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Abstract
Objective This study evaluated the clinical, immunological
and microbiological results of full-mouth ultrasonic debride-
ment (FMUD) with 10 % povidone iodine (PVPI) as the
cooling liquid in the treatment of generalised aggressive peri-
odontitis (GAgP).
Material and methods Twenty-eight patients presenting
GAgP were randomly assigned to one of the following
groups for evaluation: FMUD+SS (n=14)—single session
of FMUD with 0.9 % saline solution as cooling agent and
FMUD+PVPI (n=14)—single session of FMUD with PVPI
solution as cooling agent. Probing depth (PD), relative clinical
attachment level (RCAL), relative position of gingival margin,
plaque index (FMPI) and bleeding score (FMBS), immunolog-
ical (interleukin-10 and interleukin-1β concentrations in gingi-
val crevicular fluid) and microbiological (Aa and Pg amounts)
parameters were evaluated at baseline, first, third and sixth
months after treatment.
Results The two groups presented reduction of FMPI and
FMBS and had statistically significant PD reductions,
RCAL gains and gingival recession (p<0.05). Both therapies
reduced Pg levels in deep and in moderate pockets (p<0.05).
FMUD+PVPI reduced Aa levels in deep pockets. However,

no inter-group differences in clinical, immunological and mi-
crobiological parameters were observed (p>0.05).
Conclusions It could be concluded that 10 % PVPI used as an
irrigant solution in FMUD decreased Aa levels in deep
pockets but had no additional benefits when compared with
saline solution irrigation in terms of clinical, microbiological
and immunological results.
Clinical relevance The FMUD is a valid option for the treat-
ment of GAgP, but the use of 10 % PVPI did not improve the
results of the periodontal therapy.
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Introduction

Generalised aggressive periodontitis (GAgP) is a rare disease
occurring in 2.5 to 5 % of the population [1]. However, in spite
of its low frequency, its treatment presents a challenge for cli-
nicians, as it presents severe and rapid destruction and a low
response to periodontal therapy [2, 3]. Randomised clinical
trials focused on achieving more predictable results for GAgP
treatment have shown that an antimicrobial approach combined
with different non-surgical periodontal treatments (i.e. conven-
tional quadrant scaling and root planing, one-stage full-mouth
disinfection and full-mouth ultrasonic debridement) could pro-
mote additional benefits. Systemic intake of amoxicillin and
metronidazole, adjunctively with non-surgical scaling, has
been demonstrated to be the best antimicrobial choice [4–12].

However, in spite of the good results of this combined
approach, the literature describes non-adherence by patients
to systemic antimicrobial therapy as well as risks of systemic
side effects such as nausea, diarrhoea and stomach ache [5].
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Moreover, Guerrero et al. [13] reported that non-adherence to
or cessation of antimicrobial therapy negatively influences the
results of clinical treatment. In attempts to minimise patient
influence on the results of therapy and reduce the systemic
side effects of antimicrobial therapy, local antimicrobial ther-
apy seems to be a viable alternative for the treatment of gen-
eralised aggressive periodontitis. Systematic review shown
additional reduction in probing depth when locally adminis-
tered adjunctive antimicrobials were used in the periodontal
therapy in chronic periodontitis [14]. In this vein, povidone
iodine (PVPI) is an interesting alternative, as it has a wide
antibacterial spectrum [15–18] and, in vitro, acts rapidly
against periodontal pathogens [19]. PVPI also has low finan-
cial cost, low systemic toxicity and does not lead to bacterial
resistance [20–22].

Periodontal treatment with PVPI as an adjunct to non-
surgical periodontal treatment has already been tested in
chronic periodontal disease [23]. Systematic and meta-
analytical reviews reported minor additional benefit in pocket
depth reduction at the third month after treatment with PVPI
as an adjunct to conventional scaling and root planing in the
treatment of chronic periodontitis [24]. However, this alterna-
tive therapy has not yet been tested in GAgP treatment. So,
this study tested the hypothesis that there were clinical, micro-
biological and immunological additional benefits in the use of
povidone iodine in the treatment of GAgP patients.

Aim of this study

The aim of this study was to perform a randomised clinical
trial to evaluate the clinical, immunological and microbiolog-
ical results of full-mouth ultrasonic debridement (FMUD)
with 10 % povidone iodine solution as a cooling liquid in
the treatment of generalised aggressive periodontitis.

Materials and methods

Study design

This study was designed as a parallel, controlled, randomised
clinical trial to assess clinical, microbiological and immuno-
logical outcomes of FMUD with PVPI as a cooling liquid for
the treatment of GAgP. The study was approved by the Ethics
Committee of the University of Campinas (024/2006). The
first treatment occurred in October 2008, and examinations
ended in December 2010.

Study population

The sample evaluated in this studywas initially comprised of 34
patients seeking treatment in the Graduate Clinic of Piracicaba

Dental School, University of Campinas, Piracicaba, Brazil. The
study inclusion criteria were (1) diagnosis of GAgP [2], (2)
presence of ≥20 teeth, (3) presence of ≥8 teeth with probing
depth (PD) ≥5 mmwith bleeding on probing (BOP) and at least
2 teeth with PD ≥7 mm, (4) good general health and (5)
<35 years of age. Patients were excluded from the study if
they (1) were pregnant or lactating, (2) were suffering from
any other systemic diseases (e.g. cardiovascular, diabetes) or
conditions affecting periodontal treatment with PVPI, (3)
had received antimicrobials in the previous 3 months, (4)
were taking long-term anti-inflammatory drugs, (5) had re-
ceived a course of periodontal treatment within the last
6 months or (6) smoked. Written informed consent was
obtained from included participants.

Prior to experimental study, patients underwent 1-month
supragingival therapy, which included one session of prophy-
laxis, supragingival calculus removal and oral hygiene
instructions.

Calibration, randomisation and power calculation

Initially, we selected three non-study patients presenting with
GAgP. The designated examiner (HFV) measured relative
clinical attachment level (RCAL) and PD in all three patients
twice within 24 h, with an interval of ≥1 h between examina-
tions. The intraclass correlation coefficient was calculated for
each parameter, resulting in 90% reproducibility for RCALand
91 % for PD.

