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Abstract

Objective: To assess clinical and microbiological changes during experimental
gingivitis in cigarette smokers and non-smokers.

Material and Methods: Eleven current smokers (=5 years) and 11 (never-) non-
smokers periodontally healthy or with gingivitis (PPD <4 mm) were included.
According to the original model (Loe et al. 1965), an experimental 3-week plaque
accumulation period resulting in experimental gingivitis and a subsequent 2-week
period of optimal plaque control were performed. Subgingival plaque samples were
collected at Days 0, 21 and 35 from one site per quadrant, pooled and analysed using
checkerboard DNA-DNA hybridization.

Results: Smokers {mean age: 24.7 £ 2.2 [standard deviation (SD)] years, range
21-28 years} had a mean lifetime cigarette exposure of 6.4 4 2.8 (SD) pack-years,
while non-smokers presented with a mean age of 23.1 £ 2.2 (SD) years (range 21-29
years). Between Days 0, 21 and 35, no statistically significant differences in mean
Plaque and mean Gingival Index scores were observed between smokers and non-
smokers. In both smokers and non-smokers, mean total DNA probe counts did not
significantly differ nor increase between Days 0 and 21. Also, between Days 21 and 35
they did not significantly differ nor decrease. This was also true for the various
proportions of bacterial complexes.

Conclusion: Both current smokers and (never-) non-smokers reacted to experimental
plaque accumulation with gingival inflammation. Periodontal and microbiological
parameters assessed in current cigarette smokers did not significantly differ from those
in non-smokers during an identical period of experimental plaque accumulation.
Hence, the early host response to the bacterial challenge appears to be of similar
magnitude and timing in both groups.
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There is general consensus that cigarette ~ for the development and progression of

smoking represents a true environmen-
tal risk factor in the pathogenesis of
chronic periodontitis. The role of cigar-
ette smoking has been extensively
documented in case-control, cross-sec-
tional, longitudinal and intervention
studies (for review see Kinane &
Chestnutt 2000). Multivariate analyses
indicated that, after controlling for con-
founding variables such as oral hygiene,
plaque, calculus, socio-economic and
demographic factors, cigarette smoking
still remained an independent risk factor

periodontal disease. This risk is asso-
ciated with estimated odds ratios in the
order of magnitude of 2.5-6.0 (Berg-
strom & Preber 1994, Bergstrom 2003).
Clinical signs of periodontal disease
have been shown to be more severe
among current smokers compared with
former smokers with the lowest risk
being observed in never smokers
(Goultschin et al. 1990, Bergstrom et
al. 1991, 2000, Bolin et al. 1993, Haber
et al. 1993, Grossi et al. 1994, 1995,
Linden & Mullally 1994, Martinez-

Canut et al. 1995, Gonzalez et al.
1996, Machuca et al. 2000). Exposure
to tobacco smoking is usually expressed
as the product of cigarette consumption
per time unit (i.e. cigarettes per day) and
the duration of exposure (i.e. number of
smoking years) yielding a lifetime
cigarette exposure expressed as ‘‘pack-
years’’.

Potential molecular and cellular mech-
anisms in the pathogenesis of smoking
-associated periodontitis include immu-
nosuppression, exaggerated inflamma-
tory cell responses and impaired cell
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functions in oral tissues. These aspects
are well documented in special forms of
periodontal tissue destruction such as
necrotizing, refractory and generalized
aggressive periodontitis (MacFarlane
et al. 1992, Horning & Cohen 1995,
Magnusson & Walker 1996, Quinn et al.
1996).

Studies have suggested that smokers
with periodontal disease display less
gingival inflammation (Preber & Berg-
strom 1986) and gingival bleeding
(Bergstrom & Floderus-Myrhed 1983,
Preber & Bergstrom 1985, Bergstrom &
Bostrom 2001) when compared with
non-smokers. This may be explained by
the fact that one of the numerous
tobacco smoke byproducts, nicotine,
exerts local and transient vasoconstric-
tion reducing blood flow, oedema and
clinical signs of inflammation.

Little difference in the level of plaque
accumulation has been shown compar-
ing smokers with non-smokers (Berg-
strom & Eliasson 1987a,b, Haffajee &
Socransky 2001). Controversial find-
ings, however, have been reported on
the association between cigarette smok-
ing and the prevalence and relative
proportions of specific periodontal
pathogens. Stoltenberg et al. (1993)
found no significant differences be-
tween smokers and non-smokers in
the prevalence of five microorganisms
commonly associated with periodon-
tal disease (e.g. Actinobacillus actino-
mycetemcomitans, Eikenella corrodens,
Fusobacterium nucleatum, Prevotella
intermedia and Porphyromonas gingi-
valis). On the other hand, Zambon et al.
(1996) tested the hypothesis whether or
not smokers were at greater risk than
non-smokers for the subgingival colo-
nization with putative periodontal
pathogens. These investigators demon-
strated in a dose-dependent manner that
smokers harboured significantly higher
proportions of Tannerella forsythia and
elevated counts of A. actinomycetemco-
mitans compared with non-smokers.

