependent sleep apnea.” Clearly, a
more large-scale study would be required in evaluating
treatment outcome and prognostic factors.

There might be a possibility of selection bias. Those
who had not been satisfied with MAD might not have un-
dergone PSG with MAD application, suggesting the pos-
sibility of an observed success rate higher than what would
be the actual success rate. However, most of the reasons
for not undertaking PSG with MAD application were eco-
nomical, implying that the selection bias could be neg-
ligible. Another limitation of cephalometric data in pre-
dicting treatment outcome is that cephalometry cannot
represent the dynamic physiologic state of sleep, and there-
fore studies with dynamic airway evaluation would be
required in the future.

In conclusion, MAD is a simple, noninvasive, easy-to-
manufacture, and easy-to-use device and showed good treat-
ment outcome in nocturnal respiratory function and sleep
quality in Korean patients with OSA. Even in patients with
severe OSA, MAD application showed a good success rate.
Hence, MAD application can be used as a good alternative
option in patients with OSA, without patient selection, and
could be used in patients with severe OSA.
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