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Abstract
Aim: To compare the clinical and microbiological effects of scaling and root planing
(SRP) alone or combined with mechanical [professional plaque control (PPC)] or
chemical [chlorhexidine rinsing (CHX)] control of supragingival plaque in the
treatment of chronic periodontitis.

Material and Methods: Sixty subjects were randomly assigned to receive SRP alone
or combined with PPC (twice a week) or with CHX rinsing (twice a day). The
adjunctive treatments began with SRP and were continued for 42 days. Clinical and
microbiological examinations were performed at baseline, 2 and 6 months post-
therapy. Subgingival plaque samples were analysed for 38 bacterial species by
checkerboard DNA–DNA hybridization.

Results: The two test treatments were more effective in improving probing depth and
clinical attachment level (CAL) than SRP alone, even in intermediate and deep sites.
CAL gain was better maintained in the CHX group. The most beneficial
microbiological changes were observed in CHX-treated subjects, who showed a
significant reduction in the proportions of red and orange complexes, as well as an
increase in the proportions of the host-compatible bacterial species.

Conclusion: Strict plaque control performed during and after SRP improves
periodontal treatment outcomes. The greatest microbiological and clinical benefits
were observed with the use of CHX rinsing.
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The idea of introducing strict profes-
sional supragingival plaque control as
part of the active phase of periodontal
therapy was first described in the 1970s

and 1980s. Different groups of investiga-
tors suggested that the removal of supra-
gingival plaque every 2 weeks for
prolonged periods of time would benefit
the clinical and microbiological outcomes
of periodontal therapy (Nyman et al.
1975, Rosling et al. 1976, Lindhe et al.
1982, Westfelt et al. 1983, Magnusson et
al. 1984). After these initial studies, this
concept was not investigated to a great
extent during the subsequent years.

More recently, the development of
new molecular genetic diagnostic tests
allowed a better understanding of the
composition of supra and subgingival

biofilms. Some studies suggested that
several periodontal pathogens may colo-
nize the supragingival biofilm at high
levels and proportions, and this could
contribute for the subgingival recoloni-
zation of recently treated sites by these
species (Ximénez-Fyvie et al. 2000a,
Shibli et al. 2008, Haffajee et al.
2008). This knowledge brought the
idea of performing strict professional
plaque control (PPC) as part of the
periodontal treatment back on the scene
again (Ximénez-Fyvie et al. 2000b, Haf-
fajee et al. 2003, Carvalho et al. 2004,
2005). Ximénez-Fyvie et al. (2000b)
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suggested that a combined protocol of
scaling and root planing (SRP) and
weekly PPC for 3 months would have
a strikingly positive effect on the com-
position of the subgingival microbiota of
periodontal maintenance subjects. The
authors evaluated a wide range of bac-
terial species using whole genomic DNA
probes and the checkerboard DNA–
DNA hybridization diagnostic test. Inter-
estingly, this therapy was able to create a
microbial profile comparable with that
observed in periodontal health, which
was maintained for at least 1 year post-
SRP. Subsequently, using the same diag-
nostic test and a similar set of DNA
probes, two other studies highlighted the
beneficial clinical and microbiological
effects of PPC used in conjunction with
SRP and systemic metronidazole in sub-
jects with more advanced chronic perio-
dontitis (Haffajee et al. 2003, Carvalho
et al. 2004, 2005). The results of these
studies were encouraging; nevertheless,
one limitation of this treatment protocol
is the difficulty in ensuring that the
patients returned to the dental office to
have their teeth cleaned once a week for
prolonged periods of time. Given that
commercially available antiseptics, such
as the chlorhexidine digluconate (CHX),
are efficient in controlling biofilm for-
mation (Sekino et al. 2004, Zanatta et al.
2007) and simple for the patient to use, it
would be worth evaluating whether
CHX rinsing during the active phase of
periodontal treatment would be as effec-
tive as the PPC protocol. In fact, a
previous publication of our group sug-
gested adjunctive short-term clinical
benefits when CHX rinsing was per-
formed twice a day for 2 months during
and after SRP (Faveri et al. 2006b).
However, the long-term effects of this
therapy on the clinical parameters and on
the composition of the subgingival
microbiota have not yet been studied.
Moreover, the mechanical (PPC) and
chemical (CHX) strict plaque control
treatment protocols have not been
directly compared.

Thus, the aim of this study was to
evaluate and to compare the clinical and
microbiological effects of SRP alone or
combined with CHX rinsing or PPC in
the treatment of subjects with general-
ized chronic periodontitis.

Material and Methods
Sample size calculation

This study compared the clinical and
microbiological effects of three differ-

ent periodontal therapies. The ideal
sample size to assure adequate power
for this clinical trial was calculated
considering differences of at least
1 mm between groups for clinical
attachment level (CAL) in initially
deep periodontal sites [probing depth
(PD)X7 mm]. It was also determined
that the standard deviation of CAL
change at deep sites was 1.0 mm based
on our earlier studies of subjects receiv-
ing SRP alone or combined with profes-
sional or chemical supragingival plaque
control (Carvalho et al. 2004, Faveri
et al. 2006b). Based on these calcula-
tions, it was defined that 16 subjects per
group would be necessary to provide an
80% power with an a of 0.05.

Subject population

Sixty subjects with untreated previously
periodontal disease were selected from
the population referred to the Perio-
dontal Clinic of Guarulhos University
(Guarulhos, SP, Brazil). Detailed medi-
cal, periodontal and dental histories
were obtained. Subjects who fulfilled
the inclusion/exclusion criteria were
invited to participate in the study. All
eligible subjects were thoroughly infor-
med of the nature, potential risks and
benefits of their participation in the
study and signed an informed consent.
This study protocol was approved pre-
viously by Guarulhos University’s
Ethics Committee in Clinical Research.

