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Summary

Background Since current evidences support a negative
influence of tobacco smoking on the periodontal bone,
an increased prevalence or severity of periapical lesions
would be expected among smokers. The aim of this study
was to investigate the difference in the periapical status
of endodontically treated and untreated teeth in current
smokers and never-smokers.

Methods The cross-sectional study included 259 sub-
jects, 108 current smokers and 151 never-smokers, pre-
senting as new patients at the Dental Clinic of the Clini-
cal Hospital Centre Rijeka, Croatia. The periapical index
(PAI) was used to assess the periapical status of all teeth,
excluding third molars.

Results and conclusions Current smokers had higher
fraction of teeth with apical periodontitis (AP) than
never-smokers (0.13 vs. 0.10; P=0.025), while fractions of
endodontically treated teeth and endodontically treated
teeth with AP did not differ significantly. When overall
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number of teeth was controlled for, smokers were 16.4
times more likely to have AP than a non-smokers (95%
CL: 5.7-47.7; P<0.001) and if a person was male, he was
3.1 times more likely to have AP than if the person was
female (95% CI: 1.1-8.9; P=0.039). The probability of AP
increases with increase of age. Smokers will on average
have two teeth with AP more than non-smokers, while
controlling for gender, age and overall number of teeth.

Keywords Endodontics - Periapical periodontitis - Root
canal therapy - Smoking - Tobacco

Abbreviations

AP  Apical periodontitis
PAI Periapical index
DM Diabetes mellitus

Introduction

Cigarette smoking in Croatia is a widespread habit. The
research conducted by “Ivo Pilar” Institute of Social Sci-
ence on Croatian subjects established that 39.7 % of men
and 32.9% of women are current smokers. The largest
proportion of smokers (16.5%) consumes 10-20 ciga-
rettes per day [1]. According to the research The Euro-
pean School Survey Project on Alcohol and Other Drugs
(ESPAD) conducted in 2011, it was established that the
prevalence of “smoking in the last 30 days” in Croatian
16-year-olds is 41 %, which is the third largest prevalence
among the same age group in 37 European countries [2].

Apical periodontitis (AP) is an inflammatory disorder
of periradicular tissues caused by persistent microbial
infection of the root canal system of the affected tooth [3].
Since clinical signs and symptoms such as pain, tender-
ness, swelling and sinus tract formation occur to varying
degrees and are only moderately specific [4], diagnosis of
AP is based on radiological detection of deviation from
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normal periapical anatomy. A recently conducted cross-
sectional study on Croatian subjects has reported the
prevalence of AP in 8.5% of examined teeth. It has also
found AP in 54 % of endodontically treated teeth [5].

Several studies have demonstrated a relationship
between smoking and higher incidence of dental caries.
The decreased buffering effect and possible lower pH of
smokers’ saliva as well as the higher number of lacto-
bacilli and Streptococcus mutans may favour increased
susceptibility to caries in smokers [6-8]. Since AP is com-
monly an inflammatory sequel to dental caries, it is justi-
fied to expect that periapical lesions are more frequent
in smokers.

Based on current evidence of harmful effects of
tobacco smoking on the periodontal bone [9], it was
assumed that smoking might have a negative influence
on apical periodontium of endodontically compro-
mised teeth, facilitating the extension of periapical bone
destruction and/or interfering with healing after root
canal treatment. Consequently, an increased prevalence
or severity of periapical lesions would be expected in
smokers [10]. Several studies investigated the association
between tobacco smoking and AP with contradictory
results [10-13].

Since, to our knowledge, the relation between current
cigarette smoking and AP in Croatian subjects has not
yet been investigated, the aim of the present study was to
investigate the difference in the periapical status of end-
odontically treated and untreated teeth among currently
smoking and never-smoked subjects.

