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s u m m a r y

While oral appliances (OA) have demonstrated good efficacy in patients ranging from mild to severe
levels of obstructive sleep apnea (OSA), this form of treatment is not completely effective in all patients.
As a successful treatment response is not dependent solely on apnea hypopnea index severity, the
prediction of OA treatment efficacy is of key importance for efficient disease management. This sys-
tematic review aims to investigate the accuracy of a variety of clinical and experimental tests for pre-
dicting OA treatment outcomes in OSA. A systematic literature review was conducted and the quality of
the selected studies was assessed using the quality assessment of diagnostic accuracy studies (QUADAS-
2) tool. Some 17 studies involving various prediction methods were included in this review. The pre-
dictive accuracy varied depending on the definitions of treatment success used as well as the type of
index test. The studies with the best predictive accuracy and lowest risk of bias and concerns of appli-
cability used a multisensor catheter. While a remotely controlled mandibular positioner study showed
high accuracy, there was a high risk of bias. The available information on the validity of predictive index
tests is very useful in clinical practice and allows for greater disease management efficiency.

© 2015 Elsevier Ltd. All rights reserved.
Introduction

Obstructive sleep apnea (OSA) is a common syndrome that is
characterized by recurrent episodes of partial or complete upper
airway obstruction during sleep, resulting in sleep fragmentation
and oxygen desaturation. OSA is associated with reduced quality of
life, decreased cardiovascular health, and increased healthcare
utilization and mortality [1,2]. Continuous positive airway pressure
(CPAP) is an efficient treatment for OSA and has been demonstrated
to improve daytime symptoms and to reduce cardiovascular dis-
ease [3]. Although CPAP is highly efficacious in preventing upper
airway collapse, patient acceptance, tolerance, and adherence are
often low, consequently reducing effectiveness [4].
I, body mass index; CPAP,
ce; ODI, oxygen desaturation
nography; QUADAS, quality
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Treatment with an oral appliance (OA) is an alternative to CPAP
for OSA and although less efficacious, it is more acceptable by pa-
tients. An American Academy of Sleep Medicine and American
Academy of Dental Sleep Medicine clinical practice guideline rec-
ommends OA treatment for adult patients with OSAwho prefer OA
therapy or are intolerant of CPAP therapy [5]. A recent compre-
hensive review of OA treatment showed that a complete response
occurred in around 48% of patients, with a range of 29%e71%
among studies [6]. At present, patient selection for OA therapy is
largely based on the apnea hypopnea index (AHI) severity alone.
However, patients with severe OSAwho successfully respond to OA
therapy have also been reported [7e9]. Treatment recommenda-
tions based solely on AHI restrict a potentially preferred treatment
option to a small portion of OSA patients. As the efficacy of OAs
varies greatly in patients with OSA, the prediction of OA treatment
response is of key importance for efficient disease management.

A number of studies have reported predictors of OA treatment
outcomes using polysomnographic parameters [10e13], cephalo-
gram [14,15], CPAP pressure [16,17], spirometer [18], drug-induced
sleep endoscopy [19], remotely controlled mandibular positioner
[20,21], and multisensor catheter parameters [22]. However all
these studies are derivation studies rather than validation studies,
which are lacking in the existing literature. While these methods
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still have some clinical importance, they vary greatly in terms of
technical complexity, prediction accuracy, and clinical applicability
and have not been systematically reviewed, which makes com-
parisons difficult.

This systematic review aims to investigate the accuracy of a
variety of clinical and experimental tests in predicting OA treat-
ment outcomes in OSA using the quality assessment of diagnostic
accuracy studies (QUADAS-2) tool.

Methods

Eligibility criteria

This review includes studies that evaluate the accuracy of clin-
ical tests for the prediction of OA treatment outcomes. Participants
in each study have been diagnosed with OSA by polysomnography
(PSG) and have been treated with an OA that functions to protrude
themandible. Studies of appliances that hold the tongue forward by
suction (tongue retaining devices) have been specifically excluded
from this review as they have been shown to be poorly tolerated
and display inadequate retention in some patients and this could
reduce effectiveness [23]. The study intervention included the in-
dex test predicting OA treatment response, which was compared to
the reference PSG test of evaluating OA treatment outcomes.

