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Abstract

Background: The aim of this study was to assess cytological alterations of the squamous epithelium of the alveolar ridge
mucosal surface under the acrylate prosthesis in patients with type 2 diabetes (T2D).

Methods and Results: The subjects of interest were patients in whom the total acrylate prosthesis had been applied 3-5 years
or more prior to the examination. The subjects were divided into two groups: 30 adult subjects with T2D (T2D group) and 30 adult
subjects without T2D (control group). Both groups were over 49 years of age. Cytological smears were obtained by cytobrush
from the mucosal surface of the gingival crest underlying the acrylate prosthesis. The following parameters were assessed: type of
cells (basal, intermediate, superficial, superficial without nucleus, and parakeratotic), proportions of the types of cells, cytoplasmic
diameter, nuclear diameter, and nucleus-to-cytoplasm ratio. An independent sample t-test was used to compare the two study
groups. The percentage of superficial cells was significantly lower in the T2D group than in the control group (P=0.001). The T2D
group tended to have a higher rate of parakeratotic cells (13.0£11.12 % vs. 8.07+7.92%, P=0.052). Superficial cells in the T2D
group had a significantly lower mean cytoplasmic diameter than the control group (32.7947+8.61929 vs. 36.6383+4.32228,
P=0.03). Additionally, the nucleus-to-cytoplasm ratio of intermediate and superficial cells in the T2D group was significantly higher
than in the control group (0.2407+0.07206 vs. 0.2000+0.03291, P=0.007 and 0.257340.06330 vs. 0.2280+0.03178, P=0.027).

Conclusion: The results of our study show that total acrylate prostheses in diabetic patients are responsible for the disrupted
maturation of squamous epithelial cells. This is reflected in smaller superficial cells, increased parakeratosis, and the higher
nucleus-to-cytoplasm ratio of intermediate and superficial cells.(International Journal of Biomedicine. 2024;14(2):324-328.)
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Introduction

Type 2 diabetes (T2D) is an expanding global health
problem. Contributing factors include genetics, obesity,
physical inactivity, and advancing age.!” Several oral diseases
and disorders manifest themselves with greater frequency and
severity in individuals with diabetes mellitus.® The situation

is even worse in edentulous patients with diabetes mellitus
who, on some occasions, happen to be wearers of total acrylic
prostheses, given all the microvascular complications that
may occur in relation to the disease.® Although the prevalence
of complete tooth loss has declined over the last decade,
edentulism remains a major disease worldwide, especially
among older individuals.®” The reasons for edentulism are
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many. While it is primarily the result of microbial or genetic
diseases that have strong individual and behavioral impacts,
edentulism can be the result of iatrogenic, traumatic, or
therapeutic causes, t0o.® Edentulism is manifested with
masticatory difficulty, altered facial expression and difficulty
in speech.” Most edentulous patients are rehabilitated by
the application of total acrylic prostheses as a replacement
for lost bone and teeth. Complete dentures restore the
function of the jaw-tooth system and improve the aesthetic
aspect of the face, which are very important to the life of an
individual.® The effect of total prostheses on the oral mucosa
has been the subject of a number of scientific studies with
rather controversial results.®'” These studies analyzed the
cytological features of oral mucosa. The major advantage
of exfoliative cytology is the non-invasive character of the
technique, which allows a simple and painless collection
of mucosal cells from different layers of the epithelium for
microscopic examination.®” The cytological examination may
be carried out by the conventional method and liquid-based
cytology (LBC).®Y

In our study, we used LBC, which allows immediate
fixation of cells while removing unwanted harvested material,
e.g., blood cells, mucus, and debris. This technique provides
for a thin cellular layer of evenly dispersed cells in a clear
background.®?

Although several studies have suggested a potential
association between diabetes and oral mucosa,® the effect of
total acrylic prosthesis on the underlying mucosa in diabetic
patients is rarely reported.®” The aim of this study was to
assess cytological alterations of the squamous epithelium
of the alveolar ridge mucosal surface under the acrylate
prosthesis in T2D patients.

