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Abstract
Objective: The aim of this study was to analyse changes in bone height after 17 years
in smokers and non-smokers with periodontal disease, and to compare these with
clinical assessment outcome.

Material and Methods: Participants comprised 50 adults with periodontitis and 18
healthy controls from a randomly selected epidemiological sample. Their mean age at
the end of the study was 54.2 (SD � 3.09) years. The study included radiographic
analysis compared with clinical data.

Results: The periodontitis group had significantly (po0.001) higher values than their
healthy counterparts for plaque index (PLI), gingival index (GI), calculus index (CI),
and bleeding on probing (BOP) at baseline and after 17 years. At the end of the follow-
up, never-smokers with periodontitis had higher values for PLI (po0.05) and ex-
smokers and smokers had higher GI and BOP (po0.001) than the controls. In all
individuals with periodontitis, maxillary molars were most affected. Smokers had
more severe marginal bone loss over time. Vertical bone defects were more often seen
on the mesial side of teeth (po0.05).

Conclusion: Marginal bone level in this prospective study did reveal tooth groups at
higher risk for progression of periodontal disease.
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Oral radiological examination of mar-
ginal bone level is one way to study
progression of periodontal diseases,
where marginal alveolar bone is
affected, giving rise to horizontal and
angular defects. Marginal bone height as
a marker for progression of periodontal
disease has been recorded in some long-
itudinal studies (Jansson et al. 2002,
Laurell et al. 2003). Hugoson et al.
(1998), in their longitudinal study of a
Swedish population, found the preva-
lence for severe periodontal diseases
to be 13%. Tobacco smoking, a well-
established risk factor for periodontal
diseases, has a negative effect on mar-
ginal bone (Bergström 1989, Haber

et al. 1993, Papapanou 1996, Norderyd
& Hugoson 1998). Bolin et al. (1993),
in their longitudinal study of marginal
bone changes, showed that marginal
bone was more affected in smokers
than in non-smokers. Changes in sys-
temic conditions, e.g. diabetes and var-
ious hormonal disorders, can also have
an effect on marginal bone (Kinane
1999). Moreover, cariological, endo-
dontical, and other changes in oral con-
ditions can cause alveolar bone loss
(Kornman & Löe 1993, Grossi et al.
1994, Machtei et al. 1999, Geurs et al.
2003). Kornman & Löe (1993) demon-
strated that when multiple factors
become involved, the progression of

periodontal disease is not linear. Eic-
kholz et al. (1998), in their study on the
validity of radiographic measurement of
interproximal bone loss, reported that
both vertical and horizontal angulation
differences between the central beam
and the orthoradial projection will
increase the risk of underestimating
interproximal bone loss in radiographic
examination. Measurement of perio-
dontal disease with radiological exam-
ination was evaluated in one study
where clinical assessment outcome was
compared with radiological examination
(Åkesson et al. 1992). The authors con-
cluded that underestimation of bone loss
ranged from 9% to 20% in periapical
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radiographs, while probing resulted in a
5% error compared with measurements
performed during flap surgery. In a
longitudinal study (Benn 1990), mea-
surements of bone loss of less than 1mm
were assumed to be measurement error.
Some studies show that there is a better
correction for angulation errors because
of foreshortening or elongation when
bone loss is expressed as a percentage
of root length (Björn 1968, Hausmann
et al. 1989). Renvert & Persson (2004),
in examining the relationship between
clinical and radiographic periodontal
data, concluded that alveolar bone loss
could be predicted by the number of
teeth lost and the proportions of plaque
scores. Longitudinal studies are needed
to clarify the progression of perio-
dontitis on the marginal bone for both
smokers and non-smokers, comparing
radiological findings with clinical perio-
dontal parameters for healthy patients.

The aim of this study was to analyse
changes in bone height after 17 years in
smokers and non-smokers with perio-
dontal disease, and to compare these
with clinical assessment outcome.

