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Abstract

Smoking negatively affects the prognosis of periodontal disease by impairing tissue healing. While micronucleus is the m&
popular parameter for demonstrating DNA damage, inflammatory cell and vascular densities are the most evaluated parameters
for determining histopathologic changes in the periodontium. This study aimed to study the effects of periodontitis and cigarette
smoking on genotoxic changes in exfoliated oral epithelial cells and histopathologic changes in periodontal tissue. A cross-
sectional study was conducted between November 2018 and July 2019 at a dental university hospital in Turkey, and registered as
NCT05484765. Eighty systemically healthy subjects were divided into four groups according to periodontal status and smoking
habits: 20 smokers with generalized periodontitis (SGP), 20 nonsmokers with generalized periodontitis (NGP), 20 smokers with
healthy periodontium (SHP), and 20 nonsmokers with healthy periodontium (NHP). For each study participant, full-mouth clinical
periodontal parameters (CPPs) were measured, smear samples were taken from buccal and gingival mucosa, and periodontal
tissue was biopsied from the maxillary molars. Cytogenetic and histopathologic assays (primary and secondary outcomes) were
conducted using Feulgen reaction and hematoxylin-eosin staining, respectively. The mean CPPs of healthy periodontium groups
were lower than generalized periodontitis groups. No significant differences were found between other groups regarding CPPs.
Buccal micronuclei counts in groups decreased with the highest to lowest counts occurring in the order SGP > SHP > NGP >
NHP. Gingival micronuclei counts in groups decreased from SGP > SHP > NGP = NHP. The most intense inflammatory cell and
vascular densities occurred in SGP and NGP groups, respectively; and the mildest values were in healthy periodontium groups.
Histopathological damage score decreased significantly by group in order SGP > NGP > SHP > NHP. The synergy arising from
the combination of smoking and periodontitis exposures exacerbates genotoxic and histopathologic damage in oral cells and the
periodontium.

Abbreviations: BOP = bleeding on probing, CPPs = full-mouth clinical periodontal parameters, NGP = nonsmokers with
generalized periodontitis, NHP = nonsmokers with clinically healthy periodontium, PD = probing depth, SGP = smokers with
generalized periodontitis, SHP = smokers with clinically healthy periodontium.
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the severity of tissue destruction.”? Among the lifestyle-related
factors that can contribute to periodontitis, smoking is the
most important preventable risk factor®! after microbial dental
plaque. Clinical studies have found that smokers are more prone
to periodontitis than nonsmokers, and smoking increases the
severity and rate of periodontal diseases.>’! Moreover, smok-
ing adversely affects the outcome of both non-surgical and sur-
gical periodontal treatments; therefore, adjunctive therapeutic

1. Introduction

Periodontitis, which causes tooth loss via the deformation of
the tissues supporting the teeth, is a public health problem char-
acterized by low-grade chronic inflammation.!" Although the
primary etiological factor for the condition is microbial den-
tal plaque, various risk factors such as an unhealthy lifestyle or
systemic disease can reduce resistance to disease and increase
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approaches have been proposed to treat periodontitis in smok-
ers.’! However, smoking does not always result in periodontitis
and the mechanisms underlying the effect of smoking on the
severity and progression of periodontitis have not been fully
elucidated.

During mitosis, loss of chromatin from chromosomal DNA
is manifested by extra-small, abnormal nuclear structures
called micronuclei.*”" Of the available cytogenetic analyses,
the micronucleus assay is one of the most popular methods for
detecting structural and numerical nuclear abnormalities due
to its reliability and simplicity.[**! This genotoxic biomonitor-
ing assay makes it possible to provide evidence for the biolog-
ical assessment of disease susceptibility, diagnosis, and staging
in subjects exposed to environmental risk factors.[*¢! The oral
mucosa provides a barrier against potential carcinogens, and a
cytogenetic analysis of exfoliated oral epithelial cells is the pre-
ferred method for detecting genotoxic effects caused by inhaled
agents such as cigarettes.[>%! As inflammatory conditions such
as periodontitis may induce DNA damage,>!!l a careful eval-
uation of the micronuclei counts in subjects with generalized
periodontitis is particularly relevant to standardizing the buccal
and gingival micronuclei counts in assays and increasing their
diagnostic use.