Scaling/root Plague Index

Using 16S rRNA polymerase chain
reaction (PCR) analysis, Umeda et al.
(1998) reported a significantly in-
creased risk for current smokers to
harbour Treponema denticola in perio-
dontal pockets. In this context, cigarette
smoking has been documented to
decrease oxygen tension in untreated deep
periodontal pockets (Hanioka et al. 2000),
thereby creating a favourable subgingival
environment for the colonization of
Gram-negative anaerobic bacteria.

The experimental gingivitis model
has been widely used to evaluate plaque
accumulation and the development of
gingival inflammation during a period
of abolished oral hygiene practices. This
model represents a well-controlled clin-
ical set-up of short duration predictably
leading to plaque accumulation on clean
tooth surfaces and consequently, to gin-
gival inflammation. Hence, the aim of
the present study was to assess clinical
and microbiological changes occurring
during the development of experimental
gingivitis in periodontally healthy
young cigarette smokers and to compare
these findings with those of periodon-
tally healthy (never-) non-smokers.

Material and Methods

The study was designed and conducted
as a controlled experimental gingivitis
following the model proposed by Loe
et al. (1965). The study protocol was
submitted to and approved by the
Ethical Committee of the Canton of
Berne, Switzerland.

The outline of the experimental
procedures is summarized in Fig. 1.

Patient selection
In order to be enrolled, subjects had to

meet the following inclusion criteria:

o Age <30 years
o Cigarette smoking >5 years

Plague Index Plaque Index

Plaque Index

No relevant medical conditions
A dentition with >24 permanent
teeth

e No pocket probing depth >4 mm

e Willingness to comply with all
study requirements and signing
informed consent

Patients were excluded for one of the
following conditions:

e Pregnant or lactating females

e Periodontal attachment loss any-
where in the dentition

e Incipient carious lesions that could
potentially exacerbate during a per-
iod of oral hygiene abstinence

e Aantibiotic therapy within 3 months
of the baseline examination

e Chronic medication known to affect
the periodontal status within 4
weeks of the baseline examination

e Alcohol or drug abuse

e Stomatological diseases

A control group of non-smokers (i.e.
subjects who had never smoked) were
recruited from the student body of the
University of Berne, Switzerland.

Clinical assessments and procedures

After a prophylaxis procedure, includ-
ing instruction in optimal oral hygiene
practices and a thorough scaling and
polishing of the entire dentition, smok-
ing and non-smoking subjects were
asked to perform optimal tooth cleaning
procedures for a period of 3-4 weeks.
The ability to perform proper plaque
control was assessed for each patient
before entering the experimental phase.
At the end of this pre-experimental
phase, subjects were evaluated for the
presence of plaque and gingivitis, the
objective being the achievement of low
Plaque (PII) and Gingival Index (GI)
scores at baseline compatible with
gingival health.

Plaque Index

planing Gingival Index
Polishing Plague samples  Gingival Index Gingival Index Gingival Index Gingival Index
Oral hygiene Begin of oral Plague samples Plaque samples
instruction hygiene Polishing

abstinence
Motivation Reinstitution of

oral hygiene

| | | | | |
|-21 ) |7 [14 [21 35 Days

Fig. 1. Study design of experimental gingivitis (Loe et al. 1965)



Subsequently, the subjects were
asked to refrain from all oral hygiene
practices for a period of 21 days during
which plaque was allowed to accumu-
late on all teeth surfaces and gingivae.
Following this period of no oral
hygiene, all subjects resumed optimal
mechanical plaque control practices to
reach pre-experimental levels of oral
cleanliness and gingival health.

At baseline (Day 0), after 7, 14 and
21 days of undisturbed plaque accumu-
lation and 14 days following the rein-
stitution of oral hygiene practices (i.e.
Day 35), the following clinical para-
meters were assessed at six sites/tooth in
the entire dentition using a calibrated
manual periodontal probe (i.e. Michigan
0 periodontal probe):

e Supragingival plaque accumulation
according to the criteria of the PII
system (Silness & Loe 1964).

e Gingival health or inflammation
according to the criteria of the GI
system (Loe & Silness 1963).

Third molars were excluded from the
analysis

Subgingival bacterial sampling and
analysis

After removal of supragingival plaque
and isolation of the area with cotton
rolls, subgingival plaque samples were
collected with individual sterile Gracey
curettes from pre-determined sites (i.e.
disto-oral sites of first molars) in each
quadrant. The four sites for plaque
sampling were selected at baseline.
Plaque samples were collected at base-
line and again, at Days 21 and 35. The
four subgingival samples were pooled in
an Eppendorf tube containing 600 pl of
TE solution (10 mMTris-HCI, 1 mM
EDTA, pH 7.6) (Syed et al. 1980). After
dispersion, 400 pl of 0.5M NaOH
were added.

