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Abstract
Aim: To investigate the factors predicting non-surgical periodontal treatment
responses using multilevel multiple regression.

Material and Methods: Forty men (mean 45.6 years) were recruited; 20 were
smokers. A 12-month reduction in probing pocket depth (PPD) and gain in probing
attachment level (PAL) of 5814 sites were analysed, with 594 being initially diseased
sites (initial PPDX5 mm).

Results: Variance Component models showed that site-level variations contributed
about 70–90% of the total variance. About a 10% reduction of the total variations of
PPD reduction in initially diseased sites was achieved with the inclusion of the 10
predictors in the multilevel multiple regression. Multilevel multiple regression showed
that three predictors, subject level: non-smokers; tooth-level: anterior teeth; and site
level: sites without plaque at baseline, were significantly associated with a greater
reduction in PPD in initially diseased sites over the 12-month study period (po0.05).
No consistent predictor was found for PAL gain.

Conclusion: Multilevel analysis was applied on periodontal treatment response data.
Smokers showed less favourable PPD reduction at deep sites after non-surgical
periodontal therapy.
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Smoking is considered as a well-estab-
lished risk factor for periodontal dis-
eases, a chronic infectious disorder
caused by bacterial plaque characterized
by destruction of tooth-supporting tissue

(Page & Kornman 1997). Smokers have
increased risks of experiencing perio-
dontal attachment loss (Grossi et al.
1994, Haffajee & Socransky 2001a,
Susin et al. 2004, Ng & Leung 2006),
radiographic bone loss (Grossi et al.
1995, Bergström 2004, Baljoon et al.
2005) and tooth loss post-treatment
(Leung et al. 2006, Matuliene et al.
2008). Smokers are found to harbour a
higher number of periodontal pathogens
(Haffajee & Socransky 2001b, van Win-
kelhoff et al. 2001).

Besides alterations of the periodontal
microflora, smoking has been shown to
adversely affect the host immune
response in various respects, including

impaired neutrophil function (Mariggio
et al. 2001, Güntsch et al. 2006),
lowered immunoglobulin production
(Mooney et al. 2001, Apatzidou et al.
2005), reduced fibroblast function
(Raulin et al. 1988), altered inflamma-
tory mediator production (Boström et al.
1998, 1999, Giannopoulou et al., 2003)
and vasoconstrictive effects of tissue
exposed to cigarette smoke (Mirbod
et al. 2001).

Non-surgical mechanical periodontal
therapy, including oral hygiene instruc-
tion, scaling and root planing, is an
effective treatment modality for perio-
dontal disease (Van der Weijden &
Timmerman 2002, Sanz & Teughels
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2008); however, numerous studies
have indicated that smokers generally
show less favourable improvements in
response to non-surgical therapy (Preber
& Bergström 1986, Preber et al. 1995,
Renvert et al. 1998, Jin et al. 2000).
A systematic review evaluating the
effect of smoking on non-surgical perio-
dontal therapy (Labriola et al. 2005)
found that the mean difference in
probing pocket depth (PPD) reduction
with an initial probing depth of 5 mm or
more would be 0.433 mm, favouring
non-smokers. On the other hand, the
same meta-analysis showed that there
was no evidence of a difference in
clinical attachment level gain between
smokers and non-smokers after non-
surgical periodontal therapy, although
a review of clinical evidence (Heasman
et al. 2006) suggests that the majority
of studies do show that smokers
gain less clinical attachment gain in
response to periodontal therapy. It is
known that achieving optimal treatment
responses to non-surgical periodontal
therapy in smokers is a challenging
task and that the treatment outcome
of the therapy may vary from patient
to patient and may also vary among
different teeth and tooth sites. It would
be beneficial to understand factors at
the patient, tooth and site level that
may affect these variations in treatment
response in both smokers and non-
smokers.

Since the early 1990s, researchers
have questioned the utility of a single-
level statistical analysis of site- or tooth-
level data in periodontal clinical trials
because the correlation among sites and/
or teeth within subjects invalidate these
methods. In applying single-level statis-
tical analysis to periodontal data, many
earlier publications chose to present
average sites’ measurements generated
on a subject level. However, such an
approach may not explicitly reflect the
site-specific nature of periodontal dis-
ease (Albandar & Goldstein 1992,
Gilthorpe et al. 2000a, b, 2001). Appli-
cation of multilevel modelling analysis,
which takes the clustering effect of
periodontal research data into considera-
tion, may provide a more accurate
explanation of the natural hierarchical
structure of the clinical findings of
periodontitis and the healing responses
after periodontal therapy. Recently, two
reports adopted such an approach in
their periodontal trial data analysis
(Tomasi et al. 2007, Matuliene et al.
2008).

In the present prospective study, the
clinical healing responses of two groups
of male Chinese subjects: smokers or
non-smokers – matched according to
age, pre-operative oral hygiene levels
and periodontal disease severity – were
recorded after non-surgical periodontal
therapy. The aim of this study was to
compare the 12-month healing response
of male Chinese smokers and non-smo-
kers with chronic periodontitis after
non-surgical mechanical periodontal
therapy using multilevel modelling ana-
lysis. The clinical data would be ana-
lysed at the site level. The null
hypothesis of this clinical trial is that
there is no difference in the healing
responses after non-surgical mechanical
periodontal therapy of periodontitis-
affected male Chinese smokers and
non-smokers.

Materials and Methods

Sample size determination

This clinical study targeted subjects
with chronic periodontitis who were
otherwise systemically healthy. The
sample size for the study was computed
as follows: in a study among the same
local population, patients with chronic
periodontitis showed 4.6 mm of PPD
reduction at 12 months after non-surgi-
cal therapy, with a standard deviation
(SD) of 1.6 mm (Tong et al. 2003).
Assuming that the SD would be the
same for smokers and an expected dif-
ference of PPD reduction at the initially
diseased sites between smokers and
non-smokers of 2 mm, 20 subjects in
each group were required to allow
such a difference to be detected.

