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_ Today, antimicrobial photodynamic therapy is
used alongside general medical treatments (in-
cluding the treatment of tumors) and also increas-
ingly in dentistry. At almost the same time in the
early 90’s, but independently of one another, both
Wilson and Dörtbudak described uses of photody-
namic therapy (PT) in dentistry. Here, periodontal
treatments and periimplantitis are the primary in-
terest. An onset of research and publication activ-
ity followed in the field of PT, whereby numerous
photosensitizers, laser wavelengths and parame-
ters as well as clinical procedures were indicated as
suitable. Substantially responsible for a constantly
increasing number of those using the PT principle
is a laser manufacturer who simultaneously takes
on distribution and training: the Austrian company
HELBO not only produces a low-level laser used for
PT, at HELBO referred to as “aPDT” (antimicrobial
photodynamic therapy), but also offers the photo-
sensitizer also needed. HELBO goes even one step
further and offers the aPDT as a “complete module”

for the integration of this concept into dental prac-
tice.

_The Idea and foundation of the 
PT principle

In photodynamic therapy, there is an interaction
between the photosensitizer (PS), oxygen, and laser
light. The PS absorbs photons, and the result is an un-
stable state in which reactive oxygen molecules de-
velop, and these in turn are able to kill (pathogen)
bacteria. From evidence-based periodontic basic
data, biofilm became the focus of interest in peri-
odontology (and periimplantitis), and correspond-
ingly also defines the PT. Compared with conven-
tional therapy approaches for the removal of and/or
damage to the biofilms, the HELBO company (and/or
PT advisers) has demonstrated a rather sobering con-
clusion: Even partially highly invasive therapy forms,
which are encountering lower acceptance on the part
of the patients anyhow, failed to manage the biofilm

Fig. 1–6_ The Helbo principle, 

step by step.
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Although Paul Ehrlich had already discovered and described the principle of photodynamic ther-

apy by 1900, it took almost a century before medical science recognized the use of this form of

therapy and attempted to integrate it into its treatment procedures.

Fig. 1 Fig. 2 Fig. 3



08 I

I implants _ study

implants
1_2007

on a permanent basis and with constant success ac-
cording to the evaluation. Here is where the idea of
the PT and/or HELBO aPDT comes in: Pathogens
(mostly gram-negative anaerobic) bacteria are tinged
with a special photosensitizer (phenotiazine chloride,
which has replaced the formerly used toluidine blue).
A laser is then applied in the low-level area (soft laser
with 670nm), and the released singlet oxygen dam-
ages the bacteria membranes to the extent that this is
not compatible with the germ’s survival. These find-
ings led to the definition of the “HELBO practice con-
cept” for patients with periodontal diseases and/or
for patients with periimplantitis at the artificial tooth
root: the “HELBO practice concept” fundamentally
represents a “protocol,” similar to those in implantol-
ogy. It includes the following partial stages:
a) Depuration and instruction
b) Findings, precision cleaning, and aPDT.
c) Check-up after seven days (with persistent bleed-

ing on probing: rep. of the aPDT)
d) Recall (first after six to eight weeks, and then quar-

terly). 
The procedure described has been approved since

2003.

_Previous long-term observations

The active principle of aPDT in dentistry has been
described, beginning in the early ‘90s, by Prof. Dört-
budak (Universität Wien) in numerous publications
(at the time, with the toluidine blue photosensitizer).
With the aPDT renaissance, this procedure has been
applied in dentistry more frequently. Naturally, addi-
tional long-term data has been reported, most of all
from the developer country of Austria. Here, the study
by Ms Schütze-Gössner (Pilot practice by the HELBO
company in the Salzkammergut region) is to be men-
tioned, first and foremost: She presented a contin-
gent of 20 male and female patients who underwent
an aPDT and the subsequent recall within a period of
29 to 54 months. Teeth not worth preserving were ex-
tracted prior to therapy; germ tests were made with
only eleven of the 20 patients, however. Two patients
required flap operations despite aPDT. In summary,
Schütze-Gössner reported positive clinical parame-
ters after aPDT conclusion without formations of se-

cretions in the pockets and only 1.7% persistent BOP.
However, it must be qualitatively established that
there were variations with the clinical procedure for
this re-examination among the contingent of pa-
tients. Further recent data from papers from Germany
are also to be listed, though these survey rather
shorter observation periods (four weeks up to half a
year). In these reports, the emphasis is on the proce-
dure’s highly clinical quality rating, which leads to a
clear improvement in the clinical reaction (inflamma-
tion).  

