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Abstract
Objective: A radiographic investigation into the relationship between tobacco
smoking and subgingival dental calculus was conducted in an adult population,
including 48 current smokers, 57 former smokers, and 125 non-smokers.

Material and Methods: Assessment of subgingival calculus was based on a full set
of radiographs. Mesial and distal root surfaces were assessed as to presence or absence
of radiopaque deposits apical to the cemento-enamel junction. The severity of
subgingival calculus deposition, labeled subgingival calculus load, was estimated from
both the total number and the proportion of proximal sites affected.

Results: The overall prevalence of individuals exhibiting at least one subgingival
calculus positive site was 43%, ranging from 15% in age stratum 20–34 years to 72%
in age stratum 50–69 years. The prevalence among current smokers, former smokers,
and non-smokers was 71%, 53%, and 28%, respectively. The differences between
smoking groups were statistically significant (po0.001). The mean subgingival
calculus load of current smokers, former smokers, and non-smokers was 3.4, 1.2, and
0.6 affected sites per person, respectively, or expressed as mean proportions, 6.2%,
2.4%, and 1.1%, respectively. The association between smoking and subgingival
calculus load was statistically significant (po0.001). The subgingival calculus load
increased with increasing smoking exposure, suggesting a dose–response relationship.

Conclusion: The present observations in dentally aware adults indicate a strong and
independent impact of tobacco smoking on subgingival calculus deposition.
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In a previous communication elevated
levels of supragingival dental calculus
in smokers as compared with non-
smokers and former smokers in a
population of dentally aware adults
was reported (Bergström 1999). Con-
cordant with some earlier clinical and
epidemiologic findings in various popu-
lations (Pindborg 1949, Alexander
1970, Ainamo 1971, Sheiham 1971,
Anerud et al. 1991), the observations
suggested that tobacco smoking is
accompanied by an increased likelihood
of supragingival dental calculus deposi-
tion. In the past, only a few studies have
investigated the relationship between
smoking and subgingival dental calcu-
lus. Although some of these studies do
not strictly separate subgingival from
supragingival calculus, they are largely
suggestive of a positive association also
between subgingival calculus and smok-

ing (Pindborg 1949, Alexander 1970,
Anerud et al. 1991, Linden & Mullally
1994). Subgingival calculus formation
is associated with and probably con-
sequential to the establishment of
chronic inflammatory periodontal dis-
ease (Christersson et al. 1992). Because
it is generally agreed that smoking is
associated with increased rates of perio-
dontal morbidity, it may be a priori
presumed that smoking would be linked
to subgingival calculus as well. In a
recent study of patients with periodontal
disease, however, it was reported that
subgingival calculus, although increas-
ingly prevalent with increasing disease
severity, was inversely related to smok-
ing (Martinez-Canut et al. 1999). Thus,
there seems to be some controversy as
to the role of smoking in subgingival
calculus deposition. In order to further
elucidate whether or not smoking is

associated with excess risk of dental
calculus deposition, the purpose of the
present investigation was to estimate the
prevalence and severity of the subgin-
gival category of dental calculus in the
previously described population. It was
hypothesized that smoking, regardless
of periodontal disease status, may
promote subgingival calculus deposition
by way of rendering subgingival plaque
increasingly liable to calcification.

Material and Methods
Study population

The population to be investigated com-
prised a total of 242 individuals in the
age range 20–69 years, 185 men and 57
women. The participation rate was 80%.
The population has been previously
described and is characterized by a high
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standard of dental awareness (Berg-
ström 1999, Bergström et al. 2000a).
More than 90% claimed to be regular
dental attenders visiting the dentist at
least once every 2 years for the last 5–
10 years. All claimed to brush their
teeth on a regular daily basis and 66%
used one or several additional oral
hygiene aids such as dental floss and
interdental brush. The oral health con-
dition also was of a high standard as
seen from, e.g. a great number of
retained teeth and minimum bone loss
(Eliasson & Bergström 1997). The
average number of retained teeth was
28.4 ranging from 18 to 32. Also, in
individuals 50 years of age and over the
number of remaining teeth was high, the
average being 26.6.

