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Abstract: The purpose of the present study was to investigate the frequency of smoking cessation and the use of proximal
tooth cleaning routines after a nonsurgical periodontal treatment phase in a Specialist clinic of Periodontology and to
evaluate if these behaviour changes had any influence on the periodontal healing results. The investigation was conducted
as a retrospective longitudinal study on a randomly selected population of 100 patients referred for periodontal treatment.
The variables were registered from the dental records and the radiographs. Forty-six individuals declared that they were
smokers at baseline and one individual of those quitted smoking during the nonsurgical treatment period. The percentage
of individuals who performed proximal tooth cleaning daily was significantly increased from 56% to 72% during the
treatment period. The patients practising proximal tooth cleaning daily had significantly lower Plaque index before as well
as after the nonsurgical periodontal treatment phase compared to those without the routine. The subjects who did not perform tooth cleaning daily before the treatment and who did not introduce this routine had significantly deeper periodontal
pockets compared to those who performed inter-dental cleaning daily before treatment or who had adopted the routine
during the treatment phase. However, there were no significant differences according to number of deepened periodontal
pockets after nonsurgical treatment irrespective of proximal cleaning routines. In the future, motivational interviewing
may be a more effective method to achieve a behaviour change if an extended education of dental hygienists within this
area will be implemented.

Keywords: Non-surgical treatment, oral hygiene behaviour, periodontal pocket depths, periodontitis, proximal tooth cleaning,
retrospective study
INTRODUCTION
The initial phase in the traditional treatment of periodontitis consists of nonsurgical therapy including motivation,
oral hygiene instructions and subgingival scaling [1]. The
nonsurgical treatment period is followed by a re-evaluation
at least three months after completion of the scaling [1]. The
re-evaluation comprises records of plaque index, bleeding on
probing and periodontal probing depth [2]. Earlier studies
report reduced plaque and gingival bleeding scores from 5090 % before treatment to 10-30 % at the re-evaluation [2-4].
Subgingival instrumentation of deepened periodontal pockets followed by supportive treatment improved the periodontal conditions up to 9 months after initiation of the nonsurgical treatment [5].
The mechanical supragingival plaque control is an essential part to establish and maintain healthy periodontal conditions [6,7]. Consequently, motivational communication with
the patient and oral hygiene instructions are integral tools to
obtain satisfactory healing results and a good long-term
prognosis. An individually designed model to motivate the
patients to change the behaviour and adopt an effective su

pragingival plaque removal is more prosperous than a standardized oral health educational programme [8].
Several longitudinal studies have evaluated the influence
of smoking on periodontitis progression [9-13]. These studies have demonstrated a significant relationship between
smoking and periodontitis progression, indicating that smoking is most likely a risk factor of periodontal disease [14]. In
addition, the healing results after nonsurgical periodontal
treatment are improved for non-smokers compared to smokers [15]. Consequently, the motivational communication
during the nonsurgical periodontal treatment phase with patients using tobacco may include smoking cessation advice
even if meta-analyses did not find motivational interviewing
successful for smoking cessation [for review, see 16].
The purpose of the present study was to investigate the
frequency of smoking cessation and the use of proximal
tooth cleaning routines after a nonsurgical periodontal treatment phase in a Specialist clinic of Periodontology and to
evaluate if these behaviour changes had any influence on the
periodontal healing results.
MATERIAL AND METHODS
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The investigation was conducted as a retrospective longitudinal study on a randomly selected population of 100 patients referred for periodontal treatment at the Public Dental
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Table 1. Means (S.D.) and Ranges for Investigated Variables
Baseline

Re-evaluation

Variable

Mean (S.D.)

Range

Mean (S.D.)

Range

Age

57 (10)

(32-79)

-

-

Smokers (%)

47

-

46

-

Number of teeth

23.1 (4.52)

(8-30)

22.5* (5.07)

(6-30)

Number of sites with periodontal pocket depths 5-6 mm

13 (8.6)

(0-42)

6.5* (6.1)

(0-28)

Number of sites with periodontal pocket depths 7-8 mm

4.7 (5.4)

(0-24)

1.8*(3.6)

(0-15)

Number of sites with periodontal pocket depths >8 mm

2.8 (7.8)

(0-65)

0.83*(2.9)

(0-25)

Plaque Index

46 (24)

(2-100)

18* (16)

(0-59)

Bleeding probing index

21 (15)

(0-84)

7.8* (10)

(0-75)

Interdental daily cleaning (%)

56

-

72*

-

* significant difference (p<0.01) between baseline and re-evaluation.

Service at Kaniken, Uppsala County Council, who fulfilled
the following inclusion criteria:
•

The patients had been diagnosed as having a general
aggressive or chronic periodontitis.

