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Ralf Schubert, et al.

Effect of Subgingival Instrumentation on Neutrophil Elastase and C-Reactive Protein in Grade
B and C Periodontitis: Exploratory Analysis of a Prospective Cohort Study
Reprinted from: J. Clin. Med. 2022, 11, 3189, doi:10.3390/jcm11113189 . . . . . . . . . . . . . . . . 167

Kawaljit Kaur, Shahram Vaziri, Marcela Romero-Reyes, Avina Paranjpe and Anahid Jewett

Phenotypic and Functional Alterations of Immune Effectors in Periodontitis; A Multifactorial
and Complex Oral Disease
Reprinted from: J. Clin. Med. 2021, 10, 875, doi:10.3390/jcm10040875 . . . . . . . . . . . . . . . . 178

vi



Journal of

Clinical Medicine

Article

Bidirectional Association between Metabolic Control in Type-2
Diabetes Mellitus and Periodontitis Inflammatory Burden:
A Cross-Sectional Study in an Italian Population

Federica Romano 1,†, Stefano Perotto 2,†, Sara Elamin Osman Mohamed 1, Sara Bernardi 3, Marta Giraudi 1,

Paola Caropreso 4, Giulio Mengozzi 4, Giacomo Baima 1, Filippo Citterio 1, Giovanni Nicolao Berta 5,*,

Marilena Durazzo 3, Gabriella Gruden 3 and Mario Aimetti 1,*

Citation: Romano, F.; Perotto, S.;

Mohamed, S.E.O.; Bernardi, S.;

Giraudi, M.; Caropreso, P.; Mengozzi,

G.; Baima, G.; Citterio, F.; Berta, G.N.;

et al. Bidirectional Association

between Metabolic Control in Type-2

Diabetes Mellitus and Periodontitis

Inflammatory Burden:

A Cross-Sectional Study in an Italian

Population. J. Clin. Med. 2021, 10,

1787. https://doi.org/

10.3390/jcm10081787

Academic Editor: Susanne Schulz

Received: 15 March 2021

Accepted: 16 April 2021

Published: 20 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Surgical Sciences, C.I.R. Dental School, Section of Periodontology, University of Turin,
10126 Turin, Italy; federica.romano@unito.it (F.R.); sara.amosm@gmail.com (S.E.O.M.);
marta.giraudi@gmail.com (M.G.); giacomo.baima@unito.it (G.B.); filippo.citterio@unito.it (F.C.)

2 Postgraduate Program in Periodontology, C.I.R. Dental School, University of Turin, 10126 Turin, Italy;
stefanoperotto@libero.it

3 Department of Medical Sciences, University of Turin, 10126 Turin, Italy; bernardi.sara98@gmail.com (S.B.);
marilena.durazzo@unito.it (M.D.); gabriella.gruden@unito.it (G.G.)

4 Clinical Biochemistry Laboratory, Department of Laboratory Medicine, 10126 Turin, Italy;
pcaropreso@cittadellasalute.to.it (P.C.); giulio.mengozzi@unito.it (G.M.)

5 Department of Clinical and Biological Sciences, University of Turin, 10043 Orbassano, Italy
* Correspondence: giovanni.berta@unito.it (G.N.B.); mario.aimetti@unito.it (M.A.)
† These authors contributed equally to this work.

Abstract: This study assessed the periodontal conditions of type 2 diabetes (T2DM) patients attending
an Outpatient Center in North Italy and explored the associations between metabolic control and
periodontitis. Periodontal health of 104 T2DM patients (61 men and 43 women, mean age of
65.3 ± 10.1 years) was assessed according to CDC/AAP periodontitis case definitions and Periodontal
Inflamed Surface Area (PISA) Index. Data on sociodemographic factors, lifestyle behaviors, laboratory
tests, and glycated hemoglobin (HbA1c) levels were collected by interview and medical records.
Poor glycemic control (HbA1c ≥ 7%), family history of T2DM, and C-reactive protein levels were
predictors of severe periodontitis. An increase in HbA1c of 1% was associated with a rise in PISA
of 89.6 mm2. On the other hand, predictors of poor glycemic control were severe periodontitis,
waist circumference, unbalanced diet, and sedentary lifestyle. A rise in PISA of 10 mm2 increased the
odds of having HbA1c ≥ 7% by 2%. There is a strong bidirectional connection between periodontitis
and poor glycemic control. The inflammatory burden posed by periodontitis represents the strongest
predictor of poor glycemic control.

Keywords: glycated hemoglobin; inflammation; periodontitis; periodontal inflamed surface area
(PISA); type-2 diabetes mellitus

1. Introduction

The prevalence of diabetes mellitus (DM) is increasing worldwide to epidemic propor-
tions: 415 million people suffer from DM and the number is expected to rise to 642 millions
by 2040 [1]. DM has two major types: Type 1 (T1DM), characterized by failure to produce
insulin, and type 2 (T2DM), in which both insulin resistance and relative insulin deficiency
occur. T2DM is the most prevalent form of the disease, accounting for more than 90% of
diabetic patients [2].

DM presents a serious challenge to the healthcare system since its complications are
the leading causes of morbidity and mortality. According to the World Health Organization,
it will be the seventh major cause of death in 2030 [3]. Systemic subclinical inflammation
has been proposed as the underlying biological mechanisms of its chronic complications,
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such as micro vascular and nerve damage [4], with evidence of a strong association between
levels of hemoglobin A1c (HbA1c) and risk of complications [5].

Periodontitis is recognized as the sixth most common complication for both DM forms
even if most of the studies are related to T2DM [6]. Periodontitis is an infectious disease
with a chronic inflammatory response to periodontal pathogens in dental biofilm that leads
to the irreversible destruction of the tooth-supporting tissues and eventually to tooth loss.
There is consistent and robust evidence supporting the existence of a relationship between
T2DM and periodontitis with a dual directionality [7–9]. T2DM enhances the risk for peri-
odontitis initiation and progression, and periodontal inflammation affects both glycemic
control and the risk to develop chronic T2DM complications [10–12]. A hyperglycemic sta-
tus leads to a dysregulated inflammatory response involving immune activity, neutrophil
functioning, and cytokine pattern, promoting connective-tissue damage [13,14]. On the
other hand, the dissemination of periodontal pathogens and their metabolic products in
the bloodstream circulation, results in increased serum levels of inflammatory mediators
that can deteriorate blood glucose control via acute-phase (i.e., C-reactive protein, CRP)
and neutrophil oxidative response [15,16].

This systemic inflammatory burden has proven to increase with the extent and severity
of periodontitis. Conventionally, the overall amount of destruction of tooth-supporting
tissues is measured in terms of clinical attachment level (CAL) and probing depth (PD).
However, these clinical parameters assess the cumulative effects of periodontal tissue
breakdown, but do not measure the amount of inflamed and ulcerated epithelium within
the periodontal pocket [17]. The Periodontal Inflamed Surface Area (PISA) Index has been
introduced to quantify the amount of bleeding pocket epithelium and it is expected to
reflect the inflammatory burden presented by periodontitis [18,19]. PISA values tend to
increase consistently as periodontal status worsens, even if they show high variability in
studies conducted in different populations [20–23].

Although the association between periodontitis and T2DM has been widely demon-
strated, the strength of the relationship seems to differ geographically (based on genetic
and lifestyle differences among ethnic groups) [24,25]. Furthermore, little is known on
the behavior of PISA in T2DM. A recent study has reported a dose–response relationship
between PISA values and HbA1c levels [20].

The aims of the present cross-sectional study were to determine the periodontal health
status of T2DM patients attending an Outpatient Diabetes Center in North Italy [26] and to
assess the association between glycemic control and periodontitis, as measured clinically
and with the PISA Index.

2. Materials and Methods

2.1. Study Design

This cross-sectional study was conducted in accordance with the Helsinki Declaration
and approved by the Institutional Ethical Committee of the “AOU Città della Salute e della
Scienza”, Turin, Italy (No. 0027219, 14 March 2018). Informed consent was obtained from
each patient before the study. All participants signed an informed consent to undergo
physical and periodontal examination. The study complied with the STROBE guidelines.

Patients with an established diagnosis of T2DM according to World Health Organi-
zation criteria [27] were consecutively recruited from among those who came for regular
check-ups at the Outpatient Diabetes Center, Turin (Italy) from March 2018 to July 2019.

The following inclusion criteria were considered: (i) at least 40 years of age; (ii) having
at least 8 teeth; (iii) availability of measurements of routine diabetes laboratory tests made
in the 6 months before enrollment. Exclusion criteria were: (i) T1DM; (ii) intake of drugs
known to affect gingival tissues, use of antibiotics, steroidal, and/or non-steroidal anti-
inflammatory drugs 3 weeks prior to the visit; (iii) periodontal therapy in the past 6 months;
(iv) pregnancy or lactation; and (v) diagnosis of following pathologies: cancer, human
immunodeficiency virus/AIDS, chronic infections, liver/kidney failure excluding diabetic
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nephropathy, chronic obstructive pulmonary disease with acute episodes and/or requiring
the use of steroidal inhalator.

2.2. Data Collection

Participants were required to complete a questionnaire to obtain information on
socio-demographic characteristics (gender, age, ethnicity, education), general health be-
havior (leisure-time physical activity level, daily smoking and dietary habits, alcohol
consumption), and oral hygiene behavior (toothbrush frequency, use of interdental devices,
and frequency of professional oral hygiene sessions).

Data on medical history, parental history of T2DM, T2DM onset and duration, cardio-
vascular risk factors, chronic T2DM complications, current medications and treatment for
T2DM, as well as results of laboratory tests performed in the last diabetic visit (HbA1c level,
lipid profile, urine analysis, creatinine, high-sensitivity-CRP (hs-CRP)) were collected.

Two masked Diabetes Specialists reviewed the medical history of the participants and
conducted a physical examination including blood pressure levels (average of three blood
pressure measurements within 3 min), anthropometric measurements (weight, height,
and waist circumference (WC)), palpation, and auscultation. The body mass index (BMI)
was calculated as weight/height squared (kg/m2).

Subsequently, a single dentist conducted a periodontal examination. To ensure inter and
intra-examiner reproducibility, measurements of periodontal parameters were repeated in
20% of the sample and compared with those recorded by a gold-standard examiner. The k
coefficients (within 1 mm) between examiners ranged from 0.79 to 0.93 in the evaluation of
PD and from 0.81 to 0.89 in the evaluation of gingival recession (Rec). The intra-examiner
concordance rates for repeated measurements were 0.89 to 0.95 for PD and 0.82 to 0.91 for Rec.

Full-mouth PD, Rec, and CAL were recorded by means of a periodontal probe with 1-
mm markings (PCP-UNC 15, Hu-Friedy, Chicago, IL, USA) at six sites per tooth, excluding
third molars. The total percentages of sites exhibiting bacterial plaque or bleeding on
probing (BoP) were expressed as full mouth plaque score (FMPS) and full mouth-bleeding
score (FMBS), respectively. The number of missing teeth was also recorded.

The presence of periodontitis was defined according to the criteria proposed by Cen-
ters for Disease Control and Prevention/American Academy of Periodontology (CDC/AAP)
for epidemiologic surveys [28,29]. Therefore, moderate periodontitis was defined as at
least 2 interproximal sites with attachment loss ≥4 mm (not on the same tooth) or at least
2 interproximal sites with PD ≥ 5 mm, also not on the same tooth. The presence of at least
2 interproximal sites with attachment loss ≥6 mm (not on the same tooth) and at least
1 interproximal site with PD ≥ 5 mm indicated severe periodontitis. If neither moderate
nor severe periodontitis applied, no/mild periodontitis was recorded. Additionally, a re-
cently introduced measure of periodontitis severity, the PISA, was calculated as previously
described in the literature [18,19]. It quantifies the amount of bleeding epithelium in mm2

around individual tooth. The sum of all individual PISAs corresponds to the full-mouth
PISA value in mm2 of each participant and reflects the inflammatory burden posed by
periodontitis.

2.3. Statistical Analysis

All data analyses were performed using SPSS software, version 24.0 for MAC (Chicago,
IL, USA). Frequency distributions were determined, and descriptive statistics were calcu-
lated as means, standard deviations, and ranges. Participants’ tobacco use, adherence to
balanced diet, and alcohol consumption were classified as dichotomous variables (yes/no).
Education was dichotomized according to the years spent in school, considering a cut-off
value of 8 years (lower/high school diploma, university bachelor’s degree or higher).

Categorical grouping variables included periodontal status (no/mild periodontitis,
moderate periodontitis, severe periodontitis) and glycemic control (good: HbA1c < 7%;
poor: HbA1c ≥ 7%) [30]. Comparisons between groups were performed with chi-square
test for categorical variables, unpaired t-test or one-way analysis of variance for normally
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distributed quantitative variables, and with Mann–Whitney U-test or Kruskal–Wallis test
for non-normally distributed quantitative variables. Post-hoc tests (Scheffé test and Dunn-
test with Bonferroni correction) were used for multiple comparisons.

Because severity of periodontitis was operationalized as both a dichotomous variable
(absence or presence) according to the CDC/AAP clinical criteria and a continuous variable
(full-mouth PISA value), the associations between severity of periodontitis (outcome vari-
able) and glycemic control (primary explanatory variable) was assessed using logistic
and linear regression techniques, respectively. Two sets (each containing two models) of
multiple regression analyses were fitted separately to each of the outcomes for a total of
four models. In each set, glycemic control was entered as (1) dichotomous variable (poor
vs. good) and (2) continuous variable (HbA1c levels). In addition, evaluated covariates
included hs-CRP (mg/L), presence of chronic diabetes complications (dichotomous) and
family history of T2DM (dichotomous).

The predictors of uncontrolled T2DM (outcome variable) were explored by logistic
regression analysis (models 5 and 6) including severity of periodontal damage (as di-
chotomous or continuous variable), WC, leisure-time physical activity, and balanced diet
based on previous literature demonstrating the effect of lifestyle factors on T2DM risk
and metabolic control [31]. In the logistic regression analysis, odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated. The level of significance was set at 0.05.

3. Results

The study flow-chart is outlined in Figure 1. A total of 104 T2DM patients, 61 men
and 43 women, with a mean age of 65.3 ± 10.1 years were consecutively recruited into this
study. All participants were Caucasian. Poor glycemic control (HbA1c ≥ 7%) was detected
in 63.5% of T2DM patients.

 

343 subjects treated for T2DM screened 

239 non eligible: 

• 175 non meet the inclusion 

criteria 

79 less than 8 teeth 

56 periodontal treatment in 

the past 6 months 

40 other systemic diseases 

104 enrolled (questionnaire, diabetic-related 

parameters, full-mouth periodontal examination) 

Figure 1. Subject recruitment and participation.

T2DM patients used oral medications, insulin, or a combination of both to treat
and control diabetes. Metformin was the oral medication most often prescribed (77.9%),
followed by a new generation of DM drugs (59.6%) and other first-generation agents
(20.2%). Insulin therapy was prescribed to 54.8% of the patients.

Table 1 summarizes sociodemographic, lifestyle, and periodontal characteristics strati-
fied by glycemic control. Physical activity level, WC, hs-CRP levels, frequency of chronic
DM complications, and periodontal status were significantly different between poorly and
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well-controlled T2DM patients. Patients with poor glycemic control had higher prevalence
of severe periodontitis and PISA values than well-controlled T2DM patients.

Table 1. Sociodemographic and clinical characteristics of T2DM patients (mean ± SD (range) or n (%)) according to the
glycemic control.

Variable
Poor Glycemic

Control
(n= 66)

Good Glycemic
Control
(n = 38)

Total
(n = 104)

p Value

Age (years) 65.9 ± 9.7 (43–80) 64.4 ± 10.8 (40–78) 65.3 ± 10.1 (40–80) 0.459

Sex 0.076
Males 43 (70.5) 18 (29.5) 61 (58.7)
Females 23 (53.5) 20 (46.5) 43 (41.3)

Education level 0.796
<high school 33 (64.7) 18 (35.3) 51 (48.1)
high school or higher 33 (62.3) 20 (37.7) 53 (51.9)

Smoking 0.788
Yes 4 (66.7) 2 (33.3) 6 (5.8)
No 62 (63.3) 36 (36.7) 98 (94.2)

Alcohol consumption 0.384
Yes 42 (61.8) 26 (38.2) 68 (64.4)
No 24 (66.7) 12 (33.3) 36 (34.6)

Balanced diet 0.105
Yes 4 (40.0) 6 (60.0) 10 (9.6)
No 62 (66.0) 32 (34.0) 94 (90.4)

Leisure-time physical activity 0.019
Yes 21 (50.0) 21 (50.0) 42 (40.4)
No 45 (72.6) 17 (27.4) 62 (59.6)

Duration of diabetes (years) 15.1 ± 9.9 (1–42) 12.8 ± 11.7 (1–52) 14.2 ± 10.7 (1–52) 0.306

Family history of T2DM 0.395
Yes 47 (66.2) 24 (33.8) 71 (68.3)
No 19 (57.6) 14 (42.4) 33 (31.7)

Chronic complications of
diabetes 0.009

None 22 (53.7) 19 (46.3) 41 (39.4)
1 21 (56.8) 16 (43.2) 37 (35.6)
2 or more 23 (88.5) 3 (11.5) 26 (25.0)

HbA1c (%) 8.0 ± 1.0 (7.0–11.6) 6.3 ± 0.5 (5.0–6.9) 7.4 ± 1.2 (5.0–11.6) <0.001

BMI (kg/m2) 29.6 ± 5.1 (18.8–40.8) 28.1 ± 6.1 (17.0–43.0) 29.1 ± 5.5 (17.0–43.0) 0.162

WC (cm) 104.4 ± 12.6
(71.0–134.0) 94.9 ± 15.2 (60.0–130.0) 100.9 ± 14.3

(60.0–134.0) 0.001

TG (mg/dL) 150.9 ± 81.4
851.0–507.0)

145.0 ± 77.7
(57.0–377.0)

148.8 ± 79.7
(51.0–107.0) 0.719

HDL-C (mg/dL) 47.2 ± 15.1 (23.0–90.0) 53.8 ± 16.7 (31.0–88.0) 49.6 ± 15.9 (23.0–80.0) 0.042

LDL-C (mg/dL) 94.9 ± 29.2 (47.6–147.0) 92.8 ± 31.9 (22.4–158.2) 94.1 ± 30.1 (22.4–158.2) 0.738
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Table 1. Cont.

Variable
Poor Glycemic

Control
(n= 66)

Good Glycemic
Control
(n = 38)

Total
(n = 104)

p Value

Total cholesterol (mg/dL) 171.8 ± 31.1
(122.0–227.0)

177.2 ± 31.7
(101.0–224.0)

173.7 ± 31.3
(101.0–227.0) 0.399

hs-CPR (mg/L) 2.9 ± 2.3 (0.2–8.5) 1.8 ± 2.3 (0.0–9.9) 2.5 ± 2.3 (0.0–9.9) 0.030

Number of teeth 21.9 ± 4.9 (6–28) 22.7 ± 4.6 (9–28) 22.2 ± 4.8 (6–28) 0.410

Periodontitis <0.001
No/mild periodontitis 1 (11.1) 8 (88.9) 9 (8.7)
Moderate periodontitis 13 (46.4) 15 (53.6) 28 (26.9)
Severe periodontitis 52 (77.6) 15 (22.4) 67 (64.4)

Full-mouth PISA (mm2)
1342.3 ± 487.9
(422.0–2732.0)

946.1 ± 454.1
(229.0–2252.0)

1204.1 ± 507.7
(229.0–2732.0) <0.001

BMI: Body Mass Index; HbA1c: glycated hemoglobin; WC: waist circumference; TG: triglycerides; HDL-C: High-density-lipoprotein
cholesterol; LDL-C: Low-density-lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; PISA: periodontal inflammation
surface area; T2DM: type 2 diabetes.

When we stratified the analysis by periodontal status (Table 2), patients with severe
periodontitis showed statistically significant higher frequency of family history of T2DM,
higher HbA1c scores, more chronic DM complications, higher hs-CRP and PISA values
than moderate, and no/mild periodontitis patients.

Table 2. Sociodemographic and clinical characteristics of T2DM patients (mean ± SD (range) or n (%)) according to the
periodontal status.

Variable
No/Mild

Periodontitis
(n = 9)

Moderate
Periodontitis

(n = 28)

Severe
Periodontitis

(n = 67)
Total p Value

Age (years) 60.1 ± 17.1 (40–79) 66.0 ± 9.7 (47–80) 65.8 ± 8.9 (43–80) 65.3 ± 10.1 (40–80) 0.266

Sex 0.240
Males 3 (4.9) 16 (26.2) 42 (68.9) 61 (58.7)
Females 6 (14.0) 12 (27.9) 25 (58.1) 43 (41.3)

Education level 0.902
<high school 5 (9.8) 14 (27.5) 32 (62.7) 51 (48.1)
high school or higher 4 (7.5) 14 (26.4) 35 (66.0) 53 (51.9)

Smoking 0.696
Yes 1 (16.7) 1 (16.7) 4 (66.6) 6 (5.8)
No 8 (8.2) 27 (27.5) 63 (64.3) 98 (94.2)

Alcohol consumption 0.455
Yes 5 (7.3) 15 (22.1) 48 (70.6) 68 (65.4)
No 4 (11.1) 13 (36.1) 19 (52.8) 36 (34.6)

Balanced diet 0.196
Yes 0 1 (10.0) 9 (90.0) 10 (9.6)
No 9 (9.6) 27 (28.7) 58 (61.7) 94 (90.4)

Leisure-time physical activity 0.904
Yes 4 (9.5) 12 (28.6) 26 (61.9) 42 (40.4)
No 5 (8.1) 16 (25.8) 41 (66.1) 62 (59.6)

Duration of diabetes (yrs) 14.9 ± 11.2 (1–38) 12.9 ± 11.9 (1–52) 14.7 ± 10.1 (1–42) 14.2 ± 10.7 (1–52) 0.754
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Table 2. Cont.

Variable
No/Mild

Periodontitis
(n = 9)

Moderate
Periodontitis

(n = 28)

Severe
Periodontitis

(n = 67)
Total p Value

Family history of T2DM 0.015
Yes 7 (9.9) 13 (18.3) 51 (71.8) 71 (68.3)
No 2 (6.1) 15 (45.4) 16 (48.5) 33 (31.7)

Chronic complications of
diabetes 0.002

None 5 (12.2) 12 (29.3) 24 (58.5) 41 (39.4)
1 4 (10.8) 15 (40.5) 18 (48.6) 37 (35.6)
2 or more 0 (0.0) 1 (3.8) 25 (96.2) 26 (25.0)

Glycemic control <0.001
Good 8 (21.1) 15 (39.5) 15 (39.5) 38 (36.5)
Poor 1 (1.5) 13 (19.7) 52 (78.8) 66 (63.5)

HbA1c (%) 6.1 ± 0.7 (5.0–7.3) 7.1 ± 1.3 (5.4–10.0) 7.6 ± 1.1 (5.2–11.6) 7.4 ± 1.2 (5.0 –11.6) 0.001

BMI (kg/m2)
31.0 ± 6.3
(23.0–43.0)

27.9 ± 6.0 (18.0–
40.3)

29.3 ± 5.1
(17.0–40.8)

29.1 ± 5.5
(17.0–43.0) 0.295

WC (cm) 100.2 ± 11.3
(80.0–115.0)

98.4± 16.9
(66.0–130.0)

102.0 ± 13.5
(60.0M–134.0)

100.9 ± 14.3
(60.0–134.0) 0.533

TG (mg/dL) 136.1 ± 92.5
(57.0–374.0)

176.1 ± 109.4
(63.0–107.0)

139.0 ± 59.6
(51.0–358.0)

148.8 ± 79.7
(51.0–107.0) 0.103

HDL-C (mg/dL) 52.2 ± 17.4
(38.0–83.0)

47.1 ± 15.6
(23.0–83.0)

50.3 ± 16.0
(24.0–90.0)

49.6 ± 15.9
(23.0–80.0) 0.592

LDL-C (mg/dL) 94.8 ± 43.6
(22.4–154.0)

91.9 ± 31.9
(38.4 –158.2)

95.0 ± 27.7
(47.6 –147.0)

94.1 ± 30.1
(22.4–158.2) 0.903

Total cholesterol (mg/dL) 179.1 ± 29.0
(124.0–217.0)

174.6 ± 35.5
(101.0–207.0)

172.6 ± 30.0
(122.0–226.0)

173.7 ± 31.3
(101.0–227.0) 0.832

hs-CPR (mg/L) 0.7 ± 0.06 (0.0–2.0) 1.5 ± 1.2 (0.0–4.7) 3.1 ± 2.5 (0.2–9.9) 2.5 ± 2.3 (0.0–9.9) <0.001

Number of teeth 24.1 ± 3.8 (18–28) 22.1± 4.8 (10–28) 22.0 ± 4.9 (6–28) 22.2 ± 4.8 (6–28) 0.472

Full-mouth PISA (mm2)
415.5 ± 105.5
(229.0 – 575.0)

859.4 ± 199.5
(494.0 –1298.0)

1454.1 ± 431.3
(585.0 – 2732.0)

1204.1 ± 507.7
(229.0 –2732.0) < 0.001

BMI: Body Mass Index; HbA1c: Glycated hemoglobin; WC: Waist circumference; TG: Triglycerides; HDL-C: High-density-lipoprotein
cholesterol; LDL-C: Low-density-lipoprotein cholesterol; hs-CRP: High-sensitivity C-reactive protein; PISA: Periodontal Inflamed Surface
Area; T2DM: type 2 diabetes.

In the multiple logistic regression analysis (Table 3, models 1 and 2), hs-CRP was a
predictor of severe periodontitis with an OR of about 1.7 (for both models). Poor glycemic
control and a rise in HbA1c of 1% increased by 4.6-fold and by 1.6-fold, respectively,
the odds for having severe periodontitis.

In the multiple linear regression analysis (Table 3, models 3 and 4), hs-CRP levels
were shown to be significantly associated with PISA, displaying similar β coefficients in
both models (46.0 vs. 49.9). Patients with poor glycemic control had higher PISA values
(ß = 297.4) and an increase in HbA1c of 1% was associated with a rise in PISA of 89.6 mm2.
Therefore, the maximum expected area of inflamed epithelium is estimated at 627.2 mm2

in patients with well-controlled diabetes. A further increase of 412.2 mm2 is expected in
the patient with the highest HbA1c level.

Family history of T2DM was an additional predictor only for severe periodontitis,
while the presence of chronic DM complications was associated with a rise in PISA.
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Table 3. Association between severe periodontitis and glycemic control.

Model and Variables
Severe Periodontitis (Dichotomous)

OR 95% IC p Value

Model 1
Glycemic control (poor vs. good) 4.574 1.724 to 12.138 0.002

Family history of T2DM (yes vs. no) 3.323 1.189 to 9.283 0.022
hs-CRP (mg/L) 1.656 1.187 to 2.306 0.003

Model 2
HbA1c (%) 1.608 1.034 to 2.502 0.035

Family history of T2DM (yes vs. no) 3.257 1.194 to 8.885 0.021
hs-CRP (mg/L) 1.692 1.213 to 2.360 0.002

PISA (mm2)

ß 95% IC p Value

Model 3
Glycemic control (poor vs. good) 297.419 104.887 to 489.951 0.003

Chronic diabetes complications (at least one
vs. none) 205.264 19.895 to 390.632 0.030

hs-CRP (mg/L) 46.002 6.136 to 85.868 0.024

Model 4
HbA1c (%) 89.601 11.265 to 167.937 0.025

Chronic diabetes complications (at least one
vs. none) 219.628 30.917 to 408.339 0.023

hs-CRP (mg/L) 49.949 9.412 to 90.486 0.016
HbA1c: Glycated hemoglobin; hs-CRP: High-sensitivity C-reactive protein; PISA: Periodontal Inflames Surface
Area; OR: Odds ratio; 95% IC: 95% interval confidence; β: Unstandardized coefficient.

As depicted in Figure 2, patients diagnosed as having severe periodontitis had mean
PISA values of 1454.1 mm2, corresponding to the area of a square having sides 38.1 mm
each. Inside this square the surface area attributed to the impact of HbA1c measured
on average 681.0 mm2 (equal to that of a square measuring about 26 mm on each side).
The hs-CRP levels accounted for a mean increase in PISA of 154.8 mm2 (square of 12.4 mm
on each side).

Figure 2. Square in mm2 representing the mean PISA values for patients diagnosed as having severe
periodontitis and depicting the surface area explained by glycated hemoglobin (HbA1c, yellow) and
high-sensitivity C reactive Protein (hs-CRP, orange) levels. The grey area identifies the surface area
attributable to other unexplored factors that influence the PISA.
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In Table 4, the multiple logistic regression analysis (models 5 and 6) showed that
poor lifestyle habits were predictors of poor glycemic control. A rise in PISA of 1 mm2

increased the odds of having HbA1c ≥ 7% by 2‰, and patients with severe periodontitis
were 8.5-times more likely to have uncontrolled diabetes.

Table 4. Association between poorly controlled T2DM and severe periodontitis.

Model and Variables
Poorly Controlled T2DM (Dichotomous)

OR 95% IC p Value

Model 5
Severe periodontitis (yes vs. no) 8.509 2.988 to 24.230 <0.001

Leisure-time physical activity (yes vs. no) 0.384 0.143 to 1.033 0.058
Balanced diet (yes vs. no) 0.125 0.027 to 0.580 0.008

WC (cm) 1.057 1.018 to 1.096 0.004

Model 6
PISA (mm2) 1.002 1.001 to 1.003 <0.001

Leisure-time physical activity (yes vs. no) 0.397 0.150 to 1.051 0.063
Balanced diet (yes vs. no) 0.140 0.027 to 0.725 0.019

WC (cm) 1.062 1.023 to 1.103 0.002
PISA: Periodontal Inflamed Surface Area; WC: Waist circumference; OR: Odds ratio; 95% IC: 95% interval
confidence.

4. Discussion

This cross-sectional study aimed to assess the periodontal conditions of T2DM adult
patients attending an Outpatient Clinic in the North of Italy, and to examine predictors of
the association between periodontitis and glycemic control. In spite of the large number
of studies investigating this latter aspect, only a few of them focused on the impact of the
inflammatory burden of periodontitis assessed using the PISA Index and none referred to
the CDC/AAP periodontitis case definition [18–20]. The present study used a full-mouth
examination protocol and applied this classification system [28,29]. These criteria have
been recommended when investigating systemic periodontal linkages [32].

Previous investigations on T2DM reported largely variable percentages of periodonti-
tis, ranging between 13.6% and 97.7%, as a result of differences in both ethnic background
and measures of periodontitis severity [25,33–37]. In an epidemiologic survey on our
Caucasian population, 52% of all adults over 60 of age, irrespective of their diabetes status,
suffered from severe periodontitis based on CDC/AAP algorithms [38]., Futhermore, the
percentage of periodontitis was 91% with 63.4% of the severe form, reflecting an urgent
need for treatment and preventive oral care programs.

Although the two-way relationship between periodontitis and T2DM has been long
established, multivariable modelling procedures have rarely been applied to explore such
an association from both perspectives. We used two methods to operationalize severe
periodontitis: the first method relied on clinical examination of PD and CAL based on
CDC/AAP case definition, and the second one measured the surface area of bleeding
periodontal epithelium according to the PISA Index [18,19]. This parameter, recently
introduced in periodontal medicine research, is based on mathematical algorithms difficult
to apply during the routine clinical practice but it could be a valid method to numerically
represent the active inflammatory status of periodontium.

When periodontitis was entered as a dependent variable in the multivariate analysis,
family history of T2DM, glycemic control, and serum hs-CRP levels were found to be
significantly associated with an increased odds for having poorer periodontal health.
These findings were irrespective of the definitions used for periodontitis and corroborate
with those documented in the literature [9,39]. Familiarity was reported by approximately
70% of patients with severe periodontitis compared with 20% and 10% of individuals with
moderate and no/mild periodontitis, respectively.

Individuals suffering from uncontrolled T2DM were at least four times more likely
to have severe periodontitis than those with better-controlled diabetes. About 63.5%
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of T2DM patients had poor glycemic control, with a trend to suggest higher HbA1c
levels with increasing periodontitis severity. This percentage is high compared with data
previously published in the literature, reporting that one-third to half of diabetics having
an HbA1c level ≥ 7% [36,40,41]. Our study population derives from a specialized diabetic
center where severe cases are referred to. Patients had a mean duration of T2DM of
14.2 ± 10.7 years, long enough for chronic complications of the disease to appear.

Interestingly, the strength of the association of HbA1c levels with severe periodontitis
was comparable to that of serum hs-CRP, a marker of systemic inflammation [42]. A one-
unit rise in both serum HbA1c and hs-CRP could increase the odds for having severe
periodontitis by approximately 60%. Serum reactive oxygen species, interleukin (IL)-1, IL-6,
tumor necrosis factor (TNF)-α, and CRP have been found to be elevated in the bloodstream
of patients with established T2DM and may play an important role in tissue breakdown in
periodontitis [43]. This suggests that as the severity and duration of chronic hyperglycemia
increase, the periodontal inflammatory response is also expected to rise.

When considering the PISA Index as dependent variable, the mean surface area
of ulcerated epithelium was estimated 288.33 mm2 higher in uncontrolled than that in
well-controlled T2DM, and an increase in HbA1c of 1% was associated with a rise in
PISA of 89.6 mm2. The PISA increased by 46 mm2 for every one-unit increase in hs-CRP
concentration. To date, only one study reported data on this outcome and found PISA as
a predictor of periodontitis severity with an expected increase of 275.29 mm2 in T2DM
compared to non-diabetics [44].

On the other hand, we explored the relationship between glycemic control, dependent
variable, and periodontitis. Predictors of poor glycemic control were periodontitis, WC,
unbalanced diet, and sedentary lifestyle habits. Patients affected by severe periodontitis
were eight times more likely to have uncontrolled T2DM than those with moderate or no
periodontitis. Odds were increased by 2% for a ×10 mm2 PISA raise. Only two studies in-
vestigated the association between periodontitis and HbA1c with conflicting results [20,34].
Susanto et al. did not find any association in Indonesians with T2DM, but they identified
PISA as predictor of HbA1c together with CRP in non-diabetic controls [34]. Conversely,
a dose–response relationship was previously reported between PISA and HbA1c in T2DM
patients living in Carribean island Curaçao [20].

An interesting finding in this study was the absence of any statistically significant
association of plasma lipid profile and overweight/obesity (BMI ≥ 25 kg/m2) with severity
of periodontitis in both the bivariate and multivariate analysis. It cannot rule out the
possibility that the effects of obesity and low HDL levels, that are major components of
the metabolic syndrome, may be masked by the hyperglycemic status [45]. The present
data support a relationship between inadequate glycemic control and poor lifestyle habits.
Although regular exercise improves insulin sensitivity and regulates blood glucose levels,
it is often difficult for T2DM patients to maintain regular exercise habits [46,47]. In our
study, only one-third of poorly controlled diabetics reported that they exercised regularly.

Biological mechanisms explaining the effect of periodontitis on the metabolic control
have been proposed in the literature, but the actual evidence is moderate [8]. Local inflam-
mation can affect systemic health through this ulcerated interface, allowing bacteria and
inflammatory mediators to access to the bloodstream [48–52]. The amount of ulcerated
epithelial area, according to the study by Leira et al. [21], was between 934 and 3274 mm2

in patients with severe periodontitis. These values are higher than those observed in
the present severe periodontitis group ranging between 585 and 2732 mm2 (mean value
1454 mm2). In recent years, the surface area of ulcerated epithelium in contact with
the subgingival biofilm, previously estimated to be large as the palm of an adult hand
(about 7000 mm2) [53], has been resized to values ranging between 800 and 2000 mm2 in pa-
tients diagnosed with periodontitis [18]. The present data confirm these previous findings.

There is evidence of reduced pancreatic beta-cell function and increased low-grade
inflammatory burden in individuals suffering from periodontitis, which in turn affects lipid
metabolism and contributes to increased insulin resistance and poor glycemic control [54–57].
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This has relevant implications because chronic inflammation represents the biological
linking mechanism between periodontitis, T2DM, and its complications [8,9]. A recent
systematic review associated diabetes-related retinopathy, nephropathy, and neuropathic
foot ulceration to the severity of the periodontal damage [15]. Consistently, effective non-
surgical periodontal treatment has resulted in statistically significant reduction of HbA1c
levels of about 0.40% at 3 months in T2DM patients [58].

This study has some limitations. A cause–effect interpretation cannot be determined
in a cross-sectional survey limiting the strength of the conclusions. The sample size was
also limited owing to the use of restricted enrollment criteria. A notably high number
of patients were excluded because they had less than eight remaining teeth. As reported
by Susanto et al. [34], the application of the PISA Index requires the presence of at least
eight natural teeth. Accordingly, a minimum number of four to six natural teeth is needed
when using CDC/AAP algorithms to ensure the measurements necessary to diagnose
periodontitis and to minimize its misclassification [59,60]. Therefore, the association be-
tween periodontitis and T2DM cannot be generalized to almost and completely edentulous
persons even though they may have had a past history of periodontal disease.

Furthermore, in spite of the well-established correlation of smoking habits with both
poor glycemic control and periodontitis, the number of smokers was small and unable to
be included in the statistical analysis [61,62]. Last, we selected a non-random convenience
sample of diabetics from an Outpatient Diabetic Center that probably provided medical
care to more severely affected T2DM people than the community-based diabetic population.
This may limit the generalizability of the present findings.

5. Conclusions

There is a strong association between severe periodontitis and poor glycemic control.
The predictors were different when considering the relationship between the two diseases
in both directions. The inflammatory burden posed by periodontitis, as measured by the
PISA score, represents the strongest predictor of poor glycemic control in T2DM. To the
best of our knowledge, this is the first study addressing these clinically relevant aspects
using the PISA Index and the CDC/AAP periodontitis case definition. This finding is in
line with the prominent role played by poorly controlled T2DM in the progression rate
of periodontitis as recently emphasized in the International Workshop on Classification
of Periodontal Diseases [30] and by the Joint Workshop of the International Diabetes
Federation and the European Federation of Periodontology [8].

Author Contributions: Conceptualization, F.R., S.P., G.G. and M.A.; methodology, F.R., G.B., F.C.,
M.D., G.G. and M.A.; formal analysis, F.R. and S.P.; investigation, S.E.O.M., M.G., S.B., P.C. and G.M.;
resources, F.C. and G.N.B.; data curation, F.R, S.P., S.E.O.M. and S.B.; writing—original draft prepa-
ration, F.R. and S.P.; writing—review and editing, G.N.B., G.G. and M.A.; supervision, M.D., G.G.
and M.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Ethics Committee of the “AOU Città della
Salute e della Scienza”, Turin, Italy (No. 0027219, Date of Approval 14 March 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

11



J. Clin. Med. 2021, 10, 1787

References

1. Ogurtsova, K.; da Rocha Fernandes, J.D.; Huang, Y.; Linnenkamp, U.; Guariguata, L.; Cho, N.H.; Cavan, D.; Shaw, J.E.; Makaroff,
L.E. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res. Clin. Pr. 2017, 128, 40–50.
[CrossRef]

2. American Diabetes Association. Classification and diagnosis of diabetes. Diabetes Care 2017, 40 (Suppl. 1), S11–S24. [CrossRef]
[PubMed]

3. Mathers, C.D.; Loncar, D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med. 2006, 3, e442.
[CrossRef] [PubMed]

4. Forbes, J.M.; Cooper, M.E. Mechanisms of diabetic complications. Physiol. Rev. 2013, 93, 137–188. [CrossRef] [PubMed]
5. Lind, M.; Odén, A.; Fahlén, M.; Eliasson, B. A systematic review of HbA1c variables used in the study of diabetic complications.

Diabetes Metab. Syndr. 2008, 2, 282–293. [CrossRef]
6. Löe, H. Periodontal disease: The sixth complication of diabetes mellitus. Diabetes Care 1993, 16, 329–334. [CrossRef]
7. Chee, B.; Park, B.; Barthold, P.M. Periodontitis and type II diabetes: A two-way relationship. Int. J. Evid. Based Healthc. 2013, 11,

317–329. [CrossRef] [PubMed]
8. Sanz, M.; Ceriello, A.; Buysschaert, M.; Chapple, I.; Demmer, R.T.; Graziani, F.; Herrera, D.; Jepsen, S.; Lione, L.; Madianos,

P.; et al. Scientific evidence on the links between periodontal diseases and diabetes: Consensus report and guidelines of the
joint workshop on periodontal diseases and diabetes by the International Diabetes Federation and the European Federation of
Periodontology. J. Clin. Periodontol. 2018, 45, 138–149. [CrossRef] [PubMed]

9. Wu, C.-Z.; Yuan, Y.-H.; Liu, H.-H.; Li, S.-S.; Zhang, B.-W.; Chen, W.; An, Z.-J.; Chen, S.-Y.; Wu, Y.-Z.; Han, B.; et al. Epidemiologic
relationship between periodontitis and type 2 diabetes mellitus. BMC Oral Health 2020, 20, 204. [CrossRef]

10. Chavarry, N.G.; Vettore, M.V.; Sansone, C.; Sheiham, A. The relationship between diabetes mellitus and destructive periodontal
disease: A meta-analysis. Oral Health Prev. Dent. 2009, 7, 107–127.

11. Lalla, E.; Papapanou, P.N. Diabetes mellitus and periodontitis: A tale of two common interrelated diseases. Nat. Rev. Endocrinol.
2011, 7, 738–748. [CrossRef] [PubMed]

12. Chapple, I.L.; Genco, R. Working group 2 of the joint EFP/AAP workshop. Diabetes and periodontal diseases: Consensus report
of the joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J. Periodontol. 2013, 40 (Suppl. 14), 106–112. [CrossRef]

13. Stumvoll, M.; Goldstein, B.J.; van Haeften, T.W. Type 2 diabetes: Principles of pathogenesis and therapy. Lancet 2005, 365,
1333–1346. [CrossRef]

14. Graves, D.T.; Ding, Z.; Yang, Y. The impact of diabetes on periodontal diseases. Periodontology 2000 2020, 82, 214–224. [CrossRef]
15. Graziani, F.; Gennai, S.; Solini, A.; Petrini, M. A systematic review and meta-analysis of epidemiologic observational evidence on

the effect of periodontitis on diabetes an update of the EFP-AAP review. J. Clin. Periodontol. 2018, 45, 167–187. [CrossRef]
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Abstract: Lipid peroxidation (LPO) participates in the development of various diseases, including
periodontitis, and malondialdehyde (MDA) is its terminal product. Therefore, in the present study,
salivary and plasma MDA levels in 30 periodontitis patients were compared to those in 20 healthy
controls, as well as in relation to periodontal therapy in order to assess its effectiveness. Periodontal
status was assessed via plaque index, gingival index, papilla bleeding index, probing depth and
clinical attachment level, while salivary and plasma MDA levels were determined by the ELISA
method. The periodontitis group had a significantly greater salivary (2.99 pmol/μL) and plasma
(0.50 pmol/μL) MDA levels relative to the healthy controls (1.33 pmol/μL and 0.40 pmol/μL,
respectively). Three months after the periodontal therapy completion, although salivary MDA levels
were significantly lower than those measured at the baseline (p < 0.001), the reduction in plasma
MDA was not statistically significant (p > 0.05). These findings indicate that, while inflammatory
processes in periodontium may increase local and systemic lipid peroxidation, periodontal therapy
can result in a significant decrease in salivary, but not plasma, MDA levels.

Keywords: malondialdehyde; oxidative stress; periodontitis; plasma

1. Introduction

Periodontitis is an inflammatory disease of tooth-supporting structures, which leads
to tissue destruction and tooth loss as a result of the interaction of dental plaque microor-
ganisms and the host’s immune response. According to the World Health Organization
(WHO) data, the global incidence of a more severe form of periodontal disease is estimated
at 10–15% [1]. Therefore, this disease is a serious medical, economic and social problem.
The significance of periodontitis is increased further due to its potential impact on systemic
health. Although the exact mechanism of this relationship has not been fully elucidated,
in recent years, increasing importance has been attached to oxidative stress arising in the
course of periodontal disease as a potential risk factor in the development of some systemic
diseases [2,3].

Oxidative stress arises due to an imbalance between the reactive oxygen species
(ROS) and the antioxidant defense system, which results in damage to important cellular
macromolecules, such as lipids, proteins and DNA. Lipid peroxidation (LPO) is the process
of oxidative lipid damage. Due to the significant presence of lipids in the cell membrane
and its subcellular organelles, they are the site of peroxidation onset. The LPO outcome is
a marked change in the membrane permeability, which contributes to the degradation of
cellular metabolism and homeostasis and may ultimately result in cell death [4].
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ROS are unstable molecules with a short half-life, making them difficult to detect. This
issue is overcome by using the terminal products of macromolecule oxidative damage,
one of which is malondialdehyde (MDA), as it results from lipid oxidative damage. An
extensive body of empirical data indicates that the MDA level in bodily fluids may be
a reliable indicator of the extent of oxidative damage to cells in the body [5]. Available
research indicates that MDA levels are increased due to cancer [6], atherosclerosis [7],
diabetes [8], liver disease [9] and preeclampsia [10], as well as in smokers, while recent data
suggest a strong link with periodontal disease [11–15].

Previously, the LPO level in saliva was believed to be predominantly affected by the
extent of this process in blood. However, recent evidence indicates that locally induced
oxidative stress plays a more important role. Namely, in the course of periodontal dis-
ease, free radical production by polymorphonuclear leukocytes increases as a defense
mechanism against periodontopathogens. Existing studies indicate that, in the course
of periodontal disease, LPO products such as MDA are released and participate in the
progress of periodontal tissue inflammation and destruction [13–18]. However, periodontal
therapy is believed to induce a reduction in this marker.

Furthermore, available research findings suggest that LPO products diffuse from the
initial inflammation site and can be registered in the bloodstream [19]. This process could
result in the emergence of certain systemic diseases. Tests conducted on laboratory animals
have shown that experimentally induced periodontal disease can cause oxidative damage
to the liver, thus increasing oxidative stress in the blood [20–23]. In addition, oxidative
stress due to damage to periodontal tissues is posited to be involved in the development of
atherosclerosis in laboratory animals [24]. As the number of such studies involving humans
is limited, further research is required in order to reach more definitive conclusions about
the impact of periodontal disease on systemic oxidative stress.

The objectives of the present investigation were to: (1) compare the level of LPO
in plasma and saliva of patients with and without periodontal disease; (2) examine the
impact of periodontal therapy on the salivary and blood LPO levels in patients with
periodontitis; and (3) examine the link between the level of LPO and clinical markers of
periodontal status.

The overall aim of the study was to determine if periodontitis can result in an increase
in local and systemic oxidative stress levels, which would potentially provide a link between
periodontitis and systemic diseases.

2. Materials and Methods

2.1. Subjects

This research involved 50 patients. All participants were informed in writing about
the study aims, the nature of their involvement and the intended use of the results obtained,
after which they signed the consent form. The study was approved by the local ethics
committee. All procedures performed in the study involving human participants were in
accordance with the Declaration of Helsinki.

The study inclusion criteria were being 30–70 years old, having at least 20 teeth and
being systemically healthy. Patients were excluded from the study if they met any of the
following criteria: periodontal therapy in the previous six months, use of antibiotics in the
last three months, use of any vitamin supplementation and pregnancy.

2.2. Periodontal Examination

In all study participants, periodontal status was assessed via plaque index (PI) [25],
gingival index (GI) [26], papilla bleeding index (PIB) [27], probing depth (PD) and clinical
attachment level (CAL). We utilized the same indices in our earlier studies, as empirical
evidence indicated that they are most representative of periodontium conditions [28–30].
Measurements were performed on mesio-buccal, disto-buccal, mid-buccal and mid-lingual
tooth surfaces using Michigan ‘O’ probe with William’s markings. All measurements were
performed by the same periodontist.

16



J. Clin. Med. 2022, 11, 3617

2.3. Study Groups

Criteria for inclusion in the group of patients with periodontal disease were as fol-
lows: at least two sites per quadrant with PD ≥ 4 mm, 30% bone loss and gingival
inflammation [31]. Thirty periodontitis patients formed the experimental group, desig-
nated as Group A. The control group (Group B) consisted of 20 patients with no signs
of damage to periodontal supporting structures. Before commencing the study, we used
power analysis, which indicated that 18 participants would be sufficient for achieving
a 95% power and 95% significance level. As our study design involved pre- and post-
treatment evaluations, to account for possible attrition, we included 20 and 30 patients in
the control and the experimental group, respectively.

In order to assess the influence of the GI, PD and CAL on the MDA levels, periodontitis
patients were divided into six subgroups. The GI levels allowed a further division into
two subgroups, comprising of individuals with moderate (Loë–Silness 0.1–2) and severe
(Loë–Silness 2.1–3) inflammation. Similarly, two subgroups were formed based on the
PD, with patients with PD ≥ 5 mm on more than 20% of sites forming one subgroup
and those with PD ≥ 5 mm on fewer than 20% of sites forming the other. Finally, CAL
was used to separate patients into a subgroup with the mean value of CAL ≥ 3 mm and
CAL < 3 mm, respectively.

2.4. Sample Collection and Preparation

Determination of oxidative stress markers was conducted in mixed unstimulated
saliva samples taken in the morning from patients who were instructed not to drink or
eat prior to attending the appointment. Salivary samples were centrifuged at 3000× g for
10 min at room temperature, after which time the supernatant was isolated and stored at
−80 ◦C until required for analysis.

Blood samples were taken from a fingertip and collected in special tubes coated with
EDTA (Kabe Labotechnik, Nümbrecht-Elsenroth, Germany) and were transported to the
laboratory, where they were immediately centrifuged at 3000× g for 10 min. The thus
obtained plasma samples were stored at −80 ◦C until required for analysis.

2.5. MDA Assay

The salivary and blood MDA values were determined using the commercial OxiSelect
MDA Adduct ELISA Kit (Cell Biolabs’ OxiSelect, San Diego, CA, USA) according to the
manufacturer’s instructions. The kit had a sensitivity limit of 2 pmol/mg MDA adduct. All
samples were tested in duplicate. MDA concentration was expressed in pmol/μL.

2.6. Treatment

Patients with periodontal disease were subjected to periodontal therapy comprising
of scaling and root planing using Gracey curettes and ultrasonic scalers (Mini Piezon,
Electro-Medical Systems, Nyon, Switzerland). The therapy was carried out in the form of
1–2 visits within 7 days without the use of antibiotics or antiseptics.

2.7. Follow-Up

Patients included in the experimental group underwent periodontal status assessment
and had their saliva and blood samples taken during the first visit prior to commencing
periodontal therapy, as well as three months after therapy completion, while the control
group was subjected to the same procedure at the baseline only.

2.8. Statistical Analysis

Data collected as a part of the study were analyzed using the statistical package SPSS
16 for Windows. All values are presented as mean ± SD. Pearson χ2 test was used for
testing relationships between individual pairs of observed attribute characteristics (gender).
On the other hand, a t-test was performed to determine the differences in the mean values
of numerical characteristics (age, number of teeth present, periodontal indices, comparison
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of index levels before and after the treatment, level of lipid peroxidation in the two groups,
comparison of oxidative stress marker values obtained before and after treatment). The
correlation between lipid peroxidation markers in saliva and blood was determined by
Spearman’s rank correlation coefficient. We adopted the factorial ANOVA test to assess
the influence of the confounding factors (sex, age and smoking status) on MDA values.
The results for which the level of significance met the p < 0.05 criterion were interpreted as
statistically significant.

3. Results

As can be seen from the flow chart of the experimental design presented in Figure 1,
87 individuals were initially eligible for participation in the study. However, eleven were
excluded because they did not meet the inclusion criteria, while a further six refused to par-
ticipate. After full-mouth periodontal clinical parameters examination, further 13 patients
were excluded because they did not meet either Group A or Group B criteria. The remaining
57 patients were divided into Group A (37 patients) and Group B (20 patients). However, as
seven patients from Group A did not return for the 3-month visit, their data were excluded
from statistical analyses.

Figure 1. Flow chart of clinical study. GI—gingival index; PD—probing depth; CAL—clinical
attachment level; MDA—malondialdehyde.
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Therefore, the study sample comprised 50 patients, 30 of whom suffered from peri-
odontitis (10 men and 20 women, average age 48.70 ± 9.68), while the remaining 20 had a
healthy periodontium (9 men and 11 women, average age 46.25 ± 9.25).

The demographic characteristics of the patients are shown in Table 1. No statistically
significant differences in age, gender and number of teeth present in the two groups
were noted.

Table 1. Patients’ demographic characteristics.

Group A
(n = 30)

Group B
(n = 20)

p-Value

Gender, n (%)
Male
Female

10 (33.3%)
20 (66.7%)

9 (45%)
11 (55%)

0.553

Age in years
(mean ± SD) 48.70 ± 9.68 46.25 ± 9.25 0.472

Number of teeth
(mean ± SD) 22.54 ± 2.14 25.34 ± 3.94 0.487

Smoking, n (%)
Yes
No

10 (33.3%)
20 (66.7%)

7 (35%)
13 (65%)

1.000

The mean values of the examined clinical parameters obtained before and after pe-
riodontal treatment are shown in Table 2. At baseline, the mean values of all periodontal
indices were statistically significantly higher in the experimental group compared to the
controls. Periodontal therapy led to a significant reduction in these indices in the group of
patients with periodontitis.

Table 2. Periodontal indices and MDA levels at baseline and three months upon therapy completion
(mean ± SD, minimum−maximum).

Group A
Baseline

Group A
Three Months after Therapy

Group B

PI 1.40 ± 0.43 (0.83−1.97) 0.35 ± 0.22 (0.08−1.12) a 0.32 ± 0.28 (0.04−1.01) b

GI 1.79 ± 0.64 (1.08−2.79) 0.25 ± 0.33 (0.02−1.31) a 0.19 ± 0.37 (0.00−0.50) b

PBI 1.57 ± 0.81 (0.64−3.47) 0.71 ± 0.43 (0.08−1.73) a 0.28 ± 0.39 (0.00−1.78) b,c

PD (mm) 3.14 ± 0.56 (2.87−4.42) 2.59 ± 0.45 (1.95−3.81) a 1.45 ± 0.18 (1.13−1.71) b,c

CAL (mm) 2.70 ± 1.03 (1.76−5.50) 2.19 ± 0.81 (0.59−4.08) a 0.43 ± 0.56 (0.00−1.09) b,c

MDA-saliva
(pmol/μL) 2.99 ± 1.21 (1.11−4.80) 2.14 ± 0.95 (1.11−4.80) a 1.33 ± 0.92 (0.23−3.70) b,c

MDA-plasma
(pmol/μL) 0.50 ± 0.13 (0.29−0.70) 0.47 ± 0.11 (0.29−0.70) 0.40 ± 0.13 (0.13−0.62) b

a Statistically significant difference compared with the baseline values (p < 0.05). b The difference between Group
A and Group B was significant at the baseline (p < 0.05). c Statistically significant difference compared with the
values after therapy (p < 0.05).

