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Abstract

Disuse typically causes an imbalance in bone formation and bone resorption, leading to losses of
cortical and trabecular bone. In contrast, bears maintain balanced intracortical remodeling and
prevent cortical bone loss during disuse (hibernation). Trabecular bone, however, is more
detrimentally affected than cortical bone in other animal models of disuse. Here we investigated the
effects of hibernation on bone remodeling, architectural properties, and mineral density of grizzly
bear (Ursus arctos horribilis) and black bear (Ursus americanus) trabecular bone in several skeletal
locations. There were no differences in bone volume fraction or tissue mineral density between
hibernating and active bears or between pre- and post-hibernation bears in the ilium, distal femur, or
calcaneus. Though indices of cellular activity level (mineral apposition rate, osteoid thickness)
decreased, trabecular bone resorption and formation indices remained balanced in hibernating grizzly
bears. These data suggest that bears prevent bone loss during disuse by maintaining a balance between
bone formation and bone resorption, which consequently preserves bone structure and strength.
Further investigation of bone metabolism in hibernating bears may lead to the translation of
mechanisms preventing disuse induced bone loss in bears into novel treatments for osteoporosis.
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Introduction

Reduced skeletal loading causes loss of cortical and trabecular bone in humans and other
animals [1-8]. Trabecular bone, due to its greater surface to volume ratio, responds to disuse
more rapidly [9,10] and shows greater losses than cortical bone for a given period of inactivity
[3,11,12]. Manifestations of disuse on trabecular bone include decreased histological measures
of bone formation [13], increased histological measures of bone resorption [14], decreased
bone mineral density [9,12], and compromised bone architecture [7,15]. These changes cause
the mechanical properties of trabecular bone to deteriorate which can lead to an increased risk
of bone fracture in chronically immobilized patients [16,17]. In animal models of disuse,
trabecular and cortical bone lost during inactivity may be fully recovered, but a remobilization
period that is at least twice the length of the disuse period is required for complete restoration
of bone [3,18].

Bears hibernate for approximately 6 months of the year, and thus they experience annual
periods of disuse and remobilization that are approximately equal in length [19]. However, the
material and structural properties of black bear (Ursus americanus) cortical bone are not
compromised with age [20-23]. Bears completely prevent cortical bone loss during hibernation;
in the femoral diaphysis, hibernating grizzly bears (Ursus arctos) maintain bone geometry and
strength, and surprisingly, porosity is lower and mineral content is higher in hibernating
compared to active grizzly bears [24]. This is likely because bears demonstrate decreased, but
balanced, intracortical bone remodeling in the femur during hibernation [24]. These findings
suggest bears possess a unique biological mechanism to prevent disuse induced bone loss.

Hibernation is a mechanism to conserve energy when food is scarce; homeostatic,
metabolically expensive processes are downregulated by the neuroendocrine system, and bears
recycle, instead of excrete, catabolic products like urea and calcium [25-27]. Since bone
turnover is a metabolically expensive process, decreasing intracortical bone turnover while
maintaining a balance between bone formation and bone resorption probably helps bears
conserve energy and maintain eucalcemia [24]. Trabecular bone, however, is typically more
involved in mineral homeostasis and is more sensitive to changes in mechanical loading than
cortical bone [3,9,12]. Trabecular bone mineral content, bone mineral density, and architectural
properties in black bear forelimbs and in the ilium are not different before and after hibernation
[28,29], suggesting that hibernating bears prevent both cortical and trabecular bone loss.
However, previous studies of seasonal changes in bear trabecular bone [28,29] had small
sample sizes (n <4 bears per season), and consequently low statistical power to detect changes
between groups. Furthermore, it is unclear if site-specific remodeling responses in various
skeletal locations (e.g., ilium compared to hindlimb) and bone types (i.e., trabecular versus
cortical) respond similarly to the physical inactivity that occurs during hibernation. The goal
of this study was to quantify the effects of hibernation on bear trabecular bone remodeling,
architecture, and mineral density in several different skeletal locations. We hypothesized that
trabecular bone architectural properties and mineral density would not be adversely affected
in hibernating bears because histological indices of bone resorption and bone formation remain
balanced during hibernation.

