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Abstract: Statement of problem: Several alternative methods to conventional compression-molding processing for denture base
material have been developed to increase the adaptation of the denture base, such as fluid resin techniques. These offered improved
adaptation, dimensional stability, reduced cost and simple procedure but had low strength, higher solubility and high residual monomer
levels which is related to mucosal irritation and sensitization of tissues. Subjects and Methods: Fourteen Completely Edentulous
patients were selected. Patients were divided into two groups equally.one group were treated using auto-polymerized pour-type acrylic
resin denture base material and the second group were treated using the conventional heat cured acrylic resin (PMMA) complete
denture base material. Microbiological and cytological samples were collected. Data were statistically analyzed.Results:When comparing
the two studied groups regarding mean difference of the level of both pro inflammatory salivary cytokines (TNF-a & IL-6) after delivery
of the new denture, group I levels were significantly higher than group II levels at each period separately (> hour, 1 hour 2 hours, 1
day, 3 days,1 week and 2 weeks)and when comparing between the two studied groups regarding the mean values of the number of
keratinized epithelial cells before and after two months of denture delivery, it was found that there was no significant difference
between them. Conclusion: Immunologically, Auto-polymerized pour-type acrylic resin denture base material elicited higher
immunological response at the beginning due to its chemical composition and leaching of higher amount of residual monomer.
Cytologically, both denture base materials showed an increase in the number of keratinized epithelial cells with no significant difference

between them.
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1. Introduction

Loss of teeth, which may be due to trauma, dental diseases,
pathology, or otherwise not only alters the psychological
thoughts of the patients but also disturbs the esthetics,
phonetics, and functional occlusion'.

Replacement of missing teeth is highly essential in order to
restore the defect and regain function as best as possible ?.
Polymers are used in the manufacture of dentures.®’®®
Among the polymer materials introduced in prosthetic
dentistry, Polymethyl methcrylate (PMMA) is the only
proven material for a successful denture base on account of
its optimal physical properties and excellent esthetics with
relatively low toxicity compared to other plastic denture base
materials 9.

Several techniques are utilized in resin polymerization method,
such as heat polymerization method, pouring method, injection
pressing method, and microwave activated polymerization
method. Improvements have been made in each method to
strive towards a system with high accuracy and reliability " .

Compression molding with heat activation in a water bath for
resin polymerization is the conventional method to process
dentures. However, polymerization shrinkage of the resin
and distortion of the denture base due to thermal stress is

virtually unavoidable during the processing of dentures.
These adverse effects cause movement of the artificial teeth
position and increase the gap between the denture base and
underlying mucosa, resulting in an ill-fitting denture .

Several alternative methods to conventional compression-
molding processing for denture base have been developed to
increase the adaptation of the denture base, such as fluid

resin techniques®.

The pouring method of denture base resin was developed in
the 1960s using agar hydrocolloids as investment material
and has been one of the most popular polymerization
techniques because of three merits. It is simple to use, less
time consuming, and it offers better adaptation accuracy than
the heat polymerization method®'?.

The principal difference is in the size of the polymer powder
or beads. Small particle size results in a fluid mix. The mix is
quickly poured into the mould and allowed to polymerize
under pressure !,

Denture base is in continuous contact with the great part of
the oral mucosa. It is important to evaluate the effect of the
residual monomer, which has been shown to leach into water
saliva or artificial saliva, on the oral mucosa that is adjacent
to the denture base. Leaching residual monomer have been
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suggested to cause irritation of oral mucosa, irritation or even
an allergic reaction''?.

