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Abstract

Purpose Treatment of patients with obstructive sleep apnea (OSA) using mandibular advancement appliances enhances
the airway and may be an alternative to continuous positive airway pressure (CPAP) in individuals with reduced adherence
to CPAP therapy. The effectiveness as well as improved patient compliance associated with these appliances may improve
the quality of life in patients with OSA. The aim of this systematic review of studies was to determine the improvement in
quality of life amongst patients with OSA who were treated with an oral appliance.

Methods The research study was registered on the International Prospective Register of Systematic Reviews (PROSPERO:
CRD42021193386). A search was carried out using the search engines Google Scholar, PubMed, Ovid, Cochrane Trial
Registry, and LILACS. Patients with OSA treated with oral appliance therapy to advance the mandible were studied. Twenty-
five studies were identified through the literature search and all had varying control groups for assessment of quality of life.
Seventeen studies were included for the quantitative synthesis.

Results QoL, evaluated by the Functional Outcomes of Sleep Questionnaire (FOSQ), significantly improved in patients
treated with oral appliance therapy. There was a mean difference of 1.8 points between the baseline scores and the scores
following treatment with an oral appliance.

Conclusion Overall, a significant improvement in the QoL was observed with the Functional Outcomes of Sleep Question-
naire, following oral appliance therapy.

Keywords Obstructive sleep apnea - Quality of life - Health-related quality of life - Oral appliance - Mandibular
advancement appliance - Apnea

Introduction

Sleep plays a vital role in maintaining good health and well-
being throughout life. Quality of sleep helps protect mental
This article is part of the Topical Collection on Oral Appliance health and physical health and thus the quality of life [1].
Therapy Obstructive sleep apnea (OSA) is characterized by repeti-
tive collapse of the upper airway during sleep. The upper
airway comprises the nose, the nasopharynx, the retropalatal
oropharynx, the hypopharynx, and the larynx. The muscles
that control the upper airway or the pharyngeal airway also
play arole in swallowing and speech. These muscles can be
Sukanya Ranganathan categorized into muscles that control the shape and position
sukanya.dr@gmail.com . .
of the tongue and palate, muscles that influence the posi-
tion of the hyoid bone, and pharyngeal constrictor muscles.
They are in turn activated by respiratory stimuli such as a
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responsiveness of the muscles, which then makes the phar-
yngeal airway more vulnerable to collapse [2].

Approximately 3 to 7% of adult men and 2 to 5% of
adult women are affected by OSA [3]. Findings of narrow
airway or reports of heavy snoring are possibly indica-
tive of respiratory pattern abnormalities causing arousals
during sleep. OSA can be of particular significance to
the dental surgeon as observation of the oropharyngeal
structures forms an important part of routine oral exami-
nation [4, 8].

While the primary role of an orthodontist is not to
diagnose OSA, an opportunity for screening exists. In
patients with OSA, orthodontic therapy forms part of
the multidisciplinary approach in treatment [5]. This
is because orthodontists have the knowledge of facial
growth along with an understanding of oral devices.
A patient with OSA may be referred by a physician if
an oral appliance or any other orthopedic/orthodontic
adjunctive therapy has been prescribed. Oral appliances
for OSA are mandibular advancement appliances or
tongue retaining devices. Oral appliances may be used
in the treatment of mild to moderate OSA and also in
patients who have severe OSA, but are unwilling to use
the CPAP (continuous positive airway pressure). These
appliances work by holding the mandible and the associ-
ated tissues forward, thereby increasing the caliber of the
upper airway [6].

Schwartz et al. concluded that even though CPAP was
significantly more efficient in reducing Apnea—Hypopnea
Index (AHI) (with a moderate quality of evidence), compli-
ance was lower with CPAP, with no differences between
Mandibular Advancement Appliance (MAA) and CPAP
in terms of cognitive or functional outcomes [7]. Ferguson
et al., through a short-term controlled trial, showed that
MAA was associated with greater patient satisfaction than
CPAP [8]. Johnston et al. showed that based on the reduction
of the AHI and the oxygen-desaturation index (ODI), the
success rate of the MAA was 33 and 35%, respectively [9].

In recent times, the measurement of patient centered out-
comes has gained precedence over outcomes that measure
other aspects of successful treatment. Recommendations
by health agencies such as the World Health Organiza-
tion (WHO) suggest that quality of life measures should
be included in clinical studies. Research on quality of life
(QoL) has increased in the last few decades [10]. QoL is
defined by the WHO as “individuals’ perceptions of their
position in life in the context of the culture and value sys-
tems in which they live and in relation to their goals, expec-
tations, standards and concerns” [11].

Malocclusion is known to be associated with facial and
dental appearance-related self-concept issues [10]. While
it is only fair to expect that orthodontic treatment should
result in enhanced self-esteem and improved QoL, the
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evidence is highly conflicting as a result of differences
in design, tools for assessment, and populations. Patients
with OSA have impaired HRQL (health-related quality of
life) when compared to healthy age- and gender-matched
controls [12].

Several studies have assessed the changes in the
quality of life (QoL) of patients treated with (Mandibu-
lar Advancement Device) MAD [20-44]. A few have
been described in a literature review on the efficacy of
oral appliances for the treatment of OSA by Sutherland
et al. [13]. Some show significant improvement in QoL
across all parameters used for assessment, some showing
improvement in specific domains, and while others not
showing any significant improvement at all.

In a systematic review by Kuhn et al., the quality of life
of patients treated with both CPAP and mandibular appli-
ances was assessed. However, the outcome measured was
restricted to general health-related quality of life (HRQL)
and did not include sleep specific changes in quality of
life [14].