Inclusion and exclusion criteria

All subjects were in good general health
and were diagnosed with generalized
chronic periodontitis based on the cur-
rent classification of the American
Academy of Periodontology (Armitage
1999). The inclusion criteria were as
follows: 430 years of age, at least 15
teeth, minimum of six teeth with at least
one interproximal site with PD between
5 and 7 mm and CAL between 5 and
10 mm, at least 30% of the sites with PD
and CALX5 mm and presence of bleed-
ing on probing (BOP). The exclusion
criteria were as follows: previous sub-
gingival periodontal therapy, smoking,
pregnancy, nursing, systemic diseases
that could affect the progression of
periodontal disease (e.g. diabetes and
immunological disorders), long-term
administration of anti-inflammatory
medication, need for antibiotic coverage
for routine dental therapy, antibiotic

therapy in the previous 6 months and
allergy to CHX.

Experimental design

In this randomized- and placebo-con-
trolled clinical trial, subjects were ran-
domly assigned to one of the following
treatment groups: SRP1placebo rin-
sing; SRP1PPC1placebo rinsing; and
SRP10.12% CHX rinsing.

During the initial phase, all subjects
received instruction on proper home-
care techniques and full-mouth supra-
gingival scaling. They were also given
the same dentifrice to use during the
period of the study (Colgate Totals,
Anakol Ind. Com. Ltda – Kolynos do
Brasil – Colgate Palmolive Co, São
Bernardo do Campo, SP, Brazil). SRP
was performed in four to six appoint-
ments and was completed in 21 days.
The CHX and placebo rinsing, and the
PPC procedure began along with the
SRP and was continued for 42 days after
the end of this therapy. All subjects
received microbiological and clinical
monitoring at baseline, at 2 and 6 months
post-therapy.

Subjects’ randomization and allocation to
therapies

Each subject was given a code number
at the enrolment visit and the study
coordinators (M. Fe. and L. C. F.) used
a computer-generated table (in blocks of
three) to randomly allocate them to one
of the three therapeutic groups. Guarul-
hos University Pharmacy prepared the
placebo and the CHX rinsing for the
60 subjects. Five hundred and forty
opaque plastic tubes (360 placebos and
180 CHX 0.12%; nine per subject) con-
taining 220 ml of the mouthwashes, in
two packs, were sent to the study coor-
dinators, who marked the code number
of each subject on a set of nine tubes,
according to the therapy assigned. The
coded tube was given to the examining
researchers (M. Fa. and L. C. G.), who
at no time during the study had any
access to information about the contents
of the tubes or the assignment of the
subjects to the three therapies. All study
personnel, including the biostatistician
and participants, were not aware of the
treatment assignments for the duration
of the study. However, this study was
not considered blind due to two reasons:
(1) examiner aspect: CHX rinsing may
cause stains on the tooth surface, and
this might allow the clinicians to deduce
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whether the subjects were receiving
CHX or placebo; (2) subject aspect:
subjects in the PPC group needed to
return to the clinic two times a week
and the others did not.

Treatment protocols

SRP

All subjects received full-mouth SRP
performed under local anaesthesia in
four to six appointments of approxi-
mately 1 h each. Treatment of the entire
oral cavity was completed in at most 21
days. SRP was performed by two trained
periodontists (M. Fa. and L. C. G.) using
mainly manual instruments.

PPC

Subjects in the SRP1PPC group
received PPC twice a week for 63 days
(starting at the first day of the SRP
treatment) performed by two trained
assistants. Supragingival plaque was
removed using curettes on all accessible
surfaces, followed by polishing of the
teeth using a rubber cup and dentifrice.
In addition, all inter-proximal surfaces
were cleaned using dental floss. When
performing these procedures, care was
taken to limit plaque removal to the
supragingival area only.

CHX and placebo rinsing

All subjects were instructed to gargle
with 15 ml of CHX or placebo twice a
day for 63 days (starting at the first day
of the SRP treatment) for 1 min., i.e., in
the morning, 30 min. after breakfast and
tooth brushing, and at night, before
going to sleep. Subjects in the
SRP1CHX group rinsed with CHX,
while subjects in the SRP-only and
SRP1PPC groups rinsed with placebo.

Compliance

The subjects were asked to bring the
tubes containing the medication once a
week, even after the completion of SRP,
when compliance was checked. The
tubes contained 220 ml of solution,
enough for 1 week of rinsing (15 ml/
solution, 2 times/day for 7 days). During
these visits, subjects returned the old
tube and received a new one containing
medication/placebo. They were also
asked about any self-perceived side-
effects of the mouthrinses. This inquiry
was performed by two study assistants,
who also had the responsibility of call-

ing the subjects every 3 days to monitor
compliance.

Clinical monitoring

The clinical monitoring was performed
by two calibrated examiners (see the
‘‘Investigators’ calibration’’). One
examiner carried out all clinical mea-
surements in a given subject and treat-
ment was performed by the second
clinician. Thus, the monitoring clinician
was masked to the treatment protocol.
Subjects were clinically monitored at
baseline, at 2 and 6 months post-ther-
apy. Visible plaque (0/1), gingival
bleeding (0/1), BOP (0/1), suppuration
(0/1), PD (mm) and CAL (mm) were
measured at six sites per tooth (mesio-
buccal, buccal, distobuccal, distolin-
gual, lingual and mesiolingual) in all
teeth, excluding third molars, at each
visit. The PD and CAL measurements
were recorded to the nearest millimetre
using a North Carolina periodontal
probe (Hi-Friedy, Chicago, IL, USA).

