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Abstract: Our aim in this study was to evaluate the effect of low-level laser therapy (LLLT) by means of diode laser
bio-stimulation compared to Teriparatide in induced osteoporosis in rats. A total of 45 adult female Egyptian albino
rats were used. Rats were divided into five groups: normal control, osteoporotic control, Teriparatide (TPTD) group
(T), laser group (L), and laser and teriparatide (T+L) combination group. Osteoporosis was induced by perform-
ing double ovariectomy in rats. Lower jaws and left femurs were dissected. The specimens were tested using a
Computed tomography unit, scanning EM (SEM) equipped with Energy Dispersive X-Ray Analyzer, and Rat PINP
ELISA Kit. The histopathologic examination of experimental rat jaws and femurs revealed changes in bone archi-
tecture among the various groups throughout the experiment. CT examination showed a noticeable difference in
radiodensity between jaw and femur bones. By SEM, bones of the Normal Control (NC) group showed normal bone
porosity. However, bones of the Osteoporotic Control (OC) group showed a great difference as bone pores were large
and numerous with irregular outlines. The ELISA test for PINP concentration showed a steady rise in the PINP con-
centrations in OC, T, L and T+L groups. We concluded that TPTD has osteogenic potential and is capable to enhance
bone architecture by inducing the formation of new well-organized bone with narrower bone pore diameter. LLLT can
be used as a good alternative local treatment strategy with minimal side effects and superior outcomes.

Keywords: Osteoporosis, teriparatide, low level laser therapy, amino terminal propeptide of type | procollagen,
bone porosity

Introduction increase in osteoporotic patients is predicted.
Furthermore, to date, access to diagnostics

Osteoporosis (OP) is a global problem and one which allow early diagnosis of OP is extremely

of the most common bone diseases in humans.
Its significance is rapidly increasing as the
population in the world is both growing and
aging. Unfortunately, the main side effect of OP
is pathologic bone fracture which results in
great suffering, disability, as well as loss of pro-
ductivity and quality of life. Fractures represent
an enormous burden on healthcare systems,
especially in older people who suffer long-term
disability, resulting in loss of independence and
a higher risk of death [1, 2].

Concerning our community, it is projected that
by 2050 Egypt will have the largest population
in the region with approximately 130 million
inhabitants. More than 30% of the population
age will be over 50 years old [3]. Therefore, an

limited in the Middle East and African regions
[4]. Accordingly, the development of novel ther-
apeutic agents is necessary to improve patient
outcome, and the availability of effective thera-
pies for people at high risk of OP and related
fractures is mandatory.

In 2002, the Food and Drug Administration
(FDA) has approved Teriparatide (TPTD), the
first anabolic agent that stimulates osteoblastic
bone formation to improve bone quality and
bone mass. To date, it is the only currently avail-
able therapeutic agent that increases the for-
mation of new bone tissue and can provide
some remediation of the architectural defects
in the osteoporotic skeleton. However, it is
restricted to second-line use for OP treatment
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due to its higher cost than first-line less effec-
tive agents such as alendronate [5].

During the process of OP treatment, biochemi-
cal markers of bone turnover showed potential
to provide early feedback to patients and pre-
scribers [6]. Exhibiting a positive biochemical
marker response could confirm an anabolic
biologic response in the bone. Contrarily,
patients without a significant change in bio-
chemical marker concentration could have cer-
tain problems in the treatment plan. If such
problems are identified, addressed, and cor-
rected, this type of early assessment could
improve patient outcome [7].

Among the most accepted biochemical mark-
ers of bone formation, procollagen type | N
propeptide (PINP) appeared to be beneficial
[8]. Detection of PINP levels is an appealing
approach, as it is a byproduct of type | collagen,
which is the most prevalent protein in bone.
PINP concentrations have reflected the inte-
grated amount of skeletal new bone formation
[7]. Thus, diseases involving high bone turnover
would be expected to be associated with high
concentrations of PINP [9].

In the past few decades, low-level laser therapy
(LLLT) has gained acceptance in both medical
and dental practices. The application of low
intensity influences the cellular behavior
through photophysical, photochemical, and
photobiological effects on the irradiated cell
tissues. Various studies showed that LLLT could
be an alternative, co-adjuvant, and noninvasive
treatment method with a significant effect on
the healing process with fewer side effects.
Due to the several benefits of LLLT, researchers
have attempted to determine its effect on
bone. However, scarce studies were accom-
plished to investigate the osteogenic potential
of LLLT on OP [10].

Accordingly, it seems interesting to study the
effect of LLLT on OP and compare it to the
widely approved TPTD, as well as, to study their
combined effect, using a state of the art tech-
niques like computed tomography (CT), ordi-
nary light microscope, scanning electron micro-
scope (SEM), energy dispersive x-ray analyzer
(EDAX) and enzyme-linked immunosorbent
assay (ELISA). While SEM was used to detect
bone pores, ELISA was used to detect PINP
concentrations. This study is looking forward to
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widening the variety of the less invasive treat-
ment options to improve the disease prognosis,
and enhance the quality of life for humans,
especially elderly patients.