The randomisation was done by means of an opaque enve-
lope with 34 cards with BPVPI^ written on 17 and Bsaline
solution^ written on the other 17. Before the treatment, the
envelope was opened, and the cooling liquid was revealed.
After randomisation, the envelope and lot were discarded.
The blinding was broken at the end of the follow-up period.

Sample size calculation was done before the study with
statistical software (SAS v.9.1, SAS Institute, Cary, NC,
USA). This analysis indicated that with 14 patients in each
group, the study would have 80 % power to detect a 1-mm
difference in the RCAL of patients in the two groups, consid-
ering a SD of 0.8 mm [25].

Periodontal treatment

The patients were randomly assigned to one of two treatment
protocols:

1. FMUD+SS (n=17)—one 45-min session of full-mouth
ultrasonic subgingival debridement by means of an ultra-
sonic scaler (Cavitron Select—Dentsply International
Inc., Long Island City, NY, USA) and subgingival tips
(25 K FSI®-SLI®-10S—Dentsply International Inc.),
with 0.9 % saline solution (SS) as a cooling liquid for
the ultrasonic device; or
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2. FMUD+PVPI (n=17)—the same treatment as in the
FMUD+SS group, but the cooling liquid was 10 %
povidone iodine (Riodeine—Indústria Farmacêutica
Rioquímica Ltda, São José do Rio Preto, SP, Brazil).

Subgingival treatment was performed by the same operator
(RCVC), with the patients under local anaesthesia [2 % lido-
caine with epinephrine, 1:100,000 (DFL Indústria e Comércio
S.A., Rio de Janeiro, RJ, Brazil)]. After the treatment, patients
were instructed to take analgesic pills (sodium dipyrone
500 mg, Medley Indústria Farmacêutica Ltda, Campinas, SP,
Brazil) for any discomfort inherent to treatment during the first
72 h. Supportive therapy was scheduled, with monthly recalls
until the sixth month after treatment. At the first, third and
sixth months, clinical, microbiological and immunological
evaluations were performed, endingwith a session for prophy-
laxis, supragingival calculus removal and oral hygiene in-
structions when needed. After the sixth month, teeth that still
presented PD ≥5 mm were retreated by conventional scaling
and root planing with curettes and local anaesthesia.

Clinical evaluations

Clinical evaluations were assessed before periodontal therapy
(baseline) and 1, 3 and 6 months afterward by means of a
manual probe (PCPUNC 15®—Hu Friedy, Chicago, IL,
USA). The exams were done by the calibrated examiner
(HFV), who was blinded until the end of the study.

The following clinical parameters were evaluated: (1) full-
mouth plaque index (FMPI), according to Ainamo and Bay
[26], and full-mouth bleeding score (FMBS), according to
Mühlemann and Son [27]; (2) PD, distance from the bottom
of the pocket to the gingival margin; (3) relative gingival
margin position (RGMP), distance from the gingival margin
to the stent margin and (4) RCAL, distance from the bottom of
the pocket to the stent margin.

The measurements were standardised by means of an indi-
vidually manufactured acrylic stent in which a groove was
made to determine the specific site of probing (recorded to
the nearest 0.5 mm). All teeth presenting at least one site with
PD ≥5 mm were preselected for clinical evaluation, and all
presenting pulpal disease or furcation lesions were excluded.
From the selected teeth—those presenting more than one site
with PD ≥5 mm—only the deepest site was selected. These
sites were designated as qualifying sites.

Biofilm and gingival crevicular fluid collection

Subgingival biofilm samples were collected from two sites in
each patient, from a pocket presenting 5 mm≤PD<7 mm
(moderate pocket) and from another pocket presenting PD
≥7 mm (deep pocket). Following supragingival biofilm re-
moval and relative isolation with cotton rolls, a sterile paper

point (#35) (Dentsply Indústria e Comércio, Petrópolis, RJ,
Brazil) was inserted into the bottom of the periodontal pocket
for 30 s. The paper points were placed in sterile tubes contain-
ing 300 μL of 0.5 mM Tris-EDTA.

Gingival crevicular fluid (GCF) was collected from two
sites initially presenting 5 mm≤PD<7 mm (moderate pocket)
and another two sites presenting PD ≥7 mm (deep pocket).
Sixty seconds after subgingival biofilm collection, the area
was isolated and gently dried. We collected GCF by plac-
ing filter paper strips (Periopaper, OraflowInc, New York,
USA) into the pocket until the clinician (HFV) perceived
a slight resistance and then leaving them in place for 15 s.
This time of 60 s was considered to minimise the chance
of contamination of paper strips with blood, but when it
occurred, the paper strip was discarded and another sam-
ple was collected. The fluid volume was measured with a
calibrated electronic GCF measuring device (Periotron
8000, OraflowInc, New York, USA). After volume mea-
surements, the strips were placed in sterile tubes contain-
ing 400 mL phosphate-buffered saline (PBS) with 0.05 %
polysorbate 20 (Tween 20, Sigma-Aldrich, St. Louis, MO,
USA). Both subgingival biofilm and GCF samples were
immediately stored at −20 °C.

Microbiological evaluations

The presence and concentrations of Porphyromonas
gingivalis (Pg) and Aggregatibacter actinomycetemcomitans
(Aa) were evaluated with specific primers as reported previ-
ously [12, 25], by the real-time polymerase chain reaction
(PCR) technique.

Initially, DNAwas extracted from the subgingival biofilm.
Real-time PCR was performed with the ‘hot start’ reaction
mix for PCR (FastStart DNA Master SYBR Green I, Roche
Diagnostics, Mannheim, Germany). The concentration of the
DNA used in each run was 10 mg/mL. The amplification
profiles were as follows: 95 °C/10 min, 55 °C/5 min and
72 °C/4 min, 40 cycles for Pg and 95 °C/10 min, 55 °C/
5 min and 72 °C/3 min, 40 cycles for Aa. Absolute quantifi-
cation of target bacteria in clinical samples was performed
with Pg (ATCC 33277) and Aa (JP2) as controls.

The determination of DNA genome copies in controls was
based on the genome size of each bacterium and the mean
weight of one nucleotide pair. The microbiological analyses
were performed separately (moderate and deep pockets).

