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Abstract The purpose of the present study is to evaluate the
effects of low-level laser therapy on the osseointegration pro-
cess by comparing resonance frequency analysis measure-
ments performed at implant placement and after 30 days and
micro-computed tomography images in irradiated vs nonirra-
diated rabbits. Fourteen male New Zealand rabbits were ran-
domly divided into two groups of seven animals each, one
control group (nonirradiated animals) and one experimental
group that received low-level laser therapy (Thera Lase®,
aluminum-gallium-arsenide laser diode, 10 J per spot, two
spots per session, seven sessions, 830 nm, 50 mW, CW, Ø
0.0028 cm2). The mandibular left incisor was surgically ex-
tracted in all animals, and one osseointegrated implant was
placed immediately afterward (3.25ø × 11.5 mm; NanoTite,
BIOMET 3i). Resonance frequency analysis was performed
with the Osstell® device at implant placement and at 30 days
(immediately before euthanasia). Micro-computed tomogra-
phy analyses were then conducted using a high-resolution

scanner (SkyScan 1172 X-ray Micro-CT) to evaluate the
amount of newly formed bone around the implants.
Irradiated animals showed significantly higher implant stabil-
ity quotients at 30 days (64.286 ± 1.596; 95 % confidence
interval (CI) 60.808–67.764) than controls (56.357 ± 1.596;
95 %CI 52.879–59.835) (P = .000). The percentage of newly
formed bone around the implants was also significantly higher
in irradiated animals (75.523 ± 8.510; 95 %CI 61.893–89.155)
than in controls (55.012 ± 19.840; 95 %CI 41.380–68.643)
(P = .027). Laser therapy, based on the irradiation protocol
used in this study, was able to provide greater implant stability
and increase the volume of peri-implant newly formed bone,
indicating that laser irradiation effected an improvement in the
osseointegration process.
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Introduction

The use of implants in the oral cavity represents a major break-
through in the rehabilitation of partial and complete
edentulism [1]. Immediate implant placement after tooth ex-
traction not only eliminates a surgical step but also allows the
use of the remaining bone after a conservative approach.
Other advantages are a reduction in the time required before
insertion of the definitive rehabilitation and a satisfactory aes-
thetic result, as desired by the patient [2]. Osseointegration of
the implant is critical to achieving long-lasting implant stabil-
ity. Conceptually, osseointegration is defined as the direct con-
nection between living bone and the surface of an implant, and
this process is dependent on many factors, including the mor-
phology, composition, and characteristics of the implant sur-
face [3].
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Low-level laser therapy (LLLT) has been used clinically in
the management of several conditions based primarily on its
ability to promote stimulatory effects on the biochemical and
molecular processes that occur during tissue repair, leading to
increased fibroblast and epithelial proliferation and increased
collagen synthesis, which can accelerate the healing process.
In addition, its effects are associated with restoration of nerve
function after injury, normalization of hormone function, in-
creased potential for bone repair and remodeling, reduction of
inflammation and edema, regulation of the immune system,
modulation and attenuation of pain, and postoperative pain
management [4–10]. In dentistry, preclinical findings indicate
a positive effect of LLLT on bone repair and osseointegration
[11–15], and this treatment modality has become a well-
accepted adjuvant tool to enhance the osseointegration pro-
cess in cases of rehabilitation involving implant-supported
prostheses [12–15]. Table 1 summarizes previous studies that
have used LLLT (infrared), including the effect on
osseointegration.

Most of the techniques that are currently available for
assessing the osseointegration process, such as histology
[16], histomorphometry [17], and X-ray diffraction [18], are
invasive and require sample destruction and animal euthana-
sia, and reproducing them in humans is often difficult [19, 20].
The noninvasive assessment of bone-to-implant contact is
therefore a desired approach, as the objective measurement
of implant stability is very important to estimate the success
of osseointegrated implants.