Patient selection and screening

New male patients attending the Recep-
tion Clinic of the Prince Philip Dental
Hospital, Faculty of Dentistry, The Uni-
versity of Hong Kong, and fulfilling the
inclusion criteria were recruited to par-
ticipate in the study. The target sample
size was at least 22 subjects for each
group, to allow for retention of 20
subjects in each group at 12 months.
For inclusion, patients had to be free of
systemic disease, not undergoing ortho-
dontic treatment and displaying the fol-
lowing features:

1. Thirty-five to 64-year-old ethnic Chi-
nese with untreated chronic perio-
dontitis.

2. Smokers with a smoking habit of
X10 cigarettes per day for at least
10 years and expressing no interest in
quitting smoking in the coming 12
months.

3. Non-smokers with a smoking history
of never having smoked.

4. At least 16 standing teeth, with at
least one tooth having PPDX5 mm
in each quadrant, excluding the third
molars.

Subjects were excluded if the patient
interview revealed:

1. known systemic diseases,
2. a history of taking systemic antibio-

tics in the preceding 30 days and
3. history of dental treatment, other

than oral hygiene instructions, in
the preceding 30 days.

The target sample size for each group
was achieved 6 months after the com-
mencement of recruitment.

Patient management and non-surgical
mechanical periodontal treatment

The clinical study was carried out in the
Periodontology Clinic, Prince Philip
Dental Hospital, Faculty of Dentistry,
The University of Hong Kong. Emer-
gency treatment such as extraction, car-
ies stabilization and initial endodontic
therapy, if necessary, was completed
before the non-surgical periodontal
treatment. Six tooth sites (mesio-buccal,
mid-buccal, disto-buccal, mesio-lingual,
mid-lingual and disto-lingual) of each
standing tooth were included in this
study. One member of the research
team (W. K. L.) verified the eligibility
of all subjects and ensured that all
necessary pre-treatment preparations
had been carried out. Receptionists of
the Periodontology Clinic were then
instructed to arrange the non-surgical
periodontal treatment appointments
(four to six visits) under local anaesthe-
sia for all subjects to be delivered by a
group of six experienced dental hygie-
nists within an 8-week period. Both
smokers and non-smokers received the
same non-surgical periodontal treat-
ment, namely oral hygiene instruction
regarding brushing and inter-dental
cleaning, followed by quadrant-wise
debridement under local anaesthesia.
Two research group members (P. W.
and R. M. S. W.) at the end of the last
dental hygienist treatment appointment
independently assessed the quality of

230 Wan et al.

r 2009 John Wiley & Sons A/S



the hygienists’ care clinically to ensure
the completeness of the non-surgical
periodontal therapy.

Any residual periodontal problems at
conclusion of the study at 12 months,
namely any sites with residual
PPDX5 mm, were followed up and
appropriate periodontal treatment, e.g.
re-root planing or surgical treatment was
arranged and carried out without delay.
Smoking subjects were again reminded
of the deleterious effects resulting from
their continued smoking.

Clinical examination

This was a 12-month prospective clin-
ical study. Clinical parameters were
obtained from the patients at baseline
and at 3, 6 and 12 months after comple-
tion of non-surgical therapy. All clinical
examinations were performed by one
examiner (C. P. W.).

PPD and probing attachment level
(PAL) were measured and recorded for
six sites of each tooth, excluding third
molars. Custom-made polyethylene
occlusal stents were made for each
patient as reference guides for reprodu-
cibility of probing sites and for measure-
ment of PAL throughout the study.
Except for initial baseline PAL data,
which were collected using a manual
periodontal probe (PCP-UNC 15, Hu-
Friedy probes, Chicago, IL, USA)
(Cheng et al. 2008), each site was
probed with an automated controlled-
force periodontal probe, Florida Probes

(Florida Probe Corporation, Gainesville,
FL, USA). Probe tips were 0.45 mm in
diameter and manufactured from
implant-grade titanium. The resolution
of 0.2 mm could be detected with a
controlled force of 15 g. The presence
of plaque was recorded dichotomously
as the presence or absence of plaque
according to detection of plaque depos-
its determined by running the tip of a
periodontal probe along the tooth sur-
face at the gingival margin of each site.
Bleeding on probing (BOP) was desig-
nated as positive if bleeding occurred
within 10 s after periodontal probing
using the electronic probe.

Ethics

The research protocol was approved by
the Ethics Committee, Faculty of Den-
tistry, The University of Hong Kong.
Written informed consent was obtained
from all participants before the com-
mencement of the study.

Data analysis

Routine statistical analysis

The data collected were entered into a
computer and analysed using the statis-
tical software package (SPSS). For com-
paring the difference in the healing
response between smokers and non-
smokers at the subject level, the primary
efficacy measure was change in PPD
and change in PAL and the secondary
efficacy measures included PI%, BOP%
and percentage of sites X5.0 mm. The
significance level was set at po0.0017
for multiple comparisons at the 3-, 6-
and 12-month recalls within groups or
between groups. Differences between
groups and between different time-
points within groups were tested by the
Mann–Whitney U-test and the Wilcox-
on signed rank test, respectively.

Multilevel analysis

In order to account for the hierarchical
structure of periodontal disease mea-
surements, site measurements clustered
around individual teeth and then teeth
clustered within subjects, analysis using
a multilevel approach was adopted in
this study (Gilthorpe et al. 2000b). PPD
reductions at the site level at 3, 6 and 12
months (compared with baseline PPD)
were analysed using multilevel multiple
regressions. A three-level random inter-
cept regression model was constructed:
site at level 1, tooth at level 2 and
subject at level 3. Variance Components
models (with no independent variables
included) were obtained initially to
investigate the variance of the PPD
reductions across all the three levels.
At different levels the random effects
were assumed to be uncorrelated and
followed normal distributions. Subse-
quently, 10 independent variables, with
five on the subject level, two on the
tooth level and three on the site level,
were included in the multilevel multiple
regression model. The five subject-level
variables were smoking (non-smoker
versus smoker), age (in years), number
of missing teeth at baseline, percentage
sites with plaque at baseline and percen-
tage sites with BOP at baseline. The two
tooth-level variables considered in the
regression model were the tooth position
(posterior [premolars and molars] versus
anterior [incisors and canines]) and arch
(lower versus upper). The three site-
level variables were presence or absence
of plaque at baseline, presence or
absence of BOP at baseline and surface

(lingual versus buccal). All the contin-
uous variables were centred (subtracted
from the mean) before the analysis. The
analyses of the gain in PAL at 3, 6 and
12 months were performed in a similar
manner: three-level regression models
were considered with 10 independent
variables. All the analyses were per-
formed using the software MLwiN 2.1
(Rasbash et al. 2000). The level of
significance was set at 0.05.