Clinical signs and symptoms of gingival inflammation tend
to decrease in smokers,>'>3 and this finding can be con-
fused with gingival health.!''® Moreover, a histopathologic
approach is not used in routine periodontal disease assessment
in clinical practice as the tissue biopsy must be examined in a
histology laboratory.l'”! Therefore, a routine diagnosis of peri-
odontal diseases is typically evaluated using full-mouth clini-
cal periodontal parameters (CPPs) such as probing depth (PD)
measurements and bleeding on probing (BOP) detection.!'®!
However, during clinical examination, nonstandard probing
forces can cause significant calculation errors in the evaluation
of PD and BOP."! Conversely, histopathologic evaluations can
help to identify the destructive stages of risk factors such as
smoking at the tissue and cellular levels!'"” and can be used to
assess two critical parameters involved in the evolution of peri-
odontal inflammation — inflammatory cell and vascular densi-
ties. In addition, various damage scoring methods used in the
histopathological analysis of tissue can also play a valuable role
in reaching an accurate outcome. This cross-sectional study
aimed to evaluate the effects of heavy cigarette smoking and
generalized periodontitis on local genotoxic damage to exfo-
liated oral epithelial cells as well as histopathologic damage
to the periodontium. We hypothesized that the genotoxic and
histopathologic damage would be increased in smokers with
generalized periodontitis.

2. Materials and Methods
2.1. Study design and setting

This was a single-center, investigator-blinded, cross-sec-
tional study. Work was conducted at the Department of
Periodontology in Istanbul, Turkey, between November 2018
and July 2019. The study procedure was conducted according
to the guidelines of the Declaration of Helsinki and approved
by the Ethics Committee of the university (Protocol code:
10840098 — 604.01.01 — E.47596 and 10840098 - 604.01.01
- E.4759; date of approval: October 30, 2018). Data from
six nonsmoking participants with healthy periodontium from
our previous studies were used in this study as well.?% After
the study was verbally explained to eligible subjects, those
willing to participate signed a written, informed consent
form. Personal, identifiable information about the subjects
was kept confidential. The study was registered at clinical-
trials.gov (NCT05484765) and was reviewed following the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines.!!
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2.2. Participants

Eighty systemically healthy subjects, both male and female, were
enrolled in the study. Participants were recruited from patients
who came to our department for periodontal examinations
between November 2018 and July 2019. Diagnoses of clini-
cally healthy periodontium and generalized periodontitis stages
III-1V/grades B-C were performed according to the 2017 World
Workshop on the Classification of Periodontal and Peri-implant
Diseases and Conditions.!"$!

Subjects were separated into four groups: smokers with gen-
eralized periodontitis (SGP; n = 20), nonsmokers with general-
ized periodontitis (NGP; n = 20), smokers with clinically healthy
periodontium (SHP; n = 20), and nonsmokers with clinically
healthy periodontium (NHP; n = 20). The following criteria
needed to be met to be considered a periodontitis subject: the
presence of generalized periodontitis,!'®! the presence of at least
20 teeth, the presence of a molar with an indication of gingivec-
tomy, crown lengthening or extraction with a PD > 5 mm, clini-
cal attachment loss > 5 mm, and the presence of at least ten teeth
with a PD > Smm. The following criteria indicated a clinically
healthy periodontium: a healthy and intact periodontium,!®/ no
PD and BOP.

The inclusion criteria for the study were: self-reporting as
systemically healthy, aged between 18 and 65 years, and the
presence of at least five teeth in each quadrant. In addition,
participants needed to undergo either gingivectomy operations,
crown lengthening procedures, or tooth extractions as part of
their treatment so periodontal tissue samples could be obtained
from all subjects. All smokers had used cigarettes for at least 5
years with a daily consumption of > 20. A willingness to partic-
ipate in the study and give written informed consent was also
necessary. Exclusion criteria were as follows: the presence of a
known medical condition that could possibly bias the results
(e.g., pregnancy, lactation, cardiovascular diseases, diabetes
mellitus, chronic inflammatory diseases, rheumatoid arthritis,
hepatitis, tuberculosis, cancers, previous radiotherapy or che-
motherapy); having a medical condition requiring antibiotic
prophylaxis for dental treatment; the presence of systemic medi-
cation taken within the previous 6 months (e.g., anticonvulsants,
antibiotics, or corticosteroids); excessive alcohol consumption;
currently undergoing nicotine replacement therapy; consuming
tobacco products other than cigarettes; those with fixed ortho-
dontic appliances; and history of periodontal therapy.

