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The effect of smoking on bleeding on
probing after nonsurgical periodontal
therapy: a quasi-experimental study

Abstract: The objective of this study was to evaluate the effect of smok-
ing on response to nonsurgical periodontal therapy using the primary
outcome measure of bleeding on probing (BoP). An periodontist per-
formed periodontal therapy on 11 smokers and 14 never smokers with
periodontitis. Two examiners assessed visible plaque index, gingival
bleeding index, probing pocket depth (PPD), BoP, suppuration on prob-
ing and clinical attachment level (CAL), at baseline and three months af-
ter therapy. BoP was categorized as 0 (absent), 1 (small bleeding point)
and 2 (blood flow from the sulcus). Total BoP value was obtained by sum-
ming values of 1 and 2. All subjects had significant reductions in mean
PPD and percentages of sites with BoP, with no difference between the
groups. Only never smokers presented statistically significant CAL gain.
BoP was significantly and consistently reduced at sites with initial PPDs
of 1-3 mm and 4-6 mm in both groups. At sites with deep PPD (= 7mm),
never smokers showed a greater mean reduction in the number of sites
with BoP than did smokers (p < 0.05). Never smokers had significantly
greater reduction in BoP 2 than smokers, at sites with moderate and deep
baseline PPDs. The first group had a significant increase of BoP 1, at sites
with initial PPDs of 4-6 mm. Thus, periodontal therapy reduced BoP in
both groups. However, smoking could negatively affect the BoP reduc-
tion at deeper sites after nonsurgical periodontal therapy.

Keywords: Periodontitis; Wound Healing; Inflammation; Tobacco
Products; Tobacco Use.

Introduction

Smoking is a well-established risk factor for periodontitis."** It has
been associated with a two- to eight-fold increase in the risk of attachment
loss based on disease severity and history of smoking.**

Previous studies have found that changes in bleeding on probing
(BoP) were associated with a worse response to nonsurgical periodontal
therapy (NSPT) in smokers.®” A systematic review® examined the apparent
absence of differences in BoP between smokers and nonsmokers, but
no meta-analysis was performed due to heterogeneity among included
studies. Subsequent clinical trials have presented controversial results,%!
and observational studies have been inconclusive due to methodological
limitations.'*"® Thus, the response of smokers to periodontal therapy as
indicated by BoP has not been established.
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The main goals of periodontal treatment are
to maintain clinical attachment level (CAL) and
resolve inflammation." Periodontal inflammation
has typically been evaluated using BoP.">'® This
parameter is associated with the presence of biofilm
and subgingival calculus,"” and has been used to
indicate the need for subgingival intervention.’?

During periodontal maintenance, BoP and probing
pocket depth (PPD) are used as prognostic factors for
future periodontal disease activity.*” The absence of
BoP has been shown to be a good indicator of stable
CAL, and its presence has a moderate predictive value
for future attachment loss.?" Although one point with
minimal bleeding at one site does not have the same
clinical meaning as more intense bleeding, BoP is
considered to be the best parameter for predicting
attachment loss."

Despite the importance of BoP in the diagnosis of
periodontal inflammation, a limited number of studies
have evaluated the effect of smoking on the response
to NSPT using this parameter as a primary outcome
measure.? Thus, the objective of this study was to compare
responses to NSPT between smokers and those who
had never smoked (never smoker) using the primary
outcome measure of BoP. The primary hypothesis was
that smoking would have no effect on BoP.

Methodology
Study design and sample

This quasi-experimental study involved subjects
with periodontitis®? who sought treatment at the
dental school of the Universidade Federal de Santa Maria,
southern Brazil, between September 2010 and October
2011. Subjects were informed of the purpose of the
study and volunteers were interviewed regarding
their health and habits. Patients were also clinically
screened to determine their eligibility. Eligible subjects
provided written informed consent. This study was
performed in accordance with the Declaration of
Helsinki and was approved by the Ethics Committee
in Research of Universidade Federal de Santa Maria, RS,
Brazil (CAAE: 0325.0.243.000-10).