In order to focus on the factors affect-
ing the change of PPD and PAL of
initially diseased sites (sites with
PPDX5.0 mm at baseline), the above-
mentioned multilevel multiple regres-
sions were repeated for initially diseased
sites only. Again, the level of signifi-
cance was set to 0.05.

Results

Routine statistical analysis

Change of PPD and PAL at all sites

In the present study, 23 non-smokers
and 23 smokers were recruited. Forty of
the enrolled subjects completed the
study, three subjects being lost to fol-
low-up in both the smoker and the non-
smoker groups. One smoker and three
non-smokers could not attend the sched-
uled recalls due to a contemporaneous
conflict with their job time tables. Two
smokers quit smoking, one for personal
reasons and the other having been diag-
nosed to be suffering from hypertension,
was successfully counselled to quit
smoking by his physician.

The mean age of the smokers and
non-smokers who completed the study
was 46.2 � 6.8 and 45.0 � 5.9 years,
respectively. Regarding the tobacco
consumption of smokers, six were light
smokers while the remaining 14 were
moderate smokers (Grossi et al. 1994).
Their smoking-pack-years were 20.8 �
8.7, ranging from 10 to 30. The mean
number of missing teeth (excluding
third molars) was 3.9 � 2.9 teeth for
smokers and 3.7 � 2.8 teeth for non-
smokers (p40.05). Other clinical data
are shown in Table 1. There was no
difference between non-smokers and
smokers in the percentage of plaque,
mean full-mouth PPD, mean full-mouth
PAL and percentage of sites with
PPDX5 mm at baseline. Both groups
showed poor oral hygiene and a high
percentage of sites with BOP at base-
line, while smokers exhibited signifi-

Smokers’ healing: multilevel analysis 231

r 2009 John Wiley & Sons A/S



cantly less bleeding compared with non-
smokers (p 5 0.003).

Table 1 shows the change of subject-
level clinical parameters over the study
period. Throughout the course of the
study, both non-smokers and smokers
achieved favourable improvements in
their plaque control. This was demon-
strated by significant reductions of Pl%
at 3, 6 and 12 months compared with the
baseline in both groups. By 12 months,
the mean Pl% was reduced to o34%.

In addition, in response to non-surgi-
cal mechanical periodontal therapy,
both groups showed significant reduc-
tions in the mean full-mouth BOP%
compared with the baseline. By 12
months, the mean BOP% was reduced
to o27%.

During the 12-month study period,
the full-mouth mean PPD in both groups
was found to be significantly reduced
when compared with the baseline.
Moreover, both groups showed PAL
gains compared with the baseline. How-
ever, there was no significant difference
in the mean full-mouth PPD reduction
and the mean full-mouth PAL gain
between non-smokers and smokers.
Also, the proportion of sites with
PPDX5.0 mm was significantly reduced
after the non-surgical periodontal ther-
apy in both smokers and non-smokers.
However, at 12 months, smokers
showed less favourable results in terms
of significantly higher percentage resi-
dual pockets (PPDX5.0 mm) than non-
smokers (Table 1).

Change of PPD and PAL at initially
diseased sites

For the 594 sites with initial
PPDX5.0 mm, the mean PPD at
these initially diseased sites was
5.85 � 0.48 mm in smokers and was
5.94 � 0.47 mm in non-smokers. Both
smokers and non-smokers showed sig-
nificant reductions of PPD at 3, 6 and 12
months when compared with the base-
line (po0.001) (Table 1). In smokers,
the PPD at initially diseased sites
reduced from 5.85 � 0.48 mm at the
baseline to 3.00 � 0.80 mm at 12
months. In non-smokers, the corre-
sponding PPD change was from
5.94 � 0.47 mm at the baseline to
2.49 � 0.50 mm at 12 months (Table
1). On comparing the two groups, non-
smokers showed significantly greater
PPD reduction at 6 months
(po0.0017) (Fig. 1).T

a
b
le

1
.

S
u
b
je

ct
-l

ev
el

cl
in

ic
al

p
ar

am
et

er
s

o
v
er

st
u
d
y

p
er

io
d

N
o
n
-s

m
o
k
er

s
(n

5
2
0
)

S
m

o
k
er

s
(n

5
2
0
)

b
as

el
in

e
m

o
n
th

s
p
o
st

-t
re

at
m

en
t

b
as

el
in

e
m

o
n
th

s
p
o
st

-t
re

at
m

en
t

3
6

1
2

3
6

1
2

F
u
ll

-m
o
u
th

p
la

q
u
e%

7
5
.4

5
�

1
4
.9

5
4
0
.7

0
�

1
7
.2

1
3
2
.8

1
�

1
7
.2

1
2
6
.5

5
�

1
4
.1

9
7
7
.3

6
�

1
0
.9

6
3
5
.2

1
�

2
3
.5

0
2
6
.3

6
�

1
3
.6

1
3
3
.7

9
�

1
5
.0

7
F

u
ll

-m
o
u
th

B
O

P
%

7
3
.4

5
�

2
1
.0

2
4
2
.0

1
�

1
5
.5

3
3
7
.9

5
�

1
5
.4

0
2
4
.9

2
�

1
0
.4

4
5
4
.3

2
�

1
3
.6

8
3
2
.0

4
�

1
1
.7

3
2
3
.9

7
�

9
.6

5
2
6
.9

1
�

1
0
.8

5
F

u
ll

-m
o
u
th

m
ea

n
P

P
D

(m
m

)
2
.8

2
�

0
.7

3
1
.9

5
�

0
.4

2
1
.8

2
�

0
.3

1
1
.7

1
�

0
.2

8
2
.8

9
�

0
.5

2
2
.0

6
�

0
.3

7
1
.9

9
�

0
.3

4
2
.0

1
�

0
.3

8
F

u
ll

-m
o
u
th

m
ea

n
P

A
L

(m
m

)n
3
.6

9
�

0
.9

7
–

–
–

3
.7

1
�

0
.6

8
–

–
–

P
P

D
re

d
u
ct

io
n

(m
m

)
–

0
.8

8
�

0
.5

7
1
.0

0
�

0
.5

5
1
.1

1
�

0
.6

9
–

0
.8

3
�

0
.2

8
0
.9

1
�

0
.2

8
0
.8

9
�

0
.3

2
P

A
L

g
ai

n
(m

m
)