Therefore, this review aimed to determine the improve-
ment in quality of life amongst patients with OSA who were
treated with an oral appliance.

Materials and method

This systematic review was conducted and reported in
accordance with the PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta analy-
ses). The proposal was registered on the International Pro-
spective Register of Systematic Reviews (PROSPERO:
CRD42021193386).

A search was carried out using online databases —
Google Scholar, PubMed, Ovid, LILACS, and the Cochrane
Trial Registry. The following criteria were used to assess
eligibility.

Inclusion criteria

1. Studies that have assessed the quality of life of patients
with OSA treated with an MAA/MAD

2. Studies that have assessed the quality of life using valid

questionnaires

Full-length articles

4. Study design: experimental studies, randomized and
non-randomized studies, observational studies, cross-
sectional studies, case—control studies, and cohort stud-
ies

5. All published data, until March 3rd, 2021, in the English
language
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Exclusion criteria

1. Studies that assessed the quality of life of patients who
were given continuous positive airway pressure alone or
other appliances, other than the mandibular reposition-
ing splint

2. Studies that have not assessed QoL using valid question-

naires

Foreign language articles

Unpublished articles

Case reports and case series

Studies without a valid statistical analysis

SNk W

Information sources

Online database searched with Google Scholar, Cochrane
Trial Registry, PubMed, LILACS, and Ovid.

Search strategy
The keywords used were “obstructive sleep apnea,” “qual-
ity of life,” “health-related quality of life,” “oral appli-

ELINT3

ance,” “mandibular advancement appliance,” and “apnea”
(Table 1).

A total of 2680 articles were obtained, from which 1411
were removed as duplicates using automation tools. A
total of 1269 titles were screened; 33 full-text articles were
retrieved. Out of the 33 articles, 8 were excluded for various
reasons. Twenty-five studies were selected for inclusion in
this systematic review (Fig. 1).

Data were collected and analyzed independently by two
reviewers. These data sets were then examined by a third
reviewer in order to reach a common consensus. Automation
tools used were the Zotero reference manager software for
the removal of duplicates.

Data outcomes and variables
The primary outcomes sought were total QoL scores at

baseline and total scores following oral appliance therapy,
evaluated using the FOSQ (Functional Outcomes of Sleep

Table 1 Search keywords

Questionnaire) [15], the Mental and Physical Components of
the SF-36 (Short Form-36) questionnaire [16], and the Sleep
Apnea Quality of Life Index (SAQLI) [17].

Data variables were patient demographics, AHI
(Apnea—Hypopnea Index) at baseline, control groups, and
appliance characteristics.

Risk of bias

Risk of bias for the randomized studies was assessed using
the Cochrane tool, which has been represented using a traffic
signal plot (Fig. 2). The risk of bias for the non-randomized
studies was calculated using the ROBINS-1 tool (Table 2)
[18, 19].

Data extraction and analysis

Data extraction was done by a single author and verified
independently by two authors. RevMan 5.4.1 was used for
data analyses. A random-effects model was employed to pre-
sent the continuous data as a mean difference with a confi-
dence interval of 95%. Heterogeneity was detected using the
chi-squared test as well as I* statistics.

Result
Study selection

The database search resulted in a total of 2410 articles, out
of which 25 were included in this systematic review [20-44].

Study characteristics

The study characteristics obtained were patient demograph-
ics, baseline AHI score, appliance description, quality of
life questionnaire, and control/comparison groups. Fourteen
out of the 25 studies were randomized studies. The sample
size ranged from 11 to 158. All participants in the studies
were 18 years old and above (Table 3). The most common

Obstructive sleep apnea

("obstructive sleep apnoea"[All Fields] OR "sleep apnea, obstructive"[MeSH Terms] OR ("sleep"[All Fields] AND

"apnea"[All Fields] AND "obstructive"[All Fields]) OR "obstructive sleep apnea"[All Fields] OR ("obstructive"[All
Fields] AND "sleep"[All Fields] AND "apnea"[All Fields]))

Mandibular advancement
"mandibular advancement"[All Fields])

Oral appliance
Quality of life

("mandibular advancement"[MeSH Terms] OR ("mandibular"[All Fields] AND "advancement"[All Fields]) OR

("mouth"[MeSH Terms] OR "mouth"[All Fields] OR "oral"[All Fields]) AND appliance [All Fields]
("quality"[All Fields] AND "life"[All Fields]) OR "quality of life"[All Fields]) AND ("oral health"[MeSH Terms]

OR ("oral"[All Fields] AND "health"[All Fields]) OR "oral health"[All Fields]) AND related[All Fields] AND
("quality of life"[MeSH Terms] OR ("quality"[All Fields] AND "life"[All Fields]) OR "quality of life"[All Fields])
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Fig.1 PRISMA flow dia- L i i i
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.g PubMed (n = 271) Duplicate records removed
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£ LILACS: 0 o Records marked as ineligible
5 Ovid: 0 by automation tools (n =
3 Cochrane Registry: 49 1411)
Head search of references: 0
Records screened > Records excluded™*
(n=1269) (n=1234)
Reports SOUght for retrieval Reports not retrieved
o (n=35) ' (n=2)
=
c
o
<
o !
»n
T Reports excluded:
Reports assessed for eligibility ., Trials that used only a sleep
(n=33) questionnaire and not a
QoL questionnaire (n = 4)
Trials that did not use valid
questionnaire (n =1)
Commentaries (n = 1)
- Studies included in review
2 (n =25)
= Reports of included studies
2 (n=25)

control/comparison was the continuous positive airway pres-
sure (CPAP) (Table 4).

