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Background and Objective: The aim of this study is to examine
the long-term effect of diode laser therapy on periodontal pock-
ets with regard to its bactericidal abilities and the improvement
of periodontal condition.
Study Design/Materials and Methods: Fifty patients were ran-
domly subdivided into two groups (laser-group and control-
group) and microbiologic samples were collected. There have
been six appointments for 6 months following an exact treat-
ment scheme. After evaluating periodontal indices (bleeding on
probing, Quigley-Hein) including pocket depths and instruction
of patients in oral hygiene and scaling therapy of all patients,
the deepest pockets of each quadrant of the laser-group’s pa-
tients were microbiologically examined. Afterwards, all teeth
were treated with the diode laser. The control-group received
the same treatment but instead of laser therapy were rinsed
with H2O2. Each appointment also included a hygienic check-
up. After 6 months the final values of the periodontal indices
and further microbiologic samples were measured. The total
bacterial count as well as specific bacteria, such as Actinobacil-
lus actinomycetemcomitans, Prevotella intermedia, and Por-
phyromonas gingivalis, were assessed semiquantitatively.
Results: The bacterial reduction with diode laser therapy was
significantly better than in the control group. The index of
bleeding on probing improved in 96.9% in the laser-group,
whereas only 66.7% in the control group. Pocket depths could be
more reduced in the laser group than in the control group.
Conclusion: The diode laser reveals a bactericidal effect and
helps to reduce inflammation in the periodontal pockets in ad-
dition to scaling. The diode laser therapy, in combination with
scaling, supports healing of the periodontal pockets through
eliminating bacteria. Lasers Surg. Med. 22:302–311, 1998.
© 1998 Wiley-Liss, Inc.
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INTRODUCTION

This study examines the long-term effect of
combined periodontal treatment with diode laser
and scaling, evaluates bacterial reduction in peri-
odontal pockets, and documents changes in peri-
odontal pocket depth prior to, and following,
treatment.

So far, conventional methods for treatment

of periodontal disease have not been equally ef-
fective in eliminating all types of bacteria. Acti-
nobacillus actinomycetemcomitans, especially,
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plays a causative role in the development of peri-
odontal disease that has shown to be difficult to
eliminate [1].

Since a pilot study on diode laser treatment
yielded very favorable results regarding bacterial
reduction of Actinobacillus actinomycetemcomi-
tans, Porphyromonas gingivalis, and Prevotella
intermedia, this long-term study was carried out
to evaluate the bacterial counts in periodontal
pockets irradiated with the diode laser over a 6
month period.

Changes in periodontal pocket depth and
papillary bleeding index were used as significant
parameters in the evaluation of the success of
treatment.

MATERIALS AND METHODS

The patients were randomly subdivided into
two groups. Thirty-seven patients were assigned
to the group that underwent laser treatment;
however, three of them could not be considered in
the final evaluation because of inadequate oral
hygiene. Thirteen patients were used as controls,
one patient dropped out due to illness.

Table 1 illustrates the treatment scheme
that determined the different examination and
treatment steps. The criterion for inclusion in this
study was that at least one periodontal pocket
with a depth of at least 4 mm had to be present in
each of the four quadrants. All patients were com-
pletely dentate. When wisdom teeth were present,
they were included in the treatment but excluded
from the evaluation.

Measurements of the periodontal indices

were carried out. The papillary bleeding index
(PBI) and the plaque index according to Quigley
and Hein were assessed and the depth of all peri-
odontal pockets were measured using a special
periodontal probe (Ash Parodontic 25G). All mea-
surements were carried out by the same exam-
iner.

To create comparable conditions, the pa-
tients were asked to brush their teeth twice daily
after meals with a specific toothpaste (Blend-a-
med, Procter & Gamble, Schwalbach, Germany)
and were instructed in proper oral hygiene. Fur-
thermore, all patients underwent scaling at the
first appointment. They were recalled 1 week
later for microbiologic sampling. One sample per
patient was obtained from the deepest approxi-
mal periodontal pocket. The microbiologic sam-
ples were obtained using sterile paper tips that
were introduced into the periodontal pocket for 10
seconds. The subgingival portion of the paper tip
was cut off with a sterile pair of scissors and put
into a transport jar containing 1 ml reduced
transport fluid without EDTA.