–
0
.1

8
�

0
.4

8
0
.3

3
�

0
.5

4
0
.5

0
�

0
.5

2
–

0
.2

8
�

0
.1

8
0
.2

6
�

0
.2

1
0
.3

1
�

0
.4

2
%

o
f

p
o
ck

et
X

5
.0

m
m

1
1
.4

3
�

1
2
.1

4
1
.9

8
�

2
.1

3
1
.1

5
�

1
.5

2
0
.8

0
�

0
.9

4
9
.9

8
�

9
.6

9
2
.7

6
�

3
.0

1
2
.5

2
�

2
.6

8
3
.3

7
�

3
.2

4
D

is
ea

se
d

si
te

m
ea

n
P

P
D

(m
m

)
5
.9

4
�

0
.4

7
3
.2

9
�

0
.5

7
2
.8

9
�

0
.3

9
2
.4

9
�

0
.5

0
5
.8

5
�

0
.4

8
3
.5

1
�

0
.7

1
3
.4

6
�

0
.5

4
3
.0

0
�

0
.8

0
D

is
ea

se
d

si
te

m
ea

n
P

A
L

(m
m

)n
6
.8

6
�

0
.8

8
–

–
–

6
.6

1
�

0
.6

4
–

–
–

D
is

ea
se

d
si

te
P

P
D

re
d
u
ct

io
n

(m
m

)
–

2
.6

5
�

0
.6

6
3
.0

5
�

0
.6

1
3
.4

5
�

0
.6

2
–

2
.3

3
�

0
.5

0
2
.3

8
�

0
.5

7
2
.8

4
�

0
.7

5
D

is
ea

se
d

si
te

p
la

q
u
e%

8
6
.4

8
�

1
4
.6

7
6
5
.2

4
�

2
6
.5

9
5
0
.2

2
�

2
6
.8

3
4
2
.4

5
�

2
5
.5

7
9
2
.5

3
�

1
0
.2

4
5
3
.2

3
�

2
9
.3

1
4
5
.7

0
�

2
3
.0

7
5
8
.2

7
�

2
1
.8

6
D

is
ea

se
d

si
te

B
O

P
%

9
0
.2

5
�

1
5
.8

6
6
5
.8

1
�

2
1
.9

4
5
5
.7

4
�

1
9
.7

3
3
5
.8

6
�

2
2
.4

9
7
1
.8

9
�

1
9
.5

4
4
4
.9

2
�

2
2
.4

7
3
6
.6

8
�

2
0
.8

8
4
2
.4

2
�

2
1
.5

4

n
M

ea
su

re
d

m
an

u
al

ly
b

y
P

C
P

-U
N

C
1

5
,

H
u

-F
ri

ed
y

p
ro

b
e

(C
h

en
g

et
al

.
2

0
0

8
);

al
l

o
th

er
m

ea
su

re
m

en
ts

o
f

P
P

D
an

d
P

A
L

u
se

d
F

lo
ri

d
a

P
ro

b
es

.

B
o

ld
F

o
n

ts
:

st
at

is
ti

ca
ll

y
si

g
n

ifi
ca

n
ce

b
et

w
ee

n
g

ro
u

p
s

re
g
ar

d
in

g
d

at
a

at
b

as
el

in
e

(p
o

0
.0

5
).

B
o

ld
an

d
it

al
ic

fo
n

ts
:

st
at

is
ti

ca
ll

y
si

g
n

ifi
ca

n
ce

b
et

w
ee

n
g

ro
u

p
s

af
te

r
ad

ju
st

m
en

t
fo

r
m

u
lt

ip
le

co
m

p
ar

is
o

n
(p
o

0
.0

0
1

7
).

B
O

P
,

b
le

ed
in

g
o

n
p

ro
b

in
g

;
P

A
L

,
p

ro
b

in
g

at
ta

ch
m

en
t

le
v

el
;

P
P

D
,

p
ro

b
in

g
p

o
ck

et
d

ep
th

.

232 Wan et al.

r 2009 John Wiley & Sons A/S



The change in PAL at initially dis-
eased sites of the two groups is shown in
Fig. 2. No significant difference
between smokers and non-smokers was
detected at any time point.

Multilevel statistical analysis

Change of PPD at all sites

Altogether, 5814 sites distributed on 969
teeth in these 40 subjects were included
for the analysis of reduction in PPD at 3,
6 and 12 months.

The overall mean reductions in PPD
at 3, 6 and 12 months were 0.85, 0.95
and 1.00 mm, respectively (Table 2).
The Variance Component models
showed that significant variations
existed at all three levels of the multi-
level structure (all 95% confidence
intervals did not cover the value of 0).
Site-level variation contributed about
80% of the total variation in reduction
in PPD at 3, 6 and 12 months.

Ten independent variables were
included in the multilevel multiple
regression and the random intercept
models with significant variables only
are shown in Table 3. The intercept in
the model for the reduction in 3-month
PPD was 0.62 mm. This indicates that
the mean reduction in PPD at 3 months

was 0.62 mm for buccal sites from lower
anterior teeth with absence of plaque
and BOP at baseline in smokers with a
mean age of 45.58 years, with a mean
3.78 missing teeth and a mean 63.89%
sites with BOP and 77.11% with plaque
at baseline.

From the random intercept models for
all sites, there was no statistically sig-
nificant difference in PPD reduction
between non-smokers and smokers
throughout the study period (po0.05).

Consistently, sites on incisors and
canines, on lingual aspects, sites with
presence of plaque and BOP at baseline,
as well as sites from subjects with higher
percentages of sites with BOP showed
significantly greater reduction in PPD at
3, 6 and 12 months.

The variances at each level were
reduced by the inclusion of the ten
variables. The total variances of the
models were reduced by 7%, 8% and
9%, respectively, for reduction in PPD
at 3, 6 and 12 months when compared
with the corresponding Variance Com-
ponents models.