Materials and Methods

The subjects were selected from the patient records
at the University Dentistry Clinical Center of Kosovo. The
subjects of interest were patients in whom the total acrylate
prosthesis had been applied 3-5 years or more prior to the
examination. The subjects were divided into two groups: 30
adult subjects with T2D (T2D group) and 30 adult subjects
without T2D (control group). Both groups were total acrylate
prosthesis wearers and over 49 years of age. Exclusion
criteria were patients with oral pathologies that may interfere
with morphological features of the epithelial cells, such as
stomatitis, candidiasis, and other infections, and patients with
traumatic or tumor lesions.

Clinical protocol

Prior to cell collection, a questionnaire was filled out
with relevant information, such as the patient’s age, duration
of T2D, type of treatment for T2D, duration of wearing a total
prosthesis, causes of tooth loss, oral hygiene habits, smoking
habits, alcohol consumption, daytime and/or nighttime wearing,
and maintenance and hygiene of prostheses. Subjects underwent
a clinical oral examination before sampling. The oral mucosa
status was generally evaluated. The mucosa in the undersurface
of the acrylate prosthesis was assessed for the following: color,
surface, transparency, vascularity, edema, and evidence of recent

or old traumatic lesions or tumors. Photographs were taken
from the areas of interest and stored for analysis. Subsequently,
disinfecting mouthwash was applied for a few seconds before
sampling. A cytological sample was obtained using a cytobrush;
the smear was taken from the mucosal surface of the gingival
crest underlying the acrylate prosthesis. After the smear was
scraped off from the surface, the cytobrush was placed in a cell
collection vial for LBC.

Laboratory protocol

The cell suspension from the cell collection vial was
placed ina Hettich cytospin centrifuge and subsequently applied
on a glass slide. After additional fixation of the cell smear
with 96% ethanol, the same was stained by the Papanicolaou
method. This stain was applied because it provides the best
morphological details and level of keratinization of the
squamous epithelial cells. After staining, the slides were
mounted with a mounting medium and coverslipped.

Cytological and cytometric analysis (Figures 1-4)

The microscope slides were scanned by a Microvisioneer
slide scanner, using the Olympus CX41 microscope and the
Microvisioneer Manual WSI 2020C-34 FL software. After
scanning, the images were transferred and saved on the
InstaSlide cloud platform. Cytometric analysis was performed
using the Aperio Image Scope software (v12.4.3.5008). The
following parameters were assessed: overall cellularity;
ratio of basal-to-intermediate-to-superficial cells; presence
and percentage of parakeratinized squamous epithelial cells;
presence and percentage of anuclear surface epithelial cells
(keratinization); the median diameter of basal, intermediate,
and superficial cell cytoplasm; the median diameter of basal,
intermediate, and superficial cell nuclei; the nucleus-to-
cytoplasm ratio of basal, intermediate, and superficial cells.

Fig 1. Squamous epithelial cells in the cytological
smear (Papanicolaou stain, 20x magnification;

SlideViewer software).
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Fig. 2. Measurement of cytoplasmic diameter
(Papanicolaou stain, 10x magnification; Aperio
Image Scope software).
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Fig. 3. Measurement of nuclear diameter (Papanicolaou
stain, 40x magnification; Aperio Image Scope sofiware)
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Fig. 4. Measurement of nucleus-to-cytoplasm ratio
(Papanicolaou stain, 40x magnification; Aperio Image
Scope software)

Statistical analysis was performed using the statistical
software package SPSS version 23.0 (SPSS Inc, Armonk,
NY: IBM Corp). For the descriptive analysis, results are
presented as mean, standard deviation (SD), standard
error of the mean (SEM). Means of 2 continuous normally
distributed variables were compared by independent samples
Student's t-test. A probability value of P<0.05 was considered
statistically significant.

