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Abstract

Background: Today, animals, like humans, suffer from spinal illnesses, which are aggravated in old age. Much emphasis
is placed on diagnosis and treatment, but little focus is given to the spine’s mechanical properties. Degenerative
spine diseases are a major problem throughout the world. According to the World Health Organization, osteoporosis
is a world-class public problem that reduces bone mass, resulting in bone fracturing and increased risk of bone
fracturing. Therefore, the mechanical investigation of vertebrae can provide more information about the development
of osteoporosis.s.

Case Description: For our case report, we used spayed mongrel lumbar vertebrac samples obtained from a canine
which was about 8 years old and weighed 28 kg. The dog was diagnosed with a mammary tumor, and its owners
decided to euthanize the dog. All consent forms were filled.

Conclusion: Mechanical tests were performed on three vertebrae, and a notable difference was observed in the first
cycle of the first vertebra (L1). Second-order polynomials for displacement and seventh-order polynomials for pressure
were proposed for describing the stress—strain relationship of the vertebrae under the cyclical loads. Our research
protocol has been broken down into several parts. After measuring the area of the loaded surface, the largest area was
in the L2 vertebra (176 + 16 mm; 177 + 3 mm) and the smallest was in the L7 vertebra (156 £ 4 mm; 151 + 33 mm).
The smallest distance was recorded between the first (L1) and seventh (L7) lumbar vertebrae (L1) (15.17 + 0.93 mm),
and the largest distance was recorded between the L3 and L4 vertebrae of the lumbar (19.8 £+ 3.7 mm).

Keywords: Canine, Lumbar, Vertebrae, Osteoporosis, Spine.

Introduction

Researchers all around the globe are working hard
to develop an appropriate model for the study of
bone-induced metabolic disorders, one of which
is osteoporosis, which is becoming more common
(Turner, 2011). According to a survey of the scientific
literature, the subjects of the research are rats, mice, and
other small animals housed in vivarium (Banu, 2011),
with just a few studies involving bigger animals (such
as dogs) being conducted. These animals are merely
listed as potential animal models that might be used to
investigate the aforementioned osteoporosis (Reinwald
and Burr, 2011), but there have been very few studies
on them, or when other criteria have been studied, they
have been missed.

To determine the presence of osteoporosis, it is usual
to examine the lumbar vertebrae or long limb bones
such as the femur, tibia, or forearm (Reinwald and
Burr, 2011), since these are most often fractured in
osteoporosis (Reinwald and Burr, 2011). During
an experiment in vitro, these bones may be bent or
compressed, as well as twisted with a certain amount

of force, allowing the mechanical characteristics of
the bone to be determined (Markel ef al., 1994). Rats
are considered the gold standard in the research of
postmenopausal osteoporosis (Popovi¢ et al., 2016).
According to other authors, osteoporosis can be
modeled using large animals (e.g., rabbits, dogs, sheep,
goats, and pigs) (Sharma et al., 2021). Around 1985,
the first mice were bred; their ovaries (which produce
the hormone estrogen) were removed in order to mimic
the postmenopausal state of osteoporosis (Banu, 2011).
In the future, we want to use the accessible biological
material to examine other samples. Additionally, we
wish to test the concept that the mechanical properties
of bone tissue are impacted by a lack of hormones,
specifically estrogen. We believe gender influences the
mechanical properties of bone tissue.

Therefore, small and large animals are useful in
studying osteoporosis (Sipos ef al., 2014.). Removing
the ovaries reduces the size, thickness, and number of
trabeculae, which reduces bone density and increases
the risk of bone fractures. A significant decrease in
bone density in the lumbar spine was observed in
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rats approximately 2 months after ovarian removal
(Banu, 2011).

Dogs are also currently being used for osteoporosis
research. Researchers mostly use beagles as the breed.
Furthermore, dogs are commonly used in biomedical
research for their physiological responses (Popovi¢
et al., 2016; Sharma et al., 2021). The mature bone
composition of dogs is similar to humans, with a
similar intracortical remodeling of the Haversian
system (Sharma et al., 2021). In dogs, a decrease in
bone mass after receiving ovariectomies is observed,
especially in the iliac crest (Reinwald and Burr,
2008). Other researchers used beagles to check the
bone density of the vertebrae after the dogs received
ovariectomies and found that after 8 and 12 months, the
bone density of the vertebrae decreased by 8%—10%
(Boyce et al., 1990).

