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ABSTRACT 
 

The aim of the present study was to clinically, microbiologically and biochemically evaluate the periodontal 
health of children exposed to environmental tobacco smoking (ETS). Subjects and Methods: The study included 
eighty children 8-12 years old. They were divided into two groups. Group (A) included 40 children who were 
exposed to passive tobacco smoke (PTS-exposed) and group (B) which included 40 children who were the 
unexposed controls (PTS-unexposed). Plaque index (PI), gingival index (GI), and gingival bleeding on probing 
(BOP), pocket depth (PD) and clinical attachment level (CAL) were measured. Gingival crevicular fluid (GCF) 
and saliva samples were collected to evaluate the level of cotinine using ELISA technique. For cultivation and 
detection of the count of anaerobic microorganisms GCF samples were also taken. The results revealed that 
there was no significant difference in PI, GI, BOP, and PD between the exposed and the unexposed groups. 
CAL recorded in the PTS-exposed groups was significantly higher than that recorded in the unexposed controls. 
The mean total aerobes and facultative anaerobes count was significantly less in the passive smokers group. 
However, no strict anaerobes were found in the samples of all children. Although the level of cotinine in the 
GCF was below the detection limit, the mean salivary cotinine level in the PTS- exposed group was 
significantly higher than that of the unexposed controls. It can be concluded that ETS exposure has an impact on 
the periodontal health of the selected children. 
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Introduction 

 
Periodontal diseases are infectious diseases caused by a group of predominantly anaerobic Gram-negative 

bacteria. However, a susceptible host is essential and host factors are determinative with respect to occurrence 
of periodontitis (Madianos et al., 2005). 

Smoking is generally accepted as a major preventable risk factor in the incidence and progression of 
periodontal disease which is a leading cause of tooth loss in humans (Erdemir et al., 2010). Various factors 
contribute to the deleterious periodontal effects caused by smoking, including alteration of both microbial and 
host response factors (Johnson and Hill 2004).  

Disease risks due to inhalation of tobacco smoke are not limited to smokers, but extend to non-smokers who 
inhale environmental tobacco smoke (ETS) at home, work or in public places (Matt et al., 2011).  

Passive smoking has been associated with a number of negative health outcomes in both adults and 
children. ETS places children at increased risk for acute respiratory infections, exacerbation of asthma, and 
sudden infant death syndrome. Serious impacts of ETS on children include both the induction of bronchitis, 
pneumonia, middle ear infection, chronic respiratory symptoms, and low birth weight. Children indirectly 
exposed to cigarette smoke have also increased colonization rate by various pathogens. On the other hand 
exposure of adults to ETS causes coronary heart disease and lung cancer (Hall et al., 2009, Brook 2010 and 
Matt et al., 2011).  

Children who are disturbed by ETS may not always complain, they may be ignored or reprimanded when 
they express their complaint. 
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Therefore, children are more likely to suffer from the impact of ETS exposure on health, compared to adults 
(Boyaci et al., 2006).  

Arbes et al., 2001 reported that among adults who had never smoked cigarettes, the adjusted odds of having 
periodontal disease were 1.6 times greater for persons exposed to passive smoking than for persons not exposed 
based on evaluation of self reported ETS exposure following adjustment of other lifestyle factors such as age, 
sex, alcohol consumption and body mass index (BMI). These results suggest the presence of a harmful effect in 
connection with passive smoking in respect to periodontal disease. 

Although self-reported smoking is the most widely used strategy to classify smokers and non-smokers, 
quantification of the exposure to smoking based on self reports may at times be unreliable. A number of 
biochemical markers have been used to validate claims of non-smoking, including measures based on 
thiocyanate, nicotine, cotinine and carbon monoxide. Levels of thiocyanate and carbon monoxide are easier to 
determine but may be elevated through exposures unrelated to smoking such as traffic emissions (Erdemir et al., 
2010). 

