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Abstract
Objectives Mandibular advancement device (MAD) therapy is the most commonly used second-line treatment for obstructive
sleep apnea (OSA), but MAD may be ineffective in a subgroup of patients. We describe the use of a trial of a titratable
thermoplastic MAD to predict treatment outcomes with a custom-made MAD.
Materials and methods Patients treated with a thermoplastic MAD as a trial before custom-made MAD manufacturing were
included in the study. Sleep recordings and clinical outcomes assessed after 6 months of treatment with each device were
compared. Predictive utility of thermoplastic MAD to identify custom-made MAD treatment success defined as a reduction
greater than 50% and final apnea-hypopnea index (AHI) less than 10 events/h was evaluated.
Results Thermoplastic MADs were installed in 111 patients, but only 36 patients were finally treated with both devices and were
included in the analysis. A significant correlation was observed between the impact of the two devices on the AHI (r=0.85,
p<0.0001), oxygen desaturation index (r=0.73, p<0.0001), snoring index (r=0.85, p<0.0001), and Epworth sleepiness scale
(r=0.77, p<0.0001). A high positive predictive value (86%) but a low negative predictive value (46%) was observed regarding
AHI decrease.
Conclusions Similar impacts of both MADs were observed on major OSA severity markers and symptoms. The ability of
thermoplastic MAD to indicate likelihood of success with custom-made MAD will require further controlled studies.
Clinical relevance Thermoplastic MADs could represent a useful and easily implemented tool to predict the likelihood of success
of a custom-made MAD as treatment for OSA.
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Introduction

Mandibular advancement devices (MAD) have emerged as
the principal alternative to continuous positive airway pres-
sure (CPAP) for the treatment of obstructive sleep apnea
(OSA) [1, 2]. According to French clinical guidelines, MAD
therapy is recommended as an appropriate first-line treatment
option for mild to moderate OSA in patients without severe
cardiovascular comorbidity or as a second-line option in pa-
tients intolerant to CPAP. Despite a lower impact ofMADs on
decreasing the apnea-hypopnea index (AHI), both treatments
have been shown to have a similar impact on clinical out-
comes, including sleepiness, and cardiovascular outcomes [3].

Unfortunately, there is significant individual variability in
the response rate to MAD therapy, making it difficult for cli-
nicians to select MAD therapy over CPAP [4]. In current
clinical practice, patient selection for MAD therapy is largely
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based on AHI severity and demographic data, although these
criteria have been shown to have little predictive value [5, 6].
One potential solution is the development of easily applicable
strategies to prospectively identify patients likely to benefit
from MAD therapy in terms of AHI reduction but also in
terms of improvement of patient-centered outcomes.

A pragmatic approach would be to assess the impact of
MAD on OSA severity markers and patient-centered out-
comes using a temporary, easily implemented, but reliable
MAD.MADs are generally customized devices requiring den-
tal impressions and bite registrations performed by a dentist
and are associated with expense and time. Thermoplastic heat
molded appliances, made from a thermoplastic polymer ma-
terial that can be easily molded when heated in hot water,
would constitute cheaper and simpler alternatives. Under the
supervision of a dentist, the patient bites into the softened
material, and the device then sets in this configuration while
cooling. Recent observational and randomized trials suggest
that thermoplastic heat-molded titratable MADs are not infe-
rior to custom-made acrylic MADs in terms of the rate of
reduction of OSA severity indices, patient-centered outcomes,
and blood pressure improvement [7, 8]. However, thermoplas-
tic devices have a shorter expected lifespan, and the long-term
impact of wearing these devices remains unknown. This de-
vice was first developed in order to be proposed as temporary
means of determining whether mandibular advancement ther-
apy is feasible and effective before ordering a custom-made
MAD for long-term use. The ability of a trial thermoplastic
MAD to predict success of a custom-made MAD has not yet
been evaluated. The purpose of this study was therefore to
describe the use of thermoplastic MADs in a real-life obser-
vational cohort and to evaluate their ability to predict the rate
of reduction of OSA severity indices and patient-centered out-
comes with custom-made MAD therapy.

Methods

This observational study was conducted on the Institut de
Recherche en Santé Respiratoire des Pays de la Loire
[IRSR] sleep cohort [9]. Approval was obtained from the
University of Angers ethics committee. All patients included
in the IRSR sleep cohort have given their written informed
consent.