GCF cytokine levels

Aliquots of each GCF sample were examined by an enzyme-
linked immunosorbent assay (ELISA), commercially avail-
able in a kit (R&D Systems Inc., Minneapolis, MN, USA)
for interleukins IL-1β and IL-10, according to the manufac-
turer’s instructions. Previously, samples were diluted with the
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diluent found in the kit. The dilution was considered to calcu-
late the concentration of each GCF substance.

This concentration was calculated with a standard curve,
prepared as recommended by the manufacturer. The ELISA
assays were run in duplicate, and mean values were
used to calculate the concentration of each cytokine.
The immunological analyses were performed separately
in moderate and deep pockets.

Statistical analysis

Statistical analysis was performed by a professional (GMBA)
not involved with the treatment and only for patients who had
completed the follow-up (per the protocol). The null hypoth-
esis tested was that FMUD with povidone iodine added no
clinical, microbiological or immunological benefits to the
treatment of GAgP patients compared with the use of
FMUD with saline solution.

The homogeneity of groups at baseline (age, FMPI, FMBS,
PD, RCAL and RGMP) was tested by Student’s t test. For
clinical, microbiological and immunological variables pre-
senting normality by the Shapiro-Wilk test (p>0.05),
repeated-measures ANOVA was used to detect intra- and
inter-group differences, with the patient as the statistical unit.
When a statistically significant difference was found, an anal-
ysis of that difference was determined by the Tukey test.

Variables that did not presented normality were analysed
by the Friedman test to detect intra-group differences and by
the Mann-Whitney test to detect inter-group differences. The
experimental level of significance for all tests was determined
to be 5 %. The software used included BioEstat 5.0 (Instituto
Sustentável Mamirauá, Belém, PA, Brazil) and SAS 9.1 (The
SAS Institute, Cary, NC, USA).

Results

In total, 1280 patients were examined in the Periodontal Clinic
of Piracicaba Dental School during the study, but only 34
patients met the inclusion criteria for this study. After the first
examination, 34 patients were selected to initiate the proto-
cols, and all were randomly allocated to one of two groups
(Fig. 1). In each group, 3 patients were excluded from the
analysis, and the follow-up period ended with 28 patients:
14 in the FMUD+SS solution group and 14 in the FMUD+
PVPI group.

Table 1 shows the initial demographical and clinical char-
acteristics of subjects included in this study, confirming the
homogeneity between groups. Statistically significant dif-
ferences were not seen when parameters like age (p=0.98)
and gender (p=0.38) and initial values of FMPI (p=0.78),
FMBS (p=0.71), RCAL (p=0.44), PD (p=0.29) and
RGMP (p=0.37) were compared between groups.

During the follow-up period, FMPI and FMBS were statis-
tically reduced in the first month and weremaintained until the
sixth month (Fig. 2). Differences between groups were not
seen during the evaluation.

Changes in post-therapy clinical parameters are given in
Table 2. PD reduction (p<0.0001), RCAL gain (p<0.0001)
and increase in RGMP (p<0.0001) were noted only in the first
month after therapy in both groups and were maintained until
the sixth month, with no difference between groups
concerning RCAL, PD and RGMP at any period of evaluation
(p>0.99).

When the analyses were made with moderate pockets and
deep pockets considered separately, it was seen that both
groups promoted RCAL gains, PD reduction and increases
in RGMP (Table 3). In both pocket strata, no between-group
differences were seen (p>0.05). In moderate pockets, PD re-
duction and RCAL gain after 6 months were 1.35 and
0.76 mm in FMUD+SS (p<0.0001) and 1.30 and 0.54 mm
in FMUD+PVPI (p<0.0001). In deep pockets, PD reduction
and RCAL gain after 6 months were 2.74 and 1.75 mm in
FMUD+SS (p<0.0001) and 2.26 and 1.13 mm in FMUD+
PVPI (p<0.0001).

In terms of the immunological parameters, in moderate
pockets, the two groups did not present IL-1β reductions
(Table 4) compared with baseline levels (p>0.05), but in deep
pockets, the FMUD+SS group presented statisctically reduc-
tion of IL-1β in the first month (p=0.0095), and these lower
levels were maintained until the sixth month (p=0.0092).
No statistically difference was observed between groups
regarding IL-1β levels. The IL-10 levels showed a tenden-
cy to increase after therapy (Table 4). For moderate
pockets of FMUD+SS group, after 3 months, statistically
significantly higher levels were noted than those observed
at baseline (p=0.005), but at sixth month, these values were
not different from baseline (p=0.8751). For FMUD+PVPI,
no differences in IL-10 levels were observed nor in mod-
erate nor in deep pockets. In spite of that, there were no
between-group differences at any period of evaluation
(p>0.05) (Table 4).

Microbiological analysis (Table 5) showed that Aa levels
were reduced in FMUD+SS group 3 months after therapy in
moderate pockets (p=0.05), and no statistically significant
difference was seen between groups at any time (p>0.05). In
deep pockets, Aa levels did not present significant reduc-
tions in the FMUD+SS group during the follow-up period
(p=0.06), but in the FMUD+PVPI group, statistical reduc-
tion was seen after 3 and 6 months of follow-up (p<0.05).
No significant differences were observed between groups
(p>0.05).

There were significant reductions in Pg levels at the third
and sixth months of follow-up (p<0.05), in moderate as well
as in deep pockets. However, no significant between-group
differences in Pg levels were seen (p>0.05).
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Discussion

Aggressive periodontitis has an intricate etiopathology, and
many factors are not completely understood [28]. However,
in addition to the inconclusive understanding of its pathogen-
esis, GAgP also presents a reduced response to periodontal
treatment [3], making this disease challenging to treat.
Different treatment protocols for this disease have been tested
[4–12, 29–33], and the most predictable outcomes have been
obtained when antimicrobials were associated with mechani-
cal treatment to treat patients with GAgP. Therefore, this study
aimed to evaluate the effect of povidone iodine used as a
cooling liquid for an ultrasonic scaler in full-mouth ultrasonic
debridement.

