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Abstract:

Background: The aims of the present study were: [1] to evaluate whether Erbium-Doped:
Yttrium, Aluminum and Garnet (Er: YAG) laser could be a prophylactic methods against transient
bacteremia during scaling and root planing (SRP) [2] to confirm the efficacies of SRP with Er:
YAG laser by clinical and microbiologic evaluations.

Methods: Twenty chronic periodontitis subjects were randomly treated for quadrant SRP with
either conventional hand instrument (n=10) or Er: YAG laser (n=10) monotherapy. Peripheral
blood samples were drawn at baseline and 6 minutes after initiation of SRP, and were cultured
for the analysis of bacteremia. Clinical measurements of full mouth plaque control record (PCR),
probing pocket depth (PPD), clinical attachment level (CAL) and bleeding on probing (BOP)
were made at baseline and 1 month after SRP. In addition, microbiologic analyses of subgingival
samples were also performed at baseline and 1 month after SRP using the polymerase chain
reaction Invader method.

Results: The incidence of bacteremia during SRP was 0% (0/10) in the Er: YAG laser group
and 80% (8/10) in the hand instrument group, which was significantly different (P = 0.0003).
All isolates from blood were facultative or obligate anaerobes and more than half of the
microorganisms were species of streptococci. Intragroup comparison revealed that the mean
PPD and CAL significantly decreased compared to baseline in both groups (P < 0.05). However,
the percentage of BOP positive significantly decreased only in Er: YAG laser group (P = 0.005).
In addition, the reductions of the subgingival bacterial counts between baseline and 1 month
after SRP were also comparable between the two groups.

Conclusion: The present study demonstrated that SRP with Er: YAG laser could not only be
an alternative treatment for improvement of clinical and microorganisms situations but also a
novel prophylactic method against transient bacteremia.
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response and periodontal bacteria (1), and is

Introduction . o
characterized by loss of connective tissue and alveolar
Periodontitis is a widespread chronic inflammatory bone support, leading to tooth loss (2). Periodontitis
disease caused by interaction between host immune is classified into two broad categories, chronic
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periodontitis (CP) and aggressive periodontitis (3),
with the majority of cases classified as CP. Recently,
periodontitis have been receiving considerably much
attention for its association with systemic diseases such
as cardiovascular disease and stroke (4-7). This could
be attributed by a low grade chronic local infection
of periodontal tissue due to periodontopathic bacteria,
which could then moderate systemic inflammatory
response (8).

Transient bacteremia is a common event and occurs
as a consequence of skin or mucosal injuries. In
severe periodontitis patients, bacteremia is reported
associated with daily activities like chewing (9), tooth
brushing (9, 10) and flossing (11). Also, bacteremia
has been reported in clinical trials after different
dental procedures including periodontal treatment.
Scaling and root planing (SRP) is one of the essential
procedures for the initial periodontal treatment to
remove the etiologic agents such as dental plaque,
bacterial products and calculus. This procedure can
also induce transient bacteremia (9, 10, 12, 13),
and the problem is that in case of patients with
underlying heart disease, this could be implicated in
the development of infective endocarditis (IE) (14) and
a variety of other distant site infection. Thus, to prevent
and minimize the occurrence of bacteremia during
periodontal treatment, prophylactic administrations of
antibiotics have been tried, but it could not prevent
it perfectly (15, 16). In addition, because repeated
usage of antibiotic prophylaxis could contribute to
the development of bacterial resistance, and allergic
reactions, so alternative prophylactic drugs should be
definitely needed.

The use of laser radiation has been expected to serve
as an alternative or adjunctive treatment to conventional
mechanical therapy in dentistry. The advantages of the
laser therapy were like faster wound healing, improved
infection control (17, 18), reduced postoperative pain
and sensitivity and reduced patient anxiety (19, 20). In
periodontal treatment, SRP using various kinds of laser
have been tried and its effects have been investigated
in vivo and vitro, and reviewed (21).

Erbium-Doped: Yttrium, Aluminum and Garnet
(Er: YAG) laser has a wavelength of 2.94 um, and
close attention has been paid to it for its clinical
applicability to both soft and hard tissue due to its
specific high water absorption capacity (22). Previous
studies demonstrated that Er: YAG laser could remove
calculus from periodontally diseased root surface
without causing thermal side effects to the adjacent

tissue (23-25). Indeed, controlled clinical trial for SRP
with Er: YAG laser has been performed and Er: YAG
laser monotherapy showed almost equivalent clinical
improvements compared to the conventional mechanical
trial by hand instrument (26). In addition, under proper
conditions, it has been reported that SRP with Er: YAG
laser could prevent from extensive cementum removal
compared to that with hand instrument (24). Moreover,
human gingival fibroblasts adhesion to root surface
was more effectively treated with low energy of Er:
YAG laser irradiation than with hand instrument (25,
27). Besides these, one of the most striking advantages
in using Er: YAG laser’s in SRP is its high bactericidal
potential (17). This is completely different from the
conventional mechanical debridement, and could be
leading to the prophylactic methods against transient
bacteremia during periodontal treatment. To the best
of our knowledge, there is no report investigating the
efficacies of preventing bacteremia during SRP using
Er: YAG laser. Therefore, the aims of the present study
were: [1] to evaluate whether Er: YAG laser could be
a prophylactic methods against transient bacteremia
during SRP [2] to confirm the efficacies of SRP with Er:
YAG laser by clinical and microbiologic evaluations.

