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A B S T R A C T

The uniaxial tibial loading model is commonly used to promote bone formation through mechanoadaptation in
mice. Sciatic neurectomy on the other hand recruits osteoclasts, which results in bone loss. Previous studies have
shown that combining sciatic neurectomy with high magnitude loading increases the amount of bone formed.
Here we determine whether low-intensity loading (low magnitude and few cycles) is sufficient to maintain bone
mass after sciatic neurectomy, either by promoting bone formation (balance between concurrent resorption and
formation), or by preventing bone resorption altogether.

We examined bone adaptation in 4 groups of female C57BL/6J mice, 19–22 weeks old: (1) sham surgery
+10 N loading; (2) sham surgery +5N loading; (3) sciatic neurectomy; (4) sciatic neurectomy +5N loading.
Left legs were kept intact as internal controls. We examined changes in bone cross sectional properties and
marrow area with micro-CT images, and histomorphometric measures with histological sections at the midpoint
between tibiofibular junctions.

Loading at 10 N caused a significant increase in the amount of bone, but bone formation after 5 N of loading
was not detectable in micro-CT images. There was significant bone loss in mice with sciatic neurectomy alone,
but when combined with loading there was no significant bone loss. Histomorphometric analyses showed that
loading at 5 N augmented bone formation periosteally on the lateral and posterior-medial surfaces, and reduced
the number of endosteal osteoclasts on the posterior-medial surface compared to the contralateral leg.
Combining sciatic neurectomy and loading at 5 N promoted faster mineral apposition on the periosteal lateral
surface and augmented bone resorption on the endosteal posterior surface compared to the contralateral leg.

These data demonstrate that low-intensity loading is sufficient to maintain bone mass after sciatic neur-
ectomy, both by preventing recruitment of osteoclasts on the endosteal surface and by compensating endosteal
resorption caused by disuse with periosteal formation promoted by loading. This has implications for the loading
required to maintain bone mass after injury or prolonged bedrest.

1. Introduction

Bone is a dynamic tissue, constantly adapting to external mechan-
ical stimuli. High mechanical loads induce new bone formation, inter-
mediate loads maintain bone mass, and disuse causes bone resorption
[1]. Mechanoadaptation, the response of bones to mechanical loading,
ensures that healthy mature bone remains strong enough to withstand
elevated loads.

Many in vivo models have been developed to study the response of
bone to mechanical loading (review of these models in [2]). A common

model used to promote adaptation in mice is the uniaxial tibial loading
model, in which an axial compressive load is placed across the knee and
ankle [3–8]. This applies loading in a near-physiological direction and
results in adaptation of both the cortical and trabecular bone, which
can be evaluated by fluorescent labels and micro-computed tomo-
graphy [7]. Though loading rate, number of cycles, and number of days
of loading differ between studies using the murine tibial loading model,
most studies have shown that the osteogenic response increases with
load magnitude [9,10]. For very high load magnitudes, woven bone
rather than lamellar bone forms, likely as a response to microcracking
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[11,12].
Studies have also examined the minimum load necessary to elicit an

adaptive response, which is only evident with high resolution methods.
The adaptive response was not evident at 6 N loading in mature females
using micro-CT (26-week-old, 1200 cycles/day, 5 days/week for
2 weeks) [13], or at loads< 8.7 N using total interlabel area (20-week-
old, 40 cycles/day, 3 days/week for 2 weeks) [7]. In the same studies,
bone formation was achieved, mostly on the periosteal surface, for
higher loads (11.5 N and 13 N respectively). When dynamic histomor-
phometry was examined separately on the endosteal and periosteal
surfaces, an adaptive response was observed at 4.2 N (5-month-old,
1200 cycles/day, 5 days/week for 2 weeks), through the formation of
periosteal lamellar bone. When loads were increased (5.5 N, 7 N),
periosteal formation further increased, while the endosteal response
was not consistent (no endosteal response observed at 4.2 N and 7 N,
some endosteal response at 5.5 N) [10]. In younger animals, which are
generally more responsive than mature animals, a 3 N load elicited an
adaptive response (17-week-old, [14]). Combined, these studies in-
dicate that in healthy mature bone, the amount of bone formed is
correlated with the peak load and occurs mostly on the periosteal
surface.