Historically, dogs, cats, pigs, primates, rodents, guinea
pigs, and rabbits have been used to study osteoporosis
(Turner, 2001); researchers have long been studying
osteoporosis by performing mechanical experiments on
various vertebrae in animal spines to identify the perfect
animal. Some authors believe that the cervical vertebrae
of the sheep, as well as the lumbar vertebrae of the pig,
most resemble the vertebrae of humans and are suitable
for investigation (WSAVA Animal Welfare Guidelines,
2018). These researchers conducted a study in which
they used two static axial forces: an axial compressive
force and design and bending. The forces were first
applied to intact vertebrae and then using clamps. In
a biomechanical test, compression of the vertebrae
was analyzed, during which the compressive force
was changed with varying displacement. The angular
displacement moment was observed in the bending test
(WSAVA Animal Welfare Guidelines, 2018).

The mechanical properties of bone can be determined
by simple tensile or compressive tests. Bouzakis et
al. (2004) studied the mechanical properties of the
second lumbar vertebra (L2) and later split it into
finite elements. According to Turner (2001), long-
term studies using beagles have shown an 8%—-10%
reduction in spinal bone density after neutering. By
examining bone density, strength, and structure, some

studies describe only a slight decrease in bone density
after sterilization (Turner, 2001).

Our case report’s objective was to investigate the
mechanical characteristics of the first three lumbar
vertebrac of a neutered 8-year-old canine female.
This information will be used in the subsequent tests
to develop a model of the vertebra for future research.
Additionally, we advanced a hypothesis in our
research in order to verify or deny the concept that the
mechanical characteristics of a neutered canine female
altered during hypoestrogenism.

Case Details

A necropsy was performed on the animal, during which
the lumbar vertebrae from L1 to L7 were separated
(Fig. la—c). The resulting segment was frozen in a
refrigerator at —20°C. The segment obtained in the
biomechanical study was gradually thawed to room
temperature (22°C). The segment was treated, and the
surrounding muscular and fatty connective tissues were
separated. Each vertebra was separated, and the spinal
cord was removed.

Mechanical test

For the present research to be meaningful, it is necessary
to understand the basic external forces of compression,
bending, and rotation. In living organisms, these
forces affect the connective tissue, one of which is
bone connective tissue, since they most often act
in combination with typical complex deformations.
Canids have seven lumbar vertebrac. The shortest
transverse processes have the first lumbar vertebrae
(L1), and the longest lumbar vertebrae are usually the
third (L3) and fourth (L4) in domestic animals (except
for dogs, in which the longest transverse process can be
found in the fifth (L5) or sixth (L6) lumbar vertebrae)
(Konig and Liebich, 2020). Some costal (rib), caudal
articular, and cranial articular processes of the lumbar
vertebra were shortened to avoid interference with the
compression of the specimen. We tested each lumbar
spine vertebra obtained using a Mecmesin MultiTest
2.5-1 micro compression machine (Mecmesin Limited,
Slinfold, UK). The Mecmesin AFG25 cell-controlled
deformation was measured with an accuracy of +0.01
mm, and the compressive force ranged from 2 to 2,500

Fig. 1. (a) Canine lumbar caudo-cranial vertebrac view. (b) Canine lumbar latero-lateral vertebrae view. (c) Canine lumbar
dorsoventral vertebrae view.
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N, with an accuracy 100 of +0.1% and a cross-speed
accuracy of #+0.1%. The experiment examined the
mechanical qualities of the imprinted 3D model of the
lumbar spine using this device (Maknickas ef al., 2019).
Each vertebra was compressed with 950 N. The selected
speed was 1 mm/minute (Fig. 2). The vertebrac were
compressed 10 times. After the experiment, the axes of
each vertebra were measured. After the specimen was
installed, cyclic loading was applied. This machine was
also used to measure cyclic loads on porous materials
(Porrelli, et al., 2015).

