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32 wk Old C3H/HeJ Mice Actively Respond to Mechanical Loading
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Abstract

Numerous studies indicate that C3H/HeJ (C3H) mice are mildly responsive to mechanical loading
compared to C57BL/6J (C57) mice. Guided by data indicating high baseline periosteal osteoblast
activity in 16 wk C3H mice, we speculated that simply allowing the C3H mice to age until basal
periosteal bone formation was equivalent to that of 16 wk C57 mice would restore
mechanoresponsiveness in C3H mice. We tested this hypothesis by subjecting the right tibiae of 32
wk old C3H mice and 16 wk old C57 mice to low magnitude rest-inserted loading (peak strain:
1235p¢) and then exposing the right tibiae of 32 wk C3H mice to low (1085p€) or moderate (1875
pe) magnitude cyclic loading. The osteoblastic response to loading on the endocortical and periosteal
surfaces was evaluated via dynamic histomorphometry. At 32 wk of age, C3H mice responded to
low magnitude rest-inserted loading with significantly elevated periosteal mineralizing surface,
mineral apposition rate and bone formation compared to unloaded contralateral bones. Surprisingly,
the periosteal bone formation induced by low magnitude rest-inserted loading in C3H mice exceeded
that induced in 16 wk C57 mice. At 32 wk of age, C3H mice also demonstrated an elevated response
to increased magnitudes of cyclic loading. We conclude that a high level of basal osteoblast function
in 16 wk C3H mice appears to overwhelm the ability of the tissue to respond to an otherwise anabolic
mechanical loading stimulus. However, when basal surface osteoblast activity is equivalent to that
of 16 wk C57 mice, C3H mice demonstrate a clear ability to respond to either rest-inserted or cyclic
loading.
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Introduction

Beginning with the earliest stages of skeletal development through the attainment of peak bone
mass and maintenance of homeostasis during adulthood, genetic and environmental factors
interact to modulate skeletal morphology [1-3]. Given their relative ease of genetic
manipulation, mice provide an effective model system to explore how specific genetic and
environmental factors might influence these biologic processes. This is particularly due to the
availability of transgenic and knockout mice that have defined numerous proteins and cytokines
regulating skeletal phenotype, as well as availability of in-bred and cross-bred strains with
distinct skeletal morphologies [4-11].
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Within the realm of environmental influences, mechanical loading can serve as a powerful
anabolic stimulus for bone following completion of skeletal development [12]. However, in
human exercise trials augmentation of bone mass is modest and highly variable [13-16].
Observations that different genetic strains of mice vary greatly in their ability to respond to
mechanical loading suggest that genetic variations in the ability of the skeleton to perceive and
respond to mechanical loading may account for the equivocal results of exercise trials [17-
23]. Consequently, it has been reasonably argued that a better understanding of the genetic
contribution to bone’s response to mechanical loading would enable tailored design of exercise
interventions such that the beneficial effects of skeletal loading is realized across a diverse
population [18].

The availability of various in-bred mouse strains facilitates a study of genetic interactions with
mechanical loading. C3H/HeJ (C3H) mice in particular have been found to be less responsive
to mechanical loading than other strains of mice (e.g., C57BL/6J (C57)). In a variety of studies,
C3H mice have been found to be unresponsive to low magnitude loading, have consistently
required greater magnitudes of mechanical stimulation to induce any anabolic response, and
when induced, observed responses are muted compared to other strains of mice [17-19,24,
25]. These studies have spawned a number of trait mapping efforts to identify specific genetic
loci responsible for deficient mechanotransduction in C3H mice [26-31], as well as attempts
to isolate specific alterations in downstream bone cell function underlying the muted tissue
level responses [32-34].