Quality assessment

The quality for these studies was assessed using the
Cochrane tool for randomized and the ROBINS-1 tool for
non-randomized studies. A high risk of bias was observed
in four studies.

Results of individual studies

Out of twenty-five studies, 11 studies had reported the total
scores at baseline and post-appliance therapy from the
FOSQ. One study reported the mean scores and another,
the median, with the interquartile range. Amongst the
studies that had used the SF-36 questionnaire, 5 reported

@ Springer

Physical Component Scores (SF-36 PC) from the SF-36
questionnaire and 6 had reported the total Mental Com-
ponent Scores (SF-36 MC). Three studies reported total
scores from the SAQLI (Table 5).

Use of a single questionnaire Six out of 25 studies used the
FOSQ alone to evaluate changes in quality of life, and a sig-
nificant improvement was reported by 4. Eight studies used
only the SF-36, of which 6 did not show significant improve-
ment and 2 studies used a single SAQLI to evaluate QoL
changes. Both studies reported significant QoL changes.

Combined questionnaires The remaining nine studies used
a combination of questionnaires. Out of 9 studies, seven had
combined SF-36 and FOSQ and one had combined SF-36
with SAQLI 6; Six amongst these, showed a significant
improvement in quality of life.
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Fig.2 Traffic signal plot for Risk of bias domains
Cochrane risk of bias ‘ | D2 | D3 | D5 | Overall ‘

Engleman et al, 2002

Barnes et al, 2004

Blanco et al, 2005

Lawton et al, 2005

Lam et al, 2007

Hoekema et al, 2008

Gauthier et al, 2009

Study

Aarab et al, 2011

Philips et al, 2013

Schutz et al, 2013

Quinnell et al, 2014

Marklund et al, 2015

Petri et al, 2017

Benoist et al, 2017

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -

L OIGIOIo) X I I JOIo) @
@OCOO0O0OOOOOOOOO
0000 OOOOOOO®

00000000 OO®O O
00000000 OOOOO®
00860V OOOOO®VLOS®

Judgement

@ Hign

Some concerns

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Individual domains The SF-36 questionnaire has 8 indi-
vidual domains. In the study by Lam et al. [26], there was a
significant improvement in the “general health,” “vitality,”
and “role-emotional” domains. In the study by Johal et al.
[25], significant differences in the “vitality” and “physical
role limitation” domains were observed. In 5 studies, there
was no significant improvement in SF-36 scores.

Three studies had reported the total scores from the
SAQLI. Machado et al. had used the Calgary SAQLI and
reported important minimum difference (IMD) between pre-
treatment and post-treatment quality of life. All participants
had shown small to excellent improvement.

Meta-analysis

Seventeen studies were included in the quantitative syn-
thesis. A statistically significant improvement in qual-
ity of life was seen only with the FOSQ (Fig. 3a) with a
mean difference of 1.8 between the baseline and the post-
treatment scores. The mean differences for the SF-36 PC,
SF-36 MC, and SAQLI scores were 0.4, 3.11, and 1.43,

. Low

respectively. This was not statistically significant (Fig. 3
b,c and d).

Discussion collected and analyzed
independently by two reviewers

This review demonstrateed significant improvement in
QoL, measured using sleep-specific questionnaires, fol-
lowing oral appliance therapy. QoL enables orthodon-
tists to look at treatment from the patient’s perspective
and evaluate whether the treatment rendered provides a
holistic improvement in their lives. Mandibular appli-
ances (MAA/MAD) have been pegged by orthodontists
for treatment of OSA, owing to the reduced patient com-
pliance exhibited by the CPAP.

Previous systematic reviews show that mandibular
appliances are effective in treating mild to moderate OSA
[45]. QoL changes following oral appliance therapy can be
explained by various factors — objective reduction in the
number of apneic events, appliance design, construction,
characteristics, and subjective daytime sleepiness.

@ Springer
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Table 2 Risk of bias using

Study Dl D2 D3 D4 D5 D6 D7 Overall
ROBINS 1 tool — non-
randomized studies Machado 2004 Low Moderate Moderate Low Low Low Low Low
Johal 2006 Low Moderate Low Low Low Low Low Low
Vecchierini 2008 Low Moderate Moderate Low Low Low High High
Gauthier 2011 Low Low Low Low Low Low Low Low
(follow-up of the
study by Gauthier
2009)
Doft 2013 (follow- Low Low Low Low Low Low Low Low
up of the study by
Hoekema 2008)
Banhiran 2014 Moderate Low Low Low Low Low Low Low
Bhushan 2015 Low Moderate Low Low Moderate Moderate High High
Fernandez 2017 Low Low Low Low Low Low Low Low
Gagnadoux 2017 Low Low Low Low Low Low Low Low
Thays 2017 Low Moderate Moderate Low Low Low Low Low
Ruiter 2017 Low Low Low Low Low Low Low Low

D1, bias due to confounding; D2, selection of participants; D3, bias in classification of interventions; D4,
bias due deviation of intended interventions; D5, missing data; D6, measurement of outcomes; D7, selec-

tion of reported result

Apnea-Hypopnea Index

Improvement in QoL is likely to be associated with improve-
ment in disease symptoms. An objective way to assess this
is through polysomnographic measurements such as AHI.

In the study by Hoekema et al., no significant QoL change
was observed [27]. This is possibly because of the severity
of disease in the participants, represented by a baseline AHI
of 39.4 +30.8.

