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ABSTRACT

Objective: The aim of this study was to investigate the effect of laser therapy (A = 780 nm) on bone tissue sub-
mitted to ionizing radiation. Background Data: The biostimulation effect of laser in normal bone tissue has
already been demonstrated successfully; however its effect on bone tissue submitted to radiotherapy has not
yet been studied. Methods: Twenty-two Wistar rats were randomly divided into four groups: group I, control
(n = 4), submitted only to radiotherapy; group II, laser starting 1 day prior to radiotherapy (n = 6); group
II1, laser started immediately after radiotherapy (n = 6); group 1V, laser 4 weeks after radiotherapy (n = 6).
The source of ionizing radiation used was Cobalt 60, which was applied in a single dose of 3000 cGy on the
femur. The laser groups received seven applications with a 48-h interval in four points per session of DE =
4 J/em?, P = 40 mW, t = 100 sec, and beam diameter of 0.04 cm2. All animals were killed 6 weeks after ra-
diotherapy. Results: Clinical examination revealed cutaneous erosions on experimental groups (II, III, and
IV) starting at the 6" week after radiotherapy. The radiographic findings showed higher bone density in
groups II and IV (p < 0.05) compared to the control group. The results further showed an increase of bone
marrow cells, and number of osteocytes and Haversian canals in experimental groups II and IV (p < 0.05).
It was also found an increase of osteoblastic activity, in groups II, IIl, and IV (p < 0.05). Conclusion: Laser
therapy on bone tissue in rats presented a positive biostimulative effect, especially when applied before or 4
weeks after radiotherapy. However, the use of laser in the parameters above should be used with caution due
to epithelial erosions.

INTRODUCTION

decline in collagen synthesis and alkaline phosphatase activity,

causing the bone matrix formation process to stop, blocking the
4,5

IGH DOSES OF RADIATION are commonly used in the treat-

ment of malignant tumors. However, side effects occur
due to the fact that ionizing radiation cannot distinguish tumor
cells from healthy ones.'> As a consequence, the destruction
of healthy tissue limits the broad use of radiotherapy.

Like other tissues, the bone is subjected to the effects of ra-
diation, complicating its regenerative capacity.?> One alteration
is a disturbance of osteoblastic and osteoclastic activity, in fa-
vor of a destructive process. It can also be observed a reduc-
tion in the number of osteocytes and osteoblasts, leading to a

mineralization progress and leading to spontaneous fractures.
The endothelial cells are also affected, and vascular fibrosis re-
sults in a reduction of vascularization, affecting the vitality of
the bone and medullar cells, making the area susceptible to in-
fection or necrosis, even after a small trauma.>> For this rea-
son, dental extractions are contraindicated up to 1 year after ra-
diotherapy.®

Bone regeneration is of huge interest for dentistry, due to the
high number of surgeries in this tissue. In order to support the
process of bone regeneration, laser therapy has been studied as
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TABLE 1. DISTRIBUTION OF GROUPS

Groups Animals Description

I 4 Control (radiotherapy)

II 6 Radiotherapy + laser starting 1 day prior to ionizing radiation
I 6 Radiotherapy + laser starting the same day of ionizing radiation
v 6 Radiotherapy + laser starting 4 weeks after ionizing radiation

an alternative to normal treatment. It is believed that the laser
can act on biomodulation of non-differentiated mesenquimal
cells, transforming them into osteoblasts and osteocytes.’

Laser Therapy is based on tissue biostimulation by mono-
chromatic light. Over the past few decades, laser light has been
used and tested in treatment of lesions in hard and soft tissue.
Scientific studies since 1971 have shown a positive effect of
laser light on soft tissues,® regeneration of injured nerves,”!?
an increase of capillary formation by a liberation of growth fac-
tor hormones,!! stimulation of cellular DNA and RNA, 214 and
an increase of cellular growth and protein synthesis. The growth
factor B (TGF-B,) is directly connected to regulation of bone
remodeling and healing process. TGF-@3; stimulates the prolif-
eration of precursor cells of osteoblastic lineage and collagen
formation. '3

The aim of the present study was to investigate the effect of
laser therapy (A = 780 nm) on bone tissue submitted to ioniz-
ing radiation in three different moments: on 1 day before ra-
diotherapy, on the same day as radiotherapy, and at 4 weeks
after radiotherapy.

