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Abstract

Purpose To compare the short-term treatment effect of a mandibular advancement device (MAD) with and without previous
drug-induced sleep endoscopy (DISE) on polysomnography (PSG) and other sleep apnea—related treatment outcomes (Short
Form Health Survey [SF-36] and Epworth Sleepiness Scale [ESS]) among adults with mild, moderate, and severe obstructive
sleep apnea (OSA). We hypothesized that using DISE would improve the efficacy of MADs on the sleep apnea parameters.
Methods The study sample consisted of patients with OSA who were unable or unwilling to tolerate a CPAP device, divided
into an experimental (with DISE) and a control (without DISE) group.

Results Of 50 patients with OSA, 40 men (80%), mean age was 48.8 + 12,3 years. The mean apnea—hypopnea index (AHI) score
of both groups decreased significantly between baseline and the 8-week follow-up titration PSG with MAD in situ, from 31.7+17.3
(mean + SD) apnea—hypopnea episodes/h to 7.0 +£6.4/h (p <0.0001) in the experimental group, and from 22.5 + 16.6 episodes/h
to 11.4+8.0/h (p <0.024) in the control group. Capillary oxygen saturation (SpO,) levels did not change significantly between the
two timepoints for either group. The SF-36 (p <0.023) and ESS (p <0.036) results of both groups improved significantly between
baseline and the 8-week follow-up after starting MAD treatment; however, the improvement in quality of life was significantly
more pronounced in the experimental group than in the control group (p <0.0001).

Conclusion DISE provides a significant benefit to patients with OSA undergoing MAD treatment. It can be used as a valuable
prediction tool in clinical practice for the management of patients with OSA, even those with moderate and severe disease.

Keywords Drug-induced sleep endoscopy - Mandibular advancement device - Obstructive sleep apnea - Dental sleep
medicine

Background

Obstructive sleep apnea (OSA) is a sleep-related breathing
disorder characterized by repetitive episodes of upper-airway
obstructions and disruptive snoring during sleep [1]. OSA

This article is part of the Topical Collection on Oral Appliance
Therapy

P< Evgenia Sp. Gogou
eugeniagogou @gmail.com

Orofacial Pain Clinic, Dental School, National
and Kapodistrian University of Athens, GR-11527 Athens,
Greece

Department of Prosthodontics, Dental School, National
and Kapodistrian University of Athens, GR-11527 Athens,
Greece

Published online: 11 January 2022

affects 9% of women and 24% of men between the ages of 30
and 60 [2]. OSA has been associated with increased morbid-
ity and mortality, mostly in the context of cardiovascular and
cerebrovascular disease [3, 4]. Considering that a significant
percentage of OSA cases remain undiagnosed and conse-
quently untreated (82% of cases in men and 93% of those in
women), the burden of OSA may be even greater [5].
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Polysomnography (PSG) conducted in a sleep laboratory
is the gold-standard diagnostic test for diagnosing OSA, but
it is time-consuming and expensive [6, 7]. Home respira-
tory polygraphy (HRP) with a technically adequate device is
currently used as an alternative when laboratory PSG is not
possible because of safety protocols, or patient immobility
or critical illness [8].

Continuous positive airway pressure (CPAP) therapy
delivered via a nasal or full-face mask is considered as the
gold-standard treatment for patients with mild, moderate,
and severe OSA [9]. Despite numerous technical improve-
ments, long-term compliance with CPAP therapy remains
suboptimal [10].

The American Academy of Dental Sleep Medicine rec-
ommends the use of MADs in patients with mild-to-mod-
erate OSA and in patients with severe OSA who cannot
tolerate CPAP therapy or would prefer an alternate therapy
[11, 12]. MADs are thought to prevent obstruction of the
upper airway during sleep by mechanically protruding the
mandible and enhancing the patency of the patient’s air-
way. This effect is probably achieved through activation of
the stretch receptors in the upper-airway support muscles
[13, 14]. MADs vary substantially in their design, e.g.,
in the number of pieces (one versus two), degree of cus-
tomization to the patient’s dentition, material, and occlusal
coverage. These differences, as well as the mechanism
that—in the case of two-piece appliances—attaches the
two plates together, may affect important properties of
the device, e.g., the permitted amount of vertical opening,
degree of lateral jaw movement, and degree of advance-
ment. Use of MADs is not free from side effects, most
of which tend to be local, minor, and transient. Repeti-
tive anterior positioning of the mandible may potentially
hamper the harmony of the stomatognathic system, sub-
sequently causing changes to the patient’s temporoman-
dibular joint (TMJ) and orofacial function. In turn, these
changes may lead to the development of signs and symp-
toms of temporomandibular disorders (TMD) [15, 16] and
promote lateral open bite [17].