Methods

Study Population

Twenty CP subjects were recruited from patients
attending the Periodontal Clinic of Niigata University
Medical & Dental Hospital, Niigata, Japan, in the
study period between December 2008 and July 2011.
The study protocol was approved by the regional
ethical committee of the Faculty of Dentistry, Niigata
University, and all subjects had signed an informed
consent prior to participating in the study. All subjects
selected were of Japanese descent, and systemically
healthy, who possessed a minimum of 18 natural
teeth, and at least three teeth with probing pocket
depth (PPD) (from free gingival margin to bottom of
pocket) greater than 5 mm in at least one quadrant.
In addition, according to information provided on
a standard questionnaire, patients who fell under
any one of the following criteria were excluded: 1)
congenital valve defects or any other risk situation
for IE, 2) abnormal haematological profile, systemic
medical conditions (diabetes mellitus, coronary
heart disease) 3) pregnancy in women 4) recent
medication; systemic antibiotics, anti-inflammatory
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drugs or immunosuppressive drugs in the past three
months before the experiment 5) previous history of
periodontal surgery or periodontal therapy in the past
six months 6) incompatible dentition, e.g. orthodontic
bands, partial dentures or teeth unsuitable for SRP 7)
heart pacemaker or any other systemic conditions that
might be affected by Er: YAG laser treatment.

Study Design

The study was performed according to a case-control
study to evaluate the efficacies of two methods for
clinical and microbiologic findings, and preventing
incidence of bacteremia during quadrant SRP. A total
of twenty subjects were randomly assigned to case (Er:
YAG laser group; n=10) and control (Hand instrument
groups; n=10) based on the treatment protocol using
random tables by one of the authors (TM), and
given a code number which was used to identify
the subjects throughout the study. A battery of the
clinical procedure is summarized below. Periodontal
examination, peripheral blood and subgingival plaque
were collected (baseline). After one week, quadrant
SRP was performed with either Er: YAG laser or
hand instrument monotherapy. Six minutes later, the
peripheral blood was taken according to our previous
study (16). Clinical re-examinations and subgingival
plaque sampling were done 1 month after SRP. All
clinical procedures were performed by one dentist
(YK) who sufficiently conducted training to avoid
technical differences. During the study, subjects
were requested not to take medicine or received no
periodontal treatment that might affect study protocol.

Clinical Measurements

All subjects were evaluated clinically and
radiographically at first visit by one periodontist (YK).
History of smoking habits as well as systemic health
and intake of medication were obtained. For over a
month prior to the study, all subjects received a few
visits of standard oral hygiene instructions and full
mouth supragingival ultra sonic scaling (Suprason
P-max, Satelec, Bordeaux, France). One week before
starting the study, full-mouth periodontal examinations
were evaluated including the following clinical
measurements: full mouth plaque control record (PCR),
PPD, clinical attachment level (CAL) (from cement-
enamel junction to bottom of pocket) and bleeding on
probing (BOP). PPD and CAL were recorded at six

sites per tooth (mesio-buccal, buccal, disto-buccal,
mesio-lingual, lingual, disto-lingual) with a calibrated
manual periodontal probe (CP-12 Color-Coded Probe,
Hu-Friedy, Chicago, IL). The quadrant exhibiting the
most severe periodontal condition was selected as the
site for SRP based on the clinical findings.

Subgingival Plaque Sampling and Quantitative
Assay of Bacteria

After removing the visible supragingival plaque,
selected deepest pocket site was isolated from saliva
with cotton rolls and subgingival microbial sampling
was carried out. Sample was collected by inserting
sterile #40 paper points (Zipperer Absorbent Paper
points, VDW GmbH, Munich, Germany) consecutively
into the periodontal pocket as far apically as possible
for 10 seconds. This was repeated four times, and two
paper points were sent to BML Corporation (Saitama,
Japan), and analyzed by the polymerase chain reaction
(PCR)-Invader method for a quantitative analysis of
total bacteria and periodontopathic bacteria including
Prevotella intermedia (P. intermedia), Porphyromonas
gingivalis (P. gingivalis), Tannerella forsythia (T.
forsythia),
Fusobacterium nucleatum (F. nucleatum). This method
was briefly described on our previous report (16). On
the other hand, the rest of two paper points were sent
to GC Corporation (Tokyo, Japan) for the quantitative
analysis of Streptococcus spp. and lactobacillus by
real-time PCR assay with the TagMan system based
on Yoshida A et al (28). In brief, bacterial DNA was
extracted from plaque samples using a commercial kit
(QuickGene DNA kit S, Wako Pure Chemical Industries,
Inc., Osaka, Japan) according to the manufacturer’s
instructions. 1.0ul of Template DNA was added toa 10
ul TagMan Fast Universal PCR Master Mix (applied
Biosystem), 0.4ul 10uM forward and revere primers,
0.4ul 5uM probe and 7.8ul sterilized pure water. And
the reaction mixture was preheated at 95°C for 20sec,
and a two-step PCR reaction was carried out for 45
cycles (95°C for 3sec, 60°C for 30 sec).