Study population

OSA patients, for whomMAD therapy was considered a first-
line therapy for mild to moderate OSA or a second-line ther-
apy due to CPAP intolerance at Angers University Hospital
between June 2014 and December 2018, were assessed for
eligibility. Patients were examined by a dentist to assess any
contraindication forMAD therapy (e.g., periodontal disease or

insufficient dentition). All the patients treated with thermo-
plastic MAD therapy were included in this study. When a
thermoplastic MAD was initiated, the device was titrated
and the patient used the MAD for approximately 6 months.
When the thermoplastic MAD was considered to be effective,
a custom-made MAD was then proposed. Only patients who
received both MAD devices and who completed the subse-
quent sleep evaluations were included in the final analysis.

Device fitting and titration

A titratable thermoplastic MAD (BluePro®; BlueSom,
France) was evaluated in this study, together with two titrat-
able custom-made MADs with proven clinical efficacy in the
treatment of OSA [1, 2]: the AMO® device (SomnoMed,
France) and the Somnodent® device (SomnoMed, France)
(Fig. 1). All patients were fitted with the thermoplastic
MAD by a dentist and underwent an acclimatization period,
during which the mandible was incrementally advanced by
1mm steps every 1 or 2 weeks until the patient was relieved
of symptoms or the maximum comfortable limit of advance-
ment had been achieved [7]. The impact of thermoplastic
MADs on sleep was evaluated within the following 6 months,
and a custom-made MAD was proposed at the end of the 6-
month period when the thermoplastic MAD trial was consid-
ered to be conclusive. A similar MAD titration and evaluation
procedure was used for custom-made MADs.

Outcomes and follow-up

The primary outcome was a change in sleep-disordered
breathing severity, as assessed by the AHI, the 3% oxygen
desaturation index (ODI), and the snoring index between
baseline and treatments with thermoplastic and custom-made
MADs. The secondary outcomes included changes in daytime
sleepiness, as evaluated by the Epworth sleepiness scale (ESS)
[10], and the degree of mandibular protrusion achieved after
the titration procedure.

Sleep recordings

At baseline and 6 months after thermoplastic and custom-
made MAD therapy, patients underwent type III overnight
respiratory recordings (CID 102 LX, Cidelec, Sainte-
Gemmes sur Loire, France) [11]. Respiratory events were
scored manually using recommended criteria [12]. Patients
were classified as responders or non-responders according to
the following definition: treatment response greater than 50%
reduction in AHI from baseline plus a treatment AHI less than
10 events/h [13, 14].
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Statistical analysis

Continuous variables were described as mean (standard devia-
tion [SD]). The normality of distribution was assessed using the
Kolmogorov-Smirnov test. Normal variables were analyzed
using an unpaired t-test for intergroup differences. Non-
normal variables were analyzed using the Mann-Whitney test
for intergroup differences. The chi-square test and Fisher’s ex-
act test were used for categorical variables, as appropriate.
Spearman’s and Pearson’s rank correlation coefficients were
used as appropriate to correlate changes in outcomes (deltas
between treatment and baseline values) with both MADs.
Sensitivity, specificity, and positive and negative predictive
values of the thermoplastic MAD as a predictor of success of
custom-made MAD treatment were calculated. Receiver oper-
ating characteristic (ROC) curves displaying sensitivities and
specificities over the continuous range of decision cut-points as
well as the overall summary of the area under the curve (AUC)
were also provided. All reported p-values were two-sided. A p-
value less than or equal to 0.05 was considered to indicate
statistical significance. All statistical analyses were performed
with GraphPad Prism version 8.0.0 for Windows, GraphPad
Software, San Diego, CA, USA.

Results

A flow diagram summarizing patient selection is shown in
Fig. 2. Between June 2014 and December 2018, thermoplastic
MAD therapy was initiated in 111 OSA patients. Seventy-one
of these 111 patients completed the first evaluation including
sleep recording and ESS evaluation, 26 discontinued treat-
ment due to intolerance of the devices, 2 discontinued treat-
ment due to a broken device, and 12 patients did not partici-
pate in follow-up. The most common side effects motivating
discontinuation of thermoplastic MAD therapy were tooth
pain (18/26), temporomandibular joint pain (15/26), occlusion
changes (9/26), dry mouth (6/26), and excessive salivation
(6/26). After sleep recording with a thermoplastic MAD, the
device was considered to be ineffective in 10 patients; 7

patients declined to continue with MAD therapy due to side
effects; 6 preferred an alternative OSA treatment; 1 patient
refused custom-made MAD for financial reasons; and 7 did
not participate in follow-up. Finally, 40 patients were treated
with custom-madeMAD, and 36 underwent the custom-made
MAD sleep recording and were included in this analysis.