Eligible subjects had four teeth with CAL >5 mm,
PPD = 5 mm, and BoP at one or more sites. Third
molars, teeth indicated for extraction and those with
endo-periodontal lesions were not evaluated.
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The exclusion criteria were: pregnancy, diabetes
mellitus, use of anti-inflammatory or antibiotic agents
within the previous 6 months, periodontal therapy in
the last 12 months, or use of any medications associated
with gingival increase. Previous smokers and those
who smoked < 10 cigarettes/day were also excluded
from the study. Subjects were classified as smokers
(=10 cigarettes/day for > 6 months) or never smokers.

Sample size

The sample size was estimated by considering a
clinically significant difference of 20% in the average
percentage of sites with BoP between groups, with
a standard deviation of 16.7%."° By applying a type I
error of 0.05 and a power of 0.80, we determined that
11 patients per group were required. To compensate
for possible losses during the follow-up period,
15 patients were included in each group.

Evaluation

Demographic, socioeconomic, behavioral, and
medical data were collected by interview at baseline.
Smoking-related data were collected by self-reporting
and standardized interviews at baseline and 3 months
after final therapy. Pack/year values were determined
by multiplying the number of packs smoked per day
by the total number of smoking years.

Clinical parameters were assessed in the following
order: visible plaque index (VPI),? gingival bleeding
index (GBI),®? PPD, BoP, suppuration on probing (SP)
and CAL. Two examiners (TGM and ]B) evaluated
all parameters at baseline and 3 months after final
therapy at six sites (distobuccal, midbuccal, mesiobuccal,
mesiolingual, midlingual, and distolingual) per tooth
using a manual probe (CP 15 UNC; Neumar, Sao Paulo,
Brazil). BoP was evaluated 15 s after measuring PPD and
categorized as 0 (absent), 1 (small bleeding point), or 2
(blood flow from the sulcus); BoP values were modified
based on a previous study.** The total BoP value for each
patient was obtained by summing all values of 1 and
2. SP was categorized as present or absent.

Measurement reproducibility

The examiners were trained in the assessment of
VPI, GBI, and BoP. Intra- and interexaminer calibration
was performed for PPD and CAL using 10 patients by



duplicating periodontal examinations ata 1-week interval.
Reproducibility was tested using the weighted £ 1 mm
kappa test. Prior to initiating the study, kappa values
for examiners 1 and 2 were 0.97 and 0.96 (PPD), and 0.88
and 0.70 (CAL), respectively; interexaminer kappa values
were 094 (PPD) and 0.84 (CAL). During the study period,
kappa values for examiners 1 and 2 were 0.95 and 0.99
(PPD), and 093 and 091 (CAL), respectively; interexaminer
kappa values were 0.96 (PPD) and 0.86 (CAL).

Nonsurgical periodontal therapy

After baseline examination, an experienced
periodontist (RA) performed NSPT on all patients. This
treatment consisted of the removal of all biofilm-retentive
factors (supragingival calculus, carious tissue and sealing
cavities, excess dental restoration material, teeth requiring
extraction), oral hygiene instruction, and scaling and root
planing under local anesthesia. After therapy, the subjects
were evaluated every 2 weeks for biofilm control over a
3-month period. At each visit, the patients again received
oral hygiene instruction and professional removal of
supragingival biofilm. No subgingival intervention was
performed during this period.

Outcomes

BoP was the primary outcome. Secondary outcomes
were VPI, GBI, PPD, CAL, SP, and BoP values of 1 and 2.