In all except 4 studies, where this outcome was not men-
tioned, there was a significant reduction in AHI following
oral appliance therapy.

In one study, by Ruiter et al. [44], it was demonstrated
that there was no correlation between AHI scores and qual-
ity of life. In another study by Bhushan et al. [39], AHI had
a mild inverse correlation with QoL scores.

Questionnaires

Another factor that determined improvement in the studies
was the specificity of the questionnaire.

Each questionnaire has domains, pertaining to the vari-
ous aspects of QoL. The domains, the number of questions,
the type of questions, and the scoring system vary from
one questionnaire to another. The FOSQ was developed by
Weaver et al., in 1997, and was the first self-report measure
for assessing the impact of sleepiness on quality of life [15].
Therefore, it is a questionnaire that specifically targets OSA
patients. Another sleep-specific questionnaire, SAQLI, was
also used in the studies.

@ Springer

The SF-36 questionnaire is a generalized questionnaire.
It contains 36 items, which assess 8 health concepts [16],
including physical function, role-physical, bodily pain,
general health, vitality, social function, mental health, and
role-emotional.

Two studies that had used only the FOSQ did not
show a significant change in quality of life. The study
by Ruiter et al. [44] was a 2-year follow-up of the study
by Benoist et al. [40]. The authors had pitted the sleep
position trainer against the oral appliance. Both stud-
ies had a high dropout rate. One-third of the patients
had been lost to follow-up. The authors believe that this
was because of a delay in patient intake due to change
in the location of appliance fitting, which might have
caused reduced patient commitment. While the quality
of life mildly improved, no clinically significant value
was obtained [40, 44].

With the general SF-36 questionnaire, some domains
showed a significant improvement, while others did not.
Vitality was seen to significantly improve in 4 studies [25,
26, 36, 43]. Vitality represents energy level and fatigue. It
comprises 4 questions [16].

Combining questionnaires is justified in order obtain a
sleep specific as well as a general perspective. In the study
by Blanco et al. [23], the FOSQ questionnaire was used
along with SF-36 for evaluation. It is possible that the speci-
ficity of the FOSQ questionnaire to OSA patients could have
caused a difference in the scores of the two questionnaires.
One study by Quinnell et al. [36] also included EuroQoL to
calculate quality-adjusted life years (QALY).



989

983-996

Sleep and Breathing (2022) 26

soouerjdde ref
-nqrpuew om} jo uostiedwo))

Qouerddy juowooueape UON

dvdD

dVdD ¢sa3ueyd 9[AI1soyIT

Qouerjdde juowooueape UON

191qe) 0gede(d {JVdD

dvdd

JUSWIUBAPE 10J S[000)01d
JuaIogIp pey saouerdde
ylog ‘wiw ¢ jo uorsnnoid
[eWIXBW UBDJA] "W 7 ]—6
J0 9ords TesrourIojur
PAIOYO [jog “IOU[IS
pue Aemreary] paredwod
OSOd arom sooueridde omT,

Suruado [eonIoa
ww ¢ — }I0JWOd Wnw
-IXBW [[1) JUSWIIUBAPY
"(VINING) @oueridde Sur
9¢-AS -uonisodar re[nqrpuejy
%L°81 F 18 Sem MIIAI
dn morjoJ 1e JuswOURADE
UBOJA] 9[q}IOJWIOD Sem Se
yonuw se pasueApe Ay [,
‘Wt Z°( JO SJUAWIOUT Ut
syuounsn(pe J0J pomoyre
ma1os uorsindoiq “uonisod
PIEMIOJ pue pIemumop
9¢-dS pue 0SO4 & ur pauonisod S[qIpuey
Suruado [eonI0A QWOS YPIm
I10VS) }I0JIIOOSTP 9sNed JoU PIp
xopu] 91T Jo Arreng) J1 210yM uonIsod pIemIoy
eoudy doo[S pue 9¢-JS  ISOIN “Iojeanoe adA) pjoareyq

Q0UBAPE PIO]
wnwixew jo %6/ —
[OPOW PIOUBAPE ‘QOUBIEI[D
9¢-AS PUE OSOA ~ JO WW G (IIM S[POW OM],
SJUSWIAIOUI GZ°() UI W 7|
— uorsnnoxd wnwrxew
‘opew wojsnd (souerjdde
9¢-AS Pue OSOA  deas [euap [edrpawr) VSAN
J[qQIX9Y SS9 pue 95eId
-A0J [BSN[990 SSA[—ZSYIN
£9[qIXOp I0W ‘a3BIA0D
[esn[o20 a10W—] SYIN
Q0UBIBA[O [EIUSPISIUL
wu -7 9 08—uorsnnoid

9¢-4S pue OSOd  Je[NQIPUBW ‘opeul Wojisny)

pauonuaw JoN

8 €TFI6¢

8'0EF V6

6'0C

96F8ce

CIFEIC

SIBOK Q'] F 'L 93e
UBQW SUSUW [ ‘USWIOM G

aSe
Jo s1eak ()7 9A0qe sjudned

s1edk ()7 <:93y

TF Gp 198k uBdW %97 O[RN

‘s1eak §/1TF9°6S
193 ueOW ‘USW /|

s1K 6'0F0'LY
:98e uBQW ‘UAW %()8

s1edk 6 F 9t
:93e uBOW ‘UAWOM 7]

91

LT

122

0C

08

8y

600 “Te 39 Jo1pnen

800T “Te ¥ 1_d

800 “'Te 10 eWao0H

LOOT “Te 10 we]

