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Introduction 
Recent experimental studies showed a 
diminished adaptive response of bone to 
mechanical loading in adulthood [Lynch, 
2011]. To better understand this altered 
mechanoresponsiveness, we have applied a 
novel approach to investigate differences in the 
strain levels under which load induced bone 
(re)modeling occurs. We hypothesized that 
under tibial compression 1) formation occurs 
in regions under higher strain than resorption 
and 2) the reduced response of adult bone to 
loading correlates with engendered strains. 

Methods 
Seven adult (26 week old) and five young (10 
week old) female C57Bl/6J mice underwent 
two weeks of in vivo cyclic compressive 
loading of the left tibia [Willie, 2011]. In vivo 
µCT at an isotropic voxel resolution of 10.5 
μm was performed at day 0 and 15. The region 
of interest was centered at the tibial midshaft 
extending 5% of the bone’s length. To monitor 
bone (re)modeling response to loading, 
changes in bone morphology which appeared 
between two consecutive µCT images were 
determined (3D rigid registration, ZIBAmira) 
[Birkhold, 2012]. After global thresholding, 
voxels were classified into formed, resorbed or 
constant. A FEM of the entire tibia was 
developed based on in vitro µCT data (voxel 
resolution of 9.9 μm). Load and boundary 
conditions were set to replicate the 
experimental set-up. Bone material properties 
accounted for age-related regional differences 
in the bone mineral density. After step-wise 
mapping of remodeling dataset onto FEM, the 
nearest neighborhood algorithm was used to 
correlate maximum strains at FEM nodes to 
the corresponding remodeling event (Fig.1). 

Results 
Bone formation occurred in regions with a 
mean maximum strain of 3000±225 µε in 
young and 1615±130 µε in adult bone, which 
were significantly higher than strains at sites 
where resorption or constant bone occurred in 
both ages (constant sites: 2670±150 µε 

(young) and 1190±60 µε (adult); resorbed 
sites: 1960±530 µε (young) and 770±60 µε 
(adult)) (p<0.05, Student's t-test) (Fig.1). At 
constant sites, the maximum strain was 37% 
(young) and 54% (adult) higher compared to 
resorption sites (p<0.05). Mean maximum 
strains were higher in the young bone for all 
remodeling events compared to adult bone 
(p<0.05). Higher levels of strain were also 
observed at remodeling sites in the periosteal 
compared to endosteal regions (Fig.1).  

 
Fig.1 (A) Mean maximum strains under which bone 
formation and resorption occurred (B) Mapping of 
remodeling sites to FEM. 
 
Discussion 
We investigated the spatial relationship of 
mechanical stimuli and bone remodeling 
processes in an in vivo loading experiment of 
young and adult mice. We found significant 
differences in the strain levels under which 
different remodeling responses occurred, 
independently of age. Bone volume fraction 
studies [Lynch, 2011] reported a diminished 
response of adult bone to loading. This study 
demonstrates that reduced response in adult 
bone coincides with significantly lower strain 
levels in all the remodeling events compared to 
young bone. Future studies will investigate the 
influence of other mechanical (e.g. strain 
gradients) and biological parameters (e.g. 
osteocyte population density) on the age-
related changes in the bones response to load. 
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