•

Nonsurgical periodontal treatment had been performed during the time period September 2008March 2010.
• The patients had not previously been treated at the
specialist clinic.
• The clinical examination at baseline and at the reevaluation after the nonsurgical treatment phase had
been performed by the same periodontist.
• Surgical periodontal treatment had not been performed between baseline and the re-evaluation.
A periodontist performed the clinical and radiographic
examination and created an individual treatment plan for the
nonsurgical treatment phase consisting of motivation, oral
hygiene instructions, tooth extractions, subgingival scaling,
and correction of overhangs and polishing. The periodontists
as well as the dental hygienists informed the patients about
the deleterious effects of smoking on periodontal health. The
patients were asked about habits of proximal cleaning and in
those cases when the subjects did not perform daily mechanical proximal tooth cleaning, the patients were motivated to change oral hygiene habits and instructed in the
technique. From the dental records and the radiographs, the
following variables were recorded:

•

Bleeding on probing index at baseline and the reevaluation.

•

Plaque index at baseline and the re-evaluation [17].
The variable was defined as a dichotomous variable
and a plaque score of 1, 2 or 3 was registered as 1,
while no presence of plaque was registered as 0.

STATISTICAL ANALYSIS
The statistical analyses were performed by using the statistical package SPSS 18.0. Wilcoxon sign rank test was
used to examine the differences for variables between baseline and the re-evaluation. The Kruskal-Wallis test was
adopted to test the differences between groups depending on
the daily proximal cleaning routines. Linear multiple regression analyses were used to calculate the influence of predictors on the number of deepened periodontal pockets and
number of bleeding sites. Pearson´s correlation coefficients
were used to calculate the associations between proximal
tooth cleaning daily and Plaque index. Results were considered statistically significant at p<0.05.
RESULTS

•

Age and gender at baseline.

•

The number of remaining teeth at baseline, including
third molars, at baseline and the re-evaluation.

•

Smoking habits at baseline and the re-evaluation.

•

The frequency of proximal tooth cleaning at baseline
and the re-evaluation.

A great majority of the subjects received the diagnosis
general chronic periodontitis (96%) and the mean age of the
sample was 57 (range 32-79). The mean nonsurgical treatment period was 9.8 months (range 3-20). The baseline examinations and the re-evaluations were performed by five
periodontists and the nonsurgical treatments were handled by
three dental hygienists. Forty-six individuals declared that
they were smokers at baseline and one individual of those
quitted smoking during the nonsurgical treatment period.
Thirteen percent were former smokers. Ten percent of the
subjects declared that they had diabetes type II. The mean
number of remaining teeth at baseline was 23.1 (Table I) and
the mean number of teeth extracted during the nonsurgical
treatment was 0.6 (range 0-11).

•

The number of sites with periodontal pocket depths 56 mm, 7-8 mm and >8 mm at baseline and the reevaluation. The measurements were performed to the
nearest mm at mesial, buccal, distal and lingual aspects of each tooth.

The distributions according to sites with periodontal
pocket depths 5-6 mm, 7-8 mm and >8 mm are presented in
Fig. (1). The mean number of sites with deepened periodontal pockets was significantly reduced after the nonsurgical
treatment within all groups stratified according to pocket
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5-6 mm

7-8 mm

>8 mm

Fig. (1). The distribution of periodontal pocket depths at baseline and re-evaluation.
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Fig. (2). The distribution of bleeding probing index at baseline and re-evaluation.

Fig. (3). The distribution of plaque index at baseline and at re-evaluation.

depths at baseline (Table I). Between baseline and the reevaluation, the percentage of individuals with a Bleeding
Index 0-25 % increased from 71% to 95% (Fig. 2). The
mean bleeding probing index was 21% before treatment and
7.8 % after treatment and this difference was significant
(p<0.01). The percentage of subjects with Plaque Index >50
% was reduced from 46 % at baseline to 5 % at the reevaluation (Fig. 3). The mean Plaque index significantly
decreased from 46 % at baseline to 18 % at the re-evaluation.
The percentage of individuals who performed proximal
tooth cleaning daily was significantly increased from 56 %
to 72 % during the period of nonsurgical periodontal treatment (Table 1). Fifty per cent of the patients who did not

perform proximal tooth cleaning daily at baseline adopted
this routine during the nonsurgical treatment phase. The subjects who did not perform proximal tooth cleaning daily before the treatment and who did not introduce this routine
between baseline and the re-evaluation had significantly
more sites with periodontal pocket depths 5-6 mm and 7-8
mm at baseline compared to those who performed proximal
tooth cleaning daily before treatment or who had adopted the
routine during the periodontal treatment phase (Table 2). In
addition, the Plaque Index before as well as after the periodontal treatment was significantly higher for that group
(Table 2). However, there were no significant differences
according to number of deepened periodontal pockets after
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Table 2. Means (S.D.) for Investigated Variables for Groups Stratified According to a Daily Proximal Cleaning Routine
Variable