Treponema denticola (T. denticola),

Treatments

Conventional SRP was performed by using specific
manual curettes (Gracey curettes, original standard,
Hu-Friedy Co., Chicago, IL) (Hand instrument groups).
The laser apparatus used was Er: YAG laser (Arwin
Adverl, J. Morita Mfg. Corp., Kyoto, Japan), which
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employed an optical fiber delivery and contact tip
system. Laser parameters was set at an energy level of
100mJ, 10pps (panel setting) with 5-7ml distilled water
irrigation per minute according to the instruction given
by the manufacturer. Air mixed water was released
coaxially to the contact tip covering the target area
during irradiation. We used the tapered tip which was
called “PS600T” (J. Morita Mfg. Corp., Kyoto, Japan)
made of quartz glass with 3mm length and the diameter
of 600pum at basic and 400um at top point. Two third of
the divergent beam was irradiated in forward direction
(transmission rate was almost 50%) and the rest of one
third was just beside (transmission rate was almost
10%). We used this tip in each subjects and the treatment
was performed from coronal to apical in parallel paths
with an inclination of the tip of approximately 15 —
30° to the root surface, and moved in a sweeping
motion at Imm per second. Both groups were treated
via monotherapy without ultrasonic scaling under local
anesthesia with 2% lidocaine (+ 1:80,000 epinephrine).
The instrumentation for both hand instruments and
laser was performed until the operator felt the root
surfaces were adequately debrided and planed. The
quadrant SRP was completed within approximately
40 minutes in both groups.

Blood Sampling

Prior to each sampling, the skin overlying the vein
was swabbed with ethyl alcohol and then chlorhexidine
to minimize the number of potential skin contaminants.
Blood sample of 10ml were drawn from the patients
through an antecubital vein using strict aseptic
technique using a 22-gauge butterfly and safety lock
blood collection.

Inoculation of Blood to Culture Bottles

A fully automated microbiology growth and
detection system (The BACTEC PLUS system,
Nippon Becton Dickinson, Tokyo, Japan) was used
for culturing of blood samples.

The collected 10 ml of blood sample was inoculated
into an anaerobic culture bottle (BD BACTEC PLUS
Anaerobic/F, Nippon Becton Dickinson) which could
cover both anaerobic and aerobic (facultatively
anaerobic) bacteria, and immediately transported
to BML Corporation (Saitama, Japan), which is an
integrated clinical testing laboratory. The collection,
handling and transport of the blood samples for

blood culture were performed in accordance with
the recommendations of manufacturer’s instructions,
a guideline for blood culture (29), and the methodology
applied by numerous authors in studies on bacteremia
following dental procedures (30-32). Bottles were
incubated and continuously monitored over 6 days
for the presence of microorganisms in an automated
processor (BACTEC 9240, Nippon Becton Dickinson),
and any bottles that signaled negative were discarded.
We have ascertained that culture bottles which
inoculated with P, gingivalis of several concentrations
(10, 100, 1000 and 10000 CFU/ml) signaled positive
within 6 days in the preliminary experiment. The details
of the procedures have been described previously (16).

Microbiological Culture and Bacterial
Identification

Bottles that signaled positive were Gram-
stained and subcultured onto an appropriate plate
for anaerobes, and onto each appropriate plate for
aerobes and fungus to confirm that there was no
skin-derived contamination. Biochemical tests for
anaerobic (RapID ANA II, Remel, Lenexa, KS),
aerobic (VITEK 2 system, SYSMEX bioMericux,
Tokyo, Japan) and Streptococcus species (APl Rapid
ID 32Strep, SYSMEX bioMerieux) isolates, were
performed using commercially available diagnostic
kits designed for bacterial identification. Tests were
performed according to our previous laboratory (16).

Statistical Analyses

Statistical analyses were performed by using
the standard statistical software (Stat View J-4.5
application program, SAS institute Inc., Cary, NC,
USA). Significance was set at 5% (P < 0.05).

Intragroup comparisons of clinical parameters
and subgingival organisms between baseline and re-
examination were performed using the non-parametric
Wilcoxon signed-ranks test. On the other hand,
intergroup comparisons of clinical parameters and
subgingival organisms were made by using the non-
parametric Mann-Whitney U-test. The differences of
incidence rate of bacteremia between groups were
verified by y*/Fisher’s exact tests.

Results

Out of the 22 subjects enrolled, two did not comply
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with the protocol, 20 subjects were finally included
in the study. All subjects were non-smokers in the
Er: YAG laser group. On the other hand, only one
out of 10 subjects was current smoker in the hand
instrument group.

