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Introduction

Study Design

• Forty male C57BL/6J mice were used in the study,
with in vivo microCT scans being performed at
baseline (pre-treatment) and after tissue excision

• Mice were assigned to four groups at random:
HLS/PBS (n=10), HLS/RANKL (n=10), GC/RANKL
(n=10), and GC/PBS (n=10)

• HLS had been maintained for 14 days
• Mice received an intraperitoneal injection of either

phosphate buffered saline (PBS) or human
recombinant sRANKL (1 mg/kg body weight/day), for
a total of three injections

• 3D image processing software was used to compile
the microCT data, distinguish bone, align the slices,
crop out the proximal tibia, and create a finite
element mesh (figure 1)

• FEA software was then used to calculate volume,
stiffness, and structural efficiency, allowing for a
quantitative comparison between the effects of
microgravity and osteoporosis on the proximal tibia
(figure 2)

• Differences were assessed between groups using a
two-way ANOVA

*** Multiscale perspective presented in figure 3.
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Discussion
Crash tests performed in injury biomechanics research
often involves elderly cadavers. As the elderly
population often presents osteoporosis, it is critical to
understand the associated reduction in bone strength
with aging. Additionally, prolonged bed rest associated
with hospitalization has been found cause severe bone
loss. Mice injected with sRANKL have been used as an
animal model for postmenopausal osteoporotic bone
loss in humans [1]. Also, Hind Limb Suspension (HLS) of
mice is an established model for disuse [2]. This study
quantitatively compares bone strength in mouse
models treated with sRANKL and/or HLS through high-
resolution microCT imaging and FE Modeling.
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Figure 6: Screen-captures of each
group in the current study. Top-
left: GC/PBS (n=9). Top-right:
GC/RANKL (n=9). Bottom left:
HLS/PBS (n=7). Bottom-right:
HLS/RANKL (n=9). Pre-scans are in
yellow, post-scans are in cyan.
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Figure 1: Screen-capture of the cropped pre-scan (left) and
the cropped post-scan (right) in mouse subject to RANKL and
HLS. Both models have been straightened and overlapped.

Figure 2: Pre-treatment (left) and post treatment (right) FEA
meshes in Abaqus CAE, previously displayed as cropped
Mimics models.

Treatment

Results
HLS caused statistically significant decreases in bone
volume (p<0.05), stiffness (p<0.05), and structural
efficiency (p<0.05). RANKL caused statistically
significant decreases in bone volume (p<0.05) and
stiffness (p<0.05), but not structural efficiency
(p=0.424) according to figure 4.

Figure 4: Results are
reported as the percent
change between the pre-
treatment and the post-
treatment time points
(mean±SEM). * (p<0.05)
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The results indicate:
• Significant decreases in volume and stiffness due

to both treatments
• Significant decreases and insignificant changes in

structural efficiencey due to HLS and RANKL resp.
These findings are supported by the flow chart below,
in which:
• HLS is shown to decrease the rate of formation in

addition to increasing resorption
• sRANKL injections only increase the rate of

resorption, without impacting the rate of
formation (figure 5)

Changes in microstructure arise from a variety of
chemical and physical stresses. As bone is
consistantly reforming, decreases in activity (load)
yield reductions in bone volume, stiffness, and
structural efficiency as supported by the data (figure
4).
The volumetric decreases produced by RANKL
treatment were visible when modeling (figure 6).

Discussion

Figure 5: Flow chart depiction of bone remodeling under
normal conditions, microgravity, and osteoporosis induced
by RANKL injections.

observed as well as a 16.3% decrease in stiffness in the
RANKL/GC group. In addition to the difference in bone
used (femur/tibia), it is worth noting that the mice in
the previous study were given double the dose for 4.8
times the duration, and that they calculated stiffness
using 3-point bending methods in an Instron unit while
compressive FEA methods were used in the current
study.
Since similar changes in bone volume were observed, it
would be assumed that similar changes in bone
stiffness would be observed. However, these two
studies demonstrate the differences between bones. In
the previous study, more than double the stiffness was
lost in the femur compared to the tibia in the current
study per percent change in volume (changes in
volume do not necessarily lead to changes in strength).

Methods

Cells

• Osteocytes (transduce signals)
• Osteoblasts (lay down ECM)
• Osteoclasts (resorb ECM)

ECM
• Compressive: minerals (e.g., hydroxyapatite)
• Tensile: collagen

Structure

• Cortical
• Trabecular

Mechanics

• Stiffness
• Volume
• Structural Efficiency
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Multiscale Perspective

Figure 3: Flow chart summarizing the multiscale approach
used to conduct this study.
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sRANKL has been studied extensively in the past as a
potential pathogenic model for osteoporosis and
pathogen induced increases in bone turnover and
structural degradation. A previous sRANKL induced
bone loss study, performed in 2008, found that
administration of sRANKL led to a similar trend in
volume and strength [3]. RANKL also yielded a
significant decrease in bone volume. Similar losses in
cortical bone volume were found for the RANKL/GC
group. Though sRANKL was injected into mice of 10
weeks age, and the dose was double that used in the
current study (2
mg/kg/day injected
over 10 days instead
of 50 hours), the
femoral diaphysis
experienced a
significant reduction
in cortical bone
volume (-10% to –
13%) and stiffness (-
37% to -39%) based
on dose in
comparison to the
vehicle (PBS) [3]. In
the current study, a
12.7% decrease in
bone volume was

A novel approach was used in order to build upon
previously established methods of non-invasive
microstructural analysis. Unlike previous studies in
which mechanical testing was required, FEA was used,
establishing a significant difference between hindlimb
suspension induced bone loss and osteoporotic RANKL
induced bone loss. Short models were used in this
study, possibly erasing data compared to larger models.
Thus, a sensitivity study investigating the effects of
model height must be conducted. In addition, a
nominal value for the Young’s Modulus was used (10
GPa). Another future endeavor would be to use subject
specific values for the Young’s Modulus, and compare
the values for FE stiffness to those calculated via
compression/bending tests.

Conclusion
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