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Abstract The aim of this trial was to investigate changes
occurring in the subgingival microbiological composition
of subjects with aggressive periodontitis, treated with
antimicrobial photodynamic therapy (aPDT), in a single
episode, or scaling and root planing (SRP), in a split-mouth
design on −7, 0, and +90 days. Ten patients were randomly
assigned to either aPDT using a laser source in conjunction
with a photosensitizer or SRP with hand instruments.
Subgingival plaque samples were collected and the counts
of 40 subgingival species were determined using checkerboard DNA-DNA hybridization. The data were analyzed
using the method of generalized estimating equations (GEE)
to test the associations between treatments, evaluated
parameters, and experimental times (α=.05). The results
indicated that aPDT and SRP affects different bacterial
species, with aPDT being effective in reducing numbers of
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A. actinomycetemcomitans than SRP. On the other hand,
SRP was more efficient than aPDT in reducing the presence
of periodontal pathogens of the Red Complex. Additionally,
a recolonization in the sites treated by aPDT was observed,
especially for T. forsythia and P. gingivalis. Under our
experimental conditions, this trial demonstrates that aPDT
and SRP affected different groups of bacteria, suggesting
that their association may be beneficial for the non-surgical
treatment of aggressive periodontitis.
Keywords Periodontal diseases/therapy .
Photochemotherapy . Photosensitizing agents

Introduction
Generalized aggressive periodontitis is a rapidly progressing disease that affects otherwise healthy individuals [1, 2]
and is characterized by a pronounced episodic and rapid
destruction of periodontal tissues, which may result in early
tooth loss. Generalized aggressive periodontitis subjects
display an inadequate host response to periodontopathogenic bacteria due to an increased expression of a wide
variety of immunological and genetic risk factors [3, 4].
The complex interplay between the host risk factors and the
periodontal microbiota induces a high susceptibility to
periodontal disease.
Besides non-pathogenic species of bacteria and/or
extracellular macromolecules, several periodontopathogenic
pathogens are associated with periodontal disease, e.g., the
aerobic Gram-negative species Porphyromonas gingivalis,
Tannerella forsithya, Treponema denticola, the microaerophilic, Gram-negative Aggregatibacter actinomycetemcomitans; and the Gram-negative, facultative aerobic species
Eikenella corrodens [5–10]. Mechanical removal of the
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biofilm and additional use of antibacterial disinfectants or
antimicrobial drugs is the conventional approach to treat
aggressive periodontitis. More recently, however, there
have been reports of bacterial strains becoming resistant
due to the frequent use of antimicrobial drugs [11–13]. As a
consequence, there is a growing interest in the development
of alternative antimicrobial treatment concepts.
Antimicrobial photodynamic therapy (aPDT) could be
an alternative to the conventional therapeutic methods. The
principle of aPDT is that a photoactivable compound (=the
photosensitizer), binds the target cell and becomes activated
by light of suitable wavelength. During the activation
process, free radicals are formed, which have a toxic effect
on the cell. The term photodynamic therapy was established
as early as 1900 by Raab [14], who realized that the
interaction between acridine, a dye, and visible light in the
presence of oxygen killed paramecia.
The bactericidal efficacy of aPDT against periodontal
pathogens has been demonstrated in a study using a rat
model. The results showed that Toluidine Blue-mediated
lethal photosensitization of P. gingivalis is possible in vivo,
which will result in decreased bone loss [15]. Sigush et al.
[16] demonstrated that aPDT using a photosensitizer and a
662-nm laser light source resulted in reduced periodontal
signs of redness and reduced bleeding on probing in dogs.
The procedure also appeared to significantly suppress
P. gingivalis.
A controlled clinical trial [17] was designed to compare
the effect of aPDT alone and SRP in subjects with
aggressive periodontitis. After 3 months of therapy, both
treatments yielded comparable outcomes in terms of
reducing bleeding on probing, reducing probing pocket
depths and gaining clinical attachment levels, suggesting a
potential clinical effect of aPDT.
Therefore, the aim of this clinical trial was to investigate
the microbiological changes in patients with aggressive
periodontitis, after treatment either with antimicrobial
photodynamic therapy or scaling and root planning.