The salivary level of the tested LPO marker (MDA) in the experimental group was
significantly higher at baseline than in the control group, and its values were significantly
reduced three months upon periodontal therapy completion (Table 2). Further, in patients
with periodontal disease, markedly higher MDA values in plasma were noted relative
to those measured in subjects with healthy periodontium (Table 2). Periodontal therapy,
however, did not yield a statistically significant reduction in the MDA levels in plasma of
patients with periodontal disease.
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Patients with severe gingival inflammation had significantly higher MDA levels in
saliva compared to patients with moderate gingival inflammation (Table 3). However, no
statistically significant differences in the level of this marker in saliva were noted between
the subgroups with PD ≥ 5 mm ≥ 20% and PD ≥ 5 mm < 20% (Table 4) or between
those with CAL ≥ 3 mm and CAL < 3 mm (Table 5). The results obtained from plasma
analysis indicate that the MDA level in patients with severe gingival inflammation was
significantly higher compared to that in patients with moderate gingival inflammation
(Table 3). When the patients were divided into subgroups based on the PD and CAL values,
the differences noted between MDA values in plasma were found not to be statistically
significant (Tables 4 and 5).

Table 3. Periodontal indices and MDA levels at baseline and three months upon therapy completion
in groups with moderate and severe gingival inflammation (GI).

GI Moderate (n = 14) GI Severe (n = 16)

PI—baseline 1.08 ± 0.27 1.76 ± 0.11 a

PI—3 mo after therapy 0.31 ± 0.10 b 0.67 ± 0.35 b

GI—baseline 1.37 ± 0.26 2.28 ± 0.21 a

GI—3 mo after therapy 0.41 ± 0.20 b 0.68 ± 0.52 b

PBI—baseline 1.89 ± 0.39 2.01 ± 0.77 a

PBI—3 mo after therapy 0.56 ± 0.27 b 0.88 ± 0.53 b

PD (mm)—baseline 2.88 ± 0.40 3.30 ± 0.57 a

PD (mm)—3 mo after therapy 2.40 ± 0.31 b 2.81 ± 0.49 b

CAL (mm)—baseline 2.48 ± 0.78 2.96 ± 1.32
CAL (mm)—3 mo after therapy 1.69 ± 0.73 b 1.91 ± 1.03 b

MDA-saliva
(pmol/μL)—baseline 2.42 ± 1.10 3.62 ± 1.22 a

MDA-saliva
(pmol/μL)—3 mo after therapy 1.83 ± 0.73 b 2.50 ± 1.07 b

MDA-plasma
(pmol/μL)—baseline 0.45 ± 0.12 0.55 ± 0.13 a

MDA-plasma
(pmol/μL)—3 mo after therapy 0.43 ± 0.12 0.51 ± 0.09

a The difference between subgroups with moderate and severe inflammation was significant at baseline (p < 0.05).
b Statistically significant difference compared with the baseline values (p < 0.05).

At baseline, MDA levels in saliva showed a significant positive correlation with MDA
levels in the plasma of patients with periodontal disease (r = 0.451, p = 0.012) (Figure 2).

Figure 2. Correlation between MDA levels in saliva and plasma in periodontitis patients. Statistically
significant at p < 0.05. MDAp—malondialdehyde in plasma; MDAs—malondialdehyde in saliva.
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Table 4. Periodontal indices and MDA levels at baseline and three months upon therapy completion
in groups with PD ≥ 5 mm < 20% and PD ≥ 5 mm ≥ 20%.

PD ≥ 5 mm < 20% (n = 10) PD ≥ 5 mm ≥ 20% (n = 20)

PI—baseline 1.24 ± 0.32 1.49 ± 0.43
PI—3 mo after therapy 0.37 ± 0.23 b 0.54 ± 0.33 b

GI—baseline 1.55 ± 0.54 1.93 ± 0.45
GI—3 mo after therapy 0.48 ± 0.34 b 0.59 ± 0.44 b

PBI—baseline 1.41 ± 0.74 1.67 ± 0.71
PBI—3 mo after therapy 0.59 ± 0.40 b 0.78 ± 0.45 b

PD (mm)—baseline 2.58 ± 0.21 3.46 ± 0.41 a

PD (mm)—3 mo after therapy 2.21 ± 0.21 b 2.81 ± 0.40 b

CAL (mm)—baseline 2.22 ± 0.91 2.99 ± 1.01 a

CAL (mm)—3 mo after therapy 1.45 ± 0.75 b 1.98 ± 0.90 b

MDA-saliva
(pmol/μL)—baseline 2.62 ± 1.11 3.21 ± 1.23

MDA-saliva
(pmol/μL)—3 mo after therapy 2.09 ± 0.88 b 2.15 ± 1.03 b

MDA-plasma
(pmol/μL)—baseline 0.44 ± 0.12 0.53 ± 0.12

MDA-plasma
(pmol/μL)—3 mo after therapy 0.42 ± 0.12 0.45 ± 0.11 b

a The difference between subgroups with PD ≥ 5 mm < 20% and PD ≥ 5 mm ≥ 20% was significant at baseline (p
< 0.05). b Statistically significant difference compared with the baseline values (p < 0.05).

Table 5. Periodontal indices and MDA levels at baseline and three months upon therapy completion
in groups with CAL < 3 mm and CAL ≥ 3 mm.

CAL < 3 mm (n = 15) CAL ≥ 3 mm (n = 15)

PI—baseline 1.22 ± 0.37 1.58 ± 0.36 a

PI—3 mo after therapy 0.43 ± 0.28 b 0.53 ± 0.33 b

GI—baseline 1.65 ± 0.50 1,94 ± 0.43
GI—3 mo after therapy 0.49 ± 0.34 b 0.60 ± 0.46 b

PBI—baseline 1.38 ± 0.78 1.77 ± 0.62
PBI—3 mo after therapy 0.53 ± 0.33 b 0.88 ± 0.46 b

PD (mm)—baseline 3.05 ± 0.61 3.23 ± 0.50
PD (mm)—3 mo after therapy 2.42 ± 0.31 b 2.75 ± 0.52 b

CAL (mm)—baseline 1.99 ± 0.72 3.42 ± 0.77 a

CAL (mm)—3 mo after therapy 1.35 ± 0.69 b 2.23 ± 0.83 b

MDA-saliva
(pmol/μL)—baseline 2.80 ± 0.91 3.18 ± 1.45

MDA-saliva
(pmol/μL)—3 mo after therapy 2.09 ± 0.74 b 2.18 ± 1.15 b

MDA-plasma
(pmol/μL)—baseline 0.46 ± 0.13 0.54 ± 0.13

MDA-plasma
(pmol/μL)—3 mo after therapy 0.44 ± 0.08 0.49 ± 0.14

a The difference between subgroups with CAL < 3 mm and CAL ≥ 3 mm was significant at baseline (p < 0.05). b

Statistically significant difference compared with the baseline values (p < 0.05).

The results yielded by the t-test and correlation analysis indicate the absence of
statistically significant differences in the MDA levels in blood and saliva with respect to
patients’ sex or age in either study group (Table 6).
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Table 6. The influence of sex, age and smoking status on the salivary and plasma MDA levels.

Parameter MDA-Plasma MDA-Saliva

Variable Statistics p-Value Statistics p-Value

Group 2.593 a 0.013 5.226 a <0.001

Smoking −3.077 a 0.003 −4.543 a <0.001

Gender 0.073 a 0.942 −1.249 a 0.218

Age 0.155 b 0.283 0.014 b 0.926
a Independent t-test, b Correlation coefficient.

Given the well-established prooxidative effect of tobacco smoke, the salivary and plasma
MDA values in relation to the smoking status were analyzed in both study groups. In the
group comprising patients with periodontitis, there were 10 smokers and 20 non-smokers,
while in the control group, the ratio was 7 to 13 (Table 1). In smokers with periodontitis,
the MDA value in saliva and plasma was 4.06 pmol/μL and 0.57 pmol/μL, respectively,
while 2.46 pmol/μL and 0.46 pmol/μL were measured for non-smokers with periodontitis.
In the control group, these values were 2.34 pmol/μL and 0.49 pmol/μL for smokers and
0.77 pmol/μL and 0.35 pmol/μL for non-smokers (Figures 3 and 4).

 

Figure 3. Salivary MDA and smoking interaction.

 

Figure 4. Plasma MDA and smoking interaction.
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The salivary and plasma MDA levels in smokers were statistically significantly higher
than those measured for non-smokers in both groups. Therefore, a factorial ANOVA test
was conducted to analyze the average salivary and plasma MDA levels according to study
groups and smoking status. The obtained p-values suggest the presence of statistically
significant differences in both salivary and plasma MDA between groups, as well as
between smokers and non-smokers, but that there is no statistically significant interaction
between groups or between smokers and non-smokers (Figures 3 and 4).

4. Discussion

Misbalance between the production of free radicals and antioxidant protection leads to
oxidative stress in the oral cavity. Existing studies show that the LPO terminal product con-
centrations in the gingival crevicular fluid and saliva of patients with periodontal disease
are significantly higher compared to patients with healthy periodontium [16,18,32–36]. For
example, Canakci et al. recorded an MDA concentration of 7.35 nmol/mL in the saliva of pe-
riodontitis patients, compared to 5.41 nmol/mL in subjects with healthy periodontium [13].
The results yielded by our investigation also indicate an increase in the salivary MDA levels
in the presence of periodontal tissue inflammation. The value of this marker in patients
with periodontal disease at baseline was 2.99 pmol/μL, which is significantly greater than
1.33 pmol/μL measured in healthy subjects. Higher MDA values obtained in the study
conducted by Canakci et al. can be attributed to a greater degree of destruction to the
periodontal supporting structures than was observed in our patients, as well as differences
in methodology [13]. Specifically, this group of authors used stimulated saliva, whereas
unstimulated saliva was utilized in our study. It is known that, during the sampling of
stimulated saliva, greater quantities of gingival crevicular fluid are exerted into the saliva,
which can significantly increase the values of the tested markers.

Empirical evidence supports the view that LPO marker levels can be used to estimate
the extent of periodontium destruction [37]. This is confirmed by the findings reported by
Khalili et al., who noted higher MDA values in patients with periodontal disease relative
to healthy controls [11]. In addition, these authors found differences in the values of this
marker in patients with mild, moderate and severe forms of the disease and reported a
significant correlation between MDA and papilla bleeding index, probing depth and clinical
attachment level. On the other hand, based on a comparison of the clinical parameters
of periodontal disease with the MDA levels in saliva, Dakovic reported the presence of a
link between the level of this marker and the degree of inflammation, but not periodontal
probing depth [12]. As periodontitis is a cyclical process, whereby periods of remission
alternate with periods of exacerbation, marked by the activation of all signs of inflammation,
this author postulated that high MDA levels in patients with periodontal disease might
be a sign of active processes in the periodontium. The results obtained in our study
are consistent with the findings reported by Dakovic [12]. The salivary MDA levels in
our patients were primarily influenced by gingival inflammation. Specifically, patients
with severe gingival inflammation had significantly higher MDA values (3.62 pmol/μL)
compared to patients with moderate inflammation (2.42 pmol/μL) (p = 0.045). The impact
of probing depth, and clinical attachment level in particular, was not statistically significant.

In our study, periodontal therapy led to a significant reduction in the LPO levels in
the saliva of patients with periodontal disease. Dakovic also reported a 58% reduction
in the MDA levels in saliva of patients with the periodontal disease following treatment
and concluded that, along with the elimination of gingival inflammation, the products
of cell oxidative damage are also neutralized by periodontal therapy [12]. Based on the
analysis of the salivary MDA values obtained after treatment in relation to the extent of
gingival inflammation, probing depth and clinical attachment level, we can conclude that
the reduction in MDA was primarily caused by the reduction in probing depth. Specifically,
in the group of patients with greater PD, the difference in the MDA values before and after
treatment was 1.06 pmol/μL, compared to only 0.53 pmol/μL measured for the group with
lower PD (p < 0.05).
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Presently, there is no consensus on the effect of periodontal disease on the occurrence
of systemic oxidative stress. While some authors report higher levels of LPO markers in
the blood of patients with periodontal disease relative to healthy controls [14,17,38], other
studies reveal no significant differences [16,35,39,40]. The results yielded by our study
show statistically significantly higher MDA levels in the blood of patients with periodontal
disease compared to the levels measured in healthy subjects. Although it is possible that
the increased MDA plasma concentration is due to some other pathological processes
in the body, we nonetheless postulate that it is indeed the result of periodontal disease.
This assertion is based on the fact that all our patients were systemically healthy and the
presence of a statistically significant positive correlation between the MDA levels in saliva
and in the blood (Figure 2).

Upon examining the process of LPO in patients with periodontal disease, Bastos et al.
reported a significant correlation between the MDA levels in the blood and locally produced
inflammatory cytokines (IL-10 and TNFα), highlighting that this marker is a valid indicator
of the inflammatory process severity [41]. Our results also show that gingival inflammation
was the primary factor in the high MDA value in the blood of patients with periodontal
disease. Specifically, in patients with severe inflammation (0.55 pmol/μL), this marker was
statistically significantly higher than in patients with moderate gingivitis (0.45 pmol/μL)
(p = 0.047).

The periodontal therapy, however, did not result in a decline in the MDA concentration
in the blood of our patients. Although the MDA value in the blood of our patients with
periodontal disease at baseline was primarily affected by the extent of gingival inflamma-
tion, marked improvement in this condition after the therapy was not accompanied by a
significant reduction in MDA. In fact, based on our findings, the decrease in MDA that was
observed three months after therapy completion was mainly influenced by the reduction
in probing depth in patients with the initially greater PD. This finding could point to the
conclusion that periodontal therapy may have a greater benefit for patients with severe
periodontal disease, as it results in a more pronounced reduction in circulating LPO. This
conclusion is supported by the findings reported by Ambati et al. based on a sample
of patients with higher PD values, in whom periodontal therapy resulted in statistically
significantly lower serum MDA levels [42].

As a part of this research, we examined the influence of smoking on the level of lipid
peroxidation in patients with and without periodontitis, given that smoking increases expo-
sure to free radicals while also reducing the body’s antioxidant protection [43]. Moreover,
smoking is one of the main contributing factors in the development of periodontitis, as it
affects many aspects of the host’s immune response. The results yielded by our analyses
indicate that the salivary and plasma MDA levels were much higher in smokers, irrespec-
tive of their periodontal status. These findings concur with the results published by other
authors. For example, Guentsch et al. [44] reported a progressive increase in the salivary
MDA values from healthy non-smokers to healthy smokers and further to non-smokers
and smokers with periodontitis. Garg et al. [45] similarly noted that the MDA levels in
gingival tissue are affected by the number of cigarettes smoked. Similar to our results, these
authors recorded significantly higher MDA values in the blood of smokers compared to
non-smokers with periodontitis.

We deliberately chose not to exclude smokers from our research, as our aim was to
assess oxidative stress levels in the general population, and in our country, a significant
proportion of adults smoke. For the same reason, we did not exclude obesity and physical
activity as the risk factors for the emergence of oxidative stress. As the control and the
experimental group were comparable and both included smokers, any influence of smoking
on our findings would be minimized, as confirmed by the factorial ANOVA test results
(Figures 3 and 4).
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5. Conclusions

Based on the results reported here, it can be concluded that salivary and plasma MDA
(as a final LPO product) levels were significantly higher in patients with periodontal disease
compared to healthy subjects. The level of this marker was most significantly impacted
by the severity of gingival inflammation. However, only the salivary MDA levels were
significantly reduced by periodontal therapy. Therefore, even though these findings are
based on a relatively small sample, they point to the potential link between periodontitis
and local and systemic oxidative stress, as well as highlight the benefits of periodontal
therapy in mitigating this issue. Further research based on larger patient samples and
examining a greater number of oxidative stress markers is nonetheless needed to confirm
our results and expand our findings.
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Magda Aniko-Włodarczyk 1,†, Aleksandra Jaroń 1,†, Olga Preuss 1, Anna Grzywacz 2 and Grzegorz Trybek 1,*

Citation: Aniko-Włodarczyk, M.;
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Abstract: Dental injury to the second molar (SM) caused by the surgical extraction of the impacted
third molar tends to be underestimated. The necessity of assessment of the impact of the removal
of the wisdom tooth in the mandible on the second molar arose. The study group (n = 60) was the
one with the second molar on the surgical side, and the control group (n = 60) was the one with the
tooth on the opposite side of the alveolar arch. Before the surgery, the difficulty level was assessed
according to the Pederson scale. The periodontal status of the SM was assessed by probing depth
(PD), gingival index (GI), tooth mobility (TM) examination by the percussion method and resonance
frequency. Measurements were taken before and after the surgery, 7 days and 8 weeks after the
surgery. The study demonstrated the significant impact of the surgical removal of the wisdom tooth
on the PD, GI and TM of the SM. The predicted degree of difficulty of the very difficult surgery had
an influence on the increase in PD on the distal buccal and lingual surface of the SM, and on the GI in
the proximity of the examined tooth. The results of the presented research confirm the necessity of
the clinical assessment of the lower SM before and after the surgical removal of the impacted wisdom
tooth in the mandible.

Keywords: third molar; mandibular third molar; impaction; periodontal status; complications

1. Introduction

The presence of a partially or completely impacted wisdom tooth can cause a deepen-
ing of the gingival sulcus and periodontal changes in the distal region of the mandibular
second molar [1]. These changes may be asymptomatic and only involve deepening of the
gingival sulcus—in addition, there may be redness or a tendency to bleed [2]. A change
in the periodontal status of a mandibular second molar may also be a consequence of
surgical intervention—this occurs only after surgical removal of an impacted wisdom
tooth [3]. The removal of an impacted wisdom tooth carries the risk of traumatizing the
second molar, causing it to become more mobile or dislocated during the anteroposterior
extraction movements during the procedure. The pressure force generated by the operator
using an elevator on the second molar during the removal of the impacted tooth is equal
to the resistance that this tooth presents during the final phase of extraction. Despite the
frequent coverage of complications associated with surgical removal of wisdom teeth in
the scientific literature, increased mobility of the second molar, which can affect the clinical
status of the pulp, is often downplayed or overlooked [4]. Clinical and population-based
data on the periodontal pathophysiology of the third molar are limited. Information is
not collected or even excluded from studies due to the high variability in the morphology
and physiology of the wisdom tooth concerning teeth located in the anterior segment of
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the dental arch. The unclear periodontal status is reflected in the periodontal status of
the adjacent tooth, which is the second molar in the mandible. Surgical removal of an im-
pacted mandibular third molar involves soft tissue incision, full-thickness flap dehiscence,
alveotomy, or separation, which may adversely affect the periodontal tissues adjacent to
the surgical area of the second molar. The data in the literature are not consistent. Surgi-
cal intervention on the distal surface of the second lower molar may result in bone loss,
periodontal pocket development, or root cement exposure [5,6]. However, some studies
confirm an improvement in the level of connective tissue attachment and a reduction in
probing depth [7,8]. The analysis of the impact of surgery can be based on the clinical
assessment of the pocket depth (PD) and gingival index (GI). The complications of surgical
extraction of impacted wisdom teeth in the form of ligamentous damage to the second
molar and impaired blood supply to the pulp, which can lead to pulp necrosis, have been
overlooked in the literature. In particular, there are no data on the effect of the surgical
procedure on changes in the threshold of excitability of the pulp of the second molar, and,
thus, its clinical status.

This study aimed to:

1. Evaluate the effect of surgical removal of an impacted third molar on:

a. Clinical probing depth of the mandibular second molar.
b. Gingival condition of the mandibular second molar.
c. Mobility of the mandibular second molar.

2. To determine if there is a relationship between the degree of difficulty of surgical
removal of an impacted wisdom tooth and the postoperative probing depth, gingival
condition, and mobility of the mandibular second molar.

2. Materials and Methods

The study was conducted after obtaining consent from the Bioethics Committee with
the number KB-0012/89/16.

The study included 60 consecutive patients with indications for surgical removal of
the third mandibular molar. Adult patients, generally healthy, not taking any permanent
medication, and non-smokers, who declared their willingness to participate in the study,
were eligible for the procedure. The exclusion criteria were the absence of a second and
third mandibular molar in the operated quadrant and on the opposite side in the mandible,
the presence of a fixed orthodontic appliance, malocclusions such as distocclusion, mesioc-
clusion, crowding of teeth, scissor bite, crossbite, tobacco smoking and age below 18 years,
and an implanted cardiac electro stimulator. In each patient, the second lower molars were
examined—a total of 120 teeth in all patients. We identified two groups:

1. Study group (n = 60)—second and third molars in the mandible in the operated quadrant;
2. Control group (n = 60)—mandibular second and third molars on the side opposite to

the operated side.

Before the study, patients were informed about the study. All participants gave their
informed consent to participate in the study and confirmed it with their signature on
the form. All patients had a pantographic X-ray taken before the surgery. The degree of
impaction was assessed according to Winter [9] and Pell and Gregory [10]. The degree
of difficulty of surgical removal of impacted third molars in the mandible was assessed
using the Pederson index. All mandibular 2nd molars were vital before surgery, with no
prosthetic restoration, only small fillings, and no fractures.

All procedures were performed by three oral surgery specialists with a similar (ex-
tensive) level of surgical experience. Tooth extraction was performed under local anesthe-
sia: block anesthesia and infiltration anesthesia 2% with norepinephrine 0.00125% in the
amount of 4–6 mL. The first incision was performed with a #15 scalpel at the top of the
mandibular alveolar region behind the second molar, and the second releasing incision was
performed in the oral vestibule in the distal third of the crown of the second molar. The
full-thickness flap was deflected with Molt’s elevator to the level of the external oblique line
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and stabilized with Langenbeck’s long retractor, resting it on the bone at a ninety-degree
angle. With the use of a rubella drill and/or a Lindemann bur, mounted on a surgical
handpiece and cooled with a sterile 0.9% sodium chloride solution, the bone was removed
from the impacted molar to the level of its neck. Depending on the angle of inclination,
the tooth was cut with a drill, and, using elevators and/or forceps, the tooth was removed
in whole or in parts. The last stage of the surgical procedure was the wound toilet, which
consisted of the removal of bone resulting from the drill cutting, removal of the tooth
follicle, possibly inflammatory tissue of granuloma, smoothing of the sharp bone edges,
and copious rinsing with a saline solution. The mucoperiosteal flap was then repositioned
and stabilized with single knotted sutures using 3-0 silk sutures and left in place for seven
days. After surgery, compression with a sterile gauze tampon was applied for 20 min.
Patients were advised to maintain postoperative wound hygiene. Patients brushed their
teeth after each meal, used a 0.1% chlorhexidine-based rinse and were advised to use
nonsteroidal anti-inflammatory drugs in the form of ketoprofen 100 mg twice daily.

2.1. Clinical Examination

Clinical examination of the mandibular second molars in both the study and control
groups was performed immediately before surgery, seven days after surgery, and eight
weeks after surgery. The following parameters were used for clinical evaluation: gingival
index, probing depth, impaction, and resonance frequency mobility measurement.

2.1.1. Gingival Assessment

The evaluation was performed using the gingival index (GI) according to Loe and
Silness [11]. The index was assessed using a periodontal probe at four measurement points:
mesially, distally, vestibularly, and lingually.

2.1.2. Probing Depth (PD) Measurement

The measurement was carried out using a Williams periodontal probe calibrated every
1 mm with an accuracy of 0.5 mm at six measurement points of each second molar—distally,
centrally, and mesially on the buccal side and similarly on the lingual side. The probe was
inserted into the gingival crevice until gentle resistance, parallel to the long axis of the
tooth, and the measurement obtained was archived.

2.1.3. Tooth Mobility Measurement

The mobility of the mandibular second molars was measured using the Periotest M
(Medizintechnik Gulden, Bensheim, Germany) and Osstell (Osstell, Gothenburg, Sweden).
In addition to the time sequence appropriate for all other clinical parameters (seven days
after surgery and eight weeks after surgery), mobility was also measured immediately
after surgery.

2.1.4. Measurement with Periotest M

The mobility was measured on the buccal surface of the second molar based on the
percussion method. The head of the device was applied perpendicularly to the buccal
surface of the tested tooth at a distance of approximately 2 mm. Correct orientation of the
head was indicated by a low tone. To obtain repeatable measurements, the Periotest M
was always positioned in the same way in relation to the tooth under test. The test was
performed twice for each tooth of the test and control groups. The results expressed on the
PTV (Periotest value) scale, displayed on the instrument panel, were recorded in a prepared
sheet—the mean value from the two measurements was used in the statistical analysis.
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2.1.5. Measurement Using Osstell

The measurement was performed based on resonance frequency analysis. With
the mouth wide open, a magnetic sensor (SmartPeg; Osstell, Gothenburg, Sweden) was
attached using a composite cured with a polymerization lamp to the chewing surface of
the tooth from the test and control groups. The pulse probe was brought approximately
one millimeter parallel and perpendicular to the dental arch. The magnetic sensor, along
with the polymerized composite, was then removed using light pressure. The readings
expressed on the ISQ scale, archived in the memory of the device, were transferred to the
developed test card, where their mean value was recorded.

2.2. Methodology of Statistical Analysis

Statistical analysis was performed using the statistical package R—version 3.4.2 (R
Foundation for Statistical Computing: Vienna, Austria). Qualitative variables were de-
scribed by the number and percentage of occurrences of each value. Standard measures of
position and measures of variability were used to describe quantitative variables. Arith-
metic means, standard deviation, median, quartiles, and minimum and maximum values
were calculated.

Qualitative variables that did not have a normal distribution were compared using
the Kruskal–Wallis test. The chi-square test was used to compare qualitative variables in
the study and control groups. To make a more accurate comparison between the groups,
the method of multiple comparisons, i.e., post-hoc analysis (Dunn’s test), was used.

In the case of small expected values, the Fisher’s exact test was used. The analysis
was used to evaluate the effect of the anticipated difficulty of the procedure on the clinical
status of the second molar. Quantitative variables were analyzed using the Wilcoxon paired
t-test and Student’s t-test. These were used in the comparison of the clinical status of the
2nd molar from the test and control groups and in the comparative analysis of individual
parameters of the clinical status of second molars from the test group between time points.
Sequential analysis was used to interpret the change in the clinical status of the second
molar teeth between time intervals.

A value of 0.05 was taken as the level of significance (p). All p values that were below
0.05 were interpreted as indicating significant relationships.

3. Results

3.1. Characteristics of the Study Group

Sixty patients, consecutively presenting for surgical removal of impacted wisdom
teeth in the mandible, were included in the clinical study. Among them, there were
17 males and 34 women. Table 1 summarizes the detailed results for the study sample.
A total of 60 surgical removals of impacted mandibular third molars were performed
with a mean angle of 63.47 degrees (29.34) to the occlusal plane. The spatial position
was determined by the position of the wisdom tooth relative to the second molar and
mandibular branches. Table 2 shows the detailed characteristics of the position of the third
molars and the expected difficulty of the procedure.

Table 1. Characteristics of the study patients.

Mean (SD) Median (Quartil) IQR

Age 24.82 (5.51) 23 (21–28) 27

n (%)

Sex
Woman 43 71.67
Man 17 28.33

Explanations: SD—standard deviation; n—number of subjects.
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Table 2. Characteristics of the position of lower wisdom teeth.

Mean (SD) Median (Quartil) IQR

Angultion 63.47 (29.34) 74.45 (40–87.75) 47.75

n (%)

Winter

Mesioangular 30 50.00
Horizontal 7 11.67
Vertical 16 26.67
Distoangular 7 11.67

Pell and Gregory
Level A 30 50.00
Level B 19 31.67
Level C 11 18.33

Pell and Gregory
Class 1 9 15.00
Class 2 40 66.67
Class 3 11 18.33

Difficulty of the
procedure
(Pederson)

Slightly difficult 10 16.67
Moderately
difficult 36 60.00

Very difficult 14 23.33
Explanations: SD—standard deviation; n—number of patients.

3.2. Comparative Analysis of Clinical Status Parameters of Second Molars of the Study and
Control Groups before the Procedure, after the Procedure, Seven Days after the Procedure, and
Eight Weeks after the Procedure
3.2.1. Comparative Analysis of the Gingival Index (GI) at Second Molars of the Study and
Control Groups

Analyses of the GI were performed before surgical removal of the mandibular wisdom
tooth, seven days after surgery, and eight weeks after surgical intervention. The mean
GI value in the study group before surgery was 0.69 (±0.47), seven days after surgery
was 1.65 (±0.47), and eight weeks after surgery was 0.28 (±0.47). There was a significant
difference in GI values before surgery compared to seven days after surgical intervention
(p < 0.001). The results are summarized in Table 3.

Table 3. Comparison of the GI before surgery, 7 days after surgery, and 8 weeks after surgery.

GI Group n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Study 60 0.69 0.47 0.5 0 2 0.5 0.81 0.31 0.002
Control 60 0.5 0.42 0.5 0 2 0.25 0.75 0.5

After 7 days Study 60 1.65 0.47 1.75 0.5 2.5 1.5 2 0.5 <0.001
Control 60 0.62 0.46 0.5 0 2.5 0.25 1 0.75

After 8 weeks
Study 60 0.28 0.33 0.25 0 1.25 0 0.5 0.5 0.081

Control 60 0.4 0.43 0.25 0 2.25 0 0.5 0.5

* Wilcoxon test for dependent (repeated) measurements. Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level.

3.2.2. Comparative Analysis of Probing Depth at Second Molars of the Study and
Control Groups

Measurement of Probing Depth before Treatment

Before treatment, the pocket depth in the study group was greatest at the distal–buccal
surface, averaging 3.67 mm (1.39). Similar values were also recorded in the control group
at 3 mm (1.26). There were significant differences in measurements on the mesial–buccal
surface (p = 0.003) and distal (p = 0.002) and central–lingual surfaces (p = 0.046). The results
of the full analysis are summarized in Table 4.
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Table 4. Comparison of probing depth at the second molar in the study and control groups before treatment.

PD (mm) Group n Mean SD Median Min Max Q1 Q3 IQR p *

Buccal—m
Study 60 1.52 0.67 1.5 0.5 3.5 1 2 0.5 0.003

Control 60 1.31 0.58 1 0.5 4 1 1.5 0.5

Buccal—c
Study 60 1.62 0.69 1.5 0.5 3 1 2 1 0.077

Control 60 1.47 0.58 1.5 0.5 3 1 2 1

Buccal—d
Study 60 3.67 1.39 3.5 1 8 3 4.62 1.62 0.002

Control 60 3 1.26 3 1 5.5 2 3.5 1.5

Lingual—m Study 60 1.54 0.61 1.5 0.5 3.5 1 2 1 0.667
Control 60 1.48 0.68 1 0.5 4 1 2 1

Lingual—c Study 60 1.71 0.63 1.5 0.5 3.5 1 2 1 0.046
Control 60 1.51 0.6 1.5 0.5 3 1 2 1

Lingual—d Study 60 3.38 1.21 3.5 1 5.5 2.88 4 1.12 0.16
Control 60 3.17 1.14 3.5 1 5.5 2 3.5 1.5

* Wilcoxon test for dependent (repeated) measurements. Notes: n—number of teeth; SD—standard deviation; Min—minimum value;
Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level; m—mesially; c—centrally; d—distally.

Measurement of Probing Depth Seven Days after Treatment

All probing depth values seven days after surgery were significantly greater in the
study group compared to the control group (p < 0.05). As preoperatively, the highest scores
in the study and control groups were recorded on the distal–buccal surface with mean
measurements of 7.68 mm (2.44) in the study group and 3.13 (1.29) in the control group.
The results of the analysis are summarized in Table 5.

Table 5. Comparison of probing depth at the second molar of the study and control groups measured 7 days after treatment.

PD (mm) Group n Mean SD Median Min Max Q1 Q3 IQR p *

Buccal—m
Study 60 2.08 0.84 2 1 5 1.5 2.5 1 <0.001

Control 60 1.52 0.74 1 0.5 4 1 2 1

Buccal—c
Study 60 2.91 1.33 3 1 8 2 3.62 1.62 <0.001

Control 60 1.57 0.63 1.5 0.5 3.5 1 2 1

Buccal—d
Study 60 7.68 2.44 8 3 12 5.5 9.62 4.12 <0.001

Control 60 3.13 1.29 3 1 5.5 2 3.62 1.62

Lingual—m Study 60 1.95 0.82 2 0.5 4 1 2 1 0.007
Control 60 1.62 0.7 1.5 1 4 1 2 1

Lingual—c Study 60 2.28 1.01 2 1 5 1.5 3 1.5 <0.001
Control 60 1.62 0.67 1.5 1 3.5 1 2 1

Lingual—d Study 60 4.68 1.78 4 2 10.5 3.5 5.62 2.12 <0.001
Control 60 3.18 1.12 3 1 5.5 2 4 2

* Wilcoxon test for dependent (repeated) measurements. Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level.

Probing Depth Measurement Eight Weeks after Treatment

The greatest probing depth eight weeks after treatment was 6 mm distally buccally
and lingually in the study group, while the lowest depth was 0.5 mm. Statistical analysis
revealed a significant difference in probing depth measurements performed buccally
mesially and centrally and lingually mesially, centrally, and distally at second molars
between the study and control groups (p < 0.05). Eight weeks after the procedure, the mean
probing depth in both groups was still greatest on the distal buccal surface. The data are
summarized in Table 6.
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Table 6. Comparison of probing depth at the second molar of the study and control groups measured 8 weeks after
the procedure.

PD (mm) Group n Mean SD Median Min Max Q1 Q3 IQR p *

Buccal—m
Study 60 1.69 0.58 2 0.5 3 1 2 1 0.009

Control 60 1.43 0.71 1 0.5 4 1 2 1

Buccal—c
Study 60 1.79 0.59 2 1 4 1 2 1 0.001

Control 60 1.5 0.74 1.25 0.5 5.5 1 2 1

Buccal—d
Study 60 3.05 0.94 3 1.5 6 2 3.5 1.5 0.202

Control 60 2.83 1.16 2.5 1 5.5 2 3.5 1.5

Lingual—m Study 60 1.73 0.65 2 1 4 1 2 1 0.017
Control 60 1.47 0.71 1 0.5 4 1 2 1

Lingual—c Study 60 1.82 0.73 2 1 4 1 2 1 0.007
Control 60 1.5 0.62 1.5 0.5 3 1 2 1

Lingual—d Study 60 2.62 0.95 2.5 1 6 2 3 1 0.319
Control 60 2.85 1.14 2.75 1 5.5 2 3.5 1.5

* Wilcoxon test for dependent (repeated) measurements. Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level.

3.2.3. Comparative Analysis of the Mobility of Second Molars of the Study Group and the
Control Group before the Procedure, Seven Days after the Procedure, and Eight Weeks
after the Procedure

Measurement with Periotest M

The differences in the seventh tooth mobility seven days after treatment in the study
and control groups were significant (p < 0.001). The study group had higher values
averaging 2.27 (−2.55–6.2). No statistically significant differences were observed at the
other time points. Preoperatively, and eight weeks postoperatively, both the seventh teeth
of the study and control groups were not significantly different in terms of mobility. The
remaining results of the statistical analysis are summarized in Table 7.

Table 7. Comparison of the mobility of second molars of the study and control groups at different time points as measured
by Periotest M.

Periotest Group n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Study 60 −0.68 2.18 −1 −5.85 5.7 −1.8 0.54 −1.26 0.965
Control 60 −0.7 1.97 −0.78 −5.35 4.15 −1.8 0.66 −1.14

After 7 days Study 60 1.2 2.27 0.95 −2.55 6.2 −0.4 3.01 2.61 <0.001
Control 60 −0.46 1.85 −0.62 −4.25 4.05 −1.61 0.74 −0.87

After 8 weeks
Study 60 −0.18 2.46 −0.4 −8 4.9 −1.51 1.27 −0.24 0.096

Control 60 −0.6 1.82 −0.62 −4.3 3.95 −1.56 0.65 −0.91

* Wilcoxon test for dependent (repeated) measurements. Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level.

Osstell Measurement

Similar to the mobility measurements performed with the Periotest—the Osstell—after
seven days, mobility was significantly higher in the study group compared to the control
group (p < 0.001). The mean Osstell readings were 46.47 (10.51) and 55.65 (10.56), respec-
tively. The measurement values in the control group decreased, indicating an increase in
the seventh tooth mobility. After eight weeks, no significant differences were observed
between the study group and the control group. The remaining values were summarized
in Table 8.
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Table 8. Comparison of mobility of second molars of the study and control groups at different time points as measured
by Osstell.

Osstell Group n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Study 60 55.26 11.47 54 23.5 84 48.25 64 15.75 0.471
Control 60 56.28 10.54 59.75 27 73.5 48.38 64.5 16.12

After 7 days Study 60 46.47 10.51 48.5 19.5 66.5 39.75 54 14.25 <0.001
Control 60 55.65 10.56 57.75 27.5 70.5 49.5 64.5 15

After 8 weeks
Study 60 59.98 9.23 63 34.5 72.5 55.38 66.62 11.24 0.604

Control 60 58.49 11.86 62.75 −1.3 71.5 52 66.5 14.5

* Wilcoxon test for dependent (repeated) measurements. Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level.

3.2.4. Gingival Index (GI)

There was a significant relationship between predicted procedure difficulty and gin-
gival index before surgery and seven days after surgery (p < 0.05). The GI in patients
who were predicted to have a very difficult procedure was statistically significantly higher
before surgery than in patients who were predicted to have a moderate or minor procedure
(p = 0.01). The rate of gingivitis seven days after surgery was significantly higher in patients
with a very difficult procedure than in patients after a slightly difficult procedure (p = 0.047).
The details of the statistical analysis are summarized in Table 9.

Table 9. Comparison of the relationship of predicted procedure difficulty and the gingival index of the second molar before
surgery, 7 days after surgery, and 8 weeks after surgery.

GI
Difficulty of the

Procedure
n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Slightly difficult 10 0.48 0.14 0.5 0.25 0.75 0.5 0.5 0 0.01
Moderately difficult 36 0.64 0.49 0.5 0 2 0.44 0.81 0.37 B >

Very difficult 14 0.98 0.46 0.75 0.5 1.75 0.56 1.5 0.94 U. N

After 7 days
Slightly difficult 10 1.35 0.5 1.25 0.5 2.25 1.06 1.5 0.44 0.047

Moderately difficult 36 1.68 0.45 1.62 0.5 2.5 1.5 2 0.5 B >
Very difficult 14 1.79 0.45 2 0.75 2.5 1.75 2 0.25 N

After 8 weeks
Slightly difficult 10 0.2 0.33 0 0 0.75 0 0.38 0.38 0.527

Moderately difficult 36 0.28 0.33 0.25 0 1.25 0 0.5 0.5
Very difficult 14 0.32 0.36 0.25 0 1.25 0 0.5 0.5

* Kruskal–Wallis test + post-hoc analysis (Dunn’s test). Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level; N—slightly difficult procedure; U—moderately
difficult procedure; B—very difficult procedure.

3.2.5. Probing Depths: Before Surgery, Seven Days after Surgery, and Eight Weeks
after Surgery

The clinical probing depths obtained at each time point are presented later in the
chapter in paragraph four. Statistical analysis revealed that the probing depth on the distal
surface of the second molar before the procedure, measured on both the buccal and lingual
sides, was significantly different in patients qualified for the procedure with different
degrees of difficulty (p < 0.005; Kruskal–Wallis test). Using post-hoc analysis, the above
relationship was further described. The probing depth of the distal–buccal side in patients
who were scheduled for a very difficult procedure was significantly greater before the
procedure than in patients who were scheduled for a slightly difficult procedure (p = 0.042).
Moreover, patients with an anticipated very difficult procedure had a greater probing
depth on the distal surface on the lingual side than those with an anticipated procedure
with moderate difficulty (p = 0.041). Seven days after the procedure, the highest probing
depth measurement of 11.5 mm was recorded distally on the buccal surface where the
wisdom tooth removal procedure was characterized as moderately difficult. The lowest
preoperative PD value recorded was 0.5 mm. The probing depth eight weeks after the
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procedure showed no significant relationship with the difficulty of the procedure (p > 0.05).
The details of the analysis performed are summarized in Table 10.

Table 10. Comparison of the relationship of predicted treatment difficulty and probing depth before treatment, 7 days after
treatment, and 8 weeks after treatment.

PD (mm)
Difficulty of the

Procedure
n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Buccal—m

Slightly difficult 10 1.2 0.54 1 0.5 2.5 1 1.38 0.38 0.162
Moderately

difficult 36 1.6 0.72 1.5 1 3.5 1 2 1

Very difficult 14 1.57 0.58 1.75 0.5 2.5 1 2 1

Buccal—c

Slightly difficult 10 1.15 0.53 1 0.5 2 1 1.38 0.38 0.058
Moderately

difficult 36 1.71 0.67 1.75 1 3 1 2 1

Very difficult 14 1.71 0.75 1.75 1 3 1 2 1

Buccal—d

Slightly difficult 10 3 1.2 3 1 5.5 2.25 3.5 1.25 0.042
Moderately

difficult 36 3.61 1.44 3.5 1 8 3 4 1 B >

Very difficult 14 4.29 1.16 4.25 2 5.5 3.5 5.5 2 N

Lingual—m

Slightly difficult 10 1.45 0.86 1 0.5 3.5 1 1.88 0.88 0.445
Moderately

difficult 36 1.6 0.58 1.5 1 3.5 1 2 1

Very difficult 14 1.46 0.5 1.5 1 2.5 1 1.88 0.88

Lingual—c

Slightly difficult 10 1.75 0.86 1.75 0.5 3.5 1.12 2 0.88 0.237
Moderately

difficult 36 1.78 0.55 2 1 3 1.5 2 0.5

Very difficult 14 1.5 0.65 1.25 1 3 1 1.88 0.12

Lingual—d

Slightly difficult 10 2.95 1.26 3 1 5.5 2.25 3.5 1.25 0.041
Moderately

difficult 36 3.26 1.17 3.5 1 5.5 2.38 4 1.62 B >

Very difficult 14 3.96 1.13 4 2 5.5 3.5 4.75 1.25 U

After 7 days

Buccal—m

Slightly difficult 10 2.15 1.08 2 1 5 1.62 2 0.38 0.454
Moderately

difficult 36 2.12 0.74 2 1 3.5 1.88 2.5 0.62

Very difficult 14 1.89 0.92 2 1 4 1 2 1

Buccal—c

Slightly difficult 10 3.2 2.24 2 1 8 1.62 4.75 3.13 0.964
Moderately

difficult 36 2.86 1.08 3 1 5 2 3.5 1.5

Very difficult 14 2.82 1.17 2.75 1 5 2 3 1

Buccal—d

Slightly difficult 10 7.35 1.76 8 4 10 6.25 8 1.75 0.075
Moderately

difficult 36 7.26 2.44 7 3 11.5 5 9.5 4.5

Very difficult 14 9 2.56 8.5 4 12 8 11 3

Lingual—m

Slightly difficult 10 1.55 0.6 1.5 1 2.5 1 2 1 0.068
Moderately

difficult 36 2.17 0.86 2 1 4 1.88 3 1.12

Very difficult 14 1.68 0.7 2 0.5 3 1 2 1

Lingual—c

Slightly difficult 10 1.8 1.01 1.25 1 3.5 1 2.75 1.75 0.165
Moderately

difficult 36 2.44 1.05 2 1 5 2 3 1

Very difficult 14 2.21 0.85 2 1 4 2 2.5 0.5

Lingual—d

Slightly difficult 10 4.1 1.43 4 2 6 3.5 5 1.5 0.55
Moderately

difficult 36 4.61 1.46 4.25 2 8 3.88 5.5 1.62

Very difficult 14 5.29 2.55 4.5 2 10.5 3.62 6.75 3.13
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Table 10. Cont.

PD (mm)
Difficulty of the

Procedure
n Mean SD Median Min Max Q1 Q3 IQR p *

After
8 weeks

Buccal—m

Slightly difficult 10 1.7 0.54 2 1 2.5 1.12 2 0.88 0.975
Moderately

difficult 36 1.67 0.46 2 1 2 1 2 1

Very difficult 14 1.75 0.85 2 0.5 3 1 2 1

Buccal—c

Slightly difficult 10 1.9 0.61 2 1 3 1.62 2 0.38 0.759
Moderately

difficult 36 1.75 0.42 2 1 2 1.5 2 0.5

Very difficult 14 1.82 0.91 2 1 4 1 2 1

Buccal—d

Slightly difficult 10 2.8 0.98 2.75 1.5 4.5 2 3.38 1.38 0.481
Moderately

difficult 36 3.03 0.86 3 2 5 2.38 3.12 0.74

Very difficult 14 3.29 1.12 3.25 2 6 2.25 4 1.75

Lingual—m

Slightly difficult 10 1.7 0.54 2 1 2.5 1.12 2 0.88 0.397
Moderately

difficult 36 1.78 0.61 2 1 4 1.38 2 0.62

Very difficult 14 1.61 0.81 1.25 1 3.5 1 2 1

Lingual—c

Slightly difficult 10 1.9 1.07 1.75 1 4 1 2 1 0.615
Moderately

difficult 36 1.88 0.71 2 1 4 1.5 2 0.5

Very difficult 14 1.64 0.46 2 1 2 1.12 2 0.88

Lingual—d

Slightly difficult 10 2.9 1.2 2.5 2 5 2 3.25 1.25 0.266
Moderately

difficult 36 2.44 0.75 2 1 5 2 3 1

Very difficult 14 2.89 1.15 3 1 6 2.12 3 0.88

* Kruskal–Wallis test + post-hoc analysis (Dunn’s test). Explanations: n—number of teeth; SD—standard deviation; Min—minimum value;
Max—maximum value; Q1—first quartile; Q3—third quartile p—significance level; m—mesial; c—central; d—distally; N—slightly difficult
procedure; U—moderately difficult procedure; B—very difficult procedure.

3.2.6. Second Molar Mobility before the Procedure, after the Procedure, Seven Days after
the Procedure, and Eight Weeks after the Procedure

Periotest M Measurement

The highest values were recorded seven days after the slightly difficult procedure:
mean—1.99 (2.55); maximum—6.2. Before the procedure, the mobility of second molars did
not differ significantly in terms of the difficulty of the procedure. The mobility immediately
after surgery increased significantly and depended on the anticipated difficulty of surgical
removal of the third molar (p < 0.05; Kruskal–Wallis Test). Post-hoc analysis showed
that, in patients after a slightly difficult procedure, the mobility of the second molar was
significantly higher than in patients after a moderately difficult procedure (p = 0.043).

There were no significant differences in second molar mobility according to the diffi-
culty of the procedure at seven days and eight weeks after the procedure. The results are
presented in Table 11.

Osstell Measurement

Osstell readings, obtained at particular time points, are presented. Statistical analysis
showed no significant correlation between the mobility of the seventh tooth measured with
the Osstell and the anticipated difficulty of wisdom tooth removal surgery. The highest
mean measurement value was 60.3 (8.38) eight weeks after the slightly difficult procedure.
The results of the statistical analysis were summarized in Table 12.
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Table 11. Comparison of the relationship of predicted procedure difficulty and second molar mobility before the procedure,
immediately after the procedure, 7 days after the procedure, and 8 weeks after the procedure (measured by Periotest M).

Periotest
Difficulty of the

Procedure
n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Slightly difficult 10 0.82 2.31 −0.05 −1.55 4.15 −0.99 3.15 2.16 0.091
Moderately difficult 36 −0.91 2.12 −1.23 −5.85 5.7 −2.06 0.19 −1.87

Very difficult 14 −1.15 1.91 −1.1 −5.45 1.4 −1.79 0.14 −1.65

After the
procedure

Slightly difficult 10 1.99 2.55 1.82 −0.55 6.2 −0.49 3.79 3.3 0.044
Moderately difficult 36 −0.07 1.77 −0.32 −3.4 4.55 −1.42 0.86 −0.56 N >

Very difficult 14 0.43 2.5 1.1 −5.2 4.6 −0.51 1.85 1.34 U

After 7 days
Slightly difficult 10 1.94 1.87 2.27 −0.75 4.3 0.48 3.09 2.61 0.433

Moderately difficult 36 1.08 2.38 0.8 −2.55 5.85 −0.85 2.51 3.36
Very difficult 14 0.98 2.28 0.85 −2.35 6.2 0.11 1.71 1.6

After 8 weeks
Slightly difficult 10 0.74 2.24 0.02 −1.65 4.9 −0.87 2.22 1.35 0.529

Moderately difficult 36 −0.46 2.44 −0.45 −8 4.5 −1.6 1.02 −0.58
Very difficult 14 −0.15 2.66 −0.57 −5 4.25 −1.11 1.66 0.55

* Kruskal–Wallis test + post-hoc analysis (Dunn’s test). Explanations: n—number of teeth; SD—standard deviation; Min—minimum
value; Max—maximum value; Q1—first quartile; Q3—third quartile; p—significance level; N—slightly difficult procedure; U—moderately
difficult procedure; B—very difficult procedure.

Table 12. Comparison of the relationship of predicted treatment difficulty and second molar mobility before treatment,
immediately after treatment, 7 days after treatment, and 8 weeks after treatment (Osstell measurement).

Osstell
Difficulty of the

Procedure
n Mean SD Median Min Max Q1 Q3 IQR p *

Before the
procedure

Slightly difficult 10 58.25 13.48 61.5 33.5 80 57.25 64 6.75 0.394
Moderately difficult 36 55.75 11.35 53.75 23.5 84 49.25 63.62 14.37

Very difficult 14 51.86 10.19 52.5 38.5 67.5 42.5 56.25 13.75

After the
procedure

Slightly difficult 10 48.45 15.48 54.75 24 64 34.38 59.62 25.24 0.135
Moderately difficult 36 46.94 13.37 49.5 12 66 38 59 21

Very difficult 14 40.43 9.81 41.25 24.5 58 32 45.38 13.38

After 7 days
Slightly difficult 10 48.95 12.57 52 25.5 64.5 43.5 54 10.5 0.624

Moderately difficult 36 46.4 10.22 47 19.5 66.5 41.5 53.12 11.62
Very difficult 14 44.86 10.16 47.75 27.5 57.5 35.25 53.5 18.25

After 8 weeks
Slightly difficult 10 60.3 8.38 60.75 44 72.5 56 65.62 9.62 0.877

Moderately difficult 36 59.76 9.97 64.75 34.5 70.5 52.88 67 14.12
Very difficult 14 60.29 8.39 63 42.5 72.5 57.12 65.62 8.5

* Kruskal–Wallis test. Explanations: n—number of teeth; SD—standard deviation; Min—minimum value; Max—maximum value; Q1—first
quartile; Q3—third quartile; p—significance level.

4. Discussion

Surgical removal of the impacted third molar is a commonly performed procedure by
dental surgery specialists. It is estimated that 16.7–73% of the world population presents
at least one impacted molar, most commonly in the mandible [12–14]. Parafunctions and
abnormal eating habits, such as the consumption of soft textured foods by children, lead to
abnormal oral development and consequently malocclusion [15,16]. The most common
cause of tooth impaction is a deficit of space in the dental arch, impaction can also be
the result of an abnormal position and path of eruption of the bud, tooth morphology, or
function of the dental follicle, and genetic causes [17–19]. Over the last 40 years, there
has been an increase in the incidence of tooth impaction, which is a consequence of the
development of civilization. It should be predicted that health needs in this area will
continue to increase.

Surgical removal of an impacted lower wisdom tooth requires interference into the
soft and hard tissues. The procedure involves incision of tissues, often with the perfor-
mance of vestibular alveotomy, distal–lingual, or crown–root separation of the removed
tooth. The surgical removal of wisdom teeth carries a variable risk of complications, and
their occurrence depends on factors such as the location of the tooth, the age and general
condition of the patient, the difficulty of the procedure, as well as the knowledge and
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experience of the operator. Complications associated with the surgical removal of wis-
dom teeth can be divided into those arising during and after the procedure. During the
procedure, complications may arise in connection with the impacted or adjacent tooth,
soft and hard tissues, inferior alveolar nerve, or lingual nerve. However, postoperatively,
pain, swelling, trismus, infection, bleeding, delayed healing, and wound edge dehiscence
may occur [20,21]. There are many methods to reduce non-invasive post-surgical com-
plications, which include kinesio taping (KT). KT application is an effective method for
reducing postoperative edema, pain, and trismus after impacted mandibular wisdom teeth
surgery [22].

There are many papers available in the literature regarding perioperative complica-
tions associated with surgical removal of wisdom teeth [20,21,23–28]. However, the impact
of surgical removal of wisdom teeth in the mandible on the postoperative status of the
second lower molar is marginalized or completely ignored. Consequently, no algorithm
has been developed to evaluate the clinical status of the second molar after surgery. Thus,
there is a need to develop a useful scheme for its monitoring. This would allow us to
predict the potential risk of complications associated with perioperative trauma suffered
by the second lower molar.

The probing depth (PD) measurement of the mandibular second molar was adapted
from a scenario by the team of Faria et al. [29], in which measurements were taken on the
distal surface of the tooth buccally and lingually. In addition, in our work, PD measure-
ments on the mentioned surfaces were supplemented by four additional surfaces with the
following locations: centrally buccal and lingual and mesially buccal and lingual, exam-
ining both second lower molars. The six-surface examination scheme allowed for a more
complete assessment of the periodontal status, especially in conjunction with mobility, as
PD has a direct impact on it [30]. Authors Chou et al. [31] included patients in the study
group of similar age, with a mean of 45.12 years, ranging from 26 to 73 years of age. The
study included second molars in 42 patients who underwent surgical removal of wisdom
teeth in the mandible. Each tooth was classified into the appropriate group based on its
position relative to the occlusal plane. However, the authors did not provide information
on the time elapsed since tooth extraction, which was strictly defined in our study. The
probing depth measured in the distal part of the buccal surface of the second molar was
significantly greater after wisdom tooth removal compared to the tooth on the opposite
side of the arch where the procedure was not performed (p = 0.004) [31]. Similar correla-
tions, that is, a significant deepening of probing on the distal surface, were obtained in our
study seven days after treatment (p < 0.001). Our study, in the assumptions evaluating
the clinical condition of second molars, was extended to evaluate the probing depth at
additional points on the buccal and lingual surfaces of second molars, unlike the study by
Tabrizi et al. [32], who probed only the distal part of the tooth. Measurements were taken
at three points on the distal surface, arguing that this was the greatest tissue traumatization
during the procedure in the mentioned area. The age of the patients was similar to the age
in the present study and a mean of 20.9 (18 to 25 years). Forty-two patients who underwent
surgical removal of an impacted third molar were included in the study. All teeth were
in a mesioangular position and belonged to group C1 according to the Pell and Gregory
classification. In our study, a greater variety of teeth qualifying for surgery was observed,
with mesial angle teeth accounting for 50%. The intraoperative procedure and the type of
flap created were similar to the study by Tabrizi et al. [32]. The authors compared all mea-
surements with the preoperative state, without a control group. A significant increase in
pocket depth was observed after 26 weeks compared to the preoperative status (p = 0.012).
The mean pocket depth before surgery was 2.71 mm (±0.59) [32]. In our study, at a shorter
time after eight weeks, a significant reduction in depth was observed in the distal part
of the buccal (p = 0.007) and lingual (p < 0.001) surfaces compared to the pre-treatment
condition. Tooth mobility, due to trauma and/or periodontal disease, is defined as the
movement of the tooth in the horizontal and/or vertical planes under the influence of
forces applied by the examiner [33]. An increase in tooth mobility can be caused by the loss
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of one of the alveolar bone walls that provides support for the tooth embedded in it [34].
The above situation often occurs after surgical removal of a lower impacted tooth, where
the distal bony support of the second molar is lost.

