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Background: The purpose of this study is to clinically and
microbiologically evaluate the effect of photodynamic
therapy (PDT) as a full-mouth procedure in Fusobacterium
nucleatum–infected patients with periodontitis.

Methods: In the present study, PDT is administered adjuv-
antly after scaling and root planing (SRP) to patients with lo-
calized chronic periodontitis (LCP). Twenty-four patients, in
whom only F. nucleatum was detected by baseline polymer-
ase chain reaction (PCR) after SRP, were randomly assigned
to PDT and control groups. PDT was carried out once as
a full-mouth disinfection in the test group. The control group
was treated with the photosensitizer solution, but without laser
irradiation. In all subjects, the clinical parameters plaque in-
dex, reddening, bleeding on probing (BOP), probing depth
(PD), gingival recession, and clinical attachment level (CAL)
were determined at the baseline examination and at 1, 4,
and 12 weeks after PDT. Quantitative analysis of the F.
nucleatum DNA concentration was performed by competitive
PCR. All clinical indices were calculated for each test and con-
trol subject as were the median and interquartile range of each
group.

Results: In patients with LCP who received PDT treatment,
significant reductions in reddening, BOP, and mean PD and
CAL were observed during the observation period and with re-
spect to controls. Four and 12 weeks after PDT, the mean PD
and CAL showed significant differences from baseline values
and from those of the control group. In the PDT group, 12
weeks after treatment, the F. nucleatum DNA concentration
was found to be significantly reduced compared to the base-
line level.

Conclusion: The results of this study show that the adju-
vant application of the described PDT method is appropriate
to reduce periodontal inflammatory symptoms and to suc-
cessfully treat infection with F. nucleatum. J Periodontol
2010;81:975-981.
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T
he presence of a bacterial biofilm
of periodontopathogenic species
on the tooth or root surface is the

major cause of gingivitis and peri-
odontitis.1-3 It is well accepted that
mechanical removal of dental biofilms is
the basis of any adjunctive periodontal
therapy. Currently, researchers search
increasingly for efficient adjuvant anti-
infection treatment modalities with the
least possible side effects. Local and
systemic administrations of antibiotics
may lead to resistance and gastrointesti-
nal and other disorders, and patient
compliance is often an added problem.4-6

Anew,alternativemethodofadjunctive
antimicrobial treatment is provided by
photodynamic therapy (PDT), which in-
volves the use of a photosensitizer (PS)
that is activated by exposure to light of
a specific wavelength in the presence of
oxygen. The exposure of the PS to light re-
sults in the formation of oxygen species
such as singlet oxygen and free radicals,
the antimicrobial effects of which are
known.7 There are also several in vitro
studies8-11 on the effectiveness of PDT
against periodontopathogenic bacteria.
However, only a few studies12,13 investi-
gated theefficacyofPDT inanimalmodels
or clinical trials. Kömerik et al.12 proved
the successful use of PDT in the rat model,
in which toluidine blue–mediated PDT suf-
ficiently suppressed Porphyromonas gin-
givalis. Sigusch et al.14 established
a clinical infection model using beagle
dogs. The animals were infected with
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Fusobacterium nucleatum and P. gingivalis in all
periodontal sites. PDT was performed with two chlo-
rine-based sensitizers and BLC1010, followed by illu-
mination withadiode laser (wavelength: 662 nm). The
treatment resulted in a significant reduction of inflam-
mation signs like redness and bleeding on probing
(BOP). It was also proven that BLC1010 photosensiti-
zation suppressed P. gingivalis more efficiently than it
suppressed F. nucleatum. In a recent study by de Oli-
veira et al.,15 antimicrobial PDT, together with scaling
and root planing (SRP), was applied in a split-mouth
design in patients with aggressive periodontitis. The
experiments used a laser source with a wavelength
of 660 nm and a phenothiazine-based PS. Phenothia-
zine dyes include, among others, methylene blue and
toluidine blue. In the study by de Oliveira et al.,15 PDT
(without SRP) and SRP showed similar clinical results
in the non-surgical treatment of patients with aggres-
sive periodontitis over an observation period of 3
months. However, the authors15 did not report any re-
sults of microbiologic monitoring of the periodontopa-
thogenic species. Azarpazhooh et al.16 also held that
there were not enough data to show that phenothia-
zine-based PDT is efficacious.

For these reasons, the aim of the present study is to
investigate the clinical and microbiologic efficacy of
the phenothiazine-based PDT method as a full-mouth
procedure in F. nucleatum–infected patients with lo-
calized chronic periodontitis (LCP).

