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Mandibular advancement devices (MAD) are used in sleep apnea with varying results. We aimed to
examine whether or not a MAD should be an integral treatment modality in the care of our patients with
obstructive sleep apnea.

We designed a feasibility study and included 32 patients after meeting inclusion criteria. Only 3 pa-
tients did not finish the second sleep study exam. The intervention was an individually designed MAD
and a sleep study exam was performed prior and post treatment. The outcome objective was an apnea-
hypopnea index of under 10 and with a 50% reduction.

Patient population had a baseline AHI of 19.0 and mean reduction of AHI with MAD treatment to 13.3
yielding a MAD efficacy rate of 31% when outcome objectives were applied. The average reduction in AHI
was 24.8% with 9 of the 29 patients actually experiencing an increase in AHI with MAD treatment. When
there was a reduction in AHI using the MAD device the AHI reduction rate was 49.1% and there was a
tendency for better treatment outcome when apnea-hypopnea was predominantly supine.

A mandibular advancement device serves as an important treatment modality in the care of patients
with obstructive sleep apnea due to patient satisfaction and compliance. The broad range of treatment
response to our MAD device highlights the importance of performing a sleep study exam after initiation
of treatment with a MAD but also illustrates the complexity and need for individually tailored treatment
for patients with obstructive sleep apnea.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Obstructive sleep apnea (OSA) is a disease where there is a
respiration effort but due to upper airway collapse there is a
decreased air flow to the lungs. The severity of OSA is described in
part by using the apnea hypopnea index (AHI). The clinical cut-off is
5 events/hour, <15 events/hour is mild, �30 is moderate and >30
events/hour is considered severe sleep apnea.

OSA is a common sleep disorder affecting 10e20% of males and
5e9% of females in the age group 30e60 years. Obstructive sleep
apnea syndrome (OSAS) has a prevalence of 2e4% and 1e2% in men
and women respectively in Denmark [1].

The symptoms of OSA are snoring, excessive sleepiness, loss of
energy, irritability, daydreaming, anxiety or depressive mood
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problems, and reduced cognitive functions such as ability to
concentrate [2]. In addition, in the longer term, associations with
sequelae such as arterial hypertension [3,4], cardiac arrhythmias,
pulmonary hypertension and right-sided heart failure [5,6] are
seen. Often patients feel significantly disabled by these symptoms
and want treatment. At present, in Denmark, the conventional
treatment of mild to severe OSA is continuous positive airway
pressure (CPAP) regardless of the severity of OSA. The treatment
with CPAP is effective, but has the significant disadvantage that it
requires advanced equipment and frequent compliance problems.
With a mandibular advancement device (MAD) less compliance
problems are observed [7,8]. MAD's are constructed to protrude the
mandible and thus the tongue, the tongue base and the epiglottis
thereby enlarging the upper airway preventing airway collapse
during sleep [9]. Several studies have shown that MADs also have a
therapeutic effect on OSA(10). A comparison between nasal CPAP
and MADs in patients with mild to moderate OSA showed no dif-
ference in treatment efficacy [11]. AlthoughMAD's in the treatment
of OSA in general are less efficacious than CPAP in reducing AHI
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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they are used more frequently and preferred by more patients [12].
Recent studies have also shown that a custom MAD such as the
MAD device used in this study is superior to thermoplastic design
which can be bought over the counter [10]. It has also been shown
that MAD's, like CPAP, in addition to reducing AHI also has a cor-
responding reducing effect on cardiovascular sequelae making
MAD devices a potential treatment option for mild to moderate
OSA [13e15].

Treatment of OSA patient remain difficult because of compliance
and variability in treatment response to for example MAD devices.
In our study we decided to try to qualify our titration of the Narval
CC™ device at one month followup using acustic pharyngometry
because it has shown some promise as a prognostic marker for
treatment response [16].

Since OSA is considered a chronic disease and its management
therefore is likely to be life-long having alternative treatment op-
tions to CPAP is vital if the goal is a treatment option for as many
patients as possible.

We have therefore examined the feasibility and the efficacy of a
custommadeMAD in patients suffering frommild tomoderate OSA
in a pragmatic clinical setting.

2. Materials and methods

This prospective feasibility study protocol was registered and
approved with The Danish Data Protection Agency (18-000315) and
the regional ethical committee (REG-202-2017).

The primary outcomewas a reduction in AHI of 50% ormore and
an AHI <10. Secondary outcome was alleviation of associated
symptoms quantified by reduction in Epworth sleepiness score
(ESS).

2.1. Study population

Patients from the Sleep Clinic at the Department of Otorhino-
laryngology and Maxillofacial Surgery, Zealand University Hospital,
Køge, Denmark were offered to participate in the study. Prior to
inclusion they were examined by an otorhinolaryngologist and had
a cardiorespiratory monitoring (CRM) performed. Patients over 18
years of age with mild to moderate AHI were invited to participate
if any of the exclusion criteria were not encountered. Patients were
excluded if they had less than 10 teeth in each jaw, dental pros-
thetics, no dental appointments within the last 12 months, prior
temporomandibular disorder, plans of larger dental procedures,
lack of cooperation with acoustic pharyngometry or if they had
excessive daily tiredness defined as ESS above 15.