Cotinine, a major metabolite of nicotine, is the most commonly used biochemical marker of exposure to 
tobacco smoke in both active smokers and nonsmokers due to its high specificity for tobacco. Cotinine has a 
relatively long half-life of 17 hr and can be measured by sampling serum, saliva, urine, or hair. Due to the 
noninvasive method of saliva collection, many studies conducted in field settings have used salivary cotinine as 
an ETS exposure assessment tool (Nishida et al., 2006 and Hall et al., 2009).  

Various reports have documented an association between cotinine level in serum and saliva and periodontal 
parameters such as probing depth (PD) and clinical attachment loss (Yamamoto et al., 2005). Only few studies 
have focused on the effect of passive smoking on the periodontal tissues especially in children. The aim of the 
present study was to determine the cotinine levels in saliva and gingival crevicular fluid (GCF) of children in 
families with and without smoking members. The effect on the count of anaerobic micro-organisms (strict and 
facultative) found in the gingival crevice of children exposed to ETS was also studied. Possibility of linking the 
clinical periodontal condition in children with the exposure to environmental tobacco smoke was the aim of the 
present study.  
 
Materials and Methods 

 
The study protocol was approved by the Ethical Committee of the National Research Center, Cairo, Egypt. 

The study population was a convenience sample consisting of 80 children in the age range 8–12 years. The 
study sample was selected from children completed the dental treatment at the Department of Pediatric Dentistry 
at the Faculty of Oral and Dental Medicine, Cairo University. Children free from any systemic disease, 
periodontal disease and caries were included in the study. Children older than 12 years were excluded in order to 
reduce possible confounding from early active smoking. Children who had used anti-inflammatory or anti-
microbial drugs within the previous month were not allowed to participate in this study. All the parents of the 
children included in the study were fully informed about the nature of the study and signed a written consent 
allowing the participation of their children in the study. A detailed questionnaire regarding the smoking habits of 
family members was administered to all parents. Smokers were asked about the number of cigarettes smoked 
per day, and whether or not they smoke while at home. Specifically, they were asked whether they smoke in the 
presence of their children. The questionnaire also included questions about family income and education. 
Children whose parent(s) regularly and daily smoke at home were classified as exposed to passive tobacco 
smoking (PTS-exposed; n=40) and considered as the study group (Group A). Meanwhile children whose 
parent(s) never smoked at home or any other place (Group B) were classified as the unexposed controls (PTS-
unexposed; n=40). 

Each group was further divided into subgroups according to age in order to evaluate the dose and duration 
of exposure. Group (A-I) included children with age range between 8-10 years which were exposed to ETS. 
While group (A-II) included children with an age range 10-12 years which were also exposed to ETS. Similarly, 
group (B-I) included children with their age between 8-10 years which were not exposed to ETS. Group (B-II) 
included children with an age range 10-12 years old who were also not exposed to ETS. All the children were 
further divided according to the number of cigarettes consumed by their parent(s) into 3 groups: the unexposed 
controls, the children whose parent(s) smoked 20 cigarettes or less and those parent(s) who smoked more than 
20 cigarettes per day. 
 
Clinical recordings: 

 
Supragingival plaque was scored using the plaque index (PI) according to Silness & Loe 1964) before 

starting the initial therapy gingival inflammation was evaluated following the collection of crevicular fluid using 
the gingival index (GI) according to Loe & Silness 1963. Gingival bleeding on probing (BOP) was 
dichotomously assessed also before the initial therapy according to Ainamo & Bay 1975. 
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The children were subjected to a thorough scaling; they were instructed to perform a proper oral hygiene 
regime for a period of one week following Kumar et al., 2011. Then after one week (baseline) they were 
recalled and the previously mentioned clinical periodontal parameters were recorded again for each child. 
Probing pocket depth (PD) and clinical attachment level (CAL) were measured in millimeters (mm) at six sites 
per tooth (mesiobuccal, distobuccal, midbuccal, mesiolingual/palatal, distolingual/palatal, and 
midlingual/palatal) for four fully erupted permanent teeth using graduated William's periodontal probe (Hu–
Friedy, Chicago, IL, USA) was recorded from the gingival margin to the bottom of the gingival sulcus. 
Meanwhile. CAL measurements were made from the cemento-enamel junction to the bottom of the gingival 
sulcus. The mean values were calculated from these recordings. 
 