Literature search

The electronic databases of Medline, EMBASE, Web of Science,
cumulative index to nursing and allied health literature (CINAHL),
and the Cochrane Library were independently searched by two
authors (K.O., F.A.) on 20 November 2014. A search strategy was
developed and executed with the following target population
keywords used for the literature search: (((((((“Sleep Apnea,
Obstructive”[Mesh]) OR (obstructive sleep AND (apnoea OR ap-
nea)) OR (sleep AND (breathing disorder* OR respiratory disor-
der*)))))) AND ((((“Orthodontic Appliances”[Mesh]) OR ((oral OR
dental OR (mandib* AND (advancement* OR repositioning))) AND
(device* OR appliance* OR splint))))) AND (predict*).

Study selection

The included studies assessed the predictive accuracy of OA
treatment outcomes in patients with OSA. Two authors (K.O., F.A.)
independently screened the titles and abstracts, followed by a
screening of the possibly relevant full-text articles. No restrictions
were applied to the year of publication or language.

Data extraction

Data extraction was independently completed by two authors
(K.O., F.A.) and included author, year, type of study, characteristics
of the study population, level of evidence, type of index test, defi-
nition of a successful treatment outcome, and reference standard.
Study outcomes were sensitivity, specificity, positive predictive
value, and negative predictive value. Sensitivity refers to the test's
capacity to identify individuals who responded to treatment; the
higher the value, the higher the test's capacity to identify respon-
sive individuals. Specificity indicates the test's capacity to identify
individuals who did not respond to the treatment in question; the
higher the value, the higher the chance that the test will identify
individuals who are not responsive to the treatment. Positive pre-
dictive value refers to the proportion of responsive individuals with
positive results, and negative predictive value refers to the pro-
portion of non-responsive individuals with negative results.
Quality assessment

The methodological quality of the included studies was evalu-
ated with the QUADAS-2 tool [24]. This tool is designed to assess
the quality of primary diagnostic accuracy studies to rate the risk of
bias and concerns regarding applicability [25].

The tool comprises four key domains that discuss bias asso-
ciated with patient selection, index test, reference standard, flow
of patients through the study, timing of the index test, and
reference standard. The first three domains are also assessed in
terms of concerns regarding applicability. Reviewers are thus
able to judge each domain in terms of risk of bias and concerns
regarding applicability as ‘Low,’ ‘High,’ or ‘Unclear.’ Specifically,
two categories (risk of bias and applicability concerns) were
assessed and studies with two or more domains of high risk
would be designated as high risk. Those with only one domain of
high risk would be designated as medium risk while those with
no domains of high risk would be designated as low risk. The
validity and reliability of QUADAS-2 has been established previ-
ously [24]. In this investigation, QUADAS-2 ratings were con-
ducted independently and in duplicate by two authors (K.O.,
F.A.).

Results

Description of studies

The search identified 155 articles from the database and by
hand-searching relevant reviews [5,26e28]. Fig. 1 presents the
flowchart of the study selection process. After excluding irrele-
vant articles based on title and abstract, 66 studies were
retrieved for full-text assessment. Of these, 25 articles were
excluded as irrelevant articles, and seven review articles were
excluded. There were 17 studies [9,29e44] focused on prediction
OA treatment success. However, because these studies did not
provide the required outcomes of sensitivity, specificity, positive
predictive value, and negative predictive value, they were
excluded from our analysis, and only described in Appendix A.
The remaining 17 publications [10e22,45e48] were included for
detailed analysis.

Table 1 presents the characteristic of the included studies. Out of
the 17, 15 studies [10e12,14,15,17e22,45e48] were prospective, 14
studies [10,12e19,22,45e48] used PSG as the reference standard,
and three studies [11,20,21] used a level III monitor instead of PSG
for the follow-up assessment.

A variety of predictors were used: PSG as the predictive index
test in four studies [10e13], cephalographs in two studies [14,15],
CPAP pressure in two studies [16,17], overnight PSG with remotely
controlled mandibular positioner in two studies [20,21], multi-
sensor catheter in two studies [22,46], nasopharyngeal fiberscope
[45], drug-induced sleep endoscopy [19], spirometry [18], and
posterior rhinomanometry [47] in one study each, and one study
used both body mass index (BMI) and Mallampati score [48]. In
addition, two [10,11] out of the 17 studies used the same index test,
methodology, and cut-off values. However, differentmethodologies
and cut-off values of the index test were used in all of the other
studies.

