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Clinical effect of smoking on the healing response
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l. Introduction

Previous studies have suggested that ciga-
rette smoking is a significant risk factor for
periodontal diseases.'™ Compared  to
non-smokers, smokers have a higher preva-
lence for periodontitis,* a greater extent of
periodontal diseases and rate of disease
progression.”” Cigarette smoking has been
related to progressive loss of periodontal at-
tachment.” increasing probing depth,”’ al-
veolar bone loss.**In addition. both non-sur-
gical and surgical periodontal treatments
appear to be less effective in smokers than
non-smokers.'"” " Previous studies have
shown that smokers demonstrated a less fa-
vorable treatment response than non-smok-
ers for pocket reduction and resolution of

10-12

gingival inflammation. Treatments in

smokers resulted in lesser probing depth re-
duction and smaller clinical attachment level
gain.”

Cigarette smoke contains numerous toxic
substances, some of which have been shown
to alter host defense and repair mechanisms
poly-

morphonuclear leukocyte functions, such as
15.16

by adversely affecting normal

chemotaxis and phagocytosis, as well as
increasing the release of superoxide and
H202 by neutrophils.17 Further, decreased
levels of serum IgG, IgA and IgM, yet in-
creased levels of IgE in smokers may also
healing

contribute to compromised

819 Cigarette smoking has also

mechanisms.
been demonstrated to increase the risk of
subgingival infection with periodontal patho-
gens by modulating the subgingval microbial

20
ecology.
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In the present study, Korean smokers and
non-smokers who had moderate chronic pe-
riodontitis were investigated. The aim of
this study was to compare the short-term
treatment response patterns and healing dy-
namics in these two groups of patients fol-

lowing scaling and root planing.

II. Materials and Methods

Twenty Korean adults (10 smokers and 10
non-smokers) were recruited for the study.
The subjects included patients aged 24-66
years. The mean age of the smokers was
38.7 years and that of non-smokers was 41
vears. All subjects were male. The smokers
had been regular smokers for at least 5
years, currently smoked at least 10 ciga-
rettes per day. The non-smokers consisted
of individuals who were not smoking at the
initial exam. We made the decision to in-
clude former smokers in the non-smoker
group as all former smokers had given up at
least 2 years previously, and there is evi-
dence that given sufficient time responses to
periodontal therapy in former smokers be-
comes similar to never smokers.” 2 subjects
of non—smoker group were former smokers
who had stopped smoking more than 2 years
before. Smoking status was assessed by a
self-reported questionnaire. All subjects of
smoker group were asked to estimate the
number of cigarettes consumed per day and
the number of years they smoked. The mean
number of cigarettes consumed per day was
18.1(+7.0) and the mean number of years
they smoked was 19.0(£7.4). All subjects
had moderate chronic periodontitis, with

moderate periodontal pockets (4 to 6 mm),
and moderate amount of clinical attachment
loss (3 to 4 mm). Their general health was
good and none had received antibiotics with-
in the preceding three months. Written and
oral informed consents were obtained from
all subjects in accordance with the proce-
dures of the Seoul National University
Dental Hospital, Institutional Review Board.

Indices

The following clinical parameters were
measured: plaque index (PLI), bleeding on
probing (BOP), probing pocket depth (PD),
and gingival recession (GR). PD and GR
were measured using an electronic probe
system (pocket probe, Florida Probe® Co.
Gainesville, FL) by the calibrated examiner,
and recorded on an interval scale, precise to
0.2 mm.* PD and GR were recorded at the
following 6 sites around each tooth: buccal,
mesiobuccal, distobuccal, lingual, mesiolin—
gual, distolingual. Clinical attachment level
(CAL) was calculated as the sum of PD and
GR. BOP was recorded as present or absent
within 30 seconds after probing. Gingival re-
cession, defined as the distance from a fixed
reference point (i.e., the cementoenamel
junction or restorative margin) to free mar-
ginal gingiva, was measured. Plaque was re-
corded using the classification of Silness and
Loe (1964) and based on the scores of teeth
16, 12, 24, 36, 32 and 44.” The amount of
plaque was scored on buccal, lingual, mesial
and distal surfaces, the mean of all scores
forming each patient’'s plaque index.
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Site Selection and Description