If included, patients had a nurse consultation where ESS, were
filled out and measurements including blood pressure, weight,
height and BMI were obtained along with questions concerning
medication, smoking and drinking habits. Afterwards two consec-
utive nights of CRMwere performed in the patients home and if the
mean AHI was between 5 and 30 they were referred to a Narval
CC™ certified dentist. The dentist performed a 3D scan of the pa-
tients teeth and an acoustic pharyngometry to evaluate vertical
displacement of the custom titratable MAD device. The MAD device
was then shipped to the patient and after 1 month of use the pa-
tient would have a second appointmentwith the dentist to evaluate
if the device needed to be titrated. After 2 months of nightly use the
patients had a second consultation with the same nurse and the
same questionnaire and ESS was performed followed by two
consecutive nights of CRMwearing the MAD. Lastly, all the patients
who had finished the trial were contacted by the author with
recommendation on future treatment options of their OSAS.

All patients included in the trial were evaluated by the same
lead author (JHT) prior to enrolment and after completion of the
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second CRM. All patient's MAD devices were fitted and titrated by
the same Narval CC™ certified dentist who also coauthors the
article (PK). During and after the 1.st month of use and after
completion the participants filled out a questionnaire concerning
average daily use of the MAD device each week, potential side ef-
fects and satisfaction on a numeric rating scale (NRS).

The number of participants needed in the studywas 32 based on
a power calculation prior to the study aiming to find a 50% reduc-
tion in AHI before and after MAD treatment with a type 1 error of
0.05, type 2 error of 0.2 and with 1 standard deviation.

From February 2019 to October 2019 we enrolled a total of 45
patients in the study. Thirty-two patients were referred to the
dentist for Narval CC™ mandibular advancement device and 29
patients completed to study (see Fig. 1) and thus within a 10% drop-
out rate.

2.2. Sleep recordings

A Nox T3 CRM device (NoxMedical) was used for data collection
and Noxturnal Software Systemwas used for data analysis. Patients
were instructed by a specialist nurse in how to use the equipment.
The patients were instructed to do two consecutive nights of
recording. All recordings were evaluated by both the specialist
nurse and one of the authors (JHT) for error and excluded if the
device had not been used properly. Patients were included if one
night was of sufficient quality and quantity and if not, the patient
was asked to repeat the test. Quality was defined as signal quality
above 95% and quantity of at least 6 h of sleep.

2.3. Statistical analysis

Statistical analysis was performed in the statistical environment
R statistics version 3.6.

We evaluated the changes in AHI, ODI, snore index and ESS from
baseline to the follow-up visit using the Wilcoxon-signed-rank-
test. Data was evaluated by non-parametric statistics as data were
not normally distributed evaluated by Shapiro-Wilks test. We
considered a p-value below 0.05 significant.

3. Results

Table 1 shows the baseline data before and after treatment with
Narval CC™ of the 29 patients who completed the study. It is seen
that there was a significant reduction in total AHI, AHI in supine
position, ODI and snore index. Of the 29 patients who finished the
study 25 patients were titrated at the follow-up appointment with
dentist Poul Kirketerp.

The outcome measure were achieved, defined as a 50% reduc-
tion in AHI and AHI <10, for 9/29 of the patients yielding an efficacy
rate of 31% for the MAD device at follow-up. The average reduction
in AHI was 24.8% ranging from �106% to 90%. When there was a
reduction in AHI using the MAD device the reduction rate was
49.1%. A box-plot in Fig. 2 shows the statistically significant
reduction in AHI pre- and post-treatment for patients who
completed the study. It also illustrates the difference in response to
the treatment.

All patients completed the questionnaire and the results are
shown in Table 2. It is seen that pain and dental and jaw soreness
are mentioned by approximately 50% of the participants but also
that 83% would advocate this treatment to others and there was a
high satisfaction rate on NRS.

4. Discussion

In this study 9/29 patients met outcome measures using the



Fig. 1. Patient inclusion and exclusion flowchart.
CRM e Cardiorespiratory monitoring, AHI e apnea hypopnea index.

Table 1
Baseline data for the 29 participants completing the study.
BMI e Body mass index, MAP e Mean arterial pressure, ESS e Epworth sleepiness score, AHI e Apnea hypopnea index, ODI e Oxygen desaturation index.

At baseline mean/(SD) With treatment mean/(SD) p-value

Age (years) 56
BMI (kg/m2) 30.4 (5.8) 30.1 (5.1) ns
MAP (mmHg) 101.78 (12.1) 101.8 (22.8) ns
ESS (points) 6.8 (3.9) 4.5 (2.8) ns
Total AHI (events/h) 18.95 (5.7) 14.25 (8.9) 0.005
AHI supine (events/h) 36.58 (22.8) 22.5 (16.7) 0.003
AHI non-supine (events/h) 10.86 (6.1) 10.17 (8.72) 0.247
ODI (events/h) 17.46 (5.5) 13.75 (8.6) 0.017
Snore index (%) 20.09 (16.4) 10.21 (14.0) 0.02
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Fig. 2. Treatment response prior and post mandibular advancement device illustrated using a boxplot were the lines define e Q1, median and Q3.
AHI e Apnea hypopnea index.