Quality assessment

According to QUADAS-2, the quality assessment was
composed of two categories: risk of bias and applicability con-
cerns, and was described as Low to High (Table 2). In three
studies [12,18,46] based on a multisensor catheter, spirometer,
and PSG variables, both the risk of bias and concerns with



Fig. 1. Flow diagram of article management. CINAHL ¼ cumulative index to nursing and allied health literature; QUADAS ¼ quality assessment of diagnostic accuracy studies;
PSG ¼ polysomnography.
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applicability were low. In three studies [11,20,21] involving a
remotely controlled mandibular positioner and PSG variables, the
risk of bias and concerns with applicability were both high. All of
the other studies showed a combination of high, medium, and
low for bias and applicability.

Predictive accuracy

Table 3 presents the accuracy analysis of the 17 studies
included in this review. Because definitions of treatment success
in the included studies varied, Table 3 presents the various
outcomes (sensitivity, specificity, positive predictive value, and
negative predictive value) in the respective success definitions.
The most commonly used definition of success was an AHI < 10/
h in addition to a> 50% reduction in baseline AHI, which was
used in eight [10,12e17,22] out of the 17 studies. Multiple suc-
cess criteria were used in six studies [10,13,15,17,22,46], and
two [15,17] of these six studies presented more than three suc-
cess criteria as their predictor values. Oxygen desaturation index
(ODI) was used by two studies [20,21] instead of AHI as the
predictor values because these studies used a level III monitor
instead of PSG for the follow-up assessment. Sensitivity ranged
from 36 [18] to 100 [16], specificity ranged from 25 [16] to
100 [46], positive predictive value ranged from 38 [48] to 100
[46], and negative predictive value ranged from 33 [13,18] to 100
[16].

Fig. 2 presents relationships between sensitivity and specificity,
and between positive predictive value and negative predictive



Table 1
Characteristics of included studies

Authors
(year)

Type of study N Index test Type of reference
standard

Type Methodology Cut-off value

Yoshida et
al.
(2001)12

Prospective 72 (AHI
>5)

PSG variables The patients were classified into three groups: supine, lateral, and prone, checked by PSG, according to the
position in which the apneas and hypopneas were most frequently observed

Supine dependent OSA PSG

Tsai et al.
(2004)21

Prospective 19 (ODI
>15)

Overnight PSG
with RCMP

During PSG, the mandible was advanced in 1 mm increments until optimal advancement (i.e., elimination
of majority of obstructive apneas, hypopneas, and nocturnal oxygen desaturation) was achieved

Optimal advancement <15 mm Level III monitor
(baseline and
follow-up)

Ng et al.
(2006)46

Prospective 12 (AHI
>10)

Multisensor
catheter

During PSG, the use of multisensor catheters within the upper airway and esophagus were used to identify
the primary and the secondary site or sites of airway obstruction in sleep

Primary oropharyngeal closure PSG

Zeng et al.
(2008)47

Prospective 38 (AHI
>5)

Posterior
rhinomanometry

While awake in sitting position in the afternoon, measuring nasal airway resistance by posterior
rhinomanometry

Nasal airway resistance &6.4 cmH2O/L/
sec

PSG

Chan et al.
(2010)45

Prospective 35 (AHI
>10)

NPF While awake, assessing changes in the cross-sectional areas of velopharynx, oropharynx, and
hypopharynx when the Müller Manoeuvre was performed with mandiblar advancement

An increase of S5% in relative terms in
the cross-sectional area of the
velopharynx

PSG

Chung et al.
(2010)11

Prospective 72 (AHI
>5)

PSG variables The AHI of supine or lateral sleep position was assessed by PSG Supine AHI : lateral AHI S2 Level III monitor

Tsuiki et al.
(2010)17

Prospective 35
(AHI>5)

CPAP pressure Optimal pressure of CPAP was manually determined by registered PSG technologists and targeted to
abolish respiratory events such as apnoea, hypoapnoea, and flow limitation

CPAP pressure &10.5 cmH2O PSG

Bosshard et
al.
(2011)22

Prospective 33 (AHI
>5)

Multisensor
catheter

While awake, the site of upper airway collapse was identified by examining the flow-pressure
relationships of flow-limited twitches when measuring velopharygeal and oropharyngeal pressure with a
pressure-tipped catheter

The presence of oropharyngeal collapse PSG

Chan et al.
(2011)18

Prospective 35 (AHI
>5)