Clinical Parameters

The clinical and demographic characteristics of the
study subjects are shown in Table 1. At baseline clinical
examination, there were no statistically significant
differences between the two groups in any of the
recorded parameters (P > 0.05). Intragroup comparison
revealed that the mean PPD and CAL in quadrant
and those in which subgingival plaque sample was
obtained significantly decreased compared to baseline
in both groups (P < 0.05). However, the percentage
of BOP positive in quadrant significantly decreased
after SRP only in Er: YAG laser group (P = 0.005).
Likewise, in clinical examination after SRP, there were
no statistically significant differences between the two
groups in any of the recorded parameters (P > 0.05).
The relatively low baseline PCR after oral hygiene
instructions did not change throughout 1 month of
the study, and yield no statistical difference between
the two groups.

Microbiologic Evaluation in Subgingival Plaque

Table 2 shows the intragroup comparison of
subgingival total and periodontopathic bacterial counts
between baseline and 1 month after SRP. In the Er:
YAG laser group, P. intermedia was significantly
decreased after SRP compared to baseline (P =0.02). In
addition, the number of total bacteria and P. gingivalis,

Table 2. Intragroup comparisons of subgingival bacterial counts

Imonth
Baseline after
SRP

Total bacteria 5.1+0.2 4.6+0.2 0.06
24+04 16+04 0.02

P-value

Er: YAG laser
group (n=10)

Pintermedia

P.gingivalis 29+0.6 1.6+0.4 0.07
T.forsythia 33+0.2 2.6+£0.3 0.10
T.denticola 20+0.5 1.2+0.3 0.06
Fnucleatum 33+£0.2 33+£02 0.74

Hand instrument Total bacteria 5.0+0.3 4.4+0.2 0.06
group (n=10) 1.1£04 0.6+0.1 0.18

Pintermedia

P.gingivalis 26+0.6 12+0.5 0.046
T.forsythia 28+0.6 2.1+£04 024
T.denticola 20+£0.6 1.5+£05 0.35
Fnucleatum 35+0.5 3.0+£04 0.67

Values represent mean + standard error (log10/ml).

P. intermedia, Prevotella intermedia; P. gingivalis, Porphyromonas
gingivalis; T. forsythia, Tannerella forsythia; T.denticola, Treponema
denticola; Fnucleatum, Fusobacterium nucleatum.

T. forsythia and T. denticola were slightly decreased
after SRP though there were not statistically significant
(P =0.06, 0.07, 0.10 and 0.06, respectively). On the
other hand, in the hand instrument group, P. gingivalis
was significantly decreased (P = 0.046) and the number
of total bacteria was slightly decreased (P = 0.06)
after SRP compared to baseline. The numbers of F
nucleatum were not significantly different before and
after SRP in both two groups.

In subgingival plaque, we preliminary detected
periodontopathic bacteria in three subjects in each
group, but did not detect any periodontopathic
microorganisms in blood cultures during SRP.
Therefore, we tried to detect Streptococcus spp. and
lactobacillus as well as periodontopathic bacteria in
subgingival plaque in 7 out of 10 subjects in each
groups. At baseline, total Streptococcus spp. count

Table 1. Demographic and clinical characteristics of the study population

Er: YAG laser group

Hand instrument group

Parameters (n=10) (n=10)
Baseline 1 month after SRP P-value Baseline 1 month after SRP P-value

Age (years) 60.4+3.2 57.1+3.1
Male / female 5/5 5/5
Number of teeth present 26.4+0.7 25.0+0.9
PPD (mm) 34+0.2 2.7+0.2 0.005 33+03 2.5+0.1 0.005
CAL (mm) 45+0.5 3.9+0.5 0.005 3.9+£03 34+0.2 0.01
BOP (% positive) 53.5+3.5 31.6.+4.4 0.005 41.4+£6.1 29.8+4.38 0.10
PPD measured sites for 7.5+04 52+0.3 0.005 7.6 £0.8 5.0+ 0.6 0.008

subgingival plaque (mm)
CAL measured sites for 8.4+0.6 6.7+0.8 0.01 8.1+0.8 6.6 +0.7 0.02

subgingival plaque (mm)
PCR (%) 21.2+43 154 +3.7 0.06 23.3+6.6 18.5+5.2 0.21

Values represent mean + standard error
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in subgingival plaque was 10 in hand instrument
group and 10°* in Er: YAG laser group. One month
after SRP, these bacterial counts were 103 in both
groups. Only one subject in Er: YAG laser group
showed lactobacillus at 1.3x103 counts after SRP
(data not shown).

