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Purpose: To evaluate the effects of low-level laser therapy (LLLT) on peri-implant bone regeneration by means
of resonance frequency analysis and histologic analysis of bone-to-implant contact (BIC). Materials and
Methods: Thirty-two male New Zealand rabbits were randomly divided into four groups of eight animals each,
one control group (nonirradiated animals) and three experimental groups that received LLLT (group E5=5
J per session; group E10=10 J per session; group E20=20 J per session). The mandibular left incisor was
surgically extracted in all animals, and a nanoparticle-treated-surface osseointegrated implant was placed
immediately afterward. The experimental groups were irradiated with aluminum-gallium-arsenide laser diode
every 48 hours over a 13-day period for a total of seven sessions. Implant stability quotients (ISQs) were
measured at the time of implant placement and 30 days after the last LLLT session. The animals were
then euthanized and dissected, and histologic slides of the implant region were obtained for BIC evaluation.
Results: Significant differences in ISQ were detected between groups before and after LLLT, with group E20
showing significantly higher values than controls. The percentage of BIC was also significantly higher in group
E20 than in control animals. Conclusion: Laser therapy at a dose of 20 J per treatment session, based on
the irradiation protocol used in this study, was able to significantly increase ISQ values and BIC after implant
placement, indicating that laser irradiation effected an improvement in peri-implant bone healing. INT J ORAL
MaXxILLOFAC IMPLANTS 2015;30:1028-1035. doi: 10.11607/jomi.3882
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he clinical use of low-level laser therapy (LLLT) is
based on its ability to promote biomodulatory ef-
fects on the biochemical processes that occur during
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tissue repair, leading to increased epithelial and fibro-
blast proliferation and increased collagen synthesis,
which can accelerate the healing process.'? Its effects
also include normalization of hormone function, resto-
ration of nerve function after injury, regulation of the
immune system, modulation and attenuation of pain,
reduction of inflammation and edema, postoperative
pain management, and an increased potential for bone
repair and remodeling.3-°

In dentistry, LLLT has proven to be effective in ac-
celerating the healing process, even with the use of
different wavelengths.>'%"" Given the successful ap-
plication of nonablative lasers to accelerate new bone
formation, some authors began to use this treatment
modality to accelerate peri-implant bone healing'?-16
in efforts to reduce healing time before definitive pros-
thesis placement. The positive results obtained have
provided a means to accelerate osseointegration, and
LLLT has therefore become an adjuvant therapy in
cases of rehabilitation involving implant-supported
prostheses,2-1517-21

In the preclinical setting, findings indicate a posi-
tive effect of LLLT on bone repair'”72?? and osseointe-
gration.'21417.18.23 | vivo studies of peri-implant bone
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healing have shown greater bone maturation'%131823
and higher bone-to-implant contact (BIC) percent-
ages?* in irradiated than in nonirradiated bone. How-
ever, despite the reported beneficial effects of LLLT
on the repair process in animal models and tissue
cultures,12-1416-19.21.222425 5 definitive protocol for its
application in different clinical situations, particularly
with regard to total energy to be used per session, re-
mains controversial.212-1416-19,21,22,25,26

According to the literature, the success of osseoin-
tegrated implants may be associated with their short-,
medium-, and long-term stability.?” Objective mea-
surement of implant stability has, therefore, a direct
impact on implant rehabilitation, since these data may
be used for comparison at different stages of implant
treatment. In this sense, resonance frequency analysis
(RFA) has become a valuable tool for assessment of
implant stability because it is a noninvasive technique
that provides reproducible objective measurements of
micromobility, which can be used at different stages
of implant treatment without affecting the integrity of
osseointegration.

