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ABSTRACT

Objectives: The aim of this 2- years cross-over study was to radiographically compare the
influence of palatal contouring of maxillary denture on oro-pharyngeal airway space.

Methods: The study was conducted on 20 healthy patients who were completely edentulous
in the maxilla and mandible. All patients were randomly allocated in two equal groups to receive
a mandibular denture opposed by a maxillary denture with either an arbitrary contoured palate
(ACP) or a functional contoured palate (FCP) at the start of the study. The maxillary denture was
exchanged after 1 year from insertion. The oropharyngeal volume (OPV) and minimum cross
sectional area (CSA) were measured by using CBCT.

Results: After 12 months of denture insertion, the mean OPV was more with FCP (29.9+3.1cm?)
compared to ACP denture (24.9+2.2 cm?), also the mean CSA was more with FCP denture
(363.7+67.3mm?) compared to ACP denture (286.5+65.8mm?). There was a high positive correlation
between OPV and CSA with FCP denture ( r=0.90) and ACP denture (r=0.61).

Conclusion: Within this limited study, fabricating a complete denture with functionally
contoured palatal surface may have a positive role in maintaining the oropharyngeal airway patency
especially in old patients.

INTRODUCTION Loss of occlusal vertical dimension with
. . . . posterior mandibular rotation affects the hyoid
Edentulous patients with prominent anatomical o )

. . ] position and reduces the pharyngeal airway
changes are subjected to muscular discomfort with space @, Tn addition, the genioglossus muscle that

altered phonetic and masticatory functions that
may be functional in nature, namely, muscular

hypotonicity .

is the pharyngeal dilator muscle, has an important
anatomical location and function in reducing
the upper airway patency “. Such reduction in

* Lecturer of Removable Prosthodontics, Faculty of Dentistry, Mansoura University, Egypt.
#* Lecturer of Oral and Maxillofacial Radiology, Faculty of Dentistry, Mansoura University, Egypt.



(1598) E.D.J. Vol. 64, No. 2

pharyngeal space may be reversible by complete
denture insertion ©. Functionally, the genioglossus
activity is well maintained in normal individuals
during wakefulness as well as while asleep .

Complete denture prosthesis restores an
acceptable degree of masticatory function, improves
phonetics, and provides esthetics by restoring
both adequate support to orofacial musculatures
and proper vertical dimension of the face ©.
Additionally, wearing denture induces modifications
in the position of the tongue and favors the patency
of upper airway space especially in patients with

sleep disorders .

Indeed, insertion of an intraoral prosthesis would
have an indirect effect on the tongue, soft palate,
and the patency of the airway ¢*'9. The study of
Gagnon et al. "V on dentate patients, advocated that
a bite elevation without a protrusive component
might due to the risk of aggravating the upper
airway obstruction for some patients. In this
concern, Nayar and Knox ? reported that complete
dentures fabricated with an acceptable occlusal
vertical dimension might not change the horizontal
mandibular position in denture wearers.

Emami et al. @ found that edentulous elderly
with poor sleep quality suffered from low oral health
quality of life independent of nocturnal prosthesis
wearing. Impaired function of the genioglossus
muscles and pharyngeal inflammation was reported
also with dentures wearing ©'¥. Literatures stated
that both the lingual flange and palatal plate are
responsible for the encroachment of the tongue
and reduction in upper airway volume (%%,
Furthermore, the shape of the palatal contour may
affect the functions of the tongue and soft palate that
will alter the pharyngeal airway volume 7.

According to previous studies, the change in
pharyngeal airway space may be a result of con-
centric collapse of the hypopharynx or collapsed
lateral oropharyngeal walls, tongue, and soft pal-
ate against the posterior wall of the pharynx &1,
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Cephalometric radiography method that generates
two-dimensional images may not valid for assess-
ment of three-dimensional structures 9. Therefore,
several studies assessed the airway volume by using
3D segmentation of Cone Beam Computed Tomog-
raphy (CBCT) images “%!719),

There was a limited data regarding the influence
of palatal contouring of complete denture on these
measurements in patients free from sleep disorders.
The aim of this 2-years study was to compare the
influence of palatal contouring of maxillary denture
on oro-pharyngeal space volume (OPV) and
minimal cross sectional area (CSA) using CBCT
in normal healthy complete denture wearers. The
null hypothesis of this study was that there is no
significant difference in the oro-pharyngeal airway
space regardless the palatal contour of the denture.