Materials and methods

Experimental animals

A total of 45 adult female Egyptian albino rats,
maintained in an animal house as an inbred
colony, were obtained from the Faculty of
Medicine, Cairo University. Rats were selected
with an average age range of 3 to 4 months and
a weight range of 130 to 200 gm for carrying
out this experiment.

Materials

Laser unit (Quanta system-Italy): Laser photon
unit, manufactured in China and specially
assembled at the National Institute of Laser
Science, Cairo University.

Teriparatide: FORTEO (teriparatide [rDNA origin]
injection), purchased from Egy-Drug Company,
Cairo, Egypt and manufactured by Eli Lilly, LLC
Company, USA.

Methods

Study design: The experimental protocol used
was approved by Institutional Animal Care and
Use Committee (CU-IACUC), Faculty of Science,
Cairo University, with the approval number: CU
'S 9 16. The study design was a randomized
animal study. Sample size was based on the
previous work of Diniz et al. [11]; a minimum of
6 rats per group was enough. This number was
increased to 9 rats to compensate for deaths
and several euthanizations during the experi-
ment (45 total).

A. Animal Grouping

The 45 rats were randomly distributed into 5
groups (n = 9) as follows:

I. Control groups: Normal Control (NC) Group
was used as a negative control, where osteopo-
rosis was not induced in the rats. Osteoporotic
Control (OC) Group was used as a positive con-
trol, where osteoporosis was induced but with-
out the introduction of any treatment.

Il. Experimental groups: Teriparatide group (T):
these are osteoporotic rats which were treated
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by subcutaneous injection of TPTD. Laser group
(L): these are osteoporotic rats which were
treated by LLLT application. Laser and teri-
paratide combination group (T+L): where the
osteoporotic rats were subjected to both
treatments.

Experimental procedure is summarized in Table
1.

Experimental animals

Housing and allocating animals to experimen-
tal groups: The animals were housed with the
technician help in a controlled environment
(temperature 25+2°C and 12 hr dark/light
cycles). The rats were given their basic diet of
regular rat chow and distilled water which was
formulated to meet the nutrients needs of
rodents for days of the experiment. The rats
were housed in cages with stainless steel cov-
ers (3 rats/cage) under the same conditions of
temperature and humidity. The rats were ran-
domly distributed by a sequence generation
computerized program (random.org).

Induction of osteoporosis

Osteoporosis was induced by performing dou-
ble ovariectomy in rats. The operation was
carried out by the veterinarian in the animal
house, under local anesthesia. Ketamine (keta-
mar (eg), Amoun pharmaceutical company) was
used as an anesthetic agent. Intramuscular
90/5-10 mg/kg dose was given half an hour
before surgery, according to the procedure
adopted by Idris [12]:

1. The anesthetized animal was placed on the
operating table with its ventral side exposed
and its tail towards the vet.

2. A single midline dorsal incision (2 cm)
penetrating the skin using small scissors. An
incision was done, directly below the bottom of
the rib cage.

3.Usingbluntforceps, freeing the subcutaneous
connective tissue from the underlying muscle
was done on each side.

4. Each ovary was located at a time under the
thin muscle layer and a small incision (less than
1 cm) was made on each side to gain entry to
the peritoneal cavity.
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5. The edge of the incision was held securely
with tooth forceps and the ovarian fat pad sur-
rounding ovaries was retracted with blunt for-
ceps to expose the oviduct.

6. A single ligature was performed around the
oviduct (2 cm from the ovary) to prevent bleed-
ing following the removal of the ovary.

7. Ovaries were removed by gently severing the
oviduct, using sterile, small scissors. Then the
surgical wound was sutured.

8. The animal was turned over to lay on its
ventral surface and its tail pointing away from
the vet.

Treatment application
At the 12" week (3 months) of ovariectomy:

A. Teriparatide: Experimental rats in Tand T+L
groups were injected with TPTD subcutaneous
injections of 6 ug/Kg per day (6 days a week).
This dose was recommended by Takakura et al.
[13].

B. Laser: Experimental rats in L and T+L groups
were exposed to LLLT sessions with Wavelength
=807 nm, energy output = 350 mW, for 3 min-
utes on the lower jaw and 3 minutes on the left
femur every 48 hours (3 times a week) [14].
Sessions were given at the animal house,
Faculty of Medicine, Cairo University. The rats
were not anesthetized to avoid deaths or unde-
sired side effects. The technician was respon-
sible to hold the rat with one hand and limit its
limb movement by the other. While the
researcher applied the laser beam with one
hand, the other hand was used to control the
application time and the switch control of the
machine.

