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Abstract
Obstructive Sleep Apnea (OSA) is a respiratory sleep disorder characterized by recurrent
obstruction of the upper airways during sleep which results into sleep fragmentation and loud
snoring and are accompanied with multiple biochemical disturbances. Non-invasive and
continuous assessment using a biosensor attached to an Oral Appliance (OA), can be a future
solution for assessing and treating patients with OSA. This device would be not only a
therapeutic tool, but also a diagnostic and monitorization device for the specialist.
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Introduction
Obstructive Sleep Apnea (OSA) is a respiratory sleep disorder characterized by recurrent
obstruction of the upper airways during sleep which results into sleep fragmentation and loud
snoring. The degree of OSA is commonly classified using the Apnea-Hypopnea Index (AHI).
This index quantifie the mean number of apneas and hypopneas within the hours of sleep.
According to the AHI system, OSA can be classified as mild (AHI 5-15), moderate (AHI 1530), or severe (AHI >30) [1].
The study of Aarab G. et al. 2010 investigates the effects of an Oral Appliance (OA) with
different mandibular protrusion positions on OSA. This was a randomized clinical trial
conducted on 17 participants for 39 weeks. All participants met the inclusion criteria of having
an AHI of 5-45/hour and presenting 2 or more OSA symptoms. The methods for assessing the
effects of the oral appliance were polysomnography, for the determination of AHI, and
questionnaires for evaluating subjective symptoms changes. The design of the mandibular
repositioning device was not specified, but a mean maximal mandibular protrusion of 9.6 mm
was described. As an outcome, the study revealed that the AHI decreased to normal values
(AHI < 5/ hour) in 12 out of 17 participants using the oral appliance, giving a success rate of
70% for oral appliance therapy (OAT). The study also reported a compliance rate of 97% and
a decrease in snoring intensity along the participants [2].
Benoist L. et al. conducted a multicenter prospective randomized controlled trial of OAT for
position-related sleep apnea. The trial of a 3-month period included 36 participants with mild
to moderate OSA (AHI >5/hour). Beside other measuring methods which were not relevant for
the present review, polysomnography and a questionnaire were used for assessing the
effectiveness of a custom-made tritrable OA (SomnoDent flex from SomnoMed, Sydney,
Australia), set at a maximal protrusion of 75% or 90%. The outcome of the investigation was
the reduction of the AHI mean from 11.7 [9.0-16.2] to 9.1 [4.9-11.7], p < 0.001, demonstrating
that AHI dropped by 46.5%. The questionnaire revealed a compliance rate for the OAT of
88.8%, but no relevant change in quality of life [3].
Another randomized clinical trial included in this review was performed by Cilil V.R. et al. in
2015 [4]. It investigated the efficiency of custom-made OA for treatment of OSA on several
15 participants with an AHI value of > 5-15/hour and was followed up for 1 month.
Polysomnography was used to establish the outcome with and without oral appliance. The
results showed that the mean AHI decreased from 23.8 ± 18.12 to 10.87 ± 11.56 while 8 out of
15 patients showed a decrease with 50% of the initial AHI value. The study did not provide
data about subjective measurements because a questionnaire was not used.
Filiz K. et al. conducted a case report of an edentulous, 63-year old woman, who was diagnosed
with intrusive snoring and an AHI of 13.3/hour (mild OSA) [5]. The patient was followed up
for a 5-month period and was investigated using polysomnography and a questionnaire. The
device used in this study was a modified mandibular repositioning appliance shaped as a
complete denture. The polysomnographic measurements before and after the 5-month interval
demonstrated an AHI reduction from 13.3 events/hour to 3.0 events/hour and a decrease of
apneic duration from 31.5 seconds to 16.5 seconds. The questionnaire revealed that the OA
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also reduced snoring, wake gasping and choking, as well as diminished daytime sleepiness and
headache.