Resonance frequency analysis (RFA) is a noninvasive
method that allows for direct measurement of the amount of
bone-to-implant contact by means of objective measurement
of implant stability using the Osstell® device (Osstell AB,
Göteborg, Sweden) [19]. The resonance frequency of a small
transducer (SmartPeg, Osstell AB) attached to the implant is
measured and converted into an implant stability quotient
(ISQ). Higher ISQs indicate a greater amount of bone-to-

implant contact and, consequently, greater stability of the
inserted implant. Acceptable stability levels range from 55 to
85 ISQ, with an average level of 70 ISQ [19, 20]. This tech-
nology provides reproducible objective measurements of lat-
eral micro-mobility, which can be used at different stages of
implant treatment [11].

Other technologies for noninvasive assessment of
osseointegration have been discussed in the literature, includ-
ing X-ray imaging, cone beam computed tomography, multi-
slice computed tomography, and micro-computed tomogra-
phy (μCT). The latter two provide a suitable option for the
assessment of biological tissues [21]. Regarding the assess-
ment of the volume of newly formed bone in contact with the
implant surface , the resul ts obta ined with both
histomorphometry and μCT are very detailed and of high
reliability [21–23].

The present study was therefore designed to evaluate the
effects of LLLTon the osseointegration process by comparing
RFA measurements performed at implant placement and after
30 days and μCT images in irradiated vs nonirradiated rabbits.

Materials and methods

Ethical approval

The study was approved by the Animal Experimentation
Ethics Committee of the institution (protocol no. 001/13).
Animal handling and experimentation followed the Brazilian
Ethical Principles of Animal Experimentation and internation-
al standards and guidelines for the care and use of laboratory
animals. All efforts were made to minimize animal suffering
throughout the experiments, as well as to use only the number
of animals that was essential to produce reliable scientific
data.

Table 1 Studies in dentistry that have evaluated the effects of low-level laser therapy (LLLT) on osseointegration using an infrared laser (800–830 nm)

Author Year Wavelength
(nm)

Power
(mW)

LLLT Effect

Lopes et al. [32] 2005 830 10 D = 85 J/cm2 per session; every 48 h; total of 7 sessions. (+)

Khadra et al. [33] 2005 830 150 D = 23 J/cm2; 9 applications of 3 J for 10 consecutive days; T = 20 s. (+)

Kim et al. [34] 2007 808 96 PD = 830 mW/cm2. Application immediately after surgery and for 7 consecutive
days.

(+)

Lopes et al. [35] 2007 830 10 D = 86 J/cm2 per session; every 48 h; total of 7 sessions. (+)

Campanha et al. [15] 2010 830 10 D = 21.5 J/cm2; T = 51 s per spot; every 48 h; total of 7 sessions. (+)

Boldrini et al. [36] 2013 808 50 D = 11 J/cm2; T = 1 min and 23 s; two applications immediately after site preparation. (+)

Primo et al. [14] 2013 830 40 D = 4.8 J/cm2; application immediately after implant placement. (+)

Gomes et al. [24] 2015 830 100 D = 140 J/cm2 total; 7 sessions. (+)

Massotti et al. [27] 2015 830 100 D = 140 J/cm2 total; 7 sessions. (+)

D energy density, PD power density, T irradiation time, (+) positive effect on osseointegration
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Animals

Fourteen 3-month-old male New Zealand rabbits
(Oryctolagus cuniculus) weighing 3 to 4 kg each were used
in the study. The rabbits were randomly divided into two
groups of seven animals each, one experimental group and
one control group. The animals were housed under standard
conditions of temperature, humidity, and light intensity. They
were allowed free access to solid chow (Purina, Nestlé Purina
Petcare, St. Louis, MO, USA) and water throughout the
experiment.