S00T “Ie 10 ooue[g

002 e 10 seureg

2002 “'Te 10 uewa[Sug

(S[e11} PI[[OIUOD PAZIWOPUERI) SINSLINORIRYD) APNIS (V¢

dnoi3 jonuo)

Qouerdde

QIreuuonsan) [€10 9y} JO SONSLIAJOBIRYD)

IqY/IHV suljeseq

soryderSowop juenjeq o[dweg

ek ‘T07INYy

sonsLR)oRIRYD APN)S Jo Arewwuns € jqel

pringer

a's



983-996

Sleep and Breathing (2022) 26

990

QUON

jusuIEan) ON

9¢-dS

9¢-dS

JUQWIAOUBADR
[eWIXeW JO %8/ — Wil
() L uorsnnoid aSeroay
‘paseq uonoely, -o[qeisnipe
‘PISLI-TWIAS ‘Opell Wojsn))
pazl
-woJsno pue euorssajord
£q 9[qeisnlpe -(epueyN pue
yrer)) aouerdde ad£) 1sqroH
ISIIULp AY)
£q o1qeisnlpy “rojouuyirur
Jo sud} ur aye[d 1omof jo
JudwRdURApE J1UIAd 0)

L6IF11¢

LT

pauon

(3rew 0€) (8) 96 :93e UL g€ 800 ‘TULIAIO09A

SIBIA G 6t :93. UBQIN 0z1 900C “Te 39 [eyof

QUON I'10VS A1e3re) WSTUBYIOW [99)S SSA[UTLIS -uow Jou anfeA ‘0¢ >[HV s1e3A gt :93e uBoI 11 00T “'Te 32 OpPRYORIAl
(SQIpMIS POZIWOPUEBI-UOU) $ONSLIAJORIRYD) APMS ¢
KIeSS90U J1 %06
PUR %G/ O} PRJUBAPE Sem
LVO "%09 -:LVO 991A9p
o1A108 9} 0} papuoq AIe| s1ek 1°01 F¢'8F
1ourer) uonisod doafg OSOd -nosjouu st jey) wAjod 108 C6IFETE :93e uBOW {UAW %/ 0L IS L10T T 12 1s10U9g
JUSWIDOUBAPE JO WW /—9
eouerdde ogeoeld 0SO0d pue 9¢-1S ‘a[quasnipe ‘opeur woisn) (8'6) 9°S1 (9°01) 86t o8¢ ueay 09 S10T “Te 12 punpreiy
uorsnnoxd
9[qe}IOJWOD [RWIXBIA W
MIJ B AQ 90UBIEI[D [BSN[O
-00I9)ul 1918213 pey g,
9[qBAOWAI PUE PIXI] "9oUE
soouerjdde ref -1dde od£) yoorg uimp, sIeok 8yt
-nqrpuew om} jo uostredwo)) 9¢-4S pue oouerjdde ad4) 3sqioyg S :o3e ueIpaW ‘sofew 7| 91 ST0T “'Te 12 uoyme|
Te-ASs  ovodsaq pue oyodseq-Tuuas
Jourer], uonisod dod[s -0 TIOVS ‘OSOd ‘9¢-dS “onserdowsayy :SAVIN € 8'€l (9'11) 6°0S 93¢ 'sopewr g/, 08 Y10T “Te 12 [jouuing
pamorjoj [0o0301d
JUSWAOUBAPE JO S[IEIOP ON
-9ouerdde juswaoueApe
dVdD esmrexyg 9¢-4S Je[nqipuewl ‘opew woisn) 61 F8'0¢ oew [[e ‘o3e Jo s1eak GG—G7 ST €102 “Te 19 Znyos
JIUI] 9[qeIIOJW0D 1D
dvdd OSOd PUE 9¢-JS  WNWIXEUW [[1} JUSWIOUBAPY 96T S'6Y :oFe uowW dEW %[ 123 €10 “Te 10 sdijiud
L Ul %0S pue g1 ut %6/
¢1 ur uorsnnoid wnwrxew SIBAK 1'6F €°0S
souerdde ogaoeyd ‘qvdD 9¢-dS  JO %ST AVIN dlquienLL 80IF1TT :08e ueaw 19| [P 0z 110C “Ie 10 quiey
Qouerdde
dnoi3 jonuo) Q1reuuonsan) [€10 9y} JO SONSLIAJOBIRYD) IQY/IHY 2ulfeseg soyderSowop juoneq ordweg Ieok ‘Ioyiny

(ponunuoo) ¢ 3jqey

pringer

Qs



991

983-996

Sleep and Breathing (2022) 26

syoom 7
K10AQ W [—G'T AQ PamO[
-0 JUSWIOURAPE [EWUIXEW
J0 %06 :1entu] ‘3uruado
[eontoa ww ¢—aoard

T ‘opews wojsn))

JuoUEaI) ON 0S0d

KIeSS909U J1 %06
PUE 9G/ 0} PIOUBADE SEM
LVO "%09 -:LVO 991A9p
o1A108 9} 0} papuoq A[Ie|
OSOA -nodou st jey) owAod 3jos
skep /
KIoAD JUSWIQOUBAPE WIW |
‘uonisod [ewIxew Jo %05
— uonisod eniur — QYN
souerjdde [ejuap uerizerg

Jouren uonisod doa[g

SUON 9¢-dS
J[qerenn
yog ‘SAVIN opew Wwoisnd
9¢-AS T pue QVIA dnsefdowayg, |
wu /, Jo ueawl — %06
Jo uorsnnoid wnwrxewr
— AVIA 9peuw wojsn))
uonisod 9J1q [eurIoU
pue uorsnpoid [ewrxewt
U0oM)oq AempIulr sem UOT)
-1s0d [eniur — juowisnlpe
10J MAIDS ‘dV pIennouwos