At baseline, all teeth were examined, ex-
cept third molars and retained roots. All the
subjects were examined by a single
examiner. According to the probing pocket
depth recorded at the initial examination,
sites were classified into 3 categories:

1) PD < 3mm (clinically healthy sites)

2) 4 mm < PD { 5 mm

3) PD = 5 mm

Pockets of 3 mm or less were considered
non-pathological and were not included in
the analysis. Pathological pockets of 7 mm
or more were also excluded since they were

few.

Periodontal Therapy

Following the baseline examination, the
patients received a course of basic perio-
dontal therapy consisting of oral hygiene in-
struction, quadrant scaling and root
planing. Oral hygiene was reinforced at ev-
ery visit during the 5 to 8 week treatment
period. All the treatments were performed
by same dentist who was blind to the clin-
ical re-evaluation outcome as recorded by
the single examiner. All subjects were re-
called for reinforcement of oral hygiene in-
struction and clinical re-examination at 2,
4, 6 months after the initial periodontal

therapy.

Statistical Analyses

The subjects were used as the main unit

of observation and the individual sites were

considered as dependent sub-units of
observation. The values of clinical parame-
ters at baseline were calculated as mean
(+SE) within subjects. Mann-Whitney U test
was used to determine the statistically sig-
nificant differences between smokers and
non-smokers at baseline. BOP was analyzed
and presented as a percentage of the eval-
BOP was

Chi-square (x2) test was used to determine

uated sites where present.
the statistically significant differences be-
tween smokers and non-smokers at various
time points. Differences in mean values of
plaque index between smokers and
non-smokers at various time points were an-
alyzed by the Mann-Whitney U test.
Changes of each clinical parameter (i.e., A
PD, ACAL and AGR) were calculated by sub-
tracting values at 2, 4, 6 months from the
baseline values. The statistically significant
differences within smokers and non-smokers
at various time points were analyzed by re-
peated measures ANOVA. Differences be-
tween data sets with a probability (p) less
than 0.05 were regarded as statistically
significant. The relationship among baseline
PD and APD was determined by Spearman’s
rank correlation analysis with two-tailed
significance testing. The data analysis was

performed using a commercially available

Table 1. Selection Sites (number)

‘Selection Sites @) 8 NS
Control Sites 60 60
Amm(PDX5mm sites 106 99
PD=5mm sites 76 83
Total 242 242
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Table 2. Clinical Parameters at Baseline between Smokers and Non—-smokers (Mean=+SE)

;  Parameters ~ Smokers * Non-smokers
Mean Age (years) 38.747.8 41.0+14.9
Mean Teeth Number 27.6t1.3 27.0+1.3
Mean PD (mm) 2.920.3 2.8t0.5
Mean CAL (mm) 3.1+0.4 3.0¢0.5
Sites with PD=5mm (%) 5.2+5.4 5.9£5.6
Sites with CAL=5mm (%) 6.746.6 6.9+5.5
All sites BOP (%) 46.6£11.0 48.6£14.4

No significant differences between smokers and non-smokers.

Table 3. Percentage of BOP for Smokers and Non—-smokers at Various Time Points (Mean+SE)

BOP(%) Baseline 2 mo 4 mo 6 mo
S 96.8(+4.6) 61.6(+19.4) 50.7(£17.1) 43.7(+27.8)
NS 100.0+(0.0) 61.4(+25.5) 41.7(+17.3) 38.7(+19.0)

No significant difference between two groups at the same time point.

software program (SPSS Version 10.0, SPSS
Inc., Chicago, IL).

lll. Results
Clinical Data at Baseline

Table 1 shoWs all investigated sites of the
two groups. Table 2 shows similar mean val-
ues for age and full mouth periodontal pa-
rameters between smokers and non-smokers.
At baseline, no statistically significant dif-
ferences between the two groups were found
for any of the clinical parameters.