Recently, our group reported in a preliminary study that inserting a 10 s rest period between
each load cycle of a cyclic loading regimen significantly elevated bone’s response to low
magnitude mechanical loading in C57 mice [35]. The surprising anabolic effect of inserting a
brief zero load interval between each load cycle was subsequently confirmed by our group and
others [36-39]. At the tissue level, we have found that low magnitude rest-inserted loading is
even capable of stimulating periosteal bone formation in senescent animals [40]. Given that
rest-inserted loading is so stimulatory for surface osteoblast activity, we hypothesized that rest-
inserted loading may provide a means of overcoming a genetic predisposition toward decreased
mechanoresponsiveness in C3H mice. To test this hypothesis, we performed a series of in
vivo experiments in which we exogenously loaded the tibiae of C3H and C57 mice.

First, we assessed the response of 16 wk C3H mice (an age comparable to previous studies) to
rest-inserted loading of a magnitude that is sufficient to induce prolific periosteal bone
formation in 16 wk C57 mice. While the regimen did not alter periosteal bone formation rates
compared to contralateral non-loaded tibiae, we noted high levels of basal periosteal osteoblast
activity in the C3H mice. As it is difficult to imagine how an osteogenic mechanical loading
regimen would further augment an already extremely high level of periosteal osteoblast activity
(e.9., 55% periosteal mineralizing surface (Ps.MS, [41]) in 16 wk C3H mice [17]), we
speculated that if C3H mice were aged until basal periosteal osteoblast activity was
equivalently low to that found in 16 wk C57 mice, then the skeletal response to anabolic
mechanical loading would be restored. To test this hypothesis, we eliminated the potentially
confounding influence of high basal periosteal activity in the experiments by using C3H mice
at an age (32 wk) where their basal periosteal bone formation was equivalent to that of 16 wk
C57 mice. We first assessed whether low magnitude rest-inserted loading would elevate
periosteal bone formation in C3H and C57 mice. We then examined whether 32 wk C3H mice
would respond to two different magnitudes of repetitive cyclic loading to assess whether the
observed response was due entirely to rest-inserted loading.
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Materials and Methods

Age-Matched Study

In this study, 16 wk C3H mice (n = 5) underwent 50 cycles of loading with a 10 s rest interval
inserted between each load cycle. Based upon a previous study reporting cross-sectional areas
of 16 wk C3H mice [42], we estimated a priori a loading regimen that would induce peak
periosteal normal strains of 2200ue. This magnitude of waveform was 40% greater than a rest-
inserted waveform that induced significant periosteal bone formation rate (Ps.BFR) in 16 wk
C57 mice [43]. Post-hoc animal specific estimates of induced strains were determined using
beam theory (as described in the section on calibration).

Because we noted a high level of baseline osteoblastic activity in 16 wk C3H mice during this
study, we evaluated basal osteoblast activity as C3H mice aged in order to equilibrate it to the
baseline activity of 16 wk C57 mice. A C3H mouse was sacrificed every 2 wk following 16
wk of age and dynamic histomorphometry was used to determine Ps.BFR/BS at the tibia mid-
diaphysis. We found that Ps.BFR/BS in C3H mice at 32 wk of age was equivalent to within
5% of that observed in 16 wk C57 mice in our previous studies [43]. C3H mice at 32 wk of
age were therefore used in the following studies to examine if the C3H strain was capable of
responding to low and moderate magnitude mechanical stimuli without the confounding
influence of high basal surface osteoblast activity.

Rest-Inserted Study

The Rest-Inserted Study contrasted the response of 32 wk old C3H mice and 16 wk old C57
mice to rest-inserted loading protocols that induced equivalent peak periosteal normal strains.
Groups of 32 wk old C3H mice (n = 8) and 16 wk C57 mice (n = 8) were exposed to 50 cycles/
d of low magnitude loading with a 10 s unloaded rest interval inserted between each load cycle.
Applied end loads were established a priori from calibration experiments such that peak
periosteal normal strains of 1200 pe would be equivalently induced across groups.