A comparison between the efficacy of continuous positive airway pressure treatment and OAT
was performed by Hoekema A. et al. in 2008 [6]. The parallel randomized clinical trial
investigated 47 patients who received Continuous Positive Airway Pressure (CPAP) treatment
and 47 patients with OAT. The participants were investigated after 8-12 weeks. Inclusion
criteria for the patients was the presence of OSA with an AHI > 5 events/hour. The
measurements for the baseline and follow-up evaluations were conducted by polysomnography
while the participants slept at home and a questionnaire was used to evaluate compliance. The
oral appliance used in the study group of 47 patients was the Thornton Adjustable Positioner
type-1 (from Airway Management Inc., Dallas, Texas, USA). The trial demonstrated that the
oral appliance therapy was effective in reducing the AHI according to the success criteria of
the American Academy of Sleep Medicine (AASM) in 39 patients, while 8 patients were nonresponsive to the therapy. Furthermore, the questionnaire showed that 42 patients wore the
Mandibular Advancement Device (MAD) 7 nights/week, while 46 wore it more than 5
hours/night. The study revealed an OA effectiveness of 76.5%.
Johal A. et al. performed a randomized crossover trial for a 3-month period [7]. The study
investigated the effectiveness of ready-made and custom-made mandibular repositioning
devices in the treatment of sleep apnea. Several 25 participants with an AHI > 10/hour,
considered as mild OSA, wore both types of oral appliances during various follow-up periods.
Polysomnography and questionnaires were used for obtaining the results. The oral appliances
used in this study were a custom-made mandibular repositioning device (Medical Dental Sleep
Appliance) and a ready-made mandibular repositioning device (Snore shield). Based on the
results of the polysomnographic evaluation, the trial with the custom-made mandibular
repositioning device demonstrated that 24 out of the 25 participants (96%) showed a total
treatment success while in the trial with the ready-made mandibular repositioning device, 16
out of 25 participants (64%) had a successful treatment outcome. Furthermore, the
questionnaires revealed that both types of oral appliances showed a statistically significant
improvement in quality of life. Also, the custom-made mandibular repositioning device
showed effectiveness in terms of compliance (MAD was worn in average 7 nights per week
and 5 hours/night in 25 patients).
Kaur A. et al. conducted a pre- and post-trial comparison study for the evaluation of the effect
of a MAD on oropharyngeal dimension and parameters for severity in patients with OSA [8].
Several 20 patients with mild to moderate OSA were evaluated at baseline and after 4-6 weeks
of using a MAD. Besides a computer tomographic investigation to determine the oropharyngeal
dimension, polysomnography and a questionnaire were used. The 20 participants received a
Twin Block appliance which was set to 75% of maximum mandibular protrusion or to at least
7 mm of mandibular advancement. The polysomnographic measurements before and after the
trial showed that the AHI score decreased from 43.83 ± 30.00 to 20.31 ± 14.58. The reduction
of the AHI score had a mean of 53.39% in all participants. The answers to the questionnaires
showed a significant decrease in snoring volume, frequency and duration.
A randomized clinical trial performed by Miljus D et al. in 2014, with a 6-month duration,
included 15 participants diagnosed with mild to moderate OSA (AHI >10/hour) [9]. The
participants received a custom-made mandibular repositioning appliance, which was designed
at a position of 50% of maximum mandibular advancement. The results of the therapy with the
oral appliance were evaluated using polysomnographic measurements and questionnaires. The
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study revealed that the AHI values of the patients were significantly lower (p < 0.05) at the end
of the 6-month follow-up period in comparison to the values at the beginning of the treatment.
The mean AHI decreased from 15-28 events/hour to 6.1 ± 3.5, while 7 out of 15 patients
showed a complete success and another 7 participants showed a partial success of the treatment.
Treatment failure was mentioned in 1 patient. Additionally, the results from the questionnaires
showed an overall increase in sleep quality, a decrease in snoring and a reduced daytime
sleepiness.