Euthanization of rats & dissection

Euthanization was achieved by an overdose of
anesthetic solution (1 ml/100 gm) according to
The Research Animal Guidelines of Euthanasia
[15]. Animal euthanization was done at the end
of weeks 16 (after one month), 19 (One month
and three weeks) and 24 (three months) calcu-
lated from the beginning of the experiment,
respectively. One-third of each group was euth-
anized at a time. Bone dissection took place
immediately after euthanization, where the
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Table 1. Experimental procedure

Groups
Procedure
NC (0]} T T+L L
Induction of osteoporosis No ovariectomy Double ovariectomy was done in the beginning of the experiment
Subcutaneous TPTD injection (12" week) No injection Subcutaneous injections 6 days a week No injection
LLLT application (12" week) No application LLLT application on the lower jaw and left femur every 48 hours (3 times a week).

Euthanization dates &dissection of animals One third of each group were euthanized at the end of weeks: 16, 19 and 24.
Lower jaws (divided into right and left halves) and left femurs were dissected.

Bone density measurement Done using CT at the end of weeks: 16 and 24. Assessment was done on lower jaws and left femurs.

Histopathological examination Done using ordinary light microscope at the end of weeks: 16, 19 and 24. Assessment was done on right halves of jaws and femur shafts.

Measurement of average size of bone pores Done using SEM at the end of weeks: 16, 19 and 24. Assessment was done on left halves of jaws.

Calcium & phosphorus elemental analysis Done using EDAX at the end of weeks: 16, 19 and 24. Assessment was done on left halves of jaws.

Measurement of PINP levels Done using an ELISA kit at the end of weeks: 16, 19 and 24. Assessment was done on femur head and neck.
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lower jaws and left femurs were dissected.
Then the lower jaw was divided into right and
left halves, whereas the femurs were divided
into head, neck, and shaft. The specimens
were tested using computed tomography unit
(Bright Speed CT machine, GE Healthcare,
Wisconsin, USA), SEM equipped with Energy
Dispersive X-Ray Analyzer (EDAX) (QUANTA
250 FEG, SEM) and Rat PINP (Procollagen |
N-Terminal Peptide) ELISA Kit (Sunny Southern
California, San Diego, USA).

Computed tomography (CT)

Assessment of BMD was done on dissected
lowers jaws and left femurs using CT, where,
three random points were measured on each
bone then the average was calculated. BMD
was measured in HU. The assessment was
done twice (weeks 16 and 24).

Histopathological examination

The right half of the jawbone and femur shaft
were routinely prepared to obtain H&E stained
sections. They were examined under the ordi-
nary light microscope to detect and compare
the histopathologic changes among different
experimental groups after treatment applica-
tion throughout the study.

SEM and EDAX examination

Left halves of the jaws were prepared to be
examined under SEM. Calcium and phosphorus
levels were measured through the comparative
energy dispersion of minerals using the EDAX
system equipped with the SEM. Then, calcium
to phosphorus ratio was calculated. Carbon
level was also measured to ensure electrical
conductivity during data acquisition [16].

The calcium level was represented by a graph
together with the levels of other elements
(phosphorus, carbon and oxygen) in an EDAX
report. A table at the end of each report illus-
trated the values recorded by the energy dis-
persion. The levels were represented by weight
%.

SEM preparation and assessment: The speci-
mens were prepared according to the proce-
dure adopted by Canillioglu et al. [17]. Bone tis-
sue was fixed in 2.5% glutaraldehyde in 0.1M
phosphate buffer (pH 7.2-7.4) for 24-48 hours
at 4°C. Then the tissue was rinsed in distilled
water. Then, the specimen was immersed in a

1974

5% NaOH solution for 3-5 days at room tem-
perature to remove the adherent tissues. It was
rinsed in distilled water for 12 h at 4°C. After
that, the specimen was post-fixed in 1% osmi-
um tetroxide for 2 h at 4°C. It was then dehy-
drated with ascending graded ethanol (70%,
80%, 90%, 95%, 100% ethanol) and dried with
CO, liquid in a critical point dryer. The specimen
was then mounted on metal stubs then, coated
with gold using an ion sputter.

The diameter of bone pores was measured in 3
random fields for each specimen. Ten different
pore diameters were measured in each field
and the average was calculated for the mini-
mum and maximum values.

ELISA

The femur’s head and neck were dissected and
wrapped with labeled aluminum foil then stored
at -80°C. At the analysis time, the specimens
were homogenized in phosphate buffer saline
and then centrifuged for 20 min at 1000xg at
2~8°C. Then, the supernatant was collected to
carry out the assay.

The supernatant was divided into samples of
100 uL. Each was added to a well in the micro
ELISA plate. Then incubated for 90 min at
37°C. Then, the liquid was removed. 100 pL
Biotinylated Detection Ab was added and
incubated for 1 hour at 37°C. Then, aspirated
and washed 3 times. A 100 yL HRP Conjugate
was added and the sample was incubated for
30 min at 37°C. Then, it was aspirated and
washed 5 times. A 90 yL Substrate Reagent
was added and the sample was incubated for
15 min at 37°C. Then, 50 pL Stop Solution
was added. Finally, readings were recorded at
450 nm immediately and the results were
calculated.