Salivary cytokine levels are very likely to provide useful
information of the presence of disease, epithelial behaviour,
the local inflammatory response, and carcinogenesis 1%

Cytokines include chemokines, interferons, interleukins,
lymphokines, and tumor necrosis factor. Cytokines are
produced by a broad range of cells, including immune cells
like macrophages, T-lymphocytes and mast cells, as well as
endothelial cells, fibroblasts, and various stromal cells.
Cytokines are important in host responses to infection,
immune responses, inflammation, trauma, sepsis, cancer, and
reproduction ¥

Both InterLeukin-6 and Tumor Necrosis Factor- alpha are
pro-inflammatory  cytokines characterized by multi
directional action which regulates cell functions and

reactions, phagocytosis and the killing of microorganisms.
(19,20)

In the edentulous patients, the mucosa covering the crest of
the residual ridge is classified as masticatory mucosa which
is formed by keratinized stratified squamous epithelium and
the adjacent narrow layer of connective tissue known as
lamina propria .The oral mucosa under dentures usually
present some changes in the continuous renewal process of
maturation and differentiation of keratinocytes, and this
process is observed varying as histological changes to
clinical abnormalities as a process of adaptation of the
epithelium in order to protect the adjacent structures *'*2.

Histologic studies of the effect of wearing dentures on the
keratinization of the mucosa of the crest of the residual
ridges have produced conflicting results. However, most
studies indicate that wearing complete dentures doesn’t seem
to be harmful to the epithelium, but reduced thickness of the
keratinized surface is noted **' .

Exfoliative cytology, as method of investigation, is based on
monitoring the exfoliated cells of the mucosa, which reflect
many of the features of the underlying tissues and also have
a valuable role in the diagnosis of certain local and systemic
disease.®” . It is a practical,simple, quick, painless, non-
invasive, bloodless, inexpensive, and repeatable technique
that enables the investigator to obtain an overview of the
whole working field and provide the opportunity for repeated
sampling without injuring the tissues®’ .

This study was aimed to evaluate, both microbiologically
and cytologically, oral response to auto-polymerized pour-
type acrylic resin denture base material and the conventional
heat cured acrylic resin complete denture base material.

2. Subjects and Methods

Fourteen Completely Edentulous male patients were selected

from Prosthodontic Department, Faculty of Dentistry,

Alexandria University. The fourteen selected patients were

divided equally into two groups:

e Group I (study group): received complete dentures,
which were constructed of auto-polymerized acrylic

resin(Vertex™ Casatveria, Vertex-DentalB.V.
Headquarters The Netherlands )using the pour technique.

e Group II (control group): received complete dentures,
which were constructed of conventional poly methyl
methacrylate acrylic resin using the compression molding
technique.

All selected patients were completely edentulous aged from
40 to 60 years with no previous denture experience. They
were non-smokers, with good oral hygiene and free from any
systemic diseases. They had no signs of inflammation (such
as: redness & swelling). They had well-formed maxillary and
mandibular residual ridges covered with healthy mucosa and
acceptable maxillo-mandibular relationship.

All clinical & laboratory steps for denture construction were
done for every patient according to standardized
conventional technique.

For group I, Complete Dentures were constructed using auto-
polymerized acrylic resin which was supplied in the form of
powder and liquid, it was supplied in different shades. The
auto-polymerized acrylic resin is based on the pour type
technique.

The waxed denture was placed on the plate of the flask and
the flask was closed.Then the gel of 48°C was poured in the
flask very gently.

Figure 1:The waxed denture was placed on the plate of theflask

The flask was cooled down and the gel washardened. Three
channels were inserted by making use of largest canal cutter.
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Figure 2:Three channels were inserted by making use of
largest canal cutter

17g powder and 10 ml liquid was mixed for 20 seconds and
then poured with a thin straight line in the center opening of
the flask. The flask was left for 8 minutes until the surface of
the pouring channels became matt.

The flask was placed in the pressure vessel in the position so
that the pouring channels were above the water surface and
polymerized at 55 °C for 30 minutes at 2.5 bar pressure

After polymerization, the flask was allowed to stand outside
the pressure vessel for 30 minutes. Finishing and polishing of
the denture was done.

Figure 3:The flask was placed in the pressure vessel

Figure 4: The finishedauto-polymerized pour resin denture

Complete dentures constructed of Heat cure acrylic resin
(PMMA) were processed using the conventional compression
molding technique and cured by long curing cycle. The dentures
were finished and polished in the conventional manner.

3. Salivary Cytokines Measurement

Collection of whole unstimulated saliva (WUS) from every
patient in the two groupswas done using standard techniques
according to Navazesh®® cytokine profiles.