Intergroup comparisons of subgingival bacterial
counts were then evaluated, and at baseline, total and
each periodontal subgingival bacterial counts were
comparable between Er: YAG laser group and hand
instrument group (P > 0.05, Table 2). In addition,
Figure 1 shows the reductions of subgingival bacterial
counts between baseline and 1 month after SRP, which
were as follows (laser group vs hand group, mean +
standard error, log10/ml): total bacteria (0.5 + 0.2 V'S
0.6 £ 0.3); P. intermedia (0.8 £ 0.3 VS 0.5 +0.3), P
gingivalis (1.4 £ 0.6 VS 1.4 + 0.6); T. forsythia (0.7
+ 0.3 VS 0.6 £0.6); T. denticola (0.6 +0.3 VS 0.4 +
0.4); F. nucleatum (0.0 £ 0.3 VS 0.1 £ 0.4). There were
no significant differences in these reductions between
the two groups (P > 0.05, Figure 1).

Table 3. Incidence of bacteremia in patients with periodontitis at
baseline and during scaling and root planing

Baseline During SRP

Positive Negative

Positive Negative

Er: YAG laser group 0 10 0 10
(n=10)

Hand instrument group 0 10 8 2
(n=10)

total 0 20 8 12

Incidence of bacteremia during SRP between the two groups was
significantly different
(P =0.0003, y*Fisher’s exact tests).

Identification of Microorganisms Isolated from
Blood

Table 4 shows the microorganisms identified
in blood cultures during SRP and their frequency.
All isolates were facultative or obligate anaerobes.
Three subjects of the hand instrument group exhibited

Table 4. Frequency of microorganisms in blood cultures during
scaling and root planing

Er: YAG laser Hand instrument

X X Microorganisms group group
Incidence of Bacteremia (n=10) (n=10)
. . . . a-streptcoccus 0 4 (40)
The incidence of bacteremia at baseline and during 7
. . . . y—streptcoccus 0 1(10)
SRP in the groups is shown in Table 3. No bacterial Streptococcus mutans 0 1(10)
growth was detected at baseline in any of the groups. Lactobacillus sp 0 1 (10)
The incidence of bacteremia during SRP was 0% (0/10) Rothia spp 0 1(10)
in the Er: YAG laser group and 80% (8/10) in the hand Fusobacterium sp 0 339
instrument group, which was significantly different P %;O:;:ep fococeus 0 110
(P =0.0003).
2.0
1.8
1.6
1.4
= 1.2
S 10
20
(=)
— 0.8
0.6 |-------t---goobons—----—-—-S - S
0O4 |  ______EEB = ____EE s
02 | N ______HEEN - B s
0.0 m

Total bacteria P. intermedia

Il Er: YAG laser group (n=10)

P. gingivalis

I forsythia 7I. denticola F. nucleatum

Hand instrument group (n=10)

Figure 1. Intergroup comparisons of the reduction of subgingival bacterial counts between baseline and 1 month after scaling and root

planing. Bars represent the mean + standard error (logl10/ml).
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polymicrobial bacteremia (growth of more than one
microorganism from the blood sample). From subject
No.2, Fusobacterium sp and Rothia spp, from No.3,
a-streptcoccus, y-streptcoccus and Streptococcus
mutans, and from No.4, Fusobacterium sp, and
Peptostreptococcus micros were isolated respectively.

Discussion

In the present study, quadrant SRP was performed
with either hand instrument or Er: YAG laser under
local anesthesia, and it was evaluated whether Er:
YAG laser could be a prophylactic methods against
transient bacteremia.

First of all, we evaluated and confirmed the
prevalence of transient bacteremia during SRP with
the conventional mechanical hand instrument. The
data in this study was almost in accordance with
our previous data (16), in terms of the incident of
bacteremia (previous study was 90% and present
was 80%, respectively), and more than half of the
microorganisms isolated from blood were species of
streptococci in both studies (Table 3, 4).

Our previous study demonstrated the efficacy of
AZM for the reduction of the incidence of bacteremia
during SRP, though it was not 100% eftective (16).
However, repeated usage of antibiotic prophylaxis
could contribute to the development of bacterial
resistance, and allergic reactions. Thus, in the present
study, we strongly focused on the Er: YAG laser’s high
bactericidal potential and evaluate whether Er: YAG
laser could be an alternative prophylactic methods.
In consequence, the incidence of bacteremia during
SRP was 0% (0/10) in the Er: YAG laser group, which
indicate that Er: YAG laser irradiation treatment could
be a prophylactic method against transient bacteremia.
We performed PCR analysis as well as microbiological
culture using the blood samples according to the
method described by Kinane et al (10). However,
none of the target bacteria were amplified in samples
of both groups, which was the same result from our
previous study (16). This may indicate that the bacteria
investigated in the present study were below the
detectable level or some technical reasons. To the best
of our knowledge, there is no report investigating the
efficacies of preventing bacteremia during SRP using
Er: YAG laser. Thus, present results cannot readily be
compared with those of other studies, and we thought
of two reasons for the prophylactic efficacies; [1] one
reason was the bactericidal effect of Er: YAG laser [2]

the other was that tissue adjacent to the periodontal
pocket after SRP could be less mechanically damaged
in the Er: YAG laser group than that in the hand
instrument group.