JIqe
-1snlpe Juaned *%L 81+ 18
sem ma1Aa1 dn moj[oj
1€ JUQWAOUBAPE UBIA!
"W Z°() JO SUSWIOUT Ul
syusunsn(pe 10J pamojre
ma1os uorsyndoiq -uonrsod
PIeMmIO} pue premumop

e ur pouonisod 9[qIpueA

soouerjdde renqipuew
Jo sadA3 om) Jo uostredwo)

SuUON I'TIOVS

dvdD osod

dvdd 9€-dS PuE OSOd
JUSWIUBAPE 0] S[050j0Id

JuaIogIp pey saouerdde

yjog ‘wiw ¢ jo uorsnnoid

[eWIXBW UBDA] "W Z]—6

Jo ooeds TestourIolu]

QUON OSo4d "TOOUQ[IS pue AemIBdry]

L'8¢

el

I'8F07CI

7'TE — dpew wolsnd
7'¢7 — onsepdowroy,

pauonuawt
jouanpeA "0¢—¢ — IHV

OVIFLLI

e1F¥01

orew
61 (1°01) 8'+S :o5e ueo\

(%L0L)
(1°01) £'8% :93e uBo\

sIeak G9—G7 93y
UQWOM %7 H¢

(9°11) 0% o3k Uy

orewt 67 (%) 1 :93e ueoN

USWOM {7 pue

USW () ‘9A0qE pue s1eak g

rew ¢4 {(01) 6} 93 uBoN

(uowom
) (L'1) 6'16 :o8e uean

810¢
0¢ I 19 ueIN[-ZIPUBUId]

(L10T
jstouag £q Apmys oy jo dn

6C  -MO[I0J) 8T0T “'[e 10 NNy

94 LTOT “Te 19 BYUND

8G1 L10T “'Te 39 xnopeuden

LE S10T ‘ueysnyg

9 ¥10¢ ueliqueq

(800 euwrayo0H Aq Apms
IS oy jo dn-mofjoy) €107 ‘Hod

(600
1ompnen) £q Apmys oy jo
vI  dn-mof[oy) [[0g ‘1oryIneD

Qouerdde

dnoi3 jonuo) Q1reuuonsan) [€10 9y} JO SONSLIAJOBIRYD)

IdY/IHV suljsseq

soryderSowop juened o[dwes

ek ‘T0yINy

(ponunuoo) ¢ 3jqey

pringer

a's



992

Sleep and Breathing (2022) 26:983-996

Table 4 Study Characteristics for control groups

Comparison b/w 2 MADS Advancement vs non- SPT No treatment
appliances advancement
Number of studies 7 5 2; 1—tablet, 1—another 2 2
appliance
Table 5 Result
Study Study type Baseline scores (total Scores following oral appliance Statistical
scores) therapy (total scores) signifi-
cance
Functional Outcomes of Sleep Questionnaire (FOSQ)
Engleman 2002 Randomized 13+3 14+2 0.001
Barnes 2004* Randomized 3.1(0.1) 3.3(0.1) <0.001
Blanco 2005* Randomized 78.1 (22.6) 74.1 (18.4) NS
Hoekema 2008 Randomized 13.7+3.1 16.6+2.8 —-0.05
Gauthier et al. 2009 (Klearway) Randomized 13.8+0.7 17.2+0.5 <0.001
Gauthier et al. 2009 (Silencer) Randomized 13.8+0.7 16.8+0.6 <0.001
Gauthier 2011 (both appliances) Non-randomized 13.9+0.8 17.2+0.6 <0.05
Doff 2013 Non-randomized 13.7+3.1 16.4+3.6 <0.05
Philips et al. 2013 Randomized 16.3+0.2 17.3+0.3 <0.01
Quinnell 2014 Randomized 16.62 (2.55) 17.90 (1.92) <0.05
Banhiran 2014 Non-randomized 16.4+2.8 17.7+£3.0 <0.02
Marklund 2015 Randomized 16.1+2.3 17.6+2.3 NS
Benoist et al. 2017 Randomized 155+3.5 152+3.7 NS
Fernanndez-Julian et al. 2017 Non-randomized 16.7+0.2 18.160.1 <0.001
Ruiter 2017%%* Non-randomized 19.3 (16.9, 19.8) 18.5 (16.1, 19.6) NS
Short Form-36 Questionnaire — Physical Component Score
Engleman 2002 Randomized 45+12 48+ 11 0.008
Philips 2013 Randomized 68.1 (1.8) 74.4 (1.6) <0.01
Quinnell 2014 Randomized 43.06 +12.86 43.12+13.81 NS
Petri 2017 Randomized 48.1+9.2 45.5+9.5 0.38
Gagnadoux 2017 (thermoplastic) Non randomized 50.8+0.2 50.8+1.9 <0.05
Gagnadoux 2017 (custom made) Non randomized 51.0+£0.2 50.7+0.3 <0.05
Short Form-36 Questionnaire — Mental Component Score
Engleman 2002 Randomized 45+12 48+ 11 0.008
Philips 2013 Randomized 71.5(2.2) 80.6 (1.8) <0.01
Petri 2017 Randomized 48.8+10.0 47.2+8.5 0.2
Vecchierini 2008 Non-randomized 39+12 46+ 10 <0.01
Quinnell 2014 Randomized 46.20+10.78 48.81+9 <0.05
Gagnadoux 2017 (thermoplastic) Non-randomized 47.7+0.6 48.2+5.1 <0.05
Gagnadoux 2017 (custom made) Non-randomized 47.5+0.5 48.3+0.7 <0.05
SF-36 — mean scores
Barnes 2004* Randomized 69.4 (1.3) 73.7(1.2) <0.001
Baseline After treatment P value
Sleep Apnea Quality of Life Index
Lam 2007 Randomized 5.0(0.2) 5.5(0.1) <0.005
Quinnell 2014 Randomized 5.01 (1.24) 5.64 (1.06) <0.05
Bhushan 2015 Non-randomized 2.3 (1) 5.5(0.8) <0.001