In the lased group, 29.4% of the samples
from maxillary periodontal pockets were obtained
from the molar region, 11.8% from the premolar
region, and 11.8% from the anterior region.

Of the samples from mandibular periodontal
pockets 17.6% were obtained from the molar re-
gion, 20.6% from the premolar region, and 8.8%
from the anterior region.

In the control group, 33.4% of the maxillary
samples were obtained from the molar region,
8.3% from the premolar region, and 16.7% from
the anterior region, while 25% of the mandibular

TABLE 1. Treatment Scheme

Lased group Control group

Appointment No. 1 Selection of patients on the basis of
periodontal pocket depth; evaluation of
periodontal indices; instruction in oral
hygiene and tooth brushing; scaling of all
teeth.

Selection of patients on the basis of
periodontal pocket depth; evaluation of
periodontal indices; instruction in oral
hygiene and tooth brushing; scaling of all
teeth.

Appointment No. 2 after 1
week

Hygienic check-up; microbiologic
examination; LASER.

Hygienic check-up; microbiologic
examination; rinsing with H2O2.

Appointment No. 3 after 2
weeks

Microbiologic examination Microbiologic examination

Appointment No. 4 after 2
months

Hygienic check-up; LASER. Hygienic check-up; rinsing with H2O2.

Appointment No. 5 after 4
months

Hygienic check-up; LASER. Hygienic check-up; rinsing with H2O2.

Appointment No. 6 after 6
months

Microbiologic examination; measurements of
periodontal indices; measurements of
periodontal pocket depth.

Microbiologic examination; measurements of
periodontal indices; measurements of
periodontal pocket depth.
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samples were taken from the molar region, 8.8%
from the premolar region, and 8.3% from the an-
terior region.

Microbiologic Evaluation

The total bacterial counts as well as specific
bacteria, such as Actinobacillus actinomycetem-
comitans, Prevotella intermedia, and Porphy-
romonas gingivalis, were assessed semiquantita-
tively.

Microbiologic Examinations

The samples were first shaken by vortexing
for 30 seconds and then diluted 1:100 and 1:1,000
in RTF. One-hundred ml of the undiluted suspen-
sion, 100 ml of the suspension diluted 1:100 RTF,
and 100 ml of the suspension diluted 1:1,000 RTF
were inoculated on ETSA (enriched trypticase soy
agar), TSBV, and KVLB (kanamycin 75 mg/ml,
vancomycin 2 mg/ml) agar, respectively. ETSA
and KVLB agars were incubated with mixed gas
(80% N2, 10% H2, 10% CO2) in anaerobic jars for 7
days at 37°C using the evacuation replacement
method. TSBV agar was incubated with 10% CO2
for 5 days at 37°C.

Actinobacillus actinomycetemcomitans was
identified using gram staining, colony morphol-
ogy, and positive catalase reaction. Prevotella in-
termedia and Porphyromonas gingivalis were
identified using gram staining, incubation in 5%
CO2, BA-NA hydrolytic activity, a-glucosidase ac-
tivity, esculin hydrolysis, and Indole test.

The lased group underwent irradiation with
the diode laser at the second appointment. Lasing
was carried out with a diode laser by Dentek La-
ser System (Dentek, Gaisfeld, Austria) that has a
thin flexible light guide with a diameter of 0.4 mm
and a wavelength of 805 nm. All periodontal pock-
ets of all patients of this group were lased at an
output power of 2.5 W, a pulse duration of 10 ms,
and a frequency of 50 Hz.

Each tooth was subdivided into four quad-
rants, each of which was lased separately as fol-
lows: The light guide was introduced into the peri-
odontal pocket and moved from apical to coronal,
parallel along the root surface, in a sweeping
fashion. This procedure was carried out in all four
quadrants, i.e., buccally, lingually, palatally, and
approximally. All teeth were lasered in this fash-
ion. The duration of lasing depended on the depth
of the respective periodontal pocket. The pocket
depth in mm corresponded to the exposure time in
seconds. 3-mm-deep pockets were lased for 3 sec-

onds, 4-mm-deep pockets for 4 seconds, 5-mm-
deep pockets for 5 seconds, and so on.

