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Abstract

Introduction: Several experimental studies have displayed positive result for laser radiation on
stimulating bone regeneration in recent years. The purpose of this experimental study was to
determine low-level laser (LLL) effects on partial bone defects in hypothyroidism male rat.
Methods: Forty male Wistar rats were randomly distributed as below groups: hypothyroidism +
laser (Hypo + laser), hypothyroidism (Hypo), and control. Four weeks after surgery, the tibia bone
was removed. Biomechanical and histological examinations were performed immediately.
Results: Our results showed significant reduction in the absorption of energy, resistance in bending
deformation (bending stiffness), maximum force, high stress load, trabecular bone volume, and
number of osteocytes, osteoblasts and osteoclasts in the osteotomy site in hypothyroidism rats
compared to hypothyroidism + laser group (P<0.05).

Conclusion: The results indicated that using laser may improve fracture regeneration and it may
accelerate bone healing in hypothyroidism rat.
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Introduction

Thyroid hormones have an important role in our
development and in Dbiochemical homeostasis of
the different tissues in human body such as nerve
system and skeletal system. Triiodothyronine (T3)
and tetraiodothyronine (T4) are bone evolution
regulators and essential for bone growth and nerve
development. Reduced thyroid hormones or their
receptors causes a variety of disorders in body
metabolism.'* Hypothyroidism disrupts bone formation
and reabsorption which impairs bone regeneration.!
The most common treatment for hypothyroidism is
hormone therapy, and most patients require this process
throughout their lives.’> Treating these patients with
levothyroxine can increase the risk of osteoporosis and
fracture.® Due to hypothyroidism-induced abnormalities
in the development of the skeletal system, the presence
of a new bone to replace or maintain the function of the
affected bones is a critical need in clinical aspects and in
this respect, one of the therapies for bone repair is laser

therapy. Recently, there has been a dramatic change
in the clinical applications of laser. In various studies,
the effects of low-level laser (LLL) radiation on various
tissues have been reported, especially on angiogenesis
and accelerated bone remodeling.”® Studies have shown
that LLL radiation can have excitatory effects on bone
tissue. Studies have shown that laser radiation is absorbed
by the mitochondrial electron chain, which increases
the production of ATP, oxygen, and protein synthesis,
which ultimately lead to mitosis and cell proliferation.*'°
On the other hand, LLL can increase reactive oxygen
species (ROS) in various types of cells, and evidence
suggests that low levels of ROS activate MAPK (mitogen-
activated protein kinase) signaling pathways that control
cell proliferation and differentiation processes, while high
laser doses cause excessive ROS production and disruption
of the physiological function of the cell.'** Laser can
induce osteoblasts and bone formation. Also, laser can
increase functioning and differentiation of osteoclasts.
By increasing bone cells functioning, bone regeneration
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increases and bone repair is accelerated.”'* Considering
the effect of the thyroid hormones on bone formation,
failure to fully repair fractures and the undesirable effects
of conventional treatments, the present study examined
the effects of LLL radiation in treating bone fracture in
hypothyroid rats.

Methods

Animal

In this experimental study, 40 rats (adult Wistar males)
weighing 190-220 g were used. The animals were kept in
the animal lab for 2 weeks to adapt to new conditions.
During the study, the rats had free access to water and
standard feed. Lab conditions were controlled at a
temperature of about 22°C and a 12-hour brightness cycle.
The rats relaxed by injecting an anesthetic drug during
laser irradiation, and during the screening. Methimazole
powder was used to induce hypothyroidism. The
methimazole powder was given to the rats for 4 weeks
(28 days) in edible water (distilled water). After 28 days,
blood was taken again from the eye cornea of the mouse,
and after an analysis of the amount of hormones and with
a lack of thyroid function, we performed further analyses.

Thyroid Hormones

Regarding the induction of hypothyroidism by
methimazole, T4 and T3 hormones were expected to be
reduced in the peripheral circulation. Blood samples were
taken from the eye cortex in days 1 and 28 and serum T4,
T3 levels were measured by ELISA immunoassay.

Partial Osteotomy

The rats were anesthetized by ketamine and diazepam
injections. After cutting the skin and pushing the muscles,
aminor lesion in the tibia bone of the two sides was created
with a fine-toothed circular micro-saw at the midpoint of
the tibia trunk with a diameter of 1.5 mm. The muscle was
sewn by catgut 04, and the skin was sewn by the threaded
nylon reversed cutting 04. Ceftriaxone antibiotic was
injected intramuscularly at the time of surgery, 24 and 48
hours after.