2.3. Clinical procedure

At the first appointment, all subjects filled out a questionnaire
assessing age, gender, and educational level. The education pro-
gram proposed by the target participant’s age was adjusted to
consider three levels: primary education (1-8 years of school-
ing), secondary education (9-11 years of schooling), and ter-
tiary education level (12 years or more of schooling). A clinical
evaluation of periodontal disease was conducted according to
international standards.?? The CPPs, including plaque index,?*!
PD (measured after resistance was felt in the apical region of the
sulcus), BOP (detected after 30 seconds of probe insertion into
the sulcus), and clinical attachment loss (calculated the sum of
PD and gingival recession measurement), were recorded from
six sites per tooth from each subject using a William’s periodon-
tal probe (Hu-Friedy, Chicago, IL) by the same experienced
periodontist researcher (B.A.). The sample collection and histo-
pathologic evaluation procedures were performed as in our pre-
vious report.?” Briefly, smear samples were collected from the
attached gingival mucosa of the upper premolar-molar area and
the buccal mucosa of the matching cheek using two separate
sterile cytobrushes. Samples were fixed on glass slides. Biopsy
samples were taken from the vestibular area of the maxillary
molars during tooth extraction or crown lengthening using a
15C surgical blade and fixed in 10% formalin until analysis.
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During microscopic inspection, each subject rinsed their mouth
before samples were obtained to reduce the possibility of arti-
facts through chromatin remainders.>

2.4. Laboratory procedure

To evaluate the exfoliated oral epithelial cells containing micro-
nuclei counts (the primary outcome), the Feulgen reaction (Bio-
Optica, Milan, Italy) was performed on all smear samples as
described by Thomas et all'” Cells were placed in a fixative for
nuclear staining and analysis using Schiff’s reagent (Bio-Optica).
Micronuclei in the buccal and gingival smear samples were
analyzed by observing them in oil immersion at 1000x mag-
nification. One thousand cells were checked, and the count of
micronuclei present was assessed.

Histopathologic damage (the secondary outcome) was eval-
uated by focusing on inflammatory cell and vascular densities.
In addition to these parameters, the histopathological damage
score, which is the mean of cell infiltration, cellular compo-
nents, vascularization, hyperemia, necrosis, and pycnotic nuclei
in the tissue, was evaluated using a modified semi-quantitative
scale ranging from 0 to 3 (0: none, 1: mild, 2: moderate, and
3: intense). Tissue samples were fixed in paraffin wax, serially
sectioned at a 4 pm thickness, stained with hematoxylin-eosin
(Biognost, Zagreb, Croatia), and examined at 400x magnifica-
tion. All smear and tissue samples were assayed concurrently
and in the same laboratory by the same blinded investigator
(P.K.).

2.5. Bias

The evaluation of each participant’s systemic health sta-
tus, dental history, and smoking habits was based on self-re-
ported information regardless of official medical records. One
researcher (B.A.) collected the data and samples from the partic-
ipants while another researcher (P.K.) undertook the laboratory

www.md-journal.com

investigations. To avoid bias, five sample areas were randomly
selected during the histologic examinations.

2.6. Study size

The sample size was decided based on similar studies in this field
and determined using G*Power (Franz Faul Universidad, Kiel,
Germany) version 3.1.9.4, assuming an alpha significance level
of 0.05, a beta value of 0.1, and 90% power. As there were four
study groups and a need for 20 participants per group, eighty
subjects were included in the study.

2.7. Statistical methods

The Number Cruncher Statistical System 2007 (NCSS, Kaysville,
UT) software program was used for all statistical analyses.
Descriptive statistics (mean, standard deviation, median) were
used to evaluate the data. The one-way analysis of variance test
was used to compare the means of three or more normally dis-
tributed parameters. The Bonferroni test was used to determine
the significant differences in pairwise comparisons between the
groups. The Pearson chi-square test was used to compare qual-
itative data. Significance was evaluated at the P < .01 and P <
.05 levels.

