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Abstract 

Introduction Cigarette smoking has been recognized to be a risk factor for progression of 

periodontal disease. Due to less inflammation and bleeding in the presence of clinical signs of 

periodontal disease in smokers than in nonsmokers and given the conflicting results of studies on 

changes in the epithelium and gingival connective tissue by smoking, this study was performed to 

evaluate the thickness and keratosis on the epithelium of free and sulcular gingival tissue in 

smokers and nonsmokers patients with moderate to advanced periodontitis. 

Methods: In this cross sectional study, biopsies were obtained from palatal gingival of 60 patients 

with moderate to advanced periodontitis (30 smokers and 30 nonsmokers). These biopsies were 

histologically processed, serially sectioned at 5 microns, stained with H. E. and examined by 

image analysis software (analysis-SL-starter), which was used to perform the morphometric 

evaluation of the outer and inner epithelial thickness, keratosis and vascularity in connective 

tissue. The data were analyzed with SPSS 17, t-test, Mann-Whitney Test, and Pearson correlation. 

p<0.05 was considered significant.  

Results: Histopathological examination showed significant association between smoking and CAL 

(p=0.048), keratosis on outer epithelium (p=0.020) and mean of thickness of outer (p=0.023) and 

inner (p<0.001) marginal gingival epithelium but gingival vascular density in nonsmokers was 

more than smokers (p=0.002). Collagenized connective tissue was observed in smokers more than 

nonsmokers. (p>0.001) 

Conclusions: It seems that the reduction of the clinical signs of inflammation in the gingival tissue 

of smokers is due to changes in gingival epithelium and connective tissue from smoking.  

Keywords: Cigarette, Oral epithelium, Gingiva, Keratinization 
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 ن مبتلا به یمارابررسی هیستوپاتولوژیکی اثر استعمال سیگار بر لثه آزاد ب

 پریودنتیت متوسط تا پیشرفته

 

 چکیده

شَد با تَجِ بِ کوتز  استعوال سیگار بِ عٌَاى یک ریسک فاکتَر بزای پیشزفت بیواری پزیَدًتال شٌاختِ هی :مقدمه

ی پزیَدًتال در سیگاری ّا ًسبت بِ غیزسیگاری ّا ٍ با تَجِ بِ بَدى علائن بالیٌی التْاب ٍ خًَزیشی در حضَر بیوار

ًتایج هتٌاقض هغالعات اًجام شذُ راجع بِ تغییزات ایجاد شذُ در اپیتلیَم ٍ ًسج ّوبٌذی لثِ تَسظ استعوال سیگار، ایي 

ٍق خًَی در ًسچ ّوبٌذی هغالعِ با ّذف ارسیابی ضخاهت اپیتلیَم آساد ٍ سالکَلار، کزاتیٌیشاسیَى سغح آًْا ٍ بزرسی عز

 .لثِ هبتلا بِ پزیَدًتیت هتَسظ تا پیشزفتِ در دٍ گزٍُ سیگاری ٍ غیز سیگاری اًجام پذیزفت

بیوار هبتلا بِ پزیَدًتیت هتَسظ تا پیشزفتِ  06در ایي هغالعِ هقغعی، ًوًَِ ّای بافتی اس لثِ پالاتال  ها: مواد و روش

زداشتِ شذ. سپس اسلایذّای هیکزٍسکَپی بِ دست آهذُ اس بلَکْای پارافیٌِ فزد غیز سیگاری( ب 06ٍ  فزد سیگاری 06)

اس ًظز  (Analysis-SL-Starter) تصاٍیزتَسظ ًزم افشاس آًالیش تصَیزی ًوًَِ ّای هذکَر، تصَیز بزداری شذ.

بزرسی شذًذ.  ضخاهت اپیتلیَم آساد ٍ سالکَلار، کزاتیٌیشاسیَى سغح آًْا ٍ بزرسی عزٍق خًَی در ًسچ ّوبٌذی لثِ

 Mann-Whitney Test,Pearson ,ٍ تستْای آهاری SPSS  18 اعلاعات تَسظ ًزم افشار آهاری

correlation,t-test  ٍ 0.05هَرد تجشیِ ٍ تحلیل قزار گزفت  p≤هعٌی دار در ًظز گزفتِ شذ. 