Materials and methods
Patient population
The research protocol was reviewed and approved by the
institution’s Human Research Committee of the School of
Dentistry of Ribeirão Preto, University of São Paulo on
December 7, 2005 (protocol 05.1.1038.53.9). Ten patients
(eight women and two men) aged between 18 and 35 years
(mean age 31 years), with clinical diagnosis of generalized
aggressive periodontitis were selected. The selected patients
had a minimum of 20 teeth (mean of 26 teeth) with at least
one tooth in each posterior sextant, and at least one
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posterior sextant with a minimum of three natural teeth.
The subjects also presented with ≥5 mm of attachment loss
around at least seven teeth involved, excluding first molars
and central incisors [18, 19]. Criteria for exclusion from the
study were: (1) periodontal treatment within the last
6 months; (2) systemic diseases that could influence the
outcome of therapy; (3) pregnancy; (4) smoking; and (5)
ingestion of systemic antibiotics within the last 6 months.
All participants signed the informed consent form.
Study design
The study was performed using the split-mouth design. Ten
pairs of contra-lateral maxillary single-rooted teeth were
included (ten lateral incisors, eight canines, and two premolars). Each tooth of each contra-lateral pair exhibited
probing depth of ≥5 mm on at least two sites. In each
contra-lateral pair, one tooth was randomly treated, trough a
coin to ss, with subgingival scaling and root planing (SRP)
using hand instruments whereas the other tooth was treated
with aPDT. All patients were treated by the same
experienced operator.
Oral hygiene program
Fourteen days prior to treatment, all patients were enrolled
in a hygiene program and received oral hygiene instructions, corresponding to their individual need. Supragingival
professional tooth cleaning was performed 7 days prior to
baseline.
Non-surgical treatments
The mechanical subgingival instrumentation (SRP group)
was performed using hand instruments (Gracey curettes,
No. 3/4, 5/6, 7/8, 11/12 and 13/14, Hu-Friedy, Chicago, IL,
USA). For the aPDT group, a dye/laser system was applied.
The system consisted of a hand-held battery-operated diode
laser (HELBO® minilaser 2075F dent, HELBO Photodynamic Systems GmbH & Co KG, Grieskirchen, Austria).
The laser wavelength was 660 nm with a power of 0.06 W/
cm2 for 10 s and fluency of 212.23 J/cm2. The dye was a
commercial solution based on a phenothiazine chloride
(HELBO Blue Photosensitizer®, HELBO Photodynamic
Systems). The photosensitizer was applied placing the
applicator at the bottom of the periodontal pocket and was
continuously deposited in a coronal direction for 1 min
followed by copious irrigation with distilled water to
remove the excess. Afterwards, the diode laser unit was
used with an 8.5-cm-long flexible fiber optic tip curved at
an angle of 60° with a spot size 0.06 cm in diameter. The
treatment was done in six sites per tooth. The amount of
time needed in the SRP group was, on average, 8 min,
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while average time spend for the aPDT group was 3 min.
All the tooth surfaces were treated either by SRP or aPDT
but only the proximal surfaces (mesial and distal) were
considered for the microbiologic analysis (total=40 sites).
Collection of plaque samples
Subgingival plaque samples were taken at −7, 0, and at
90 days post-therapy from the proximal pockets (mesial and
distal) of the selected teeth. Counts of 40 subgingival
species were determined in each plaque sample using the
checkerboard DNA-DNA hybridization technique [20, 21].
In brief, after removal of supragingival plaque, subgingival
biofilm samples were taken using individual sterile curettes
from the proximal surface of each selected tooth and placed
into separate microtubes containing 0.15 ml Tris EDTA
buffer (10 mm Tris-HCl, 1 mm ethylenediaminetetraacetic
acid, pH 7.6). Immediately after, 0.10 ml of 0.5 m NaOH
was added to each sample. The samples were boiled for 10
min and neutralized using 0.8 ml of 5 M ammonium
acetate. The released DNA was placed into the extended
slots of a Minislot 30 apparatus (Immunetics, Cambridge,
MA, USA) concentrated onto a 15 × 15-cm positively
charged nylon membrane (Boehringer-Mannheim, Indianapolis, IN, USA) and fixed to the membrane by baking at
120°C for 20 min. The membrane was placed in a
Miniblotter 45 (Immunetics, Cambridge, MA, USA) with
the lanes of DNA at 90° to the lanes of the device.
Digoxigenin-labeled whole genomic DNA probes to 40
subgingival species were hybridized in individual lanes of
the Miniblotter. Following hybridization, the membranes
were washed at high stringency and the DNA probes
detected using antibody to digoxigenin conjugated with
alkaline phosphatase and chemiluminescence detection and
converted to absolute counts by comparison with the
regression line determined from data from the standards
on the same membrane. Failure to detect a signal was
recorded as zero. A total of 40 subgingival samples were
evaluated. Two lanes in each run contained standards at
concentrations of 105 and 106 cells of each species. The
sensitivity of the assay was adjusted to permit detection of
104 cells of a given species by adjusting the concentration
of each DNA probe.
Statistical analysis
Statistical analysis was performed using the method of
generalized estimating equations (GEE). GEE was
employed in place of traditional ANOVA due to the lack
of independence among the sites within each patient’s
mouth [22, 23]. The GEE method is also proper for the
analysis of longitudinal data. Through descriptive analysis,
mean and standard deviations for each variable depending
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on factors were presented. This analysis was complemented
by graphs containing the confidence intervals for the levels
of variation of the factor "time". All analyses were
performed at a 0.05 level of significance. A software
package was used for all calculations (SPSS version 16.0.0,
SPSS, Chicago, IL, USA).