Materials & Methods

Grizzly bear bones

Sixteen grizzly bears (Ursus arctos horribilis) were housed at the Washington State University
Bear Research, Education, and Conservation Facility (Pullman, WA) for this study. All
handling and treatment procedures were approved by the Washington State University
Institutional Animal Care and Use Committee. The hibernating bears (n =5 male, 5 female;
mean age = 8.3 + 9.3 years) were sacrificed after 16-18 weeks of hibernation, and the active
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bears (n = 3 male, 3 female; mean age = 7.8 + 8.8 years) were sacrificed after at least 14 weeks
of physical activity following hibernation. Ages of the hibernating and active bears ranged
from 1-21 years. The bears were administered an IV solution of calcein at 5 mg/kg body mass
twice prior to death; injections were given 9 to 11 days apart, and 5 to 8 days passed after the
second label was administered before animals were sacrificed (i.e., labeling schedules ranged
from 1-9-1:5to 1-11-1:8). Bears were euthanized by an injection of pentobarbital (10 mls/100
Ibs body weight). After sacrifice, the hind legs and pelvis from each bear were removed, cleaned
of soft tissue, and frozen at -20 °C.

Black bear bones

The grizzly bear samples described above provide an opportunity to study bone turnover in a
unigue animal model. However, a limitation of this model is the relatively low number of
samples that are available. Therefore, trabecular bone architectural properties and mineral
density were also quantified in femurs from wild black bears killed by hunters in Utah during
fall (pre-hibernation) and spring (post-hibernation) hunting seasons. One left or right femur
was obtained from each of 58 black bears, cleaned of soft tissue and stored at -20 °C. Twenty-
one were from bears killed in the fall (15 male, 6 female; mean age = 5.5 + 5.1 years), and
thirtyseven were from bears killed in the spring (27 male, 10 female; mean age = 6.9 + 4.0
years). Ages were determined by the Utah Department of Wildlife Resources from the dental
cementum annuli [30], and ranged from 1 to 19 years. Bears in Utah begin denning in late
October and emerge in late April; the spring bears were killed between April 26" and May
315t, and the fall bears were killed between August 261 and November 4t

Grizzly bear trabecular bone samples for histological analyses

Trabecular bone cores (7.6 mm diameter) were removed from the ilium and distal femoral
epiphysis of each grizzly bear using a diamond-plated bit (#160095, Starlite Industries, PA).
Samples were histologically processed and sectioned longitudinally. Bone sections were left
unstained for dynamic histomorphometry or were stained by a VonKossa/MacNeal's
Tetrachrome protocol [31] for quantification of static bone formation and resorption
parameters. All sections were digitized using a microscope and digital camera and were
analyzed with image analysis software (Bioguant Osteo, Nashville, TN). Quantified indices
for the stained slides included bone surface (BS), osteoid surface (OS/BS), osteoid thickness
(0.Th), and eroded surface (ES/BS). The ratio of osteoid to eroded surface (OS/ES) was
calculated to assess changes in the balance of bone remodeling. For the unstained slides, inter-
label width (Ir.L.Wi) was measured at 5 um intervals between the label midpoints of all double-
labeled sites, and labeled surfaces (SLS, dLS) were quantified for all single and double-labeled
sites. Mineralizing surface (MS/BS), mineral apposition rate (MAR), and adjusted apposition
rate (Aj.AR) were calculated from the static and dynamic measurements [32].

Trabecular bone samples for yCT analyses

Trabecular cores (7.6 mm diameter) were removed from the ilium, distal femoral metaphysis,
distal femoral epiphysis, and calcaneus of each grizzly bear and from the distal femoral
metaphysis of each black bear. Bony landmarks were used to ensure that cores were removed
from the same relative location in each bone. All trabecular bone samples were fixed in 70%
ethanol at 4 °C.

