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Resumo
Introdução: O hábito de fumar é um fator de risco importante na prevalência, progressão e gravidade das doenças
periodontais e parece suprimir a resposta inflamatória marginal no periodonto. Objetivo: Correlacionar Índice de
Placa visível (IPV) e Índice de Sangramento Gengival (ISG) em fumantes e indivíduos que nunca fumaram, bem
como correlacionar ISG e o sangramento à sondagem (SS) nesses dois grupos. Material e método: Foram utilizados
dados de baseline de um estudo quasi-experimental, no qual 11 pacientes fumantes e 14 indivíduos que nunca
fumaram foram submetidos a exames clínicos periodontais no período de setembro de 2010 e outubro de 2011.
Resultado: A correlação entre IPV e ISG foi positiva para ambos os grupos, sendo forte e estatisticamente significante
nos indivíduos que nunca fumaram e moderada nos fumantes. Com relação ao ISG e SS houve moderada correlação
para os fumantes e fraca para os indivíduos que nunca fumaram. Conclusão: Fumantes apresentam uma correlação
entre IPV e ISG de menor força em relação aos indivíduos que nunca fumaram resultando em um sangramento
gengival marginal menos pronunciado.

Descritores: Tabaco; índice periodontal; inflamação; periodontite; gengivite.

Abstract
Introduction: Smoking is a risk factor for prevalence, severity and progression of periodontal disease and appears
to suppress marginal periodontium inflammatory response. Purpose: To correlate Visible Plaque Index (VPI) and
Gingival Bleeding Index (GBI) in smokers and never-smokers, as well as GBI and bleeding on probing (BOP ) in
these groups. Material and method: We used baseline data of one quasi-experimental study in which 11 smokers
and 14 subjects who never smoked were submitted to clinical periodontal examinations between September 2010
and October 2011. Result: The correlation between VPI and GBI was positive for both groups, it was strong and
statistically significant in subjects who had never smoked and moderate in smokers. Regarding GBI and BOP
correlations were moderate for smokers and weaker for individuals who had never smoked. Conclusion: Smokers
have lower strength correlation between VPI and GBI compared to individuals who had never smoked resulting in
a less pronounced marginal gingival bleeding.

Descriptors: Tobacco; periodontal index; inflammation; periodontitis; gingivitis.

INTRODUCTION
Gingivitis, which refers to inflammation of the protective
tissues of the teeth caused by the presence of supragingival biofilm,
develops prior to the establishment of subgingival biofilm, which
can initiate periodontitis1,2. There is high prevalence of gingivitis
and periodontitis in both developed and developing countries,
with differences in periodontitis prevalence being observed among
different age groups3.
The correct clinical diagnosis of periodontal diseases is directly
related to the presence of inflammatory signs in response to the
accumulation of microbial biofilms4. Factors, such as the smoking
habit, seem suppress the marginal inflammatory response in the

periodontium5. However, it remains unclear as to whether bleeding
in the base of the periodontal pockets during probing is suppressed
in smokers.
The smoking habit is the most important behavioral risk factor
to impact the prevalence, progression, and severity of periodontitis.
Smoking is associated with other chronic diseases, such as lung and
oral cancers and cardiovascular diseases6. This habit compromises
periodontal health7 due to the negative impact of tobacco on the
patient’s responses to biofilm, periodontal treatment, and healing,
leading to higher risk in those patients who have more severe
periodontal disease8.
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Inflammation of the periodontal tissues can be evaluated by
the presence of bleeding as an objective and easy-to-evaluate sign.
Together with other clinical data, interpretation of bleeding, either
by the gingival bleeding index (GBI) or bleeding on probing (BOP),
can permit an accurate diagnosis of periodontal diseases and aid
in treatment planning. The GBI reflects inflammatory changes in
the gingival margin caused by supragingival biofilm, whereas BOP
reflects inflammation in the base of the periodontal pocket caused
by subgingival biofilm9. Studies have shown that GBI is the main
clinical parameter of marginal gingival inflammation. However,
inflammatory indicators are suppressed, bleeding of the gingival
margin is less pronounced10-12, and inflammatory signs, such as
erythema and swelling, are less evident in smokers compared to
individuals who have never smoked13. These conditions can make
it difficult to diagnose periodontal disease in smokers. Moreover,
some studies have not found reduced gingival blood flow in
smokers14,15. Thus, the literature is not consistent with regard to
whether smokers and never-smokers differ in terms of their gingival
bleeding parameters. The aim of this study was to correlate the
visible plaque index (VPI) and BOP with GBI in smokers and in
never-smokers.

