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Abstract

Objective: In this radiographic and microbiologic split-mouth clinical trial, efficacy of a diode laser as an
adjunct to conventional scaling in the nonsurgical treatment of peri-implantitis was investigated. Background
data: Eradication of pathogenic bacteria and infected sulcular epithelium presents a significant challenge in
the nonsurgical treatment of peri-implantitis. Materials and methods: Ten patients (mean age, 55.1 years;
SD, 11.4) with 48 two piece, rough-surface implants and diagnosed with peri-implantitis were recruited
(NCT02362854). In addition to conventional scaling and debridement (control group), crevicular sulci and
the corresponding surfaces of 24 random implants were lased by a diode laser running at 1.0 W power at the
pulsed mode (k, 810 nm; energy density, 3 J/cm2; time, 1 min; power density, 400 mW/cm2; energy, 1.5 J; and
spot diameter, 1 mm); (laser group). Healing was assessed via periodontal indexes (baseline and after 1 and 6
months after the intervention), microbiologic specimens (baseline and after 1 month), and radiographs
(baseline and after 6 months). Results: Baseline mean pocket depths (4.71, SD, 0.67; and 4.38, SD 0.42 mm)
and marginal bone loss (2.71, SD 0.11; and 2.88, SD 0.18 mm) were similar ( p = 0.09 and p = 0.12) between
the control and laser groups, respectively. After 6 months, the laser group revealed higher marginal bone loss
(2.79, SD 0.48) than the control groups (2.63, SD 0.53) ( p < 0.0001). However, in both groups, the microbiota
of the implants was found unchanged after 1 month. Conclusions: In this clinical trial, adjunct use of diode
laser did not yield any additional positive influence on the peri-implant healing compared with conventional
scaling alone.

Introduction

Peri-implantitis is an ‘‘inflammatory process’’ af-
fecting the tissues around an already osseointegrated

implant, and it is becoming the most challenging problem in
clinical implant dentistry.1 In the early stage, the lesion is
isolated within the soft tissues (perimucositis); however,
disease progression may result in the loss of supporting al-
veolar bone characterized by crater-like defects in the mar-
ginal crestal zone.2

According to a review, peri-implant mucositis occurs in
*80% of the patients (50% of the implants), and in 28–56% of
patients (12–40% of implants), the disease translates into peri-
implantitis.3 Despite various proposed treatment modalities,
there are currently no established criteria for the definitive
treatment and eradication of perimucositis and peri-implantitis.4

Decontamination of the implant surface and eradication of the

biofilm and endotoxins are a major challenge in its treatment.5

In addition to conventional scaling, many adjuvant methods
have also been introduced, including citric acid application,6 air
flow,7 and laser irradiation.8

Lasers can effortlessly irradiate the entire surface, espe-
cially in irregular and rough areas where mechanical in-
struments cannot easily reach. They not only eliminate
bacteria but also inactivate bacterial diffused toxins.9

The aim of this study was to compare the efficacy of an
810 nm diode laser (DL) as an adjunct to conventional
scaling in the nonsurgical treatment of mild to moderate
peri-implantitis. A split-mouth controlled clinical trial was
conducted to test the following null hypothesis: adjunct
application of an 810 nm DL in the conventional nonsurgical
treatment of peri-implantitis is not associated with a statis-
tically significant difference in microbial counts, marginal
bone loss, and peri-implant parameters.
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Materials and Methods

The study was approved by the Istanbul University
Ethical Committee of human subjects (2010/357-80), con-
ducted according to the Helsinki Declaration of 1975 as
revised in 2008, and was registered as a clinical trial
(NCT02362854). In order to estimate the required sample
size, the results of a previous study10 were referred to, and a
minimum of 22.1 subjects (implants) per group were de-
termined to detect a 30% difference of bacterial load with a
statistical power of 80% at the level a = 0.05.