.
Reported mean scores

“*Reported median (interquartile range)
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a

Following Appliance Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year 1V, Random, 95% CI
Engleman 2002 14 2 48 13 3 48 7.3%  1.00[-0.02, 2.02] 2002 =
Hoekema 2008 13.7 3.1 51 13.7 3.1 51 6.5%  0.00[-1.20, 1.20] 2008 T
Gauthier 2009 (Silencer) 16.8 0.6 16 13.8 0.7 16 9.7% 3.00 [2.55, 3.45] 2009 -
Gauthier 2009 (Klearway) 17.2 0.5 16 13.8 0.7 16 9.8% 3.40[2.98, 3.82] 2009 -
Gauthier 2011 17.2 0.6 16 139 0.8 16 9.6% 3.30[2.81, 3.79] 2011 -
Philips 2013 17.3 0.3 54 163 0.2 54 10.6% 1.00 [0.90, 1.10] 2013 -
Doff 2013 16.4 3.6 51 13.7 3.1 51 6.1% 2.70[1.40, 4.00] 2013 -
Banhiran 2014 17.7 3 64 16.4 2.8 64 7.3% 1.30[0.29, 2.31] 2014 —
Quinnell 2014 17.9 1.9 77 16.62 2.55 77 8.7% 1.28[0.57,1.99] 2014 -
Marklund 2015 17.6 2.3 60 16.1 2.3 60 8.2% 1.50 [0.68, 2.32] 2015 -
Benoist 2017 15.2 3.7 51 15.5 3.5 51 5.7% -0.30[-1.70, 1.10] 2017 -1
Fernandez- Julian 2017 18.6 0.1 30 16.7 0.2 30 10.6% 1.90 [1.82, 1.98] 2017 -
Total (95% CI) 534 534 100.0% 1.80 [1.31, 2.29] ¢
Heterogeneity: Tau? = 0.59; Chi? = 375.74, df = 11 (P < 0.00001); I* = 97% 7é0 —iO ) 150 250
Test for overall effect: Z = 7.16 (P < 0.00001) Does not favour appliance Favours Appliance
b Following Appliance Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Engleman 2002 45 10 48 49 6 48 14.5% -4.00[-7.30,-0.70] —
Gagnadoux 2017 (Custom made) 50.7 0.3 72 51 0.2 72 21.1% -0.30[-0.38, -0.22] L
Gangnadoux 2017 (Thermoplastic) 50.8 1.9 86 50.8 0.2 86 21.0%  0.00 [-0.40, 0.40]
Petri 2007 45.5 9.5 27 48.1 9.2 27 10.4% -2.60[-7.59,2.39] e
Philips 2013 74.4 1.6 54 68.1 1.8 54  20.8% 6.30 [5.66, 6.94] =
Quinnell 2014 43.12 13.81 80 43.06 12.9 80 12.3% 0.06 [-4.08, 4.20] —_r
Total (95% CI) 367 367 100.0%  0.40 [-1.85, 2.65] ?
Heterogeneity: Tau? = 6.24; Chi? = 405.73, df = 5 (P < 0.00001); I> = 99% _250 —iO ) 150 250
Test for overall effect: Z = 0.35 (P = 0.73) Does not favour appliance Favours appliance
C

Following Appliance Baseline Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Engleman 2002 48 11 48 45 12 48  13.2% 3.00 [-1.61, 7.61]
Gagnadoux 2017 (Custom made) 48.3 0.7 72 475 0.5 72 15.8% 0.80 [0.60, 1.00]
Gangnadoux 2017 (Thermoplastic) 48.2 5.1 86 48.8 10 86 15.0% -0.60[-2.97,1.77]
Petri 2007 47.2 8.5 27 472 8.5 27 13.2%  0.00 [-4.53, 4.53]
Philips 2013 80.6 1.8 54 715 2.2 54 15.7% 9.10 [8.34, 9.86] -
Quinnell 2014 48.81 9 80 46.29 10.78 80 14.5% 2.52 [-0.56, 5.60]
Vecchierini 2008 46 10 35 39 12 35 12.6% 7.00[1.83, 12.17] —_
Total (95% CI) 402 402 100.0% 3.11[-1.01, 7.23]
Heterogeneity: Tau? = 27.99; Chi? = 439.38, df = 6 (P < 0.00001); I = 99% _550 _255 ) 255 550
Test for overall effect: Z = 1.48 (P = 0.14) Does not favour appliance Favours Appliance
d Following Appliance Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Bhushan 2015 5.5 0.8 37 2.3 1 37 33.0% 3.20[2.79, 3.61] u
Lam 2007 5.5 0.1 34 5 0.2 34  33.9% 0.50 [0.42, 0.58]
Quinnell 2014 5.64 1.06 77 5.01 1.24 77  33.2% 0.63[0.27, 0.99]
Vecchierini 2008 0 0 0 0 0 0 Not estimable
Total (95% CI) 148 148 100.0% 1.43[-0.02, 2.88]