Salivary samples were obtained in the morning by requesting
participants to swallow first, then tilt their head forward, and
expectorate all saliva into a 5ml sterile centrifuge tubes for 5
minutes without swallowing.

The first sample was collected directly before delivery of the
new denture. The other samples were collected after delivery of
the new denture by 1/2, 1 hour, 2 hours, 1 day, 3days, 1 week &
2 weeks

Participants were instructed not to eat, drink, or use mouth
rinse at least 2 hours prior to salivary sample collection.

The saliva samples were frozen at - 70°C till used later on for
cytokine detection by the ELISA method. All samples were
centrifuged at 4500 g for 20 min and supernatant of each
sample was separated to be used in the assay.

Cytokines in saliva samples were assayed using Enzyme-
linked immunosorbent assay (ELISA):

o TNF-a was measured using TNF-o -ELISA. (TNF-a Elisa
kit-96 T, BE55001 - I B L International — Hamburg,
Germany)

o IL-6 was measured using IL-6- ELISA. (IL-6 Elisa kit-96
T, BE53061 - I B L International — Hamburg, Germany).

4. Cytological Smear Examination

Cytological smear was taken from each patient of both
groups before delivery of the new denture and after two
months of denture delivery from the mucosa covering the
crest of the mandibular alveolar ridge.The smear was then
spread on a clean glass slide and immediately fixed in 96%
ethyl alcohol.
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The slides were labeled with patient’s name, date, and site of
the smear. The smears were stained by papanicolaou
technique *”. The stained slides were examined by the
digital camera attached to the light microscope at a
magnification 400 mounted with a calibrated ocular grid.
The count of fully keratinized stained cells was calculated.
The clumped cells were not included in the statisticalanalysis
because the piling of cells prevented their identification and
quantification.

Results were fed to the computer and analyzed using IBM
SPSS software package version 20.0. Quantitative data were

described in Newton as range (minimum and maximum)
mean and standard deviation®. The distributions of
quantitative variables were tested for normality using
Kolmogorov-Smirnov test, Shapiro-Wilk test and D'Agstino
test and revealed a normally distributed data. Accordingly,
Comparison between two independent data was done using
independent t-test; Comparison between multiple data was
done using ANOVA with repeated measures and Post Hoc
test was assessed using Dunnett's test.Results were quoted as
two-tailed probabilities. Significance of the obtained results
was judged at the 5% level. A p-value of less than 0.05 was
considered statistically significant.

Table 1: Comparison between the two studied groups regarding mean difference of salivary TNF - o in pg/ml at different

period of follow up
Be{(};r;:sgissglon 14 hour 1 hour 2 hours 1 day 3 days Iweeks 2 weeks
Group |Min. — Max.|  5.86-6.78 0.0-1.37 | 0.81-1.99 | 1.79-3.18 [ 11.95-14.03 | 8.41-11.77] 0.3 - 1.15] 0.02-0.81 | F | 21.7
I | Mean=+SD 6.54+0.31 | 0.71+0.55 | 1.35+0.46 | 2.40+0.50| 13.24+0.79 | 9.88+1.19 | 0.58+0.54 | 0.34+0.33 | P | 0.001 *
Group |Min. — Max.| 5.91-7.65  |-0.21-0.78|-1.07-1.23 | 1.19-2.32 | 10.94-12.23 | 4.26-5.20 |-0.31-0.84|-0.91-0.31| F | 22.65
II | Mean + SD [6.83+0.63 0.22+0.32 | 0.24+0.92 | 1.9240.35| 11.61+0.51 | 4.74+0.37 | 0.29+0.43 | 0.20+0.42 | P |0.0001 *
P 0.132 0.001* | 0.0001° 0.001" 0.0001" 0.061 0.109

5. Ethical Approval

This study protocol was approved by the research ethics
committee of the Faculty of Dentistry, Alexandria
University, Egypt.

6. Ethics, consent and permissions

All the patients signed an informed consent form before
participation in this study.

7. Consent to publish

All the patients who participated in the study provided
consent to publish the data obtained from them duringthe
study.