Trabecular bone architecture was evaluated using a fan-beam micro-computed tomography
(nCT) system (uCT40, Scanco Medical AG, Basserdorf, Switzerland). Samples were scanned
transverse to the long axis of the core at 6 pm isotropic voxel size. Two hundred transverse
slices (~1.2 mm) centered at mid-core were evaluated for morphometric parameters. Energy
settings for the scans were 70 kVP/114 uA with threshold = 205 and integration time = 300
ms. Bone volume fraction (BV/TV, %), trabecular number (Tb.N, mm-1), trabecular thickness
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Statistics

Results

(Th.Th, mm), trabecular separation (Th.Sp, mm), and trabecular tissue mineral density
(Tb.M.Dn, mgHA/cm?3) were computed using the manufacturer's software.

All statistical analyses were completed with either JMP 7 or SAS 9.1 (SAS Institute Inc.; Cary,
NC) statistical software. Bone properties were compared between hibernating and active
grizzly bears at each skeletal site with ANOVA and Fisher's PLSD post-hoc test. The
distribution of male and female grizzly bears was comparable between hibernating and active
bear groups, and therefore male and female bears were pooled for analyses of grizzly bear data
due to the small sample size. Different skeletal locations in the grizzly bears were pooled for
combined analyses comparing hibernating to active bears using multivariate analysis of
variance (MANOVA) to account for correlations between skeletal sites in the same bears. A
5% level of significance was used for all statistical tests. Post-hoc power analyses were
conducted for grizzly bear data from each skeletal location to estimate the power to detect
changes in bone properties that would be expected based on other animal models of disuse
(Table 1).

Pre- and post-hibernation black bears were compared with ANCOVA, treating age and sex as
covariates. Bears reach skeletal maturity at approximately 8 years of age [33]; skeletally
immature and skeletally mature bears were considered together for this study. Post-hoc power
analyses were conducted for the black bear data using the regression mean squared error as an
estimate of model variance.

Trabecular bone remodeling indices — grizzly bears

Neither osteoid surface nor eroded surface was different between hibernating and active grizzly
bears in the ilium or distal femur, or when both skeletal locations were analyzed together as a
combined dataset (Table 2). Statistical power to detect changes in osteoid surface between
hibernating and active bears ranged from 61-84% (i.e., 16-39% Type Il error), and power to
detect changes in eroded surface ranged from 32-62%. The ratio of osteoid to eroded surface
(anindicator of the balance between bone formation and bone resorption) also was not different
between hibernating and active grizzly bears at either skeletal location or in the combined
dataset (Table 2).

Osteoid thickness was decreased (p = 0.009) in the distal femur of the hibernating grizzly bears,
and was also lower in the hibernating bears for the combined dataset (p = 0.037), although it
was not different between groups when the ilium was considered separately (Table 2). Mineral
apposition was decreased in the hibernating bears in the ilium (p < 0.007) and distal femur (p
= 0.018) and was also decreased when both locations were considered together (p = 0.012)
(Table 2). Statistical power to detect changes in mineral apposition rate was 74% at either
skeletal location. Similarly, adjusted apposition rate, representing the mineral apposition rate
over the entire osteoid surface, was decreased in the hibernating bears in both skeletal locations
(p < 0.018) and in the combined dataset (p = 0.002). Mineralizing surface in the hibernating
bears was decreased in the distal femur (p < 0.0001) and approached a significant decrease in
the ilium (p = 0.078), and was also decreased in the combined dataset (p = 0.0004) (Table 2).
Statistical power to detect changes in mineralizing surface ranged from 45-98%.

Trabecular bone architectural properties and mineral density — grizzly bears

There were no differences in bone volume fraction between active and hibernating grizzly
bears in the ilium, distal femoral metaphysis, distal femoral epiphysis, or calcaneus trabecular
bone samples (Table 3, Figure 1); statistical power ranged from 48-82%. Trabecular number
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was not different between active and hibernating bears at any of the four skeletal sites; power
ranged from 14-40%. Trabecular thickness was decreased (p = 0.046) in the ilium of the
hibernating bears, but was not different between groups at any other skeletal site (Table 3);
power for trabecular thickness ranged from 26-89%. Trabecular separation was lower (p =
0.047) in the calcaneus of hibernating compared to active bears, but was not different between
groups at the other skeletal locations. Statistical power for trabecular separation ranged from
25-89%. Trabecular tissue mineral density was higher (p =0.023) in the ilium of the hibernating
compared to the active bears, but was not different between groups at the other skeletal
locations (Table 3). When all four skeletal locations were pooled, there were no differences
between hibernating and active bears for bone volume fraction, trabecular tissue mineral
density, or any architectural properties (Table 3).