Volunteers were selected from among the patients who
applied to the department clinic between February 2010
and May 2013. Initially, all patients were investigated by
panoramic radiographs and clinical examination. Patients
with at least two functioning bilateral rough-surfaced im-
plants and demonstrating bleeding on probing (BOP), pla-
que, pain, and/or suppuration, 4–6 mm of periodontal
probing depth, and <3 m of marginal bone loss (MBL) were
included in the study. To avoid bias, patients with ongoing
or a history of periodontitis and patients prescribed any
antibiotics 3 months prior to the initiation of the study were
excluded. Because implants with an MBL of >3 mm ne-
cessitate a surgical approach [cumulative interceptive sup-
portive therapy (CIST) protocol],11 any patients carrying
such implants were also excluded. Accordingly, 10 patients
(3 males and 7 females) with a total of 48 bilateral implants

were recruited consecutively for the study. Written ap-
provals of participation were obtained from all volunteers.
The mean age of the patients was 55.1 years (range, 43–76;
SD, 12.4). All patients were systemically healthy, and there
were no smokers. All of the patients were partially eden-
tulous. Prior to the initiation of the study, proper oral hy-
giene instructions were given to all patients (Fig. 1). The
corresponding implants of the patients were in a tapered root
form design and had a rough surface (acid etching and sand
blasting) that was marketed by different manufacturers (15
MIS, Seven, Shalomi, Israel; 12 Camlog Biotechnologies,
Karlhusen, Germany; 8 Nobel Biocare, Replace, Karlosko-
ga, Sweden; and 7 Biohorizons, Birmingham, AL). The
mean function time of the implants was 19.4 months (SD,
3.2; range 12.2–25.2), and all implants were restored by
cement-retained fixed metal-ceramic prostheses. Any resto-
rations with overhanging or poor margins were discarded or
corrected to establish proper margin contours. An acrylic-
based temporary crown was cemented on the treated implants
if the permanent restoration was faulty. The occlusal contacts
were also checked to ensure the absence of overloading.
Abutments were not removed, because plaque-retaining parts
or imperfections were not detected. At the beginning of the
treatment, the test (laser group) and control implants (control
group) were allocated via a coin toss (Fig. 2).

All suprastructures were removed, and the peri-implant
depth (PD) [measured from four points to the nearest mm

FIG. 1. Study flow diagram.
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using a calibrated manual probe (PQ-OW Hu-Friedy In-
strument Co. Chicago, IL)] interproximal plaque index
(PI),12 and BOP13 were recorded by a calibrated examiner
(V.A.). BOP was evaluated as present if bleeding was evi-
dent within 30 sec after probing, or absent if no bleeding
was noticed within 30 sec after probing. PD was measured
from the mucosal margin to the bottom of the probable peri-
implant sulci.

Any supragingival plaque or debris was cleaned by sterile
gauze, and all subsequent procedures were performed asep-
tically. Two dedicated sterile paper point tips (Greiner Bio-
One, Frickenhausen, Germany) were gently inserted into the
peri-implant sulci, and care was taken to avoid trauma-related
bleeding. After 20 sec, the paper points were removed and
placed into a dedicated eppendorf tube (Greiner Bio-One,
Frickenhausen, Germany). For each sample, DNA was ex-
tracted and purified with a Bacterial Genomic DNA Kit
(GenElute, Sigma-Aldrich Co, St. Louis, MO) according to
the manufacturer’s instructions. PCR amplification and hy-
bridization procedures were performed according to the
manufacturer’s instructions (ParoCheck�, Greiner Bio-One
GmbH, Frickenhausen, Germany). Results were generated
using a scanner (CheckScannerTM, Greiner Bio-One GmbH)
and a semiquantitative labeling scheme was processed by its
software [ParoReport (supplied with the ParoCheck� Kit),
based on Gene Pixt, Axon Instruments Inc. Frickenhausen,
Germany]. The results were estimated according to the la-
beling scheme corresponding to different signal levels: no
detection (absent), low, moderate and high. The following 20
species can principally be identified by the dedicated micro-
array detection system: Actinomyces odontolyticus, Actino-
myces viscosus, Aggregatibacter actinomycetemcomitans,
Campylobacter concisus, Campylobacter gracilis, Campylo-
bacter rectus/showae, Capnocytophaga gingivalis/sputigena/
ochracea, Eikenella corrodens, Eubacterium nodatum, Fu-
sobacterium nucleatum, Peptostreptococcus micros, Por-
phyromonas gingivalis, Prevotella intermedia, Prevotella
nigrescens, Streptococcus constellatus group, Streptococcus
gordonii group, Streptococcus mitis group, Tannerella for-