Investigators’ calibration

The two examining researchers partici-
pated in the calibration exercise that was
performed in 10 non-study subjects with
chronic periodontitis. Each examiner
measured one quadrant per subject. The
quadrant chosen should have at least six
teeth. If a quadrant presented fewer than
six teeth, the next quadrant was chosen.
For better standardization, quadrant 1
was the first choice, followed by 2, 3
and 4, respectively. Initially, the first
examiner measured PD and CAL in a
given quadrant and 15 min. later the
second examiner measured the same
quadrant. Sixty minutes later this same
protocol was repeated, but the order of
the examiners was changed. Therefore,
all 10 subjects were probed twice in the
same visit by each of the two examiners.
Upon completion of all measurements,
the intra- and inter-examiner variability
for PD and CAL measurements were
assessed. Calibration was made accord-
ing to Araújo et al. (2003) and the
standard error of measurement (SE) was
calculated. Inter-examiner variability
was 0.14 mm for PD and 0.31 mm for
CAL. The mean intra-examiner SE varia-
bility was 0.12 mm (PD) and 0.14 mm
(CAL) for the first examiner (M. Fa.),
and 0.15 mm (PD) and 0.17 mm (CAL)
for the second examiner (L. C. G.). These
trained examiners were able to provide
reproducible measures under 0.5 mm.

Microbiological monitoring

Sample collection

Subgingival plaque samples were collected
at baseline, 2 and 6 months post-SRP from
six non-contiguous interproximal sites
per subject with PD between 5 and
7 mm and CAL between 5 and 10 mm.
The selected sites were randomized in
different quadrants. After the clinical
parameters had been recorded, the
supragingival plaque was removed and
the subgingival samples were taken with
individual sterile mini-Gracey curettes
(11–12) and immediately placed in
separate Eppendorf tubes containing
0.15 ml of TE (10 mM Tris-HCl, 1 mM
EDTA, pH 7.6). One hundred microli-
tres of 0.5 M NaOH was added to each
tube and the samples were dispersed
using a vortex mixer.

Checkerboard DNA–DNA
hybridization

Counts of 38 bacterial species were
determined in each sample, using the
Checkerboard DNA–DNA hybridiza-
tion technique (Socransky et al. 1994).
The microbiological analysis was
entirely performed at the Laboratory of
Microbiology of Guarulhos University.
The samples were boiled for 10 min. and
neutralized using 0.8 ml of 5 M ammo-
nium acetate. The released DNA was
then placed into the extended slots of a
Minislot 30 apparatus (Immunetics,
Cambridge, MA, USA), concentrated
on a 15 � 15 cm positively charged
nylon membrane (Boehringer Man-
nheim, Indianapolis, IN, USA) and fixed
to the membrane by baking it at 1201C
for 20 min. The membrane was placed
in a Miniblotter 45 (Immunetics) with
the lanes of DNA at 901 to the lanes of
the device. Digoxigenin-labelled whole
genomic DNA probes for 38 bacterial
species were hybridized in individual
lanes of the Miniblotter. After hybridi-
zation, the membranes were washed at
high stringency and the DNA probes
were detected using the antibody to
digoxigenin conjugated with alkaline
phosphatase and chemiluminescence
detection. The last two lanes in each
run contained standards at concentra-
tions of 105 and 106 cells of each
species. Signals were converted to abso-
lute counts by comparison with the
standards lanes on the membrane. The
sensitivity of the assay was adjusted to
allow detection of 104 cells of a given
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species by adjusting the concentration of
each DNA probe.

Statistical analysis

The primary outcome variable of this
study was the mean CAL change at
6 months post-SRP in sites with initial
PDX7 mm. The secondary outcome
variables were the mean PD change in
sites with initial PDX7 mm, as well as
in full-mouth CAL and PD. The percen-
tage of sites with visible plaque, gingi-
val bleeding, BOP and suppuration, as
well as mean PD and CAL were com-
puted for each subject and then averaged
across subjects in the three therapeutic
groups. Similarly, the changes in PD,
CAL and BOP over time were examined
in subsets of sites according to the initial
PD of 43, 4–6 and X7 mm. Values for
each clinical parameter were averaged
separately within the three PD cate-
gories in each subject and then across
subjects in the treatment groups. Mean
counts (� 106) of individual bacterial
species were averaged within each sub-
ject and then across subjects in the three
therapeutic groups. The percentage of

the total DNA probe counts was deter-
mined initially in each site, then per
subject and averaged across subjects in
the three groups. The significance of
differences among the three groups for
the clinical and microbiological para-
meters was determined using the Krus-
kal–Wallis test. If significance was
achieved, the Mann–Whitney U-test
was used to assess differences between
two groups. The Friedman test was used
to detect statistically significant differ-
ences within each group among the three
time points. If significance was achieved,
the Wilcoxon test was used to test differ-
ences between two experimental periods.
Adjustments for multiple comparisons
were made according to Socransky et
al. (1991). The level of significance was
set at 5%. All data analyses were per-
formed on an ‘‘intention-to-treat’’ basis
and with the subject as the statistical unit.
Hence, all subjects who entered the study
(n 5 60) were included in the analyses at
all time points. For subjects lost during
the study period (dropouts), the last
available recordings were carried for-
ward to represent all subsequent time
points of evaluation.