Trabecular bone architectural properties and mineral density — black bears

There were no differences in trabecular bone architecture or mineralization between pre- and
post-hibernation black bears in the distal femoral metaphysis (Table 4). Statistical power to
detect changes in trabecular bone properties between pre- and post-hibernation bears ranged
from 87% for trabecular number to greater than 99% for trabecular separation. Bone volume
fraction and trabecular number decreased with age (Table 4), whereas trabecular separation
and trabecular tissue mineral density increased with age (Table 4). Trabecular thickness did
not change with age. There were no statistically significant differences in bone properties
between male and female bears (Table 4).

Discussion

Disuse typically causes an imbalance in bone formation and bone resorption [34,35] that leads
to trabecular bone loss. Decreased bone mineral density and compromised bone architecture
are common in clinical cases of disuse such as spinal cord injury [36,37] and spaceflight
[12], and are problematic because they cause an increased risk of bone fracture [16,17,38].
Bears prevent cortical bone loss during disuse (hibernation) [24,39], but the effects of
hibernation on bear trabecular bone were unclear from previous studies [28,29]. In contrast
with other animal models of disuse, hibernating bears in this study demonstrated balanced
trabecular bone formation and bone resorption (Table 2), which preserved trabecular bone
architecture and mineral density in the hibernating bears (Tables 3-4, Figure 1). These results
suggest that bears have evolved a mechanism to prevent disuse-induced losses of both cortical
and trabecular bone.

Cortical bone properties improve with age in black bears; cortical bone geometry and ash
fraction increased with age, and intracortical porosity decreased with age in black bear femoral
diaphyses [21,39]. In contrast, the current study suggests that black bears lose trabecular bone
architecture with age; bone volume fraction and trabecular number decreased with age and
trabecular separation increased with age in black bear distal femoral metaphyses (Table 4).
Bone volume fraction also decreases with age in the black bear femoral neck [33]. Similar age-
related changes occur in trabecular bone of many non-hibernating animals including horses
[40], nonhuman primates [41,42], and humans [43]. Rates of change with age were similar for
bears and horses for trabecular number (horses: -0.035 mm-1/ year, bears: -0.079 mm-1/ year)
and trabecular separation (horses: +0.015 mm / year, bears: +0.012 mm / year), suggesting that
aging has a similar impact on trabecular bone in bears compared to a non-hibernating species
[40]. Importantly, there were no differences in trabecular bone properties between pre- and
post-hibernation black bears (Table 4), suggesting that bears prevent trabecular bone loss
during disuse even though they do appear to lose trabecular bone with age.

Reduced skeletal loading usually causes an unbalanced increase in bone resorption over bone
formation [7,13,14,35] (Figure 2). In humans, for example, 12 weeks of bedrest increased bone
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resorption indices (eroded and osteoclast surfaces) by 100-250%, but did not change indices
of bone formation (osteoid and osteoblast surfaces) in the ilium [14]. In contrast, trabecular
bone remodeling remained balanced in hibernating grizzly bears; osteoid and eroded surfaces
and the ratio of osteoid to eroded surface were unchanged during hibernation (Table 3).
Importantly, eroded surface was not elevated in the hibernating bears, unlike the increase in
eroded surface that can occur in disuse models like bedrest [14], spaceflight [13], and limb
immobilization [7] (Figure 2). Eroded and osteoid surfaces were used as surrogate measures
of bone cell surfaces in this study because cells were not preserved in the bear tissues. However,
osteoid and eroded surfaces respond similarly to osteoblast and osteoclast surfaces,
respectively, in other models of disuse [7,14], and therefore these properties measured in bears
are likely representative of bone cell surfaces.

