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Abstract

Background Osteoporosis is a major health concern for postmenopausal women, and the effect of simvastatin
(Sim) on bone metabolism is controversial. This study aimed to investigate the effect of simvastatin on the bone
microstructure and bone mechanical properties in ovariectomized (OVX) mice.

Methods 24 female C57BL/6J mice (8-week-old) were randomly allocated into three groups including the OVX+Sim
group, the OVX group and the control group. At 8 weeks after operation, the L4 vertebral bones were dissected
completely for micro-Computed Tomography (micro-CT) scanning and micro-finite element analysis (UFEA). The
differences between three groups were compared using ANOVA with a LSD correction, and the relationship between
bone microstructure and mechanical properties was analyzed using linear regression.

Results Bone volume fraction, trabecular number, connectivity density and trabecular tissue mineral density in the
OVX+Sim group were significantly higher than those in the OVX group (P < 0.05). For the mechanical properties
detected via UFEA, the OVX+ Sim group had lower total deformation, equivalent elastic strain and equivalent stress
compared to the OVX group (P<0.05). In the three groups, the mechanical parameters were significantly correlated
with bone volume fraction and trabecular bone mineral density.

Conclusions The findings suggested that simvastatin had a potential role in the treatment of osteoporosis. The
results of this study could guide future research on simvastatin and support the development of simvastatin-based
treatments to improve bone health.

Keywords Osteoporosis, Simvastatin, Micro-finite element, Bone microstructure

Yanbo Liang and Xiaoging Yuan are co-first authors. 'Department of Radiology, The Second Affiliated Hospital of Shandong
First Medical University, No.366 Taishan Street, Tai'an City,
fYanbo Liang and Xiaoging Yuan contributed equally to this work. Shandong Province 271000, China

’Chinese institutes for medical research, Capital Medical University,
Beijing 100050, China

3The First Affiliated Hospital of Shandong First Medical University,
Shandong Provincial Qianfoshan Hospital, Jinan, Shandong 271000, China
“Shandong First Medical University, Jinan, Shandong 271000, China

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

*Correspondence:
Jian Qin
sdginjian@126.com


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-07860-w&domain=pdf&date_stamp=2024-9-17

Liang et al. BMC Musculoskeletal Disorders (2024) 25:748

Introduction

Osteoporosis is a common health issue for the post-
menopausal women, and its prevalence is increasing with
the aging of the population [1]. Osteoporosis is charac-
terized by decreased bone mineral density and micro-
architectural deterioration of bone tissue that increases
the risk of bone fragility and susceptibility to fracture
[2]. Hormonal changes, especially the reduction of estro-
gen after menopause, play a key role in the development
of osteoporosis. Estrogen deficiency in osteoporotic
patients has been associated with decreased bone forma-
tion, increased bone resorption, and a reduction in bone
mineral density [3]. In the past few decades, menopausal
hormone therapy has been used not only to prevent the
bone loss and the degeneration of bone microstructure,
but also to reduce the incidence of osteoporotic frac-
tures [4]. However, the discovery that it is related to the
increased risk of cardiovascular events and breast cancer
and other adverse health consequences has limited its use
[5]. Although a study showed that bisphophonates lead to
a decreased risk of cardiovascular events [6], there are
also some literature suggesting that it has adverse effects,
including gastrointestinal reactions [7] and an increased
risk of cardiovascular events [8]. There is still controversy
over the effects of bisphophonates on cardiovascular dis-
ease. Therefore, it is important to search a potential new
treatment option for osteoporosis.

As an organic compound, Simvastatin (Sim) is clas-
sified as a statin drug. Sim is a specific inhibitor of
3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
that is commonly used to reduce cholesterol levels
and treat atherosclerosis and other cardiovascular dis-
eases [9-12]. In addition, it has been shown to affect
bone turnover by inhibiting osteoclast activity through
decreasing osteoclast formation, differentiation, prolif-
eration, and function, and stimulating bone formation
through reducing osteoblast apoptosis [13]. Studies have
suggested that simvastatin may have a potential role in
the prevention and treatment of osteoporosis [14, 15].
The majority of related studies showed that simvastatin
could increase bone mineral density, reduce bone resorp-
tion, and stimulate bone formation [16—18], while other
studies detected a negative association between simvas-
tatin and bone mineral density (BMD) and bone repair
[19, 20]. The role of simvastatin in these animal model
studies remains controversial.