Evaluating errors

Two types of data were used for determining the
vertebrae pressure—stretch relationships. The first was
vertebra geometry data, which were retrieved directly
from CT images of the euthanized dog. The CT images
were imported into 3D Slicer v4.13 (Fedorov et al.,
2012), ITK-SNAP (Yushkevich et al., 2006) and Osirix
Lite (Rosset and Spadola, 2004) for further analysis.
To estimate the confidence interval, we used three
different software: 3D Slicer, Osirix Lite, and ITK-
SNAP. The second type of data was that obtained from
the compression machine MultiTest 2.5-i, which were
presented as force (measured in N) and displacement
(measured in mm). Therefore, we needed geometric
data of the vertebraec to evaluate the stress—strain
relationships. At first, the lengths of the vertebrae were
measured by dropping two markup fiducial points and
obtaining the distance between them by switching

to the Markups module in 3D Slicer, selecting both
fiducial points in the list, and right-clicking in the list.
The fiducial points were marked between longitudinal
axes of the vertebrae; one assumes the compressions
are placed on the rostrocaudal axis of the vertebrae.
Later, the surface area of the loading vertebra contact
zone was determined by marking the intervertebral
zone with a closed curve (CC) and obtaining the
surface area of the close curve in the same Markups
module of 3D Slicer. The obtained results are presented
in Tables 1 and 2. In addition, the confidence intervals
of the measured vertebrae lengths and loading surfaces
were evaluated using the following expression (King
and Eckersley, 2019):

Sx=+ts/\n (1)

where ¢ is the Student’s coefficient, s is the standard
deviation, and n is the degree of freedom plus I.
The Student’s coefficient is 4.303 for two degrees of
freedom, in which we chose a confidence interval of
95% (Table 1) (King and Eckersley, 2019). Finally, the
propagation of error of the two variable functions for
external pressure induced o stress as

c=F/S 2

where F'is the measured load force and S is the vertebra
loading surface (Fig. 3c) and A stretch is

A=(L-1)/L 3)

Fig. 2. Canine lumbar vertebra compression.
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Table 1. CT image-based vertebrae length data.

Interpoint distance

3D Slicer distance

ITK-SNAP distance

Osirix Lite distance

Mean + confidence interval

name (mm) (mm) (mm) (mm)
F 0-F 1 15.68 15.05 14.8 15.17 £ 0.93 (6%)
F 1-F 2 21.28 19.36 17.9 19.5 + 3.4 (17%)
F 2-F 3 19.22 18.54 18.6 18.79 £ 0.77 (4%)
F 3-F 4 21.97 18.74 18.8 19.8 £3.7 (18%)
F 4F 5 21.27 19.36 18.5 19.7 £ 2.9 (14%)
F 5-F 6 19.32 18.95 18.4 18.89 + 0.94 (5%)
F 6-F 7 20.58 18.32 17.0 18.6 £3.7 (19%)

Table 2. CT image-based vertebrae-loading contact surface area data.

Close curve

Vertebrae

3D Slicer area value,

Osirix Lite area value,

Fiji area value,

Mean + confidence interval

name (mm?) (mm?) (mm?) (mm?)

CC 0 171.64 164.4 184.313 173 + 20 (11%)
CC 1 L1 180.50 171.7 180.075 177 £ 10 (6%)
cC 2 172.73 171.6 186.313 176 + 16 (9%)
CC 3 L2 176.50 177.3 179.775 177 3 (2%)
CC 4 168.94 168.9 179.274 172 + 12 (7%)
CC 5 L3 164.40 159.7 150.451 158 + 14 (9%)
CC 6 160.66 166.1 162.794 163 £ 6 (4%)
CC 7 L4 171.01 163.3 141.343 160 = 31 (19%)
CC 8 161.21 150.9 176.405 162 + 26 (16%)
CC 9 L5 177.01 159.3 157.718 165+ 22 (13%)
CC 10 165.50 162.0 168.886 165 + 6 (4%)
CC_11 L6 172.92 139.3 160.940 152 + 38 (25%)
CC 12 158.79 154.9 156.156 156 £ 4 (3%)
CC 13 L7 167.80 135.1 149.285 151 £33 (22%)

where L is vertebra length between loading surfaces
(Fig. 3a), which can be expressed as follows
(Ku, 1966):

Sc /o|=\[(SF I F)*+ (55 /S)’
5. =81/ LY

(4.5)

Approximation of experimental curves

Parametric equations are commonly used to express
the coordinates of the points that make up a geometric
object, such as a curve, in which case, the equations are
collectively called a parametric representation (Thomas
and Finney, 1979; Lapshin, 2020). The collected
experimental data of the increasing and decreasing
pressure L, (#) and displacement d, () of the vertebra
can be approximated by using the following parametric
expressions:

L (t)= Zaikti

d (1) =dy, +d,t+dy, 1’

(6,7)

where ¢ is the independent parameter time, and a, and
d,, are material constants for each load/unload cycle k.
The approximation of cyclic curves was performed by
second steps.