Research Groups

After induction of bone defects, the rats were distributed
into three groups, including: control, hypothyroidism
(Hypo) and hypothyroidism + laser (Hypo + laser). In
the control group, the animals were developed without
bilateral bone defect, without methimazole and then
were kept for one month without any intervention. In
the laser group, after receiving methimazole, inducing
hypothyroidism, and creating bone defects, a LLL was
applied on up to 3 points with the following specifications
(at the site of bone defect, 0.5 cm below and 0.5 cm above
the defect).

Laser radiation was immediately applied after defect
induction and it lasted for four weeks. Laser radiation

was performed once, every three days. For each point, an
infrared laser 890 nm wavelength, 80 Hz of frequency for
20 minutes at a dose of 1.5 J/cm? was irradiated (Table 1).
Four weeks after the surgery, the studied animals were
euthanized with anesthetic injections and the right and
left tibia bones were sampled. Ultimately, the right tibia
was subjected to biomechanical and the left tibia was
subjected to histological studies. The right tibia bone was
completely removed from the body, the muscles and fibula
attached to it were removed. Then, the tibia was placed in
a piece of gas impregnated with 0.9% saline solution and
transferred to the freezer at minus 20°C. After de-freezing
the bones to room temperature, the two ends of the bone
were placed on the two edges of the support holders of
the material strength test (Zwick, Germany). The distance
between the two supporting points was 20 mm. The
orientation of all samples was considered the same. The
specification, thickness and width of the sample area
were given to the device at the site of the bone defect. The
movable base applied a force at a speed of 0.08 mm/s to
the midpoint of the bone. The load-deformation curve
was pulled by a computer connected to the machine.
The elastic stiffness, absorbed energy, maximum force
and maximum stress were provided by the computer.
The elasticity of the gradient refers to the linear gradient
of the load-deformation curve, i.e. the ratio of load to
deformation in the elastic curvature. The energy absorbed
was defined as the amount of energy absorbed by the
bone specimen to the breaking point. The force refers to
maximum force that can break the bone.

Biomechanical Test

The experimental rats in each group were sacrificed four
weeks after the surgery, and then, the right tibia bones
were separated from other additional tissues and weighed.
For the purpose of biomechanical studies, five tibia bones
per groups were tested. Three point bending assessment
of the collected sample bones were performed as
previously reported (Zwick, Roell Group, Z 2.5 H I5WN,
Ulm, Germany). In the tensiometery device, the entire
bones were located in similar orientation. Two points of
loading part with 19 mm in length were applied to the
sustenance of two bones; a press pate was then started to
squash the midpoint of bones until breakage happened.

Table 1. The Characteristics of the Laser Used

Parameters Dose and Unit
Peak power output 80 W
Average power 1.15 mW
Power density 1.15 W/em?
Wavelength 890 nm
Pulse frequency 80 Hz
Pulsed duration 180 ns
Each point duration of exposure 1300 s
Energy density 1.5 J)/em?
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The speed of loading parts was about 0.08 mm/s during
test. The data from tensiometery were collected from
the device, which was obtained from the curve of load-
deformation. In this study the parameters including; the
amount of energy absorption (N/mm), bending stiffness
(N/mm), maximum force (N), and high load stress (N/
mm?) were evaluated. Bending stiffness refers to the slant
on the linear part in the load-deformation curve. In this
case energy refers to total energy absorbed by each bone
until it break. Maximum force is defined as force used to
breakdown the bones. The high load stress was obtained
by dividing N in the bone area (mm?) in the osteotomy
region.!

Tissue Preparation

Histological evaluation was performed after surgery. The
bone sample (right tibia) was removed and fixed in buffer
formalin (10%) for 48 hours and then decalcified in 10%
nitric acid for 2 weeks. The bone defected areas were cut
longitudinally by microtome (10 pm thick). The tissue
samples were stained by hematoxylin and eosin (H&E).

Stereological Evaluation

Bone Volume

The volumes of the trabecular bone, bone marrow,
cortical bone, and fibrous tissue were estimated with the
Cavaliers method.?

Bone Cells Number

The cell density and total numbers of osteoblast,
osteoclast, and osteocyte were analyzed by the optical
dissector method. Sections were measured with the
optical dissector methods.

Statistical Analysis Method

The determination of the normal distribution of data
was done by Kruskal-Wallis test. To test the statistical
difference between the groups studied in different parts
of the study, we used one-way ANOVA and LSD in the
case of normal data distribution, Kruskal-Wallis test
and Mann-Whitney test in the case of failure to have a
natural distribution of data. A significant level of P<0.05
was considered for ANOVA, LSD and P<0.01 for Mann
Whitney test.

Results

Thyroid Hormones Levels

The results show that the induction of hypothyroidism by
means of methimazole reduced T3 and T4 hormones in
the peripheral blood (Table 2).

