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York) at 100°C for 24 hours to remove the water, and then at 600°C 
for 48 hours to remove the collagen, leaving only hydroxyapatite 
mineral.  The samples were reweighed between each heating cycle to 
find the relative composition, by weight percentage, of water, 
collagen, and mineral. Mineral content was regressed against age for 
male and female specimens combined. 
 
Mechanical Testing 
 The mechanical testing is currently in progress (will be completed 
by March 2003).  The specimens will be milled into 2mm x 3.5mm x 
30mm rectangular bars with the longest dimension corresponding to 
the longitudinal axis of the bone (Figure 1). The specimens will be 
tested in three-point bending on a fixture designed according to 
American Society for Testing and Materials Standard D5934-96.  The 
specimens will be loaded to failure at a displacement rate of 1 mm/sec.  
The elastic modulus, ultimate stress, and fracture energy will be 
calculated for each specimen and correlated with age, gender, mineral 
content, and the histological parameters. 
 

 
Figure 1. Tibial cross-section illustrating the location from 
which the beam will be extracted for mechanical testing. 

 
RESULTS 
 The cross-sectional area (CSA) of the black bear tibias 
significantly (p = 0.037) decreases with age.  Porosity (p = 0.175), 
mineral content (p = 0.905), Haversian canal density (p = 0.580), 
resorption cavity density (p = 0.162), refilling osteon density               
(p = 0.133), and BMU density (p = 0.506) do not significantly change 
with age.  Additionally, CSA (p = 0.017) and porosity (p = 0.011),   
were significantly lower in females than in males.   
 
DISCUSSION 
 This study demonstrated that black bears maintain normal bone 
mineral composition with age, which may be attributed to the fact that 
osteoblastic function does not decline during annual periods of disuse 
and is elevated during remobilization periods, thus minimizing bone 
loss during disuse and allowing full recovery during the active period.  
Bone porosity in black bears does not increase with age as in other 
species, which may also be attributed to osteoblastic formation during 
disuse and full recovery during the active period.  Conversely, humans 
experience increased bone porosity with age which ultimately leads to 
osteoporosis and a greater likelihood for bone fracture. In general, 
women experience the greatest amount of bone loss, which often leads 
to bone fractures that are both painful and debilitating.  Additionally, 
in black bears, the normalized remodeling parameters do not change 
with age suggesting that the ability of bear bone to recover from disuse 
is not compromised with aging.  Despite the fact that female bears give 
birth and nurse their cubs during hibernation, females had significantly 
lower porosity than males, suggesting that they may have an additional 

protective mechanism against osteoporosis.  Taken together, these 
findings suggest that black bears possess some osteoregulatory 
mechanism, not known to any other species, which allows them to 
minimize bone loss during hibernation and completely recover lost 
bone during their remobilization, with females likely having more 
sophisticated bone maintenance capabilities than males. These 
characteristics seem to prevent black bears from accumulating bone 
loss due to annual periods of disuse, thus avoiding the progression of 
osteopenia with age. The results of the mechanical testing will be 
needed to further support our hypothesis that black bears have a 
biological mechanism to prevent the negative effects of disuse 
osteoporosis on the mechanical competence of bone.  Even though 
black bears experience decreasing CSA with age, which is likely to 
reduce uniaxial mechanical properties of the bone, increases in the 
cross-sectional moment of inertia may compensate by maintaining 
bending properties.  With bending being the most common loading 
experienced by the tibia,7 this potential structural compensation may 
be helpful in avoiding fracture. 
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