Results

Subject retention

Figure 1 presents the flow chart of the
study design. Eleven out of the 60
selected subjects (three from the SRP-
only group, three from the PPC group
and five from the CHX group) did not
return for the 6-month follow-up visit.
Four patients moved away from Guar-
ulhos-São Paulo due to work-related
reasons, before the 6-month examina-
tion visit. Two patients became pregnant
and five patients could not be contacted
by phone or mail to reschedule missed
appointments.

Adverse effects

All subjects who finished the study
reported full adherence to the prescribed
course of CHX/placebo. No severe
adverse effects were reported by any
of the subjects. Two subjects from the
CHX group reported adverse events
during the study, such as tooth staining
and an unpleasant taste. No adverse
events were reported in the SRP-only
and PPC groups. All subjects affirmed

Fig. 1. Flow chart of the study design.
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that the medications did not cause any
major disturbance in their daily routine
and that they would start the treatment
again if necessary.

Clinical findings

The demographic characteristics and
full-mouth mean values of periodontal
clinical parameters at baseline and at

2 and 6 months after treatments are
presented in Table 1. No statistically
significant differences were observed
among groups for any parameter at
baseline. All therapies led to a statisti-
cally significant decrease in the mean
PD, CAL and in the percentage of sites
with visible plaque, gingival bleeding,
BOP and suppuration at 2 and 6 months
post-SRP; however, differences were
observed among treatments (Figs 2–4).
Overall, subjects who received supra-
gingival plaque control as part of the
periodontal treatment showed the great-
est improvements in the clinical para-
meters over the course of the study.
Full-mouth PD and CAL was better
reduced in the CHX and PPC groups
up to 6 months after treatment. How-
ever, only subjects who rinsed with
CHX maintained a greater improvement
in CAL at 6 months post-treatment
(Fig. 2) when compared with subjects
receiving SRP alone or in combination
with PPC. When the sites were subset
into initial PD categories (Fig. 3), an
overall improvement in the clinical
parameters was observed for all treat-
ments in the three PD categories, except
for a slight loss in attachment in the
initial shallow sites (43 mm) of the
SRP and PPC groups. Subjects receiving
the adjunctive treatments showed the
most striking decreases in mean PD
and CAL, as well as in the percentage
of sites with BOP in the initially deep
sites (X7 mm) in comparison with the
SRP-only group, at 2 and 6 months after
treatment. No statistically significant
differences were observed among groups
for the reduction in PD for the initially
intermediate sites (4–6 mm). However,

Table 1. Demographic characteristics and mean (� SD) full-mouth clinical parameters at base-
line, at 2 and 6 months post-therapy in the three treatment groups

Variable Time point Treatment groups

SRP
(n 5 20)

SRP1PPC
(n 5 20)

SRP1CHX
(n 5 20)

Gender (male/female) Baseline 9/11 7/13 8/12

Age (years) Baseline 39.6 � 6.1 42.5 � 7.3 45.1 � 9.6

PD (mm) Baseline 3.7 � 0.7a 3.7 � 0.8a 3.7 � 0.5a

2 months 3.1 � 0.5b 2.9 � 0.5b 2.7 � 0.4b

6 months 3.0 � 0.4b 2.9 � 0.5b 2.7 � 0.5b

CAL (mm) Baseline 4.1 � 0.9a 4.1 � 0.8a 4.5 � 1.0a

2 months 3.7 � 0.8b 3.5 � 0.8b 3.8 � 0.9b

6 months 3.6 � 0.7b 3.5 � 0.7b 3.7 � 0.9b

Percentage of sites with
Plaque accumulation Baseline 79.3 � 12.4a 86.3 � 10.8a 82.0 � 13.3a

2 months 49.7 � 16.9b,A 40.1 � 13.1b,A 22.1 � 12.8b,B

6 months 50.2 � 18.4b,A 49.2 � 14.7b,A 29.0 � 15.6b,B

Gingival bleeding Baseline 40.3 � 22.5a 34.9 � 19.4a 29.6 � 13.8a

2 months 10.6 � 7.1b 6.3 � 5.8b 6.5 � 6.2b

6 months 9.1 � 3.7b,A 7.7 � 5.2b,A 5.7 � 5.3b,B

Bleeding on probing Baseline 58.6 � 21.1a 60.3 � 21.0a 60.7 � 17.7a

2 months 26.1 � 16.9b 22.3 � 12.4b 18.4 � 11.3b

6 months 27.2 � 17.8b 22.7 � 12.2b 17.1 � 12.4b

Suppuration Baseline 2.3 � 3.0a 2.7 � 3.9a 2.4 � 1.9a

2 months 0.3 � 0.7b 0.4 � 0.9b 0.2 � 0.6b

6 months 0.2 � 0.5b 0.2 � 0.6b 0.1 � 0.3b

Subjects in the SRP and SRP1PPC groups rinsed with placebo.

The significance of differences among time points was assessed using the Friedman test and

Wilcoxon test (different small letters indicate po0.05). Significance of difference within pairs of

groups was assessed using the Kruskal–Wallis test and Mann–Whitney U-test (different capital

letters indicate po0.05).

SRP, scaling and root planning; PPC, professional plaque control; CHX, chlorhexidine digluconate;

PD, probing depth; CAL, clinical attachment level.

