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INTRODUCTION 

With age a reduction in trabecular bone volume density and 

bone mineral content is observed, which leads to an increased 

fragility of the bone, and consequently to a greater 

susceptibility for fractures [1]. The biological processes 

underlying this age related changes in the bone microstructure 

are complex and poorly understood. To study age related 

changes in the bone, the aged mouse can serve as an animal 

model [2]. This model has been used previously to study 

whether old mice are still responsive to cyclic mechanical 

loading. The results of these studies, however, were not 

conclusive. Several investigators have reported increases in 

bone mass or reduced decrease in bone mass when cyclic 

loading was applied to bones of aged mice [3,4]. Others have 

found no effect or a smaller effect of loading in aged mice 

[5,6]. And even a reduction in bone mass with loading has 

been reported [7]. In the above mentioned studies often only 

end time points could be examined, prohibiting the evaluation 

of bone development over time. Here, by using in vivo micro-

computed tomography (micro-CT), the bone microstructure, 

dynamic bone morphometry parameters, and bone strength of 

18 month old mice could be assessed at multiple time points 

within a single mouse. The aim of this study was to investigate 

whether caudal vertebrae of aged mice are mechanosensitive.  

 

 

METHODS 

To enable loading of the sixth caudal (tail) vertebra, stainless 

steel pins were inserted in the adjacent vertebrae of 18 month 

old female C56BL/6 mice. A recovery time of six weeks was 

allowed. Loading and in vivo micro-CT scans (vivaCT 40, 

Scanco Medical AG, Brüttisellen, Switzerland) at a resolution 

of 10.5 µm were started at this time point. Loading was 

performed three times per week for 8 weeks at 10 Hz for 3000 

cycles with a load of 8N (n=6) or 0N (control, n=7). In vivo 

micro-CT scans were performed at week 0, 2, 4, 6, and 8, 

leading to 5 micro-CT images per mouse. All experimental 

animal procedures were performed under isoflurane anesthesia 

and were approved by the local ethics committee 

(Veterinäramt des Kantons Zürich, Zürich, Switzerland).  

Bone structural parameters were calculated in the trabecular 

and cortical region by using automated masks. Static 

trabecular bone indices included: bone volume density 

(Tb.BV/TV), bone surface (BS), trabecular thickness (Tb.Th), 

trabecular number (Tb.N), and trabecular separation (Tb.Sp). 

The cortical indices included: percent cortical volume 

(Ct.%BV), marrow volume (MV), cortical thickness (Ct.Th), 

maximum moment of inertia (Imax), and minimal moment of 

inertia (Imin). 

For each mouse the first micro-CT scan was aligned with the 

long axis of bone, while for the later time points the scans 

were registered to the previous time point. Overlaying the 

registered images allowed displaying the formed and resorbed 

bone packages in the same image (Figure 1).  

 
Figure 1: Explanation of how the dynamic parameters are 

calculated. Images of two consecutive time points are 

overlaid. From the overlay the volumes of formation (yellow, 

only present at the second time point) and resorption (blue, 

only present at the first time point) can be extracted. 

 

Using a recently developed technique [8], also truly 3D 

dynamic bone morphometry parameters were non-invasively 

extracted from time-lapsed in vivo micro-CT scans. These 

parameters included: bone formation rate (BFR), bone 

resorption rate (BRR), mineral apposition rate (MAR), mineral 

resorption rate (MRR), mineralizing surface (MS), and eroded 

surface (ES). Furthermore micro-CT data were converted into 

micro-finite element models. By using the Pistoia criterion [9], 

the strength of the whole bone was estimated for each mouse 

at each time point. Data were normalized to the first time point 

to calculate for each mouse percentage differences in bone 

morphometric parameters and in strength. Significant 

differences in all parameters between groups or over time 

were tested with repeated measurements ANOVA.  

 

 

RESULTS AND DISCUSSION 

After 8 weeks of loading Tb.BV/TV had increased 14% for 

the 8N group, while it did not change significantly over time 

for the 0N group (Figure 2a). These changes resulted in 

significant differences between groups (p<0.05). Also the 

trabecular thickness, which increased 10% for the 8N group, 

and remained the same for the 0N group, was significantly 

different between groups (p<0.05. Figure 2c). No significant 

differences were found for BS, Tb.N and Tb.Sp.  

In the cortical region Ct.%BV was not significantly different 

between groups (p=0.1), and did not change significantly over 

time for either group (Figure 2b). However, Ct.Th did increase 

significantly for the 8N group (p<0.05), while it did not 

change significantly for the 0N group (Figure 2d). The 

difference between the groups was almost significant 

(p=0.05). No significant differences were found for MV, 

Imax, or Imin.  



 

 

Figure 2:  Plots of percentage changes in bone structural 

parameters for a) trabecular bone volume density, b) percent 

cortical volume, c) trabecular thickness, and d) cortical 

thickness. Values shown are mean and standard error.  

* p<0.05 compared to 0N group. 

 

For the dynamic bone morphometry parameters there was a 

trend that BFR was greater and BRR smaller for the 8N group 

than for the 0N group (Figure 3a). However, for the 8N group, 

but not for the 0N group, BFR was significantly greater than 

BRR (p<0.05). Also MAR tended to be greater for the 8N 

group then for the 0N group, while MRR tended to be smaller 

(Figure 3b). For the 8N group MS was significantly greater 

(p<0.05), and ES significantly smaller (p<0.05) than for the 

0N group (Figure 3c). For both groups MAR was significantly 

smaller than MRR (p<0.001) and MS significantly greater 

than ES (p<0.001).  

The strength of the bone increased significantly for the 8N 

group by 9% (p<0.001), but did not change significantly for 

the 0N group (Figure 3d). The difference between the two 

groups was, however, not quite significant (p=0.06).  

 

 

CONCLUSIONS 

As significantly different changes in static and dynamic bone 

morphometry parameters, and bone strength were seen 

between the 8N and 0N group, with a positive effect of 

loading, it can be concluded that the sixth caudal vertebrae of 

aged mice are still mechanosensitive.   

 

 
Figure 3:  Images of dynamic bone morphometry parameters. 

a) Bone formation rate and bone resorption rate. b) Mineral 

apposition rate and mineral resorption rate. c) Mineralizing 

surface and eroded surface. d) Bone strength. Values shown 

are mean and standard error. Significantly different (p<0.05) 

from *0N group, and #resorption parameter. 
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