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INTRODUCTION

Diseases of the periodontium continue to be one of man’s 
most widespread afflictions. Dental plaque is the chief etio-
logical factor that explains the initiation and progression of 
gingival and periodontal disease.1 Despite plaque with patho-
genic bacteria being the main aetiology, tobacco smoking as-
sumes the role of a capable risk indicator contributing to the 
disease progression. Tobacco smoking greatly influences the 
structural and physical properties of the saliva. Also, salivary 
pH greatly influences the growth of oral microorganisms.2

Various studies on evaluation of salivary quantitation of pH 
in smokers3,4 and effect of smoking on periodontal tissues5,6 

have been extensively undertaken previously, but the clini-
cal periodontal parameters and salivary pH levels in smokers 
diagnosed with chronic periodontitis has been less studied. 
We aimed at evaluating the various clinical periodontal pa-
rameters and salivary pH in Indian smoker and non-smoker 
chronic periodontitis patients. 

MATERIALS AND METHODS

A sample size of 78 subjects in the age group between 25 years 
and 55 years of age were segregated into 3 groups based on 
the inclusion, exclusion criteria, smoking history and clinical 
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ABSTRACT
Introduction: Tobacco smoking has been known to assume the role of a robust risk factor for the progression of periodontal 
disease and salivary quantitation being an easily accessible tool can aid in assessing the diagnosis and prognosis of clinical 
parameters in smokers with chronic periodontitis. 
Objective: Our study aims at the assessment of salivary pH and clinical periodontal parameters in Indian smoker patients diag-
nosed with chronic periodontitis. 
Methods: In this study, 78 subjects between 25 years and 55 years of age were recorded. The habit history and clinical peri-
odontal indices were recorded and subjects were divided into three groups: Group 1: 26 healthy subjects; Group 2: 26 non-smok-
ers diagnosed with chronic periodontitis and Group 3: 26 smokers diagnosed with chronic periodontitis. The clinical periodontal 
indices recorded were Plaque index, Gingival Bleeding Index, Probing Pocket Depth (PPD) and Clinical Attachment Level (CAL). 
Salivary samples were collected and centrifuged and salivary pH is measured. 
Results: The results indicated that group 3 had statistically significant higher plaque score level, clinical attachment loss and 
probing pocket depth measurements than group 2 and group 1. Group 2 had a higher gingival bleeding score than group 1and 
group 3 and the mean difference is statistically significant. Smokers with periodontitis had a decreased salivary pH (acidic) when 
compared to non-smokers and healthy subjects. 
Conclusion: Cigarette smoking may be associated with a decrease in the salivary pH and variation of the various clinical peri-
odontal parameters. Salivary samples can be used for early diagnosis of the severity of periodontitis and thus aid ineffective 
treatment.
Key Words: Smoking, Periodontitis, Salivary pH, Clinical periodontal parameters, Probing pocket depth, Gingival Bleeding Index
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examination. A smoking history of 10 cigarettes per day for 
2 consecutive years would sample the subject into the smok-
ers’ group. Subjects with a history of any co-morbidities  
(Diabetes), chronic infections, or constant intake of any 
type of medication, any form of physical trauma in the last 
2 weeks, or those with less than 22 permanent teeth were 
excluded from the study. The study also excluded patients 
diagnosed with aggressive periodontitis, acute periodontal 
conditions and patients with a history of smoking before two 
years.

All patients were briefly informed about the procedure and 
informed consent was taken. An extensive medical and 
smoking history (consumption and duration) was assessed 
by a standardized interview. Clinical examination was car-
ried out utilizing the basic diagnostic instruments and Wil-
liam’s periodontal probe (Figure 1). The following clinical 
parameters were recorded: 1.Plaque index (Sillness and 
Loe 1964)7; 2. Gingival Bleeding Index (Ainamo and Bay 
1975)8,9; 3. Probing Pocket Depth (PPD)9; 4. Clinical Attach-
ment Level (CAL) (Ramfjord 1959).10

Figure 1: William’s probe used for measuring the clinical peri-
odontal parameters (Probing Pocket Depth being measured).