Results
The postoperative healing was uneventful in all cases. No
complications such as abscesses or infections were observed
throughout the study.
All 40 bacterial species evaluated in this trial were
detected in different levels before the treatment at day −7.
An increase in the mean counts of the majority of the
bacterial species in the period between −7 to baseline was
observed. As shown in Fig. 1, aPDT reduced the presence
of A. actinomycetemcomitans significantly more than SRP
(p=0.00). At baseline, the mean counts of A. actinomycetemcomitans were similar for both groups, 0.33±0.30
for the SRP group and 0.27±0.25 for the aPDT group.
After 90 days, a significant reduction in mean counts of A.
actinomycetemcomitans was observed for the aPDT group
(0.02±0.01), while the mean counts for the SRP group
remained high (0.26±0.25). On the other hand, SRP was
more efficient than aPDT in reducing the presence of
periodontal pathogens of the Red Complex. These results
indicate that aPDT and SRP affect different bacterial
species. Additionally, a recolonization in the sites treated
by aPDT was observed, especially for T. forsythia and P.
gingivalis. The period from baseline to 90 days was
characterized by an increase in mean counts of several
bacterial species analyzed, notably, the Actinomyces species
and the members of the "purple" complex.

Discussion
The present study was designed to investigate microbiological changes in the subgingival microbiota of patients
with aggressive periodontitis treated with either aPDT or
SRP. It is important to emphasize that this study is the third
part of a sequence of studies [17, 24] developed to evaluate
the effects of aPDT in the treatment of aggressive
periodontitis. Antimicrobial drugs were not used in this
trial, so that its adjunctive effect would not interfere with
the outcome. Currently, data in the literature suggest that
systemically administered antimicrobials can enhance the
effects of mechanical therapy in the treatment of aggressive
periodontitis as assessed by clinical parameters [25].
However, due to the relative absence of randomized
controlled clinical trials including microbiological data, no
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Fig. 1 Mean counts (× 105) of 40 bacterial species at −7 days, 0, and
90 days in subjects in each of the two treatment groups. Significance
of differences between the treatments is marked with the letter “A”