3. Results

A flow diagram showing the study protocol is shown in
Figure 1. No subjects left the study, and all data were included
in the statistical analysis. The distributions of age, gender, and
educational level were significantly different between groups
and are listed in Table 1. The average age was lower in the NHP
group compared to the other three groups, and the average age
was lower in the SHP group in comparison to the generalized
periodontitis groups (P < .01). The percentage of females was

Enrollment

Assessed for eligibility (n=220)

Excluded (n=140)
* Not meeting inclusion criteria (n=119)

» Declined to participate (n=15)
o Other reasons (n=6)

Randomized (n=80)

v

\J A J

Allocation

v \J

* Smokers with
generalized
periodontitis

* Allocated to
intervention (n=20)

* Non-smokers with
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periodontitis

» Allocated to
intervention (n=20)

* Smokers with
clinically healthy
periodontium

« Allocated to
intervention (n=20)

¢ Non-smokers with
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periodontium

* Allocated to
intervention (n=20)

Analysis

Analysed (n=20)

Analysed (n=20)

A 4
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Figure 1. Flow diagram showing the study protocol.
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highest in the NHP group, while the SGP group had the highest
percentage of males.

The mean, standard deviation, and median values of the
CPPs are given in Table 2. The CPPs averages showed signif-
icant differences according to group. Both the NHP and SHP
groups exhibited significantly lower values in all CPPs than the
NGP and SGP groups (P < .01). In both the generalized peri-
odontitis and healthy periodontium groups, the CPPs results
were similar between nonsmokers and smokers (P > .05).

The distribution of laboratory results between the study
groups is outlined in Table 3. Buccal micronuclei counts
decreased significantly by group in the order: SGP > SHP > NGP
> NHP (Fig. 2). Gingival micronuclei counts similarly decreased
with SGP > SHP > NGP = NHP (Fig. 3). The histological view
of periodontal tissue samples is shown in Figure 4. The highest
inflammatory cell density was found in the SGP group, while
the lowest counts were found in both healthy periodontium
groups. The most intense vascular density was found in the
NGP group, and the mildest was in the NHP and SHP groups.
Histopathological damage score decreased significantly by
group in order: SGP > NGP > SHP > NHP.

4. Discussion and conclusion

As far as we know, the present study is the first study to evalu-
ate DNA damage in the oral epithelium by computing micronu-
clei counts in exfoliated buccal and gingival mucosal epithelial
cells and assessing histopathologic status in the periodontium
of smokers and nonsmokers with periodontitis and those of
subjects who were clinically periodontally healthy and without
systemic disease.

Our results found that all CPPs values for both healthy peri-
odontium groups were lower than those for the generalized
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periodontitis groups, irrespective of smoking status. Studies
have reported that smokers with periodontitis have lower gingi-
val bleeding indices than nonsmokers with periodontitis owing
to nicotine’s vasoconstrictive property.l'>*! We believe that the
BOP score did not differ significantly between periodontitis
groups as a result of the pressure exerted by the periodontal
probe while placed it in the constricted periodontal pocket in
the smokers group, and the excessive PD caused by the severe
periodontal inflammation.

Tissue damage in inflammatory periodontal pathologies may
occur through the induction of proinflammatory cytokines and
DNA.? Inflammatory processes are associated with cell divi-
sion and may cause chromosomal damage that stimulates apop-
tosis during mitosis.*”! Increased frequency of apoptosis may
then exert genotoxic effects related to the initiation of a malig-
nant transformation process.?”” DNA damage reflects events
associated with progressive stages of carcinogenicity. In this
study, we have sought to determine whether periodontitis exerts
genotoxic effects and, if so, whether its diagnosis is suitable
for use as a biomarker. The evaluation of micronuclei counts is
useful for understanding the genotoxic effects of various envi-
ronmental lifestyle factors, including tobacco use, on exfoliated
oral epithelial cells. However, several contradictory results have
been reported for regarding micronuclei counts in cells obtained
from different sampling sites in patients with periodontitis and
in tobacco studies.!**2*28 Therefore, this study investigated the
effects of periodontitis and smoking on DNA damage by exam-
ining buccal and gingival smear samples.