METHODS

Animals

Twenty-two young adult healthy male Wistar albinus rats
(weighing 220-270 g) were kept individually under natural con-
ditions of light, humidity, and temperature (22°C) at the Ani-
mal Experimentation Laboratory, UNIME University, Bahia,
Brazil. The animals were fed with laboratory diet and water ad
libitum. The rats were selected at this age due to their rapid in-
crease of skeletal size, providing a favorable model for study-
ing normal bone healing. The rats were randomly divided into
four groups (Table 1): group I, control (n = 4), submitted only
to radiotherapy; group II, laser treatment starting 1 day prior to
radiotherapy (n = 6); group IlI, laser treatment starting imme-
diately after radiotherapy (n = 6); and group IV, laser treatment
starting 4 weeks after radiotherapy (n = 0).

lonizing irradiation procedure

The rats were anesthetized by intraperitoneal administra-
tion of thiopental sodium (0.2 mL/100 g). The animals were
immobilized in an acrylic device manufactured especially for
this procedure. Irradiation was performed with Co-60 source
(Theratron 780%®) delivering a total dose of 3000 c¢Gy in an
area of 2 X 2 cm on the femur. The rest of the body was pro-
tected by lead blocks positioned on top of the Co-60 device

(Fig. 1).

Laser protocol

The animals of group II, III, and IV were submitted to seven
sessions of laser therapy (A = 780 nm, 40 mW, ¢ ~ 0.04 cm?,
t = 100 sec, continuous wave [CW]; Twin Laser, MM Optics,
Sao Carlos, Brazil), at 48-h intervals. A dose of 4 J/cm? was
applied to four points (direct contact) around the ionized irra-
diated area. The laser application points were 1 cm? apart from
each other (Fig. 2).

The body weight of each animal was recorded before radio-
therapy and on the day it was killed. All animals were killed 6
weeks after ionizing radiation with anesthetic overdose, and
their irradiated legs were completely removed and kept on 4%
buffered paraformaldeyde solution.

Radiographic procedure

The specimens were placed directly over an image plate for
cephalometric radiograph of DenOptix® digital system (300 dpi,
pixel of 85 um). An aluminum step wedge (five steps, 1-cm
increment) was added to the whole. The radiographic device

FIG. 1.
arrow points to lead blocks.

Organization of animals during radiotherapy session;
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FIG. 2. Laser application spots and radiotherapy field.

(70 kV and 7 mA) was programmed with exposure time of 0.06
sec and focal distance of 1.20 cm, with beam perpendicular to
the object. After radiographic exposure, the plate was taken to
the reading unit of DenOptix® digital system, where the digi-
tal images were saved in bmp format. The images were opened
in Photoshop® (Adobe Systems Inc., Mountain View, CA), and
the brightness was corrected by means of the aluminum step
wedge. Then, the images were opened in Image Tool® (Uni-
versity of Texas Health Science Center, San Antonio, TX), and
the gray level average of the irradiated area was recorded.

Histological procedure

After the radiographic procedure, the legs were incised and
the soft tissue totally removed. The femur was disarticulated,
decalcified with 10% nitric acid, and routinely stained with
hematoxylin and eosin (HE) and Picrosirius.

The descriptive and semiquantitative analysis included the pres-
ence of collagen fibers, degree of osteoblastic activity in perios-
teum, degree of bone resorption in marrow, and degree of fat cells
in marrow. The parameters used for degree evaluation were nu-
merical values: 1 (discrete presence), 2 (moderate), 3 (intense).

Moreover, by means of a light microscope, 10 fields were ran-
domly chosen along the bone cortical, at magnification of 20X. These
fields were photographed with the Vidcap® digital system and sub-
mitted to a quantitative analysis of the number of osteocytes and
Harversian canals with the computer program Image Tool®.