 Clinical Attachment Loss با بزرسی ّای ّیستَپاتَلَصیکی ارتباط هعٌاداری بیي استعوال سیگار یافته ها:

(p=0.048 )( ِضخاهت کزاتیٌیشاسیَى سغح خارجی لث(p=0.020 ( 0.001، هیاًگیي ضخاهت اپیتلیَم داخلی>p ) ٍ

لثِ آساد ًشاى دادًذ کِ در تواهی هَارد در سیگاری هقادیز بیشتزی اس هتغیزّای هذکَر دیذُ شذ.   p=0.023) ) خارجی

کلاصًیشُ بَدى بافت ّوبٌذی ًیش بِ عَر هعٌی داری  (p=0.002ز سیگاری بیشتز بَد )البتِ تزاکن عزٍقی در لثِ افزاد غی

  p<0.001) ) در افزاد سیگاری ًسبت بِ افزاد غیزسیگاری بیشتز هشاّذُ شذ

بِ ًظز هی رسذ کِ کاّش علائن بالیٌی التْاب در بافت لثِ ای افزاد سیگاری در هقایسِ با غیز سیگاری  نتیجه گیری:

 .س تغییزات ایجاد شذُ در اپی تلیَم ٍ ًسج ّوبٌذی لثِ ًاشی اس استعوال سیگار باشذًاشی ا

 

سیگار، اپیتلیَم دّاى، لثِ، کزاتیٌیشاسیَى کلیدی:گان واژ
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Introduction 

Tobacco use constitutes a risk factor for periodontal 

disease. Numerous epidemiologic studies using clinical 

and radiologic evaluations confirm that periodontitis is 

more frequent and more severe among smokers 

compared to nonsmokers (1-3). The detrimental effect 

of tobacco on tissues of the oral cavity results in 

hyperkeratinization of superficial epithelia, which may 

itself be considered a preneoplastic lesion and manifest 

as oral leukoplakia lesions, as suggested in different 

studies (4). 

Smokers experience a greater probe death and 

gingival erosion, as well as being susceptible to more 

advanced and severe forms of periodontitis (5). The 

inflammatory response of the gums is reduced in 

smokers, which is associated with reduced gingival 

bleeding, tissue erythema, edema and blood vascularity 

in marginal gingival tissue. This may be related to 

cotinine, a metabolic product of nicotine which serves 

as a peripheral vasoconstrictor in gingival vessels (6). 

Although some researchers believe that the 

inflammatory conditions of smokers reduce their 

gingival vascularity compared to nonsmokers (7), 

Lindeboom et al. and Kumar observed no significant 

difference in gingival vascularity between smokers and 

nonsmokers (8, 9). 

The outer gingival epithelium is keratinized, 

parakeratinized or a combination of two (7). The 

sulcular epithelium, however, is thin and 

nonkeratinized and it may keratinize when exposed to 

the internal oral environment. On the other hand, the 

outer epithelium will lose its keratinization when in 

contact with teeth (7). 

Inflammation in gums may reduce keratinization or 

manifest as parakeratinization (10). Bajagic et al. 

believe that smokers with periodontal disease manifest 

an increased thickness of basal epithelium and the 

keratinous layer, and epithelial thickening may reduce 

the clinical symptoms of inflammation in gingival 

tissue (6). In a study by Pejcic  et al(11), the samples 

taken from smokers indicated greater epithelial 

thickness. Gultekin et al. (5), on the other hand, found 

no significant difference between epithelial thickness 

of smokers and nonsmokers.  

Rahman et al. observed no definite histopathologic 

difference between smokers and nonsmokers in their 

gingival tissue; however, smokers manifested higher 

rates of epithelial keratosis, inflammatory cells, 

vascularity and collagen fibers in their connective 

tissue (12).  

In addition, Saebi et al. observed that tobacco use 

increased the mean thickness of keratinous epithelia in 

free gingival, which might be considered as 

preneoplastic lesions (4). 

The impact of cigarette smoke is reportedly greater 

in the upper jaw compared to the lower. In smokers, 

the palatal aspect of the maxillary teeth had a deeper 

pocket as they were more exposed to tobacco smoke 

(13). Considering the controversial findings of 

previous studies regarding the gingival epithelial 

changes caused by smoking, as well as the large 

number of smokers and the fact that the oral cavity is 

the first organ to come in contact with cigarette smoke, 

we undertook the present study to investigate the 

impact of cigarette smoke on gingival with moderate to 

advanced periodontitis. 

 

 

Methods 

This is a cross-sectional study on 60 patients with 

moderate to advanced periodontitis (attachment 

loss>3mm) referring to the Periodontology Department 

of Babol School of Dentistry. Half of these patients (30 

individuals) were smokers and the other half (30 

individuals) were nonsmokers. The patients were 

recruited through simple sampling. Individuals who 

smoked at least 20 cigarettes per day for 5 years were 

considered smokers. The pregnant women and 

individuals who used other narcotics were excluded 

from the study.  