_The aPDT’s effectiveness and progress

The goal is to approach the biofilm with a diode
laser equipped with a wavelength of 670nm and to in-
terrupt the quorum sensing (cell-to-cell communica-
tion of bacteria beginning with a certain number). Ac-
cording to many periodontolgists, the prevention of
this last procedure is of particular importance, since
the bacteria cells divide every 20 minutes. According
to the aPDT inaugurator, the Austrian microbiologist
Dörtbudak, this represents a light-induced deactiva-
tion of cells and microorganisms. This effect has also
allowed for the first beginnings of aPDT in therapy for
tumors and in dentistry, in addition to the established
“Periodontitis and Periimplantitis” treatments, as well
as in endodontology. The bacteria are tinted with the
photosensitizer, sensitized, and destroyed with the
laser light; this only affects the bacteria membrane.
However, the patient is to be notified beforehand that
the tongue and soft tissues will be discolored blue
from the photosensitizer for about 24 hours. Also to
be considered are unsealed edges of fillings, since
these are colored blue for a long time. This also applies
to avital tissue.  The discoloration effect is increased
by the use of H2O2. HELBO sees great advantages for
patients in the minimally invasive procedures and the
possibility of completely doing away with (local an-
tibiotics) and thus in the complete absence of a de-
velopment of resistance, as reported with the use of
antibiotics. A goal of the present research is to test the
protocol provided by HELBO for an aPDT in an in vitro
trial (microbiological aspects/findings for treated
surfaces) and to test in some in vivo applications and
make a preliminary assessment.

Fig. 4 Fig. 5 Fig. 6
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_Material and Methodology

I In vitro tests
I-1 Microbiological tests

At the Institut für Hygiene und Mikrobiologie der
Universitätsklinik Freiburg im Breisgau (Institute for
Hygiene and Microbiology of the University Clinic of
Freiburg/Breisgau), three periodontal pathogenic
germs were grown. These were

a) Actinobacillus actinomycetem comitans
(FR68/27-7)

b) Porphyromonas gingivalis (W381)
c) Prevotella intermedia (016/16-2).

These germs were introduced into fresh mediums
(HCB, with A. a. also on two BST) in three eyelet smear
procedures. Half of the plates were additionally sprin-
kled in the middle with HELBO Blue photosensitizer
and rinsed after the prescribed working time (one
minute) with sterile NaCl solution (0.9% buffered),
then finally dried/aspirated. Afterwards, the therapy
light was applied in the prescribed way (one minute).
The other half of the plates, however, was used in the
procedure up to the stage where the diluted photo-

sensitizer solution was sucked off; there was no laser
light application for these. In control tests, inspection
samples were made in inoculated plates, and no fur-
ther measures were taken. The A. a. was incubated at
36°C and 5–10% CO2 for 24 to 48 hours, whereas the
anaerobes (P. g. und P. i.) were incubated under anaer-
obic conditions for at least 48 hours. 

I-2 Scanning electron microscope tests from aPDT-
treated surfaces

Unsavable teeth (n=4, for two patients) found not
desirable to keep in the context of profound peri-
odontitis and irrecoverable implants (n=2, with one
patient) and also in the context of a profound periim-
plantitis were treated in the described manner (wet-
ting with HELBO Blue, rinsing, soft laser light applica-
tion). After 48 hours, the removal of the teeth/im-
plants took place. The patients had given their con-
sent to this procedure and documented this in
writing. The removed implants and extracted teeth
were stored directly in physiological saline solution
and afterwards brought to the clinical chemical labo-
ratory at the dental clinic at the University of Freiburg,
where they were prepared and then examined in the
scanning electron microscope. 

Fig. 7a/b_ Reading of the inhibition

zones from a microbiological growth

preparation (with/without laser

application). 

Fig. 8 –10_ Procedure for 

the microbiological growth tests.
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II Clinical application

II-1: Treatment of patients
Altogether, five patients were treated using the

HELBO method, three of whom suffered from periim-
plantitis 
– at a shaped continuous beam in the upper jaw (four

full screws, Straumann company)
– at one clean implant-bearing bridge in the lower

jaw two hollow screws, Straumann company)
– at a prefabricated continuous beam in the lower jaw

(four FRIADENT full screws) and two patients with
periodontal diseases

– at the abutment of a telescoping prosthesis 
– at the teeth of a denture gap supplied with a pros-

thesis.  
The clinical procedure corresponded to the manu-

facturer’s guidelines.