Patients, materials and methods

The initial sample assessed for eligibility included 522
individuals older than 18 years presenting consecutively
as new patients seeking routine dental care at the Den-
tal Clinic of the Clinical Hospital Centre Rijeka, Croatia,
during a 1-year period (2013). The study included only
patients requiring digital panoramic and periapical
radiographs of teeth with periapical pathosis and/or end-
odontically treated teeth as a part of routine diagnostics
and dental treatment planning. Patients having less than
eight remaining teeth and patients who had endodon-
tic treatment in the preceding 2 years were excluded.
Patients with diabetes mellitus (DM) and former smokers
were also excluded from the sample (Fig. 1). The smok-
ing status was self-reported and obtained by interview.
After the exclusion criteria were applied the final sample
consisted of 259 patients, aged 40.3+15.1, with 82 male
subjects (31.7%) and 177 female subjects (68.3%). The
Ethics Committee of the Rijeka Clinical Hospital Centre
approved the study, and participants agreed to partici-
pate in the study by signing an informed consent.
Panoramic radiographs were taken by using a digi-
tal orthopantomograph machine (J. Morita Corpora-
tion, Veraviewepocs 6716, Kyoto, Japan). Images were
obtained by compatible software (Mediadent V4, Image
Level, Nieuwkerken-waas, Belgium) and laser printed

Assessed for eligibility
n=522

4 )

Excluded (7=212)
-Lack of time or interest-18
-Pregnancy-2
-Incomplete radiological
documentation or radiographs
of insufficient quality-65 —
-Less than eight remaining
teeth-52
-Endodontic treatment in the
preceding 2 years-72
-Diabetes melitus-3

\_ /

1

Smokers (n=159)

4 M
Excluded former smokers
(n=51)
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Final sample Final sample
Neversmokers (#=151) Current smokers (7=108)
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Fig. 1 Flowchart showing patient enrolment in the study

on film. Periapical radiographs of respective teeth were
taken using the paralleling technique with a Trophy
Elitys x-ray unit (Trophy Radiologie, Marne-la-Vallee,
France) and E-Speed film (Carestream Health, Rochester,
NY, USA). The films were processed automatically (Durr
Dental, Bietigheim-Bissingen, Germany).

From panoramic and periapical radiographs all teeth,
excluding third molars, were recorded. Teeth were cat-
egorised as endodontically treated if a radio-opaque
material was visible in the pulp chamber and/or in the
root canals. The method of viewing the radiographs was
standardised—they were examined in a darkened room
using the negatoscope with magnification (3.5x).

The periapical status of all teeth was assessed by using
the periapical index system (PAI) [14]. A score greater
than 2 (PAI>2) was taken to indicate the presence of AP.
For multi-rooted teeth, the root presenting the highest
PAI score was used. The radiographs were examined by
one observer. Before evaluation, the observer partici-
pated in a calibration course for the PAI system, which
consisted of 100 radiographic images of teeth (provided
by Dr @rstavik). Each tooth had to be assigned to one
of the five PAI scores by using visual references for five
categories within the scale. After scoring the teeth, the
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results were compared to a silver standard score for 100
reference teeth and the Cohen’s kappa was calculated
as 0.70. Intra-observer reproducibility was evaluated by
the repeat scoring of 30 patients 2 months after the first
examination. These patients were randomly selected.
Before the second evaluation the observer was recali-
brated according to PAI. Cohen’s kappa after recalibra-
tion was 0.67. The intra-observer agreement test on PAI
scores on 30 patients produced a Cohen’s Kappa of
0.75. An observer with kappa values for inter- and intra-
observer reproducibility of >0.61 is “authorised” to pro-
duce valid experimental scores [14, 15].

Statistical methods

Raw data were entered into Excel database, and statisti-
cal analyses were carried out using commercial softwares
Statistica 12.0 (Statsoft Inc, Tulsa, OK, USA), MedCalc
14.8.1 (MedcCalc Software bvba, Belgium) and IBM SPSS
22 (IBM Corp, Armonk, NY, USA). Testing data for normal
distribution were performed by Kolmogorov-Smirnov
test. Differences in age, average number of teeth, fraction
of endodontically treated teeth, fraction of teeth with
AP and fraction of endodontically treated teeth with AP
between current smokers and never smokers were ana-
lysed by ¢ test for independent samples. To analyse the
differences in the prevalence of persons with AP, end-
odontic treatment and endodontic treatment associated
with AP between current smokers and never smokers
chi-square test was used.