Statistical analysis

The data were tabulated and analyzed through the non-para-
metric tests of Kruskal-Wallis, chi-square, Mann-Whitney and
parametric test, Student #-test (significance level of 5% in all
analyses).

RESULTS

General inspection

All animals remained healthy during the experiment, except
one that died right after radiotherapy. The alopecia was noted
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from the first week in all the animals, being more obvious in
the experimental groups II, III, and IV. Clinical exam revealed
slight cutaneous erosions on all animals of experimental groups
(11, 111, and IV) that started at the 6™ week after radiotherapy.
In two animals (one of group II, and one of group IV), these
lesions were severe (Fig. 3). The erosions were situated in the
internal face of the leg and not in the external surface, which
was nearer to the light source of the radiation. In the control,
receiving only radiotherapy, such erosions could not be ob-
served.

Body weight

The animals of group I (control) presented a body weight
gain of 30.5%. The rats of experimental groups gained more
weight. Group II presented the higher percentage gain (59.1%);
group III gained 52.6% and group IV, 58.6% (Table 2).

When the body weight was compared between day O and
week 6 in the group control, an increase of body weight was
noted, but it was statistically nonsignificant (p = 0.026, test
Mann-Whitney). In the experimental groups, body weight gain
was more pronounced in groups II, III, and IV, and the p value
was less than 0.0001 (non-paired z-test).

Radiographic and histological results

The radiographic findings revealed that group I (highest) pre-
sented the least amount of bone tissue. The higher bone densi-
ties were observed in groups II and IV (p < 0.05, Student #-
test) compared to control group. This did not occur to group III
(p > 0.05). These results are represented in Figure 4.

In histological evaluation, by means of Kruskal-Wallis test,
the results showed an increase of number of osteocytes and
Haversian canals in laser groups Il and IV (p < 0.05) compared
to control group; however, in group IlI, the difference was non-
significant (p > 0.05; Figs. 5 and 6).

The presence of collagen fibers, degree of osteoblastic ac-
tivity in periosteum, degree of bone resorption in marrow, and
degree of fat cells in marrow cells were evaluated with non-
parametric chi-square test. An increase of osteoblastic activ-
ity was observed in the experimental groups II, III, and IV

FIG. 3. Severe cutaneous erosion.
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TaBLE 2. Bopy WEIGHT GAIN oN DAy O AND WEEK 6

Body weight (g)

Day 0 Week 6
Mean SD Mean SD % of gain
Control group 256 6.13 334 21.7 30.5
Group IT 225 10.9 358 26.48 59.1
Group III 234 8.52 357 14.88 52.6
Group IV 244 10.4 387 24.16 58.6
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TaBLE 3. HisToLOGICAL FINDINGS ACCORDING TO THE GROUP STUDIED

Degree of fat cells

Groups in marrow (1, 2, or 3)

Presence of
collagen fibers (yes/no)

Degree of osteoblastic
activity in
periosteum (1, 2, or 3)

Bone resportion in
marrow (1, 2, or 3)

Control group

Rat 1

Rat 2

Rat 3

Rat 4
Group 1I

Rat 1

Rat 2

Rat 3

Rat 4

Rat 5

Rat 6
Group III

Rat 1

Rat 2

Rat 3

Rat 4

Rat 5

Rat 6
Group 1V

Rat 1

Rat 2

Rat 3

Rat 4

Rat 5 Di

Rat 6
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(p < 0.05) when compared to the control group. Collagen fibers
and bone resorption in marrow was not statistically significant
among the groups (p > 0.05). An increase of bone marrow cells
could be observed in experimental groups I and IV (p < 0.05);
in group III, this difference was non-significant (p > 0.05).
These results are shown in Table 3 and Figures 7-14.

DISCUSSION

In this study, the animal model chosen was the rat because
it is so often used for evaluation of side effects of radiother-
apy.?>16.17 Because experimental rats cannot survive frequent
anesthesia, rats were exposed to a single irradiation dose that
was sufficient to produce trabecular bone changes. This single
dose has been used in previous studies, varying from 25 to 35
Gy.25.16-18

The cobalt source was chosen because it is well known to
cause more side effects than other sources of radiation'® and
was more accessible. In addition, its build-up starts at 0.5 cm,
whereas linear accelerators start around 1.2 ¢cm.?° Due to the
fact that the femur of the rat is thin, this source of radiation was
considered appropriate.