Results

Our results show no significant difference between the
sample cellularity of the two study groups (P=0.838) (Table 1).

Table 1.
Cellularity of cytological smears in the study groups.

Cellularity N Mean SD SEM P-value
T2D group 30 | 2.4667 | 0.68145| 0.12441
0.838
Control group 30 | 2.5000 |0.57235| 0.10450

In contrast, the percentage of superficial cells was
significantly lower in the T2D group than in the control group
(P=0.001) (Table 2). Also, the T2D group tended to have a
higher rate of parakeratotic cells (13.0+11.12 vs. 8.07+£7.92,
P=0.052) (Table 2). Superficial cells in the T2D group had
a significantly lower mean cytoplasmic diameter than the
control group (32.794748.61929u vs. 36.6383+4.32228,
P=0.03) (Table 3). Additionally, the nucleus-to-cytoplasm

ratio of intermediate and superficial cells in the T2D group was
significantly higher than in the control group (0.2407+0.07206
vs. 0.2000+0.03291, P=0.007 and 0.2573+0.06330 vs.
0.2280+0.03178, P=0.027) (Table 4).

Table 2.
Percentage of types of squamous epithelial cells in the study groups.
g&gﬁe%faf%‘é%‘?z’;}s) N | Mean | SD | SEM |P-value
Intermediate (T2D) 30 | 27.2667 [25.45304 | 4.64707 027
Intermediate (Control) | 30 |21.2333|15.48009|2.82627
Superficial (T2D) 30 |32.3333{25.20992 | 4.60268 0.001
Superficial (Control) | 30 |52.2667 [19.22630|3.51023
Parakeratotic (T2D) 30 | 13.0000 | 11.12003 [ 2.03023 0.052
Parakeratotic (Control)| 30 | 8.0667 | 7.91739 | 1.44551
Anuclear (T2D) 30 |127.7333 {30.77161|5.61810 0.18
Anuclear (Control) 30 | 18.4333 {21.69170 | 3.96034

Table 3.

Cytoplasmic (CD) and nuclear (ND) diameter of intermediate and
superficial cells in the study groups.

Tye%?tﬁgﬁgif‘;}fs“ N NS sD | SEM [Pvalue
Intermediate CD (T2D) |30 [38.4547|15.41475|2.81433 04
Intermediate CD (Control)| 30 {42.1333| 7.62489 [1.39211
Superficial CD (T2D) 30(32.7947| 8.61929 [1.57366 0.03
Superficial CD (Control) |30 |36.6383| 4.32228 |0.78914
Intermediate ND (T2D) |30 | 8.6450 | 2.30501 (0.42084
Intermediate ND (Control){ 30 | 8.2587 | 0.82743 [0.15107 039
Superficial ND (T2D) 30| 8.1860 | 2.11151 [0.38551 0.87
Superficial ND (Control) |30 | 8.2523 | 0.70371 |0.12848

Table 4.

Nucleus-to-cytoplasm ratio (N:C) of intermediate and superficial
cells in the study groups.

eglytgglfaflil‘ﬁas”}%lsc N [Mean| SD | SEM |P-value
Intermediate / N:C (T2D) | 30 |0.2407(0.07206(0.01316 0.007
Intermediate / N:C (Control)| 30 [0.2000{0.03291{0.00601
Superficial / N:C (T2D) 30 [0.2573]0.06330]0.01156 0.027

