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Abstract: Introduction and aim: In recent deca-
des, many factors such as smoking, unhealthy diet as
well as high alcohol intake were marked as risk factors
that can lead to increased incidence of malignant alter-
ations, gingivitis, periodontal disease and other oral
epithelium pathological changes. Having in mind that
in the group of non-malignant and non-dental oral pat-
hology gingivitis and periodontal disease are the most
common oral mucosa alterations aim of our research
was to investigate histomorphometric characteristics
of healthy and altered oral and gingival epithelium.

Material and methods: Tissue samples of 24 oral
and gingival mucosa specimens were collected. Sam-
ples were fixed in 10% buffered paraformaldehyde, ro-
utinely processed and embedded in paraffin blocks.
From each block sections 5 micrometer thin were made
and standard H/E staining as well as immunocytoche-
mical detection of Ki-67 proliferation marker and
CD79a lymphocyte marker were performed. Measure-
ments and image analysis was performed with Image
Pro Plus software (Media Cybernetics, USA) and Axi-
ovision (Ziess, USA).

Results: We showed that inflamed gingival epit-
helium is increasing its thickness in proportion to the
severity of adjacent inflammation. Furthermore, mito-
tic index is rising (up to 132%) in the same manner as
well as basal lamina length (up to 70%) when normal
and inflamed gingiva is compared. Architecture of epi-
thelial ridges is changed from straightforward to
mesh-like.

Conclusion: Assessment of the free gingival epit-
helium thickness is directly related to the severity of
the inflammation process in gingiva.

Keywords: histomorphometry, gingiva, Ki-67, gin-
givitis.
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INTRODUCTION

Oral epithelium belongs to the stratified squamo-
us type, with or without keratinization. Although one
name is used for the whole epithelial lining of the mo-
uth, there are several subtypes of this tissue, according
to their specific site (1). Relatively quick turnover rate
of this epithelium and exposure to various agents ma-
kes it vulnerable and susceptible for disease onset (2,
3). In recent decades, many factors such as smoking,
unhealthy diet as well as high alcohol intake were mar-
ked as risk factors that can lead to increased incidence
of malignant alterations, gingivitis, periodontal disease
and other oral epithelium pathological changes (4, 5,
6). World health organization statistical data shows
that periodontal disease is found in 15-20% middle
aged adults while the incidence of oral cancer ranges
from one to 10 cases per 100 000 people in most coun-
tries (5). Furthermore, it is well established fact that
oral diseases in children and adults are higher among
poor, older and disadvantaged population groups (2).
Review of literature reveals that, for many of oral dise-
ases, among the first changes there is an alteration of
the morphometric characteristics of the oral epithelium
(3, 4). Pejcic et al. (7), Villar et al. (8) and Bulut et al.
(9) reported that smoking and Cyclosporine A-induced
inflammation affects thickness of oral and gingival ep-
ithelium as well as degree of the keratinization while
Birajdar et al. (10) stated that expression of kerati-
nocyte proliferative marker is a significant prognostic
factor for the oral leukoplakia and oral squamous cell
carcinoma. Having in mind that in the group of
non-malignant and non-dental oral pathology gingivi-
tis and periodontal disease are the most common oral
mucosa alterations and the fact that changes of epithe-
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lial tissue are, in many cases, the first sign of oral pat-
hology, the goal of our research was to thoroughly in-
vestigate histomorphometric characteristics of healthy
and altered oral and gingival epithelium such as overall
thickness, basal cell count as well as mitotic index of
the basal keratinocytes.

MATERIALS AND METHODS

Tissue samples of 24 oral and gingival mucosa
specimens (14 male and 10 female, aged from 42-67
years) were collected during the various dentistry
procedures at the Department for Preventive and Pe-
diatric Dentistry from September 2015 through
March 2016. Ethical approval for the research proto-
col was issued by Ethics Committee of the Dentistry
Department, Health Centar Kragujevac. All patients
were fully informed and gave their consent. Histo-
morphometric analysis was performed at the Histol-
ogy Institute, Faculty of Medical Sciences, Kraguje-
vac. Specimens were divided into three groups: nor-
mal buccal mucosa, normal gingiva and inflamed
gingival according to the clinical status. All tissue
samples were fixed in 10% buffered paraformal-
dehyde for 24 hours, routinely processed and embed-
ded in paraffin blocks. From each block sections 5
micrometer thin were made and standard H/E stain-
ing as well as routine immunocytochemical staining
of the Ki-67 proliferation marker and CD79a lym-
phocyte marker were performed. Staining for Ki-67
and CD79a was performed with a streptavidin-biotin
(SAB) complex method using the Histofine SAB-PO
kit (Nichirei Co., Tokyo, Japan) according to the ma-
nufacturer’s directions. Images of tissue sections
were captured with digital camera attached to the
Olympus BX51 microscope. Measurements of the
epithelial thickness, ridges length and basal lami-
na/epithelial surface length (BLL/ESL) were perfor-
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med with Axiovision (Ziess, USA) and Image Pro
Plus software (Media Cybernetics, USA). Mitotic
index was assessed by two independent researchers
marking the number of the dividing basal kerati-
nocytes. Results were presented as mean = SD. Stati-
stical analysis was done using the SPSS software.
Estimation of statistical significance between mean
values was performed with student T-test. Level of
significance was set at p < 0.005.