Change of PAL at all sites

Again, 5814 sites distributed on 969
teeth in all the 40 subjects were included

for the analyses of gain in PAL at 3, 6
and 12 months.

The overall mean gains in PAL at 3, 6
and 12 months were 0.24, 0.30 and
0.37 mm, respectively (Table 2). The
Variance Component models showed
that significant variations existed at all
three levels of the multilevel structure
(all 95% confidence intervals did not
cover the value of 0), except for the
tooth level at 12 months. Site-level
variation contributed from 80% to 90%
of the total variation in gain in PAL at 3,
6 and 12 months.

From the regression models (Table 3),
it was found that there was no signifi-
cant difference in the gain in PAL at 3, 6
and 12 months between smokers and
non-smokers. Consistently, sites on lin-
gual surfaces showed significantly
greater gains in PAL at 3, 6 and 12
months (po0.001). Moreover, sites on
anterior teeth showed a slightly greater
PAL gain at 6 and 12 months
(po0.001).

The variations at the three levels were
reduced by 0–30% with the inclusion of
the 10 variables. The total variances of
the models were reduced only by 2–4%
for the gain in PAL at 3, 6 and 12
months when compared with the corre-
sponding Variance Components models.

Change in PPD at initially diseased
sites

Altogether, 594 sites with initial PPD
X5 mm, distributed on 324 teeth in these
40 subjects, were included for the ana-
lyses of reduction in PPD of initially
diseased sites at 3, 6 and 12 months.

The overall mean reductions in PPD
of initially diseased sites at 3, 6 and 12
months were 2.55, 2.77 and 3.16 mm,
respectively (Table 4). The Variance
Component models showed that signifi-
cant variations existed at all three levels
of the multilevel structure (all 95%
confidence intervals did not cover the
value of 0), except for subject level at 3
months. Site-level variation contributed
about 70–80% of the total variation in
reduction in PPD at 3, 6 and 12 months.

Similar to the analysis for all sites, 10
independent variables were included in
the multilevel multiple regressions, and
the results of random intercept models are
shown in Table 5. From the regression
models, initially diseased sites of non-
smokers consistently showed greater PPD
reduction at 3, 6 and 12 months (0.41,
0.79 and 0.68 mm. respectively, po0.05).

Fig. 1. Change in probing pocket depth (PPD; � SD) of sites with PPDX5.0 mm at
baseline. nStatistically significant differences between groups after adjustment for multiple
comparisons (po0.001).

Fig. 2. Change in PAL (� SD) of sites with PPDX5.0 mm at baseline. PAL, probing
attachment level; PPD, probing pocket depth; SD, standard deviation.
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In accordance with analysis of all
sites, initially diseased sites from ante-
rior teeth were found to have undergone
a significantly greater reduction in PPD
at 3, 6 and 12 months (po0.05). In

contrast to the results of the analysis of
all sites, initially diseased sites on lin-
gual aspects with the presence of plaque
at baseline showed less PPD reduction
at 3, 6 and 12 months (po0.05).

In the analysis of the initially dis-
eased sites, the total variances of the
models were reduced by only 9–13%,
respectively, for reduction in PPD at 3,
6 and 12 months when compared with

Table 3. Random intercept models for reduction in PPD and gain in PAL for all sites

Variables Reduction in PPD Gain in PAL

3-month 6-month 12-month 3-month 6-month 12-month
estimate (SE) estimate (SE) estimate (SE) estimate (SE) estimate (SE) estimate (SE)

Intercept 0.62 � 0.10 0.66 � 0.09 0.60 � 0.11 0.13 � 0.09 0.14 � 0.10 0.22 � 0.10
Subject-level

Smoking (non-smoker
versus smoker)

� 0.11 � 0.13 � 0.10 � 0.12 � 0.01 � 0.15 � 0.15 � 0.12 � 0.04 � 0.14 0.06 � 0.14

Age at baseline 0.01 � 0.01 0.01 � 0.01 0.01 � 0.01 0.01 � 0.01 0.01 � 0.01 o0.01 � 0.01
Number of missing teeth 0.02 � 0.02 0.03 � 0.02 0.06 � 0.03 0.01 � 0.02 � 0.01 � 0.02 o0.01 � 0.02
% of sites with plaque at
baseline

o0.01 � o0.01 o0.01 � o0.01 � 0.003 � o0.01 o0.01 � o0.01 � 0.01 � o0.01 � 0.01 � 0.01

% of sites with BOP at
baseline

o0.01 � o0.01 o0.01 � o0.01 0.01 � o0.01 o0.01 � o0.01 0.01 � o0.01 0.01 � o0.01

Tooth-level
Tooth position (post.
versus ant.)

� 0.10 � 0.04 � 0.11 � 0.04 � 0.14 � 0.04 o0.01 � 0.04 � 0.13 � 0.04 � 0.15 � 0.04

Arch (lower versus upper) � 0.06 � 0.04 � 0.04 � 0.04 0.01 � 0.04 � 0.04 � 0.04 0.02 � 0.04 0.06 � 0.04
Site-level

Presence of plaque at baseline 0.21 � 0.04 0.25 � 0.04 0.30 � 0.04 0.08 � 0.04 0.08 � 0.04 0.06 � 0.05
Presence of BOP at baseline 0.26 � 0.04 0.29 � 0.04 0.32 � 0.04 0.07 � 0.04 0.10 � 0.04 0.02 � 0.04
Surface (lingual versus
buccal)

0.10 � 0.03 0.10 � 0.03 0.09 � 0.03 0.19 � 0.03 0.23 � 0.03 0.23 � 0.04

Variance
Subject 0.11 0.10 0.14 0.10 0.13 0.13
Tooth 0.14 0.12 0.14 0.11 0.13 0.03
Site 1.12 1.17 1.49 1.22 1.20 1.87

Total variance 1.38 1.40 1.77 1.43 1.36 2.03
% reduction in variance (compared with Variance Component models in Table 2)

Subject 34 41 46 11 9 30
Tooth 6 9 9 0 0 0
Site 2 3 3 1 2 1

Total variance 7 8 9 2 2 4

Bold fonts: po0.05; Bold and italic fonts: po0.001.

BOP, bleeding on probing; PAL, probing attachment level; PPD, probing pocket depth.