No Daily Proximal Cleaning
Routine before and after
Treatment (28%)

Started Daily Proximal
Cleaning Routine after
Treatment (16%)

Daily Proximal Cleaning
Routine before and after
Treatment (56%)

p

Age

52 (11)

59 (8.9)

58 (9.3)

NS

Smokers (%) at baseline

47

38

56

NS

Number of teeth at baseline

23.5 (4.55)

24.0 (5.26)

23.2 (4.28)

NS

Number of sites with periodontal pocket depths
5-6 mm at baseline

20 (11)

10 (5.2)

10 (6.4)

<0.01

Number of sites with periodontal pocket depths
5-6 mm at re-evaluation

7.3 (5.3)

5.8 (5.1)

5.4 (5.2)

NS

Number of sites with periodontal pocket depths
7-8 mm at baseline

7.1 (6.3)

4.2 (4.7)

3.1 (5.0)

<0.05

Number of sites with periodontal pocket depths
7-8 mm at re-evaluation

1.7 (2.2)

1.5 (3.6)

1.1 (2.4)

NS

Number of sites with periodontal pocket depths
>8 mm at baseline

3.5 (7.0)

4.8 (15)

1.3 (3.3)

NS

Number of sites with periodontal pocket depths
>8 mm at re-evaluation

0.20 (0.41)

1.6 (5.9)

0.53 (1.5)

NS

Plaque Index at baseline

66 (24)

53 (27)

40 (19)

<0.01

Plaque Index at re-evaluation

33 (16)

16 (9.9)

12 (13)

<0.01

Bleeding probing index at baseline

31 (14)

21 (20)

16 (10)

NS

Bleeding probing index at re-evaluation

8.3 (6.2)

8.2 (17)

7.4 (7.1)

NS

Table 3. The results of Stepwise Multiple Regression Analyses with Number of Sites with Periodontal Pocket Depths 5-6 mm, 7-8 mm
and >8mm and Number of Sites with Bleeding at Probing at the re-evaluation as Dependent Variables. Independent Variables were Included in the Model if p<0.05
Dependent Variable

Independent Variables

Coefficient (B)

S.D.

p

Number of sites with periodontal pocket
depths 5-6 mm at re-evaluation

Number of sites with periodontal pocket depth 5-6
mm at baseline

0.40

0.06

<0.001

Smoking

2.5

0.99

0.01

Number of sites with periodontal pocket
depths 7-8 mm at re-evaluation

Number of sites with periodontal pocket depths 7-8
mm at baseline

0.46

0.10

<0.001

Smoking

3.9

1.1

0.001

Number of sites with periodontal pocket
depths >8 mm at re-evaluation

Number of sites with periodontal pocket depths >8
mm at baseline

0.32

0.02

<0.001

Number of sites with bleeding at probing
at re-evaluation

Number of sites with bleeding at probing at baseline

0.42

0.05

<0.001

Table 4. Correlation Matrix Between the Variables Proximal Tooth Cleaning Daily and Plaque Index
Proximal Tooth Cleaning Daily at Baseline

Proximal Tooth Cleaning Daily at re-evaluation

Plaque Index at
Baseline

Plaque Index at reevaluation

r

p

r

p

No

Yes

-0.40

0.001

-0.38

0.001

Yes

Yes

-0.52

<0.001

-0.57

<0.001

nonsurgical treatment irrespective of proximal cleaning routines (Table 2).
The number of sites with periodontal pocket depths 5-6
mm and 7-8 mm at the re-evaluation were significantly increased for smokers compared to non-smokers when the
number of sites with deepened pockets at baseline was included as independent variable in the multiple regression