Heterogeneity: Tau? = 1.61; Chi* = 159.24, df = 2 (P < 0.00001); I = 99%
Test for overall effect: Z = 1.94 (P = 0.05)

Fig.3 a Meta- analysis for the Functional Outcomes of Sleep Ques-
tionnaire, b Meta-analysis for the Short Form 36 Questionnaire -
Physical Component, ¢ Meta- Analysis for the Short Form 36 Ques-

Appliance design

Extent of advancement An oral appliance works by
repositioning the mandible in an increased vertical or
open position. It also holds the mandible in a forward
position relative to the maxilla and improves airway
patency. This is done by increasing pharyngeal volume
and/or by improving muscles tone to reduce airway col-
lapsibility [1-3].

-20 -10 0 10 20

Does not favour appliance Favours Appliance

tionnaire- Mental Component, d Meta- Analysis for the Sleep Apnea
Quality of Life Index Questionnaire

The therapeutic window for mandibular advancement is
typically in the 50-75% range of the maximum mandibular
protrusion [2]. The advancement also depends on the sever-
ity of the disease [45]. A titration approach involves gradual
increments of advancement with time, which was followed
by nineteen out of twenty-five studies in the current review.

Adjustability The appliance should be adjustable and so
that it can be modified to fit new dental restorations and be
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relined for better retention. Another characteristic feature
of the appliance is that it should cover the teeth fully in
order to prevent tooth movement or unwanted supraeruption
and maintain teeth in the pre-treatment position [1-3]. In
the study by Engleman et al. [20], two mandibular appli-
ances with variations in extent of occlusal coverage were
compared. One had less coverage than the other. Both the
appliances showed an improvement in quality of life with no
significant difference between the two.

Fabrication of the appliance In terms of fabrication, the
appliances can either be customized or thermoplastic. Two
studies in this review, one by Gagnadoux et al. [41] and
the other by Quinell et al. [36], have compared custom
made and thermoplastic devices. In the study by Gagna-
doux et al., thermoplastic appliances were associated with
increased tooth pain, self-reported occlusal changes, and
decreased compliance. In both studies, however, there
was no difference in quality of life scores between the
two appliances [36, 41]. An improvement was seen from
baseline with both appliances. Customized appliances are
made by registering the patient’s bite, whereas thermoplas-
tic appliances are fabricated by placing the heated material
in the patient’s mouth and asking them to bite on it in an
ideally advanced position. The thermoplastic appliances
are a less expensive and less time consuming alternative
to customized appliances [40, 44]. A randomized crosso-
ver trial found a lower rate of treatment success and lower
patient adherence associated with thermoplastic appli-
ances. A majority of patients had preferred the customized
appliance. The lower rates of adherence were attributed to
insufficient retention of thermoplastic appliances during
sleep [47].

The extent of vertical opening with the appliances was men-
tioned in 5 studies. In two of these studies, a 5-mm vertical
opening was employed. In the studies by Lam et al. and Aarab
et al., the extent was based on the patient’s comfort [26, 31].
Lawton et al. had compared two types of mandibular appli-
ances — one that was similar to the Herbst appliance and the
other that was designed like the Twin Block appliance. The
height of the wax bite for the Twin Block group was 2-3 mm
greater than for the Herbst group. The authors found that with
the Twin Block group, there was lesser prevalence of muscu-
lar and temporomandibular joint discomfort and they attrib-
uted this to the downward rotation of the mandible as it came
forward, relieving the pressure on the muscles of mastication
and the temporomandibular joint [24]. Increased vertical open-
ing can possibly increase the collapsibility of the pharyngeal
airway [46], but there is evidence that points to no effect on
treatment success [47].

@ Springer

Appliance side effects The various side effects of using oral
appliances are possible reasons for the lack of a significant
improvement in quality of life scores. These include exces-
sive salivation, muscle pain, temporomandibular disorders,
changes in occlusion, and a dry mouth on waking up. The
other disadvantages include loosening of the appliance with
alack of soft tissue adaptation. An increase in age can result
in reduced muscular tone of the genioglossus muscle result-
ing in poor retention of these appliances [23, 24].

Patient compliance While compliance was assessed sub-
jectively by either maintaining a diary, or through assess-
ment of efficacy, only one study [40] objectively evaluated
compliance using a temperature sensitive micro-chip which
was embedded on to the oral appliance and assessed over a
period of 100 days. The percentage of compliance was found
to be 60.5%.

Daytime sleepiness Amongst the various subjective symp-
toms, daytime sleepiness was found to be significantly
improved following oral appliance therapy in majority of
the studies. The Epworth Sleepiness Scale (ESS) was used
for evaluation of the same [49].

Limitations A large clinical diversity was present amongst
the studies observed in terms of the type of appliance, con-
trol/comparison group, duration of appliance wear, and
severity of the disease. Despite low risk of bias scores, 10
studies did not perform randomization. Amongst the ran-
domized controlled trials, 8 had low risk of bias, while in
the other studies, the risk of bias was either unclear or high.

Conclusion

Overall, a significant improvement in the quality-of-life
was observed with the Functional Outcomes of Sleep
Questionnaire, following oral appliance therapy.
High-quality randomized studies that make use of sleep-
specific questionnaires to evaluate QoL are needed.
Further research is required to identify the correlation
between disease severity, subjective day time sleepiness,
compliance, and QoL.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11325-021-02483-0.
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