Table 2. Variance Components models for reduction in PPD and gain in PAL for all sites

Reduction in PPD Gain in PAL

3-month 6-month 12-month 3-month 6-month 12-month

Mean (intercept) 0.85 0.95 1.00 0.24 0.30 0.37
(0.72, 0.99) (0.82, 1.08) (0.83, 0.16) (0.13, 0.34) (0.17, 0.42) (0.23, 0.51)

Variance
Subject (level-3) 0.18 0.17 0.27 0.11 0.14 0.18

(0.09, 0.26) (0.09, 0.25) (0.14, 0.39) (0.06, 0.17) (0.07, 0.21) (0.10, 0.27)
Tooth (level-2) 0.15 0.14 0.15 0.11 0.13 0.03

(0.12, 0.18) (0.10, 0.17) (0.11, 0.19) (0.08, 0.14) (0.10, 016) (0.00, 0.07)
Site (level-1) 1.15 1.21 1.53 1.24 1.22 1.89

(1.10, 1.20) (1.16, 1.26) (1.47, 1.59) (1.19, 1.29) (1.17, 1.27) (1.82, 1.97)
Total variance 1.48 1.51 1.95 1.46 1.50 2.11
% total variance

Subject (level-3) 12 11 14 8 10 9
Tooth (level-2) 10 9 8 7 9 1
Site (level-1) 78 80 78 85 81 90

95% confidence intervals in parentheses.

PAL, probing attachment level; PPD, probing pocket depth.
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the corresponding Variance Component
models.

Change in PAL at initially diseased
sites

The 594 initially diseased sites on 324
teeth in the 40 patients were included for

the analyses of gain in PAL at 3, 6 and
12 months.

From the Variance Component mod-
els, the overall mean gains in PAL at 3,
6 and 12 months were 0.80, 0.83 and
1.21 mm, respectively (Table 4). Signi-
ficant variations existed at tooth and site
levels but not at the subject level of the
multilevel structure (all 95% confidence

intervals did not cover the value of 0) at
3, 6 and 12 months. Site-level variation
contributed most of the variation in gain
in PAL at 3, 6 and 12 months, ranging
from 75% to 80%.

After the inclusion of the 10 vari-
ables, the total variances of the models
were reduced by 2–5% for the gain in
PAL at 3, 6 and 12 months when

Table 4. Variance Components models for reduction in PPD and gain in PAL for initially diseased sitesn

Reduction in PPD Gain in PAL

3-month 6-month 12-month 3-month 6-month 12-month

Mean (intercept) 2.55 2.77 3.16 0.80 0.83 1.21
(2.35, 2.74) (2.55, 3.00) (2.91, 3,42) (0.63, 0.97) (0.62, 1.03) (0.98, 1.44)

Variance
Subject (level-3) 0.15 0.24 0.40 0.00 0.17 0.16

(� 0.01, 0.32) (0.03, 0.45) (0.11, 0.68) (� 0.10, 0.11) (� 0.01, 0.36) (� 0.06, 0.37)
Tooth (level-2) 0.35 0.38 0.43 0.83 0.39 0.73

(0.07, 0.63) (0.10, 0.67) (0.14, 0.71) (0.41, 1.25) (0.07, 0.70) (0.28, 1.18)
Site (level-1) 2.07 2.03 1.90 2.55 2.32 3.03

(1.74, 2.39) (1.71, 2.34) (1.60, 2.20) (2.15, 2.96) (1.96, 2.68) (2.55, 3.50)
Total variance 2.57 2.65 2.73 3.38 2.88 3.91
% total variance

Subject (level-3) 6 9 14 0 6 4
Tooth (level-2) 14 15 16 25 14 19
Site (level-1) 80 76 70 75 80 77

95% confidence intervals in parentheses.
nBaseline PPDX5.0 mm.

PAL, probing attachment level; PPD, probing pocket depth.

Table 5. Final multilevel multiple regression random intercept models for reduction in PPD and gain in PAL for initially diseased sitesn

Variables Reduction in PPD Gain in PAL

3-month 6-month 12-month 3-month 6-month 12-month
estimate (SE) estimate (SE) estimate (SE) estimate (SE) estimate (SE) estimate (SE)

Intercept 3.45 � 0.27 3.26 � 0.27 3.65 � 0.28 1.71 � 0.31 1.49 � 0.29 2.12 � 0.34
Subject-level

Smoking (non-smoker versus
smoker)

0.41 � 0.20 0.79 � 0.20 0.68 � 0.24 � 0.19 � 0.22 � 0.09 � 0.22 � 0.13 � 0.25

Age at baseline 0.01 � 0.02 0.02 � 0.02 o0.01 � 0.02 0.02 � 0.02 0.02 � 0.02 o0.01 � 0.02
Number of missing teeth o0.01 � 0.03 o0.01 � 0.03 0.06 � 0.04 � 0.02 � 0.03 � 0.04 � 0.04 o0.01 � 0.04
% of sites with plaque at baseline o0.01 � o0.01 o0.01 � o0.01 � 0.02 � o0.01 � 0.002 � o0.01 � 0.01 � o0.01 � 0.02 � o0.01
% of sites with BOP at baseline o0.01 � o0.01 o0.01 � o0.01 o0.01 � o0.01 o0.01 � o0.01 o0.01 � o0.01 o0.01 � o0.01

Tooth-level
Tooth position (post. versus ant.) � 0.35 � 0.15 � 0.48 � 0.14 � 0.35 � 0.15 � 0.23 � 0.18 � 0.31 � 0.16 � 0.36 � 0.19
Arch (lower versus upper) � 0.02 � 0.14 � 0.02 � 0.14 0.06 � 0.14 � 0.25 � 0.17 � 0.06 � 0.15 � 0.12 � 0.18

Site-level
Presence of plaque at baseline � 0.55 � 0.19 � 0.44 � 0.19 � 0.45 � 0.19 � 0.48 � 0.22 � 0.45 � 0.20 � 0.25 � 0.24
Presence of BOP at baseline � 0.21 � 0.20 0.10 � 0.19 � 0.16 � 0.20 � 0.14 � 0.23 � 0.03 � 0.21 � 0.41 � 0.25
Surface (lingual versus buccal) � 0.39 � 0.13 � 0.42 � 0.13 � 0.20 � 0.13 � 0.07 � 0.15 o0.01 � 0.14 � 0.09 � 0.16

Variance
Subject 0.11 0.05 0.16 0.00 0.07 0.06
Tooth 0.14 0.32 0.41 0.81 0.38 0.76
Site 1.12 1.94 1.85 2.50 2.30 2.97

Total variance 1.38 2.30 2.42 3.31 2.75 3.78
% reduction in variance (compared with Variance Component models in Table 4)

Subject 79 80 60 100 57 64
Tooth � 8 17 4 3 1 � 3
Site 6 4 3 2 1 2

Total variance 9 13 11 2 5 3

Bold fonts: po0.05; Bold and italic fonts: po0.001.
nBaseline PPDX5.0 mm.
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compared with the corresponding Var-
iance Component models.