Material and Methods

Our study included 50 persons, 26
females and 24 males, with periodontitis
and a high plaque/calculus index (CI)
and 18 healthy age- and gender-matched
controls, originating from a sample of
1676 adults (838 females and 838
males), aged 31–40 years at the start of
the study. These 1676 individuals were
listed in a registry file of all inhabitants
of the Stockholm area born on the 20th
of any month between 1945 and 1954
(n 5 3273) (Söder et al. 1995). A clin-
ical examination was performed in
1985–1986. Of these 1676 individuals,
289 (17.2%) had periodontal disease
with the criterion one site with pocket
depth X5 mm, and 144 agreed to parti-
cipate in a clinical study. From the 144
subjects, a computerized random sample
of 50 subjects was collected for this
prospective study and followed up to
2002. The control group consisted of 18
individuals, never-smokers who were
periodontally healthy in 1985 as well
as 2002, age and gender matched with
the periodontitis group, and from the
same large epidemiological sample.
Over a 17-year period, oral health had
been examined twice clinically for all
participants, and with X-rays twice for
periodontitis subjects and once for con-

trols (Wouters et al. 1988). Health ques-
tionnaires were included in the
investigations. The full-mouth clinical
examination comprised determination
of the number of remaining teeth
excluding third molars, the PLI (Silness
& Löe 1964), the CI (Green & Vermil-
lion 1964), the gingival index (GI) (Löe
& Sillness 1963), and the number of
teeth with pockets X5 mm. Pocket
depth was measured with a Hu–Friedy
probe (Hu-Friedy PCPUNC 15, Chica-
go, IL, USA) and recorded to the nearest
higher millimetre at six sites of each
tooth. Radiographic data for all remain-
ing teeth were collected with conven-
tional techniques using Ekta Speed
periapical radiographs (Ekta Speed
Eastman Kodak, Rochester, NY, USA)
and Oralix

s

or Gendex
s

Roentgen
machines (65 kVp/7.5 mA) with a cone
of rectangular section and a film focus
distance of approximately 30 cm. Mar-
ginal bone height was determined
from the radiographs by a computerized
measuring system and expressed as a
percentage of root length at each mea-
surable interproximal surface, excluding
third molars. Vertical bone defects were
determined as the distance between the
horizontal bone margin and the most
apical portion of the defect, at least
2 mm, and measured to the nearest
millimeter (Persson et al. 1998). Only
vertical defects that were free projected
were counted. The marginal bone level
was also analysed separately for the
different tooth groups: maxillary and
mandibular molars, premolars, canines,
and incisors. One examiner (S. A.-M.)
recorded all radiographs. The study pro-
tocol was approved by the Ethics Com-
mittee at Huddinge Hospital (Huddinge,
Sweden.). All subjects gave their infor-
med consent prior to participating in
the study.

Statistical methods

The paired t-test was used to compare
clinical and X-ray data of these two
longitudinal observations, and the
unpaired t-test was used to compare
data between persons who had perio-
dontal disease and their healthy counter-
parts. Differences between data sets
with a probability of less than 0.05
were regarded as significant. Bonferroni
correction for mass significance has
been made for p-values. All data ana-
lyses were performed using the Stat
View

s

4.5 statistical package (SAS
Institute Inc 1999). Intra-examiner

reproducibility was tested by double-
blinded re-analysis of all radiographs
of five participants 6 months after the
first analysis, and Spearman’s coeffi-
cient was used.