MATERIAL AND METHOD
Study Population
This study refers to the baseline examination of patients
participating in a quasi-experimental study16. The sample consisted
of individuals diagnosed with chronic periodontitis17 who requested
treatment at the Dentistry Course of the Federal University of Santa
Maria (UFSM) in southern Brazil between September 2010 and
October 2011. Eligible individuals had at least 12 teeth in their
mouth and a probing pocket depth (PPD) of 5 mm or more in at
least four teeth, with no indication of extraction or periodontalendodontic lesions, and had no contraindications to dental treatment.
Individuals reported either a minimal consumption of 10 cigarettes
per day for the past 6 months (smoker/test group) or a history of
never smoking (never-smoker/control group). Individuals with any
of the following conditions were excluded: 1) a history of diabetes
or hormone replacement therapy, 2) pregnancy, 3) regular use of
antibiotics or anti-inflammatory drugs in the past 6 and 3 months,
respectively, 4) use of medications that cause increased gingival
volume, and 5) any periodontal treatment in the last 12 months.

Ethical Considerations
Eligible subjects were informed about the purpose of the study
and were invited to participate. All included patients agreed to
participate and signed an informed consent form. This study was
conducted in accordance with the Declaration of Helsinki and was
approved by the Research Ethics Committee of the UFSM.

Evaluation Methods and Reproducibility
Participants were interviewed to obtain demographic,
socioeconomic, behavioral, and medical data. Two calibrated and
trained examiners collected clinical parameters, including the VPI,
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GBI, PPD, plaque retentive factors (PRFs), and clinical attachment
level (CAL), at six sites per tooth (distobuccal, buccal, mesiobuccal,
mesiolingual, lingual, and distolingual). Clinical parameters were
not measured on the third molars, teeth indicated for extraction,
or teeth with periodontal-endodontic lesions. BOP results were
categorized as BOP1 (small point bleeding), BOP2 (blood flowing
through the groove area), and total BOP (BOP1 + BOP2)9. All
tests were performed with a manual periodontal probe (CP 15
UNC, Neumar, Brazil) at a dental unit in the Periodontics Clinic
of the UFSM.
Examiners were trained to perform all clinical examinations
and calibrated for PPD and CAL. Weighted Kappa coefficients
(± 1 mm) for examiners 1 and 2 were 0.97 and 0.96, respectively,
for PPD and 0.88 and 0.70, respectively, for CAL. Interexaminer
values were 0.94 for PPD and 0.84 for CAL.

Measured Outcomes
The primary outcome was the correlation between the GBI
and VPI values. The correlation between the GBI and BOP was
considered the secondary outcome.

Statistical Analysis
Data were analyzed with the Statistical Package for Social
Sciences (SPSS for Windows, version 21.0, SPSS Inc., Chicago, IL,
USA). Means were obtained for all data. Standard deviations were
obtained for continuous variables and frequency distributions for
categorical variables. Pearson’s correlation coefficient (r) was used
to determine the correlations of GBI with BOP1, BOP2, and VPI
in the two groups. The significance level was 5%.

RESULT
The sample comprised 25 subjects, including 11 smokers and
14 never-smokers (Figure 1). The groups were similar with respect
to income, age, and gender (P > 0.05). The mean duration of the
smoking habit among smokers was 25 years, with an average
consumption of 20 cigarettes per day. Compared to never-smokers,
smokers had four times less bleeding in the gingival margin, despite
presenting twice as many PRFs and one-third more visible plaque.
Smokers showed almost twice as much suppuration on probing
and increased clinical attachment loss. There were no statistically
significant differences in PPD, total BOP, BOP1, or BOP2 between
the two groups (Table 1).
All observed correlations were positive (Table 2). The correlation
between VPI and GBI was moderate in smokers (r = 0.35) but
strong in never-smokers (P < 0.05). Correlations of GBI with BOP1
and BOP2 were moderate in smokers (both r = 0.35) and low in
never-smokers (r = 0.18 and r = 0.03, respectively).

DISCUSSION
Smokers presented a moderate correlation between VPI and GBI,
whereas a strong correlation was observed among never-smokers.
Thus, despite their higher rates of visible plaque, smokers had fewer
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Figure 1. Flowchart.
Table 1. Demographic, socioeconomic, behavioral and clinical variables of sample (%, mean ± standard deviation)
Variable

Never smokers

Smokers

P

N

14

11

Age (years)

47.64±10.81

47.00±7.81

0.87

Gender male (%)

35.70

36.40

0.97#

Income ≤ 3 standard salaries (%)

64.30

54.50

0.62#

Income > 3 standard salaries (%)

35.70

45.50

Cigarretes number for day

0±0

19.27±3.28

Years of smoking

0±0

25.68±9.52

Teeth number

25.35±2.97

21.09±5.14

0.02*

VPI

53.20±24.55

71.36±17.04

0.03*

GBI

32.64±15.27

8.50±5.95

0.00*

RPF

18.03±15.70

36.48±12.77

0.00*

PPD (mm)