Currently, the use of MADs as a suitable management
option for patients with sleep-related breathing disorders is
mainly based on the patient’s AHI score [18]. However, the
patient’s individual response to a MAD may be clinically
important: In some studies, MADs are reported to be effec-
tive (defined as reducing the AHI to fewer than 10 episodes
per hour) in approximately 50% of patients, which means
that a significant proportion of patients are left with subop-
timal treatment [19, 20]. The ability to reliably predict which
patients will benefit is therefore of paramount importance
[21].

Several attempts have been made to develop prognostic
indicators of MAD treatment success. Drug-induced sleep
endoscopy (DISE) is considered as a valuable technique
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for identifying the location of upper-airway obstruction in
patients with OSA [22] and may therefore be of prognostic
value for successful MAD therapy [23, 24]. Huntley et al.
found that patients whose airway space increased during the
thrusting maneuver of the mandible during DISE were more
likely to benefit from MAD treatment than a control group
of patients who underwent MAD treatment without previous
DISE. Unfortunately, because of the retrospective design of
the study, the MAD provided by the oral surgery department
in question was a custom-fit appliance adjusted to produce
a symptomatic effect only, without any further description
such as the amount of jaw thrust or measurements regarding
the improvement in the upper-airway dimensions. Further-
more, only 50% of the experimental sample underwent a
post-treatment sleep study [25].

The current study therefore aimed to compare the short-
term effect of MAD treatment with and without previous
DISE on PSG and other sleep apnea—related treatment out-
comes among adult patients suffering from mild, moder-
ate, and severe OSA. We hypothesized that DISE would
improve the efficacy of treatment with a MAD on the studied
parameters.

Material and methods

This clinical study was performed at the Orofacial Pain
Clinic (Dental School) of the National and Kapodistrian
University of Athens, Greece, and the Sleep Disorders
Center of the University Department of Critical Care and
Pulmonary Services at Evaggelismos General Hospital, Ath-
ens. The Ethics and Research Committee of the University’s
Dental School examined and approved the study protocol
(approval number: 291/2016). This study was conducted in
accordance with the tenets of the Declaration of Helsinki.
Written informed consent was obtained from all study par-
ticipants before the study began.

Participants

The initial study population consisted of consecutive patients
with OSA who had been referred to the Orofacial Pain Clinic
of Athens University for treatment with a MAD between
June 2012 and June 2017. All patients had been diagnosed
as suffering from mild, moderate, or severe OSA by a doc-
tor specialized in sleep medicine from the Sleep Disorders
Center of the University Department of Critical Care and
Pulmonary Services of Evaggelismos Hospital. All patients
were unable or unwilling to tolerate a CPAP device. The
inclusion criteria for the study participation were as fol-
lows: (1) reported sleep apnea episodes and an AHI score
of more than five episodes/h in a recent PSG assessment,
(2) reported loud snoring and subjective daytime symptoms
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(daytime sleepiness, fatigue, impaired concentration), (3)
enough teeth to support a MAD, and (4) formal written
informed consent. Patients with sleep-related breathing dis-
orders other than OSA and/or with a mandibular protrusive
capacity of less than 5 mm were excluded from the study,
as were patients with insufficient teeth or dental implants to
support a MAD. A flowchart of the study design is repre-
sented in Fig. 1.

Interventions and study protocol

Before the study, DISE was offered as an option to all
patients who met the inclusion criteria, as a useful method
of assessing the location of upper-airway obstruction and
thus possibly predicting the efficacy of a MAD for manage-
ment of OSA. Patients were free to accept or decline the
DISE examination. All DISE procedures were performed
by the same specialized otorhinolaryngologist in an operat-
ing theater. Participants were prepared for the intraoperative
recording, and an anesthesiologist administered intravenous
sedation (propofol). Propofol was administered by the anes-
thesiologist as a hypnotic agent. The initial infusion rate of

propofol was 50 to 75 pg/kg/min and the rate was adjusted
to obtain a target level of anesthesia of arousal to loud verbal
stimulation [26]. The observation window during DISE was
determined as a period consisting of two or more respiratory
cycles each of the including a stable sequence of snoring,
obstructive apnea or hypopnea episode, oxygen desaturation,
and restart of breathing [27]. Each patient was observed for
30 min. Observation was repeated at different levels of the
upper airway according to the velum, oropharynx, tongue
base, and epiglottis (VOTE) classification for DISE, which
uses the following scoring system: 0 =no obstruction (no
vibration); 1 =partial obstruction (vibration); and 2 =com-
plete obstruction (collapse) [28]. A flexible nasopharyngo-
scope was inserted into the nasal and pharyngeal cavities
to produce an image and record the pattern of the upper-
airway obstruction. During this procedure, with the patient
in the supine position, a head-tilt/chin lift (HT/CL) maneu-
ver (tilting the head backward and lifting the chin vertically
upwards) was used to gently advance the mandible anteri-
orly. The HT/CL maneuver was chosen in order to evaluate
and record the effect of mandibular advancement on pharyn-
geal upper airway dimensions [29]. Patients were considered