Counts of 40 subgingival bacterial
species were determined in each pooled
plaque sample using a modification
(Haffajee et al. 1997) of the checker-
board DNA-DNA hybridization techni-
que (Socransky et al. 1994, 1998). The
samples were lysed and the DNA placed
in lanes on a nylon membrane using a
minislot device (Immunetics, Cam-
bridge, MA, USA). After fixation of
the DNA to the membrane, the mem-
brane was placed in a miniblotter 45
(Immunetics) with the lanes of DNA at
90° to the lanes of the device. Digox-
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igenin-labelled whole genomic DNA
probes to 40 subgingival bacterial
species were hybridized in individual
lanes of the miniblotter. After hybridi-
zation, the membranes were washed at
high stringency, and the DNA probes
detected using antibody to digoxigenin
conjugated with alkaline phosphatase
and applying chemifluorescence detec-
tion. The probes and their source strains
have been described previously (Ximé-
nez-Fyvie et al. 2000). Signals were
detected using AttoPhos substrate
(Amersham Life Science, Arlington
Heights, IL, USA) and a Storm Fluor-
imager 840 (Molecular Dynamics, Sun-
nyvale, CA, USA). Two lanes in each
run contained standards at concentra-
tions of 10° and 10° cells of each
bacterial species. Signals were evalu-
ated using the Storm Fluorimager 840
and converted to absolute counts by
comparison with the standards on the
same membrane.

Statistical analysis

The null hypothesis of no significant
clinical and microbiological differences
during an experimental gingivitis period
between smokers and non-smokers was
tested. Clinical data are presented as
mean values = 1 standard deviation
(SD). Paired and unpaired r-tests were
used for differences in PII and GI
scores. Differences in mean total DNA
probe counts and relative proportions of
the complex species were tested using
the Wilcoxon rank sum test. The level
of significance was set at o = 0.05.

Results

All 22 subjects completed the final
examination at Day 35. As shown in
Table 1, no statistically significant diff-
erences between smokers and non-
smokers with respect to age, race,
gender and the number of teeth present
were noted. The mean age was
247 £ 2.2 years (range 21-28 years)

443

25
= Smokers

2| =Non-smokers
1.5
1

0.5

Day 0

Day 7 Day 14 Day21 Day 35

Fig.2. Mean full-mouth Plaque Index
scores with standard deviation bars at base-
line (Day 0) and Days 7, 14 and 21 of
experimental plaque accumulation and at
Day 35 (after 2 weeks of re-institution of
oral hygiene practices). No statistically
significant differences were found between
smokers and non-smokers.

for the smoking and 23.1 & 2.2 years
(range 21-29 years) for the non-smok-
ing cohorts, respectively. The mean
daily cigarette consumption of the
smokers amounted to 20 £ 4.9 cigar-
ettes, and the self-reported smoking
history yielded a 6.4 4 2.8 pack-years
exposure.

Figure 2 illustrates mean full-mouth
PII £ SDs at baseline (Day 0) and on
Days 7, 14, 21 and 35 in smokers (S)
and non-smokers (NS), respectively.
Both smokers and non-smokers dis-
played a statistically significant increase
(p<0.05) in the mean PII during 3
weeks of undisturbed plaque accumula-
tion, i.e. from baseline (S: 0.1 & 0.1;
NS: 0.1 £ 0.1) to Day 21(S: 2.0 £ 0.2;
NS: 2.0 + 0.4). Within both groups, a
similar statistically significant decrease
(»<0.05) in the mean PII was observed
after re-institution of mechanical plaque
control, i.e. from Day 21 to Day 35 (S:
0.2 £0.1; NS: 0.1 £0.1). No statisti-
cally significant differences, however,
were observed when comparing the
mean PII of smokers with those of
non-smokers at any observation periods.

Figure 3 shows mean full-mouth
GI £ SDs at baseline (Day 0) and on
Days 7, 14, 21 and 35 in smokers and
non-smokers, respectively. Both smo-

Table 1. Demographic data of both current cigarette smokers and matched (never) non-somkers

Smokers Non-somkers

N 11 11

Age (years) = SD 247 £22 23.1+£22
Age range (years) 21-28 21-29
Male/Female 3/8 477
Race Caucasian Caucasian
Teeth present + SD 269 + 1.9 273+ 1.6
Cigarettes/day £+ SD 20 £ 4.9 -
Pack-years + SD 64 +28 -
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Fig.3. Mean full-mouth Gingival Index
scores with standard deviation bars at base-
line (Day 0) and Days 7, 14 and 21 of
experimental plaque accumulation and at
Day 35 (after 2 weeks of re-institution of
oral hygiene practices). No statistically
significant differences were found between
smokers and non-smokers.