The 36 patients were classified as responders or non-
responders according to the previously described definition
(treatment response greater than 50% reduction in AHI from
baseline plus a treatment AHI less than 10 events/h).
Differences between responders and non-responders in terms
of baseline characteristics are described in Table 1. The two
groups were similar in terms of anthropomorphic characteris-
tics and prevalence of comorbidities. Non-responders had
more pronounced nighttime hypoxemia, as assessed by the
time spent with an oxygen saturation below 90%, with no
significant difference in terms of baseline AHI.

The impact of thermoplastic and custom-made MADs on
sleep outcomes and sleepiness is shown in Table 2 and Fig. 3.
There was a highly significant correlation between the impacts
of thermoplastic and custom-made MADs on AHI (r=0.85,
p<0.0001), ODI (r=0.73, p<0.0001), snoring index (r=0.85,
p<0.0001), and ESS (r=0.77, p<0.0001). A significant posi-
tive correlation was also found between the final settings of
the two MADs (degree of mandibular protrusion) (r=0.49,
p=0.0039) (Fig. 4).

A numerical description of predictive accuracy is presented
in Table 3, in which the prediction of treatment success or
failure with a thermoplastic MAD is cross-referenced with
the final therapeutic outcomewith a custom-madeMADusing
the same definition of treatment success for both devices. Due
to the selection process, the prevalence of custom-made MAD
treatment failure was low (9/36; 25%). The positive predictive
value was high (86%), and the negative predictive value was
low (46%). A similar analysis was performed to evaluate the
accuracy of a thermoplastic MAD to predict the impact of a
custom-madeMAD on sleepiness using the same definition of
treatment success for both devices (treatment ESS < 10).
Overall, the predictive accuracy of the thermoplastic MAD
was higher for ESS than for AHI (Table 4).

Fig. 1 Mandibular advancement devices (MADs) used in the study: (a) BluePro® (BlueSom, France) thermoplastic MAD, (b) SomnoDent®
(SomnoMed, France) custom-made MAD, and (c) AMO® (SomnoMed, France) custom-made MAD

Clin Oral Invest



Fig. 2 Patient flow chart

Table 1 Baseline patient
demographics and sleep
recording data for all patients and
for custom-made MAD
responders and non-responders

All Responders Non-responders p valuea

N 36 27 9
Age, years 54.7 (11.4) 54.0 (11.5) 56.7 (11.8) 0.56
BMI, kg/m2 26.2 (3.3) 26.1 (3.2) 26.5 (3.4) 0.75
Women, % 19 22 11 0.46
Hypertension, % 20 21 16 0.81
Diabetes, % 8 11 0 0.40
Current smoker, % 40.9 43 37 0.80
Previous CPAP therapy, % 36 35 37 0.89
ESS 9.4 (4.5) 9.3 (4.6) 9.9 (4.7) 0.72
AHI, n/h 27.1 (11.9) 25.8 (11.3) 31.0 (13.5) 0.26
3% ODI, n/h 18.6 (12.1) 16.6 (11.3) 24.7 (12.7) 0.08
T90, % 2.1 (4.0) 1.2 (2.5) 4.7 (6.3) 0.02
Snoring index, n/h 258.2 (198.9) 256.9 (188 .9) 262.2 (239.2) 0.95

Data are expressed as mean (standard deviation) or percentages

BMI body mass index, CPAP continuous positive airway pressure, ESS Epworth sleepiness score, AHI apnea/
hypopnea index, ODI oxygen desaturation index, T90, time spent with SaO2<90%
aCustom-made MAD responders versus custom-made MAD non-responders
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Finally, the accuracy of thermoplastic MAD, AHI,
and ESS (considered a continuous value) to predict
custom-made MAD treatment success, defined as a
50% reduction in AHI from baseline plus a treatment
AHI less than 10 events/h and a treatment ESS<10, was
represented by two ROC curves (Fig. 5) and the corre-
sponding AUC.