Czechowska et al. [24] described a case of partial dislocation of the second molar—47—
during surgical removal of an impacted wisdom tooth in the mandible—48. Radiological
analysis revealed horizontal impaction of the third molar and, according to Pell–Gregory,
it was classified as group B. Surgical intervention resulted in the subluxation of tooth 47,
which required immobilization. The consequence was pulp necrosis and the need for
endodontic treatment [24].

There are no data in the literature on what percentage of second molars the ligamen-
tous apparatus weakens. Studies conducted show that there is a transient increase in
mobility shortly after surgical removal of wisdom teeth but within the physiological range.

Ye et al. [4], based on the analysis of cone-beam tomography images, performed a
preoperative computer simulation of the procedure, adequate to the position and impaction
of the lower wisdom tooth. The developed method allowed the successful removal of
the impacted wisdom tooth in different degrees of impaction. According to the authors,
adequate osteotomy and separation of the tooth can reduce the potential risk of injury to the
adjacent tooth. However, despite such careful preoperative diagnosis and individualized
surgical planning, the researchers were unable to prevent partial dislocation of the second
molar, which is near the operated area. Subluxation occurred in one of 136 mandibular
second molars studied. The article does not state how the degree of tooth mobility was
assessed (Ye et al., 2016) [4]. Monitoring the mobility of the second molar before and after
surgical removal of the wisdom tooth in the mandible allows us to indirectly assess the
loss of bone support and the forces that acted on the tooth during the surgical intervention.
According to some authors, the increase in tooth mobility caused by surgical intervention
has a direct bearing on the magnitude of the pulp excitability threshold tested by the
electrical test [35–37]. In our study, the last measurements after eight weeks, performed
with Osstell and Periotest M, differed. Second molars showed a lower degree of mobility
as measured with Osstell than with Periotest M. The method of testing probably underlies
this discrepancy. The specificity of Periotest M only allows mobility to be tested in the
vestibulo-lingual direction. Osstell, on the other hand, is a composite of vestibulo-lingual
and mesiodistal mobility. The results of the present study indicate the need for evaluation
of the clinical condition of the second molar before surgery and periodic monitoring after
removal of the impacted third molar in the mandible. The evaluation should be based
on the study of parameters such as probing depth, mobility, and gingival index. This
management algorithm, augmented by Pederson’s degree of difficulty assessment, helps
minimize complications associated with the clinical condition of the second molar and is
often overlooked in the diagnosis and treatment of complications after surgical removal of
an impacted wisdom tooth in the mandible. It is important to emphasize the significant
impact of tobacco smoking on oral health, particularly the periodontal status. Therefore,
we excluded all smokers from the study [38].

It should be emphasized that this study has limitations. It was short—only an 8-week
follow-up—; however, it is conditioned by the healing time of soft tissues (24–35 days) [39]
and hard tissues (8 weeks) [40] in the oral cavity. In addition, the study included subjects
with varying degrees of retention and difficulty, which may have had different effects on
the 2nd molar. Sixty consecutively enrolled patients who met the inclusion and exclusion
criteria were included in the study, regardless of the anticipated difficulty of the procedure
or degree of retention. Because the control group was the tooth on the opposite side of the
mandible, different degrees of retention and difficulty of surgery were considered. Another
limitation of the study is the fact that teeth from the opposite quadrant were not included in
the study, due to the lack of a control group in this case (because the operator had already
removed the third molar on one side of the mandible). It should also be noted that in the
literature there are also new scales for assessing the difficulty of the procedure, e.g., taking
into account the time of the procedure [41,42].
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5. Conclusions

The surgical removal of an impacted third molar in the mandible significantly affects
the clinical probing depth of the second lower molar, causes a significant increase in the
gingivitis index shortly after the procedure, and significantly increases the mobility of the
second molar shortly after the procedure. There is a relationship between the degree of
difficulty of removal of an impacted third molar in the mandible and the postoperative
probing depth and mobility of the second molar and the gingivitis index value. The results
of the present study support the need for a clinical evaluation of the second lower molar
before and after surgical removal of an impacted wisdom tooth in the mandible.
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Abstract: Reports on the association of periodontal disease (PD) with systemic lupus erythematosus
(SLE) have regularly been published. PD is a set of chronic inflammatory conditions linked to a dysbi-
otic microbial biofilm, which affects the periodontal tissues, resulting eventually in their destruction
and contributing to systemic inflammation. SLE is a multi-system chronic inflammatory autoimmune
disease that has a wide range of clinical presentations, touching multiple organ systems. Many
epidemiological studies have investigated the two-way relationship between PD and SLE, though
their results are heterogeneous. SLE and PD are multifactorial conditions and many biological-based
hypotheses suggest common physiopathological pathways between the two diseases, including
genetics, microbiology, immunity, and environmental common risk factors. By focusing on recent
clinical and translational research, this review aimed to discuss and give an overview of the relation-
ship of SLE with PD, as well as looking at the similarities in the immune-pathological aspects and
the possible mechanisms connecting the development and progression of both diseases.

Keywords: systematic lupus erythematosus; periodontal disease; risk factors; autoimmune and
inflammatory diseases; periodontitis; periopathogens

1. Introduction

Systematic lupus erythematosus (SLE) is an autoimmune disease, which is characterized
by the loss of self-tolerance and immune complex-mediated inflammation, and can affect
almost every system in the body, with varying degrees of severity [1,2]. The clinical course
of the disease is described by recurrent acute or chronic inflammation episodes, leading to
the dysfunction of several organs, for example, kidneys, joints, and the skin. In this respect,
the oral cavity is not spared. Patients with SLE may present with some oral manifestations,
including a wide spectrum of oral mucosal ulceration, such as cheilitis, erythematous patches,
honeycomb plaques, discoid lesions, lichen planus (LP)-like lesions, hyposalivation, and
xerostomia [3,4]. SLE patients also exhibit a high prevalence of dental caries [5] and an
increased number of missing teeth. The aforementioned clinical manifestations result in a
negative impact of patients’ oral condition on their quality of life [6]. Moreover, several recent
literature have reported that patients with SLE present also a higher risk of periodontitis [7],
suggesting a potential association between the two conditions.

Periodontal diseases (PD) comprising gingivitis and periodontitis are highly preva-
lent diseases worldwide. The prevalence of gingivitis was reported to range from 38%
to 85% [8], while severe forms of periodontitis affect ~11% of the global adult popula-
tion [9]. Gingivitis, the mildest form of periodontal disease, is caused by bacterial biofilms
deposited on dental surfaces, subsequent to inadequate self-performed oral hygiene pro-
cedures. Gingivitis is characterized by a reversible inflammatory response confined in
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the gingiva. Its onset and progression may be modified by local factors and/or systemic
conditions [8]. Periodontitis, on the other hand, a multifactorial chronic disease caused by
polymicrobial synergy of dysbiotic biofilms in susceptible hosts [10], is characterized by
the inflammatory destruction of the periodontium, resulting in the irreversible loss of the
supporting tooth apparatus, including alveolar bone and, eventually, tooth loss [11]. The
effects of periodontitis are not constrained to the oral cavity. Numerous epidemiological,
interventional and experimental studies show that periodontitis is associated with several
non-communicable pathologies [12], as well as with an increased risk of mortality [13].
It is associated with cardiovascular disease, stroke [14], diabetes [15], adverse pregnancy
outcomes [16], pulmonary disease [17]. In addition to these pathologies, periodontitis has
been shown recently to be also associated with several other diseases, including metabolic
disease and obesity, Alzheimer’s disease [18], certain cancers [12], inflammatory bowel
disease [19], and immunoinflammatory diseases, such as rheumatoid arthritis [20–22].
Growing evidence suggests that oral dysbiosis, as well as pathogens associated with peri-
odontitis could be involved in the pathophysiology of autoimmune inflammatory diseases,
including the SLE.

As aforementioned, the complex multifactorial disease of SLE, characterized by an
excessive autoimmune response in the body, represents a major diagnostic and therapeutic
clinical challenge [23]. This disease is of unknown etiology and genetic and environmental
factors contribute to its susceptibility [24]. Studies on SLE patients (and on mouse models
of lupus) have implied the contribution of almost every cell type of the immune system
in either the induction or amplification of the autoimmune response, as along with the
promotion of an inflammatory environment that exacerbates tissue damage (arthritis,
glomerulonephritis, etc.) [25]. Pathogenic autoantibodies mediate the cell damage, which
is directed against nucleic acids and protein complexes [1]. Infection is regarded as a
trigger for autoimmune diseases and is responsible for controlling the SLE systemic activity.
Periodontitis, and specifically oral dysbiosis, could be a contributing factor in sustaining
the inflammatory response observed in SLE.

Considering the aforementioned, it was hypothesized that there is an interplay be-
tween PD and SLE; the environmental and genetic factors involved in SLE may also
contribute to PD pathogenesis while PD may critically act in the initiation and/or the
maintenance of the immune-inflammatory response that occurs in SLE. The objective
of this article was, therefore, to identify and discuss the evidence regarding the two-
way relationship between PD and SLE. The present review was conducted through the
PubMed/MEDLINE database, searching for articles written in English and published from
1990 to 2020. The keywords were searched in MeSh (Medical Subject Headings), and the
terms used to target peer-reviewed articles were: (systematic lupus erythematosus) AND
((periodontitis) OR (periodontal disease)).

2. Epidemiological Evidence for the Association between PD Parameters and SLE

2.1. The Impact of SLE Activity on PD

The first literature article dealing with the association between PD and SLE published
in 1981 was a case report presenting a 17-year-old female who exhibited edematous gingiva
and spontaneous bleeding, and thus was diagnosed with SLE and megakaryocytic throm-
bocytopenia [26]. Another publication reported the case of an 18-year-old female with
SLE who presented severe periodontal involvement manifested by generalized gingival
recession [27]. In this case, lack of predisposing aspects for chronic periodontitis was
interpreted by the authors in favor of direct association between SLE and the periodontal
status. A case of acute necrotizing ulcerative gingivitis (ANUG) was also reported in a
patient with SLE in 1985 [28]. A higher incidence of gingivitis was also observed in juvenile
SLE patients in contrast to that observed in healthy children and adolescents [29].

The prevalence and severity of PD, specifically periodontitis, in the SLE patients have
been the subject of several studies (summarized in Table 1). The most studied clinical
parameters of PD were pocket depth, bleeding on probing, gingival recession, and clinical
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attachment loss, which is the representative of cumulative periodontal destruction. According
to literature reports, the prevalence of periodontitis in SLE patients varies between 60% and
94% [30]. Other studies have also reported the increased prevalence of PD in the SLE patients
compared to the healthy controls [31–35]. In agreement with these studies, compared to
adult population, higher prevalence (almost 70%) was observed in the SLE patients.

However, data regarding the severity of clinical parameters of periodontitis in the
SLE patients compared to either healthy volunteers, or patients with PD without SLE are
conflicting. Recent controlled studies have reported greater severity of PD in the patients
with SLE, exhibiting more clinical attachment loss [34], and/or increased pocket depth [36].
Moreover, reduced periodontal probing depths in the SLE patients (compared to the control
group) was noticed [32,37–40]. Severity of the periodontal parameters monitored was similar
in the SLE patients and the control subjects; however, chronic periodontitis occurred earlier
in the SLE patients [30]. Absence of a statistically significant difference between the results
from controls and SLE cases could be ascribed to the use of various anti-inflammatory
drugs. This could also raise the question around the impact of the immunosuppressive
treatment of SLE on the PD parameters. Moreover, in a meta-analysis, it was shown that the
overall risk of periodontitis was significantly increased by 1.76 (95% CI 1.29–2.41, p = 0.0004)
in the patients with SLE, compared to the respective controls. However, there was no
statistically significant difference in individual parameters of periodontitis such as probing
depth (p = 0.06) and clinical attachment loss (p = 0.08) between the SLE cases and healthy
cases [7]. Likewise, a recent meta-analysis involving 80,633 subjects showed a significant
increase in the prevalence of periodontitis (odds ratio = 5.32, 95% CI 1.69–16.78, p = 0.004),
while no significant difference was observed in the incidence of severe periodontitis between
the patients with SLE and healthy controls [41]. In the SLE patients, a higher prevalence of
bleeding on probing, higher mean clinical attachment loss, and similar values of mean pocket
depth, gingival index, and plaque index were observed [41]. These conflicting findings
might be attributed to many factors, including (i) differences in the definition and the clinical
measurement of PD; (ii) differences in the scoring of SLE activity and damage; (iii) the
presence of potential confounding factors of comorbidity (e.g., smoking and stress); (iv) the
use of anti-inflammatory drugs for the treatment of SLE; and (v) differences in the genetic
and environmental backgrounds of the studied populations; as well as (vi) the clinical study
design (e.g., sample size, type of study, etc.).

2.2. Impact of PD on the Pathogenesis of SLE

Recent clinical evidence has demonstrated the implication of PD in the pathogenesis
of SLE. A nationwide, population-based, retrospective case-control study explained the as-
sociation between the history of PD and newly diagnosed SLE (OR, 1.21; 95% CI, 1.14–1.28;
p < 0.001), which was both dose- and time-dependent [42]. Given that smoking is a com-
mon risk factor for both PD and SLE, the aforementioned association is weak and attributed
to the lack of information on the individual smoking status of patients. Nevertheless, in
another recent randomized clinical trial, the influence of periodontitis treatment on the
manifestation of SLE was investigated. The authors reported that PD treatment improved
response to immunosuppressive therapy, suggesting that PD may be a modifiable risk
factor for SLE [31]. The strength of this association is weak due to the cross-sectional nature
of this study, the limited information collected on the progression of SLE, and the use of
immunosuppressive treatment. On the other hand, Wang et al. [34] reported that patients
with periodontitis had 26.94 times higher risk of having SLE than the patients without
periodontitis; these results highlighted the role of periodontal interventions in the preven-
tion and risk assessment of SLE. Moreover, Bae and Lee [43], in a recent study, analyzed
the associations from genome-wide association studies on European population, using
PD as an exposure and SLE as an outcome with Mendelian randomization. Interestingly,
they found a weak but significant evidence that periodontitis is causally related with an
elevated risk of SLE incidence in line with the published epidemiological studies.
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3. Biological Basics for a Potential Relationship between PD and SLE

In addition to epidemiological data, several studies, presented in the following section,
have reported that shared genetic and environmental risk factors, as well as the activation
of immune pathways underlying local pathological outcomes for the two conditions have
led to the relationship between SLE and PD.

3.1. Genetic Link

Several loci and genetic variants have been identified to be associated with SLE [2];
however, only three studies have addressed the link of SLE with PD. Notably, Kobayashi
et al. [32,39] assessed the distribution of the FcγPIIA, FcγPIIIA and FcγPIIIb genotypes
and alleles in 71 Japanese SLE patients with and without PD, and in healthy subjects with
and without PD, and reported that the PD–SLE connection might be associated to the
polymorphism of Fcγ receptor. Specifically, these authors reported that FcγRIIA-R131
and the combination of FcγRIIA-R131 and FcγRIIB-232T alleles are strongly in association
with SLE and periodontitis. Japanese SLE patients with the combined FcγR risk alleles
experienced more severe periodontal tissue destruction than other SLE patients. Further
studies are needed, however, to confirm the association of FcγR with SLE in other ethnic
populations. Schaefer et al. [47] sought to elucidate the shared genetic basis of either
SLE or rheumatoid arthritis (RA) with aggressive periodontitis. These authors not only
identified PRDM1 and IRF5 as candidate genes that play a role in IFN-signaling and have
genome-wide association with SLE, but they reported that the extent of shared risk loci is
limited. Further studies are required to determine the pathogenic genetic link between the
two diseases and related polymorphism(s).

Besides genetics, epigenetic modifications as a result of the interaction of bacterial
metabolites and epigenetic enzymatic reactions, are also involved in pathogenesis of both
PD and SLE [48]. Epigenetic mechanisms, such as DNA methylation and histone modifica-
tion can trigger breakdown of immunological homeostasis of periodontal environment,
but further investigations are needed to a more complete understanding of cyclic inflam-
mation/dysbiosis process.

3.2. Potential Mechanisms Linking SLE with the PD Pathogenesis

Potential mechanisms linking the SLE with the pathogenesis of PD include (i) the
effects of systemic immune dysregulation on subgingival microbiota; (ii) the SLE-induced
imbalance between pro-inflammatory and anti-inflammatory cytokines, which seems to be
the cause of tissue damage [36]; (iii) the activation of autoreactive B cells and dysregulation
of several other immune cell types, including macrophages, neutrophils, CD4+ T cells, and
dendritic cells [48].

3.2.1. Effect of SLE-Associated Systemic Immune Dysregulation on Subgingival Microbiota

It has been reported that systemic inflammatory disorders such as diabetes, RA and
inflammatory Bowel disease, might contribute to the destruction of periodontal tissue by
disrupting the balance between host and oral microbiota [19,49]. A recent study examined
the effects of SLE on the subgingival microbiota and reported that the SLE patients had a
dysbiotic subgingival microbiota with higher subgingival bacterial load, and experienced
major alterations in bacterial composition with a shift to greater quantities of pathogenic
bacteria, including Prevotella oulorum, P. Oris, P.nigrescens, S. noxia, Lachnospiraceae, and
Leptotrichia, even in periodontally healthy sites [36]. In another study, Candida albicans
and Lactobacilli were observed in higher proportions in the SLE patients and A. actino-
mycetemcomitans in juvenile SLE patients as compared with controls [50]. SLE disease
activity and severity has been correlated to changes of the PD-associated microbiota [51].
Treponema denticola and Tannerella forsythia were also in increased quantities in SLE-active
periodontal sites in comparison to that of SLE-inactive and healthy controls [52]. SLE-
associated inflammatory changes in the periodontium providing a source of nutriments
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by altering the subgingival microbiota may favor bacterial interactions that lead to the
increased susceptibility to PD [53]. The dysbiotic microbial community may play, therefore,
a central role in the mechanistic link between the two conditions, though further studies
are warranted to define it.

3.2.2. SLE-Induced Imbalance Between Pro-inflammatory and Anti-Inflammatory
Cytokines

In patients affected by both PD and chronic inflammation-driven disorders, changes
in the oral microbiota have been linked to the increased local inflammation [19,53]. For
instance, modified patterns of cytokines expression in gingival tissue and of cytokines
levels in CGF and in saliva have been reported in inflammatory bowel disease [19], di-
abetes [53] and RA [54]. Indeed, in SLE, the salivary concentrations of IL-6 and IL-17A
were significantly higher in the SLE/PD patients compared to the controls/PD subjects.
Moreover, IL-6, IL-17A, and IL-33 levels were increased in the SLE/PD patients compared
to the SLE patients without PD [36,55,56]. Increased levels of the same cytokines have
been observed also in the saliva of RA patients [54]. Additionally, increased levels of
IFN-γ, IL-10, IL-1β, and IL-4 were observed in the saliva of patients with SLE, even in
the absence of PD [55]. Specifically, IL-17 involved in both PD and SLE pathogenesis
was reported to play a key role in the process of inflammation/dysbiosis [57]. In CGF of
SLE/PD patients’ levels of visfatin, an adipokine involved in pro-inflammatory response,
are increased [58]. Furthermore, the altered levels of IL-1β, IL-8, G-CSF, IFN-γ, and CMP-1
in gingival crevicular fluid (CGF) have been associated to worsened periodontal conditions
in patients with juvenile SLE [50]. Some of these cytokines specifically IFN-γ, IL-10, and
IL-4 were also increased in the serum samples of the SLE patients and were linked to the
disease manifestation [1]. Pessoa et al. reported serum cytokine dysregulation in SLE
patients to be dependent on SLE activity [51]. However, the involvement of cytokines in the
periodontal tissue destruction is difficult to interpret due to the various effects of the same
cytokines at different stages of SLE, as well as on the pathogenesis of PD. Furthermore,
systemic use of the anti-inflammatory drugs (e.g., corticoids) affects the local production of
some cytokines (e.g., IL-1β and IL-18) in the gingiva [56] and, therefore, may modify the
local inflammatory response to the dysbiotic flora and the periodontium destruction.

3.3. B-Cell Hyperactivity

Destructive lesions are dominated by B-lymphocytes and plasma cells [11], and in-
terestingly, in SLE, B-cell hyperactivity was proposed as the basic mechanism for the
generation of autoantibodies [2]. The interaction between antigen presenting cells, ab-
normally activated T cells, and hyperactive B cells results in the production of soluble
autoantibodies of the IgG isotype, as well as various cytokines. The secreted autoantibodies
form immune complexes by binding autoantigens and, in turn, complement fixation, or
engaging Fcγ receptors on several different cell types, leading to tissue damage [32,39].
If, and how, the increased autoantibodies in SLE contribute to the chronic tissue damage
resulting from periodontitis remains to be elucidated.

4. Potential Mechanisms Underlying the Links between PD and the Pathogenesis
of SLE

PD and oral dysbiosis are implicated in several autoimmune diseases, including SLE,
and several pathogenic mechanisms have been proposed to explain this association [59].
In the pathogenesis of SLE, infections may play a pivotal role in addition to the genetic,
hormonal, and environmental aspects [2,60]. SLE patients secrete large amounts of antibod-
ies against various oral bacteria. Specifically, serum antibody titers against PD-associated
bacteria such as A. actinomycetemcomitans, P. gingivalis, T. denticola, and C. ochracea were
higher in the patients who were positive for anti-dsDNA antibodies significantly correlated
with anti-dsDNA titers and reduced levels of complement [61]. Moreover, antibodies to
A. actinomycetemcomitans were associated with higher disease activity.
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Infectious agents can trigger autoimmune diseases through various mechanisms, in-
cluding molecular mimicry, epitope spreading, alterations in self-antigens, and immune
cell activation in genetically susceptible individuals [62]. More precisely, it has been re-
ported that periopathogens might cause the excessive activation of immune response in
the SLE by retaining a high expression of TLRs in periodontal tissues, and in turn, leading
to the acceleration of the onset and progression of autoimmune reactions [55]. Indeed, the
expression levels of TLR-2 TLR-4 are increased in both PD [63] and SLE [64]. These findings
suggest that periopathogens (e.g., P. gingivalis) stimulate the expression of TLR-2 and TLR-4
in the periodontium and activate the mechanisms of local and systemic autoimmunity
related to the SLE, which might be, at least partially, associated with the disease in the SLE
patients.

Besides these exogenous pathogen-associated molecular patterns, TLRs can bind
with damage-associated molecular patterns (DAMPs) released by damaged tissues or
“endogenous” apoptotic cells [64]. DAMPs can induce inflammation and immune response
in the absence of infection, promote maturation/activation of various immune cells, as
well as production of pro-inflammatory cytokines, and break tolerance to self-antigens
contributing to autoimmune diseases like SLE. In fact, the concentration of HMGB1 (a well-
known DAMP) in gingival crevicular fluid (GCF), as well as the number of HMGB1-positive
cells are higher in the inflamed gingival epithelium of patients with periodontitis than that
of healthy subjects [65]. HMGB1 expression was also enhanced in the SLE patients and
was correlated with the index of SLE disease activity [66].

The chronically inflamed periodontium is the site where immune tolerance to cit-
rullinated epitopes is broken, and the production of ACPAs commences even before the
clinical symptoms of RA by many years [21]. Occurrence of ANCA-positive sera in the SLE
patients with periodontitis is high (83.3%) compared to that in the SLE patients without pe-
riodontitis [33]. SLE is characterized by the production of autoantibodies (e.g., antinuclear,
anti-dsDNA, anti-Sm, anti-Ro, anti-CL, and anti-β2GPI antibodies) coupled with patient
failure to suppress them. Some of these antibodies cause disease because of their antigen
specificity. P. gingivalis (a keystone periodontal pathogen) is suspected to contribute to
other disease-specific autoantibody responses [21]. Interestingly, patients with active SLE
who harbored P. gingivalis alone or in combination with T. denticola significantly exhibited
higher intraoral anti-CL and anti-β2GPI antibodies than the patients without these bacte-
ria. Moreover, anti-CL and anti-β2GPI antibody levels were correlated with periodontal
attachment loss, increased C-reactive protein level, and erythrocyte sedimentation rate [34].

5. Conclusions

Overall, to date, despite the controversial results, the available data clearly suggest
a possible bidirectional association between PD and SLE that should be considered in
the management of SLE patients. Prospective clinical studies that enroll large numbers
of very well-defined patients (in terms of both PD and SLE) and respective control sub-
jects, are needed to confirm the causal association and to elucidate the biochemical and
immunological interaction between the two diseases.
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Abstract: Purpose: To investigate the correlation between periodontal parameters and cell-free DNA
(cfDNA) concentrations in gingival crevicular fluid (GCF), saliva, and plasma. Methods: Full mouth
periodontal parameters, including probing depth (PD), bleeding on probing (BOP), and plaque index
(PI) were recorded from 25 healthy volunteers, 31 patients with untreated gingivitis, and 25 patients
with untreated periodontitis. GCF, saliva, and plasma samples were collected from all subjects.
Extraction and quantification assays were undertaken to determine cfDNA concentrations of each
sample. Results: GCF and salivary cfDNA levels were increased with aggravation of periodontal
inflammation (GCF p < 0.0001; saliva p < 0.001). Plasma cfDNA concentrations in patients with
periodontitis were significantly higher than those in healthy volunteers and patients with gingivitis.
GCF and salivary cfDNA were positively correlated with mean PD, max PD, BOP, and mean PI
(p < 0.0001), whereas plasma cfDNA was not correlated with BOP (p = 0.099). Conclusion: GCF,
saliva, and plasma concentrations of cfDNA were significantly elevated in patients with periodon-
tal disease. There were also positive correlations between cfDNA levels in GCF and saliva and
periodontal parameters.

Keywords: cell-free DNA; periodontal disease; gingival crevicular fluid; innate immunity

1. Introduction

Periodontitis is a chronic and inflammatory disease that leads to the destruction of
periodontal tissue [1]. During the development of periodontitis, innate immunity plays
an important role; an inappropriate immune response that happens after the infection of
biofilm microorganisms is regarded as one of the main reasons for this hard-to-control
inflammation [2]. The initiation of innate immunity depends on the recognition between
molecular patterns and toll-like receptors (TLRs) or other pattern-recognition receptors
(PRRs) of host cells, activating a series of signaling pathways [3]. Molecular patterns
include pathogen-associated molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs) [4]. Cell-free deoxyribonucleic acid (cfDNA) is a general term for
extracellular molecular patterns present in body fluids, also called circulating DNA in
plasma or serum, which is mainly recognized by TLR9. The level of cfDNA is directly
associated with cancer, diabetes, stroke, systemic lupus erythematosus, trauma, rheumatoid
arthritis, infection, and coronary heart disease [5]. cfDNA mainly comes from endogenous
nuclear and mitochondrial DNA released from damaged host cells [6], as well as exogenous
bacterial or viral DNA [7].
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The sources of cfDNA in the periodontal microenvironment are bacterial DNA
(bDNA) [8,9], DNA released by the death and lysis of periodontal tissue cells [10], and
neutrophil extracellular traps (NETs) [11]. Nucleic acid sensors and their downstream
signaling pathways are keys to the regulation of periodontal immunity by periodontal
cfDNA. The cfDNA sensors are either in the cytoplasm or in the endolysosomal region. The
endosomal nucleic acid sensor, represented by TLR9, recognizes unmethylated CpG DNA
from bDNA and generates pro-inflammatory responses via MyD88, activating nuclear
factor κ light-chain enhancer of activated B cells (NF-κB), activator protein 1 (AP-1), and
mitogen-activated protein kinase signaling pathways [12]. Cytoplasmic nucleic acid sen-
sors, represented by absent in melanoma 2 (AIM2), DNA-dependent activator of interferon
regulatory factor (DAI), and cyclic GMP-AMP synthase (cGAS), act through mediators such
as caspase-1, TBK1, and IRF3, catalyzing interleukin-1β (IL-1β) activation and amplifying
NF-κB pathway activation [13]. In addition, periodontal cfDNA is detectable in peripheral
blood [14], synovial fluid [15], and atherosclerotic plaque [16], suggesting that cfDNA
may bridge periodontitis and systemic inflammatory disease. Thus, we hypothesized that
cfDNA could possibly be a biomarker for periodontitis and the level of cfDNA might
correlate with the level of periodontal inflammation.

This study intends to detect the correlation between the levels of cfDNA in GCF,
saliva, and plasma, and provide comprehensive clinical evidence for later research on
the role of cfDNA and its representative innate immune response in periodontitis and
periodontitis-related systemic diseases.

2. Materials and Methods

2.1. Patient Selection

Patients who visited the Department of Periodontics in West China Hospital of Stom-
atology, Sichuan University, from February 2022 to May 2022, and periodontal health
volunteers were assessed for eligibility. We recruited 25 healthy volunteers and 56 patients
with untreated gingivitis or periodontitis. Inclusion criteria included being between 18
and 60 years of age, with at least 14 permanent teeth and ≥4 molars. Participants were
classified into three groups based on the consensus report on the classification of peri-
odontal and peri-implant diseases and conditions in 2018, as shown in [17]. Periodontal
health with intact periodontium (healthy) had no probing attachment loss, probing pocket
depth ≤ 3 mm, bleeding on probing < 10%, and no radiological bone loss. Gingivi-
tis with intact periodontium (gingivitis) had no probing attachment loss, bleeding on
probing ≥ 10%, and no radiological bone loss. Stage II-IV periodontitis (periodontitis) had
more than two non-adjacent sites with interdental probing attachment loss ≥ 3 mm, more
than two non-adjacent sites with probing pocket depth ≥ 5 mm, and radiological bone
loss ≥ 15%.

Exclusion criteria included having a history of smoking or long-term alcohol abuse,
women who were pregnant or breastfeeding, having received antibiotic therapy or pe-
riodontal treatment in the last 6 months, having systemic disease (such as hyperten-
sion, diabetes, hyperlipidemia, respiratory diseases, malignant tumors, liver or renal
insufficiency, etc.), undergoing orthodontic treatment, having received head and neck
radiotherapy or chemotherapy, or inability to sign informed consent.

Each subject was examined and evaluated by the same calibrated periodontist (C.C.).
Baseline full mouth probing depth (PD), bleeding on probing (BOP) [18], and plaque index
(PI) [19] were recorded. Five patients were chosen from among the study participants for
calibration. PD, BOP, and PI were measured twice, with 2 days between the examinations.
For PD, the percentage of agreement within ±1 mm between repeated measurements was
97.5%. For BOP, the percentage of agreement within ±2% between repeated measurements
was 96%. For PI, the percentage of agreement within ±1 between repeated measurements
was 97.5%.
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2.2. Sample Collection

Statistical power calculations for this study was conducted using G*Power 3.1.9.7
software (Heinrich-Heine-Universität Düsseldorf, Germany), based on data collected in
a previous pilot study [20]. The sample size analysis was determined by considering
three groups of participants, with an expected standard deviation of 0.5, two-tailed sig-
nificance of 0.05, and a power level of 80%. It was established that a minimum sample of
25 per group was required for a good power. Sites with PD ≤ 3 mm and negative BOP in the
healthy group and sites with the deepest PD for the gingivitis and periodontitis groups were
selected for GCF sampling. Sites with periodontal abscess, endo-periodontal lesion, caries,
and prosthesis were excluded. GCF sampling were conducted at another appointment
after periodontal parameter measurements. GCF samples were collected using Whatman
3 mm chromatography paper (Whatman Inc., Clifton, NJ, USA). All papers were cut into
2 × 10 mm strips with sterile tissue scissors. After isolation of the selected tooth with
a cotton pellet and being gently air-dried, one paper strip was slowly inserted 1–2 mm into
the periodontal pocket or gingival sulcus and left for 30 s [21]. Paper strips were transferred
into a 1.5 ml centrifuge tube. Blood or saliva-contaminated samples were discarded. GCF
samples from each site were eluted by adding 220 μL of phosphate-buffered saline (PBS)
and gently shaking for 1 h at room temperature, followed by centrifugation at 5500 rpm at
4 ◦C for 20 min. Supernatants were then stored at −80 ◦C.

Unstimulated whole saliva was collected from each subject between 8 and 10 a.m., as
previously described [22]. All participants were asked to refrain from eating, drinking, and
brushing their teeth for at least 1 h before saliva collection. Saliva samples were centrifuged
at 3000 rpm for 10 min at 4 ◦C. Supernatants were collected and stored at −80 ◦C.

Venous blood was collected using an EDTAK2 vacuum blood collection tube and left
to stand at room temperature for 30 min. Samples were then centrifuged at 3000 rpm for
10 min at 4 ◦C. The plasma of each sample was pipetted into a 1.5 mL centrifuge tube and
centrifuged at 20,000 rpm for 10 min at 4 ◦C. Supernatants were collected and stored at
−80 ◦C.

2.3. Extraction and Quantification of cfDNA

Extraction and quantification of cfDNA from samples was performed with a DNeasy
Blood & Tissue Kit (QIAGEN, Hilden, Germany) and Quant-iT PicoGreen double-stranded
DNA Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) by one trained laboratory
analysis researcher (X.Z.), according to the manufacturers’ instructions. To avoid subjective
bias, we adopted blinding. The laboratory analysis researcher was not aware of specific
sample groupings. In detail, the following steps were followed: we mixed 100 μL sample,
20 μL proteinase K, 150 μL PBS buffer, and 200 μL AL buffer by vortexing, incubated the
mixture for 10 min at 56 ◦C, mixed in 200 μL ethanol (96–100%), then placed the DNeasy
Mini spin column into a 2 mL EP tube, added the above mixture, and centrifuged at 6000× g
for 1 min, discarding the filtrate and the collection tube. Then, we transferred the DNeasy
Mini spin column to a new 2 mL EP tube, added 500 μL AW1 buffer, and centrifuged at
6000× g for 1 min, discarding the filtrate and collection tube. Then, we transferred the
DNeasy Mini spin column to a new 2 mL EP tube, added 500 μL AW2 buffer, centrifuged at
20,000× g for 3 min, discarded the filtrate and collection tube, transferred the DNeasy Mini
spin column to a new EP tube, added 100 μL of AE buffer, incubated at room temperature
for 1 min, centrifuged at 6000× g for 1 min, and collected the eluate for further use. We
added 50 μL of PicoGreen and 50 μL of the cfDNA eluate to a 96-well plate and incubated
it in the dark for 2 to 5 min at room temperature. The cfDNA content was calculated by
measuring the fluorescence intensity (excitation 490 nm, emission 520 nm). Note that in
the methods, the original GCF paper strip samples were eluted in 220 μL of PBS, and the
GCF cfDNA concentration data were reported in ng/μL per 30-s sample, as previously
described [21].
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2.4. Statistical Analysis

Statistical analysis was performed using GraphPad Prism 9 (La Jolla, CA, USA).
Data distributions were evaluated for the violation of normality. Parametric data were
assessed using a one-way analysis of variance (ANOVA) with Tukey’s post hoc tests
(for multiple comparisons), Pearson’s correlation, and simple linear regression analysis.
Non-parametric data were assessed by Mann–Whitney test and Spearman’s correlation.
A stepwise multivariable linear regression model was used to analyze the dependence
of every single cfDNA concentration by explicable variables such as sex, age, and
periodontal parameters.

3. Results

3.1. Demographics and Clinical Parameters

A total of 114 candidate subjects were included and evaluated in this study. Based
on exclusion criteria, 33 subjects were excluded, and 81 subjects completed the trial. Trial
participants included 25 healthy volunteers, 31 patients with gingivitis, and 25 patients
with periodontitis. Demographic and clinical parameters are shown in Table 1.

Table 1. Patient demographics and clinical parameters.

Characteristics
Groups

Healthy Gingivitis Periodontitis

Number of subjects (n) 25 31 25
Male/female 16/9 13/18 11/24

Cigarette (Y/N) 0/25 0/31 0/25

Mean ± SD

Age range (years) 25.08 ± 1.96
(range 23–32)

26.16 ± 4.12
(range 21–33)

33.52 ± 11.31
(range 22–60)

Clinical parameters

Mean PD (mm) 1.87 ± 0.31 2.55 ± 0.43 3.44 ± 0.61
Max PD (mm) 2.92 ± 0.28 4.03 ± 0.66 7.16 ± 1.84

BOP (%) 6.56 ± 2.04 46.35 ± 13.51 74.24 ± 19.06
Mean PI 0.57 ± 0.29 1.15 ± 0.31 1.83 ± 0.43

Abbreviations: PD, probing depth; BOP, bleeding on probing; PI, plaque index.

3.2. Comparison of GCF cfDNA Concentration in Relation to Periodontal Parameters

The cfDNA concentration in GCF (ng/μL per 30-s sample) increased with the degree
of periodontal inflammation (healthy 31.62 ± 28.20, gingivitis 236.29 ± 182.41, periodontitis
521.56 ± 217.95, p < 0.0001, Figure 1A). Significant positive correlations were found between
cfDNA concentrations in GCF and mean PD (r = 0.644, p < 0.0001), max PD (r = 0.680,
p < 0.0001), BOP (r = 0.670, p < 0.0001), and mean PI (r = 0.576, p < 0.0001). Linear regression
analysis showed that the cfDNA concentration in GCF had good predictability for mean
PD (R2 = 0.415, p < 0.0001), max PD (R2 = 0.463, p < 0.0001), BOP (R2 = 0.449, p < 0.0001),
and mean PI (R2 = 0.331, p < 0.0001) (Table 2). The relationship between GCF cfDNA
concentration and periodontal parameters are presented in Figure 2A–D.

3.3. Comparison of Saliva cfDNA Concentration in Relation to Periodontal Parameters

Similar to the results in GCF, the cfDNA concentrations in saliva were also pos-
itively correlated with periodontal parameters (Table 3). Saliva levels of cfDNA pro-
gressively increased between healthy, gingivitis, and periodontitis groups. There were
statistical differences among the three groups (healthy 131.99 ± 70.79 ng/mL, gingivitis
260.25 ± 93.93 ng/mL, periodontitis 403.92 ± 154.74 ng/mL, p < 0.001, Figure 1B). Linear
regression analysis showed that the predictive power of salivary cfDNA for periodontal
indicators was also statistically significant (Table 3, Figure 2E–H).
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Figure 1. Comparison of cfDNA concentrations in GCF (ng/μl per 30-s sample), saliva (ng/mL), and
plasma (ng/mL) in different states of periodontal inflammation. (A) Comparison of GCF cfDNA
in different periodontal states. (B) Comparison of saliva cfDNA in different periodontal states.
(C) Comparison of plasma cfDNA in different periodontal states. (Abbreviation: cfDNA, cell-free
DNA; GCF, gingival crevicular fluid. n = 25 (healthy), 31 (gingivitis) and 25 (periodontitis). Differences
were assessed via one-way ANOVA with Tukey’s multiple comparison tests. * p < 0.05; *** p < 0.001;
and **** p < 0.0001).

Figure 2. The relationships between cfDNA levels and periodontal parameters. (A–D) Correlations
between GCF cfDNA (ng/uL per 30-s sample) and periodontal parameters. (E–H) Correlations
between saliva cfDNA (ng/mL) and periodontal parameters. (I–L) Correlations between plasma
cfDNA (ng/mL) and periodontal parameters. Lines represent mean and 95% confidence interval.
Pearson correlation analysis and linear regression analysis were conducted. n = 81.
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Table 2. Correlations between GCF cfDNA concentration and clinical parameters.

Correlation Coefficient (r Value) a

Clinical Parameters

Mean PD (mm) Max PD (mm) BOP (%) Mean PI

0.644 0.680 0.670 0.576
(p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)

Regression analyses (R2 value) b

Mean PD
(mm)

Max PD
(mm) BOP (%) Mean PI

Mean GCF
cfDNA conc. Model R2 = 0.415 R2 = 0.463 R2 = 0.449 R2 = 0.331

SE 196,025.625 187,864.649 190,166.355 209,571.977
p value <0.0001 <0.0001 <0.0001 <0.0001

Abbreviations: GCF, gingival crevicular fluid; cfDNA, cell-free DNA; PD, probing depth; BOP, bleeding on
probing; PI, plaque index. a Pearson correlation for parametric data (Mean PD, max PD, BOP, and PI); n = 81.
b Linear regression analysis; n = 81.

Table 3. Correlations between saliva cfDNA concentration and clinical parameters.

Correlation Coefficient (r Value) a

Clinical Parameters

Mean PD (mm) Max PD (mm) BOP (%) Mean PI

0.657 0.664 0.622 0.550
(p < 0.0001) (p < 0.0001) (p < 0.0001) (p < 0.0001)

Regression analyses (R2 value) b

Mean PD
(mm)

Max PD
(mm) BOP (%) Mean PI

Mean saliva
cfDNA conc. Model R2 = 0.432 R2 = 0.441 R2 = 0.387 R2 = 0.303

SE 116.411 115.485 120.905 128.942
p value <0.0001 <0.0001 <0.0001 <0.0001

Abbreviations: cfDNA, cell-free DNA; PD, probing depth; BOP, bleeding on probing; PI, plaque index. a Pearson
correlation for parametric data (Mean PD, max PD, BOP, and PI); n = 81. b Linear regression analysis; n = 81.

3.4. Comparison of Plasma cfDNA Concentration in Relation to Periodontal Parameters

Plasma levels of cfDNA in patients with periodontitis (334.78 ± 131.55 ng/mL) were
significantly higher than in healthy volunteers (267.49 ± 65.9 ng/mL, p = 0.036) and patients
with gingivitis (265.29 ± 75.93 ng/mL, p = 0.020, Figure 1C). Pearson correlation analysis
showed that plasma cfDNA levels were only significantly positively correlated with mean
PD (r = 0.321, p = 0.003), max PD (r = 0.327, p = 0.003), mean PI (r = 0.220, p = 0.049), and
weakly correlated with BOP (r = 0.185, p = 0.099, Table 4). Linear regression analysis also
showed that plasma cfDNA was a strong predictor for mean PD (R2 = 0.103, p = 0.003),
max PD (R2 = 0.107, p = 0.003), and mean PI (R2 = 0.103, p = 0.049), but was not significant
in predicting BOP (R2 = 0.034, p = 0.099, Table 4). The relationships between plasma cfDNA
and periodontal parameters are shown in Figure 2I–L.

3.5. Multivariate Analysis of Age, Sex, and Clinical Parameters on cfDNA Concentrations

The stepwise analysis performed on all enrolled subjects indicated that GCF and
salivary cfDNA concentrations were significantly correlated to mean PD, max PD, BOP,
and mean PI (p < 0.001 for all outcomes) (Table S1). More specifically, the GCF cfDNA
levels were significantly dependent on age, co-analyzed with mean PD (p = 0.044), BOP
(p = 0.003), and mean PI (p = 0.015). Salivary cfDNA levels were significantly dependent
on age, co-analyzed with BOP (p = 0.006) and mean PI (p = 0.014). Salivary cfDNA levels
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were also significantly dependent on sex, co-analyzed with mean PD (p = 0.019), max PD
(p = 0.011), BOP (p = 0.022), and mean PI (p = 0.014) (Table S1).

Table 4. Correlations between plasma cfDNA concentration and clinical parameters.

Correlation Coefficient (r Value) a

Clinical Parameters

Mean PD (mm) Max PD (mm) BOP (%) Mean PI

0.321 0.327 0.185 0.220
(p = 0.003) (p = 0.003) (p = 0.099) (p = 0.049)

Regression analyses (R2 value) b

Mean PD
(mm)

Max PD
(mm) BOP (%) Mean PI

Mean plasma
cfDNA conc. Model R2 = 0.103 R2 = 0.107 R2 = 0.034 R2 = 0.048

SE 93.723 93.526 97.270 96.552
p value 0.003 0.003 0.099 0.049

Abbreviations: cfDNA, cell-free DNA; PD, probing depth; BOP, bleeding on probing; PI, plaque index. a Pearson
correlation for parametric data (Mean PD, max PD, BOP, and PI); n = 81. b Linear regression analysis; n = 81.

4. Discussion

The use of cfDNA as a tool for disease diagnosis and research has already been widely
used in fields such as oncology [23,24], prenatal genetic testing [25], myocardial infarc-
tion [26], and autoimmune disorders [27]. Hajishengallis et al. [28] found that TLR9 specifi-
cally recognizes bacterial-derived CpG DNA, and the downstream NF-κB pathway plays
an essential role in periodontitis by stimulating macrophages to produce pro-inflammatory
factors. In addition, cytoplasmic nucleic acid sensors such as DAI, AIM2 [29], and cGAS [30]
were also highly expressed in periodontal and pulpal inflammation. Thus, DNA-sensing
could play a key role in the immune response elicited by periodontal cfDNA, and we hy-
pothesized that the level of cfDNA might correlate with the pathogenesis of periodontitis.
After strict inclusion and exclusion criteria and diagnostic grouping, our study found that
cfDNA levels were significantly elevated in patients with periodontal disease, and GCF
and salivary cfDNA were positively correlated with periodontal parameters. Interestingly,
circulating cfDNA levels were significantly elevated only in patients with periodontitis,
whereas patients with gingivitis were not significantly different from healthy individuals.

GCF refers to the fluid infiltrating from the gingival connective tissue into the gingival
crevice through the epithelium of the gingival sulcus and the junctional epithelium, and its
main component is derived from serum. The outflow of GCF was positively correlated with
the degree of inflammation [31]. Changes in the levels of inflammatory factors in GCF were
the most reflective of periodontal inflammatory destruction [31]. Suwannagindra et al. [20]
measured GCF cfDNA concentration in patients with periodontitis and found no correlation
between GCF cfDNA and periodontal parameters, which appears to be contradictory to
studies in other systemic diseases [27,32]. In their study, only 20 patients with mild to severe
periodontitis were included, patient GCF collection methods were not consistent, and saliva
and peripheral blood cfDNA levels were not measured. Thus, we designed a cross-sectional
study with strict inclusion and exclusion criteria for healthy, gingivitis, and periodontitis
groups, as well as saliva and plasma collection. The cfDNA extraction and quantification
methods we used were consistent with previous studies, which allowed us to compare
our results with other systemic diseases. Our results showed a significant difference
between healthy, gingivitis, and periodontitis groups with sequentially higher GCF cfDNA
concentrations. This suggests that cfDNA concentration in GCF is closely related to the
level of periodontal inflammation in individuals. Interestingly, the concentration of cfDNA
in GCF was much higher than in saliva and plasma, with a difference of three orders of
magnitude. Similar results have been reported for other types of inflammatory markers in
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previous studies, such as significantly higher levels of interleukin (IL) -1β in the GCF of
patients with gingivitis than in serum [33]. In addition, GCF cfDNA concentrations had
strong positive correlations with mean PD, max PD, BOP, and mean PI. GCF cfDNA levels
also had statistically significant predictive effects on the above periodontal parameters.
Once again, this shows that GCF is objectively representative of the specimen concerned in
periodontal research.

Microorganisms and inflammatory factors in saliva have also been shown to reflect
the process of periodontal disease [34]. Compared with GCF, saliva is more convenient to
collect in clinical and animal models. The molecular substances in saliva can reflect changes
in human metabolism, which is of great significance for the detection of disease molecular
markers [35]. Salivary cfDNA in this study showed similar results to GCF, with positive
correlations with all four periodontal parameters and predictive power. Therefore, it is
feasible to use saliva as a surrogate specimen for GCF for the clinical detection of cfDNA
and subsequent mechanism exploration.

Periodontal inflammation could be linked to systemic disease through blood circula-
tion [36]. The levels of inflammatory factors in the plasma of patients with periodontitis
are higher than those of healthy people [37]. In this study, the plasma cfDNA level of peri-
odontitis patients was significantly higher than in both the healthy and gingivitis groups,
whereas the plasma cfDNA level of the gingivitis group was not significantly higher than
in healthy individuals. This suggests that changes in cfDNA in the blood circulation are
associated with moderate to severe periodontal inflammation and that the more severe
the inflammation, the more significant the elevation of cfDNA in the blood circulation.
In moderate to severe periodontitis, a large number of microorganisms die and cleave to
release bDNA, and host cells (e.g., gingival epithelial cells, periodontal ligament cells, osteo-
cytes, etc.) undergo different forms of cell death, such as apoptosis [38] and pyroptosis [39],
releasing mitochondrial DNA and nuclear DNA. Meanwhile, neutrophils are massively
activated to release NETs. The released cfDNA may enter the blood circulation. In addition,
other inflammatory mediators in periodontitis, such as IL-1β, IL-6, tumor necrosis factor-
α, etc., can be secreted into the blood to activate the systemic immune response [40,41],
which may lead to tissue destruction in other organs to release DAMPs-derived cfDNA.
Moreover, periodontal pathogens, such as Porphyromonas gingivalis (P. gingivalis.), could
also colonize arterial tissues by adhering to erythrocytes through blood circulation, causing
vascular damage and releasing DAMPs through other innate immune pathways such as
TLR2/TLR4, whereas the self-death lysis of systemic colonized periodontal pathogens
could also release a large amount of exogenous bDNA. Studies have found that elevated
cfDNA levels were closely related to periodontitis-related systemic inflammation (e.g.,
diabetes [42], rheumatoid arthritis [27], and atherosclerosis [43]). Therefore, cfDNA could
be the bridging molecule between periodontitis and systemic diseases.

In this study, we found that patients with periodontitis had higher cfDNA concentra-
tions in GCF, saliva, and plasma than healthy volunteers or gingivitis patients, and were
significantly positively correlated with severe clinical parameters. This shows that cfDNA
as a whole collection has the same potential as a diagnostic biomarker of periodontitis as
a specific protein or small molecule mediator. The results of this trial are consistent with
previous studies of systemic disease. Shi C et al. [44] in a cross-sectional study, showed that
serum cfDNA in patients with inflammatory bowel disease was significantly higher than
in healthy subjects, and cfDNA concentration was positively correlated with disease grade,
TLR9, TNF-α, iNOS, and F4/80 expressions. Using the same extraction and quantification
method as our study, Dawulieti J et al. [45] also demonstrated that serum cfDNA levels
in sepsis patients were higher than in healthy volunteers. Fast diagnosis of periodontitis
by detecting biomarkers in saliva, such as haemoglobin [46], holds promise for research
in community disease screening. Our results showed that the correlation between cfDNA
levels in saliva and periodontal parameters was similar to that of GCF. The cfDNA detec-
tion method was nonspecific compared with other biomarkers. Saliva cfDNA detection
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kits may be used in community screening for periodontal disease or in extensive oral
epidemiological surveys.

These findings suggest that cfDNA could be used as a potential therapeutic target. In-
traperitoneal injection of DNase I to neutralize NETs significantly reduced bone resorption
in mice with plasminogen deficiency [11]. The intervention of the nucleic acid-sensing path-
way was also shown to inhibit periodontal inflammation. It was reported that, compared
with wild-type mice, TLR9 knockout mice had less bone resorption and pro-inflammatory
factor release in Porphyromonas gingivalis-induced experimental periodontitis [47]. Unlike
other biological macromolecules, cfDNA is negatively charged in its natural state, and
a strategy of targeted clearance by cationic polymers for traditional gene presentation has
been demonstrated to be feasible. Studies have shown that cationic nanoparticles effec-
tively alleviate joint swelling, synovial hyperplasia, and bone destruction by scavenging
cfDNA in collagen-induced arthritis rat models [48,49]. In addition, the experiments of
Pan W et al. [50] showed that the promotion of periodontitis in rheumatoid arthritis could
be inhibited by downregulating the TLR9 pathway. Therefore, topical or systemic appli-
cations of cfDNA scavengers may have potential therapeutic effects in periodontitis and
periodontitis-related systemic inflammatory diseases.

However, this cross-sectional study faces some limitations. First, we did not include
clinical attachment loss (CAL) and tooth mobility in periodontitis patients to quickly and
accurately record periodontal parameters. Although CAL changes and original tooth
mobility are reliable in terms of disease prediction [51,52], given that there was neither
probing attachment loss nor pathological mobility in the healthy and gingivitis groups, the
sample size included in the statistical analysis using PD, BOP, and PI was more significant
than an analysis using CAL or mobility within the periodontitis group, providing a more
objective picture of the association with cfDNA in the current inflammatory state. This
was also consistent with our cross-sectional study design. In the future, more prospective
cohort studies are needed to reveal the role of cfDNA in the pathogenesis and prognosis
of periodontitis. Second, the prevalence of periodontitis in Chinese adults was 69.3%
according to the 4th National Oral Health Survey in the Mainland of China [53], which
made including healthy volunteers in this study very difficult. These resulted in the
inability to perform more objective age- and sex-matched analyses between the three
groups. This may also be the reason why our multivariate analysis including sex and age
contradicted results from a prospective study with a larger sample size [54]. In addition,
gene polymorphisms determine the differences in susceptibility to periodontitis among
individuals [55], and the subjects included in this study were all Chinese adults. Hence,
differences in cfDNA in more diverse populations need further research.

5. Conclusions

The cfDNA concentrations in GCF, saliva, and plasma increased with aggravation
of periodontal inflammation, suggesting that cfDNA may be associated with periodontal
disease. cfDNA was positively correlated with mean PD, max PD, BOP, and mean PI
and had statistically significant predictive effects on the above periodontal parameters.
Compared with plasma, cfDNA levels in GCF and saliva were more strongly associated
with periodontal parameters. More research is needed to explore the role of cfDNA in
periodontal and periodontitis-related systemic inflammation.
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Abstract: Background: Periodontitis is a chronic inflammatory disease that not only damages the
stomatognathic system, but may also adversely influence other systems and organs. Patients with low
oral health literacy levels are more prone to gingivitis/periodontitis and have a more severe disease
course. Methods: A written questionnaire was carried out to assess the knowledge of patients of the
Outpatient Clinic of Department of Periodontal and Oral Mucosa Diseases, Medical University of
Bialystok, Poland. The questions concerned knowledge regarding the causes of periodontal disease,
its risk factors, and the connection between periodontal disease and general health status. To analyze
the population, patients were divided according to gender, age and if they were first-time or regular
outpatients. Results: Written questionnaires were completed by a total of 302 patients. In the studied
population, we noted knowledge deficits, particularly related to weaker periodontal disease risk
factors (stress, diabetes, osteoporosis, obesity) and the genetic factor, which is the determinant of
periodontitis. The patients’ awareness of the role of plaque bacteria and the effect of smoking on
the periodontium was at a relatively high level. The respondents were also aware of the impact of
periodontal disease on general health as well as the role of oral hygiene in preventing the disease.
At the same time, few of them (26%) used interdental brushes or an irrigator (8%). Conclusions: We
demonstrated that patients have an insufficient level of knowledge related to risk factors as well as
the prevention of periodontal disease. Awareness of the extent of oral health literacy among patients
will help to identify key issues connected with health education interventions

Keywords: periodontitis; global health; current pathophysiological understanding of periodontitis;
risk factors; modulators linking periodontitis and systemic diseases; oral hygiene; questionnaire study

1. Introduction

Periodontitis is a chronic inflammatory disease leading to bone and soft tissue destruc-
tion and, consequently, tooth loss. After dental caries, it is the major cause of tooth loss in
adults [1]. Moreover, it is also the 11th most common disease in the world, and is more
prevalent than cardiovascular diseases [2,3]. Severe forms of periodontitis may affect 10%
of the adult population worldwide. The incidence of periodontal disease increases with age
and rises rapidly in people aged 50–60 years. The proportion of people with periodontitis
is expected to increase further as the population ages [4]. Despite efforts to improve oral
health in recent years, periodontitis remains widespread and is a significant public health
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issue [5]. The World Health Organization (WHO) highlights that oral diseases (including
periodontitis) are an important population problem due to their connections with other
chronic diseases such as cardiovascular disease, diabetes and cancer, as well as their strong
impact on people’s well-being and the high economic costs generated by treating these
conditions [6]. Therefore, periodontal disease prevention should be approached from a
new socio-economic perspective.