Several studies have tried to augment the amount of bone formed
with pharmaceutical treatment. Short-term anti-resorptive treatment
(Risedronate) did not alter the response of cortical and trabecular bone
in mature female mice (17-week-old, [15]), which is unsurprising since
the tibial loading model does not generally induce resorption. In mature
female mice, high-dose PTH (1–34) combined with in vivo axial loading
promoted more bone formation in the proximal tibia and distal ulna
than loading or PTH alone (forming woven bone in the tibia) (13 to
19 weeks of age, [16]). Sclerostin is a protein that is down-regulated in
response to mechanical loading. Sclerostin-antibody combined with
loading promoted more cortical and trabecular bone formation than
sclerostin-antibody or loading alone, in 10-week-old female mice [17].

Sciatic neurectomy is a common disuse model, which prompts bone
loss in the neurectomized limb by increasing the number of osteoclasts
and decreasing bone formation [18,19]. After four weeks of unilateral
sciatic neurectomy, 13-week-old C57BL/6J mice had reduced bone
formation and higher bone resorption on the tibial endocortical surface,
compared to contralateral leg [20]. Tibiae collected three weeks fol-
lowing unilateral sciatic neurectomy had a higher medullar area and a
lower cortical area compared to contralateral control bones, but the
area enclosed within the periosteum was the same, indicating either
reduced bone formation or augmented resorption on the endocortical
surface (20-week-old female C57BL/6J mice) [21]. In 10-week-old
C57BL/6J mice, 5 days of sciatic neurectomy reduced endosteal inter-
label area along the tibia (proximal site, midshaft, and distal site)
compared to mice with sham surgery, while periosteal interlabel area
was reduced only at the distal site [22]. These studies indicate that in
C57BL/6J mice, sciatic neurectomy reduces bone formation and in-
creases bone resorption mostly on the endosteal surface.

Counterintuitively, sciatic neurectomy also augments the osteogenic
response when combined with loading in mature bone [22]. Sclerostin
upregulation caused by disuse after neurectomy was reversed with axial
tibial loading, resulting in fewer sclerostin-positive osteocytes in the
neurectomized, loaded bone than in the contralateral tibia, analyzed at
a few select sites [23]. These studies used loads of 10–13 N, which is
sufficient for an adaptive response in mature bone, and when combined
with sciatic neurectomy increased the endosteal and periosteal inter-
label area. Further gene arrays showed differential gene expression
after sciatic neurectomy and loading compared to loading alone [24].
Interestingly in old bone (> 19months), which is less mechan-
oresponsive than mature bone [13,14,25–27], sciatic neurectomy was
able to restore the adaptive response to levels seen in young mice [28].

These studies indicate a synergistic effect of sciatic neurectomy and
loading, but do not indicate the mechanism responsible for the aug-
mented response. It is also not clear if low levels of loading are rendered

sufficient for mechanoadaptation after sciatic neurectomy. Dose-re-
sponse curves for mature mice with sciatic neurectomy and loading
indicate no increase in cortical bone area at low magnitude loads
(2 N–6 N) [28,29]. However, for these magnitudes, these studies did not
use histomorphometry to track bone formation and resorption. It is
therefore unclear if low magnitude loading was insufficient to promote
bone formation, if bone formation could not be detected by micro-CT
images, or if bone formation and resorption occurred simultaneously on
different surfaces.