II-2: Evaluation of microbiological rapid test
Before the aPDT was carried out, germs were re-

moved (microbial test by the GABA, Lörrach company.
This procedure was repeated two days following the
conclusion of the aPDT and after four weeks. The rapid
test involved what is known as a hybridizing test in
which the genetic makeup of the germs taken out
(whether they are alive or dead) is determined. The
qualification as “no evidence of germs/low/average/
high” can also give information about the prospective
risk of supporting tissue loss. 

_Results   

I In vitro tests

I-1 Microbiological tests
After 24/48 hours, the germ samples that had been

grown were read. All evaluated data was written
down in a protocol for the Institute for Hygiene and
Mikrobiology, University of Freiburg/Breisgau. The re-
sults of the corresponding evaluation: 

A. a.: on the photosensitizer-applied surfaces,
there was no growth, and a difference of the inhibi-
tion zones (only PS/PS and Laser) is not recognizable.

P. g.: on the photosensitizer-applied surfaces,
there was no evidence of growth, and a difference
of the inhibition zones (only PS/PS and Laser) is not
recognizable.

P. i.: likewise, no bacteria growth on the photo-
sensitizer-applied surfaces, though a slightly larger
inhibition zone with the laser-supported samples
(inhibition zone of 2.0mm)

In summary, it can be stated that the inhibition
zones of the plates with cleaner photosensitizer ap-
plications were practically equal to the samples with
sensitizer and laser light applications. Only with the
anaerobic Prevotella intermedia was there a “dis-
crete increase” in the laser group. 

However, there was no significant difference for
the laser-supported group. 

I-2 Scanning electron microscopic tests of aPDT-
treated surfaces

Both with teeth and implants the sensitizers re-
mained on the surface in the SEM image; these are
spread like lacuna across the treated surface. With
the implants, the number of HELBO Blue islands is
greater than with the natural teeth. In the natural
teeth, the surface area of the HELBO Blue islands is
greater than in the implants. The determined residue
is therefore remarkable, since before the sputtering,
the samples (covered with a thin layer of silver) had
to be stored in alcohol and this usually dissolves and
removes comparable buildup. 

Fig. 11–12_ Sensitizer residue for

implants with aPDT for profound

bony defects.

Fig. 11a Fig. 11b Fig. 11c

Fig. 11d Fig. 12a Fig. 12a
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II Clinical Use

II-1: Treatment of Patients
With all five patients who were treated using the

HELBO method, an improvement of the clinical in-
flammation indicators could be achieved. 

This outcome was likewise present seven days af-
ter the operation as well as after four weeks (Recall,
germ removal). Bleeding on probing (in implants with
a pressure-calibrated probe with plastic tips) de-
creased significantly in teeth in which a “WHO” (World
Health Organization) probe of the Aesculap company
was carried out. With the implants, however, no sig-
nificant improvement in the firmness of the soft tis-
sue seal at the implant neck could be established,
whereas reattachment of the researched teeth could
be determined in the four-week follow-up. 

II-2: Evaluation of microbiological 
The marker germ values for the periimplantitis

group before the aPDT remained in the middle to high
range and for the periodontitis group in the low-mid-
dle range, and then in the seven-day follow-up re-
moval and after four weeks, marker germs could be
established in the low range in the event of hollow
cylinder screws. 

_Discussion

Bactericidal component
From the findings made available to us, especially

the microbiological data, it can be assumed that the
photosensitizer used does in fact have a bacteria-
killing effect. With the growth plates which were ex-
clusively covered with the PS, corresponding inhibi-

tion zones were recorded. However, under no circum-
stances should this lead to the conclusion that this
bactericidal effect is the only cause of germ death,
particularly in light of the fact that the inhibition
zones of the periodontal pathogenic germs were vir-
tually the same size with the laser-treated growths as
with those treated with the photosensitizers. Here,
the following aspects should be taken into consider-
ation:  
a) Results from microbiological tests cannot always
be transferred on a 1:1 basis to a clinical situation. 
b) The dosage rate of the PS was made in the smallest
possible quantity to the growth plates, but here it was
not possible to have a defined, exactly equal amount,
especially due to the viscosity of the PS.  
c) It was possible, however, to adequately judge the
smallest possible quantity on the plate as being too
large for the laser light effect within this system.
d) In addition, with anaerobe samples for a periodon-
tal pathogenic germ (P. i.), there was a slightly higher,
but not significant effect than with the laser-treated
samples. 

