


was calculated by multiplying the normalized LS/BS with the 
normalized MAR.  Three sections were analyzed per specimen. 
 The overall trabecular bone responses to different types of 
treatment were assessed by analysis of variance (ANOVA) followed 
by the post-hoc Fisher’s least significant difference test.  The dynamic 
bone formation activities within each local trabecular bone region 
were correlated to the local mechanical microenvironments using a 
linear regression for non-PTH treated groups (V+0, V+50, and V+100 
groups of each treatment duration pooled together) and PTH treated 
groups (PTH+0, PTH+50, and PTH+100 groups of each treatment 
duration pooled together).  Significance was assumed at p<0.05.  All 
statistics were performed using SYSTAT (SPSS Science, Chicago, 
IL). 
 
RESULTS 
 The overall trabecular bone response showed significant increases 
in LS/BS, MAR, and BFR (LS/BS and MAR results not shown) with 
either mechanical loading or PTH treatment for 1 week compared to 
control or V+0 (Fig. 1).  However, the level diminished after 2 weeks 
and was not different from control groups by the fourth week.  
Interestingly, when PTH was combined with mechanical loading 
(PTH+50 and PTH+100), significant increases in the dynamic bone 
formation indices were present and the level was sustained even after 4 
weeks. 
 Significant direct correlations were established between the tissue 
level mechanical environment and the bone formation indices for both 
non-PTH treated groups and PTH treated groups after 1 and 2 weeks 
treatment (Fig. 2).  However, after 4 weeks, the local mechanical 
environment no longer directly correlated to the bone response when 
mechanical loading was the only stimulus.  On the other hand, when 
PTH and mechanical loading were combined, the direct correlation 
was sustained even after 4 weeks. 
 
DISCUSSION 
 Bone formation was significantly increased using either 
mechanical loading or PTH for 1 week.  However, the drop in BFR to 
the level of control animals after 4 weeks suggests that trabecular bone 
does not respond to mechanical loading or PTH after 4 weeks and 
there is a limit in treatment using either mechanical loading or PTH 
alone.  Correlations between tissue level SED and BFR confirm the 
loss of mechanical responsiveness as the initially present direct 
correlation after 1 and 2 weeks is lost after 4 weeks when mechanical 
loading is the only stimulus. 
 Consistent with previous studies, combined in vivo mechanical 
loading and PTH stimulation shows synergistic increase in bone 
formation compared to stimulation by mechanical loading or PTH 
alone [3].  This increase is sustained throughout 4 weeks and the 
significant direct correlation between tissue level SED and BFR is 
present throughout the entire treatment duration of this study. 
 These results indicate that PTH, when combined with mechanical 
loading, not only elevates the level of bone formation but also helps 
sustain the increased level and thus the mechanical responsiveness of 
trabecular bone.  This is an important finding in that future treatment 
for osteoporosis should be designed to incorporate both PTH treatment 
and an appropriate exercise program to maximize the outcome. 
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Figure 1.  The overall trabecular bone response (BFR) to mechanical 
and PTH stimulation.  The error bars represent the standard deviation 
and brackets among treatment groups represent significant differences 
(p<0.05).  Significantly greater v.s. *: 1 wk Control, V+0, PTH+0, 
V+50, PTH+50, V+100; **: 1 wk Control, V+0, PTH+0; ***: 1 wk 
Control, V+0; ****: 1 wk V+0; #: 2 wk Control, V+0, PTH+0, V+50, 
V+100; : 4 wk Control, V+0, PTH+0, V+50, V+100; : 4 wk V+0. 

 

 
Figure 2.  The correlations between regional BFR (top: 1 week, 
bottom left: 2 week, bottom right: 4 week) and trabecular bone tissue 
SED.  Non-PTH treated groups consist of V+0, V+50, and V+100 
groups, whereas PTH treated groups consist of PTH+0, PTH+50, and 
PTH+100 groups. 
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