A generalised linear model was used to explore the
relationship between the presence of AP and smoking,
gender, age and endodontic treatment. Two models
(Model 1: presence of teeth with AP and Model 2: pres-
ence of endodontically treated teeth with AP) and two
approaches (binomial distribution with logit link and
negative binomial distribution with log lik) were used.
Gender (1=man; 2=woman), smoking (0=nonsmoker;
1=current smoker), age (continuous predictor), frac-
tion of endodontically treated teeth (N of endodontically
treated teeth/N of present teeth; continuous variable)
were used as predictors. Overall number of teeth served
as offset variable in Model 1 and overall number of end-
odontically treated teeth in Model 2. Several outcome
variables were studied: presence of AP (0=subject with-
out single tooth with AP; 1=subject with at least one
tooth with AP) in Model 1a, number of teeth with AP in
Model 1b, presence of AP in endodontically treated teeth
(0=subject without single tooth with AP on endodonti-
cally treated teeth; 1 =subject with at least one tooth with
AP on endodontically treated teeth) in Model 2a and the
number of endodontically treated teeth with AP in Model
2b. Since the fraction of endodontically treated teeth is
too highly correlated with AP in Model 1a and 1b to be
meaningfully included in the analyses, it was omitted in
those models. Akaike’s information criterion (AIC) and
Bayesian information criterion (BIC) were used to com-

pare the model’s fit and to select the more appropriate
model.

Results

The study sample consisted of 108 current smokers
(42%) and 151 never smokers (58 %). The mean age was
38.8+13.6 years for current smokers and 41.9 +16.2 years
for never smokers (P=0.106). The average number of
teeth per patient was 22.9+5.2 and 23.2+4.9 in smoking
and never-smoked patients, respectively (P=0.636).

AP in one or more teeth was more often found in smok-
ers (86.1%) than in never smokers (78.1%; P=0.143).
One or more endodontically treated teeth were found
in 89 (82.4%) and 119 (78.8%) of smoking and never-
smoked subjects, respectively (P=0.576). Among smok-
ing patients with endodontically treated teeth, 67 (72.0 %)
had AP affecting at least one treated tooth. Among never
smokers with endodontically treated teeth, 93 (78.8%)
had AP affecting at least one treated tooth (P=0.328)
(Table 1).

In univariate analysis smokers had a higher frac-
tion of teeth with AP than never smokers (0.13 vs. 0.10;
P=0.025), whereas fractions of endodontically treated
teeth and endodontically treated teeth with AP did not
differ significantly (Table 2).

A current smoker was on average 16.4 times more
likely to have AP than a never smoker (95% CI: 5.7-47.7;
P<0.001), and if the person was a man, he was 3.1 times
more likely to have AP than if the person was a woman
(95% CI: 1.1-8.9; P=0.039; Table 3). The probability of
AP increases with increase in age (Table 3). Age, gender,
smoking and fraction of endodontically treated teeth do
not predict probability of AP on endodontically treated
teeth (Table 4).

Table 1 Prevalence of apical periodontitis (AP) and end-
odontic treatment in currently smoking and never smoked
subjects

Variable Subjects/n (%) Statistics Total
Current Never- n=259
smokers smoked
group group
n=108 n=151

Individuals with apical periodontitis

Yes 93 (86.1) 118 (78.1)  x%=2.14 211 (81.5)

No 15(13.9) 33(21.9) P=0.143 48 (18.5)

Individuals with endodontically treated teeth

Yes 89 (82.4) 119(78.8)  ¢2=0.31 208 (80.3)

No 19 (17.6) 32(21.2) P=0.576 51 (19.7)

AP in individuals with and without endodontic treatment

Treated 67 (72.0) 93(78.8) x*=0.96 160 (75.8)

Untreated 26 (28.0) 25(1.2) P=0.328 51 (24.2)

aThe percentages are calculated out of the number of all subjects with AP
according to the currently smoking group and never-smoked group
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Table 2 The difference in the periapical status of teeth in current smokers and never smokers

n
Fraction of endodontically treated teeth Never smokers 151
Current smokers 108
Fraction of teeth with AP Never smokers 151
Current smokers 108
Fraction of endodontically treated teeth with AP Never smokers 151
Current smokers 108

3ndependent samples £ test

Table 3 Risk assessment for AP (0=subject without single
tooth with AP; 1=subject with at least one tooth with AP)
assessed by generalised linear model with binomial distri-
bution and logit link

Parameter B Std. error  Sig.? OR 95% Cl
Intercept -34.125 0.639

Gender=M 1.123 0.544 0.039 3.075 1.060-8.923
Smoking =yes 2.799 0.543 <0.001 16.432 5.664-47.672
Age 0.328 0.016 <0.001 1.388  1.346-1.431