MATERIALS AND METHODS

Patient Population
The experimental protocol was reviewed and ap-
proved by the Ethics Committee of the University of
Jena (B1671-12/05).

Examinations in the present study were carried out
from April 2006 through February 2008 on patients
with LCP from the patient pool of the Department of
Conservative Dentistry, University of Jena. Patients
with LCP were characterized by <30% of sites with prob-
ing depths (PDs) >3.5 mm.17 After meticulous supra-
and subgingival SRP and microbiologic monitoring,18

24 patients (age range: 32 to 58 years) with LCP were
included in the study (Table 1). All subjects had com-
plete dentitions. We selected only those patients in
whom F. nucleatum was detected 3 weeks after SRP.
After randomization by drawing lots, 12 persons each
were assigned to the test and control groups. Patients
with systemic diseases, smokers, and patients who
had received periodontal treatment with antibiotics in
the previous 6 months were excluded from the study.
All participants signed informed consent forms.

Clinical Measurements
Clinical findings were taken on six sites of each tooth
at the baseline visit (3 weeks after SRP) and after 1, 4,

and 12 weeks by an experienced masked periodontist
(BWS) who was not involved in the treatment phase.
The clinical findings recorded were the plaque in-
dex (PI),14 presence and/or absence of BOP and
redness, PD, gingival recession, and clinical attach-
ment level (CAL) (measured using a 1-mm-graduated
probe§).14,18-20

Microbiologic Monitoring
At thebaselinevisit and theotherclinical examination
times, subgingival plaque was taken with endodontic
paper tips (International Standard Organization [ISO]
30) from the deepest site per quadrant and subse-
quently pooled separately for the upper and lower
jaw. At baseline, qualitative analysis with regard to
the periodontopathogenic species F. nucleatum, Ag-
gregatibacter actinomycetemcomitans (previously
Actinobacillus actinomycetemcomitans), P. gingiva-
lis, Tannerella forsythia (previously T. forsythensis),
and Treponema denticola was made by means of
polymerase chain reaction (PCR).14 The study exclu-
sively included subjects in which only F. nucleatum
was detected. To obtain a quantitative measure of
the bacterial DNA concentration of F. nucleatum be-
foreandafterPDT,weused themethodofcompetitive
PCR. A known concentration of a specific competitor
DNA and a template of the DNA to be analyzed were
simultaneously amplified in a PCR batch. Quantifica-
tion was possible by means of step-by-step decadic
dilution of the initial competitor DNA concentrations
and the subsequent comparison of the bands in the
agarose gel of the competitor and template amplifi-
cates.21,22

PDT Procedure
The antimicrobial effect of the PDT method is based
on the combination of a blue PS with laser light with

Table 1.

Basic Demographic Data in PDT and
Control Groups

PDT Group Control Group

Demographic Female Male Total Female Male Total

N 8 4 12 9 3 12

Mean age (years) 39.75 45.00 41.50 44.22 42.67 43.83
SD 10.33 12.06 10.69 8.21 5.03 7.36
Minimum 32 32 32 34 38 34
Maximum 55 58 58 58 48 58

§ Hu-Friedy, Chicago, IL.
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a 660-nm wavelength. We used a soft diode laseri and
a phenothiazine chloride PS solution.¶ A fiber-optic
applicator# with a 0.6-mm diameter was used as a la-
ser applicator to direct the laser light into the gingival
crevice or the periodontal pocket. The power density
measured at the surface of that laser applicator was
;60 mW/cm2.

In the course of the study, the PDT method was ap-
plied in one session as a one-stage full-mouth treat-
ment on all periodontal sites of the test subjects with
LCP (Table 2). The PS solution was applied by placing
the cannula tip of the PS applicator to the bottom of the
periodontal pocket and delivered continuously during
the removal of the tip toward the coronal side, and the
upper surface of the tongue was wetted with PS solu-
tion. After an action time of 1 minute, the excess was
removed by careful rinsing of all sites with physiologic
saline solution. Immediately thereafter, six sites of
each tooth were irradiated. Each site was exposed
to the laser light using the fiber-optic applicator**
for 10 seconds for a total of 1 minute per tooth. This
was carried out as a full-mouth treatment that
covered all teeth and the tongue. The tongue was irra-
diated in six segments, each for 10 seconds. Control
subjectswerealso treatedwith thePSsolutionbutwith-
out laser irradiation (Table 2).