The micronuclei counts in exfoliated buccal mucosal epi-
thelial cells were higher in groups with periodontitis than in
clinically healthy groups. These counts were also higher in
smokers than in nonsmokers. These results are in line with
those of several periodontitis studies!!**282?1 and smoking stud-
ies!?2428:30-321 that have reported higher micronuclei counts in

Age, gender, and education by study group.

SGP SHP NHP
n=20 n=20 n=20 n=20 P

Age (yn)T
Mean + standard deviation (median) 45.4+8.85 (43.5) 50.1+11.3 (52.5) 37.05+10.47 (38) 28.6+8.02 (25) .001*
Gender, n (%)

Male 17 (85) 9 (45) 11 (55) 4 (20) 001

Female 3(19) 11 (65) 9 (45) 16 (80)
Education, n (%)+

1-8yr 14 (70) 19 (95) 13 (65) 3(15) .001*

9-11yr 5(25) 2(10) 6 (30)

12 yr or more 1) 0(0) 5(25) 11 (55)
NGP = nonsmokers with generalized periodontitis, NHP = nonsmokers with healthy periodontium, SGP = smokers with generalized periodontitis, SHP = smokers with healthy periodontium.
*P< .01
One way analysis of variance test.
*Pearson chi-square test.
Table 2
Mean = standard deviation and (median) of clinical periodontal parameters by study group.

SGP NGP SHP NHP
n=20 n=20 n=20 n=20 P

Plaque indext 1.15+0.32 (1.08) 1.01+0.26 (1.02) 0.43+0.36 (0.25) 0.51+0.39 (0.5) .001*
Probing depth, mm+t 491+0.6 (4.92) 4.64+0.78 (4.62) 2.04+0.34 (1.88) 2.29+0.32 (2.2 001
Bleeding on probing, %t 74.9+11.9(77.5) 87.85+6.6 (85.1) 1.72+1.88(1) 2.32+2.03 (2) .001**
Clinical attachment loss, mm+ 5.37+0.8 (5.47) 4.92+0.97 (4.85) 2.15+0.35(2) 2.38+0.32 (2.5) .001**

NGP = nonsmokers with generalized periodontitis, NHP = nonsmokers with healthy periodontium, SGP = smokers with generalized periodontitis, SHP = smokers with healthy periodontium.

P <.01.
fOne way analysis of variance test.
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Distribution of laboratory findings among study groups.

SGP NGP SHP NHP
n=20 n=20 n=20 n=20 P

Buccal micronuclei countst

Mean + standard deviation (median) 7+1.89(7.5) 2.05+15(2) 53+1.22 (5 0.15+0.37 (0) .001**
Gingival micronuclei countst

Mean + standard deviation (median) 7.3+1.75(7.5) 0.6+0.6 (0.5 4.8+1.32 (5) 0.2+0.52 (0) .001**
Inflammatory cell density, n (%)

None - - 10 (50) 20 .001**

Mild 5 (25) 14 (70) 10 (50) -

Moderate 12 (60) 6 (30) 0

Intense 3(15) -
Vascular density, n (%)F

None 3(15) - 15 (75) 19 (95) .001**

Mild 17 (85) 4(20) 5(25) 1(5)

Moderate - 16 (80) - -

Intense - - - -
Histopathologic damage scoret

Mean =+ standard deviation (median) 1.46+0.23 (1.5) 0.72+0.16 (0.75) 0.45+0.24 (0.42) 0.01+0.04 (0) .001**

NGP = nonsmokers with generalized periodontitis, NHP = nonsmokers with healthy periodontium, SGP = smokers with generalized periodontitis, SHP = smokers with healthy periodontium.

P <.01.
One way analysis of variance test.
*Pearson chi-square test.