Smoking history and periodontal indices were taken into 
consideration to sort the subjects into three groups:- Group 
1:  included 26 systemically and periodontally healthy sub-
jects with no loss of Clinical Attachment level and little or 
no Bleeding on Probing and Probing Pocket Depth less than 
3mm; Group 2: Included 26 patients with no smoking history 
and clinically diagnosed as moderate to severe periodontitis 
(Clinical Attachment Loss more than 3 mm and Bleeding On 
Probing Probing Pocket Depth more than or equal to 5mm); 
Group 3: Included 26 patients with smoking history and clin-
ically diagnosed as moderate to severe periodontitis.

Collection of Saliva sample
The saliva samples were collected in the morning on 2 hours 
fasting to avoid any stimulation. The subjects were rest-
fully seated upright were and were instructed to flex their 
neck forward and gently spit out the saliva into the sterile 
test tube. The subjects were told not to spit forcibly to avoid 
blood contamination from an inflamed gingival tissue or an 
ulcerated lesion. About 5 ml of unstimulated saliva sample 
was collected and was centrifuged for 10 minutes at 3000 
rpm. 

Salivary pH estimation
A single electrode digital pH meter (ROYS instruments) was 
used to estimate the salivary pH levels. A pH tablet was then 
used for the calibration of the pH meter (pH 7 and pH 9.2). 
The procedure included immersing the single electrode in 
0.1 N hydrochloric acid for 6 hours, followed by double dis-
tilled water. Sterile filter papers were then used to dry the 
electrodes before using it on the sample.11 All the data were 
analyzed using a software program (SPSS 11). Analysis of 
variance (ANOVA) and Scheffe multiple comparison tests 
were applied to collate the periodontal parameters among the 
groups. 

RESULTS 

Plaque Scores
Mean plaque scores in all the three groups were analyzed 
(Table 1). One way ANOVA test revealed that all the three 
groups were statistically different (p < 0.001). Scheffe mul-
tiple comparison tests have been applied to find out which 
of the three groups are statistically different. The results 
indicate that group 3 had a higher plaque score level than 
group 2 and group 1and the mean difference was statistically 
significant (p < 0.001). Group 3 had slightly higher plaque 
score level than group 2 and the mean difference was statisti-
cally significant (p < 0.001). In group1, mean plaque score 
was found to be 0.039 with a standard deviation of 0.034. 
In group 2, mean plaque score was found to be 1.415 with 
a standard deviation of 0.441. In the group 3, mean plaque 
score was found to be 1.913 with a standard deviation 0.571. 
One way ANOVA test revealed that all the three groups were 
statistically different (P < 0.001).

Scheffe multiple comparison test has been applied to find 
out which of the three groups are statistically different. The 
results indicate that group 3 has a higher plaque score level 
than group 2 and group 1 and the mean difference is statis-
tically significant.(P < 0.001). Group 3 has slightly higher 
plaque score level than group 2 and the mean difference is 
statistically significant.( P < 0.001).
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Table 1: Mean and Standard Deviation of Plaque 
Scores and One-Way ANOVA Test Results Groupwise
Plaque Index 
(PI)

Mean Standard 
deviation

One- 
way 
ANOVA
F-ratio

p value

Group 1 (Healthy) 0.039 0.034

140.952 < 0.001*
Group 2
(Non-smokers)

1.415 0.441

Group 3
(Smokers)

1.913 0.571

Gingival bleeding scores
One way ANOVA test and Scheffe multiple comparison test 
of the gingival bleeding scores (Table 2) indicated that group 
2 had a higher gingival bleeding score than group 1 and 
group 3 and the mean difference was statistically significant 
(p < 0.001). However, Group 3 had slightly higher gingival 
bleeding score than group 1 and the mean difference was 
statistically insignificant (p =0.002).  In group 1, mean gin-
gival bleeding score was found to be 2.413% with a stand-
ard deviation of 1.773. In group 2, mean gingival bleeding 
score was found to be 89.093% with a standard deviation of 
12.892. In group 3, mean gingival bleeding score was found 
to be 18.518% with a standard deviation of 23.924. One way 
ANOVA test revealed that all the three groups were statisti-
cally different (P < 0.001). Scheffe multiple comparison test 
has been applied to find out which of the three groups are 
statistically different. The results indicated that group 2 has 
a higher gingival bleeding score than group 1 and group 3 
and the mean difference is statistically significant (P < 0.001) 
. Group 3 has slightly higher gingival bleeding score than 
group 1 and the mean difference is not statistically signifi-
cant (P =0.002)