Discussion

This study describes the implementation of thermoplastic
MAD in a sleep center as a trial prior to manufacture of a
custom-made MAD and evaluates the prognostic accuracy
of the device not only to predict the impact of MAD on AHI
but also on patients’ symptoms. We showed that only one-

Table 2 Baseline and follow-up sleep recording data for custom-made MAD responders and non-responders

Baseline Thermoplastic MAD Custom-made MAD

Responders Non-responders Responders Non-responders Responders Non-responders

ESS 9.3 (4.6) 9.9 (4.7) 6.8 (4.1)# 5.8 (4.9)# 5.9 (3.4)# 6.1 (4.6)#

AHI, n/h 25.8 (11.3) 31.0 (13.5) 7.3 (6.0)# 14.9 (12.8)*# 4.9 (2.9)# 15.3 (8.5)*#

3% ODI, n/h 16.6 (11.3) 24.7 (12.7) 8.3 (4.6)# 12.7 (8.9)# 7.4 (4.3)# 19.2 (18.0)*

T90, % 1.2 (2.5) 4.7 (6.3) 2.5 (10.2)# 1.3 (3.3)# 2.4 (7.2) 6.6 (12.7)

Snoring index, n/h 256(188) 262 (239) 79 (129)# 129 (131) 67 (89)# 71 (84)#

Data are expressed as mean (standard deviation) or percentages

ESS Epworth sleepiness score, AHI apnea/hypopnea index, ODI oxygen desaturation index, T90 time spent with SaO2<90%

*p<0.05 responders versus non-responders

#p<0.05 versus baseline

Fig. 3 Correlations between the impact (deltas between baseline and
treatment values) of thermoplastic and custom-made MADs on AHI
(a), ODI (b), snoring index (c), and ESS (d). MAD mandibular

advancement device, AHI apnea/hypopnea index, ODI oxygen
desaturation index, ESS Epworth sleepiness score
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third of patients who initiated thermoplastic MAD therapy
continued with a custom-made device. Among patients who
underwent evaluation with both devices, a thermoplastic
MAD showed a good ability to predict the impact of a
custom-made MAD on both major OSA severity markers
and sleepiness.

Despite large theoretical indication for MAD therapy as a
first-line treatment option for patients with mild-to-moderate
or as second-line treatment in patients who are intolerant to or
refuse CPAP [15], this treatment option is rarely proposed in
comparison with CPAP, which tends to be much more fre-
quently prescribed. The most frequently cited reason to ex-
plain this mismatch is the relatively low efficacy of MADs,
together with a lack of a reliable prospective selection proce-
dure of the most likely responders [4]. Therefore, a number of
elaborate strategies have reported various predictors of MAD
treatment outcomes using polysomnographic parameters [14,
16], imaging techniques [17, 18], CPAP pressure [19, 20],
spirometry [21], drug-induced sleep endoscopy [22], a re-
motely controlled mandibular positioner [13], and multi-

sensory catheter parameters [23]. While these methods may
be clinically useful, they differ widely in terms of their tech-
nical complexity, the need for specialized equipment, medical
expertise, and cost and could therefore preclude widespread
implementation in the clinical setting.

A thermoplastic MAD trial has many potential advantages
over other previously proposed strategies: it is easy to imple-
ment; no specific knowledge or equipment is required; it in-
curs a reasonable cost; and it involves no invasive procedure.
Furthermore, we have demonstrated that thermoplasticMADs
can not only predict the impact of custom-made MADs on
OSA severity markers (AHI, nocturnal oxygenation) but also
on patient-centered outcomes including sleepiness or snoring.

The strengths and limitations of the study are inherent to its
observational design. On the one hand, this study describes,
for the first time, a real-life clinical implementation of thermo-
plastic MAD therapy proposed as a trial before custom-made
MAD manufacture. The follow-up of patients initially treated
with thermoplastic MADs showed that a large majority did
not receive long-term MAD therapy due to intolerance, side
effects, or lack of efficacy. Our data are in accordance with
recent observational data showing that a significant proportion
of patients discontinue MAD therapy during the first year of
treatment [24]. On the other hand, the most significant limita-
tion of this study is its observational nature, as the final anal-
ysis of prognostic accuracy was performed on data from a
particular selected population. Of the 111 patients initially
included, 33 did not undergo custom-made MAD therapy
due to intolerance to thermoplastic MADs (26 before and 7
after the first MAD sleep recording). Previous studies com-
paring similar devices have shown that thermoplastic MAD
therapy was associated with similar effectiveness but had sig-
nificantly higher side effect scores [7, 8]. More importantly, it
is still unknown whether the same patient will experience
similar side effects with different devices. It can therefore be
hypothesized that side effects experienced during a thermo-
plastic MAD trial might limit the patient’s access to a custom-