Figure 2. Buccal mucosa smear samples from all groups: micronucleus (—). Photomicrographs of exfoliated epithelial cells belong to (A) smokers with gener-
alized periodontitis, (B) nonsmokers with generalized periodontitis, (C) smokers with clinically healthy periodontium, and (D) nonsmokers with clinically healthy

periodontium (Feulgen staining, 1000x).

exfoliated buccal mucosal epithelial cells of periodontal patients
and smokers than in controls, suggesting that periodontitis and
smoking may affect baseline micronuclei counts in exfoliated
buccal mucosal epithelial cells. For example, Bloching et al?*
observed higher micronuclei counts in exfoliated buccal muco-
sal epithelial cells in subjects with periodontitis, particularly
those with periodontitis who use tobacco. Similarly, a review
of clinical trials published in 2018 observed higher micronuclei
counts in the exfoliated oral epithelial cells of smokers than in
those of nonsmokers, which the authors attributed to tobac-
co’s cytotoxic and genotoxic effects.®?! Contrary to our results,

however, several studies*>** have found no association between
periodontal disease status and micronuclei counts in exfoliated
buccal mucosal epithelial cells.

We also found that the micronuclei counts in exfoliated gin-
gival mucosal epithelial cells was highest in the SGP group and
lowest in the nonsmoker groups. Several clinic-based case-con-
trol studies have assessed the genotoxic effect of periodontitis on
gingival epithelial cells. While some studies*72735! found other
types of nuclear damage such as binucleation and apoptosis in
epithelial cells, to be associated with periodontal inflammation,
they observed no significant relationship between micronucleus
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Figure 3. Gingival mucosa smear samples from all groups: micronucleus (—

& -—

). Photomicrographs of exfoliated epithelial cells belong to (A) smokers with gen-

eralized periodontitis, (B) nonsmokers with generalized periodontitis, (C) smokers with clinically healthy periodontium, and (D) nonsmokers with clinically healthy

periodontium (Feulgen staining, 1000x).
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Figure 4. Periodontal tissue samples from all groups: inflammatory cell density (—), and vascular density (). Photomicrographs of periodontal tissues belong to
(A) smokers with generalized periodontitis, (B) nonsmokers with generalized periodontitis, (C) smokers with clinically healthy periodontium, and (D) nonsmokers

with clinically healthy periodontium (Hematoxylin and eosin staining, 40x).

numbers and periodontal inflammation. However, an in vitro
study®® reported significantly increased micronuclei counts in
human gingival fibroblasts following exposure to nicotine for
24 hours. Similarly, Tadin et al” reported that smoking was

associated with high micronuclei counts in exfoliated gingi-
val mucosal epithelial cells. One pilot study® reported that an
increase in the micronuclei counts in exfoliated epithelial cells
obtained from marginal gingival smears was not associated with
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periodontitis alone, although an exponential increase in the
micronuclei counts was observed when the subjects had a con-
comitant tobacco habit. Silva et al®”! observed that the micro-
nuclei counts in epithelial cells obtained from diseased and
healthy gingival areas of 10 subjects were significantly higher in
diseased gingival areas. The authors concluded that moderate,
chronic periodontitis disrupted the genetic integrity of gingival
epithelial cells.

Our results indicate that tobacco use and periodontitis each
exert distinct genotoxic effects on exfoliated oral epithelial cells
from different regions of the mouth and that their effects are
more pronounced when both exposures exist concurrently.
This suggests that exfoliated buccal mucosal epithelial cells are
more susceptible to genotoxic damage than exfoliated gingival
mucosal epithelial cells. This is perhaps due to the limited DNA
repair capacity of buccal epithelial cells, which may make them
more suitable for use as genotoxicity biomarkers.!! However,
this result does not fully reflect the long-term genotoxic effects,
given the higher turnover rate of non-keratinized gingival epi-
thelial cells.! Tt has also been reported that other cytogenetic
damage may be masked?”3 as a result of increased cell apop-
tosis as periodontal infection progresses.*”! Moreover, studies
have shown that the sampling area,? preferred staining tech-
niques, 33234 different microscope types,”?* and deficiencies
in scoring standardization in laboratory assays** may all result
in differences in the assessment of micronuclei counts.

In our study, individuals who both smoked and had peri-
odontitis were more prone to increased micronuclei counts than
individuals for whom only one of these factors was present.
This may be attributed to the synergistic effect of smoking and
periodontitis, which exacerbates genomic damage in exfoliated
buccal and gingival mucosal epithelial cells. Nuclear anomalies
in exfoliated oral epithelial cells and their relationship to oral
diseases should be further investigated to better assess the prog-
nosis of periodontal diseases and to promote the importance
of good oral health. Further research, including intervention
studies, is thus needed to evaluate the relationship between peri-
odontal diseases and genotoxic interactions given that observa-
tion of the evolution of genotoxic effects may be helpful in the
clinical assessment of disease prognosis.