30.07 Smokers

= Non-smokers

0.0-

Day0 Day7 Dayi14 Day21 Day 35

Fig. 4. Mean percentages of sites with
Gingival Index scores >2 with standard
deviation bars at baseline (Day 0) and Days
7, 14 and 21 of experimental plaque
accumulation and at Day 35 (after 2 weeks
of re-institution of oral hygiene practices).
No statistically significant differences were
found between smokers and non-smokers.

kers and non-smokers displayed a statis-
tically significant increase (p <0.05) in
the mean GI from baseline (S: 0.2 &
0.1; NS: 0.1 £0.04) to Day 21(S:
1.2 £0.1; NS: 1.2 £ 0.1). Within both
groups, a similar statistically significant
decrease (p<0.05) in the mean GI was
observed during the resolution of gingi-
val inflammation i.e. from Day 21 to
Day 35 (S: 0.3 £ 0.2; NS: 0.2 + 0.1).

Figure 4 illustrates mean percentages
(%) + SD of sites with GI scores >2
(i.e. bleeding sites) at baseline (Day 0)
and on Days 7, 14, 21 and 35 in smokers
and non-smokers, respectively. In both
smokers and non-smokers, a statistically
significant increase (p<0.05) in the
percentage of bleeding gingival sites
was observed from baseline (S:
0.0 = 0.0; NS: 0.0 & 0.0) to Day 21(S:
16.1 +3.2; NS: 20.0 &+ 8.1). Within
both groups, a comparable statistically
significant decrease (p<0.05) in the
percentage of GI scores >2 was obser-
ved from Day 21 to Day 35 (S: 0.3 £+
1.1; NS: 0.0 £ 0.0).
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Fig. 5. Mean total DNA bacterial counts at baseline (Day 0) and Day 21 of experimental
plaque accumulation and at Day 35. The seven different colours represent tightly related
bacterial complexes in subgingival plaque as described by Socransky et al. (1998). From top
to bottom: Grey: Additional microbial complexes not included in the analysis of the 40
bacterial taxa; Red: Porphyromonas gingivalis, Treponema denticola, Tannerella forsythia;
Orange: Prevotella intermedia, Prevotella nigrescens, Micromonas micros, Streptococcus

constellatus, Campylobacter gracilis,

Campylobacter rectus,

Eubacterium nodatum,

Campylobacter showae, Fusobacterium nucleatum sp. vincentii, Fusobacterium nucleatum
sp. nucleatum, Fusobacterium nucleatum sp. polymorphum, Fusobacterium periodonticum;
Green: Eikenella corrodens, Capnocytophagia gingivalis, Capnocytophagia sputigena,
Capnocytophagia ochracea, Actinobacillus actinomycetemcomitans serotype a; Yellow:
Streptococcus sanguis, Streptococcus oralis, Streptococcus mitis, Streptococcus gordonii,
Streptococcus intermedius; Purple: Veillonella parvula, Actinomyces odontolyticus; Blue:

Actinomyces species.

Figure 5 shows total DNA probe
counts x 10° from pooled subgingival
plaque samples collected at baseline
(Day 0) and on Days 21 and 35. No
statistically significant differences were
detected between smokers and non-
smokers at baseline and at Days 21
and 35. In both smokers and non-
smokers, no statistically significant
increases (p<0.05) in total DNA
probe counts were observed from baseline
(S: 6.7 x 10" £4.7 x 105 NS: 7.3 x
10* + 5.5 x 10%) to Day 21 (S: 9.3 x
10" £4.7 x 10% NS: 102 x 10* £ 4
.5 x 10%. Within both groups, no sta-
tistically significant decreases (p <0.05)
in total DNA probe counts were
observed from Day 21 to Day 35 either
(S: 7.7 x 10 £5.2 x 10%; NS: 7.1 x
10* + 5.32 x 10%). At Day 35, how-
ever, samples from smokers harboured
significantly fewer (p<0.05) DNA
probe counts of red complex species
compared to Day 21.

Figure 6 illustrates the proportions of
bacterial complex species from pooled
subgingival plaque samples collected at
baseline (Day 0) and on Days 21 and 35.
No statistically significant differences
were detected between smokers and
non-smokers at baseline and at Days
21 and 35. From baseline to Day 21, a
statistically significant increase was ob-
served for red complex species in non-

smokers. Concomitantly, a statistically
significant (p <0.05) decrease in purple
complex species was observed in the
non-smoking group. From Day 21 to
Day 35, a statistically significant
(»p<0.05) decrease was noted for
red complex species in both smokers
and non-smokers. During the same
time period, a statistically significant
(p<0.05) increase in yellow complex
species in smokers and in blue complex
species in non-smokers was observed.