In this study, we aimed to investigate the effect of simv-
astatin on the bone microstructure and bone mechanical
properties in ovariectomized mice by micro-Computed
Tomography (micro-CT) scanning combined with
micro-finite element analysis (LFEA).
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Methods

Animals and experimental treatment

A total of 24 female C57BL/6] mice (8-week-old) were
randomly allocated into three groups with 8 mice per
group. Eight mice received bilateral ovariectomy (OVX),
which was the OVX+Sim group. After 4 weeks of post-
operative adaption [21], then simvastatin (Sigma S6196-
5MG) dissolved in physiological saline was administered
to mice by oral gavage at a dose of 10 mg/kg per day [22]
for 4 weeks. Eight mice (OVX group) underwent bilat-
eral ovariectomy. The other eight mice (control group)
were only performed back incision without ovariectomy.
Then the mice in the OVX group and the control group
received an equivalent amount of physiological saline as
placebo for 4 weeks at 12 weeks of age. The living envi-
ronment and rearing conditions (22-24°C and 55-60%
humidity in a room maintained on a 12/12-h light/dark
cycle) of all mice were the same. The mice received
ad libitum access to standard chow pellets and water
throughout the experimental period.

At 16-week-old, mice in each group were euthanized
by over anesthesia (Pentobarbital Sodium, 150 mg/kg) to
extract the L4 vertebral bone completely. Then we stored
them in 70% ethanol solution respectively. The study was
approved by the Institutional Animal Care and Use Com-
mittee of our institution and was performed in accor-
dance with the National Institutes of Health guidelines
for the use of laboratory animals.

Micro-CT scanning

All trabecular bone of the L4 vertebral bones were exam-
ined with a micro-CT (NEMO micro-CT, model NMC-
100) from PINGSENG Healthcare (Kunshan) Inc. All
samples were placed in the sample holder vertically along
the long axis. The scanning settings used were as follows:
source voltage of 90 kV; current of 50 pA; scanning time
of 10 min; voxel size of 0.015x0.015%0.015 mm; number
of projections of 4000. After scanning, we used Avatar
v1.6.5 (PINGSENG Healthcare Inc.) software to perform
3D reconstruction. The volume of interest (VOI) was
seen in Fig. 1. We used segmentation algorithms such as
thrshold segmentation, region growing, morphological
operations and Boolean operations, and a threshold of
700 was used to extract the mineralized bone from soft
tissue and marrow phase. The bone volume fraction (BV/
TV)(%), trabecular thickness (Tb.Th)(mm), trabecular
number (Tb.N)(1/mm), trabecular separation (Tb.Sp)
(mm), structure model index (SMI), connectivity den-
sity (Conn.D)(1/mm?), trabecular tissue mineral density
(Th.TMD) (g/cm?®) were evaluated based on the micro-
CT scan results. All the measurements were performed
by a junior physician under the supervision of a senior
physician.
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Fig. 1 The volume of interest is the volume of bone trabecular within the green line. A. coronal image B. sagittal image C. axial image

Micro-finite element analysis

Ansys17 (ANSYS Inc., USA) was used for micro-finite
element analysis to simulate the axial compression tests
for each trabecular bone in the longitudinal directions.
Trabecular bone tissues were modelled as an isotropic
linear elastic material with a Young’s modulus of 15 GPa
and a Poisson’s ratio of 0.3 [23, 24]. For each bone seg-
ment model, uniaxial compression tests were performed
for the uFEA analysis. This allowed us to determine total
deformation, equivalent elastic strain and equivalent
stress values, which represented the mechanical proper-
ties. Equivalent strain and equivalent stress respectively
indicate the degree of deformation and tension inside
the object. Equivalent elastic strain represents the over-
all deformation or elongation experienced by a material
due to an applied load, considering both linear and non-
linear behavior. The equivalent elastic strain combines
all the individual strain components (such as axial, shear,
and volumetric strains) into a single value that repre-
sents the overall deformation. It is typically calculated
using the Hooke’s law relationship between stress and
strain for linear elastic materials. For nonlinear materi-
als, more complex constitutive models are used. Equiva-
lent stress is a scalar value that represents the intensity
of stress at a point in a material, considering both nor-
mal and shear stresses. In complex stress states (such as
multiaxial loading), different stress components (such as
tensile, compressive, and shear stresses) act simultane-
ously. Equivalent stress simplifies this by combining all
stress components into a single value. It is calculated as
the square root of the sum of the squares of the devia-
toric stresses.