Surgical protocol

The rabbits were anesthetized with ketamine (40 mg/kg body
weight; Dopalen, Vetbrands Saúde Animal, São Paulo, SP,
Brazil) and xylazine (3 mg/kg body weight; Anasedan,
Vetbrands Saúde Animal) injected intramuscularly. Before
surgery, the area around the mandibular left incisor was
cleaned with chlorhexidine gluconate 2 % (FGM Produtos
Odontológicos, Joinville, SC, Brazil), 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 forceps (Edlo S/A, Canoas, RS, Brazil). An
implant socket was prepared using sequentially sized drills
under continuous saline irrigation. One osseointegrated im-
plant (3.25ø × 11.5 mm; NanoTite, BIOMET 3i, Palm Beach
Gardens, FL, USA) was then placed according to the manu-
facturer’s instructions. Implant stability was measured,
followed by placement of a cover screw and closure of the
surgical site with a 4-0 monofilament nylon suture (Ethicon,
Johnson & Johnson, São Paulo, SP, Brazil). With the animal
under anesthesia, the area to be irradiated was shaved and the
long axis of the implant was marked on the skin to guide later
laser irradiation. At the end of the surgical procedure, the
animals received analgesic and antibiotic therapy.

All rabbits underwent surgical extraction of the mandibular
left incisor, followed by immediate placement of an
osseointegrated implant. This served as the baseline clinical
condition for each animal in the experiment.

LLLT irradiation protocol

Laser irradiation was performed with an aluminum-gallium-
arsenide (AlGaAs) diode laser at a wavelength of 830 nm, 50-
mWoutput power, spot area of 0.0028 cm2, and power density
(irradiance) of 17.85 W/cm2, in continuous wave mode.
Irradiation time was automatically controlled by the laser de-
vice (Thera Lase, DMC Equipamentos, São Carlos, SP,
Brazil) as determined by other parameters.

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. Animals in the experimental

group received a dose of 10 J per spot, totaling 20 J per ses-
sion. The laser probe was held perpendicular to the bone base,
and spot irradiation was performed in contact with the skin.
LLLT was performed every 48 h over a 13-day period for a
total of seven treatment sessions, and the final dose was 140 J
(accumulated energy of all sessions). Control animals
underwent sham irradiation following the same protocol used
for irradiated animals, but with the laser device left
unpowered.

Implant stability measurement

RFA was used to assess implant stability based on measure-
ments performed with the Osstell® device immediately after
implant placement (time A) and at 30 days, immediately be-
fore euthanasia (time B). Four ISQ measurements were ob-
tained on the buccal, lingual, mesial, and distal surfaces of the
implant, with the tip of the handheld probe perpendicular to
the transducer. The device was recalibrated after each mea-
surement. The ISQ value for each rabbit was calculated as the
average of these four measurements.

Euthanasia

On day 30 of the experiment, the rabbits were sedated and
euthanized with an anesthetic overdose of propofol (1 mL/
kg body weight; Lipuro 1 %, 10 mg/mL, B. Braun S.A.
Laboratories, São Gonçalo, RJ, Brazil), followed by cardiac
arrest induced by injection of potassium chloride 10 % (1 mL/
kg body weight; Isofarma Pharmaceutical Industrial Ltda,
Precabura Eusebius, CE, Brazil). The left half of the mandible
was resected, and the bone portion containing the implant was
fixed in 10 % neutral buffered formalin.

μCTanalysis

μCTanalyses were conducted using a high-resolution scanner
(SkyScan 1172 X-ray Micro-CT, Bruker microCT, Kontich,
Belgium). The bone portion of the mandible containing the
implant and the surrounding tissues of each specimen were
placed on the scanner bed for image acquisition using the
control software for SkyScan 1172, version 1.6.9.3. Then,
for each sample, section images were reconstructed with
NRecon software (version 1.6.9.3, SkyScan). After recon-
struction, the region of interest (amount of newly formed bone
exactly in the central portion of the implant) was determined
by drawing a cube in a vir tual ly del imited area
(1000 × 1000 × 1000 μm) between thread nos. 6 and 7 of each
implant. The amount of mineralized bone tissue inside the
cube was then calculated and expressed as the percentage
volume of newly formed bone for each implant.
Subsequently, the mean values obtained for the experimental
and control groups were compared. Three-dimensional
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modeling and analysis of bone volume were performed with
the CTAn (version 1.7.0.2, SkyScan), CTVol realistic 3D vi-
sualization (version 2.2.1, SkyScan), CTVox (version 2.4,
SkyScan), and DataViewer (version 1.4.4, SkyScan) software
for Windows (Fig. 1).