Results

Testing of intra-examiner reproducibil-
ity showed no significant differences
between the first analysis and the re-
analysis. Spearman’s rho coefficient was
0.78. The mean age for all participants
(n 5 68) at the 17-year follow-up was
54.2 (SD � 3.09) years, for participants
with periodontitis (n 5 50) 54.3
(SD � 3.12) years, and for healthy con-
trols (n 5 18) 53.7 (SD � 3.06) years.
The total number of smokers at the start
of this study was 38; after 17 years, 11/
21 females and 7/17 males continued to
smoke. There were five never-smoker
females and seven never-smoker males
in the periodontitis group. At the begin-
ning of the study, 74% of periodontitis
patients had reported visiting their den-
tist during the last year; at the end of the
study, this figure rose to 80%. Of these
patients, 24% had visited a dental hygie-
nist at the start of this study and 74% at
the end of the study. During the entire
study period, 64% of the individuals
with periodontitis reported brushing
their teeth two times daily and 20%
three times daily. In all X-rays, there
were 7.0% non-readable surfaces at
baseline and after 17 years 5.4%.
Results of the full-mouth clinical exam-
ination, excluding third molars and
including mean values at baseline and
after 17 years, for persons with perio-
dontitis and healthy controls are shown
in Table 1. For never-smokers, ex-
smokers, and smokers, significant dif-
ferences were found for all clinical
parameters measured, and compared
with healthy controls (Table 2). Long-
itudinal changes in marginal bone height
showed significantly lower values for all
tooth groups (Table 3). After 17 years,
there were significant differences in
bone height between two neighbouring
groups of teeth, the molars and pre-
molars in the maxilla, both on the right
side (po0.05) and on the left side
(po0.001) (Table 3). Incisors in the
upper jaw had lost 4.0% more bone
than at baseline and lower incisors
8.0% (po0.001, respectively) (Table 3).
Smokers had greater loss of marginal
bone (po0.001) after 17 years than
healthy controls (Table 4). Individuals
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who, after 17 years, were current smo-
kers had more bone loss on the lower
front teeth. Data of the local marginal

bone height for every tooth on the
mesial and distal side, for the entire
periodontitis group as well as for

healthy controls, showed that molars in
the maxilla lost more marginal bone
than all other teeth over time, followed
by maxillary canines and mandibular
incisors (Figs 1a, b). No one participat-
ing in this study had lost the canine on
the left side of the mandible. The num-
ber and position of teeth missing at
baseline or teeth lost during the 17 years
are presented in Figs 2a, b. In the perio-
dontitis group, 7/50 individuals were
treated orthodontically before com-
mencement of the study. In this group,
seven pre-molars were lost before base-
line. Marginal bone level for these indi-
viduals after 17 years was 86.94%
(SD � 3.93) and 80.69% (SD � 11.00)
for the other periodontally diseased indi-
viduals. Vertical bone defects were
present in 6/7 orthodontically treated
persons. The expected number of verti-
cal bone defects for this group was
calculated to be 5.5. At baseline, indivi-
duals with periodontitis had more ver-
tical bone defects on the mesial side,
mean 0.9 (SD � 1.40), than on the distal
side, mean 0.3 (SD � 0.73) (po0.05),
of the teeth. After 17 years, vertical
bone defects were also detected signifi-
cantly (po0.05) more on the mesial
side, mean 1.0 (SD � 1.24), than on
the distal side, mean 0.5 (SD � 0.67).
Four individuals who were current smo-
kers had more than six vertical bone
defects at baseline. After 17 years,
these four individuals had less than 22
teeth and only one to four vertical
defects each.

Discussion

The age of participants in studies
expressing periodontal disease progres-
sion using marginal bone level assess-
ment is important since the prevalence
of periodontal diseases increases with
age (Albandar 1990, van der Velden
1991, Persson et al. 1998). The mean
age of participants in this cohort at the
end of the study was 54.2 (SD � 3.09)
years. Thus, this study offers a well-
defined group of patients in the same
age range, thereby minimizing the bias
of age. At the end of the study, none of
the participants was edentulous. Marked
loss of bone did, however, occur with
time in all periodontitis patients. After
17 years, the marginal bone level was
higher in all healthy persons compared
with the periodontitis group at baseline,
which is in accordance with the results
reported by Papapanou et al. (1989).