Crevicular Fluid Sampling: 

 
Following a week from starting the oral hygiene measures for all the children and after removal of the 

supragingival plaque using sterile gauze, GCF was collected (at baseline) with a pre-weighed sterile filter paper 
(Periopaper, Amityville, NY, USA). This was done from each of the four fully erupted permanent teeth in all the 
patients. The individual tooth site was gently air-dried and isolated with cotton rolls and a saliva ejector was 
used to avoid salivary contamination of the samples. The filter papers were consecutively inserted into the 
crevice at the mesial or the distal midpoints until mild resistance was felt. The strips were left in situ for sixty 
seconds. After fluid collection, strips were placed in a pre-weighed tube containing 0.5 ml phosphate buffered 
saline (PBS), and weighed using sensitive balance for volume determination. The amount of GCF on the strips 
was calculated from the difference in weight of the paper strips before and after the fluid collection. The mass of 
fluid on the strips was converted to a volume in milliliters by assuming that the density of GCF is one and mass 
(milligrams) is converted to the volume (milliliters) according to Tüter et al., 2005. Then the samples were 
transported to the lab. Samples were frozen at - 30°C for subsequent assays. The level of cotinine in GCF was 
determined using a commercial ELISA kit (DRG International Inc., USA) and, corrected for GCF volume, 
expressed as pg/ml. The total amounts of GCF cotinine were expressed as pg/4 sites. 
 
Saliva Sampling: 

 
Saliva samples were collected from all children at baseline. The children were asked to collect saliva in 

their mouths and to spit into a clean plastic container. The amount of unstimulated whole saliva was 
approximately 500 µl. 

All samples were coded, immediately frozen and stored at -300C until use. The level of cotinine in saliva 
was evaluated by using cotinine saliva ELISA kit of DRG International Inc., USA which is intended for use in 
the qualitative and semi-quantitative determination of cotinine in saliva. 
 
Cultivation and detection of the count of the anaerobic micro-organisms: 

 
Following one week of oral hygiene instructions (baseline), GCF was collected using paper strips with the 

same previously described method. At the selected sites, supragingival plaque was removed carefully to avoid 
bleeding, using a sterile gauze. These sites were then dried with sterile cotton rolls and gently air dried. One 
sterile filter paper was inserted into the gingival crevice until mild resistance was felt and left in place for 60 
seconds. The filter paper was then transferred to a vial containing 500 µl of sodium thioglycolate solution and 
transported to the lab within one hour (Herrera et al., 2008). The pour plate method according to APHA 
(American Public Health Association 2005) was used. At the laboratory, the vial was shaked. Using a 
micropipette, 3 different volumes were taken from the vial (10 µl, 20 µl, 50 µl) and placed in 3 different sterile 
Petri- dishes then 20 ml of Brain Heart Infusion agar (supplied from HIMEDIA, India) with cysteine (a reducing 
agent) was poured over each sample and left 10 minutes to solidify, to ensure the presence of the anaerobic 
environment. Then the plates after solidification were placed in an anaerobic jar with gas pack system supplied 
from (Oxoid, Thermo Fisher Scientific, Canada), incubated at 37 °C for 48-72 hours. Another 20 µl were placed 
in a sterile Petri- dish and 10 ml of agar without cysteine was poured over and left to solidify, then the plate was 
aerobically incubated at 37 °c for 24-48 hours. The anaerobic plates were compared and the best plate giving 
readable, well separated and countable colonies were selected and counted. By comparing the aerobic and 
anaerobic plates, colonies were picked by colony morphology, gram stain, and morphology under microscope. 
By using the oxygen tolerance test we investigated the presence of strict anaerobes or aerobic/facultative 
anaerobes.   
 
