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Abstract

Background: Tobacco smoking is regarded as one of the most significant risk factors for the development and progression of
periodontal disease. In particular, studies have shown an alteration in Gingival Crevicular Fluid (GCF) volume and its components
in smokers.

Objective: The purpose of this study was to compare the GCF volume in smoking and non-smoking Saudi subjects with chronic
periodontitis.

Methods: In this study, 30 smoking patients and 30 non-smoking patients with chronic periodontitis were enrolled. Periodontal
Probing Depth (PPD), Clinical Attachment Level (CAL), Plaque Index (PI), and Bleeding on Probing (BOP) were measured to
assess the pattern of periodontal destruction for each patient at six sites in selected teeth. Gingival inflammation was registered
at six sites, where Gingival Crevicular Fluid (GCF) was also collected. The GCF volume was measured with a Periotron 8000°.
Comparisons were made between smoking and non-smoking groups with periodontitis.

Results: Smokers demonstrated significantly deeper periodontal pockets (4.64 + 0.30 mm) than non-smokers (4.24 = 0.38 mm).
Smoking subjects also presented significantly greater attachment loss (3.08 + 0.28 mm) than non-smoking subjects (2.74 £+ 0.42
mm), whereas the GCF volume was found to be significantly lower in smokers (0.25 + 0.04 pl) than in non-smokers (0.31 = 0.05
ul) (P<0.01). Among smoking subjects, lingual sites showed reduced GCF levels compared to facial sites (0.22 = 0.03 pl vs. 0.25
+0.03 ul).

Conclusion: Smoking appears to have considerable adverse effects on the inflammatory process, thereby promoting the progression
of periodontal disease in smokers.

Clinical Significance: The adverse effect of smoking on the initiation and progression of periodontal disease is highlighted in
this study. In particular, estimation of the GCF volume may serve as an indicator to assess the severity as well as the prognosis of
periodontitis in smokers.
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Introduction

Tobacco smoking is an important risk factor responsible for
the loss of attachment and destruction of alveolar bone in
patients with periodontitis [1]. Epidemiological studies on
the relationship between tobacco use and periodontal diseases
have consistently shown that cigarette smokers are two to
six times more likely to develop severe periodontitis than
non-smokers [2-4]. In addition, smoking was found to be a
significant predictor of further attachment loss and bone loss
in smoking patients with periodontitis when compared to non-
smokers [5-8].

It is also known that smoking alters the host response,
including changes in vascular function, neutrophil/monocyte
activities, adhesion molecule expression, antibody production,
and release of cytokine and inflammatory mediators [9-16].
Furthermore, smoking can mask the early signs of periodontal
disease by suppressing the inflammatory response, which can
result in diagnostic problems, especially in young patients
with early periodontitis [17,18].

The precise mechanism by which tobacco smoking
influences the periodontal tissues remains unclear. However,
plausible biological mechanisms of the effects of smoking
on the periodontium have been proposed with supportive
evidence. For example, tobacco components can stimulate
the production of proinflammatory cytokines, such as
interleukin (IL)-1, IL-6, IL-8, tumor necrosis factor-a, as well

as transforming growth factor-f, thereby promoting increased
bone resorption and tissue destruction [16,19,20].

Gingival Crevicular Fluid (GCF) is found in the sulcus
or periodontal pocket between the surface of the tooth and
the gingival epithelium. In healthy gingiva, small amounts
of this fluid represent the transudate of gingival tissues.
However, during the course of periodontal disease, this
fluid is transformed into an inflammatory exudate [21]. GCF
contains a complex mixture of substances derived from
serum, leukocytes, periodontal cells and oral bacteria. The
host-derived substances present in GCF include antibodies,
cytokines, enzymes and tissue degradation products [22].

