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Abstract The aim of this study was to evaluate the process
of bone repair in rats submitted to low-level laser therapy
using optical densitometry. A total of 45 rats which under-
went femoral osteotomy were randomly distributed into
three groups: control (group I) and laser-treated groups
using wavelengths in the red (A, 660—-690 nm) and in the
infrared (A, 790-830 nm) spectra (group II and group III,
respectively). The animals (five per group) were killed after
7, 14, and 21 days and the femurs were removed for optical
densitometry analysis. Optical density showed a significant
increase in the degree of mineralization (gray level) in both
groups treated with the laser after 7 days. After 14 days,
only the group treated with laser therapy in the infrared
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spectrum showed higher bone density. No differences were
observed between groups after 21 days. Such results suggest
the positive effect of low-level laser therapy in bone repair is
time- and wavelength-dependent. In addition, our results
have confirmed that optical densitometry technique can
measure bone mineralization status.

Keywords Laser biomodulation - Digital radiography -
Bone defects - Rats

Introduction

Therapeutic strategies to promote bone repair represent a
major challenge to many health professionals. In order to
reduce the functional incapacity and the high socioeconomic
costs associated with the bone fractures, several interventions
have been investigated on bone healing process, and these
include the use of low-level laser therapy (LLLT) [1-5].

The LLLT involves the application of monochromatic
and coherent light with low energy density that promotes
nonthermal photochemistry effects on cellular level [6, 7]. It
has been described that LLLT may accelerate the healing of
bone defects in vivo and in vitro investigations [1]. It was
showed that osteoblastic activity increased [3, 8—10], vas-
cularization [11, 12], organization of collagen fibers [1, 13],
and mitochondrial and intracellular adenosine triphosphate
level changes [14]. However, others studies did not find any
effect of LLLT on the repair of mineralized tissues [15, 16].

The conflicting results of LLLT on biomodulation are
mainly related to diversity of the radiation parameters: treat-
ment dose, power density, number of applications, method
of applying, and wavelength [17]. For the last parameter, it
has been postulated that tissue response is altered in function
of wavelength used. The radiation emitted in the red region
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shows activation of mitochondrial respiratory chain compo-
nents resulting in the initiation of a cascade of cellular
reactions, whereas in the region of the infrared (invisible
light), there is activation of chromophores located in cellular
membrane [18]. Currently, studies involving the analysis of
bone repair after LLLT have used the following methodolo-
gies: optic microscopy [1, 19], morphometry [20], immuno-
histochemistry [21], and biomechanic tests [22].

However, limited attention has been attributed to X-rays,
which are an important tool in clinical analysis for mineralized
tissues because it is noninvasive and can be easily performed.
Optical densitometry has been demonstrated by some authors
as a tool for the study of bone mineralization and emerges as an
important complement to traditional methods for quantifica-
tion and imaging of local variations of mineral bone [2, 8, 23].

The aim of this study was to evaluate, by optical densi-
tometry, the process of bone repair of surgical defects
(osteotomy) in the femur of rats submitted to LLLT, using
wavelengths in the red (A, 660-690 nm) and infrared (A,
790-830 nm) spectra at 7, 14, and 21 days.

Material and methods
Animals and experimental design

All experiments were carried out in accordance with Re-
search Ethic Committee at the Universidade do Vale do
Paraiba, Brazil (UNIVAP) for animal care (L213/2005).
The experiments were performed using males Wistar rats
(240-260 g), supplied with food and water ad libitum pro-
vided by the Central Animal House of the Research and
Development Department (IP&D, UNIVAP). The rats were
placed in appropriate cages (22+3 °C, relative humidity 60+
10 %, 12 h:12 h light/darkness) and randomly divided into
experimental groups with five animals per group.

All animals were subjected to a surgical procedure to
create a bone defect (osteotomy). The 45 animals selected
for the study were separated into three groups constituted by
nine animals in each according to the experimental time: 7,
14, and 21 days. In group I, control group simulations of
LLLT were performed after osteotomy; the animals of group
IT were treated with red laser (A, 660—690 nm); and the laser
therapy was performed with infrared laser (A, 790-830 nm)
in the animals of group III.