Fig. 2. Bar charts of the mean changes (� SD) in full-mouth probing depth, clinical attachment level and percentage of sites with bleeding on
probing between baseline and 2 or 6 months post-SRP in the three treatment groups. Subjects in the SRP and SRP1PPC groups rinsed with
placebo. The whiskers represent the SD. The significance of difference among the three treatment groups for each clinical parameter was
assessed using the Kruskal–Wallis test. Subsequently, the significance of difference within pairs of groups was assessed using the Mann–
Whitney U-test (different letters indicate po0.05). SRP, scaling and root planing; PPC, professional plaque control; CHX, chlorhexidine
rinsing.
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the parameters of CAL and BOP were
better affected by PPC and CHX rinsing
during the course of the study. In fact, at
6 months subjects who rinsed with CHX
had the greatest gain in CAL for this PD
category, even when compared with
those subjects who received SRP in
combination with PPC ( po0.05).

Figure 4 presents the changes in the
mean full-mouth CAL for individual
subjects at 6 months post-SRP. The
median of CAL change of the 60 subjects
of the study was 0.60 mm. The number
of subjects showing a CAL change with-
in or above this value (0.62–1.72 mm)
was 15, 10 and 5 in the CHX, PPC and
SRP groups, respectively. Conversely,
the number of subjects presenting a
CAL change below 0.60 mm (0.59 to
� 0.23 mm) was 5, 10 and 15, for the

CHX, PPC and SRP groups, respec-
tively.

Table 2 presents the mean percentage
of sites with PDo5 or X5 mm at base-
line and at 2 and 6 months post-treat-
ments. The three groups were
homogeneous for these two PD cate-
gories at baseline. The percentage of
sites with PDo5 mm increased signifi-
cantly, and those with PDX5 mm sig-
nificantly decreased in the three
treatment groups over the course of the
study. However, differences were
observed among groups at 2 and 6
months. At 6 months post-treatment,
the SRP1CHX group showed signifi-
cantly less sites with PDX5 mm and
more sites with PDo5 mm than the
other two groups, followed by the
SRP1PPC-treated subjects.

Microbiological findings

The three treatment groups were micro-
biologically homogeneous at the begin-
ning of the study. No significant dif-
ferences were observed among them in
the mean counts, proportions or preva-
lence of any of the test species at base-
line. Figure 5 presents the counts (� 106)
of the 38 species evaluated over the
course of the study. The species were
grouped according to the microbial com-
plexes described by Socransky et al.
(1998). In general, counts of most of the
host-compatible species did not change
much from baseline to 6 months (Acti-
nomyces species, purple, yellow and
green complexes). The only significant
change observed was a reduction in the
levels of Capnocytophaga ochracea in

Fig. 3. Bar charts of the mean changes (� SD) in the probing depth, clinical attachment level and percentage of sites with bleeding on probing
at sites with initial probing depth 43, 4–6 and X7 mm between baseline and 2 or 6 months post-SRP in the three treatment groups. Subjects in
the SRP and SRP1PPC groups rinsed with placebo. The whiskers represent the SD. Significance testing is as described in Fig. 2. SRP, scaling
and root planing; PPC, professional plaque control; CHX, chlorhexidine rinsing.
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the CHX group. However, a reduction in
the counts of several periodontal patho-
gens from the red and orange complexes
was observed, mainly in the test groups.
Four of these species were reduced in
the SRP-only group, six in the PPC
group and nine in the CHX group. The
counts of the three pathogens from the
red complex, Tannerella forsythia, Por-
phyromonas gingivalis and Treponema
denticola, were significantly reduced by
SRP1CHX and SRP1PPC therapies,
while SRP alone did not significantly
affect the levels of T. denticola at 6
months.

Figure 6 presents the mean percen-
tage of DNA probe counts of the 38
individual species evaluated at all time
points. The proportions of five perio-
dontal pathogens were significantly

reduced in the CHX group (Eubacterium
nodatum, Fusobacterium ss. nucleatum
nucleatum, T. forsythia, P. gingivalis and
T. denticola), three in the PPC group
(F. nucleatum ss. nucleatum, T. forsythia
and P. gingivalis) and only one in the
SRP group (T. forsythia). In general, the
proportions of the putative periodontal
pathogens from the orange complex were
not deeply affected by SRP alone. There
was an overall trend of increasing pro-
portions of the majority of the host-
compatible microorganisms, such as the
Actinomyces species as well as the pur-
ple, yellow and green complexes after
treatments, especially in the CHX group.
These changes were statistically signifi-
cant for Streptococcus sanguinis in all
treatment groups, for Actinomyces nae-
slundii 1 in the CHX and PPC groups, for

Streptococcus gordonii in the CHX
group and for C. ochracea in the SRP
group.

Figure 7 shows the changes in the
proportions of the microbial complexes
in the three groups at baseline, 2 and
6 months post-treatments. The microbial
profiles were profoundly changed by
treatments, and the most beneficial
changes were observed in subjects who
received CHX as part of the treatment.
These subjects showed a significant
reduction in the proportions of red and
orange complexes at 6 months, in com-
parison with baseline, as well as an
increase of the beneficial Actinomyces
species, purple and yellow complexes.
SRP alone or combined with PPC led to
a significant reduction in the proportion
of red complex and a significant
increase in the proportions of Actino-
myces species and yellow complex.
Even though no differences in the pro-
portions of the microbial complexes
were observed among the treatment
groups at baseline, at 6 months post-
SRP, the mean proportions of the red
complex were significantly reduced in
the CHX group, in comparison with
SRP and PPC groups.