Cyclic Study

We next explored whether two strain magnitudes of repetitive cyclic loading (1 Hz, no rest-
intervals) would stimulate bone formation in 32 wk old C3H mice. The loading protocols
applied 50 cycles/d using end loads that, based on preliminary calibrations, were anticipated
to induce peak periosteal normal strains of either 1200 pe or 1900 pe (termed Low and Moderate
magnitude, respectively).

In Vivo Mechanical Loading

We mechanically loaded the right tibiae of female mice with a non-invasive device that applies
cantilever bending to the tibia [44]. For each bout of loading, the mouse was anesthetized (2%
isoflurane) and, proximal to the tibial crest, the right tibia was gripped between a brass block
on the lateral side and a brass gripping cup on the medial side. An aluminum loading tine
attached to a computer controlled linear actuator applied force to the lateral distal tibia, placing
the tibia in cantilever bending. Digital signals controlled the strain rate (0.01/s), applied force
and a 1 s load cycle (1-Hz trapezoidal waveform with dwell times at peak load decreased for
increased magnitude loading such that strain rate was equivalent across protocols). Normal
cage activity was allowed between loading sessions. Loading was applied 3 d/wk beginning
on day 1, with contralateral tibiae serving as non-externally loaded controls. Calcein (15 mg/
kg IP) was administered on days 10 and 19 and all mice were sacrificed on day 22. Experimental
procedures were approved by the University of Washington Institutional Animal Care and Use
Committee (IACUC).
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Calibration of Induced Normal Strains

The strain environment induced by our murine tibia loading device is non-uniform due to the
irregular geometry of the tibia and the applied cantilever bending [44]. In this study, a further
complication arose in that the cross-sectional tibia morphology of C3H and C57 mice differ
substantially. As a result, it was not possible to simultaneously induce equivalent endocortical
and periosteal normal strains in C3H and C57 mice with the same loading protocol. Given the
primary importance of periosteal osteoblast function as a means of increasing bone’s
mechanical properties, we focused on inducing equivalent periosteal normal strains between
C3H and C57 mice. A combination of in situ strain gage application and finite element
modeling was used to quantify peak periosteal and endocortical normal strains at the tibia mid-
diaphysis. One 16 wk C57 mouse and one 32 wk C3H mouse were utilized for calibration of
induced strains. Immediately following sacrifice, two uniaxial strain gages (FLK-1-11, Texas
Measurements, Inc.) were attached to the medial and lateral surfaces of the right tibia diaphysis.
The calibration mouse was positioned within the loading device and the right tibia was loaded
for five sequential load cycles over a range of loading magnitudes (0.15 to 0.5 N, random
order). Five trials were performed at each load magnitude (with mice removed from the loading
device between each trial). Strain gage signals were amplified using a 2120A amplifier (Vishay
Measurement Groups, Inc.), with induced strains recorded using DAPView (Microstar
Laboratories, Inc.).

Each calibration tibia with attached fibula was dissected and subjected to high resolution (18
um per voxel) microCT scanning (uCT 20, Scanco Medical AG, Bassersdorf Switzerland).
Serial scans of the entire tibia-fibula were used to create a finite element (FE) model using
custom multi-module automated software (PV Wave, Visual Numerics Inc.), which was then
imported into Patran (MSC Software Corporation) to create an isotropic finite element model
of the mouse tibia. Using previously published bone material properties for C57 and C3H mice
[45,46], the boundary conditions produced in the mouse tibia loading device were simulated
in the FE model and tibia strains for the tibia-fibula model were calculated. Over the range of
loads considered, the induced strains exhibited a linear relation to applied loads. At the strain
gages sites, the mean (£ SE) FE predictions were within 7.3% of strain gage data at the strain
gage sites. The load-strain calibration curve was used to determine load levels required to
induce protocol-specific strains in the in vivo experiment.