Spirometer While awake, calculating MIF50 and the MEF50 : MIF50 ratio when the subjects inspired maximally, then
exhaled forcibly and continuously into the spirometer until residual volume with maximal effort

MIF50 <6 L/s and MEF50 : MIF50 >0.7 PSG

Holley et al.
(2011)13

Retrospective 497
(AHI
>5)

PSG variables Assessing the AHI on baseline by PSG 5< AHI <15 PSG

Lee et al.
(2012)10

Prospective 100
(AHI
>5)

PSG variables The AHI of supine or lateral sleep position was assessed by PSG Supine AHI : lateral AHI S2 PSG

Ng et al.
(2012)15

Prospective 72 (AHI
>10)

Age, gender,
cephalogram

While awake in upright position, lateral cephalometric radiographs were taken according to a
standardized methodology and a formula was calculated as follows: The probability (P) of OA treatment
success ¼ [exp(-2.594-0102�age-0.180�PmP-0.118�BaSN)]/[1+exp(-2.594-0102�age-0.180�PmP-
0.118�BaSN)]

The probability (P) of formula > 0.50 PSG

Shen et al.
(2012)14

Prospective 52 (AHI
>10)

Cephalogram While awake in upright position, lateral cephalometric radiographs were performed according to a
standardized methodology and a formula was calculated as follows: The probability (P) of OA treatment
success ¼ [exp(56.143-0.180�AFH-0.379�SNB-0.329�MinRGA)]/[1+exp(56.143-0.180�AFH-0.379�SNB-
0.329�MinRGA)]

The probability (P) of formula > 0.50 PSG

Remmers et
al.
(2013)20

Prospective 67 (ODI
>10)

Overnight PSG
with RCMP

During PSG, stepwise protrusion of the mandible was continued over the range of mandiblar protrusion
until respiratory events were unequivocally eliminated in REM and NREM sleep in both the supine and
lateral decubitus positions, or until maximum protrusion was reached

AHI &1 per 5 min of REM Level III monitor
(baseline and
follow-up)

Tsuiki et al.
(2013)48

Prospective 95 (15<
AHI
<30)

BMI, Mallampati
score

Assessment of body mass index and Mallampati score BMI >24 kg/m2 with Mallampati score
class 1 to 3

PSG

Vroegop et
al.
(2013)19

Prospective 103
(AHI
>5)

DISE During artificial sleep with sedative drugs, assessing residual collapse at upper airway, including palate,
oropharynx, tongue base and hypopharynx level, using the simulation bite

No residual collapse at any upper
airway level

PSG

Sutherland
et al.
(2014)16

Retrospective 78 (AHI
>10)

CPAP pressure Therapeutic CPAP pressure was determined by the 95th percentile pressure from usage exceeding 4 hours
by overnight PSG on CPAP treatment

CPAP pressure <13 cmH2O PSG

AFH ¼ anterior face height; AHI ¼ apnea hypopnea index; BaSN ¼ cranial base angulation; BMI ¼ body mass index; CPAP ¼ continuous positive airway pressure; DISE ¼ drug-induced sleep endoscopy; MEF ¼ maximum
expiratory force; MIF ¼ maximum inspiratory force; MinRGA ¼ minimal retroglossal airway; NPF ¼ nasopharyngeal fiberscope; NREM ¼ non rapid eye movement; ODI ¼ oxygen desaturation index; OSA ¼ obstructive sleep
apnea; PmP ¼ soft palate length measured from pterygomaxillare to the tip of the soft palate; PSG ¼ polysomnograhy; RCMP ¼ remotely controlled mandibular positioner; REM ¼ rapid eye movement; SNB ¼ angle of sella,
nasion, B point.
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Table 2
Quality assessment score (QUADAS-2)

Risk of bias Applicability concerns

Author (year) Patient selection Index test Reference standard Flow and timing Total Patient selection Index test Reference standard Total