Discussion

Previous studies have reported addi-
tional benefits when professional
removal and chemical control of supra-
gingival plaque have been systematically
implemented as part of the active phase
of periodontal treatment (Ximénez-
Fyvie et al. 2000b, Haffajee et al.
2003, Carvalho et al. 2004, 2005, Faveri
et al. 2006b). However, these two treat-
ment protocols have not been directly
compared before. Therefore, this study
evaluated and compared the effects of
SRP alone or combined with PPC or
CHX rinsing in the treatment of general-
ized chronic periodontitis. Overall, the
results suggested clinical and microbio-
logical advantages for the adjunctive
treatments, especially for the CHX-trea-
ted subjects.

Clinical data

The two combined therapies were more
effective than SRP alone in improving
the full-mouth PD and CAL. The benefit
in CAL gain was maintained up to 6
months in subjects who rinsed with
CHX, but not in those who received
PPC (Fig. 2). Subjects in the CHX group

Fig. 4. Plots of the mean changes in the individual full-mouth mean clinical attachment level
between baseline and 6 months post-SRP of subjects in the three treatment groups. Subjects
in the SRP and SRP1PPC groups rinsed with placebo. The circles represent the mean value
of each subject. The dashed line represents the median of change of this clinical parameter in
all 60 subjects. Positive values represent a gain in clinical attachment level (CAL), while
negative values represent a loss in CAL at 6 months post-SRP. SRP, scaling and root planing;
PPC, professional plaque control; CHX, chlorhexidine rinsing.

Table 2. Mean percentage of sites with PDo5 or X5 mm at baseline, and at 2 and 6 months post-
treatments

Percentage of sites with Time point Treatment groups

SRP SRP1PPC SRP1CHX

PDo5 mm Baseline 64.8 � 17.1a 68.6 � 16.2a 69.8 � 9.0a

2 monthsn 83.8 � 9.3b,A 87.9 � 13.0b,A 93.3 � 3.0b,B

6 monthsn 83.7 � 9.6b,A 89.9 � 12.8b,B 94.7 � 1.7b,C

PDX5 mm Baseline 35.2 � 17.2a 31.4 � 16.2a 30.2 � 9.0a

2 monthsn 16.2 � 9.3b,A 12.1 � 13.0b,A 6.7 � 3.0b,B

6 monthsn 16.3 � 9.2b, A 10.1 � 7.2b,B 5.3 � 1.6b,C

Subjects in the SRP and SRP1PPC groups rinsed with placebo.

The significance of differences among groups was assessed using the Kruskal–Wallis test

(npo0.05), and within pairs of groups was assessed using the Mann–Whitney U-test (different

capital letters indicate po0.05). The significance of differences among time points was assessed

using the Friedman test (different small letters indicate po0.05).

SRP, scaling and root planning; PPC, professional plaque control; CHX, chlorhexidine digluconate;

PD, probing depth.
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Fig. 5. Mean counts (� 105) of the 38 test species at baseline, 2 and 6 months post-SRP in the three treatment groups. Subjects in the SRP and
SRP1PPC groups rinsed with placebo. The species were ordered according to the microbial complexes described by Socransky et al. (1998).
Counts of individual species were averaged within a subject and then across subjects in each treatment group at each time point. The
significance of differences between baseline and 6 months post-SRP was assessed using the Wilcoxon test (npo0.05) and adjusted for
38 comparisons (Socransky et al. 1991). SRP, scaling and root planing; PPC, professional plaque control; CHX, chlorhexidine rinsing.

Fig. 6. Mean percentage of DNA probe counts of the 38 test species at baseline, 2 and 6 months post-therapy in the three treatment groups.
Subjects in the SRP and SRP1PPC groups rinsed with placebo. The species were ordered according to the microbial complexes described by
Socransky et al. (1998). The proportion that each species comprised of the total DNA probe count was determined at each site, and then
averaged within and across subjects in each treatment group at each time point. The significance of differences between baseline and 6 months
post-SRP was assessed using the Wilcoxon test (npo0.05) and adjusted for 38 comparisons (Socransky et al. 1991). SRP, scaling and root
planing; PPC, professional plaque control; CHX, chlorhexidine rinsing.
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also showed significantly fewer sites
with plaque and gingival bleeding, as
well as a trend towards fewer sites with
BOP when compared with the other two
groups at 6 months post-SRP (Table 1).

Even though the mean full-mouth PD
and CAL provides an overall picture of
the differences among treatments, the
magnitude of these differences is nor-
mally small, as observed in Fig. 2 (from
0.2 to 0.3 mm among groups). This
happens because the majority of sites
are shallow, even in generalized chronic
periodontitis subjects, and shallow sites
do not show considerable changes in PD
and CAL after treatment. Therefore, in
order to determine more specific differ-
ences among therapies, one should look
at different PD categories. Nonetheless,
the clinical benefits of the two adjunc-
tive treatments were observed in all
baseline PD categories, especially in
the initially intermediate (4–6 mm) and
deep (X7 mm) periodontal pockets
(Fig. 3). These sites exhibited greater
improvements in the parameters of PD,
CAL and BOP in subjects from the CHX

or PPC groups in comparison with those
who received SRP only. Apparently, the
more profound effect of CHX rinsing in
full-mouth attachment gain in compar-
ison with PPC (Fig. 2) was mainly due
to the additional benefit of this treatment
in intermediate sites (Fig. 3). The CAL
gain in intermediate sites at 6 months
post-therapy was as follows (mm): SRP:
1.35 � 0.50; SRP1PPC: 1.82 � 0.49;
and SRP1CHX: 2.25 � 0.56. Even
though the difference between PPC
and CHX groups was o0.5 mm ( po
0.05), the standard deviation was also
low, suggesting a constant trend of the
intermediate sites in the CHX group in
gaining more attachment than those in
the PPC group. Another interesting find-
ing was that SRP1CHX treatment had a
more striking effect in reducing the
mean percentage of sites with PDX

5 mm and increasing those with PDo
5 mm than the other two treatments
(Table 2).