Discussion

The results of this clinical experiment
demonstrated a reversible cause—effect
relationship between the microbial chal-
lenge and the host response, irrespective
of the smoking status of the participants.
Thus, these results corroborated those of
the original model described by Loe et
al. (1965). The elimination of the
bacterial biofilm resulted in complete
resolution of marginal inflammation
and the establishment of gingival health
in both smokers and non-smokers.
Because of the fact that both smokers
and non-smokers reached pre-experi-
mental levels of gingival health by
meticulous plaque control, the basic
concepts for prevention of gingival
inflammation are applicable to smokers
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Fig. 6. Mean DNA proportions of bacterial complexes at baseline (Day 0) and Day 21 of
experimental plaque accumulation and at Day 35. The seven different colours represent
tightly related bacterial complexes in subgingival plaque as described by Socransky et al.
(1998). From top to bottom: Grey: Additional microbial complexes not included in the
analysis of the 40 bacterial taxa; Red: Porphyromonas gingivalis, Treponema denticola,
Tannerella forsythia; Orange: Prevotella intermedia, Prevotella nigrescens, Micromonas
micros, Streptococcus constellatus, Campylobacter gracilis, Campylobacter rectus, Eubac-
terium nodatum, Campylobacter showae, Fusobacterium nuc. vincentii, Fusobacterium
nucleatum sp. nucleatum, Fusobacterium nucleatum sp. polymorphum, Fusobacterium
periodonticum; Green: Eikenella corrodens, Capnocytophagia gingivalis, Capnocytophagia
sputigena, Capnocytophagia ochracea, Actinobacillus actinomycetemcomitans serotype a;
Yellow: Streptococcus sanguis, Streptococcus oralis, Streptococcus mitis, Streptococcus
gordonii, Streptococcus intermedius; Purple: Veillonella parvula, Actinomyces odontolyti-

cus; Blue: Actinomyces species.

as well. Compared with non-smokers,
only a trend was observed for smokers
to yield slightly less gingival bleeding
sites (i.e. sites with GI >2) after 2 and 3
weeks of experimental plaque accumu-
lation. This, however, could be attrib-
uted to the low number of subjects
enrolled in the study.

The findings of the present study are
in complete agreement with those
reported by Bastiaan and Waite
(1978). In that study, although of shorter
duration (i.e. 10 days of abolished oral
hygiene), a very similar protocol with a
similar age group of participants as in
the present study was followed. That
study failed to show statistically sig-
nificant differences between smokers
and non-smokers with respect to experi-
mental plaque accumulation and devel-
opment of gingivitis. Other studies
(Bergstrom & Preber, 1986, Danielsen
et al. 1990, Lie et al. 1998a, Gianno-
poulou et al. 2003), however, have
reported different clinical outcomes for
smokers and non-smokers using the
experimental ~ gingivitis  protocol.
Although the latter studies showed that
the rate of plaque formation was similar
for smokers and non-smokers up to a
period of 28 days of abolished oral
hygiene practices, smokers consistently
displayed less pronounced clinical signs
of gingivitis. One reason for the dis-

crepancy of the results of the present
study with two of the studies mentioned
(Bergstrom & Preber, 1986, Danielsen
et al. 1990) may be the assessment of
the status of gingival inflammation
using electronic periodontal probes with
a controlled pressure set at 0.6—-0.65 N.
In the present study, however, efforts
were made to apply only an external
pressure to the marginal gingiva as
described by Loe and Silness (1963).
The difference of the present results
with those of other experimental gingi-
vitis studies in smokers/non-smokers
may be interpreted as an impaired
sensitivity of the GI (Loe & Silness
1963) in detecting early differences in
bleeding scores compared with bleeding
on probing. Moreover, the comparison
of two methods to assess gingival
bleeding, i.e. probing to the bottom of
the pocket and probing of the marginal
gingiva resulted in significantly more
bleeding in gingival health and experi-
mental gingivitis when probing to the
bottom of the pocket compared with
probing at the gingival margin (Lie et
al. 1998a).

The experimental outline of the study
by Bergstrom and Preber (1986) further
revealed that only mandibular anterior
teeth were studied, while oral hygiene
practices were maintained in the
remaining parts of the dentition. It,
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therefore, cannot be excluded that the
limited regions of the dentition exposed
to experimental plaque accumulation
influenced the outcome of the clinical
development of gingivitis. In addition,
smokers were asked to smoke one
cigarette within 1h before each exam-
ination in the latter study (Bergstrom &
Preber 1986), a fact which may have
influenced the results as well.

Furthermore, another explanation for
the reduced signs of gingival inflamma-
tion noted in several experimental
gingivitis studies discussed (Bergstrom
& Preber, 1986, Danielsen et al. 1990,
Lie et al. 1998a, Giannopoulou et al.
2003) may be attributed to the transient
gingival vasoconstriction caused by
nicotine. On the other hand, measure-
ments of gingival blood flow by a laser
Doppler fibreoptic probe have docu-
mented a transient increase during
cigarette smoking followed by a rapid
decrease towards baseline levels within
10 min. (Baab & C)berg 1987). Also,
studies have shown that the density of
the gingival vasculature was not sig-
nificantly affected by smoking in young
adults with healthy gingival conditions
(Bergstrom et al. 1988, Danielsen et al.
1990, Persson & Bergstrom 1998).
Based on these studies, it may be hypo-
thesized that a similar gingival vascu-
lature was present in our groups of
smokers and non-smokers.