MATERIALS AND METHODS

Patients Selection:

The study was conducted on 20 healthy patients
(14 men and 6 women) who were completely
edentulous in the maxilla and mandible. The selected
patients had an age range of 46- 65 years (mean 56
years). The participants presented to Department of
Removable Prosthodontics, Faculty of Dentistry,
Mansoura University for complete denture
treatment. At least 6 months of being completely
edentulous patient was eligible criteria for the
selection in the study, with no previous experience
of denture use. Subjects with a history of temporo-
mandibular disorders, major cardiorespiratory
problems, sleep disorders, head/neck injury, or with
skeletal deformity were excluded. All participants
had Angel’s class 1 maxilla-mandibular relation
with 20 to 30 mm inter-arch space without severe

undercuts in their residual alveolar ridges.

For all participants, a screening visit was
with
examination then body’s height, weight, and neck

performed  starting intraoral  clinical
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circumference were also recorded, and then their
body-mass index (BMI) was calculated (Appendix
1). They were asked about their sleep history and
were required to complete self-administered the
Epworth Sleepiness Scale (ESS) questionnaires
(Appendix 2) to assess their sleepiness during
daytime (scores ranging from O to 24). Subjects who
have scores =10 indicate sleepiness and they were
excluded according to Johns” method 1. Informed
consent was written from each patient, and approval
from the Faculty Ethical Committee was obtained.

Prosthetic Procedures:

The following procedures were performed for
each patient as follows:

1. Preliminary impressions were made by using
irreversible hydrocolloid impression material
(Cavex CA37, Holland), which were poured
for the fabrication of diagnostic plaster cast.
Custom trays were fabricated using autopoly-
merizing acrylic resin (Acrostone, cold cure,
Egypt). Border molding was perfomed with low
fusing impression compound sticks (DPI Pin-
nacle Tracing Sticks, India) and final impres-
sions were made with zinc oxide eugenol-free
impression material (Cavex outline, Holland).
Final impressions were poured into master casts
by using hard dental stone (Durguix, Hard natu-
ral stone, Spain).

2. The maxillary master cast was duplicated for
each patient, then maxillary and mandibular re-
cord blocks were constructed, and the contours
were adjusted regarding the height and orienta-
tion relation. The maxillary face bow transfer
was used for mounting the maxillary master
cast on the articulator (Whip Mix Corporation,
USA).

3. Vertical and horizontal relations were recorded
by using interocclusal wax wafer method. A
centric interocclusal record was used for mount-
ing the mandibular master cast. The articular
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was adjusted for eccentric movements by the
protrusive record then bilateral balanced occlu-
sion was developed.

4. After setting the acrylic artificial teeth, waxing
up the dentures was performed with arbitrary
contouring the palatal surface. The second set of
trial maxillary dentures was obtained by using
negative silicone molds with soft wax pouring
method according to Teraoka et al ®. The trial
dentures were processed into long-cycle heat
cured acrylic resin (Acrostone, denture base
material, Egypt), and then the dentures were
finished and polished.

5. After processing, the second set of processed
maxillary dentures were modified by removing
the palatal area (Fig. 1A ) and replacing it by
functionally contoured palatal surface (FPC)
that was constructed by swallowing technique
with tissue conditioning material (Lynal tissue
conditioner Dentsply, USA) (Fig. 1B ) accord-
ing to Lott and Levin (21), and Shaffer and
Kutz (22). The modified denture with FPC was
converted into auto-polymerized acrylic resin
(Palapress Vario Heraeus Kulzer, Germany)
then was placed in a pressure pot for 20 minutes.

6. All patients were randomly allocated in two
equal groups considering the gender (with7 men
and 3 women in each group) to receive a man-
dibular denture opposed by a maxillary denture
with either arbitrary contoured palate (ACP) or
functional contoured palate (FCP) at the start of
the study.