Assessment: The optical density which was
proportional to the concentration of PINP, was
measured spectrophotometrically, using a
Microtiter Plate Reader (Stat Fax 2100, Awar-
eness Technology Inc, 6511 Bunker Lake Blvd.
Ramsey, Minnesota, USA) at a wavelength of
450 nm within 15 min after adding the stop
solution. The optical density value of the blank
control well was set as zero.

Known concentrations of rat PINP standard

and its corresponding reading optical density
was plotted on the log scale (x-axis) and the log
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Figure 1. Photomicrographs of NC group. A. Jawbone showing thick connected network of bone trabeculae enclos-
ing narrow marrow spaces (x200). B. Femur bone near the neck area showing thick connected network of bone
trabeculae enclosing hematopoietic (x200). C. Femur bone showing thick cortical bone. Note, red marrow showing
hematopoietic cells in addition to fat cells (x100).

Figure 2. Photomicrographs of OC group. A. Jawbone showing thin bone trabeculae enclosing wide marrow spaces
with many reversal lines (x200). B. Femur bone near the neck area showing thin discontinuous bone trabeculae,
and wide marrow spaces filled with fibrofatty marrow (x200). C. Femur bone showing thin cortical bone and fibro-

fatty marrow with presence of irregular cavities within bone (x100).

scale (y-axis), respectively. The concentration
of rat PINP in samples was determined by plot-
ting the sample’s optical density on the Y-axis.

Statistical methods

All data were collected, tabulated, and subject-
ed to statistical analysis. Statistical analysis
was performed by SPSS (Statistical Package
for the Social Sciences) (version 17) in general.
Microsoft Office Excel was used for data han-
dling and graphical presentation. Quantita-
tive variables were described by the Mean,
Standard Deviation (SD), the Range (Minimum-
Maximum), Standard Error (SE) and 95% confi-
dence interval of the mean. Qualitative categor-
ical variables were described by proportions
and percentages. Shapiro-Wilk test of normality
was used to test the normality hypothesis of all
quantitative variables for further choice of
appropriate parametric and non-parametric
tests.

Results

Most of the variables were found normally
distributed, allowing the use of parametric
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tests. Independent samples t-test was used for
comparing the means of the two groups. On
comparing more than two groups at the same
time point, One Way Analysis of Variance
(ANOVA) test was applied. At the end of the
experiment (24 weeks), pairwise comparisons
were carried out by applying Bonferroni test,
whenever ANOVA was significant.

Histopathologic examination

Histopathologic examination of experimental
rat jaws and femurs revealed changes in the
bone architecture among the various groups
throughout the experiment. On comparing the
control groups, a marked difference was ob-
served between them. In the NC group, bone
trabeculae were thick, dense, connected, and
enclosing narrow cellular marrow spaces (Fig-
ure 1A and 1B). Also, various osteocytes were
seen in their lacunae (Figure 1A and 1C). On
the contrary, the OC group showed thinner
bone trabeculae enclosing wide marrow spac-
es. Presence of thin separate bony spicules
was also observed (Figure 2A and 2B).
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Figure 3. Photomicrographs of experimental groups. A. Jawbone from T group showing thick connected bone tra-
beculae. Note some reversal lines (x200). B. Jawbone from L group showing thick connected bone trabeculae with
numerous reversal lines (x200). C. Jawbone from T+L group showing sheets of bone enclosing extremely narrow
marrow spaces with reversal lines at the bone periphery (x200). D. Femur bone from T group showing thick well-
organized cortical bone (x200). E. Femur bone from L group showing thick cortical bone with reversal lines and blue
bone (x200). F. Femur bone from T+L group showing thick cortical bone with reversal lines and blue bone (x200).
G. Femur bone from L group showing osteoid bone in the highly cellular bone marrow (x400). H. Osteoblastic rim-

ming in T+L group (x400).

Table 2. Difference in BMD between NC and

OC groups in week 12 using T test

BMD Group Mean = SD P Value

Jaws NC 1506.82+135.23 0.00000**
oC 778.90+205.57

Femurs NC 1051.69+116.00 0.00000**
oC 566.16+13.05

**P < 0.001 HS.

Reduction of bone thickness was more evident
in femur than in jawbones. A noticeable reduc-
tion in the cortical thickness and density was
noted in the OC group (Figure 2C). While fibro-
fatty marrow was mainly detected in the OC
group (Figure 2B and 2C), NC groups showed
red bone marrow which was highly vascular and
rich in hematopoietic cells (Figure 1A-C).

Concerning the experimental groups, thicker
bone trabeculae and narrower marrow spaces
were observed throughout the experiment
(weeks 16 and 19), in comparison to the OC
group. However, dramatic positive changes of
bone were detected in week 24 in all the
groups, especially T+L group. By the end of
the experiment (week 24), the 3 experimental
groups showed increased cortical thickness,
thick network of bone trabeculae and narrower
marrow spaces. Numerous reversal lines, disor-
ganized blue bone as well as osteoid tissue
were mainly observed in the lased groups (L
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and T+L). On the other hand, T group showed
fewer reversal lines and well-organized bone.
Osteoblastic rimming was detected in T+L
group (Figure 3).