Few clinical trials have been reported to use povidone
iodine in periodontal therapy [23, 34–39]. Those studies
evaluated patients with chronic periodontitis treated by dif-
ferent PVPI concentrations and showed discrete benefits

when PVPI was associated with traditional periodontal
therapy. In comparisons of scaling and root planing
(SRP) plus povidone iodine with SRP alone, an additional
benefit in PD reduction was seen when povidone iodine
was used (0.28 mm, IC 95 %=0.08–0.48 mm, p=0.007)
after 6 months of follow-up [24]. Sahrmann et al. [24]
observed better clinical results with povidone iodine rinsing
and two scaling and root planing interventions, performed at

1 moved away from the 

study area 

1 refused to continue 

1280 patients 

1246 patients excluded due to 

inclusion criteria 

34 patients selected 

Baseline 17 patients 17 patients 

FMUD+SS FMUD+PVPI 

6th month 14 patients 14 patients 

1st month 

3rd month 

16 patients 

15 patients 

15 patients 

14 patients 

1 refused to continue 

1 used antibiotics 

1 used antibiotics 1 refused to continue 

Fig. 1 Flowchart of patients
included in the study protocol

Table 1 Initial demographical and clinical characteristics of subjects
included in each group

Parameters Treatment p value

FMUD+SS (n=14) FMUD+PVPI (n=14)

Age (years) 28.57 (±4.59) 28.54 (±4.14) 0.98

Gender F/M 9/5 12/2 0.38

FMPI (%) 29.12 (±11.19) 28.06 (±8.89) 0.78

FMBS (%) 40.93 (±23.06) 43.98 (±18.97) 0.71

RGMP (mm) 2.47 (±1.01) 2.15 (±0.78) 0.37

PD (mm) 6.24 (±0.43) 6.12 (±0.33) 0.29

RCAL (mm) 8.71 (±0.91) 8.36 (±0.79) 0.44

The gender parameter was evaluated by Fisher’s exact test. The other
parameters were analysed by Student’s t test

Fig. 2 Mean values (±SD) of full-mouth plaque index (FMPI) (a) and
full-mouth bleeding score (FMBS) (b) of the FMUD+SS (n=14) and
FMUD+PVPI (n=14) groups during the 6-month follow-up period. In
FMPI as in FMBS, statistically significant differences were evaluated by
ANOVA followed by Tukey’s test (α=0.05). No inter-group differences
were observed (p>0.05). In both groups, the parameters were statistically
reduced after the first month compared with baseline (p<0.05)

Clin Oral Invest (2016) 20:141–150 145



least 1 month apart. Recently, Sahrmann et al. [39] presented
that additional PD reduction was obtained 3 months after scal-
ing and root planing with PVPI gel as adjunct substance. The
authors suggested that the gel formula has a longer
substantivity than the PVPI solution; therefore, it would re-
main for a longer period of time inside the periodontal pocket,

consequently improving the clinical results. Differently from
both studies previously mentioned, in the present study, the
PVPI solution was only used during the initial debridment
with the reinstrumentation of residual pockets performed after
6 months. The use of PVPI solution did not promote addition-
al clinical benefits.

Table 2 Comparison between
groups based on clinical
parameters (mean±SD)
evaluated: relative gingival
margin position (RGMP), relative
clinical attachment level (RCAL)
and probing depth (PD) during
follow-up

Parameters/group Follow-up period

Baseline First month Third month Sixth month

RGMP (mm)

FMUD+SS (n=14) 2.47 (±1.01) Ab 3.17 (±0.84) Aa 3.34 (±0.98) Aa 3.38 (±0.82) Aa

FMUD+PVPI (n=14) 2.15 (±0.78) Ab 3.13 (±0.69) Aa 3.13 (±0.68) Aa 3.12 (±0.70) Aa

RCAL (mm)

FMUD+SS (n=14) 8.71 (±0.91) Aa 7.56 (±1.00) Ab 7.38 (±1.00) Ab 7.53 (±0.79) Ab

FMUD+PVPI (n=14) 8.36 (±0.79) Aa 7.91 (±0.72) Ab 7.69 (±0.96) Ab 7.63 (±0.95) Ab

PD (mm)

FMUD+SS (n=14) 6.24 (±0.43) Aa 4.39 (±0.54) Ab 4.04 (±0.50) Ab 4.19 (±0.65) Ab

FMUD+PVPI (n=14) 6.12 (±0.33) Aa 4.78 (±0.47) Ab 4.56 (±0.56) Ab 4.51 (±0.49) Ab

Data from all qualifying sites are given

Different lowercase letters in rows and different uppercase letters in columns indicate statistically significant
differences by repeated-measures ANOVA followed by Tukey’s test (p<0.05)

Table 3 Comparison between groups based on clinical parameters (median (interquartile ranges)) evaluated, including relative gingival margin
position (RGMP), relative clinical attachment level (RCAL) and probing depth (PD) of moderate (5 mm≤PD<7 mm) and deep (PD≥7 mm) pockets

Initial pocket strata Parameter/group Follow-up period

Baseline Third month Sixth month

Moderate pocket RGMP (mm)

FMUD+SS 2.92 (2.33–3.25) Ab 3.42 (2.67–3.92) Aa 3.25 (3.17–3.75) Aa

FMUD+PVPI 2.13 (1.63–2.89) Ab 2.98 (2.44–3.54) Aa 2.90 (2.53–3.51) Aa

RCAL (mm)

FMUD+SS 8.00 (7.83–8.57) Aa 7.25 (6.67–7.58) Ab 7.17 (6.50–8.00) Ab

FMUD+PVPI 7.54 (7.29–8.30) Aa 7.13 (6.73–7.84) Ab 7.13 (6.58–7.78) Ab

PD (mm)

FMUD+SS 5.36 (5.00–5.50) Aa 3.50 (3.28–4.33) Ab 3.57 (3.25–4.83) Ab

FMUD+PVPI 5.50 (5.25–5.62) Aa 4.00 (3.83–4.52) Ab 4.00 (3.79–4.68) Ab

Deep pocket RGMP (mm)

FMUD+SS 2.33 (1.28–3.00) Ab 2.83 (2.20–4.25) Aa 3.30 (2.20–4.00) Aa

FMUD+PVPI 2.00 (1.75–2.50) Ab 3.00 (2.75–3.50) Aa 3.06 (2.75–3.50) Aa

RCAL (mm)

FMUD+SS 9.38 (8.57–10.00) Aa 7.25 (6.71–8.33) Ab 7.25 (6.58–8.50) Ab

FMUD+PVPI 9.00 (8.90–10.18) Aa 8.06 (7.58–9.28) Ab 8.31 (7.68–9.00) Ab

PD (mm)