There is convincing evidence for the Er: YAG laser
on its bactericidal effect when used as periodontal
treatment. Ando Y et al. showed a high bactericidal
potential and capacity to reduce lipopolysaccharide
contamination of the periodontally diseased root surface
(17). Moreover, Akiyama et al. recently investigated
the effect and mechanism of bacterial ablation by
Er: YAG laser and they concluded that the thermal
evaporation of water and organic components would be
the major process in the ablation of bacterial biofilms
with the Er: YAG laser (33). In the present study, we
clinically evaluated and compared the microbiologic
findings between two different treatment modalities.
In consequence, almost all bacterial species except F.
nucleatum showed slight decreased after SRP in both
groups, though significant reduction was only detected
in P. intermedia with Er: YAG laser (P = 0.02) and
P gingivalis with hand instrument (P = 0.046) due
to the limited small number of the bacterial counts
at baseline. These findings were consistent with the
study of Derdilopoulou FV et al., which demonstrated
no significant differences between the hand instrument
and the Er: YAG laser treatment groups in bacterial
reduction after SRP (34). On the other hand, F
nucleatum were not significantly different before
and after SRP in both two groups. F. nucleatum
plays a central role in biofilm formation, mediating
coaggregation between early and late colonizers
(35). Haffajee AD et al. demonstrated that changes
in microbial counts after periodontal treatment differs
according to the pocket depth at baseline and bacterial
species; at the sights where attachment gain and pocket
depth reduction was more than 2 mm, red complex
(P. gingivalis, T. forsythia and T. denticola) could
reduce dramatically, whereas orange complex like F.
nucleatum showed just modest decreased compared
to the former (36).

There is only one report investigating the potential
prophylactic efficacies of laser against bacteremia
during dental treatment (37). In its study, Asaff M et
al. evaluated the potential use of diode lasers (DLs)
to reduce bacteremia associated with ultrasonic
scaling (US) in the gingivitis. The significantly
reduced bacteremia during US was shown after the
application of DL (incidence of bacteremia: US alone
= 68%, DL + US = 36%, respectively), though direct
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clinically superior outcome was not detected. They
also concluded that the mechanism of the reduced
bacteremia was attributed to the reduction of the
bacterial counts in gingival crevicular before US.
On the other hand, DL has a wavelength of 810 nm
and is poorly absorbed in water but highly absorbed
in pigments and hemoglobin such as in P. gingivalis
and P, intermedia. Considering the wavelength of both
Diode and Er: YAG lasers, Er: YAG laser could be
more effective than Diode laser in killing or detoxifying
periodontopathic bacteria.

Another reason might be explained by the
differences of the potential periodontal tissue
damages during SRP between hand instrument and
Er: YAG laser groups. As mentioned above, Er: YAG
laser irradiation has the potential to devitalize and
detoxified periodontal bacteria even without direct
contact by means of thermal evaporation, whereas
hand instruments could ablate bacteria only when it
contacts the plaque biofilm directly. In this context,
the mechanical damages of the capillary blood vessel
adjacent to the periodontal pocket during SRP might
be less in the Er: YAG laser group compared with
that of the hand instrument groups. In addition, with
respect to the thermal damages in periodontal tissue
after Er: YAG laser irradiation, Schwarz et al. first
reported the periodontal wound healing histologically
/ immunohistochemically in dogs and compared with
the ultrasonic device (38). The results revealed that
there was no severe thermal side effect after Er: YAG
laser irradiation in periodontal wound healing, and
both treatment procedures were effective in controlling
inflammatory cell infiltrates and may support the
formation of a new connective tissue attachment.
Because of these two mechanisms, Er: YAG laser
could then exert its prophylactic efficacies against
transient bacteremia during SRP.

In terms of clinical effectiveness, both groups
showed significant improvement of the mean PPD
and CAL after SRP compared to baseline. In addition,
only the Er: YAG laser group showed significantly
improvement of the percentage of BOP after SRP
(P=0.005). The efficacies of Er: YAG laser in removal
of radicular debris (24, 39, 40) and bactericidal
potential (17) have been proven in vitro. However,
its clinical effectiveness in non-surgical periodontal
therapy remains controversial. In a recent systematic
review, Schwarz et al. demonstrated that Er: YAG laser
monotherapy could be expected to have comparable
short- and long-term clinical outcomes compared to

conventional SRP (21). In addition, Sgolastra F et al.
performed the meta-analysis and did not find evidence
for the superior effectiveness of Er: YAG laser use
compared to conventional SRP (41). Although the
present study evaluated clinical efficacies of Er: YAG
laser in small sample size and only within 1 month
short-term period, our data were consistent with these
reports.

In conclusion, the present study demonstrated
the comparable effectiveness of Er: YAG laser and
conventional hand instrument in terms of clinical
and microbiologic outcomes in SRP. Moreover, we
provide the novel important findings that Er: YAG
laser could be an adjunctive prophylactic method
against transient bacteremia during SRP. This could
then be leading to prevention of IE and severe systemic
infection in patients with underlying heart disease and
compromised host. However, it should be pointed out
that the sample size of the present study was relatively
small, and does not allow for definitive conclusions
to be drawn. Further investigations on a larger sample
size are definitely encouraged to confirm our findings
and extend our observations.