The fractions of current smokers,
former smokers, and non-smokers were
20%, 23%, and 52%, respectively,
whereas in 5% (n5 12) information
about smoking was missing. The latter
fraction was excluded. The frequency
distribution of the study population
according to age, gender, and smoking
is presented in Table 1. The smoking
exposure of current and former smo-
kers was expressed in terms of smoking
consumption (cigarettes smoked per day),
smoking duration (number of years of
smoking), and lifetime exposure, i.e. the
product of consumption and duration
(cigarette-years). The mean (SD) con-
sumption, duration and lifetime exposure
of current smokers was 13.8 (7.2) cigar-
ettes/day, 20.4 (12.8) years and 299.3

(260.9) cigarette-years, respectively, and
the previous exposure of former smokers
15.6 (8.6) cigarettes/day, 12.8 (9.4) years,
and 238.9 (225.85) cigarette-years,
respectively. Former smokers had given
up smoking since on the average 12.8
(9.1) years. The distributions of current
and former smokers according to expo-
sure are presented in Table 2. The mean
(SD) number of retained teeth in current
smokers, former smokers, and non-
smokers was 28.0 (2.5), 27.8 (2.8),
and 28.7 (2.6), respectively. The study
was approved by the local ethical
committee of Karolinska Institutet,
Huddinge, Sweden.

Assessments

The present analyses were based on 242
individuals with a full set of radiographs
including 16 intra-oral projections, five
anterior and four posterior projections
of maxillary teeth, and three anterior
and four posterior projections of mandib-
ular teeth, and allowing an unambiguous
assessment of subgingival calculus. The
radiographs were taken according to a
standardized paralleling and long-dis-
tance technique and the films (Kodak
Ekta Speed E, Chalon-Sur-Saône, France)
were processed according to the manu-
facturer’s instructions at the Department
of Oral Radiology, Karolinska Institutet,
Huddinge, Sweden. Subgingival calculus
was assessed on the mesial and distal root
surfaces with the aid of a light table and a
viewer allowing � 2 magnification. All

teeth except third molars were dichot-
omously assessed according to presence
or absence of subgingival calculus, where
score 0 indicated no visible radiopaque
deposit and score 1 a distinctly visible
radiopaque deposit. Any radiopaque
deposit on the root surface apical to the
cemento-enamel junction was considered,
whereas deposits coronal to the cemen-
to-enamel junction only were dis-
regarded. The severity of subgingival
calculus within the individual, labeled
subgingival calculus load, was expressed
as (1) the absolute frequency of sites
affected and (2) the frequency of affected
sites as percentage of all sites at risk.
Assessments were performed blinded as
to the smoking status of the individual.

Supragingival calculus was bilater-
ally assessed on the lingual surfaces of
the mandibular anterior teeth and the
vestibular surfaces of the maxillary pre-
molar and molar teeth as described
previously (Bergström 1999). The occur-
rence of deposits in each region was
assessed by clinical examination and the
arithmetic mean across the four regions
formed the supragingival calculus mean
score of the individual. Supragingival
plaque was assessed according to the
plaque index of Silness & Löe (1964).
Assessment was made on all buccal,
distal, lingual, and mesial tooth surfaces
in the individual following erythrosin
staining. The mean of all assessments
formed the plaque index of the indivi-
dual. Gingival inflammation was assessed
according to the gingival index of Löe &
Silness (1963). The marginal gingivae
along the buccal, distal, lingual, and
mesial aspects of all teeth were assessed
and the mean of all assessments formed
the gingival index of the individual.
Periodontal probing depth and bone
height were assessed on the basis of all
teeth as described elsewhere (Bergström
& Eliasson 1986, Eliasson & Bergström
1997, Bergström et al. 2000a, b).

Statistics

Data are presented as means and 95%
confidence intervals (CI) or standard
errors of the mean (SEM). Statistical
significance of differences between
groups was tested according to Krus-
kal–Wallis ANOVA. Variables with a
non-normal distribution were log trans-
formed. Possible confounders were run
together with smoking as co-variables in
two-factor ANOVAs. Post hoc multiple
comparisons were performed according
to Scheffe’s test. For proportions, sig-

Table 1. Study population according to age, gender and smoking

Age

Current
smoker

Former
smoker Non-smoker Other Total

(years) men women men women men women men women men women

20–34 12 3 6 7 39 19 3 1 60 30
35–49 13 5 13 4 26 11 6 0 58 20
50–69 14 1 25 2 26 4 2 0 67 7
total 39 9 44 13 91 34 11 1 185 57