The presence of alopecia, epithelial desquamation, and cu-
taneous lesions had been mentioned in the past by Wurzler et
al.’ as a consequence of radiotherapy. However, in their ex-
periment, cutaneous lesions started right after radiotherapy and
regressed on the third week. In this study, the erosions were

observed only on the sixth week and occurred only on the an-
imals that received laser therapy.

Regarding body weight gain, the animals in the control group
gained less body weight than the animals that received laser
therapy (groups II, III, and IV). The fact that radiotherapy
causes a reduction of body weight had already been noted by
other studies.>!” However, the groups that were submitted to

laser therapy gained more weight than the control group. It is
possible to suggest that laser therapy produced higher activity
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5
4 ) ye
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FIG. 7. Fat cells on medulla, group I. X100.
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FIG. 8. Osteocytes in cortical bone, group I. X100. FIG. 11. Moderate amounts of fat cells on medulla, group III.
Xx100.

FIG.9. Small number of fat cells on medulla, group II. X100. FIG. 12. Few number of osteocytes and Haversian canals,
group III. X200.

FIG. 10. High number of Haversian canals and osteocytes, FIG. 13. Small number of fat cells on medulla, group IV.
group II. X200. X100.
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FIG. 14. High number of Haversian canals and osteocytes,
group IV. X200.

in the animals, thus increasing their appetite and consequently
body weight.

With reference to histological analysis, the osseous alter-
ations of group I were directly related to a reduction of osteo-
cytes, Haversian canals, and osteoblastic activity, and an in-
crease of fat cells, when compared to experimental groups.
Other authors have found a smaller number of osteocytes'” and
areduction of local vascularization?! in an irradiated bone when
compared to a non-irradiated bone. It is suggested that ioniz-
ing radiation leads to terminal differentiation of precursor bone
cells, or osteoblasts.?>*

Radiographic results corroborated the histological findings,
where the control group presented a lower amount of bone tis-
sue when compared to experimental groups. The high sensitiv-
ity of digital radiographic system had already been documented
by other authors.?3-26

When laser therapy is discussed, it is known that this treat-
ment modality has been used successfully in the past years and
its applications are innumerous. It has already been proved its
effect in orthodontics treatment,?’ in bone defects,?82% in bone
fractures,® and after implant placement.3! In this study, the
laser protocol used (energy density (DE) = 4J/cm?, p = 40
mW, E = 4], spot of 0.04 cm?, t = 100 sec, per point) was
similar to other studies where there was a positive effect on
bone tissue.?832-34 The cutaneous lesions observed in several
groups (II, III, and IV) were unexpected; they may have been
due to an accumulation of energy caused by radiotherapy with
laser therapy, exceeding the tissue threshold of energy. How-
ever, the bone tissue was healthier and more vital in groups
where the laser was applied, suggesting that laser therapy can
reduce the side effects caused by ionizing radiation. The num-
ber of osteocytes was statistically higher in groups II and IV,
but not in group III. These results are in agreement with re-
searchers who suggest that laser therapy acts mainly via stim-
ulation of cellular differentiation, especially precursor cells, and
osteoblats, and in this case, the cells of group III were prob-
ably small in number, given that the first laser therapy treat-
ment started right after ionizing radiation.

Besides the high number of number of osteocytes, groups 11
and IV presented a high number of Haversian canals and
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medullar cells. Other studies corroborated our findings, where
laser therapy increased the number of osteocytes and cell pro-
liferation.3¢

CONCLUSION

In this study, laser therapy presented a positive biostimulative
effect on rat bone tissue, especially when applied before radio-
therapy (as prevention) or 4 weeks after radiotherapy (as for treat-
ment). However, the use of laser at the parameters described above
should be handled with caution due to epithelial erosions.
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