Acknowledgement

We are grateful to Yoshihide Okagami and Kazunori
Hamada (J. Morita Mfg. Corp. Kyoto, Japan) for
technical support in Er: YAG laser, Drs. Tetsuo
Kobayashi, Tomoko Yokoyama and Kohei Ishida
(Division of Periodontology, Niigata University
Graduate School of Medical and Dental Sciences,
Niigata, Japan) for the collection of the samples and
Dr. Kaname Nohno (Division of preventive Dentistry,
Niigata University Graduate School of Medical and
Dental Sciences, Niigata, Japan) for advice with regard
to statistical analysis. This study was supported by the
fund for promotion of science from J. Morita Mfg.
Corp. (Kyoto, Japan). The authors report no conflicts
of interest related to this study.

References

1. Salvi GE, Lang NP. Host response modulation in the
management of periodontal diseases. J Clin Periodontol
2005; 32 (Suppl. 6): 108-29.

2. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal
diseases. Lancet 2005; 366: 1809-20.

3. Tonetti MS, Mombelli A. Early-Onset Periodontitis. Ann
Periodontol 1999; 4: 39-53.

182 Journal of Lasers in Medical Sciences : Volume 3 i Number 4 { Autumn 2012



Er: YAG Laser Effect on Bacteremia in Periodontitis

10.

11

13.

14.

15.

16.

17.

18.

19.

20.

Journal of Lasers in Medical Sciences : Volume 3 i Number 4 { Autumn 2012

. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher

S. Periodontal disease and cardiovascular disease. J
Periodontol 1996; 67 (Suppl. 10):1123-37.

. WuT, Trevisan M, Genco RJ, Dorn JP, Falkner KL, Sempos

CT. Periodontal disease and risk of cerebrovascular
disease. The first national health and nutrition examination
survey and its follow-up study. Arch Intern Med 2000;
160: 2749-55.

. De Nardin E. The role of inflammatory and immunological

mediators in periodontitis and cardiovascular disease.
Ann Periodontol 2001; 6: 30-40.

. Janket SJ, Baird AE, Chuang SK, Jones JA. Meta-analysis

of periodontal disease and risk of coronary heart disease
and stroke. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2003; 95: 559-69.

. Ebersole JL, Cappelli D. Acute-phase reactants in

infections and inflammatory diseases. Periodontol 2000;
23:19-49.

. Forner L, Larsen T, Kilian M, Holmstrup P. Incidence

of bacteremia after chewing, tooth brushing and scaling
in individuals with periodontal inflammation. J Clin
Periodontol 2006; 33: 401-7.

Kinane DF, Riggio MP, Walker KF, MacKenzie D, Shearer
B. Bacteremia following periodontal procedures. J Clin
Periodontol 2005; 32: 708-13.

. Crasta K, Daly CG, Mitchell D, Curtis B, Stewart D,

Heitz-Mayfield LJ. Bacteremia due to dental flossing.
J Clin Periodontol 2009; 36: 323-32.

. Forner L, Nielsen CH, Bendtzen K, Larsen T, Holmstrup P.

Increased plasma levels of IL-6 in bacteremic periodontis
patients after scaling. J Clin Periodontol 2006; 33: 724-9.

Lafaurie GI, Mayorga-Fayad I, Torres MF, Castillo DM,
Aya MR, Baron A, et al. Periodontopathic microorganisms
in peripheric blood after scaling and root planing. J Clin
Periodontol 2007; 34: 873-9.

Lockhart PB. The risk for endocarditis in dental practice.
Periodontol 2000 2000; 23: 127-35.

Tomas Carmona I, Diz Dios P, Scully C. Efficacy of
antibiotic prophylactic regimens for the prevention of
bacterial endocarditis of oral origin. J Dent Res 2007;
86: 1142-59.

Morozumi T, Kubota T, Abe D, Shimizu T, Komatsu
Y, Yoshie H. Effects of irrigation with an antiseptic
and oral administration of azithromycin on bacteremia
caused by scaling and root planning. J Periodontol 2010;
81: 1555-63.

Ando Y, Aoki A, Watanabe H, Ishikawa I. Bactericidal
effect of erbium YAG laser on periodontopathic bacteria.
Lasers Surg Med 1996; 19: 190-200.

Rossmann JA, Cobb CM. Lasers in periodontal therapy.
Periodontol 2000 1995; 9: 150-64.

Walsh LJ. The current status of low level laser therapy
in dentistry. Part 1. Soft tissue applications. Aust Dent
J1997; 42: 247-54.

Lan WH, Liu HC. Treatment of dentin hypersensitivity by
Nd: YAG laser. J Clin Laser Med Surg 1996; 14: 89-92.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Schwarz F, Aoki A, Becker J, Sculean A. Laser application
in non-surgical periodontal therapy: a systematic review.
J Clin Periodontol 2008; 35 (suppl 8): 29-44.