Post-experimental Determination of Animal Specific Peak Strains

Animal specific peak normal strains were calculated for all experimentally loaded tibiae using
beam theory. Using strain distributions from the validated FE model, we applied beam theory
to calculate force and moment boundary conditions for tibia mid-diaphysis loading [43].
Following sacrifice, the boundary conditions were applied to the morphology of the mid-
diaphysis section of the mirrored contralateral left tibia (as used in dynamic histomorphometry,
described below) to determine the strain distribution induced at the initiation of the loading
experiments for each mouse utilized in the studies.

Dynamic Histomorphometry

Post sacrifice, the experimental (right) and contralateral (left) bones were dissected and
sectioned at mid-diaphysis. Thick sections (200 um) were removed at identical sites 2 mm
proximal to the tibia-fibula junction, mounted on plastic slides, ground to 90 um and digitally
imaged with an epi-fluorescent microscope at 200x (Eclipse E600, Nikon). Images were
analyzed to obtain measures of single label surface (s.Ls), double label surface (d.Ls) and
interlabel thickness (Ir.L.Th). Standard histomorphometric measures of endocortical and
periosteal mineralizing surface (Ec.MS/BS, Ps.MS/BS, with BS = bone surface), endocortical
and periosteal mineral apposition rate (Ec.MAR, Ps.MAR) and endocortical and periosteal
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surface referent bone formation rate (Ec.BFR/BS, Ps.BFR/BS) were then calculated for both
the periosteal and endocortical surfaces [41].

Statistical Analysis

Results

Statistical analyses were performed separately for each of the studies with the design based on
the complexity of the particular study. All data are reported as mean + SE, with p <0.05
considered to be statistically significant for all comparisons.

In the Age-Matched Study, a paired t-test was utilized to determine if rest-inserted loading
significantly enhanced MAR, MS/BS and BFR/BS in experimental vs. contralateral bones at
the endocortical and periosteal surfaces.

For the Rest-Inserted Study, a 2 x 1 factorial MANOVA was used to examine if response
variables (i.e., MAR, MS/BS, BFR/BS) at the endocortical and periosteal surfaces in
contralateral controls or in experimentally loaded bones attained significance in the different
mouse strains (i.e., factors C57, C3H). If the MANOVA test (Pillai’s Trace) attained
significance, then between subject significance for any given response measure was considered
only if the regression between the residuals of the response measure in experimental vs.
contralateral bones were not significant and positive. This caveat ensured that our examination
of between subject effects was restricted to those measures where loading induced activity was
not confounded by baseline activity at the tibia mid-diaphysis. Finally, paired t-tests were
performed to examine if loading significantly enhanced bone response measures at the
endocortical and periosteal surfaces compared to that of contralateral bones. The statistical
analysis for the Cyclic Study was identical to that of the Rest-Inserted Study, with the exception
that the main effect factor considered was the magnitude of applied cyclic loading rather than
the strain of mouse.

Peak Normal Strains Induced by the Loading Regimens

Mean (x SE) peak endocortical and periosteal normal strain magnitudes were consistent within
each experimental group (Table 1). The average coefficient of variation of the induced peak
strain across all groups was 7.7%. For the Rest-Inserted Study, the peak periosteal strain
induced in the 32 wk C3H and 16 wk C57 mice was nearly identical (1.9% difference, p =
0.26). However, despite equivalent end loads the mean peak strains induced in the Cyclic Study
Low magnitude group were significantly less than those induced in the Rest-Inserted Study
C3H group (—12.1%; p = 0.004), making the planned comparison between groups not
statistically valid.

Age-Matched Study

Atthe endocortical surface in 16 wk C3H mice, Ec.MS/BS, Ec.MAR and Ec.BFR/BS in loaded
tibiae were not significantly altered compared to contralateral tibiae (Fig. 1). At the periosteal
surface, the high level of Ps.MS/BS observed in the non-loaded contralateral tibiae (52.2% *
2.8) was not altered by rest-inserted loading (49.2% + 2.4, p = 0.52, Fig. 1). Similarly, neither
Ps.MAR (+11.0% vs. contralaterals, p = 0.11) or Ps.BFR/BS (+5.0% vs. contralaterals, p =
0.64) were significantly altered by the loading regimen.