OR odds ratio, CI confidence interval, AIC Akaike’s information criterion, BIC
Bayesian information criterion

0ffset: overall number of teeth

AIC=495.632; BIC=509.859

Table 4 Risk assessment for AP on endodontically treated
teeth (0=subject without single tooth with AP on endodon-
tically treated teeth; 1=subject with at least one tooth with
AP on endodontically treated teeth) assessed by gener-
alised linear model with binomial distribution and logit link

Parameter B Std. error  Sig.? OR 95% Cl
Intercept -1.319 0.469

Gender=M 0.110 0.335 0.742 1117 0.579-2.153
Smoking=yes —0.102 0.322 0.751 0.903 0.481-1.696
Age 0.002 0.011 0.824  1.002 0.982-1.024
Fraction of —2.249 2.519 0.372 0.106 0.001-14.722
endotreated

teeth

OR odds ratio, AIC Akaike’s information criterion, BIC Bayesian information
criterion

a0ffset: number of endodontically treated teeth

AIC=261.633; BIC=279.418

The number of teeth with AP increases with increase
in age, and male gender and smoking are also related to
increased number of teeth with AP. The difference in the
number of teeth with AP is expected to be 2.2 units higher
for smokers compared to nonsmokers, while holding
the other variables constant in the model (Table 5). The
number of AP on endodontically treated teeth increases
with increase in age and decreases with increase in frac-
tion of endodontically treated teeth (Table 6).

Mean Std. deviation 95% Cl Min Max =
0.11 0.10 0.09-0.12 0 0.43

0.12 0.11 0.10-0.14 0 0.54  0.246
0.10 0.10 0.08-0.11 0 0.45

0.13 0.11 0.11-0.15 0 056  0.025
0.06 0.07 0.05-0.07 0 0.39

0.06 0.07 0.05-0.07 0 0.30 0.832
Discussion

The study included adult patients attending dental ser-
vice at the Dental Clinic of the Rijeka Clinical Hospi-
tal Centre, Croatia for the first time. The recruitment of
subjects, exclusion and inclusion criteria were similar
to those used in previous studies [12, 16]. In the pres-
ent study subjects with DM and former smokers were
excluded. In several previous studies, a statistically sig-
nificant association between DM and radiographically
diagnosed chronic AP was found, suggesting that diabe-
tes can act as a confounding factor [17, 18].

A time period of 10-20 years was recently suggested for
a resolution of oral tissues after heavy tobacco use [19].
The detrimental effect of tobacco is affected by the num-
ber of cigarettes the patient currently smokes, the inten-
sity and duration of smoking and/or time since cessation
[20]. This suggests that a broad categorisation of tobacco
use is inadequate and makes the identification of former
smokers as a separate category necessary. Since data
considering smoking cessation obtained by an interview
were not reliable, former smokers were excluded.

The overall prevalence of AP in the present study was
82 % which is comparable to similar studies conducted
on patients referred to institutions, such as universities
or specialist dental clinics [21, 22]. The major shortcom-
ing of such study design is that the patients can be more
severely diseased and therefore are not representative for
the whole population. The prevalence of individuals with
at least one endodontically treated tooth was 80 % which
is comparable to 76 % of participants in a recently con-
ducted study in Croatia [5].

The main purpose of the study was to investigate
the possible influence of smoking on the prevalence of
radiographic changes characteristic of AP. It was hypoth-
esised that the periapical tissues of endodontically com-
promised teeth would be negatively affected by smoking,
through influence on repair and healing events follow-
ing endodontic treatment or disruption of catabolic
and anabolic mechanisms and facilitation of periapical
bone destruction. Consequently, increased size and/or
number of radiologically detectable lesions would be
expected in smokers [10]. Furthermore, smokers have
increased caries prevalence due to decreased saliva-
buffering effect and a higher number of lactobacilli and
Streptococcus mutans, poorer oral hygiene, different eat-
ing habits (presumably consuming higher amount of
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Table 5 Predictors of number of teeth with AP assessed by
generalised linear model with negative binomial distribution
and log link

Parameter B Std. error  Sig.2 OR 95% Cl
Intercept —34.060 0.365

Gender=M 1543  0.263 <0.001 4.677 2.794-7.830
Smoking =yes 2.146  0.262 <0.001 8.554 5.118-14.298
Age 0.282  0.008 <0.001 1.325 1.304-1.347