FMUD+SS 7.29 (7.20–7.50) Aa 4.50 (4.14–5.00) Ab 4.67 (4.07–5.00) Ab

FMUD+PVPI 7.25 (7.03–7.45) Aa 5.31 (4.56–5.87) Ab 5.06 (4.62–5.50) Ab

For the parameters moderate RCAL and deep RGMP, different lowercase letters in rows indicate a statistically significant difference by the Friedman test
(p<0.05), and different uppercase letters in columns indicate a statistically significant difference by the Mann-Whitney test (p<0.05). For the other
parameters, different lowercase letters in rows and different uppercase letters in columns indicate statistically significant differences by repeated-
measures ANOVA followed by Tukey’s test (p<0.05)
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Using the proposed protocol of the present study, povidone
iodine presented in moderate pockets a RCAL gain of 0.54±
0.52mm and PD reduction of 1.30±0.47mm (while in control
group, these values were, respectively, 0.76±1.15 and 1.35±
1.13 mm). In deep pockets, the RCAL gains were 1.75±0.98
and 1.13±0.94 mm, and PD reductions were 2.74±0.75 and
2.26±0.98 mm in the FMUD+SS and FMUD+PVPI groups,
respectively. This absence of additional clinical benefits of
subgingival irrigation has been described by Krück et al.

[38], who treated patients with chronic periodontitis by scal-
ing and root planing, followed immediately by pocket irriga-
tion with 0.9 % sodium chloride solution, 0.12 % chlorhexi-
dine digluconate or 7.5% povidone iodine. This study showed
no statistical difference between the irrigation substances re-
garding PD reduction, clinical attachment level gain and
bleeding on probing reduction. Koshy et al. [40] and Zanatta
et al. [23], using the same non-surgical therapy protocol with
an ultrasonic device and povidone iodine or water irrigation to

Table 4 Comparison between groups based on immunological variables (mean±SD) evaluated: interleukin-1 beta and interleukin 10 of moderate
(5 mm≤PD<7 mm) and deep (PD≥7 mm) pockets

Initial pocket strata Parameter/group Follow-up period

Baseline First month Third month Sixth month

Moderate pockets IL-1β (pg/mL)

FMUD+SS 33.55±25.64 Aa 22.00±14.38 Aa 20.23±15.19 Aa 20.51±20.97 Aa

FMUD+PVPI 25.00±18.71 Aa 10.05±6.23 Aa 11.06±8.09 Aa 12.76±8.1) Aa

IL-10 (pg/mL)

FMUD+SS 0.22±0.36 Ab 0.47±0.75 Aab 1.59±2.67 Aa 0.52±0.87 Aab

FMUD+PVPI 0.32±0.66 Aa 0.71±0.75 Aa 0.80±0.91 Aa 0.85±1.04 Aa

Deep pockets IL-1β (pg/mL)

FMUD+SS 53.21±39.10 Aa 20.41±12.02 Ab 25.79±25.84 Ab 19.68±20.43 Ab

FMUD+PVPI 30.44±23.33 Aa 12.39±9.83 Aa 12.40±9.26 Aa 18.67±8.14 Aa

IL-10 (pg/mL)

FMUD+SS 0.08±0.14 Aa 0.29±0.50 Aa 0.44±0.59 Aa 0.27±0.45 Aa

FMUD+PVPI 0.05±0.07 Aa 0.31±0.37 Aa 0.39±0.40 Aa 0.31±0.41 Aa

Different lowercase letters in rows and different uppercase letters in columns indicate statistically significant differences by repeated-measures ANOVA
followed by Tukey’s test (p<0.05)

Table 5 Between-group comparisons based on microbiological variables: quantitative presence (median (interquartile ranges)) of Aggregactibacter
actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg) in moderate (5 mm≤PD<7 mm) and deep (PD≥7 mm) pockets

Initial pocket strata Parameter/group Follow-up period

Baseline Third month Sixth month

Moderate pocket Aa*

FMUD+SS 5.46 (3.96–5.99) Aa 2.04 (0–4.60) Ab 4.12 (0.75–4.95) Aab

FMUD+PVPI 5.04 (4.69–5.78) Aa 3.76 (2.44–4.23) Aa 4.13 (1.43–5.26) Aa

Pg*

FMUD+SS 5.82 (5.49–7.25) Aa 1.19 (0–4.82) Ab 0 (0–4.20) Ab

FMUD+PVPI 5.42 (2.42–5.85) Aa 0.49 (0–2.20) Ab 0 (0–1.65) Ab

Deep pocket Aa**

FMUD+SS 5.49 (0–5.72) Aa 3.30 (0–5.15) Aa 3.38 (0–4.34) Aa

FMUD+PVPI 5.33 (3.97–5.47) Aa 3.77 (1.92–4.18) Ab 3.45 (1.47–3.93) Ab

Pg*

FMUD+SS 5.83 (5.15–6.74) Aa 0 (0–2.90) Ab 2.21 (0–4.02) Ab

FMUD+PVPI 4.87 (4.33–5.62) Aa 2.25 (0–3.61) Ab 1.10 (0–3.12) Ab

*Different lowercase letters in rows and different uppercase letters in columns indicate statistically significant differences by repeated-measures ANOVA
followed by Tukey’s test (p<0.05)

**Different lowercase letters in rows indicate statistically significant differences by the Friedman test (α=0.05), and different uppercase letters in
columns indicate statistically significant differences by the Mann-Whitney test (α=0.05)
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treat generalised chronic periodontitis, also failed to found
additional clinical benefits with PVPI irrigation.

The FMUD+PVPI group presented PD reduction and
RCAL gain of 1.30 and 0.54 mm in moderate pockets after
6 months. In deep pockets, the values of PD reduction and
RCAL gain after 6 months were 2.26 and 1.13 mm in that
group. Studies investigating the association of scaling and root
planing with systemic antibiotics (amoxicillin+metronida-
zole) found PD reductions and clinical attachment gains of
1.4 and 1.6 [7] and 2 and 2 mm [11] in moderate pockets. In
deep pockets, the same studies found PD reductions and clin-
ical attachment gains of 3.7 and 4.2 mm [7] and 4.0 and 3 mm.
Although the present study did not investigate the comparison
between topical and systemic antibiotics, it seems plausible
that the concentrations of antibiotics in gingival crevicular
fluid after periodontal therapy could explain the lower values
found in the present study. During systemic antibiotic therapy,
the concentrations of drugs in gingival crevicular fluid are
greater than in a single topical use of PVPI, which, in deep
pockets, could probably reduce the bacterial challenge, there-
by aiding the host response.