Statistical Analyses
The clinical indices of plaque, redness, BOP, PD,
gingival recession, CAL, and DNA amount of F.
nucleatum (maxillary and mandible) were calculated
for each test and control subject, as were the median
and interquartile range of each group. Global time ef-
fects were studied using the Friedman non-parametric
analysis of variance. Paired comparisons of time ef-
fects were analyzed by the Wilcoxon signed-rank test
withBonferroniadjustment.Thesignificanceof thedif-
ference between the test and control groups was eval-
uated on the basis of the Mann-Whitney U test. Results
were considered significant at P <0.05. A software
package was used for statistical calculations.††

RESULTS

In patients with LCP who were infected with the peri-
odontopathogenic species F. nucleatum, the PDT
method led to a manifest reduction in the periodontal
inflammation symptoms within the 3-month observa-
tion period.

The PI, which did not differ between the test and
control groups at baseline, was found to be signifi-
cantly reduced in both groups at all times after treat-
ment (PDT procedure or sole application of the PS
solution for the controls). Twelve weeks after the
treatment, a significant difference between groups
was detected (Fig. 1).

In the PDT group, a significant reduction of the red-
ness-positive sites from 45% (baseline) to 3% (post-
treatment) was observed after 12 weeks (Fig. 2). This
post-therapy difference was also significant com-
pared to the control group (P <0.001).

A similar good result with a significant difference
from the baseline value and the control group was also
observed for the BOP parameter. After 12 weeks, the
test group showed a significant reduction of the mean
bleeding score from 66% to 18%, whereas it increased
from 68% to 72% in the control group (Fig. 3).

Regarding the mean PD and CAL, a significant re-
duction was ascertained in the test group during the
observation period and with respect to controls (Fig.
4; Table 3). Twelve weeks after PDT, the mean PD
of the deepest site per quadrant showed significant
differences from the baseline value and from the con-
trol group (Fig. 5). As for gingival recession and CAL,
no significant changes were detected 12 weeks after
the treatment (Table 3).

Microbiologic monitoring revealed that PDT had
a clearly detectable effect on the periodontopatho-
genic species F. nucleatum. As shown in Figure 6,
the comparison of the F. nucleatum DNA quantities
of the maxillary and mandible with the baseline value
still revealed a significant reduction 12 weeks after
PDT. The difference was also significant compared
to the control group (Fig. 6).

DISCUSSION

In this study, we proved that application of the PDT
method resulted in a significant reduction of the clin-
ical inflammatory signs in patients with LCP and F.
nucleatum infection. Moreover, to our knowledge, this
was the first clinical study that proved that PDT can
reduce PD and significantly suppress F. nucleatum
in cases of LCP.

Table 2.

Number of Treated Sites in PDT and
Control Groups

Statistical

Parameters

Number of Sites

3.5 to 5.5 (mm)

Number of

Sites >5.5 (mm)

PDT Controls PDT Controls

Median 41.50 43.50 5.00 5.50

Interquartile range 6.50 9.50 5.75 7.75

Minimum 29 35 0 0

Maximum 48 50 9 11

i Helbo-TheraLite Laser, Helbo Photodynamic Systems, Grieskirchen,
Austria.

¶ Helbo-Blue Photosensitizer, Helbo Photodynamic Systems.
# Helbo-3D Pocket Probe, Helbo Photodynamic Systems.
** Helbo-3D Pocket Probe, Helbo Photodynamic Systems.
†† SPSS 17.0 for Windows, SPSS, Chicago, IL.
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The microbiologic and clinical efficacy of PDT
against periodontopathogenic species and periodon-
tal inflammation in vitro11 and in animal experi-
ments14 and in patients22 was already observed in
previous studies; de Oliveira et al.15 and Braun
et al.23 also reported on the efficacy of PDT against
the clinical inflammatory signs compared to scaling
and root planing. To our knowledge, only one clinical
study24 of periodontitis patients included microbio-

logic monitoring, although different attempts were
made in recent years to introduce antimicrobial PDT
as an additional methodology for the efficient control
of periodontal disease. Christodoulides et al.24 re-
ported that, in patients with chronic periodontitis
(mean PD >5 mm), a single episode of PDT, based
on the same procedure used in the present study,
led to a significantly higher reduction in bleeding

Figure 1.
PI in PDTand control groups from baseline to 12 weeks after treatment.
There was a significant reduction in both groups at all times. Bonferroni-
adjusted P values for the PDT versus control groups (Wilcoxon signed-
rank test): 1 week: P = 0.001 versusP = 0.001; 4 weeks: P = 0.001 versus
P = 0.001; and 12 weeks: P = 0.001 versus P = 0.02. There was
a significant difference between the PDTand control groups after 12
weeks (P = 0.003; U test). In Figure 1, each box indicates the lower and
the upper quartiles; the central line is the median; whiskers indicate 10%
and 90% quartiles; and circles represent outliers.