sythia (Bacteroides forsythus; Tannerella forsythensis), Tre-
ponema denticola, and Veillonella parvula.

To clean the infected implant surface, local infiltrative
anesthesia (Ultracain, Articain Hydroclorure, 20 mg/mL,
Aventis Farma, Istanbul, Turkey) was administered, and the
peri-implant sulci and the corresponding implant surface
were mechanically debrided in accordance with the scaling
technique via a dedicated plastic implant curette (W&H,
Dentalwerk Bürmoos GmbH, Salzburg, Austria). Addition-
ally, the peri-implant sulci of the implant(s) in the laser
group was lased by a Diode Laser (Denlase 810/7, Beijing,
China) with a wavelength of 810 nm (energy density, 3 J/
cm2; power density, 400 mW/cm2; energy, 1.5 J; and spot
diameter, 1 mm) for a duration of 1 min in pulsed mode with
a power level of 1 W using a standard 400 lm delivery
optical fiber tip. The uninitiated tip was inserted parallel to
the long axis of the implant *1 mm from the most apical
level of the peri-implant sulci, and moved in a mesiodistal
and apicocoronal direction around the implant. Care was
taken to prevent any coagulation and subsequent tempera-
ture increase in the application tip by regular cleaning via
saline-dampened sterile gauze. Irradiation was performed by
the same operator (S.V.A.) in all patients. The peri-implant
sulci of all implants were washed with sterile saline solution
to remove any remaining debris (Fig. 3). After the treatment,
all superstructures were re-cemented by a polycarboxylate
cement (Adhesor Carbonfine, Spofa Dental, Jicin Czech
Republic). A thin layer of cement was applied via a bonding
brush, and care was taken to avoid any cement excess
around the treated peri-implant sulcus, by careful cleaning
using the dental explorer and a dental floss.

For the assessment of healing and the microbiological
outcome, the aforementioned peri-implant health indexes
were measured after 1 month. To determine the effect of the
treatment variables on the marginal bone levels, an addi-
tional measurement, including MBL and peri-implant health
indexes, were repeated 6 months after the intervention.

MBL was measured using a previously established
method.14 Baseline and the final panoramic radiographs

FIG. 2. Localization of implants in the
study groups.
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(taken 6 months after the intervention) were scanned and
visualized using dedicated software (ImageJ, National In-
stitutes of Health, Bethesda, MD). The measuring tool was
calibrated using the known implant length. Then, the dis-
tance between the implant shoulder and the marginal peri-
implant crestal bone was measured in millimeters. This was
repeated in the distal and mesial aspect of all implants. The
measurements were repeated twice, and the results were
averaged to yield final values.

Statistical analysis

All statistical testing was performed using a commercial
software package (Graphpad Prism 6.0, Graphpad Software
Inc. CA). Descriptive statistics of measured values consist-
ing of the mean, standard deviation, range, and 95% confi-
dence interval (CI) were calculated. The distribution of the
data was analyzed using the D’Agastino Pearson Omnibus
Normality test. MBL and PD values were analyzed using
two way repeated measures analysis of variance (ANOVA).
Sidak’s test was used for post-hoc multiple comparisons.
BOP scores in the measurement intervals were analyzed by
the Fisher’s exact test. Comparison of BOP scores and the
microbial load in the given intervals were analyzed using
the McNemar Test.