Rest-Inserted Study

Endocortical and periosteal measures of osteoblast activity in the contralateral non-loaded
tibiae were equivalent between the groups (MS/BS, Fig. 2). Low magnitude rest-inserted
loading did not significantly alter endocortical osteoblast activity in either C57 or C3H mice.
At the periosteal surface, rest-inserted loading induced significantly higher Ps.MS/BS in both
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the C3H (125.6% vs. contralateral, p < 0.001) and C57 (112.3% vs. contralateral, p = 0.003).
Likewise, Ps.MAR was significantly elevated by the loading regimen in both C3H (103.9%
vs. contralateral, p = 0.005) and C57 (83.7% vs. contralateral, p = 0.034) mice. As a result,
Ps.BFR/BS was significantly elevated for C3H (310.5% vs. contralateral, p = 0.001) and C57
(187.0% vs. contralateral, p = 0.013) mice. Additionally, both Ps.MS/BS and Ps.BFR/BS in
loaded bones were significantly elevated in C3H compared to C57 mice (81.4%, p < 0.001;
and 113.9%, p = 0.015, respectively).

No differences were observed in measures of endocortical and periosteal MS/BS, MAR, and
BFR/BS in the contralateral non-loaded tibiae between the two groups. At the endocortical
surface, Ec.MS/BS following Low magnitude loading was significantly increased compared
to contralateral tibiae (111.6%, p = 0.009, Fig. 3). In contrast, Ec.MS/BS (258.6%, p = 0.002),
Ec.MAR (422.0%, p < 0.001), and Ec.BFR/BS (1483.2%, p = 0.001) were all significantly
increased compared to contralateral tibiae following Moderate magnitude cyclic loading. All
endocortical bone formation measures (Ec.MS/BS, Ec.MAR, and Ec.BFR/BS) in the Moderate
group significantly exceeded those of the Low group (all p < 0.004).

At the periosteal surface, Ps.MS/BS (92.4%, p < 0.001) and Ps.BFR/BS (134.4%, p < 0.001)
were elevated in the Low magnitude loading group compared to their contralateral tibiae. In
the Moderate group, Ps.MS/BS (267.4%, p < 0.001), Ps.MAR (199.4%, p < 0.001), and
Ps.BFR/BS (798.3%, p <0.001) were all significantly elevated compared to contralateral tibiae.
The Ps.MS/BS, Ps.MAR, and Ps.BFR/BS induced by Moderate magnitude loading
significantly exceeded that induced by the Low group (42.7%, p = 0.008; 111.8%, p < 0.001;
205.3%, p = 0.001, respectively).

Discussion

We assessed the ability of low and moderate magnitude rest-inserted and cyclic loading to
stimulate new bone formation in C3H mice. As has been previously reported in the literature
for cyclic loading [17-19,25], our initial study also indicated that 16 wk C3H mice did not
respond to a rest-inserted loading protocol that had previously been found to be highly
osteogenic in C57 mice [43]. However, at 32 wk of age, when C3H mice demonstrated baseline
Ps.BFR/BS within 5% of that of 16 wk old C57 mice (a common age for use in
mechanotransduction studies), a rest-inserted loading regimen of much lower amplitude (45%
less than the initial study) significantly elevated Ps.BFR/BS in C3H mice. Further, the Ps.BFR/
BS induced in 32 wk C3H mice was significantly enhanced compared to that in 16 wk C57
mice. We then used two different magnitudes of cyclic loading to demonstrate that 32 wk C3H
mice respond not only to rest-inserted loading, but differentially to increasing magnitudes of
cyclic loading. These data therefore directly challenge the current consensus that C3H mice
demonstrate a reduced ability to respond to mechanical loading.