Statistical analysis

Using t-test, statistical analysis (week 12)
showed a highly significant difference in BMD
mean values between NC and OC groups,
where NC values were higher than OC groups.
In both groups, the BMD values were found
higher in the jawbones compared to femurs
(Table 2).

In week 16, on comparing the 3 treated groups
with the control groups, while the mean values
of BMD of jawbones showed high statistical
significance (Table 3), whereas those of femurs
showed a significant difference (Table 4). Con-
trarily, minor changes in BMD mean values for
both jaws and femurs were detected at week
24 and considered as statistically non-signifi-
cant. On comparing changes in BMD within
the same experimental group throughout the
experiment, a non-significant difference was
obtained in all treated groups for both jaw and
femur bones (Tables 3 and 4).

Computed tomography (CT)

In the current work, CT examination showed a
noticeable difference in radio-density between
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Table 3. Differences in jaw bone mineral density (BMD) among experi-

mental groups using ANOVA

Scanning electron mi-
croscopy (SEM)

T L

P value

By examining jawbone

Week 16 1110.61+106.32 1145.11+91.52 861.06£92.57 0.00000**

Week 24 1119.34+79.59 1195.63+110.11 1166.03+84.92 0.23156"
0.0000**

P value 0.84604" 0.30555"

specimens under SEM,
bones of the NC group

**P < 0.001, HS; P > 0.05, NS.

Table 4. Difference in femur bone mineral density (BMD) among experi-

mental groups using ANOVA

showed normal bone po-
rosity (BP), where most
of the pores were small,
uniform and approxima-
tely equal (Figure 5A). On

T L

the other hand, bones

Pvalue of OC group showed a

Week 16 757.26£89.38 689.61+50.54 639.94+103.26 0.02329*
Week 24  717.14+103.81 694.58+78.41 663.15+78.78 0.43650™
0.59930"

P value 0.39263% 0.87493"

great difference when
compared to NC group,
as bone pores were lar-

*P<0.05=S,P>0.05=NS.

3812
00 RFMT
-35 Cor

DFGY 3D.8cm
SOFT/+/

kV 120

Figure 4. Copy of display showing jaw and femur bones of 3 different rats from the

3 treatment groups.

jaw and femur bones. This was obvious in all
5 groups throughout the whole experiment.
However, BMD differences in jawbones among
experimental groups were negligible and the
same was found when comparing femur bones
together (Figure 4).

Concerning the 3 experimental treated groups,
they showed an increase in the mean values of
BMD, which was observed in jaw rather than
femur bones. The highest mean values of BMD
in jaw and femur bones were detected in L
group and T group, respectively.

1977
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ge, numerous and had
an irregular outline (Fig-
ure 5B). After treatment
application, an improve-
ment was noticed in all
experimental groups re-
512 garding the size and uni-
formity of bone pores
(Figure 5C-E).

At weeks 16 and 19,
narrowing of bone pores
was observed. However,
some large irregular on-
es remained in week 16,
and were reduced great-
ly at week 19. By the end
of the experiment (week
24), BP in the treatment
groups showed a marked
decrease and was com-
parable to that of the NC
group (Figure 5F-H). This
was obviously revealed in
T+L groups.

Energy dispersive X-ray analyzer (EDAX)

The calcium weight % showed higher levels in
the NC group when compared to the OC group.
After treatment application, there was a linear
increase in the calcium weight % together with
the phosphorus weight %. By the end of the
experiment, the T+L group showed peak values
which nearly approached those of NC group. It
was followed by the L group and then T group.
However, calcium/phosphorus ratio was con-
stant for NC and all the treatment groups
throughout the experiment. On the contrary, it
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Figure 5. SEM images. A. NC group showing normal jawbone architecture with equal and uniform porosity. B. OC group showing increased BP, where large and ir-
regular bone pores were observed. C. T group showing measurement of bone pores at week 16 with variation in size of bone pores. D. L group showing BP at week
16 with some bone pores started to get narrower. E. T+L group showing numerous small regular pores with few large ones at week 19. F. T group showing numerous
uniform bone pores, G. L group showing uniform regular bone pores at week 24. H. T+L group showing uniform regular bone pores at week 24 with some pores are
getting completely obscured.
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Table 5. Calcium/Phosphorus ratio through-
out the experiment
Week 12 Week 16 Week 19 Week 24
Ca/ph Ca/ph Ca/ph Ca/ph

NC 2.49 2.50 2.45 2.52
oP 1.86 1.45 1.02 0.63
T 2.36 2.38 2.79
L 2.63 2.72 2.34
T+L 2.44 2.45 2.68

gradually decreased in the OC group through-
out the experiment (Table 5; Figure 6).