The values found in this study were similar to those found
in controlled groups of some studies that tested GAgP treat-
ments. Guerrero et al. [5] presented, in the control group (scal-
ing and root planing+placebo), PD reductions of 1.0 and
1.8 mm, and clinical attachment gains of 0.8 and 1.3 mm in
moderate and deep pockets, respectively. Hughes et al. [41]
showed, in deep pockets, a PD reduction of 2.11±2.01 mm
and a clinical attachment gain of 1.77±2.15 mm after scaling
and root planing. Similar values were also found by Haas et al.
[9] in moderate (PD reduction of 1.25±0.17 mm and clinical
attachment gain of 0.74±0.28 mm) and deep pockets (PD
reduction of 2.76±0.51 mm and clinical attachment gain of
1.35±0.34 mm) in patients treated by scaling and root planing
plus placebo. Mestnik et al. [11] showed PD reductions and
clinical attachment gains of approximately 1.0 and 1.0 mm in
moderate pockets and 2.50 and 2.00 mm in deep pockets
3 months post-scaling and root planing alone. The results
found in this study are in agreement with those presented in
the literature, supporting the idea that the protocol used in this
study could be indicated for the treatment of GAgP.

After treatment, there was an increase on the relative posi-
tion of the gingival margin values on all groups; however, no
difference was observed between the groups. In spite of this
increase, one cannot infer that gingival recession occurred,
since this parameter was represented by the distance from
the gingival margin until the stent used during the clinical
examinations and not the cement-enamel junction. Instead,
these results indicate that both therapies were able to reduce
the gingival margin edema, which is aimed during periodontal
therapy.

Concerning the immunological parameters, IL-1β is a pro-
inflammatory cytokine, and its level could be used as a bone

loss predictor in patients with periodontitis [42]. Thus, the
reduction in IL-1β is desirable after periodontal therapy. For
the anti-inflammatory cytokine IL-10, one of its functions is
the suppression of tissue destruction [43], which makes its
increase after treatment an expected goal of therapy [44]. In
this study, both groups promoted this tendency to reduce IL-
1β and no difference was observed between groups.
Difference was found only in deep pockets for FMUD+SS
group. Tendency to increase IL-10 levels were also seen in
both groups, but no differences in intra- or inter-group evalu-
ations were observed. Other authors who evaluated these in-
flammatory markers also presented high inter-individual var-
iability of GCF markers and have not shown statistically sig-
nificant differences between groups with chronic [25] and
GAgP disease [12, 45, 46].

On the microbiological evaluation, povidone iodine thera-
py did not promote statistical reduction of Aa levels in mod-
erate pockets, and no statistically significant difference was
seen between groups during the evaluation period.
Interestingly, in deep pockets, the FMUD+PVPI group
showed a statistically significant reduction in Aa levels on
the 3-month evaluation. These results are in agreement with
Krück et al. [38] who showed that PVPI could exert some
effect on Aa reduction 3 months after the therapy.
Nonetheless, in the present study, both groups remained with
similar outcomes and no statistical difference. Although no
difference could be seen between groups, Aa is a key pathogen
in GAgP disease and should be a focus of disease control, as
its presence has been associated with further clinical attach-
ment loss. It has been shown to persist in periodontal sites
when these were treated only by mechanical therapy, with
significant reductions when antimicrobials were adjunctively
used [12].

Regarding the Pg level, no significant additional reduction
could be noticed with the use of PVPI. Studies that have pre-
sented additional benefits of PVPI use in the reduction of Pg
levels [38, 39] performed different treatment protocols. Krück
et al. [38] found significant Pg reduction using one session
full-mouth scaling and root planing with curretes and ultra-
sonic device instrumentation 5 min per tooth associated with
10 mL povidone iodine irrigation per quadrant, and the pa-
tients were instructed to rinse their mouth twice daily with
10 mL of 0.12 % chlorhexidine digluconate for 10 days.
Sahrmann et al. [39] found lower levels of Pg in the PVPI
group compared to the baseline values, the treatment protocol
included scaling and root planing associated with PVPI gel
application. Sahrmann et al. [47] also presented that povidone
iodine gel seems to be a good way to use this farmacol being
detectable in the pocket 15 min after the application, allowing
a prolonged remnant effect in the pocket.

In the present study, the FMUD protocol could also nega-
tively influence PVPI action in the subgingival region, as, in
this protocol, all teeth were instrumented within 45 min,
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which represents less than 2min per tooth. It has been reported
in the literature that PVPI acts against periodontal bacteria in a
very low time exposure [19], but Sahrmann et al. [24] de-
scribed that factors like GCF and bleeding can dilute and wash
the PVPI from the periodontal pocket, negating its effective
action. Sahrmann et al. [47] described that povidone iodine
solution applied immediately after scaling and root planing
presents significant concentration decrease within 1 min,
which is probably influenced by the bleeding and GCF. The
use of specific subgingival ultrasonic inserts seems to be in-
sufficient for spraying the irrigation solution all the way to the
bottom of the periodontal pocket [48]. Differently from the
use of a syringe, in the ultrasonic insert, the liquid was re-
leased at the middle of the insert. This characteristic could
influence the extent of PVPI irrigation inside the pocket,
which might have affected its antimicrobial action.

Since this is the first study enrolling generalised aggressive
periodontitis subjects treated by povidine iodine adjuctive to
mechanical therapy, there are still answer to be searched for.
Thus, future studies including new treatment approaches
should consider including this hard-to-treat population and
assess the benefits of PVPI in this kind of patients. Also,
different methods of PVPI application should be tested to
evaluate its effect on microbiological and, consequently,
clinical/immunological results.

Conclusion

We concluded that 10 % PVPI used as an irrigant solution in
FMUD decreased Aa levels in deep pockets but had no addi-
tional benefits when compared with saline solution irrigation in
terms of clinical, microbiological and immunological results.

