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Abstract
Background: Complex clinical presentation of obstructive sleep apnea syndrome (OSAS) is increasingly present
in modern dentistry. In this research, we have been assumed that the reconstruction of optimal vertical dimension of
occlusion (VDO) with complete dentures could reduce symptoms of mild to moderate sleep apnea in edentulous
patients who have not worn dentures or have used inadequate ones. The aim of this study was to determine how
the prosthetic treatment of edentulous patients with OSAS can extend the upper airways, reduce the accompanying
day and night symptoms of sleep apnea and reduce the value of apnea-hypopnea index (AHI/h).
Methods: The study comprised 9 edentulous patients with OSAS (AHI/h 5.70 to 26.30). The complete dentures
with optimal VDO reconstruction were made for all patients. For the purposes of this study, the following were used:
Epworth sleepiness scale (ESS) polysomnographic registration (PSG) of AHI/h, the diagnosis of the diameter of the
upper respiratory tract by magnetic resonance imaging (MRI) before and 3 months after the prosthetic rehabilitation.
Results: Prosthetic treatment of edentulous patients reduces day and night time symptoms of OSAS. Sagittal
and axial tomograms of the pharynx in edentulous patients with OSAS before and 3 months after the treatment
indicate significant differences in the diameter of the upper airways, which are correlated with reduced AHI/h
(49.93%).
Conclusion: The complete dentures prosthetic rehabilitation of edentulous patients, with optimal VDO
reconstruction, increases the diameter of the upper respiratory tract which is reflected in a significant reduction of
OSAS symptoms and AHI/h.

Keywords: Obstructive sleep apnea syndrome; Complete denture,
Vertical dimension of occlusion, Polysomnography, Magnetic
resonance imaging

Introduction

tissue structures of the tongue, of the soft palate and of lateral
pharyngeal walls increased in patients with OSAS [5]. Thus, patients
with OSAS have anatomically compromised upper airways incurred as
a result of skeletal abnormalities, soft tissue abnormalities or a
combination of these factors.

Obstructive sleep apnea syndrome (OSAS) is a sleep disorder
characterized by recurrent episodes of total or partial upper airway
obstruction during sleep [1]. In addition to day and night symptoms of
the disease, the American Academy of Sleep Medicine [1]
recommended the presence of apnea/hypopnea index (AHI/h) of
greater than 5 per hour of sleep as a mandatory criterion for the
diagnosis of sleep apnea. OSAS prevalence increases with age, and it
affects approximately 2-5% of population and the proportion between
males and females is 2:1 [2,3].

The leading therapy for OSAS includes the use of continuous
positive airway pressure (CPAP). If patients with OSAS do not accept
CPAP therapy, other forms of treatment such as oral appliances or
surgical procedures [6-8] can be used.

Pathophysiological mechanisms of OSAS are confirmed by
predisposing risk factors such as: orofacial and pharyngeal
abnormalities, nasal problems, the volume increase of soft tissue, the
reduction of pharyngeal dilator muscle activity, the reduction of lung
volume, instability of ventilatory control, surface tension, obesity [4].
Studies which applied magnetic resonance imaging (MRI) in the
diagnosis of upper airway patency, showed that the volume of soft

A special entity represents edentulous patients with symptoms of
OSAS. In modern literature there are few data on the incidence of this
appearance in edentulous patients and on the treatment possibilities.
Heidsieck et al. indicate that currently there are only 20 studies, among
which are only 4 clinical trials [15]. Also, there is no consensus in the
literature about the effects of nocturnal denture wearing in edentulous
patients with OSAS. Heidsieck et al. also point out that there are a
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Complex clinical presentation of OSAS is increasingly present in
modern dentistry, which allows the treatment of this respiratory
disorder using various types of oral appliances (OA). Many studies
have indicated that patients with mild to moderate sleep apnea have a
52% chance to improve sleep apnea using oral appliances [9-14].
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small number of effective evidence-based treatment strategies for
edentulous OSA patients, and they indicate further need for clinical
research [15].
Our study is based on the assumption that reduced vertical
dimension of occlusion (VDO) in edentulous patients can lead to the
reduction in size of velopharynx and oropharynx, which may be one of
the causes of sleep disorders. According to this, the reconstruction of
optimal VDO with complete dental restorations could reduce
symptoms of mild to moderate sleep apnea, or the value of the index
AHI/h in edentulous patients who previously did not wear dentures or
who wore inadequate complete dentures.
The main purpose of this study was to determine the effects of the
prosthetic treatment with complete dentures in edentulous patients
with mild to moderate sleep apnea by using the magnetic resonance
imaging (MRI) and polysomnographic registration (PSG).