Results

All patients completed the study. There were no com-
plications or negative outcomes. No residual or excess ce-
ment was detected in any peri-implant sulcus.

The mean and the deepest PD measurements in the
measurement intervals were similar between the groups
( p = 0.56, p = 0.86, and p = 0.88 for the mean, and p = 0.108,
p = 0.066, and 0.065 for the deepest PD values measured at
baseline, and after 1 and 6 months, respectively). The
change in the mean and the deepest PD values in the mea-

surement intervals were statistically significant in both
groups ( p < 0.001). In both groups, the mean and the deepest
measured PD values demonstrated a decrease after 1 month
and increased again after 6 months. However, there was no
statistically significant difference in any of the measurement
intervals between the laser and control groups (Table 1).

At the beginning of the study, interproximal plaque was
detected in both groups (91.7%). After 1 month, the PI
scores revealed a statistically significant decrease (29.2 and
25% in the laser and control groups, respectively; p = 0.001
for both groups). However, the differences between the
groups were not statistically significant ( p = 0.745). At the
final visit, the PI scores showed an increase, but the dif-
ferences were not statistically significant (29.2% and 25.0%;
p = 0.070 and p = 0.086 in the laser and control groups, re-
spectively). The final PI scores were still below the initial PI
scores, and the differences were statistically significant
(54.2% and 41.7%; p = 0.012 and p = 0.002 in laser and
control groups, respectively).

BOP that was present around all implants (100% in both
groups) at the beginning of the study showed a statistically
significant decrease in both groups after 1 month (58.3%;

FIG. 3. (a) Panoramic radiography of a patient in the study group. (b) Baseline marginal bone loss (MBL) was measured
using special software. (c) Periodontal indexes were measured. (d) Microbial sampling used dedicated paper points. (e)
Scaling used dedicated plastic curettes in the control group. (f) Additional diode laser (DL) application in the laser group.
(g) Panoramic graph taken after 6 months.

Table 1. Mean and the Deepest Peri-Implant

Depth (PD) Measurements (mm) and Corresponding

Statistics in the Measurement Intervals

Mean (SD) Deepest (SD)

Laserd Controle Laserd Controle

Baselinea 4.71 (0.67) 4.38 (0.42) 5.37 (0.49) 5.17 (0.38)
After 1 monthb 4.25 (0.61) 3.99 (0.35) 4.79 (0.72) 4.41 (0.50)
After 6 monthsc 4.54 (0.74) 4.17 (0.41) 5.08 (0.72) 4.71 (0.62)

avs; bp < 0.001; cp < 0.001; cp < 0.008 for the mean PD scores;
cp < 0.002; cp < 0.001 for the mean PD scores; dvs; ep > 0.05 for the
mean and deepest PD values.
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p = 0.002 in both groups). However, it reversed almost back to
the initial situation after 6 months (95.8%; p = 0.004 and
100%; p = 0.002 for the laser and control groups, respectively).

Baseline and 6 months post-treatment MBL values are
illustrated in Table 2. Prior to the initiation of the treatment,
MBL was similar between the groups (mean 2.13 and 2.35 mm
for the laser and control groups, respectively; p = 0.44). The
change in the MBL values over time was statistically signifi-
cant (F = 38.34, p < 0.0001), and after 6 months, the differ-
ence in MBL values was also significant in the laser group
[mean difference 0.6521 mm; corrected p < 0.0001; two-way
ANOVA, interaction F (1.46) = 67.35; p < 0.0001; column
factor (time) F (1.46) = 38.34; p < 0.0001; row factor (treat-
ment type) F (1.46) = 1.193; p = 0.2804; subjects (matching) F
(46.46) = 9.872; p < 0.0001]. The differences in MBL values
measured after 6 months in the laser and control groups was
statistically significant (mean difference 0.5227 mm; adjusted
p = 0.0013) (Fig. 4).