The Osstell 1SQ (Osstell AB) is a tool that uses RFA
to measure implant stability. The resonance frequency
of a small transducer (SmartPeg, Osstell AB) attached
to the implant is measured and converted into an im-
plant stability quotient (ISQ), which represents a lin-
ear mapping of resonance frequencies measured in
kilohertz. Values are displayed on a scale of 1 to 100
ISQ, and higher 1SQs suggest greater stability of the
inserted implant.?® This technology is able to provide
repeated implant stability measurements during the
stages of surgical placement, osseointegration, and/or
loading of implants, making it possible to detect any
increase or decrease in implant stability.?®

Currently, histology is the gold-standard research
tool for evaluating the efficacy of LLLT, thereby provid-
ing a benchmark against which the performance of
RFA measurements on a particular bone implant can
be assessed. The present study was therefore designed
to evaluate the local effects of three different doses
of LLLT on peri-implant bone regeneration by means
of RFA measurements and histologic analysis of BIC
around implants.

MATERIALS AND METHODS

The study was approved by the Ethics Committee of
Pontificia Universidade Catdlica do Rio Grande do Sul
(protocol no. 11/00235). Animal handling and experi-
mentation followed the Brazilian Ethical Principles of
Animal Experimentation and international standards
and guidelines for the care and use of laboratory
animals. All efforts were made to minimize pain and

discomfort, as well as to use only the minimum num-
ber of animals required to produce reliable scientific
data.

Animals

Thirty-two 3-month-old male New Zealand rabbits
(Oryctolagus cuniculus) weighing 3 to 4 kg each were
used in the study. The rabbits were numbered sequen-
tially and randomly divided by drawing lots into four
groups of eight animals each: (1) control: sham treat-
ment; (2) E5: LLLT at a dose of 5 J per treatment ses-
sion; (3) E10: LLLT at a dose of 10 J per session; and
(4) E20: LLLT at a dose of 20 J per session. The animals
were housed under standard conditions of tempera-
ture, humidity, and light intensity and allowed free ac-
cess to solid chow (Purina, Nestlé Purina Petcare) and
water.

Surgical Procedure

All rabbits underwent surgical extraction of the man-
dibular left incisor, followed by immediate placement
of an osseointegrated implant, and this served as the
baseline condition for each animal.

The rabbits were anesthetized with intramuscu-
lar ketamine (Dopalen, Vetbrands Saude Animal; 40
mg/kg body weight) and xylazine (Anasedan, Vet-
brands Saude Animal; 3 mg/kg body weight). Before
surgery, the area around the mandibular left incisor
was cleaned with chlorhexidine gluconate 2% (FGM
Produtos Odontolégicos), and 0.5 mL of lidocaine 2%
with epinephrine (1:100,000) was infiltrated to effect
local vasoconstriction. The incisor was then extracted
with a no. 5 pediatric extraction forceps (Edlo S/A). An
implant socket was prepared using sequentially sized
drills under continuous saline irrigation according to
the manufacturer’s instructions, and a nanoparticle-
treated-surface implant (3.25 X 11.5 mm, NanoTite,
BIOMET 3i) was placed. The implant insertion torque
meter was set at 20 N and insertion was performed
using a 20:1 contra-angle handpiece (KaVo Co) to
standardize primary stability in all implants (Figs 1a
and 1b). A transducer was then attached to the im-
plant with a torque of approximately 15 N, and 1SQs
were obtained to assess primary stability in all im-
plants after insertion. The transducer was removed,
a cover screw was placed, and the surgical site was
closed with a 4-0 monofilament nylon suture (Ethi-
con, Johnson & Johnson). The long axis of the implant
was marked on the skin to guide later laser irradiation
(Fig 1c). Tramadol (Unido Quimica) was administered
intramuscularly (5 mg/kg body weight) immediately
and 24 hours after surgery for analgesia. Enrofloxacin
(Agener Unido) was administered intramuscularly (5
mg/kg body weight) once daily for 3 days for antibi-
otic prophylaxis.
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Figs 1a to 1e Experimental procedures.

Fig 1a After extraction of the mandibu-
lar left incisor, an osseointegrated im-
plant (3.25 X 11.5 mm) was inserted
in the socket with contra-angle (20:1)
reduction, at 15 rpm and torque of 20 N.

Fig 1d LLLT was performed every 48
hours after surgery (seven sessions). Ir-
radiation was applied in two spots, one
medial and one lateral to the long axis of

Fig 1b Occlusal view after implant
placement and its correct positioning
against other alveolar bone walls.