The prevention of diseases significantly determines an individual’s health and enables
a considerable reduction in treatment-related costs. The patient’s engagement in oral
health care correlates with their level of knowledge and health literacy (HL), defined as
the ability to obtain, process, and use information to make appropriate decisions with
an impact on one’s health. Patients with a low level of health literacy are less likely to
adhere to the prescribed treatment, skip follow-up appointments, and apply a limited
range of prophylaxis, and are more likely to suffer from general illnesses [7–9]. The
same mechanism is crucial in terms of oral health literacy (OHL). Unfortunately, a limited
ability to understand basic health information is common among adults and might have a
significantly negative effect on the achievement of better results in maintaining sufficient
oral hygiene [10]. Patients with low OHL levels are more prone to gingivitis/periodontitis
and experience a more severe disease course. An increase in OHL level is correlated
with undertaking preventive measures, following medical advice and an improvement in
patients’ quality of life [7,8].

Periodontitis is a multifactorial disease affected by genetic and environmental risk fac-
tors, which may be divided into determinants (age, gender, ethnicity, gene polymorphisms)
and acquired factors: environmental and behavioral (specific bacterial flora, smoking,
stress, diabetes, obesity, osteoporosis, or socio-economic status) [11–13]. The development
of periodontal disease is generally determined by biofilm accumulation, but the presence
of other factors is individually responsible for one’s susceptibility or resistance to the
disease. Reducing the influence of modifiable risk factors may alter the effectiveness of the
prevention and treatment of periodontal disease.

Periodontitis not only damages the stomatognathic system, but also affects the chew-
ing function and phonetics, and may adversely influence other systems and organs. Cor-
relations between periodontitis and general diseases have been well documented and
described since the 1990s. At present, there is a separate field of knowledge called “pe-
riodontal medicine” that evaluates the above-mentioned mechanisms [14–16]. Evidence
supporting the link between periodontal disease and systemic diseases was discussed at
the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases in 2012. Researchers
from Europe and the USA mainly focused on the most thoroughly described associations
of periodontal disease with diabetes, pregnancy complications and cardiovascular diseases.
It was concluded that periodontal disease leads to a bacterial load, which results in a
significant overall immune system response. This is likely to directly and indirectly affect
the pathophysiology of general diseases [17–19]. As an example, both periodontitis and
diabetes have an inflammatory basis and are linked together by different biochemical and
metabolic interactions. Poorly controlled diabetes can increase the risk of periodontal
disease, and periodontitis can adversely affect glycemic control mechanisms and increase
the risk of diabetes complications [20]. It has been suggested that periodontal therapy
may improve insulin sensitivity by reducing peripheral inflammatory cytokine levels. An
improvement in glycemic status, defined as a reduction in glycated hemoglobin (HbA1c)
was demonstrated in diabetic patients suffering from periodontitis [21,22]. There is also
more evidence that periodontal therapy decreases plasma reactive oxygen species (ROMs),
which are indicators of systemic oxidative stress [23].

The most widely reported associations in the literature on the subject are links be-
tween periodontitis and diabetes [20], cardiovascular disease [24], pregnancy and perinatal
complications [25], obesity and metabolic syndrome [26], as well as rheumatoid arthri-
tis [27], cancer [28], respiratory diseases [29], Alzheimer’s disease [30] and other cognitive

68



J. Clin. Med. 2022, 11, 1517

disorders [16]. This knowledge is available to professionals but is not always available to a
wider audience, including patients.

The aim of our study was to assess the level of patient knowledge regarding the causes
of periodontal disease, its risk factors and the connection between periodontal disease and
general health status in different age groups. We also evaluated patients’ health-promoting
behaviors concerning oral hygiene.

2. Materials and Methods

2.1. General Methodology and a Questionnaire

We assessed the knowledge of periodontal disease in the patient population at the
Outpatient Clinic of Department of Periodontal and Oral Mucosa Diseases at the Medical
University of Bialystok, Poland, in the period from April 2016 to November 2017.

Patients specified their age, gender and whether it was their first visit to the Outpatient
Clinic.The main questions included in the questionnaire were connected to the following:

• Causes of periodontal disease;
• Risk factors of periodontal disease;
• Impact of periodontal disease on general health;
• Pro-health behaviors of patients, aimed at prevention of periodontal disease.

Furthermore, the patients were asked which dental hygiene devices they used. We assumed
that the use of interdental hygiene utensils (interdental brushes, dental floss) was a positive,
health-promoting behavior resulting from awareness of periodontal disease prevention.

Additional questions pertained to:

• The frequency of tooth brushing;
• The use of a manual or mechanical toothbrush;
• The use of dental floss, interdental brushes, single-tuft brushes toothpicks or irrigators;
• The use of additional pharmacological agents such as mouthwashes, ointments, gels,

breath fresheners and herbal remedies.

The questionnaire administered to participants is reported in Table 1.

Table 1. Questionnaire administered to participants.

1. Gender Male Female

2. Age 21–30 31–40 41–50 51–60 61–70 71–80

3. Is it your first visit in the Outpatient Clinic of Department of Periodontal and Oral
Mucosa Diseases? Yes No

4. Do you think that oral bacteria contribute to the presence of periodontal disease? Yes No

5. Do you think hereditary factors contribute to the presence of periodontal disease? Yes No

6. Do you think that smoking contributes to the presence of periodontal disease? Yes No

7. Are you a smoker? Yes No

8. Do you think that stress affects the presence of periodontal disease? Yes No

9. Do you think that diabetes contributes to the presence of periodontal disease? Yes No

10. Do you think that osteoporosis contributes to the presence of periodontal disease? Yes No

11. Do you think that obesity contributes to the presence of periodontal disease? Yes No

12. Do you think that periodontal disease affects your overall health? Yes No

13. Do you think that inadequate oral hygiene affects the presence of periodontal disease? Yes No

14. How many times a day do you brush your teeth? 0

1

2

More than 2
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Table 1. Cont.

15. What kind of brush do you use? Manual toothbrush

Mechanical toothbrush

16. Do you regularly use any additional dental devices? No

Dental floss

Interdental brushes

Single-tuft brushes

Toothpicks

Irrigator

17. Do you use any additional pharmacological agents? No

Mouthwashes

Oral gels

Oral ointments

Breath fresheners

Herbal remedies

The research was conducted in accordance with the Declaration of Helsinki, and
approval was obtained from the local bioethics committee (R-I-002/80/2016). Subjects
filled in the anonymous questionnaire form voluntarily, which was considered equivalent
to consenting to participate in the study.

2.2. Statistical Analysis

For descriptive purposes, we first analyzed the number of correct answers to each
question. If the number of the respondents who answered a question correctly did not
exceed 80%, we concluded that the given group had insufficient knowledge about the topic
included in the given question. We analyzed answers to each question according to the
gender and age of the participants. The patients were also divided into two groups based
on whether they were first-time patients or on a subsequent visit to the Clinic.

In the statistical analysis, the Chi-square test of independence was used to check the
relationship between qualitative characteristics. Statistical significance was established
at p < 0.05. Calculations were made by means of a Statistica 13.3 package from TIBCO
Software Inc. (Palo Alto, CA, USA).

3. Results

3.1. Description of the Studied Group

Written questionnaires were completed by a total of 302 patients, including 180 women
and 105 men (gender of 17 participants was not documented). The majority of patients
completing the questionnaire were former outpatients (n = 189), and 36% were first-time
patients. Smokers constituted 15% of the surveyed group. The patients were divided
into the following age groups: 21–30 years (10% of the respondents), 31–40 years (15%),
41–50 years (22%), 51–60 (26.5%), 61–70 (17%) and 71–80 (7%) (the age of the remaining
percentage of patients was not documented). The characteristics of the study group ac-
cording to age, gender and status in the outpatient clinic are presented in Table 2. As some
questionnaire variables were incomplete, the total numbers for some of the data collected
in the questionnaire differ.
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Table 2. Sample characteristics: number of patients in the respective groups. As some questionnaires
variables were incomplete, the total numbers for some of the collected in the questionnaire data differs.

Total Man Women First Time Patient Regular Patient

Total 302 105 180 110 189
21–30 31 10 19 15 16
31–40 45 18 25 25 20
41–50 67 27 39 24 43
51–60 80 23 53 25 53
61–70 52 16 31 11 41
71–80 22 10 11 8 14

The response rate to the questionnaire was 15.2% (out of 1988 patients who attended
an appointment at the Outpatient Clinic in the period from April 2016 to November 2017,
302 people completed the questionnaire).

3.2. Knowledge Regarding the Causes of Periodontal Disease

Participants in our study answered seven questions about the risk factors for periodon-
tal disease. The questions concerned bacteria forming the dental plaque, genetic factors,
smoking, stress, diabetes, osteoporosis, and obesity. The involvement of bacteria in the eti-
ology of periodontal disease was confirmed by 81% of the survey respondents. Insufficient
knowledge on the subject (<80% of correct answers) was mostly demonstrated by men (77%
correct answers), and those in the 41–50 age group (70%). The link between genetic factors
and the occurrence of periodontal disease was reported by 61% of the patients. Lack of
knowledge about this determinant of periodontal disease was evident in all age and gender
groups, regardless of whether the patient was an outpatient or in the clinic for the first
time. Tobacco smoking was associated with periodontal disease by 85% of respondents.
Only patients aged 71–80 years showed insufficient knowledge (77% of correct answers)
in this field. Significant knowledge deficiencies were noted for weaker risk factors. Stress
was confirmed to be related to periodontal disease by 61% of respondents, diabetes by
64%, osteoporosis by 62% and obesity by only 39% of the surveyed patients. Stress and
osteoporosis were statistically significantly more often reported as risk factors leading
to periodontal disease by women. A detailed analysis of the respondents’ knowledge of
periodontal disease risk factors is presented in Table 3.

Table 3. Patient’s knowledge about the influence of risk factors on the occurrence of periodontal disease.

Age Group Chi-Square p

Bacteria

21–30
(n = 26)

31–40
(n = 43)

41–50
(n = 46)

51–60
(n = 67)

61–70
(n = 43)

71–80
(n = 18) 12.7 p = 0.03

84% 96% 70% 84% 83% 82%

Male (n = 81) Female (n = 152) 2.7 NS
77% 85%

First time patients (n = 91) Regular patients (n = 152) 0.2 NS
83% 81%

Genetics

Age group

21–30
(n = 23)

31–40
(n = 32)

41–50
(n = 44)

51–60
(n = 49)

61–70
(n = 22)

71–80
(n = 11) 14.9 p = 0.01

74% 73% 68% 63% 42% 50%

Male (n = 61) Female (n = 112) 0.4 NS
59% 63%

First time patients (n = 70) Regular patients (n = 114) 0.2 NS
64% 62%
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Table 3. Cont.

Age Group Chi-Square p

Smoking

Age group

21–30
(n = 26)

31–40
(n = 41)

41–50
(n = 63)

51–60
(n = 64)

61–70
(n = 43)

71–80
(n = 17) 7.9 NS

84% 91% 94% 81% 84% 77%

Male (n = 90) Female (n = 154) 0.01 NS
87% 86%

First time patients (n = 96) Regular patients (n = 160) 0.5 NS
88% 85%

Stress

Age group

21–30
(n = 19)

31–40
(n = 27)

41–50
(n = 46)

51–60
(n = 42)

61–70
(n = 37)

71–80
(n = 10) 7.8 NS

61% 60% 69% 54% 73% 48%

Male (n = 54) Female (n = 121) 7.7 p = 0.006
51% 68%

First time patients (n = 65) Regular patients (n = 118) 0.3 NS
60% 63%

Diabetes

Age group

21–30
(n = 23)

31–40
(n = 33)

41–50
(n = 44)

51–60
(n = 48)

61–70
(n = 29)

71–80
(n = 10) 8.0 NS

74% 73% 66% 65% 56% 45%

Male (n = 66) Female (n = 112) 0.005 NS
64% 64%

First time patients (n = 75) Regular patients (n = 114) 1.1 NS
69% 62%

Osteoporosis

Age group

21–30
(n = 18)

31–40
(n = 31)

41–50
(n = 43)

51–60
(n = 49)

61–70
(n = 34)

71–80
(n = 9) 5.6 NS

60% 69% 64% 64% 65% 41%

Male (n = 54) Female (n = 120) 7.8 p = 0.005
51% 68%

First time patients (n = 73) Regular patients (n = 112) 2.0 NS
68% 60%

Obesity

Age group

21–30
(n = 15)

31–40
(n = 14)

41–50
(n = 27)

51–60
(n = 27)

61–70
(n = 25)

71–80
(n = 6) 6.0 NS

48% 32% 41% 36% 50% 29%

Male (n = 41) Female (n = 70) 0.001 NS
40% 40%

First time patients (n = 39) Regular patients (n = 76) 0.6 NS
37% 41%

NS: non significant.

3.3. Knowledge of Risk of Other Diseases Associated with Periodontal Disease

An overwhelming number of respondents (89%) answered the question “Do you think
that periodontal disease affects your overall health?” with “yes”. The highest percentage of
affirmative responses was obtained in the 41–50 age group (93%). A detailed distribution
of the responses is presented in Table 4.
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Table 4. Patients’ knowledge about the influence of periodontitis on general health status.

Age Group Chi-Square p

21–30
(n = 28)

31–40
(n = 41)

41–50
(n = 62)

51–60
(n = 66)

61–70
(n = 47)

71–80
(n = 20) 1.7 NS

90% 91% 93% 87% 92% 91%

Male (n = 95) Female (n = 159) 0.001 NS
90% 90%

First time patients (n = 97) Regular patients (n = 169) 0.09 NS
90% 91%

NS: non significant.

3.4. Knowledge Regarding Prevention of Periodontal Disease

To assess the awareness regarding periodontal disease prevention, the participants in
our study answered the question “Do you think that inadequate oral hygiene may lead to
the occurrence of periodontal disease?” More than 90% of the total number of respondents
answered affirmatively, and in the youngest age groups (21–30 years, 31–40 years), a posi-
tive answer was given by 100% of the respondents. A detailed analysis of the responses
is presented in Table 5. Simultaneously, the health-promoting behavior was assessed by
asking participants about their daily hygiene habits as well as the use of dental hygiene
devices and additional pharmacological agents. The majority of respondents (90%) ad-
mitted that they brushed their teeth at least twice a day. A manual toothbrush was used
by 78% of the participants. Flossing was reported by 64% of the patients (significantly
more women than men, p = 0.0008), and interdental brushes were used by only 26% of the
respondents (significantly more women, p = 0.03). At the same time, 24% of the participants
used toothpicks and only 8% used an irrigator. Table 6 contains a detailed analysis of
health-promoting activities, separated by gender, age, and whether the patient was visiting
the clinic for the first time or was a regular outpatient.

Table 5. Patient’s knowledge about the role of optimal oral hygiene in prevention of periodontitis
(Do you think that inadequate oral hygiene affects the presence of periodontal diseases?).

Age Group Chi-Square p

21–30
(n = 31)

31–40
(n = 43)

41–50
(n = 64)

51–60
(n = 73)

61–70
(n = 46)

71–80
(n = 19) 10.4 NS

100% 100% 97% 92% 90% 86%

Male (n = 100) Female (n = 165) 1.9 NS
97% 93%

First time patients (n = 100) Regular patients (n = 177) 1.3 NS
93% 96%

NS: non significant.
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4. Discussion

The survey aimed to evaluate the knowledge of patients seeking periodontal care
and their involvement in their daily hygiene regimen. In the studied population, we
noted knowledge deficits, particularly related to weaker periodontal disease risk factors
(stress, diabetes, osteoporosis, obesity) and the genetic factor, which is the determinant
of periodontitis. The patients’ awareness of the role of plaque bacteria and the effect of
smoking on the periodontium was at a relatively high level. The respondents were also
aware of the impact of periodontal disease on general health as well as the role of oral
hygiene in preventing the disease. At the same time, few of them (26%) used interdental
brushes or an irrigator (8%). Supportive pharmacological agents were more popular. Oral
rinses were used by 66% of the participants. Knowledge deficits were most visible in the
oldest age group (71–80 years). These findings are consistent with the reports of other
researchers, who suggested that knowledge deficits are associated with lower education
levels and the age of patients [31,32]. However, according to the analysis of the collected
survey data, patients of all age groups need education in the discussed field, not only in
terms of the causes of periodontal disease but also its prevention at home.

Home oral hygiene involves using a toothbrush, dental floss, toothpicks, and other
devices to remove plaque and food particles from the surface of the teeth. Individual oral
hygiene is often considered a key factor in controlling periodontal disease, thus providing
an enormous benefit to public health. Despite the lack of direct evidence in the form of
randomized clinical trials to confirm the relationship between oral hygiene and periodontal
disease, maintaining optimal oral hygiene is a fundamental principle of periodontal disease
prophylaxis [33]. Home hygiene, causal treatment, and maintenance therapy are keystones
in disease prevention [34], while neglecting oral hygiene leads to the accumulation of
plaque, dental calculus, and development of gingivitis [35]. Brushing teeth twice a day with
fluoride toothpaste is a basic hygiene procedure performed in developed countries. In the
studied population, only 7% of women and 13% of men reported brushing their teeth only
once or less frequently per day. This was also the case for 12% of first-time patients and 8%
of regular outpatients at the Clinic. The percentage of flossers was also high: 64%. Using
dental floss was reported by 50% of men and 70% of women, and interdental brushes by
19% of men and 31% of women. Toothpicks were most popular among those over 40 years
of age. As many as 92% of the respondents treated previously at the Outpatient Clinic
brushed their teeth twice or more times a day, 66% of whom used floss, while 29% used
interdental brushes and 8% reported using an irrigator. The percentage in each case was
higher than for patients waiting for their first periodontal visit.

A survey on oral hygiene in the entire Polish population was conducted by Górska
and Górski in 2018 (survey in 10 cities). The use of dental floss was reported by 57%
of the respondents, interdental brushes by 12%, an irrigator by 8%, and mouthwash
by 67% [36]. These results are similar to ours, particularly in terms of the use of an
irrigator and mouthwashes. Fewer respondents reported using dental floss and interdental
brushes. This is largely related to the fact that the survey was focused on the general
population rather than those seeking professional periodontal care. Self-reported oral
hygiene was much worse in the Italian population, in which only 23.5% of respondents
brushed their teeth twice or more times a day, and daily flossing was reported by 13.3%
of people. The recommendation of the Italian authorities to brush one’s teeth regularly
twice a day and attend check-up visits to the dentist once a year was met by only 12% of
the respondents [37].

In the Lithuanian population, over a 20-year time period (1994–2014), the 20–64 age
group demonstrated an improvement in the frequency of oral hygiene procedures. There,
the percentage of men brushing their teeth at least twice a day increased from 15% to
32% and, in women, from 33% to 59% [38]. Portuguese self-reported oral hygiene surveys
reached similar values to the European average. In the examined Portuguese population,
73% of the respondents brushed their teeth at least twice a day (78% of women and 69%
of men). Flossing was reported by 29% of women and 18% of men [39].
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Effective plaque removal at home plays a key role in the prevention and treatment
of periodontal disease. Cleaning the interdental spaces is also very important [40]. In
this case, the most effective hygienic aids are interdental space brushes as they remove
more plaque than floss or toothpicks [41]. In periodontal patients, these devices should
be the first choice for interdental cleaning. The use of interdental cleaning utensils can be
considered an indicator of active knowledge of periodontal disease prevention [42].

Individually tailored educational programs related to improvements in oral hygiene
may encourage patients to clean the interdental spaces more frequently and maintain a high
level of commitment and behavior change. Such programs improve long-term adherence to
oral hygiene in periodontal treatment [43]. Optimal oral hygiene leads not only to a change
in periodontal indices but also influences the general condition of patients with diabetes
and hypertension. Four oral hygiene sessions with a dental hygienist were sufficient to
maintain stable blood pressures and significantly lower glycosylated hemoglobin levels at
the fourth session [44]. It was proven that a higher level of knowledge about periodontal
disease, its pathogenesis, and consequences led to internal motivation and an improvement
in oral hygiene, especially in the interdental spaces [45].

When analyzing the results of the presented experiment, the limitations of our survey
should also be considered. The study group consisted of patients seeking professional
periodontal help at the Outpatient Clinic at the Medical University. The knowledge of
this group of patients cannot be compared to the entire Polish population, including those
without symptoms of periodontal disease. Another limitation of our work was the size of
the assessed group. Despite the fact that our survey lasted over a year, only 302 people
decided to complete our questionnaire. The likely reason for this was the need to fill
out multiple forms before the periodontal visit, which is particularly cumbersome for the
elderly. In our survey, we did not ask about education and socioeconomic status. Although
additional questions could provide new information and dependencies, we wanted to
avoid the survey being too long. We did not correlate periodontal status with the level of
patients’ knowledge, which allowed the research to remain anonymous and a larger group
of respondents to be gathered.

It is also important to recognize that patients’ knowledge is not the only factor affecting
oral health; other aspects described by health behavior models are equally important in
motivating patients to change their hygiene habits. These evidence-based psychological
models are connected, inter alia, with self-efficacy, motivation, counselling, decision balance
(relationship of perceived benefits and behavioral barriers), perceived susceptibility, and
normative beliefs [46–48]. Knowledge is only a prerequisite, but it is necessary to improve
patients’ health-seeking behaviors.

5. Conclusions

In our work, we demonstrated that patients have an insufficient level of knowledge
related to the risk factors and prevention of periodontal disease, especially through effective
interdental cleaning. The collected data indicate the need for further education on peri-
odontal disease among patients attending the Outpatient Clinic for Periodontal Diseases of
the Medical University of Bialystok and in the general Polish population. Awareness of the
extent of OHL among patients will enable the identification of key issues connected with
oral health education interventions. The effective education of patients should result in
more successful prevention and treatment of periodontal diseases.
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Abstract: Marginal and periapical periodontal diseases cause massive destruction of tooth tissues and
surrounding tissues, such as alveolar bone and maxillary sinus floor, visible on radiographs. Lesions
involving the apical and marginal periodontium are endo−perio (EPL) lesions. This study aimed
to compare the treatment efficacy of endo−perio lesions using a standard treatment protocol and a
standard diode laser-assisted treatment protocol. The 12 patients were divided into the study (a) and
control (b) group. Periodontal indices, tooth vitality and mobility, occlusal status, and radiographic
diagnosis were evaluated. Standard EPL treatment was then performed—without (a) and with (b) the
use of diode laser (940 nm). Again, after six months, the above-mentioned parameters were evaluated
and compared. The treatment of endo−perio lesions is a significant challenge for modern dentistry.
Diode lasers are increasingly used in addition to traditional treatment methods. The conventional
use of a 940 nm diode laser with an average power of 0.8 W in pulsed mode allows for the depth
of periodontal pockets to be reduced. In addition, the use of a diode laser has a significant effect on
tooth mobility and reduces bone loss.

Keywords: endo−perio lesions; diode laser; CBCT; periodontitis

1. Introduction

Marginal and periapical periodontal diseases cause massive destruction of the tooth’s
tissues, and surrounding tissues, such as alveolar bone and the floor of the maxillary sinus,
visible on radiographs [1]. Lesions that involve apical and marginal periodontium are
endo−perio lesions (EPL). According to the 2017 classification, this type of lesion affects
people with and without periodontal disease [2]. Advanced periodontitis results in the
loss of connective tissues and increased depth of periodontal pockets. Secondary changes
begin in the pulp of the tooth. Initially, the pulp is in a reversible inflammation state, but
irreversible inflammation develops over time. The two are closely related structurally
and functionally. Three main connection pathways are responsible for the occurrence of
EPL: the main canals of the dental roots, the lateral and accessory canals, and the dentinal
canals [2–7].

In 2017, a new classification of endo−periodontal lesions was formulated by Herrera
et al. (Table 1). The authors divided the lesions into two groups: endo−periodontal
lesions with root damage and without root damage. This new concept has changed the
clinical approach, because the primary source, endodontic or periodontal, is not relevant to
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treatment. The diagnosis of an endo−periodontal lesion must answer whether to preserve
the tooth or remove it. In the evaluation, there are three types of diagnosed EPL tooth:
hopeless, which is classified for removal; bad; or favorable, which should be cured [2].

Table 1. Endo−perio lesion (EPL) according to Herrera et al. [2].

Endo−periodontal lesion with
root damage

Root fracture or cracking

Root canal or pulp chamber perforation

External root resorption

Endo−periodontal lesion
without root damage

Endo−periodontal lesion in
periodontitis patients

Grade 1—narrow deep
periodontal pocket in 1 tooth

surface

Grade 2—wide deep
periodontal pocket in 1 tooth

surface

Grade 3—deep periodontal
pockets in more than 1 tooth

surface

Endo−periodontal lesion in
non-periodontitis patients

Grade 1—narrow deep
periodontal pocket in 1 tooth

surface

Grade 2—wide deep
periodontal pocket in 1 tooth

surface

Grade 3—deep periodontal
pockets in more than 1 tooth

surface

Treatment of endo−periodontal lesions involves the elimination of pathogens found
in periodontal pockets and infected root canals [2,3,8]. The bacteria that are found in both
of these environments are very similar. This similarity between bacteria is related to specific
conditions, and the occurrence in anaerobic environments [9]. Some studies have shown
that most bacteria are located in the outer 300 μm of dentinal tubules. These sites may be
reservoirs from which the bacterial recolonization of treated root surfaces can arise [10].
Pathogens found in these types of lesions include Streptococcus, Peptostreptococcus, Eubac-
terium, Bacteroides, and Fusobacterium. A study published in 2020 showed that endo−perio
lesions can be observed in the endodontium and periodontium, mainly Tannerella forsythia,
Porphyromonas gingivalis, and Aggregatibacter actinomycetemcomintans [5].

Treatment in EPL should be two-pronged—periodontal and endodontic. These ap-
proaches are mechanical non-surgical periodontal treatment, consisting of surface root
planning (SRP) or SRD (surface root debridement). The area, after being cleaned, is pre-
pared to receive the new adhesion. Periodontal surface and root debridement can be
performed using hand instruments and ultrasonic scalars. A comparison of manual and
ultrasonic instrumentation use indicates that it is not statistically significant [11,12].

The goal of the endodontic algorithm is to eliminate bacteria that are present in the
root canals [13,14]. Many proposals and protocols for decontamination and root canal
preparation with laser devices have been presented in the literature. The first conventional
protocols are CLE (conventional laser endodontics), aPAD (antimicrobial photo-activated
disinfection), and LAI (laser-activated irrigation). In recent years, erbium lasers operating
with short SSP pulses, low power, PIPS (photon-induced photoacoustic streaming), and
SWEEPS (shock wave enhanced emission photoacoustic streaming) have been introduced
to endodontic treatment. Treatment is performed using special tips with tailpieces in the
presence of irrigation solutions: 17% sodium edetate (EDTA) and 5.25% sodium hypochlo-
rite (NaOCl). They were proven to be very effective, without causing thermal effects on
dental hard tissues [15]. The mechanism of their antibacterial action is primarily due to the
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thermal effects of radiation. Due to the different wavelengths emitted, diode lasers differ in
their absorption range in water, which affects the penetration depth of the radiation into
the tubules, from 400 to 1000 μm [16,17].

The laser therapy in periodontal pockets is able to eradicate pathogens and avoid
surgical treatment.

The above considerations inspired the authors to address this topic.
This study aimed to compare the effectiveness of treating endo−perio lesions using a

standard treatment protocol and a standard treatment protocol augmented with a diode
laser. Null hypothesis—there is no difference in the efficacy of treating endo−perio lesions
using a standard treatment protocol and a standard treatment protocol augmented with a
diode laser.

2. Materials and Methods

This study was designed as a randomized and controlled 6-month clinical trial. The
study protocol was approved by the Ethics Commission of the Medical University (no.
KB-0012/29/17) and was conducted in full accordance with ethical principles, including
the WHO Helsinki Declaration (2008 version).

2.1. Subject Selection

Sixteen patients of the Department of Periodontology, Medical University, with
endo−perio lesions were enrolled in the pilot study. All patients were diagnosed with
stage III periodontitis [18]. Each subject gave informed consent after explaining the study
protocol, risks, and benefits. Two patients in both groups were excluded from the study
due to missed appointments. Both groups had the same number of teeth—six molars in the
study group (G1) and the control group (G2). Seven men and five women aged between 35
and 58 years (mean ± SD 46.5 ± 11.5) participated in the study. The inclusion and exclusion
criteria for the study are shown in Table 2.

Table 2. Inclusion and exclusion criteria for enrolled patients.

Inclusion Criteria Exclusion Criteria

• Patients diagnosed with periodontitis,
• Grade III periodontitis
• Presence of endo−periodontal lesions without

root damage
• Presence of at least 20 teeth
• Patients without increased tooth mobility
• Patients without occlusal problems or after

occlusion correction
• Motivated patients with good oral hygiene

(API < 15%)

• Presence of systemic disease
• Patients taking antibiotics or

immunosuppressive drugs six months before
the study

• Pregnancy or lactation
• Smoking or alcoholism

The study was conducted according to the computerized random assignment of teeth
to either the control (n = 6) or study (n = 6) group. Periodontal and endodontic treatment
was performed in the first group, G1, with the additional use of a diode laser with a
wavelength of 940 nm. The same procedures were performed in the control group G2, but
without using the diode laser (Figure 1).
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Figure 1. Study scheme.

2.1.1. First Visit

At the first visit, all patients (n = 12) were clinically examined for parameters such as
periodontal pocket depth (PPD), tooth mobility, vitality test, occlusal status, and X-ray anal-
ysis. Periodontal pocket depth (PPD) was examined using a handheld periodontal probe
(UNC 15, Hu-Friedy®, Chicago, IL, USA) at six sites. Classified teeth diagnosed with EPP
showed no viability when tested with faradic current (PEm-1-type pulpoendometer) and
ethyl chloride [19]. In addition, the study teeth were checked with Periotest M (Medizin-
technik Gulden®, Modautal, Germany) in both groups before and after treatment. Periotest
M is an instrument used to measure tooth mobility [20]. Every patient was checked using
the T-scan Novus (Tekscan®, Boston, MA, USA).

In addition, before endodontic and periodontal treatment, cone bean computed to-
mography (CBCT) was performed to visualize bone defects in the vicinity of the tooth and
to gain better insight into the anatomy of the root canal system of the treated tooth.

2.1.2. Treatment

Based on the examination, endodontic and periodontal treatment of the teeth was
decided. Scaling and root planning of the teeth were performed using an ultrasonic scaler,
and hand curettes were used. Intraoral radiographs (Pax Flex3D, Hwaseong-si, Gyeonggi-
do, 18449, Korea) were then taken to classify the teeth, and endodontic treatment was
started under anesthesia. The anatomy of the root system was evaluated on CBCT images
before endodontic treatment (Figure 2), and endodontic treatment was performed using
a microscope (Leica®, Wetzlar, Germany). A two-dimensional image was taken with the
instruments in the canals (Figure 3). It was helpful to determine the working lengths
of the canals, which were confirmed using a Raypex 5 endometer (VDW®, München,
Germany). The rotary preparation was preceded by manually preparing the glide path
using stainless steel hand instruments for a #20 file. The canals were prepared with 2%
sodium hypochlorite, EDTA, and distilled water, using the crown-down method with the
Endostar E3 Basic rotary system (Endostar®, Warszawa, Poland).
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Figure 2. Baseline CBCT.

 
Figure 3. 2D image during endodontic treatment.

After complete canal preparation, the Epic X diode laser (Biolase®, Foothill Ranch,
CA, USA) at 940 nm was used in group one. Disinfection was performed with sodium
hypochlorite and the diode laser in a pulsed wave, with an operation input of 20 ms and
output of 20 ms, average power of 0.8 W, pulse width of 20 ms, and timer of 10 s. The fiber
of the diode laser tip with a diameter of 0.2 mm was introduced, which was shorter by
2 mm than the working length of the canals. There were three repetitions of disinfection
per channel, with 10-s pauses between the repetitions. Calcium hydroxide paste Calcipast
(Cerkamed®, Stalowa Wola, Poland) was applied to the canals between visits, and the teeth
were temporarily sealed with Ketac Fil glass-ionomer cement (3M ESPE®, Maplewood,
MN, USA).Root debritment was performed in each periodontal pocket. An EPIC X 940 nm
laser (Biolase®, Foothill Ranch, CA, USA) with inactive tips was used to disinfect the
interdental pockets without prior rinsing of the pockets. Pulse operation was completed
with an input of 20 ms and output of 20 ms, average power per pulse of 0.8 W, and pulse
energy of 32 mJ. The power density was 1132 W/cm2. The disinfection procedure used
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300 μm diameter inactive quartz tips (E3-7). Each interproximal site was disinfected every
10 s. The fiber was inserted to the full depth of the pockets, for three repetitions in each
pocket, with 10-s intervals between [8,21–23]. Disinfection of the pockets and canals was
performed twice a month for three months. During all laser operations in the canals and
periodontal pockets, the fiber was in continuous motion at a speed of 2 mm/s. After three
months, it was decided to fill the canals with gutta-percha cones (Gutta Percha Points,
Endostar®, Warszawa, Polska) with an AH Plus sealer (Denstply®, Charlotte, NC, USA) by
lateral condensation. All of the laser parameters are shown in Table 3.

Table 3. Laser parameters used during disinfection in periodontal pockets and root canals.

Localization Fiber
Tip-Spot

cm2 Pulse Width % on Time
Average/Pulse

Power W

Peak Power
Dentisity

W/cm2

Average Power
Dentisity W/cm2

Total Energy
mJ

Periodontal
pocket (10 s) 300 μm 0.0007

input 20
ms/output

20 ms
50% 0.8/1.6 2264 1132 8

Root canal 200 μm 0.0003
input 20

ms/output
20 ms

50% 0.8/1.6 5093 2546 8

The same steps were performed in the control group, but without the diode laser.
After three months, the root canals were filled with gutta-percha cones (Gutta Percha

Points, Endostar®, Warszawa, Polad) with AH Plus sealer (Denstply®, Charlotte, NC, USA).
After another three months, periodontal parameters, mobility, and CBCT were per-

formed in both groups. Three-dimensional images were processed into special models to
check the change of EPL volume.

Using CBCT, which was taken before and after treatment, STL (stereolithographic)
models were made [14,15]. These models depicted the shape of the bone defects
(Figures 4 and 5). The effects of the completed treatment were also evaluated.

 

Figure 4. STL model before treatment.
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Figure 5. STL model after treatment.

The CT scan was manually segmented in 3D Slicer software to visualize the lesion
volume and bone defect regeneration. The files that resulted from the segmentation process
were imported into Mini Magics 2.0 software to measure the bone defect volume [24–26].

2.2. Statistical Analysis

The STATA program (Version 15) was used for the statistical analysis. Pocket depth,
mobility, and bone volume change were compared between the study and control groups.
The significance of differences in the study and control groups at baseline and after treat-
ment (after six months) was determined. Differences were considered statistically signifi-
cant when the p-value was less than 0.05, and a trend at the limit of statistical significance
was found when the p-value was 0.051–0.099.

3. Results

Baseline Characteristics
Statistical analysis showed a similarity in treatment initiation between the control and

study groups. No statistical differences were found in terms of gender, age, and number of
teeth (Table 4).

There were no significant statistical differences between the study and control groups
in the pre-treatment examination, evaluating the six sites measuring the pocket depth. The
groups were similar to each other. Before treatment, the pocket depth in the study group
averaged 6.1 mm, and the deepest pocket was 13 mm (Table 5).
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Table 4. Study group characteristics.

Sex Group 1 (G1) (%) Group 2 (G2) (%) Summary

1 (MALE) 4 66.67% 3 50.00% 7
2 (FEMALE) 2 33.33% 3 50.00% 5
SUMMARY 6 6 12

Chiˆ2 Pearsons 0.34 df = 1 p = 0.55819
Fisher’s exact p = 1.0000

R rang Spearman 0.17 t = 0.54233 p = 0.59947
NUMBER OF

MOLAR G1 G2 SUMMARY

16 0 0.00% 1 16.67% 1
27 1 16.67% 1 16.67% 2
36 4 66.67% 1 16.67% 5
37 1 16.67% 1 16.67% 2
46 0 0.00% 1 16.67% 1
47 0 0.00% 1 16.67% 1

SUMMARY 6 6 12
Chiˆ2 Pearson 4.80 df = 5 p = 0.44078

R rang Spearman 0.15 t = 0.48224 p = 0.64001

Table 5. Periodontal pocket depths (mm) before (B) and after (A) treatment in the study group (G1)
around classified teeth.

Localization Bucc. Mes. B/A
(mm)

Bucc. Mid. B/A
(mm)

Bucc. Dis. B/A
(mm)

Ling. Mes. B/A
(mm)

Ling. Mid. B/A
(mm)

Ling. Dis. B/A
(mm)

AVG. AVG. Diff.
(mm)Patient B/A (mm)

1 5 4 5 3 10 7 4 3 4 3.5 13 10

6.1/4.25 1.88

2 4 3 6 2 7 3.5 4 3 5 4 5 4
3 5 4 5 3 4 3 5 3 5 2 5 4
4 8 4.5 6 4.5 6 4 7 6 5 4.5 5 4
5 11 5 8 8 6 4 8 6 5 4.5 9.5 5
6 6 5 6 3.5 5 3.5 6 4.5 6 4 6 4

Bucc.—buccal; Ling.—lingual; Mes.—mesial; Dis.—distal; Mid.—middle; AVG.—average; Diff.—difference.

After treatment, the mean value of pocket depth was 4.22 mm, and the deepest pocket
was 10 mm (Table 6). In the control group, the mean PD value was initially 6.03 mm, and
the deepest pocket was 12 mm (Table 5). After treatment, the mean PD was 5.80 mm, and
the deepest pocket was 10.5 mm (Table 6). The mean difference in PD was 1.88 mm in
the treatment group and 0.23 mm in the control group. Significant statistical differences
were found by comparing the measurements for all pocket depth sites in the study group
before and after treatment. The Student’s test and Wilcoxon test were performed. However,
significant statistical differences were found in the control group in only one pocket depth
site. Due to the significant reduction in pocket depth in the study group, a significant
difference was also found in the mean pocket depth values between the study and control
groups (Table 7).

Table 6. Periodontal pocket depths before (B) and after (A) treatment in the control group (G2) around
classified teeth.

Localization Bucc. Mes. Bucc. Mid. Bucc. Dis. Ling. Mes. Ling. Mid. Ling. Dis. AVG. B/A
(mm)

AVG. Diff.
(mm)Patient B/A (mm) B/A (mm) B/A (mm) B/A (mm) B/A (mm) B/A (mm)

1 5 5 6 5.5 7 7 5.5 5 6 6 8 7.5

6.03/5.77 0.26

2 4 4 4 4 6 5.5 4.5 4.5 5 5 6.5 6.5
3 5.5 5 8 8 7 6.5 6 5.5 6 5.5 7.5 7
4 5 5 6 6 5.5 5.5 4.5 4.5 5 5 6 5.5
5 12 10.5 3.5 3.5 6 5.5 7.5 7 4 4 5 5
6 8 8 6.5 6.5 7 7 7 6.5 5 5 6 5.5

Bucc.—buccal; Ling.—lingual; Mes.—mesial; Dis.—distal; Mid.—middle; AVG.—average; Diff.—difference.
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Table 7. Statistical differences between periodontal pocket depths before (B) and after (A) treatment
in the study (G1) and control (G2) groups.

G1 Variable Average B SD B± Variable Average A SD A ± St-p Wilc. p

1 BUCC. DIS. 1 6.5 2.59 BUCC. DIS. 2 4.25 0.76 0.046 0.028
2 BUCC. MID. 1 6 1.1 BUCC. MID. 2 4 2.12 0.013 0.043
3 BUCC. MES. 1 6.33 2.07 BUCC. MES. 2 4.17 1.44 0.002 0.028
4 LING. DIS. 1 5.67 1.63 LING. DIS. 2 4.08 1.28 0.005 0.028
5 LING. MID. 1 5 0.63 LING. MID. 2 3.67 0.88 0.021 0.028
6 LING. MES. 1 7.25 3.31 LING. MES. 2 5.17 2.40 0.016 0.028

G2 Variable Average B SD B± Variable Average A SD A± St-p Wilc.p

1 BUCC. DIS. 1 6.58 2.97 BUCC. DIS. 2 6.25 2.49 0.235
2 BUCC. MID. 1 5.67 1.66 BUCC. MID. 2 5.58 1.66 0.363
3 BUCC. MES. 1 6.42 0.66 BUCC. MES. 2 6.17 0.75 0.076 0.109
4 LING. DIS. 1 5.83 1.25 LING. DIS. 2 5.92 1.07 0.872 0.500
5 LING. MID. 1 5.17 0.75 LING. MID. 2 4.92 0.8 0.203
6 LING. MES. 1 6.50 1.1 LING. MES. 2 6.08 1.07 0.042 0.068

Bucc.—buccal; Ling.—lingual; Mes.—mesial; Dis.—distal; Mid.—middle; SD—standard deviation; St-p—Student;
Wilc.p—Wilcoxon.

The mean value of Periotest in the study group before treatment was +14.08, and after
treatment was +7.87 (Table 8). In the control group, the mean value before treatment was
+14.77, and after treatment was +11.42 (Table 9). These results indicate that in the study
group, the teeth decreased the mean mobility from 1◦to 0◦, which means physiological
mobility. There was no statistically significant difference between the measurements before
treatment in both groups during the statistical analysis. In the second measurement,
there was a trend at the limit of statistical significance between the two groups in the
Mann−Whitney test (Table 10).

Table 8. Periotest measurements before (B) and after (A) treatment in the study group (G1).

Patient/Periotest
Measurements

Before
Treatment

After
Treatment

Average
Mobility B

Max
Mobility B

Average
Mobility A

Max
Mobility A

1 +5 +3

14.08 22 7.87 12.4

2 +3.9 +3.6
3 +20 +10
4 +22 +12.4
5 +15.6 +8.6
6 +18 +9.6

Table 9. Periotest measurements before (B) and after (A) treatment in the control group (G2).

Patient/Periotest
Measurements

Before
Treatment

After
Treatment

Average
Mobility B

Max
Mobility B

Average
Mobility A

Max
Mobility A

1 +15 +10

14.77 23 11.42 18

2 +6 +5
3 +15 +14
4 +23 +18
5 +13.6 +11
6 +16 +10.5

Table 10. Comparison of Periotest measurements in the study (G1) and control (G2) groups after
treatment using the Mann−Whitney test.

Group Amount of Teeth Average SD M-W p

1 6 7.87 3.76
2 6 11.42 4.34 0.092

M-W—Mann−Whitney test; SD—standard deviation.

As imaged by the STL models, the measurement of bone loss was performed in both
groups before treatment, and no statistical difference was found in both groups. After
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treatment, checking the STL models in the study group, the lesions decreased by an average
of 52.5% (Table 11), and in the control group, the lesions decreased by 27% (Table 12).

Table 11. Changes of bone volume (mm3) in study group (G1) before (B) and after (A) treatment.

Number of Tooth 36 36 37 36 36 27
Average Volume

B/A (mm3)Volume before
treatment (mm3) 654.4 650 498 300 220 205

Volume after
treatment (mm3) 309 260 220 140 110 115

421.23/192.3
Change in percent (%) 52.8 60 65 53 50 44

Table 12. Changes of bone volume (mm3) in control group (G2) before (B) and after (A) treatment.

Number of Tooth 46 47 36 37 16 27
Average Volume

B/A (mm3)Volume before
treatment (mm3) 287.3 450 650 700 300 520

Volume after
treatment (mm3) 207.1 310 400 580 245 360

484.55/350.4
Change in percent (%) 28 31 38 17 18 30.7

There was a statistically significant difference between the two groups after treatment
between the study and control groups’ results. This was shown by the Mann−Whitney test
and Student’s t-test (Table 13).

Table 13. Comparison of bone loss (mm3) after treatment in the study (G1) and control (G2) groups
using Student’s t-test and Mann−Whitney test.

Group Amount of Teeth Average SD ST p M-W p

1 6 192.3 83.0
2 6 350.4 133.1 0.033 0.037

M-W—Mann−Whitney test; SD—standard deviation; ST—Student’s t-test.

4. Discussion

The use of a diode laser is becoming increasingly popular in periodontal treatment.
SRP is often assisted by laser therapy and is very effective for treating periodontal pockets,
removing bacteria, and eliminating inflammation [27]. Lasers reduce the depth of peri-
odontal pockets colonized by anaerobic bacteria, responsible for bone loss. This reduces
bone lysis and improves tooth retention. The laser-activated irrigation (LAI) method is a
straightforward protocol for rinsing and disinfecting the root canal. A fiber optic applicator
with a diameter of 200–400 μ is placed approximately 4 mm from the apex. The procedure
is performed in successive canals, rinsing is performed only at the end of the applicator, a
minimal amount of rinsing solution is used, and the laser energy is directed directly into
the dentinal tubules [21,28,29]. Moving the fiber minimizes the risk of thermal compli-
cations and allows the radiation to reach the lateral canal surfaces. The combination of
diode laser, 5.25% NaOCl solution, and 17% EDTA solution allows for 100% elimination of
Enterococcus faecalis [15,22]. Diode lasers provide effective removal of bacteria and toxins. In
addition to bactericidal and detoxifying effects, diode lasers can accelerate wound healing,
facilitate collagen synthesis, accelerate angiogenesis, and enable hemostasis [30,31]. Diode
lasers are highly effective at removing the epithelium using a thermal mechanism [23,32].
Most studies on the efficacy of a diode laser as SRP and endodontic treatment support
traditional methods with bactericidal effects, soft tissue debridement, and photobiomodu-
lation [27,33–36]. Increasingly, the 940 nm diode laser is being used in dental practice to
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optimize periodontal and endodontic treatment efficacy. The 940 nm laser has an affin-
ity for hemoglobin and melanin molecules. Its effectiveness is higher due to the fiber’s
access to furcation areas, deep pockets, and root cavities [30,31]. It should be noted that
the combination treatment is actually more effective in decontaminating the periodontal
pocket, and it can also be assumed that recolonization is slower. The diode laser removes
the mucosal epithelium more precisely than traditional hand tools, while the underlying
connective tissue remains intact. According to some authors, lasers do not have apparent
therapeutic effects [27]. Another work, a meta-analysis by Quadri [33], indicates that lasers
give better therapeutic outcomes. The results of clinical studies on the use of diode lasers
as an adjunct to the SRP procedure vary in the choice of parameters, e.g., wavelength, and
the power ranges from 0.84, 1, 2, to 2.5 W in CW or pulsed mode. In some studies, the
treatments were performed once or several times in a sequence of treatments. For this
reason, the results reported in the available clinical studies on periodontal pocket treatment
are difficult to compare and analyze [7,8,22,35–37]. In our study, we found a statistically
significant reduction in pocket depth in the study group. In addition, diode lasers are
beginning to be used as an aid in endodontic treatment for root canal disinfection. This
is very helpful for reaching small dentinal canals and removing the smear layer. Diode
lasers are available in a broad spectrum of wavelengths from 800 to 1064 nm, differing in
their absorption properties. The 940 nm laser has an affinity for hemoglobin and melanin
molecules. In addition, the benefits of diode laser and traditional SRP procedures in the
treatment algorithm are associated with more significant bactericidal activity, a curettage
effect, and a bio stimulatory effect. It should be noted that the combined treatment is
actually more effective in decontaminating the pocket, and it can also be assumed that
recolonization is slower [38]. Cone-beam computed tomography is also increasingly used
in daily practice. The three-dimensional image is more precise than the two-dimensional
image, and allows for more than one imaging layer to be visualized. A problem with the
use of CBCT can be inexperience, thus incorrectly reading the image related to the artifact
and gray tones [39,40]. This observation supports the use of traditional treatment methods
with diode laser support in EPP to increase the efficiency of tissue regeneration and thus
tooth maintenance, stopping the development of periodontitis. These processes should
continue to be observed in 3D images.

This study has some limitations. Unfortunately, because this is a pilot study, the
study group was not large. Due to the promising results obtained in our research, we
plan to continue this study. Unfortunately, another limitation was the failure to conduct
sample size calculations before beginning the study. The authors intend to conduct such
a study in the future on a larger group, counting the power of the study and sample size
calculations. Three-dimensional assessment of bone atrophy in treated teeth was evaluated
in terms of its volume. For a more precise evaluation in further studies, we plan to compare
the three-dimensional meshes obtained from STL files, their detailed evaluation in each
dimension, and to determine the treatment effect on horizontal and vertical atrophy of
alveolar bone [41].

5. Conclusions

The treatment of endo−perio lesions is a significant challenge for modern dentistry.
In addition to traditional treatment methods, diode lasers are increasingly being used. The
additional use of a 940 nm diode laser with an average power of 0.8 W in pulsed mode
reduces periodontal pocket depth. In addition, the use of a diode laser has a significant
impact on tooth mobility and reduces bone loss.
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Abstract: Grip strength is a simple indicator of physical strength and is closely associated with
systemic health. Conversely, oral health has also been reported to have an important association
with systemic health. The present study aimed to assess the effect of oral health status on relative
handgrip strength. The data pertaining to 11,337 participants were obtained by means of the seventh
Korea National Health and Nutrition Survey (2016 to 2018). Oral health status was evaluated on the
basis of the presence of periodontitis and number of remaining teeth (PT, present teeth). Relative
handgrip strength was evaluated by means of a digital dynamometer and the value pertaining
to the lower 25% of measurements was used as the quartile by gender. The association between
oral health status and relative handgrip strength was evaluated by means of multiple regression
analysis and multiple logistic regression analysis with covariate correction. Analysis of the crude
model revealed a significant association in the group of patients with periodontal disease (odds
ratio = 1.69, 95% confidence interval: 1.51–1.89). However, analysis with adjusted covariates revealed
that the association was not statistically significant. Moreover, statistical analysis after adjustment for
covariates revealed a consistent correlation between PT and relative handgrip strength as categorical
and continuous variables. Hence, the present study observed a significant association between oral
health status and relative handgrip strength among the Korean adult population.

Keywords: KNHANES; periodontitis; present teeth; relative handgrip strength

1. Introduction

Advancements in the field of science have led to an increase in human lifespan, and
emphasis on the quality of life is important for the pursuit of a healthy life. Correspondingly,
physical function plays an important role in the quality of life [1] and handgrip strength is
widely used to conveniently evaluate physical functions [2,3]. Handgrip strength is divided
into two categories: absolute handgrip strength and relative handgrip strength. The latter
is computed by dividing absolute handgrip strength by the individual’s body mass index
(BMI). Relative handgrip strength has been recommended to address the disturbance
in muscle strength attributable to body mass as well as the health risks associated with
weight gain and muscle weakness [4,5]. Moreover, recent studies have demonstrated
the association between relative handgrip strength and systemic diseases. A study by
Lawman et al. [6] reported the association between handgrip strength and biomarkers of
cardiovascular disease using the data obtained from the National Health and Nutrition
Examination Survey (2011–2012). Another study by Yi et al. [7] reported the association
between handgrip strength and metabolic syndrome using the data obtained from the
Korea National Health and Nutrition Survey (KNHANES) (2014–2015). Furthermore, a
prospective cohort study of Japanese subjects by Manda et al. [8] reported that handgrip
strength could be used to predict the incidence of prediabetes.
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Similarly, oral health is closely related not only to an individual’s physical fitness [9],
but also to systemic diseases. Periodontal disease, one of the most common oral diseases,
is a chronic inflammatory disease that can affect humans throughout life [10]. A previous
study by Falcao and Bullón [11] observed that the effects of periodontal disease were
not limited to the oral cavity alone. The aforementioned study observed associations
between periodontal disease and several systemic health conditions and diseases, including
cardiovascular disease, diabetes, rheumatoid arthritis, and respiratory disease. Previous
studies have reported that the overall nutritional status and quality of life improved
with the improvement in chewing ability, which represents the oral health status [12]. In
addition, other studies have reported that comfortable chewing warrants the functionality
of more than 20 remaining teeth (PT, present teeth) [13]. Moreover, the association between
dental occlusion and physical fitness has been reported by Yamaga et al. [14], and another
study by Kamdem et al. [15] reported that PT and masticatory function were associated
with diabetes. In accordance with the results reported by the aforementioned studies, oral
health is very important and periodontal disease and PT are representative indicators of
the oral health status [16,17].

In literature, only a limited number of studies have reported the association between
handgrip strength and oral health status. The relationship between absolute handgrip
strength and PT in the Korean population was reported by Shin [18]. Furthermore, the same
association was reported by a similar study with a smaller sample size [16] and another
study that performed the statistical analysis after adjustment for a few covariates [19].
However, few studies have confirmed the association between periodontal disease and PT
(indicators of oral health status) and the relative handgrip strength (indicator of healthy
functioning of the body).

Hence, the purpose of the current study was to assess the association between oral
health and relative handgrip strength in adults ≥19 years of age. To the best of our knowl-
edge, this is the first domestic study that analyzed the relationship between periodontal
disease and PT and relative handgrip strength after adjusting for various covariates in a
representative sample of the general population.

2. Materials and Methods

2.1. Study Population

The current study obtained data pertaining to the time period from 2016 to 2018 by
means of the seventh KNHANES. Among a total of 24,269 prospective subjects (8150,
8127, and 7992 participants pertaining to the years 2016, 2018, and 2018, respectively), the
present study excluded 12,932 subjects who did not undergo oral and handgrip strength
evaluations or had missing covariates. The final sample included 11,337 adult participants
≥19 years of age (Figure 1).

The current study was approved by the Research Ethics Review Committee of the
Korea Centers for Disease Control and Prevention (2018-01-03-P-A). Written informed
consent was obtained from all the subjects prior to the survey.

2.2. Handgrip Strength

Handgrip strength was evaluated by means of a digital dynamometer (Digital grip
strength dynamometer, T.K.K 5401, Takei Kikai Kogyo Co., Ltd., Tokyo, Japan). In ac-
cordance with the guidelines for evaluation [20], the measurement was performed in a
standing position and both hands were crossed three times.

For evaluation, the current study employed relative handgrip strength that was
computed by dividing the respective maximum handgrip strength of the dominant hand
by the corresponding BMI and expressed as kgBMI.
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Figure 1. Flow chart of the selection process.

The reference value used for the categorization of low relative handgrip strength was
based on the results reported by previous research [21]. The value pertaining to the lower
25% of measurements was used as the quartile by gender.

2.3. Oral Examination

The oral examinations were performed, and results were documented by a trained
dentist, according to the guidelines of KNHANES [22]. Periodontitis was diagnosed
using the Community Periodontal Index (CPI) [23], which was determined using the
WHO CPI probe. The scores were marked as follows: 0: healthy periodontal tissue; 1:
periodontal tissue with bleeding on probing; 2: periodontal tissue with calculus formation;
3: periodontal tissue with pocket depth (PD) of 4.0–5.0 mm; and 4: periodontal tissue with
PD > 5 mm. It was divided into two categories: Yes, for codes ≥3 (codes 3 and 4) and no,
for codes below 3 (codes 0, 1, and 2). The PT was calculated by adding up all the remaining
teeth (maximum of 28 teeth), excluding the third molars. Subsequently, the subjects were
classified into three groups on the basis of the same: 0–9 teeth, 10–19 teeth, and 20–28 teeth.