The control group underwent rinsing with
H2O2 at the second appointment, following the
microbiologic examination.

At the third appointment after two weeks,
the patients of both groups underwent another
microbiologic examination, the procedure used be-
ing the same as above. The microbiologic samples
were obtained from the same periodontal pockets
as in the first examination.

At the fourth appointment after 2 months,
both groups again underwent an evaluation of the
hygienic index. The patients of the lased group
again underwent lasering of all teeth as described
above.

The fifth appointment after 4 months com-
prised the same treatment and examination pro-
cedures as the fourth appointment.

At the last recall appointment after 6
months, microbiologic samples were again ob-
tained from the same periodontal pockets as be-
fore using the same procedure. Furthermore, the
same examiner carried out measurements of all
periodontal indices and periodontal pocket depth
in both groups.

As mentioned previously, some of the pa-
tients did not meet minimum oral hygiene re-
quirements (Quigley-Hein Index ù1) and had to
be excluded from the evaluation.

RESULTS
Changes in the Bacterial Counts Following
Treatment of Both Groups

Table 2 shows a comparison between the ini-
tial and the final findings. As far as the total bac-

TABLE 2. Comparison Between Initial and Final
Findings*

TC AAC Pi Pg

Lased group
Better results 100% 73.5% 85.3% 88.3%
Consistent results 0% 0% 0% 6.0%
Worse results 0% 0% 0% 0%
Negative from the start 0% 26.5% 14.7% 5.7%

Control group
Better results 58.4% 33.3% 58.3% 58.3%
Consistent results 33.3% 16.7% 16.7% 16.7%
Worse results 8.3% 8.3% 0% 8.3%

Negative from the start 0% 41.7% 25.0% 16.7%

*TC, Total bacterial count; AAC, Actinobacillus actinomy-
cetemcomitans; Pi, Prevotella intermedia; Pg, Porphyromo-
nas gingivalis.
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terial count is concerned, long-term bacterial re-
duction was achieved in the 100% of the lasered
patients, whereas 58.4% of the controls showed an
improvement of the values, i.e., bacterial reduc-
tion, 8.3% a deterioration of the results, i.e., an
increase in bacteria in the periodontal pockets,
and 33.3% consistent results, i.e., the initial and
final values were the same.

The long-term bactericidal effect of the diode
laser on Actinobacillus actinomycetemcomitans
(AAC) is of interest as well. Bacterial reduction of
AAC was achieved in 73.5% of the lasered pa-
tients; the remaining 26.5% had not been con-
taminated with this bacterium from the start. In
contrast, 33.3% of the controls showed bacterial
reduction, 16.7% consistent values, and 8.3% an
increase in bacteria. More than 41% of the con-
trols had not shown contamination with AAC
from the start.

A reduction in Prevotella intermedia (Pi)
was achieved in 85.3% of the lasered patients and
58.35% of the controls.

Similar results were obtained for Porphy-
romonas gingivalis (Pg) and are shown in Table 2.

Figure 1 shows a comparison of the reduction
in total bacterial counts by logarithmic steps be-
tween the lased group and the control group. It
can be seen that 58.8% of the lased patients un-

derwent bacterial reduction by one log step, i.e.,
by one power of ten, 26.5% by two log steps, and
14.7% by three log steps. 33.3% of the controls
underwent bacterial reduction by one log step,
16.8% by two log steps, and 8.3% by three log
steps. In the control group, 33.3% showed consis-
tent results and 8.3% an increase in the total bac-
terial count by one log step.

Figure 2 shows the changes in the bacterial
counts of AAC. A noticeable finding was that
58.8% of the lased patients showed bacterial re-
duction by one log step. In comparison, 25% of the
controls showed an improvement of the values by
one log step. While none of the lased patients
showed worsening of the results, the values of
8.3% of the controls deteriorated by one log step.

As far as Pi is concerned, 41.2% of the lased
patients underwent bacterial reduction by one log
step, 35.3% by two log steps, 5.9% by three log
steps, and 2.9% by four log steps. Over 58% of the
controls showed an improvement of the results by
one log step (Fig. 3).