Fig 1c The long axis of the implant was
marked on the skin to guide LLLT.

Fig 1e Measurements were performed with the Osstell ISQ device at
four different surfaces (mesial, distal, buccal, and lingual) of the Smart-
Peg before and after LLLT. (left) Image at the moment the ISQ value is
generated and shown on the display.

the implant.

All surgical procedures, RFA measurements, and
LLLT applications were performed by a single experi-
enced surgeon previously trained in all aspects of as-
sessment and procedures during a pilot study.

Laser Irradiation

Laser irradiation was performed with an aluminum-
gallium-arsenide diode laser at a wavelength of 830
nm (infrared), 50 mW output power, spot area of 0.0028
cm?, and in continuous wave mode for spot irradiation
(Thera Lase, DMC Equipamentos). Animals in all three
experimental groups received LLLT every 48 hours for
13 days, for a total of seven treatment sessions. Con-
trol animals underwent sham irradiation following the
same protocol used for irrad iated animals, but with
the laser device left unpowered. The laser parameters
used in this study are described in Table 1. The LLLT
therapy started immediately after implant placement
and closure of the surgical site.

The total energy per session was divided into two
spots, one medial and one lateral to the long axis of
the implant, as marked on the overlying skin (Fig 1d).
The laser probe was held perpendicular to the long
axis of the implant (without overlying the implants, to
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prevent reflection of radiation on the implant surface)
and irradiation was performed in contact with the soft
tissue without pressure. Animals in group E5 received
two spot doses of 2.5 J, totaling 5 J per session, over
an irradiation time of 51 seconds. Animals in group
E10 received double the dose administered to group
E5 (5 J per spot), for a total dose of 10 J per session,
over an irradiation time of 1 minute 41 seconds. Group
E20 received quadruple the initial dose: 10 J per spot,
for a total dose of 20 J per session, over an irradiation
time of 3 minutes 21 seconds. Irradiation time was au-
tomatically adjusted by the laser unit after all other pa-
rameters were set. The same irradiation protocol was
applied to all three experimental groups, except for
total energy parameters (Table 1).

Thirty days after the last LLLT session, the rabbits
were anesthetized (following the same protocol used
for the first surgery), and an additional procedure was
performed to access the implants. A linear incision was
made on the skin overlying the border of the implant
site, the mucoperiosteal flap was detached, the cover
screw was exposed and removed, and a new transduc-
er was attached to the implant with a torque of approx-
imately 15 N for a second round of RFA measurements.
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Table 1 Parameters Used for LLLT

Dental implant

Control Experimental

group groups

(n=8) E5(n=8) E10(n=8) E20(n=38)
Light source type None Laser Laser Laser
Average power (mW) None 50 50 50
Wavelength (nm) - 830 830 830
Pulse parameters - Cw CW Cw
No. of irradiation spots 0
No. of laser shots per spot 0
Energy per spot area (J) 0 2.5 10
Total energy per session (J) 0 10 20
Irradiation time per spot (s) 0 51 101 201

CW = continuous wave.

Resonance Frequency Analysis

RFA was used to assess implant stability based on
measurements performed with the Osstell ISQ device,
which measures the resonance frequency of a small
transducer (SmartPeg) attached to the implant. An
ISQ is generated and shown on the display, reflecting
the implant’s stability. This was done immediately af-
ter implant placement (time point 1) and 30 days after
the last LLLT session (time point 2). According to the
literature, acceptable stability levels range from 55 to
85 ISQ, with an average level of 70 1SQ.2°-33 At time
point 1, four ISQ measurements were obtained on the
mesial, distal, buccal, and lingual surfaces of the trans-
ducer that was attached to the implant, with the tip of
the handheld probe held perpendicular to the trans-
ducer (Fig 1e). The device was recalibrated after each
measurement. The ISQ value for each rabbit was calcu-
lated as the average of these four measurements. The
same protocol was followed for measurements at time
point 2, thus providing pre- and post-LLLT I1SQ values
for each rabbit.