Materials and Methods
The study was performed at the Faculty of Medicine University of
Montenegro in Podgorica and included edentulous patients with sleep
apnea symptoms who were not denture wearers, who have been
wearing complete dentures for ten or more years or those with
inadequate abraded dental restorations.
This study included 9 patients (5 female and 4 male) aged 50-65
years. The main criteria in the selection of patients were the diagnosis
of mild (AHI/h=5-15) to moderate sleep apnea (AHI/h=15-30) and the
state of tooth loss. Also, all patients included in this study, showed a
reduced VDO, tongue hypertrophy, low uvula position and an
inclination of the soft palate.
Data collection consisted of the application of questionnaires, the
performance of PSG tests and MRI before and 3 months after
prosthetic treatment with complete dentures. The Epworth Sleepiness
Scale (ESS) was applied to assess the likelihood of sleep disorders and
to evaluate the quality of sleep in edentulous patients [16]. Based on
the ESS [16] every patient`s sleepiness was assessed with the following
characteristics: bad, good, very good or excellent. This questionnarie
involved eight questions related to sleepiness. Also, for the purposes of
this study it was used a questionnaire designed by the researcher
herself. This questionnaire has enabled the impact assessment of the
toothless and reduced VDO on signs and symptoms of sleep apnea in
the patients, as well as to what extent properly crafted dentures can
eliminate this disorder. The questionnaire included 8 questions such as:
Q1- how many times do you wake up at night? Q2-do you wake up
when you feel your breathing is interrupted? Q4-when did you have
your last tooth extracted? Q6-do you wear complete dentures and how
long? Q8-do you sleep with complete dentures?
The polysomnographic registrations during sleep were performed
for each patient before and 3 months after the prosthetic treatment
with complete dentures, in the sleep-laboratory of The Hospital for
lung diseases and tuberculosis "Dr Jovan Bulajić" in Nikšić,
Montenegro, after receiving positive opinion of Ethics Committee
(decision number 03/01-12120/1).
According to the American Academy of Sleep Medicine [1] the
frequency of apnea and hypopnea per hour of sleep is measured with
the AHI. The severity of OSAS was determined using the AHI, which
consisted of the sum of the mixed obstructive apneas and hypopneas
per hour of sleep, when the patient was in the PSG period. OSAS is
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divided into mild (AHI=5-15), moderate (AHI=15-30) and severe
(AHI ≥ 30).
MRI has been performed for 8 patients at the Clinical Center of
Montenegro, before and 3 months after the prosthetic treatment with
complete dentures. The investigation was done on the machine for
magnetic resonance (Siemens, Munchen, Germany), with magnetic
field strength 1.5 Tesla, in the T1 sequence. This diagnosis included the
orofacial region and the upper respiratory tract (velopharynx and
oropharynx). The dimensions of the upper respiratory tract were
analyzed in the sagittal and axial planes. The following parameters
were evaluated:
a) In the sagittal plane
1 - The diameter of the velopharynx before and after treatment
2 - The diameter of the oropharynx before and after treatment
3 - The diameter of the airway at the border of the velopharynx and
of the oropharynx (at the level of the tip of the uvula)
b) In the axial plane
1- The anteroposterior diameter of the pharynx at the level of the tip
of the uvula
2 -The laterolateral diameter of the pharynx at the level of the tip of
the uvula
Computed tomography (CT) was performed for one patient with
pace-maker contraindication for magnetic resonance. The examination
of this patient was performed on a 64-slice scanner, a section thickness
of 0.6 mm with multiplanar reconstruction, and the dimensions in the
axial and sagittal planes were also analyzed before and after prosthetic
treatment.
For the purpose of this research, new complete dentures in the
upper and lower jaw with optimal reconstruction of occlusion were
made for each patient. During the stage of determining intermaxillary
relationships, optimal VDO reconstruction was performed in
accordance with the established clinical procedures.
The control examinations of the patients were carried out in the first
and second month after the application of complete dentures, when the
patients filled in the questionnaires mentioned before.
In order to carry out the necessary statistical tests, a statistical
software package IBM Statistics for Windows (20.0) was used. At the
start of the study, all the characteristics were described by descriptive
statistics methods. Numerical characteristics are described by the
common measures of central tendency and a measure of dispersion:
arithmetic mean, standard deviation and median. The results obtained
are presented in tables and figures. P-values <0.01 are considered as
statistically significant.