Table 2: Mean and Standard Deviation of Gingival 
Bleeding Scores (%) and One-Way ANOVA Test Re-
sults Groupwise
Gingival bleed-
ing index

Arithme-
tic mean

Standard 
devia-
tion

One- 
way 

ANOVA 
F-ratio

p value

Group 1 (Healthy) 2.413 1.773

223.541 < 0.001*Group 2 (Non-
smokers)

89.093 12.892

Group 3
(Smokers)

18.518 23.924

Attachment Loss values
Clinical Attachment Loss values on analysis with one way 
ANOVA test indicated that group 3 had a higher Clinical 
Attachment Loss than group 1 and group 2 and the mean 
difference was statistically significant. Group 3 has slightly 

higher Clinical Attachment Loss than group 2 and the mean 
difference is not statistically significant (p=0.080). In Group 
1, the mean clinical attachment loss was found to be 0.00mm 
with a standard deviation of 0.00. In group 2, mean clinical 
attachment loss was found to be 5.593mm with a standard 
deviation of 1.070. In group 3, mean clinical attachment loss 
was found to be 6.078mm with a standard deviation of 0.783. 
One way ANOVA test revealed that all the three groups were 
statistically different (P < 0.001). 

Scheffe  multiple comparison test  has been applied to find 
out which of the three groups are statistically different. The 
results indicate that group 3 has a higher clinical attachment 
lossthan group 1 and group 2 and the mean difference is sta-
tistically significant (P <0.001). Group 3 has slightly higher 
clinical attachment lossthan group 2and the mean difference 
is not statistically significant (P=0.080).

Table 3: Mean and Standard Deviation of Clinical At-
tachmennt Loss scores (%) and One-Way ANOVA Test 
Results Groupwise
CAL Arithmetic 

mean
Standard 
deviation

One- 
way 
ANOVA
F-ratio

p value

Group 1 
(Healthy)

0.000 0.000

506.602 <0.001*Group 2
(Non-smokers)

5.593 1.070

Group 3
(Smokers)

6.078 0.783

Probing pocket depth 
The results of the probing pocket depth parameter indicat-
ed that group 3 had a higher Probing Pocket Depth than 
group 1 and group 2 and the mean difference was statisti-
cally significant (p < 0.001). Group 3 had slightly higher 
Probing Pocket Depth than group 2 and the mean differ-
ence is not statistically significant (p= 0.466). In Group 1, 
the probing pocket depth was found to be 1.894mm with a 
standard deviation of 0.349. In Group 2, the probing pocket 
depth was found to be 5.335mm with a standard deviation 
of 0.896. In Group 3, the probing pocket depth was found 
to be 5.572mm with a standard deviation of 0.703. One way 
ANOVA test revealed that all the three groups were statisti-
cally different (P < 0.001). 

Scheffe multiple comparison test has been applied to find out 
which of the three groups are statistically different. The re-
sults indicate that group 3 has a higher probing pocket depth-
than group 1 and group 2 and the mean difference is statis-
tically significant ( P< 0.001). Group 3 has slightly higher 
probing pocket depththan group 2 and the mean difference is 
not statistically significant (P= 0.466).
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Table 4: Mean and Standard Deviation of Probing Pock-
et Depth Scores (%) and One-Way ANOVA Test Results 
Groupwise
PPD Arithmetic 

mean
Standard 
deviation

One- 
way 
ANOVA
F-ratio

p value

Group 1
(Healthy)

1.894 0.349

233.108 < 0.001*Group 2
(Non-smokers)

5.335 0.896

Group 3
(Smokers)