Histologic Analysis

Immediately after the second round of ISQ measure-
ments, the rabbits were sedated following the same
protocol used for the surgical procedure and killed with
an overdose of propofol 1% (1 mL/kg body weight, B.
Braun S.A. Laboratories) and potassium chloride 10%
(1 mL/kg body weight, Isofarma Pharmaceutical In-
dustrial Ltda) injected intravenously. The left half of
the mandible was resected, and the bone portion con-
taining the osseointegrated implant was processed

Fig 2 Histologic appearance of BIC in
the central thread of the implant. Note the
direct contact between bone and the im-
plant surface.

to obtain 100-um sections using a microtome (Dia-
mond Band Saw, Diamond Cutting Band, 0.2 mm, D64,
Exakt). The sections were polished to a thickness of
30 um using a grinding and polishing system (Exakt)
and stained with 10% toluidine blue. The slides were
examined under a light microscope at X300 magnifi-
cation (Olympus BX51, Olympus Corporation) by two
previously calibrated observers who were blinded to
the treatment groups. The photomicrographs were
histomorphometrically evaluated and compared us-
ing an image-analysis system (ImageTool for Windows,
version 3.0, University of Texas Health Science Center
at San Antonio). BIC linear values were calculated for
the central thread of the implant (Fig 2) for each rabbit
individually and for the group as a whole.

Statistical Analysis

Categorical variables were expressed as absolute fre-
quencies and 1SQs and BIC values were expressed as
means (standard deviations). Pre- and post-LLLT 1SQ
values were compared between groups to determine
whether laser irradiation had an effect on the osseoin-
tegration process. One-way analysis of variance (ANO-
VA) was used to calculate the difference between the
final and initial 1SQs for independent samples and
to analyze the histomorphometric data (BIC values).
Statistical analysis was performed using SPSS, ver-
sion 17.0 (SPSS Inc). The level of significance was set
at 5% (P<.05). A power analysis was performed using
WinPepi (version 11.28, Pepi-for-Windows, Hebrew
University), resulting in a power of 99% for this study
design.
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Table 2 1SQ Measurements and Histomorphometric Measurements of BIC

IsQ* AISQ %BIC in the central
Time 1 Time 2 (time 1 - time 2) thread of the implant

Control

01 55.25 62.5 7.25 72.62

02 61.5 538.9 -8 73.36

03 57 63 6 86.73

04 52 58.75 6.75 68.16

05 56 63.25 7.25 73.06

06 62.25 65.5 3.25 49.45

07 52.25 60 7.75 90.29

08 54.5 65 10.5 72.91
Group means’ 56.12 + 3.75 61.12 £ 4.05 73.32 £12.33
E5

01 58.75 69.75 11 55.24

02 62 63.75 1.75 78.30

03 58.5 66 7.5 85.60

04 55 61.75 6.75 77.84

05 57.75 65.75 8 78.12

06 56 53 -3 87.71

07 47.25 64.5 17.25 69.36

08 56.5 66.25 9.75 94.03
Group means’ 56.12 + 4.25 63.37 £ 4.80 78.27 £ 11.95
E10

01 61 65 4 77.90

02 59.5 63.5 4 73.07

03 57 59.75 2.75 74.07

04 59.25 68.75 9.5 60.14

05 54.75 67 12.25 74.03

06 53 68.5 155 73.68

07 56.25 62.75 6.5 74.49

08 57 58.5 1.5 78.15
Group means’ 57.00 £ 2.67 63.75 + 3.91 73.19 £+ 5.61
E20

01 63.25 70 6.75 82.24

02 49.5 67.75 18.25 92.41

03 53.75 70.5 16.75 96.45

04 59.75 68.75 9 98.13

05 58 68.5 10.5 96.33

06 56.5 69.5 13 87.66

07 56.25 66.75 10.5 95.67

08 53 68.75 15.75 94.33
Group means’ 55.87 + 4.29 68.25 + 1.38F 92.90 + 5.38F

*Values are the mean of four measurements (mesial, distal, buccal, and lingual surfaces).
TfOne-way analysis of variance (ANOVA). Values are expressed as means + standard deviations.
fSignificantly different from controls (P<.05, ANOVA).