RESULTS

Based on the histopathological features, in our
series, 8 samples were characterized as normal buccal
mucosa, 6 samples as a normal gingival mucosa and
10 samples as inflamed gingival mucosa from which
6 specimens were marked as mild gingivitis and 4 ca-
ses as a severe gingivitis. The degree of lymphocyte
infiltration (assessed by virtue of immunochemical
staining) was the determining factor for the classifica-
tion of the gingivitis-affected samples. Normal buccal
mucosa showed classic characteristics of non-kerati-
nized stratified squamous epithelium. Overall thick-
ness of this epithelium was 396 + 41 um while epider-
mal ridges comprised just 89.88 = 7 um. Basal lamina
length was 133% larger than epithelial surface length
(BLL/ESL). Immunochemical detection of Ki-67 an-
tigen showed that percentage of dividing basal cells
was 7.1 + 1.6. Healthy gingival oral epithelium sho-
wed mild orthokeratinization. Overall thickness of
this epithelium was 478 £ 27 um, while epidermal rid-
ges comprised significant 251 + 38 um. BLL/ESL ra-
tio was 305%. Percentage of dividing cells was 8.0 +
0.6. Tissue specimens with mild gingivitis showed
orthokeratinization very similar to the healthy gingi-
va. Overall epithelium thickness was 508 + 27 um,
while pretty strait epidermal ridges (Figure 1a) com-
prised 351 + 58 um. BLL/ESL ratio was 504%. Per-

Figure 1. Epithelial ridges architecture in normal (A) and severe gingivitis (B) cases.
Fig B showing the complex epithelial ridges structure (H/E staining, magnification x100)
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Table 1. Histomorphometric epithelial
measurement data

Ep. Ridges | BLL/ESL o
Thickness | length ratio I\fﬁg:;c
(pm) (pm) (%)
Normal | 3904 41 | 9027 133 | 7116
buccal
Nommal 1 o0y 57 | 251438 | 305 | 80406
gingival
Mild shei07 | asiess | soar | 87405
gIngivitis
Severe | 5¢ 4934 - 355 | 9.440.3*
gingivitis

centage of dividing basal keratinocytes was similar to
the healthy gingival epithelium (8.7 + 0.5%). Severe
gingivitis (edging the periodontal disease), in our se-
ries, led to increased overall thickness of free gingival
epithelium compared to normal and mild cases. Furt-
hermore, keratinization process was altered and layer
of orthokeratinized cells on the surface of the epitheli-
um was disrupted and somewhere almost missing.
Average thickness was 581 + 23 um while epithelial
ridges showed complex intertwined pattern (Figure
1b) which prevented us to precisely assess its morp-
hometric features. The same thing happened when
BLL/ESL ratio was measured. Our results showed
that this ratio was 355% but, again, due to complex
epithelial ridge-dermal papillae architecture values
must be interpreted carefully. The percentage of divi-
ding basal cells was significantly higher than in nor-
mal, but insignificantly compared to the mild gingivi-
tis cases (9.4 £0.3%). All measurements were presen-
ted in Table 1 where statistical significance compared
to normal tissue was marked with asterisk (*). Hence,
our study showed that thickness of the epithelium and
mitotic index in severe gingivitis cases were signifi-
cantly higher than in normal mucosa, while basal la-
mina length to epithelium surface length was signifi-
cantly higher in mild gingivitis cases compared to
control.