Superficial / N:C (Control) | 30 {0.22800.03178|0.00580

Discussion

Considering that changes in the oral mucosa of patients
with diabetes mellitus are common, epithelial mucosal
changes under the surface of acrylate prosthesis should be
even more pronounced. The squamous epithelium undergoes
constant replacement by cell migration and differentiation.
Keratinization is a process of cytodifferentiation during which
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the keratinocytes undergo maturation from their germinative
state to finally differentiated stratum corneum.®'?
Cytological and cytometric changes of the oral mucosal
epithelial cells in the immediate undersurface of the acrylate
prostheses provide important morphological data about the
level of irritation of the mucosa in diabetic patients. Various
published studies have observed changes in the degree of
keratinization of oral epithelium under prosthesis. Some of
these studies show that oral epithelium under the prosthesis
becomes more keratinized, while others show that the
epithelium remains non-keratinized.'? Many authors have
concluded that total dentures affect keratinization, and most
have reported increased keratinization in patients who wear
total dentures. According to a study by Kumaresan and
Jagannathan,®> exfoliative cytology plays a major role in
diagnosing clinically misinterpreted changes. Considering
that the sensitivity and specificity of cytology are limited, the
combination of computer-aided cytology and morphometry
improves its accuracy. According to this study, this method
should be used as a routine method for diagnosing mucosal
lesions in the early stages. In a cytological study by Markov
et al.,"? if dentures were regularly removed at night, ortho
keratinization (normal keratinization) occurred. They believed
that rest at night made it possible for the oral mucosa to
recover from the wear and tear caused by the dentures.
According to a study by Watson and MacDonald,"® the
degree of keratinization was lower, and the stratum corneum
was thinner in the epithelium under dentures. The complete
dentures in these studies seemed to reduce the quantity and
quality of the keratin layer. Our study has shown that the
presence of a denture produced a more regular epithelium
with few rete ridges and a thinner, less keratinized stratum
corneum. In diabetic patients, due to the previously
mentioned oral manifestations and increased susceptibility,
these changes may have altered morphology and gravity.
According to a study by Farhan and Yas,*® diabetes is related
to certain cytomorphometric changes in the oral mucosal
cells. Our study shows that nuclear diameter increases while
cytoplasmic diameter decreases in oral mucosal epithelial
cells in T2D patients, compared to patients without diabetes.
Parallel to these observations, our study shows that in the
T2D group, superficial cells were smaller than in the control
group. Similarly, there was also an increase in the nucleus-
to-cytoplasm ratio in superficial and intermediary cells in
T2D patients, compared to the control group. Additionally,
our study shows an alteration of the differentiation process of
the keratinocytes in diabetes mellitus with lesser numbers of
superficial cells and an increased percentage of parakeratotic
cells, compared to the control group. In our study, there was
a higher percentage of superficial cells without a nucleus in
the diabetes mellitus than in the control group; however, it
was not statistically significant. We believe that with a larger
study group, statistical significance could be established even
regarding the percentage of superficial cells without a nucleus.
The alveolar ridge under the acrylic prosthesis seems
to be a useful site for cell collection, considering that during
chewing, the oral mucosa beneath the denture plays a critical
role in distributing occlusal loads to the underlying bony ridge

over a large denture-supporting tissue interface."*?7*® Acrylic-
based resins are frequently used in daily dental practice for
prostheses as they can provide essential properties and have
the necessary characteristics for their use in diverse functions.
During the polymerization of these materials, the residual
monomer is released, which may be cytotoxic to oral mucosa.
There is an assumption that residual monomers in the denture
base, which is in direct contact with oral mucosa, might have
a clinical impact on the tissue.**» Some of the studies found
that there is not only a quantitative reduction of keratinization
but also acanthosis. Its frequency is considered even more
significant in patients suffering from diabetes mellitus,
considering the oral mucosa sensitivity in these patients. The
results of our study support these observations.

In conclusion, the results of our study show that total
acrylate prostheses in diabetic patients are responsible for
the disrupted maturation of squamous epithelial cells. This is
reflected in smaller superficial cells, increased parakeratosis,
and the higher nucleus-to-cytoplasm ratio of intermediate
and superficial cells. We believe that these results should be
a driver for further research in exploring alternative materials
or approaches for managing edentulism in diabetic patients.
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