We began by compressing the vertebrae using cyclic
loads. We obtained hysteresis loops after compressing
the vertebrae 10 times. These obtained cycles are
shown in Figure 4. Following that, we determined
the minimum and maximum values by analyzing the
hysteresis loops. Then, the extreme values of stress
and stretch versus time relationships were found.
These extreme values were used to determine each
compression—relaxation cycle, because each cycle is
unique and should be approximated separately (Fig. 5a,
b). After that, time indexes of extreme values of obtained
stress and stretch array values were approximated by
seventh- and second-order polynomials, accordingly.
Numerical optimization was applied using the SciPy
optimize curve_fit function (Virtanen et al., 2020), and
polynomial coefficients were found.

All these graphs (Figs. 6—8) were created using a
seventh-order polynomial. It is believed that, in living
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Fig. 3. (a) Vertebra length determination in Osirix Lite. (b) Vertebra length determination in 3D Slicer. (c¢) Vertebra-loading

surface area determination.
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Fig. 4. (a) First lumbar vertebra with all compression cycles, with minimum and maximum values. (b) Second lumbar vertebra
with all compression cycles, with minimum and maximum values. (c) Third lumbar vertebra with all compression cycles, with

minimum and maximum values.
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Fig. 5. (a) Extreme values of stress vs time for first vertebra (L1). (b) Extreme values of stretch vs time for first vertebra (L1).

organisms, the hysteresis loop is different due to the
compensatory and decompensatory mechanisms
involved. Normalization was performed to compare the
same mechanical properties of different vertebrae.

The most expressive cycle was the first (Fig. 6a),
in which the vertebra adapted to the load acting on
it. The second and third cycles show well-defined
hysteresis loops, which are comparable to our proposed
approximation.

Errors of applied load pressure were found and
calculated and are displayed on each curve. Many
solids form hysteresis loops under pressure, but bone
tissue is unique in its properties. In living organisms,
when compensatory and decompensatory mechanisms
are applied to the bone with higher forces, the bone
withstands higher loads. However, it is always
necessary to assess the fatigue experienced by the bone.
So, in this experiment, we evaluated bone fatigue by
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Fig. 6. (a) The first cycle of the first lumbar (L1) vertebra sample. (b) The second cycle of the first lumbar (L1) vertebra sample.
(c) The third cycle of the first lumbar (L1) vertebra sample.
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Fig. 7. (a) The first cycle of the second lumbar (L2) vertebra sample. (b) The second cycle of the second lumbar (L2) vertebra
sample. (c) The third cycle of the second lumbar (L2) vertebra sample.
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Fig. 8. (a) The first cycle of the third lumbar (L3) vertebra sample. (b) The second cycle of the third lumbar (L3) vertebra sample.
(c) The third cycle of the third lumbar (L3) vertebra sample.

applying cyclic loads. The coefficients of the second- (156 £ 4 mm; 151 + 33 mm). The shortest distance
order displacement approximation polynomials are measured was 15.17 + 0.93 mm [between the first (L1)
given in Table 3, and the coefficients of the seventh- and seventh lumbar vertebrae (L7), while the longest
order external load pressure polynomials are given in distance measured was 19.8 + 3.7 mm (between the L3
Tables 4-6. The polynomial coefficients starting from and L4 lumbar vertebrae)].

the fourth-degree polynomial terms degraded during the Ethical approval

cyclic load. In the first lumbar vertebra, the coefficients All bioethical and animal welfare standards adhered
for the seventh-order terms went to zero, and those for to the Regulation (EC) No 1069/2009 of the European
the sixth-degree reduced hundreds of times. The same Parliament and of the Council of 21 October 2009 and
coefficients of the second (L2) and third (L3) vertebrae Regulation (EC) No 1774/2002 (animal byproducts
reduced from 10 to 1,000s of times, indicating that regulation)—17 articles.

dog vertebrae should contain remodeling mechanisms . .

to compensate for the degrading characteristic of Discussion

the momentum cyclic loads—for example, loads on We understand that a bone tumor can affect the
vertebrae while running. According to our calculations, mechanical properties of the bone. In order to check it,
the L2 vertebra had the largest area (176 + 16 mm; 177 it is necessary to take a sample of the bone tissue and
+ 3 mm), while the L7 vertebra had the smallest arca examine it at the cytological level, but the owners of the
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Table 3. The coefficients using second-order polynomials.