Table 2. Distribution of current and former smokers according to smoking exposure;
n5 number of individuals

Smoking status

Consumtion
(cigarettes/day) Duration (years)

Life-time exposure
(cigarette-years)

light heavy light heavy light heavy

n range n range n range n range n range n range

current smoker 21 1–10 27 12–30 14 2–10 34 11–50 25 2–200 23 225– 980
former smoker 24 2–10 30 15–40 32 1–10 24 12–40 33 4–200 21 225–1050
total 45 1–10 57 12–40 46 1–10 58 11–50 58 2–200 44 225–1050
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nificance was tested using the w2-
distribution with the application of
Yates’ correction where indicated. Mul-
tivariate testing was performed using
multiple linear and multiple logistic
regression analyses. Logistic regression
was run with subgingival calculus load
as the dependent response variable,
transformed into a dichotomous variable
with values greater than 0 recoded into
1, else 0. The relative risk was estimated
from the odds ratios (OR) and 95% CI.
When included in the multivariate
logistic models, supragingival calculus
was recoded into presence (n5 168) or
absence (n5 71); periodontal pocketing
into presence (n5 146) or absence (n5
82); bone height into low (o82.0%,
n5 59) or high (X82.0%, n5 170);
gingival index into low (0.07–0.49,
n5 71), medium (0.50–0.97, n5 85),
and high (1.00–2.00, n5 71); plaque
index into low (0.05–0.64, n5 81),
medium (0.65–0.89, n5 78), and high
(0.90–2.00, n5 69). Age was stratified
according to Table 1. Smoking con-
sumption was stratified according to (1)
1–10 cigarettes/day (n5 44) and (2)
410 cigarettes/day (n5 57); smoking
duration according to (1) 1–10 years
(n5 46) and (2) 410 years (n5 58);
and lifetime exposure according to (1)
1–200 cigarette-years (n5 58) and (2)
4200 cigarette-years (n5 44). In the
linear regressions, smoking was intro-
duced as two dummy variables, current
smoking, i.e. current smokers versus
former smokers and non-smokers, and
former smoking, i.e. former smokers
versus current smokers and non-smokers.

Error of measurement

The radiographic assessment was inde-
pendently performed by two observers,
each observer assessing the total num-
ber of individuals and blinded as to the
smoking status of the individual. The
inter-observer agreement was tested
according to the Pearson product–
moment correlation. The correlation
coefficient was r5 0.93 and p5 0.000.
The intra-observer reproducibility was
tested in 25 randomly selected indivi-
duals and estimated from duplicate
measurements within a time frame of
2 days. The reproducibility was expressed
as the precision (s), i.e. the standard
deviation of a single measurement,
according to

s ¼ pX
d2
i =2n;

where di is the difference between
duplicates and n the number of dupli-
cates. The estimates of the precision
referring to a single measurement of
subgingival calculus load were s15 0.9
and s25 0.1 for the two observers,
respectively. Because each individual
was represented by the average of the
two observers’ readings, the precision
referring to a single mean is s35 0.6.
The precision pertaining to group means
(sm) was the order of 0.05–0.10. It is
concluded that the influence of mea-
surement error on group means is
negligible.

Results

Prevalence

The prevalence of individuals exhibiting
radiographic evidence of subgingival
calculus at one or more proximal sites
was 43% for the total population,
increasing from 15% in age stratum
20–34 years to 72% in age stratum 50–
69 years (Fig. 1). The increase with age
was statistically significant (w25 62.1,
p5 0.000).

The prevalence among current smo-
kers was 71% as against 53% among
former smokers and 28% among non-
smokers (Fig. 2). The difference across
smoking groups was statistically signif-
icant (w25 28.3, p5 0.000). The speci-
fic differences between current smokers
and non-smokers, and former smokers
and non-smokers were statistically sig-
nificant (Yates’ w25 24.4, p5 0.000
and 9.1, p5 0.002, respectively). The
difference between current and former
smokers was almost significant (Yates’
w25 2.9, p5 0.087). The significant
predominance of current smokers held
true throughout all age groups. The
prevalence was significantly higher in
heavy exposure smokers than light
exposure smokers in terms of smoking

duration and lifetime exposure. This
held true for current smokers alone
(Yates’ w25 5.7, p5 0.017 and 4.2,
p5 0.041, respectively) as well as for
current and former smokers combined
(Yates’ w25 17.0, p5 0.000 and 9.0,
p5 0.003, respectively).