The progression of periodontal pathology involves two criti-
cal parameters: inflammatory cell and vascular densities. While
our inflammatory cell density results are similar to several stud-
ies,3%3 they are inconsistent with the results of other investi-
gations that either did not find a significant difference between
study groups!>?>% or found inflammatory cell density more
intense in nonsmokers.">*!1 The vascular density results in our
study align with observations from the existing literature.2>4>-#4I
However, some studies!'>!3#4l have observed no significant dif-
ferences in vascular characteristics among their study groups. In
one recent study®! that compared gingival biopsies taken from
an area with periodontitis with those from another area that
showed no clinical signs of gingival inflammation (each taken
from smokers and nonsmokers), the authors reported that
while small differences in inflammatory cell density and cellu-
lar components were found in the periodontitis tissues of both
the nonsmokers and smokers, the nonsmoker’s vascular density
was significantly higher than that of the smokers. They also
reported that clinically healthy reference sites presented similar
vascular densities in smokers and nonsmokers. Regarding the
histopathological damage score, none of the reviewed studies
expressed the relationship between smoking and periodontal
tissues with this calculation. Few histopathology studies have
formed groups similar to those used in our study, making it dif-
ficult to draw clear comparisons between our results and those
of other studies due to the differences in the initial criteria for
periodontal status and cigarette use, the different approaches
used to select tissue samples from different areas of the oral
cavity, and the various methods used to measure and evaluate
changes in histopathologic structures.

www.md-journal.com

The present study supports the findings of previous investiga-
tions and offers further evidence for the impact of heavy tobacco
consumption on oral structures. This study’s main limitations
include possible recall bias on the part of the participants with
respect to their smoking habits and the inability to generalize
the cause-effect relationship between smoking and periodonti-
tis due to the study’s cross-sectional design. The participants’
dietary habits, the dental biomaterials used in restorative proce-
dures, and X-ray exposures to which participants had recently
been exposed were not evaluated within the scope of the exclu-
sion criteria. Another limitation is that the participants’ age
and gender demographic characteristics could not be balanced
due to the limited study period. This may affect the findings
and impede generalization problems. Several studies”-1%* have
reported that a higher age and being male is positively asso-
ciated with a micronuclei count; however, Konopacka®” study
found that neither age nor gender affected micronuclei count
level.

Among the present study’s strengths is the assessment
of the subjects’ periodontal status using the new classifica-
tion proposed by the most recent workshop of the American
Academy of Periodontology and the European Federation of
Periodontology held in Chicago in 2017. Therefore, we are
confident that our findings lend robust support to the relation-
ship between generalized periodontitis and our microscopic
findings.

In this study, we confirmed that generalized periodontitis
combined with heavy smoking is associated with poorer prog-
nosis than smoking or periodontitis alone due to the disrup-
tion of tissue-healing mechanisms. Clinical studies, including
topics that apply microbiological and immunological param-
eters, are required to evaluate the mechanisms underlying
the effects of smoking on oral tissue. We determined that
increases in micronuclei counts in exfoliated oral epithelial
cells and undesirable histopathologic features were higher in
the SGP group than in the other groups. We believe that mon-
itoring micronuclei counts levels and clinical parameters at
various stages of treatment may be beneficial in evaluating
disease prognosis.

Our findings reveal that heavy smoking and general-
ized periodontitis can independently cause genotoxic and
histopathological damage, but that their harmful effects
are exacerbated in combination. This result highlights the
importance of regulating heavy smoking habits to increase
the likelihood that periodontitis treatment will be success-
ful. Compared to tissue biopsy, the micronucleus test is an
easy, noninvasive, and inexpensive procedure for examining
epithelial reactions in the oral cavity. However, both obser-
vational and long-term prognostic studies with large sample
sizes are required if this test is to be considered a suitable
biomarker for periodontal inflammation or successful peri-
odontal treatment.
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