Prior to loading mice tibiae, we used a combined finite element and beam theory approach to
identify end loads that would induce equivalent peak normal strains across the strains of mice.
One clear limitation with this approach is evident. Given that the tibiae of the C3H and C57
mice clearly differ in cross-sectional morphology (the C3H cortex is thicker, the C57
endocortical and periosteal areas are both greater), it is not possible to simultaneously match
endocortical and periosteal peak normal strains. We chose to match periosteal normal strains
across groups. As a result, endocortical strains in the C57 mice exceeded those of the C3H
mice by 22% in the Rest-Inserted Study. However, if a bias resulted from this imbalance, it
would favor the C57 mice as the mean peak normal strain between the endocortical and
periosteal surfaces in C57 exceeded that of the C3H mice. Instead, we found that the response
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observed in loaded tibiae from the C3H mice actually exceeded those observed in the C57 mice
in the Rest-Inserted Study.

The two studies examining bone formation in 32 wk C3H mice sought to use C3H mice at a
developmental stage where surface baseline bone formation was comparably quiescent to that
observed in 16 wk C57 mice. A single study that explored the response of 36 wk C57 and C3H
mice to mechanical loading used measures of total area, periosteal circumference and total
density to evaluate response to loading [19]. While total density did not change in either C57
or C3H mice, increases in the total area and periosteal circumference were greater in C57 mice.
However, it is difficult to directly contrast that study with ours for several reasons. First, four
point bending was used to load the tibia, but this device is known to confound cellular responses
at the periosteal surface [47,48]. Second, the induced peak strains greatly exceed those induced
in our study (> 200%). Finally, the authors noted substantial woven bone formation that would
inflate static morphology assessments (all surface responses were lamellar in our studies). To
our knowledge, all other previous mechanical loading studies using C3H mice have been
performed when the mice were 20 wk or younger [17,18,20,24,25,49].

One of the first studies in which a long bone of a C3H mouse was mechanically loaded did
note that the observed lack of responsiveness may have arisen as a result of high levels of
ambient periosteal osteoblast activity in 16 wk C3H mice [17]. Based on this observation and
that of our Age-Matched Study, we hypothesized that: 1) the high basal level of periosteal
osteoblast activity in 16 wk C3H mice confounded bone’s response to an otherwise osteogenic
loading protocol; or 2) C3H mice are substantially deficient in their ability to sense and respond
to mechanical loading (including rest-inserted loading), as has been proposed. The two
subsequent studies were designed to clarify these possibilities by eliminating the potential
confounding influence of basal surface osteoblast activity.

Data from the Rest-Inserted Study clearly supported the first supposition. In higher order
mammals and large birds, the periosteal surface of long bones is primarily quiescent once
growth plates fuse [50,51]. While mice do not demonstrate closed long bone growth plates,
the change in bone mineral density (BMD) across their lifespan generally mimics that of
humans. Mice reach peak BMD as young adults (4 to 8 mo), maintain BMD through middle
age (12 to 13 mo) and demonstrate declining BMD in old age (18 to 24 mo) [52-55]. The age
required to achieve periosteal surface quiescence as young adults varies substantially across
strains of mice, given continued growth through life, and differs depending on the site within
the same skeleton [56]. C57 mice demonstrate a predominantly quiescent tibial periosteum by
16 wk of age, and 36 wk old C57 mice have been found to be less responsive to mechanical
loading than 16 wk C57 mice [19]. C3H mice did not reach an equivalently low level of Ps.BFR/
BS until 32 wk of age. Surprisingly, we found that 32 wk old C3H mice were highly responsive
to rest-inserted loading, even though this regimen was nearly 50% lower in magnitude than
was found to be ineffective in 16 wk old C3H mice. Further, the Ps.BFR/BS induced in 32 wk
C3H mice by this rest-inserted regimen exceeded that induced in 16 wk C57 mice by 113.9%
(the data in the C57 mice were similar to previous data from our group [43]). This study also
demonstrates that optimal timing for the application of mechanical loading to enhance bone
formation can vary with the genetic makeup and developmental stage of the individual animal.