Fig. 1 Flowchart of the study
design. DISE, drug-induced
sleep endoscopy; MAD, man-

Participants indicated for MAD after OSA diagnosis by PSG

(n=67)

dibular advancement device;
OSA, obstructive sleep apnea;
PSG, polysomnography

Exchuded

Sleep related breathing disorders
other than OSA (n=12)
Insufficient dental status (n=4)
Mandibular protrusion less than
Smm (n=1)

\J

v

Prescribed MAD
(n=50)

Experimental group
Underwent DISE and inchuded in
the 8-week follow-up
(n=34)

Control group
Refused DISE and included in
the 8-week follow-up

(n=16)
/

Second PSG with the patients wearing their MAD

(n=50)
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eligible to enroll in the experimental group only if HT/CL
maneuver resulted in the absence of obstructive episodes for
at least 3 min, concurrently with endoscopic evidence of—at
least—50% improvement in airway patency at one or more
sites of obstruction, and/or a reduction in snoring. Only then,
the mandibular advancement (the inter-incisal distance plus
the overjet) was measured with a ruler and later used as the
reference mandibular protrusion needed for the construction
of MAD. Thus, DISE was used as a prognostic measure that
would help maintain a tailored value for the protrusion of the
patient’s mandible. The total duration of the DISE procedure
was approximately 40 min.

All OSA patients who participated in this study received
a MAD because they were unable or unwilling to tolerate a
CPAP device. They were divided into two therapy groups:
an experimental group who underwent DISE, and a control
group of patients who rejected DISE mainly due to financial
or personal reasons.

A custom-made, two-piece adjustable MAD was individ-
ually fabricated for each patient. To increase patient comfort,
the body of the MAD was constructed from 2-mm-thick full-
coverage plates (maxillary and mandibular) made from soft
thermoplastic film, and hard acrylic pads were added to the
molar and premolar regions to provide additional support to
the dentition (Fig. 2). The two plates were connected bilat-
erally by means of telescopic Herbst attachments (Scheu
Dental GmbH; Iserlohn, Germany). These attachments con-
sist of a piston that slides within a tube, thereby making
it possible to vary the degree of mandibular protrusion. A
George Gauge bite fork (Great Lakes Dental Technologies;
Tonawanda, NY, USA) was used to measure and register
each patient’s maximum mandibular protrusion capacity,
and to determine the appropriate antero-posterior and ver-
tical mandibular positions needed for the construction of
the oral appliance. For the experimental group, the patient’s

Fig.2 Mandibular advancement device with Herbst telescopic attach-
ments (Scheu Dental GmbH). The telescopic attachments, which con-
nect the two pieces of the device, bilaterally, consist of a piston that
slides within a tube, thereby making it possible to vary the degree of
mandibular protrusion
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mandibular advancement was the one measured during the
DISE and was kept stable during the study. For the control
group, the range of initial mandibular advancement was set
at 50-60% of the patient’s maximum mandibular protrusion
capacity. For both groups, the mandibular opening was kept
to the minimum necessary in order to accommodate the
dimensions of the acrylic plates resulting to an opening of
2-4 mm between the incisal edges of the upper and lower
central incisors. The MADs of the control group were fur-
ther titrated at the subsequent 1- and 3-week visits, based on
the respective patient’s subjective reporting of snoring and
symptoms. All patients received detailed written informa-
tion about the use of the oral appliances and their clinical
implications, as well as the possible side effects.

Evaluation visits were scheduled for 1, 3, and 8 weeks
after the beginning of treatment with the MAD. Patients
were instructed to use the MAD every night during sleep
hours. After an 8-week period of use, a second PSG with
the patients wearing their oral devices was performed in
a hospital-based sleep laboratory, in order to evaluate and
determine the treatment efficacy.

Outcome measures and measurement instruments

All patients underwent an assessment at base line prior to
treatment, and 8 weeks after MAD insertion. Assessment
included (a) medical and sleep history, (b) a one-night
in-laboratory diagnostic PSG, (c) assessment of daytime
sleepiness with the Epworth Sleepiness Scale (ESS), and
(d) assessment of quality of life with the Short Form Health
Survey (SF-36) questionnaire. The therapeutic effect of
the MAD in the titrated position was objectively assessed
by comparing the two PSG assessments (at baseline and
8 weeks after MAD use), in terms of the patient’s AHI score
and capillary oxygen saturation (SpO,) level. According
to the American Academy of Sleep Medicine, OSA is cat-
egorized as mild when the apnea—hypopnea index (AHI,
i.e., the average number of apnea and hypopnea episodes
per hour of sleep) is>5 and < 15. Moderate OSA corre-
sponds to an AHI of > 15 and <30, and severe OSA to an
AHI of >30/h. An AHI score of fewer than five episodes/h
has been considered normal for adults. The minimum dura-
tion to qualify as an episode is 10 s [30]. Treatment suc-
cess was defined as a reduction in AHI score to fewer than
five episodes/h with the use of the MAD. Patients whose
AHI score had decreased by 50% or more from baseline
according to the follow-up PSG results with the MAD in
place were classified as responders. Non-responders were
those with a decrease of less than 50% in their AHI score
compared with baseline.