Table 2
Patient evaluation after use of the mandibular advancement device.

Average MAD usage (h/night)/range

First week 6.0 [2e8]
Second Week 6.5 [3e8]
Third week 6.9 (2.5e8)

Subjective side effects Yes No Do not know

Has the MAD device caused pain? (n/%) 10 (34.5) 18 (62.1) 1 (3.4)
Has the MAD device caused dental soreness? (n/%) 16 (55.2) 12 (41.4) 1 [3,4]
Has the MAD device caused soreness of the jaw joint? (n/%) 14 (48.3) 14 (48.3) 1 (3.4)
Would you recommend the mad device to others? (n/%) 24 (82.8) 1 (3.4) 4 (13.8)
Average assessment on 0-10 scale on subjective outcome (10 being the best possible)/range 8.3(4.4e10.0)

MAD ¼ Mandibular advancement device.
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Narval CC™ MAD device. We had a statistically significant reduc-
tion in AHI of 24.8% with a p-value of 0,005 although the efficacy of
the treatment was seemingly inconsistent. Twenty out of twenty-
nine patients showed an improvement in their AHI but the
remaining patients included showed a rise in AHI. Interestingly, a
sub analysis of AHI improvement pre- and post-treatment showed
a statistically significant response to treatment in the supine AHI
but not the non-supine AHI prompting the notion that MAD device
4

mechanism of action serve better in treatment of patients with
dominant supine sleep apnea. This has also been suggested in prior
studies [17e19]. This correlates with MAD device mechanisms of
protruding the mandible as to create space antero-posteriorly in
hypo- and oropharynx. This might also explain the treatment fail-
ure in patients treated with MAD device because the effect of
treatment with a MAD device on velopharyngeal collapse and
lateral collapse are more variable [20]. Petri et al. concluded in their
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prospective study of 62 OSA patients treated with MAD's that
predominant non-supine AHI was inversely related to treatment
success defined as a 50% reduction in AHI and a residual AHI
<10(18). Cavaliere et al. has elaborated on the subject in a study
where Drug-Induced Sleep Endoscopy (DISE) was performed and
found a treatment response relationship depended on location of
the collapse in the upper airway. They found that the presence of
palatal and base of tongue collapse was associated with greater
response to treatment, while the presence of oropharynx or lateral
wall collapse showed a tendency towards an associationwith a less
favorable treatment outcome [19]. Both A. Vroegrop et al. and
Cavaliere et al. used a simulation bite, called maximal comfortable
protrusion (MCP), during DISE to evaluate predictability of treat-
ment outcome and while the location of collapse and the per-
centage of multilevel collapse varied from 87.2% to 65.0%,
respectively, both studies showed positive significant association
between simulation bite on the upper airway patency during DISE
and treatment response [19,21]. The patients who had a negative
treatment outcome using the MAD device in our study could
therefore be explained by having upper airway collapse at
anatomical localization not addressed or even worsening the
collapse by using a MAD device. Patients who had a negative
treatment outcome were questioned as to changes in medicine,
sickness and alcohol intake prior to second CRM but no significant
changes were found and therefor it remains unanswered as to why
some patients worsened with treatment.

Our study has some limitations. The number of patients
completing the study was small but just within the sample size of
our power calculation. Furthermore, our method for determining
AHI was by way of Nox T3 CRM and not with Polysomnography
(PSG) as normally is the gold standard for AHI measurements.
However, this was intentional to extrapolate our findings to the
current way to diagnose and monitor treatment response in our
pragmatic clinical setting. Furthermore our study goal was to
evaluate MAD's potential role in treatment of OSA patients within
Danish guidelines. Therefore our study does not have a non-
treatment group or Placebo-MAD group and therefor there is risk
of intentionally overlooked placebo effect.

Our study was treatment respons in OSA patients when the
Narval CC™ device was used and therefor our results cannot be
directly extrapolated to all MAD devices.

A strength was that we performed pharyngometry to adjust the
MAD device as optimal as possible at the initial adjustment and
after a month to correct potential disadvantages.

Patient satisfaction was high although soreness of teeth and
jawswere frequently mentioned as a problem. Despite this usage of
the Narval CC™ MAD device was highly satisfactory and patients
would even recommend this device to others.
5. Conclusion

In conclusion our study found a statistically significant reduc-
tion in AHI of 24,8% and that 9/29 patients included had an AHI
reduction of 50% or more and an AHI <10 after treatment with
Narval CC™MAD device. Our results demonstrates a broad range of
responses to treatment with our MAD device and emphasizes the
need for follow up with AHI measurements if this modality is
chosen for treatment for mild to moderate OSA. The high satisfac-
tion rate shows this MAD device has a role in treatment of this
group of patients who cannot tolerate CPAP and who fulfills certain
criteria as mostly AHI in supine position.

We propose further studies should aim to better qualify patient
selection in the treatment of mild to moderate sleep apnea with
MAD devices and that DISE might be suitable for evaluation hereof.
5
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