Changes in Plague and BOP

The mean percentage of BOP for smokers

and non-smokers at various time points af-
ter initial periodontal treatment is pre-
sented in Table 3. Both smokers and
non-smokers showed a significant reduction
in percentage of BOP at 2 month,
61.6+19.4% and 61.4+25.5%, respectively,
subsequently maintained at 4, 6 months,
with no significant differences between the
groups at the same time points. Similarly, a
significant reduction in plaque index was
noted in smokers and non-smokers after
treatment, and maintained at 6 months with
no significant differences between the two

groups at the same time points.

Changes of PD, CAL, and GR

Table 5 shows comparisons of changes (4)
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Table 4. Plague Index of Smokers and Non—smokers at Various Time Points (Mean=*SE)

PLI Baseline 2 mo 4 mo 6 mo
S 0.9(x0.2) 0.6(x0.2) 0.5(x0.2) 0.4(+0.1)
NS 1.0(0.3) 0.5(x0.2) 0.5(0.2) 0.3(x0.1)

No significant difference between two groups at the same time point.

Table 5. Comparisons of Changes (/) in PD, GR, CAL from Baseline at Various Time Points

between Smokers and Non-smokers (Mean+SE)

APD AGR ACAL
S NS S NS S NS

All sites

2mo 1.0£1.0 1.0£0.0 0.1£0.4 0.1£0.4 0.941.1 0.9£1.0

4mo 1.241.1 1.4£1.0 0.110.3 0.1+0.4 1.1£1.1 1.2£1.0
- 6mo 1.1£1.1 1.5£1.1 0.0£0.3 0.0£0.4 1.4+1.1 1.5¢1.0
Control sites

2mo 0.1£0.6 0.110.4 0.110.5 0.1x0.4 0.110.7 0.0£0.5

4mo 0.310.5 0.310.4 0.1£0.5 0.1x0.4 0.2+0.7 0.210.5

6mo 0.21¢0.5 0.3+0.4 0.0£0.4 0.0£0.4 0.240.7 0.420.5
4 mm { PD { 5 mm sites

2mo 1.240.9 1.4+0.7 0.110.4 0.10.2 1.1x0.9 1.3:0.7

4mo 1.3#0.9 1.7+0.8 0.1£0.3 0.1£0.4 1.240.9 1.6+0.7*

6mo 1.240.9 1.8+0.8 0.1+0.4 0.1£0.4 1.20.9 1.8+0.8*
PD > 5 mm sites

2mo 1.840.8 1.8%0.9 0.1£0.4 0.2¢0.4 1.7+0.9 1.6£1.0

4dmo 2.1¢1.0 2.2+0.7 0.1¢0.3 0.3£0.5 2.0+1.0 2.1¢0.8

6mo 2.0t0.9 2.6+0.8" 0.110.2 0.30.7" 2.010.9 2.310.8*

significant differences from smokers, *p<0.05.

in PD, GR, CAL from baseline at various The

time points  between  smokers and

statistically significant difference was
detected at 6 months (p<0.05). Non-smokers

non—smokers. No significant changes in PD,
GR, CAL were found at clinically healthy
sites in either smokers or non-smokers after
treatment. Regarding the 4 mm(PD{5 mm
sites, PD reductions were consistently ob-

served in both smokers and non-smokers.

showed a significantly greater PD reduction
than smokers at 6 months (p<0.05). The PD
reduction was about 0.6 mm greater in
non-smokers than in smokers at 6 months.
Both smokers and non-smokers showed no

statistically significant differences of gin-
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gival recession during 6 month treatment
period. However, non-smokers showed sig-
nificantly increasing gain of attachment at
4, 6 months. Clinical attachment level gains
were increased from 1.3+0.7 mm after 2
month to 1.6+0.7 mm after 4 months and
1.840.8 mm after 6 months (p<0.05). The
most significant difference was detected at 6
months. For PD>5 mm sites, both smokers
and non-smokers demonstrated PD reduc-
tions compared to baseline PD  during 6
Although

non-smokers consistently showed a greater

month treatment period.