(p<0.05) and differences over time were marked as *p< 0.05,
**p<0.01 and ***p<0.001

guidelines exist regarding the appropriate antimicrobial
regime and time of administration for this particular group
of patients. Possibly, one of the reasons for the low number
of studies is the low prevalence of aggressive periodontitis
[26] and the consequent difficulty in selecting participants
for studies. Furthermore, aggressive periodontitis is often
diagnosed at an advanced stage of the disease, when the
prognosis for non-surgical treatment may be unfavorable.
The results of this study showed that both treatment
modalities may lead to statistically significant improvements in bacterial counts when comparing both treatments
and experimental times. Additionally, the observation that

the postoperative healing was uneventful in all cases
throughout the study period indicates that non-surgical
periodontal treatment using aPDT is well tolerated by the
patients.
It has been clearly demonstrated that periodontitis is an
infectious disease [27, 28] and the current concept for
treatment is based on eliminating the infection. Flemmig
et al. [29] demonstrated that SRP alone with systemically
administered antimicrobial drugs did not result in satisfactory clinical and microbiological outcomes. Sigush et al.
[30] showed that in generalized aggressive periodontitis,
systemically administered antimicrobial drugs, even if
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preceded by the complete removal of supra and subgingival
contaminants including root planning, do not lead to good
long-term results regarding probing depth reduction clinical
attachment gain or bacterial eradication, even unless
reinstrumentation of the affected roots is performed in an
additional step.
In addition, manual scaling and root planing can often be
difficult and time-consuming due to the complex and
adverse root morphology when working blindly at deep
pocket sites [31]. Since periodontal debridement requires a
certain level of skill, time, and endurance, it seems
appropriate to develop an easy-handling technique that
allows one to achieve a highly efficient and time-saving
removal of contaminants, with less effort on behalf of the
clinician.
The effect of SRP on the subgingival microflora has
been investigated in several studies as previously described
[32, 33]. There is general agreement that this procedure, in
addition to improving clinical parameters, reduces the
microbial load and results in a shift towards a more
health-compatible microflora [34–36]. Darby et al. [36]
also showed that SRP was effective in reducing the
presence of periodontal pathogens in generalized aggressive
periodontitis patients. However, there are conflicting
reports on the ability of SRP to completely eradicate or
suppress important periodontal pathogens like A. actinomycetemcomitans, which have been shown to remain in
periodontal pockets after non-surgical therapy [37, 38].
Bacterial recolonization or regrowth in the subgingival
environment is anticipated after SRP, even shortly after
treatment, and it is suggested that, in order to prevent a
return to pretreatment levels of pathogens, regular supportive periodontal therapy is essential [32]. It is important to
emphasize that the remaining teeth did not receive
subgingival mechanical instrumentation during the course
of the study, which may have contributed to the recolonization of the treated teeth after the 3-month follow-up.
In the present study, the mean microbial counts
decreased significantly in both groups, however, it seems
that aPDT and SRP affected different groups of bacteria.
The aPDT was more effective in reducing counts of A.
actinomycetemcomitans, probably because the photosensitizer is able to penetrate through the epithelium and
connective tissue [15], which also A. actinomycetemcomitans can infiltrate through. On the other hand, SRP was able
to reduce the pathogens of the "red complex" such as T.
forsythia, P. gingivalis, and T. denticola, which is in
accordance with other studies that used a similar approach
[39, 40]. Also, both therapies led to an increase in counts of
certain putative beneficial species such the Actinomyces and
pathogens of the "purple complex".
Another aspect that should be kept in mind is that the
aPDT sites did not receive subgingival debridement,
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leaving the biofilm undisturbed. This may have hampered
the penetration of the photosensitizer, thereby reducing its
effect and leading to the increase in counts of the "red
complex" after 3 months. According to this statement,