2.4. Covariates

The general characteristics pertaining to the subjects included gender, age, educa-
tional level, and household income. The variables concerning general health behaviors
included smoking (nonsmoker, former smoker, current smoker), alcohol consumption (non-
drinker, alcohol consumption once per month, alcohol consumption ≥ twice per month),
exercise (moderate-intensity physical activity for a minimum duration of 2 h 30 min, or
high-intensity physical activity for a minimum duration of 1 h 15 min, or a combination
of moderate- and high-intensity physical activity per week), BMI (weight/height2), and
presence of comorbidities (number of diagnosed cases of chronic diseases such as hyper-
tension, diabetes, stroke, myocardial infarction or angina pectoris, arthritis, and cancer).
Variables pertaining to oral health behaviors included the frequency of brushing teeth per
day, use of oral hygiene products (use of dental floss, interdental toothbrush, mouth rinse,
electric toothbrush, and other products), chewing problems, speaking problems, dental
visits during the past year, and self-perceived oral health status.
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2.5. Statistical Analyses

KNHANES is a complex sample survey and data analysis was performed in considera-
tion of the stratification variable, cluster variable, and weight, owing to the complex sample
design. The subjects were categorized on the basis of their respective relative handgrip
strength. The sociodemographic characteristics of the participants were analyzed using
the t-test or chi-square test. The present study employed multiple regression analysis to
confirm the association between relative handgrip strength as a continuous variable and PT
as a continuous and categorical variable. Moreover, the association between lower relative
handgrip strength and PT or categorical periodontal disease as continuous and categorical
variables among the subjects with handgrip strength below the lower quartile was assessed
using multiple logistic regression analysis. Adjustment for the variables pertaining to
general characteristics, general health behaviors, and oral health behaviors was performed
to determine the odds ratio (OR) of oral health status and relative handgrip strength. The
statistical significance was set at p < 0.05. In the present study, SAS 9.4 program (SAS
Institute, Cary, NC, USA) was used to perform the statistical analysis.

3. Results

3.1. General Characteristics of the Participants

The general characteristics of the subjects are presented in Table 1. The present study
involved a total of 11,337 participants with an average age of 49.81 ± 0.31 years. The group
with low relative handgrip strength, which included the subjects with handgrip strength
below the lower quartile, had greater age, lower educational levels, lower household
income, no exercise routine, obesity, greater number of comorbidities, fewer PT, and a
higher proportion of patients with periodontal disease, compared to the group with high
relative handgrip strength, which included the subjects with handgrip strength above the
lower quartile (top 75%).

Table 1. General characteristics of the subjects.

Variables
Total

(n = 11,337)

High
Relative

Handgrip
Strength
(n = 8846)

Low
Relative

Handgrip
Strength
(n = 2491)

p-Value

General characteristics
Age 49.81 ± 0.31 47.05 ± 0.28 59.67 ± 0.52 <0.0001 a

19–39 3399 (29.98) 3008 (34.00) 391 (15.70) <0.0001
40–64 5426 (47.86) 4570 (51.66) 856 (34.36)
≥65 2512 (22.16) 1268 (14.33) 1244 (49.94)

Educational
level

Primary 2036 (17.96) 1046 (11.82) 990 (39.74) <0.0001
Middle 1083 (9.55) 778 (8.79) 305 (12.24)
High 3742 (33.01) 3121 (35.28) 621 (24.93)

College + 4476 (39.48) 3901 (44.10) 575 (23.08)
Household

income
Lowest quartile 1964 (17.32) 1125 (12.72) 839 (33.68) <0.0001
Lower middle

quartile 2740 (24.17) 2084 (23.56) 656 (26.33)

Upper middle
quartile 3241 (28.59) 2690 (30.41) 551 (22.12)

Highest quartile 3392 (29.92) 2947 (33.31) 445 (17.86)
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Table 1. Cont.

Variables
Total

(n = 11,337)

High
Relative

Handgrip
Strength
(n = 8846)

Low
Relative

Handgrip
Strength
(n = 2491)

p-Value

General health behaviors
Smoking

Nonsmoker 6912 (60.97) 5266 (59.53) 1646 (66.08) <0.0001
Former smoker 2395 (21.13) 1853 (20.95) 542 (21.76)
Current smoker 2030 (17.91) 1727 (19.52) 303 (12.16)

Alcohol
consumption
Nondrinker 2979 (26.28) 1946 (22.00) 1033 (41.47) <0.0001

Once per month 3233 (28.52) 2572 (29.08) 661 (26.54)
≥Twice per

month 5125 (45.21) 4328 (48.93) 797 (32.00)

Exercise
No 6377 (56.25) 4720 (53.36) 1657 (66.52) <0.0001
Yes 4960 (43.75) 4126 (46.64) 834 (33.48)

BMI (kg/m2)
<18.5 426 (3.76) 399 (4.51) 27 (1.08) <0.0001

18.5 to <25 6989 (61.65) 5974 (67.53) 1015 (40.75)
≥25 3922 (34.59) 2473 (27.96) 1449 (58.17)

Comorbidity
0 7431 (65.55) 6421 (72.59) 1010 (40.55) <0.0001
1 2402 (21.19) 1686 (19.06) 716 (28.74)
≥2 1504 (13.27) 739 (8.35) 765 (30.71)

Oral health behaviors
Frequency of

brushing teeth
per day

≤1 1086 (9.58) 672 (7.60) 414 (16.62) <0.0001
2 4365 (38.50) 3321 (37.54) 1044 (41.91)
≥3 5886 (51.92) 4853 (54.86) 1033 (41.47)

Use of oral
hygiene
products

0 5156 (45.48) 3697 (41.79) 1459 (58.57) <0.0001

1 3975 (35.06) 3250 (36.74) 725 (29.10)
≥2 2206 (19.46) 1899 (21.47) 307 (12.32)

Chewing
problem

Comfortable 8940 (78.86) 7267 (82.15) 1673 (67.16) <0.0001
Uncomfortable 2397 (21.14) 1579 (17.85) 818 (32.84)

Speaking
problem

Comfortable 10,533 (92.91) 8405 (95.01) 2128 (85.43) <0.0001
Uncomfortable 804 (7.09) 441 (4.99) 363 (14.57)

Dental visits
during the past

year
No 7165 (63.20) 5395 (60.99) 1770 (71.06) <0.0001
Yes 4172 (36.80) 3451 (39.01) 721 (28.94)

Self-perceived
oral health status

Good 7033 (62.04) 5704 (64.48) 1329 (53.35) <0.0001
Poor 4304 (37.96) 3142 (35.52) 1162 (46.65)
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Table 1. Cont.

Variables
Total

(n = 11,337)

High
Relative

Handgrip
Strength
(n = 8846)

Low
Relative

Handgrip
Strength
(n = 2491)

p-Value

Oral health status
PT 24.84 ± 0.08 25.51 ± 0.07 22.41 ± 0.19 <0.0001 a

0–9 437 (3.85) 212 (2.40) 225 (9.03) <0.0001
10–19 940 (8.29) 525 (5.93) 415 (16.66)
20–28 9960 (87.85) 8109 (91.67) 1851 (74.31)

Periodontitis
No 7849 (69.23) 6338 (71.65) 1511 (60.66) <0.0001
Yes 3488 (30.77) 2508 (28.35) 980 (39.34)

Relative
handgrip

strength (kgBMI)
1.29 ± 0.01 1.40 ± 0.00 0.88 ± 0.01 <0.0001 a

All values are presented as the mean ± standard error or frequency (n, weighted %). p-values were obtained by
means of the chi-square test. a p-value was obtained by means of the t-test.

3.2. Association between PT and Relative Handgrip Strength as a Continuous Variable

The effects of PT as a continuous and categorical variable on relative handgrip strength
as a continuous variable are shown in Table 2. Analysis of the crude model with PT as a con-
tinuous variable revealed that increase in PT by one tooth effected significant corresponding
increase in the relative handgrip strength by 0.014 kgBMI (p < 0.0001). Furthermore, anal-
ysis of the model adjusted for covariates revealed that despite the decrease in regression
coefficient, increase in PT by one tooth effected significant corresponding increase in the
relative handgrip strength by 0.003 kgBMI (p < 0.0001).

Table 2. Multivariate regression analysis for PT and relative handgrip strength.

Independent Variables
Crude Adjusted

β p-Value β p-Value

PT (continuous) 0.014 <0.0001 0.003 <0.0001
PT (categorical)

0~9 −0.183 <0.0001 −0.040 0.0056
10~19 −0.179 <0.0001 −0.038 0.0006

20~28 Ref.
β: regression coefficient. p-values were obtained by means of logistic regression analysis. Adjusted for general
characteristics (gender, age, educational level, and household income), general health behaviors (smoking, alcohol
consumption, exercise, and comorbidi ty), oral health behaviors (frequency of brushing teeth per day, use of oral
hygiene products, chewing problem, speaking problem, dental visits during the past year, and self-perceived oral
health status), and oral health status (periodontitis).

Regarding the effects of PT as a categorical variable, analysis of the crude model
revealed significantly lower relative handgrip strength in the group with fewer teeth than
in the group with 20–28 teeth (10–19: −0.179, p < 0.0001; 0–9: −0.183, p < 0.0001). Moreover,
analysis of the model adjusted for covariates revealed a negative correlation (10–19: −0.038,
p = 0.0006; 0–9: −0.040, p = 0.0056).

3.3. Association between Oral Health Status and Low Relative Handgrip Strength among the
Subjects with Handgrip Strength Below the Lower Quartile (Lower 25%)

The results of multivariate logistic regression analysis of the effects of oral health
status on the risk of low relative handgrip strength among the subjects with handgrip
strength below the lower quartile (lower 25%) are shown in Table 3. Analysis of the crude
model revealed a significant association between periodontal disease and the risk of lower
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relative handgrip strength (OR = 1.69, 95% confidence interval [CI]: 1.51–1.89). However,
analysis of the model adjusted for covariates did not reveal the same association.

Table 3. Multivariate logistic regression analysis of oral health status and relative handgrip strength.

Independent Variables
Crude Adjusted

OR (95% CI) OR (95% CI)

Periodontitis
Yes 1.69 (1.51–1.89) 1.02 (0.89–1.16)
No 1 1

PT (continuous) 0.91 (0.90–0.92) 0.97 (0.96–0.99)
PT (categorical)

0~9 4.33 (3.45–5.44) 1.29 (1.00–1.67)
10~19 3.41 (2.83–4.10) 1.34 (1.10–1.62)

20 ~ 28 1 1
OR: odds ratio, 95% CI: 95% confidence interval. Adjusted for general characteristics (gender, age, educational
level, and household income), general health behaviors (smoking, alcohol consumption, exercise, and comorbid-
ity), oral health behaviors (frequency of brushing teeth per day, use of oral hygiene products, chewing problem,
speaking problem, dental visits during the past year, and self-perceived oral health status), and oral health status
(periodontitis or PT).

Analysis of the crude model with PT as a continuous variable revealed that increase
in PT by one tooth effected a corresponding decrease in the OR regarding the risk of low
handgrip strength by 0.91 times. Moreover, analysis of the model adjusted for covariates
revealed an association between the variables with an OR of 0.97 (CI: 0.96–0.99). Analysis
of the model adjusted for covariates with PT as a categorical variable revealed a significant
association between PT and the risk of lower relative grip strength among the subjects with
PT of 10–19 (OR = 1.34, CI: 1.10–1.62) and 0–9 (OR = 1.29 CI: 1.00–1.67), compared to those
with PT of 20–28 (ref).

4. Discussion

The current study confirmed the association between oral health status and relative
handgrip strength through analysis of national representative data after adjusting for sev-
eral covariates. Moreover, no previous Korean study has analyzed the association between
oral health status, evaluated by means of PT and the presence/absence of periodontal
disease, and relative handgrip strength after adjusting for several covariates. The current
results indicate a significant association between oral health status and relative handgrip
strength in the Korean adult population.

Handgrip strength is a representative measurement item that can be used to evaluate
internal strength. In addition, recent studies have reported a correlation between grip
strength and mobility, chronic disease morbidity, disability in old age, and total mortal-
ity [24,25]. In the current study, handgrip strength was measured in a standing position.
This method of evaluation can assess muscle strength of the core and lower body [6]. Hence,
the results can reflect the overall body strength. Moreover, disturbance in muscle strength
according to the respective body mass could be excluded through the utilization of relative
handgrip strength. Several previous studies have employed relative handgrip strength
for evaluations. A study by Alley et al. [3] reported that relative handgrip strength was
better suited for the evaluation of weakness than absolute handgrip strength. Moreover, a
study by Lawman et al. [6] reported that relative handgrip strength is a useful tool that
can be employed in the public health evaluation of muscle mass. Accordingly, the present
study endeavored to reflect the exact status of physical fitness of the subjects using relative
handgrip strength.

The present regression model, adjusted for covariates, revealed a correlation between
PT and relative handgrip strength and showed that the effect of PT was continuous and
categorical on relative handgrip strength. With regard to the association between PT as
a continuous variable and relative handgrip strength, the current results established that
relative handgrip strength significantly increased with the corresponding increase in PT in
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all models. Among the three categories of subjects with PT of 0–9, 10–19, and 20–28, the
groups with fewer teeth displayed a tendency to have lower relative handgrip strength
than the group with a higher number of teeth. A study by Shin [18] stated that assessment
of the relationship between number of teeth and absolute handgrip strength in Korean
adults revealed a significant association between greater number of remaining teeth and
greater absolute handgrip strength. The aforementioned results imply that the current
results are concurrent with the results of previous studies.

Conversely, with reference to the logistic regression model that assessed the relative
handgrip strength as a categorical variable and evaluated the effect of periodontal disease
on relative handgrip strength, the association between periodontal disease and relative
handgrip strength was confirmed through analysis of the crude model. A previous study
by Eremenko et al. [19] reported a relationship between clinical adhesion loss and relative
handgrip strength and the results were concurrent with the current results. Nonetheless
analysis of the model adjusted for covariates did not reveal any significant results. Further-
more, a previous systematic review [11] has reported that periodontal disease is associated
with several other factors. Consequently, other covariates pertaining to the subjects might
have a greater influence on the results of the present study.

The current study observed an association between PT and relative handgrip strength,
regardless of the status of continuous or categorical variable, as PT was a categorical
variable in the crude model and the model adjusted for covariates. A study of Chinese
individuals below the age of 60 years by Zhou et al. [26] employed the average number
of missing teeth as the cut-off value for tooth loss and reported an association between
tooth loss and relative handgrip strength. The abovementioned results were similar to
the current results. The present study was based on two previous studies: a study by
Elias et al. [13], which considered the presence of a minimum of 20 teeth as the criterion for
masticatory function, and a study by Peres et al. [27], which considered the presence of 10
or fewer natural teeth as the criterion for masticatory function. Thus, the authors are of the
opinion that better reflection of oral health status of the subjects was achieved through the
categorization of subjects on the basis of PT into three classes, i.e., 0–9, 10–19, and 20–28.
In addition, the current results confirm the association between PT and relative handgrip
strength as categorical and continuous variables, respectively [16,18,19,26,28,29]. Analysis
of the model adjusted for covariates with PT as a categorical variable revealed that the
OR pertaining to the group with PT of 0–9 was slightly lower than that of the group with
PT of 10–19. The authors are of the opinion that the current analysis involved subjects
with a wide range of age and gender differences, such as menopause-related differences
(occurrence or absence) in women, which might have influenced the outcomes, despite the
adjustments for age and gender. The current study tried to understand the general trends
in relation to oral health and relative handgrip strength in the Korean adult population.
The scenario warrants further research to confirm the association between variables by
categorizing the subjects on the basis of age and gender.

The putative mechanisms concerning the association between oral health and handgrip
strength are diverse and remain ambiguous. Recently, a systematic review reported that
oral health status and physical fitness and had a bidirectional relationship [9]. A study by
Yamaguchi et al. [30] reported a strong association between tooth loss and thickness of the
muscle mass with reference to the main masticatory muscle. Furthermore, a study of Japanese
population by Yoshino et al. [31] reported that masticatory force was associated with handgrip
strength. Additionally, it has been reported that the masticatory discomfort attributable to tooth
loss affects the nutritional status, owing to improper dietary habits [12]. In addition, previous
studies have reported that the consumption of branched-chain amino acids is associated with
handgrip strength [32]. Hence, the direct or indirect effect of tooth loss on physical strength
can explain this association with handgrip strength to a certain extent.

According to an alternative putative mechanism, periodontal disease and handgrip
strength share common risk factors, such as systemic inflammatory conditions. A previous
study by Visser et al. [33] reported that muscle mass and muscle strength in the elderly
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were related to the concentrations of interleukin-6 and tumor necrosis factor-α. High levels
of the aforementioned inflammatory factors were observed in patients with periodontal
disease [11].

The present study has certain limitations. The current study was cross-sectional in
nature and a causal relationship between the factors could not be determined. Confirmation
of the causal relationship between the two factors warrants a longitudinal study.

Nevertheless, the results of the present study correspond to the entire national popula-
tion, as the oral health status and relative handgrip strength of 11,337 adults was assessed
using large-scale data. Moreover, to the best of our knowledge, this is the first study
to confirm the association between relative handgrip strength, which denotes physical
strength, and oral health status, which was assessed by way of PT and periodontal disease,
through analyses after adjustment for the same covariate.

5. Conclusions

The current study verified a significant association between oral health status, evalu-
ated using periodontal disease and PT, and handgrip strength, which represents physical
strength, among Korean adults. Promotion and maintenance of oral health is necessary to
preserve physical strength, which is essential for a healthy life.
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Abstract: Periodontitis is a risk factor for atherosclerosis and coronary vascular disease (CVD). This
research evaluated the relationship between periodontal conditions and postoperative outcome in
patients who underwent coronary artery bypass grafting (CABG). A total of 101 patients with CVD
(age 69 years, 88.1% males) and the necessity of CABG surgery were included. Periodontal diagnosis
was made according to the guidelines of the Centers for Disease Control and Prevention (CDC, 2007).
Additionally, periodontal epithelial surface area (PESA) and periodontal inflamed surface area (PISA)
were determined. Multivariate survival analyses were carried out after a one-year follow-up period
with Cox regression. All study subjects suffered from periodontitis (28.7% moderate, 71.3% severe).
During the follow-up period, 14 patients (13.9%) experienced a new cardiovascular event (11 with
angina pectoris, 2 with cardiac decompensation, and 1 with cardiac death). Severe periodontitis was
not significant associated with the incidence of new events (adjusted hazard ratio, HR = 2.6; p = 0.199).
Other risk factors for new events were pre-existing peripheral arterial disease (adjusted HR = 4.8,
p = 0.030) and a history of myocardial infarction (HR = 6.1, p = 0.002). Periodontitis was not found to
be an independent risk factor for the incidence of new cardiovascular events after CABG surgery.

Keywords: periodontitis; adjustment risk; adverse effects; cardiovascular disease; coronary artery
bypass surgery; morbidity

1. Introduction

Cardiovascular diseases (CVDs) are the number one cause of death globally. In 2016,
CVDs represented 31% of all global deaths [1]. According to the 30th German national heart
report published in 2018 [2], coronary heart disease (CHD) with 7.9% and acute myocardial
infarction with 5.3% were the leading causes of death in Germany. The treatment of patients
with CVD is one of the most common medical tasks in developed industrial countries.

Coronary artery bypass grafting (CABG) surgery is a proven cardiac surgery stan-
dard procedure for patients with coronary multivessel disease and/or left main coronary
stenosis. CABG survival rates depend amongst other things on age. For instance, in
patients <70 years, 4-year adjusted survival rate for CABG was 95.0%, in patients 70 to
79 years of age, survival rate was 87.3%, and in patients ≥80 years, survival was 77.4% [3].
Other independent predictors for mortality after CABG are emergency operation, shock,
preoperative renal failure, longer total bypass time, intraoperative stroke, postoperative
myocardial infarction, gastrointestinal complications, respiratory failure [4], diabetes [5],
and peripheral arterial disease (PAD) [6].

Periodontitis is a chronic multifactorial host mediated inflammatory disease associated
with dysbiotic plaque biofilms and characterized by progressive destruction of the tooth-
supporting apparatus [7,8]. In a lot of cross-sectional and longitudinal studies, a significant
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association was demonstrated between periodontitis and CVD [9–14] independently of
already known risk factors.

Many studies indicate a direct, biologically plausible relationship between periodon-
titis and CVD. The local host inflammatory response induced by periodontal pathogens
promotes the passage of these microorganisms into the blood circulation [15]. Such bac-
teremia and/or endotoxemia can be caused by invasive dental treatment such as scaling
and root planing [16] or even normal daily activities, like tooth brushing, flossing, or food
intake [17], and is furthermore associated with the severity of periodontal disease [18].
DNA of key bacteria for periodontitis has been found in both in atheromas [19,20] and
heart tissue [21]. In another study, Aggregatibacter actinomycetemcomitans was cultured from
both specimens taken from periodontal pockets and atheromatous plaque of the same
patient [22]. This finding suggests that living bacteria can get from the oral cavity into the
coronary arteries and may directly contribute to the pathogenesis of atherosclerosis. In
animal experiments, another study showed that Porphyromonas gingivalis can invade into
heart tissue that has already been damaged by ischemia [23]. This result could indicate that
periodontal bacteria not only play a role in the development of atherosclerosis but can also
influence the cardiovascular outcome after a primary event.

In a previous study of our group, we investigated the subgingival microbiome in
cardiovascular (CV) patients undergoing coronary artery bypass grafting (CABG) in order
to identify putative microbial biomarkers for further adverse events after heart surgery.
We determined that Saccharibacteria phylum (class: TM7-3, order: CW040, family: F16)
was found to be associated with the incidence of secondary CV events (p = 0.016) [24]. The
present study aims to investigate whether clinical conditions of periodontitis were also
associated with the incidence of new cardiovascular events after CABG surgery.

2. Materials and Methods

2.1. Patients with CVD

Out of a population of 308 patients, 102 patients with CHD for whom an CABG surgery
was indicated at the department of cardiac surgery of the Mid-German Heart Centre at the
University Hospital Halle (Saale) between January and October 2017 were included in the
study. A total of 206 patients could not be included in the study because they did not meet
the inclusion criteria, a dental examination before the CABG operation was not possible,
a cardiac emergency existed, or the patients did not consent to participation in the study.
The most common reason for exclusion was that the subjects had fewer than four own
teeth. Follow-up data were generated from 101 patients between January 2018 to June 2019
(dropout rate 0.98%). The study design is summarized in Figure 1. An experienced cardiac
surgeon diagnosed patients with CHD and checked the inclusion and exclusion criteria.
The following inclusion criteria had to be met: age >18 years, at least 60% stenosis of one of
the main coronary arteries demonstrated by angiography, presence of at least four teeth.
Exclusion criteria were inability to give written informed consent, subgingival scaling and
root planing and/or antibiotic therapy during the last 6 months prior to the examination,
pregnancy, and the need for antibiotic prophylaxis against endocarditis according to the
criteria of the European Society for Cardiology [25]. Moreover, patients with diseases or
disorders such as current drug or alcohol abuse that preclude participation in this clinical
study according to investigator judgment were excluded.
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Figure 1. Study design flow chart.

2.2. Demographic Parameters and Clinical and Cardiological Diagnostics

In order to be able to assess the severity of the CVD, the number of coronaries affected
was determined (one-, two- or three-vessel disease). In addition, Canadian Cardiovascular
Society (CCS) stages for angina pectoris were determined. Baseline variables such as
age, smoking status (never, past, current smokers, and pack years) and current or past
diseases (e.g., diabetes mellitus, hypertension, peripheral arterial disease (PAD), and
dyslipoproteinemia) were assessed as part of the patient’s medical history. A person who
smoked a minimum of one cigarette per day at the time of questioning was considered to
be a current smoker. A past smoker had not smoked for at least one year at the time of the
survey. The number of pack years was calculated by multiplying the number of packs of
cigarettes smoked per day by the number of years of smoking. Furthermore, all patients
underwent detailed clinical and biochemical investigation. For instance, intake of drugs
such as lipid lowering drugs, oral anticoagulants, and antiarrhythmics was registered.
Serum parameters including international normalized ratio (INR) score, hemoglobin (Hb;
mmol/L), hematocrit (1/L), creatinine (μmol/L), urea (mmol/L), glycated hemoglobin
(HbA1c; mmol/mol), C-reactive protein (CRP; mg/dL), leukocytes (Gpt/L), and platelets
(Gpt/L) were recorded.
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2.3. Dental Anamnesis and Examinations

The dental anamnesis and examination was done one day before the CABG surgery.
The patients were asked about the frequency of brushing teeth per day and whether they
practiced interdental hygiene using dental floss or interdental brushes. Furthermore, the
question was asked whether periodontal therapy in form of scaling and root planing had
ever been carried out. In order to be able to estimate an increased occurrence of severe
periodontitis within a family, the patients were asked whether there was premature tooth
loss due to tooth loosening within relatives of the first degree.

Before the dental examination, the study participants were asked to rinse with an an-
tibacterial mouthwash solution (*Chlorhexamed® FORTE alcohol-free 0.2%, GlaxoSmithK-
line Consumer Healthcare GmbH & Co. KG, Munich, Germany) in order to reduce the
risk of bacteremia due to the probing of dental pockets. The clinical dental assessment
involved determining the plaque index (PI) [26] and bleeding on probing (BOP) [27]. In the
plaque index, four tooth surfaces were evaluated: mesio-buccal, mid-buccal, disto-bucca,
and lingual. In the bleeding index, six sites around each tooth (mesio-buccal, mid-buccal,
disto-buccal, disto-oral, mid-oral, and mesio-oral) were examined. BOP was only evaluated
after a waiting time of 30 s after probing. Furthermore, the number of decayed, filled, and
missing teeth was registered as well as the number of teeth with furcation involvement.

The measurements for both maximal clinical probing depth (PD = distance between
gingival margin and the apical stop of the probe) and maximum clinical attachment loss
(CAL = distance between the cementoenamel junction and the apical stop of the probe)
were taken also at six sites around each tooth. The maximum values for each tooth were
taken to calculate the overall mean per participant. In order to obtain reproducible results
for BOP, PD, and CAL, the two examiners (L.F. and J.G.) were particularly trained in
using a pressure-sensitive calibrated dental probe (UNC 15 0.2 N Aesculap, Tuttlingen,
Germany). Particular attention was paid to ensuring that the examiner oriented the probe
in the direction of the tooth axis. The reading was made exactly to the millimeter. If one
measuring point (gingival margin or cementoenamel junction) was between two markers
of the measuring scale, the measurement was estimated to 0.5 mm. For the calibration, both
examiners determined PD and CAL twice on five periodontal phantom models (phantom
model A-PB, frasaco GmbH, Tettnang, Germany) and on five patients. To assess the
reproducibility of the double measurements, the Bland–Altman method was used [28].
The difference (d) of the two measurements was calculated and plotted against the mean
of the two measurements. The measurements are sufficiently reproducible if 95% of the
differences (d) were in the range d ± 2 × s, where s denotes the standard deviation of the
differences. Regarding our two raters, the differences from two measurements for PD and
CAL were to 100% in this range d ± 2 × s. Thus, the examiners L.F. and J.G. were able to
generate reproducible measurement results.

The clinical periodontitis case definition was held according to the guidelines of the
working group of the Centers for Disease Control and Prevention (CDC) [29]. According
to the CDC, a severe periodontitis case was diagnosed if at least ≥2 interproximal sites
with CAL ≥ 6 mm (not on same tooth) and ≥1 interproximal site with PD ≥ 5 mm were
present. A moderate periodontitis case was diagnosed if at least ≥2 interproximal sites
with CAL ≥ 4 mm (not on same tooth) or ≥2 interproximal sites with PD ≥ 5 mm (not on
one tooth) were present. If no severe or moderate periodontitis was present, periodontitis
was diagnosed as mild or absent.

For a more accurate quantification of the root surface affected by attachment loss and
quantification of the inflamed epithelial surface, both the periodontal epithelial surface
area (PESA) and the periodontal inflamed surface area (PISA) were calculated [30]. For
that purpose, a freely downloadable (www.parsprototo.info) Excel spreadsheet was used.
In order to calculate PESA, data of CAL and recession were entered. For the calculation of
PISA, sites with BOP were recorded additionally.
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2.4. Follow-Up

Follow-up data were collected from 101 patients. The follow-up was primarily carried
out by telephone interview one year after CABG surgery. If follow-up information could
not be obtained, we contacted civil registration offices and requested information about
current address or date of death. The postoperative outcome was assessed using the major
adverse cardiac and cerebrovascular events (MACCE) criteria established for patients with
CHD: 1. no event, 2. myocardial infarction, 3. low cardiac output syndrome, 4. ventricular
tachycardia (VT), 5. angina pectoris, 6. renewed revascularization surgery, 7. cardiac
decompensation, 8. peripheral circulatory failure, 9. stroke/transient ischemic attack
(TIA)/prolonged reversible ischemic neurological deficit (PRIND), 10. cardiac death,
11. stroke death, 12. non-cardiac death.

2.5. Statistics

Statistical analyses were carried out using commercial software (SPSS v.25.0 package,
IBM, Chicago, IL, USA). Values of p < 0.05 were considered significant. Categorical vari-
ables were documented as number and the corresponding percentage in brackets. For
comparisons, the chi-squared test was employed. If the expected values in one group were
<5, Fisher’s exact test was performed. Metric demographic, clinical, and serological data
were checked for normal distribution using the Kolmogorov–Smirnov test and the Shapiro-
Wilk test. As none of the metric values were normally distributed, they were plotted as
median and 25th/75th percentiles. For statistical evaluation, the Mann–Whitney U-test
was used. For survival evaluation and in order to generate adjusted hazard ratios (HRs),
Cox regression was applied. Classic demographic risk factors for CVD such as age, male
gender, and nicotine consumption measured as pack years were included in the regression
model. Furthermore, the variable periodontitis was integrated into the model according to
the CDC classification and in two further models as PESA and PISA. Finally, after bivariate
comparisons, significant variables such as PAD and previous MI were included. Although
not significant, atrial fibrillation was included because it occurred twice as often in patients
with an event compared to patients without an event. Although statistically significant
according to bivariate comparisons, the confounders ingestion of oral anticoagulants or
antiarrhythmics and early tooth loss among first-degree relatives were not included in
the regression model, as the consumption of oral anticoagulants was strictly correlated
with prevalence of atrial fibrillation (Pearson correlation coefficient = 0.872, p < 0.0001).
Antiarrhythmics were only taken by two patients with event, so inclusion in the Cox model
was not statistically meaningful. Of all patients, 43.6% could not answer the question about
early tooth loss among first-degree relatives, so this variable was also not included in the
regression model.

3. Results

3.1. Incidence of New Cardiovascular Events

No follow-up data could be collected from one patient. Fourteen (13.9%) patients expe-
rienced a cardiovascular event within the one-year follow-up after CABG surgery (Figure 1).
Eleven patients suffered from angina pectoris, two patients from cardiac decompensation,
and one patient died due to a cardiac cause.

3.2. Cross-Section Comparisons

There were no significant differences regarding age, sex ratio, BMI, and nicotine
consumption between CVD patients with event and without event (Table 1).

106



J. Clin. Med. 2021, 10, 818

Table 1. Demographic variables in dependence of the occurrence of adverse cardiovascular events one year after
CABG surgery.

Variable
Entire Study Cohort

n = 101, Median
(25th/75th Percentile) or n (%)

Event
n = 14, Median

(25th/75th Percentile) or n (%)

No event
n = 87, Median

(25th/75th Percentile) or n (%)
p-Values

age (years) 69.0 (60.0/75.0) 71.0 (60.8/75.3) 69.0 (60.0/74.0) 0.646 *
females 12 (11.9) 2 (14.3) 10 (11.5)
males 89 (88.1) 12 (85.7) 77 (88.5) 0.671 ***

BMI (kg/m2) 28.7 (25.6/31.0) 29.7 (25.4/31.8) 28.7 (25.6/30.5) 0.476 *
smoking
current 22 (21.8) 3 (21.4) 19 (21.8)

past 42 (41.6) 6 (42.9) 36 (41.4)
never 37 (36.6) 5 (35.7) 32 (36.8) 0.995 **

pack years 7.5 (0/22.5) 3.0 (0/21.3) 8.0 (0/22.5) 0.686 *

BMI, body mass index; * p calculated with Mann–Whitney U-test; ** p calculated with chi2-test; *** p calculated with Fisher’s exact test.

Patients with event suffered significantly more frequently from PAD and reported
more often a previous myocardial infarction (MI). Moreover, they took anticoagulants and
antiarrhythmics significantly more frequently. In addition, there was a trend of an elevated
number of CVD patients with atrial fibrillation among the event group. (Table 2).

Table 2. Anamnestic and clinical parameters in dependence of the occurrence of adverse cardiovascular events one year
after CABG surgery.

Variable

Entire Study Cohort
n = 101, Median

(25th/75th
Percentile) or n (%)

Event
n = 14, Median

(25th/75th
Percentile)

or n (%)

No event
n = 87, Median

(25th/75th
Percentile)

or n (%)

p-Values

Affected coronaries

One-vessel disease 5 (5.0) 2 (14.3) 3 (3.4)

Two-vessel disease 21 (20.8) 3 (21.4) 18 (20.7)

Three-vessel disease 75 (74.3) 9 (64.3) 66 (75.9) 0.214 **

Angina pectoris grade

CCS 0 32 (31.7) 7 (50) 25 (28.7)

CCS I 13 (12.9) 1 (7.7) 12 (13.8)

CCS II 25 (24.8) 2 (14.3) 23 (26.4)

CCS III 18 (17.8) 2 (14.3) 16 (18.4)

CCS IV 13 (12.9) 2 (14.3) 11 (12.6) 0.599 **

History of

Diabetes mellitus 40 (39.6) 7 (50) 33 (37.9) 0.397 ***

Hypertension 88 (87.1) 14 (100) 74 (85.1) 0.205 ***

Dyslipoproteinemia 81 (80.2) 13 (92.9) 68 (78.2) 0.291 ***

PAD 16 (15.8) 5 (35.7) ↑ 11 (12.6) 0.044 ***

CVD 39 (38.6) 5 (35.7) 34 (39.1) 1.00 ***

MI 28 (27,7) 8 (57.1) ↑ 20 (23.0) 0.020 ***

stroke/TIA 9 (8.9) 0 (0) 9 (10.3) 0.354 ***

Angina pectoris 75 (74.3) 10 (71.4) 65 (74.7) 0.752 ***

PTCA/stent 15 (14.9) 3 (21.4) 12 (13.8) 0.433 ***

Atrial fibrillation 14 (13.9) 4 (28.6) 10 (11.5) 0.102 ***
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Table 2. Cont.

Variable

Entire Study Cohort
n = 101, Median

(25th/75th
Percentile) or n (%)

Event
n = 14, Median

(25th/75th
Percentile)

or n (%)

No event
n = 87, Median

(25th/75th
Percentile)

or n (%)

p-Values

Blood values

INR 1.04 (0.99/1.11) 1.04 (0.95/1,12) 1.04 (0.99/1.10) 0.984 *

Hb (mmol/L) 8.8 (8.3/9.4) 8.4 (8.1/9.4) 8.8 (8.3/9.4) 0.437 *

Hematocrit 1/L 0.41 (0.39/0.43) 0.4 (0.38/0.43) 0.41 (0.39/0.43) 0.778 *

Creatinine (μmol/L) 85 (75.5/100) 86.5 (79.5/100.3) 85.0 (74.0/99.0) 0.440 *

Urea (mmol/L) 5.9 (4.5/7.2) 6.8 (5.4/7.6) 5.6 (4.3/6.8) 0.065 *

HbA1C (mmol/mol) 37.6 (31.2/44.4) 39.0 (35.1/52.6) 40.1 (35.9/48.8) 0.769 *

CRP (mg/L) 2.6 (1.2/6.6) 1.4 (0.7/3.9) 2.8 (1.4/6.9) 0.052 *

Leukocytes (Gpt/L) 6.5 (7.6/9.1) 7.2 (5.5/8.5) 7.6 (6.6/9.5) 0.210 *

Platelet (Gpt/L) 238.0 (193.0/269.5) 225.0 (184.0/259.8) 239.0 (193.0/280.0) 0.401 *

Drugs

Lipid lowering drugs 90 (89.1) 14 (100.0) 76 (87.4) 0.354 ***

Oral anticoagulants 11 (10.9) 4 (28.6) ↑ 7 (8.0) 0.044 ***

Antiarrhythmics 2 (2.0) 2 (14.3) ↑ 0 (0.0) 0.018 ***

CCS, Canadian Cardiovascular Society; PAD, peripheral arterial disease; CVD, coronary vascular disease; CRP, C-reactive protein; INR,
international normalized ratio; Hb, hemoglobin; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty;
TIA, transient ischemic attack; HbA1C, glycated hemoglobin; * p calculated with Mann–Whitney U-test; ** p calculated with chi2-test;
*** p calculated with Fisher’s exact test; ↑ significant differences.

Regarding dental conditions, patients with new cardiovascular event reported early
tooth loss caused by tooth loosening among first-degree relatives (Table 3) significantly
more often. However, 43.6% of all study participants could not answer this question. No
other dental parameters such as severe periodontitis, PESA, or PISA were significantly
associated with the cardiovascular outcome.

Table 3. Dental conditions in dependence of the occurrence of adverse cardiovascular events one year after CABG surgery.
Significant differences are indicated with arrows.

Variable

Entire Study Cohort
n = 101, Median

(25th/75th Percentile)
or n (%)

Event
n = 14, Median

(25th/75th Percentile)
or n (%)

No event
n = 87, Median

(25th/75th Percentile)
or n (%)

p-Values

Dental anamnesis

tooth brushing/d

1 15 (14.9) 1 (7.1) 14 (16.1)

2 80 (79.2) 12 (85.7) 68 (78.2)

3 6 (5.9) 1 (7.1) 5 (85.7) 0.678 **

Use of floss/interdental

brushes

29 (28.7) 5 (35.7) 24 (27.6) 0.563 ***

Previous SRP

12 (11.9) 3 (21.4) 9 (10.3) 0.366 ***

Early tooth loss among
first-degree relatives
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Table 3. Cont.

Variable

Entire Study Cohort
n = 101, Median

(25th/75th Percentile)
or n (%)

Event
n = 14, Median

(25th/75th Percentile)
or n (%)

No event
n = 87, Median

(25th/75th Percentile)
or n (%)

p-Values

Yes

No

Unknown 26 (25.7) 8 (51.7) ↑ 18 (20.7)

Periodontitis (CDC)

No or mild 0 (0.0) 0 (0.0) 0 (0.0)

Moderate 29 (28.7) 3 (21.4) 26 (29.9)

Severe 72 (71.3) 11 (78.6) 61 (70.1) 0.516 **

Plaque index (%) 1.3 (0.9/1.7) 1.2(0.8/1.8) 1.3 (1.0/1.7) 0.293 *

Bleeding index (%) 18.0 (10.1/33.3) 19.0 (13.8/37.0) 17.5 (9.6/33.3) 0.220 *

Pocket depth (mm) 3.0 (2.6/3.6) 2.8 (2.6/3.5) 3.0 (2.6/3.6) 0.738 *

% sites with PD

<3 mm 34.4 (23.3/52.7) 34.8 (23.2/59.1) 34.4 (23.3/52.6) 0.976 *

3–5 mm 56.7 (45.0/67.9) 64.2 (40.7/70.5) 56.3 (45.2/66.7) 0.353 *

>5 mm 1.7 (0/8.3) 1.2 (0/5.9) 1.7 (0/9.1) 0.373 *

Attachment loss (mm) 3.9 (3.1/4.9) 3.9 (3.1/5.0) 3.9 (3.2/5.0) 0.705 *

% sites with CAL

<3 mm 16.7 (3.9/32.7) 13.5 (3.5/44.3) 19.3 (4.2/32.1) 0.871 *

3–5 mm 59.4 (47.4/68.5) 60.0 (44.3/76.3) 59.4 (48.3/68.2) 0.596 *

>5 mm 12.7 (3.2/33.3) 11.8 (1.8/35.0) 12.7 (3.2/33.3) 0.735 *

PESA (mm2) 1187.8 (831.4/1617.3) 1393.7 (966.2/1778.6) 1165.2 (812.3/1577.9) 0.453 *

PISA (mm2) 194.6 (107.6/405.9) 289.7 (164.8/407.9) 191.4 (103.1/419.9) 0.515 *

DMF/T 18 (14.0/22.0) 16.0 (12.0/21.3) 19.0 (14.0/23.0) 0.266 *

Missing teeth 7 (3.0/15.0) 6.0 (2.0/9.8) 7.0 (3.0/17.0) 0.695 *

Teeth with open
furcations 0 (0/2.0) 1.0 (0.0/2.0) 0.0 (0.0/2.0) 0.517 *

DMF/T, decayed missing filled/teeth; PD, pocket depth; CAL, clinical attachment loss; PESA, periodontal epithelial surface area; PISA,
periodontal inflamed surface area; SRP, scaling and root planing >6 month prior to dental examination, CDC, Centers for Disease Control
and Prevention; * p calculated with Mann–Whitney U-test; ** p calculated with chi2-test; *** p calculated with Fisher’s exact test; ↑
significant differences.

3.3. Multivariate Survival Analyses

The possible prognostic value of the periodontal parameters CDC, PESA, and PISA
were calculated using Cox regression, taking into account the confounders age, gender,
pack years, PAD, previous MI, and atrial fibrillation. For severe periodontitis we observed
an increased hazard ratio (HR = 2.6) for the combined endpoint, but this result was
not significant (p = 0.610). In contrast, PAD and previous myocardial infarction were
significantly associated with the combined endpoint. Atrial fibrillation also increased
the risk for the combined endpoint with borderline significance (Table 4). If instead of
CDC the periodontal parameters PESA or PISA were inserted into the regression model,
no significance could be achieved for both variables (PESA: HR = 1.001, p = 0338; PISA:
HR = 1.0, p = 0.960).
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Table 4. Hazard ratios (HRs) for new cardiovascular events adjusted for age, gender, pack years,
severe periodontitis according to CDC classification, atrial fibrillation, peripheral artery disease
(PAD), and previous myocardial infarction (MI).

Confounding
Variables

Hazard Ratio
95%

Lower
CI

Upper
p-Values

Age 0.986 0.912 1.067 0.725
Gender (female) 1.601 0.321 7.976 0.566

Pack years 0.960 0.916 1.005 0.082
Severe periodontitis 2.559 0.610 10.743 0.199

Atrial fibrillation 3.701 0.941 14.562 0.061
PAD 4.836 1.162 20.126 0.030

Previous MI 6.056 1.892 19.379 0.002
PAD, peripheral arterial disease; MI, myocardial infarction; CI, confidence interval.

4. Discussion

Periodontitis has a high worldwide prevalence with nearly 40% in the age group of
the 35–44-year-olds and nearly 50% in the age group of the 65–74-year-olds [31]. There is
increasing evidence that periodontitis can promote the development of systemic diseases
such as atherosclerosis and subsequent CVD. Therefore, the aim of our study was to
investigate whether periodontitis could influence the cardiovascular outcome after CABG
surgery. For periodontitis disease case definition, two different periodontitis classification
systems were used in order to compensate disadvantages of a separate system. CDC
diagnostics are based on the determination of CAL and PD in interproximal sites. Bleeding
upon probing is not taken into account. Three categories of disease, severe, moderate, and
no or mild periodontitis, are derived [29]. On the contrary, PESA and PISA are metric
variables that can determine the amount of periodontal altered pocket epithelium (PESA)
or inflamed pocket epithelium (PISA). It is assumed that in particular the area of the
periodontal inflamed tissue may be associated with the systemic inflammatory burden [30].

Among our patients with CVD, the prevalence of severe periodontitis (71.3%, Table 3)
was more than two times higher compared to the normal population according to the Fifth
German Oral Health Study, which revealed among younger seniors (65 to 74-year-olds) a
prevalence of 28.3% [32]. This result may support the importance of severe periodontitis in
the pathogenesis of atherosclerosis and CVD. However, we could not show a significant
association of severe periodontitis according to CDC definition, PESA, or PISA with the
cardiovascular endpoint. For severe periodontitis, only an insignificant trend for the
incidence of new cardiovascular events could be shown (Table 4). Thus, we could not
demonstrate that severity of periodontitis is a risk factor for a worse postoperative course.
The reasons for this result could be manifold. Firstly, it was striking that among our cohort
there were no patients in the category of no or mild periodontitis. All study participants
had at least moderate periodontitis (Table 3). Therefore, a sharp distinction between
periodontally diseased and not diseased was not possible.

The second reason is that both the number of test persons included in our study
and the length of the observation period were different in comparison to other studies,
which showed a positive association between periodontitis with recurrent cardiovascular
events. Dorn et al. [33] investigated 884 survivors of MI and revealed that after an average
follow-up of 2.9 years, the mean CAL was associated with recurrent fatal and non-fatal
cardiovascular events. Renvert et al. [34] investigated 165 consecutive subjects with acute
coronary syndrome (ACS) and 159 medically healthy, matched control subjects regarding
periodontal conditions. After an observation period of 3 years, a positive association
between alveolar bone loss caused by periodontitis and future ACS events was shown.
Since we found at least a trend between severe periodontitis and new cardiovascular events
in the present study (Table 4), further studies with more subjects and a longer observation
period may be useful.
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A third reason may be that other risk factors are more important for the incidence of
new cardiovascular events after CABG surgery than periodontitis. In Cox regression, we
found a significant positive association between PAD, previous MI, and the cardiovascular
endpoint and a trend for atrial fibrillation (Table 4). This result is supported by prior
studies. For instance, patients with PAD had poorer long-term survival rates after CABG
surgery than patients without PAD [6]. It is assumed that PAD may be a marker of more
severe atherosclerosis and subsequent diseases such as CVD. Another possibility is that in
spite of successful CABG surgery, the risk of noncardiac mortality may be increased [35].
Another study [36] revealed among patients with PAD a higher incidence of comorbidities
in comparison to patients without PAD. Furthermore, a history of MI was associated with
increased mortality during the first 30 days after CABG surgery and the incidence of new
MI [37]. Other studies have shown a positive association between atrial fibrillation and
the outcome of CABG surgery. Preoperative atrial fibrillation was found associated with
increased late cardiac morbidity and mortality, poorer long-term survival, higher risk of
all-cause mortality, and congestive heart failure [38–40].

A further observation should not go unmentioned. Patients with event reported early
tooth loss by tooth loosening among first-degree relatives significantly more often com-
pared to subjects without event (Table 3). This result was not checked in the multivariate
survival analysis, as 43.6% of patients could not give an answer to the corresponding
question during anamnesis. Furthermore, incorrect information from the patient cannot
be ruled out. Nevertheless, this observation may indicate the influence of genetic factors
in pathogenesis of periodontitis. This is interesting because periodontitis and CVD share
common genetic risk factors. For instance, single nucleotide polymorphisms (SNPs) in
long non-coding RNA ANRIL (antisense noncoding RNA in the INK4 locus) were shown
to be associated with both CVD and periodontitis [41]. These risk factors may also be
associated with a worse outcome after CABG surgery. This hypothesis should also be
tested in further studies.

Limitations of the Study

When interpreting the results of this study, a number of limitations should be noted.
First, in comparison to previous studies, the relatively short observation period of one
year after CABG has to be mentioned. Secondly, none of the CVD patients included was
periodontally healthy. A comparison between CVD patients with and without periodontitis
might show a clearer influence of the risk factor periodontitis on the cardiovascular outcome
after CABG surgery. However, our patients were aged from 60 to 75 years. In a previous
study of our group [42], we determined that among 1002 CVD patients of the same age
group, only 2.3% individuals had no periodontitis. Therefore, recruiting CVD patients
without periodontitis in the sense of a control group would be very difficult. Thirdly,
changes in general conditions, lifestyle habits (in particular smoking status), and possible
treatment of periodontitis after CABG might influence the cardiovascular outcome. These
factors were not evaluated during follow-up.

5. Conclusions

We obtained a severe trend (HR = 2.6) for periodontitis as one predictor for new
adverse events within one year after CABG surgery. In order to obtain a significant result,
an extension of the observation time would be useful. We confirmed that PAD and previous
MI are putative predictors for a poorer outcome after CABG surgery.
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Abstract: Multiple systems and associated factors have been described in the literature to assess
the prognosis of teeth with periodontal disease. Nowadays there is a tendency among clinicians to
consider implants as the best solution after tooth extraction, in cases of teeth with a questionable
prognosis. However, the value of the natural tooth must be considered, as the proprioception of the
periodontal ligament is preserved, and it adapts to stress during functional loads. We first review the
literature focusing on analyzing the factors that should guide decision-making to maintain or extract
a tooth with a compromised periodontium. Then, we propose a schematic diagram of prognostic
indicators to reflect the main factors to consider and the survival rate that each one represents when
preserving or extracting a tooth.

Keywords: periodontal tissue; prognosis; permanent teeth; periodontal dentistry

1. Introduction

Oral health care is an essential part of general health and provides people with an
increased quality of life [1]. Tooth loss is a serious health problem that affects the functional
abilities to chew and speak, psychology, aesthetics, and even social interaction [2]. There
is currently no standardized tool to assess the general condition of a tooth and predict
whether it is likely to have a long half-life [3].

Prognosis involves “the prediction of the course or outcome of an existing disease,
based on empirical information, as well as the ability to recover from the disease” [4].
In dentistry, the predictive probability of dental mortality is based on the stability of the
supporting tissues [5]. Various authors postulate that the prognosis is complex, established
before treatment, and is supported by clinical and radiographic findings, as well as fac-
tors related to the patient, and general factors, such as the systemic condition (diabetes
mellitus, smoking habit, motivation, and commitment of the patient) and local factors
(factors anatomical, caries, furcation involvement, tooth mobility, periodontal support, pulp
involvement, and bone loss) [4]. Prognosis is a dynamic process and should be reassessed,
according to the progression of treatment and maintenance of the teeth [3,5].

Understanding the complexity of the prognosis in treatment planning would benefit
both the patient and the professional when dealing with other patients facing the same
clinical scenario. The development of uniform concepts will facilitate dental education and
improve patient care [6].

In recent decades, scientific documentation has positioned implants as the first treat-
ment option in edentulous patients, influencing the decision to extract periodontally com-
promised teeth [7–10]. In ref. [11], the authors also suggest that proactive or strategic
extraction will prevent future bone destruction in a potential area for subsequent implant

J. Clin. Med. 2022, 11, 5301. https://doi.org/10.3390/jcm11185301 https://www.mdpi.com/journal/jcm114



J. Clin. Med. 2022, 11, 5301

placement [11]. However, current evidence cannot always support decision-making, espe-
cially considering that any extracted tooth will result in alveolar bone resorption, which
can occur despite the use of alveolar ridge preservation techniques or immediate implant
placement [12–14].

On the other hand, the goal of periodontal therapy is the long-term retention of the
natural tooth in a healthy, functional, aesthetically acceptable, and painless state [15]. By
way of comparison, when an organ is compromised, measures are taken to prevent further
damage or reverse it; however, when it involves a tooth, it is the patients and even some
professionals who do not seem to value its preservation [16]. The option of retaining
natural teeth, and adopting innovative and cost-effective restorative measures, can provide
a practical, pragmatic, and predictable solution over time [17].

The comparison between the preservation of the natural tooth and the placement of an
implant is difficult since implants should be considered as a treatment for tooth loss and not
as a substitute for the tooth [12]. Clinicians are faced with the dilemma of whether to keep
and treat a tooth or extract and replace it with a removable or partially fixed prosthesis.
They are the ones who establish the prognosis and carry out the corresponding treatment
under their criteria [6].

Based on the foregoing, it may be of interest to have a pattern of action against a tooth
of doubtful prognosis; for this, it is important to decide between extracting or not extracting,
so the objective of this review was to assess what factors should guide decision-making to
maintain or extract a tooth with periodontal involvement with questionable prognosis, and
to apply this criterion in a schematic diagram proposed by us.

2. Materials and Methods

An electronic search of the PubMed/MEDLINE database, Cochrane Library, and
EBSCOhost (Medline, Cinahl) was performed, using the following search strategy: ((“pe-
riodontitis” [MeSH Terms]) AND (“prognosis” [MeSH Terms])) AND (“tooth” [MeSH
Terms]), without the restriction of years, to compare the available evidence about the tooth
with periodontal involvement and make treatment decisions based on its prognosis. A
manual search for missing articles that might not have been found in the electronic and
gray literature was performed on the references of the selected articles.

This review is carried out based on the PRISMA criteria, fulfilling 21 criteria [18]. The
research question was formulated according to the following PICOS criteria: Patients = peo-
ple with periodontal compromised teeth and questionable prognosis, Intervention = extract
the teeth, Control = maintain the teeth, Outcome = prognosis factors and evaluate the
evolution of the periodontally compromised teeth, and Study design = literature review.

Articles related to teeth with periodontal involvement and unfavorable or poor prog-
nosis and clinical studies (observational, descriptive, clinical case reports) in English or
Spanish were included in the review. In contrast, animal studies, in-vitro studies, and
literature reviews were excluded. The data of the included studies (when available) were
collected by three independent authors (V.C.-E., N.C.R. and P.F.S.): authors, year, place
where the study was carried out, number of subjects, mean age with standard deviation,
sex, design of the study, type of periodontitis [19] (aggressive: ≤35 years during the first
test of the establishment of the disease with attachment loss ≥5 mm and bone loss ≥50% in
more than 2 sites; chronic: ≥40 years during the first test of the establishment of the disease
[moderate: 3–4 mm attachment loss and 30–50% bone loss; severe: >5 mm probing depth,
>50% bone loss and grade 2 and 3 mobility]), number of teeth with periodontitis, rate of
survival or prognosis, factors associated with treatment decision-making, and follow-up
(in months). Finally, the information was validated by J.L.-L.

The articles were analyzed for risk of bias using the Newcastle Ottawa Scale (NOS),
for the evaluation of cross-sectional studies.

115



J. Clin. Med. 2022, 11, 5301

3. Results

The review was carried out from December 2021 to February 2022, both months in-
cluded. The electronic search in PubMed/MEDLINE, Cochrane Library, EBSCOhost, and a
manual search in the bibliography of the selected articles provided 16 articles that met the
inclusion criteria [19–34] (Figure 1) (Tables 1 and 2). Most of the articles were observational
cross-sectional studies [18–24,28–30] and seven were clinical case reports [25–27,31–34].
The main inclusion criteria of the studies reviewed were that patients diagnosed with
periodontitis present records from the initial examination, in addition to an accurate peri-
odontal record of the initial condition, immediately after treatment and annually during the
maintenance phase. They evaluated the long-term survival of periodontally compromised
teeth and associated factors, in patients treated and in periodontal maintenance, including
changes in probing depth (mild: 1–3 mm, moderate: 4–6 mm, and severe ≥7 mm), bleeding
(mild: <11%, moderate: 11–15% and severe: >15%), and bacterial plaque index (mild: <1,
moderate: 1–1.5 and severe: >1.5).