Statistical Analysis: 

 
Descriptive statistics including the mean ± standard deviation (SD) were calculated. Also the p. value was 

measured. The student t- test was used to compare pre and post treatment values. in addition to the comparison 
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between the groups. The significant level was set at p ≤ 0.05 (Dawson and Trapp 2001).  Statistical analysis was 
performed with SPSS 16.0 (Statistical Package for Scientific Studies) for Windows (SPSS, Inc., Chicago, IL, 
USA). 
 
Results: 
 
Clinical results: 

 
The total participants in this study were eighty children (n=80) of both sexes with an age range of 8-12 

years (mean age = 9.5 ± 1.4 years). Group (A-I) included 18 children with mean age 8.4 ± 0.5 years and group 
(B-I) included 19 children having a mean age of 8.26 ± 0.45 years. Group (A-II) included 22 children with mean 
age 10.9 ± 0.86 years and group (B-II) included 21 children having a mean age of 10.8 ± 0.8 years. The clinical 
periodontal condition of the subjects was assessed using PI, GI, BOP, PD, CAL. The mean ± standard deviation 
(SD) of the PI scores in the PTS-exposed group (Group A) one week before the baseline were 0.7 ± 0.48 which 
was greater than that found at the baseline (0.5 ± 0.4) showing a highly statistical significant difference (P-
value=0.00078). Also, the PI results in the PTS-unexposed controls (Group B) one week before the baseline 
were 0.8±0.4 which was greater than that found at the baseline (0.6±0.3) and also of highly statistical significant 
difference as well (P-value=0.0000077) as shown in table (1). 
 
Table 1: The mean ± SD of the plaque index scores before and at the baseline. 

 Group (A) Group (B) 
Mean ± SD Mean ± SD 

One Week before 0.7 ± 0.48 0.8 ± 0.4 
Baseline 0.5 ± 0.4 0.6 ± 0.3 
p-value 0.00078 0.0000077 

Significant difference was set at p-value ≤ 0.05 
 
The mean PI in the PTS-exposed group (group A-І), was 0.43 ± 0.38 which was less than that of the 

unexposed control group (group B-І) 0.6 ± 0.3 but of no significant difference (P-value=0.2).While the mean PI 
in the PTS-exposed group (group A-ІІ), was 0.5±0.4 which was less than the unexposed control group (group B-
ІІ) 0.8±0.3 but of no significant difference (P-value=0.12) as shown in table (2). 
 
Table 2: The mean± SD of the plaque index of the different groups at the baseline 

 Group  
(A-І) 

Group  
(B-І) 

Group  
(A-ІІ) 

Group  
(B-ІІ) 

Mean ±SD 0.43±0.38 0.6±0.3 0.5±0.4 0.8±0.3 
p-value 0.2 0.12 

Significant difference at p-value ≤ 0.05 

 
As regarding the GI there was a statistically significant difference between the mean ± SD in the PTS-

exposed group one week before the baseline (0.6 ± 0.5) which was greater than that found at the baseline (0.48 ± 
0.4)  with a p-value=0.0007. Also, the GI records in the PTS-unexposed group one week before the baseline 
were 0.9 ± 0.7 which was also greater than that found at the baseline (0.6 ± 0.5) showing a highly statistical 
significant difference as well (p-value=0.01) as recorded in table (3). 
 
Table 3: The mean ± SD of the gingival index scores before and at the baseline 

 Group (A) Group (B) 
Mean ± SD Mean ± SD 

One Week before 0.6 ± 0.5 0.9 ± 0.7 
Baseline 0.48 ± 0.4 0.6 ± 0.5 
p-value 0.0007 0.01 

Significant difference was set at p-value ≤ 0.05 
 
The gingival index (GI) of the PTS-exposed group (group A-І) was 0.36±0.38 which was less than that of 

the unexposed controls group (group B-І) 0.62±0.4 but of no significant difference (p-value=0.1). 
The gingival index for the PTS-exposed group (group A-ІІ) was 0.6±0.3 which was less than the unexposed 

controls group (group B-ІІ) 0.8±0.4 but of no significant difference (p-value=0.18) as recorded in table (4). 
 