The volume of GCF has been shown to be associated with
the status of periodontal disease and is an indicator of gingival
inflammation [23,24]. In particular, the flow rate of GCF
can increase up to 30-fold at sites of periodontitis compared
to the healthy sulcus [24]. Holmes [25] studied crevicular
fluid flow in smokers in areas of the oral cavity exposed to
smoke (maxillary palatal) as well as areas less exposed to
smoke (maxillary buccal). The results indicated that smokers
had significantly less crevicular fluid flow than non-smokers.
Interestingly, the exposed lingual areas of smokers showed
no significant difference from the less exposed buccal areas,
which suggests that the effect of nicotine may not be local; or,
if this effect is local, it may be modified and distributed by the
saliva [26,27].

Nicotine can cause vasoconstriction in peripheral blood
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vessels and thus may reduce the clinical signs of gingivitis
[28]. Evidence for this reduction in clinical disease expression
comes from various sources, including the study of Bergstrom
[18], which compared the compliance of smokers to that
of non-smokers in an oral hygiene intervention program.
However, traditional clinical parameters, such as probing
pocket depth, bleeding on probing, and clinical attachment
loss, which are commonly used for periodontal diagnosis, are
often of only limited usefulness because they are indicators
of previous periodontal disease rather than current disease
activity. Thus, a more accurate assessment of disease activity
may assist with early intervention in patients with this disease.
In the present study, the estimation of GCF volume and
evaluation of clinical periodontal disease parameters were
performed in smokers and non-smokers with periodontitis.
The GCF volumes at facial and lingual surfaces of smokers
with periodontitis were also compared.

Materials and Methods

Study population

A total of 30 smoking (Group-1) and 30 non-smoking
(Group-2) male subjects with periodontitis (age 20-35 years)
were enrolled in this study. These subjects were selected from
patients attending the outpatient clinics of the College of
Dentistry. Approval from the ethics committee was obtained
from the College of Dentistry Research Center (CDRC), King
Saud University, Riyadh, Saudi Arabia.

Only patients with a periodontal probing depth > 4
mm and clinical attachment loss > 2 mm in at least 30% of
teeth were included in the present study [10]. Periodontal
diagnosis was assessed according to the classification of the
American Academy of Periodontology [29]. Smoking status
was determined based on daily consumption, with smoking
patients identified as those who smoked a minimum of 20
cigarettes per day for at least two years [30]. The following
criteria were also used to exclude subjects from the study:
(1) the presence of any chronic medical condition, including
diabetes and viral, fungal or bacterial infections; (2) aggressive
periodontitis, periodontal abscess, or necrotizing ulcerative
gingivitis or periodontitis; and (3) periodontal treatment or
use of antibiotics within the preceding three months.

Clinical periodontal examination

The medical history of each patient was recorded using a
written questionnaire and an interview lasting 20 to 30 min.
For each patient, complete examination and recording of the
intraoral clinical parameters was performed. One clinical
examiner performed all the clinical measurements. Calibration
exercises for probing measurements were performed in five
patients before the actual study. Intra-examiner agreement
was good, with a k value of 0.82. Periodontal Probing Depth
(PPD), Clinical Attachment Level (CAL), Plaque Index
(PI), and Bleeding on Probing (BOP) were measured using
the Williams periodontal probe at the mesio-buccal, mid-
buccal, disto-buccal, mesio-lingual, mid-lingual and disto-
lingual surfaces of each tooth. Smoking history was assessed
according to a standardized interview and self-reported
questionnaire.

The plaque score percentage was calculated after applying
a disclosing agent (Displaque®, Pace-maker Corporation,
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Oregon, USA) by the method of O’Leary et al. [31]. After
rinsing the oral cavity the mesial, distal, buccal and lingual
surface were examined for the staining. The presence of
plaque was marked and the surfaces which do not have
soft accumulations at the dentogingival junction were not
recorded. After all teeth were examined and scored, the index
was calculated by dividing the number of plaque containing
surfaces by the total number of available surfaces.

The bleeding on probing was assessed using the Gingival
Bleeding Index (GBI) performed through gentle probing of
the orifice of the gingival crevice [32]. If bleeding occurs
within 10 seconds, a positive finding was established and the
number of positive sites was recorded and then expressed as
the percentage of the number of sites examined.