Additional articles identified

by a manual search of the full text

bibliography: (n = 5)

Articles identified in

PubMed/MEDLINE:

(n = 180)

Id
en
tif
ic
at
io
n

Sc
re
en
in
g

In
cl
ud
ed

Articles examined by title/abstract:

(n = 402)

Reports excluded by:

Selection criteria (n = 212)

Information related to the topic (n = 149)

Abstract not available (n = 6)

Full texts screened for eligibility:

(n = 35)

Full texts excluded, with reasons:

Information not related to the topic

(n = 23)

Studies included for qualitative

analysis:

(n = 11)

Studies included in the review:

(n = 16)

Articles identified in the Cochrane

Library and EBSCO host:

(n = 222)

Figure 1. Flowchart showing the synthesis of the bibliographic search, according to the
PRISMA guidelines.
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A total of 1.445 patients were examined (Table 3), with an age range of 22–88 years.
There was a total of 868 women (60.06%) and 577 men (39.93%). Not all studies evaluated
the prognosis of teeth with periodontal involvement (31.25%); however, 14 articles (87.5%)
mentioned the reasons for deciding whether to extract or preserve it. Of a total of 26.553
teeth with periodontal involvement, 2.597 were extracted, with the periodontal cause being
the most common reason (1.610 teeth [61.99%]), followed by prosthetic reasons (455 teeth
[17.52%]) such as caries or crown/root fracture, endodontic complications (86 teeth [3.31%]),
and due to unknown or unidentifiable causes by the patient (446 teeth [17.17%]). Thus,
23.956 teeth were preserved, including 144 initially scheduled for extraction. Of these
144 teeth that were preserved, 87 (60.41%) of the patients played a main role in changing
the prognosis and making decisions in the final treatment, followed by 57 teeth (39.58%)
where the reason was unknown.

Table 3. Summary of demographic data and teeth evaluated.

Variable Total

Gender
Women 868 (60.06%)

Men 577 (39.93%)

Total patients 1.445

Age range 22–88 years

Total teeth examined 26.553

Teeth extracted 2.597

Periodontal reasons 1.610 (61.99%)

Prosthetic reasons 455 (17.52%

Endodontic complications 86 (3.31%)

Unknown or unidentifiable reason 446 (17.17%)

Teeth preserved (no initial commitment) 23.812

Teeth preserved (with initial commitment) 144

The patient made the final decision 87 (60.41%)

Unknown or unidentifiable reason 57 (39.58%)

In relation to the type of periodontal disease, chronic periodontitis was the most
common diseases (nine articles [22,23,25,28–33]), followed by aggressive periodontitis
(seven articles [19,22–24,26,27,29]. Only two of the articles [20,21] mentioned that the
patients had severe periodontitis. Finally, of the 16 articles selected, only 5 [22,23,25,27,28]
mentioned establishing a prognosis before determining treatment, and the longest follow-
up time was 242.4 ± 28.8 months [29].

Among the factors considered prior to making the decision to retain or extract a tooth
and subsequent treatment planning, the most common was probing depth ≥5 mm (16 arti-
cles [18–33]), followed by the bacterial plaque index (13 articles [19,20,22,23,25–27,29–34]),
bleeding on probing (9 articles [19–22,26,27,30,31,34]), smoking >5 years and consump-
tion of ≥10 cigarettes/day (9 articles [19,20,22–26,29,30], grade 2 and 3 tooth mobility
(9 articles [20,24,25,27,29,31–34], and class II and III furcation involvement (8 articles [19–
21,24,25,27,29,33].

We analyzed the nine cross-sectional observational studies with the Newcastle Ottawa
Scale (NOS) (Table 4) and observed that one study had a high risk of bias (50%), three
studies had a moderate risk of bias (25%), and five studies had a low risk of bias (0.0–12.5%).
In the seven clinical case reports, an assessment of the quality of the evidence was not
applied, since blinding of participants and personnel (performance bias) and blinding
of outcome assessment (detection bias) were not applicable, associated with incomplete
outcome data (attrition bias) and selective reporting (reporting bias).
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Table 4. The table shows the risk of bias criteria using the adapted Newcastle Ottawa Scale (NOS) for
cross-sectional studies. If the criterion is met, a green dot is placed in the box, otherwise, if it is not
met, a red dot is placed. Studies with a total score of 7 or 8 green points were considered a low risk of
bias; 6 green dots were considered to be at medium risk of bias; 5 green dots or less were judged to be
at high risk of bias.
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Selection

1. Is the sample representative of the target average population?

2. Was the sample size justified and satisfactory?

3. It was established which subjects would be included and was the inclusion
range satisfactory?

Comparability

1. Were anthropometric measurements adequately adjusted for age and gender?

2. Were other factors such as race/ethnicity, educational level, habits, probing depth,
survival rate, etc. adequately adjusted?

Results

1. Was the result established independently and with data linkage?

2. Was the result determined by a self-report?

3. The statistical test used to analyze the information is clearly described and
appropriate, and the measures of the association presented include confidence
intervals and level of probability (p-value)?

Total 6 6 7 4 6 7 7 8 7

4. Discussion

The decision to keep or extract a periodontally compromised tooth with a hopeless or
questionable prognosis is not always easy to predict. Assigning a long-term prognosis is
critical, particularly in the dilemma of performing appropriate rehabilitative treatments
after periodontal therapy, especially if it involves major prosthetic rehabilitation or implant
placement [35]. Lundgren, D. et al. postulate that postponing the insertion of implants
in patients susceptible to periodontitis should be considered strategically, optimizing the
longevity of the natural dentitions [36] and facilitating a global solution that can reduce the
risks of long-term implant treatment [37]. It has been shown that in teeth with a hopeless
prognosis or with an indication for extraction, after periodontal treatment, it is possible to
stop the progression of the disease to a certain extent and minimize or even prevent tooth
loss [12,20,22,24,30]. We must consider that the population is aging, and patients no longer
accept removable dentures; they expect that the dentist’s knowledge and skills will allow
them to maintain healthy mouths as they age [38]. That is why the demands of the patient
must be taken into consideration, but it is the clinician who establishes the treatment plan,
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in favor or against preserving the tooth. The patient must be fully and adequately informed
to have their consent.

After reviewing the selected articles, the decision to keep or extract a tooth depends
on several factors, such as the patient’s expectations, control of diabetes mellitus, socioeco-
nomic level, age, oral hygiene, depth of periodontal probing, tooth mobility, root anomalies,
furcation involvement, commitment to periodontal treatment and maintenance programs,
extensive caries, smoking habit, among others [39,40]. Samet, N. et al. [3] established that
the risk factors are divided into biological (systemic condition associated with the immune
system and healing, alteration of salivary flow, special needs limiting oral hygiene, high
count of Streptococcus mutans and Lactobacillus, family history, missing teeth), behavior (poor
oral hygiene or compromised diet, cariogenic diet, low exposure to fluoride, parafunctional
habits, commitment and willingness to adhere to a long-term maintenance protocol, smok-
ing habit), and financial/personal (motivation during treatment, economic resources, time
availability, attitude to tooth loss, knowledge about its condition and necessary treatments,
aesthetic expectations). For example, in the study by Saminsky, M., et al. [30], the main
reason when deciding whether or not the tooth should be extracted was periodontal causes;
11.7% of teeth with periodontal pockets of 4–6 mm and 37.7% with ≥7 mm were extracted
(p < 0.001). Most patients (32 of 50) received two or more periodontal support treatments
per year and multi-rooted teeth (17.9%) showed a higher risk of being extracted compared
to single-rooted teeth (3.6%; p < 0.001). Among the patient characteristics, it was observed
that age is strongly related to tooth loss, especially in patients ≥60 years old (13.9% present
risk of extraction; p < 0.001). Goh, V., et al. [22] found similar results: sites with probing
depth ≥6 mm were positively associated with tooth loss (p < 0.002), presenting a greater
association when treatment was interrupted for several years (p < 0.001).

In this review, several articles postulate various treatment options. However, there are
no randomized clinical trials available in the dental literature comparing fixed prostheses in
teeth with questionable prognoses with fixed prostheses on implants. In addition, an exact
comparison is not possible since each tooth is unique and determined by particular factors.
For example, in the study by Tözüm, T.F. et al. [32], after performing the endodontic and
periodontal treatment of the compromised tooth, the pain subsided, but the mobility per-
sisted (grade 3). Subsequently, the extraction and intentional reimplantation were carried
out, applying an autologous platelet gel inside the alveolus. This allowed a significant gain
in clinical attachment level and alveolar bone level, and a total reduction in tooth mobility
was observed after 18 months, without observing ankylosis or root resorption.

Another factor previously mentioned is that periodontal support therapy is considered
to play an important role in tooth preservation, but the cost and efforts involved are rarely
considered [41]. Progression of periodontal disease and reinfection of sites, as well as tooth
loss, are possible, especially in patients susceptible to periodontitis [12]. Several factors
can affect periodontal healing, such as the presence of morphological defects (a three-
walled intraosseous defect will heal better than a one- or two-walled defect), tooth mobility,
tissue graft treatments, dentist skills, and level of commitment of the patient [38]. In
the study by Graetz, C. et al. [24], after periodontal therapy, the initial mean probing
depth was 5.8 ± 2.1 mm and decreased to 3.5 ± 1.1 mm; patients who received adjuvant
antibiotic therapy due to persistent inflammation showed an initially greater probing depth
of 6.35 ± 2.42 mm and bone loss of >70% in 12.5% (70 teeth).

The fate of a tooth is usually influenced by the treatment planning that involves the
entire dentition and the patient’s preferences, with the decision to extract or maintain it largely
depending on the dentist, based on their experience and clinical judgment [39,42,43]. To
achieve the ideal treatment, there are several factors to be considered during the treatment
planning process. These factors include the main demand of the patient; an adequate
analysis of the cost-benefit; and risks associated with oral hygiene, tobacco history, and
periodontal disease [44]. Su, H. et al. consider that the factor that seems to have the greatest
impact on treatment planning is the level of training of the dentist [6]. Clinicians with more
than 15 years of experience prefer to perform extractions more frequently than clinicians
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with less than 5 years of experience [45]. On the other hand, Baba, N.Z. et al. postulate
that the treatment decision should be based on satisfying the patient‘s wishes and on the
importance of evaluating each tooth individually to obtain the treatment with the best
result in terms of aesthetics, comfort, function, and cost-effectiveness [46]. In the study by
Zafiropoulos, G.G.K., et al. [33], no tooth was extracted in one of the treated patients, since
he refused any extraction, opting for 6-monthly maintenance. During the last 4 years of
follow-up, the multirooted teeth lost an average of 7.3 mm of clinical attachment, while in
the rest of the teeth the loss was only 0.3–0.4 mm. Multirooted teeth with class III furcation
involvement had a survival of 8 years.

The placement of implants to replace extracted teeth should be considered acceptable
in the case of non-restorable teeth or patients with recurrent periodontal disease, with
recurrences after periodontal treatment [46]. Only when the periodontal condition is
stabilized and adequate bacterial plaque control is obtained, can the placement of implants
be planned as an integral part of the rehabilitation [38]. This should be based on two levels
of risk: (1) patient-level: gingival bleeding, the prevalence of residual pockets ≥5 mm,
number of missing teeth, loss of attachment/support of the bone level concerning the
patient’s age, systemic and genetic condition [46,47], and environmental factors, such as
smoking; (2) site level: the presence of residual periapical lesions, alveolar bone height
and quality, gingival biotype, the proximity of the anatomical structure, and condition
of neighboring teeth (residual periodontal pockets, gingival bleeding and suppuration,
tooth anatomy and position, compromise of furca, presence of iatrogenic factors and tooth
mobility) [12,48].

It is necessary to expand research related to periodontal and dental prognosis, establish
the dental condition at all times, and develop evidence-based treatment strategies [35].
In some cases, it is necessary to integrate the areas of endodontics, periodontics, and
orthodontics, to maintain teeth without changing the long-term prognosis [43,49]. When
deciding between keeping or replacing a tooth affected by periodontitis, it is important
to consider our ability to understand and treat possible future diseases, such as peri-
implantitis [44], in which treatment cannot be guaranteed to be predictable [12]. Therefore,
it should be discussed whether or not a tooth with a periodontal disease without major
restorative treatments should be extracted, assess the potential for success in periodontal
treatment, and seriously question the advisability of replacing the tooth [44].

Another factor to consider is tooth extraction for aesthetic reasons, which will only
be considered if the prosthetic restoration can significantly improve the aesthetic result
and the satisfaction of the patient’s expectations (a key component in the planning of all
treatments) [12]. Retaining a tooth may be advantageous in the presence of a thin biotype,
unfavorable interproximal bone, or in the presence of a long-standing adjacent implant.
It is likely that, after extraction of the tooth with periodontal compromise, the interdental
papilla is not present, especially when the distance between the interproximal bone and
the proximal contact is greater than 5 mm (>4 mm in thin biotype and >5 mm in thick
biotype) [46]. The type of tooth and its position must also be considered; in particular,
the molars show less improvement, associated with the complexity of the root anatomy.
Martinez-Canut, P. [29] determined that the type of tooth is significantly associated with
the risk of tooth loss due to periodontal disease (p < 0.001). The risk was multiplied by two
in maxillary canines, maxillary incisors, and mandibular lateral incisors; and by seven in
maxillary premolars, mandibular central incisors, mandibular canines, and mandibular
premolars. In addition, the mandibular first molar was 2.5 times less likely to be lost than
the rest of the molars. On the other hand, the absence of adjacent teeth contributed to a
better result in teeth with periodontal compromise, since it facilitated the control of bacterial
plaque, which must be considered clinically when deciding to extract or maintain a tooth
under these conditions [50,51].

The evidence reflects that the decision to keep or extract a tooth must be multifactorial
since it is an irreversible process. The periodontal status and the restorability of the affected
tooth should be highlighted as the main factors for prognosis. Taking as reference the
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publications of Avila, G. et al., 2009 [39] and Nunn, M.E. et al., 2012 [35], we propose a
schematic diagram of the prognostic indicators, which reflects the factors to be considered
and the survival rate that each one represents, when deciding to keep or extract a tooth
(Figure 2).

Figure 2. Schematic diagram of the main factors that should guide decision-making to maintain or
extract a tooth from a periodontal point of view. Based, with modifications made by the authors, on
the schemes initially proposed by Avila, G. et al., 2009 [39]; Nunn, M.E. et al., 2012 [35].

5. Conclusions

In short, and by way of summary, the factors that should guide decision-making
to maintain or extract a periodontally compromised tooth include both general patient
factors and individual factors of dentition. General factors include biological risk factors,
behavioral risk factors, and personal/financial risk factors. Among the individual fac-
tors of dentition, we can distinguish periodontal, aesthetic, restorative/endodontic, and
prosthetic factors.
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Abstract: This study aimed to evaluate the feasibility of diagnosing periodontitis via the identification
of 18 bacterial species in mouth-rinse samples. Patients (n = 110) who underwent dental examinations
in the Department of Periodontology at the Veterans Health Service Medical Center between 2018 and
2019 were included. They were divided into healthy and periodontitis groups. The overall number of
bacteria, and those of 18 specific bacteria, were determined via real-time polymerase chain reaction
in 92 mouth-rinse samples. Differences between groups were evaluated through logistic regression
after adjusting for sex, age, and smoking history. There was a significant difference in the prevalence
(healthy vs. periodontitis group) of Aggregatibacter actinomycetemcomitans (2.9% vs. 13.5%), Treponema
denticola (42.9% vs. 69.2%), and Prevotella nigrescens (80% vs. 2.7%). Levels of Treponema denticola,
Prevotella nigrescens, and Streptococcus mitis were significantly associated with severe periodontitis. We
demonstrated the feasibility of detecting periopathogenic bacteria in mouth-rinse samples obtained
from patients with periodontitis. As we did not comprehensively assess all periopathogenic bacteria,
further studies are required to assess the potential of oral-rinsing solutions to indicate oral infection
risk and the need to improve oral hygiene, and to serve as a complementary method for periodontal
disease diagnosis.

Keywords: polymerase chain reaction; periodontitis; bacteria

1. Introduction

Subgingival plaque bacteria are the main etiology of periodontitis. Complex inter-
actions between certain pathogens are key in the development of periodontal disease [1].
Microbial complexes in the subgingival biofilm are classified into five groups: red, green,
orange, yellow, and purple. In particular, the red group, which is composed of Tannerella
forsythia, Treponema denticola, and Porphyromonas gingivalis, has been determined as one of
the main causes of periodontal disease [1].

Several studies have shown that the presence and number of these bacteria are re-
lated to disease prediction criteria such as probing depth, bone loss, attachment loss, and
bleeding on probing [2,3]. Various bacterial species besides those of the red complex have
been found to be key in the development and progression of periodontitis; among these
species, P. gingivalis, Prevotella intermedia, and Aggregatibacter actinomycetemcomitans have
been shown to have the strongest association with periodontal disease [4]. A previous
study showed that P. gingivalis, T. denticola, and A. actinomycetemcomitans, when present in
saliva, contributed to pocket deepening [5]. In order to detect the bacteria associated with

J. Clin. Med. 2021, 10, 891. https://doi.org/10.3390/jcm10040891 https://www.mdpi.com/journal/jcm129
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periodontal disease, plaque is usually collected from a specific tooth and analyzed [4,6].
Most studies have analyzed bacterial groups using plaque samples [7].

Multiplex real time-polymerase chain reaction (RT-PCR) allows RT measurement of
amplified deoxyribonucleic acid (DNA) using a fluorescent substance. In general PCR,
the final product is observed via agarose gel electrophoresis; therefore, accurate bacterial
quantification is impossible. However, multiplex RT-PCR can be used to quantitatively
analyze the product amplified per PCR cycle.

Mouth-rinsing solutions have been used in various sialochemistry studies [8,9]. Re-
cently, some studies assessing the prevalence and levels of specific bacterial species have
been conducted using PCR analysis of mouth-rinsing solutions [10]. However, very few
studies have investigated the link between the diagnosis of periodontitis and the oral
bacteria present in a mouth-rinsing solution. Additionally, the phosphate-buffered saline
solution used in previous studies has been reported to cause discomfort.

The purpose of this study was to examine the correlation between periodontal disease
and 18 different bacteria by conducting a RT-PCR analysis of mouth-rinsing solutions and
to evaluate the usefulness of this diagnostic method.

2. Materials and Methods

2.1. Patient Selection

Patients who visited the Department of Periodontology at the Veterans Health Service
Medical Center between 2018 and 2019 for various reasons underwent routine examination.
Due to the lack of prior studies conducted with rinsing solutions, we decided to use
this method to compare bacterial species prevalence and levels in healthy patients and
patients with severe periodontal disease. After examination, 110 patients were selected to
participate in the study.

However, 18 patients refused to participate in the mouth-rinsing test. Hence, 92 patients
were finally included in this study. Additionally, five subjects were excluded from the study
because their mouth-rinsing solutions were contaminated in the process of transferring
the collected samples (Figure 1). The study protocol was approved by the institutional
review board of Veterans Health Service Medical Center (BOHUN No. 2018-03-002). All
participants provided written informed consent. This study was conducted according to
the Helsinki Declaration of 1975 and its later revisions.

Figure 1. Study flow chart.
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2.2. Sample Size Determination

The sample size was calculated using G*Power 3.1 software [11]. Comparisons be-
tween the two groups were conducted at a two-sided alpha level of 5% and a power of
90%. It was determined that a sample size of 42 participants per group would provide
a power of 90% for the detection of between-group differences. However, considering a
drop-out rate of 25%, a sample size of 55 patients per group was finalized.

2.3. Periodontal Examination

Each patient underwent an assessment of the probing depth and gingival recession at
six sites per tooth using a periodontal probe (PCP-12, Hu-Friedy, Rotterdam, The Nether-
lands) by one examiner. Attachment loss was also measured.

After the dental examination, the presence and severity of periodontal disease were de-
termined according to the Centers for Disease Control and Prevention/American Academy
of Periodontology definitions [12]. We performed an additional examination using a mouth-
rinse solution in both healthy patients and those with severe periodontal disease. Severe
periodontitis was defined as two or more interproximal sites with a clinical attachment loss
≥ 6 mm, which are not the same area, and one or more interproximal sites with a probing
depth ≥ 5 mm.

2.4. Sample Collection and DNA Extraction

Mouth-rinse samples were collected in the morning after regular brushing. Each
subject rinsed their mouth with 10 mL of Easygen gargle (YD Global Life Science, Seong-
nam, Korea) for 60 s, after which the gargling liquid containing the patient’s saliva
was collected as previously described [13]. DNA was extracted from the gargle sam-
ple using a Qiagen column (DNA Mini Kit, Qiagen, Hilden, Germany), according to the
manufacturer’s instructions.

2.5. Multiplex Quantitative RT-PCR (qPCR)

The qPCR was performed with the EasyPerio molecular kit (YD Global Lifescience,
Seongnam, Korea), according to the manufacturer’s instructions. The kit consisted of
8 different oligo mixes and 2 × master mixes. This was designed according to the typical
multiplex qPCR method [14]. The CFX96 Touch™ RT-PCR Detection System (Bio-Rad,
Hercules, CA, USA) was used for qPCR. The sequential steps in the PCR procedure were as
follows: pre-denaturation for 30 s at 95 ◦C; 40 cycles of 5 s denaturation at 95 ◦C; and 30 s
extension and annealing at 62 ◦C. Fluorescence scanning was performed after the extension
and annealing step. Information on the primers and probes is displayed in Table 1. In this
way, DNA of 18 species of bacteria was extracted and analyzed by RT-qPCR. The 18 species
of bacteria were the following: A. actinomycetemcomitans, P. gingivalis, T. forsythia, T. denticola,
Fusobacterium nucleatum, P. intermedia, Parvimonas micra, Campylobacter rectus, Eubacterium
nodatum, Eikenella corrodens, Streptococcus mitis, Streptococcus mutans, Lactobacillus casei,
Staphylococcus aureus, Enterococcus faecalis, Actinomyces viscosus, Prevotella nigrescens, and
Streptococcus sobrinus.

2.6. Bacterial Quantification

Standard curves were generated using the 18 plasmids at five different concentrations.
The plasmids’ DNA contained specific sequences of each microorganism. Each bacterial
gene used for plasmid construction is listed in Table 1. The copy numbers of each oral-
bacterial DNA were calculated by substituting the cycle threshold values obtained from
the qPCR into the quantitative formula obtained through the standard curve.
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2.7. Statistical Analysis

This study evaluated whether there was a significant difference in the prevalence and
levels of bacterial species between healthy individuals and those with periodontitis. Sex
and smoking history were expressed as frequencies and percentages, and age, as means and
standard deviations. The total number of bacteria was reported as median and interquartile
range, and the number of each bacterial species was reported after normalization (dividing
by the total number of bacteria in each sample). Differences in prevalence between groups
were evaluated through logistic regression. Spearman’s rank correlation was used to
examine the association between the levels of the different target species. Only two species
that had at least five complete observations were estimated with the correlation coefficient.
Logistic regression models were applied with disease status (healthy or with periodontal
disease) as the dependent variable and the bacterial category as the independent variable.
The bacterial category comprised three levels. Level 0 represented PCR-negative subjects,
while levels 1 and 2 were categorized according to the median of the number of bacterial
cells in PCR-positive subjects; levels 1 and 2 were assigned to values less than or greater
than the median, respectively.

The Firth’s penalized maximum-likelihood bias-reduction method was used to es-
timate the odds ratio when there was a complete separation [27,28]. All regression
analyses were adjusted for known confounders of periodontitis, including age, sex, and
smoking history.

Statistical analyses were performed using R 3.5.1 (R Development Core Team; R Foundation
for Statistical Computing, Vienna, Austria). p values < 0.05 were considered statistically
significant.

3. Results

There were 35 individuals in the healthy group and 52 in the severe periodontitis
group (Table 2). Figure 2 shows the mean counts of bacteria in the two groups. The
number of bacteria of the red, yellow, and orange groups was higher in patients with
periodontal disease than in the healthy group. The results of the quantitative analysis of
the 18 species of bacteria are shown in Table 3. S. mitis, P. micra, and F. nucleatum were
found in all subjects in the healthy group. P. nigrescens and C. rectus were found in 80% of
the subjects in the healthy group. Among bacteria in the red complex group, P. gingivalis
was found in 45.7%, T. forsythia in 74.3%, and T. denticola in 42.9% of the subjects in the
healthy group. E. faecalis and A. viscosus were not detected in any of the healthy subjects.
Similar to the healthy group, S. mitis, P. micra, and F. nucleatum were found in all subjects
in the severe periodontitis group. P. gingivalis, P. nigrescens, T. forsythia, and T. denticola
were detected in 90.4%, 82.7%, 73.1%, and 69.2% of individuals with severe periodontitis,
respectively. After adjusting for age, sex, and smoking history, there were differences
in the prevalence of A. actinomycetemcomitans, T. denticola, and P. nigrescens between the
healthy group and severe periodontitis group. Among the red complex group bacteria,
only T. denticola prevalence was significantly different between groups (Table 3).

Table 4 shows the correlations between the different bacterial species in all partici-
pants. Correlation coefficients ranged from −1 to 1, with numbers greater than 0 indicating
positive correlations and numbers lower than 0 indicating negative correlations. A. actino-
mycetemcomitans and P. gingivalis showed a correlation of 0.96 and a p value lower than 0.05,
indicating a significant positive correlation. P. gingivalis had a positive correlation with
E. nodatum and a negative correlation with S. mitis. T. forsythia was negatively correlated
with F. nucleatum, P. nigrescens, and S. mitis. F. nucleatum was positively correlated with
P. nigrescens, S. mitis, and L. casei. P. intermedia was positively correlated with P. nigrescens
and C. rectus.

Table 5 shows the correlations between bacterial species in the healthy group. T. forsythia
was positively correlated with C. rectus and negatively correlated with S. mitis. T. denticola
was negatively correlated with S. mitis.
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Table 2. Participant demographics.

Characteristic
Healthy Group

(n = 35)
Severe Periodontitis

Group (n = 52)

Age (Years, mean ± SD) 39.0 ± 17.9 56.2 ± 15.2

Sex
Male 29 (83%) 44 (85%)

Female 6 (17%) 8 (15%)

Smoking Non-smokers 31 (89%) 46 (88%)
Current smokers 4 (11%) 6 (12%)

Abbreviations: SD, Standard deviation.

Figure 2. Mean bacterial cells in the healthy group and periodontal disease group.

Table 6 shows the correlations between bacterial species in the periodontal disease
group. P. gingivalis had a significant positive correlation with A. actinomycetemcomitans.
F. nucleatum was negatively correlated with T. forsythia.

Table 7 shows the categorization of the number of bacteria into three levels. P. gingivalis,
T. denticola, P. micra, S. mitis, L. casei, S. aureus, E. nodatum, and total bacteria were signifi-
cantly associated with severe periodontitis at certain levels. However, after adjusting for
factors such as sex, age, and smoking, only T. denticola, P. nigrescens, and S. mitis were sig-
nificant. T. denticola significance was only noted at level 2, in which the risk of periodontal
disease was 7.3 times higher compared to level 0. P. nigrescens was significantly associated
with severe periodontitis at levels 1 and 2; the risk of periodontal disease at level 2 was
22.5 times higher than that at level 0. S. mitis significance was only observed at level 2.
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Table 3. Prevalence of target species and their quantities in polymerase chain reaction-positive subjects.

Bacteria Healthy Group (n = 35) Severe Periodontitis Group (n = 52)

Aggregatibacter actinomycetemcomitans
Prevalence, n (%) a 1 (2.9) 7 (13.5)

Median bacterial cells proportion (%) (IQR) 0.46 (0.46–0.46) 0.75 (0.46–1.07)
Porphyromonas gingivalis

Prevalence, n (%) 16 (45.7) 47 (90.4)
Median bacterial cells proportion (%) (IQR) 3.43 (1.74–5.86) 3.83 (2.27–8.28)

Tannerella forsythia
Prevalence, n (%) 26 (74.3) 38 (73.1)

Median bacterial cells proportion (%) (IQR) 3.07 (0.65–7.74) 26.07 (4.49–50.82)
Treponema denticola
Prevalence, n (%) a 15 (42.9) 36 (69.2)

Median bacterial cells proportion (%) (IQR) 0.59 (0.18–2.34) 2.91 (1.36–5.39)
Fusobacterium nucleatum

Prevalence, n (%) 35 (100.0) 52 (100.0)
Median bacterial cells proportion (%) (IQR) 18.73 (13.31–23.15) 12.89 (7.23–20.02)

Prevotella intermedia
Prevalence, n (%) 8 (22.9) 15 (28.8)

Median bacterial cells proportion (%) (IQR) 0.22 (0.05–0.46) 0.11 (0.05–0.19)
Prevotella nigrescens
Prevalence, n (%) a 28 (80.0) 43 (82.7)

Median bacterial cells proportion (%) (IQR) 0.73 (0.4–1.94) 0.47 (0.14–1.23)
Parvimonas micra
Prevalence, n (%) 35 (100.0) 52 (100.0)

Median bacterial cells proportion (%) (IQR) 0.5 (0.29–0.82) 0.99 (0.45–1.81)
Campylobacter rectus

Prevalence, n (%) 28 (80.0) 45 (86.5)
Median bacterial cells proportion (%) (IQR) 0.11 (0.06–0.18) 0.08 (0.04–0.13)

Eubacterium nodatum
Prevalence, n (%) 3 (8.6) 14 (26.9)

Median bacterial cells proportion (%) (IQR) 0.21 (0.12–0.27) 0.71 (0.3–1.34)
Eikenella corrodens
Prevalence, n (%) 4 (11.4) 15 (28.8)

Median bacterial cells proportion (%) (IQR) 0.07 (0.04–0.45) 0.28 (0.15–0.71)
Streptococcus mitis
Prevalence, n (%) 35 (100.0) 52 (100.0)

Median bacterial cells proportion (%) (IQR) 73.72 (63.61–79.49) 59.13 (37.87–70.34)
Streptococcus mutans

Prevalence, n (%) 23 (65.7) 35 (67.3)
Median bacterial cells proportion (%) (IQR) 0.03 (0.02–0.1) 0.03 (0.01–0.15)

Streptococcus sobrinus
Prevalence, n (%) 1 (2.9) 5 (9.6)

Median bacterial cells proportion (%) (IQR) 0.06 (0.06–0.06) 0 (0–0.01)
Lactobacillus casei
Prevalence, n (%) 6 (17.1) 18 (34.6)

Median bacterial cells proportion (%) (IQR) 0.01 (0–0.04) 0 (0–0.01)
Staphylococcus aureus

Prevalence, n (%) 15 (42.9) 4 (7.7)
Median bacterial cells proportion (%) (IQR) 0.02 (0.01–0.14) 0.03 (0–0.07)

Enterococcus faecalis
Prevalence, n (%) 0 (0.0) 0 (0.0)

Median bacterial cells proportion (%) (IQR) NA (NA–NA) NA (NA–NA)
Actinomyces viscosus

Prevalence, n (%) 0 (0.0) 0 (0.0)
Median bacterial cells proportion (%) (IQR) NA (NA–NA) NA (NA–NA)

Total number of cellsPrevalence, n (%) 35 (100.0) 52 (100.0)

Median bacterial cells (IQR) 36,126,518
(16,199,034–92,716,204)

108,524,910
(69,243,624.5–177,393,988.25)

Abbreviations: IQR, interquartile range; NA, not available. a Significant difference between groups at p < 0.05, analyzed using the logistic
regression analysis.
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Table 4. Interspecies correlations in all subjects.

Aa Pg Tf Td Fn Pi Pn Pm Cr En Ec Sm Smu Ss Lc Sa Total

Aa 0.96 * −0.49 0.3 0.38 0.98 * 0.91 * 0.57 0.07 −0.26
Pg −0.04 0.25 −0.01 −0.06 0.16 0.23 −0.02 0.57 * −0.3 −0.34 * 0.16 0.5 −0.05 −0.27 −0.06
Tf 0.19 −0.56 * −0.21 −0.28 * 0.03 −0.02 0.1 −0.37 −0.87 * −0.22 −0.54 −0.2 −0.21 0.14
Td −0.17 0.53 * 0.05 0.61 * −0.08 0.8 * −0.24 −0.42 * −0.02 −0.17 0.34 −0.4 −0.07
Fn 0.21 0.25 * −0.15 0.18 −0.17 0.07 0.25 * 0.02 0.9 * 0.52 * 0.02 −0.13
Pi 0.53 * 0.14 0.51 * 0.51 0.09 −0.09 0.43 0.32
Pn 0.15 0.23 −0.16 −0.13 0.07 −0.18 0.75 −0.03 −0.32 −0.21
Pm 0.18 0.13 −0.27 −0.23 * 0 0.17 −0.02 −0.23 −0.02
Cr −0.31 −0.24 0.03 −0.15 0.88 * 0.06 −0.24 −0.16
En −0.13 0.35 0.3 0.42
Ec 0.24 0.19 −0.17 −0.16
Sm 0.12 0.33 0.04 0.23 −0.03

Smu −0.12 −0.13 −0.15 −0.09
Ss −0.62
Lc −0.16
Sa −0.21

Total

Abbreviations: Aa, Aggregatibacter actinomycetemcomitans; Pg, Porphyromonas gingivalis; Tf, Tannerella forsythia; Td, Treponema denticola; Fn,
Fusobacterium nucleatum; Pi, Prevotella intermedia; Pm, Parvimonas micra; Cr, Campylobacter rectus; En, Eubacterium nodatum; Ec, Eikenella
corrodens; Sm, Streptococcus mitis; Smu, Streptococcus mutans; Lc, Lactobacillus casei; Sa, Staphylococcus aureus; Pn, Prevotella nigrescens; Ss,
Streptococcus sobrinus; and * p < 0.05.

Table 5. Interspecies correlations in healthy subjects.

Aa Pg Tf Td Fn Pi Pn Pm Cr En Ec Sm Smu Ss Lc Sa Total

Aa 0.96 * −0.81 0.24 0.55 0.98 * 0.92 * 0.56 0.18 −0.34
Pg −0.03 0.22 0.02 −0.04 0.12 0.22 0 0.57 * −0.32 −0.3 * 0.14 0.71 −0.05 −0.07
Tf 0.11 −0.67 * −0.13 −0.34 −0.12 −0.13 0.05 −0.49 −0.88 * −0.29 0.11 −0.31 0.05
Td −0.12 0.55 0.07 0.62 * −0.09 0.78 * −0.34 −0.33 * −0.08 −0.17 0.4 −0.16
Fn 0.26 0.33 * −0.1 0.24 −0.12 0.28 0.43 * 0.38 * 0.33 0.19 0.01
Pi 0.75 * 0.21 0.56 * 0.58 0.15 −0.16 0.36
Pn 0.23 0.4 * −0.22 −0.14 0.15 −0.15 −0.26 −0.17 −0.23
Pm 0.22 −0.09 −0.32 −0.11 −0.08 −0.37 0.11 −0.12
Cr −0.32 −0.22 0.12 −0.18 0.95 * 0.22 −0.14
En −0.13 0.31 0.3 0.45
Ec 0.2 0.18 −0.23 −0.24
Sm 0.12 −0.2 0.24 0.04

Smu 0.01 −0.23
Ss −0.49
Lc −0.12
Sa

Total

Abbreviations: Aa, Aggregatibacter actinomycetemcomitans; Pg, Porphyromonas gingivalis; Tf, Tannerella forsythia; Td, Treponema denticola; Fn,
Fusobacterium nucleatum; Pi, Prevotella intermedia; Pm, Parvimonas micra; Cr, C. Campylobacter rectus; En, Eubacterium nodatum; Ec, Eikenella
corrodens; Sm, S. Streptococcus mitis; Smu, Streptococcus mutans; Lc, Lactobacillus casei; Sa, Staphylococcus aureus; Pn, Prevotella nigrescens; Ss,
Streptococcus sobrinus; and * p < 0.05.

Table 6. Interspecies correlations in subjects with severe periodontitis.

Aa Pg Tf Td Fn Pi Pn Pm Cr En Ec Sm Smu Ss Lc Sa Total

Aa 0.96 * −0.81 0.24 0.55 0.98 * 0.92 * 0.56 0.18 −0.34
Pg −0.03 0.22 0.02 −0.04 0.12 0.22 0 0.57 * −0.32 −0.3 * 0.14 0.71 −0.05 −0.07
Tf 0.11 −0.67 * −0.13 −0.34 −0.12 −0.13 0.05 −0.49 −0.88 * −0.29 0.11 −0.31 0.05
Td −0.12 0.55 0.07 0.62 * −0.09 0.78 * −0.34 −0.33 * −0.08 −0.17 0.4 −0.16
Fn 0.26 0.33 * −0.1 0.24 −0.12 0.28 0.43 * 0.38 * 0.33 0.19 0.01
Pi 0.75 * 0.21 0.56 * 0.58 0.15 −0.16 0.36
Pn 0.23 0.4 * −0.22 −0.14 0.15 −0.15 −0.26 −0.17 −0.23
Pm 0.22 −0.09 −0.32 −0.11 −0.08 −0.37 0.11 −0.12
Cr −0.32 −0.22 0.12 −0.18 0.95 * 0.22 −0.14
En −0.13 0.31 0.3 0.45
Ec 0.2 0.18 −0.23 −0.24
Sm 0.12 −0.2 0.24 0.04

Smu 0.01 −0.23
Ss −0.49
Lc −0.12
Sa

Total

Abbreviations: Aa, Aggregatibacter actinomycetemcomitans; Pg, Porphyromonas gingivalis; Tf, Tannerella forsythia; Td, Treponema denticola; Fn,
Fusobacterium nucleatum; Pi, Prevotella intermedia; Pm, Parvimonas micra; Cr, Campylobacter rectus; En, Eubacterium nodatum; Ec, Eikenella
corrodens; Sm, S. Streptococcus mitis; Smu, Streptococcus mutans; Lc, Lactobacillus casei; Sa, Staphylococcus aureus; Pn, Prevotella nigrescens; Ss,
Streptococcus sobrinus; and * p < 0.05.
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4. Discussion

To the best of our knowledge, this preliminary study is the first to quantify bacteria
with PCR in a mouth-rinsing solution, as opposed to a subgingival plaque or saliva sample.
Newer diagnostic methods have been developed with more detailed stages and grades
corresponding to the related treatment protocol [29]. While periodontal probing is the tra-
ditional method used for diagnosing periodontal disease, the detection of periopathogenic
bacteria with PCR may potentially serve as an adjunct assessment. Nevertheless, to date,
no standardized methods have been proposed for the diagnosis of periodontal disease
based on gargled solutions [30].

Several studies on periodontal pathogens have been conducted using RT-PCR analysis.
P. gingivalis, T. forsythia, T. denticola, and P. intermedia have been reported to be mainly preva-
lent in Asian populations [31,32]. However, A. actinomycetemcomitans prevalence varies
widely. In this study, a low A. actinomycetemcomitans prevalence was observed. Previous
studies have reported even lower levels in this and other previous studies compared to
other pathogens [2,33]. In line with the results of previous studies, we found significant
differences between the groups of bacteria known to be related to periodontal disease.
The prevalence of A. actinomycetemcomitans, T. denticola, P. nigrescens, and S. mitis were
significantly different between the healthy and periodontal disease groups.

A. actinomycetemcomitans is a common pathogen in aggressive periodontitis, and
it is known to have mutually inhibitory effects on Streptococcus sanguis, Streptococcus
uberis, and A. viscosus [34]. A. actinomycetemcomitans is involved in the pathogenesis of
aggressive periodontitis in younger patients [35]. T. denticola and P. nigrescens are both
known to be related to periodontitis. A previous study showed clear evidence of increased
immune responses to T. denticola, P. nigrescens, and F. nucleatum in 89 patients with chronic
periodontitis [36]. F. nucleatum is frequently detected in the subgingival plaque of patients
with chronic periodontitis and is often found associated with periodontal pockets. A.
actinomycetemcomitans, T. forsythia, T. denticola, and P. gingivalis are strongly associated
with periodontal disease, disease progression, and treatment failure. P. intermedia, P. micra,
C. rectus, E. nodatum, P. nigrescens, and F. nucleatum can also act as pathogens if their
concentrations exceed certain thresholds [37].

Periodontal disease is a result of complex interactions between the periodontal
pathogens and normal flora [38]. This fact rationalizes the use of mouth-rinsing solution for
bacterial analysis, as it provides mixed bacterial samples. Nevertheless, the presence of pe-
riodontal pathogens in the gingival crevices by itself does not cause or initiate periodontal
inflammation. The bacterial load in an area with periodontal disease is higher than that in
a healthy area; these bacteria are called periodontopathic [39]. P. gingivalis and T. forsythia
are some of the main pathogens of periodontitis, but no significant difference was found
between the healthy and periodontal disease groups in this study. The distribution, as well
as the number of bacterial species varies in diseased and healthy periodontal tissues. In
this study, S. mitis, a Gram-positive strain present in healthy tissues, had a 100% prevalence
in both normal and severe periodontitis groups. F. nucleatum, which belongs to the red
complex group and is strongly associated with periodontal disease, also had a 100% preva-
lence in both groups. Therefore, although these bacterial species may be proportionally
less dominant, they are present in the oral cavity as a constituent of the normal flora [40].
Our findings revealed a significant positive correlation between A. actinomycetemcomitans
and P. gingivalis. This indicates that both bacterial species affect each other’s growth [38].
In addition, P. gingivalis and E. nodatum also showed a positive correlation, indicating that
the higher the number of P. gingivalis, the higher the number of E. nodatum. Conversely,
T. forsythia was negatively correlated with F. nucleatum, P. nigrescens, and S. mitis. Hence,
these bacteria may inhibit each other’s growth.

After dividing bacterial levels according to whether they were above or below the
median, and adjusting for confounding factors (e.g., sex, age, and smoking habit), T.
denticola, P. nigrescens, and S. mitis were significantly associated with periodontitis. These
results indicate that the risk of periodontal disease is increased if the levels of T. denticola
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and P. nigrescens are high. It can also be inferred that the higher the level of S. mitis, the
lower the risk of developing periodontal disease.

This study has some limitations because we could not verify the reproducibility of our
results. Moreover, in order for the mouth-rinsing solution analysis to be of diagnostic value,
a certain number of bacteria must be detected to indicate disease. Implementation of the
new classification system described above was not possible when recruiting participants
in this study. We could only divide participants into two groups: healthy and severe
periodontitis. Due to the lack of previous studies on diagnostic methods using mouth-
rinsing solutions, we tried to evaluate differences between the two groups using the
existing classification method. This should be complemented in the next study. There were
limitations in adjusting for age, sex, and smoking history, because of the small sample size.
Among the correction variables, age is an important variable related to periodontal disease,
but in this study, the sample size was not large enough to consider the correction variable,
even though it had already been adjusted.

As mentioned earlier, periodontitis is a disease with various factors caused by subgin-
gival bacterial colonies such as A. actinomycetemcomitans, T. forsythia, and P. gingivalis. [41].
However, P. gingivalis was not significantly associated with periodontitis after adjustment
for confounding factors in this study. P. gingivalis has been shown to have a higher preva-
lence in deep pockets [1,42,43]. Therefore, the results of our study may reflect the low
ability of mouth rinsing to sample P. gingivalis in these regions. Because the number of
bacteria needed to cause periodontal disease may vary depending on the host’s immune
system, additional research methods are needed, such as comparing with crevicular fluid
and gingival biopsy to show reliable results [44].

This study suggests that the analysis of mouth-rinsing solution might be a promising
diagnostic method, and further studies with greater sensitivity should be conducted
with larger samples to determine its perceived usefulness. Diagnosing the severity of
periodontitis by analyzing gargled mouth-rinse solutions is less invasive than collecting
plaque samples. We hope that the analysis of mouth-rinsing solutions will become an
accepted diagnostic method for periodontal disease. A limitation of this study is that only
three periopathogenic bacteria, among a total of 18 species, exhibited a significant difference
between the healthy and periodontal disease groups; nevertheless, the advantages of the
detection method are obvious.

In summary, the findings of this study are as follows: (1) similar to previous studies,
bacteria known to cause periodontal disease were detected with mouth-rinsing solutions
in patients with severe periodontal disease; (2) significant differences were found in the
prevalence (healthy vs. periodontal disease group) of A. actinomycetemcomitans (2.9%
vs. 13.5%), T. denticola (42.9% vs. 69.2%), and P. nigrescens (80% vs. 82.7%); and (3)
T. denticola, P. nigrescens, and S. mitis levels were significantly different between groups in
the quantitative analysis.

We did not comprehensively assess all periopathogenic bacteria in this study; therefore,
additional research is required to assess the potential of oral-rinsing solutions to reflect oral-
infection risk and the need to improve oral hygiene, as well as to serve as a complementary
method for periodontal disease diagnosis. Similar to the results of plaque analysis, which
has been conducted in many studies, the results obtained by detecting bacteria in mouth-
rinsing solutions show that there is a relationship between specific bacteria and severe
periodontal disease. While mouth-rinsing solutions are non-invasive, simple, and capable
of detecting a wide range of bacterial species, they are limited by the lack of clear diagnostic
criteria. Therefore, in order for this diagnostic method to be effective, research aimed
at establishing the criteria for the type and number of bacteria should be conducted.
Recently, the concept of the diagnosis of periodontitis has been improved to complement
the treatment stage. If this simple diagnostic kit is quantified and developed, it is expected
to be helpful in future treatment planning.
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Abstract: Gingivitis is a very common oral disease highly prevalent in adults that, if left untreated, can
progress to periodontitis. It involves a complex and slow interaction between the host response and
the oral microbiome represented by the dental plaque. The inflammation of the gingiva is associated
with the activation of pathological angiogenesis and the existence of a high number of newly formed
blood vessels quantified as microvessel density (MVD). The present study includes a number of
51 gingival biopsies from patients with different gingival indexes (GI): GI = 0, n = 12; GI = 1, n = 15;
GI = 2, n = 16; and GI = 3, n = 8, processed and stained with the routine hematoxylin–eosin method.
The inflammatory infiltrate was scored, the blood vessels were detected with anti-CD34 antibody,
and MVD was determined. Inflammatory changes were observed in 39 of the 51 cases included in our
study. CD34 + vessels with normal morphological appearance were observed in all 12 cases of health
gingiva. In cases of inflammatory lesions, the morphology of the blood vessels showed changes with
the evolution of gingival lesions. In severe inflammation, a particular aspect was observed in the
vessels, such as the presence of the phenomenon of intussusception. MVD increases with the severity
of gingival lesions, with the highest density being observed in severe inflammation.

Keywords: gingivitis; MVD; angiogenesis; CD34

1. Introduction

Periodontal health is defined by Chapple as a “state free from inflammatory periodon-
tal disease that allows an individual to function normally and avoid consequence (mental
or physical) due to current or past disease” [1]. The periodontal health of an individual
can be assessed by the clinical absence of diseases such as gingivitis, periodontitis, or other
periodontal disorders.

On the other hand, periodontal disorders are very common and may impact up to
90% of the world’s population. Gingivitis is a pathological condition often associated
with bacterial biofilm that is generally reversible upon a rigorous reinstatement of oral
hygiene procedures [2]. Despite the fact that it is considered to be the “route” towards
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the development of periodontitis, affecting a considerably high number of patients, this
pathology is often disregarded [3–5].

The study conducted by Lang et al. [3] is based on identifying the presence of gingivi-
tis as a key risk factor in the incidence of periodontal disease, revealing their association
in approximately 37% of the gingivitis cases and showing a definite progression to peri-
odontitis and loss of teeth thereafter. A patient diagnosed with gingivitis can revert to
a complete state of oral health, while once diagnosed with periodontitis, even following
successful therapy, further lifelong supportive care is required to prevent the recurrence of
the disease [6]. The heterogeneity of this condition is also highlighted during the treatment
protocol, revealing a percentage of the diagnosed gingivitis cases that do not respond
properly to standard mechanical treatment [7] and the healing of the tissue exhibiting
normal biological conditions is absent [8].

The classification of gingival diseases is made by taking into consideration the presence or
absence of dental plaque. Dental plaque-induced gingival diseases may occur on a periodontium
with no attachment loss or with attachment loss that is stable and not progressing [9].

Angiogenesis in the oral mucosa diseases, and implicitly gingivitis, is a negative prog-
nostic factor that potentiates the manifestations of the disease and worsens its progression.
The process is defined as the formation of new blood vessels from pre-existing ones. It
involves endothelial cell migration and proliferation, and the further formation and organi-
zation of tubular structures that in time will bond, resulting in a final form of stable blood
vessels. Through this process, the neoformation vessels bring pro-inflammatory cells and
mediators, but also oxygen and nutrients to the inflamed tissues [10]. The inflammation
of the gingiva, which is the main mechanism for periodontal lesions, is associated with
the activation of pathological angiogenesis and the existence of a high number of newly
formed blood vessels quantified as a microvessel density (MVD) [11].

The transition from gingivitis without bone loss to periodontitis is explained by the
propagation of the inflammatory response, correlated with the failure of the innate inflam-
mation resolving mechanisms. In the end, it results in the chronicity of the inflammatory
lesion, which is histologically characterized by the present repair mechanisms signs (angio-
genesis and fibrosis) occurring concurrently with inflammation [12]. It plays a significant
role as well in bone regeneration, contributing to the inflammatory and regenerative phase
of the alveolar bone. The microvessel density evaluation targets the acknowledgment of
the angiogenesis level and its implication in multiple inflammatory conditions has been
widely accepted.

Different markers (monoclonal antibodies) such as CD34, CD31, CD105, vascular
endothelial growth factor (VEGF), and beta fibroblast growth factor (FGFβ) are used to
measure microvessel density (MVD) in each microscopic field [13,14].

CD34 is a monomeric transmembrane glycoprotein with a molecular weight of
110–120 KD, which has a high sensitivity and moderate specificity. The anti-CD34
antibody, the QBEnd10 clone, is the most widely used immunohistochemical marker
in the study of tumor angiogenesis and microvessel density, being positive on paraffin
sections, ice, and Western blotting techniques. CD34 expression is frequently used to
evaluate MVD, unlike CD31 which, in addition to being present in endothelial cells, is
also localized in the macrophages [15,16].

In the scientific literature, existing studies regarding the angiogenesis evaluation in
gingivitis are very limited, with the emphasis being on periodontitis and oral neoplasms.
Starting from this aspect, in the present study, we aim to evaluate by immunohistochemical
methods the morphology of blood vessels and microvessel density in inflammatory gingival
lesions compared to normal, healthy gingiva. The quantification of MVD was established
by the number of vessels in the inflammatory infiltrate, in the surrounding stroma, and also
in the epithelium. Taking into consideration that gingivitis and its persistence influences
the further development of periodontitis, the assessment of the microvessel density and
heterogeneity in this stage could be an evolution marker in the possible progression of this
disease. Our study brings a new point of view regarding the histologic aspects of gingivitis
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without bone loss and can promote further studies to establish the mechanism of clinical
aggravation of gingivitis and transformation in periodontitis.

2. Materials and Methods

Our study was approved by the Ethics Committee of “Victor Babes, ” University of
Medicine and Pharmacy Timis, oara (no.12/2021) and patients agreed and signed an in-
formed consent form that followed the guidelines of the Declaration of Helsinki.

2.1. Patients’ Data

In this study, we included patients based on the following inclusion and exclusion criteria.
Inclusion criteria:

• Age: 18–60 years;
• Both males and females;
• Diagnosed gingivitis with no attachment loss;
• Periodontal and gingivitis-free patients (for the control group);
• No known general comorbidities;
• Non-smokers;
• Non-alcohol drinkers.

Exclusion criteria:

• Gingivitis modified by systemic factors, such as medication;
• Periodontitis;
• Patients with periodontal therapies;
• Patients with medication.

After the application of the inclusion and exclusion criteria, a total of 51 patients were
included in the study, 28 females—54.9% and 23 males—45.09%. The Gingival Index (GI)
used for the assessment of the gingivitis had the following values: GI = 0, n = 12; GI = 1,
n = 15; GI = 2, n = 16; and GI = 3, n = 8, with a mean value of 1.82. The biopsy samples
taken from healthy patients that were included in the control group were based on the
following clinical criteria: the absence of gingival erythema, no bleeding while probing, no
clinical visible plaque deposits, and a probing depth within 2 mm.

In Figure 1, the clinical assessment of gingivitis is presented in the three stages
of inflammation.

  
(a) (b) 

 
(c) 

Figure 1. Clinical images of gingivitis: (a) mild inflammation-GI = 1; (b) moderate inflammation-GI = 2;
and (c) severe inflammation-GI = 3.
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The present study included a total of 51 gingival biopsies that were processed accord-
ing to the standard histological technique. The gingival biopsies were obtained from the
interdental papilla between the mandibular first and second premolar. A biopsy was taken
from each patient and washed with buffer saline.

2.2. Primary Processing

Gingival biopsies were fixed in 10% buffered formalin for 48 h and then embedded in
paraffin using the standard histological technique. The primary processing was completely
standardized using the Shandon embedding center (Thermo-Shandon, Runcorn, Chershire,
UK). Five micrometer-thick sections were prepared for each case and were stained with
the routine hematoxylin–eosin method. These slides were used to analyze the morpholog-
ical changes of the epithelium and to evaluate the density of the inflammatory infiltrate.
Additional slides were prepared and selected for the immunohistochemical study.

Scoring

The inflammatory infiltrate was scored as 0 (absent), value 1 (isolated inflammatory
cells, less than 10 inflammatory cells/microscopic field, and low inflammation), value 2
(aggregates of inflammatory cells in the lamina propria only and moderate inflamma-
tion), and value 3 (aggregates of inflammatory cells in the lamina propria associated with
intraepithelial lymphocytes and severe inflammation).

2.3. Imunohistochimical Technique

Blood vessels were detected with anti-CD34 antibody—monoclonal mouse, clone
QBEnd 10, ready to use, and Leica Bond (Leica Biosystem, Newcastle Ltd., Newcastle upon
Tyne, UK). A heat-induced epitope retrieval with Bond Epitope Retrieval Solution 1 citrate
buffer (pH 6.0) (Leica Biosystems, Newcastle Ltd., Newcastle upon Tyne, UK) for 30 min
was applied. Endogenous peroxidase was blocked for five minutes with 3% hydrogen
peroxide and followed by incubation with the primary antibody for 30 min. The Bond
Polymer Refine Detection System (Leica Biosystems, Newcastle upon Tyne, UK) was used
to develop the immunohistochemical reaction and the final product was visualized with
3,3′ diaminobenzidine dihydrochloride (DAB). The chromogen was applied for 10 min and
the hematoxylin was used for 5 min for the counterstaining. The full immunohistochemical
procedure was performed with a Leica Bond-Max (Leica Biosystems, Newcastle upon Tyne,
UK) autostainer.

2.4. Staining Interpretation

All the sections were examined using a Nikon Eclipse 600 optical microscope. Initially,
the examination was made using the ×100 lens in order to identify the most intensely
positive areas for CD34. Vessel quantification was performed using the ×40 lens. The area
of each field was approximately 0.2 mm2. The endothelial cells colored with brown CD34
(CD34-positive) that formed a cluster of endothelial cells with a lumen were considered to
be blood vessels. Single CD34-positive endothelial cells were also included in the count.
The blood vessels with a muscle wall were excluded. The three fields with the largest
number of blood vessels were chosen and then examined from left to right, avoiding
counting the vessels from the same areas. The arithmetic mean of the total number of
vessels encountered in the three examined fields was performed, representing the final
result. The statistical evaluation was made by SPSS 17 software (IBM Analytics, Armonk,
NY, USA) and a p-value of <0.05 was considered statistically significant.