We used data sheets to collect the necessary 

information, including demographic data, smoking 

status, duration and degree of smoking according to the 

patients’ self declaration, probing depth of the surgical 

area, clinical attachment loss of the surgical area, mean 

thickness of the keratinous layer, mean maximal 

thickness of inner and outer epithelia, mean minimal 

thickness of inner and outer epithelia collagenization of 

the connective tissue, and vessel count of each area. 

Prior to periodontal surgery, the data sheet was 

completed for all the patients. The probing depth was 

measured for the area nominated for surgical excision. 

All patients underwent undisplaced flap surgery and 

the collar part of the palatal gingival in the upper 

gingival, which was excised and supposed to be 

disposed of, collected as specimen.  
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The specimens were fixated for at least 24 hours in 

10% formalin solution and paraffin blocks were 

prepared according to the conventional protocol. The 

paraffin blocks were sectioned at appropriate intervals 

with 5mm thickness and stained in the ordinary fashion 

using hematoxylin and eosin (H-E) staining. Once 

mounted on a glass slide and dried, the specimens were 

ready for microscopy.  

The slides were studied under a light microscope. 

Initially, at least 3 and at the most 6 images at x10 

magnification were obtained from each slide using the 

Olympus DP12 camera mounted on Olympus BX41 

microscope (Tokyo, Japan). The measurements of 

maximal and minimal thickness of inner and outer 

epithelia and the keratinous layer were made using 

Analysis SL Starter software. 

For each section, measurements were made at three 

spots and a mean value was recorded for areas with 

maximal epithelial thickness, areas with minimal 

epithelial thickness, and the thickness of keratinous 

layer. Collagenization of the connective tissue was 

studied and documented. In addition, the connective 

tissue was investigated at x10 magnification to find the 

area with the greatest vascularity, and then the number 

of vessels in three fields at x40 magnification was 

counted and reported as mean. After microscopic 

evaluations, the findings were recorded in the patients’ 

data sheets and analyzed on SPSS software version 17 

using t-test, Pearson correlation, and Mann-Whitney 

Test. P values<0.05 were considered significant. 

 

 

Results 

The study was conducted on 60 histologic samples 

collected from palatal gingival of 60 patients with 

moderate to advanced periodontitis (30 smokers and 30 

nonsmokers) including 42 men (70%) and 18 women 

(30%). The mean age of patients was 42.01 (±7.74) 

years, ranging from 26-60 years. The smokers 

consisted of 30 men and the nonsmokers consisted of 

18 women and 12 men. 

Comparing the abovementioned variables between 

smokers and nonsmokers revealed no significant 

difference in age, probing pocket depth (PPD), 

minimal thickness of outer epithelium and thickness of 

the keratinous layer over the inner epithelium.  

Nevertheless, variables of CAL, maximal thickness 

of outer epithelium, maximal and minimal thickness of 

the inner epithelium, thickness of the keratinous layer 

over the outer epithelium, and connective tissue 

vascularity were significantly different between the 

two groups (table 1) (figures 1, 2).  

The nonparametric Mann-Whitney Test yielded 

similar results to t-test. Also, none of the variables 

were significantly different between the two sexes in 

the control group. 

 

 

 

 

 

 

 

 

 

 

Figure 1. inner (sulcular) epithelium of gums (right)–outer epithelium of gums (left) in a nonsmoker (H-E staining, x10) 

 

 

 

 

 

 

 

 

 

Figure 2. inner (sulcular) epithelium of gums (left)–outer epithelium of gums (right) in a smoker (H-E staining, x10) 
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Table 1. Comparison of study variables in smokers and nonsmokers using t-test 

 

Variable Group Mean±SD P Value 

Age 
Nonsmokers 41.50±8.64 

0.610 
Smokers 42.53±6.85 

Pocket depth (PPD) 
Nonsmokers 5.23±1.54 

0.792 
Smokers 5.33±1.37 

CAL 
Nonsmokers 4.9±1.63 

0.048 
Smokers 5.66±1.29 

Maximal thickness of outer 

epithelium 

Nonsmokers 114.76±26.25 
0.023 

Smokers 135.16±39.70 

Minimal thickness of outer 

epithelium 

Nonsmokers 31.67±10.71 
0.189 

Smokers 35.81±13.27 

Maximal thickness of inner 

epithelium 

Nonsmokers 30.79±12.82 
0.000 

Smokers 47.14±18.53 

Minimal thickness of inner 

epithelium 

Nonsmokers 43.52±21.49 
0.12 

Smokers 57.97±20.74 

Thickness of keratinous layer 

over the outer epithelium 

Nonsmokers 4.57±1.54 
0.020 

Smokers 6.67±4.36 

Thickness of keratinous layer 

over the inner epithelium 

Nonsmokers 0.31±0.91 
0.152 

Smokers 0.74±1.37 

Mean thickness of outer 

epithelium 

Nonsmokers 73.22±15.79 
0.023 

Smokers 85.48±23.93 

Mean thickness of inner 

epithelium 

Nonsmokers 22.65±9.71 
0.000 

Smokers 33.23±11.49 

Vascularity 
Nonsmokers 8.17±5.95 

0.002 
Smokers 4.06±2.99 

 