Gingival Crevicular Fluid (GCF)
After careful removal of all supragingival plaque, teeth
were washed with water spray, isolated with cotton rolls
and gently dried for 30 seconds. Paper strips (Periopaper,
Ora Flow Inc., Amityville, NY, USA) were gently
inserted until slight resistance was felt, and the strip
was kept in the selected site for 30 seconds [33]. GCF
volume was measured using a calibrated Periotron 8000
(OraFlow, PlainView, New York, USA) according to the
manufacturer’s instructions. Paper strips with traces of
blood were discarded. Eight teeth (#16, 11, 24, 26, 36, 32,
44 and 46) were examined at 6 sites [34]. The filter paper strip
was immediately placed between the recording sensors, such
that the entire moistened area of the filter strip was in con-
tact with the sensors. With the switch on the no-hold mode,
the highest numerical readings were recorded. Raw Periotron
scores were converted to GCF volume measurements in
microliters [33].
Data analysis
Statistical analysis of the data was performed using GraphPad
InStat® software (GraphPad Software, San Diego California
USA, www.graphpad.com). Mean and standard deviation
scores were calculated for age, plaque index (PI), Bleeding on
Probing (BOP), Periodontal Probing Depth (PPD), Clinical
Attachment Level (CAL), and GCF volume. Comparisons
were made between smoking and non-smoking groups using
the unpaired‘s’ test. The mean differences in GCF volume
between lingual and facial sites among smokers were analyzed
using paired‘s’ test.

Results

This study was conducted to estimate the Gingival Crevicular
Fluid (GCF) volume among smoking and non-smoking
subjects with chronic periodontitis. The mean age of the
smoker group and non-smoker group was 27.90 + 3.22 years
and 27.33 + 3.84 years, respectively. Clinical parameters such
as the plaque index, bleeding on probing, periodontal probing
depth and clinical attachment level were assessed for both
smokers and non-smokers, and the results are presented in
Table 1 (PI-Plaque Index, BOP-Bleeding on Probing, PPD-
Probing Pocket Depth and CAL-Clinical Attachment Loss).

Smokers demonstrated significantly higher plaque index
levels compared to non-smokers (74.90 £ 9.89% and 67.63
+ 15.48%, respectively) (p<0.05) (Table I). Bleeding on



Table 1. Characteristics of the study population, including age, Plaque Index (Pl), Bleeding on Probing (BOP), Probing Pocket Depth (PPD) and
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Clinical Attachment Loss (CAL), in smokers and non-smokers.

Age (years) PI (%) BOP (%) PPD (mm) CAL (mm)
Groups (n=30) Mean = SD Mean £+ SD Mean = SD Mean = SD Mean £+ SD
(min-max) (min-max) (min-max) (min-max) (min-max)

Smokers with 27.90+3.22 74.90 £ 9.89* 60.20 + 17.14%* 4.64 £ 0.30%** 3.08 £0.28***
Periodontitis (20-35) (47-94) (31-91) (4.13-5.50) (2.63-3.85)
Non-smokers with 2733 +3.84 67.63 +£15.48 72.43 +£15.49 4.24+0.38 2.74 +£0.42
Periodontitis (20-37) (38-92) (43-97) (3.41-5.16) (1.91-3.66)

"p<0.05 , "p<0.01, ""p <0.001 , SD- Standard Deviation , min-Minimum, max- Maximum

probing was lower in smokers (60.20 + 17.14%) than non-
smoker patients (72.43 + 15.49%), and this difference was
statistically significant (p<0.01).

The periodontal probing depth and clinical attachment
levels were measured at six sites, and the mean values
were calculated for each subject in the smoker and non-
smoker groups (7able I). The mean periodontal probing
depth for smokers was 4.64 + 0.30 mm, whereas this value
was significantly lower for non-smokers (4.24 + 0.38 mm;
p <0.001). In addition, the clinical attachment loss was
significantly higher (p<0.001) among smokers (3.08 + 0.28
mm) compared to non-smokers (2.74 + 0.42 mm).