Severity

The frequency distribution of indivi-
duals according to subgingival calculus
load was skewed to the left, suggesting
a decreased frequency with increasing
load. With the exception of one indivi-
dual exhibiting an extreme of 50, the
maximum frequency of affected sites
per person was 11. Only 14 individuals
(5%) exhibited more than six (10%)
affected sites. The overall mean sub-
gingival calculus load was 1.4 (2.5%)
affected sites per person, increasing
with age from 0.3 (0.5%) in age stratum
20–34 years to 2.3 (4.4%) in age stratum
50–69 years (Fig. 3). The association
between age and subgingival calculus
load was statistically significant both in
absolute and relative terms (Kruskal–
Wallis H5 52.7 and 54.5, respectively,
p5 0.000). Gender was not statistically
significantly associated with subgingi-
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Fig. 1. Prevalence (%) of individuals with
subgingival calculus according to age.
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Fig. 2. Prevalence (%) of individuals with
subgingival calculus according to smoking
status.
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Fig. 3. Subgingival calculus load as number
(n) and proportion (%) of affected sites.
Mean and SEM by age.

Smoking and subgingival calculus 83



val calculus load when age was con-
trolled for.

The mean subgingival calculus load
for current smokers was 3.4 (6.2%)
affected sites per person as against 1.2
(2.4%) for former smokers, and 0.6
(1.1%) for non-smokers (Fig. 4). The
association between smoking and sub-
gingival calculus load was statistically
significant both in absolute and relative
terms (Kruskal–Wallis H5 32.8, and
33.2, respectively, p5 0.000). The asso-
ciation remained statistically significant
when controlling for age (F(2, 2)5 24.1
and 32.8, respectively, p5 0.000). Post
hoc multiple comparisons testing indi-
cated statistically significant differences,
in both absolute and relative terms,
between current smokers and non-
smokers (F5 19.5 and 18.6, respec-
tively, p5 0.000), and between current
and former smokers (F5 6.0 and 5.4,
respectively, p5 0.000). Further, the
association between smoking and sub-
gingival calculus load remained statis-
tically significant when controlling for
the influence of other significant factors,
one at a time, such as gingival index,
periodontal bone height, periodontal
pocketing, plaque index, or supragingi-
val calculus in two-factor ANOVAs (data
not shown).

The subgingival calculus load was
significantly associated with smoking
exposure measures in a dose-dependent
manner (Fig. 5). Controlling for age, the
association between cigarette consump-
tion, smoking duration, and lifetime
exposure, respectively, and subgingival
calculus load was statistically signifi-
cant in both absolute and relative terms
for current smokers alone (F(2, 2)5
25.3 (21.6), 12.6 (17.6), and 13.7 (15.7),
respectively, p5 0.000) as well as for
current and former smokers combined
(F(2, 2)5 12.9 (12.2), 9.0 (9.2), and 8.6
(9.0), respectively, p5 0.000).

Multivariate modeling and risk
assessment

Multiple linear regression including
subgingival calculus load as the depen-
dent variable and age, current smoking,
former smoking, gingival index, perio-
dontal bone height, plaque index, and
supragingival calculus as predictors,
introduced in one block, suggested that

subgingival calculus load could be line-
arly predicted from a combination of
these variables accounting for 43% of
the variance in the dependent variable
(F5 20.3, p5 0.000, R2(adj)5 0.43).
The strongest predictors were age,
current smoking, and supragingival
calculus (Table 3).

Multiple logistic regression was run
with subgingival calculus load as the
dependent response variable (recoded
into presence5 1, absence5 0) and age,
gender, gingival index, periodontal bone
height, periodontal pocketing, plaque
index, smoking, and supragingival cal-
culus as predictors. Univariate analysis
indicated that age, smoking, gingival
index, periodontal bone height, perio-
dontal pocketing, and supragingival
calculus were significantly associated
with subgingival calculus load, whereas
gender and plaque index were not
(Table 4). In a multivariate analysis
including all significant factors, age
(OR5 1.1, p5 0.000), smoking (OR5
3.1, p50.007), and supragingival calculus
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Fig. 4. Subgingival calculus load as number
(n) and proportion (%) of affected sites.
Mean and SEM by smoking status.
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Fig. 5. Subgingival calculus load as number
(n) and proportion (%) of affected sites. Age
adjusted means and SEM by cigarette
consumption for current smokers.