Figure 4 shows the changes in the bacterial
counts of Pg. 47.1% of the lasered patients under-
went a reduction in the bacterial count by one log
step, 26.5% by two log steps, and 14.7% by three
log steps, whereas 41.6% of the controls showed a
reduction in Pg by one log step and 16.7% by two

Fig. 1. Changes in total bacterial counts in log steps.
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log steps. Consistent results were seen in 16.7%
and in 8.3%, a deterioration of the results by two
log steps.

Figure 5 illustrates the changes in the pap-

illary bleeding index (PBI). The values improved
in 96.9% of the lased patients and remained the
same in 3.1%. PBI improved in 66.7% of the con-
trols and remained consistent in 33.3%.

Fig. 2. Changes in AAC in log steps.

Fig. 3. Changes in Pi in log steps.
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Figure 6 shows the changes in the depth of
all approximal periodontal pockets for both the
lased and the control groups. The teeth were sub-
divided into anterior teeth, premolars and molars

to facilitate a better comparison. Figure 6 clearly
shows that the number of periodontal pockets
whose depth decreased in comparison to the ini-
tial value was markedly greater in the lased

Fig. 5. Changes in PBI.

Fig. 4. Changes in Pg in log steps.
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group than in the control group. The control
group, on the other hand, showed more periodon-
tal pockets with an increased pocket depth than
did the lased group.

Figure 7 allows a comparison of the mean
periodontal pocket depths, showing the initial and
final values separately for the anterior, premolar,
and molar regions, as well as a comparison be-
tween the lased group and the control group.

In the lased group, the mean periodontal
pocket depth decreased from 3.9 mm to 2.6 mm,
especially in the molar region. Furthermore, the
mean periodontal pocket depth in the premolar
region decreased by 1 mm in this group. In the
anterior region, the values decreased from 2.5 mm
to 1.6 mm.

In the control group, the mean initial peri-
odontal pocket depth in the molar region was
around 3 mm and decreased to 2.6 mm after 6
months. The periodontal pocket depth in the pre-
molar and molar regions was reduced by 0.1 mm
and 0.2 mm, respectively.

DISCUSSION

Most publications dealing with laser treat-
ment of periodontal tissues cover the usage of the

Nd:YAG laser. However, we expect the diode laser
to have similar properties as the Nd:YAG laser
that emits radiation within the infrared range at
a very similar wavelength.

The effect of laser irradiation on certain tis-
sues depends on both the wavelength of the laser
and the absorbing capacity of the lased tissue. A
study by Gold et al. [3] demonstrated that the
application of the Nd:YAG laser for curettage of
the pocket epithelium does not cause damage to
the underlying tissue layers. Histologic sections
revealed complete removal of the pocket epithe-
lium without necrosis and carbonization of the
connective tissue structures in 83% of the cases.

A theoretical paper by Rastegar et al. [4]
comparing the application of a high-power diode
laser (810 nm) and a Nd:YAG laser (1,064 nm) for
tissue coagulation showed that both lasers had
similar effects.

However, the heat building up at a depth of
0.2 cm in the prostatic tissue of a dog during ir-
radiation with a diode laser was almost 1.5 times
that caused by the Nd:YAG laser. This means
that the diode laser radiation was absorbed
mainly by the superficial prostatic layers.

Because desmodontal tissue is very well sup-

Fig. 6. Changes in pocket depth.

308 Moritz et al.



plied with blood, it is of interest to see to what
extent diode laser radiation is absorbed by blood.
Rastegar et al. [4] examined the absorption of la-
ser radiation by oxygenated and deoxygenated
blood and found an absorption of 4.5 cm−1 and a
penetration of 2.2 mm in both. A comparison of
the absorption values of other tissues examined in
that study (liver, heart, prostate) revealed that
the greatest absorption occurs in oxygenated and
deoxygenated blood. It can thus be concluded that
tissue that is very well supplied with blood too
shows a high absorbing capacity.