OR odds ratio, AIC Akaike’s information criterion, BIC Bayesian information
criterion

0ffset: overall number of teeth

AlIC=2507.221; BIC=2521.448

Table 6 Predictors of number of endodontically treated
teeth with AP assessed by generalised linear model with
negative binomial distribution and log link

Parameter B Std. error  Sig.2 OR 95% Cl
Intercept -1.925 0.314

Gender=M 0.036 0.206 0.861 1.037 0.693-1.552
Smoking=yes 0.009 0.197 0.963 1.009 0.686-1.485
Age 0.015 0.007 0.030 1.015 1.001-1.029
Fraction of -11.399 0.997 <0.001 1.12E- 1.59E-
endo-treated 05 06-7.91E-05
teeth

OR odds ratio, AIC Akaike’s information criterion, BIC Bayesian information
criterion

30ffset: number of endodontically treated teeth

AIC=756.597; BIC=774.381

sugar) and reduced frequency of dental recall than non-
smokers [6-8, 23-25]. Taken together, the above points
can be construed to contribute to the increased preva-
lence of dental caries and consequently the periapical
disease in smokers.

Although other studies found a higher prevalence of
edentulism among smokers [26, 27], in the present study
there were no significant differences between current
smokers and never smokers considering the average
number of teeth per patient. In the present study the
prevalence of AP in current smokers was higher than
in never smokers (86.1 vs. 78.1) although the difference
was not statistically significant. However, a significantly
higher fraction of teeth with AP was identified in cur-
rently smoking patients.

Considering data from cross-sectional studies, several
studies revealed a slight, however, significant association
with a reported OR between 1.4 and 4.4 between periapi-
cal pathosis and cigarette smoking in populations studied
[11, 12, 28]. A recent study, analysing data from hyperten-
sive patients, reported a very strong positive association
with an OR 16.8 (95 % CI: 4.6-61.3) [13]. Bergstrom et al.
did not find significant association between smoking and
periapical lesions (OR 0.7; 95 % CI: 0.5-1.1; P=0.128) [10].
In the present study, on average, a smoker was 16.4 times
more likely to have AP than a nonsmoker. A strong asso-
ciation between smoking habit and increased number of

teeth with AP was also demonstrated and smokers will on
average have two more teeth with AP than nonsmokers,
while controlling for gender, age and overall number of
teeth. The present findings suggest that smoking might
facilitate the extension of the periapical bone destruc-
tion, making it possible to detect the higher number of
the periapical lesions on the conventional radiographs.

Age has previously been identified as risk indicator
for AP [11]. This was confirmed in the present study, and
basically each decade tends to increase the number of
teeth with AP to three.

Gender appears to be related to AP, and present data
demonstrated that men were more likely to have AP than
women, and more teeth affected. This difference may
reflect the greater interest of women in receiving dental
care and attendance for check-ups.

Both endodontically treated teeth and endodonti-
cally treated teeth with AP appear to be present in similar
numbers in current smokers and nonsmokers, and smok-
ing does not seem to be related to AP in endodontically
treated teeth. Although several studies reported a posi-
tive relationship between endodontically treated teeth
and increased probability of AP [10-12], this was not
confirmed by the present data. Moreover, when gender,
age and smoking were controlled for, a higher fraction
of endodontically treated teeth was related to decrease
of AP in endodontically treated teeth. It may imply that
quality of treatment is a significant predictor and that
well-conducted endodontic treatment decreases AP,
irrespective of smoking status or gender of patient.

This study has several limitations. It has been demon-
strated by Brynolf et al. that apical inflammation is often
present in the absence of radiological signs [29]. In the
present study, only radiographs were used to assess the
presence of AP, which might have resulted in underesti-
mation of periapical pathosis. Similar to previous stud-
ies, smoking habit was treated as a dichotomous variable,
whereas the influence of the intensity and duration of
smoking habit was not investigated [11-13]. Although
cross-sectional studies may demonstrate differences in
the prevalence of AP, longitudinal studies may show dif-
ferences between the smoking groups regarding the inci-
dence, that is, the development of new periapical lesions
within a time frame. The present study strongly supports
the hypothesis that smoking influences the periapi-
cal status of teeth, but not endodontically treated teeth.
However, since this study was cross-sectional by design,
conclusions should be regarded as temporary until con-
firmed by long-term observations.
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