We previously found that hibernating grizzly bears experience decreased, but balanced,
intracortical remodeling in the femoral diaphysis [24]. We recently found that intracortical
remodeling in hibernating compared to active grizzly bears was decreased, but balanced, in
other skeletal sites as well (resorption cavity density (p < 0.02): -71% proximal femur, -82%
distal femur, -77% tibia, -84% 2" metatarsal; refilling cavity density (p < 0.07): -69% proximal
femur, -80% distal femur, -67% tibia, -52% 2"d metatarsal; n = 5 hibernating, 4 active bears
[unpublished data]). Although the overall number of intracortical remodeling sites decreases
in hibernating grizzly bears, rates of cellular activity in cortical bone are unchanged during
hibernation (no difference in normalized mineral apposition rate (MARN) or filling period (FP)
between hibernating and active bears) [24]. This is in contrast with the current study on
trabecular bone, in which the total number of trabecular remodeling sites stayed constant
(osteoid and eroded surfaces were not different between hibernating and active bears), but rates
of cellular activity in trabecular bone decreased (decreased mineral apposition rate and osteoid
thickness) (Table 2). It is possible that the differences between trabecular and cortical bone
remodeling in hibernating bears are related to calcium demand from other body tissues. Bears
drastically decrease physical activity and metabolic rate during hibernation, but essential
physiological systems (e.qg., cardiac and central nervous systems) continue to function. Calcium
ions are essential for proper function of many body systems, but bears do not intake any calcium
during hibernation [25]. Since trabecular bone plays a key role in mineral homeostasis, bears
may maintain trabecular bone remodeling to maintain a mobile supply of calcium needed to
sustain other body systems. Despite differences in the amount of bone remodeling, bone
formation and resorption remained balanced in both cortical and trabecular bone of hibernating
grizzly bears, meaning that any excess calcium not used elsewhere in the body can be deposited
back into the skeleton to maintain eucalcemia [29]. This process likely preserves cortical and
trabecular bone throughout the entire skeleton. For example, intracortical porosity was
maintained at four diaphyseal skeletal sites in hibernating compared to active grizzly bears
(porosity in hibernating vs. active bears (p > 0.260): proximal femur 6.2% vs. 5.5%, distal
femur 5.6% vs. 6.7%, tibia 5.8% vs. 6.8%, 2"d metatarsal 7.4% vs. 7.6%:; [unpublished data]),
and trabecular bone volume fraction was not different between hibernating and active grizzly
bears at four skeletal sites (p > 0.224) in the current study.

The mechanisms that maintain balanced bone remodeling and prevent cortical and trabecular
bone loss in bears during hibernation are not yet known, but they are likely related to processes
used to conserve metabolic energy and recycle calcium during hibernation. Hibernation is a
mechanism to survive prolonged periods of famine when food is scarce; metabolic energy is
conserved by decreasing many energy-expensive processes. It is possible that both cortical and
trabecular bone remodeling mechanisms observed in hibernating grizzly bears contribute to
energy conservation, since decreasing either the number of remodeling sites (cortical bone
[24]) or the activity of the individual cells (trabecular bone (Table 2)) would decrease energy
expensive processes and thus conserve metabolic energy. As mentioned above, the bears'
ability to prevent disuse-induced bone loss (Tables 3-4) is probably a result of their ability to
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maintain balanced bone remodeling during hibernation. Since bears do not eat, drink, urinate,
or defecate (i.e., intake or excrete calcium) during hibernation, they probably maintain a
balance between bone formation and bone resorption to prevent lethal hypercalcemia; serum
calcium levels are not different in hibernating and active bears [29]. Parathyroid hormone
(PTH), which regulates serum calcium levels and promotes reabsorption of calcium from the
kidneys, has been implicated in the ability of hibernating bears to maintain bone formation and
prevent bone loss [24,44,45]. For example, PTH may reduce osteoblast apoptosis in the
proapoptotic environment of hibernation. Bear PTH peptides have an enhanced ability
(compared to human PTH peptides) to increase survival signals in osteoblastic cells [45], which
could help preserve osteoblast number in hibernating bears and thus contribute to the bears'
maintenance of bone formation during disuse. Serotonin regulation may also help hibernating
bears maintain bone formation, since serotonin levels are decreased (-21%, p < 0.0001,
[unpublished data]) in serum from hibernating compared to active bears, and decreased
serotonin levels may promote osteoblast progenitor proliferation [46]. The roles of
neuroendocrine control of bone remodeling and energy regulation in the ability of bears to
prevent bone loss during disuse are also currently under investigation. Elucidating the
biological mechanism that prevents disuse induced bone loss in bears will have important
implications for treating osteoporosis in humans.