PD reduction than smokers, the statisti-
cally significant difference was detected at 6
(p€0.05). Similarly at the 4
mm{PD{5 mm sites, PD reduction was about

months

0.6 mm greater in non-smokers than in
smokers at 6 months. A significant gain of
attachment was found in non-smokers, with
gains increasing from 1.6+*1.0 mm after 2
month to 2.3t0.8 mm after 6 months
(p€0.05). Non-smokers showed significantly
more gingival recession than smokers at 6
months (0.1x0.2 mm vs 0.330.7 mm:

0<0.05).

Correlation Between Baseline PD and 4/PD

Table 6 shows that PD reduction was sig-
nificantly correlated to baseline PD in both
smokers and non-smokers when 4 mm{PIX5
mm sites were considered. However, for the
sites with baseline PD>5 mm, non-smokers
demonstrated a strongly positive correlation
(rs=0.43 at 6 months, p<0.05). whereas no

correlation was found in smokers.

Table 6. Correlation between Baseline PD
and 4PD. Spearman Rank
Correlation Coefficient (rs)

Smokers

Non-smokers

4 mm(PDX5 mm sites

2mo 0.21* 0.13
4mo 0.25* 0.29*
6mo 0.06 0.24*

PD=5 mm sites

Zmo 0.15 0.15

4mo 0.15 0.20

6mo 0.20 0.43"
* p€0.05.

IV. Discussion

Earlier studies have suggested that smok-
ers generally have more severe periodontal
destruction and less favorable treatment re-

1.7,10-14
: The present,

sponse than non-smokers.
study evaluated short-term treatment re-
sponse patterns and healing dynamics at
sites with various clinical conditions in mod-
erate chronic periodontitis between smokers
and non-smokers. This study showed that
smokers generally respond less favorably to
treatment than non-smokers for the amount
of probing depth reduction and gain of at-
tachment, which is similar to that reported
in previous studies.'”™ The PD reduction
was about 0.6 mm greater in non-smokers
compared to smokers at 6 months. Also a
significant increasing gain of attachment
was found in non-smokers than smokers
during 6 month treatment period. Gingival

recession was not significantly different be-
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tween smokers and non-smokers during 6
month treatment period. Only significant
difference was found at PD=5 mm sites at 6
months. Non-smokers showed more gingival
recession.

In the present study, oral hygiene (as
measured by PLI) was not significantly dif-
ferent between the two groups and so the
poorer response to treatment in smokers
may not be due to oral hygiene levels.
Similarly previous studies also reported no
statistically significant differences in plaque
control level between smokers and non-
smokers.”*”" The less favorable healing re-
sponse in smokers was not related to any
difference in the plaque control level.

Although no statistically significant differ-
ence in BOP was found between two groups,
non-smokers showed a greater reduction in
BOP than smokers. These results indicate
that the healing response to the treatment
in smokers was impaired. Non-smokers ini-
tially exhibit more signs of gingival in-
flammation than smokers and when this re-
lead to

recession. Most previous studies reported no

solves it may some gingival

statistically significant differences in bleed-

between smokers and

25.28,29

ing non-
smokers.

One aspect of periodontal healing is PD
reduction, which is composed of gain of at-
tachment and gingival shrinkage. PD reduc-
tions in non-smokers were due to both sig-
nificant gain of attachment and gingival
recession. Attachment gain in non-smokers
after treatment.

consistently increased

Gingival recession was similar between

smokers and non-smokers until 6 months.
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Only significant difference was found at PD
Therefore, the

consistent reduction of PD in non-smokers

>bmm sites at 6 months.

was mostly contributed by the increasing
gain of attachment. This is in agreement
with a previous 6-year study conducted by
Ah et al.” They showed that smokers ex-
hibited significantly less PD reduction and
smaller gain of attachment, whereas no sig-
nificant difference in gingival recession was
detected. Therefore, less favorable probing
attachment level changes were the primary
reason for decreasing PD reduction in
smokers.