Table 1. Plaque index, gingival index, calculus index, and bleeding on probing in individuals
with periodontitis and in periodontally healthy controls at baseline and after 17 years

Baseline
(mean � SD)

After 17 years
(mean � SD)

p

PLI
Periodontally healthy individuals (n 5 18) 0.51 � 0.35nnn 0.14 � 0.13### o0.001
Individuals with periodontitis (n 5 50) 0.92 � 0.40 0.82 � 0.76 NS

GI
Periodontally healthy individuals (n 5 18) 0.97 � 0.42nnn 0.07 � 0.06### o0.001
Individuals with periodontitis (n 5 50) 2.07 � 0.51 1.42 � 0.96 o0.001

CI
Periodontally healthy individuals (n 5 18) 0.22 � 0.50nnn 0.05 � 0.04 NS
Individuals with periodontitis (n 5 50) 1.00 � 0.83 0.38 � 0.47 o0.001

BOP
Periodontally healthy individuals (n 5 18) 16.33 � 24.92nnn 10.07 � 8.16### NS
Individuals with periodontitis (n 5 50) 78.08 � 28.80 41.03 � 25.46 o0.001

Significantly different oral clinical data for the two groups (healthy or periodontitis) at baseline;
nnnpo0.001. Significantly different oral clinical data for the two groups (healthy or periodontitis)

after 17 years; ###po0.001. PLI, plaque index; GI, gingival index; NS, not significant; CI, calculus

index; BOP, bleeding on probing.

Table 2. Plaque index (PLI), gingival index (GI), calculus index (CI), bleeding on probing
(BOP), in individuals with periodontitis (never-smokers, ex-smokers, and smokers) compared
with periodontally healthy controls (n 5 18) after 17 years.

Periodontitis group Control group p
(mean � SD) (mean � SD)

PLI,
Never-smokers with periodontitis, n 5 12

0.73 � 0.84 0.14 � 0.13 o0.05

Ex-smokers with periodontitis, n 5 20 0.84 � 0.82 0.14 � 0.13 o0.001
Smokers with periodontitis, n 5 18 0.89 � 0.82 0.14 � 0.13 o0.001

GI,
Never-smokers with periodontitis, n 5 12

0.92 � 0.89 0.07 � 0.05 o0.001

-smokers with periodontitis, n 5 20 1.44 � 0.83 0.07 � 0.05 o0.001
Smokers with periodontitis, n 5 18 1.80 � 1.02 0.07 � 0.05 o0.001

BOP,
Never-smokers with periodontitis, n 5 12

45.27 � 30.33 11.92 � 9.76 o0.001

Ex-smokers with periodontitis, n 5 20 39.04 � 24.53 11.92 � 9.76 o0.001
Smokers with periodontitis, n 5 18 39.43 � 26.39 11.92 � 9.76 o0.001

Table 3. Bone height proportion (%) in maxillary and mandibular molars, at pre-molars, canines,
and incisors in individuals with periodontitis (n 5 50) at baseline and after 17 years

Baseline
(mean � SD)

After 17 years
(mean � SD)

P

Bone height (%)
Molars 16,17 88.2 � 7.2 76.5 � 9.0nn o0.001
Pre-molars 14,15 89.0 � 5.6 82.0 � 7.8 o0.001
Canines 13,23 91.8 � 4.1 83.6 � 8.9 o0.001
Incisors 12,11,21,22 88.4 � 7.0 84.4 � 7.0 o0.001
Pre-molars 24,25 88.3 � 4.9 82.4 � 5.3nnn o0.001
Molars 26,27 89.0 � 4.7 75.6 � 10.3 o0.001
Molars 36,37 91.2 � 3.9 84.8 � 7.9 o0.001
Pre-molars 34,35 91.9 � 4.2 86.9 � 5.2 o0.001
Canines 33,43 93.5 � 3.0 87.1 � 7.5 o0.001
Incisors 32,31,41,42 89.4 � 7.7 81.4 � 9.4 o0.001
Pre-molars 44,45 90.6 � 5.5 85.1 � 5.9 o0.001
Molars 46,47 90.7 � 4.6 85.0 � 3.6 o0.001

Significantly different values for the two groups after 17 years; nnnpo0.001, nnpo0.05.
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They found that the healthiest subgroup
between 20 and 64 years of age had a
high proportion of tooth surfaces with-
out bone loss.