II- CBCT Scanning Protocol and Assessment
Method:

CBCT was performed using a cranial X-ray
CT scanner (i-CAT Vision®, Imaging Sciences
International, Hatfield, PA, USA). The CBCT
scanning protocol was as follows: 90 kVp, 5 mA, 14
x 10 cm field of view, 280 ym voxel and a scanning
time of 16s.
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The patients of both groups (FCP or ACP start)
had to wear the dentures for a 2-weeks adaptation
period (TO). After the adaptation period (baseline),
they underwent CBCT imaging for measuring the
OPV and minimum CSA. According to Furuya et
al ©,

in upright position with the natural position of the

CBCT exposures were taken for the subject

head and maximal intercuspal position of the teeth
at the end of expiration. To ensure reproducibility as
possible, patient-scanner distance and the height of
the stretcher were recorded in the first scan.

The projections in the sagittal, coronal and axial
orthogonal planes were primary reconstructed

and then the images of the entire volume of

craniofacial complex were stored in DICOM format
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(Digital Imaging Communications in Medicine).
Oropharynx was outlined superiorly through the
horizontal plane extending from the posterior nasal
spine (PNS). Inferiorly, the area was outlined by
the tip of epiglottis opposite to most infero-anterior
point of the third cervical vertebra (C3).

The oro-pharyngeal area posterior to the tongue
base and the soft palate was semiautomatically
segmented the OPV volume in cm® of A three-
dimensional model with the software (Fig. 2A).
The cross-sectional area (CSA) between the tongue
base “tip of epiglottis” and pharyngeal wall was
located and measured in mm? (Fig.2B)

After 12-month period, patients underwent a
second CBCT scanning (T12) to record the start

Fig. (1) A processed maxillary denture was modified by removing the palatal area (A) image on the left, and functionally contoured
by using tissue conditioning material (B) image on the right.

Fig. (2) CBCT of 3D segmented oropharynx with measured volume and minimal cross-sectional area saggital section on the left

(A)., coronal section on the right (B).
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denture, and then the maxillary dentures were ex-
changed and the occlusion was adjusted accord-
ingly. The measurements of a third CBCT scanning
were repeated after another 12-month to record the
latter denture. Therefore, each denture group has
two measurements (To and T12). At the end of the
study, the patients had the option to keep the maxil-
lary denture of their choice for continuous use.

The collected data were analyzed using SPSS
v 170 (SPSS Inc., Chicago, IL). A parametric
evaluation plan was used after checking the
recorded data for normality by using (Kolmogorov-
Smirnov tests) to test normal distribution. Paired
t test was used to compare between ACP denture
(n=20) and FCP denture (n=20). P< 0.05 indicated
a statistically significant association. The OPV and
CSA were compared by linear regression analysis
using a correlation coefficient (r).

RESULTS

The minimum CSA and OPV, for ACP dentures
and FCP dentures are shown in Tables 1. Follow-
ing 2-weeks from denture insertion (TO), The mean
OPV was (23.3 2.1 cm?®) with FCP denture com-
pared to (23.2+1.7 cm®) with ACP denture , also the
mean minimum CSA was (295.5£70.2 mm?) with
FCP denture compared to(281.5+69.8 mm?) with
ACP denture.

At T12, the mean OPV was more with FCP
(29.9+£3.1 cm®) compared to (24.9+2.2 cm®) with
ACP denture, also the mean minimum CSA
was more with FCP denture (363.7 +67.3 mm?)
compared to (286.5+65.8 mm?) with ACP denture.
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At the base line (TO), there was a statistically
insignificant difference between FCP group and
ACP group when compared regarding minimum
CSA (p=0.08). While, comparing the significance
at T12, there was a statistically significant increase
of CSA with FCP denture group compared to ACP
(p =0.002 ) as shown in Table 1. Similarly, on
comparing OPV for FCP against ACP at TO, there
was a statistically non-significant differences (p
=0.06). While after 12 months (T12), there was a
statistically significant increase of OPV with FCP
denture group in comparison to ACP (p =0.04).

For minimum CSA, comparing the significance
within each denture group between TO against T12
revealed a statistically high significant differences
for FCP denture as well as ACP denture (p<0.001).
Similar results were obtained for OPV , there was
a statistically high significant differences for FCP
denture as well as ACP denture group (p<0.001) as
presented in Table 1.

A linear regression was used to model the
relationship between volume and area for both
ACP and FCP groups at T12 (Table 2 & Fig. 3). A
best-fit line was found on a scatter plot of OPV and
CSA. The R? value was 0.37 and 0.82 for ACP
denture and FCP denture, respectively. The ACP
denture group demonstrated a weaker (less linear)
relation between OPV and CSA. There was a high
correlation between the minimum CSA and OPV
with FCP denture (r = 0.90) and ACP denture (r =
0.61). The oropharynx with the smallest CSA had
the smallest OPV.