In conclusion, the current study provides strong support for the idea that bears prevent
trabecular bone loss during hibernation. Thus, bears appear to have evolved the ability to
prevent both cortical [24,39] and trabecular bone loss during disuse. Balanced bone formation
and resorption throughout the skeleton likely occurs to preserve calcium homeostasis during
hibernation while the bears recycle (instead of excrete) catabolic waste products.
Understanding the mechanism that maintains balanced bone remodeling and prevents bone
loss in hibernating bears may lead to the development of improved treatments (e.g., novel PTH
peptides) for osteoporosis.
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Control Immobilized

adult sheep 1 year old grizzly bears 18 year old grizzly bears

Figure 1.

Trabecular bone does not respond similarly to disuse in bears and sheep. Trabecular bone
volume fraction was decreased by 31% in sheep calcanei following 12 weeks of immobilization
(A). Representative micro-computed tomography (uCT) scans from the distal femoral
epiphysis of 1-year old (B) and 18-year old (C) grizzly bears demonstrate no bone loss after
17 weeks of disuse (hibernation). Sheep calcaneus images are reproduced with permission
from: Calcif Tissue Int 42, Rubin, C. T. et al., “Ultrasonic measurement of immobilization-
induced osteopenia: an experimental study in sheep,” pp. 309-312, copyright Springer-Verlag,
New York Inc. (1988).
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Figure 2.

Bone resorption, measured by eroded surface (ES/BS), typically increases in models of disuse
including immobilization (IM), bedrest (BR) and spaceflight (SF). Increases in eroded surface
were statistically significant in subjects under disuse compared to active conditions in the
studies represented below (*: p < 0.05 vs. active group in each study). In contrast, hibernating
grizzly bears in the current study did not demonstrate increased indices of bone resorption
compared to active bears (p > 0.648). MC2 = 2"d metacarpal, DF = distal femur. Means + SE
bars are presented.
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Disuse-induced changes in bone properties observed in other models of physical inactivity. All percentage
changes were statistically significant in their respective studies. These percentage changes were used to calculate

statistical power for comparisons of active vs. hibernating and pre- vs. post-hibernation black bear bone

properties. See text for explanations of bone property abbreviations. SF = spaceflight, TS = tail suspension, LI
= limb immobilization, BR = bedrest.

Bone PropertyDisuse Model

Relative Percentage Change
(Disuse: Control)

Reference|

OS/BS Rats, 10 d SF (humerus) -79.7% [13]
ES/BS Rats, 10 d SF (humerus) +44.1% [13]
MS/BS Rats, 3 wk TS (tibia) -54.3% [47]
MAR Rats, 3wk TS (tibia) -33.3% [47]
BV/TV Sheep, 12 wk LI (calcaneus) -29.3% [48]
Tb.N (mm™) Humans, 12 wk BR (ilium) -16.8% [49]
Th.Th (mm)  Sheep, 12 wk LI (calcaneus) -26.8% [48]
Th.Sp (mm) Dogs, 8 wk LI (distal humerus) +20.4% [11]
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Table 2

Trabecular bone formation and resorption remained balanced in hibernating grizzly bears; there were no
differences (p > 0.517) in osteoid surface, eroded surface, or the ratio of osteoid to eroded surface between
hibernating (n = 10) and active (n = 6) grizzly bears. However, osteoid thickness, mineral apposition rate, adjusted
apposition rate, and mineralizing surface were lower in the hibernating bears, suggesting a decrease in osteoblast
activity levels during hibernation. Means and standard deviations (in parentheses) are presented. See text for
explanations of abbreviations.