We feel that the corresponding literature studies
support us in our results of the PS used, which is called
HELBO Blue: this is a phenotiazine chloride, techni-
cally a medicine used for treating psychosomatic ill-
nesses, but in current studies is also used for tubercu-
losis therapy. In their study, the American microbiol-
ogists Yano, Weinstein and colleagues describe the
successful use of this medication for the fight against
TB “Inhibitory Action of Antitubercular Phenotiazines
on mycobacterium tuberculosis.” The bactericidal ef-
fect of the photosensitizers was confirmed, upon a
corresponding request by the authors of this study,
also by the German distribution company in Walldorf,

Fig. 13 Fig. 14a Fig. 14b

Fig. 15a Fig. 15b Fig. 16a

Fig. 13–17_ Periimplantitis 

case study.
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whereby around “10% of the cumulative effect” was
indicated. This value is in agreement with the findings
made by Haas et. al., who did not work with precisely
the same photosensitizer that is sold today as HELBO
Blue, but with a PS with a similar chemical structure
(“same type”). Based on our experience, the HELBO
Company’s “approximate estimate of 10% of the cu-
mulative effect” cannot be clearly verified and quan-
tified. We are proceeding based on a substantially
higher germ-killing efficiency from the phenotiazine
plus low-level laser light. It is our opinion that there is
a corresponding bactericidal effect of the PS, espe-
cially in view of the application of the procedure “and
all this without chemistry,” “no (local) antibiosis—a
less aggressive procedure without the risk of devel-
oping resistance” as helpful and enlightening for
users. 

_Treated surfaces

The “lacuna-like structure” of the tooth and im-
plant surfaces (unsavable implants and teeth uncov-
ered as far as possible from the bone) in the scanning
electron image is not always in accordance with the
HELBOcompany’s statement that the photosensitizer
is completely rinsed off and removed. Even three days
after removal from the body and extraction, sensitizer
residue could be found adhering to the natural and
artificial teeth abutments, both clinically and using
the scanning electron microscope.  

Here, it is to be noted that the samples prior to the
REM research were stored in alcohol and the sensi-
tizer residue could still be detected.

Such a “layer” may not be beneficial to the re-os-
seointegration of an implant and/ or the fitting of a

reattachment. The metabolic activity in the pockets
and/or in the periimplant soft tissues is considerably
responsible for the resorption and the evacuation of
the PS. With our tests, the teeth and implants demon-
strated extreme disintegration of the supporting tis-
sue and were located in inflamed, infected environ-
ments. Naturally, under such conditions only ex-
tremely reduced metabolism may occur, and a con-
comitant significantly lower absorption for a
previously applied PS. Thus the results, determined
with extreme conditions (PS residue) cannot be trans-
ferred to the normal treatment situation. However,
our results may lead to the formulation of a prefer-
ence for an open procedure in the instance of severe
tooth socket disease and periimplant situations. This
demand is also in accordance with the assessments
made by the work group formed by Neugebauer and
colleagues, who also treat profound bone defects in a
combination of aPDT and open procedures. Likewise,
a certain limitation of the procedure can be deduced
from our results. The aPDT can undoubtedly lead to an
improvement in clinical situations, even with advance
periodontal disease and periimplantitis, though it is
not a “universal remedy” for hopeless cases. When an
open procedure (plus aPDT) is chosen in the event of
severe supportive tissue loss, then the “minimally in-
vasive” effect is abandoned where the aPDT certainly
has the greatest advantage in comparison to conven-
tional procedures. Here, the aPDT must then be set
apart from the established procedures, including the
laser light (Diode/CO2/Er:Yag/Er,Cr:YSG). It must also
be pointed out that, to some extent, there is very ex-
tensive long-term documentation (Diode 12 years/
CO2 seven years) for the treatment of periimplantitis
using these (hard laser) procedures. 

Fig. 18–23_ Periodontal disease

case study.

Fig. 18 Fig. 19a Fig. 19b

Fig. 16b Fig. 17a Fig. 17b
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_Clinical effectiveness of aPDT 

It is undisputed that the aPDT procedure achieves
a bactericidal effect. 

In this regard, there were a great number of publi-
cations first published at the beginning of the 1990s.
The duration of the germ-killing effect and/or the sta-
bility of the improvement of the periodontal cumula-
tive situation and/or of the treated periimplant de-
fects have not to date been proven in any long-term
studies. Much of the data in the available literature is
limited a priori by an observation period of between
four and twelve weeks. Some data reports on a longer
period (two years and more), but it does not meet the
usual demands in terms of material and methodology
for such a study. 