F: value for F test (ANOVA)

Statistically significant at p < 0.05

8. Results

As shown in table (1) and figure (5), the mean difference of
the level of salivary tumor necrosis factor alpha (TNF- a) of
group I was at its highest value after one day of the new
denture delivery (13.2440.79) pg/ml and lowest after two
weeks of denture delivery (0.34+0.33) pg/ml.

It showed significant increase from 1hr, 2hrs, till one day of
denture delivery, P= 0.035%,0.001%,0.0001* respectively.
Then it decreased significantly after 3 days and 1 week, P=
0.0001%*, 0.041* respectively and finally it returned back to
normal values by the end of 2 weeks

The mean difference of the level of salivary tumor necrosis
factor alpha (TNF- o) of group II was in its highest value
after one day of the new denture delivery (11.61+0.51) pg/ml
and lowest after two weeks of denture delivery (0.20+0.42)
pg/ml.

It was increased insignificantly from the beginning at the
same day (lhour and 2 hours) P = (0.104 ,0.098) respectively
and it increased significantly after lday of delivery P =
(0.0001%*). Then it declined significantly after 3 days and 1
week of delivery P=(0.001*, 0.046*) respectively. After two
weeks it decreased close to a normal value showing
statistically non-significant difference from the baseline P=
(0.098).

When comparing the mean difference of the level of salivary
cytokines (TNF- a)) for patients of both groups after delivery
(half hour, one hour, two hours, 1 day, 3 days, 1 week and 2
weeks). It was found that group I (study group) was
significantly higher than group II (control group) at lhr,
2hrs, lday, 3 days P=(0.001%,0.0001%,0.001%,0.0001%)
respectively. And it was insignificantly higher at 1 week, & 2
weeks P=(0.0611,0.109) respectively.
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Figure 5: Comparison between the two studied groups
regarding mean difference of salivary TNF - a at different
period of follow up
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As shown on table (2)and figure (6), the mean difference of
the level of salivary Interleukin 6 (IL - 6) of group I was in
its lowest value after two weeks of the new denture delivery
(0.11+£0.37) pg/ml and highest after one day of delivery
(6.31+0.35) pg/ml.

It showed significant increase from the beginning till first
day (1lhr, 2hrs, lday) P=0.037%,0.002*,0.0001*. Then it
decreased significantly after 3 days, 1 week P=
0.001%*,0.034* respectively. And finally it returned back to
normal values by the end of 2 weeks P= 0.071.

Table 2: Comparison between the two studied groups regarding mean difference of salivary IL-6in pg/ml at different period

of follow up
Before 1n§en10n 14 hour 1 hour 2 hours 1 day 3 days I weeks 2 weeks
(Baseline)

Min.— Max.| 1.962.47 |-0.20-037|-0.03-0.81]0.74-2.13 | 5.57-6.63 | 3.11-4.34 | 0.03-0.83 |-0.47-0.72 | F| 20.6
Group I antSD | 2.2850.17 | 0.15£0.20 | 0.5020.26 |1.2320.51|6.3120.35|3.980.46]0.3320.23| 0.112037 | P| 0.001 *
Group [ Min—Max [ 217258 1.021-078] 0.09-0.54 [0.37-1.084.70-5.552.08-3.89[0.05-0.39 ] 015028 [ F| 1811
Mean+SD | 2.37+0.15 | 0.22+0.32 | 0.320.17 | 0.78+0.225.06£0.27|2.9520.72]0.24+0.12| 0.0620.19 | P | 0.002 *

p 0351 | 0.041* | 0.001* | 0.001* | 0.004* | 0.079 0.092

F: value for F test (ANOVA)
Statistically significant at p < 0.05

The mean difference of the level of (IL-6) of group II was in
its lowest value after two weeks of delivery of the new
denture (0.06+£0.19) pg/ml and highest after one day of
denture delivery (5.06+0.27) pg/ml.

It increased insignificantly from the beginning at the same
day (1hour and 2 hours) P = (0.289,0.061) respectively and it
increased significantly after 1day of delivery P = (0.001%).
Then it declined significantly after 3 days and 1 week of
delivery P = (0.001%*,0.047%*) respectively. After two weeks it
decreased close to a normal value showing statistically non-
significant difference from the baseline P = (0.210).
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Figure 6: Comparison between the two studied groups
regarding mean difference of salivary IL-6 at different
period of follow up.