Table 4: The mean ± SD of gingival index (GI) 

 Group  
(A-І) 

Group  
(B-І) 

Group  
(A-ІІ) 

Group  
(B-ІІ) 

Mean ±SD 0.36±0.38 0.62±0.4 0.6±0.3 0.8±0.4 
p-value 0.1 0.18 

Significant difference at p-value ≤ 0.05  
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There was a high statistical significant difference found between the mean ± SD percentages of BOP in the 
PTS-exposed group one week before the baseline (23.1 ± 11.7%) which was greater than that found at the 
baseline (5.8 ± 6.7%) (p-value = 2.2E-9). Also, the mean ± SD percentages of BOP in the PTS-unexposed group 
one week before the baseline was 26.8 ± 7% and was greater than that found at the baseline 7.6 ± 10.3% 
showing a highly statistical significant difference too (p-value = 1.6E-10) as reported in table (5).  
 
Table 5: The mean percentages ± SD percentages of the BOP index scores one week before and at the baseline 

 Group (A) Group (B) 
Mean ± SD Mean ± SD 

One Week before 23.1 ± 11.7 26.8 ± 17 
Baseline 5.8 ± 6.7 7.6 ± 10.3 
p-value 3.04 E-7 1.6 E-10 

Significant difference was set at p-value ≤ 0.05 
 
For the PTS-exposed group (group A-І) the mean percentage of BOP was 4.5±5.2 % which was less than 

that of the PTS-unexposed group (group B-І) 8.6± 5.2 % but of no significant difference (P-value = 0.06).While, 
for the PTS-exposed group (group A-ІІ) the mean percentage of BOP was 6.25± 6.44% which was less than that 
of the PTS-unexposed group (group B-ІІ) 11.6± 1.35 % but of no significant difference (P-value = 0.2) as 
shown in table (6) . 
 
Table 6: The mean percentage ± SD of BOP 

 Group  
(A-І) 

Group  
(B-І) 

Group  
(A-ІІ) 

Group  
(B-ІІ) 

Mean± SD 4.5±5.2 8.6±5.2 6.25±6.44 11.6±1.35 
p-value 0.06 0.2 

 
For the PTS-exposed group (group A-І) the mean ± SD of PD was 1.59 ± 0.7, which was less than the PTS-

unexposed controls (1.5 ± 0.5) but of no significant difference (p-value=0.9). Whereas, for the PTS-exposed 
group the mean ± SD of PD was 1.5 ± 0.5, which was less than the PTS-unexposed controls (1.7 ± 0.6) but of no 
statistically significant difference (p-value=0.5) as shown in table (7).  
 
Table 7: The mean ± SD values of the probing depth (mm). 

 Group (A-I) Group (B-I) Group (A-II) Group (B-II) 
Mean ± SD 1.59 ± 0.7 1.5 ± 0.5 1.5 ± 0.5 1.7 ± 0.6 
p-value 0.9 0.5 

Significant difference was set at p-value ≤ 0.05 
 
 Meanwhile the CAL showed highly significant difference associated with the PTS-exposure (p-

value=0.008) as seen in table (8). The mean ± SD distances from the cement-enamel junction  being 0.15 ± 0.13 
mm in the PTS-exposed group (group A-І) compared with 0.018 ±  0.03 mm in the PTS-unexposed children 
(group B-І) (p-value=0.008). Moreover, the mean CAL in the PTS-exposed group (group A-ІІ) was 0.15 ± 0.08 
mm which was significantly greater than the mean CAL in the PTS-unexposed (group B-ІІ) 0.02 ± 0.06 mm 
with the p-value= 0.0005.  
 