Third x0 0.9 1.47 0.72 2.27 0.01 3.93 —1.54 6.35 —2.26 8.29
lumbar X 4.09 —14.66 6.47 —21.14 13.28 3256 242 4527 2539 —50.74
vertebra 3 48096 8729 3776 7896 4546 8627 5836 9324 499 86.61
Second x0 1.18 0.61 1.32 0.62 1.45 0.5 0.71 1.11 242 0.08
lumbar X —-0.46 0.32 —-0.39 0.02 —-0.35 0.07 0.73 —-0.72 —1.04 0.27
vertebra .5 903 012 0.06 0.22 -0.06  0.15 —037 034 0.14 0.05
x0 1.17 0.48 1.37 0.34 1.33 0.24 1.42 0.07 1.59 0.48
lani:s;r X —0.04 0.04 —0.05 0.03 —-0.02 0.03 —0.02 0.03 —0.02 —-0.02
SRy Cyele Load  Unload Load Unload Load Unload Load Unload Load Unload
First Second Third Fourth Fifth
Table 3. The coefficients using second-order polynomials. (Continued)
Third x0 -3.99 12.09 —8.22 16.86 -9.64  20.15 —14.28 26.86 —18.49  28.99
lumbar X 322 —-64.77  49.85 —79.92 50.82 8548 6449 10296 7429 -101.84
vertebra 5 5227 9336 6774 9976 6091 947 6825 10193 -70.96  92.15
Second x0 1.78 1.92 0.1 0.77 2.6 —0.16 —0.95 0.32 1.55 3.83
lumbar x —-0.26 -1.31 1.08 -0.4 —0.64 0.17 1.59 —0.17 0.15 -2.01
vertebra x2 —0.05 0.36 —0.29 0.16 0.03 0.05 —0.31 0.09 —0.09 0.32
x0 1.71 —0.16 1.63 -0.29 1.06 —0.05 2.61 0.67 2.69 0.9
luljli:::xr X —0.02 0.02 —-0.01 0.03 0.03 0 —0.05 —0.04 —0.04 —0.05
s Cycle Load Unload Load  Unload Load Unload Load Unload Load Unload
Sixth Seventh Eight Ninth Tenth
Table 4. First lumbar vertebra coefficients using seventh-order polynomials.
0 —-1.05E 1.99E -1.89E 3.21E 1.09E —-1.52E -2.11E -141E -1.18E —2.70E
+ 04 +05 +05 +03 +04 +05 +03 +05 +05 +05
6.78E —1.04E 8.02E -1.05E -6.79E 247E —221E 231E 1.49E 1.22E
+03 +05 +04 +04 +03 +04 +03 +04 +04 +03
2 —-1.36E  1.75E -1.10E  3.47E 1.21IE —-456E 495E —1.15SE  -1.37E 4.08E
+03 +04 +04 +03 +03 +02 +02 +03 +02 +03
3 —2.85E —520E 1.71E —-4.67E -6.73E -7.89E —3.59E -1.62E  —6.11E —2.63E
First +01 —01 +00 +02 +01 +01 +01 +00 +01 +02
lumbar 4 525E —3.64E 1.52E 3.01E —292E -231E 8.90E 1.87E 3.51E —3.10E
vertebra +01 +02 +02 +01 +00 +00 —01 +00 +00 —01
(L1) 5 —848E 4.87E -1.66E —8.20E 5.10E 7.90E 1.OOE —6.00E  —7.00E 4.90E
+00 + 01 + 01 -01 —01 —01 —02 —02 —02 —01
6 5S90E —2.70E 7.60E  0.00E —2.00E —4.00E 0.00E 0.00E 0.00E —2.00E
—01 +00 —01 +00 -02 -02 +00 +00 +00 -02
7 —2.00E 6.00E —1.00E 0.00E 0.00E 0.00E  0.00E 0.00E 0.00E 0.00E
—02 —02 —02 +00 +00 +00 +00 +00 +00 +00
Cycle Load Unload Load  Unload Load Unload Load  Unload Load Unload
First Second Third Fourth Fifth

animals refused this. We wanted to evaluate an elderly
female dog because we wanted to test the likelihood
that animals, like older people, have a tendency to
develop osteoporosis, but this has received very little
attention in the literature and in practice.