Subjective sleepiness was evaluated by use of the ESS,
which is designed to measure a patient’s general level of day-
time sleepiness. The ESS consists of eight items representing
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different hypothetical situations in daily life as a measure of
the patient’s probability of falling asleep. Dozing probability
ratings are none (0), slight (1), moderate (2), and high (3).
The patient’s scores for each response are combined to give
a total score ranging from 0 to 24 [31]. Excessive daytime
sleepiness was defined as a total score of 10 or higher [32].

The Greek version of the 36-item Short Form Health
Survey was used to evaluate health-related quality of life.
The questionnaire measures limitations in eight domains of
health: physical functioning (PF), physical role (PR), bodily
pain (BP), general health (GH), vitality (VT), social func-
tioning (SF), emotional role (ER), and mental health (MH)
[33]. Because the SF-36 questionnaire uses different con-
structs to measure health-related quality of life, the use of
an overall score is generally not recommended [34]. Based
on the results of previous studies, three components were
defined for the Greek version of the questionnaire: physi-
cal, mental, and well-being. The physical component (PC)
is represented by the domains physical functioning, physi-
cal role, and bodily pain; the mental component (MC) by
social functioning, emotional role, and mental health; and
well-being (WB) by general health and vitality. Correct cal-
culation of the SF-36 questionnaire requires the use of spe-
cial algorithms, which are controlled by a private company.
Scores represent the percentage of the total possible score
achieved. Each item is scored from zero to 100, with high
values considered to indicate good health [35].

Statistical analysis

Statistical analysis was carried out using a statistical package
(IBM SPSS Statistics for Windows, Version 25.0. Armonk,
NY: IBM Corp.). The AHI and SpO, level were the main
outcome variables of the study, whereas the ESS and SF-36
scores and maximum mandibular movement capacity were
the secondary variables. Intervention (experimental vs. con-
trol group), sex, body mass index (BMI), and age (<50 years
old vs.> 50 years old) were the predictors under investiga-
tion. The analyses (i.e., comparisons of the baseline and
8-week follow-up measurements) were conducted at two lev-
els: within each group, and between the two groups. While
the raw data were approximately normally distributed, log
transformation was applied to decrease their variability and
to make them conform more closely to a normal distribution
(Shapiro—Wilk’s test p > 0.05 for all combinations of pre-
dictors and continuous outcomes); therefore, for continuous
data, parametric tests were used [36]. More specifically, the
paired samples 7-test and McNemar’s test were used to com-
pare continuous and categorical data, respectively, between
the baseline scores and follow-up scores of each group after
8 weeks of MAD use (within-groups design). In addition,
the independent samples z-test and chi-square test were
applied to identify differences between the experimental

group and control group across continuous and categorical
variables, respectively (between-groups design). Further-
more, regarding the AHI score after 8 weeks of MAD use,
multiple regression analysis was applied, using the type of
group (experimental vs. control group), sex, BMI, and age
(<50 years old vs.> 50 years old) as predictors. The level of
statistical significance was p < 0.05 for all the tests.

Results

The study sample comprised 50 patients with OSA who were
treated with a MAD because they were unable or unwill-
ing to use CPAP device. The patients had a mean (+ SD)
age of 48.8 +12.3 years (range: 21-80 years) and a mean
(+SD) BMI of 25.8 +3.0 K=kg/m? (range: 19-35 K =kg/
m?). The study sample was divided into an experimental
group (n=34, MAD after DISE) and a control group (n= 16,
MAD without DISE). In the experimental group, the average
(= SD) protrusion of the mandible by the MAD, as deter-
mined based on the DISE results, was 4.7 +0.8 mm (cor-
responding to 46% of the patient’s maximum mandibular
protrusion capacity). In the control group, the MAD was
initially adjusted to protrude the mandible by an average of
5.2+0.9 mm (i.e., 53% of the patient’s maximum mandibu-
lar protrusion capacity). The vertical interdental clearance
between the incisal edges of the upper and lower central
incisors was 2—4 mm for both groups. Patient characteristics
are shown in Table 1.