combining therapies may be indicated since the treatments
tested present distinct mechanisms of action on the microbiota and thus might have synergistic or even additive
effects. SRP would physically lower the biomass of bacteria
on the tooth surface and in the periodontal pocket, while
aPDT may present a different spectrum of activity due its
non-invasive nature and ability to eliminate microorganisms
causing alteration in membranes and/or plasma membrane
proteins and DNA damage.
These results were very difficult to compare since there
are no similar clinical studies dealing with aggressive
periodontitis. Conversely, an in vitro study [41] evaluating
the use of aPDT on oral bacteria showed that the
combination of a photosensitizer with low-power laser
irradiation was effective in killing A. actinomycetemcomitans, P. gingivalis, and F. nucleatum. In a similar in vitro
study [42], complete elimination of A. actinomycetemcomitans, P. gingivalis, and F. nucleatum was also possible if
aPDT was used against bacteria organized in biofilms.
However, a direct comparison of the mentioned microbiologic findings to those from the present study is difficult.
It is well known that the results of in vitro studies cannot
always be extrapolated to the human situation; therefore,
they need to be interpreted with caution [43]. Furthermore,
different types of photosensitizers, laser beam devices, and
wavelengths were used in the aforementioned studies,
which makes direct comparison very difficult [44].
The standard treatment for aggressive periodontitis
remains highly unspecific, depending mostly on the
mechanical debridement of the affected root surfaces in
conjunction with antimicrobial drugs. However, a small,
although relevant proportion of sites and patients do not
respond adequately to this therapy [45]. Antimicrobial
drugs may further suppress the periodontal pathogens and
increase the benefits obtained by conventional mechanical
treatment. Numerous systemic and local antimicrobial
agents have been evaluated for the treatment of periodontitis with various degrees of success [46–49]. A lack of
effectiveness of some of the antibiotics used may be due to
the development of drug-resistant strains [50, 51]. On the
other hand, due to its localized and noninvasive nature, the
side-effects associated with many antimicrobial drugs (e.g.,
gastrointestinal disturbance) are unlikely to occur with
aPDT. Furthermore, development of resistance to aPDT
would appear to be unlikely since its bactericidal activity is
due to singlet oxygen and other reactive radicals such as
hydroxyl, which affect a range of cellular targets [52–54].
When interpreting the microbiologic effects obtained
with aPDT, the possible effects due to the application of the
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photosensitizer itself should be considered. Moreover, it
should be emphasized that there are very limited data from
controlled clinical studies comparing aPDT in conjunction
with non-surgical periodontal therapy to aPDT alone, SRP
alone, or photosensitizer alone (i.e., used without light
activation). Additionally, further studies with a large sample
size are necessary before any definitive conclusions can be
drawn about the possible clinical and microbiological
benefits of aPDT used in conjunction with non-surgical
therapy. The frequency of the aPDT application is another
possible explanation for the results obtained in this trial.
The manufacturer suggests that aPDT treatment should be
performed repeatedly during the first weeks of healing to
enhance the antimicrobial effect. However, in this study, a
single episode of aPDT was performed to avoid an additional
confounding factor (i.e., frequency of applied treatment),
which could influence the results obtained. Future studies are
needed to clarify if and to what extent multiple applications of
aPDT might enhance the outcome of therapy.
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10.

11.

12.

13.

Conclusions
14.

Under our experimental conditions, this clinical trial
demonstrates that a single episode of aPDT and SRP
affected different groups of bacteria. aPDT was more
effective in reducing the counts of A. actinomycetemcomitans. These results suggest that a combination of both
treatment methods would be indicated for the non-surgical
treatment of aggressive periodontitis.
Acknowledgements The diode laser, photosensitizer, and fiber optic
applicator used in this study were donated by Helbo Photodynamic
Systems, Grieskirchen, Austria. The authors report no conflicts of
interest related to this study.

15.

16.

17.

18.
19.