The mean GCF volume was 0.25 £ 0.04 pl in smokers and
0.31 £ 0.05 pl in non-smokers (Figure 1), and this difference
was statistically significant (p<0.001). Among smoking
subjects, lingual sites demonstrated a relatively lower GCF
volume (0.22 £+ 0.03 ul) compared to facial sites (0.25 £+ 0.03
ul), although this difference was not statistically significant.

Discussion

Smoking is one of the major risk factors for periodontal
disease [35]. Earlier studies have shown the adverse effects of
smoking on the periodontium [15,26,36]. Out of the various
components of tobacco smoke, nicotine act on the periodontal
tissues causing destruction of the supporting tissues [5,37].
Smokers have decreased blood flow to the tissues of
periodontium, which may manifest clinically as reduced
bleeding on probing [38].

The present study was performed in smokers and non-
smokers with periodontitis to assess differences in periodontal
destruction and the gingival crevicular fluid volume. Smokers
had significantly low GCF volume compared to non-smokers.
The periodontal probing depth and attachment loss were
higher in smokers compared to non-smokers, which is in
agreement with earlier studies [2,4,5,26,35,37,39]. Machuca
et al. [40] evaluated the relationship between periodontal
disease and smoking and found a positive correlation with
greater probing depth and attachment loss in smokers.
Clinical studies have also reported that cigarette smokers with
periodontitis have relatively increased periodontal destruction
in the maxilla, especially at the palatal region [36,41]. Preber
[3] suggested that physical exposure to cigarette smoke at the
palatal maxillary surfaces leads to a significant difference in
periodontal destruction. Van der Weijden et al. [39] reported
a possible local effect of smoking on the palatal surfaces
of the maxillary teeth. Haffajee [37] have also reported the

471

differences in pocket depth and attachment level in the palatal
area of smokers.

Gingival crevicular fluid nicotine concentrations can be
up to nearly 300 times than that of plasma concentrations
in smokers [42]. Nicotine binds to root surface in smokers
and in vitro studies show that it can be stored and released
from periodontal fibroblasts. Nicotine may inhibit fibroblast
attachment and integrin expression, fibronectin and collagen
production and increase fibroblast collagenase activity [43].

The volume of GCF was also lower in smokers, suggesting
a suppression of the normal inflammatory response to
plaque, which is in agreement with previous studies [3,27].
Bergstrom [3] reported a diminished GCF flow in chronic
smokers, while McLaughlin and colleagues [44] reported that
cigarette smoking may cause an immediate increase in GCF
flow. These apparently contradictory findings may be related
to the acute and chronic effects of smoking on blood flow and
the inflammatory response [27]. Holmes [25] demonstrated
a reduction in GCF flow in smokers with clinically healthy
gingival tissues compared to matched non-smokers, and
this study also compared GCF flow in smokers in the areas
physically exposed to smoke (maxillary palatal) as well as
areas not physically exposed to smoke (maxillary buccal).
The results indicated that smokers had significantly lower
GCF flow than non-smokers. However, the exposed lingual
areas of smokers showed no significant difference compared
to the less exposed buccal areas. In the present study, we
also did not detect any significant changes in GCF volume
between the facial and lingual sites, which is in agreement
with previous observations (Figure 2) [25].

The results of the present study also suggest a possible
local effect of cigarette smoking in addition to the known
systemic effect. The decreased levels of GCF flow observed
in smokers may consequently affect the levels of antibodies
and other defense molecules present in the serum, which
could influence the host defense system [45]. In addition,
smoking may affect the vasculature, the humoral immune
system, the cellular and soluble inflammatory system, and
the cytokine and adhesion molecule network [10,15,16].
However, the relative importance of these smoking-related
alterations and their precise mode of action in increasing the
risk of periodontal disease remain to be elucidated.

Conclusion
The findings of the present study indicate that smoking appears
to have considerable adverse effects on the inflammatory
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Figure 1. The GCF volume in smokers and non-smokers with
periodontitis.

process, thereby promoting the progression of periodontal
disease. Further studies are needed to evaluate whether GCF
components may serve as indicators to monitor the effects of
smoking on the periodontium.
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