Yoshida et al. (2001)12 Unclear Low Unclear Low Low Low Low Low Low
Tsai et al. (2004)21 Unclear Low Highd) Highe) High Highd) Low Highd) High
Ng et al. (2006)46 Unclear Low Low Low Low Low Low Low Low
Zeng et al. (2008)47 Unclear Highc) Low Low Medium Low Low Low Low
Chan et al. (2010)45 Unclear Highc) Low Low Medium Low Low Low Low
Chung et al. (2010)11 Low Low Highd) Highd) High Highd) Low Highd) High
Tsuiki et al. (2010)17 Low Highc) Unclear Highe) High Low Low Low Low
Bosshard et al. (2011)22 Low Low Low Highe) Medium Low Low Low Low
Chan et al. (2011)18 Unclear Low Unclear Low Low Low Low Low Low
Holley et al. (2011)13 Higha) Low Unclear Highe) High Low Low Low Low
Lee et al. (2012)10 Highb) Low Unclear Low Medium Low Low Low Low
Ng et al. (2012)15 Low Highc) Low Low Medium Low Low Low Low
Shen et al. (2012)14 Low Highc) Unclear Low Medium Low Low Low Low
Remmers et al. (2013)20 Low Low Highd) Highd) High Highd) Low Highd) High
Tsuiki et al. (2013)48 Low Highc) Unclear Low Medium Low Low Low Low
Vroegop et al. (2013)19 Unclear Low Low Highf) Medium Highf) Low Low Medium
Sutherland et al. (2014)16 Higha) Highc) Low Low High Low Low Low Low

PSG ¼ polysomnograhy; QUADAS ¼ quality assessment of diagnostic accuracy studies.
a) Retrospective study
b) Excluded patients who did not undergo follow-up PSG because of economic reasons
c) A threshold was not pre-specified
d) Reference standard was level III monitor
e) All patients did not receive follow-up PSG
f) Patients who were assessed as not suitable by index test did not start oral appliance treatment
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value in each study. If there were multiple success criteria reported
by the study, we used AHI< 10/h in addition to a> 50% reduction in
baseline AHI, the most commonly adopted definition, as the
representative value.

Sensitivity and specificity

With regard to the relationships between sensitivity and spec-
ificity, the remotely controlled mandibular positioner study [20],
the nasopharyngeal fiberscope study [45], and the multisensor
catheter study [46] showed higher combinations of sensitivity and
specificity. In terms of sensitivity alone, the CPAP pressure study
[16] and the PSG variable study [10] showed high sensitivity but
low specificity, thus being the best methods to identify good OA
responders. However, in terms of specificity alone, the PSG variable
study [13] and the spirometer study [18] reported high specificity
but low sensitivity, being the best methods to identify non-
responders.

Positive predictive value and negative predictive value

In terms of positive predictive value and negative predictive
value, the remotely controlled mandibular positioner study [20],
nasopharyngeal fiberscope study [45], and multisensor catheter
study [46] showed higher combinations of positive and negative
predictive values. The BMI and Mallampati study [47] showed a
high negative predictive value but a low positive predictive value
and the PSG variable study [13] and the spirometer study [18]
showed a high positive predictive value but a low negative pre-
dictive value.

Discussion

In this review, 17 studies were evaluated for outcomes to assess
methods of predicting OA treatment success. The sensitivity, speci-
ficity, positivepredictive value, andnegativepredictive value showed
awide variability and ranged from36 to 100%, 25 to 100%, 38 to 100%,
and 33 to 100%, respectively, and varied depending on definitions of
treatment success and specificmethods of prediction used. Thewide
variability of the results makes it difficult to delineate their useful-
ness in routine clinical practice. Importantly, when results are
described using different criteria of treatment success, it allows cli-
nicians to utilize different criteria dependingon their patient-specific
treatment goal. For some patients, the treatment goal could be set to
anAHI< 5/h inaddition to a> 50% reduction inbaselineAHI,which is
considered to be themost strict standard. For others, the target value
could be set at an AHI< 10/h in addition to a> 50% reduction in
baseline AHI, reflecting what usually happens in clinical practice.
Therefore the clinical relevance is increased when prediction values
for multiple criteria of success are reported, as in the studies by Ng
et al. [15] and Tsuiki et al. [17]. Similarly, the predictive index tests
employed in the included studies varied widely in terms of both
simplicity and impact on the patient. Cephalometrics [14,15] and
nasopharyngeal fiberscopy [45] are invasive prediction methods.
Remotely controlled mandibular positioners [20,21], multisensor
catheters [22,46], and drug-induced sleep endoscopy [19] are com-
plex, costly, and laborious approaches. Meanwhile, spirometry [18]
and rhinomanometry [47] are simple and less invasive methods.
For patients diagnosed by PSG and prescribed CPAP, PSG variables
[10e13] andCPAP pressure [16,17] are already available at the time of
treatment decision-making and could be used to predict treatment
success. As CPAP pressure is related to upper airway collapsibility, it
may also allow for improved understanding of how this influences
OA treatment response. CPAP pressure may represent a simple pre-
dictor andbe clinically useful in themany patientswhohave failed or
are non-adherent to CPAP. However this method is of course
restricted to patients who have used CPAP. Additionally, predictive
index tests obtained during baseline clinical evaluation such as BMI
andMallampati scores [48] are very useful as predictors of treatment
success in clinical practice.