References
20.
1. Armitage GC (2004) Periodontal diagnoses and classification of
periodontal diseases. Periodontol 2000 34:9–21
2. Armitage GC, Cullinan MP (2010) Comparison of the clinical
features of chronic and aggressive periodontitis. Periodontol 2000
53:12–27
3. Armitage GC, Cullinan MP, Seymour GJ (2010) Comparative
biology of chronic and aggressive periodontitis: introduction.
Periodontol 2000 53:7–11
4. Kinane DF, Hart TC (2003) Genes and gene polymorphisms
associated with periodontal disease. Crit Rev Oral Biol Med 14
(6):430–449
5. Mullally BH, Dace B, Shelburne CE, Wolff LF, Coulter WA
(2000) Prevalence of periodontal pathogens in localized and
generalized forms of early onset periodontitis. J Periodontal Res
35(4):232–241
6. Gajardo M, Silva N, Gomez L, Leon R, Parra B, Contreras A,
Gamonal J (2005) Prevalence of periodontopathic bacteria in

21.

22.
23.
24.

25.

aggressive periodontitis patients in a Chilean population. J
Periodontol 76(2):289–294
Ximenez-Fyvie LA, Almaguer-Flores A, Jacobo-Soto V, LaraCordoba M, Moreno-Borjas JY, Alcantara-Maruri E (2006)
Subgingival microbiota of periodontally untreated Mexican subjects with generalized aggressive periodontitis. J Clin Periodontol
33(12):869–877
Thiha K, Takeuchi Y, Umeda M, Huang Y, Ohnishi M, Ishikawa I
(2007) Identification of periodontopathic bacteria in gingival
tissue of Japanese periodontitis patients. Oral Microbiol Immunol
22(3):201–207
Faveri M, Figueiredo LC, Duarte PM, Mestnik MJ, Mayer MP,
Feres M (2009) Microbiological profile of untreated subjects with
localized aggressive periodontitis. J Clin Periodontol 36(9):739–
749
Faveri M, Mayer MP, Feres M, de Figueiredo LC, Dewhirst FE,
Paster BJ (2008) Microbiological diversity of generalized aggressive periodontitis by 16 S rRNA clonal analysis. Oral Microbiol
Immunol 23(2):112–118
Kinney KK (2010) Treatment of infections caused by
antimicrobial-resistant Gram-positive bacteria. Am J Med Sci
340(3):209–217
Lentino JR, Narita M, Yu VL (2008) New antimicrobial agents as
therapy for resistant Gram-positive cocci. Eur J Clin Microbiol
Infect Dis 27(1):3–15
Vergidis PI, Falagas ME (2008) Multidrug-resistant Gramnegative bacterial infections: the emerging threat and potential
novel treatment options. Curr Opin Investig Drugs 9(2):176–183
Raab O (1900) The effect of fluorescent agents on infusoria (in
German). Z Biol 39:524–526
Komerik N, Nakanishi H, MacRobert AJ, Henderson B, Speight
P, Wilson M (2003) In vivo killing of Porphyromonas gingivalis
by Toluidine Blue-mediated photosensitization in an animal
model. Antimicrob Agents Chemother 47(3):932–940
Sigusch BW, Pfitzner A, Albrecht V, Glockmann E (2005)
Efficacy of photodynamic therapy on inflammatory signs and
two selected periodontopathogenic species in a beagle dog model.
J Periodontol 76(7):1100–1105
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(6):965–973
Armitage GC (2003) Diagnosis of periodontal diseases. J
Periodontol 74(8):1237–1247
Pawlowski AP, Chen A, Hacker BM, Mancl LA, Page RC,
Roberts FA (2005) Clinical effects of scaling and root planing on
untreated teeth. J Clin Periodontol 32(1):21–28
Socransky SS, Smith C, Martin L, Paster BJ, Dewhirst FE, Levin
AE (1994) "Checkerboard" DNA-DNA hybridization. Biotechniques 17(4):788–792
Socransky SS, Haffajee AD, Smith C, Martin L, Haffajee JA, Uzel
NG, Goodson JM (2004) Use of checkerboard DNA-DNA
hybridization to study complex microbial ecosystems. Oral
Microbiol Immunol 19(6):352–362
DeRouen TA, Hujoel PP, Mancl LA (1995) Statistical issues in
periodontal research. J Dent Res 74(11):1731–1737
Liang KY, Zeger SL (1986) Longitudinal data analysis using
generalized linear models. Biometrika 73:13–22
de Oliveira RR, Schwartz-Filho HO, Novaes AB, Garlet GP, de
Souza RF, Taba M, Scombatti de Souza SL, Ribeiro FJ (2009)
Antimicrobial photodynamic therapy in the non-surgical treatment
of aggressive periodontitis: cytokine profile in gingival crevicular
fluid, preliminary results. J Periodontol 80(1):98–105
Herrera D, Sanz M, Jepsen S, Needleman I, Roldan S (2002) A
systematic review on the effect of systemic antimicrobials as an