Morlock et al. [5] observed melted and reso-
lidified porous globules consisting of root mineral
substance at the root surface following Nd:YAG
laser treatment. The impressions in the root ce-
mentum had a mean depth of 20–30 mm. Infrared
spectroscopic examinations carried out by Spen-
cer et al. [6] revealed a decrease in the protein/
mineral ratio of the root surface following
Nd:YAG laser treatment. Cobb et al. [7] reported
a significant reduction in periodontopathic bacte-
ria. However, the cementum surface was dam-
aged by the high energy levels of 1.75 W and
higher in vivo. Ineffective and patchy removal of
deposits on the root surface was observed that
was associated with areas of cratering and melt-
down. Wilder-Smith et al. [8] were able to elimi-
nate the smear layer on root-planed surfaces

without inducing hard tissue microstructural
damage. The intra-pulpal temperature increased
to 22°C and the surface temperature to 36°C.
Zach and Cohen [9] found that a temperature rise
as small as 5.5°C can damage pulpal vitality.

Horton and Lin [10] indicated that subgingi-
val application of the pulsed Nd:YAG laser should
be at least equally effective in reducing recoloni-
zation of specific bacterial species as scaling and
root planing, less effective in removing calculus,
and without any difference regarding measure-
ments of probing depth and attachment loss.

According to Radvar et al. [11], Nd:YAG-
laser-induced damage to the root surface also de-
pends on the treatment method used. Only when
the laser beam is guided parallel to the root sur-
face it does not cause damage to the root, whereas
perpendicularly applied laser radiation damages
the root surface.

As far as bacterial reduction in periodontal
pockets is concerned, the diode laser is expected to
have a disinfecting thermal effect on bacteria that
is basically limited to the root surface. The ther-
mal effect of the laser beam is based on the ab-
sorption of radiation by tissue and subsequent
transformation of laser energy into heat. Tissue
absorbs a certain amount of laser radiation per
volume and transforms it into a certain amount of
energy, depending on the exposure time used. The

Fig. 7. Comparison of mean pocket depths.
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amount of energy absorbed depends on the type of
tissue irradiated and the wavelength of the laser.

The diode laser is not expected to cause dam-
age to the pulp when operated in pulsed mode and
at an output power of 2.5 W since White et al. [12]
described only a negligible temperature rise
within the pulp during irradiation with a Nd:YAG
laser.

Laser light is supposed not only to eliminate
bacteria but also to inactivate bacterial toxins dif-
fused within root cementum [13].

However, recent studies by Radvar et al. [10]
examining the irradiation of periodontal pockets
with the Nd:YAG laser at a pulse energy of 80 mJ
and 50 mJ revealed no significant bacterial reduc-
tion in periodontal pockets following laser treat-
ment. Tseng and Liew [14] observed a significant
reduction in bacterial counts; complete inhibition
of all anaerobes was observed in teeth lased at
output powers greater than 1 W and 20 pps.

The wavelength of their lasers ranged
around 1,064 nm. Although the Nd:YAG laser is
similar to the diode laser, it leads to a tempera-
ture rise in markedly deeper tissue layers,
whereas most of the diode laser radiation is ab-
sorbed by superficial layers, thus having a better
effect on sites affected by periodontal disease.
However, the actual mechanisms of all possible
laser bacteria interactions still have to be scruti-
nized.

The effectiveness of scaling and root planing
in the treatment of periodontal disease to reduce
bacterial plaque on the root surface is universally
accepted [15]. Sbardone et al. [16] reported that
diseased sites treated with a single episode of
scaling and root planing exhibited a microflora
similar to that in healthy sites at 7 days after
treatment. However, the treated sites were re-
populating with potentially pathogenic microbes
at 21 days after treatment. Lin et al. [17] indi-
cated that subgingival treatment with the
Nd:YAG laser without anesthesia is more effec-
tive in reducing or inhibiting recolonisation of Ac-
tinomyces for up to 28 days than is root planing.

In the present study, the diode laser was
used as supplementary treatment aimed to re-
duce or eliminate bacteria but not for calculus re-
moval or pocket curettage. Observations at 7 days
after laser treatment without scaling and root
planing showed early recolonization by a variety
of microbial morphotypes [7]. Lin et al. [18]
showed that subgingival use of the Nd:YAG laser
is less effective in removing calculus than is root
planing.

Because the effects of laser treatment on
periodontal tissue basically depend on the wave-
length, pulse energy, frequency, and spot size
used, we consider the diode laser an interesting
alternative to conventional IR lasers in periodon-
tal treatment. Furthermore, lasing is a treatment
modality that is finding very good acceptance
with patients because it involves minimal pain.
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