Surgical procedure

The animals received intramuscular administration of preanes-
thetic acepromazine (0.02 ml/kg) and butorphanol (0.01 ml/kg)
followed by the anesthetic Zoletil (1.0 ml/kg). Following
which, the right femoral region of the animals was shaved
and a topical solution povidone-iodine was applied. Using a
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scalpel, an incision of approximately 3 cm was made on the
skin surface and on the muscle. The osteotomy was performed
by a trephine drill of 2.8 mm in diameter, connected to a low-
speed electric motor (DENTEC 405 N®), with a speed of
1,100 rpm and frequency of 0.25 s, under constant irrigation
of saline throughout surgery. The muscle and subcutaneous
tissue were sutured using catgut 4.0 (Cirumédica, Cotia, SP,
Brazil), and the skin was sutured with silk 4.0 (Ethicon, John-
son & Johnson, Sdo José dos Campos, SP, Brazil).

Laser therapy

The LLLT was applied immediately after osteotomy and was
repeated every 48 h on the same days, three times a week,
during the experimental times of 7 days (three sessions), 14 days
(six sessions), and 21 days (nine sessions). The equipment used
in the study was a laser, Flash Laser III (DMC Equipamentos
Ltda, Sdo Carlos, SP), which operates in two wavelengths,
between 660 and 690 nm (red laser, mid-activity: InGaAlIP)
used for the group II and between 790 and 830 nm (infrared
laser, mid-activity: GaAlAs) applied to group III. The LLLT
was applied directly on the injury, with the hand piece at a 90°
angle, perpendicularly positioned on the wound, using punc-
tual technique according the protocol described in Table 1.
Except for the different wavelengths of LLLT used, other
parameters were identical to the groups II and III.

Optical densitometry

In order to evaluate the bone repair in the fractured areas, the
bone optical density was measured by using a charge-cou-
pled device (CCD) sensor (Dentsply International, Gendex
Dental System model Visualix GX-S-HDI™ digital sensor)
for collecting digital X-ray radiographs [24]. First, CCD and
bone samples were stabilized in a standardized fixing de-
vice. Afterwards, each femur was radiographed with X-ray
equipment (Spectro-70X™; Dabi Atlante, Sdo Paulo, SP,
Brazil) at 7 mA and 65 kVp, with 0.032 s exposure time
and 40 cm focus-object distance. Radiographic images of the
specimens were obtained and the digital images acquired were
transferred to the computer. The bone optical density was

Table 1 Protocol for

the laser irradiation Irradiation parameters Value
Laser mode Continuous
Optical output 100 mW
Spot size 0.028 cm?
Power density 3.5 W/em?
Energy 4]
Energy density 140 J/em?
Time 40 s
Number of points 1
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evaluated using the VixWin™ 1.4 system (Gendex Dental
System, Chicago, IL, USA). Image resolution was 635 ppi,
the image size was 900x641 dpi, and the pixel size was
40 mm. Images were stored in TIFF format, without compres-
sion, with resolution of 600 dpi. To obtain optical density
values, the images were imported into Adobe Photoshop
v.6.0 (Adobe Systems, San Jose, CA, USA). Afterward, by
using the histogram command, we obtained density mean
values and standard deviation of areas corresponding to
osteotomy-treated and control defects, which served as a pa-
rameter for calculating the difference in optical density. All the
results were expressed in 8-bit gray levels (0-255). Increased
bone density was indicated by higher values in gray scale [25].

Statistical analysis

The values obtained from optical densitometry analysis
were analyzed using SPSS software version 11.0 (SPSS
Inc, Chicago, IL, USA). The results are presented as means
and standard deviations. The one-way ANOVA and the
Tukey—Kramer multiple comparison pos hoc test were ap-
plied to check the significance of the mean value of gray
level between the experimental groups at 7, 14, and 21 days.
Differences were considered significant with the level of
significance set at 5 % (p<0.05).