Fig. 4 Correlations between the degrees of mandibular advancement
achieved with thermoplastic and custom-made MADs. MAD
mandibular advancement device

Table 3 Numerical matrix
describing the qualitative
prediction of success of a
thermoplastic MAD to forecast
the success of a custom-made
MAD on AHI

Predicted success
with thermoplastic
MAD

Predicted failure
with thermoplastic
MAD

Custom-made MAD success 20 7 PPV=86% Sensitivity=74%

Custom-made MAD failure 3 6 NPV=46% Specificity=66%

Treatment success was defined as a greater than 50% reduction in AHI from baseline plus a treatment AHI of less
than 10 events/h for both thermoplastic and custom-madeMADs. The table presents the number of participants in
each of four categories: “true” positive (predicted success and custom-made MAD success), “true” negative
(predicted failure and custom-made MAD failure), “false” positive (predicted success and custom-made MAD
failure), and “false” negative (predicted failure and custom-made MAD success) at the final protrusive position.
The parameters of predictive accuracy are provided

AHI apnea/hypopnea index,MADmandibular advancement device, PPV positive predictive value,NPV, negative
predictive value
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made MAD, which could be better tolerated. Alternatively, a
trial with a thermoplastic MAD could also predict intolerance
of MAD therapy, thereby avoiding the production of a useless
custom-made MAD. Further controlled studies proposing a
trial of both devices for all included patients are necessary to
distinguish between these two opposing hypotheses.

One important finding of the study is the low nega-
tive predictive value observed regarding the ability of
the thermoplastic MAD to predict custom-made MAD
failure. This raises the question if thermoplastic MAD
pre-treatment trial should be recommended to identify
poor MAD responders in clinical practice. Due to the
observational design of the study, this analysis is based
on a very selected population making it difficult to
draw any definitive conclusion. Indeed, the success rate
among the 36 patients is particularly high in comparison
with previous studies [1, 2, 13, 14] which probably
means that most of the MAD non-responders have been

excluded during the thermoplas t ic MAD tria l .
Consequently, the small number of patients presenting
treatment failure may have affected the relatively low
negative predictive value based on the AHI.

In conclusion, despite several limitations inherent to
its observational design, this study is the first to de-
scribe the use of a thermoplastic MAD in clinical prac-
tice. Thermoplastic MAD is an easily implemented tool
that could be useful to predict intolerance and to eval-
uate the likelihood of success with MAD therapy before
opting for the more time-consuming procedure of
manufacturing a custom-made MAD. At this step, the
limited available data regarding the predictive accuracy
of this strategy make it difficult to draw any definitive
conclusions for clinical practice. Further controlled stud-
ies evaluating the performance of both devices in an
unselected OSA population are required to evaluate the
effectiveness of this strategy.

Table 4 Numerical matrix
describing the qualitative
prediction of success of
thermoplastic MAD to forecast
custom-made MAD success on
ESS

Predicted success
with thermoplastic
MAD

Predicted failure
with thermoplastic
MAD

Custom-made MAD success 26 2 PPV=96% Sensitivity= 92%

Custom-made MAD failure 1 4 NPV=66% Specificity= 80%

Treatment response success was defined as a treatment ESS<10 for both thermoplastic and custom-made MADs.
The table presents the number of participants in each of four categories: “true” positive (predicted success and
custom-made MAD success), “true” negative (predicted failure and custom-made MAD failure), “false” positive
(predicted success and custom-made MAD failure), and “false” negative (predicted failure and custom-made
MAD success) at the final protrusive position. The parameters of predictive accuracy are provided

ESS Epworth sleepiness scale, MAD mandibular advancement device, PPV positive predictive value, NPV
negative predictive value