Maximum Force (N)

As shown in Figure 1, the group (hypo+ laser) exposed
to a wavelength of 890 nm and a frequency of 80 Hz for
20 minutes for each point at a dose of 1.5 J/cm? had no
significant increase in maximum force compared with

Table 2. Thyroid Hormones in the Control and Hypothyroidism Groups

Hypothyroidism Group
21.28+8.41 ng/dL
1.53+0.18 pg/dL

Control Group
98.12+1.43 ng/dL T3
4.02+1.31 pg/dL T4

Thyroid Hormones

the Hypo groups. There was no significant alteration
in maximum force in the Hypo group. Laser groups in
comparison with the control groups (LSD test; P=0.000)
in Figure 2.

High Stress Load (N/mm?)

As shown in Figure 2, the High stress load was lower in the
hypo groups than in the control and Hypo + laser groups.
However, Hypo + laser indicated a significant growth in
the high stress load in comparison with the Hypo group
(P=0.000; Figure 2).

Energy Absorption (N/mm)

Our study revealed a decreased energy absorption in
Hypo and control groups in comparison with Hypo +
laser group. Energy absorption was obviously increased
in hypo + laser group in comparison with Hypo groups

Figure 1. Blood Sampling From the Eye of the Rat’s to Evaluate
Thyroid Hormone Synthesis.
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Figure 2. Mean + SD of Biomechanical Properties in the 3 Study
Groups.
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(LSD test; P=0.000; Figure 2).

Bending Stiffness (N/mm)

The study of the data obtained from bending stiffness
analysis showed that the use of laser causes a dramatically
increase in maximum force in comparison with other
groups. The maximum force level was higher in the
control group when compared with Hypo and Hypo +
laser groups (LSD test; P=0.000, P=0.000; Figure 2).

Analysis of Stereological Parameters

ANOVA analysis was performed for data derived from
stereological parameters in different groups of research.
The results for bone density are shown in Figures 3-8. The
results of comparing different groups are as follows: There
is a significant difference in the volume of bone marrow
between the laser group and the control group (P<0.01).
There was a significant difference between the groups in
terms of cortical tissue volume (P<0.01). There was a
significant difference in the volume of trabecular tissue
between the hypothyroid group and the control group
(P<0.01). There was a significant difference between
the hypothyroid group and the laser group in terms of
trabecular tissue volume.

For each group, the number of bone cells has been shown
in Figures 6-9. The results of comparing different groups
are as follows: There was a significant difference between

Bone marro volume
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Figure 3. Mean + SEM of Bone Marrow Volume (BMV) in Different
Groups.

* shows the significant difference between Hypo group and the other
groups (P<0.01).
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Figure 4. Mean + SEM of Cortical Bone Volume in Different Groups.
* shows the significant difference between Hypo group and the other
groups (P<0.01).

the number of osteocytes for the hypothyroid and control
groups (P<0.05). There was a significant difference
between the number of osteocytes for the hypothyroid and
laser groups (P<0.01). There was a significant difference
in the number of osteoblasts between the hypothyroid
group and the control group (P<0.05). There was a
significant difference between the number of osteoblasts
of the hypothyroid and the laser groups (P<0.01). There
was a significant difference in the number of osteoclasts
between the hypothyroid group and the control group
(P<0.05). There was a significant difference between the
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Figure 5. Mean + SEM of Trabecular Bone Volume in Different Groups.
* shows the significant difference between Hypo group and the other
groups (*P<0.05, **P<0.01).
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Figure 6. Mean + SEM of Number of Osteocytes in Different Groups.
* indicates the significant difference between Hypo group and the
other groups (*P<0.05, **P<0.01).
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Figure 7. Mean + SEM of Number of Osteoblast in Different Groups.
* indicates the significant difference between Hypo group and the
other groups (*P<0.05).
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Figure 8. Mean + SEM of Osteoclast in Different Groups.
* shows the significant difference between Hypo group and the other
groups (*P<0.05, **P<0.01).

number of osteoclasts of the hypothyroid and laser groups
(P<0.05).

Discussion

As a matter of fact, hypothyroidism reduced the
biomechanical parameters including bending stiffness
(high force load), and energy absorption, as well as the
histological parameters including number of bone cellsand
trabecular bone volume. Disorders of bone regeneration
are some of the problems of people with hypothyroidism.
Hypothyroidism is one of the most common endocrine
diseases and has been associated with bone metabolism
abnormalities such as delayed bone regeneration,
increased fracture risk, and delayed fracture repair.”**
Reduced thyroid hormones or their receptors causes a
variety of disorders in the body metabolism and disrupts
normal bone formation. Generally, hypothyroidism
disrupts normal bone formation with bone reabsorption
impairment, which impairs bone regeneration, delays
intracranial and membranous bone formation and
decreases growth. Studies have shown that long-term use
of levothyroxine can reduce bone density and increase
the risk of osteoporosis, which results in delayed fracture