ELISA for PINP concentration

Our results showed a steady rise in the PINP
concentrations in OC, T, L, and T+L groups
throughout the experiment. During weeks 16
and 19, the T+L group showed the highest
PINP value followed by T group and finally L
group. However, at week 24, T and L groups
showed equal values, while the maximum
increase was seen in T+L group. The minimum
PINP concentration value was seen in OC group
during the same week.

Statistical analysis

At the beginning of the experiment (week 12), a
difference in the mean values of PINP concen-
trations between NC and OC groups was
observed. The OC group recorded a higher
value than the NC group. This difference was
statistically significant (Table 6). Throughout
the treatment weeks (16, 19 and 24), there
was a statistically highly significant increase in
the PINP concentration mean values in OC, T, L
and T+L groups. The maximum increase was
observed between week 19 and 24 in the men-
tioned groups. The maximum value for PINP
concentration recorded was found in T+L group
in week 24 (Table 7).

All multiple pairwise comparisons (week 24),
showed a highly significant difference except
for NC versus T+L groups and T versus L groups,
which were non-significant (Table 7).

Discussion

Osteoporosis (OP) is a worldwide health prob-
lem; if left untreated, it can have a profound im-
pact on day-to-day life. Although up to date,
there is no full cure for OP. Early detection and
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proper selection of adequate treatment can shi-
ft the course of the disease. As with appropri-
ate management, the progression of OP can be
slowed, stopped, or even reversed in some
cases [18]. For the above-mentioned points, it
seemed interesting to examine the therapeutic
effect of a combination of systemic and local
treatment options.

Being inevitable, post-menopausal OP ranks
top among the major health issues. It is mainly
caused by estrogen withdrawal [19]. Despite
the intense research and the relevant progress
achieved in the last decades, the pathogenic
mechanism underlying post-menopausal OP is
still poorly understood. Such disorder and its
related complications remain difficult to be
effectively cured and prevented [18]. Because
of this gap in knowledge, our study was carried
out aiming to add to the current literature
regarding merging tools for OP assessment.

Thus, the current study was carried out to com-
pare the anabolic effect of TPTD to the LLLT
non-pharmaceutical biostimulatory effect on
bone. Furthermore, their combined effect was
investigated. To the best of our knowledge, this
is the first study in the available literature
about the combined effect of TPTD and LLLT.
Accordingly, there was a compelling need for
novel techniques rather than the widely used
ones and merging several assessment tools
together to show the full picture of the effect of
proposed treatments on bone.

The assessment methods were carefully cho-
sen to include histopathologic examination
which was considered as the ‘gold-standard’
by Du [20], and BMD assessment using CT.
Despite DXA being currently used, it determin-
es BMD in two dimensions only. Interestingly,
CT allows measurement of volumetric trabecu-
lar BMD without superimposition of cortical
bone and other tissues making it more sen-
sitive over DXA [21]. To widen our field of
research, SEM for bone porosity quantitative
examination was also used as a novel tech-
nique, as most of previous studies used SEM
to examine lamellar topography, resorption
spaces and microcracks of bone rather than
bone porosity [20, 22, 23]. To the best of our
knowledge, the current work is among scarce
studies concerned about monitoring treat-
ment effect using bone porosity quantitative
examination.
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Figure 6. EDAX reports showing values of calcium. A. NC group at week 24. B. T group at week 24. C. L group at week

24. D. T+L group at week 24.

Table 6. Difference between NC and OC
groups for PINP levels mean values at week
12 using T test

Group Mean + SD P Value
NC 3.10+0.77 0.01942*
oC 4.00+0.69

*P <0.05,S.

Moreover, EDAX system equipped SEM was
used to investigate the chemical composition
of the studied bone samples, in order to evalu-
ate bone crystalline structure which reflects
bone quality in terms of the amount of calcium
by weight % [24]. For more validation of our
work, the research was further extended to
cover bone turnover markers. PINP was chosen
since its concentration is equimolar to the
amount of collagen incorporated into the bone
matrix. This is consistent with Szulc et al. [25]
who pointed out that PINP levels correlated
significantly with histomorphometric measures
of bone formation.

To accomplish the current work, rats were
the experimental model of choice. Similarities

1980

in pathophysiologic responses between the
human and rat skeleton, combined with hus-
bandry and financial advantages, have made
the rat a valuable model in our study [26]. In
accordance with Sheu et al. [27], female rats
were particularly selected over male ones
because women are at higher risk for OP and
osteoporotic fractures than men. Moreover,
using them allowed us to elicit an estrogen-
deprived state by ovariectomy, to serve our aim
of tackling post-menopausal OP. Finally, the
present experiment agreed with Lelovas et al.
[26], to choose female rats of approximately 4
months old to guarantee their sexual maturity
that is usually estimated at 2.5 months.

