
 
Fig2.Curve fitting for normalized T2* signals 
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Introduction:The BOLD effect in muscles can reflect the oxygenation function of muscle via hemodynamic of the capillary bed, which can partly reflect the perfusion 

process in muscle [1]. It has been reported that osteoporotic patients have reduction in bone marrow perfusion [2], but muscle oxygenation function changes in 

osteoporotic patient remains unknown yet. In this study, in order to investigate the difference of oxygenation characteristics in osteoporotic patients, the BOLD effect on 

calf muscles in elderly subjects with different bone mineral density (BMD) was examined. 

Methods: Eighty-seven elderly female subjects (age 65.4±4.3yrs) were recruited by public advertisement. Subjects were 

divided into three groups (normal, osteopenia, and osteoporosis) by measuring bone mineral density (BMD)at L3 

vertebrae. BOLD images of the lower limbwere performedusing a 3T scanner (Achieva TX, Philips). A T2*-weighted 

sequence (TR/TE 372/40 ms; slice thickness 5 mm; NEX 1; FOV 330mm; scan time 900s) was performed and a 

8-channel knee coil was used as a signal receiver. To induce ischemia, an air-cuff was placed above the left knee.The cuff 

was inflated at 1 min after starting BOLD imaging and maintained for 5 minutes. After cuff deflation, the scanning 

continued for another 9 minutes.Three regions of interest (ROI) were drawn on the gastrocnemius muscle, soleus muscle, 

and tibialis anterior muscle on T1 images (Fig.1), which were co-registered to BOLD images. BOLD signal in 

corresponding ROIs were measured by averaging the grayscale values. For curve fitting, a double exponential function 

was used to normalize the ischemic phase and a compound function was used in the reactive hyperemiastage, as one 

example shown in Fig2.The time course of BOLD signal was characterized by 3 parameters:Slope, the rate of BOLD 

signal raise at the moment of cuff release; MIV (the minimum ischemic value), the minimal value of BOLD signal during 

the ischemic phase; Half-life, the time interval for the signal decays to half of MIV in ischemic stage.  

Results:ANOVA was applied to analysis the parameter difference among groups as shown in Table 

1.Significant difference in Slope and half-life was observed for part of the muscles among different BMD 

groups. Comparing to other two groups, normal people have the highest Slope and the Slope value gradually 

reduced with the decrease of BMD. The half-life was increased in subjects with lower BMD. No significant 

change was observed in MIV. 

Discussion:BOLD effect on muscle can reflect the muscle oxygenation function, and BOLD signal changes 

could particularly reveal the hemoglobin oxygenation in the muscle’s capillary bed. It can be influenced by 

many physical parameters such as blood inflow, fluid shifts, metabolic factors, vascular architecture, and 

magnetic field angulation [3]. First, the Slope reflects the vascular reactivity and MIV reflects the oxygen 

utilization. It was reported that osteoporotic patient remained normal perfusion in surrounding muscles [4], 

while asignificant decreased Slope of BOLD signal was observed inosteoporotic patients. It may indicate a 

lower vascular reactivity and a lower muscle oxygenation function in the osteoporotic patients. In current 

study, BOLD signal could be mainly influence by the perfusion process after the cuff deflation. However, the Slope difference implies that the oxygenation function is 

an innegligible factor.Secondly, MIV was found with no significant changeamong groups, indicatinga normaloxygen utilization in total for osteoporotic patients. Thirdly, 

the half-life is significantly longer in lower BMD groups for soleus and tibia muscles indicating a different oxygen utilization strategy in the muscle. It may be caused 

by a changed muscle type composition.  

As a conclusion, this study demonstrated interesting findings in 

the calf muscles’ oxygenation among different BMD groups. 

Osteoporotic patients could have a different vascular reactivity 

and oxygen utilization strategy but remains a comparable 

oxygenation consumption as a whole.   

Acknowledgement: This study is supported by the Research 

Grants Council of the Hong KongSpecial Administrative Region, 

China (Project No. 465111), the Basic Research Foundation 

(Outstanding Young Investigator Track) of Shenzhen 

(JC201005260124A), the National Natural Science Foundationof 

China (81000647), and High-end Talent Oversea Returnees 

Foundation of Shenzhen (KQC201109020052A). 

References:[1]B. Jacobi, G. et al, JMRI, 35:1253-1265, 2012. [2] 

J. F. Griffith, et al, Radiology, vol. 241, no. 3, pp. 831-838, 2006. 

[3]Towse TF, et al,JApplPhysiol, 2011, 111:27–39. [4] Xinxin 

Zhao, et al, Proceedings of IEEE-TENCON 2013, Xi’an, China. 

 
Fig1. T1 image of the calf slice showing 
the ROIs drawn in gastrocnemius muscle 
(yellow circle), soleus muscle (redcircle), 

and tibialis muscle (white circle). 

Table1: AVOVA result of muscle parameter among BMD groups (significant level: p=0.05) 

 Groups Soleus.m Gas.m Tibia.m 
Slope (a.u./min) 
 
 
 

normal 
osteopenia 
osteoporosis 

0.208±0.021 
0.193±0.050 
0.196±0.030 

0.201±0.033 
0.194±0.027 
0.177±0.028 

0.222±0.040 
0.204±0.031 
0.195±0.031 

P-value 0.401 0.044 0.035 

Half-life(min) 
 
 
 

normal 
osteopenia 
osteoporosis 

45.16±2.38 
47.57±2.36 
46.53±2.28 

48.39±2.71 
47.91±2.31 
48.17±2.206 

45.66±2.87 
47.53±2.04 
46.27±3.08 

P-value 0.001 0.739 0.025 

MIV(%) 
 
 
 

normal 
osteopenia 
osteoporosis 

0.612±0.090 
0.555±0.110 
0.626±0.094 

0.654±0.098 
0.661±0.089 
0.657±0.094 

0.775±0.074 
0.743±0.067 
0.760±0.070 

P-value 0.023 0.959 0.25 
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