DISE findings

Multilevel obstruction of the upper airway was observed in
most of the patients who had the DISE examination, with 21
out of 34 patients (62%) presenting with complete antero-
posterior obstruction at the base of the tongue and epiglottis
and partial obstruction of the velum. Twelve patients (35%)
had complete antero-posterior obstruction at the base of the
tongue and partial obstruction of the velopharynx. Only one
patient (3%) had complete antero-posterior obstruction at
the base of the tongue and epiglottis. The improvement in
the patients’ AHI score after MAD treatment was not sig-
nificantly related to DISE findings (McNemar test p > 0.05).
Patients with complete antero-posterior obstruction at the
base of the tongue and partial obstruction of the velopharynx
had greater improvement in AHI score after MAD treatment
compared with the patients with compete antero-posterior
obstruction at the base of the tongue and epiglottis and par-
tial obstruction of the velum as shown in Table 2. The site of
obstruction in the experimental group was not a significant
predictor for the improvement of the AHI score, according
to the results of multiple linear regression analysis (p > 0.05)
as shown in Table 3. All patients undergoing DISE showed
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Table 1 Characteristics and sleep apnea parameters (mean+ SD) of patients (experimental group and control group) at baseline and 8 weeks

after starting treatment with a mandibular advancement device (MAD)

Characteristics and sleep apnea parameters Baseline

8 weeks after the start of MAD use

Experimental
group (n=34)

Control group (n=16) Experimental

group (n=34)

Control group (n=16)

Age in years 46.4+11.7
Number of men/women 29/5
Apnea—hypopnea index (AHI), episodes/h 31.7+£17.3"
Body mass index (BMI), kg/m? 25.8+2.6
Peripheral capillary oxygen saturation % (SpO,) 94.6+19
Maximum mandibular protrusion, mm 10.3+2.3
Maximum mouth opening, mm 524+5.1
Maximum mandibular lateral movement, right, mm 9.7+£2.3
Maximum mandibular lateral movement, left, mm 10.2+2.0

53.9+122 = =
11/5 29/5 11/5
22.5+16.6 7.0+64" 11.4+8.0™
257+3.8 = =
94.6+1.2 94.1+19 943+1.6
9.8+2.5 10.3+2.4 10.0+2.5
51.6+3.3 526+5.0 523+3.0
9.8+23 9.7+2.1 9.5+2.0
97+12 104+1.7 10.1+1.8

“Within group analysis; paired samples 1=8.109, p<0.0001, d=2.27
“Within group analysis; paired samples t=2.514, p<0.05, d=1.3

*Between group analysis; independent samples r=2.069, p <0.05, d=2.86

d Cohen’s effect size

increase of the pharyngeal upper airway dimensions and res-
olution of upper airway obstruction following the maneuver
of the mandible.

Effect of MAD use on AHI and SpO,

As shown in Table 1, MAD treatment significantly reduced
the number of respiratory obstructive events in both the
experimental and the control groups. More specifically,
in the experimental group, the mean (+SD) AHI score
decreased significantly from 31.7 +17.3 episodes/h at
baseline to 7.0 + 6.4 episodes/h, according to the follow-up
titration PSG after 8 weeks with the MAD in situ (r=28.109,
p <0.0001). In addition, the mean (+ SD) AHI score in
the control group decreased significantly from 22.5+ 16.6
episodes/h at baseline to 11.4 +8.0 episodes/h at the
8-week follow-up PSG with the MAD in place (t=2.514,
p <0.05). However, when calculating the effect size
(Cohen’s d), the decrease in AHI score of the experimen-
tal group was significantly larger than that of the control
group (d=2.27 and d=1.3, respectively) (Table 1). Post
hoc power analysis was conducted using the mean of effect
sizes (Cohen’s d); the achieved statistical power was suf-
ficient (0.90) due to the large effect sizes (G*Power version
3.1). Overall, the experimental group of patients showed
significantly greater improvement in AHI score as 62% of
the patients with severe OSA presented normal AHI value
after MAD treatment compared to the patients in the con-
trol group (33%) (between groups comparison, chi-square
p <0.04). Treatment success rates (defined as % of patients
with AHI <5 episodes/h) and MAD response rates in the
experimental and control groups are shown in Table 4.
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As demonstrated by the independent samples #-test con-
ducted between the groups, no significant difference was
found between the mean AHI scores of the two groups
at baseline. However, at the follow-up 8 weeks after the
start of treatment with the MAD, the two groups differed
significantly (experimental group: mean AHI 7.0+ 6.4 vs.
control group: 11.4 +8.0, p <0.05; Fig. 3).

In addition, the significant effect of the intervention
(DISE) on the AHI score was confirmed by the results of
the multiple linear regression analysis (Table 5). The type
of group (i.e., experimental vs. control) was the only sig-
nificant predictor of AHI score, and patients in the experi-
mental group were more likely to have lower AHI scores
than their control group counterparts (B=15.262, p <0.05).

Moreover, in the experimental group, no statistically
significant (p > 0.05) difference in SpO, level was observed
between the mean value at baseline (94.6 + 1.9%) and the
mean value 8 weeks after the start of the treatment with
the MAD (94.1 +1.9%). In the control group, the mean
SpO, also did not change significantly between baseline
(94.6 +1.2%) and 8 weeks after the start of the treatment
with the MAD (94.3 + 1.6%), as shown in Table 1.