Statistical analysis

All statistical analyzes were performed by SPSS software,
version 27.0. The Shapiro-Wilk test was used to test the
normality of the quantitative data. The results showed
that all quantitative data approximately conformed to the
normal distribution. Quantitative data are presented as

the means+standard deviation (SD). The Levene test was
used for variance homogeneity analysis. Bone trabecu-
lar microstructural parameters among each group were
compared by ANOVA with an LSD correction to account
for intergroup differences between the three groups. Lin-
ear regression was used to analyze the relationship of
trabecular bone microstructural parameters and micro-
finite element parameters. A P value of less than 0.05 was
considered to indicate statistical significance.

Results

Micro-CT scanning

There were significant intra-group differences between
three groups in BV/TV, Tb.Th, Tb.N, Tb.Sp and Tb.TMD
(P<0.05) (Table 1; Fig. 2A and E). In contrast, SMI of
vertebral bone did not show significant intra-group dif-
ferences between three groups (P>0.05) (Table 1).
Specifically, the OVX+Sim group displayed a signifi-
cant increase of BV/TV, Tb.N, Conn.D and Tb.TMD
when compared to the OVX group (P<0.05) (Table 1).
Although there was no remarkable difference, the
OVX+Sim group had more Tb.Th and less Tb.Sp when
compared to the OVX group (P>0.05) (Table 1). Inter-
estingly, Tb.N and Conn.D in the OVX+Sim group
were significantly higher than those in the control
group (P<0.05) (Table 1). And there was no remark-
able difference of SMI in the OVX+Sim and control
group (P>0.05) (Table 1). Moreover, when compared to
the control group, the OVX group showed a significant
reduction in BV/TV, Tb.Th, Tb.N and Tb.TMD, while an
increase in Tb.Sp (P<0.05) (Table 1). Furthermore, three-
dimensional reconstruction showed that the trabecular
of the OVX+Sim group appeared to be denser than that
of the control group and the OVX group (Fig. 3A and C).

Micro-finite element analysis

For the mechanical properties detected via pFEA, the
OVX+Sim group had lower total deformation, equiva-
lent elastic strain and equivalent stress than did the OVX



Liang et al. BMC Musculoskeletal Disorders (2024) 25:748 Page 4 of 9

Table 1 Comparison of microstructural parameters in three groups

Parameter OVX+Sim group (n=8) Control group (n=8) OVX group (n=8) P-value
Micro-CT

BV/TV 0.347+0.026° 0.386+0.033° 0.307£0.016 <0.001"
Tb.Th(mm) 0.086+0.005 0.094+0.0071° 0.081+0.002 <0001"
To.N(1/mm) 3.636+0.204° 3.387+0.294° 3.033+£0.091 <0001
Tb.Sp(mm) 0.189+0.034 0210+0.031° 0.245+£0.013 0.002"
SMI 0.158+0.128 0.051+0.166 0.113+0.147 0.364
Conn.D(1/mm3) 148453 +28.990° 107.536+£14.098 110.730+14.053 <0.001"
Tb.TMD(g/cm?) 131140024 1.355+0.034° 1.284+0.010 <0.001"
UFEA

Total deformation (um) 49.923+8.994° 28.843+6.073° 66.251+12.729 <0.001"
Equivalent elastic strain (um/pm) 0.029+0.010° 0.020+0.008" 0.049+0.010 <0.001
Equivalent stress (Mpa) 132.899+46.112° 101.868+23.402° 244,696 +52.489 <0.001

Values represent mean+SD

BV/TV: bone volume fraction, Tb.Th: trabecular thickness, Tb.N: trabecular number, Th.Sp: trabecular separation, SMI: structure model index, Conn.D: connectivity
density, Tb.TMD: trabecular tissue mineral density