Results
Polysomnographic testing showed that the index values of AHI/h
before the prosthetic rehabilitation with removable dentures were from
5.70 to 26.30. After the treatment the value of AHI/h was with the
range from 1.60 to 15.70. The average value of AHI/h at the group level
before the treatment was 14.84 ± 7.54. The average value of AHI/h
three months after the treatment with complete dentures was 7.43 ±
4.92. i.e., reduced for 49.93% compared to the values of the index
before the prosthetic treatment (Table 1).
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AHI/h

Sag.

Oropharynx

(mm)

Sag.

Pharynx A-P

(mm)

Gender
B.th

A.th

Imp. (%)

B.th

A.th

Imp. (%)

B.th

A.th

Imp. (%)

F

24.6

10.2

58.54

9

11.5

27.78

4.9

7.3

121.2

F

14.5

10.3

28.97

12.5

14.6

16.8

8.7

8.6

17.81

F

6.6

1.6

75.76

6.3

7

11.11

2.8

5.5

205.6

F

5.7

3.4

55.26

6.3

11.3

79.37

5.7

6.3

10.83

F

26.3

15.7

40.3

8.7

12.2

40.23

4.5

5.8

163.6

M

14.4

6.7

53.47

8.7

16.3

87.36

4

7.3

121.2

M

9.6

2.4

75

13.3

14

5.26

4.7

13.7

50.55

M

11.1

4.3

61.26

10.6

10.9

2.83

5.4

12.5

140.4

M

20.8

12.3

40.87

8.4

10

19.05

6

9.4

46.88

Velopharynx

(mm)

Sag.

Uvula level

(mm)

Ax.

Ax.

Pharynx L-L

(mm)

A.th

Imp. (%)

B.th

A.th

Imp. (%)

B.th

B.th

A.th

Imp. (%)

F

9

83.67

4.9

6.6

34.69

3.3

15.3

16.8

9.8

F

12.5

43.68

5.2

8.7

67.31

7.3

10.1

11.6

14.85

F

4.9

75

2.1

4.4

109.5

1.8

13.2

17.5

32.58

F

10.3

80.7

4.3

8

86.05

5.7

14.7

21.6

46.94

F

7.3

62.22

0

8.3

2.2

18.6

21.5

15.59

M

9

125

0

9.3

3.3

13.7

21

53.28

M

7

48.94

7.7

10

29.87

9.1

17.4

20.2

16.09

M

9.9

83.33

6.1

10.2

67.21

5.2

19.5

20.6

5.64

M

7

16.67

4.7

8.5

80.85

6.4

25.6

24.6

-3.91

B.th - Before therapy; A.th – After therapy; Imp. - Improvement

Table 1: Polysomnography and magnetic resonance parameters before and after prosthetic rehabilitation of edentulous patients.
The analysis of data obtained from the questionnaires before the
prosthetic treatment showed that the patients, with the values of the
index AHI/h 24.60, 26.30 and 20.80 belong to a high risk group for
sleep apnea, and based on the Epworth sleepiness scale their dream
was assessed as bad. The quality of sleep in patients with the index
values of AHI/h 9.60, 11.10, 14.50 and 14.40 was estimated as good,
whereas in patients with the index values of AHI/h 6.60 and 5.50 was
very good.
The analysis of data obtained from those questionnaires after the
prosthetic treatment showed that the prosthetic rehabilitation in four
patients eliminated sleep apnea (AHI/h 2.40, 4.30, 3.40, and 1.60), and
their dream was assessed as excellent. The dream of one patient with
the values of AHI/h 6.70 was assessed as very-good, while of four
subjects with the index values of AHI/h 12.30, 15.70, 10.20 and 10.30
was estimated as good.