420

Factors like lack of sunlight, diet, and serum vitamin
D levels could change the mechanical properties of
the bone as a result of an increased fracture risk factor.
Even though we did not look into these risk factors for
this case report, we plan to do so for our next article.
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Table 4. First lumbar vertebra coefficients using seventh-order polynomials. (Continued)

+0 4.13E 1.05E 3.25E 6.76E 343E —3.04E —4.09E -299E 599E —2.89E
+05 +05 +05 + 04 + 04 +04 + 05 + 05 +05 +05
v -471E -129E -142E -7.56E —-190E -8.08E 4.67E 543E —-3.06E 3.93E
+ 04 + 04 + 04 + 03 +03 + 03 + 04 +03 + 04 + 03
) 5.77E 3.97E —2.09E —1.75E  —2.46E 5.73E —1.93E 6.17E  —7.53E —7.58E
+02 +01 +03 +02 +02 +02 +03 +02 +02 +01
3 1.00E 3.28E 1.45E 2.17E 1.25E —1.42E 1.18E —2.51E 4.22E 2.55E
First +02 +01 +02 +01 +01 +01 +01 +01 +01 +01
lumbar 4 —-2.01E  5.10E 4.60E 1.37E 7.40E 1.30E 2.00E 1.15E 1.83E 0.00E
vertebra +00 -01 -01 +00 -01 +00 +00 +00 +00 +00
(L1) s “L70E —140E  —250E ~140E —6.00E —800E -800E —6.00E ~-120E —5.00E
* —01 —01 —01 -01 -02 -02 -02 -02 —01 -02
<6 1.00E 0.00E 1.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E
—02 +00 —02 +00 +00 +00 +00 +00 +00 +00
7 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E 0.00E
+ 00 + 00 + 00 + 00 +00 + 00 + 00 + 00 + 00 + 00
Cvel Load Unload Load Unload Load Unload Load Unload Load Unload
cle
g Sixth Seventh Eight Ninth Tenth
Table 5. Second lumbar vertebra coefficients using seventh-order polynomials.
0 —-9.58E -6.59E —7.81E -7.02E -249E —4.06E -9.13E -135E 1.62E —5.57E
+02 +03 +03 + 04 + 04 + 04 + 04 + 06 + 05 +04
v 7.14E  245E 2.58E 1.82E 481E 8.34E 1.73E  229E —2.87E 5.93E
+03 + 04 + 04 + 05 + 04 + 04 +05 + 06 + 05 + 04
) —147E —-698E —129E —5.66E 1.74E —492E —6.42E -6.73E 1.16E —1.75E
+ 04 408 + 04 + 04 + 04 + 04 + 04 + 05 + 05 + 04
3 —-1.94E -5.82E -3.75E -1.71E -9.83E 594E —4.74E —6.69E 5.38E 9.41E
Second + 04 + 04 + 04 + 05 + 04 +03 + 04 + 05 + 04 +03
lumbar 4 1.37E  5.65E 3.64E 2.85E 6.78E —7.64E 139E 2.18E —3.23E -7.52E
vertebra +05  +03 +04 +04 +04 +03 +04 405 +04 +03
(L2) 5 —2.50E 1.84E 2.18E  240E 131E 1.02E 295E 258E —1.38E  —2.82E
* +05  +05  +04 +05 +03  +04 404 405  +04 +02
6 2.10E —-220E -384E -2.04E -156E -282E -186E -1.59E 1.12E 1.64E
+05 +05 + 04 + 05 + 04 +03 + 04 +05 + 04 +03
7 -7.06E 7.76E 1.26E 5.00E 409E -2.01E 3.17E 2.52E -—1.84E —3.46E
+ 04 + 04 + 04 + 04 + 03 + 01 +03 + 04 + 03 + 02
_— Load Unload Load Unload Load Unload Load Unload Load Unload
cle
J First Second Third Fourth Fifth