"P<0.05 between OVX+Sim and control group and remained significant
2P<0.05 between OVX+Sim and OVX group and remained significant
bP<0.05 between control and OVX group and remained significant
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Fig. 2 Comparison of micro-CT parameters and mechanical properties of L4 vertebral bone for three groups of mice. A. BV/TV: bone volume fraction, B.
Tb.Th: trabecular thickness, C. Tb.N: trabecular number, D. Tb.Sp: trabecular separation, E. To.TMD: trabecular tissue mineral density, F. total deformation,
G. equivalent elastic strain, H. equivalent stress. * P<0.05, ** P<0.01, *** P<0.001

group (P<0.05) (Table 1; Fig. 2F and H). The OVX+Sim  Correlation between trabecular bone parameters and bone

group had higher total deformation than did the control
group (P<0.05) (Table 1; Fig. 2F and H). Moreover, the
OVX group had higher total deformation, equivalent
elastic strain and equivalent stress than did the control
group (P<0.05) (Table 1; Fig. 2F and H).

strength

For all the samples (Table 2), total deformation, equiva-
lent elastic strain and equivalent stress were negatively
correlated with BV/TV (r=-0.837, -0.724 and —0.876,
P<0.05, respectively), Tb.Th (r=-0.749, -0.450 and
—0.605, P<0.05, respectively), Tb.TMD (r=-0.844, -0.617
and —-0.765, P<0.05, respectively). Equivalent elastic
strain and equivalent stress were negatively correlated
with Tb.N (r=-0.635 and —0.726, P<0.05, respectively).
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Fig. 3 Three-dimensional reconstruction and sectional images of L4 vertebral bone of the mice closest to the average level in each group through micro-

CT. A. control group B. OVX group C. OVX +Sim group

Table 2 Correlation coefficient of linear regression between the microstructure and biomechanical properties in all three groups

Parameter Total deformation (um) Equivalent elastic strain (um/pum) Equivalent stress (Mpa)

r P-value r P-value r P-value
BV/TV 0837 <0.001 -0.724" <0.001 0876 <0.001
Tb.Th(mm) -0.749" <0.001 0450 0.027 0605 0.002
Tb.N(1/mm) 0403 0.051 0635 <0001 0726 <0001
Tb.Sp(mm) 0374 0.071 0607 0.002 0678 <0.001
SMI 0.264 0213 0.380 0.067 0.366 0.078
Conn.D(1/mm3) -0.094 0.662 -0.168 0433 0328 0.118
Tb.TMD(g/cm?) -0.844" <0.001 0617 0.001 -0.765" <0.001

1, Pearson correlation coefficient. BV/TV: bone volume fraction, Tb.Th: trabecular thickness, Th.N: trabecular number, Th.Sp: trabecular separation, SMI: structure
model index, Conn.D: connectivity density, Tb.TMD: trabecular tissue mineral density

Furthermore, equivalent elastic strain and equivalent
stress were positively correlated with Tb.Sp (r=0.607 and
0.678, P<0.05, respectively).

The relationship varied when divided into different
groups (Table 3). In the OVX+Sim group, total defor-
mation and equivalent stress were negatively correlated
with BV/TV (r=-0.864 and —0.925, P<0.05, respectively),
Tb.N (r=-0.839 and —0.901, P<0.05, respectively). Total
deformation, equivalent elastic strain and equivalent
stress were also negatively correlated with Tb.TMD (r=-
0.809, -0.714 and —0.884, P<0.05, respectively). In the
control group and OVX group, equivalent stress was
negatively correlated with BV/TV (r=-0.793 and —0.802,
P<0.05, respectively).

Figure 4 shows the results from the linear regres-
sion, assessing the associations of trabecular bone

microstructural parameters with micro-finite element
variables. Equivalent stress was negatively correlated with
BV/TV (R*=0.767, P<0.05). Total deformation was neg-
atively correlated with BV/TV and Tb.TMD (R*=0.701,
P<0.05 and R?=0.711, P<0.05, respectively).