Both methods seem to be able to diminish the total bac-
terial counts on affected peri-implant sulcus. However, there
was no statistically significant difference in any of the mi-
crobial complexes15 (Tables 3 and 4, and Fig. 5).

Discussion

In this study, the efficacy of an adjunct 810 nm DL in the
nonsurgical treatment of mild to moderate peri-implantitis
was investigated via microbial, radiographic, and peri-
implant measures. The split-mouth design of the study
yielded objective screening of all parameters throughout the
study interval.

The similarity of the pathologic microbiota around the
diseased implants and teeth16 led to assignment of similar

treatment approaches for periodontitis and peri-implantitis,
which mainly consisted of mechanical debridement accom-
panied by an adjunctive therapy aiming to eliminate the
biofilm attached on the implant surface.16 Metallic instru-
ments scratch the implant surface, whereas the plastic ones do
not perform equivalently. Although many different types of
lasers show promising results, currently, there is no consensus
on a particular type. In addition to the demonstrated bacte-
ricidal effects in the peri-implant sulcus, many of the lasers
have been shown to alter the titanium surface.17 Because of
the variability of the power settings in the higher powered
lasers (i.e., Nd:YAG, Er:YAG, and Er,Cr:YSGG), the clini-
cian should pay particular attention to exposure and distance

Table 2. Marginal Bone Loss (MBL) in the Laser and Control Groups

Laser Control

Mean (SD) Range 95% CI Mean (SD) Range 95% CI

Baseline 2.13 (0.47) 1.11–2.98 1.93–2.34 2.35 (0.56) 1.04–3 2.11–2.59
After 6 months 2.79 (0.48) 1.56–3.78 2.58–2.993 2.63 (0.53) 1.12–3.09 2.03–2.48

Table 3. Presence of the Red Complex Bacteria

in the Measurement _Intervals

Laser (n = 24) Control (n = 24)
n (%) n (%)

Tannerella forsythia
Baseline 22 (91.7) 22 (91.7)
After 1 month 20 (83.3) 22 (91.7)
p 0.500 1.000

Treponema denticola
Baseline 24 (100) 24 (100)
After 1 month 22 (91.7) 24 (100)
p 0.500 1.000

Porphyromonas gingivalis
Baseline 19 (79.2) 18 (75.0)
After 1 month 12 (50.0) 18 (75.0)
p 0.092 1.000

Table 4. Presence of the Orange Complex

Bacteria in the Measurement _Intervals

Laser (n = 24) Control (n = 24)
n (%) n (%)

Campylobacter rectus
Baseline 20 (83.3) 20 (83.3)
After 1 month 20 (83.3) 18 (75.0)
p 1.000 0.727

Prevotella intermedia
Baseline 20 (83.3) 20 (83.3)
After 1 month 20 (83.3) 22 (91.7)
p 1.000 0.500

Peptostreptococcus micros
Baseline 24 (100) 20 (83.3)
After 1 month 19 (79.2) 15 (62.5)
p 0.063 0.125

Fusobacterium nucleatum
Baseline 24 (100) 24 (100)
After 1 month 24 (100) 24 (100)
p 1.000 1.000

Eubacterium nodatum
Baseline 0 (0) 0 (0)
After 1 month 3 (12.5) 0 (0)
p 0.250 -

Streptococcus constellatus group
Baseline 23 (95.8) 23 (95.8)
After 1 month 20 (83.3) 20 (83.3)
p 0,250 0.250

Campylobacter gracilis
Baseline 22 (91.7) 19 (79.2)
After 1 month 22 (91.7) 16 (66.7)
p 1.000 0,250

Prevotella nigrescens
Baseline 23 (95.8) 19 (79.2)
After 1 month 22 (91.7) 16 (66.7)
p 1.000 0.508
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setting, so that the implant surface and the peri-implant tis-
sues remain stable.18 Such a risk was eliminated in this in-
vestigation by the preference of a low-powered 810 nm DL,
which was shown to be innocuous on the implant surface.19 It
should also be emphasized that the strategies suggested for

the treatment of peri-implantitis depend on empirical find-
ings, and that lasers would be used in combination with the
suggested conventional treatment methods.6