In the present study, PII scores did
not significantly differ between the two
groups at any time point of the experi-
mental protocol. Moreover, no signifi-
cant differences were found with respect
to the composition of the subgingival
biofilm between smokers and non-smo-
kers at baseline, Day 21 and 35. In this
context, scarce evidence exists concern-
ing the composition of the subgingival
microbiota of smokers and non-smokers
during experimental gingivitis (Lie et al.
1995, Lie et al. 1998b). The composi-
tion of the oral microbiota in subjects
who had previously demonstrated to
develop either a weak or a strong gingi-
val inflammatory response to experi-
mental plaque accumulation, respec-
tively, was investigated (Lie et al.
1995). The results indicated that differ-
ences in response to experimental pla-
que accumulation were not caused by
major differences in the composition of
the subgingival microbiota. On the other
hand, conflicting results have been
reported on the prevalence of perio-
dontal pathogens and the effects of
periodontal therapy on the subgingival
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microbiota in smokers and non-smokers
with various forms of periodontal dis-
ease (Stoltenberg et al. 1993, Zambon
et al. 1996, Haffajee et al. 1997, Renvert
et al. 1998, Kamma et al. 1999, Darby et
al. 2000, Bostrom et al. 2001, Haffajee
& Socransky 2001). Nevertheless,
recent data (Persson et al. in press)
suggested that a long-term exposure (i.e.
>26 years) to cigarette smoking com-
pared with non smoking could not
identify current or former smokers as a
high risk group for the development of
periodontitis or tooth loss. That study
further demonstrated that a minimum of
30 years of smoking history may be
required to detect a detrimental impact
on periodontal conditions.

In conclusion, both smokers and non-
smokers reacted to experimental plaque
accumulation with a gingival inflamma-
tion of similar magnitude and timing.
The composition of the subgingival
microbial complexes did not differ
significantly between smokers and non-
smokers at any observation period. Re-
solution of experimental gingivitis occ-
urred in comparable patterns and timing
in both smokers and non-smokers.

Acknowledgements

This study was supported by the Clin-
ical Research Foundation (CRF) for the
Promotion of Oral Health, University of
Berne, and by the Swiss Society of Odon-
tology (SSO) Grant # 212. The com-
petent laboratory assistance of Mrs.
M. Weibel and Mrs. R. Hirschi Imfeld
and the statistical advice of Mr. W.
Biirgin, Biomed. Ing. are highly appre-
ciated.

References

Baab,D. A. & Oberg, P. A. (1987) The effect of
cigarette smoking on gingival blood flow in
humans. Journal of Clinical Periodontology
14, 418-424.

Bastiaan, R. J. & Waite, I. M. (1978) Effects of
tobacco smoking on plaque development and
gingivitis. Journal of Periodontology 49,
480-482.

Bergstrom, J. (2003) Tobacco smoking and risk
for periodontal disease. Journal of Clinical
Periodontology 30, 107-113.

Bergstrom, J. & Bostrom, L. (2001) Tobacco
smoking and periodontal hemorrhagic res-
ponsiveness. Journal of Clinical Periodontol-
ogy 28, 680-685.

Bergstrom, J. & Eliasson, S. (1987a) Cigarette
smoking and alveolar bone height in subjects
with high standard of oral hygiene. Journal
of Clinical Periodontology 14, 466-469.

Bergstrom, J. & Eliasson, S. (1987b) Noxious
effect of cigarette smoking on periodontal
health. Journal of Periodontal Research 22,
513-517.

Bergstrom, J., Eliasson, S. & Dock, J. (2000) A
10-year prospective study of tobacco smok-
ing and periodontal health. Journal of
Periodontology 71, 1338-1347.

Bergstrom, J., Eliasson, S. & Preber, H. (1991)
Cigarette smoking and periodontal bone loss.
Journal of Periodontology 62, 242-246.

Bergstrom, J. & Floderus-Myrhed, B. (1983)
Co-twin control study of the relationship
between smoking and some periodontal
disease factors. Community Dentistry and
Oral Epidemiology 11, 113-116.

Bergstrom, J., Persson, L. & Preber, H. (1988)
Influence of cigarette smoking on vascular
reaction during experimental gingivitis.
Scandinavian Journal of Dental Research
96, 34-39.

Bergstrom, J. & Preber, H. (1986) The influence
of cigarette smoking on the development of
experimental gingivitis. Journal of Perio-
dontal Research 21, 668-676.