In this paper, we probe the combined effects of sciatic neurectomy,
which promotes resorption, and loading, which promotes formation, to
determine if low magnitude loads are sufficient to maintain bone mass.
Bone mass may be preserved by inhibiting resorption, or balancing
resorption with increased formation. Because resorption primarily oc-
curs endosteally and formation primarily occurs periosteally, we hy-
pothesize that bone mass is conserved by the summative effect of en-
dosteal resorption induced by sciatic neurectomy, and of periosteal
formation induced by low amounts of loading. With X-ray computed
tomography and histomorphometry, we examine whether low magni-
tude loads prevent bone loss by inhibiting bone resorption, or promote
bone formation on a background of disuse (concurrent increase in bone
formation and resorption on different bone surfaces).

2. Material and methods

2.1. Animals

Female C57BL/6J mice were purchased at 7–10weeks of age from
Jackson Laboratory and aged until 16–19weeks old. Animals were
housed in groups of five, fed ad libitum with maintenance mouse diet
and subjected to a 12-h light/dark cycle. All procedures received ap-
proval from the Northeastern University's Institutional Animal Care and
Use Committee (IACUC). We examined 4 groups of mice with sciatic
neurectomy or sham surgery and tibial loading at different magnitudes
(Fig. 1A): (1) sham surgery+10N loading is s to be osteogenic in
previous studies [7] (n= 5); (2) sham surgery+5N loading is ex-
pected to be insufficient to induce mechanoadaptation [7] (n=5); (3)
sciatic neurectomy determines the effect of disuse alone (n=7); (4)
sciatic neurectomy+5N loading determines if low-intensity bouts of
loading preserve bone (n=7). Mice were sacrificed at 19–22weeks of
age. An additional group of slightly older mice (26 weeks, n= 5) was
sacrificed 5 days following surgery (results are presented as Supple-
mentary Data because age does not exactly match other groups).

2.2. Sciatic neurectomy and sham surgery

At 16–19weeks of age, on day 0, mice were anesthetized with 5%
isofluorane, and the sciatic nerve of the right hindlimb was sectioned
(or left intact in the sham surgery group) (procedure described in [30]).
The biceps femori and skin were closed, and sutures were reinforced
with Vetbond (3M). Mice were administered Buprenex (0.05 mg/kg)
subcutaneously, twice a day until day 3.

2.3. Mechanical loading

Starting on day 5, mice were subjected to in vivo axial tibial loading,
three days a week for two weeks (Fig. 1A). Under isofluorane induced
anesthesia, the right knee and ankle were placed in custom made
loading cups and held with a preload of 2 N. The right tibia was sub-
jected to 100 cycles of compressive loading at a peak load of 5 N or
10 N, with a rise and unloading rate of 45–65 N/s and 1 s rest period
between each cycle (Instron 5942) (Fig. 1B).

2.4. Fluorescent labelling

Mice were injected with fluorescent labels. On days 3 and 4, a dose
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of 20mg/kg calcein (Sigma C0875) was injected intraperitoneally. On
days 17 and 18, a dose of 40mg/kg demeclocycline (Sigma D6140) and
10mg/kg calcein was injected.

2.5. Sacrifice and bone fixation

Mice were sacrificed 19 days following surgery by CO2 inhalation
and cervical dislocation. Immediately after sacrifice, tibiae of both left
and right hind limbs were carefully dissected, fixed in 70% ethanol, and
stored at 4 °C until scanning.

2.6. Microtomography

The left and right tibiae were scanned (10 μm resolution, 55 kV,
145 μA, Scanco μCT 35). Using the BoneJ plugin in ImageJ [31], we
measured bone area (cortical and trabecular area) for each slice. We
then obtained the change in bone area in the right treated leg, relative
to the left control leg, between the tibiofibular junctions (from 0% at
the proximal tibiofibular junction, to 100% at the distal tibiofibular
junction). We define tibiofibular junctions as the locations where the
tibia and the fibula split on micro-CT images (at 9% and 61% of total
tibial length). We also segmented out the medullar area using Mimics
(Materialise NV) and obtained relative changes in medullar area along
the tibia, between the tibiofibular junctions. We analyzed changes in
bone or medullar area using spm1d [32], a package for one-dimen-
sional Statistical Parametric Mapping [33], using two-tailed one-sample
t-tests, with the null hypothesis that the relative change in bone area (or
medullar area) equals zero. Spm1d uses random field theory to make
statistical inferences in normalized sets of 1D measurements.