The sagittal tomogram of the oropharynx
The diameter of the oropharynx before the prosthetic rehabilitation
of edentulous patients ranged from 6.30 mm to 13.30 mm, and after
therapy from 7.00 mm to 16.30 mm (Table 1). The average value of the
diameter of the oropharynx was 9.31 ± 2.44 before the treatment.
Three months after the treatment with complete dentures the diameter
amounted to 11.97 ± 2.74 i.e., it increased to 28.57% compared to the
value before the prosthetic treatment (Figures 1 and 2).

The diagnosis by magnetic resonance showed differences in the
diameter of upper airways before and 3 months after the treatment
with complete dentures in edentulous patients with mild to moderate
sleep apnea.
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complete dentures ranged from 1.80 mm to 9.10 mm, after the
treatment it ranged from 5.50 mm to 13.70 mm. The average value of
the diameter of the pharynx at the level of the uvula in the
anteroposterior position before the treatment was 4.92 ± 2.46 (Table 1).
Three months after the treatment with complete dentures the diameter
amounted to 8.49 ± 2.91, i.e., it increased to 72.36% compared to the
value before the prosthetic treatment (Figures 3 and 4).

Figure 1: MR sagittal tomography before the therapy of oropharynx,
velopharynx and at the level of uvula.

The sagittal tomogram of the velopharynx
The average value of the diameter of the velopharynx before the
treatment with complete dentures was 5.18 ± 1.62 and after therapy
8.54 ± 2.25 (Table 1). The prosthetic rehabilitation increased the
velopharynx to 64.86% compared to the average value of the diameter
before the treatment (Figures 1 and 2).

Figure 3: MR axial tomography of pharynx before the therapy
(antero-posteriorly and latero-lateral).

The axial tomogram of the pharynx at the level of the uvula
laterolateral

Figure 2: MR sagittal tomography after the therapy of oropharynx,
velopharynx and at the level of uvula.

The sagittal tomogram at the level of the uvula
The average value of the diameter at the level of the uvula before the
treatment with complete dentures was 3.88 ± 2.66 and after the
treatment 8.22 ± 1.80 (Table 1). The prosthetic rehabilitation increased
the segment of the upper airway at the level of the uvula to 111.33%
compared to the average value of the diameter before the treatment
(Figures 1 and 2).

The axial tomogram of the pharynx at the level of the uvula
anteroposterior
The diameter of the pharynx at the level of the uvula in the axial
plane anteroposterior before the prosthetic rehabilitation with
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The average value of the diameter at the level of the uvula
laterolateral in the axial level was 16.46 ± 4.49 before the treatment and
19.48 ± 3.74 after the treatment with complete dentures (Table 1). The
prosthetic rehabilitation increased the diameter of the pharynx at the
level of the uvula in the axial plane laterolateral to 18.35% compared to
the average value of the diameter before the treatment (Figures 3 and
4).