Acknowledgments The authors thank the Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP) for scholarship support
(grant number 2008/56359-9).

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures in this study were performed in ac-
cordance with the ethical standards of the Ethics Committee of Piracicaba
Dental School (protocol 024/2006), and written informed consent was
obtained from all individual participants included in the study.

References

1. Susin C, Albandar JM (2005) Aggressive periodontitis in an urban
population in southern Brazil. J Periodontol 76:468–475

2. Armitage GC (1999) Development of a classification system for
periodontal diseases and conditions. Ann Periodontol 4:1–6

3. Scharf S, Wohlfeil M, Siegelin Y, Schacher B, Dannewitz B,
Eickholz P (2014) Clinical results after nonsurgical therapy in ag-
gressive and chronic periodontitis. Clin Oral Investig 18:453–460

4. Sigusch B, Beier M, Klinger G, Pfister W, Glockmann E (2001) A
2-step non-surgical procedure and systemic antibiotics in the treat-
ment of rapidly progressive periodontitis. J Periodontol 72:275–283

5. Guerrero A, Griffiths GS, Nibali L, Suvan J, Moles DR, Laurell L,
Tonetti MS (2005) Adjunctive benefits of systemic amoxicillin and
metronidazole in non-surgical treatment of generalized aggressive
periodontitis: a randomized placebo-controlled clinical trial. J
ClinPeriodontol 32:1096–1107

6. Xajigeorgiou C, Sakellari D, Slini T, Baka A, Konstantinidis A
(2006) Clinical and microbiological effects of different antimicro-
bials on generalized aggressive periodontitis. J ClinPeriodontol 33:
254–264

7. Moreira RM, Feres-Filho EJ (2007) Comparison between full-
mouth scaling and root planing and quadrant-wise basic therapy
of aggressive periodontitis: 6-month clinical results. J Periodontol
78:1683–1688

8. Kaner D, Christan C, Dietrich T, Bernimoulin JP, Kleber BM,
Friedmann A (2007) Timing affects the clinical outcome of adjunc-
tive systemic antibiotic therapy for generalized aggressive peri-
odontitis. J Periodontol 78:1201–1208

9. Haas AN, de Castro GD, Moreno T, Susin C, Albandar JM,
Oppermann RV, Rösing CK (2008) Azithromycin as an adjunctive
treatment of aggressive periodontitis: 12-months randomized clin-
ical trial. J ClinPeriodontol 35:696–704

10. Yek EC, Cintan S, Topcuoglu N, Kulekci G, Issever H, Kantarci A
(2010) Efficacy of amoxicillin andmetronidazole combination for the
management of generalized aggressive periodontitis. J Periodontol
81:964–974

11. Mestnik MJ, Feres M, Figueiredo LC, Duarte PM, Lira EA, Faveri
M (2010) Short-term benefits of the adjunctive use of metronida-
zole plus amoxicillin in the microbial profile and in the clinical
parameters of subjects with generalized aggressive periodontitis. J
ClinPeriodontol 37:353–365

12. Casarin RC, Peloso Ribeiro ED, Sallum EA, Nociti FH Jr,
Gonçalves RB, Casati MZ (2012) The combination of amoxicillin
and metronidazole improves clinical and microbiologic results of
one stage, full mouth, ultrasonic debridement in aggressive peri-
odontitis treatment. J Periodontol 83:988–998

13. Guerrero A, Echeverria JJ, Tonetti MS (2007) Incomplete adher-
ence to an adjunctive systemic antibiotic regimen decreases clinical
outcomes in generalized aggressive periodontitis patients: a pilot
retrospective study. J ClinPeriodontol 34:897–902

14. Bonito AJ, Lux L, Lohr KN (2005) Impact of local adjuncts to
scaling and root planning in periodontal disease therapy: a system-
atic review. J Periodontol 76:1227–1236

15. SchaekenMJ, de JongMH, Franken HC, van der Hoeven JS (1984)
Effect of chlorhexidine and iodine on the composition of the human
dental plaque flora. Caries Res 18:401–407

16. Fleischer W, Reimer K (1997) Povidone-iodine in antisepsis—state
of the art. Dermatology 195(Suppl 2):3–9

17. Schreier H, Erdos G, Reimer K, Konig B, Konig W, Fleischer W
(1997) Molecular effects of povidone-iodine on relevant micro-
organisms: an electron-microscopic and biochemical study.
Dermatology 195(Suppl 2):111–116

18. Spratt DA, Pratten J, Wilson M, Gulabivala K (2001) An in vitro
evaluation of the antimicrobial efficacy of irrigants on biofilms of
root canal isolates. IntEndod J 34:300–307

19. Higashitsutsumi M, Kamoi K, Miyata H, Ohgi S, Shimizu T, Koide
K, Nakajima S, Kojima T, Nishizawa S, Sakamoto M (1993)
Bactericidal effects of povidone-iodine solution to oral pathogenic
bacteria in vitro. Postgrad Med J 69(Suppl 3):S10–S14

20. Lanker Klossner B, Widmer HR, Frey F (1997) Nondevelopment
of resistance by bacteria during hospital use of povidone-iodine.
Dermatology 195(Suppl 2):10–13

21. Slots J (2002) Selection of antimicrobial agents in periodontal therapy.
J Periodontal Res 37:389–398

Clin Oral Invest (2016) 20:141–150 149



22. Slots J (2012) Low cost periodontal therapy. Periodontol 2000(60):
110–137

23. Zanatta GM, Bittencourt S, Nociti FH Jr, Sallum EA, Sallum AW,
Casati MZ (2006) Periodontal debridement with povidone-iodine in
periodontal treatment: short-term clinical and biochemical observa-
tions. J Periodontol 77:498–505

24. Sahrmann P, Puhan MA, Attin T, Schmidlin PR (2010) Systematic
review on the effect of rinsing with povidone-iodine during nonsur-
gical periodontal therapy. J Periodontal Res 45:153–164

25. Ribeiro Edel P, Bittencourt S, Zanin IC, Bovi Ambrosano GM,
Sallum EA, Nociti FH, Gonçalves RB, Casati MZ (2009) Full-
mouth ultrasonic debridement associated with amoxicillin and met-
ronidazole in the treatment of severe chronic periodontitis. J
Periodontol 80:1254–1264