Ishikawa I, Aoki A, Takasaki AA. Potential applications
of Erbium: YAG laser in periodontics. J Periodontal Res
2004; 39: 275-285.

Aoki A, Ando Y, Watanabe H, Ishikawa I. In vitro studies
on laser scaling of subgingival calculus with an erbium:
YAG laser. J Periodontol 1994; 65: 1097-106.

Eberhard J, Ehlers H, Falk W, Acil Y, Albers HK, Jepsen
S. Efficacy of subgingival calculus removal with Er:
YAG laser compared to mechanical debridement: an in
situ study. J Clin Periodontol 2003; 30: 511-18.

Schwarz F, Sculean A, Berakdar M, Szathmari L, Georg
T, Becker J. In vivo and in vitro effects of an Er: YAG
laser, a GaAlAs diode laser, and scaling and root planning
on periodontally diseased root surfaces: a comparative
histologic study. Lasers Surg Med 2003; 32: 359-66.

Schwarz F, Sculean A, Georg T, Reich E. Periodontal
treatment with an Er: YAG laser compared to scaling
and root planing. A controlled study. J Periodontol
2001; 72: 361-7.

Feist IS, De Micheli G, Carneiro SR, Eduardo CP, Miyagi
S, Marques MM. Adhesion and growth of cultured
human gingival fibroblasts on periodontally involved
root surfaces treated by Er: YAG laser. J Periodontol
2003; 74: 1368-75.

Yoshida A, Suzuki N, Nakano Y, Kawada M, Oho T,
Koga T. Development of a 5’ nuclease-based real-time
PCR assay for quantitative detection of cariogenic dental
pathogens Streptococcus mutans and Streptococcus
sobrinus. J Clin Microbiol 2003; 41: 4438-41.

Baron EJ, Weinstein MP, Dunne WM Jr, Yagupsky P,
Welch DF, Wilson DM. Cumitech 1C Blood Cultures
IV. Washington DC: ASM Press 2005: 1-32.

Lockhart PB, Brennan MT, Sasser HC, Fox PC, Paster
BJ, Bahrani-Mougeot FK. Bacteremia associated with
toothbrushing and dental extraction. Circulation 2008;
117: 3118-25.

Diz Dios P, Tomas Carmona I, Limeres Posse J, Medina
Henrique J, Fernandez Feijoo J, Alvarez Fernandez M.
Comparative efficacies of amoxicillin, clindamycin,
and moxifloxacin in prevention of bacteremia following
dental extractions. Antimicrol Agents Chemother 2006;
50: 2996-3002.

Tomas I, Alvarez M, Limeres J, Potel C, Medina J, Diz
P. Prevalence, duration and aetiology of bacteraemia
following dental extractions. Oral Dis 2007; 13: 56-62.

Akiyama F, Aoki A, Miura-Uchiyama M, Sasaki KM,
Ichinose S, Umeda M, et al. In vitro studies of the
ablation mechanism of periodontopathic bacteria and
decontamination effect on periodontally diseased root
surfaces by erbium: yttrium-aluminum-garnet laser. Laser
Med Sci 2011; 26: 193-204.

Derdilopoulou FV, Nonhoff J, Neumann K, Kielbassa AM.
Microbiological findings after periodontal therapy using
curettes, Er: YAG laser, sonic, and ultrasonic scalers. J

183



Er: YAG Laser Effect on Bacteremia in Periodontitis

35.

36.

37.

38.

184

Clin Periodontol 2007; 34: 588-98.

Kolenbrander PE, London J. Adhere today, here tomorrow:
oral bacterial adherence. J Bacteriol 1993; 175: 3247-52.

Haffajee AD, Teles RP, Socransky SS. The effect of
periodontal therapy on the composition of the subgingival
microbiota. Periodontol 2000 2006; 42: 219-58.

Assaf M, Yilmaz S, Kuru B, Ipci SD, Noyun U, Kadir T.
Effect of the diode laser on bacteremia associated with
dental ultrasonic scaling: a clinical and microbiological
study. Photomed Laser Surg 2007; 25 (4): 250-6.

Schwarz F, Jepsen S, Herten M, Aoki A, Sculean A, Becker
J. Immunohistochemical characterization of periodontal

39.

40.

41.

wound healing following nonsurgical treatment with
fluorescence controlled Er: YAG laser radiation in dogs.
Lasers Surg Med 2007; 39: 428-40.

Crespi R, Barone A, Covani U. Er: YAG laser scaling of
diseased root surfaces: a histologic study. J Periodontol
2006; 77: 218-22.

Frentzen M, Braun A, Aniol D. Er: YAG laser scaling of
diseased root surface. J Periodontol 2002; 73: 524-30.

Sgolastra F, Petrucci A, Gatto R, Monaco A. Efficacy of
Er: YAG laser in the treatment of chronic periodontitis:
systematic review and meta-analysis. Lasers Med Sci
2012; 27: 661-73.

Journal of Lasers in Medical Sciences : Volume 3 i Number 4 { Autumn 2012