The similarity of the biofilm response in diseased teeth
and implants has been previously shown. A high proportion
of gram-negative organisms consisting of anaerobic bacteria
and mobile rods and spirochetes were reported in this in-
fection.20 Healthy peri-implant sulci are characterized by
dominating coccoid bacteria that mainly consist of aerobic
gram-positive bacteria.21,22 It has been shown that a de-
crease in the bacterial count in the diseased peri-implant
sulci may result in the re-establishment of a healthy equi-
librium between the microflora and the host defense, thereby
improving the healing potential of the site.23 Therefore, many
studies were focused on the photo elimination (laser irradia-
tion) of the pathologic bacteria; Fontana and co-workers24

investigated the bactericidal efficacy of the power intensity
(0.4, 0.6, 0.8, 1.0, and 1.2 W) of a DL in an experiment on
rats. Bacterial reduction was evident in all cycles irrespective
of the power intensity. Moritz and co-workers10 applied DL
with a 2.5 W power into periodontal pockets, following me-
chanical scaling and debridement. DL yielded significantly

FIG. 5. Microbial load in the laser and
control groups in the measurement intervals.
Bacteria were grouped according to the
bacterial complexes described by Socransky
and co-workers.15

FIG. 4. Box-plot graphs of marginal bone loss (MBL) in
the laser and control groups.
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more reduction of the pathologic bacteria than scaling alone,
and the elimination of A. actinomycetemcomitans was clearly
noted. In almost all of the previous studies, DL was especially
effective in the elimination of pigmented bacteria such as A.
actinomycetemcomitans.25,26 This can be explained by the
optical affinity of the laser beam to the darker pigmentation
on such bacteria.27

Although the clinical applications of DL lead to an im-
mediate microbial decrease, the results were unfortunately
not sustained in the long term.18,26,28–30 This finding was also
evident in the present investigation, as no significant change
was found for any of the investigated bacteria after 1 month.
Except for minor differences, any substantial change of the
bacterial load was hardly noticeable in the laser and control
groups. Hence, DL application for the elimination of patho-
logic bacterium did not perform better than scaling alone. PD,
deepest PD, and PI parameters yielded improvements in both
groups without any statistically significant differences. BOP,
which is accepted as the main indicator of peri-implant
health,31 showed a decrease after 1 month, but returned back
to the initial level. Similar outcomes were reported in a series
of clinical studies by Schwarz and co-workers using the
Er:YAG lasers. Serious bacterial reduction obtained imme-
diately after the application of the laser was no longer dis-
cernable after ‡1 month.32–35 The success of peri-implantitis
treatment appeared to be related to factors other than bacterial
load reduction.35

MBL was used for the assessment of outcome in various
treatment approaches used in implantology.36 In the present
study, the MBL values that were similar at the initiation of
the study (baseline) revealed a statistically significant in-
crease in the laser group 6 months after the treatment. This
can be the result of many factors, such as individual host
response and confounding factors in the healing mechanism
of the peri-implant alveolar bone. However, a negative
impact related to the use of DL may also be involved. It was
reported that an uncontrolled increase of temperature in the
DL-applied area might jeopardize healing conditions be-
cause of thermal damage.18,37 Nevertheless, the power
output of the recently used DL was below that of the pre-
vious studies, and a similar methodology was used in the
clinical application. Because the sample size of the present
clinical study cannot be used for a generalized conclusion,
clinicians should be aware of such dangers in the DL ap-
plication in the nonsurgical treatment of peri-implantitis.

Conclusions

Based on the results of this study, it was concluded that in
the nonsurgical treatment of peri-implantitis, adjunctive use
of a DL, did not yield any additional positive influence on
the peri-implant microbiota compared with conventional
scaling alone. Further studies are required to explore the
reasons for MBL around diseased implants treated by DL
after conventional scaling.
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