From the regression models (Table 5),
it was found that there was no signifi-
cant difference between smokers and
non-smokers in the gain in PAL at 3, 6
and 12 months for initially diseased sites
(p40.05). Only subjects with higher
percentage of sites with plaque at base-
line showed slightly less PAL gain at 12
months (po0.05).

For tooth-level variables, only tooth
position showed a significant effect on
gain in PAL of initially diseased sites at
6 months. Sites from anterior teeth had
significantly greater gain in PAL than
sites on posterior teeth at 6 months
(po0.05).

For the site level, it was found that
only sites with absence of plaque at
baseline showed greater PAL gain at 3
and 6 months (po0.05), while the effects
of other variables were insignificant.

Discussion

Previous studies have generally demon-
strated that smokers have an increased
risk of periodontal destruction and less
favourable healing in response to non-
surgical periodontal therapy (Preber &
Bergström 1986, Preber et al. 1995,
Renvert et al. 1998, Jin et al. 2000).
However, the factors affecting the varia-
bility of treatment outcomes among
different smoking patients and at differ-
ent sites within individual smokers are
still not fully understood.

In much of periodontal research, sta-
tistical methods have been applied that
generally ignore the fact that many
observations are correlated, by combin-
ing all site observations into a mean
value. Site-level observations are not
truly independent (Hujoel et al. 1990).
Sites are clustered around a tooth and
teeth are clustered in individuals. It is
therefore inappropriate to analyse the
site- or subject-level observations using
single-level, univariate statistical meth-
ods because the correlation among sites
and/or teeth within an individual invali-
dates these statistical methods. Conse-
quently, statistical analysis with the
assumption that the site observations
are independent would generate poten-
tially misleading results (Tu et al. 2004).

Consequently, statistical analysis
undertaken on the assumption that site
observations are independent could gen-
erate potentially misleading interpreta-
tions of results (Tu et al. 2004).

A recent study used a multilevel
approach to investigate the factors
affecting the probability of ‘‘pocket
closure’’ for diseased sites 3 months
after two separate regimes of non-surgi-
cal periodontal therapy (Tomasi et al.
2007). However, ‘‘pocket closure’’ is
not the only healing response to non-
surgical therapy. Therefore, the present
study aimed, using multilevel modelling
analysis, to investigate the possible fac-
tors affecting the response of non-surgi-
cal periodontal therapy in male Chinese
smokers and non-smokers in terms of
both PPD reduction and PAL gain.

In the present study, the results gen-
erated from traditional, routine statisti-
cal analysis are also presented. It was
found that smokers showed less favour-
able responses after non-surgical ther-
apy. At 12 months, smokers presented
with a significantly higher percentage of
residual pockets (Table 1). Additionally,
smokers showed less PPD reduction in
sites with initial PPDX5 mm (Fig. 1).
However, there was no statistically sig-
nificant difference in the gain in PAL in
initially diseased sites between smokers
and non-smokers (Fig. 2). This is in
agreement with a recent systematic
review on the effect of smoking on
non-surgical therapy (Labriola et al.
2005), although a review of clinical
evidence suggests that the majority of
studies do show that clinical attachment
gain in response to periodontal therapy
is impaired in smokers (Heasman et al.
2006).

In order to account for the natural
hierarchical structure of periodontal dis-
ease measurements, the present study
adopted multilevel multiple regressions
to analyse reductions in PPD and gains
in PAL compared with the baseline at
3, 6 and 12 months following non-
surgical periodontal therapy. The Var-
iance Component models of our study
clearly showed that a significant varia-
tion existed at most of the levels in the
hierarchical structure at all time points
(Tables 2 and 4). This indicates that
subject-, tooth- and site-level factors
are all responsible for the outcome
variations of PPD reduction and change
in PAL in response to non-surgical
periodontal therapy. In addition, this
once more demonstrated that analysis
that ignores the natural hierarchical
structure of periodontal data might pro-
vide some inaccurate results. However,
this is still a common data management
approach in contemporary periodontal
research.

The advantage of a multilevel
approach can be identified in the differ-
ence between routine subject-level ana-
lysis, shown in Table 1, and the
multilevel regression result, shown in
Table 5. Routine univariate statistical
analysis showed the difference of PPD
reduction in initially diseased sites smo-
kers and non-smokers to be significant
only at 6 months (po0.0017) and mar-
ginally insignificant at 12 months
(p 5 0.008). On the other hand, the
multilevel regression for initially dis-
eased sites (Table 5) showed that sites
from non-smokers achieved a signifi-
cantly greater PPD reduction throughout
the study period.

Tables 2 and 4 demonstrate that the
site-level factors contributed around 70–
80% of the total variance in healing
outcomes, whereas tooth and subject
levels only contributed the remaining
20–30%. This implies that most of the
variations in outcomes to non-surgical
periodontal therapy level result from
factors acting at the site level. This is
in agreement with a recent study also
assessing the relative contribution of
multilevel variation for the outcome of
subgingival debridement (D’Aiuto et al.
2005) and with a report on both non-
surgical and surgical therapy in single-
rooted teeth (Kim et al. 2007), both of
which found that site-level factors had a
much greater impact than subject-level
factors. Indeed, if tooth loss or tooth
retention is the true outcome measure of
significance after periodontal therapy, it
is worth noting that tooth-level factors
have been shown to be more important
than subject-level factors in an analysis
that factored in tooth- and patient-level
features (Muzzi et al. 2006).