Results

Figure 1 showed differences on the bone repair in the
femoral fractured areas (white arrows) between the LLLT
(IT and III) and control (I) groups over the 7th, 14th, and
22nd day. After 7 days, LLLT groups (I and III) had greater
(»<0.05) mean optical density when compared with untreat-
ed group (I), with 3.4 and 5.8 %, respectively. There were no
significant differences between the two treated groups in
this experimental time (p>0.05) (Fig. 2).

At the 14th postoperative day, group III had the greatest
mean optical density (142+2.0 gray level). These values
were significantly different (3 % higher; p<0.05) only com-
pared with group I (136+2.4 gray level). In addition, the
mean optical density obtained by laser therapy in the red
spectrum (group II, 140+1.8 gray level) was not different (p
>0.05) from other groups (Fig. 3). The mean optical density
at the 21st postoperative day showed no significant differ-
ence among the experimental groups (p>0.05) (Fig. 4).

Discussion
Several studies have compared the effect of laser irradiation

on bone repair. However, there are conflicting results of
LLLT on biomodulation mainly related to the diversity of

Group Il

Group IlI

Fig. 1 X-ray images of right femur osteotomies treated by laser
energy. Group I (control), group II (laser therapy in the red spectrum,
660 nm), and group III (laser therapy in the infrared spectrum, 830 nm)
at 7, 14, and 21 days posttreatment. Bone growth in the fractured areas
is indicated by the white arrows. Note the differences in groups treated
versus control group and the evolution of bone formation
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Fig. 2 Means and standard deviations of new bone formation obtained
by optical density analysis in group I (control), group II (laser therapy
in the red spectrum, 660 nm), and group III (laser therapy in the
infrared spectrum, 830 nm) at seventh days. *p<0.01 indicates significant

difference from the control group
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Fig. 3 Means and standard deviations of new bone formation obtained
by optical density analysis in group I (control), group II (laser therapy
in the red spectrum, 660 nm), and group III (laser therapy in the
infrared spectrum, 830 nm) at 14th days. *p<0.01 indicates significant
difference from the control group

the radiation parameters, also the selection of wavelength
used. Thus, the purpose of this study was to evaluate by
optical densitometry the repair process of bone defect
(osteotomy) in rat femurs submitted to laser therapy in the
red (660—-690 nm) and infrared (790—830 nm) spectra, in
experimental periods of 7, 14, and 21 days.

In this study, it was observed that the bone defects submitted
to laser therapy in the infrared spectrum (group III) had a more
advanced repair compared to group I (control) in 7 and 14 days,
suggesting that the LLLT in infrared spectrum accelerates the
bone repair process. These results are in accordance with those
by Gerbi et al. [26] that evaluated the LLLT in femoral bone
defects in rats, using laser AsGaAl (830 nm), 40 mW, contin-
uous, spot size ~0.6 mm, and 16 J/cm2 of density energy. The
histological analysis of the specimens showed an increase of
collagen fibers at the initial stages of bone repair (15 days) and
higher trabecular bone organization after 30 days. Khadra et al.
[27] investigated the effects of LLLT (AsGaAl—830 nm in ten
consecutive days) on titanium implant healing and attachment
in bone. The mechanical strength, histomorphometrical analy-
sis, and energy-dispersive X-ray microanalysis determined
positive effects on bone repair process. Coombe et al. [28]
evaluated the effects of LLLT (AsGaAl—S830 nm, 90 mW,
energy density of 1.7 to 25.1 J/cm?) daily for 10 days in human
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Fig. 4 Means and standard deviations of new bone formation obtained
by optical density analysis in group I (control), group II (laser therapy
in the red spectrum, 660 nm), and group III (laser therapy in the
infrared spectrum, 830 nm) at 21st days. No significant difference
(»>0.05)
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osteoblastic cells. The results showed an increase in intracel-
lular calcium, which indicates a positive response of these
cells. Thus, LLLT in the infrared spectrum determined a bio-
modulator effect in the bone repair process.