Table 8: The mean± SD of clinical attachment loss 

 Group  
(A-І) 

Group  
(B-І) 

Group  
(A-ІІ) 

Group  
(B-ІІ) 

Mean ±SD 0.15 ±0.13 0.018±0.03 0.15±0.08 0.02±0.06 
p-value 0.008 0.0005 

 
The groups were classified according to the number of cigarettes consumed by the smoker parent as shown 

in table (9). The mean ± SD of (CAL) in the unexposed children was 0.02 ± 0.05 mm while for the children 
whose parents smoked 20 cigarettes or less was 0.14 ± 0.13 mm and for the children whose parents smoked 
more than 20 cigarettes it was 0.17 ± 0.06 mm showing that the mean CAL was lower in the children whose 
parent(s) smoked 20 cigarettes or less when compared to the unexposed controls. Moreover, the mean CAL in 
the children whose parent (s) smoked more than 20 cigarettes was greater in both groups as compared to the 
unexposed controls as recorded in table (9).  
 
Table 9: The CAL (mm) in relation to the number of cigarettes/day 

 Children 8-9 years Children 10-12 years 
Smoking consumption Mean ± SD Mean ± SD 
None 0.018 ± 0.03 0.02 ± 0.06 
Less than 10 cigarettes 0.2 ± 0.1 0.08 ± 0.1 
10-20 cigarettes 0.15 ± 0.17 0.09 ± 0.13 
More than 20 cigarettes 0.09 ± 0.1 0.1 ± 0.06 
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Microbiological results: 
 
The microbial analysis showed that the mean total count of aerobic/facultative anaerobes detected from the 

anaerobic plates was significantly lower in the PTS-exposed group than in the PTS-unexposed controls as shown 
in the histogram (1). There was a significant difference between group A-I (PTS-exposed group) and group B-I 
(PTS-unexposed control) with p-value =0.004. In addition there was a significant difference between group A-II 
(PTS-exposed group) and group B-II (PTS-unexposed control) with p-value =0.04. Meanwhile the mean total 
number of aerobic/facultative anaerobes decreased as the number of cigarettes increased as shown in table (10). 
The different colonies morphologically showed, pinpoint white colonies mostly Streptococci, slimy white 
spherical colonies indicating presence of Actinomyces. White sesame seed representing Lactobacilli and circular 
white colonies indicating Veillonella. The results also showed that no strict anaerobes were isolated for all the 
children in the four groups after using the oxygen tolerance test.  

Histogram (1) shows a comparison between the mean count of facultative anaerobes (CFU/ml) in the 
exposed and the unexposed groups. 

 

 
 
 
Table 10: The mean ± SD of the total count of the aerobic/ facultative anaerobes (CFU/ml) in relation to the number of cigarettes smoked per 

day. 
Smoking consumption No exposure ≤ 20 cigarettes More than 20 cigarettes 
Mean ± SD (CFU/ml) 22.119 ± 9.858 11.275 ±10.329 9.954 ± 7.338 

 
Biochemical results: 

 
Overall, 50% of the children were exposed to tobacco smoke on the basis of the number of cigarettes/day 

reportedly smoked by all family members inside the house. However, when exposure to ETS was evaluated by 
salivary cotinine levels, the proportion of children exposed (levels above zero) was 86.2%. The mean salivary 
cotinine concentration in group A-І (PTS-exposed) was 3.1 ± 1.8 ng/ml which was significantly higher than that 
of group B-І (PTS-unexposed), which was 1.66 ±1.2 ng/ml (p-value=0.03). Moreover, the mean salivary 
cotinine concentration in group A-ІІ (PTS-exposed) was 2.3 ± 0.6 ng/ml which was significantly higher than 
that of group B-ІІ (PTS-unexposed), which was 1.3 ±0.8 ng/ml (p-value = 0.007). The results also revealed that 
salivary cotinine concentration increased with the number of cigarettes consumed by smoker parent (s) as shown 
in the table (11) .The GCF cotinine levels were below the detection limit in all samples, therefore it wasn’t 
further analyzed. 
 