Figure 2.
Redness in PDTand control groups from baseline to 12 weeks after
treatment. There was a significant reduction in the PDT group after 12
weeks and a significant increase in the control group after 12 weeks.
Bonferroni-adjusted P value for the PDTand control groups at 12 weeks:
P = 0.001. There was a significant difference between PDT and control
groups at all times: P = <0.001. In Figure 2, each box indicates the lower
and the upper quartiles; the central line is the median; asterisk and
whiskers indicate 10% and 90% quartiles; and circles represent outliers.

Figure 3.
BOP in the PDT and control groups from baseline to 12 weeks after
treatment. There was a significant reduction in the PDT group at all times
and in the control group at week 1 only. Bonferroni-adjusted P value for
the PDT group at 1 week : P = 0.001, at 4 weeks : P = 0.001, and at 12
weeks: P = 0.001. Bonferroni-adjusted P value for the control group at
1 week : P = 0.001. There was a significant difference between PDTand
control groups after 12 weeks: P = <0.001. In Figure 3, each box indicates
the lower and the upper quartiles; the central line is the median; whiskers
indicate 10% and 90% quartiles; and circles represent outliers.

Figure 4.
Mean PD in the PDTand control groups from baseline to 12 weeks after
treatment. There was a significant reduction in the PDT group at all times
after PDT and after 4 weeks in the control group. Bonferroni-adjusted
P value for the PDT group at 4 weeks: P = 0.002 and at 12 weeks: P =
0.003. Bonferroni-adjusted P value for the control group at 4 weeks: P =
0.013. There was a significant difference between the PDT and control
groups 12 weeks after baseline: P = <0.002. In Figure 4, each box
indicates the lower and the upper quartiles; the central line is the
median; whiskers indicate 10% and 90% quartiles; and circles represent
outliers.
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scores compared to SRP alone, although semiquanti-
tative PCR did not reveal any statistically significant
changes of the periodontopathogenic species.

In various studies11,14,25 on PDT, PDT was capable
of suppressing the periodontopathogenic species
in vitro and in vivo. However, whether PDT as an ad-
juvant anti-infection method will be successful in the
long run will have to be ascertained in controlled clin-
ical studies. To our knowledge, the present study is
one of the first to prove PDT efficacy in periodontitis
patients. In addition to the clinically evident reduction
of the redness and BOP parameters caused by pheno-
thiazine-based photosensitization, the present study
proved that PDT successfully suppressed the peri-
odontopathogenic species F. nucleatum in patients
with LCP.

The pathogenic potential of F. nucleatum and its
significance in the development of periodontal dis-
eases have gained great interest in recent years.18

Shenker26 proposed a model of immunologic dys-
function in the early stages of periodontitis. In this
immunologic dysfunction and the subsequent persis-
tence of the inflammation (a poor response to SRP),
F. nucleatum may possibly play an important role.
This positive antimicrobial effect was accompanied
with a significant reduction in the mean PD and mean
CAL throughout the 12-week observation period.

However, the initial results of a hitherto unpub-
lished clinical and microbiologic study of generalized
chronic periodontitis patients conducted by our team
showed that the repeated application of phenothia-
zine-based PDT seemed to be necessary in more se-
vere cases to ensure a clinical and microbiologic
success. This might be the reason why a recently pub-
lished review16 of the effect of PDT in periodontitis
cases found that PDT as an adjunct to SRP using phe-
nothiazine-based PSs was not superior to SRP treat-
ment alone. Apart from that, in the studies cited in
the review,16 appropriate microbiologic monitoring
and exact patient classification were missing.

In the investigated LCP cases of the present study,
we observed a significant reduction in the mean PD,
mean CAL, and mean PD of the deepest site per quad-
rant compared to controls, even after a one-stage ap-
plication of PDT. After 12 weeks, the mean PD of the
deepest site per quadrant of the PDT group was 2.7 –
0.5 mm, whereas the mean PD of the deepest site per
quadrant of the control group was 4.3 – 0.7 mm. The
results of the PDT group were also statistically signif-
icant compared to baseline values. de Oliveira et al.15

stated that the reduction of gingival recession in a PDT
group may have been attributed to the atraumatic use
of optic fibers. In the present study, no statistically
significant influence of PDT on the gingival recession
parameter is detected.

Table 3.