Data analysis

The analysis was performed by protocol and included
only subjects who completed the study. Descriptive
analysis of clinical data was performed using averages,
standard deviations, and average percentages. PPD
was classified as shallow (1-3 mm), moderate (4-6
mm), or deep (=7 mm). Changes in BoP 1, BoP 2 and
total BoP values were analyzed according to baseline
PPD classifications. The normality of data distribution
was verified using the Shapiro-Wilk test. Intragroup
differences were examined using the paired #-test
(normal distribution) and Wilcoxon signed-ranks test.
Differences between groups were evaluated using the
independent t-test (normal distribution) and Mann-
Whitney test. Categorical variables were analyzed using
the chi-squared test. A P value < 0.05 was considered
statistically significant. All analyses were performed
using PASW Statistics 18 software (IBM, Chicago, USA).
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Results

Of 30 subjects initially included in the study, two
smokers declined participation and three subjects (two
smokers and one never smoker) were lost to follow up
(missed regular treatment appointments; Figure 1).
No significant difference in baseline clinical and
demographic characteristics was observed between
subjects who completed the study and those included
at baseline (data not shown).

Smokers had consumed a mean of 20 cigarettes (one
pack)/day over 25 years, and interviews conducted
3 months after final therapy revealed no change in
smoking status in either group. Smokers had more
visible biofilm than never smokers (p = 0.03). However,
GBI values were four times larger among never smokers
than among smokers (p = 0.00). No significant difference
in BoP or PPD was observed between groups. Smokers
had a greater prevalence of SP and a higher mean CAL
than never smokers (Tables 1 and 2).

A significant reduction in the number of sites
with visible plaque was observed during the study
period in both groups (p < 0.05). Smokers showed
no significant change in gingival bleeding during
the study. Smokers and never smokers showed

177 subjects assessed
for eligibility
147 excluded; Reason: Not
meeting eligibility criteria
30 patients included

15 patients
Smoker group

15 patients

Never smoker group

Lost to follw-up:
- 2 regularly missed the
treatment appointments
- 2 declined to participate

Lost to follw-up:
- 1 regularly missed the
treatment appointments

11 patients
underwent analysis

14 patients
underwent analysis

Figure 1. Study flowchart.
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Table 1. Baseline demographical characteristics of the subjects that completed the study’s evaluations.

Never smokers (n=14)

Age (years)* 47.64+10.81
Gender male % (n) 35.70(5)

N (%) monthly income < 3 standard BrS 64.30(9)
N (%) monthly income > 3 standard BrS 35.70(5)
Cigarettes number /day* 0=+0
Duration of smoking (years)* 0=0
Pack/years*

Teeth number* 25.35+2.97

*Mean (£SD). Significant a=5%

Smokers (n=11) p value
47.00+7.81 0.87
36.40(4) 0.97
54.50(6) 0.62
45.50(5)
19.27+3.28 NA
25.68+9.52 NA
25.77+12.37 NA
21.09=5.14 0.02

SD, standard deviation; BrS, Brazilian salaries (about $1000); NA = not applicable

significant reductions in the percentages of sites with
PPDs of 4-6 mm and > 7 mm, as well as significant
increases in the percentages of sites with PPDs of
1-3 mm (all p < 0.05), with no difference between
groups detected. The percentages of sites with BoP
also decreased significantly in both groups, with no
difference between them. Only never smokers showed
a significant increase in CAL (p = 0.00; Table 2).
Table 3 shows changes in BoP according to PPD
categories. BoP was significantly and consistently
reduced at sites with initial PPDs of 1-3 mm and 4-6 mm
in both groups. However, at sites with deep PPD,
never smokers showed a greater mean reduction
in the number of sites with BoP than did smokers
(-5714 £51.35 vs. 7.57 £ 70.46; P < 0.05). The percentages
of sites classified as BoP 2 with moderate and deep
baseline PPDs were reduced to a greater degree among

never smokers than among smokers. The percentages
of sites classified as BoP 1 were reduced for initial PPDs
of 1-3 mm and increased for initial PPDs of 4-6 mm in
both groups. However, this difference was significant
only at sites with PPDs of 4-6 mm in never smokers.