Table 3. Multiple regression analysis with subgingival calculus load as dependent variable.
R25 0.43

Variable Parameter SEM t-value p

intercept 0.8
age 0.01 0.004 3.7 0.000
current smoking 0.48 0.096 5.0 0.000
former smoking 0.11 0.089 1.2 0.232
gingival index 0.01 0.003 2.4 0.019
periodontal bone height � 0.02 0.009 1.9 0.060
plaque index � 0.00 0.001 0.2 0.800
supragingival calculus 0.37 0.125 2.9 0.004

Table 4. Potential risk factors for subgingival calculus. Odds ratios (OR) and 95% confidence
intervals (CI). Univariate analysis

Factor OR 95% CI p

Age
young 1
middle 3.8 2.6; 5.6
old 14.4 6.6; 31.0 0.000

Periodontal bone height
high 1
low 4.9 2.6; 9.3 0.000

Periodontal pockets
no 1
yes 2.3 1.3; 4.1 0.000

Gingival index
low 1
medium 1.9 1.3; 2.7
high 3.5 1.8; 7.0 0.000

Smoking
no 1
yes 3.4 1.8; 6.5 0.000

Supragingival calculus
no 1
yes 6.0 2.9; 12.3 0.000
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(OR5 11.0, p5 0.000) remained statis-
tically significant. Further, the risk of
exhibiting subgingival calculus was 8.5-
fold elevated among current smokers
compared with non-smokers after
adjustment for age and other confoun-
ders (OR5 8.5, p5 0.000, Table 5).
The risk among former smokers was
slightly elevated (OR5 2.2, p5 0.051).

The relative risk associated with
exposure variables indicated a dose–
response relation (Table 6). Significant
trends for increasingly elevated relative
risks with increasing exposure were
observed regarding consumption, dura-
tion, as well as lifetime exposure among
current smokers alone and among cur-
rent and former smokers combined.
Compared with a non-smoker, a smoker
that had smoked 15–20 cigarettes/day
for 15–20 years ran a 15–20-fold
elevated risk of exhibiting subgingival
calculus after adjustment for age and
other possible confounders.

Discussion

The overall prevalence of subgingival
calculus in the present population of
dentally aware individuals was 43%
suggesting that a majority remained
unaffected. Moreover, only 5% dis-
played a subgingival calculus load in

excess of six (10%) affected sites,
suggesting that affected individuals
had predominantly low to moderate
levels. Radiographically detectable cal-
culus assessed at the root surface apical
to the cemento-enamel junction may not
clinically be equivalent to calculus of a
subgingival localization. Along with the
ongoing periodontal retraction and bone
height reduction with age and/or dis-
ease, portions of the root may become
exposed and some deposits radiographi-
cally assessed as subgingival may
clinically be localized supragingivally.
Vice versa, deposits coronal to the
cemento-enamel junction might clini-
cally represent subgingival calculus
even in the absence of a true pocket as
the result of gingival inflammation.
Unfortunately, clinical assessment was
not performed in parallel, why an
unambiguous distinction between sub-
gingival and supragingival calculus may
not have been fully possible. However,
because supragingival calculus was
accounted for in the calculations, any
confounding from this factor did not
influence the comparison between
smoking groups. Slight uncertainty as
to calculus localization, therefore, is
unlikely to affect group comparisons. A
further limitation inherent in the radio-
graphic assessment method is the fact
that only proximal aspects of the root

surfaces are assessable. Although sub-
gingival calculus is predominantly
observed at proximal sites (Anerud
et al. 1991, Corbett & Dawes 1998),
the use of radiographic assessment
alone will inevitably result in an under-
estimation. This type of systematic
error, however, will not greatly distort
comparisons between smoking groups.
The presently used radiographic meth-
od, producing assessments of a high
precision as found by the reassuring
tests of intra- and inter-observer repro-
ducibility, therefore, is considered
appropriate for the purpose of the study.