Effect of MAD use on maximum mouth-opening
ability and maximum lateral and protrusive
mandibular movements

Between baseline and 8 weeks after the start of treatment
with the MAD, no significant changes were observed for
either study group regarding mean values for maximum
active mouth-opening, mandibular protrusion, and mandibu-
lar lateral movements as shown in Table 1.
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Table 2 Treatment efficacy of MAD related to the site of upper airway obstruction recorded during DISE in the experimental group of patients

Sites of upper  Experimental group (n=34)

airway obstruc-

tion At baseline

8 weeks after the start of MAD use

Mild AHI >5
and < 15/h

Moderate
AHI> 15
and <30/h

Normal
AHI<5/h

Severe

AHI>30/h

Normal
AHI<5/h

Mild AHI >5
and< 15/h

Severe
AHI>30/h

Moderate
AHI> 15
and <30/h

Complete = =
antero-
posterior
obstruction
at the base
of the tongue
and epiglottis
and partial
obstruc-
tion of the
velum n=21
(61.7%)

Complete =
antero-
posterior
obstruction
at the base
of the tongue
and partial
obstruction of
the velophar-
ynx n=12
(35.2%)
Complete = =
antero-
posterior
obstruction
at the base
of the tongue
and epiglottis
n=12.9%)

n=17(58%) n=542%) =

n=1(100%) =

n=8 (38%)n=13 (62%)

n=9 (43%)n=3 (38%) n=4(19%) =

n=8 (67%) n=3 (25%) n=1(8%)

n=1(100%) = - —

AH]I, apnea-hypopnea index; MAD, mandibular advancement device; DISE, drug-induced sleep endoscopy

Table 3 Multiple linear regression analysis in the experimental group between site of obstruction, body mass index (BMI), peripheral capillary
oxygen saturation (SpQO,), age, and apnea—hypopnea index (AHI) score (dependent variable) 8 weeks after the start of the intervention

Outcome Predictor B 95% CI for B Beta t P

AHI score Site of obstruction —-1.122 —5.324,3.079 —.115 —.551 586
BMI —.126 —.928, .677 -.071 -.323 749
SpO, —2.942 —136.9, 131 -.011 —.045 964
Age 0.64 —.167, .296 137 573 572

Effect of MAD use on daytime sleepiness and quality
of life outcomes

The results of the ESS and SF-36 are presented in Table 6.
Daytime sleepiness (ESS) scores did not differ signifi-
cantly between the two groups at baseline, but they were

significantly (p < 0.05) improved after 8 weeks of treatment,
with the experimental group of patients experiencing signifi-
cantly less daytime sleepiness than the control group.
Regarding quality of life, all within-group changes in
the SF-36 domains (physical component, PC; mental health
component, MC; well-being, WB) between baseline and the
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Table 4 OSA severity and treatment efficacy of MAD for the experimental and control group of patients

Experimental group (n=34)

Control group (n=16)

OSA At baseline 8 weeks after the At baseline 8 weeks after the start of MAD
start of MAD use use
Normal AHI<5/h = n=17 (50%) = n=531%)
Mild AHI>5 n=7121%) Normal n=7 21%) n=6 (38%) Normal n=2 (33%) Moderate
and< 15/h n=4 (67%)
Moderate AHI> 15 n=14 (41%) Normal n=2 n=17 (44%) Normal n=2 (29%) Mild n=5
and <30/h (14%) Mild n=9 (71%)
(64.2%) Moderate
n=3 (21.4%)
Severe AHI>30/h n=13 (38%) Normal n=8 (62%) n=3 (19%) Normal n=1 (33%) Mild n=1
Mild n=3(23.0%) (33%) Moderate n=1 (33%)
Moderate
n=2(15.3%)
Responders = 88% (n=30) = 69% (n=11)
Non-responders = 12% (n=4) = 31% (n=5)

AHI, apnea—hypopnea index; MAD, mandibular advancement device; OSA, obstructive sleep apnea

Between groups comparison, chi-square p <0.04

Apnea-Hypopnea Index (AHI)
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Fig.3 Boxplots for apnea—hypopnea index (AHI) score according to
the polysomnography results at baseline and 8 weeks after the start
of treatment with the mandibular advancement device (MAD), for
the experimental group and control group of patients. The AHI score
at baseline did not differ significantly between the two groups. Eight
weeks after the start of MAD use, the mean AHI score had improved

8-week follow-up were statistically significant (p <0.001).
The two groups did not differ significantly at baseline, but
after 8 weeks the experimental (DISE) group showed sig-
nificantly higher values (p < 0.05) than the control group in
two of the domains (PC and MC).
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Control group

significantly in both groups: from 31.7+17.3 episodes/h to 7.0+6.4
episodes/h (paired samples #-test, p<0.0001) in the experimen-
tal group, and from 22.5+16.6 episodes/h to 11.4+8.0 episodes/h
(paired samples t=2.514, p <0.05) in the control group. At this time-
point, the mean AHI score differed significantly between the groups
(experimental group: 7.0+ 6.4 vs. control group: 11.4+8.0, p <0.05)