Lasers Med Sci (2012) 27:389–395

26.

27.
28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

adjunct to scaling and root planing in periodontitis patients. J Clin
Periodontol 29(Suppl 3):136–159, discussion 160–132
Albandar JM, Tinoco EM (2002) Global epidemiology of
periodontal diseases in children and young persons. Periodontol
2000 29:153–176
Haffajee AD, Socransky SS (1994) Microbial etiological agents of
destructive periodontal diseases. Periodontol 2000 5:78–111
Slots J, Genco RJ (1984) Black-pigmented Bacteroides species,
Capnocytophaga species, and Actinobacillus actinomycetemcomitans in human periodontal disease: virulence factors in colonization, survival, and tissue destruction. J Dent Res 63(3):412–421
Flemmig TF, Milian E, Karch H, Klaiber B (1998) Differential
clinical treatment outcome after systemic metronidazole and
amoxicillin in patients harboring Actinobacillus actinomycetemcomitans and/or Porphyromonas gingivalis. J Clin Periodontol 25
(5):380–387
Sigusch B, Beier M, Klinger G, Pfister W, Glockmann E (2001) A
2-step non-surgical procedure and systemic antibiotics in the
treatment of rapidly progressive periodontitis. J Periodontol 72
(3):275–283
Ramfjord SP, Caffesse RG, Morrison EC, Hill RW, Kerry GJ,
Appleberry EA, Nissle RR, Stults DL (1987) Four modalities of
periodontal treatment compared over 5 years. J Clin Periodontol
14(8):445–452
Petersilka GJ, Ehmke B, Flemmig TF (2002) Antimicrobial
effects of mechanical debridement. Periodontol 2000 28:56–71
Umeda M, Takeuchi Y, Noguchi K, Huang Y, Koshy G, Ishikawa
I (2004) Effects of nonsurgical periodontal therapy on the
microbiota. Periodontol 2000 36:98–120
Mousques T, Listgarten MA, Phillips RW (1980) Effect of scaling
and root planing on the composition of the human subgingival
microbial flora. J Periodontal Res 15(2):144–151
Haffajee AD, Cugini MA, Dibart S, Smith C, Kent RL Jr,
Socransky SS (1997) The effect of SRP on the clinical and
microbiological parameters of periodontal diseases. J Clin
Periodontol 24(5):324–334
Darby IB, Hodge PJ, Riggio MP, Kinane DF (2005) Clinical and
microbiological effect of scaling and root planing in smoker and
non-smoker chronic and aggressive periodontitis patients. J Clin
Periodontol 32(2):200–206
Renvert S, Wikstrom M, Dahlen G, Slots J, Egelberg J (1990)
Effect of root debridement on the elimination of Actinobacillus
actinomycetemcomitans and Bacteroides gingivalis from periodontal pockets. J Clin Periodontol 17(6):345–350
Takamatsu N, Yano K, He T, Umeda M, Ishikawa I (1999) Effect
of initial periodontal therapy on the frequency of detecting
Bacteroides forsythus, Porphyromonas gingivalis, and Actinobacillus actinomycetemcomitans. J Periodontol 70(6):574–580
Mombelli A, Gmur R, Gobbi C, Lang NP (1994) Actinobacillus
actinomycetemcomitans in adult periodontitis. II. Characterization
of isolated strains and effect of mechanical periodontal treatment.
J Periodontol 65(9):827–834