Discussion
Many studies have suggested that morphological changes caused by
tooth loss result in a decrease in the vertical dimension of occlusion,
reduction of the lower face height and anterior rotation of the
mandible [17]. Furthermore, many studies have confirmed that the
lowered soft palate, uvula, and tongue hypertrophy are predisposing
factors for the occurrence of sleep apnea [18].
OSAS treatment includes several therapeutic measures from simple
changes in habits to the use of CPAP and oral appliances. The goal of
oral appliances is to increase the upper airway dimension during sleep
by repositioning the mandible in a forward and downward position
[19]. Oral appliances and CPAP therapies have similar results in
treating mild to moderate sleep apnea, but the fact is that CPAP is
more effective [20].
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of AHI/h less than 5 or reduction in number of respiratory disorders
per hour of sleep, with an average success rate from 29% [25] to 57%
[24]. Also, these results are achieved by Tripathi et al. by using
mandibular advancement devices (MAD) in the treatment of 10
edentulous OSA patients [26]. These results indicate that MAD can be
effective in reducing sleep apnea by lowering the AHI/h and improving
sleep quality after 6 months of its use [26].
According to the differences in treatment modalities of sleep apnea,
various assessments of the therapy success and differences in the
interpretation of results, it is very complex to perform a comparison of
this study research results with the results of other studies that focused
on the treatment of mild to moderate sleep apnea. This is far more
difficult because of the fact that this study investigates the frequency
and intensity of sleep apnea in edentulous patients and treatment
options of this disorder by making complete dentures.
Figure 4: MR axial tomography of pharynx after the therapy
(antero-posteriorly and latero-lateral).
In this study, the modality of treatment of mild to moderate sleep
apnea consisted of making complete dentures in edentulous patients.
The patients did not meet the criteria for making oral appliances and it
was considered that the application of CPAP had to be aggressive and
less comfortable treatment method for such patients. The edentulous
patients in this study were found to have tongue hypertrophy, an
inclination of the soft palate and a lower position level of the uvula,
indicating that reduced VDO changes the position of the soft-tissue
structures and decreases the diameter of the upper air ways in the
sagittal and axial planes. This is the reason why the basic idea of this
research was that the adequate prosthetic treatment which optimally
corrects VDO could significantly reduce mild to moderate sleep apnea
in edentulous patients.
Bucca et al. compared the PSG results of edentulous individuals
while sleeping with and without dentures [21]. It showed that the
AHI/h was significantly worse in the edentulous patients who slept
without dentures than when they slept with them. According to these
findings careful attention should be paid to edentulous individuals
who sleep with their dentures in order to prevent appearance of OSAS
[21]. Furthermore, Arisaka et al. indicate that complete dentures wear
during sleep reduces AHI/h in the majority of patients [22]. These
results support our study because our edentulous patients were
undergone to PSG while wearing dentures.
In this study, the prosthetic treatment of edentulous patients with
complete dentures significantly increased the velopharynx and thus
allowed a higher airflow, which is reflected in the reduction of the
index AHI/h for 49.93%. After the prosthetic rehabilitation the
incidence of dramatic wakening episodes was significantly reduced
which influenced the quality of sleep.
The definition which is considered as the most stringent criterion
for the success of therapy in patients with sleep apnea is to reduce
respiratory problems at <5 per hour of sleep [1]. This study showed
that the use of prosthetic rehabilitation in four patients reduced the
value of AHI/h <5 and thus eliminated OSA and accompanying day
and night time symptoms.

Consequently, many authors confirm the positive effects of
prosthetic rehabilitation in edentulous patients with moderate and
severe sleep apnea [27,28]. Emami et al. show that the effects of
prosthetic rehabilitation in edentulous patients with moderate and
severe sleep apnea may have a preventive approach to the
improvement of sleep characteristics of the older population and their
quality of life [27]. Erovigni et al. show that wearing complete dentures
changes the position of tongue, jaw and esophagus which causes the
reduction of apneic episodes [28].
MRI showed significant differences in the dimensions of
velopharynx and oropharynx before and 3 months after the prosthetic
treatment of edentulous patients, both in the sagittal and the axial
planes. The prosthetic rehabilitation with complete dentures increased
the diameters of the velopharynx and oropharynx in the sagittal plane
as well as at the uvula level. Axial tomograms after the treatment
showed an increase of the pharynx at the uvula level, anteroposterior
and laterolateral.
These findings correlates with the results of some authors [5,29].
Gao et al. investigated the upper airway changes after wearing dental
appliances in 11 patients with OSA [5]. MRI before and after the dental
appliance treatment confirmed its effect of enlarging upper airway.
Also, using the MRI of the upper airway during sleep, Ishida et al.
showed a significant increase of velopharynx in 9 patients who were
treated with prosthetic mandibular advancement (PMA) [30].
Absolute confirmation of the hypothesis that launched this research
proves the justification, appropriateness and applicability of the
prosthetic therapy with complete dentures as a treatment modality of
obstructive sleep apnea.

Conclusion
The results of this study have indicated that the complete dentures
prosthetic therapy with an optimal VDO reconstruction contributed to
an increase in the diameter of the upper respiratory tract, a significant
increase of velopharynx and it allowed a greater airflow reducing
obstructive sleep apnea symptoms and accordingly a better quality of
life. Magnetic resonance imaging and polysomnographic registration
during sleep can be used as a reliable and non-invasive method in the
diagnosis and monitoring the effects of sleep apnea treatment by the
application of complete dentures in edentulous patients.

Many studies showed the similar results of a mandible repositioning
device (MRD) therapy in treating patients with mild to moderate sleep
apnea [23-25]. Its therapeutic success was confirmed in the reduction
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