Skeletal Location Bone Property Active Hibernating p-value
O.Th (um) 7.8(1.2) 7.1(15) 0.324

OS/BS (%) 11.3(6.1) 10.1 (8.8) 0.782

ES/BS (%) 3.2(1.9) 2.8 (1.6) 0.648

Hium OS/ES (%) 429 (212) 355 (221) 0.517
MS/BS (%) 16.1 (10.0) 7.7(1.7) 0.078

MAR (um/day) 1.86 (0.42) 1.13 (0.46) 0.007

Aj.AR (um/day) 2.77 (2.07) 0.91 (0.68) 0.018

O.Th (um) 8.9 (1.9) 6.8 (1.0) 0.009

OS/BS (%) 10.2 (4.3) 8.4 (5.9) 0.536

ES/BS (%) 2.9 (1.0 2.8(1.1) 0.850

. .. OS/ES (%) 358 (97) 328 (182) 0.717

Distal femoral epiphysisy ;s 5 o¢) 175 (6.0) 5.4(2.7) <0.0001

MAR (um/day) 1.47 (0.29) 0.95 (0.41) 0.018

Aj.AR (um/day) 2.78 (1.26) 0.90 (0.74) 0.002

O.Th (um) 8.4 (1.6) 6.9 (1.2) 0.037

OS/BS (%) 10.7 (5.1) 9.3(7.3) 0.831

ES/BS (%) 3.0(1.5) 2.8(1.4) 0.903

Combined locations OS/ES (%) 394 (162) 341 (198) 0.816
MS/BS (%) 16.8 (7.9) 6.5 (5.7) 0.0004

MAR (um/day) 1.66 (0.40) 1.04 (0.44) 0.012

AJ.AR (um/day) 2.78 (1.63) 0.90 (0.69) 0.002
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Trabecular architecture and mineralization were maintained in the hibernating (n = 10) compared to the active
(n = 6) grizzly bears at four skeletal sites. Means and standard deviations (in parentheses) for each group are
presented. See text for explanations of abbreviations.

Skeletal Location  Bone Property Active Hibernating p-value
BVITV 0.20 (0.03) 0.18 (0.04) 0.224
Th.N (mm™) 1.7 (0.4) 1.9 (0.4) 0.440
tlium Th.Th (mm) 0.15 (0.02) 0.12 (0.02) 0.046
Th.Sp (mm) 0.57 (0.11) 0.54 (0.09) 0.538
Tb.M.Dn (mgHA/cm®) 902 (41) 947 (29) 0.023
BVITV 0.15 (0.05) 0.16 (0.03) 0.671
Th.N (mm™) 2.19 (1.00) 2.10 (0.56) 0.815
. . Tb.Th (mm) 0.11 (0.02) 0.12 (0.02) 0.599
Distal femoral metaphysisy, g, (m) 0.52 (0.18) 0.51 (0.13) 0.83L
Tb.M.Dn (mgHA/cm®) 1005 (75) 1038 (87) 0.454
BVITV 0.33 (0.09) 0.33(0.10) 0.924
Th.N (mm™) 2.50 (0.76) 2.87 (0.96) 0.437
. .. Th.Th (mm) 0.16 (0.06) 0.16 (0.06) 0.837
Distal femoral epiphysis ) gy (m) 0.41 (0.10) 0.39 (0.09) 0.721
Tb.M.Dn (mgHA/cm®) 918 (69) 935 (57) 0.616
BVITV 0.33(0.09) 0.35 (0.05) 0.436
Th.N (mm™) 3.23 (0.74) 3.72 (0.44) 0.115
Calcaneus Th.Th (mm) 0.15 (0.03) 0.15 (0.03) 0.907
Th.Sp (mm) 0.39 (0.06) 0.34(0.03) 0.047
Tb.M.Dn (mgHA/cm®) 941 (66) 949 (60) 0.803
BVITV 0.25 (0.10) 0.25 (0.11) 0.304
Th.N (mm™) 2.41 (0.89) 2.65 (0.94) 0.414
Combined locations  Th.Th (mm) 0.14 (0.04) 0.14 (0.04) 0.208
Th.Sp (mm) 0.47 (0.14) 0.44 (0.12) 0.256
Tb.M.Dn (mgHA/cm®) 942 (72) 967 (73) 0.112
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