When comparing the mean difference of the level of salivary
cytokine (IL- 6) for patients of both groups after delivery
(half hour, one hour, two hours, 1 day, 3 days, 1 week and 2
weeks). It was found that group I (study group) was
significantly higher than group II (control group) at lhr,
2hrs, lday, 3 days P= (0.041%,0.001*,0.001*,0.004%)
respectively. And it was insignificantly higher at 1 week & 2
weeks P=(0.079,0.092) respectively.

As shown in figures (8,10), The mean count of keratinized
epithelial cells for group I (study group) were(25.86+ 3.53,
38.14+ 4.06)before, and after 2 month of denture delivery

respectively. There was statistically significant increase in
number of keratinized epithelial cells (P=0.0015 *)

As shown in figures (9,11), the mean counts of keratinized
epithelial cells for group II (control group) were (21.71+ 2.87,
34.57+ 4.43)before, and after 2 month of denture delivery
respectively. There was a statistically significant increase in
number of keratinized epithelial cells (P=0.001 *)

Table (3) and figure (7) showed the comparison between the
mean values of the number of keratinized epithelial cells of
the two studied groups of denture base materials, it was
found that there was no significant difference between the
two studied groups regarding number of keratinized cells
before and after two month of the new denture delivery.

Table 3:Comparison between the mean values of the number
of keratinized epithelial cells of the two studied groups

Cytology
Before | 2 months
Group 1
Min. — Max. 21-30 32-44 T 33
Mean + SD. [25.86+3.53[38.14+4.06f P | 0.0015 *
Group 11
Min. — Max. 18-26 28— 41 T 39
Mean = SD. [21.71+2.8734.57+£4.43] P 0.001 *
T 1.9 1.57
P 0.082 0.141

t: Student t-test for comparing between the two studied
groups
*: Statistically significant at p < 0.05
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number of keratinized epithelial cells of the two studied
groups

Figure 8: Few keratinized cells in Group 1 before Denture
insertion

e
Figure 9: Few keratinized cells in Group II before Denture
insertion

Figure 10: Increased keratinization in Group I After Denture

insertion
R
-

Figure 11: Increased keratinization in Group II After Denture
insertion

9. Discussion

The patient selection for this study was restricted to male
patients to avoid any influence of sex hormone variations on
the oral epithelium, with average age ranging from 40 to 60
years. The patients beyond 60 years of age were not included
in this study because of probable changes which may occur
in oral mucosa due to senility. Patients whose histories
revealed no systemic disorders were selected to eliminate the
possible influence of systemic diseases and drug intake on
oral mucosal tissues *?).

The fourteen selected Patients were divided into two groups
equally. One group (study group) was treated using the auto-
polymerized pour-type acrylic resin complete denture base
material and the second group (control group) was treated
using the conventional heat cured acrylic resin (PMMA)
complete denture base material.

All steps of fabricating complete denture were done as
conventional technique. Clinical remount was done to adjust
the occlusion to avoid the irritation resulting from cuspal
interference V.

The long curing cycle of compression molding technique
was selected to process acrylic dentures as it was concluded
to give the lowest value of residual monomer >3,

Before delivery of the dentures to patients of both groups,
the acrylic dentures were soaked in water for one day to
decrease leaching out of monomer inside the patient’s mouth
with its irritating and adverse effects on oral mucosa ©**?.

Patients were shown how to clean their dentures, in addition
to oral and written instructions. Denture hygiene protocol
comprised of: (i) brushing internal and external surfaces of
the dentures for 2 min with a nonabrasive denture cleanser
then rinsing with water. (ii) Cleaning the mouth after
removing the dentures (v) Soaking dentures overnight in a
mild antiseptic denture soaking solution. (vi) Rinsing
dentures before putting them back in the mouth®® .

Saliva samples were collected from patients of both groups I
and II at 8 different periods; before denture delivery and after
denture delivery (1/2, 1 and 2 hours, 1 day, 3 days, 1 week, 2
weeks) for both microbiological &immunological study.
Salivary cytokines were detected and quantified by the
enzyme linked immunosorbent assay (ELISA) for its
excellent analytical performance and the ability to be
automated®” .