Nerfeldt P. et al. also investigated the effectiveness of OA in the treatment of OSA by using a
prospective intervention study [10]. Several 36 patients with mild to moderate OSA and an
AHI score > 5 events/hour agreed to a follow-up period of 12 months. The follow-up involved
polysomnographic evaluations and questionnaires. The subjects received different types of oral
devices: 58% received a hard monobloc, 8% a soft monobloc and 34% a two-piece or split
device. The oral appliances were set to 75% of maximal protrusion. At the end of the followup period, the study reported that 27 patients (75%) had a successful OAT according to the
AHI criteria. Among the successfully treated patients, an AHI reduction of 74% for arousers
and 68% for desaturaters was observed. In terms of subjective outcomes, the questionnaires
showed a compliance rate of 85% (28 out of 33 patients), improved sleep in 59%, improved
daytime sleepiness in 52%, improved general health in 33% and improved quality of life in
41% of the study group.
Phillips C.L. et al. performed a randomized crossover trial of one-month duration in which
several 108 study subjects with mild to moderate OSA (AHI > 10 events/hour) participated
[11]. In this study, polysomnography as well as questionnaires were used for assessing the
health outcome for OAT in comparison to CPAP. The device used on all participants was the
SomnoDent custom fitted two-piece and tritrable MAD (from SomnoMed Ltd., Sydney,
Australia). The set mean mandibular advancement was 8.09 ± 2.6 mm or a range from 1.1-15
mm. The result measured with polysomnography after the follow-up period was a reduction of
the mean AHI from 25.6 ± 12.3 to 11.1 ± 12.1/hour (p = 0.01). The decrease of AHI score was
more significant in the treatment with CPAP. On the other hand, patients treated with MAD
reported in the questionnaires a longer sleep and higher compliance compared with CPAP
treatment. Furthermore, 55 patients out of the 108 (51%) preferred a MAD for the treatment of
their condition.
Next, Sari E. et al. conducted a randomized clinical trial of one-month duration [12]. Out of
the 24 participants, half had mild OSA, while the other half had moderate OSA. Moreover, in
this study the polysomnographic evaluation and questionnaires were used to assess objective
and subjective treatment outcome. The group of 24 patients was split into half and each half
(12 patients) received either a Mandibular Advancement Splint (MAS) or the oral appliance
“Klearway”. The MAS was set to 75% of maximal protrusion and for the Klearway appliance,
the dentist advanced the appliance by 0.5mm per week. After the follow-up period, the
Klearway group showed a decrease in AHI from the baseline mean value of 18.8 ± 7.3 to the
final mean value of 7.3 ± 3. The MAS group showed an AHI score reduction from 17.9 ±6.8
to 9.1 ± 4.9. Regarding the success rate of both treatment modalities, 10 out of 12 patients in
the Klearway group were successfully treated, while 8 out of 12 in the MAS group had a
successful response. Based on the questionnaire’s results, all patients reported an improved
sleep and the reduction of snoring.
Another randomized clinical trial, performed by Schütz T.C. et al. in 2013, lasted 2 months
[13]. In this trial, several 9 patients with mild to moderate OSA and an AHI of > 10/hour were
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included. The study used polysomnography for determination of the AHI score and did not
include a questionnaire. An individually constructed and installed MAD (Brazilian Dental
Appliance, Sao Paulo, SP, Brazil) was used for all patients. At the beginning of the trial, the
baseline mean AHI was 30.8 ± 19.0 and dropped to 9.6 ± 10.3 (p < 0.001) by the end. The
author of the study stated that the AHI was significantly reduced in all subjects. There was no
subjective outcome determined due to the absence of a questionnaire.
In 2015, a retrospective analysis of clinical trials from the past 13 years was done by Sutherland
K. et al [14]. The patients of the analyzed trials were summed up to a total number of 425
patients with an AHI score of > 10/hour. The analysis focused on polysomnographic results.
The oral appliance used in the trials was a custom-made two-piece MAD known as SomnoDent
device (SomnoMed Ltd., Sydney, Australia). The mean result across the patient group was a
reduction of the AHI score by 50.3% ± 50.7%.