analyses (Table 3). None of the other investigated variables
was significantly correlated to the number of deepened
periodontal pockets at the re-evaluation.
The patients practising proximal tooth cleaning daily had
significantly lower Plaque index before as well as after the
nonsurgical periodontal treatment phase compared to those
without the routine (Table 4). Individuals who adopted
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proximal tooth cleaning during the nonsurgical treatment
period had a significantly lower plaque index even at baseline compared to those who did not change oral hygiene routines (Table 4).
DISCUSSION
This is a retrospective study consisting of subjects referred to a specialist clinic and a great majority of the patients of the present study had the diagnosis general chronic
periodontitis. Thus, the material may be regarded as representative for a periodontitis prone population in Sweden.
The smoking habits and the frequency of proximal tooth
cleaning were self-reported data. The validity of selfreported smoking habits has been studied in a review study
with meta-analysis [18]. The sensitivity was reported to vary
between 6% and 100% and the specificity ranged from 33%
to 100%. Interviewer-administered questionnaires and adult
individuals increased the sensitivity and the specificity. The
conclusion of the study was that self-reported data of smoking habits were found to be accurate in most studies.
The periodontal pocket depths were significantly reduced
after the non-surgical periodontal treatment phase. This result is in accordance with several earlier studies [19-24]. The
pocket depth reduction depends on the clinical attachment
gain as well as the recession of the marginal level. In the
present study, no distinction has been made between sites on
molars and one-rooted teeth, while many studies report the
pocket depth changes on non-molar sites only. In addition,
the initial periodontal pocket depth is correlated to the magnitude of the pocket depth reduction and this result is in accordance with earlier studies [24].
The healing results after nonsurgical therapy is less favourable in smokers compared to non-smokers [for review,
see 25]. These results are in accordance with the results in
this study. Since the frequency of smokers vary in different
studies studying the healing results after periodontal therapy,
the variation according to the degree of pocket depth reduction may explain some of the variability. The cessation of
smoking has been found to reduce the periodontitis progression in earlier reports [10, 12, 13]. Consequently, the cessation of smoking should be regarded as an essential part of the
periodontal therapy plan. An earlier American study reported
that most individuals who quitted smoking used individual
methods and did not use an organized cessation program
[26]. Several smoking cessation programs have been used,
such as brief advice, brief advice and reminder, nicotine
gums, minimal or extended intervention [27]. In studies from
USA and UK, quit rates between 2.4 and 44.4 % were reported [27]. In the present study, all patients have been informed about the harmful effects of smoking on the progression on the periodontal disease. However, the quit rate was
1% only, and this can probably be explained by weak effects
of brief advices and a follow-up period between 3 and 20
months. It is likely that a longer follow-up time than 3-20
months could have increased the quit rate. The education of
dental hygienists and dentists in successful smoking cessation methods may be an integral part of their further training.
If effective cessation programmes are implemented in the
dental clinics, quit rates between 10 and 15 % can be expected [27].
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For periodontitis patients, the use of inter-dental brushes
is regarded as the ideal tool for proximal cleaning. The percentage of individuals who performed proximal tooth cleaning daily was significantly increased from 56% to 72% during the period of nonsurgical periodontal treatment. In a
Swedish national dental survey [28], 46% of adults used
tooth picks and 12% used dental floss on a daily basis. Selfreported data in a retrospective study on dentate individuals
showed that 50-65% regularly used some kind of inter-dental
cleaning. In an earlier study at the same clinic as the present
investigation, the two participating groups of patients reported daily inter-dental cleaning in 38% and 46% of the
cases [8]. In a random-sample of 35-year-old citizens in
Oslo, 28% declared that they performed regular inter-dental
cleaning [29]. In a Finnish study on 55-year-old subjects
[30], individuals with a healthy lifestyle and females used
extra cleaning methods (tooth picks, dental floss, inter-dental
brush) more often. Consequently, inter-dental cleaning is not
widespread in Scandinavian populations and varies depending on background factors.
The effectiveness of oral hygiene instructions is often
poor [31,32]. Recently, the technique of motivational interviewing has been practised in order to change patient behaviour [for review, see 16] and is suitable to be a part of the
individual treatment plan. The effectiveness of an individually tailored oral health programme in subjects with periodontal disease has been evaluated in a Swedish study [8].
The Gingival Index score as well as the Plaque Index score
were significantly lower at follow-up for individuals receiving an individually tailored oral health programme (experimental group) compared to those patients allocated to a standard treatment programme (control group). The Plaque Index
was reduced from 74% at baseline to 14% at 12-month follow-up in the experimental group. In the control group, the
corresponding frequencies were 73% and 32%, respectively.
In the present study, the Plaque Index at the follow-up was
18%. However, in the experimental study [8] a Plaque Index
of at least 30% at baseline was required in the inclusion criteria. The frequency of inter-dental cleaning did not have any
significant influence on the magnitude of the reduction of the
periodontal pocket depths at follow-up and this result is in
accordance with the results in the experimental study [33],
where no significant difference according to pocket depth
reduction was found between the group receiving an individually tailored oral health programme and the control
group. These results indicate a significant effect of the nonsurgical treatment in a short-term perspective irrespective of
the inter-dental cleaning habits.
CONCLUSION
It is generally accepted that smoking and plaque are welldocumented risk factors of periodontitis. Thus, smoking cessation and appropriate tooth cleaning appear to belong to the
most important factors in order to manage chronic periodontitis [34]. However, brief advices about the effects of smoking cessation and the use of daily interdental cleaning has not
found to be an effective tool to change individual habits. In
the future, motivational interviewing may be a more effective method to achieve a behaviour change if an extended
education of dental hygienists within this area will be implemented.
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