Fig. 5 Receiver operating characteristics (ROC) curves displaying the
sensitivities and specificities over the continuous range of AHI (a) and
ESS (b) scores during thermoplastic MAD therapy as a predictor of
custom-made MAD success in terms of decreased AHI (a) and ESS
(b). Custom-made MAD success in terms of AHI was defined as a

greater than 50% reduction in AHI from baseline plus a treatment AHI
less than 10 events/h. Custom-made MAD response success in terms of
ESS was defined as a treatment ESS<10.MADmandibular advancement
device, AHI apnea/hypopnea index, ESS Epworth sleepiness score, AUC
area under curve, CI confidence interval

Clin Oral Invest



Funding This work was funded by the Institut de Recherche en Santé
Respiratoire (IRSR) des Pays de la Loire (9 rue du landreau –BP 77132 –
49071 Beaucouze cedex, France). The content of this manuscript is solely
the responsibility of the authors.

Declarations

Ethics approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and national research committee and with the 1964 Helsinki dec-
laration and its later amendments or comparable ethical standards.
Approval was obtained from the University of Angers Ethics
Committee and the “Comité Consultatif sur le Traitement de
l’Information en matière de Recherche dans le domaine de la Santé”
(07.207bis).

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflict of Interest WT and NM report non-financial support from
ASTEN. FG reports grants and personal fees from RESMED, personal
fees and non-financial support from SEFAM, personal fees from
CIDELEC, personal fees and non-financial support from NOVARTIS,
personal fees from ACTELION, non-financial support from
BOEHRINGER INGELHEIM, personal fees and non-financial support
from AIR LIQUIDE SANTE, non-financial support from ASTEN, and
personal fees and non-financial support from NYXOAH unrelated to the
submitted work.

References

1. Gagnadoux F, Fleury B, Vielle B, Petelle B, Meslier N, N'Guyen
XL, Trzepizur W, Racineux JL (2009) Titrated mandibular ad-
vancement versus positive airway pressure for sleep apnoea. Eur
Respir J 34:914–920. https://doi.org/10.1183/09031936.00148208

2. Phillips CL, Grunstein RR, Darendeliler MA, Mihailidou AS,
Srinivasan VK, Yee BJ, Marks GB, Cistulli PA (2013) Health
outcomes of continuous positive airway pressure versus oral appli-
ance treatment for obstructive sleep apnea: a randomized controlled
trial. Am J Respir Crit Care Med 187:879–887. https://doi.org/10.
1164/rccm.201212-2223OC

3. Schwartz M, Acosta L, Hung Y-L, Padilla M, Enciso R (2018)
Effects of CPAP and mandibular advancement device treatment
in obstructive sleep apnea patients: a systematic review and meta-
analysis. Sleep Breath 22:555–568. https://doi.org/10.1007/
s11325-017-1590-6

4. Sutherland K, Vanderveken OM, Tsuda H, Marklund M,
Gagnadoux F, Kushida CA, Cistulli PA (2014) Oral appliance
treatment for obstructive sleep apnea: an update. J Clin Sleep
Med 10:215–227. https://doi.org/10.5664/jcsm.3460

5. Tsuiki S, Ito E, Isono S, Ryan CF, Komada Y, Matsuura M, Inoue
Y (2013) Oropharyngeal crowding and obesity as predictors of oral
appliance treatment response to moderate obstructive sleep apnea.
Chest 144:558–563. https://doi.org/10.1378/chest.12-2609

6. Okuno K, Pliska BT, Hamoda M, Lowe AA, Almeida FR (2016)
Prediction of oral appliance treatment outcomes in obstructive sleep
apnea: a systematic review. Sleep Med Rev 30:25–33. https://doi.
org/10.1016/j.smrv.2015.11.007

7. Gagnadoux F, Nguyen X-L, Le VaillantM et al (2017) Comparison
of titrable thermoplastic versus custom-made mandibular advance-
ment device for the treatment of obstructive sleep apnoea. Respir
Med 131:35–42. https://doi.org/10.1016/j.rmed.2017.08.004

8. Pépin JL, Raymond N, Lacaze O, Aisenberg N, Forcioli J, Bonte E,
Bourdin A, Launois S, Tamisier R, Molinari N (2019) Heat-
moulded versus custom-made mandibular advancement devices
for obstructive sleep apnoea: a randomised non-inferiority trial.
Thorax 74:667–674. https://doi.org/10.1136/thoraxjnl-2018-
212726