LLLT in red spectrum (group II) only promoted higher
optical density when compared to control group at 7 days of
experimental time. It has been described that the LLLT in
red spectrum, when administered in initial stages of bone
inflammatory response accelerate the repair process. Trelles
and Mayayo [12] showed better bone repair when He—Ne
laser was used in first days after bone surgery. Others
authors reported that the LLLT in red spectrum increased
the osteoblast number and levels of alkaline phosphatase
[14], showed better results in biomechanics tests for the
mature bone callus formation [27], as well as promoted a
proliferation and maturation of human osteoblast, in vitro,
with increase in alkaline phosphatase levels, osteopontin,
and bone sialoprotein [10].

It is observed in the literature that the biomodulatory
effects of LLLT depend upon the wavelength used [20]. In
this study, our results demonstrate a significant increase in
the quantity of mineralization status in both laser-treated
groups at the 7 days of experimental time. After 14 days,
only the group treated with laser therapy in the infrared
spectrum showed higher bone density. Such results suggest
that positive effect of LLLT in bone repair was wavelength-
and time-dependent. In fact, the modulatory effects of LLLT
on bone repair have been suggested as better indication for
the infrared laser [20]. As the wavelength defines the depth
of the laser penetration in the target tissue, the red light
shows lesser penetration capacity when compared with in-
frared laser [29]. This phenomenon can be related to the fact
that lower wavelengths are less resistant to the dispersion
and do not penetrate deeply into the tissues because of their
high coefficient of skin absorption. The red light (632.8 nm)
penetrates 0.5—1.0 mm before losing 37 % of its intensity,
while the infrared wavelengths penetrate 2 mm before losing
the same percentage of energy [29]. Independently of the
bone repair time, the efficiency of both wavelengths used
could having a relationship to the capacity to (a) promote
endothelial cells proliferation, vascular neoformation, pro-
portioned blood irrigation, and nutrition to local cells and
tissues [11, 12]; (b) stimulate the fibroblast proliferation,
synthesis, and organization of collagen fibers [13]; (c) stimu-
late osteoprogenitor cells, osteoblasts, and osteoclasts, con-
tributed to bone repair process [9, 10]; and (d) increase of
DNA and RNA synthesis, indicated effects on cell growth and
protein synthesis [14].

Although, not being statistically significant, the results of the
measurements of the optical densitometry of bone repair after
21 days show higher gray level in treated groups than control
group. Moreover, it is probable that 3 weeks was a sufficient
time to produce the biological bone repair independently of
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LLLT [30], which justify the small differences between the
groups.

Different methods have been used to evaluate the bone
repair [1, 19-22]. Digital radiographic examination is an
important tool in clinical analysis for mineralized tissues
and some studies indicated that this technique could offer
quantification and imaging of local variations of bone repair
by optical densitometry. Taba et al. [23] studied a radio-
graphic method to assess the bone density based on gray
level of digitalized radiographic image (optical densitome-
try) and conclude that this method shows similar results
when compared with the histological findings with the char-
acterization of bone mineral compound being related. Using
this methodology, Liu et al. [2] assessed the effects of LLLT
(A, 830 nm) on tibial fractures in rabbits and showed higher
bone density after light therapy. In addition, Nascimento et
al. [8] evaluated the bone repair in osteopenic rats after
LLLT associated with calcitonin administration and ob-
served an increase of optical density with this therapeutic
regimen.

In summary, the results suggest that LLLT accelerates
bone repair in the initial phase independent of the wave-
length used, and this effect remains for 14 days when using
infrared laser. Therefore, it is concluded that LLLT induced
a biomodulatory positive effect on the healing process of
bone defects, which was time- and wavelength-dependent.
In addition, our results have confirmed that optical densi-
tometry technique can measure bone mineralization status.
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