The relationship between sensitivity and specificity, and be-
tween positive predictive value and negative predictive value in
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each study, helps in OA treatment decision-making in clinical
practice. The remotely controlled mandibular positioner study
[20], the nasopharyngeal fiberscope study [45], and the multi-
sensor catheter study [46] showed high sensitivity, specificity, and
positive and negative predictive values, but these index tests are
invasive or require a highly technical method and laborious
approach, and are costly. While a high positive predictive value
could be a predictor of OA treatment success, equally important is
that a high negative predictive value could be an indicator of OA
treatment failure. The BMI and Mallampati study [47], the ceph-
alometric study [14], and the CPAP pressure study [16] showed
that a high negative predictive value may be a predictor of OA
treatment failure. Depending on the data available to the clini-
cians and the treatment goals, ideally a combination of different
prediction methods may better help to predict OA treatment
success.

Several studies concerned with the prediction of OA treatment
success have been excluded from this review for not presenting one
or more of the required outcomes of sensitivity, specificity, positive
predictive value, or negative predictive value, as seen in Appendix
A. Some studies compared OA treatment responders and non-
responders in terms of age, AHI, neck circumference, and BMI and
showed that a younger age [31,32,42], lower AHI [38], smaller neck
circumference [9], and lower BMI [32,37] were identified as in-
dicators of treatment success. Some cephalometric characteristics,
including a shorter soft palate, larger retropalatal airway space,
lower hyoid bone position, narrow angle of sella-nasion-B point,
and higher angle of sella-nasion-A point have also been associated
with a favorable OA treatment response [31,33,35,36,39,40,42].
However, although these studies showed statistically significant
differences between responders and non-responders, they did not
present their cut-off value and outcomes including sensitivity,
specificity, and positive and negative predictive values. Therefore,
these studies were not included in the detailed analysis and
comparisons.

In some studies [9,29,30], multiple regression analysis allowed
the formulation of an equation for predicting the AHI after OA
treatment. Neck circumference, baseline AHI, retropalatal airway
space, and some cephalometric characteristics (angle of sella-
nasion-A point, hyoid-to-mandibular plane distance, posterior
facial height) were identified as predictors of follow-up AHI. In
another study [41], the data obtained from computational fluid
dynamics by magnetic resonance was found to have the strongest
relationship with the AHI change (DAHI%) after OA treatment.
However, these studies were concerned with the prediction of the
AHI after OA treatment or AHI changes after OA treatment and not
with the prediction of OA treatment success (e.g., an AHI< 10/h in
addition to a> 50% reduction in baseline AHI). Two studies [34,37]
evaluated the predictive value of variables for OA treatment success
with logistic regression analysis. Baseline AHI, female gender, angle
of sella-nasion-A point, angle of A point-nasion-B point, and
maximum mandibular advancement were identified as predictors
for OA treatment success. Although these studies showed odds
ratios associated with each predictor value, they did not present
outcomes, including sensitivity, specificity, and positive and nega-
tive predictive values. Therefore, they were not included in this
current review.

The validity and reliability of QUADAS-2 has been described as
high, and is commonly used in systematic reviews of diagnostic
tests. As per our protocol, the QUADAS-2 tool was applied to all
included articles independently by two authors. When later
compared, no discrepancies between the scoring were found. Ac-
cording to QUADAS-2, the quality of included studies for prediction
falls into two categories: risk of bias and concerns of applicability.
The results showed that both the concerns of applicability and the



Practice points

1. The predictive accuracy showed a wide variability that

depends on the definitions of treatment success and

specific method of prediction. Although many clinicians

use PSG data as their main assessment to recommend

an OA, such variables have shown lower predictive

accuracy.