26. Ainamo J, Bay I (1975) Problems and proposals for recording gin-
givitis and plaque. Int Dent J 25:229–235

27. MühlemannHR, Son S (1971) Gingival sulcus bleeding—a leading
symptom in initial gingivitis. HelvOdontolActa 15:107–113

28. Smith M, Seymour GJ, Cullinan MP (2010) Histopathological fea-
tures of chronic and aggressive periodontitis. Periodontol 2000 53:
45–54

29. Purucker P, Mertes H, Goodson JM, Bernimoulin JP (2001) Local
versus systemic adjunctive antibiotic therapy in 28 patients with
generalized aggressive periodontitis. J Periodontol 72:1241–1245

30. Sakellari D, Vouros I, Konstantinidis A (2003) The use of tetracy-
cline fibers in the treatment of generalized aggressive periodontitis:
clinical and microbiological findings. J Int Acad Periodontol 5:
52–60

31. Matthews DC (2006) Adjunctive antibiotics in the treatment of
generalized aggressive periodontitis. Evid Based Dent 7:67

32. de Oliveira RR, Schwartz-Filho HO, Novaes AB Jr, Taba M Jr
(2007) Antimicrobial photodynamic therapy in the non-surgical
treatment of aggressive periodontitis: a preliminary randomized
controlled clinical study. J Periodontol 78:965–973

33. Cortelli SC, Cortelli JR, Holzhausen M, Franco GC, Rebelo RZ,
Sonagere AS, Queiroz Cda S, Costa FO (2009) Essential oils in
one-stage full-mouth disinfection: double-blind, randomized clini-
cal trial of long-term clinical, microbial and salivary effects. J
ClinPeriodontol 36:333–342

34. Rosling B, Hellström MK, Ramberg P, Socransky SS, Lindhe J
(2001) The use of PVP-iodine as an adjunct to non-surgical treat-
ment of chronic periodontitis. J ClinPeriodontol 28:1023–1031

35. Del Peloso Ribeiro E, Bittencourt S, Ambrosano GM, Nociti FH Jr,
Sallum EA, Sallum AW (2006) Povidone-iodine used as an adjunct
to non-surgical treatment of furcation involvements. J Periodontol
77:211–217

36. Leonhardt A, Bergström C, Krok L, Cardaropoli G (2006) Healing
following ultrasonic debridement and PVP-iodine in individuals
with severe chronic periodontal disease: a randomized, controlled
clinical study. Acta OdontolScand 64:262–266

37. Leonhardt A, Bergström C, Krok L, Cardaropoli G (2007)
Microbiological effect of the use of an ultrasonic device and iodine
irrigation in patients with severe chronic periodontal disease:
a randomized controlled clinical study. Acta Odontol Scand
65:52–59

38. Krück C, Eick S, Knöfler GU, Purschwitz RE, Jentsch HF (2012)
Clinical and microbiologic results 12 months after scaling and root
planing with different irrigation solutions in patients with moderate
chronic periodontitis: a pilot randomized trial. J Periodontol 83:
312–320

39. Sahrmann P, Imfeld T, Ronay V, Attin T, Schmidlin PR (2014)
Povidone-iodine gel and solution as adjunct to ultrasonic debride-
ment in non surgical periodontitis treatment: an RCT pilot study.
Quintessence Int 45:281–290

40. Koshy G, Kawashima Y, Kiji M, Nitta H, Umeda M, Nagasawa T,
Ishikawa I (2005) Effects of single-visit full-mouth ultrasonic
debridement versus quadrant-wise ultrasonic debridement. J
ClinPeriodontol 32:734–743

41. Hughes FJ, Syed M, Koshy B, Marinho V, Bostanci N, McKay IJ,
Curtis MA, Croucher RE, MarcenesW (2006) Prognostic factors in
the treatment of generalized aggressive periodontitis: I. Clinical
features and initial outcome. J ClinPeriodontol 33:663–670

42. Yoshinari N, Kawase H, Mitani A, Ito M, Sugiishi S, Matsuoka M,
Shirozu N, Ishihara Y, Bito B, Hiraga M, Arakawa K, Noguchi T
(2004) Effects of scaling and root planing on the amounts of
interleukin-1 and interleukin-1 receptor antagonist and the mRNA
expression of interleukin-1beta in gingival crevicular fluid and gin-
gival tissues. J Periodontal Res 39:158–167

43. Moore KW, O’Garra A, deWaal Malefyt R, Vieira P, Mosmann TR
(1993) Interleukin 10. Annu Rev Immunol 11:165–190

44. Górska R, Gregorek H, Kowalski J, Laskus-Perendyk A,
Syczewska M, Madalioski K (2003) Relationship between clinical
parameters and cytokine profiles in inflamed gingival tissue
and serum samples from patients with chronic periodontitis. J
ClinPeriodontol 30:1046–1052

45. Rescala B, Rosalem W Jr, Teles RP, Fischer RG, Haffajee AD,
Socransky SS, Gustafsson A, Figueredo CM (2010) Immunologic
and microbiologic profiles of chronic and aggressive periodontitis
subjects. J Periodontol 81:1308–1316

46. Teles RP, Gursky LC, Faveri M, Rosa EA, Teles FRF, Socransky SS,
Haffajee AD (2010) Relationship between subgingivalmicrobiota
and GCF biomarkers in generalized aggressive periodontitis. J Clin
Periodontol 37:313–323

47. Sahrmann P, Sener B, Ronay V, Attin T, Schmidlin PR (2012)
Clearance of topically-applied PVP-iodine as a solution or gel in
periodontal pockets in men. Acta Odontologica Scandinavica 70:
497–503

48. Eakle WS, Ford C, Boyd RL (1986) Depth of penetration in peri-
odontal pockets with oral irrigation. J Clin Periodontol 13:39–44

150 Clin Oral Invest (2016) 20:141–150


	Full-mouth ultrasonic debridement associated with povidone iodine rinsing in GAgP treatment: a randomised clinical trial
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Aim of this study
	Materials and methods
	Study design
	Study population
	Calibration, randomisation and power calculation
	Periodontal treatment
	Clinical evaluations
	Biofilm and gingival crevicular fluid collection
	Microbiological evaluations
	GCF cytokine levels
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