3.26±0.44

3.46±0.47

0.25

PPD 1-3 mm

69.02±9.02

55.73±13.18

0.00*

PPD 4-6 mm

24.29±7.17

39.16±13.10

0.00*

PPD ≥7 mm

6.67±5.46

5.10±5.47

0.53*

CAL (mm)

2.95±1.01

4.94±1.53

0.00*

SP

9.18±4.88

17.11±11.87

0.13

BOP1

29.79±15.06

18.20±8.07

0.09

BOP2

41.10±16.08

48.27±22.60

0.50

Total BOP

70.89±13.00

66.48±19.02

0.49

# Chi-Square, * Statistically significant difference between groups (P < 0.05); VPI, Visible Plaque Index; GBI, Gingival Bleeding Index; RPF, Retentive Plaque Factors;
PPD, Probing Pocket Depth; CAL, Clinical Attachment Level; SP, Suppuration; BOP, Bleeding on Probing.
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Table 2. Correlations and r* values
Smokers

Never Smokers

VPI e GBI

(r=0.35)

(r=0.54)**

GBI e BOP1

(r=0.35)

(r=0.18)

GBI e BOP2

(r=0.35)

(r=0.03)

* Pearson Correlation Coefficient; ** Statistically significant difference (P < 0.05).

signs of marginal inflammation compared to individuals who had
never smoked. The higher correlations of GBI with BOP1 and
BOP2 in smokers compared to never-smokers may indicate that
the marginal bleeding in smokers is more reflective of subgingival
inflammation than it is in individuals who have never smoked.
Limitations of this study include the fact that the number of
cigarettes smoked and the duration of the smoking habit were
self-reported. Biochemical markers, such as cotinine, may be a
reliable alternative to determining tobacco use18. Furthermore,
it was not possible for the investigators to be blinded, due to the
presence of smoking-related features (e.g., halitosis and dental
staining) in patients.
Several studies have investigated the effect of smoking on the
suppression of inflammatory indicators, because the biological
mechanisms that lead to increased periodontitis in these patients
have not been well elucidated. Bergström et al.19 induced gingivitis
in dental students with similar plaque index values. The vascular
response was less pronounced in smokers when compared to those
who had never smoked. Photographic evaluation of the vascular
changes demonstrated that smoking led to a reduction in the
number of blood vessels. This finding can explain the masking of
inflammatory signs and, therefore, the reduction in the average GBI
in smokers. Dietrich et al.5 reported that smoking caused a strong,
chronic, and dose-dependent effect in the suppression of gingival
bleeding. In the present study, the moderate correlation between
VPI and GBI in smokers and strong correlation in never-smokers
corroborate the results of the aforementioned studies.
Smoking leads to an increase in the thickness of the gingival
epithelium by affecting the proliferation of cells in the basal layer

155

and the stratum corneum (keratin layer). This increased thickness
occurs regardless of periodontal status and can reduce the signs
of gingival inflammation during infection20,21. However, one
study demonstrated that although smoking has an effect on cell
proliferation, the increased epithelial thickness is mostly associated
with the inflammatory condition of the periodontium22.
In this study, the correlation between GBI and BOP (1 and
2) was moderate in smokers and weak in patients who had never
smoked. Thus, unlike in the gingival margin, smoking does not
attenuate bleeding in the base of the periodontal pockets. This
result is in agreement with other studies23-25. in which smokers had
higher BOP values than never-smokers. Furthermore, the presence
of marginal gingival bleeding (GBI) in smokers may suggest that
the inflammatory infiltrate is associated with deeper regions of the
periodontal pockets. Therefore, the likelihood of inflammation in the
base of the periodontal pockets is increased relative to individuals
who have never smoked.
Accordingly, more attention should be given to marginal
bleeding in smokers. This condition may suggest the presence
of subgingival infection, because the suppressed inflammatory
response only seems to occur at the gingival margin and not in
the base of the periodontal pockets. Overall, the GBI does not
appear to be an accurate clinical marker for detecting gingivitis and
monitoring oral hygiene habits in smokers. In these individuals,
an assessment of the gingival margin condition must include the
VPI, obtained at different times, to determine the patient’s true
oral hygiene condition.

CONCLUSION
Compared to individuals who have never smoked, smokers
present a lower correlation between VPI and GBI, resulting in
less pronounced gingival margin bleeding. Therefore, gingivitis
must be carefully diagnosed in these patients. When present in
smokers, marginal gingival bleeding may represent a subgingival
infection, as indicated by the greater correlation between GBI and
BOP (1 and 2) compared to never-smokers.
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