Discussion

Herein, we attempted to investigate the effect of simvas-
tatin on the bone microstructure and mechanical prop-
erties in ovariectomized mice by micro-CT combined
with micro-finite element analysis. Previous clinical stud-
ies have suggested that simvastatin may have a potential
beneficial effect on bone metabolism, primarily by reduc-
ing bone resorption rather than stimulating bone forma-
tion [25-27]. It prevents estrogen deficiency-induced
decrease in bone density [27]. However, data on the
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Table 3 Correlation coefficient of linear regression between the microstructure and biomechanical properties in the treatment,

control and module groups

Parameter OVX+Sim group (n=8) Control group (n=8) OVX group (n=8)
Total defor-  Equivalent  Equiva- Total de- Equivalent  Equiva- Total defor- Equivalent  Equiv-
mation (um)  elastic strain lent formation elastic strain lent mation (um) elastic strain alent
(um/pm) stress (pum) (m/pm) stress (um/pm) stress
(Mpa) (Mpa) (Mpa)
BV/TV -0.864 -0.667 -0925"  -0427 0.138 -0793"  -0421 0243 -0.802"
Thb.Th(mm) -0.231 -0.010 -0.324 -0.789" 0.685 -0.192 -0.173 0.153 0.025
Tb.N(1/mm) -0.839" -0.696 -0.901" 0.406 -0.762" -0.637 -0.158 0.557 -0.619
Th.Sp(mm) 0.683 0.725" 0854 -0.595 0.426 0516 0.064 -0.149 0.170
SMI 0.359 0829 0.392 -0.002 0374 0.734 0.242 0.394 0.702
Conn.D(1/mm?) -0.592 -0.600 -0.666 -0.528 0374 -0410 -0.515 0.113 -0.282
Tb.TMD(g/cm?) -0.809" 0714’ 0884 0776 0.650 -0.375 0426 -0.355 -0.659

1, Pearson correlation coefficient. BV/TV: bone volume fraction, Tb.Th: trabecular thickness, Th.N: trabecular number, Th.Sp: trabecular separation, SMI: structure
model index, Conn.D: connectivity density, Tb.TMD: trabecular tissue mineral density

100 * 400

80
° 300

60 S

200 °

40 ~ 0

100
20 o -

Total deformation (um)
°
’
P
®
Equivalent stress (Mpa)

0 T T T 1 0 T

100

R2=0.767"" R2=0.711""

N o ©
< < <

Total deformation (um)
S
1

0.25 0.30 0.35 0.40 0.45 0.25 0.30
BVITV

BV/TV

T T 1 0 T T T 1
0.35 0.40 0.45 1.25 1.30 1.35 1.40 1.45

Th.TMD(g/cmA3)

Fig. 4 The scatter diagram and best-fit line between microstructure parameters and mechanical variables. *** P<0.001

effects and mechanisms of simvastatin on bone structure
have been limited to specific criteria, and accurate valida-
tion of its efficacy is needed [30—31]. In the present study,
we aimed to determine the therapeutic potential of sim-
vastatin in treating postmenopausal osteoporosis. This
study selected clinically commonly used cholesterol-low-
ering drug simvastatin, using an ovariectomized mouse
model to observe the effects of the drug on osteoporosis.
We demonstrated that simvastatin can serve as a method
for treating OVX-induced bone loss.

Estrogen plays an essential role in the process of bone
remodeling [32-34]. Estrogen deficiency increases bone
loss and osteoclast formation by increasing various cyto-
kines and growth factors, and reduces the absorption and
availability of intestinal calcium. The OVX animal model
has been widely utilized in the study of postmenopausal
osteoporosis caused by estrogen deficiency [35]. Our
research found that ovariectomy could lead to a decrease
in BV/TV, Tb.Th, Tb.N, Tb.TMD and an increase in
Tb.Sp, total deformation, equivalent elastic strain and
equivalent stress, which was in accordance with previous
studies conducted on OVX mice [18, 36, 37]. Although
there was no significant difference in Conn.D, we can also
find that Conn.D decreased after ovariectomy. Previous

studies reported that OVX mice not only lead to the
decrease of bone mineral density, but also impaired the
spatial structure of bone trabeculae and mechanical
properties [38—40].