The long-term study, for an extremely noteworthy
period of 54 months, by the inaugurator of the aPDT
procedure, Ms. Schütze-Gössner, can be rated as a
“long-term study” at best, since the patient con-
stituency was not homogeneous and was treated with
different methods (with/without AB open/closed)
and, in addition, failed to address important parame-
ters and indices. Also, our clinical application supplied
a clear improvement of the intra-oral situation, both
with patients treated with an aPDT for periodontal dis-
ease, as well as with patients who underwent aPDT
treatment for periimplantitis. The marker germ values
(before the treatment and at seven days, as well as four
weeks after the conclusion of the aPDT samples taken)
supplied a significant decrease in the problem germ
values (anaerobic) for this period. Of course, at this
time we cannot (yet) make conclusive statements con-
cerning the long-term effect.

_Further evaluations/questions

It is absolutely without question that there is a
great fascination for the aPDT procedure, which pos-
sibly results from the firmly anchored demand for
minimally invasive procedures in dental practices,
even for the diseases that are the most difficult to
tackle, “Periodontitis and periimplantitis.”  

Especially in geriatric dentistry, where dentists are
confronted with a great number of people who are
unable or unwilling to undergo open procedures (re-
duced state of health), the procedure would have an
enormous treatment range. However, there remain-
irrespective of the HELBO method—questions open
about photodynamic therapy, which we have judged
as important. Some concern all procedures which
would be carried out according to the principle of
photodynamic therapy, and some also concern the
HELBO procedure.  

General questions and preliminary valuations for
photodynamic therapy:

a) The question about the interplay of some new PS
with tissues  

Almost every month, we receive a new publication
with a “new” photosensitizer, most notably with the
“Malachitgrün” presented by the Yamada Group at
the ISLD Congress in Berlin as a PS for the fight against
staphyloccus aureus. At the same congress,
Hashimoto et al. presented “Rhodamine B acid" as a
PS (here as a PS in the battle against tooth decay with
the PT). There are no statements and/or tests for some
of these new and some of the established photosen-
sitizers, which affect the assessment of photody-

implants
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Fig. 20a Fig. 20b Fig. 21a

Fig. 21b Fig.22 Fig.23
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namic therapy with these as well on the effect on the
periodontal and bone tissues. The fact that there are
extremely complicated and valuable structures (sup-
porting tissue) is undisputed!  

b) The question about the sensitizer and the wave-
length and the laser parameters to be used 

For the user, the number of photosensitizers that
can be used can be overwhelming, as well as the dif-
ference between the wavelengths and the correspon-
ding results. Also, some authors fail to formulate a
clear protocol for the clinical procedure. This “multi-
plicity” of possibilities can be seen in a positive light,
on the one hand, but there is nonetheless a clear ar-
gument for active, global research work in the aPDT
sector. At the same time, this lack of uniformity and
the absence of protocols accepted by all currently
make it impossible for the procedure to be used on a
massive scale. Here, the HELBO procedure clearly
shows advantages—it has elements that are coordi-
nated with one another and a technical protocol. 

c) The question about the evaluation of the procedure
as an alternative to proven therapies 

The authors of this study believe that the imple-
mentation of comprehensive further testing is indis-
pensable prior to making a final evaluation of the PT.
Here, it is not so much a brief clinical application (eval-
uation of a short-term effect to be obtained) that
should be foregrounded, but rather to study the long-
term effect indicated for this procedure. Whether the
PT will become generally accepted on a long-term ba-
sis depends on the findings of these long-term data
and the implementation of a certain “standardiza-
tion” of the procedure. Finally, the results to be ob-
tained in the long term for photodynamic therapy
must be measured against those that have been ob-
tained with established procedures and their corre-
sponding documentation. The “special” laser light
procedure is above all to be compared to the results
from the established hard laser procedures. In the PT,

in general, and in the HELBO procedure, in particular,
we see an extremely interesting and promising begin-
ning, however. The treatments recognized today rep-
resent only a fraction of the possibilities of the PT and
will continue to expand in the future. The use of the
HELBO procedure will not be so much in searching for
treatments of the more severe of tooth socket dis-
eases and periimplantitis (the lowered absorption
rate of the HELBO Blue sensitizers will make it neces-
sary for open procedures). We see the main employ-
ment of the aPDT using the HELBO principle rather in
the realm of dental prophylaxis, in the prevention of
post-operation pain and in the treatment of initial
periimplant and periodontal lesions. Here, the proce-
dure shows its advantages as a “minimally invasive”
procedure. Through the use of components coordi-
nated for each other and clear definitions for the clin-
ical procedure, the untrained user has a high degree
of treatment security._
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