Bergstrom, J. & Preber, H. (1994) Tobacco use
as a risk factor. Journal of Periodontology 65
(Suppl.), 545-550.

Bolin, A., Eklund, G., Frithiof, L. & Lavstedt,
S. (1993) The effect of changed smoking
habits on marginal alveolar bone loss. A
longitudinal study. Swedish Dental Journal
17, 211-216.

Bostrom, L., Bergstrom, J., Dahlen, G. &
Linder, L. E. (2001) Smoking and subgingi-
val microflora in periodontal disease. Journal
of Clinical Periodontology 28, 212-219.

Danielsen, B., Manji, F., Nagelkerke, N.,
Fejerskov, O. & Baelum, V. (1990) Effect
of cigarette smoking on the transition
dynamics in experimental gingivitis. Journal
of Clinical Periodontology 17, 159-164.

Darby, I. B., Hodge, P. J., Riggio, M. P. &
Kinane, D. F. (2000) Microbial comparison
of smoker and non-smoker adult and early-
onset periodontitis patients by polymerase
chain reaction. Journal of Clinical Perio-
dontology 27, 417-424.

Giannopoulou, C., Cappuyns, 1. & Mombelli,
A. (2003) Effect of smoking on gingival
crevicular fluid cytokine profile during
experimental gingivitis. Journal of Clinical
Periodontology 30, 996-1002.

Gonzalez, Y. M., De Nardin, A., Grossi, S. G.,
Machtei, E. E., Genco, R. J. & De Nardin, E.
(1996) Serum cotinine levels, smoking, and
periodontal attachment loss. Journal of
Dental Research 75, 796-802.

Goultschin, J., Cohen, H. D., Donchin, M.,
Brayer, L. & Soskolne, W. A. (1990)
Association of smoking with periodontal
treatment needs. Journal of Periodontology
61, 364-367.

Grossi, S. G., Genco, R. J., Machtei, E. E., Ho,
A. W., Koch, G., Dunford, R., Zambon, J. J.
& Hausmann, E. (1995) Assessment of risk
for periodontal disease. II. Risk indicators for
alveolar bone loss. Journal of Periodontology
66, 23-29.

Grossi, S. G., Zambon, J. J., Ho, A. W., Koch,
G., Dunford, R. G., Machtei, E. E., Norderyd,
O. M. & Genco, R. J. (1994) Assessment of
risk for periodontal disease. I. Risk indicators
for attachment loss. Journal of Perio-
dontology 65, 260-267.

Haber, J., Wattles, J., Crowley, M., Mandell, R.,
Joshipura, K. & Kent, R. L. (1993) Evidence
for cigarette smoking as a major risk factor
for periodontitis. Journal of Periodontology
64, 16-23.

Haffajee, A. D., Cugini, M. A., Dibart, S.,
Smith, C., Kent, R. L. Jr. & Socransky, S. S.
(1997) The effect of SRP on the clinical and
microbiological parameters of periodontal
diseases. Journal of Clinical Periodontology
24, 324-334.

Haffajee, A. D. & Socransky, S. S. (2001)
Relation of cigarette smoking to the sub-
gingival microbiota. Journal of Clinical
Periodontology 28, 377-388.

Hanioka, T., Tanaka, M., Takaya, K., Matsu-
mori, Y. & Shizukuishi, S. (2000) Pocket
oxygen tension in smokers and non-smokers
with periodontal disease. Journal of Perio-
dontology 71, 550-554.

Horning, G. M. & Cohen, M. E. (1995)
Necrotizing ulcerative gingivitis, perio-
dontitis, and stomatitis: clinical staging and
predisposing factors. Journal of Perio-
dontology 66, 990-998.

Kamma, J. J.,, Nakou, M. & Baehni, P. C.
(1999) Clinical and microbiological charac-
teristics of smokers with early-onset perio-
dontitis. Journal of Periodontal Research 34,
25-33.

Kinane, D. F. & Chestnutt, I. G. (2000)
Smoking and periodontal disease. Critical
Reviews in Oral Biology and Medicine 11,
356-365.

Lie, M. A., Danser, M. M., van der Weijden, G.
A., Timmerman, M. F., de Graaff, J. & van
der Velden, U. (1995) Oral microbiota in
subjects with a weak or strong response in
experimental gingivitis. Journal of Clinical
Periodontology 22, 642-647.

Lie, M. A., Timmermann, M. F., van der
Velden, U. & van der Wejiden, G. A.
(1998a) Evaluation of 2 methods to assess
gingival bleeding in smokers and non-
smokers in natural and experimental gingivi-
tis. Journal of Clinical Periodontology 25,
695-700.

Lie, M. A., van der Wejiden, G. A., Timmer-
mann, M. F., Loos, B. G., van Steenbergen,
T. J. & van der Velden, U. (1998b) Oral
microbiota in smokers and non-smokers in
natural and experimental gingivitis. Journal
of Clinical Periodontology 25, 677-686.