Factors that alter the bone’s ability to withstand the
applied load include eating habits (including food
and vitamin D consumption), endocrine hormone
status (including age and menstrual status), whether
the research object was physically active or had a
musculoskeletal disorder and medicines unrelated to
bone (including corticosteroids and anticonvulsants)
(Bilezikian et al., 2018). We may, however, produce
osteoporosis in dogs by reducing the quantity of
calcium in their food and performing a hysterectomy on
these animals. This was performed by Satoshi Nagai,

whose findings in a canine model of osteoporosis may
be comparable to the analysis of human osteoporosis.
This 30% decrease provides critical information for
determining the risk of bone fracture. In the study, 24
weeks after operation (when the BMC of the vertebral
cortical bone had decreased by about 20%), the
mechanical strength of the femoral neck had decreased.
At 36 weeks, BMC had decreased by approximately
30%, and the mechanical strength of the femoral
neck had decreased even more markedly. A parallel
relationship was observed between the reduction of
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Table 5. Second lumbar vertebra coefficients using seventh-order polynomials. (Continued)
+0 —294E —288E —5.10E —295E —1.14E -1.64E -1.63E -6.23E -1.34E -1.59E
+04 +05 +04 +05 +05 +05 +05 +05 +05 +06
3.09E 2.72E 3.05E 2.25E 590E —-1.65E 647E 3.22E 3.58E 8.28E
x + 04 +05 +04 +05 + 04 +04 +04 +05 +04 +05
2 —-1.02E —43I1E 8.02E —2.19E 5.06E 9.88E 351E 436E 226E+ 3.95E
+ 04 + 04 +03 + 04 +03 +04 + 04 +04 04 +04
3 291E -133E -521E —221E 138E —142E -1.69E -3.16E —-9.06E —5.23E
Second +03 +04 +03 +03 +03 +04 + 04 +04 +02 +04
lumbar 4 1.37E 3.43E —443E —7.10E —-192E -131E -131E -454E -439E -—9.57E
vertebra +02 +02 +01 +03 +03 +04 +01 +03 +03 +03
(L2) 5 —2.08E —2.58E —8.71E 441E —-1.95E  3.16E 1.13E  2.01E  6.96E 4.67E
+03 +03 +02 +02 +03 +03 +02 +03 +02 +03
6 1.10E 2.36E 6.15E 1.04E 1.06E 2.65E 225E 1.64E 1.10E -1.77E
+03 +03 +02 +03 +03 +02 +02 +02 +02 +02
- -1.65E —4.15E -937E —-188E —133E -8.62E -3.75E -5.50E -2.16E —3.74E
* +02 +02 +01 +02 +02 +01  +01  +01  +01 +01
_— Load Unload Load Unload Load Unload Load Unload Load Unload
cle
y Sixth T — B Ninth Tenth
Table 6. Third lumbar vertebra coefficients using seventh-order polynomials.
+0 2.46E 6.42E -145E —2.0lE 541E —2.09E 128E —2.78E 8.51E —2.70E
+03 +03 +03 +04 +04 +04 +05 +04 +05 +04
—1.73E —2.63E 1.77E 387E -9.72E 144E —2.0lE 3.02E —1.11IE  —3.84E
+05 +05 +05 +05 +05 +05 +06 +04 +07 +05
2 4.75E 2.839E —491E -2.06E 2.85E 6.33E 8.21E 1.80E 4.34E 4.04E
+ 06 +06 +06 +06 +06 +05 +06 +06 +07 +06
3 —6.15E 1.63E 5.19E —243E 430E -332E 1.70E  —6.04E 2.80E =1.93E
Third +07 +07 +07 +06 +07 +06 +07 +06 +06 +06
lumbar 4 3.17E —547E -1.19E 562E -3.06E -1.85E —1.60E 4.69E —2.75E —4.20E
vertebra +08 +08 +08 +07 +08 +07 +08 +05 +08 +07
L3) 5 6.00E 3.69E —-1.77E  —273E 127E —4.65E -380E -993E —246E -7.04E
+08 +09 +09 +08 +08 +06 +07 +07 +08 +06
6 —1.17E  —6.78E 1.34E 1.17E 3.56E 6.92E 1.73E 6.27E 2.92E 4.46E
+10 +09 +10 +09 +09 +08 +09 +08 +09 +08
7 290E —841E —280E -259E -7.59E -1.56E -2.77E -9.14E —3.63E —6.28E
* + 10 +09 +10 +09 +09 +09 +09 + 08 +09 +08
_ Load Unload Load  Unload Load  Unload Load Unload Load Unload
cle
Y First Second Third Fourth Fifth

BMC in the vertebral cortical bone and the reduction
of mechanical strength in the femoral neck (Nagai and
Shindo, 1997). We know that the dog had been neutered
for 2 years and was given a balanced diet on a consistent
basis; in addition, no ovarian remnants were discovered
after the CT scan. However, we are not going to discuss
these factors in this article.