We observed that simvastatin treatment inhibited
OVX-induced bone loss in mice. Wu et al. [41] studied
the microstructure and mechanical properties of the
axial bone in mice by comparing the changes in micro-
structure and mechanical properties of L4 vertebrae
between ketogenic diet and OVX mice. And they found
that OVX can damage the microstructure of the lumbar
vertebrae in mice and lead to loss of cancellous bone. The
most common osteoporotic fracture in the elderly popu-
lation is vertebral compression fracture. Therefore, we
selected the L4 vertebral body for observation. Cheon et
al. [18] used two doses of statin, low dose (1 mg/kg) and
high dose (10 mg/kg), respectively. In their experiment,
the low-dose group did not effectively treat osteoporosis
(many parameters were not significantly different from
the control group). Meanwhile, we found in the study
by Leutner et al. [20] that excessive doses (50 mg/kg)
of simvastatin will promote the development of osteo-
porosis. In other words, excessive doses of simvastatin
were harmful to bones. Therefore, a dose of 10 mg/kg of
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simvastatin was ultimately chosen for this study. Based
on our analysis of 3D micro-CT images of the vertebra,
simvastatin (10 mg/kg) significantly improved BV/TV,
Tb.N, Conn.D and Tb.TMD. The results showed that
simvastatin treatment not only increased bone density,
but also improved the spatial structure of bone trabecu-
lar. Bone quality encompasses the microscopic structure
of bone trabeculae, the macroscopic geometric structure
of bone and the material properties of constituent bone
tissues [42]. This study was consistent with those of pre-
vious studies [22, 37]. Recently, a cross-sectional analysis
focused on the effects of statins on BMD in elderly males
[43]. Consistent with our results, the oral treatment with
therapeutic doses of statins was associated with a signifi-
cant increase of BMD at L1-L4 in elderly men compared
with the control group. A recent study [20] found that
high doses of statin can damage bone quantity. As the
mice were fed for a year in their experiments, the inter-
ference of age factors may be one reason for the discrep-
ancy in the results [44].

While examining the mechanical properties of the tra-
beculae bone, we found that the total deformation, equiv-
alent elastic strain and equivalent stress were reduced
in the OVX+Sim group when compared with the OVX
group, showing that simvastatin might improve mechani-
cal properties and enhance bone strength caused by
OVX. However, the total deformation in the OVX+Sim
group was higher than that of the control group, indi-
cating that simvastatin cannot completely reverse bone
mechanical properties to normal levels. Through micro-
CT scanning and biomechanical evaluations, Yang et al.
[45] found that treatment with simvastatin was effective
in enhancing bone strength and promoting bone defect
repair. This difference may be due to the limited sample
size in our study and we only studied the vertebral bones.

To discover the relationship between the microstruc-
ture and the mechanical properties of the vertebral tra-
beculae bone, we conducted a linear regression. We
presented the correlations between microstructure and
biomechanical properties both as all three groups sepa-
rate and combined to explore group-specific effects while
considering overall trends. Among these indicators, we
found that BV/TV and Tb.TMD were negatively cor-
related with the mechanical properties. These findings
indicated that the change of BV/TV in the vertebrae was
crucial in the bone mechanical properties. Lamya Karim
et al. found that the bone with high BV/TV had greater
post-yield strain and stronger resistance to fractures than
the bone with low BV/TV [46]. This showed that BV/
TV is a prominent indicator reflecting bone mechanical
properties and is positively associated with mechanical
properties.

There are some limitations in this study. Firstly, the
sample size of our study was small. Secondly, owing to
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only vertebrae bone being selected for analysis, it is dif-
ficult to determine whether this effect will vary accord-
ing to the selected bone sites. Finally, this study only
conducted two different analyses (micro-CT and pFEA).
In future research, it is necessary to further explore the
mechanism of action of simvastatin in the treatment of
osteoporosis.

In conclusion, the present study using micro-CT com-
bined with pFEA demonstrates that simvastatin treat-
ment had a positive effect on the bone microstructure
and mechanical properties of ovariectomized mice.
Although the OVX-induced estrogen-deficient osteopo-
rosis model may fail to comprehensively simulate clinical
pathological conditions, the results of our study provided
new insights into the potential clinical application of sim-
vastatin for the treatment of osteoporosis.

Abbreviations

Sim Simvastatin

BMD Bone mineral density

WFEA Micro-finite element analysis
micro-CT ~ Micro-Computed Tomography
OVX Ovariectomy

VOI Volume of interest

BV/TV Bone volume fraction

Th.Th Trabecular thickness

Tb.N Trabecular number

Th.Sp Trabecular separation

SMI Structure model index

Conn.D Connectivity density

Tb.TMD Trabecular tissue mineral density
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