We also assessed whether eliminating the confounding influence of basal Ps.BFR/BS would
also enable C3H mice to respond to repetitive cyclic loading. Previous studies found that cyclic
loading inducing peak strain magnitudes less than 2000 pe did not alter periosteal bone
formation in 16 to 20 wk old C3H mice compared contralateral non-loaded bones [18,24]. The
minimal response observed from our Low cyclic group (average peak strain: 1085u¢) was
consistent with studies suggesting that the minimal effective strain required to induce
significant Ps.BFR/BS via 1 Hz cyclic mechanical loading is less than or near 1000 pe [57-
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59]. However, we then found that the Moderate cyclic loading group with peak normal strains
less than 2000 pe demonstrated significantly enhanced endocortical and periosteal Ps.BFR/
BS. Although the comparison was initially intended, we did not directly contrast the effect of
rest-inserted loading vs. cyclic loading in 32 wk C3H mice since post experimental peak strain
determination indicated that induced strains were higher for rest-inserted loading. This
confounding variable arose due to issues with randomization sometimes arising in studies with
the group size used here (as applied end loads were equivalent).

We found that once the C3H mice reached an age where the confounding influence of basal
periosteal osteoblast activity was eliminated, C3H mice differentially responded to mechanical
loading protocols that were anticipated to possess different levels of osteogenic potential. Our
results therefore clearly indicate that a high level of basal periosteal osteoblast activity
confounds the ability of bone to respond to an otherwise anabolic mechanical loading stimulus.
The literature indicates that osteoblasts from young C3H mice do not proliferate as rapidly as
C57 cells, and C3H cells have a lower rate of apoptosis than C57 osteoblasts [33,34]. Differing
developmental time courses and cell activity may account for a high level of basal osteoblast
activity in C3H mice compared to C57 mice, while the presence or absence of systemic factors
such as IGF-1 may also influence this physiology [32]. While we have observed variations in
basal osteoblast activity between C3H and C57 mice, the lack of mechanoresponsiveness in
C3H mice may also be complicated by signaling pathways responsible for negatively regulating
mechanically induced bone formation in younger C3H mice, or hormone-induced inhibitors
of osteoblast excitation that may diminish in potency with age. It may therefore prove
interesting to explore whether such pathways or systemic factors are present in other strains
of mice, but are inactivated at much younger ages.

In conclusion, we have found that 32 wk C3H mice are responsive to mechanical loading and,
surprisingly, they respond more prolifically than 16 wk C57 mice to low magnitude rest-
inserted loading. Further, we found that 32 wk C3H mice are also responsive to increases in
cyclic loading magnitude. C3H mice are therefore responsive to mechanical loading when the
confounding influence of a highly active periosteum is eliminated.
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Endocortical and periosteal (mean + SE) MS/BS (A), MAR (B) and BFR/BS (C) induced by
rest-inserted mechanical loading in 16 wk C3H mice (2210 pe peak periosteal normal strain).
Consistent with previous studies, none of the response measures were significantly elevated
by a loading protocol previously found to be highly osteogenic in C57 mice.
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Endocortical and periosteal (mean + SE) MS/BS (A), MAR (B) and BFR/BS (C) induced by
rest-inserted loading in 16 wk C57 and 32 wk C3H mice. Peak periosteal normal strains were
equivalent between groups. Response measures attaining significance are noted (*: p < 0.05,
Loaded tibiae vs. non-loaded contralateral tibiae; T: p < 0.05, C3H vs. C57)
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Endocortical and periosteal (mean £ SE) MS/BS (A), MAR (B) and BFR/BS (C) induced by
cyclic mechanical loading of 32 wk C3H mice at peak periosteal strains of 1085 pe (Low) and
1875 ne (Moderate). Response measures attaining significance are noted (*: p < 0.05, Loaded
tibiae vs. non-loaded contralateral tibiae; t: p < 0.05, C3H vs. C57)
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