Discussion

The primary aim of this study was to evaluate the influence
of DISE on the short-term efficacy of a MAD in the manage-
ment of patients with OSA who were unable or unwilling to
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Table 5 Multiple linear regression analysis between type of intervention group, body mass index (BMI), peripheral capillary oxygen saturation
(Sp0O,), age, and apnea—hypopnea index (AHI) score (dependent variable) 8 weeks after the start of the intervention

Outcome Predictor B 95% Clfor B Beta t P

AHI score Control group 5.262 511, 10,013 376 2.240 031
BMI —.401 —.256, 1058 187 1.234 225
SpO, —32.302 — 157,886, 93,282 —.084 —.520 .606
Age 1.698 -3.045, 6.442 127 724 743

Table 6 Epworth Sleepiness Scale (ESS) and Short Form Health Survey (SF-36) outcomes of patients (experimental group and control group) at
baseline and 8 weeks after the start of the treatment

Baseline n (%)

8 weeks after start of treatment n (%)

Variable Range Experimental Control group (n=16) Experimental group (n=34) Control group (n=16)
group (n=34)
Epworth Sleepiness Scale (ESS) <1l  11(32%) 4 (25%) 31 91%) 10 (63%)
11-14 9 27%) 8 (50%) 3(9%) 53B1%)
15-18 11 (32%) 3 (19%) = 1 (6%)
>18 3 (9%) 1 (6%) = =
Between groups comparison Not specified X2 =7.625, (Fisher’s exact) p<0.05
Short Form (SF-36) Health Survey Baseline 8 weeks after start of treatment (mean + SD)
(mean+ SD)
SF-36 total score (%) 0-100 66.5+11.6 60.8+13.8 78.3+10.5 70.0+11.6
Physical component 0-100 74.8+14.7+ 68.7+14.8+ 84.8+11.5#* 773+11.8 %
Mental component 0-100 659+114% 593+14.1+ 78.8+10.7 +* 67.7+11.1 —*
Well-being component 0-100 55.1+13.7% 51.4+16.7 67.7+13.1% 62.5+152+

+,~Significant difference of means (p <0.001) in the within groups comparison (-test for paired samples)

*Significant difference of means (p <0.05) in the between groups comparison (¢-test for independent samples)

be treated with CPAP. Our main finding is that the use of
DISE before MAD resulted in a short-term benefit regarding
improvement to PSG parameters (AHI), subjective sleepi-
ness, and general health-related quality of life. Furthermore,
this advantage was achieved with less mandibular protru-
sion than in the control group. After just 8 weeks, use of a
MAD resulted in a significant positive effect on the objective
(PSG) and subjective (ESS, SF-36) parameters of all patients
in our study, with no adverse effects.

Identification of the sites of upper-airway obstruction
may be an important means of determining which patients
are suitable for treatment with a MAD, especially those
with severe or moderate OSA. According to clinical stud-
ies, prediction of treatment efficacy is of utmost importance,
especially in patients with moderate to severe OSA [37, 38].
To improve patient outcomes, it may be necessary to estab-
lish criteria for patient selection. DISE could be a valuable
tool to distinguish responders to MAD treatment from non-
responders before the initiation of therapy. It may also be
used to evaluate the pattern of upper-airway collapse, so
as to address further treatment options in cases of CPAP
failure [39]. DISE may have clinical utility in predicting

the outcome of treating OSA with a MAD, thereby improv-
ing the selection of patients for this treatment modality and
their adherence to the treatment. According to Johal et al.,
patient’s response to the mandibular maneuver used dur-
ing DISE to mimic the effect of a MAD may be a valuable
prognostic indicator of a successful MAD therapy [40]. In
other studies, authors suggest that the chin-lift maneuver
into maximum protrusion may be clinically less relevant
for therapeutic decision-making because each oral appli-
ance causes a certain amount of vertical mouth-opening,
and the maneuver is not reproducible in terms of the degree
of mandibular advancement [41]. The findings of the pre-
sent clinical study suggest that an increase of upper-airway
dimensions during mandibular advancement during DISE
may have predictive value regarding the likelihood of suc-
cessful treatment with a MAD. At the 8-week follow-up PSG
with MAD in place, the experimental group of patients who
underwent a DISE examination had lower AHI scores than
the control group of patients who did not undergo DISE. We
therefore believe that DISE can be used as a valuable predic-
tion tool in clinical practice. Furthermore, by using DISE,
the full short-term efficacy of MAD treatment was achieved

@ Springer
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with less initial mandibular protrusion than in the control
group. This is an additional benefit in terms of patient com-
fort and initial treatment adherence.