TABLE (1) Comparison of minimal cross section area (CSA in mm?) and oropharyngeal volume (OPV in
cm®) measurements at baseline (T0), after 12-month period (T12) in ACP and FCP dentures.

Minimal CSA (mm?) OPYV (cm?)
TO T12 TO T12
P-value P-value
Mean £SD Mean +SD Mean +SD Mean £SD
ACP (n=20) 269.3+64.8 286.5+65.8 <0.001 23.2+1.7 249422 <0.001
FCP (n=20) 295.5+£70.2 363.7+67.3 <0.001 23.3+2.1 299 +3.1 <0.001
P-value 0.08 0.002 0.06 0.04
t test , highly significant P <0.001. Significant P <0.05
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TABLE (2) Correlation between minimal cross sec-
tion area (CSA) and oropharyngeal volume
(OPV) measurements after 12-months for
all patients (n=20) in the study .

FCP denture ACP denture
OPV OPV
r P-value r P-value
CSA 0.90 <0.001 0.61 0.02

r: Pearson Correlation, highly significant P <0.001.

Significant P <0.05
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Fig. (3) Graph depicting strong positive correlation (R2=0.82)
between volume and minimal cross-sectional area in
FCP denture group.

DISCUSSION

Complete edentulism might be one of possible
factors that contributing to increased pharyngeal
collapsibility because of impaired function of
muscles dilating the upper airway or pharyngeal
inflammation from denture wearing **4!5.Complete
denture not only improves esthetics, mastication, and
phonetics butalso provide better support to orofacial
musculature by restoring proper vertical dimension
of the face. However, literatures stated that insertion
of the intraoral prosthesis causes deflection of the
tongue that may encroach the airway space . The
literatures confirmed that wearing dentures induces
modifications in the tongue, soft palate, position of
the jaw, and consequently pharyngeal airway space
changes @,
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In accordance with Padmanabhan, et al ®®
who stated that dimensional change in soft tissues
surrounding the airway space in complete denture
wearers might be reversible. To avoid influence
of confounding factors, each patient in the current
study design was allowed to be a control for himself.

The current study considered the confounding
factors that could qualitatively and quantitatively
affect the size and shape of the oropharyngeal
airway at the time of image acquisition. To preclude
the confounding risk factors for sleep disorders,
confirmatory questionnaires were performed to
exclude obstructive sleep apnoea OSA. Obesity
and increased neck circumference were reported
as important risk factors for OSA in the general
population especially in older adults age 60 and
over @Y The patients were screened for BMI
and increased neck circumference. BMI is an
inexpensive, and easy-use method for population
assessment of overweight and obesity because the
calculation requires only height and weight > 2326,
ESS (range 0-24) was used to measure the level
of perceived daytime sleepiness, and scores =10
indicate sleepiness subsequently, those patients
were excluded from the study 9.

Despite a validated and optimized CBCT
protocol for airway imaging remains elusive, it has
been commonly used to assess the effect of various
orthodontic and surgical treatments with reliable
anatomical linear and volumetric measurements *7.
Moreover, it was reported that minimum CSA area
is a crucial measure of flow limitation and airway
collapsibility with excellent intra-examiner and
inter-examiner reliability 7.

According to a systematic review conducted
by Gurani et al ®® both airway volume and CSA
showed an increase when evaluated in respect to
head extension, head rotation, altered body position,
and jaw protrusion. Therefore, the radiographic
technique was standardized during CBCT scan in
this study. The patient was seated in upright position
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and was instructed to avoid swallowing or any other
movements during the exposure.

The mandible was maintained in a reproducible
position with teeth in maximal interdigitation and
occluding in centric relation. In addition, the hyoid
position was standardized in this study by taking the
exposures at the end of expiration. In line with
this precaution, Guijarro-Martinez and Swennen “”
reported that respiratory phase and tongue posture
were variables for upper airway imaging technique.