We examined the methodology of other authors, in
which a lot of attention was paid to sample preparation,
with the most attention being paid to the humidity,
temperature, and deformation rate of the sample because
these factors affect the mechanical properties (Turner

and Burr, 2001). Additionally, we selected lumbar
vertebrae in our investigation, which were compressed
at a rate of | mm/minute using a compression machine.
We followed the same procedure as previous writers,
compressing the lumbar and final thoracic vertebrae at
speeds of 1 and 5 mm/minute, respectively (Martin et
al., 1987).

In one study, researchers found that, to accurately
measure mechanical properties, bone samples should
be tested at 37°C; however, this is not always practical.
Testing at room temperature increases Young’s modulus
of the bone by about 24% compared to testing at 37°C
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Table 6. Third lumbar vertebra coefficients using seventh-order polynomials. (Continued)

n 9.94E —96lE -9.62E -2.51E
x +03 +04 +04 +05
—442E  1.05E  3.72E  1.15E
* +05 +05 +05 +06
- 246E 226E  797E  2.05E
+06 +06 +05 +03
. 345E —337E —2.17E  —4.12E
- +05 +03 +06 +06
Nrrrihere w TL74E 264E -1OE  9.16E
vertebra +07 + 07 +07 + 06
(L3) 5 —4.03E —244E  133E -7.71E
+07 +07 +07 +07
- 271E  2.79E  531E  225E
x +08 +00 +07 +08
, T3.06E —320E —799E -191E
* +08 +08 +07 +08
Load Unload Load Unload
Cycle .
Sixth Seventh

—2.17E  —4.66E —258E —26lE -394E -1.18E
+05 +05 + 05 + 04 + 05 + 06
8.17E 1.71E 7.22E 4.79E 1.43E 3.77E
+ 05 + 06 +05 + 04 + 06 + 06
1.13E 1.31E 2.32E 8.67E =3.12E 1.47E
+06 +06 + 06 + 04 + 05 + 06

—457E —555E —798E 3.06E —3.36E —6.95E
+ 06 + 06 + 06 + 03 + 05 + 06

—-6.72E  —9.25E 1.I6E —-199E -821E —1.58E
+ 06 +06 + 06 +05 +06 +07
449E -149E —824E —479E -5.16E 7.39E
+ 06 +07 + 05 + 05 +05 + 06
5.98E 1.24E 3.62E —2.69E 3.70E 6.47E
+07 +08 +07 + 05 +07 +07

—~7.14E -1.18E -3.80E 1.50E -3.23E -5.93E
+07 +08 +07 + 06 +07 +07
Load Unload Load Unload  Load Unload

Eight Ninth Tenth

(Bonfield and Li, 1968). The sample was irrigated by
constant immersion in physiological saline (NaCl,
0.9%). If this step is ignored, Young’s moduli and
bone strength generally increase, but bone toughness
decreases. In the human femur, Evans and Lebow
showed an increase in Young’s modulus by 17%, an
increase in tensile strength by 31% and, after drying
the specimen, a decrease in toughness by 55% (Cowin,
2001).

While the owner of the animal must ultimately decide
whether to castrate it or not, it is worth noting a
comprehensive review of the literature that discusses
the positive and negative aspects of castration, the
methods of castration, and the effect of castration on
reproductive function and urinary and musculoskeletal
systems. When we sterilize an animal and leave it
uncastrated, the most prevalent illnesses are outlined
(Urfer and Kaeberlein, 2019).

We did not use animals in this research because we
value life and believe that there is always an alternative.
Instead, we decided to use a dog’s cadaver. The canine
was already spayed, which is why we chose her as the
object of our case report.

Other researchers have conducted many experiments
in which they used castrated breeds of female beagles
as the subjects of their investigations. For instance,
Snow et al. (1984) sought to determine the effect of
ovarian hormone deficiency on the activity of cortical
bone remodeling in the cortical bone. Additionally,
they detected no statistically significant difference in
activity between control and spayed females (Snow et
al., 1984). We also wanted to test this assumption and
this pattern in our research; we effectively disproved
our assumption at the conclusion. This has also been

proven by Shen et al. (1992) in their study of the
effects of several hormones. They studied biochemical
indicators such as ionized calcium, parathyroid
hormone, osteocalcin, alkaline phosphatase, vitamin D
concentration and phosphorus, and found no variation
in bone mineral density between castrated females
(Shen et al., 1992).
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