Table 11: showing the salivary cotinine concentration (ng/ml) in relation to the number of cigarettes smoked/day. 

Smoking consumption Children 8-10 years Children 10-12 years 
 Mean ± SD (ng/ml) Mean ± SD (ng/ml) 
No ETS exposure 1.66 ± 1.2 1.3 ± 0.8 
Less than 10 cigarettes 2.25 ± 0.4 2.3 ± 0.1 
10-20 cigarettes 3.4 ± 2.3 2.8 ± 0.4 
More than 20 cigarettes 3.36 ± 2.4 2.1 ± 0.78 

 
Discussion: 

 
In the present study, the possible influence of passive smoking on the periodontal health of children was 

reported, as ETS exposure is a major public health problem starting from childhood. The clinical condition, as 
well as salivary and GCF levels of cotinine in addition to microbiological count of anaerobic micro-organisms 
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(strict and facultative) were detected in unexposed and exposed children to smoking. The results documented that 
salivary levels of cotinine were significantly elevated in PTS-exposed children. The clinical parameters showed 
greater CAL distance from the cemento-enamel junction in exposed children. In addition, microbiological total 
count (aerobic facultative anaerobes) was found less in the PTS-exposed children when compared to the 
unexposed children. Our results are in accordance with the study of Erdemir et al., 2010 in which they 
documented that the children exposed to passive smoking had a greater CAL distance. Erdemir et al., 2010 
revealed that the mean PD in the children exposed to passive smoking was higher than that of the unexposed 
children. The reason why passive smoking may negatively influence the periodontal attachment in children is 
still unclear. It may be due to a retarded growth rate in the periodontal tissues as documented by previous studies 
which reported that passive exposure to second-hand cigarette smoke during childhood is associated with growth 
retardation (Stice and Martinez 2005). Other studies suggested that there were approximately a 4-month delay in 
the maturation of permanent teeth in children exposed to parental tobacco smoke as compared with the 
unexposed children (Erdemir et al., 2010). 

The lack of an association between ETS exposure and PD measurements in the present study further 
supports the speculation that tobacco smoke by-products do not primarily act on the periodontium by causing 
deepening of pockets but rather by interfering with the regeneration properties of the connective tissues as stated 
by Erdemir et al., 2010. Furthermore, Yamamoto et al., 2005 reported that passive smokers as defined by 
salivary cotinine level showed a significantly more severe periodontal destructive status than the unexposed 
patients and argued that passive smoking should be considered as an independent risk indicator of periodontal 
disease. 

Periodontal disease occurs due to an exaggerated host response to bacterial trigger. Studies found that the 
onset of clinical disease occurred earlier in smokers than non-smokers, suggesting a prematurely amplified 
immune response to bacterial colonization. The immunological findings in smokers demonstrated significantly 
higher levels of proinflammatory immune mediators (e.g. IL-1, IL-2 and IL-8) than non-smokers from the first 
day (Kumar et al., 2011).  

Children exposure to passive smoking may be estimated from a parental questionnaire regarding the 
smoking habits of family members or from tests of salivary cotinine tests (Boyaci et al., 2006, and Erdemir et 
al., 2010). Subjective parental reports of ETS exposure are likely imprecise indicators of exposure to tobacco 
smoke because of variations in the concentration of tobacco smoke, proximity of the children to smokers, room 
ventilation, and other environmental characteristics (Yamamoto et al., 2005). Measuring the cotinine in various 
body fluids allows us to objectively measure the exposure to tobacco smoke. Previous studies reported that 
salivary cotinine concentration is a reliable indicator of exposure to ETS (Erdemir et al., 2010).   