3. Results

Microscopically, in normal healthy gingiva (n = 12) there were no inflammatory
changes present. The normal histological structure of the gingival mucosa was preserved.
It was noticed that a parakeratinized stratified squamous epithelium and lamina propria
were composed of dense irregular connective tissue (Figure 2a).
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(a) (b) 

  
(c) (d) 

Figure 2. Different hematoxylin–eosin microscopic images for assessment of the morphological
changes of the epithelium evaluation of the density of the inflammatory infiltrate: (a) gingiva
without inflammatory changes GI = 0, ×200 magnification; (b) inflammatory infiltrate in the lam-
ina propria with focal distribution, epithelium without modification GI = 1, ×200 magnification;
(c) inflammatory infiltrate in the lamina propria, intraepithelial lymphocytes GI = 2, ×200 magnifica-
tion; and (d) inflammatory infiltrate with polymorphic cellularity GI = 3, ×400 magnification.

In the cases evaluated with a score value of +1, low inflammation, the inflammatory
infiltrate was found in the lamina propria with focal distribution, but also as isolated in-
flammatory cells. The covering epithelium had no changes and intraepithelial lymphocytes
were very rare (Figure 2b).

In the cases evaluated with a score value of +2, moderate inflammation, the inflamma-
tory infiltrate was noticed in the lamina propria over extended areas, reaching as far as the
covering epithelium. Basal cell layer hyperplasia was found in the covering epithelium
(Figure 2c).

The cases evaluated with a score value of +3 were characterized by severe inflamma-
tion. The aggregates of inflammatory cells in the lamina propria distributed over large
areas associated with numerous intraepithelial lymphocytes were noticed. A tendency of
inflammatory infiltrate distribution around the blood vessels was found. The presence
of large amounts of lymphocytes in the covering epithelium induced an alteration of its
structure. Thus, a hyperplasia of basal and parabasal cells was observed (Figure 2d).

Inflammatory changes were observed in 39 of the 51 cases included in our study.
The inflammatory infiltrate consisted mainly of lymphocytes, macrophages, and neu-
trophilic granulocytes. Rarely contained eosinophilic granulocytes and plasma cells were
also identified (Figure 2c).

Out of the 39 cases with inflammatory lesions, 15 cases showed mild inflammation
(G I = 1, score value 1), 16 cases showed moderate inflammation (GI = 2, score value 2),
and 8 cases had severe inflammatory lesions (GI = 3, score value 3), as found by clinical
examination. The microscopic features of the normal gingiva, mild, moderate, and severe
periodontal disease are shown in Figure 2. CD34 + vessels with a normal morphological
appearance were observed in all 12 cases of healthy gingiva. The identified vessels are
predominantly capillary and distributed throughout the gingival lamina, including the
papillae to the proximity of the surface epithelium. In all of these cases, the blood ves-
sels were small in diameter and all had a lumen. In cases of inflammatory lesions, the
morphology of the blood vessels showed changes in accordance with the evolution of the
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periodontal lesions. Thus, both small-caliber vessels with a very narrow lumen delimited by
proliferative endothelial cells and small vessels without a lumen were observed (Figure 3).

 

Figure 3. Severe inflammation marked vascular polymorphism, small vessels with or without lumen
narrow, anti-CD34 immunohistochemical staining, and DAB chromogen, ×100 magnification.

Small narrow-lumen vessels have been observed in large amounts in gingival lesions
with moderate and severe inflammation. In the cases of severe inflammation, vascular
structures in the form of cords with a tendency to form a lumen were encountered.

Most cases with severe inflammation showed extensive areas of bleeding. In these
cases, we identified large dilated vessels with dilated stasis and numerous branches,
suggesting the activation of endothelial cells (Figure 4).

 
Figure 4. Large dilated and branched vessels, anti-CD34 immunohistochemical staining, and DAB
chromogen, ×200 magnification.

In severe inflammation, a particular aspect was observed in the vessels: the presence
of the phenomenon of intussusception, characterized by invagination of the vascular wall
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with the formation of intraluminal bridges that divided the initial vessel into two smaller
vessels (Figure 5).

 
Figure 5. Severe inflammation, intussusception (arrow), intraluminal bridges dividing the blood
vessel, anti-CD34 immunohistochemical staining, and DAB chromogen, ×200 magnification.

All these aspects related to the changes found in the morphology of the blood vessels
in cases with inflammatory changes suggest that the initiation of angiogenesis in moderate
and severe periodontal lesions was present.

Microvessel density (MVD) was quantified and the number of CD34 + vessels near
the inflammatory infiltrate, in the surrounding stroma, and in the epithelium was observed.
In all cases of inflammatory lesions, an increase in MVD was observed in proportion to
the severity of the inflammation. Regardless of the severity of inflammation, the MVD
was significantly increased in the stroma compared to the MVD in the infiltrate. Thus, in
mild inflammation, the total number of vessels was between 12 and 35 vessels/microscopic
field. Only two cases with mild inflammation showed a higher MVD (approximately
46 vessels/field).

In moderate inflammation, MVD was slightly increased compared to the cases with
mild inflammation. The number of vessels was 15–49/field, with the majority being
identified in the stroma around the inflammatory infiltrate (Figure 6).

  
(a) (b) 

Figure 6. Moderate inflammation, GI = 2, and increased microvessel density at the stromal level,
×100: (a) stromal vascular polymorphism and intussusception, ×200, and (b) anti-CD34 immunohis-
tochemical staining and DAB chromogen.
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As expected, the highest values for MVD were observed in cases of severe inflam-
mation, where the total number of vessels was between 35–89/field, most of them being
observed in the stroma (Figure 7). Two cases with severe inflammation showed a lower
MVD (20–25 vessels/field).

 

Figure 7. Severe inflammation, GI = 3, increased microvessel density at the stromal level, vascular
polymorphism, anti-CD34 immunohistochemical staining, and DAB chromogen, ×100.

The presence of small capillary vessels was observed in the gingival epithelium, as
well as in the cases with severe inflammation (Figure 8). Capillaries have been identified in
the basal layer of the gingival epithelium.

  
(a) (b) 

 
(c) 

Figure 8. (a–c) Capillaries in the basal layer of the epithelium, anti-CD34 immunohistochemical
staining, and DAB chromogen, ×200 magnification.
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4. Discussion

According to the new classification scheme for periodontal and peri-implant diseases
and conditions established at the World Workshop on the Classification of Periodontal and
Peri-implant Diseases in 2017, gingivitis is defined as a site-specific inflammatory condition
initiated by dental biofilm accumulation and characterized by edema and erythema of
the gingival tissue with the absence of periodontal attachment loss [6,17]. Generally, it
is a painless condition, which rarely leads to spontaneous bleeding. The tissue changes
are completely reversible, once the dental biofilm is removed. Gingivitis is a precursor of
periodontitis, which is characterized by gingival inflammation combined with connective
tissue attachment and bone loss [17].

The development of new vessels from pre-existing vessels, called angiogenesis, is a
complex process involving the remodeling of the extracellular matrix, the migration and
proliferation of endothelial cells, and the morphogenesis of microvessels. Angiogenesis
is often a significant and independent prognostic indicator for both overall survival rates
and diseases [18]. Angiogenesis is one of the most well-known stromal factors involved in
tumor progression as well as in inflammatory lesions, such as periodontal lesions. It has
been extensively investigated in various tumors, such as breast carcinoma, hepatocellular
carcinoma, astrocytoma, cervical carcinoma, and ovarian carcinoma, but also in several
lesions and odontogenic tumors such as ameloblastoma [19].

As a result of the interaction between the gingival epithelium and the stromal com-
partment, angiogenesis is an early and constant process in gingivitis and periodontal
diseases, occurring at all stages [20]. Angiogenesis and the dilation of capillaries appear to
be characteristic of the vascular response in chronic inflammation, and apart from gingivitis
and periodontitis, are also reported in rheumatoid arthritis, psoriasis, and other chronic
inflammatory lesions [21].

Persistence of the gingival inflammation under the presence of various local and
general risk factors progresses to the destruction of the underlying connective tissue and
eventually to the destruction of the alveolar bone [22].

The proximity of this thick inflammatory infiltrate to the sulcular epithelium, which is
in direct contact with the bacterial plaque irritant, demonstrates the importance of the bac-
terial plaque which plays a key role in the initiation and progression of gingivitis. A single
kind of organism is not involved in the change from a healthy periodontium to an inflam-
matory periodontium. In periodontal diseases, the microbial communities are dysbiotic,
with uncontrolled microbial species composition and abundance resulting in a pathogenic
situation. Despite the fact that the Gram-negative organisms, “red complex” are associated
with periodontal disease, they are also found at low levels in healthy patients without
periodontal disease, suggesting that they are pathobionts rather than pathogens [21].

Periodontitis shares many of the same histological characteristics as gingivitis, with
the exception that the connective tissues at the base of the gingival sulcus are destroyed,
resulting in the formation of a deep periodontal pocket bordered by epithelium. In our
findings, the inflammatory infiltrate consisted mainly of lymphocytes, macrophages, and
neutrophilic granulocytes-PMN, and more rarely consisted of eosinophilic granulocytes
and plasma cells. Vascular alterations appear to either assist or inhibit PMN activity,
influencing the progress of the disease. In periodontitis, high endothelial cells are engaged
with PMN rather than lymphocyte emigration, contrary to most circumstances [23].

The findings obtained in our study sustain the heterogeneity of the angiogenic process
dependent on the level of gingiva inflammation. In tissues, the degree of angiogenesis can
be evaluated by microvessel density (MVD) using an antibody against CD34, a glycosylated
transmembrane protein present on progenitor endothelial cells [24]. Antibodies to the CD34
molecule are widely used for immunohistochemical staining of gingival microvessels MVD
found in the early stages of gingivitis and may be considered the first step of a complex
process with damages countable depending on the gingival index. MVD measurement
is a widely known predictor of tumor growth, metastasis, and patient survival rate and
correlates with tumor aggression [19]. In addition to this, MVD is also associated with the
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progression of gingivitis lesions as observed in our study. Increased MVD could cause a
higher apport of different cytokines, adhesion molecules, and other inflammation factors.
In gingivitis and periodontitis, the transport of inflammatory cells, nutrients, and oxygen
caused by angiogenesis could enhance the severity of the inflammation [24].

Vascular changes are essential to the initiation of both acute and chronic inflammation,
and blood flow is essential to its resolution. Inflammation begins with vasodilation, increas-
ing circulation, and increased vascularization into the area. The progressive disorder of
affected gingiva perfusion and oxygenation, the presence of increased vascular permeabil-
ity, and functional failure of the microvascular system are the main processes involved in
disease progression [25,26].

In the development of gingivitis, an important role is played by the vascular endothe-
lial growth factor (VEGF), a 45-kd homodimeric proinflammatory glycoprotein that causes
vascular permeability and angiogenesis. This protein seems to be involved in the onset
and progression of gingivitis and periodontitis, mainly promoting the vascular network
expansion generally observed in inflammation [27]. Endothelial cells produce proteases
and plasminogen activators in response to VEGF, which break down the vascular basement
membrane and allow endothelial cells to proliferate and migrate [28]. The double correla-
tion of intraepithelial-increased MVD with VEGF may be considered a unique and specific
feature of mild gingivitis lesions progressing to moderate lesions, indicating the initiation
of the ‘vascularization’ phenomenon, which refers to the acquisition of new blood vessels
by the affected gingival epithelium [11]. Lucarini et al. [29] in their study concluded the fact
that the gingival mucosa affected by an inflammatory condition has significantly higher
levels of VEGF and MVD compared to the healthy mucosa. VEGF has a direct implication
in the vascular network, it increases the tissue edema, and influences the blood flow by
decreasing it, suggesting a high implication in the etiology of gingivitis.

Acknowledging the heterogeneity of the blood vessels and the microvessel density in
gingivitis is an important aspect of fully understanding the evolution of this disease and its
possible progress towards periodontitis with high clinical relevance. The vascular changes
encountered in gingivitis could represent a viable correlation in anticipating the incidence
of periodontal involvement.

5. Conclusions

The modifications observed in patients presenting gingivitis indicate the presence of
angiogenesis, an aspect suggested by increased vascular polymorphism, the phenomenon
of intussusception, and finally, the acquisition of vessels in the gingival epithelium. MVD
increases with the severity of gingival lesions, with the highest density being observed in
severe inflammation.
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Abstract: Aim: A retrospective evaluation of patients with Papillon-Lefèvre syndrome (PLS) treated
with dental implants to identify factors that may influence treatment outcomes. Methods: All PLS
patients with dental implants currently registered at the Department of Periodontology, Goethe-
University Frankfurt (20–38 years; mean: 29.6 years), were recruited. Five patients from three families
(two pairs of siblings) with a total of 48 dental implants (inserted in different dental institutions)
were included with a follow-up time of 2.5–20 years (mean: 10.4 years). Results: Implant failure
occurred in three patients (at least 15 implants). Nearly all patients demonstrated peri-implantitis in
more or less advanced stages; 60% of patients demonstrated bone loss ≥50% around the implants.
Two patients did not follow any supportive therapy. Conclusions: Implants in PLS patients who did
not follow any maintenance programme had a high risk of peri-implantitis and implant loss.

Keywords: dental implants; Papillon-Lefèvre syndrome; peri-implantitis; periodontitis; long-term
results

1. Introduction

Papillon-Lefèvre syndrome (PLS) is an infrequent genetic disorder characterised by
palmoplantar hyperkeratosis combined with rapidly progressive severe periodontitis af-
fecting both the deciduous and permanent dentitions [1]. The prevalence of PLS is 1–4 per
million [2] with no sex or race predominance and is inherited as an autosomal-recessive
trait. A loss-of-function mutation affecting the cathepsin C gene (CTSC) on chromosome
11q14.1-q14.3 has traditionally been related to the disorder [3,4], its main functions being
protein degradation and proenzyme activation [5].

As periodontal therapy often fails in PLS patients [6–8], they typically lose their teeth
early in life and eventually become edentulous with significant ridge resorption. For an
increasing number of cases of PLS patients, it is reported that periodontitis may be arrested
even in the long term. In those cases, therapy consists of treatment of the infection with
the extraction of severely diseased teeth, combined mechanical and antibiotic periodontal
treatment, oral hygiene instructions, intensive maintenance therapy, and microbiological
monitoring [9–11].

However, PLS patients who have lost many or all teeth need prosthetic rehabilitation.
Over the last few years, dental implants have become a common treatment alternative to
replace missing teeth. The use of dental implants in young patients with rapidly progessing
periodontitis (1999 classification: aggressive periodontitis; 2018 classification: periodontitis
grade C) has already been reported [12,13]. Patients with periodontitis grade C (GAgP)
had a five times greater risk of implant failure, a three times larger risk of mucositis,
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and 14 times higher risk of peri-implantitis [13]. Swierkot et al. concluded that patients
with treated periodontitis grade C (GAgP) are more susceptible to mucositis and peri-
implantitis and experience lower implant survival and success rates than periodontally
healthy individuals [13].

Based on the fact that PLS is a rare disease, there are limited studies (mainly case
reports) with small numbers of patients assessed in the literature. To the best of our
knowledge, just eight articles report outcomes of dental implants in PLS patients [11,14–20].
Furthermore, long-term results are only occasionally reported.

Therefore, the aim of the present retrospective study was to analyse (long-term)
outcomes of dental implants in five PLS patients and to identify factors that may influence
treatment outcomes. As is presently best known, this is the largest group of PLS patients
treated with dental implants reported thus far.

2. Materials and Methods

Patients and Data Collection

We studied all PLS patients with dental implants registered at the Department of Peri-
odontology, Center for Dentistry and Oral Medicine, Johann Wolfgang Goethe-University
Frankfurt (20–38 years; mean: 29.6 years). In all patients, the diagnosis of PLS was based on
the clinical findings during the initial examination and confirmed by detecting mutations
in the cathepsin C gene by analysing blood samples. The study was registered by the
Institutional Review Board for Human Studies of the Medical Faculty Goethe-University
under the number 31/05 in 2005.

Five patients (four female) were included. They belonged to three families and in-
cluded two pairs of siblings. Implant therapy in two patients was performed exclusively
at the Department of Oral Surgery and Implantology in Frankfurt, and in the three other
patients, it was carried out at external dental clinics or by local dentists or oral surgeons.
The initial periodontal therapy in Patients 1 and 2 had been described previously [21] as
well as the periodontal development of Patients 1, 2, 3, and 4 [11]. All data were collected
from the documents in the patients’ files. The patients included in our study are listed in
Table 1.

Table 1. The patients included and their dental implant characteristics.

Family Patient

Implants In Situ
(Number/Jaw/Type);
Year Implants Were
Placed; Follow-Up

(Years)

Implants Lost
(Number)

Bone Grafting
(Yes/No/Material)

Prosthetic
Restoration

Supportive
Therapy

(Yes/No/Main
Contents)

A 1 (♀/*1988)

6× maxilla
4× mandible

Ankylos® (Dentsply
Friadent, York,

PA, USA)
(all Ø 3.5 mm, length

11 mm);
Placed in 2007;

2.5 years

-

Yes (maxilla)
Bio-Oss Block®

(Geistlich,
Wolhusen,

Switzerland),
autologous bone
(zygomaticum),

Bio-Gide®

(Geistlich)

Removable
telescopic

crown-supported
restoration
(galvano)

no

A 2 (♀/*1991)

6× maxilla
4× mandible

Ankylos® (Dentsply
Friadent, York,

PA, USA)
(all Ø 3.5 mm, length

9.5 and 11 mm);
Placed in 2010;

5 years

-

Yes (maxilla)
Bio-Oss Block®

(Geistlich),
autologous bone
(zygomaticum),

Bio-Gide®

(Geistlich)

Removable
telescopic

crown-supported
restoration
(galvano)

yes (but irregular):
professional dental

cleaning once a
year; measuring of

PPD (irregular),
subgingival

cleaning (glycine)
in case of increased

PPD + BOP
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Table 1. Cont.

Family Patient

Implants In Situ
(Number/Jaw/Type);
Year Implants Were
Placed; Follow-Up

(Years)

Implants Lost
(Number)

Bone Grafting
(Yes/No/Material)

Prosthetic
Restoration

Supportive
Therapy

(Yes/No/Main
Contents)

B 3 (♀/*1974)

4× maxilla
8× mandible

maxilla: Astra®

(Dentsply, York,
PA, USA)

mandible: Brånemark®

(Nobel Biocare, Kloten,
Switzerland) Placed in
1992; re-implantation

maxilla in 2008
and 2010;

20 years (mandible),
4/2 years (maxilla)

4
Yes (maxilla)

Autologous bone
(iliac crest)

Removable
bar-carried
restoration

yes:
professional dental

cleaning every
3 months; no

measuring of PPD,
no subgingival

cleaning; systemic
amoxicillin +

clavulanic acid and
metronidazole for
seven days twice a

year; no
professional

supportive therapy

B 4 (♀/*1983)

1× maxilla
4× mandible

1 disc-shaped implant
(unknown

manufacturer); all
others: Brånemark®

(Nobel Biocare, Kloten,
Switzerland) implants

Placed in 1993;
19 years

11

Yes (maxilla)
Autologous bone

and bone
substitute
(unknown
material)

Removable
telescopic crown-
and ball-shaped
head-supported

restoration

yes:
professional dental

cleaning every
3 months; no

measurement of
PPD, no

subgingival
cleaning; systemic

amoxicillin +
clavulanic acid and
metronidazole for
seven days twice a

year; no
professional

supportive therapy

C 5 (♂/*1971)

5× maxilla
6× mandible

1 Biomet® 3i implant,
all other: IMZ®

implants (Dentsply,
York, PA, USA);
Placed in 1992;

20 years

Several
implants were
lost, number

unknown

Yes (maxilla)
(unknown
material)

Removable
bar-supported
(maxilla) and

removable
telescopic

crown-supported
restoration
(mandible)

no

♀female, ♂male, * born.

3. Results

3.1. Implant Therapy

Patients 1 and 2 were treated at the Department of Oral Surgery and Implantology,
Center for Dentistry and Oral Medicine (Carolinum), Johann Wolfgang Goethe-University
Frankfurt am Main with the same surgical technique (for details, see Table 1). Despite being
provided with extensive information about the importance of supportive implant therapy
(SIT), Patient 1 participated in just one maintenance visit. Supportive implant therapy
(SIT) consisted of oral hygiene instructions, professional implant cleaning (professional
mechanical plaque removal [PMPR] and stain removal), and—bi-annually—a comprehen-
sive periodontal/peri-implant examination. In this way, a rapid intervention was possible
whenever needed. In probing pocket depths of 4 mm that showed bleeding on probing
(BOP) and/or pockets that were deeper than 4 mm, subgingival/mucosal instrumentation
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(SI) with titan curettes and/or air-polishing with glycine powder, as well as instillation
of 1% chlorhexidine gel, was performed. In the course of every maintenance visit, oral
hygiene indices were assessed.

In patient 1, peri-implant mucositis and in two implants, peri-implantitis lesions could
be detected already. In Patient 2, compliance improved over time. However, the patient
participated in SIT only once a year. Peri-implant mucositis could also be clearly diagnosed
in Patient 2 (Table 1).

In Patients 3 (see Figure 1), 4, and 5, implants were primarily inserted years before in
different private practices (for details, see Table 1).

Figure 1. Patient 3 (panoramic radiograph performed in 2008): Eight hollow-screw implants
(mandible) inserted in 1992 (16 years in situ); Four Astra® implants (maxilla) inserted in 2008
(six months in situ), two implants (maxilla) have already been lost.

3.2. Clinical, Microbiological and Radiological Findings

At six sites per implant (mesiobuccal, midbuccal, distobuccal, distooral, midoral,
mesiooral), probing pocket depths (PPD) were measured using a manual rigid periodontal
probe (PCP UNC15, Hu-Friedy, Chicago, IL, USA) to the nearest millimetre. Bleeding on
probing (BOP) was recorded 30 s after probing. Suppuration was documented for each
implant (see Table 2). Three patients were already exhibiting PPD ≥ 7 mm. All patients
exhibited high BOP scores (>20%) except for Patient 4, who took systemic antibiotics at the
time of scoring.

Table 2. Clinical data: probing pocket depths (PPD), bleeding on probing (BOP), suppuration, and
microbiological findings at last visit.

Patient
PPD 1–3
mm (%)

PPD 4–6
mm (%)

PPD ≥ 7
mm (%)

BOP (%)
Suppuration

(Yes/No)
AA +/−

1 55% 45% 0% 38% no AA −
2 58% 42% 0% 25% no AA −
3 71% 22% 7% 20% yes AA −
4 80% 20% 0% 9% no - *
5 32% 54% 14% 26% Yes AA −

* Patient was treated with systemic antibiotics at the time, - no microbiological examination.
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Except for Patient 4, in each patient that was treated with systemic antibiotics, a
microbiological examination was performed with sterile paper points from the deepest
pocket of each quadrant. For analysis, a commercially available real-time PCR (Meridol
Paro Diagnostik Test, Carpegen, Münster, Germany) for the quantitative determination of
six periodontal pathogens (Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis,
Tannerella forsythia, Treponema denticola, Prevotella intermedia, and Fusobacterium nucleatum)
was employed. None of the patients showed subgingival presence of the periodontal key
pathogen, Aggregatibacter actinomycetemcomitans (see Table 2).

Panoramic radiographs were either performed on the day of investigation in the
university hospital or earlier by private practices and collected at the following appointment.
The proportional bone loss was determined by use of a Schei-ruler [22] on the mesial and
distal aspect of each implant (distance of implant shoulder to implant apex) and was
classified into three categories (Bone loss 0− < 25%, 25− < 50%, ≥50%) (see Table 3). Three
(60%) patients demonstrated bone loss ≥50% around the implants.

Table 3. Bone loss around implants (bone loss in % around implant [distance implant shoulder—
implant apex], mesial and distal).

Patient Bone Loss 0− < 25% Bone Loss 25− < 50% Bone Loss ≥ 50%

1 75% 25% 0%
2 95% 5% 0%
3 29% 46% 25%
4 60% 20% 20%
5 13% 55% 32%

4. Discussion

PLS is a rare genetic disease characterised by hyperkeratosis of the palms and soles. It
also manifests in a rapidly progressive, severe periodontitis that leads to premature loss of
the primary and secondary teeth if not treated early and consequently. A mutation affecting
the CTSC gene on chromosome 11q14.1-q14.3 has been associated with the disorder [3].
The cathepsin C enzyme is expressed by epithelial and immune cells and mainly acts
as a key enzyme in the activation of granule serine proteases, e.g., elastase. Several
studies have studied the pathogenesis of periodontitis in PLS patients. Compromised
neutrophil function, including phagocytosis, chemotaxis, and bacterial killing [23], as well
as severely depressed natural killer cell cytotoxicity, have been described in patients with
PLS [24,25]. Hence, it is plausible that patients with PLS are also very likely to develop
disease around dental implants. For this reason, the use of dental implants in patients
with severe forms of periodontitis secondary to systemic disorders was not a treatment
option for a long time. As a result of young patients having a need for oral rehabilitation
that would otherwise not be treated with fixed prosthetics, the question arises of whether
dental implants could also elicit success in PLS patients. Swierkot et al. assessed the
prevalence of peri-implant mucositis, peri-implantitis, implant success, and survival in
patients with GAgP/periodontitis grade C and in periodontally healthy individuals [13].
They reported implant survival rates of 100% in periodontally healthy individuals versus
96% in patients with GAgP/periodontitis grade C. Further, the implant success rate was
33% in GAgP/periodontitis grade C patients and 50% in periodontally healthy patients. The
implant success rate was defined by the following parameters: (1) no implant movement;
(2) no discomfort (pain, foreign body sensation, paresthesia); (3) PD ≤ 5 mm without BOP;
(4) no continuous radiologic translucency; and (5) annual peri-implant bone loss ≤ 0.2 mm
1 year after insertion of the superstructure. Implants that failed to meet ≥1 criteria were
considered a failure. In the GAgP/periodontitis grade C group, peri-implant mucositis
could be detected in 56% and peri-implantitis in 26% of the implants. In the periodontally
healthy group, 40% of the implants exhibited mucositis and 10% peri-implantitis. In
addition, GAgP/periodontitis grade C patients demonstrated a five times greater risk of
implant failure, a three times higher risk of mucositis, and 14 times more obvious risk of
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developing peri-implantitis. Ultimately, the authors contended that patients with treated
GAgP/periodontitis grade C are more susceptible to mucositis and peri-implantitis and
had lower success rates and implant survival [13]. Actually, to the best of our knowledge,
just eight articles have reported the outcomes of dental implants in PLS patients [11,14–20].
The exception is Nickles et al. [11]—all others only described the outcome in a single PLS
patient with a follow-up period of up to 4.5 years. At first sight, the results are positive.
Here, we present data from five PLS patients treated with dental implants. In two patients,
dental implants were inserted at the Department of Oral Surgery and Implantology at the
Johann Wolfgang Goethe-University Frankfurt am Main with state-of-the-art techniques.
In one patient, peri-implantitis was already documented after 2.5 years (see Figure 2).
Non-compliance to SIT seemed to be the most probable cause of peri-implant destruction
in this patient.

Figure 2. Patient 1 (panoramic radiograph performed in 2010): 10 Ankylos® implants (2.5 years
in situ).

All patients treated with dental implants many years earlier (approximately 20 years
in Patients 3, 4, and 5) exhibited advanced bone loss around the implants and suffered
substantial implant loss. What could be the reasons for these failures? In two patients,
Brånemark implants were utilised. The Brånemark system is a well-documented implant
system—Ross-Jansåker et al. evaluated the long-term results of implant therapy with
implant loss as the outcome variable. In 294 patients, Brånemark implants were inserted
between 1988 and 1992 in Kristianstad (Sweden). One and five years after the placement
of the suprastructure, the patients were scheduled to the clinic. Between 2000 and 2002
(9–14 years after implant insertion), the patients again underwent a clinical and radio-
graphic examination. In total, 218 patients treated with 1057 implants were assessed and
the overall implant survival rate was 95.7%. A significant connection could be noticed
between implant loss and periodontal bone loss of the residual teeth. Overall, it appeared
that a history of periodontitis was related to implant loss [26].

Documentation of long-term results with the IMZ® system is rare. Haas et al. pre-
sented a cumulative survival rate of 83.2% after 100 months in a study with 1920 IMZ®

implants. The results demonstrated a statistically significant lower cumulative survival
rate of maxillary (37.9%) versus mandibular implants (90.4%) [27]. In contrast to these
findings, Willer et al. documented similar survival rates for upper and lower jaw implants

162



J. Clin. Med. 2022, 11, 2438

in a prospective observation of 1250 IMZ dental implants. The cumulative survival rate
after 10 years (82.4%) was very similar to the findings of Haas et al. [28] The cumulative
survival rates associated with the IMZ system (83.2%/82.4%) seemed to be lower than those
presented by a working group from Frankfurt University [29] with the Ankylos® Implant
system with a survival rate of 93.3% after 204 months (17 years). Whether the implant system
utilised in our three PLS cases had any influence on the outcomes remains questionable.

In 2014, a Cochrane review was published by Esposito et al. [30] concerning the success
rates of different types of dental implants. Based on the available results of randomised
clinical trials (RCTs), the authors felt there was limited evidence demonstrating that im-
plants with relatively smooth (turned) surfaces were less prone to bone loss because of
chronic infection (peri-implantitis) than those with rougher surfaces. On the other hand,
there was no evidence indicating that any particular type of dental implant had superior
long-term success. These results were based on a small number of RCTs, often at high risk
of bias, with few participants and relatively short follow-up periods. More RCTs should be
conducted with a follow-up of at least 5 years that also ascertain the inclusion of a sufficient
number of patients in order to detect a true difference [30].

As tooth loss in PLS patients is usually accompanied by severe loss of alveolar bone
structures in the mandible as well as in the maxilla, bone-grafting methods seem to be
particularly necessary with respect to the maxilla. In the mandible, an inter-foraminal
implant placement appears to be possible even in cases with severe resorption when short-
and narrow-diameter implants are used. These implants seem to be similarly successful to
longer implants [29,31].

In the maxilla, depending on the amount of bone loss and the desired form of prosthetic
reconstructions, vertical grafting with autologous bone transplants and sinus grafting are
apparently possible options for implant-retained reconstructions. Sinus graftings seem to be
equally successful when performed with bovine substitutes or autologous materials [32–36].
Iliac bone was employed in at least one of the three PLS patients here with a follow-up
period of approximately 20 years. Fretwurst et al. [37] examined the long-term results after
onlay grafting with iliac bone. The authors could demonstrate that in patients with atrophic
jaws, an adequately long-term reconstruction could be achieved with iliac onlay grafting in
combination with dental implants.

Another issue common in the literature was the time at which the implants were
placed. In Patients 3, 4, and 5, the first implants were placed by and next to remaining teeth,
meaning there was no edentulous period for these patients.

The most important reason for peri-implant disease, however, was the lack of any
professional supportive periodontal/peri-implant therapy. Rocuzzo et al. [38] compared the
long-term outcomes of implants placed in patients treated for periodontitis (periodontally-
compromised patients; PCPs) and in periodontally healthy patients (PHP) in relation to
the adherence of SPT. It was observed that patients with a history of periodontitis had
a lower survival rate and a statistically significantly higher number of sites with peri-
implant bone loss. Furthermore, PCPs that did not faithfully adhere to SPT exhibited a
higher implant failure rate. This underlines the value of SPT for enhancing the long-term
outcomes of implant therapy, particularly in subjects affected by periodontitis, in order to
control reinfection and limit biological complications [38].

Although in Patients 3 and 4, professional dental/implant cleanings (professional me-
chanical plaque removal [PMPR] and stain removal) were performed every three months,
no measurement of probing depths, assessment of BOP/suppuration, or subgingival/-
mucosal cleaning took place. Instead, systemic amoxicillin + clavulanic acid and metron-
idazole were prescribed for seven days twice a year, though no subgingival cleaning was
performed concordantly. Altogether, no professional supportive therapy was conducted on
these patients. In Patient 5, no supportive therapy took place at all.

Fazele et al. [39] assessed the success of dental implant placement in PLS patients
in a systematic review: the authors studied 15 cases with 136 dental implants and they
concluded that dental implants may be a viable treatment option for PLS patients and
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implantation can help preserve alveolar bone if the patients’ immunological and grow-
ing conditions are well-considered and proper oral hygiene and compliance with the
maintenance program are continued. Nevertheless, in 3 patients, 20 implants failed.

Some PLS patients receive systemic retinoid medication. In the literature, supposedly
positive effects have been reported for a systemic medication with oral retinoids [40,41],
but also not for others [42]. One of our patients (patient 2) is receiving a systemic retinoid
(acitretin) for several years now—despite this, she has lost all of her teeth.

5. Conclusions

A history of periodontal disease is a risk factor for peri-implant disease in general and
PLS periodontitis in particular. Thus, PLS patients are high-risk patients with regard to
peri-implant disease. We report 5 PLS patients losing all teeth and being treated with dental
implants. Only one patient receives proper (oral hygiene indices, PPD charting, PMPR,
SI) SPT on a yearly basis. Patient 1 received just one proper SPT, Patients 3 and 4 received
twice a year systemic antibiotics but only supramucosal PMPR, Patient 5 did not receive
any maintenance treatment whatsoever. Thus, two main factors seem to drive bone loss:
(1) time (which is trivial) and (2) lack of SPT (which is particularly evident in comparison
to Patients 1 and 2).

In light of what we have presented in this work, it remains debatable whether implants
should be used in patients with PLS-associated periodontitis. The impaired immune system
in PLS patients represents a risk factor that cannot be controlled. These patients have to
be classified as high-risk patients and informed of their circumstances. Many of these
patients lose their teeth very early, yielding orthodontic and physiognomic, and, hence,
psychosocial consequences. Implants often represent the only opportunity to insert fixed
or at least stable prostheses in these patients. PLS patients—along with their treating
dentist—should be aware of the risks associated with not complying with the prescribed
regimen of supportive care, i.e., peri-implantitis and implant loss. Therefore it is of crucial
importance that PLS patients are informed about the importance of supportive therapy.

The authors are aware of the fact that the number of patients included in the study was
very small. Nevertheless, the manuscript clearly provides the prevalence, i.e., 1 to 4 under
1 million population. The authors are also aware of the fact that the treatment modalities
(implant types, various bone grafts, etc.) are very heterogeneous and hard to compare.

In spite of everything, the present study represents the largest on implant treatment in
PLS patients so far.
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Abstract: Background: Assessment of the effect of subgingival instrumentation (SI) on systemic
inflammation in periodontitis grades B (BP) and C (CP). Methods: In this prospective cohort study,
eight BP and 46 CP patients received SI. Data were collected prior to and 12 weeks after SI. Blood was
sampled prior to, one day, 6, and 12 weeks after SI. Neutrophil elastase (NE), C-reactive protein (CRP),
leukocyte count, lipopolysaccharide binding protein, interleukin 6 (IL-6) and IL-8 were assessed.
Results: Both groups showed significant clinical improvement. NE was lower in BP than CP at
baseline and 1 day after SI, while CRP was lower in BP than CP at baseline (p < 0.05). NE and CRP
had a peak 1 day after SI (p < 0.05). Between-subjects effects due to CP (p = 0.042) and PISA (p = 0.005)
occurred. Within-subjects NE change was confirmed and modulated by grade (p = 0.017), smoking
(p = 0.029), number of teeth (p = 0.033), and PISA (p = 0.002). For CRP between-subjects effects due to
BMI (p = 0.008) were seen. Within-subjects PISA modulated the change of CRP over time (p = 0.017).
Conclusions: In untreated CP, NE and CRP were higher than in BP. SI results in better PPD and PISA
reduction in BP than CP. Trial registration: Deutsches Register Klinischer Studien DRKS00026952
28 October 2021 registered retrospectively.

Keywords: neutrophil elastase; CRP; cytokine(s); non-surgical periodontal therapy; periodontal–
systemic disease interactions; periodontitis

1. Introduction

The 1999 Classification of Periodontal Diseases distinguished between chronic (ChP)
and aggressive periodontitis (AgP) with regard to onset of the disease at different ages and
progressions at different speeds in different patients [1]. Individual predisposition and
modifying factors explain these differences. The 2018 classification assigns different grades
to different rates of progression (slow progression: (A); moderate progression: (B); rapid
progression: (C)). Molar–incisor pattern and case phenotype are elements of the actual
classification that recollect AgP [2].

Tooth brushing, flossing, and even chewing may frequently cause bacteraemia in
patients with severe untreated periodontitis [3]. AgP and periodontitis grade C exhibit
more rapid progression. This may be due to a hyperinflammatory phenotype that also may
result in a higher systemic inflammatory burden (i.e., serum C-reactive protein (CRP) and
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neutrophil elastase (NE)), as shown for AgP [4–7]. Frequent bacteraemia and the systemic
spill of proinflammatory cytokines [4] from periodontal pockets result in the release of NE
and acute-phase proteins (e.g., CRP). NE and CRP are markers of systemic inflammatory
burden and may be part of the link that connects the oral inflammation periodontitis with
other parts of the body. Non-surgical periodontal therapy (subgingival instrumentation: SI)
resulted in a serum NE reduction in AgP but not in ChP [5]. Is this difference still detectable
if patients are reclassified according to the 2018 classification?

This is an exploratory analysis of a prospective cohort study that originally observed
serum NE, CRP, and LPS binding protein to be significantly higher in AgP than ChP and a
significant difference regarding the change of serum NE 12 weeks after SI between AgP and
ChP [4,5]. Therefore, the primary aim of this exploratory analysis was to compare these
inflammatory serum parameters at baseline and after non-surgical subgingival instrumen-
tation (SI) in the same patients after reclassification according to the 2018 classification into
grade B (BP) and C (CP) periodontitis.

2. Material and Methods

This is the exploratory analysis of data of a prospective cohort study on the effect
of SI on serum inflammatory parameters. An exploratory analysis of haematological
parameters and heat shock protein 27 has been published recently [7]. Clinical examinations
and therapy have been described in detail before [5,7]. Thus, only a brief description is
provided in the following. Sixty-six patients with untreated severe periodontal disease
(31 generalised severe ChP; 35 AgP) were recruited at the Department of Periodontology
of the Center for Dentistry and Oral Medicine (Carolinum), Johann Wolfgang Goethe-
University Frankfurt/Main, Germany.

The following inclusion criteria had to be fulfilled: (1) at least 16 years of age, (2) at
least 20 remaining teeth and (3) written informed consent.

Patients were diagnosed as aggressive periodontitis if the following criteria were
present: (1) clinically healthy patients, i.e., he or she does not suffer from systemic dis-
eases predisposing to periodontitis (e.g., diabetes mellitus); (2) probing pocket depths
(PPD) ≥ 3.6 mm at more than 30% of sites [5] (according to the Periodontal Screening and
Recording (PSR) index [8] and the directives for treatment of statutorily insured patients in
Germany [9], a PPD of 3.5 mm was the threshold for periodontal disease and thus require-
ment of therapy. However, Florida probes provide measurements to the nearest 0.2 mm.
Thus, the threshold for treatment requirement was PPD ≥ 3.6 mm); (3) radiographic bone
loss of at least 50% at a minimum of 2 separate teeth; (4) age at time of diagnosis up to
35 years (severe periodontitis below age up to 35 years is a rough threshold to identify
rapid destruction in AgP) [4,10]; (5) age at time of recruitment up to 37 years of age [4].

Patients were diagnosed as generalised severe chronic periodontitis if the following
criteria were fulfilled: (1) PPD at least 3.6 mm and probing vertical attachment loss (PAL-V)
at least 5 mm at more than 30% of sites, (2) PPD at least 7 mm at a minimum of 4 sites (to
provide a minimum of deep pockets in each patient); (2) older than 35 years of age.

The following inclusion criteria led to exclusion: (1) requirement of preventive use of
systemic antibiotics for measurements that may cause transitory bacteraemia (e.g., pocket
probing); (2) self-reported chronic disease influencing the serum CRP level (e.g., rheumatoid
arthritis, Crohn’s disease or ulcerative colitis); (3) self-reported infectious disease within
the last 8 weeks before examination (history of fever); (4) any clinically assessed chronic
dermal or mucosal inflammatory condition (e.g., lichen planus); (5) non-surgical or surgical
periodontal treatment within the last 24 months before examination; (6) systemic or topical
subgingival antibiotics within the last 8 weeks before examination.

The following parameters were assessed as self-report: (1) current body weight and
height, (2) current and past cigarette smoking habits. Patients currently smoking or having
quit smoking for less than five years were classified as smokers [11]. Additionally, ethnic
origin was recorded [4]. The study protocol fulfilled the rules of the Declaration of Helsinki.
The Institutional Review Board for Human Studies of the Medical Faculty of the Goethe-
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University Frankfurt/Main approved the protocol (Application# 188/06). Information on
the risks and benefits as well as the procedures of the study was provided to all participants.

2.1. Clinical Examination

An earlier publication of our group reports clinical examinations in detail [4].
One experienced examiner (MW) performed all measurements. He assessed the

following parameters at 6 sites per tooth (mesiobuccal, buccal, distobuccal, mesiooral,
oral, distooral) at baseline (T0), 6 (T2), and 12 weeks (T3) after SI: (1) Gingival Bleeding
Index (GBI) [12], (2) Plaque Control Record (PCR) [13]. MW scored probing parameters
immediately prior to the first session of SI and at T3. With an electronic probe (Florida
Probe, Version 3.2, Gainesville, FL, USA), he assessed PPD (standard probe) and relative
vertical probing attachment level (RAL-V) (disk probe) to the nearest 0.2 mm. Thirty
seconds after probing, he scored bleeding on probing (BOP). MW assessed recession to the
nearest 0.5 mm using a manual periodontal probe (PCPUNC 15, Hu-Friedy, Chicago, IL,
USA) from the cemento-enamel junction (CEJ) to the gingival margin and calculated PAL-V
as the sum of PPD and recession. If CEJ was located apical to the gingival margin, PAL-V
was calculated as PPD minus the distance from the gingival margin to the CEJ.

2.2. Reclassification

Assignment of stage for each patient was performed using the baseline interproximal
PAL scores and number of teeth lost [2]. Due to the fact that only patients suffering from
AgP or generalised severe ChP had been included originally, it was assumed that all missing
teeth had been lost due to periodontitis with the exception of missing 3rd molars that were
never considered as lost due to periodontal reasons. For each patient, the percentage of
teeth indicating stage III (CAL-V ≥ 5 mm, PPD ≥ 6 mm, furcation involvement class II and
III) was documented [7].

Each patient was assigned to a grade using radiographs obtained at baseline (primary
criteria) as well as modifying factors (smoking, diabetes mellitus). An experienced peri-
odontologist (PE) viewed the radiographs on a screen (Universial Viewer, Dentsply Rinn®,
New York, NY, USA) in a darkened room. At the tooth with most severe bone loss, the
distances from the CEJ to the most apical extension of bone loss (BD) and to the tip of the
root were measured to the next 1.0 mm with a periodontal probe (PCPUNC15, HuFriedy,
Chicago, IL, USA). The distance from CEJ to BD was divided by the distance CEJ to root tip
to calculate bone loss relative to root length. The division of relative bone loss by patients’
age provided the bone loss age coefficient [7]. Patients with bone loss age coefficient >1
were assigned to grade C [2].

2.3. Blood Samples

Twenty millilitres of blood was sampled from an arm vein (T0; T1: one day later
immediately prior to the 2nd session of SI; T2, T3). Serum levels of CRP, NE and leukocyte
count were analysed at the Department of Laboratory Medicine of the Centre for Internal
Medicine, Hospital of the Johann Wolfgang Goethe-University Frankfurt/Main.

Serum IL-6, IL-8, and lipopolysaccharide-binding protein (LBP) concentrations were
analysed in duplicates by the ELISA technique according to the manufacturers’ instructions
at the Department for Children and Adolescence, Division for Allergy, Pneumology and
Cystic Fibrosis, Goethe-University, Frankfurt, Germany. All laboratory methods have been
described in detail before [5].

2.4. Anti-Infective Therapy

All patients underwent oral hygiene instructions and professional prophylaxis until
the full mouth plaque score (PCR) was ≤50% (1st step of therapy) [14]. SI was performed
in 2 visits on 2 consecutive days under local anaesthesia (UDS, Sanofi-Aventis Deutschland
GmbH, Frankfurt/Main, Germany) according to a modification of the full-mouth disinfec-
tion protocol [5,15] (2nd step of therapy). All teeth exhibiting PPD ≥ 3.5 mm underwent

169



J. Clin. Med. 2022, 11, 3189

SI using sonic scalers (Sonicsys, KaVo, Biberach, Germany) and hand instruments. If A.
actinomycetemcomitans had been detected from subgingival plaque, 500 mg amoxicillin and
400 mg metronidazole were prescribed 3 times daily for 7 days. In case of sensitivity to
penicillin, 250 mg ciprofloxacin and 500 mg metronidazole were prescribed 2 times daily for
7 days [16–18]. For 14 days after start of SI for all patients, oral home care included rinsing
2 times daily for 60 s with 10 mL of 0.12% chlorhexidine mouth wash (ParoEx, Sunstar,
Schönau, Germany), which was followed by tooth brushing and brushing the back of the
tongue with 1% CHX gel. At T2 and T3, all patients received oral hygiene instructions and
professional prophylaxis [7].

2.5. Statistical Analysis

Statistical analysis was performed using a PC program (SystatTM for Windows Version
13, Systat Inc., Evanston, IL, USA). The sample size had originally been calculated for
the main outcome variables NE and CRP for a comparison between ChP and AgP [6,8].
Inferential statistics were intended to be exploratory, not confirmatory. p-values represent
a metric measure of evidence against the respective null hypothesis and were used only
to generate new hypotheses. Therefore, no adjustment for multiple testing was applied.
p-values < 0.05 were considered as significant. For a description of demographic and
clinical parameters, standard univariate statistical analyses were performed. Numbers and
percentages describe categorical variables. Continuous variables are reported as means
and standard deviations for clinical parameters and as medians (lower/upper quartile) for
serum parameters. Patients’ characteristics were compared between BP and CP patients as
well as between patients treated with adjunctive systemic antibiotics or not using Fisher’s
exact tests for categorical variables and Mann–Whitney U tests for continuous data.

For all individuals, the body mass index (BMI) and cigarette pack years were calculated.
Group frequencies (BP, CP) were expressed for sex and current smoking. Group means
and standard deviations were calculated for the following parameters: age, number of
remaining teeth, pack years, BMI, GBI, PCR and BOP at baseline and 12 weeks as well as
for the changes between baseline and 12 weeks. For all site-based periodontal parameters
(PPD, PAL-V, RAL-V), means per individual were calculated at T0 and T3 as well as for
changes from T0 to T3. Furthermore, using these numbers, group means and standard
deviations were calculated. Additionally, the periodontal inflamed surface area (PISA)
was calculated per individual to describe the size of the interface between the periodontal
pocket and vascular system [19].

For comparisons, repeated measures analysis of variance (MANOVA) was used for
log-transformed NE and CRP with the following independent variables: time point of
examination (T0, 1, 2, 3), diagnosis (BP = 0, CP = 1), African origin, female sex, smoking
(never and former smoker = 0, current smoker = 1), adjunctive systemic antibiotics (no = 0,
yes = 1), number of teeth, BOP, BMI and baseline PISA. An effect with a probability of
p < 0.05 was accepted as significant.

3. Results

Between October 2006 and December 2009, 31 ChP and 29 AgP patients were en-
rolled. Of originally 56patients three had been recruited but were not enrolled because they
violated the inclusion criteria. Furthermore, three patients did not attend the baseline ex-
amination and were also not enrolled. The results on these 60 patients’ NE, CRP, leukocyte
counts, IL-6 and IL-8, as well as LBP regarding ChP and AgP had already been published [5].
Because the respective radiographs were not available anymore, the assignment of new
diagnoses according to the 2018 classification was not possible in six of 60 patients. Thus,
the data of 54 patients were analysed [7]. Of those patients assigned to grade B accord-
ing to interproximal bone loss (%) divided by age, neither was a current heavy smoker
(≥10 cigarettes per day) nor suffered from diabetes mellitus. Thus, modifying factors did
not affect grade. A total of originally 24 AgP were reclassified to 19 generalised stage III
(all CP), none in stage IV and 5 molar incisor pattern (all CP). A total of originally 30 ChP
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were reclassified to 25 generalised stage III (5 BP, 20 CP), 5 stage IV (3 BP, 2 CP) and no
molar incisor patterns [7]. One BP (12.5%) and 24 CP (52.2%) were female (p = 0.056), all
BP and 39 CP (84.8%) were of European ethnicity, two CP (4.3%) were of African and 5
(10.9%) of Asian ethnicity (p = 0.497). The BP group consisted of one current (12.5%) and
two (25%) former smokers (CP: current: 15/31% (p = 0.411); former: 9/20% (p = 0.659)).
Four BP (50%) and 17 CP (37%) received SI with adjunctive systemic antibiotics (p = 0.697).
Table 1 provides further patient characteristics.

Table 1. Individuals’ characteristics.

Parameters Mean ± Standard Deviation Periodontitis Grade B (n = 8) Periodontitis Grade C (n = 46) Grade B/C p

Age (years) 61.0 ± 6.7 40.5 ± 11.5 <0.001

Remaining teeth (n) 26.6 ± 3.2 27.4 ± 2.9 0.492

Pack years 6.8 ± 11.6 8.4 ± 15.0 0.665

Body mass index (kg/m2) 24.4 ± 2.8 26.2 ± 4.7 0.324

After SI, clinical parameters (GBI, BOP, PPD, RAL-V, PISA) improved in general sig-
nificantly (p < 0.05). Only PCR improvement at T3 in BP was not significant. At T3, PPD
(p = 0.006) and PISA (p = 0.046) were significantly better in BP than in CP (Table 2) [7]. Ad-
junctive systemic antibiotics (AB) failed to make a difference with regard to PPD reduction
(AB: −1.3 ± 0.5) mm; no AB: −1.0 ± 0.4 mm; p = 0.186) and CAL gain (AB: 0.6 ± 0.4 mm;
no AB: 0.4 ± 0.3 mm; p = 0.059).

Table 2. Individuals’ periodontal variables and change of periodontal variables after therapy (PAL-V:
clinical vertical attachment level; RAL-V: relative vertical attachment level).

Parameters Mean ± Standard Deviation Periodontitis Grade B (n = 8) Periodontitis Grade C (n = 46) Grade B/C p

Gingival Bleeding Index (%) Baseline 15.0 ± 7.9 13.4 ± 10.8 0.526

6 weeks 6.3 ± 5.3 a 3.7 ± 4.7 b 0.113

12 weeks 6.4 ± 6.5 a 5.9 ± 4.8 b,c 0.981

Plaque Control Record (%) Baseline 40.1 ± 26.2 35.8 ± 14.1 0.856

6 weeks 22.0 ± 14.5 a 31.5 ± 18.6 a 0.169

12 weeks 32.8 ± 11.7 28.2 ± 16.8 a 0.233

Bleeding on probing (%) Baseline 49.4 ± 15.9 52.0 ± 13.7 0.575

12 weeks 20.3 ± 7.6 a 26.7 ± 10.4 b 0.092

Probing pocket depth (PPD) (mm) Baseline 3.4 ± 0.3 3.8 ± 0.7 0.242

12 weeks 2.2 ± 0.3 a 2.6 ± 0.4 b 0.006

PPD reduction (mm) 1.2 ± 0.3 1.1 ± 0.5 0.342

Attachment level (mm) (PAL-V) Baseline 4.3 ± 1.0 3.6 ± 1.8 0.093

(RAL-V) Baseline 11.1 ± 1.2 10.8 ± 1.5 0.715

(RAL-V) 12 weeks 10.6 ± 1.2 a 10.4 ± 1.4 b 0.715

Attachment gain (mm) (ΔRAL-V) 0.4 ± 0.3 0.5 ± 0.4 0.789

PISA (mm2) Baseline 1169 ± 201 1372 ± 543 0.273

12 weeks 288 ± 112 a 460 ± 303 b 0.046

Significantly different to baseline a (p < 0.05); b (p < 0.001). Significantly different to 6 weeks c (p < 0.05).

CP exhibited higher serum NE than BP at all time points. However, this difference was
significant only at T0 and T1. Furthermore, NE was significantly increased at T1 (p < 0.05)
(Table 3). Repeated measures analysis of variance identified between subjects significant
effects due to CP (p = 0.042) and PISA (p = 0.005). Within subjects, the change of serum NE
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over time was confirmed and modulated by grade (p = 0.017), smoking (p = 0.029), number
of teeth (p = 0.033), and PISA (p = 0.002). Adjunctive systemic antibiotics failed to modulate
change of serum NE (Table 4).

Table 3. Individuals’ neutrophil elastase and C-reactive protein (median (lower/upper quartile)).

Parameters Periodontitis Grade B (n = 8) Periodontitis Grade C (n = 46) Grade B/C p

Neutrophil elastase (ng/mL) (NE)

Baseline 8.75 (7/13.25) 30.55 (12.4/37.2) 0.008

1 day 19.3 (14.5/25.1) b 33.05 (21.8/40.1) a 0.036

6 weeks 9.4 (8.01/17.55) 32 (13.1/37.68) 0.059

12 weeks 17.65 (10.75/34.65) 28 (11.3/36.2) 0.422

Change baseline to 12 weeks 3.75 (−0.14/0.05) −1.15 (−4.2/1.4) 0.051

C-reactive protein (mg/dL) (CRP)

Baseline 0.09 (0.08/0.13) 0.17 (0.10/0.34) 0.033

1 day 0.75 (0.23/1.41) a 0.54 (0.29/1.16) a 0.990

6 weeks 0.15 (0.05/0.27) 0.17 (0.11/0.34) 0.336

12 weeks 0.14 (0.07/0.21) 0.23 (0.10/0.34) 0.278

Change baseline to 12 weeks 0.01 (−0.05/0.14) 0 (−0.06/0.05) 0.542

CRP reduction ≥ 0.3 mg/dL (n/%) baseline to 12 weeks 0 (0) 4 (9) 1.000

CRP < 0.1 mg/dL (n) (%) Baseline 5 (63) 8 (17) 0.015

12 weeks 3 (37) 11 (24) 0.413

CRP 0.1 to 0.3 mg/dL (n) (%) Baseline 3 (37) 26 (57) 0.449

12 weeks 4 (50) 20 (43) 1.000

CRP > 0.3 mg/dL (n) (%) Baseline 0 (0) 12 (26) 0.176

12 weeks 1 (13) 15 (33) 0.411

Significantly different to all other time points a (p < 0.001), b (p < 0.05).

Table 4. Repeated measures analysis of variance of log-transformed neutrophil elastase (NE).

Degrees of Freedom F-Ratio p-Value

Between subjects

Grade C 1 4.397 0.042

African origin 1 2.589 0.115

Female 1 0.464 0.499

Bleeding on probing (T0) 1 1.669 0.203

Smoker 1 1.359 0.250

Systemic antibiotics 1 0.001 0.973

Number of teeth 1 1.079 0.305

Body mass index (T0) 1 2.716 0.107

PISA (T0) 1 8.858 0.005

Error 43

Within subjects

NE 3 3.406 0.020

NE × grade C 3 3.533 0.017

NE × African origin 3 0.666 0.574

NE × female 3 0.107 0.956
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Table 4. Cont.