2.7. Histomorphometry

After microtomography imaging, tibiae were embedded in methyl-
metacrylate (MMA). 4-μm sections were cut in diaphyseal midshaft, at
the midpoint between proximal and distal tibio-fibular junctions
(RM2255, Leica Biosystems, IL, USA) (Fig. 2A). Cutting sections as thin
as 4-μm enhances cell visualization (osteoblasts and osteoclasts in
particular). For each bone, one slide was left unstained for the mea-
surement of endocortical and periosteal dynamic parameters with in-
jected-fluorochrome labeling, one slide was stained with tartrate-re-
sistant acid phosphatase (TRAP), and one slide was stained with 2%
toluidine blue for the measurement of endocortical static histomor-
phometry parameters. Periosteal static histomorphometry parameters
were not assessed, because soft tissue removal after sacrifice, required
for proper MMA embedding, usually damages the periosteal surface.
The periosteal surface was analyzed for fluorochrome labels. Each
histological section was divided into 4 zones: 1) posterior; 2) lateral, 3)
anterior-medial, and 4) posterior-medial (Fig. 2B).

For each zone, dynamic parameters mineral apposition rate (MAR)
and mineralizing surface per bone surface (MS/BS) were measured with
the OsteoMeasure analyzing system (Osteometrics Inc., Decatur, GA,
USA) at 200× magnification, in unstained sections both on the peri-
osteal (Ps.) and endocortical (Ec.) bone surface (Ps.MAR, Ec.MAR,
Ps.MS/BS and Ec.MS/BS). The bone formation rate (Ps.BFR and Ec.BFR)
was calculated with the product of MAR and MS/BS. The static histo-
morphometry parameters, number of osteoblasts (N.Ob), osteoid sur-
face per bone surface (OS/BS), and number of osteoclasts (N.Oc), were
measured on endocortical surfaces.

In each group, we compared, for each of the zones, a parameter's
mean value in the right treated tibiae versus in the contralateral sections
(using two-tailed paired t-tests). We can then report the increase or
decrease of histomorphometric parameters caused by treatment, in
each zone, compared to the contralateral control leg in the same an-
imal.

3. Results

3.1. Microtomography

When comparing the contralateral (left) tibiae in all 4 groups using
1D statistical parametric mapping, with a one-way analysis of variance
test (ANOVA) on the average bone area within each group, we find that
no group is different from the others (in particular, the left tibiae in the
group with sciatic neurectomy are no different from the left tibiae in

Fig. 1. Experimental protocol: A) Experimental schedule. 10 N: repeated cyclic loading at 10 N peak load; 5 N: repeated cyclic loading at 5 N peak load. * indicates
injection of fluorochrome labels; B) In vivo cyclic loading profile: each cycle is repeated 100 cycles/day, 3 days/week for 2 weeks.

Fig. 2. A) Cross sectional parameters were assessed along the length of the bone
from proximal tibiofibular junction (0%) to distal tibiofibular junction (100%).
B) Histomorphometric analysis of fluorescent labels and cellular parameters
were performed at 50%. All histomorphometric parameters were assessed in
each of 4 zones both endosteally and periosteally.
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other groups) (Supplementary Fig. S2). We find therefore that it is
appropriate to report changes relative to the contralateral tibiae.