In our study, the teeth in which
progression of periodontitis was most
evident were maxillary molars. A simi-
lar finding was made by Laurell et al.
(2003), who concluded that maxillary
molars and lower incisors had a higher
risk for periodontal breakdown over
time. Mandibular incisors in our study
were another of the most affected tooth
groups (Figs 1a, b). In the present study,
maxillary molars were more frequently
missing at the end of the 17-year obser-
vation period (Figs 2a, b). Mandibular
canines, by contrast, were the most
stable tooth group. The canine on the
left side of the mandible was the only
tooth that no one had lost at the end of
the study. Canines have been reported to
have the lowest mortality rate of all
teeth (Papapanou et al. 1989). Renvert
& Persson (2004), in their study on the
relationship between clinical and radio-
graphic periodontal data, concluded that
the number of lost teeth and the propor-
tions of plaque scores provided signifi-
cant predictive factors for alveolar bone
loss. In a 10-year cohort study, Paulan-
der et al. (2004) found smoking to be a
predictive factor for alveolar bone loss.
In our study, PLI scores were higher in
individuals with the lowest marginal
bone level after 17 years, i.e. in smo-
kers. Current smokers had lost more
marginal bone after 17 years compared
with never-smokers, and ex-smokers
with periodontitis and healthy controls
(Table 4). Current smokers also had
more bone loss located on the lower
front teeth. These findings can be
explained by the local effects of tobacco
as discussed elsewhere (Schmidt et al.
1999, Palmer et al. 2002). In our pre-
vious report on self-assessment of perio-
dontal disease, smokers were more
aware of their periodontal status than
non-smokers (Airila-Månsson et al.
2004). Smoking can have an effect on
pre-disposition for infection and inflam-
mation. Smoking causes leucocyte acti-
vation, leucocyte endothelial adhesion,
and neutrophil entrapment in the micro-
vasculature, which may help initiate
local tissue destruction (Schmidt et al.
1999, Palmer et al. 2002).

Since radiography is only two dimen-
sional, it is limited in measuring vertical
defects. Vertical defects increase over
time, as shown in this study and in other
studies (Wouters et al. 1989, Baljoon

et al. 2003). Tooth fillings in the cervical
area may limit the possibility of measur-
ing these defects. Seven individuals
in the present study who had been

treated orthodontically had lost seven
pre-molars probably through planned
extractions as part of the treatment.
The marginal bone level was higher in

Table 4. Bone height proportion (%) in individuals with periodontitis (n 5 50) (never-smokers,
ex-smokers, and smokers) compared with periodontlly healthy controls (n 5 18) after 17 years

Periodontitis group
(mean � SD)

Control group
(mean � SD)

p

Bone height (%)
Periodontitis never-smokers (n 5 12) 86.63 � 4.15 93.83 � 2.24 o0.001
Periodontitis ex-smokers (n 5 20) 85.82 � 3.72 93.83 � 2.24 o0.001
Periodontitis smokers (n 5 18) 75.65 � 14.75 93.83 � 2.24 o0.001
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Fig. 1. (a). Maxillary teeth (17–27) mean bone height proportion at baseline and after 17
years. (b) Mandibular teeth (37–47) mean bone height proportion at baseline and after 17
years.
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these individuals than in the other parti-
cipants with periodontitis, and the num-
ber of vertical bone defects was similar
to the statistically expected value.
Axelsson et al. (2004) in their 30-year
study, showed that a group of adults
participating in a maintenance pro-
gramme had a very low incidence of
caries and periodontitis and a low tooth
mortality rate. At the end of our study,
the number of individuals with perio-

dontitis who had visited a dental hygie-
nist was three times as high as at the
beginning of the study. In general, we
found the marginal bone level for every
tooth group at the 17-year follow-up to
be lower in periodontitis patients with
high plaque and gingivitis scores than in
healthy controls; moreover, vertical
bone defects were increasing in time
and were more often seen on the mesial
side of teeth.

Conclusion

Marginal bone level in this prospective
study did reveal tooth groups at higher
risk for progression of periodontal dis-
ease. Maxillary molars were most
affected, with second maxillary molars
being lost most frequently, thus having
the most marginal bone loss of all teeth.
Smokers had more severe marginal bone
loss over time.
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