In order to expand the variety of the research
outcome, studying osteoporotic changes was
not limited to jawbones, but femur bones were
included as well. In the same context, Johnston
et al. [28] claimed that postmenopausal OP
was commonly associated with increased risk
of tooth loss, which may lead to compromised
food choices resulting in a poor diet that can
contribute to chronic disease risk. On the other
hand, Lelovas et al. [26] pointed out that the
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Table 7. Difference in PINP mean among experimental groups using ANOVA

NC 0oC T L T+L P value
Week 16 3.10+0.77 4.90+0.70 13.10+0.84 10.60+0.89 17.20+£0.82 0.00000**
Week 19 3.10+0.77 5.40£0.72 15.90+0.64 12.40+1.00 17.30+£0.84 0.00000**
Week 24 3.10°+0.77 6.30°+0.73 21.30°+1.22 21.30°+0.76 34.90°+£1.01 0.00000**
P value 0.00000** 0.00000** 0.00000**

Superscripts with different letters are statistically significant, while superscripts with the same letters are statistically non-
significant (a is the highest value, b is the second value, c is the third value and d is the lowest value). **P < 0.001, HS.

analysis of cortical bone in the femur shaft was
a very sensitive index for OP assessment
because the bulk of bone loss occurs at this
site. Therefore, investigation of both jaw and
femur bones was done for better understand-
ing of OP and the therapeutic outcomes of the
proposed treatments.

Ovariectomy was the method of choice for OP
induction in the present study, because it was
found that hormonal changes resulting from
ovary removal led to unevenness of bone
remodeling, which caused an imbalance be-
tween bone resorption and bone formation
leading to bone loss and high bone fracture
risk [29]. Interestingly, our pilot study revealed
osteoporotic changes in bones of experimental
animals 12 weeks after ovariectomy; it was
well documented using different assessment
tools. This agrees with Lelovas et al. [26] and
Sophocleous et [29]. They agreed that although
osteoporotic changes in femur bones were
detected after 30 days of the surgery, they
were difficult to detect prior to 12 weeks in the
jawbone of rats.

Results of the current work proved the capabil-
ity forovariectomy to induce osteoporosis
successfully in the OC group; this was evident
by the different assessment methods used.
Decreased BMD of either jaw or femur bones
which was detected in the OC group, using
CT, is in agreement with Kuroda et al. [30].
Regarding histopathologic findings, they are in
line with those of Lorentzon et al. [31], who
reported cortical thinning, increased cortical
porosity as well as enlargement of marrow
cavities in osteoporotic bone. In addition, the
increase in the fat content of the marrow
spaces is consistent with Li et al. [32]; they
observed that increased marrow fat content
has occurred in synchrony with the deteriora-
tion of trabecular microarchitecture in ovariec-
tomized rabbits.
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Regarding bone porosity using SEM, a signifi-
cant increase in average size of bone pores in
the OC group, is supported by the results of
Ahmed et al. [33] and Ayana et al. [34], where
the latter detected roughening and increased
porosity in diabetic osteopenia in rat jaws.
Moreover, EDAX analysis detected a drop in cal-
cium level of OC group, reaching about half that
of NC group; this also agreed with Ayana et al.
[34] and Paolillo et al. [16].

Unexpectedly, PINP concentrations appeared
to be higher in the OC group and reached more
than double that of the NC group. This suggests
an anabolic natural body response to counter-
act the deteriorating osteoporotic effect on
bone. However, the body cannot depend totally
on this response; this can be explained by the
gap in values obtained by the OC group and all
treatment groups, by the end of the experi-
ment. This finding is in accordance with the
results of Yan et al. [35]. Generally, all the find-
ings of the OC group indicate the advancement
of OP, with physicochemical and structural
deterioration in bone. This directly affects bone
strength and quality in addition to increasing
the amount of deformation, creating and/or
propagating cracks, which in turn may lead to
greater bone fracture risk.

Throughout the experiment, a constant Ca/P
ratio was observed in normal control and
all experimental groups, which is consistent
with Perdikouri et al. [36] and reflects normal
bone health and active remodeling. Contrarily,
the Ca/P ratio in the OP group continued to
decrease. This finding is in line with Kour-
koumelis et al. [24], who showed a strong rela-
tionship between induced bone loss and low-
ered Ca/P ratio. However, in disagreement with
our results, Paolillo et al. [16] stated that the
Ca/P ratio was constant during the experiment
for both control and ovariectomized groups.
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Despite acceptance of the idea that merging
all accessible assessment tools was a wise
decision for research work and patient welfare,
it was interesting to identify the most reliable
and reproducible used techniques. Cohen d
effect size showed that a maximum change
was seen in the detection of PINP concentra-
tions using ELISA, followed by EDAX analysis.
This finding suggests that these techniques
have better precision and higher accuracy than
bone porosity and BMD measurement using
SEM and CT, respectively.