The controlled, prospective longitudinal crossover study by Teixeira AO de B. et al. in 2013
lasted over a 10.5-month period and included 19 cases with mild to moderate OSA [15]. An
AHI of > 5 events/hour was set as inclusion criteria for the study. Moreover, only
polysomnography was used for assessment of the efficacy of the treatment. The participants
received a modified Twin Bloc as MAD, which was set to 75% of each patient’s maximal
mandibular protrusion. The outcome of the study revealed an AHI reduction from 16.3
events/hour to 11.7 events/hour. Additionally, 47% of the patients showed an improvement
(partial response) in the AHI score and 26% had a reduction until a normal AHI (complete
response).
A non-randomized clinical trial pilot study was conducted by Tihacek-Sojic et al. in 2012 [16].
The study lasted over a 12 months period and included 20 participants with mild to moderate
OSA and an AHI of > 10/hour. The participants were investigated using polysomnography and
a questionnaire assessing the subjective symptoms during the therapy. The intervention
involved a custom-made MAD, which advanced the mandible by 50%-70% (62% in average)
of its maximal protrusion. After the trial period, an average AHI of 6.70/h ± 4.43 was
determined with polysomnography. Furthermore, 75% (15 patients out of 20) showed a
complete or partial treatment success. The questionnaire used in this study revealed that 80%
of the patients had a decrease in snoring, their quality of life was improved in 94% and all
subjects of the trial group experienced a decrease in daytime sleepiness.
Future Perspectives
Non-invasive and continuous assessment using a biosensor attached to an OA, can be a future
solution for assessing and treating patients with OSA.
In recent years, saliva has been characterized as an alternative to the invasive collection of body
fluids, such as plasma or urine. This owns to the fact that a multitude of compounds can be
determined from saliva, such as glucose, cortisol, salivary proteins, ammonia, carbon dioxide,
pathogens and tumoral markers, among others, with a strong correlation between plasmatic and
salivary concentrations [17].
The challenge, however, has proven to be the continuous data collection and wireless
transmission of this acquired information to collection devices. Furthermore, given the large
amount of data that is collected, a decision should be taken regarding the continuous collection
of information versus a pre-determined sequential timed collection, which would allow an
easier handling of the information. A proof of concept in this regard has first been published
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by Arakawa et al. in 2016, when the authors integrated a platinum and silver/ silver chloride
electrode in a mouth guard for the continuous measurement of salivary glucose [18].
There are several biological parameters and compounds that can be detected in saliva, relevant
to the diagnosis of OSA, with biosensors already developed for their detection [19]. Zilberman
Y et al. have developed a portable optoelectronic microfluidic sensor for the salivary detection
of ammonia and carbon dioxide [20]. Another biosensor has been developed by Ciui B et al.
for the detection of N-epsilon (carboxymethyl) lysine in saliva, a major advanced glycated end
product [21]. Advanced glycation end products have been proved to be reliable tools for the
evaluation and monitorization of the metabolic syndrome [22].
The constant development and miniaturization of these sensors could mean that, in the future,
one or more of these devices could be integrated in OA, allowing for the assessment of relevant
parameters for the accurate diagnosis of OSA. This could widen the spectrum of information
available not only for the accurate diagnosis of OSA, but also for the monitorization and followup of the treatment effectiveness. Furthermore, it would allow for the OA to be not only a
therapeutic device, but also a diagnostic and monitorization tool for the specialist.

Conclusions
The treatment of obstructive sleep apnea should be considered a multidisciplinary undertaking.
The specialist in sleep disorders should collaborate with the dental practitioner and orthodontist
for the development of OAs. Furthermore, with the development of biosensors and the
advantages that these medical devices could have, with their integration in OAs, chemists and
engineers should be consulted in order to determine the correct applicability and limitation of
these systems. Only using a multidisciplinary approach can the interception, treatment and
monitorization of OSA to be fully achieved.
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