The hypothesis to be tested in the
present investigation was that tobacco
smoking enhances the subgingival depo-
sition of calculus onto root surfaces.
Consistent with the hypothesis, the ob-
servations demonstrated significantly
elevated levels of subgingival calculus
in association with smoking. Together
with earlier findings in various popula-
tions (Pindborg 1949, Alexander 1970,
Ainamo 1971, Sheiham 1971, Anerud
et al. 1991) as well as in the present one
(Bergström 1999), reflecting a positive
association between smoking and supra-
gingival calculus, the results reported
herein suggest that also subgingival
calcification is promoted by smoking.
The observations confirm and further
strengthen the findings of a few earlier
reports (Alexander 1970, Linden &
Mullally 1994). It may be argued that
the association between subgingival
calculus and smoking simply reflects a
confounding influence of periodontal
morbidity as periodontal disease is more
prevalent and severe in smokers (Berg-
ström & Flodérus-Myrhed 1983, Berg-
ström 1989, Haber & Kent 1992, Haber
et al. 1993, Bergström & Preber 1994,
Grossi et al. 1994, 1995, Martinez-Canut
et al. 1995, Bergström et al. 2000a, b).
This explanation is unlikely, however,
because the effect of smoking remained
when the possible confounding of factors

Table 5. Relative risk for exhibiting subgingival calculus

Current smokers Former smokers Current and former
smokers

OR 95% CI p OR 95% CI p OR 95% CI p

crude 6.2 2.9–12.9 0.000 2.8 1.5–5.4 0.002 3.4 1.8–6.5 0.000
adjustedn 8.4 3.6–19.9 0.000 1.4 0.9–2.1 0.075 2.6 1.2–5.5 0.011
adjustedw 8.5 3.2–22.3 0.000 2.2 1.0–5.1 0.051 3.4 1.5–7.4 0.003

Crude and adjusted OR and 95% CI for current and former smokers with reference to non-smokers.
nAdjusted for age.
wAdjusted for age, periodontal bone height, pocket frequency, gingival index, and supragingival

calculus.

Table 6. Relative risk for current smokers of exhibiting subgingival calculus with reference to non-smokers

Consumption (cigarettes/day) Duration (years) Life-time exposure (cigarette-years)

light heavy trend light heavy trend light heavy trend

OR 95% CI OR 95% CI p OR 95% CI OR 95% CI p OR 95% CI OR 95% CI p

crude 3.0 1.9–4.8 8.9 3.5–22.7 0.000 3.2 2.1–5.1 10.4 4.2–25.7 0.000 3.8 2.2–6.5 14.6 5.0–42.7 0.000
adjustedn 3.5 2.0–6.0 12.2 4.1–36.2 0.000 3.5 2.1–5.8 12.1 4.3–33.8 0.000 4.4 2.3–8.4 19.1 5.2–70.3 0.000
adjustedw 3.2 1.7–5.8 10.2 3.1–33.7 0.000 3.4 1.9–5.9 11.5 3.7–35.4 0.000 4.2 2.1–8.5 18.0 4.4–72.8 0.000

Crude and adjusted OR and 95% CI according to smoking exposure.
nAdjusted for age.
wAdjusted for age, periodontal bone height, pocket frequency, gingival index, supragingival calculus.
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such as gingival inflammation, perio-
dontal pocketing, periodontal bone loss,
supragingival plaque and supragingival
calculus was accounted for. Thus, the
observed effect of smoking was inde-
pendent of disease severity and oral
hygiene condition. This contention is
further supported by the additional
observation that subgingival calculus
deposition increased with increasing
smoking exposure, suggesting a dose–
response relation. By the same token,
giving up smoking seemed to reverse
the effect as suggested by the observa-
tion that former smokers who had given
up smoking in the past were less likely
to be affected than current smokers.