Linden, G. J. & Mullally, B. H. (1994) Cigarette
smoking and periodontal destruction in
young adults. Journal of Periodontology 65,
718-723.

Loe, H. & Silness, J. (1963) Periodontal disease
in pregnancy. I. Prevalence and severity.
Acta Odontologica Scandinavica 21, 533—
551.

Lée, H., Theilade, E. & Borglum, J. S. (1965)
Experimental gingivitis in man. Journal of
Periodontology 36, 5-15.



MacFarlane, G. D., Herzberg, M. C., Wolff, L.
F. & Hardie, N. A. (1992) Refractory
periodontitis associated with abnormal poly-
morphonuclear leukocyte phagocytosis and
cigarette smoking. Journal of Periodontology
63, 908-913.

Machuca, G., Rosales, I, Lacalle, J. R.,
Machuca, C. & Bullon, P. (2000) Effect of
cigarette smoking on periodontal status of
healthy young adults. Journal of Perio-
dontology 71, 73-78.

Magnusson, I. & Walker, C. B. (1996) Refrac-
tory periodontitis or recurrence of disease.
Journal of Clinical Periodontology 23,
289-292.

Martinez-Canut, P, Lorca, A & Magan, R.
(1995) Smoking and periodontal disease
severity. Journal of Clinical Periodontology
22, 743-749.

Persson, L. & Bergstrom, J. (1998) Smoking
and vascular density of healthy marginal
gingiva. European Journal of Oral Sciences
106, 953-957.

Persson, R. E., Kiyak, A. H., Wyatt, C. C. I,
MacEntee, M. & Persson, G. R. Smoking, a
weak predictor of periodontitis in older
adults. Journal of Clinical Periodontology
(in press).

Preber, H. & Bergstrom, J. (1985) Occurrence
of gingival bleeding in smoker and nonsmo-
ker patients. Acta Odontologica Scandinavi-
ca 43, 315-320.

Smoking and experimental gingivitis

Preber, H. & Bergstrom, J. (1986) Cigarette
smoking in patients referred for periodontal
treatment. Scandinavian Journal of Dental
Research 94, 102-108.

Quinn, S. M., Zhang, J. B., Gunsolley, J. C.,
Schenkein, J. G., Schenkein, H. A. & Tew,
J. G. (1996) Influence of smoking and race on
immunoglobulin G subclass concentrations
in early-onset periodontitis patients. Infection
and Immunity 64, 2500-2505.

Renvert, S., Dahlen, G. & Wikstrom, M. (1998)
The clinical and microbiological effects of
non-surgical periodontal therapy in smokers
and non-smokers. Journal of Clinical Perio-
dontology 25, 153-157.

Silness, J. & Loe, H. (1964) Periodontal disease
in pregnancy. II. Correlation between oral
hygiene and periodontal disease. Acta Odon-
tologica Scandinavica 22, 121-135.

Socransky, S. S., Haffajee, A. D., Cugini, M.
A., Smith, C. & Kent Jr., R. L. (1998) Micro-
bial complexes in subgingival plaque. Jour-
nal of Clinical Periodontology 25, 134—-144.

Socransky, S. S., Smith, C., Martin, L., Paster,
B. J., Dewhirst, F. E. & Levin, A. E. (1994)
“‘Checkerboard’”> DNA-DNA hybridization.
Biotechniques 17, 788-793.

Stoltenberg, J. L., Osborn, J. B., Pihlstrom, B.
L., Herzberg, M. C., Aeppli, D. M., Wolff, L.
F. & Fisher, G. E. (1993) Association
between cigarette smoking, bacterial patho-

447

gens and periodontal status. Journal of
Periodontology 64, 1225-1230.

Syed, S. A., Svanberg, M. & Svanberg, G.
(1980) The predominant cultivable dental
plaque flora of beagle dogs with gingivitis.
Journal of Periodontal Research 15, 123—
136.

Umeda, M., Chen, C., Bakker, I., Contreras, A,
Morrison, J. L. & Slots, J. (1998) Risk
indicators for harboring periodontal patho-
gens. Journal of Periodontology 69, 1111—
1118.

Ximénez-Fyvie, L. A., Haffajee, A. D. &
Socransky, S. S. (2000) Microbial composi-
tion of supra- and subgingival plaque in
subjects with adult periodontitis. Journal of
Clinical Periodontology 27, 722-732.

Zambon, J. J., Grossi, S. G., Machtei, E. E., Ho,
A. W., Dunford, R. & Genco, R. J. (1996)
Cigarette smoking increases the risk for
subgingival infection with periodontal patho-
gens. Journal of Periodontology 67 (Suppl.),
1050-1054.

Address:

Giovanni E. Salvi

School of Dental Medicine
University of Berne

Freiburgstrasse 7

CH-3010 Berne

Switzerland

E-mail: giovanni.salvi@zmk.unibe.ch



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