Fig 3a Occlusal radiograph immediately be-
fore death showing the implant in place along
the axis of the mandibular symphysis. Note
correct implant positioning and absence of ra-
diolucent areas around the implant.

Fig 3b Clinical appearance 45 days after
surgery. Features are normal, and there are
no signs of inflammation in the peri-implant
soft tissue.

RESULTS radiographic features and no signs of inflammation in

the peri-implant soft tissue (Figs 3a and 3b). All groups
The ISQs obtained at the time of implant placement  showed very similar ISQs at the time of implant inser-
and 30 days after the last LLLT session are shown inTa-  tion (time point 1) and displayed an increase in I1SQs af-

ble 2. Allimplants were considered osseointegrated by  ter LLLT (Table 2). Group E20 implants had significantly
30 days after LLLT, and all showed normal clinical and  higher ISQs than controls (P=.004).
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Fig 4 Light microscopic views of specimens from (a) control group, (b) experimental group E5, (c) experimental group E10, (d) ex-
perimental group E20. In all images, note the vertical position of the osseointegrated implant and newly formed bone (toluidine blue;
maghnification X300).

Histomorphometric evaluation showed significant-
ly higher BIC values in the threaded area of interest in
group E20 than in the control group (P=.033). No sta-
tistically significant differences in BIC values were ob-
served between the other groups (Table 2, Fig 4).

DISCUSSION

LLLT has proven effective and beneficial as an adju-
vant therapy for several dental treatments. However,
because there is no well-defined protocol for differ-
ent types of LLLT treatment, its clinical application has
been the subject of research in several health fields.
The use of LLLT to accelerate peri-implant bone healing
after implant placement stands out among the various
indications for LLLT reported in the literature 212212225
In this study, to obtain similar initial clinical conditions
for application of LLLT, all animals underwent surgical
extraction of the mandibular left incisor, followed by
immediate placement of an osseointegrated implant
using the same operative technique; all procedures
were performed by the same surgeon. Statistical anal-
ysis of the ISQs revealed great similarity between the
results obtained at the time of implant placement, in-
dicating successful standardization of the surgical pro-
cedure (Table 2). Furthermore, a minimally traumatic
surgical technique was used to maintain peri-implant
bone tissue integrity for implant placement.

Rabbits were chosen as the experimental animal
model for this study, as was the case in previous stud-
ies,>121417.21.22 hacause of ease of handling, surgical
preparation, postoperative follow-up, and, particu-
larly, the adequate size of this animal, which enables
placement of conventional osseointegrated implants
into fresh extraction sockets. This region was chosen
for implant placement, rather than the tibia, to mim-
ic as closely as possible the situations encountered

in clinical practice. In addition, this method provides
higher reliability, because the mandibular alveolar
bone receives a masticatory load that is different from
that to which the rabbit tibia is subjected.?*

Likewise, in accordance with the most re-
cent literature, LLLT was performed with an infra-
red laser¥12-1416-19.21.2225 at 3 wavelength of 830
nm,'2141617.22.24.25 \yhich was applied to two spots near
(not directly over) the dental implant. A total of seven
sessions of irradiation were performed,'%'41722 with
48-hour intervals between sessions,'2718212225 and dif-
ferent doses were used in each experimental group.