5.572 0.703

Salivary pH
Group 1 had a higher salivary pH than group 2 and group 
3 and the mean difference was statistically significant (p < 
0.001). Group 2 had slightly higher salivary pH than group 
3 and the mean difference was insignificant (p= 0.233). In 
Group 1, the mean salivary pH was found to be 6.962 with 
a standard deviation of 0.397. In Group 2, the mean salivary 
pH was found to be 6.254 with a standard deviation of 0.441. 
In Group 3, the mean salivary pH was found to be 6.602 
with a standard deviation of 0.365. One way ANOVA test 
revealed that all the three groups were statistically different 
(P < 0.001).  Scheffe multiple comparison test has been ap-
plied to find out which of the three groups are statistically 
different. The results indicate that group 1 has a higher sali-
vary pH than group 2 and group 3 and the mean difference 
is statistically significant (P < 0.001). Group 2 has slightly 
higher salivary pH than group 3 and the mean difference is 
not statistically significant (P= 0.233).

Table 5: Mean and Standard Deviation of salivary pH 
and One-Way ANOVA Test Results Groupwise
Salivary pH Arithmetic 

mean
Standard 
deviation

One- 
way 
ANOVA
F-ratio

p value

Group 1
(Healthy)

6.962 0.397

36.119 < 0.001*Group 2
(Non-smokers)

6.254. 0.441

Group 3
(Smokers)

6.062 0.365

DISCUSSION

Our study thus reveals that smokers had greater plaque ac-
cumulation than non-smokers and healthy subjects. This is 
in conformance with the studies done by Baumert et al.12 and 
Zuabi et al.13 where they observed that mean plaque scores 
were greater in smoking patients and that oral hygiene status 
was poorer in smokers compared to non-smokers. However, 

certain studies are showing an antithetical relationship be-
tween smoking and plaque accumulation. Studies done by 
Apatzidou et al.14 did not find statistically different plaque 
index among smokers compared with non-smokers.  

Despite the significant increase in plaque scores among 
smokers compared to the non-smoking patients, the gingival 
bleeding was to be lesser in chronic periodontitis patients 
with smoking history and almost in par with the healthy sub-
jects. This may be attributed to nicotine levels in cigarette 
smokers which is known to have vasoconstrictive effects. 
The thicker keratinization of the gingival mucosa may also 
account for the decrease in bleeding on probing in smokers.15

The significantly higher measures of Clinical Attachment 
Loss and Probing Pocket Depth in smokers despite the not 
so significant differences in plaque accumulation and gingi-
val inflammation indicates a rise in progression and severity 
of destructive disease among smoking individuals diagnosed 
with chronic periodontitis.16 Normal pH of saliva ranges 
from 6.2 to 7.6 (average- 6.7). It is the salivary components 
that enable the maintenance of a neutral environment in the 
mouth essentially by the salivary flow and by the buffering 
components of saliva.Salivary diagnostics have been gaining 
increasing attention in recent times.17

A periodontally sound oral cavity and healthy dentition with-
out dental caries usually present with a neutral ph of 7.0. If 
the saliva pH drops below 7.0 usually, an acidic oral envi-
ronment prevails in the oral cavity, making it more prone to 
halitosis and chronic periodontitis. A less prevalent condition 
is a salivary pH greater than 7.0 that can also bring about the 
anaerobic micro-environment thus attributing to the disease 
severity.

Baliga et al. (2013)18 in a study comparing the salivary pH 
in healthy subjects, chronic gingivitis and chronic general-
ized periodontitis patients concluded that chronic general-
ized periodontitis patients had a lower salivary pH compared 
to the controls. Various studies with a few exceptions have 
also shown that most of the subgingival pathogens causing 
chronic periodontitis may be responsible for the acidic envi-
ronment which further favours its growth. In some studies, 
it has been reported that smoking increases salivary flow in 
the short term and over time this lead to decreased salivary 
flow and an acidic pH and lower buffer capacity19. The out-
comes of our study were found to coincide with the above 
study wherein smokers with periodontitis, the salivary pH 
was more acidic (pH - 6.062) compared to non-smokers (pH 
6.254) with periodontitis and healthy subjects (pH 6.962).

CONCLUSION 

Within the limits of our study, we find that salivary sam-
ple has the ease of being collected non-invasively and the 
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salivary pH when correlated with the clinical periodontal pa-
rameters in both smoker and non-smokers with chronic peri-
odontitis, plays an imperative role in predicting the severity 
of the periodontal disease.
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