Loading bones at 10 N peak load caused a significant increase in
bone mass at different sites (Fig. 3, group 1). Loading bones at 5 N peak
load did not cause a significant change in bone area in micro-CT images
(Fig. 3, group 2). Mice sacrificed 19 days following sciatic neurectomy
exhibited a decrease in bone area at different sites (Fig. 3, group 3).
When sciatic neurectomy was followed by sessions of loading at 5 N
peak load, changes in bone area were prevented (no significant
changes, Fig. 3, group 4), suggesting that either resorption was pre-
vented, or resorption and formation occurred in balance.

As a result of active resorption, the medullar area was significantly
increased in mice sacrificed 19 days following sciatic neurectomy
(group 3, increase localized at 60% and 70% of the normalized tibial
length, data not shown). In all other groups, including the mice with
sciatic neurectomy +5N load, no change in medullar area was ob-
served, suggesting that 5 N loading prevented the net bone loss induced
by sciatic neurectomy.

3.2. Histomorphometry

In order to better understand the mechanisms by which 5 N loading
prevented bone loss after sciatic neurectomy, we analyzed the samples
using histomorphometry. We examined the 5 N loaded group (group 2)

to determine if there was bone formation detectable with higher re-
solution histomorphometry, despite being undetectable with micro-CT;
the group that was sacrificed 19 days following neurectomy (group 3)
to determine the effects of neurectomy alone; and the sciatic neur-
ectomy +5N group (group 4) to determine if bone resorption was in-
hibited or if there was concurrent bone resorption and formation.
Histomorphometry was not performed on group 1 as micro-CT images
indicated an increase in bone formation, and standard loading has been
well documented with dynamic histomorphometry in previous studies
[7,10].

In all groups, we noticed a steady-state anterior-to-posterior drift on
the contralateral control leg (left tibiae, Fig. 4A), with resorption on the
anterior periosteal surface (jagged resorption surface in zone 4) and
formation on the posterior periosteal surface (single or double label in
zone 1). All changes in the right leg were measured relative to this
baseline drift in the left leg (Fig. 6).

Loading at 5 N (right leg) increased periosteal mineralizing surface
and bone formation rate for zone 2 (lateral surface), increased miner-
alizing surface for zone 4 (posterior-medial surface) (Fig. 4), and de-
creased the endosteal quantity of osteoclasts on zone 4 (Fig. 6A).

Sciatic neurectomy for 19 days induced an increase in osteoclasts on
the endosteal surface of zones 1 and 2 (posterior and lateral surfaces), a
decrease in periosteal mineralizing surface on zone 1 (posterior sur-
face), and a decrease in endosteal mineralizing surface for zones 1, 2

Fig. 3. A) Change in cortical bone area with treatment, relative to the contralateral tibia, along the normalized location between tibiofibular junctions in all groups,
presented as mean (solid line) and standard deviation (shaded area). B) Location and cluster p-values for regions of significant changes in bone area, according to
micro-CT images. No significant changes were observed for group 2 and 4 (5 N and sciatic neurectomy +5N). Statistical significance was tested with 1D Statistical
Parametric Mapping, using two-tailed one-sample t-tests, with the null hypothesis that mean relative change in bone area equals zero.
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and 4 (posterior, lateral and posterior-medial) (Fig. 6B).
Combining sciatic neurectomy and loading at 5 N promoted in-

creased bone formation and increased bone resorption on different
surfaces of the treated tibia (right leg) (Fig. 5). In zone 2 (lateral sur-
face), there was an increase in the periosteal mineral apposition rate
and bone formation rate, as well as in the endosteal osteoid perimeter.
Concurrently, the number of osteoclasts increased on the endosteal
surface of zone 1 (posterior side), and the mineralizing surface and
mineral apposition rate decreased on the endosteal surface of zone 4
(posterior-medial surface) (Figs. 5 and 6C).

In all groups the right (treated) leg was significantly different from
the left control, in multiple zones (Fig. 6). All parameters are reported
in detail in the Supplementary Data.

4. Discussion

This study uses micro-computed tomography and surface-specific

histomorphometry (examining different surfaces of each cross section)
to analyze the effects of sciatic neurectomy and low levels of loading on
mature bone (5 N, 100 cycles, 3 days/week for 2 weeks).