In the multilevel multiple regression
models (Tables 3 and 5), 10 independent
variables were included. The percentage
reduction in variance compared with
Variance Component models indicates
the amount of variation that could be
explained by the 10 independent vari-
ables introduced. For PPD reduction, the
independent variables used in the
present study achieved about a 10%
reduction in variance at the 3-, 6- and
12-month re-examinations. Some vari-
ables such as the presence of BOP at
baseline and the mean percentage of
sites with BOP at the baseline only
seem to influence the variance for PPD
reduction in general for all sites but do
not influence the PPD reduction of
initially diseased sites, which mostly
exhibited BOP at baseline.
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Only 2–5% of variance reductions
were obtained for gain in PAL in all sites
and in initially diseased sites using the
same 10 independent variables (Tables 3
and 5). It is rational to presume that
factors affecting PPD reduction in
response to non-surgical periodontal
therapy are different from those influen-
cing PAL gain. Further study involving
further independent variables is war-
ranted for investigating the factors
affecting gain in PAL after non-surgical
periodontal therapy.

By means of multilevel modelling
analysis, besides analysing which vari-
ables significantly affect the results of
non-surgical periodontal therapy, an
understanding of the effects of these
individual factors can be gained. In the
regression model, utilizing data from
5814 sites of 969 teeth from 40 subjects
for all sites (Table 3), sites on anterior
teeth, sites with presence of plaque and
BOP at baseline, sites on lingual aspects
and sites from subjects with higher full-
mouth mean BOP% consistently
showed greater PPD reduction.

From Table 3, it appears that the
effect of percentage of sites with BOP
at baseline on PPD reduction is clini-
cally insignificant (0.01 mm). However,
if a subject’s baseline BOP% were to be
increased by 1%, the PPD reduction of
sites in that subject would have been
0.01 mm greater. Hence, if a subject
presents with 50% higher BOP% at the
baseline, the PPD reduction of sites in
that subject would all be 0.5 mm greater.
Hence, greater reductions in PPD can be
expected in those presenting with poorer
plaque control, and this may be of
clinical importance.

It is generally believed that deeper
initial pockets show more PPD reduc-
tion. However, researchers have ques-
tioned whether the correlation of PPD
reduction and baseline PPD measure-
ment is only due to ‘‘mathematical
coupling’’ (Tu et al. 2002, 2005).
Because the objective of the present
study was not to test the relationship
between change and the initial value of
PPD and PAL, but to focus on the effect
of smoking on response after non-surgi-
cal periodontal therapy in terms of PPD
reduction and PAL gain, independent
variables such as initial PPD and PAL
at baseline and full-mouth, mean PPD
and PAL at baseline were not included
in the analysis (Tu et al. 2004). Other
multilevel analysis, strategies for inves-
tigating the relationship between change
and initial values, are available to

address this issue (Blance et al. 2005,
Tu et al. 2005, Tu & Gilthorpe 2007).

In treating patients with chronic
periodontitis, it may be important to
focus attention on the response of dis-
eased sites with periodontal pockets
rather than gingivitis sites or healthy
sites with no increase in PPD. In the
present study, a separate set of multi-
level multiple regressions was per-
formed to investigate the effects of
variables on PPD reduction and PAL
gain in sites with baseline PPDX5 mm.
Non-smokers showed consistently great-
er PPD reduction at initially diseased
sites throughout the study (Table 5). The
differences were 0.41, 0.79 and 0.68 mm
at the 3-, 6- and 12-month recalls,
respectively. These results are in agree-
ment with a previous study demonstrat-
ing that smokers from the same
population generally have less favour-
able PPD reduction post-treatment (Jin
et al. 2000) and implies that the effect of
smoking is to reduce the PPD reduction
in sites with baseline PPDX5 mm by
0.41, 0.79 and 0.68 mm at 3, 6 and 12
months post-therapy, respectively.
However, it is important to note that
smoking status as a subject-level vari-
able was considered in a dichotomous
fashion, i.e. if the patient is a current
smoker or a never smoker. Future stu-
dies could include a quantitative mea-
surement such as pack-years and also
include former smokers in investigat-
ing any dose related or residual effect
of cigarette smoking on periodontal
healing.

In addition, initially diseased sites
from anterior teeth and diseased sites
with absence of plaque at baseline were
found to undergo greater PPD reduction
throughout the course of the study in
response to non-surgical periodontal
therapy.

In the present study, we have applied
the multilevel statistical analysis of the
periodontal data derived from investi-
gating treatment responses after non-
surgical therapy in smokers and non-
smokers. This approach has yielded new
insights into and a better understanding
of the result of non-surgical periodontal
treatment, and has allowed a compari-
son of the treatment responses in Chi-
nese male smokers and non-smokers.

Conclusion

The present study adds to the evidence
that smokers generally show less
favourable responses after non-surgical

mechanical periodontal therapy in terms
of pocket depth reduction. Use of multi-
level modelling allowed determina-
tion of the impact of tooth position and
site-level factors on healing responses to
non-surgical periodontal therapy in both
smokers and non-smokers. Most of the
variations were found to be associated
with site-level variables. On the basis of
this study, future studies with larger
sample sizes and focusing on different
site-level variables are warranted.
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Clinical Relevance

Scientific rationale for the study: It
would be useful for clinicians to be
able to predict the outcomes of non-
surgical mechanical periodontal ther-
apy based on clinical data. The hier-
archical structure of periodontal
disease measurements, sites’ mea-
surements clustered around teeth
and then teeth clustered within indi-
viduals applies to periodontal disease
clinical findings and to outcomes of

periodontal therapy; hence, a multi-
level analysis approach is adopted in
this study.
Principal Findings: About 70–90%
of the total variance was found to be
contributed by site-level variation.
From the multilevel regression mod-
els of initially diseased site, anterior
teeth without plaque at baseline in
non-smokers were significantly asso-
ciated with greater PPD reduction
throughout the 12-month study peri-

od. Non-smokers showed 0.68 �
0.24 mm more PPD reduction in
initially diseased site at 12 months.
Practical implications: Multilevel
analysis revealed that diseased sites
without plaque at the baseline, from
anterior teeth, in non-smokers were
found to respond favourably through-
out the 12 months post-treatment.
Such an analysis strategy could be
applied to evaluate outcomes of other
periodontal treatment modalities.
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