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Smoking enhances bone loss in anterior 
teeth in a Brazilian population: a 
retrospective cross-sectional study

Abstract: The aim of the present study was to radiographically evaluate 
the effect of smoking on bone loss resulting from chronic periodontitis. 
Periapical radiographs were analyzed of 80 patients with chronic peri-
odontitis (40 current or former smokers and 40 never-smokers) that at-
tended a private periodontal practice. The smokers or former-smokers 
with a minimum consumption of 10 cigarettes/day for a period of over 
10 years were selected. Interproximal radiographic bone loss was con-
sidered as the distance between the cementum-enamel junction and the 
alveolar bone crest. Bone loss for smokers was higher than that observed 
in never-smokers (p < 0.05) (3.33 ± 1.09 mm and 2.24 ± 0.76 mm; mean 
± standard deviation for smokers and non-smokers, respectively). When 
each region of the mouth was comparatively evaluated, it was observed 
that the smokers’ incisors presented the highest bone loss when com-
pared with the other groups of teeth (p < 0.01). Within the limits of the 
present investigation it can be concluded that smoking enhances the bone 
loss resulting from periodontitis and that the incisors are the teeth most 
affected.
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Introduction
It is widely accepted that dental biofilm plays the 

main role in the onset of periodontal diseases. Nev-
ertheless, epidemiological studies have shown that 
the severity of periodontal breakdown varies among 
patients. According to Genco1 (1996), these observa-
tions lead to the hypothesis that there are local and/
or systemic risk factors, which may modulate the 
susceptibility to periodontitis-related tissue destruc-
tion. Among these factors, cigarette consumption 
has been the reason for innumerable studies over the 
last few years2-6 and has been considered a true risk 
factor for periodontitis.7

Studies have shown that smokers present greater 
bone loss5,8, attachment loss3,8 and mean probing 
depth5,9 when compared with nonsmokers. Grossi 
et al.8 (1995) showed that smokers present a higher 
probability of periodontal bone loss when compared 
with non-smokers, showing a ratio of 3.25 and 7.28 
times higher for light-smokers and heavy smokers, 
respectively.

Data from one of the most relevant investigations 
regarding periodontal risk evaluating 12,329 Ameri-
cans10 showed that smoking may be responsible for 
more than one half of the periodontitis cases among 
adults in the USA. After statistical data adjustment, 
current smokers were about 4 times as likely as non-
smokers to have periodontitis. It has also been sug-
gested that the number of cigarettes smoked per day8,11 
and the smoking history12,13 (the number of years that 
the patient has smoked) are positively correlated with 
periodontitis severity. Although several investigations 
have already reported the influence of smoking on 
periodontitis, there is limited information with respect 
to a sample from Brazil. Different geographic regions 
normally exhibit considerable differences in demo-
graphic, environmental and possibly ecologic charac-
teristics, factors that may influence the epidemiology 
of periodontitis.14 Thus, the present study aimed to ra-
diographically investigate the effect of smoking on the 
severity of periodontal bone loss in a group of Brazil-
ian patients with chronic periodontitis. 

Material and Methods
Study population

This study included 80 patients with chronic 

periodontitis from a private periodontal practice in 
São José dos Campos (SP, Brazil). Exclusion criteria 
included any systemic disorder that could affect the 
periodontal condition (with the exception of tobacco 
use, for the smoking group). According to the data 
collected retrospectively from the patients’ files, all 
the patients that consumed at least 10 cigarettes per 
day for a period of over 10 years were included in the 
Smoking group (40 patients). Only patients who had 
never smoked were included in the Never-smoking 
group (Control, 40 patients). The control patients were 
chosen at random among the never-smokers with peri-
odontitis. The smoking group ranged from 29 to 65 
years old (mean of 44.53 years) and it was composed 
of 20 men (mean of 48.6 years of age) and 20 women 
(mean of 40.45 years of age), with a mean cigarette 
intake of 20.75 cigarettes/day during a mean period 
of 23.45 years. The never-smoking group ranged from 
32 to 62 years old (mean of 44.73 years of age) and it 
was composed of 16 men (mean of 44.62 years of age) 
and 24 women (mean of 44.79 years of age).

Study design
A cross-sectional retrospective study was con-

ducted in which 80 sets of 14 periapical radiographs 
(one of each patient) were analyzed before treatment 
for chronic periodontitis. A blind examiner per-
formed all the measurements that were later sepa-
rated in smoking and never-smoking groups. For the 
alveolar bone loss assessment, the cementum-enam-
el junction (CEJ) and the alveolar bone crest (ABC) 
were used as references.