Loading at 10 N caused a localized increase in bone area (at 52–54%
of the normalized location on tibia). This corresponds to 36–37% of the
whole tibia, which is where the greatest adaptive response to axial
loading has previously been observed [16,34–38].

Despite micro-computed images showing no change in bone cross
sectional geometry with 5 N loading, and with sciatic neurectomy fol-
lowed by 5 N loading, histomorphometric results provide more specific,
higher resolution information on bone status. Even low levels of loading
were sufficient to promote some adaptation (on the periosteal posterior-
medial and lateral surfaces). This amount of loading was also sufficient
to maintain the amount of bone following sciatic neurectomy by bal-
ancing bone resorption on the posterior endosteal surface, and in-
creased bone formation and mineral apposition rates on the lateral
periosteal surface.

Fig. 4. Fluorescent labels in representative histological sections taken at 50% of the tibial length normalized between tibiofibular junctions of A) contralateral control
limb; B) sham surgery and loading at 5 N. The boxes highlight remarkable patterns, with a zoomed in view of the region of interest. The contralateral tibia presents a
typical drift from the anterior surface (resorption on the periosteal surface of zone 3) to the posterior surface (double labels on the periosteal surface on zone 1) (white
boxes). The right treated tibia presents a slight increase in mineralizing surface on the lateral and medial surfaces (double labels on the periosteal surfaces on zone 2
and 4), as illustrated by the inset pictures.
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Low magnitude loading with an intensive regimen (4 N, 1200 cy-
cles, 5 days/week for 2 weeks, triangular pulse, 49-100 N/s, 0.1 s rest
period), which is 20 times the number of loading cycles we used, has
been shown to increase bone formation the periosteal surface [10]. For
low magnitude loading regimens that are not as intensive (2–6 N,
40 cycles, 3 days/week, triangular pulse, 28–44 N/s, 10 s rest period),
micro-CT images and classic histomorphometry averaged across the
whole cross-section show no increase in bone formation [7]. However,
we show that even a low magnitude loading (5 N, 100 cycles/day,
3 days/week, triangular pulse, 45–65 N/s, 1 s rest period) can induce
bone formation on the lateral and posterior-medial surfaces, which can
only be detected by surface-specific histomorphometry.

Several studies report a synergistic effect of sciatic neurectomy and
loading, but have used significantly higher loads (10–14 N) in mature
females [22,23,28]. At lower load magnitudes (3–6 N), sciatic neur-
ectomy combined with loading resulted in a decrease in bone cross
sectional area [28,29]. In these dose response studies, peak loads of 8 N,
40 cycles/day, 3 times/week for 2 weeks, were required to maintain

cortical and trabecular bone mass in mice with sciatic neurectomy
(triangular pulse, 28–44 N/s, 10 s rest period in [22], trapezoidal pulse
with 0.05 s hold, 500 N/s, 10 s rest in [23,28,29]). We found that 5 N,
100 cycles/day, 3 times/week for 2 weeks, was sufficient to maintain
bone mass. There is likely a balance between magnitude of load and
number of loading cycles required to maintain bone. Previous studies
did not conduct histomorphometric analysis of the low magnitude
loads, and it was therefore unclear whether bone mass was preserved by
inhibiting resorption, or a combination of bone formation and resorp-
tion simultaneously on different surfaces. In this study, we demonstrate
that bone formation occurs even at low magnitude loads, and that a few
loading cycles are sufficient to maintain bone mass after neurectomy.
The distribution of bone mass changes as resorption occurs endosteally
on the posterior surface and formation occurs periosteally, particularly
on the lateral surface.