395
40. Gunsolley JC, Zambon JJ, Mellott CA, Brooks CN, Kaugars CC
(1994) Periodontal therapy in young adults with severe generalized periodontitis. J Periodontol 65(3):268–273
41. Wilson M, Burns T, Pratten J, Pearson GJ (1995) Bacteria in
supragingival plaque samples can be killed by low-power laser light
in the presence of a photosensitizer. J Appl Bacteriol 78(5):569–574
42. Dobson J, Wilson M (1992) Sensitization of oral bacteria in
biofilms to killing by light from a low-power laser. Arch Oral Biol
37(11):883–887
43. Meisel P, Kocher T (2005) Photodynamic therapy for periodontal
diseases: state of the art. J Photochem Photobiol B 79(2):159–170
44. Christodoulides N, Nikolidakis D, Chondros P, Becker J, Schwarz
F, Rossler R, Sculean A (2008) Photodynamic therapy as an
adjunct to non-surgical periodontal treatment: a randomized,
controlled clinical trial. J Periodontol 79(9):1638–1644
45. Walker CB, Gordon JM, Magnusson I, Clark WB (1993) A role
for antibiotics in the treatment of refractory periodontitis. J
Periodontol 64(8 Suppl):772–781
46. Chaves ES, Jeffcoat MK, Ryerson CC, Snyder B (2000) Persistent
bacterial colonization of Porphyromonas gingivalis, Prevotella
intermedia, and Actinobacillus actinomycetemcomitans in periodontitis and its association with alveolar bone loss after 6 months
of therapy. J Clin Periodontol 27(12):897–903
47. Loesche WJ, Syed SA, Morrison EC, Kerry GA, Higgins T, Stoll
J (1984) Metronidazole in periodontitis. I. Clinical and bacteriological results after 15 to 30 weeks. J Periodontol 55(6):325–335
48. Renvert S, Dahlen G, Wikstrom M (1996) Treatment of
periodontal disease based on microbiological diagnosis. Relation
between microbiological and clinical parameters during 5 years. J
Periodontol 67(6):562–571
49. Stabholz A, Nicholas AA, Zimmerman GJ, Wikesjo UM (1998)
Clinical and antimicrobial effects of a single episode of
subgingival irrigation with tetracycline HCL or chlorhexidine in
deep periodontal pockets. J Clin Periodontol 25(10):794–800
50. Feres M, Haffajee AD, Goncalves C, Allard KA, Som S, Smith C,
Goodson JM, Socransky SS (1999) Systemic doxycycline
administration in the treatment of periodontal infections (ii).
Effect on antibiotic resistance of subgingival species. J Clin
Periodontol 26(12):784–792
51. Olsvik B, Tenover FC (1993) Tetracycline resistance in periodontal pathogens. Clin Infect Dis 16(Suppl 4):S310–S313
52. Bhatti M, MacRobert A, Meghji S, Henderson B, Wilson M
(1998) A study of the uptake of toluidine blue o by Porphyromonas gingivalis and the mechanism of lethal photosensitization.
Photochem Photobiol 68(3):370–376
53. Ito T, Kobayashi K (1977) In vivo evidence for the photodynamic
membrane damage as a determining step of the inactivation of yeast
cells sensitized by Toluidine Blue. Photochem Photobiol 25:399–401
54. Street CN, Pedigo LA, Loebel NG (2010) Energy dose parameters
affect antimicrobial photodynamic therapy-mediated eradication
of periopathogenic biofilm and planktonic cultures. Photomed
Laser Surg 28(Suppl 1):S61–S66