recovery in patients with hypothyroidism and a risk of
fracture in the hypothyroidism bone.”?' Recent studies
have shown osteoclasts and osteoblasts reduced number
to decrease bone reabsorption and bone formation in
hypothyroid rat model.?? The results of this study confirm
those of previous studies in that hypothyroidism has
been shown to reduce the number of bone cells and also
delay the repair of fractures following the reduction of
trabecular bone formation. Considering the disturbances
that result from hypothyroidism in the skeletal system,
treating bone defects caused by trauma, tumor removal,
and other diseases in hypothyroidism patients is a major
challenge.”® We evaluated the fracture healing in rats
with hypothyroidism following LLL radiation treatment.
The results of this study also showed that LLL improves
biomechanical parameters including high-energy stress
absorption, as well as histological parameters including
increased volume of trabecular bone in rats in low-grade
laser therapy group. In various studies, the effects of
low-energy laser radiation on various tissues have been
reported over the last decade, including: Laser effects
on bone repair and reconstruction. Studies have shown
that LLL radiation can have stimulatory effects on tissue.
Studies have shown that laser radiation can absorb light
by mitochondrial chains, which increases mitosis and
proliferation of cells. Osteogenic effects of pulsed LLL
have also been reported on bone marrow proliferation
in vivo and in vitro, and on bone defect and its repair in
healthy animals.”>* Medalha et al compared the effects
of LLL and pulsed ultrasound on bone repair in partial
tibial bone defects. Histological studies show that the
number of osteoblasts cells was dramatically increased
in ultrasound groups compared with the control group,
as well as the reabsorption areas and the number of
osteoclasts. Their conclusion was that pulsed ultrasound
accelerates bone resorption through absorption and low

Figure 9. Micrograph of the Bone Defect Stained With H& E. (A, B) Trabecular Bone (T), Bone Marrow (BM), Fibrous Tissue (F), Cortical Bone (C);

(C) Control; (D) Hypo; (E). Hypo + Laser.
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bone laser recovery through bone formation.* Sella et al
used a continuous LLL, with a wavelength of 808 nm, and
concluded that bone formation rate in the experimental
group was dramatically higher in comparison with the
control group. These results were consistent with the
results of our study.”® Nicola et al used a LLL (660 nm)
to repair bone defect in rat females. After analyzing
the histological findings, it was concluded that LLL
propagates all types of bone cells, including osteoblasts
and osteoclasts. These results are related to the effects
of LLL stimulation on cell proliferation and bone tissue
metabolism.” Mostafavinia et al in 2015 examined the
effect of LLL radiation with two doses on fracture healing
in healthy rats.” In that study, they used a LLL with a
wavelength of 890 nm and a density of 1.5 and 0.972 J/
cm?. The results of that study proved that, using laser
radiation, the bone biomechanical parameters including
bending stiffness, maximum force, energy absorption, and
maximum stress increased significantly compared with
control groups. By examining both doses, they concluded
that LLL with a density of 1.5 J/cm? had a greater effect
on elastic stiffness than a LLL with a density of 0.972 J/
cm’. Histologic results in this study showed that laser
radiation increased the number of osteoblasts, trabecular
bone volume and fibrosis. Our results confirmed those
of previous studies in that laser with a density of 1.5 J/
cm? increased the biomechanical parameters, laser alone
could increase the maximum force, maximum stress, and
energy absorbed in comparison with the hypothyroid
group.”” Our histologic results confirmed those of
previous studies in that laser increased the trabecula
bone relative to the hypothyroid group. Also, there was
a significant difference in the volume of bone marrow
in the laser group with other group. In this study, it was
shown that the amount of bone marrow in the laser group
was higher than that of the Hypo group. These results
can indicate that the bone formation rate with laser
radiation increased more than that in the Hypo group.
The results of our research also showed that using LLL
radiation can improve biomechanical and histological
parameters compared to other groups. So using LLL
radiation can increase the osteoblasts, osteoclasts and
osteocytes numbers. Also, the new bone formation in the
bone defect area in comparison with other groups was
significantly different. As noted above, biomechanical
results also showed that using LLL can further improve
its parameters.

Conclusion

Hypothyroidism affects the repair of partial fractures in
the bone. As osteoblast and osteoclast cells decrease, bone
formation and repair are reduced and delayed. Due to the
effect of osteoblasts on the process of differentiation of
osteoclasts, it is expected that by increasing the number
of osteoblast cells, it may increase the differentiation of
osteoclast precursor cells to adult osteoclast. However,

LLL significantly increased maximum stress and
maximum force, energy and elasticity in the partial bone
defect, as well as increased trabecular tissue volume,
number of osteoblasts and osteoclasts.
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