Detection of salivary cytokines levels before delivery of the
new denture was important since there were no estimated
values for normal levels of cytokines in the saliva of healthy
edentulous patients in the literature. and we need these
values to compare it with the level of cytokines after delivery
of the new denture .and thus to conclude the tissue reaction
of mucosa to the denture base materials.

In this study the levels of pro-inflammatory salivary
cytokines (TNF- a, IL-6) increased significantly from 1hr,
2hrs, till one day of denture delivery. Then it decreased
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significantly after 3 days and 1 week and finally it returned
back to normal values by the end of 2 weeks

These results were in agreement with Baker et al.®® who
detected higher amounts of methyl methacrylate (MMA) in
the saliva of subjects wearing dentures made from auto-
polymerized resins compared with heat-cured resins

These results were also in agreement with Goncalves et al.
09 who evaluated the in situ levels of residual MMA
monomer of an autopolymerized acrylic resin in forty
volunteers. High concentrations of residual monomer during
the first 24h of use were observed.

On the other hand, the levels of these cytokines in the saliva
of group II patients increased insignificantly after delivery at
the same day. And then increased significantly 1 day after
delivery. After two weeks it decreased close to normal value
showing statistically non-significant difference from the
baseline.

These Results were in agreement with Sofou et al“” who
monitored the monomer release from three different types of
heat cured acrylic resin in different storage conditions
(artificial saliva, water, and ethanol/water) every 24 h for 5
days at room temperature. They found that methyl
methacrylate (MMA) leached out from all the acrylic resins
examined; the level of which seems to be time-dependent,
decreasing over a period of 5 days.

The high levels of pro-inflammatory salivary cytokines
(TNF-a and IL-6) that were found in saliva of both studied
groups may be linked to their protective effect against tissue
inflammation caused by release of residual monomer“" .

The results were also in agreement with Lung and
Darvell“who found that most residual monomer was lost in
the first few days of insertion but became almost constant
after 2 weeks.

Diagnostic cytology, as a method of investigation depends
on the fact that cells exfoliated reflect many of the features
of the underlying tissue. Cytology offers several advantages
in studying the response of epithelia to prosthesis .The
cytological study was done because it is a simple, quick,
painless and bloodless technique .Therefore it was decided to
evaluate tissue changes in response to dentures through
microscopic examination of cytological smears®?.

The parameter of evaluation in the cytological observation
was the number of keratinized cells ,since the function of
keratin is protective in nature and it has been observed that
areas under mechanical stress or those are subjected to
irritation show changes in the degree of keratinization®.

The cytological smears of both studied groups showed
significant increase in number of keratinized epithelial cells
after two months of denture insertion, this could be
attributed to the protective effect of using the dentures and
that finding was in agreement with Zarb GA et al.*’ who
indicated by cytological studies that increased amounts of
keratinizedmaterial are present in edentulous ridges when the
clinical quality of the denture is good, an indication that

well-fitting dentures may be important in maintaining the
normal histologic conditions of the mouth.

When comparing the two studied groups before and after 2
months of denture delivery as regards to the count of number
of keratinized cells, there was no significant difference; this
finding may be attributed to similarity in composition of both
denture base materials and leaching out of nearly all residual
monomer from the pour-type auto-polymerized complete
dentures.

10. Conclusion

Within the limitations of this study, it could be concluded

that:

e Auto-polymerized pour-type acrylic resin denture base
material was associated with an increase in pro-
inflammatory salivary cytokines (TNF- a & IL-6) from the
beginning of denture delivery and decreased by the end of
follow-up period which was two weeks.

e On the other hand, Heat cured acrylic denture base
material was associated with a little increase in these
levels.

e Immunologically, Auto-polymerized pour-type acrylic
resin denture base material elicit higher immunological
response at the beginning due to its chemical composition
and leaching of higher amount of residual monomer.

e Cytologically, both denture base materials show an
increase in the number of keratinized epithelial cells with
no significant difference between them.
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