It has been reported that both the magni-
tude of probing depth reduction and the
change in clinical attachment level are re-
lated to the initial probing depth.”’ The
present study showed that only non-smokers
demonstrated strong positive correlation of
PD reduction to baseline PD in sites with
baseline PD=5mm, whereas smokers showed
no such a correlation. These results suggest
that treatment responses became less pre-
dictable in smokers, especially at more dis-
eased sites. The inhibitory effect of smoking
on treatment response is more pronounced
at initially deeper sites. These findings are
in agreement with those reported by Kinane
et al.” The amount of expected attachment
gain would be proportional to the initial de-
gree of inflammation. In other words, the
deeper the initial probing depth, the greater
the post-treatment attachment gain (and
thus, probing depth reduction). They sug-
gested that in smokers the amount of tissue
adaptation after therapy: 1) may be lower

than seen in non-smokers; and 2) may have



a weak relationship with the initial degree
of tissue resistance to probe. The mecha-
nisms of healing among the smokers may,
therefore, be impaired.

The present study supports the theory
that smoking may have an inhibitory effect
on periodontal healing response. What might
contribute to such a compromised perio-
dontal recovery in smokers? There is in-
. creasing evidence that cigarette smoking can
modulate the subgingival microbial ecology
by decreasing local oxygen tension, which in
turn favors the colonization and growth of
anaerobic bacteria, such as Bacteroides for-
sythus and Porphyromonas gingivalis.™* It
has also been shown’ that the reduced treat-
ment response in smokers was associated
with a smaller reduction of a persistent in-
fection with subgingival pathogens when
compared to non-smokers.'” In terms of al-
terations of the host defense mechanism,
smoking appears to hinder polymorphonuclear
leukocyte functions, such as phagocytosis and
chemotaxis. ' Furthermore, smokers had re-
duced levels of serum IgG, IgA and IgM, but
a raised level of IgE when compared to

1819 Racent reports also de-

non-smokers.
tected a reduced serum level of IgG2 in
smokers with severe generalized form of
and  adult

lgG2 is the major im-

periodontitis
3435

early-onset

periodontitis.
munoglobulin subclass that reacts with bac-
terial carbohydrates and lipopolysaccharides,
and an impairment of IgG2 responses may
increase the risk of  periodontal
destruction. Nicotine was also associated
with alterations in host inflammatory medi-

ators, where significantly increased secre-

%697 and higher lev-

tion of prostaglandin E2
els of TNF-a were detected in smokers as
compared to non-smokers.® Furthering the
interruption of the precise balance between
microbes and host defense, nicotine may al-
so result in vasoconstriction of gingival ves-
sels, thus decreasing gingival blood flow and
impairing periodontal healing.** Moreover,
cigarette chemicals and toxins can affect a
number of cells responsible for initiating and
completing the healing process, such as en-
dothelial cells® and gingival fibroblasts.*™
All these factors could contribute partly, or
in combination, to the compromised healing
response to periodontal therapy in smokers.

In conclusion, this short-term study in-
dicates that smokers have less favorable
treatment response patterns and healing dy-
namics following scaling and root planing,
compared to non-smokers. Smokers ex-
hibited significantly smaller PD reduction
and less CAL gain compared to non-smok-
ers, whereas no significant differences in
and BOP were

Consistent with previous studies, the pres—

plaque index noted.
ent results imply that cigarette smoking has
detrimental effects on periodontal treatment
responses. Since effective periodontal treat-
ment for heavy smokers remains a chal-
lenge, it has recently been suggested that
smoking cessation counseling should be in-
tegral part of periodontal therapy and

.M
prevention.
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