Radiographic data
The radiographic sets used in the present investi-

gation were part of the patients’ periodontal docu-
mentation. Periapical radiographs were taken for 
all remaining teeth using EktaSpeed film (Eastman 
Kodak, Rochester, NY, USA) by a single radiologist 
using the parallelism technique (Rinn Holder, Dent-
sply, Weybridge, England, UK). 

Points of reference
Cementum-Enamel Junction (CEJ) - the radio-
graphs were carefully chosen. Exclusion criteria 
were as follows: proximal surfaces in which the 
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enamel-cementum junction was difficult to iden-
tify due to the presence of caries, restorations, 
prosthesis or superimposition of tooth images.
Alveolar Bone Crest (ABC) - the ABC was con-
sidered the most coronal point along the proxi-
mal surface in which the periodontal ligament 
space showed a normal radiographic width, ac-
cording to Papapanou, Wennström15 (1991). 

Measurement of alveolar bone loss
Radiographic alveolar bone loss was determined 

by measuring the distance between the CEJ and ABC 
on the mesial and distal surfaces of each tooth,16 
subtracting 1 mm (the distance found in normality). 
The same examiner performed all the measurements 
using a digital caliper (Digimess Instrumentos de 
Medição de Precisão, São Paulo, SP, Brazil) with a 
precision of one hundredth of a millimeter. The ex-
aminer was calibrated by measuring twice eight sets 
of radiographs (10% of the sample) with an interval 
of 1 week between each measurement session (Kap-
pa= 0.96). In order to improve measurement accu-
racy, the radiographs were analyzed in an X-ray film 
viewer with a magnifying glass.

Statistical analysis
After arithmetical determination of the bone loss 

for each patient, mean values for each group were 
obtained and statistically compared by the Student 
t test (α = 0.05).

Results
The 40 smokers presented 1,017 teeth, in which 

1,972 proximal surfaces were evaluated; and the 
40 never-smokers presented 1,046 teeth, in which 
2,030 proximal surfaces were evaluated. A signifi-
cant difference (p < 0.05) was noted between the 
radiographic bone loss data (3.33 ± 1.09 mm and 
2.24 ± 0.76 mm for smokers and never-smokers, re-
spectively) as shown in Table 1.

Similar results were observed when each group 
of smokers’ and never-smokers’ teeth was separately 
compared. There was a consistent significant differ-
ence (p < 0.01) between smokers and never-smok-
ers, and the incisors in smokers showed the greatest 
inter-group difference (Table 2). 

•

Discussion
The results of this study showed that the group 

of smokers presented higher alveolar bone resorp-
tion when compared with the never-smokers, espe-
cially in the anterior teeth (incisors), and confirmed 
that cigarette consumption may act as an aggravat-
ing factor in periodontitis. The present finding is in 
agreement with that of previous studies conducted 
in other populations that showed that cigarette 
consumption was detrimental to periodontal tis-
sues.3,6,17

Several studies have used radiographs to com-
paratively evaluate periodontal bone loss in smok-
ers and non-smokers.4,6,15,18 It is, however, difficult 
to establish a parallel among studies because of 
the methodological differences in bone loss evalu-
ation. Longitudinal studies often express the mar-
ginal bone level as the ratio between the apex-al-
veolar crest and apex-cementoenamel junction 
distance.4,6,18 The present investigation was based 
on the methodology proposed by Schüller, Holst16 
(2001) (which considered alveolar bone loss as the 

Table 1 - Periodontal status parameters of smokers and 
non-smokers.

Smokers Never-smokers

Patients 40 40

Teeth lost 103 (4.59%) 74 (3.30%)

Teeth present 1,017 1,046

Faces examined 1,972 2,030

Bone loss (mm) 3.33 ± 1.09* 2.24 ± 0.76*

*=p < 0.001.

Table 2 - Mean interproximal bone loss and standard de-
viation (in millimeters) in smoking and non-smoking patients 
in the different groups of teeth.

Smokers Never-smokers

Bone loss s.d. Bone loss s.d.

Molars 3.36a 0.44 2.62b 0.49

Premolars 2.70a 0.31 2.08b 0.41

Canines 3.04a 0.50 2.03b 0.30

Incisors 3.74a 0.27 2.34b 0.26

Different letters represent significant differences (p < 0.001). 
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distance between CEJ an ABC), including the sub-
traction of 1 mm, which is the CEJ-ABC distance 
found in normality. A similar method may enable 
comparisons between the studies. Both studies ob-
served that smokers presented an increased bone 
loss when compared with non-smokers, but the 
bone loss values obtained in the present investiga-
tion (3.33 ± 1.09 mm and 2.24 ± 0.76 mm for smok-
ers and nonsmokers, respectively) were higher than 
those observed by Schüller, Holst16 (2001) (2.64 mm 
for smokers and 1.51 mm for nonsmokers). The dif-
ferences as regards bone level may be explained, at 
least partially, by three factors:

the present investigation evaluated only pa-
tients with chronic periodontitis, while Schül-
ler, Holst16 (2001) evaluated randomly chosen 
patients, without taking into consideration the 
clinical diagnosis of periodontitis;
Schüller, Holst16 (2001), in their study, used bite-
wing radiographs, while periapical radiographs 
were used in the present study, and
the demographic and socio-economic differences 
between the samples.
In addition, the degree of cigarette consumption 

was an inclusion criterion for this study (minimum 
of 10 cigarettes/day for more than 10 years) and may 
have influenced the present findings, since Grossi 
et al.8 (1995) showed that periodontal destruction 
is directly proportional to cigarette consumption. 
The present study is in line with most of the studies 
in the literature, which, regardless of the method-
ological differences, showed a detrimental effect of 
smoking on periodontal health.

A harmful effect of smoking was also noted 
when each group of teeth in the control group was 
compared with its corresponding region in the test 
group. The highest difference between the groups 
was observed for the incisors (showing bone loss val-
ues of 3.74 mm and 2.34 mm, for smokers and nev-
er-smokers respectively) probably because of the di-
rect effect of smoke on the incisor area. These results 
are in agreement with those of the study by Haffajee, 
Socransky13 (2001), which clinically evaluated the 
attachment loss in smokers and non-smokers and 
showed a greater attachment loss for smokers’ inci-
sors. On the other hand, a recent study of Laurell 

1 .

2 .

3 .

et al.19 (2003) did not find an accentuated effect of 
smoking in a particular area and related that loser 
sites in smokers appear at random. Thus, further 
studies are necessary in order to better elucidate the 
impact of smoking on particular groups of teeth. 

The mechanisms by which smoking affects peri-
odontal destruction are not fully understood. From 
in vitro studies, it has been reported that bacteria 
are selectively affected by cigarette smoke20 and 
that smokers present a decreased oxygen tension 
in periodontal pockets, which could favor anaero-
bic colonization.21 In contrast, clinical studies have 
shown minor differences between smokers and non-
smokers with respect to periodontal microflora.22 
Evidence has suggested that smoking may enhance 
periodontal breakdown by affecting host response. 
Neutrophils are the first line of defense against bac-
terial infection, and have demonstrated an impaired 
function in smokers, showing a decreased chemo-
taxis,23 phagocytosis,24 and adherence.24 Addition-
ally, cigarette smoke compounds negatively affected 
gingival fibroblast attachment and proliferation in 
vitro25 and higher levels of MMP-2 were found in 
gingival tissue adjacent to periodontitis sites in rats 
submitted to cigarette smoke inhalation.26 These 
findings may offer a biological basis to the clinical 
observations in the present study.

It is well recognized that different geographic 
regions normally exhibit considerable differences 
in demographic, environmental, genetic, ethnic and 
possibly ecologic characteristics, which may cause 
and aggravate periodontal diseases.14 Thus, it is dif-
ficult to compare epidemiological data from devel-
oped countries (which are the source of most of the 
studies) with data from developing countries. This 
aspect highlights the importance of investigating 
each specific population. One of the only studies fo-
cused on Brazilians investigated an urban popula-
tion in southern Brazil (853 dentate subjects), and 
showed that smoking is strongly correlated with se-
vere attachment loss.27 The present study data are in 
line with those previously observed for the Brazilian 
population, and, as far as the authors know, this is 
the first study that investigated patients of a private 
periodontal practice. 

A series of recent studies published by the group 
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of Bergström and Baljoon in Saudi Arabia patients 
mainly compared the effects of cigarette smoking 
and water pipe smoking in periodontal vertical bone 
loss measured by full sets of radiographs.28 The im-
pact of water pipe smoking (that had a sharp rise 
consumption by the popularity in the recent years 
by men and women in Middle East countries) is of 
the same magnitude as that of cigarette smoking. 
They concluded that tobacco smoking should be 
considered a risk factor for periodontal vertical bone 
loss,28,29 indicating a significant long-term influence 
of smoking on vertical periodontal bone loss, and 
yielding additional evidence that smoking is a risk 
factor for periodontal bone loss.30

With respect to periodontal health, it appears 
that just as with subjects in developed countries, the 
negative effects of smoking also influence Brazil-
ians. Further studies should, however, be considered 
in order to investigate whether these similarities 
continue to be present in the long-term, and whether 
smoking affects each population to a similar extent 
and severity.

Conclusion
Within the limits of the present investigation it 

can be concluded that smoking may enhance the 
bone loss resulting from periodontitis and that the 
incisors are the teeth most affected.
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