 

Collagenization of the connective tissue was 

significantly higher in smokers compared to 

nonsmokers (p<0.001). In nonsmokers, collagenized 

connective tissue was found in 14 individuals (46%), 

whereas, only 1 case (3%) of smokers did not have 

collagenized connective tissue. We found a positive 

correlation between the number of cigarettes smoked 

and PPD (p=0.010, r=0.463). A similar relationship 

was found between CAL and pack year (p=0.001, 

r=0.557) and the number of cigarettes smoked 

(p=0.021, r=0.418). 

We also observed a positive correlation between 

maximal thickness of the inner epithelium and CAL 

(p=0.010, r=0.328). Another finding was the clear 

difference in collagenization of connective tissue 

between smokers and nonsmokers (p<0.0001). In 

nonsmokers, collagenized connective tissue was found 

in 14 individuals (46%), whereas, only 1 case (3%) of 

smokers did not have collagenized connective tissue. 

 

 

Discussion 

In the present study, smokers showed significantly 

higher maximal inner and outer epithelial thickness and  

 

 

minimal inner epithelial thickness compared to 

nonsmokers. 

Although the minimal epithelial thickness was 

higher in smokers, the difference was not statistically 

significant. In general, the mean thickness of inner and 

outer epithelial thickness was significantly greater in 

smokers. Similarly, Luomanen  (14) and Bajagic (6) 

and Pejcic (11) reported increased thickness of 

epithelium in specimens obtained from gingival of 

smokers. On the other hand, Villar (15), Saebi (4) and 

Gultekin (5) did not find a significant difference in 

epithelial thickness between smokers and nonsmokers.  

The discrepancy might be attributed to the larger 

number of samples in the present study, as well as the 

fact that our samples were obtained only from the 

palatal region which was more directly exposed to 

cigarette smoke, whereas, other studies collected 

specimens from the different regions of the oral cavity.  

The thickness of the keratinous layer over the outer 

epithelium was greater in smokers compared to 

nonsmokers, whereas, no such difference was found in 

the case of inner epithelium, which was similar to the 

findings of Saebi) (4). 
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In the present study, the vascularity was 

significantly higher in nonsmokers compared to 

smokers, while Lindeboom and Kumar reported no 

significant difference between vascularity of smokers 

and nonsmokers (8, 9). Rahman et al, on the other 

hand, reported greater vascularity in smokers compared 

to nonsmokers (12). The lower vascularity of smokers 

than nonsmokers might be attributed to less bleeding 

on probing and few clinical symptoms of periodontitis 

in smoker patients compared to nonsmokers. 

Another finding was the higher CAL in smokers 

than nonsmokers. Pocket depth, on the other hand, was 

not significantly different between the two groups, 

albeit greater in smokers. Gunsolley et al reported a 

strong relationship between smoking and CAL (16). 

which was consistent with our findings. Nevertheless, 

Bouclin et al found that cigarette smokers had 

siqnificantly greater pocket depth than nonsmokers 

(17).  

We found greater amounts of collagen in gingival 

connective tissue of smokers. Similarly, Bouclin et al 

indicated greater collagenization in connective tissue of 

smokers (17) whereas, Luomanen et al reported less 

collagenization in smokers (14).  

The difference might be due to the fact that 

Luomanen recruited patients using non-inhalational 

tobacco products, whereas, our patients smoked 

tobacco. On the other hand, collagenization of the 

connective tissue in smokers may be accounted for the 

reduced clinical symptoms of gingival inflammation in 

them.  

Another result is that the lack of significant 

difference between the two sexes in the control group 

indicates that sex cannot be a confounding factor in the 

present study. 

 

 

Conclusion 

Smokers had greater mean thickness of inner and 

outer epithelia, greater thickness of the keratinous layer 

over the outer epithelium, and greater collagenization 

in connective tissue of their gum. On the other hand, 

nonsmokers showed greater vascularity.  

All these findings may be accounted for the 

reduced manifestation of clinical symptoms of 

inflammation in the setting of an equal or more severe 

periodontal disease in smokers compared to 

nonsmokers. 

Funding: The current study was funded by the Deputy 

of Research and Technology of Babol University of 
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