Degrees of Freedom F-Ratio p-Value

NE × bleeding on probing (T0) 3 0.481 0.696

NE × smoker 3 3.091 0.029

NE × systemic antibiotics 3 1.203 0.312

NE × number of teeth 3 3.005 0.033

NE × body mass index 3 0.524 0.666

NE × PISA (T0) 3 5.218 0.002

Error 129

Serum CRP was only significantly higher in CP than in BP at T0 (p = 0.033). Further-
more, the percentage of patients with serum CRP < 0.1 mg/dl was significantly lower in CP
than in BP (p = 0.015) (Table 3). Repeated measures analysis of variance identified between
subjects significant effects due to BMI (p = 0.008). Within subjects, the change of serum CRP
over time was modulated by PISA (p = 0.017). Adjunctive systemic antibiotics failed to
modulate the change of serum CRP (Table 5).

Table 5. Repeated measures analysis of variance of log-transformed C-reactive protein (CRP).

Degrees of Freedom F-Ratio p-Value

Between subjects

Grade C 1 0.254 0.617

African origin 1 1.385 0.246

Female 1 0.047 0.830

Bleeding on probing (T0) 1 0.358 0.553

Smoker 1 0.004 0.950

Systemic antibiotics 1 1.284 0.263

Number of teeth 1 0.178 0.675

Body mass index (T0) 1 7.691 0.008

PISA (T0) 1 1.129 0.294

Error 44

Within subjects

CRP 3 0.539 0.657

CRP × grade C 3 1.311 0.274

CRP × African origin 3 0.581 0.628

CRP × female 3 0.248 0.863

CRP × bleeding on probing (T0) 3 0.818 0.486

CRP × smoker 3 0.294 0.829

CRP × systemic antibiotics 3 2.238 0.087

CRP × number of teeth 3 0.243 0.866

CRP × body mass index 3 0.467 0.706

CRP × PISA (T0) 3 3.539 0.017

Error 132
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Univariate analysis failed to find any significant difference between BP and CP for
leucocyte count, serum LBP, IL-6, and IL-8. However, LBP was significantly increased at T1
for CP (p < 0.001) and IL-6 for BP and CP (p < 0.05) (Table 6).

Table 6. Leukocyte counts LPS binding protein, interleukin 6 and 8 (median (lower/upper quartile)).

Parameters Periodontitis Grade B (n = 8) Periodontitis Grade C (n = 46) Grade B/C p

Leukocyte count (nL−1)

Baseline 5.86 (3.95/7.62) 6.37 (5.12/7.47) 0.559

1 day 5.05 (4.51/6.66) 6.34 (4.98/7.34) 0.330

6 weeks 5.01 (4.56/5.79) 6.02 (4.9/7.49) b 0.189

12 weeks 4.92 (4.29/5.30) 5.97 (4.85/7.5) 0.056

LPS binding protein (μg/mL) (LBP)

Baseline 22.2 (15.3/27.9) 30.4 (22.3/45) a 0.108

1 day 40.4 (25.5/49.7) 44.3 (31.7/57.6) 0.488

6 weeks 32 (20.5/43.1) 26.6 (19.5/42.9) a 0.961

12 weeks 34 (18/44) 24.7 (19.2/36.8) a 0.618

Interleukin 6 (pg/mL) (IL-6)

Baseline 1.55 (1.25/2.5) b 1.5 (0.9/2) a 0.510

1 day 2.95 (2.25/3.65) 2.8 (2/5.1) 0.855

6 weeks 1.25 (1/3) b 1.25 (0.8/1.7) a,c 0.626

12 weeks 1.2 (0.85/2.55) a 1.5 (1.1/2.2) a,d 0.502

Interleukin 8 (pg/mL) (IL-8)

Baseline 21.5 (17/29) 17 (11/25) 0.223

1 day 27 (24/35.5) 20.5 (13/29) 0.125

6 weeks 36 (20/58.5) 17 (13/28) 0.108

12 weeks 24.5 (19.5/29) 22.5 (15/37) c 0.884

Significantly different to 1 day a (p < 0.001); b (p < 0.05); significantly different to baseline c (p < 0.05); significantly
different to 6 weeks d (p < 0.05).

4. Discussion

This is an exploratory analysis of a prospective cohort study that originally observed
serum NE, CRP, and LPS binding protein to be significantly higher in AgP than ChP
and observed a significant difference regarding change of serum NE 12 weeks after SI
(T3) between AgP and ChP [4,5]. The primary aim of this exploratory analysis therefore
was to compare these inflammatory serum parameters at T0 and after step 2 periodontal
therapy (SI) [14] in the same patients after reclassification according to the 2018 classification
into eight patients with untreated grade B (BP) and 46 with grade C (CP) periodontitis
(6 patients were lost due to missing data). In both groups, significant clinical improvement
was achieved (p < 0.05). NE was significantly lower in BP than CP at T0 and T1, while CRP
was significantly lower in BP than CP only at T0. NE and CP were significantly higher
at T1 than at T0, 2 and 3. Between-subjects significant effects due to CP and PISA were
observed. Change of NE over time was modulated by grade, smoking, number of teeth, and
PISA, and significant effects due to BMI were seen. Change of serum CRP over time was
modulated by PISA. In untreated CP, serum NE and CRP are higher than in BP. SI results
in better PPD and PISA 12 weeks after SI in BP than CP. Adjunctive systemic antibiotics
modulated neither change of serum NE nor of CRP.

Oral microbiota may enter internal tissues and circulation via the parakeratinised
and ulcerated pocket epithelium of established gingivitis and periodontitis. Summing
up the pocket walls of all periodontally compromised teeth in an untreated patient, the
periodontal wound surface is estimated to be as large as 8 to 20 cm2 [20]. The size of this
wound surface was assessed in this analysis as PISA which ranged in this study from 9 to
15 cm2 in BP and from 3 to 25 cm2 in CP at T0.

Bacteraemia from periodontal pockets and the resulting systemic spill of proinflam-
matory cytokines cause an acute inflammatory host response [21–23]. The cohort studied
in this analysis exhibited in AgP significantly higher serum NE and CRP at baseline and
12 weeks after treatment than in ChP [5]. This significant difference persisted even 5 years
after treatment, indicating a stronger inflammatory response in AgP than in ChP [6]. In
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the 1999 classification, AgP represents periodontitis with rapid progression, whereas in
the 2018 classification, rapid progression is classified by grade C. With serum NE being
significantly higher in CP than BP at baseline and 1 day after SI and CRP at baseline, this
exploratory analysis confirms the observation made in AgP for CP. One day after SI, an
inflammatory host response was observed in the patients of this study as elevated levels of
NE, CRP, LBP, and IL-6 in both ChP and AgP [5]. In this exploratory analysis, the same was
observed. Elevation of NE, CRP, and IL-6 was significant for CP and BP. However, for LBP,
this was observed only for CP. This difference may be due to the small size of the BP group
(n = 8).

This study failed to provide any significant differences between BP and CP with regard
to leukocyte count, LBP, IL-6 and IL-8. This confirms the results comparing ChP and AgP
for leukocyte counts, IL-6 and IL-8. However, for LBP, higher serum LBP was observed in
AgP at baseline and 1 day after SI than ChP. This difference may also be due to the small
size of the BP group (n = 8).

Untreated periodontitis associated with elevated serum NE and CRP may thereby
contribute to the risk for CVD and COPD. For AgP, serum CRP was reduced by 0.23 mg/dL
at T3 [5]. This was far more than the weighted mean (0.067 mg/dL) calculated by a struc-
tured review over two studies which included a total of 40 patients with generalised severe
periodontitis [24]. However, neither difference reached statistical significance. Interestingly,
in contrast to the analysis of ChP versus AgP, this exploratory analysis failed to show SI
reducing any of the investigated systemic inflammatory parameters. In part, this may be
due to the loss of patients and rearrangement of groups.

Non-surgical periodontal therapy in this study was effective. It resulted in signifi-
cant mean PPD reduction (BP: 1.2 mm; CP: 1.0 mm) and attachment gain (BP: 0.4 mm;
CP: 0.5 mm), confirming results reported by other groups [25–27].

What are the limitations of this analysis? First of all, this is an exploratory analysis
of a cohort originally aiming at serum NE and CRP in comparison of ChP and AgP [5].
Since this distinction has been abandoned in the 2018 classification of periodontal diseases,
this is an attempt to use the new diagnoses (BP/CP). The exploratory analyses were not
adjusted for multiple testing. Thus, there is a high risk to detect differences that are due to
chance. Furthermore, the sample size is quite small with a high risk of being underpowered.
Another weakness is connected to staging according to tooth loss due to periodontitis. Most
patients cannot name the exact reason why teeth have been extracted in particular if tooth
loss is a while ago. If extractions have not been performed in one’s own clinic, it is quite
difficult to estimate the reason. This is a general difficulty of this parameter in the 2018
classification. Due to the fact that only patients suffering from AgP or generalised severe
ChP had been included originally, it was assumed that all missing teeth had been lost due
to periodontitis with the exception of missing 3rd molars that were never considered as
lost due to periodontal reasons. This may be a pragmatic approach to stage periodontitis
due to tooth loss in this analysis. However, to the best of our knowledge, this is the first
analysis to compare BP and CP regarding systemic inflammatory host responses.

5. Conclusions

Within the limitations of the present study, the following conclusion may be drawn:
In untreated grade C periodontitis (CP), serum NE and CRP are higher than in grade B
periodontitis (BP). SI results in better PPD and PISA reduction in BP than CP.
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Abbreviations

AgP aggressive periodontitis
BD most apical extension of bone loss
BMI body mass index
BOP bleeding on probing
BP grade B periodontitis
CEJ cemento-enamel junction
ChP chronic periodontitis
COPD chronic obstructive pulmonary disease
CP grade C periodontitis
CRP C-reactive protein
CVD cardiovascular disease
GBI gingival bleeding index
IL interleukin
LBP lipopolysaccharide-binding protein
MANOVA repeated measures analysis of variance
NE neutrophil elastase
PAL-V vertical probing attachment loss
PCR plaque control record
PISA periodontal inflamed surface area
PMN polymorphonuclear leukocytes
PPD probing pocket depth
RAL-V vertical relative attachment level
SI subgingival instrumentation
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Abstract: Survival and function of immune subsets in the oral blood, peripheral blood and gingival
tissues of patients with periodontal disease and healthy controls were assessed. NK and CD8 + T
cells within the oral blood mononuclear cells (OBMCs) expressed significantly higher levels of CD69
in patients with periodontal disease compared to those from healthy controls. Similarly, TNF-α
release was higher from oral blood of patients with periodontal disease when compared to healthy
controls. Increased activation induced cell death of peripheral blood mononuclear cells (PBMCs)
but not OBMCs from patients with periodontal disease was observed when compared to those
from healthy individuals. Unlike those from healthy individuals, OBMC-derived supernatants
from periodontitis patients exhibited decreased ability to induce secretion of IFN-γ by allogeneic
healthy PBMCs treated with IL-2, while they triggered significant levels of TNF-α, IL-1β and IL-6 by
untreated PBMCs. Interaction of PBMCs, or NK cells with intact or NFκB knock down oral epithelial
cells in the presence of a periodontal pathogen, F. nucleatum, significantly induced a number of
pro-inflammatory cytokines including IFN-γ. These studies indicated that the relative numbers of
immune subsets obtained from peripheral blood may not represent the composition of the immune
cells in the oral environment, and that orally-derived immune effectors may differ in survival and
function from those of peripheral blood.

Keywords: cell death; periodontitis; CD69; oral blood; F. nucleatum; NFκB; IFN-γ

1. Introduction

Periodontitis is an inflammatory disease affecting the supporting tissues of the tooth,
and is characterized by a wide range of clinical, microbiological and immunological man-
ifestations [1]. The hallmark of periodontitis is the gradual destruction of supporting
tissues, which are composed of gingival and periodontal connective tissue, cementum and
alveolar bone [2,3]. Several established causes of periodontitis relate to the imbalance in
microbial organisms, heightened host’s inflammatory and immune responses and a series
of environmental and genetic factors [1,4,5]. Limited knowledge is available about the
function, biology and phenotypic properties of oral blood and immune cells infiltrating
the gingival tissues, and their comparison with immune cells within the peripheral blood;
however, it is clear that pathogenesis of periodontitis is complex and involves both innate
and adaptive immune responses [6,7]. In gingiva local inflammatory responses induced by
the interaction of stromal cells with the immune effectors in the presence of oral bacteria
activate innate immune responses resulting in the release of an array of cytokines and
chemokines responsible for continuous recruitment of inflammatory cells to the gingival tis-
sues, and the establishment of chronic inflammation [8]. In addition, many NF-kB-induced
pathways are also known to be involved in periodontal diseases [9,10].
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It has been reported that both T and B cells are present in periodontal tissues, and
both gingival tissue-derived T and B cells were shown to be at a more advanced stage
of the cell cycle than peripheral blood T and B cells, indicative of activation within the
tissues [2]. Much less is known regarding the NK cells in periodontal diseases, which are
known to be the regulators of adaptive immunity [11,12]. The adaptive immune responses
in particular, CD4+ T cells and the proinflammatory cytokines IFN-γ and TNF-α are
important effectors of bone loss in periodontal disease [13–15]. TNF-α was found to be
higher in periodontal tissues in comparison to those from healthy individuals [16]. IFN-γ
is primarily produced by activated T and NK cells and plays an important role in host
defense. IFN-γ knock-out mice were shown to have a decreased bone loss in periodontal
disease; however, due to the significance of this cytokine in bacterial defense, the function
of this cytokine is very complex and is not clearly known in periodontal disease [17]. T
cells from periodontitis patients also express higher secretion of IFN-γ compared to T cells
from healthy individuals [18].

Oral microorganisms can induce activation of NK and T cells resulting in the secretion
of pro-inflammatory cytokines IL-1β and TNF-α by these cells [19]. IL-1β and TNF-α can
also induce the endothelial cells in the blood vessels to express higher ICAM-1 (CD54) and
other adhesion molecules [20], allowing more leukocytes to migrate into the periodontal
tissues. Previously, in the established lesions of periodontitis, massive accumulations of
leukocytes primarily T and B cells were observed [2]. Despite the presence of immune
cells, the disease fails to resolve if bacteria remain in the gingival sulcus. The potent
activation and induction of cell death by bacteria in epithelial cells may also recruit more
immune effectors to the sites of infection, thereby activating immune cells to prevent access
of pathogenic oral microorganisms to deeper tissues. Indeed, we and other laboratories
reported that F. nucleatum is capable of inducing cell death of immune effectors as well as
oral keratinocytes in in vitro culture conditions [21]. Persistent recruitment and activation
of immune effectors due to continuous activation and death of oral epithelial cells by the
oral organisms may result in the increased survival of immune effectors and further the
contribution of activated lymphocytes to increased tissue damage and inflammation.

In this paper we investigated the cell surface receptor expression, activation markers,
cytokine secretion and cell death profiles of mononuclear cells obtained from peripheral
blood, oral blood and gingival tissues of healthy individuals and patients with periodontitis
when they were left untreated or treated with interleukin 2 (IL-2), interferon-gamma (IFN-
γ) and phorbol myristate acetate (PMA)/ionomycin (I). Since genetic factors, primarily
contributed by mutations seen in the pro-inflammatory cytokines such as IL-1β, TNF-
α and many others, have been identified to be associated with periodontal disease, we
studied NFkB signaling pathway in keratinocytes involved in the regulation of many
pro-inflammatory cytokines in order to understand the complex interaction between the
immune cells, keratinocytes and oral bacteria.

2. Materials and Methods

2.1. Cell Lines, Reagents and Antibodies

Mononuclear cells isolated from healthy individuals’ and periodontitis patients’ pe-
ripheral and oral blood were cultured in RPMI 1640 supplemented with 1% sodium
pyruvate, 1% non-essential amino acids, 1% glutamine, 1% penicillin-streptomycin (Life
Technologies, Carlsbad, CA, USA) and 10% fetal bovine serum (FBS) (Gemini Bio-Product,
West Sacramento, CA, USA). HEp2 tumor cell lines were obtained from ATCC and main-
tained on DMEM media (Life Technologies, CA, USA) supplemented with 10% FBS. Oral
squamous carcinoma cells (OSCCs) were maintained in RPMI 1640 supplemented with 10%
FBS. Human oral keratinocytes (HOK-16B) were cultured in keratinocyte growth medium
(KGM) supplemented with 4% bovine pituitary extract, 1% hydrocortisone, 1% gentamycin-
sulfate, 1% bovine insulin and 1% epidermal growth factor obtained from Cambrex-Bio
(Walkersville, MD, USA). Propidium iodide (PI), phorbol 12-myristate 13-acetate (PMA)
and ionomycin were purchased from Sigma (St Louis, MO, USA). Fusobacterium nucleatum
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(PK1594) was obtained from Paul Kolenbrander, National Institutes of Health. Recom-
binant human IL-2 and IFN-γ were obtained from NIH-BRB. IFN-γ was obtained from
Peprotech (Piscataway, NJ, USA). Anti-CD16 mAb, as well as all of the human ELISA kits
and flow cytometric antibodies were purchased from Biolegend (CA, USA). Multiplex
assay kits were purchased from Millipore (Billerica, MA, USA). pRcCMV-IκB(S32AS36A)
and pRcCMV vector alone were generated in our laboratory.

2.2. Donor Selection and Diagnostic Criteria

Oral blood and gingival tissues were obtained from consenting donors who were
undergoing periodontal surgery at the UCLA school of dentistry, Los Angeles, CA, USA.
Patients were classified as having periodontal disease on the basis of bleeding index,
attachment loss, probing depth (6 sites/tooth) and radiographic examinations. Those
classified as having periodontal disease had each of the following; probing depth of greater
than 5 mm, spontaneous bleeding on probing, clinical attachment loss and radiographic
evidence of severe alveolar bone loss. Donors were diagnosed as healthy individuals if
they demonstrated a probing depth of equal or less than 4 mm, no clinical attachment loss
and no radiographic evidence of alveolar bone loss. Periodontal surgery was performed
either to remove diseased tissue (granulation tissue from alveolar defects) in patients
with periodontal disease or to remove healthy tissue for cosmetic purposes such as crown
lengthening, gingival thinning and cosmetic grafting in healthy individuals.

2.3. Isolation of Peripheral and Oral Blood Mononuclear Cells

Written informed consent approved by the UCLA Institutional Review Board (IRB#
11-000781-CR00010; Study ID#11-00781; Committee: UCLA Medical IRB 2) was obtained
from healthy individuals and periodontitis patients, and all procedures were approved by
the UCLA-IRB. Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral
blood as described before [22]. To obtain oral-gingival mononuclear cells approximately
3–6 mL of oral blood was drawn using 6 mL syringe with 16 G needle containing 0.5 mL
of heparin. Oral blood was obtained during flap surgery and from granulation tissue
(diseased tissue) around alveolar defects or from supra-periosteal tissue (healthy tissue).
Collected oral blood was then added to 1:1 ratio of 1 × PBS and layered slowly on a
ficoll gradient solution. The samples were then centrifuged for 20 min at 2000 rpm. The
collected mononuclear cells (oral blood mononuclear cells, OBMCs) were washed twice
with 1 × PBS and re-suspended in RPMI with 10% FBS. The cells were then counted using
a hemocytometer and the viability was determined using trypan blue and propidium
iodide staining and subsequent analysis by microscopy and flow-cytometry, respectively.
Peripheral blood was obtained immediately after the recovery of oral blood from the same
individuals. Blood and gingival samples were obtained from both male and female donors.
The age range for patients with periodontal disease was 29–68 years, and for healthy
individuals it was 27–46 years.

2.4. Mononuclear Cells Purified from Gingival Tissues

Gingival biopsies were thoroughly washed with 1 × PBS twice and cut into approx-
imately 1 mm pieces. The cut tissues were placed in RPMI supplemented with DNAse
(0.15 mg/mL) and collagenase type II (0.59 mg/mL) and incubated on a shaker for 1 h in
◦C. After that, the released cells in the supernatants were filtered through a 45–60-micron
nylon mesh and the cells were collected in a 50 mL conical tube. The remaining undigested
tissue was retreated with RPMI in the presence of DNAse and collagenase type II for a
second digestion and incubated for an additional hour. The collected cells were layered on
a ficoll gradient to separate the lymphocytes. The lymphocytes were then washed twice
with 1 × PBS and re-suspended in RPMI with 10% FBS. The cells were then counted and
the viability were determined as described above by trypan blue and propidium iodide
staining immediately after purification, and after an overnight incubation at 37 ◦C.
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2.5. Enzyme-Linked Immunosorbent Assays (ELISAs) and Multiplex Assays

Single ELISAs were performed as previously described [22]. To analyze and obtain the
cytokine and chemokine concentration, a standard curve was generated by either two- or
three-fold dilutions of recombinant cytokines provided by the manufacturer. For multiple
cytokine array, the levels of cytokines and chemokines were examined by multiplex assay,
which was conducted as described in the manufacturer’s protocol for each specified kit.
Analysis was performed using a Luminex multiplex instrument (MAGPIX, Millipore,
Billerica, MA, USA), and data were analyzed using the proprietary software (xPONENT
4.2, Millipore, Billerica, MA, USA).

2.6. Cytotoxicity Assays

The 51Cr release assay was performed as described previously [23]. Briefly, differ-
ent numbers of effector cells were incubated with 51Cr–labeled target cells. After a 4-h
incubation period, the supernatants were harvested from each sample and the released
radioactivity was counted using the gamma counter. The percentage specific cytotoxicity
was calculated as follows:

cytotoxicity =
Experimental cpm − spontaneous cpm

Total cpm − spontaneous cpm

LU 30/106 is calculated by using the inverse of the number of effector cells needed to
lyse 30% of tumor target cells × 100.

Cytotoxicity was also performed using xCELLigence Real Time Cell Analysis (RTCA).
Tumor cells were added to microplates (E-Plates) overnight, before the addition of effector
cells at 1:1 effector to target ratios, and the impedance was read by the instrument at
different time intervals. Procedure was conducted as described in the manufacturer’s
protocol for xCELLigence immunotherapy kit.

2.7. Surface Staining and Cell Death Assays

Staining was performed by labeling the cells with antibodies or propidium iodide
(PI), as described previously [22,24,25]. For surface staining, the cells were washed twice
using ice-cold PBS + 1%BSA. Predetermined optimal concentrations of specific human
monoclonal antibodies were added to 1 × 104 cells in 50 μL of cold PBS + 1%BSA, and
were incubated on ice for 30 min. Thereafter cells were washed in cold PBS + 1%BSA and
brought to 500 μL with PBS + 1%BSA. Flow cytometric analysis was performed using
Beckman Coulter Epics XL cytometer (Brea, CA, USA).

2.8. Purification of Human NK Cells

Briefly, PBMCs were obtained after Ficoll-hypaque centrifugation and were used to
isolate NK cells using the EasySep® Human NK cell purchased from Stem Cell Technologies
(Vancouver, BC, Canada). Isolated NK cells stained with anti-CD16 to measure the cell
purity using flow cytometric analysis.

2.9. Retroviral Transduction, Transfection and the Generation of Tumor Cell Transfectants

Cells were infected with culture supernatants of NIH 3T3 packaging cells infected with
either GFP expressing a transdominant negative allele of IκB [26] or GFP alone. The mutant
IκB-alpha (IκBαM) cDNA was excised from pCMX by digesting with BamHI and EcoRV,
and cloned into the pMX-IRES-EGFP retroviral vector and cut with NotI (Klenow-filled) and
BamHI. Forty-eight hours after infection the cells were sorted and high GFP expressing cells
were grown and used in the experiments. The generation of tumor cell transfectants was
described previously [23,27]. The stability of IkB(S32AS36A) super suppressor transfected
cells in blocking NFkB function were regularly checked by western blot analysis and EMSA
using nuclear extracts prepared from the cell transfectants, and a luciferase reporter assay
described below.
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2.10. Luciferase Reporter Assay

Cells were plated and maintained in RPMI supplemented with 10% FBS and 1%
penicillin/streptomycin before transfection. Transfections were done using an NF-κB
Luciferase reporter vector [28] and Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,
USA) in Opti-MEM media (Invitrogen, CA) for 18 h after which they were treated with
TNF-α. The cells were then lysed with lysis buffer and the relative Luciferase activity
was measured using the Luciferase assay reagent kit obtained from Promega (Madison,
WI, USA).

2.11. Fusobacterium nucleatum Preparation

Viable or 1% paraformaldehyde fixed F. nucleatum were used for co-cultures with the
immune cells and epithelial tumors at 30:2:1; bacteria: PBMCs: HEp2 tumor ratios. Similar
results were obtained with either viable or paraformaldehyde fixed bacterial co-cultures
with immune cells and epithelial tumors.

2.12. Statistical Analysis

An unpaired or paired, two-tailed Student’s t-test was performed for experiments with
two groups. One-way ANOVA with a Bonferroni post-test was used to compare different
groups for experiments with more than two groups. Duplicate or triplicate samples were
used in the in vitro studies for assessment. The following symbols represent the levels of
statistical significance within each analysis: *** (p value < 0.001), ** (p value 0.001–0.01),
* (p value 0.01–0.05).

3. Results

3.1. Periodontitis Patients’ Oral Blood Exhibited Higher Percentages of NK Cells and Lower
Percentages of B Cells in Comparison to Their Peripheral Blood

We first investigated the percentages of different immune cell subsets in oral and
peripheral blood of healthy individuals and periodontitis patients. Similar percentages of
NK, T and B cells in peripheral and oral blood were found for healthy individuals (Table 1
(upper two rows)). In contrast, decreased percentages of B cells, increased percentages
of NK cells, and similar percentages of T cells were observed in oral blood compared to
peripheral blood of periodontitis patients (Table 1 (lower two rows) and Figure S1). Overall,
these results indicated that oral blood obtained from periodontitis patients contained
higher numbers of NK cells when compared to those obtained from their peripheral
blood. The percentages of NK cells within the oral blood were similar between heathy and
periodontitis patients.

Table 1. Percentages of lymphocyte cell subsets in peripheral and oral blood of healthy individuals
and periodontitis patients.

CD16+ CD3+ CD19+ CD3 + CD4+ CD3 + CD8+

Healthy
Peripheral blood 15.5 ± 3.5 ** 74 ± 7 10.5 ± 3.5 * 55 ±7 19 ± 9

Oral blood 15.8 ± 9.7 74 ± 6.9 7.8 ± 7.4 52 ± 6 22 ± 10

Patients
Peripheral blood 3.5 ± 0.7 ** 71 ± 9.9 24.5 ± 9 * 51 ± 3 20 ± 1

Oral blood 16 ± 10 73 ± 15 6.7 ± 4 53 ± 2 20 ± 7
Mononuclear cells were isolated from peripheral and oral blood of healthy individuals and periodontitis patients
using Ficoll-Hypaque density gradient. The percentages of lymphocyte subsets were determined immediately
after purification using specific antibody staining followed by flow cytometric analysis. The IgG2 isotype was
used as a control. Significant differences were obtained between the levels of CD16 + NK (** p value of 0.001–0.01)
and CD19 + B cells (* p value 0.01–0.05) in the peripheral blood between healthy individuals and those of the
periodontitis patients, and for CD16+ NK cells (** p value of 0.001–0.01) and CD19 + B cells (* p value 0.01–0.05)
between peripheral and oral blood in periodontitis patients. No significant differences (p = 0.8) were observed in
peripheral and oral blood between healthy individuals and periodontitis patients for the levels of CD3, CD4 and
CD8 lymphocyte subpopulations. The numbers for each immune subset reflect the mean percentages derived
from six donors ± standard deviation.
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3.2. Oral Gingival-Derived Immune Cells from Periodontitis Patients Exhibited Higher
Percentages of B Cells and Lower Percentages of T Cells as Compared to Those from
Healthy Individuals

We determined the percentages of immune cell subsets in the oral gingival cells
using flow cytometric analysis. Higher percentages of CD19 expressing B cells, and lower
percentages of CD3 and CD3 + CD4+ expressing T cells were observed in immune cells
derived from gingival tissue of periodontitis patients when compared to those of healthy
individuals (Table 2). No significant differences were seen for the percentages of CD16
expressing NK cells or CD3 + CD8+ expressing T cells (Table 2). The majority of CD45+
immune cells in gingival tissues were at an activated state as indicated by higher expression
of CD69 surface receptor (Figure S2A). Gingival tissue derived immune cells from patients
also expressed CD28 and CD95 (Fas) surface receptors (Figure S2B).

Table 2. Percentages of lymphocyte cell subsets in gingival tissues obtained from healthy individuals
and periodontitis patients.

CD16+ CD3+ CD19+ CD3 + CD4+ CD3 + CD8+

Healthy 4.7 ± 5.0 80 ± 19 6.7 ± 5.9 62 ± 8 18 ± 10

Patients 5.05 ± 3.9 68 ± 23 27 ± 23 47 ± 10 21 ± 4
Gingival tissue-associated mononuclear cells from healthy individuals and periodontitis patients were obtained
as described in the Materials and Methods section. The percentages of lymphocyte subsets in mononuclear cells
were determined using specific antibody staining followed by flow cytometric analysis. IgG2 isotype was used as
controls. p = 0.14 was obtained for the difference between the levels of CD19 + B cells obtained from the healthy
individuals and periodontitis patients. No significant differences (p = 0.7) were observed for CD16, CD3, CD4 and
CD8 lymphocyte subpopulations between healthy individuals and periodontitis patients. The numbers for each
immune subset reflect the mean percentages derived from six donors ± standard deviation.

3.3. NK Cells and CD8 + T Cells in Oral Blood of Periodontitis Patients Exhibited Significant
Levels of Activation

Oral blood mononuclear cells (OBMCs), and peripheral blood mononuclear cells
(PBMCs) of periodontitis patients and healthy individuals were left untreated, or treated
with IL-2 or PMA plus ionomycin (PMA/I) overnight. To determine the levels of activation,
the early activation antigen expression, CD69 was analyzed on the surfaces of CD16 + NK
and CD8 + T cells. The surface expression levels of CD69 activation antigens were found
to be elevated on the CD16 + NK cells and CD8 + T cells in OBMCs when compared to
PBMCs of periodontitis patients (Figure 1). Moreover, increased surface expression levels
of CD69 on NK cells were only observed on cells obtained from periodontitis patients and
not form the healthy individuals (unpublished material). When CD16 + NK and CD8+
T cells were treated with IL-2 and PMA/I, higher intensity of CD69 was detected both
in OBMCs and PBMCs of periodontitis patients, although the intensity remained higher
in OBMCs (Figure 1 and Figure S3). PMA/I treatment resulted in a similar or slightly
higher intensity of CD69 surface expression on CD16 + NK and CD8 + T cells in OBMCs
as compared to PBMCs (Figure S3). Overall, these results indicated that OBMCs obtained
from periodontitis patients exhibited higher activation levels.

3.4. PBMCs but Not OBMCs Obtained from Periodontitis Patients Demonstrated Significantly
Higher Levels of Cell Death When Compared to Those from Healthy Individuals

Activation by PMA/I resulted in an increased level of cell death both in healthy indi-
viduals’ and periodontitis patients’ PBMCs but not in OBMCs (Figure 2). Approximately
two-fold more cell deaths could be seen in PMA/I-treated PBMCs of periodontitis patients
when compared to those from healthy individuals (Figure 2). In contrast, treatment with
PMA/I did not exhibit significant cell death in OBMCs either from patients or healthy
individuals (Figure 2).
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Figure 1. Increased activation of NK and CD8 + T cells in oral blood when compared to peripheral
blood of periodontitis patients. Mononuclear cells (1 × 106/mL) obtained from oral and peripheral
blood of periodontitis patients left untreated and treated with IL-2 (500 U/mL) for 18–24 h after
which they were washed twice. The surface expression levels of CD16 and CD69 (A), and CD8 and
CD69 (B) were determined using flow cytometry. IgG2 isotype was used as controls. Numbers in
each quadrant represent the percentages of stained sub-population for the specific antigen. The oral
and peripheral blood was obtained from the same donors. One of four representative experiments is
shown in this figure.

 
Figure 2. Higher levels of cell death were observed in periodontitis patients’ PBMCs when compared
to those from healthy individuals. Mononuclear cells obtained from peripheral and oral blood of
healthy individuals and periodontitis patients were treated with PMA (10 ng/mL) + ionomycin
(10 ng/mL) for 10–14 h. The samples were then washed and propidium iodide (30 μg/mL) was
added to each sample. The percentages of dead cells were determined by flow cytometric analysis.
PBMCs and OBMCs were obtained from the same donors. One of four representative experiments is
shown in this figure. *** (p value <0.001), * (p value 0.01–0.05).
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3.5. Increased TNF-α Secretion Was Observed from OBMCs of Periodontitis Patients When
Compared to Those from Healthy Individuals

OBMCs and PBMCs of periodontitis patients were left untreated or treated with IL-2
or IFN-γ or PMA/I, and the levels of TNF-α secretion were determined after 12 to 18 h.
Higher secretion of TNF-α was observed from OBMCs when compared to PBMCs of pe-
riodontitis patients (Figure 3A). IFN-γ treatment increased TNF-α secretion moderately
by patient OBMCs whereas it induced significant levels of secretion by the patient PBMCs
(Figure 3A). Although there was a moderate increase in TNF-α release by IFN-γ treated
OBMCs obtained from patient and healthy donors, the increase was not statistically sig-
nificant (Figure 3A). The lack of increase in TNF-α by IFN-γ could be due to higher basal
activation of OBMCs in patients. The levels of TNF-α secretion between PMA/I-treated
PBMCs and OBMCs plateaued since PMA/I activates lymphocytes in both cell populations
maximally (Figure 3A). Next, we compared the TNF-α secretion in OBMCs obtained from
healthy individuals and periodontitis patients. We observed increased secretion of TNF-α
in OBMCs from periodontitis patients with and without IL-2 or IFN-γ treatment (Figure 3B).
These results demonstrated the increased functional activities of mononuclear cells in oral
blood as compared to peripheral blood of periodontitis patients. Furthermore, periodontal
disease found to be associated with increased TNF-α secretion in oral blood immune cells.

Figure 3. Periodontitis patients’ OBMCs secreted higher levels of TNF-α secretion in comparison
to their PBMCs; Periodontitis patients’ OBMCs secreted higher levels of TNF-α when compared
to those from healthy individuals. PBMCs and OBMCs of periodontitis patients were treated with
IL-2 (500 U/mL), IFN-γ (500 U/mL) and PMA (10 ng/mL) + ionomycin (10 ng/mL). After 12–18 h
of incubation, supernatants were harvested and the levels of TNF-α secretion were determined
using single ELISA. *** (p value < 0.001), * (p value 0.01–0.05), p values were obtained for differences
between untreated or IL-2 or IFN-γ treated PBMCs and OBMCs obtained from the periodontitis
patients (A). OBMCs obtained from healthy individuals and periodontitis patients were left untreated,
treated with IL-2 (500 U/mL) or treated with IFN-γ (500 U/mL). After an overnight incubation the
supernatants were harvested and subjected to a single ELISA to determine TNF-α secretion levels.
*** (p value < 0.001), p value was obtained for the difference between TNF-α secretion by OBMCs
obtained from healthy individuals and periodontitis patients; control, IL-2 and IFN-γ treated OBMCs
(B). One of four representative experiments is shown in this figure.
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3.6. OBMC-Derived Supernatants from Periodontitis Patients Regulate Secretion of Cytokines by
Allogeneic Healthy PBMCs

Since chronic periodontitis was shown to be associated with an altered balance be-
tween anti-inflammatory and pro-inflammatory cytokines, we tested the ability of OBMCs-
derived supernatants from periodontitis patients and healthy individuals to modulate
IFN-γ, IL-6, TNF-α and IL-1β secretions in untreated and IL-2-treated allogeneic PBMCs
isolated from healthy individuals. When compared to OBMC-derived supernatants from
healthy individuals, addition of those derived from OBMCs of periodontitis patients to IL-2
activated PBMCs had lower priming/activating capability of PBMCs to secrete IFN-γ and
TNF-α, whereas IL-6 induction was similar between the two, likely due to the plateauing
effect (Figure 4A–C). IL-1β induction was also lower in the presence of OBMC-derived
supernatants from periodontitis patients, but with no statistical differences (Figure 4D).
When adding to untreated PBMCs, OBMC-derived supernatants from patients or healthy
individuals exhibited no change in IFN-γ induction whereas much higher levels of IL-6,
TNF-α and IL-1β were induced in those treated with OBMC-derived supernatants from
patients compared to those from healthy individuals (Figure 4A–D).

3.7. NFkB Deletion in Oral Epithelial Cells Increases IFN-γ Secretion by PBMCs and NK Cells in
the Presence or Absence of Fusobacterium nucleatum

Since immune effectors in the periodontal tissues interact with a number of stromal
cells as well as with the epithelial cells to induce cytokine secretion, we determined the
induction of cytokines in the presence of a number of either non modified or genetically
modified oral epithelial cell lines as shown below in the presence and absence of F. nuclea-
tum. First, we determined NK cell-mediated cytotoxicity against the pRcCMV vector alone
(HEp2-pRcCMV), or IκB(S32AS36A) transfected HEp2 (HEp2-IκB(S32AS36A)) cells as tar-
gets. The NK cell-mediated cytotoxicity was higher against HEp2-IκB(S32AS36A) cells in
comparison to HEp2-pRcCMV cells by untreated, IL-2-treated or anti-CD16 mAbs treated
NK cells (Figure 5A–C). Similar results were seen in oral squamous carcinoma cells (OSCCs)
and human oral keratinocytes (HOK) cells. Inhibition of NFkB by the IkB(S32AS36A) super-
repressor retroviral vector was confirmed by measuring NFkB activity using a luciferase
reporter assay (Figure S4A,B). Overall, the NK cell-mediated cytotoxicity was higher
against NFkB knock-down OSCCs and HOK cells when compared to EGFP transfected
cells (Figure S4C,D).

To determine the effect of immune cells’ interaction with epithelial cells in the presence
and absence of F. nucleatum, we left PBMCs and NK cells untreated or treated them with
IL-2 before they were co-cultured with HEp2-IκB(S32AS36A) and HEp2-pRcCMV in the
presence or absence of F. nucleatum. We observed increased secretion of IFN-γ in co-cultures
of PBMCs with HEp2-IκB(S32AS36A) tumors compared to those with HEp2-pRcCMV in
the presence or absence of F. nucleatum (Figure 6A). Although similar results to IFN-γ
were seen for TNF-α, GM-CSF, IL-13, MCP-1, and RANTES, the secretion of IL-6 was
higher in immune cell cultures with HEp2-pRcCMV in comparison to those with HEp2-
IκB(S32AS36A) tumors (Figure S5). Increased IFN-γ secretion was also observed when
untreated and IL-2-treated NK cells were co-cultured with HEp2-IκB(S32AS36A) tumors
compared to HEp2-pRcCMV in the absence or presence of F. nucleatum (Figure 6B). Similar
results were seen when IL-2 treated NK cells were co-cultured with NFkB knock-down
OSCCs and HOK cells in comparison to those cultured with EGFP transfected cells (Figure
S4E,F). The treatment with F. nucleatum increased IFN-γ in all culture conditions and, the
highest was seen in IL-2-treated PBMCs or NK cells co-cultured with HEp2-IκB(S32AS36A)
tumors (Figure 6A,B). Increased secretion of TNF-α, IL-8, GM-CSF, and IL-13 was also
seen when NK cells were co-cultured with HEp2-IκB(S32AS36A) in comparison to HEp2-
pRcCMV tumors in the absence of F. nucleatum (Figure S6). The secretion of IL-6 was higher
in HEp2-pRcCMV in comparison to HEp2-IκB(S32AS36A) tumors (Figure S6). Furthermore,
IL-6 secretion was lower when NK cells were co-cultured with NFkB knock-down OSCCs
and HOK cells in comparison to those cultured with EGFP transfected cells (Figure S4G,H).
Interestingly, IL-13 and GM-CSF secretions were inhibited by F. nucleatum in IL-2-treated
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NK cells co-cultured with HEp2-IκB(S32AS36A) and HEp2-pRcCMV cells (Figure S6).
Overall, these results demonstrated that NFkB knock-down cells in comparison to their
non-knock-down counterparts are more active inducers of PBMCs and NK cells to secrete
IFN-γ, and presence of F. nucleatum enhances this functional activation.

Figure 4. Periodontitis patients’ OBMCs-derived supernatant had decreased ability to activate allo-
geneic healthy PBMCs in comparison to healthy individuals’ OBMC-derived supernatant. Untreated
OBMCs (1 × 106/mL) of healthy individuals and periodontitis patients were incubated at 37 ◦C
for 6–12 h before supernatants were harvested. Allogeneic healthy PBMCs (1 × 106/mL) were left
untreated or treated with IL-2 (500 U/mL) for 12–18 h, after which, OBMCs-derived supernatants
were added to PBMCs, and 18–20 h later the supernatants were harvested to determine IFN-γ (A),
IL-6 (B), TNF-α (C), IL-1β (D) secretion using single ELISAs. One of four representative experiments
is shown in this figure. *** (p value < 0.001), ** (p value 0.001–0.01), * (p value 0.01–0.05).
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Figure 5. NFκB blocking in HEp2 tumors increased their susceptibility to NK cell-mediated cytotoxicity. NK cells were left
untreated and treated with IL-2 (500 U/mL) overnight before they were added to 51Cr-labeled pRcCMV vector alone or
IκB(S32AS36A) transfected HEp2 cells at various effector-to-target ratios. NK cell-mediated cytotoxicity was measured
using a standard 4-h 51Cr release assay. The lytic units (LU) 30/107 cells were determined using the inverse number of NK
cells required to lyse 30% of target cells × 100 (A). *** (p value < 0.001), * (p value 0.01–0.05). NK cells were left untreated
and treated with anti-CD16 mAbs (3 μg/mL) overnight before they were added to 51Cr-labeled pRcCMV vector alone or
IκB(S32AS36A) transfected HEp2 cells at various effector-to-target ratios. NK cell-mediated cytotoxicity was measured
using xCELLigence Real Time Cell Analysis (RTCA) (B). NK cells were treated with IL-2 (500 U/mL) overnight before
they were added to 51Cr-labeled pRcCMV vector or and IκB(S32AS36A) transfected HEp2 cells at various effector-to-target
ratios. NK cell-mediated cytotoxicity was measured using xCELLigence Real Time Cell Analysis (RTCA) (C). One of four
representative experiments is shown in this figure.
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Figure 6. Increased IFN-γ secretion levels were observed in F. nucleatum treated PBMCs and NK cells; highest secretion
levels were seen in the presence of NFκB blocked HEp2 tumors. PBMCs were left untreated or treated with IL-2 (2000 U/mL)
overnight before their co-culture with HEp2-pRcCMV or HEp2-IκB(S32AS36A) cells in the presence or absence of F. nucleatum
(bacteria: PBMCs: Hep2 tumors at 30:2:1 ratios). After an overnight incubation, the supernatants were harvested to determine
IFN-γ secretion using multiplex cytokine array assay, one of four representative experiments are shown in the figure (A).
NK cells were left untreated or treated with IL-2 (2000 U/mL) overnight before their co-culture with HEp2-pRcCMV or
HEp2-IκB(S32AS36A) cells in the presence or absence of F. nucleatum at (bacteria: PBMCs: Hep2 tumors at 30:2:1 ratios).
After an overnight incubation, the supernatants were harvested to determine IFN-γ secretion using multiplex cytokine
array assay (B). One of four representative experiments is shown in this figure *** (p value < 0.001), ** (p value 0.001–0.01),
* (p value 0.01–0.05).

4. Discussion

Although ample progress has previously been made regarding periodontal disease, a
clear understanding of immune interaction with neighboring stromal cells with probable
genetic and epigenetic modifications in the presence of complex oral microorganisms is still
limited. In previous studies disease-relevant assumptions or interpretations were usually
made based on the interaction of periodontal pathogens with peripheral blood immune
effectors. In addition, the use of tissue-associated immune effectors from the infected sites
also provided limited information regarding the disease pathogenesis since these cells
were isolated largely at a non-functional state due to the harsh recovery methods. Indeed,
in our experience the majority of the immune effectors isolated from the gingival tissues
underwent cell death when the cells were incubated greater than 3–4 h. Furthermore,
they were unable to secrete cytokines or mediate cytotoxicity even though they exhibited
increased levels of activation markers on their surface. Thus, such experiments are great
to assess the phenotype of the immune effectors at the time of isolation, but lack ability
to provide functional readouts. These observations, therefore, prompted us to design
strategies to obtain immune cells from the oral site using oral blood which remained func-
tional and had the capacity to respond when exposed to self-bacterial and viral microflora.
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Therefore, to understand potential similarities and differences between peripheral, oral and
tissue-derived immune effectors, initially we obtained and characterized immune subsets
from each of these sites in healthy individuals and from the patients with periodontal
disease (Tables 1 and 2).

The rationale for using orally-derived blood to compare with the peripheral blood and
tissue-derived immune effectors is; (1) to observe whether there were quantitative differ-
ences between the immune subsets from different compartments, and (2) to determine and
compare the levels of their functional competency. It is likely that orally-derived immune
effectors contain elements of saliva in addition to oral microorganisms, and thus exhibit
phenotypic and functional properties that are distinct from those obtained from peripheral
blood or even those found in the gingival tissues. Nevertheless, the analysis could shed
light on their differences and help identify important questions regarding the pathogenesis
of periodontal disease. For example, are there any phenotypic similarities between the oral
blood immune effectors and those recovered from the gingival tissues? When comparing
CD69 expression we observed similar increase in CD69 surface expression in oral blood
mononuclear cells compared to those extracted from gingival tissues. It is interesting
to note that lymphocytes obtained from healthy gingival tissues also expressed higher
levels of CD69 expression when compared to the patients with periodontitis. However, the
numbers of immune effectors obtained from healthy gingival tissues were far less than
those obtained from patients with periodontitis.

The increased activation of orally-derived mononuclear cells from patients could
be due to their exposure to periodontal pathogens during the recovery method. In this
regard the oral mononuclear cells from patients may recognize and become strongly
activated to their oral flora and/or they may be at a stage of maturation which is more
susceptible to activation signals delivered by the oral pathogens. Indeed, it is believed that
the nature of host immune cells is the determining factor for the response to periodontal
pathogens [29,30]. In addition, patients with periodontal disease are shown to have
genetic predisposition for increased cytokine secretion, particularly IL-1β and TNF-α [31].
Therefore, the studies reported here are likely to shed some light on the mechanisms of
immune cell activation in patients since both the immune effectors and the combination of
pathogenic oral bacterial and viral flora are derived from the same oral niche.

Orally-derived immune cells from patients with periodontal disease exhibited an
increase in the activation of NK and CD8+ T cell fractions after an overnight incubation,
and secreted higher levels of TNF-α, whereas those obtained from healthy donors exhibited
a profile closer to those obtained from naïve peripheral blood immune cells. In this
regard we have recently reported that activated NK cells are able to activate CD8+ T
cells [32]. As indicated, the difference could be due to either higher innate capacity of
the immune effectors to become activated and/or the increased activating capacity of
periodontal pathogens in patients compared to healthy controls. Our results also indicated
that mononuclear cells obtained from the oral blood did not undergo significant activation
induced cell death after treatment with PMA/I when compared to peripheral blood, even
though OBMCs demonstrated increased levels of activation when compared to PBMCs.
No significant differences could be observed in cell death between OBMCs obtained
from healthy individuals and those with periodontitis in the presence and absence of
PMA/I treatment. The resistance of oral mononuclear cells to apoptotic cell death has
been documented previously in chronic periodontal lesions [33,34]. Both IL-4 and Fas
Ligand were found to be decreased or not expressed within the gingival tissues even
though the IL-4 and Fas receptors were expressed on the immune cells, suggesting a lack
of ligand for decreased cell death [33,34]. However, since PMA/I treatment bypasses the
receptor mediated effects, this implies other underlying mechanisms for the lack of cell
death in OBMCs. Whether there are pressures for selecting longer surviving immune
cells in OBMCs requires further investigations. Therefore, continued inflammation and
tissue damage in periodontal disease may partly be mediated by longer surviving oral
mononuclear cells.

190



J. Clin. Med. 2021, 10, 875

Activation-induced cell death in immune effectors is a well characterized cellular
outcome which occurs upon potent activation of immune cells. As indicated above, PBMCs
treated with PMA/I underwent significant cell death, whereas OBMCs demonstrated con-
siderably lower levels of cell death upon activation with PMA/I. No significant correlation
could be seen between levels of activation (using CD69 expression) and the extent of cell
death in immune effectors isolated from peripheral and oral blood. Indeed, more cell death
was observed in PBMCs that had a slightly lower CD69 expression when compared to
OBMCs after treatment with PMA/I (Figure 2 and Figure S3). Therefore, other factors
in addition to the extent of activation may be responsible for continued survival of these
cells in an oral microenvironment. Whether components of saliva in addition to signals
delivered by bacterial and viral flora provide a survival advantage for mononuclear cells
awaits future investigation.

Higher numbers of CD16+ NK cells were observed in the oral blood of patients with
periodontal disease when compared to the peripheral blood and gingival tissues. NK
cells are a subset of lymphocytes which mediate first line defense against a variety of
tumors and microorganisms. Indeed, NK cells are one of the primary sources of secreted
IFN-γ. Thus, activation of NK cell function and elaboration of cytokines such as IFN-γ
is essential for the expansion and amplification of immune responses mediated by the
effectors of both an innate and adaptive immune system. In addition, IFN-γ is important
in differentiation of stromal cells and subsequent cessation of NK cell function since NK
cells are known to become activated by the stem cells and not by the well-differentiated
cells [35,36]. Thus, IFN-γ can regulate its own production negatively and limit the levels
of inflammation [35–38].

The rationale for a lower percentage of peripheral blood NK cells compared to oral
blood NK cells in patients with periodontal disease is not clearly known yet. One can
speculate regarding the increased homing of these cells to oral tissues from the peripheral
blood in which a higher gradient of chemokines is secreted by epithelial cells upon acti-
vation by pathogenic organisms. In addition, it is also possible that lower percentages of
NK cells seen in the gingiva of patients compared to those in the oral blood could be due
to the higher induction of activation-induced cell death in NK cells in the gingiva where
higher activation signals are given to the NK cells by the gingival microenvironment, a
phenomenon that we and others have established previously in NK cells [39]. As for the
differences in percentages of B cells in the peripheral and oral blood and gingival tissue, the
decrease in the oral blood seems to be compensated for by the increase in the percentages
of B cells in the gingival tissues of patients with periodontal disease. Such differences in the
quantity of B cells could not be seen in different tissue compartments in healthy individuals.
The percentages of T cells remained high in all compartments in healthy individuals as
well as in patients with periodontal disease.

When added to IL-2-activated allogeneic PBMCs, supernatants obtained from OBMCs
of periodontitis patients were only able to increase IFN-γ secretion by about 2.4-fold,
whereas those obtained from healthy individuals increased by 5.4-fold. Since super-
natants obtained from OBMCs of periodontitis patients contain significant levels of pro-
inflammatory cytokines such as TNF-α, IL-6 and IL-1β, these cytokines may be inhibitory
for the induction of IFN-γ. Indeed, we have previously shown that both TNF-α and
IL-6 inhibit secretion of IFN-γ by the NK cells [24,27]. Higher induction of pro and anti-
inflammatory cytokines in the presence of decreased IFN-γ secretion may, therefore, tilt
the balance towards the establishment of chronic inflammation in periodontal infections.
Indeed, we have shown in a series of studies that IFN-γ is important in the differentiation
of stromal cells and the limitation of inflammation [36,40,41]. In addition, healthy stem
cells or stem-like cancer stem cells, but not differentiated cells, are able to activate NK cells
due to a lack of or decreased surface expression of MHC-class I [36,42,43]. Therefore, it
is possible that due to a lower release of IFN-γ during chronic inflammation, adequate
induction of MHC-class I expression does not occur in the stromal cells, thereby leading to
a decreased activation and release of IFN-γ by the NK cells which maintains the stromal
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cells at a lower level of differentiation resulting in the chronicity of inflammation. These
possibilities are currently under investigation in our laboratory.

Since both bacterial and viral agents have been implicated in the pathogenesis of
periodontal disease [44–47], it is likely that suboptimal induction of IFN-γ will have
profound effects on the clearance of both types of organism and the resolution of inflam-
mation [48–50]. Therefore, the increase in the numbers and activation of NK cells in
periodontal infection may have a direct relationship to the increase in colonization with the
viral and bacterial infections since NK cells are the primary effectors that mediate lysis of
virally infected cells. In addition, by secreting IFN-γ, NK cells will be able to increase lysis
of bacteria by augmenting the activation of monocyte-macrophages and dendritic cells [51].

It is known that the number of bacteria in the periodontal tissues of the patients
does not correlate with the severity of periodontal disease, and that it is likely that other
factors are involved in the pathogenesis of disease [1,52]. Thus, periodontal disease
is multifactorial. Since periodontal disease has been shown to have genetic as well as
environmental components, it is likely that mutations either in the stromal cells or in
the immune cells could likely exacerbate the disease [52–56]. We have shown previously
that many genetic alterations in particular deletions of important genes in stromal cells
or in the immune cells can directly activate NK cells which could lead to the expansion
and differentiation of T cells [32,57,58]. In order to determine whether such interactions
may have a significant activating effect on PBMCs and NK cells in the presence of an oral
pathogenic bacteria F. nucleatum (known to be associated with periodontal disease), we
determined the effect of NFkB knock-down epithelial cells in the activation of PBMCs and
NK cells in the presence of F. nucleatum. Significant activation of PBMCs and NK cells
and the augmented release of different cytokines and chemokines were observed under
such conditions (Figure 6, Figure S5 and Figure S6). Indeed, Jung et al. and Raje et al.
reported previously how Nuclear factor-kappa B Essential Modulator (NEMO) deficiency
might lead to a genetic predisposition named “Mendelian Susceptibility to Mycobacterial
Disease (MSMD)”, which increases susceptibility to mycobacterial infections [59,60]. In
addition, Javali et al. indicated that periodontal disease was the initial oral manifestations
of abdominal tuberculosis that was caused by mycobacteria infections, implicating this
organism in periodontal disease [61]. Therefore, since NEMO deficiency may lead to an
overall manifestation of immune deficiency through poor response to bacterial and fungal
infections from NK, B and T-cells, as well as neutrophils, macrophages and dendritic cells,
the bacterial infections from Gram-negative anaerobic bacteria, which are implicated in the
periodontal diseases, are also likely. It is of interest to note that NFkB deletion in epithelial
tumors increased IFN-γ secretion in the presence of decreased IL-6 in the co-cultures of
these tumors with immune cells (Figure 6 and Figures S4–S6). Such observation is likely
due to the significantly decreased secretion of IL-6 in NFkB knock-down tumors as well
as decreased synergistic induction of IL-6 in the co-cultures of immune cells with NFkB
knock-down tumors (Figures S5 and S6). Increased activation of NK cells and higher
lysis of the tumors by the NK cells might also contribute to the decreased IL-6 secretion
seen in the co-cultures of NFkB tumors with the NK cells. These findings indicate that
cellular alternations in those that interact with the immune cells and/or in immune cells
can exacerbate the immune function in the presence of periodontal pathogens, and could
be the likely cause of the destruction which is seen in periodontitis patients. Although
NFkB deficiency in epithelial cells or in other stromal cells has not been reported to be one
of the major causes of periodontal disease, nevertheless, such findings may implicate the
potential for genetic alterations in the exacerbation of periodontal disease.

Overall, our studies have identified a number of characteristics of immune effectors
from different tissue compartments, which may have relevance to the pathogenesis of
periodontal infections.
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