Previous studies hypothesized that lack of background loading
“sensitized” the bone [23,28,29], but a mechanism was not provided.
We show that loading at 5 N decreased the number of endosteal

Fig. 5. Fluorescent labels in representative histological sections from the midshaft of A) contralateral control limb; B) sciatic neurectomy and loading at 5 N. The
treated right leg displays a bright and broad yellow labeling on the periosteal posterior surface (zone 1, calcein+demeclocycline, injected before sacrifice).
Periosteal bone formation is increased on the lateral surface (zone 2), while endosteal mineralizing surface is decreased on the medial surface (zone 4). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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osteoclasts (on the medial-posterior surface). Sciatic neurectomy for
19 days-resulted in an increase in osteoclasts on the posterior and lat-
eral endosteal surfaces. When both sciatic neurectomy and loading
were combined, loading prevented the disuse-related increase in os-
teoclasts on the lateral surface, but resorption still occurred on the
posterior surface.

Because muscles were dissected before bone fixation, we cannot
provide reliable data on periosteal cells. In the future, we will keep
surrounding muscles before limb fixation.

In the group with sciatic neurectomy and loading, the amount of
bone was conserved via two mechanisms: (1) the accumulation of os-
teoclasts on the endosteal lateral surface was prevented; (2) there was
simultaneous resorption on the endosteal posterior surface, and an in-
creased rate of mineral apposition on the periosteal lateral surface.

In the group that had sciatic neurectomy only, osteoclasts accu-
mulated on the lateral endosteal surface. Osteocytes respond to un-
loading by releasing increased levels of RANKL and sclerostin [39,40].
Sclerostin inhibits osteoblast differentiation, while RANKL promotes
osteoclast differentiation and function. Loading, on the contrary, re-
duces the expression of sclerostin by osteocytes [40]. In vitro experi-
ment have shown that mechanical stimulation of osteocytes by strain-
derived fluid flow results in the production of nitric oxide, which in-
duces osteoclast apoptosis and suppresses osteoclast activity, and of
PGE2, which promotes osteoblast differentiation [41–44]. In summary,
the effects of combining neurectomy with loading are region specific.
On the lateral surface, where osteocytes receive the greatest mechanical
signal during loading [45], resorption is inhibited and formation is
promoted. On the posterior surface where the mechanical signal from
loading is low (because it is near the neutral axis), resorption occurs.

We applied the same magnitude of loading to the neurectomized
and sham surgery groups. To ensure that the mechanical stimulus was
similar, we examined a group of mice five days after sciatic neur-
ectomy, which corresponds to the start of loading. This group had no
change in cross sectional area, minimum and maximum moments of
area, or cortical thickness between the neurectomized leg and the
contralateral leg (Supplementary Figs. S5 and S6), indicating that
5 days of neurectomy does not significantly affect the bone geometry
(though underpowered, p= 0.2176; power= 0.2053 for the cortical
thickness at the location where histomorphometry is performed, 21
animals would be needed to achieve a power of 0.8). Our previous
modeling [45] and strain mapping studies [46] have indicated that the

change in shape (periosteal apposition and endosteal resorption) that
occurs during aging is responsible for the differences in surface strain at
different ages under the same load. Because we found no change in
shape after 5 days, 5 N loading likely produced the same cortical strains
in both the control group and neurectomized group.

We would like to emphasize the importance of region-specific his-
tomorphometry to capture histomorphometric differences within a
cross section. Averaging endosteal and periosteal histomorphometric
results on the whole cross-sectional was unable to capture the different
status of separate cortical surfaces. Region-specific histomorphometry
also enabled us to capture general behavior in the contralateral bones,
such as the drift from the anterior to the posterior surface, which is
averaged out if analyzed across the entire surface.

These results demonstrate that low magnitude loads can maintain
bone mass after sciatic neurectomy, by balancing resorption caused by
disuse and formation promoted by loading in different regions of the
bone, and by preventing the recruitment of osteoclasts on other en-
dosteal surfaces. This might have implications for the physical therapy
required to maintain bone mass during prolonged unloading, such as
bedrest or injury.
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Supplementary data to this article can be found online at https://
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