Statistical analysis

ISQs and percentage of newly formed bone were expressed as
means and standard deviations (SDs) along with their 95 %
confidence intervals (95 %CI). One-way analysis of variance
(ANOVA) was used to calculate the difference between the
final and initial ISQs and between μCT measurements and to
analyze between-group differences in these variables, follow-
ed by Student’s t test when the overall difference was statisti-
cally significant. The level of significance was set at 5 %
(P ≤ .05).

Results

Considering all implants tested, regardless of group, the ISQ
mean value was 49.089 ± 4.400 (95 %CI 46.507–51.671) at
the time of implant placement and 60.321 ± 4.460 (95 %CI
57.862–62.781) after 30 days.

The ISQ mean values obtained per group at implant place-
ment (time A) and at 30 days (time B) are described in Table 2.
Both groups showed similar ISQs at the time of implant place-
ment, but irradiated animals had significantly higher ISQs at
30 days (64.286 ± 1.596; 95 %CI 60.808–67.764) than con-
trols (56.357 ± 1.596; 95 %CI 52.879–59.835) (P = .000).
Comparing the final and initial ISQs (Δ ISQ), a statistically
significant difference was found between the experimental
group (Δ ISQ 15.035 ± 4.369; 95 %CI 10.666–19.404) and

control group (Δ ISQ 7.423 ± 7.239; 95 %CI −14.742 to
0.472) (P = .035) (Fig. 2).

μCTanalysis showed a significantly higher percentage vol-
ume of newly formed bone in the central portion of the im-
plant in irradiated animals (75.523 ± 8.510; 95 %CI 61.893–
89.155) than in controls (55.012 ± 19.840; 95 %CI 41.380–
68.643) (P = .027) (Table 3, Fig. 3).

Discussion

The present study used RFA as a noninvasive method for
evaluation of the osseointegration phenomenon in a total of
14 rabbits. The main goal was to determine whether LLLT
would have a beneficial effect on implant stability in early
stages of osseointegration (at implant placement and at
30 days). The results showed significantly greater implant
stability in irradiated than in nonirradiated animals at 30 days,
as measured by RFA.

It is known that peri-implant bone repair is favored by the
use of LLLT [12–14]. Laser irradiation has a positive effect
particularly on the early stages of osseointegration, with a

Table 2 ISQs (Osstell®) obtained at the time of implant placement
(time A) and after 30 days (time B)

ISQa

Group Time Mean ± SD 95 %CI P value

Control A 48.929 ± 1.676 45.277–52.580 0.975

B 56.357 ± 1.596 52.879–59.835 0.001*

Experimental A 49.250 ± 1.676 45.598–52.902 0.975

B 64.286 ± 1.596 60.808–67.764 0.000*

ISQ implant stability quotient, SD standard deviation, CI confidence
interval

*Significantly different at P < .05 (one-way analysis of variance)
a Group means

Fig. 1 Longitudinal section image of the implant inserted in the rabbit
mandible obtained with the SkyScan 1172 X-ray Micro-CT scanner. The
box indicates the area used for assessment of the percentage volume of
newly formed bone in the central portion of implant (between thread nos.
6 and 7)

Fig. 2 Graph of mean implant stability quotients (ISQ) measured by
resonance frequency analysis using the Osstell® device at the time of
implant placement (time A) and after 30 days (time B)
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likewise significant increase in the removal torque values of
laser-irradiated implants compared to nonirradiated controls
[15]. LLLT also has a positive effect on implants with poor
initial stability and low-quality bone [13]. The 20-J-per-
session LLLT protocol used in the present study was able to
promote an increase in the amount of newly formed bone in
contact with the implant after seven sessions, which is consis-
tent with previous observations in animals that received LLLT
at the early stages of bone healing [13–15].