The individual changes in the mean
CAL also suggested additional benefits
of the two test treatments at a subject

level (Fig. 4). Seventy-five per cent of
subjects who rinsed with CHX showed
attachment gain over the median of
change of the 60 subjects involved in
the study, as opposed to just 25% in the
SRP-only group. The predictability of
the PPC protocol in terms of the indivi-
dual gain in attachment was somewhere
in between SRP alone or combined with
CHX, as 50% of the subjects in this
group had CAL changes above the med-
ian of the studied population.

Overall, these findings agree and
extend data from previous investigations
that also suggested additional benefits
when systematic PPC or CHX rinsing
are implemented for 2 months to 2 years
after surgical (Nyman et al. 1975, Rosl-
ing et al. 1976, Westfelt et al. 1983) or
non-surgical (Magnusson et al. 1984,
Ximénez-Fyvie et al. 2000b, Haffajee
et al. 2003, Carvalho et al. 2004, Faveri
et al. 2006b) periodontal treatments. An
interesting finding of the current study
was the striking effect of the PPC in the
initially deep pockets. These data dif-
fered to a certain extent from those
reported by Carvalho et al. (2004),
who observed additional clinical bene-
fits of this treatment only in shallow and
intermediate sites. Haffajee et al. (2003)
also reported that the most favourable
effects of the association of SRP and
PPC were observed in subjects with less
baseline periodontal disease. These
divergences may be a result of the
professional plaque removal protocols
used in the different investigations. In
the studies of Carvalho et al. (2004) and
Haffajee et al. (2003), the supragingival
plaque removal began after the SRP
treatment and was performed once a
week, whereas, in the present study,
this treatment began together with SRP
and was performed twice a week. As
regards the CHX rinsing protocol, the
findings of the present study are in
agreement with a previous investigation
that reported short-term clinical benefits
of this treatment, over those obtained
with SRP alone, in initially intermediate
and deep pockets (Faveri et al. 2006b).

Microbiological data

All three treatments led to a reduction in
some periodontal pathogens and an
increase in beneficial bacterial species.
However, in accord with the clinical
findings, the most favourable changes
in the composition of the subgingival
microbiota were observed with the use
of SRP1CHX, followed by SRP1PPC,

Fig. 7. Pie charts of the mean proportion of each microbial complex at baseline, 2 and 6
months post-SRP in the three treatment groups. Subjects in the SRP and SRP1PPC groups
rinsed with placebo. The colours represent different microbial complexes (Socransky et al.
1998). The significance of differences between baseline and 2 months, and baseline and 6
months was assessed using the Wilcoxon test (npo0.05). The significance of differences
among treatment groups at baseline, at 2 and at 6 months post-therapy was assessed using the
Kruskal–Wallis and the Mann–Whitney U-test (different letters indicate po0.05). SRP,
scaling and root planing; PPC, professional plaque control; CHX, chlorhexidine rinsing.
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and by SRP alone. The levels of nine
individual periodontal pathogens from
the red and orange complexes were
reduced after therapy in the CHX-
treated subjects, six in the PPC group
and four in the SRP group (Fig. 5). The
only treatment that significantly reduced
the individual levels and proportions
of the three red complex pathogens,
T. forsythia, P. gingivalis and T. denti-
cola was SRP1CHX (Figs 5 and 6). In
addition, this therapy led to a significant
reduction in the proportion of the orange
complex, which was not observed in the
other two groups (Fig. 7). Overall, all
three treatments maintained or increased
the levels and proportions of the major-
ity of the host-compatible microorgan-
isms from the purple, yellow and green
complexes, as well as the Actinomyces
species. However, the most striking
effect was also observed in the CHX-
treated subjects, who showed a signifi-
cant increase in the proportions of three
beneficial complexes at 6 months post-
SRP (Fig. 7).

The favourable effects of SRP plus
PPC observed in this study are in agree-
ment with the few previous investiga-
tions that have thoroughly described the
changes occurring in the subgingival
microbial profile with the use of this
therapy (Ximénez-Fyvie et al. 2000b,
Haffajee et al. 2003, Carvalho et al.
2005). Ximénez-Fyvie et al. (2000b)
reported long-term beneficial microbio-
logical effects in subjects who received
weekly professional plaque removal for
3 months. Counts of 34 bacterial spe-
cies, including periodontal pathogens
such as T. forsythia, P. gingivalis and
Aggregatibacter actinomycetemcomi-
tans, were significantly reduced up to 1
year post-SRP. Similarly, Haffajee et al.
(2003) and Carvalho et al. (2005) found
favourable microbiological effects when
PPC was used for 3 months after SRP
and systemically administered metroni-
dazole. In both studies, subjects receiv-
ing supragingival plaque removal
showed a greater reduction in red and
orange complexes species in compari-
son with those who received just SRP.