2. The use of a variety of definitions of OA treatment suc-

cess was very useful in clinical practice depending on the

clinician's goals and requirements for treatment success.

3. As for clinical techniques, the nasopharyngeal fiberscope

study, which has shown high predictive accuracy, me-

dium risk of bias, and low concerns of applicability, was

the best combination of predictive accuracy and quality.

4. Studies using a remotely controlled mandibular posi-

tioner (high risk of bias and high concerns of applica-

bility) andmultisensor catheters (low risk of bias and low

concerns of applicability) showed high predictive accu-

racy, but required a highly technical method and detailed

protocol.

Fig. 2. A: The relationships between sensitivity and specificity in each study. B: The relationships between positive predictive value and negative predictive value in each study. Bold
typeface indicates studies with low risk of bias and low applicability concerns. Responder criteria were defined as follows: AHI< 5, 50% reduction; BMI and Mallampati,48 mul-
tisensor,46 PSG.11 AHI < 10, 50% reduction; CPAP,16 Cephalo,14 PSG,10 Cephalo,15 multisensor,22 CPAP,17 PSG,12 PSG.13 50% AHI reduction; DISE,19 Spirometer,18 NPF,45 Rhinometer.47

ODI< 10, 50% reduction; RCMP.20 ODI< 15, 50% reduction; RCMP21. AHI ¼ apnea hypopnea index; BMI ¼ body mass index; Cephalo ¼ cephalogram; CPAP ¼ continuous positive
airway pressure; DISE ¼ drug-induced sleep endoscopy; NPF ¼ nasopharyngeal fiberscope; ODI ¼ oxygen desaturation index; PSG ¼ polysomnography; RCMP ¼ remotely
controlled mandibular positioner.
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risk of bias were low to high in the studies assessed by this review.
Remmers et al. [18] and Tsai et al. [19] used the remotely controlled
mandibular positioner as a predictive index test and were consid-
ered to have a high risk of bias and high applicability concerns. The
remotely controlled mandibular positioner method consists of
stepwise protrusion of the mandible until improvement of respi-
ratory events is achieved or maximum protrusion is reached while
the patient is undergoing PSG. However, in this review, these
studies were considered to be at high risk since level III monitors
were used to assess OSA with the OA instead of PSG. Chung et al.
[11] also used level III monitors, while all other studies used PSG
evaluations. It is important to note that all included studies were
derivation studies and as such lack prospective validation of their
methods. It has been shown that a derivation study hypothesis is
often not confirmed in validation studies and therefore the results
of this review should be interpreted with some reservation. Future
trials should prospectively validate methods for OA treatment
prediction.

There were some limitations in this systematic review. Meta-
analyses were not undertaken because of heterogeneity in terms
of the different index tests used for prediction, which varied in
methodology and cut-off values. Additionally, inconsistency in the
definition of treatment responses described as successful made it
difficult to undertake ameta-analysis. The lack of consensus around
the definition of a successful treatment outcome has led to this
limitation. Based on this limitation, we would like to emphasize
that there is an important need for the field to develop uniform
reporting standards in order to allow more sophisticated meta-
analysis. To this end, AHI as well as ODI 4% and ODI 3% are widely
accepted outcome variables that could easily be reported in future
studies. Future work should also explore the use of a combination
of prediction methods given that the results of single assessment
tools are not overly predictive.

Conclusions

Althoughmany clinicians use PSG data as their main assessment
tool to recommend an OA, studies using PSG variables have shown
lower predictive accuracy. The studies using a remotely controlled
mandibular positioner and multisensor catheters showed high
predictive accuracy but required a highly technical method and a
laborious approach. In terms of clinical techniques, the nasopha-
ryngeal fiberscope has shown the best combination of predictive
accuracy and quality.

Based on this systematic review of the literature on the pre-
diction of OA treatment responses, it can be concluded that pre-
dictive index tests may be very useful in clinical practice for
physicians and dentists concerned with whether or not OA therapy
has high chances of success, especially in moderate to severe OSA
patients. Using the available information, the chosen method to
predict OA treatment response can be based on the clinician's goals
and requirements for treatment success.



Research agenda

Future studies evaluating the prediction of OA treatment

outcomes in OSA should focus on:

1. Providing a variety of definitions for OA treatment suc-

cess and using PSG as the reference standard.

2. Identifying an index test with high predictive accuracy,

that is simple, non-invasive, and useful in clinical

practice.
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