RFA is currently a reliable method for assessment of im-
plant stability [24, 25]. It has also been used in research to
prevent the compromise of samples during measurement of
both primary and secondary implant stability, thus allowing
the evaluation of the same sample content at different stages of
the study [19, 20]. In the present study, in an attempt to estab-
lish a protocol for assessment of implant stability, we stan-
dardized the position of the tip of the probe, which should
be held perpendicular to the transducer during all RFA mea-
surements, and implant stability was based on the mean of
four ISQ measurements (buccal, lingual, mesial, and distal
surfaces), which improved the reproducibility of RFA mea-
surements. Furthermore, an ISQ is derived from the stiffness
of the bone/implant system and the calibration parameters of
the transducer, and as reported in the literature, there is a
correlation between low implant insertion torque values and
low ISQs [25, 26].

The gradual increase observed in ISQs over time for both
irradiated and nonirradiated animals may have been caused by
the process of osseointegration itself, which occurred in all
animals regardless of the use of LLLT. When the ISQs obtain-
ed at implant placement and at 30 days were compared, an
increase was observed in ISQs at 30 days for all animals,
regardless of group. However, over time, the irradiated ani-
mals always showed ISQs that were statistically higher than
those of controls.

μCT is the gold standard for assessment of bone morphol-
ogy andmicro-structure. This tool uses data from tomographic
projections of millimetric thickness, allowing the evaluation
of trabecular bone even around metallic artifacts, such as
osseointegrated implants, and enables the production of
high-quality three-dimensional images [24, 27–31]. In the cur-
rent study, high-quality images were obtained and scattering
artifacts were reduced, which allowed a proper three-
dimensional assessment of the amount of newly formed bone
around implants without any interference. Supporting the re-
sults obtained by RFA measurements, irradiated animals
showed a greater volume of newly formed bone around the
implant than controls.

In an attempt to minimize bias during μCT analysis, the
region of interest selected for assessment of the amount of
newly formed bone was the central portion of the implant.
More cervical regions, especially in rabbits, may have recur-
rent or chronic inflammatory insults because of their diet and
poor hygiene care. The same applies to more apical regions,
most probably not only because of the bone compression that
may occur when a conical implant is used, but also because of
collection and approximation of bone debris on the sequence
for preparation of the surgical site.

Conclusion

The present study showed significant differences in ISQs and
percentage volume of newly formed bone, as measured by
μCT, between irradiated and nonirradiated rabbits at different
stages of the osseointegration process (at the time of implant
placement and after 30 days). These findings demonstrate that
LLLT at a dose of 20 J per treatment session, based on the
irradiation protocol used in this study, was able to increase
ISQs and the volume of peri-implant newly formed bone,
reflecting greater implant stability and suggesting that the
osseointegration process is favored by the use of LLLT.

Compliance with ethical standards

Financial disclosure The authors have no financial relationships rele-
vant to this article to disclose.

Fig. 3 Graph of the percentage volume of newly formed bone in the
central portion of the implant measured on micro-computed tomography
images

Table 3 Percentage volume of newly formed bone in the central
portion of the implant measured on μCT images

% Volume of newly formed bonea

Group Mean ± SD 95 %CI P value

Control 55.012 ± 19.840 41.380–68.643 0.027*
Experimental 75.523 ± 8.510 61.893–89.155

μCTmicro-computed tomography, SD standard deviation, CI confidence
interval

*Significantly different at P < .05 (one-way analysis of variance)
a Group means
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