9. Gagnadoux F, Le Vaillant M, Goupil F et al (2011) Influence of
marital status and employment status on long-term adherence with
continuous positive airway pressure in sleep apnea patients. PloS
One 6:e22503. https://doi.org/10.1371/journal.pone.0022503

10. Johns MW (1991) A new method for measuring daytime sleepi-
ness: the Epworth sleepiness scale. Sleep 14:540–545. https://doi.
org/10.1093/sleep/14.6.540

11. Gagnadoux F, Le Vaillant M, Goupil F et al (2014) Depressive
symptoms before and after long-termCPAP therapy in patients with
sleep apnea. Chest 145:1025–1031. https://doi.org/10.1378/chest.
13-2373

12. Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C, Kapur VK,
Marcus CL, Mehra R, Parthasarathy S, Quan SF, Redline S, Strohl
KP, Davidson Ward SL, Tangredi MM, American Academy of
SleepMedicine (2012) Rules for scoring respiratory events in sleep:
update of the 2007 AASM manual for the scoring of sleep and
associated events. Deliberations of the Sleep Apnea Definitions
Task Force of the American Academy of Sleep Medicine. J Clin
Sleep Med 8:597–619. https://doi.org/10.5664/jcsm.2172

13. Remmers J, Charkhandeh S, Grosse J, Topor Z, Brant R,
Santosham P, Bruehlmann S (2013) Remotely controlled mandib-
ular protrusion during sleep predicts therapeutic success with oral
appliances in patients with obstructive sleep apnea. Sleep 36:1517–
1525, 1525A. https://doi.org/10.5665/sleep.3048

14. Vena D, Azarbarzin A, Marques M, op de Beeck S, Vanderveken
OM, Edwards BA, Calianese N, Hess LB, Radmand R, Hamilton
GS, Joosten SA, Taranto-Montemurro L, Kim SW, Verbraecken J,
Braem M, White DP, Sands SA, Wellman A (2020) Predicting
sleep apnea responses to oral appliance therapy using polysomno-
graphic airflow. Sleep. 43. https://doi.org/10.1093/sleep/zsaa004

15. Fleury B, Cohen-Levy J, Lacassagne L, et al (2010) [Treatment of
obstructive sleep apnea syndrome using a mandibular advancement
device]. Rev Mal Respir 27 Suppl 3:S146-156. https://doi.org/10.
1016/S0761-8425(10)70020-6

16. Sutherland K, Takaya H, Qian J, Petocz P, Ng AT, Cistulli PA
(2015) Oral appliance treatment response and polysomnographic
phenotypes of obstructive sleep apnea. J Clin Sleep Med 11:861–
868. https://doi.org/10.5664/jcsm.4934

17. Ng ATM, Darendeliler MA, Petocz P, Cistulli PA (2012)
Cephalometry and prediction of oral appliance treatment outcome.
Sleep Breath 16:47–58. https://doi.org/10.1007/s11325-011-0484-
2

18. Shen H-L, Wen Y-W, Chen N-H, Liao Y-F (2012) Craniofacial
morphologic predictors of oral appliance outcomes in patients with
obstructive sleep apnea. J Am Dent Assoc 1939 143:1209–1217.
https://doi.org/10.14219/jada.archive.2012.0066

19. Sutherland K, Phillips CL, Davies A, Srinivasan VK, Dalci O, Yee
BJ, Darendeliler MA, Grunstein RR, Cistulli PA (2014) CPAP
pressure for prediction of oral appliance treatment response in ob-
structive sleep apnea. J Clin SleepMed 10:943–949. https://doi.org/
10.5664/jcsm.4020

20. Tsuiki S, KobayashiM, NambaK,OkaY,KomadaY,Kagimura T,
Inoue Y (2010) Optimal positive airway pressure predicts oral ap-
pliance response to sleep apnoea. Eur Respir J 35:1098–1105.
https://doi.org/10.1183/09031936.00121608

21. Chan ASL, Lee RWW, Srinivasan VK, Darendeliler MA, Cistulli
PA (2011) Use of flow-volume curves to predict oral appliance
treatment outcome in obstructive sleep apnea: a prospective valida-
tion study. Sleep Breath 15:157–162. https://doi.org/10.1007/
s11325-010-0395-7