Discussion

The results of this study show a significant
reduction in the mean percentage of sites with BoP
in smokers and never smokers after NSPT, with no
significant difference between groups. However,
when sites were analyzed according to baseline PPD,
the negative effect of smoking on BoP reduction at
sites with deep PPD became evident. Additionally,
smokers showed less reduction than never smokers in
the number of sites classified as BoP 2 with moderate
and deep PPDs.

Table 2. Mean (+ SD) periodontal parameters at baseline and 3 months post-therapy as well as mean changes (A).

Never smokers (n = 14) Smokers (n = 11)
Baseline 3 months A Baseline 3 months A

% sites VPI 53.20 £24.55 34.99+22.46 -18.20+£20.341* 71.36+17.04 28.53+14.92  -42.82+16.381*
% sites GBI 42.82+16.38t* 19.14+12.33 -13.50+13.03 t* 8.50+5.95 8.74+4.74 0.23 +£5.88%
PPD 3.26 +0.44 2.37+0.17 -0.88+0.37* 3.46 +0.47 2.69+0.33 -0.77+0.36 *
% sites PPD 1-3 mm  69.02 +9.02 89.66 +5.06 20.64 +7.85* 55.73+13.18 80.99 +5.06 2526 +£11.99*
% sites PPD 4-6 mm 2429+7.17 9.92+4.99 -14.36+7.99* 39.16+13.10 17.16+7.38 -22.00+11.8*
% sites PPD >7 mm 6.67 +5.46 0.40+0.72 -6.27 +£5.38* 5.10+5.47 1.84+2.62 -3.26 +3.39*
CAL 2.95 £ 1.01 2.53+0.97 0.41+0.31* 4.94+1.53 4.69+1.58 0.24 +£0.33

% sites SP 9.18+4.88 1.04+1.24 -8.13+£5.16* 17.11+£11.87 4.09+4.75 -13.02 £ 10.95*
% sites BoP 70.89£13.00 47.07£16.05  -23.79+12.93* 66.48 +£19.02 50.00 £ 18.91 -16.47 £ 15.25*
% sites BoP 1 29.79 +15.06 29.89+12.95 0.10+15.65 18.20+8.07 16.56 +4.79 -1.63+£9.64
% sites BoP 2 41.10+16.08 17.19+9.24 -23.90+£ 12.36* 48.27 +22.60 33.43+17.37 -14.84 + 18.40*

SD, standard deviation

*Statistical difference within groups (p < 0.05)
tStatistical difference between groups (p < 0.05)
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Table 3. Mean (+ SD) BoP values according to PPD categories at baseline and 3 months as well as BoP mean alterations (A).

Never smokers (n = 14)

Smokers (n = 11)

Baseline 3 months A Baseline 3 months A
BoP 1 (PPD 1-3 mm) 35.33+19.01 30.03 £ 14.39 -5.30+£20.08 22.09 +9.65 17.26 +4.83 -4.82+10.16
BoP 1 (PPD 4-6 mm) 13.70£10.96 28.15+18.80 14.44 +22.33* 11.14£11.44 13.50+9.02 2.36+14.62
BoP 1 (PPD > 7 mm) 0£0 0+0 0x0 1.13+£3.76 4.54+15.07 3.40+15.90
BoP 2 (PPD 1-3 mm) 27.31+18.86 14.18+9.84 -13.12+14.20* 34.40+19.98 28.65+17.51 -5.75+£12.91
BoP 2 (PPD 4-6 mm) 80.74+12.7 43.50+19.00 -37.24+£17.13*t 74.24+19.84 58.53+12.91 -15.71 £23.55¢
BoP 2 (PPD > 7 mm) 78.57 £42.58 21.42+4258 -57.14+£51.35%Ft 53.40+£51.26 57.57 +47.93 4.16+72.33%
BoP (PPD 1-3 mm) 62,65+17,08 44,22 +17,84 -18.43+£16.09* 56,49 +18,58 45,91 +£19,43 -10.58 £ 13.85*
BoP (PPD 4-6 mm) 94,44 +5,54 71,65+19,43 -22.79+17.21* 85,39+ 13,67 72,03+ 13,45 -13.35+15.62*
BoP (PPD > 7 mm) 78,57 £42,58 21,42 +42,58 -57.14+51.35*t 54,54+52,22 62,12 £ 49,49 7.57 £70.461