Although the assessment of BMD by CT was
very beneficial in the identification of osteopo-
rotic changes in either jaw or femur bones, it
appeared to be unreliable for monitoring treat-
ment progress in the experimental groups. In
the same context, Li et al. [32] concluded that
BMD changes were constant for a relatively
longer time and lagged behind the pathologic
course of OP. Krege et al. [7] added that BMD
testing was not valuable before 1 to 2 years of
treatment. Our results were further supported
by Nguyen et al. [37] and Langdahl et al. [38] as
both studies agreed that measuring BMD has
its own limitations. About 50% of patients who
had sustained osteoporotic fracture had BMD
above the WHO definition of OP. This was con-
tradictory to Kwon et al. [39] who stated that
sequential monitoring of femoral BMD using
QCT could be useful for OP assessment.

Fortunately, the results of the current study
revealed that all the proposed treatments
showed favorable outcomes, especially the
combined group. Concerning TPTD, its positive
impact on bone was consistent with Caffarelli
et al., [40] and Yao et al., [41]; they believed
that TPTD is the only bone anabolic drug which
increased BMD with proven anti-fracture effi-
cacy. However, its high cost and daily injection
course make it an economic burden. That is
why antiresorptive agents are still considered
to be the first-line pharmaceutical treatment
for OP [42]. Moreover, International Osteopor-
osis Foundation (2011) reported that although
TPTD is well-known worldwide, it was available
only in half of Arabic countries.

Histopathologic changes resulted from TPTD
administration are in accordance with the find-
ings of Fahrleitner-Pammer et al., [43] who con-
cluded that TPTD was able to induce trabecular
connectivity and increase cortical bone forma-
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tion. In the same context, Larsson et al., [44]
stated that TPTD increased calcium concen-
trations, which led to a rise in the degree of
mineralization in the fracture callus which was
accompanied by accelerated natural fracture
healing and a faster remodeling process.
Furthermore, the observed increase in PINP
levels in association with TPTD is in line with
Szulc et al., [25]. In conflict with our results,
Roschger et al. [45] detected lower calcium
concentrations in bones treated with TPTD.

On the other hand, the beneficial effect of LLLT
on bone is attributed to its biostimulatory
action, where it is capable of increasing mito-
chondrial activity, bone formation, osteocalcin
and osteopontin gene expression, as well as
alkaline phosphate activity [46]. This is sup-
ported by Torstrick et al., [47] who pointed out
that LLLT could be utilized to prevent fracture,
improve healing, and accelerate implant fixa-
tion. Accordingly, the results of the present
study propose the possibility of using LLLT as
local treatment strategy that could act as a
good alternative with minimal side effects and
superior outcome.

The osteogenic potential of LLLT is in harmony
with the results of Scalize et al.,, [10] and
Fallahnezhad et al. [48] as they observed new
bone formation and improved cell viability of
the ovariectomized rat bone marrow mesen-
chymal stem cells, respectively. The previous
study of Khadra et al. [49] confirmed the rise
in calcium levels, which was observed in the L
group, since they found more calcium and
phosphorus in bones of experimental animals
in comparison to their controls. Concerning
increased PINP concentrations, Tim et al. [50]
and Ma et al. [61] agreed that LLLT induced a
significant increase in collagen synthesis and
expression of collagen genes. On the contrary,
the results of Pereira et al. [52] showed no
effect of LLLT on procollagen synthesis.

It is worth noting that observation of numerous
reversal lines and blue bone formation in lased
groups reflects the capability of LLLT to induce
rapid bone formation and high bone turnover.
In accordance with our results, Matsumoto
et al. [53] highlighted that the experimental
group irradiated by LLLT was able to induce
woven bone formation faster than the control
group. Moreover, the recent study of Suzuki et
al. [54] demonstrated that LLLT could indepen-
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dently accelerate the bone remodeling process,
and in turn accelerate tooth movement.

Despite the favorable therapeutic effects of
both TPTD and LLLT on induced OP, all the
assessed parameters revealed that their com-
bination showed superior results, including the
highest Cohen d size effect. Logically, the com-
bination of TPTD and LLLT was in favor of maxi-
mizing anabolic bone turnover and getting the
benefits of each of them. This elucidated the
positive synergism between both TPTD and
LLLT, which can possibly overcome systemic
side effects of a high dose of TPTD, and the
limitations of LLLT application. Finally, the
results of the present study were very satis-
factory, reflecting the osteogenic potential and
capability of TPTD and LLLT to treat OP either
solely or in combination. Furthermore, our work
sheds light on the therapeutic importance of
using TPTD and LLLT together as a novel combi-
nation of systemic and local treatment options.

Conclusion

TPTD has osteogenic potential and is capable
to enhance bone architecture by inducing the
formation of new well-organized bone with nar-
rower bone pore diameter.

LLLT can possibly be used as a good alterna-
tive local treatment strategy with minimal side
effects and superior outcome, as it can improve
bone strength by faster bone deposition and
higher calcium content.

Combination of both TPTD and LLLT has a syn-
ergistic beneficial effect on bones of experi-
mental rats with induced OP. This can possibly
overcome systemic side effects of a high dose
of TPTD, and the limitations of LLLT application,
as well as giving maximum benefit of uniform
and speedy new bone formation.
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