In our study, the GCF cotinine level was too low to be detected in most children since it was only found in 
one child out of the 80 children. This is probably because the quantities of the GCF collected were too small for 
cotinine detection. The method chosen for GCF collection by paper strips was following that conducted by 
(Erdemir et al., 2010). In the current study the time of collection (60 seconds) was even double the time 
previously used. Our findings are not in accordance with studies with Chen et al., 2001 who found that the GCF 
cotinine concentration levels in smokers and non-smokers were 4 times higher than the cotinine saliva 
concentration levels. The reasons of these findings were unknown and the study couldn't correlate the GCF 
cotinine level to the length of time an individual has smoked, or to the number of cigarettes he consumed.  

To our knowledge this was the first study to report the possible effect of passive smoking on the count of 
anaerobes found in the gingival crevice of children. Our results could be explained on the basis of the findings 
by Numabe et al., 1998 and Walter et al., 2012 which revealed that in healthy humans, active and passive 
smoking was found to increase the proportion of phagocytic cells in the saliva immediately after exposure to 
passive smoking. Moreover, another studies found lower numbers of the aerobic and anaerobic organisms with 
inhibitory activity against bacterial pathogens (interfering organisms) in the oral cavity (Brook 2011). 

Bacterial colonization of the plaque biofilm occurs in a specific sequence, leading to the formation of a 
health compatible climax community (niche saturation), whereby a few selected species occupy an ecological 
habitat and provide resistance to colonization of this niche by pathogenic organisms. Smokers demonstrated a 
highly diverse, relatively unstable initial colonization of both marginal and subgingival biofilms, with lower 
niche saturation than that seen in non-smokers. Bacterial adherence is thought to be first important step in the 
pathogenesis of infection. In our study the colonies found are likely to be Streptococci, Actinomyces, 
Lactobacilli, and Veillonella. These findings with the reduced number of the total count can be explained using 
the studies conducted by Kumar et al., 2011 which stated that the bacteria found in non-smokers were 
predominantly (Streptococci, Veillonella, and Neisserie) which were previously reported to be members of 
health associated subgingival and supragingival communities. Streptococci are early commensal colonizers of 
the subgingival and supragingival habitats and are abundant members of these communities in health. It is well 
known that streptococcus sanguinis produce H2O2 which either directly or by host enzyme amplification can 
kill Aggregatibacter actinomycetumcommitans (Newman et al., 2011). They suggested that in nonsmokers, 
these commensals play an immunomodulatory role in the developing biofilm, primarily by attenuating the 
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proinflammatory response, and their findings was in agreement with emerging evidence demonstrating that 
streptococci exert a powerful anti-inflammatory effect on oral mucosal cells. They also suggested that this 
immunomodulation was reversed in smokers. Opposing patterns of coassociations between predominant genera 
and proinflammatory cytokines were observed between current smokers and non-smokers, providing evidence 
of altered host-bacterium interactions (Kumar et al., 2011). 

Our results are not totally in agreement with studies which found that in smokers there seems to be a 
relationship between periodontal attachment loss, number of cigarettes smoked daily, and number of years of 
tobacco consumption which means that the risk is dose dependant, that is, it increases proportionally with the 
amount of smoking (Grossi et al., 1996, Calsina et al., 2002, Johnson and Guthmiller 2007). This could be 
explained that the children in the age group 10-12 years are perhaps more independent than the younger age 
group which are still dependent on their parent and still under their supervision. 
 
Conclusion: 

 
Application of regular proper oral hygiene measures even for only one week results in healthier periodontal 

tissues. Children exposed to passive smoking have greater CAL distance from the cemento-enamel junction. 
The total count of facultative anaerobes in the ETS exposed children is less than that of the unexposed children. 
The mean salivary cotinine concentration in the children exposed to passive smoking is greater than that found 
in the unexposed children. 
 
Recommendation: 

 
The ETS exposure rates of children in our country are very high. Parental education is very important to 

avoid ETS related pediatric health problems. The use of cotinine levels may provide objective evidence for ETS 
and may help in the evaluation of the effectiveness of parental training programs aimed at decreasing smoking. 
Long term follow up studies are recommended to observe the impact of ETS exposure on the clinical attachment 
loss. 
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