The AHI score of both groups (experimental [with DISE]
and control [without DISE]), as recorded at the diagnostic
PSG at baseline and after 8 weeks with the MAD in place,
significantly improved after the therapy with the MAD. The
two groups of patients did not differ from each other at base-
line regarding age, BMI, AHI, SpO,, and other parameters,
and all used the MAD for a similar number of hours during
sleep. Accordingly, the results are consistent with those of
other studies and show that the MAD is an effective treat-
ment modality for patients with OSA, at least in the short
term [11, 42]. In our study, the induced effect was objec-
tively verified in a PSG with the oral device in situ, because
it is important to protect the patient from potentially subopti-
mal treatment. Hoekema et al. reported that MAD treatment
was effective for 76.5% of patients using an oral appliance,
compared with 82.7% of those using CPAP, and that oral
appliance therapy was not inferior to CPAP therapy. The
treatment results of the present study were similarly impres-
sive, with a treatment response achieved in 88% and 69% of
patients in the experimental and the control groups, respec-
tively. However, our results do not confirm the second find-
ing of Hoekema et al., namely that oral appliance therapy is
less effective in individuals with severe OSA (AHI > 30/h)
[43]. The absence of a significant change in the SpO, level
might be attributable to the short observation time. In their
study, Ezmek et al. only observed significant differences in
the SpO, level of patients with OSA at the end of the twelfth
or twenty-fourth week of treatment with a MAD [44].

Regarding subjective sleepiness, in our clinical study, the
experimental group of patients showed a greater improve-
ment in ESS score than the control group. Health-related
quality of life improved significantly in both groups after
8 weeks, and the experimental group achieved significantly
better scores than the control group at recall for the physi-
cal and mental components of the SF-36. These results cor-
roborate those of Gagnadoux et al. who observed that MAD
treatment resulted in significantly better emotional and sub-
jective sleep quality outcomes [45].

Numerous randomized controlled trials have studied the
efficacy of both CPAP and MAD therapy in the treatment
of OSA [46, 47]. However, in most of these studies, only
patients who used a CPAP device were titrated objectively
(i.e., based on their PSG results). When both treatment
modalities were titrated objectively, no clinically relevant
difference was found between MAD and CPAP in the treat-
ment of mild and moderate OSA [48, 49]. CPAP treatment
incorporates a well-established objective measurement of
CPAP use. By contrast, objective measurement of compli-
ance during MAD therapy for patients with OSA remains
limited. Vanderveken et al. used an embedded microsensor
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thermometer to assess the safety and feasibility of the objec-
tive measurement of compliance during MAD therapy for
sleep-disordered breathing. The results of the study sug-
gest that although CPAP is more therapeutically effective at
reducing the AHI score than a MAD, inferior CPAP com-
pliance may result in similar overall effectiveness [50]. The
smaller initial amount of mandibular protrusion achieved
with DISE in our study may help to improve patient compli-
ance with MAD treatment.

All patients in this study were referred by the Sleep Dis-
orders Center of the University Department of Critical Care
and Pulmonary Services of the Medical School of Athens
University and were unable or unwilling to tolerate and use
a CPAP device. Having considered the condition of the
patients, the use of a placebo device was not acceptable for
ethical reasons. Furthermore, blinding was also not possi-
ble. There are many models of MADs, and various types of
adjustment mechanisms. Custom-made, adjustable devices
make it easier to change the mandibular positioning in order
to achieve the desired effects and are considered the stand-
ard MADs for treating OSA. In the present study, a two-
piece, adjustable oral appliance (i.e., a MAD) with Herbst
telescopic tube connectors was individually constructed for
each patient and was adjusted to protrude the patient’s man-
dible into the most effective position based on the DISE
results. This titration of the mandibular protrusion resulted
in a substantial decrease in AHI value.

It is reported that patients need a period of acclimatization
when using a MAD because of the occurrence of various side
effects, e.g., jaw discomfort, tooth tenderness, and excessive
salivation [51]. In this study, no adverse effects were reported
or observed for the MADs. The short duration of the present
study, the strict inclusion criteria, the limited sample size of
the control group of patients, the repeated checking and adjust-
ment of the device by a TMD specialist, and the design of the
MAD used (which permitted limited opening, protrusion, and
side-to-side movements of a patient’s jaws) should be taken
into account when interpreting our results.

Conclusions

This clinical study suggests that DISE may have a significant
treatment benefit for patients with OSA using custom-made
MADs with Herbst tube connectors, in terms of AHI score,
and SpO, level, ESS score, and the physical and mental com-
ponents of the SF-36. The results indicate that DISE enables
significantly greater treatment efficacy with less mandibular
protrusion in patients with mild, moderate, and even severe
OSA who may be effectively treated with oral appliances when
a CPAP device cannot be used. DISE may improve the accept-
ance of and adherence to oral appliances for the treatment of
OSA. Furthermore, DISE may be a valuable tool for the pre-
diction of treatment outcome of MADs. Larger samples and
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long-term prospective cohort studies are required to assess the
long-term efficacy and possible adverse effects of MADs.
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