To our knowledge, no previous stu-
dies have systematically evaluated the
changes that occur in the subgingival
microbial profile when CHX rinsing is
associated with standard SRP treatment
during the active phase of periodontal
treatment. However, Faveri et al.
(2006b) suggested an additional short-
term beneficial effect of this treatment
protocol, over SRP alone, in reducing

the red complex species. Magnusson et
al. (1984) have formerly observed that
the combination of SRP, PPC and 0.2%
CHX rinsing for 16 weeks were more
effective in reducing motile rods and
spirochetes than SRP alone. De Soete
et al. (2001) used CHX rinsing as part of
the one-stage full-mouth disinfection
(OSFMD) protocol and evaluated the
effect of this treatment in the subgingi-
val microbial composition. The authors
reported that the combination of SRP
within 24 h and different forms of CHX
application, including daily rinsing for
2 months, led to a greater reduction
in some periodontal pathogens, such as
P. gingivalis and T. forsythia, in com-
parison with the standard quadrant-SRP
treatment. Later on, Quirynen et al.
(2006) studied the OSFMD therapy,
with or without adjunctive CHX, and
suggested that part of the benefits of this
treatment protocol was attributable to
the use of this antiseptic, and part due to
the completion of SRP within 24 h.

Final thoughts

The present study was designed with the
aim of evaluating whether supragingival
plaque control during and after SRP by
means of CHX would lead to benefits
similar to those obtained with the pro-
fessional supragingival plaque removal
protocol initially proposed by Ximénez-
Fyvie et al. (2000b) and later on used in
other studies (Haffajee et al. 2003, Car-
valho et al. 2004, 2005). The use of
CHX would provide the great advantage
of not requiring the patient to return
weekly to the dental office to have
professional plaque removal performed,
reducing the time and the cost of treat-
ment. It should be highlighted that a
dentifrice containing triclosan was pur-
posely chosen in order to allow the best
possible self-performed plaque control
for subjects in the three treatment
groups (Mateu et al. 2008). As expected,
both combined treatments were superior
to SRP in improving clinical and micro-
biological parameters. These favourable
results may be attributed to two main
effects of the supragingival plaque con-
trol: (1) prevention of periodontal patho-
gens migration to recently scaled pockets
as it has been recognized that several of
these species may colonize the supragin-
gival environment (Ximénez-Fyvie et al.
2000a, Haffajee et al. 2008), and (2)
reduction of inflammation on the adja-
cent periodontal tissues, and conse-
quently preventing the availability of

nutrients necessary for bacterial multi-
plication (Socransky & Haffajee 2002).
Surprisingly, the CHX treatment
exceeded the benefits attained with the
PPC protocol. It is quite impressive that
the adjunctive supragingival treatment
with CHX promoted such profound ben-
efits in the subgingival microbial profile
of patients with advanced periodontitis.
One hypothesis that could explain the
benefits of CHX rinsing, over those
attained with the PPC, is the effect of
this antiseptic in reducing periodontal
pathogen reservoirs that are not reached
by the mechanical removal of supragin-
gival plaque, such as the tongue (Faveri
et al. 2006a), saliva and oral mucosa
(Mager et al. 2003).

Taken together, the results of the
present study suggest that strict control
of supragingival plaque during SRP
and through the healing phase have
major benefits over those obtained with
SRP only in the treatment of subjects
with generalized chronic periodontitis.
Furthermore, the greatest benefits in the
clinical parameters and in the subgingi-
val microbial composition were obser-
ved with the combination of SRP and
CHX rinsing.
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Gonçalves, C., Haffajee, A. D., Socransky,

S. S. & Feres, M. (2005) Scaling and root

planing, systemic metronidazole and profes-

sional plaque removal in the treatment of

chronic periodontitis in a Brazilian popula-

tion II – microbiological results. Journal of

Clinical Periodontology 32, 406–411.

Carvalho, L. H., D’Avila, G. B., Leão, A.,

Haffajee, A. D., Socransky, S. S. & Feres,

M. (2004) Scaling and root planing, systemic

metronidazole and professional plaque

removal in the treatment of chronic perio-

dontitis in a Brazilian population. I – clinical

results. Journal of Clinical Periodontology

31, 1070–1076.

De Soete, M., Mongardini, C., Peuwels, M.,

Haffajee, A. D., Socransky, S. S., van Steen-

berghe, D. & Quirynen, M. (2001) One-stage

full-mouth disinfection. Long-term microbio-

logical results analyzed by checkerboard

DNA–DNA hybridization. Journal of Perio-

dontology 72, 374–382.

866 Feres et al.

r 2009 John Wiley & Sons A/S



Faveri, M., Feres, M., Shibli, J. A., Hayacibara,

R. F., Hayacibara, M. M. & de Figueiredo, L.

C. (2006a) Microbiota of the dorsum of the

tongue after plaque accumulation: an experi-

mental study in humans. Journal of Perio-

dontology 77, 1539–1546.

Faveri, M., Gursky, L. C., Feres, M., Shibli, J.

A., Salvador, S. L. & Figueiredo, L. C.

(2006b) Scaling and root planning and chlor-

hexidine mouthrinses in the treatment of

chronic periodontitis: a randomized, place-

bo-controlled clinical trial. Journal of Clin-

ical Periodontology 33, 819–828.

Haffajee, A. D., Arguello, E. I., Ximénez-Fyvie,
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Clinical Relevance

Scientific rationale for the study:
Repeated mechanical plaque control
during and after SRP enhances the
outcome of this therapy. Even though
CHX rinsing seems to be a more
practical alternative to this treatment
strategy, no studies have compared
these two clinical protocols.

Principal findings: Subjects receiv-
ing PPC or CHX rinsing showed
significantly greater improvement in
PD and CAL, as well as in the
subgingival microbial composition.
These benefits were more striking
in the CHX-treated subjects.
Practical implications: The use of
CHX rinsing during the active phase

of therapy leads to a more beneficial
re-colonization of the recently scaled
pockets, and consequently to a better
periodontal clinical stability over
time.
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