The results of this study observed a change
in CSA and OPV after 12-month from denture
insertion. These findings are in accordance with
previous studies that demonstrated significant
changes in retropharyngeal space with wearing
of complete dentures fabricated with acceptable

vertical dimension of occlusion ¢ 62320

The study recorded a mean of OPV 29.9+3.1
cm’ and 24.9+2.2 cm® with minimal CSA area
363.7 +67.3 mm? and 286.5+65.8 mm? for FCP and
ACP groups, respectively. The minimal CSA was
located between the tongue base and pharyngeal
wall. This observation concurred with Ogawa
et al. ® who reported that the areas posterior
to the soft palate and the base of the tongue are
recognized as the narrowest in the upper airway’s
total space. It was observed that the mean minimum
CSA measured in previous studies, conducted on
normal individuals, was narrower than the current
study ®*-39_ The results reported in the present study
may be attributed to the age-related pharyngeal
expansion that increases the pharyngeal dimensions
in older participants compared to the young age
participants in the previous studies ©. Another
reason for data variations between studies is that
measurements could be affected by the body position
during CBCT airway examination. This explanation
concurred with Camacho et al ®» who found that the
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airway was smaller when patients were in a supine
compared with an upright position.

The observed high positive correlation between
OPV and minimum CSA with FCP denture (r=
0.90) could be logic as the increase in the CSA is
associated with increase in the total pharyngeal
volume similar to findings of Furuya et al ©. These
findings may be attributed to the faster tongue
adaptation by the activity of the genioglossus
muscle. The associated anterior movement of the
tongue’s base and epiglottis may result in increased

horizontal expansion of the oropharynx ©32,

This study included some limitations; firstly,
static method of CBCT scan in an upright patient may
not mimic dynamic motion of the soft tissues and
hyoid bone that control the change in size and shape
of the upper airway. Secondly, the oropharyngeal
dimension may be varied significantly between
males and females; however, this was not reported
in the current study because of limited sample size
and few number of female participation.

CONCLUSION

Within the limitation of the present study, it
could be concluded that;

*  Well-designed complete denture prosthesis and
regular follow-up care may reduce the hazard-
ous effect on dimensional changes of the sur-
rounding pharyngeal tissues.

e Fabricating a complete denture with function-
ally contoured palatal surface may have a role
in maintaining patency of the upper airway in
older patients.

* Further investigations using longitudinal studies
may be useful in determining the relationship
between complete denture design and the upper
airway patency.
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APPENDIX 1
Questionnaire For The Completely Edentulous Subjects

PERSONAL DETAILS:

Participant number: e.g. 001
Sex:

Date of Birth:

Height (cm):

Weight (Kg):

BMI (Weight/[Height]*):
Neck Circumference (cm):

MEDICAL/DENTAL HISTORY

Medication:

Allergies:

Cardiac problems (high BP, angina, heart attack):
Respiratory problems (asthma, emphysema, bronchitis):
Other problems (DM, TMD, thyroid, head/neck injury):
Do you snore? (Yes/No)

Has your partner/family ever complained that you snore? (Yes/No)
Do you have a good night’s sleep? (Yes/No)

Do you often wake up feeling tired? (Yes/No)

What is the date of last extracted tooth? (where?)

e Do you currently use a removable denture? (Yes/No)

INTRA-ORAL EXAMINATION

e Angel’s maxilla-mandibular relation:
e Available inter-arch space of mounted diagnostic casts (mm):
e Ridge undercuts (None/moderate/severe):

APPENDIX 2
Epworth Sleepiness Scale (Ess):

How likely are you to doze off or fall asleep in the situations described below? Use
the following scale to choose the most appropriate number for each situation:

0:would never doze. 1:light chance of dozing.
2:moderate chance of dozing. 3: high chance of dozing.
CHANCE OF
SITUATION DOZING
Sitting and reading 0 |1 |2 [3
Watching TV 0O |1 |2 [3
Sitting, inactive in a public place (eg, a theater or a meeting) 0 |1 [2 |3
As a passenger in a car for an hour without a break 0O |1 |2 |3
Lying down to rest in the afternoon when circumstances permit |0 |1 |2 |3
Sitting and talking to someone 0 |1 [2 |3
Sitting quietly after a lunch without alcohol 0O |1 |2 |3
In a car, while stopped for a few minutes in traffi ¢ 0 |1 |2 |3

Total score ( =10 indicate excessive daytime sleepiness):
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