RFA using the Osstell ISQ device is currently a reli-
able noninvasive method for assessment of implant
stability before loading of implants.2?-31333536 Ag g
diagnostic tool, the Osstell 1SQ system enables the
dentist to optimize any stage of the healing process,
prosthetic rehabilitation, or surgical protocol to be
used, making it possible to reduce the time required
before insertion of the definitive rehabilitation. This
method has also been used in scientific research to
prevent the compromise of samples during measure-
ment of both primary and secondary implant stability,
particularly when the purpose is to assess the amount
of BIC.3” Although a recent study using RFA in 3,786
dental implants concluded that ISQs are not reliable in
predicting early implant failure,38 a trustworthy cutoff
ISQ that would differentiate between success and early
implant failure remains to be determined. In contrast
to these findings3® but in agreement with much of
the literature,2°-3133:3536 the current authors observed
that, in scientific research performed on a scheduled
basis in animals under ideal conditions for assessment,
with measurements properly recorded by calibrated
examiners and strict use of the same procedures at the
same intervals, without interference from inadequate
occlusal or prosthetic factors, 1SQs corresponded
closely to the histologic observations.
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In the present study, the protocol employed for as-
sessment of implant stability was based on the mean
of four ISQ measurements (mesial, distal, buccal, and
lingual surfaces) in an attempt to eliminate measure-
ment bias by including all bone walls. When the 1SQs
obtained at implant placement (time 1) and 30 days
after the last LLLT session (time 2) were compared, an
increase was observed in ISQs at the end of the ex-
periment (time 2) for all implants tested, regardless of
group, which may be attributed to the osseointegra-
tion phenomenon. However, the irradiated rabbits
always showed 1SQs that were higher than those of
controls at time point 2, with group E20, which received
total energy of 20 J per session, showing a significant
increase in ISQ compared to all other groups (P=.004).
It is worth noting that, although all groups showed a
mean increase in ISQs caused by the process of osseo-
integration itself, this finding was not observed in all
animals, which may be attributed to specific changes
related to the biologic aspects of each individual in the
sample.

After strict sample preparation for histomorphomet-
ric analysis of BIC in the central thread of the implant,
it was seen that group E20 had statistically higher BIC
scores. The other two experimental groups, which re-
ceived lower doses of LLLT, showed results very similar
to those of controls. The literature,222-26 however, still
lacks a therapeutic laser protocol that covers, using a
single total energy value, all the possibilities of benefi-
cial effects on bone tissue. Nevertheless, the 20-J-per-
session LLLT protocol used in this study promoted the
largest amount of newly formed bone in contact with
the implant, as detected not only by RFA but also by
histologic analysis, which is the gold standard for this
type of study.

Although this study was carefully designed to mini-
mize bias, it had some limitations that deserve consid-
eration. First, the lack of a definitive protocol for LLLT
had a direct impact on the objectives of the study, par-
ticularly the lack of a standard value for the total en-
ergy that must be delivered to the tissue to achieve the
desired effect on peri-implant bone healing. Second,
with respect to I1SQs, the information provided by the
manufacturer of the Osstell ISQ device and data from
the literature indicate which 1SQ ranges correspond to
variations that show lower and higher implant stability
(<50, 50 to 70, and >70), with the average level of 70
ISQindicating mainly acceptable loading of animplant,
whereas < 50 1SQ is related to poor stability and > 70
ISQ to excellent implant stability, as measured by RFA.
In an attempt to elucidate the relationship between
these values and the osseointegration phenomenon,
the authors compared the results of RFA measure-
ments and histologic analysis of BIC around implants
in an attempt to establish a connection between mean
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ISQs and BIC percentages, especially when comparing
subtle variations in 1SQs. Finally, RFA is a noninvasive
method that provides objective measurements that
can be reproduced in vivo, and this approach allows
a clinical assessment of the effects of LLLT on implant
stability. However, further studies, including assess-
ments (of 1ISQ and BIC) at different points in time, are
warranted to investigate variations at the very early
stages of implant placement, as well as to determine
the course of any LLLT-related increases in 1SQ and BIC
in the long term.

CONCLUSIONS

The present study showed significant differences in
implant stability quotients (ISQs) and percentage of
bone-implant contact obtained after application of
low-level laser therapy (LLLT). The current findings
demonstrate that LLLT was able to significantly in-
crease ISQs after implant placement, reflecting greater
implant stability and suggesting that this laser therapy
is effective in improving peri-implant bone healing
when used in the parameters described here. Like-
wise, when ISQs and histologic results were compared,
bone-implant contact values were also favored by the
use of LLLT, showing an increase in the amount of new-
ly formed bone on the implant surface.
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