CAL and Gingival Recession in PDT and Control Groups Over the 12-Week
Observation Time

CAL (mm) Gingival Recession (mm)

PDT Group Control Group PDT Group Control Group

Visits Median Interquartile Range Median Interquartile Range Median Interquartile Range Median Interquartile Range

Baseline 3.40 0.58 3.75 0.52 0.20 0.00 0.20 0.10

4 weeks 2.55 0.52 3.40 0.67 0.15 0.18 0.25 0.18

12 weeks 2.45 0.68 3.55 0.55 0.20 0.18 0.20 0.10

There was a significant change in CAL in the PDT group after PDT versus the control group at 4 weeks (P <0.002; Mann-Whitney U test) and 12 weeks
(P <0.001; Mann-Whitney U test).

Figure 5.
Mean PD of the deepest site per quadrant in the PDTand control groups
from baseline to 12 weeks after treatment. There was a significant
reduction in the PDT group 12 weeks after treatment. Bonferroni-
adjusted P value at 12 weeks: P = 0.001. There was a significant
difference between the PDTand control groups 12 weeks after baseline:
P = <0.001. In Figure 5, each box indicates the lower and the upper
quartiles; the central line is the median; whiskers indicate 10% and 90%
quartiles; and circles represent outliers.
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979



Periodontitis is an infectious disease, and a current
concept for treating periodontitis is primarily focused
on eliminating the infection.2 The management of
periodontal disease includes many treatment modal-
ities such as conventional therapies by surgery and/
or non-surgical methods. Although several stud-
ies17,27-30 considered SRP as the basic prerequisite
for a long-term treatment success, the relevant liter-
ature lacks any definition of a sufficiently planed and
bacterially reduced root surface from a clinical point
of view. In particular, the complete removal of the
bacterial biofilm by exclusively mechanical methods
seems too insufficient. Therefore, it is interesting that
PDT successfully suppressed periodontopathogenic
species in animal experiments.10,12 Given that peri-
odontopathogenic bacteria can also invade the peri-
odontal tissue and often (as with the subjects in the
present study) are still evident after careful SRP, with
clinically and still relatively high levels of redness and
BOP, special treatment concepts combining me-
chanical and alternative anti-infection modalities
are required. It is known, for example, that PSs are
capable of penetrating through the epithelium and
connective tissue.15 Several authors recom-
mend19,20,27,30 the adjuvant application of antibi-
otics in addition to mechanical therapy in cases of
severe periodontitis; adjuvant PDT could become
clinically relevant at least in less severe cases of peri-
odontitis.19,31 It can be assumed that the reduction in
the DNA quantity of F. nucleatum after PDT in the
present study was closely associated with the dis-
tinctly reduced inflammatory signs and the decrease
in mean PD and mean CAL because F. nucleatum is
known to be one of those periodontopathogenic spe-
cies associated with periodontitis, andespeciallywith
BOP.18

Previously, Sigusch et al.14 reported
the significant suppression of F. nuclea-
tum and P. gingivalis by PDT in an
animal experiment. After the infection
of periodontally healthy animals and
the establishment of a microbiologic
steady state, PDT was carried out with
various PSs. A significant reduction of
F. nucleatum and P. gingivalis was
made evident by culture methods and
quantitative PCR.

On the basis of a case report of a pa-
tient with generalized chronic peri-
odontitis, we demonstrated a distinct
suppression of the bacterial DNA of F.
nucleatum, P. gingivalis, T. forsythia,
T. denticola, and A. actinomycetemco-
mitans, in addition to the reduction of
clinical inflammatory signs and PDs af-
ter application of the PDT method on

three successive days.22 In 2001, Dörtbudak et al.13

reported the antimicrobial efficacy of PDT in peri-
implantitis patients. The species A. actinomycetem-
comitans, P. gingivalis, and Prevotella intermedia
were distinctly suppressed on the implant surfaces.

Because the bacterial flora of periodontitis differs
only slightly from that of peri-implantitis, there is a no-
ticeable parallel in the therapeutic approach, i.e., an-
timicrobial PDT is employed as an adjuvant after
mechanical therapy. This method is suitable for use
in both diseases.27,32 In the present study, we re-
cruited patients with LCP in which SRP alone was
not sufficient to reduce the clinical inflammatory
symptoms and suppress F. nucleatum. But the adju-
vant application of phenothiazine-based PDT as a full-
mouth procedure led to a significant improvement of
the clinical and microbiologic parameters after 12
weeks.

CONCLUSION

The results of this study show that the adjuvant appli-
cation of the PDT method described was appropriate
to reduce periodontal inflammatory symptoms and to
successfully treat infection with F. nucleatum.
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