SD, standard deviation
*Statistical difference within groups (p < 0.05)
tStatistical difference between groups (p < 0.05)

The greater biofilm reduction observed after NSPT
in smokers than in never smokers may be due to
smokers” high mean baseline scores. The reduction
in gingivitis was greater among never smokers,
likely due to a low prevalence of GBI in smokers at
baseline. These findings are in agreement with those
of Dietrich et al.” who showed a high suppressive
effect of smoking on marginal gingival inflammatory
clinical expression.

The current study revealed no difference in PPD
reduction between smokers and never smokers; in
contrast, Darby ef al.’ and Preber and Bergstrom’
reported smaller reductions in PPD among smokers
than among nonsmokers. We also observed no
significant difference in CAL gain between groups,
in agreement with Labriola ef al.® and Wan et al."!
who observed no deleterious effect of smoking on
CAL gain. Suppuration is a clinical outcome that is
difficult to evaluate due to its low prevalence. The
mean number of sites with SP at baseline in smokers
was almost double that observed in never smokers,
which may indicate that smoking results in increased
suppuration. NSPT reduced SP significantly in both
groups, with no difference between them.

Labriola et al.® performed a systematic review to
evaluate the effect of smoking on BoP alterations
after NSPT. Most studies included in their review
found no difference in BoP between smokers and
nonsmokers; however, variability in methods used
to evaluate BoP prevented meta-analysis. Other
studies'" presented controversial findings or were
inconclusive due to methodological limitations.

Farina et al.* observed that the probability of a site
presenting BoP was associated with site-specific and
patient-related factors, with higher risk at deeper
sites and lower risk for smokers.

In the present study, no significant difference in total
BoP reduction was observed between smokers and never
smokers (A-1647 £15.25 vs. -23.79 £ 12.93) when bleeding
was evaluated for the dichotomy type. Nevertheless,
the negative effect of smoking was observed in deeper
pockets (A: 7.57 £ 7046 vs. -57.14 £ 51.35) when sites were
classified according to baseline PPD.

In the analysis of BoP using the categories of BoP
1 and 2, the negative effect of smoking was evident
in the reduction of the percentages of sites with BoP
2 in moderate and deep pockets. After treatment,
approximately 47% of sites in never smokers still
presented BoP (30% with BoP 1, 17% with BoP 2).
Although the percentage of sites with BoP was similar
(about 50%) among smokers and never smokers,
approximately 33% of sites in smokers presented BoP
2 and 17% presented BoP 1. Thus, at the end of the
study period, the majority of BoP in never smokers
was classified as BoP 1, whereas the majority of that
in smokers was classified as BoP 2. These findings
suggest that the inflammation is more severe and
difficult to rectify in smokers than in never smokers.
Intragroup analysis showed significant reductions in
BoP and BoP 2 in all PPD strata among never smokers,
but BoP reductions only at sites with shallow and
moderate PPDs among smokers. Thus, these findings
support the hypothesis that smoking has a deleterious
effect on the resolution of inflammation.®
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The significant increase in the percentage of sites
with moderate PPD classified as BoP 1 after therapy in
never smokers may be associated with a reduction in
inflammation or probing trauma. This hypothesis can
be corroborated by the findings that reduced BoP’ can
correspond to the smallest histological inflammation,”
and that nonsmokers may be susceptible to major
probe penetration in gingival connective tissue.?

Quasi-experimental studies are performed
when a randomized clinical trial is not possible
due to ethical or execution issues. However, these
studies require special attention to potentially
confounding variables that can affect results due to
the absence of randomization. In the present study,
the eligibility criteria ensured similarity between
groups in baseline parameters that could influence
the outcomes of PPD and BoP, and thus a comparable
need for periodontal treatment. The inclusion of
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