No plausible hypothesis has yet been
advanced to explain the evidence link-
ing dental calculus deposition with
smoking. Such a hypothesis would
enable an explanation of both the
supragingival and subgingival cate-
gories of dental calculus and, in addi-
tion, patho-physiological calcification
elsewhere in the body. The formation
of subgingival calculus is generally
considered to be a process by which
calcium and phosphorus emanating
from the gingival crevicular fluid is
absorbed into the subgingival plaque or
biofilm (White 1997). The process of
calcification is favored by the presence
of cells within the biofilm. Certain
elements of bacterial or cellular origin
such as lipoteichoic acid and proteins
may play an essential role as contribut-
ing factors (Nancollas & Johnson 1994).
Whether various bacterial species would
have different calcification potential is
not well known and may not be
important in the context of smoking,
because most studies agree that the
subgingival microflora is independent
of smoking (Preber et al. 1992, 1995,
Stoltenberg et al. 1993, Boström et al.
1998, 1999, 2001, Renvert et al. 1998).
It seems unlikely, therefore, that smok-
ing would influence the process of
calcification by interfering with the
subgingival microflora. A stimulatory
effect by smoking on inflammatory
events and crevicular fluid production
could be a possible mechanism. Con-
trary to expectation, however, smoking
is frequently associated with less severe
clinical signs of inflammation, and
evidence has been provided that smok-
ing suppresses periodontal signs and
symptoms of inflammation including
crevicular fluid flow rate (Preber &
Bergström 1985, Bergström & Preber
1986, Bergström et al. 1988, Bergström

1990, Persson et al. 1999, Bergström &
Boström 2001, Rezavandi et al. 2002).
Suppression of gingival crevicular fluid
flow, however, might retard the clear-
ance and prolong the contact time
between fluid and root surfaces allowing
an increased exchange of fluid constitu-
ents, including mineral ions, within the
gingival sulcus or periodontal pocket.
Further, it can be conceived that a
reduced flow may cause elevation of the
calcium and phosphate concentrations.
Thus, paradoxically, smoking might pro-
mote the calcification of subgingival
plaque notwithstanding its suppressive
action on some inflammatory events.

Subgingival calculus formation may
have similarities with ectopic calcifica-
tion elsewhere in the body such as
atherosclerosis of vessel wall endothe-
lium of major vessels, and pancreatic,
placental and renal calcification (Ander-
son 1983, Wexler et al. 1996, Wallin
et al. 2001). Although the mechanisms

of calcification are incompletely under-
stood, a common feature of calcific
diseases is the formation of crystalline,
insoluble, calcium–phopsphate mineral
in the form of hydroxyapatite (Anderson
1983, LeGeros 2001, Proudfoot &
Shanahan 2001, Doherty et al. 2003).
Tobacco smoking is a major risk factor
for the occurrence of ectopic calcifica-
tion and calcific diseases (Danielsen
et al. 1996, Maher et al. 1996, Klesges
et al. 1998, Imoto & DiMagno 2000,
Iribarren et al. 2000, Newman et al.
2001, Manger et al. 2003).

It has been frequently reported that
ectopic calcification can occur at the
same time as loss of bone tissue from
the skeleton, and many osteogenic
regulatory factors of bone development
are also expressed in atherosclerotic
lesions, suggesting that the same mechan-
isms are operating in mineral deposition
and resorption (Demer 2002). Further-
more, inflammation is thought to play a
role in the regulation of vascular calcifi-
cation. It has been demonstrated that
tumor necrosis factor-a (TNF-a), among
several soluble factors, is involved in the
process of ectopic calcification (Tintut
et al. 2002). Inflammation is an integral
part of destructive periodontal disease
and several inflammatory mediators
such as interleukins (IL)-1 and -6, and
(TNF)-a are expressed in tissue destruc-
tion (Birkedal-Hansen 1993, Alexander
& Damoulis 1994). Interestingly, we
have previously provided evidence of
elevated levels of TNF-a in crevicular
fluid of smoker patients who respond

with inadequate bone formation follow-
ing therapy (Boström et al. 1998). It
might therefore be speculated that
periodontal bone resorption induced by
smoking locally acts in concert with
inflammatory mediators to produce a
crevicular exudate enriched in certain
elements that enhance calcification of
cellular material on dental root surfaces.
Thus, the increased amounts of sub-
gingival calcification observed in smo-
kers may well be a sequel of the
elevated rate of periodontal bone
resorption caused by smoking (Berg-
ström et al. 2000a, b, Bergström 2004).

In summary, the present observations
have demonstrated a strong association
between smoking and subgingival cal-
culus deposition beyond any influence
of age, oral hygiene and periodontal
morbidity. The association observed
most likely reflects a generalized sus-
ceptibility to calcification brought about
by tobacco smoking. The present obser-
vations merit further investigation into
the relations between tobacco smoking,
calcification of dental deposits, and
ectopic calcification of other tissues.
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