Clin Oral Invest

https://doi.org/10.1183/09031936.00148208
https://doi.org/10.1164/rccm.201212-2223OC
https://doi.org/10.1164/rccm.201212-2223OC
https://doi.org/10.1007/s11325-017-1590-6
https://doi.org/10.1007/s11325-017-1590-6
https://doi.org/10.5664/jcsm.3460
https://doi.org/10.1378/chest.12-2609
https://doi.org/10.1016/j.smrv.2015.11.007
https://doi.org/10.1016/j.smrv.2015.11.007
https://doi.org/10.1016/j.rmed.2017.08.004
https://doi.org/10.1136/thoraxjnl-2018-212726
https://doi.org/10.1136/thoraxjnl-2018-212726
https://doi.org/10.1371/journal.pone.0022503
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1378/chest.13-2373
https://doi.org/10.1378/chest.13-2373
https://doi.org/10.5664/jcsm.2172
https://doi.org/10.5665/sleep.3048
https://doi.org/10.1093/sleep/zsaa004
https://doi.org/10.1016/S0761-8425(10)70020-6
https://doi.org/10.1016/S0761-8425(10)70020-6
https://doi.org/10.5664/jcsm.4934
https://doi.org/10.1007/s11325-011-0484-2
https://doi.org/10.1007/s11325-011-0484-2
https://doi.org/10.14219/jada.archive.2012.0066
https://doi.org/10.5664/jcsm.4020
https://doi.org/10.5664/jcsm.4020
https://doi.org/10.1183/09031936.00121608
https://doi.org/10.1007/s11325-010-0395-7
https://doi.org/10.1007/s11325-010-0395-7


22. Vroegop AVMT, Vanderveken OM, Dieltjens M, Wouters K,
Saldien V, Braem MJ, van de heyning PH (2013) Sleep endoscopy
with simulation bite for prediction of oral appliance treatment out-
come. J Sleep Res 22:348–355. https://doi.org/10.1111/jsr.12008

23. Bosshard V,Masse J-F, Sériès F (2011) Prediction of oral appliance
efficiency in patients with apnoea using phrenic nerve stimulation
while awake. Thorax 66:220–225. https://doi.org/10.1136/thx.
2010.150334

24. Attali V, Vecchierini M-F, Collet J-M, d'Ortho MP, Goutorbe F,
Kerbrat JB, Leger D, Lavergne F, Monaca C, Monteyrol PJ, Morin
L, Mullens E, Pigearias B, Martin F, Tordjman F, Khemliche H,
Lerousseau L, Meurice JC, Abedipour D, Allard-Redon A, Aranda
A, Attali V, Bavozet F, Becu M, Beruben W, Bessard J, Bonafe I,
Boukhana M, Chabrol B, Chatte G, Chauvel-Lebret D, Collet JM,
Coste O, Dumont N, Durand-Amat S, D'ortho MP, Elbaum JM, de
Santerre G, Goutorbes F, Grandjean T, Guyot W, Hammer D,

Havasi C, Huet P, Kerbrat JB, Khemliche H, Koltes C, Leger D,
Lacassagne L, Laur X, Lerousseau L, Liard O, Loisel C, Longuet
M, Mallart A, Martin F, Merle-Beral F, Meurice JC, Mokhtari Z,
Monaca C, Monteyrol PJ, Muir JF, Mullens E, Muller D, Paoli C,
Petit FX, Pigearias B, Pradines M, Prigent A, Putterman G, Rey M,
Samama M, Tamisier R, Tiberge M, Tison C, Tordjman F, Triolet
B, Vacher PC, Vecchierini MF, Verain A (2019) Efficacy and tol-
erability of a custom-made Narval mandibular repositioning device
for the treatment of obstructive sleep apnea: ORCADES study 2-
year follow-up data. Sleep Med 63:64–74. https://doi.org/10.1016/
j.sleep.2019.04.021

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Clin Oral Invest

https://doi.org/10.1111/jsr.12008
https://doi.org/10.1136/thx.2010.150334
https://doi.org/10.1136/thx.2010.150334
https://doi.org/10.1016/j.sleep.2019.04.021
https://doi.org/10.1016/j.sleep.2019.04.021

	Predicting treatment response to mandibular advancement therapy using a titratable thermoplastic device
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study population
	Device fitting and titration
	Outcomes and follow-up
	Sleep recordings
	Statistical analysis

	Results
	Discussion
	References