DISCUSSION

According to the WHO statistical data, incidence
ofthe diseases of oral mucosa is increasing (5). This is
mostly due to exposure to the risk factors such as un-
healthy diet, smoking, alcohol intake as well as incre-
ased average age of the human population (6, 11, 12).
In the group of non-malignant oral mucosa-related di-
seases, inflamed gingiva and periodontal disease is
the most common (6) but, although whole-thickness
oral mucosa is affected, the main changes are located

in epidermal layer. Furthermore, the first signs of gin-
giva-related diseases are also in squamous stratified
epithelium as proved in study of Prakash P et al. (13).
These signs include morphometric features such as
epithelial thickness, layer representation, epidermal
ridges length and architecture as well as mitotic index
of the basal keratinocytes. Available literature data
concerning histomorphometry of normal and infla-
med oral and gingival epithelium shows that mild in-
flammation causes epithelium thickening, and severe
ones induce epithelial thinning (2, 8). Nevertheless,
plethora of these data is related solely to the junctio-
nal and sulcar part of the gingival epithelium, but the-
re are very scarce results concerning marginal gingi-
val epithelium characteristics. Our study was desig-
ned to reveal changes only in this specific tissue. For
the verification of the degree of inflammation we
used immunocytochemistry staining with antibody
raised against CD79a antigen. We showed that margi-
nal gingival epithelium is increasing its thickness in
proportion to the severity of adjacent inflammation.
This finding is in a collision with results of Lukandu
(14), but their findings are related to the sulcar, not
marginal epithelium . In our study mitotic index of ba-
sal keratinocytes is rising in the same manner as pro-
ved in our study by immunostaining against the Ki-67
antigen. This is similar to the findings of Bulut et al.
(9). In their study on cyclosporin-A induced gingivitis
they stated that the number of PCNA labeled mitotic
cells raises two-fold in gingivitis compared to normal
gingival. Our results also showed increased number
of dividing basal cells but the degree is much smaller
(about 18%). Tissue specimens with severe gingivitis
in our study showed altered epidermal ridges archi-
tecture. In normal gingiva and mild gingivitis cases
ridges were prominent and numerous, but with stra-
ightforward manner in the lamina propria. In severe
cases (bordering periodontal disease) ridges showed
mesh-like structure with significant basal lamina
length. This fact is important because the length of the
basal lamina is directly related to the overall number
of basal cells that participate in epithelium renewal
e.g. the longer the basal lamina bellow the epithelium
surface, greater is the number of the basal cells that
can enter mitosis. This fact can be a good explanation
for the thickening, not the thinning of the marginal ep-
ithelium. Having in mind previously mentioned facts
our study clearly showed that distant inflammation
significantly affects morphometric features of the
marginal gingival epithelium. Although changes of
sulcar and junctional gingival epithelium are thought
to be more important for the clinical expression of in-
flamed gums and periodontal disease, signs of morp-
hometric changes of oral side should be carefully esti-
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mated. This is important because, as shown by Prestin
Setal. (15), by virtue of OCT (Optical Coherence To-
mography), relatively novel method in dentistry, epit-
helial thickness can be assessed with ease and the
most accessible spot for this analysis is free gingival
epithelium. Having in mind that precise estimation of
the depth and severity of the inflammation process in
gingiva is still a significant clinical problem in denti-
stry, we think that our findings, combined with possi-
bilities of the OCT will bring a novel approach for the
assessment of the severity of the gingival inflamma-
tion process.
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Abbreviations

H/E — Hematoxylin /eosin

WHO — World health organization

ESL — Epithelial surface length

BLL — Basal lamina length

PCNA — Proliferating cell nuclear antigen
OCT — Optical Coherence Tomography
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Uvod i cilj: U poslednjim decenijama su pusenje,
nezdrava ishrana i konzumiranje alkohola doveli do
povecane incidence bolesti usne duplje kao §to se kan-
ceri, gingivitis, parodontopatija i dr. Imajuci u vidu da
su van grupe malignih bolesti i oboljenja zuba gingivi-
tis 1 parodontopatija najucestalije bolesti usne duplje,
mi smo Zeleli da uporedimo histomorfometrijske ka-
rakteristike normalnog i obolelog epitela bukalne slu-
znice i slobodne gingive,kao i gingive zahvaéene bla-
Zim 1 tezim formama zapaljenja.

Materijal i metode: Uzorci tkiva normalne oral-
ne sluznice i obolele gingive su uzeti od 24 pacijenta.
Tkivo je fiksirano u paraformaldehidu, rutinski histo-
loski obradeno i kalupljeno u parafinske blokove.
Ise¢ci debeli 5 mikrometara su bojeni H/E metodom i
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