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Three-dimensional deformation field measurement system based
on micro-CT images
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Wen-jing', LU Shi-bi' (1. institute of Orthopedics, Chinese PLA General Hospital, Beijing 100853, China;
2. School of Aerospace Engineering, Beifing Institute of Technology, Beijing 100081, China)

Abstract; Objective To develop a novel measurement system composed of micro-CT, mechanical loading de-
vice and digital volume correlation ( DVC) technique, so as to measure the three-dimensional microstructural de-
formation field in bone tissue. Methods Uniaxial compression was applied on the specimen with the microme-
chanical loading device, and CT scans were also conducted while maintaining the same loads; then sequential
CT images were matched and searched accordingly by DVC method to calculate the micro-displacement in the
specimen along three directions before and after loading; repeated scanning of zero-displacement and rigid body
translation were used to evaluate the accuracy and precision of the system. The three-dimensional distribution of
displacement field in bovine cancellous bone was measured by the system. Results The result from repeated
scanning of zero-displacement showed that the highest accuracy of measurement was performed in the loading di-
rection and the precision was less than tenth of the CT resolution. The result of rigid body translation showed that
the standard deviation was 0.001 ~0.002 ym. For cancellous bone specimen under the load of 600 N, the range
of micro-displacement was 100. 35 ~ 110. 25 ym, with multilayer field distribution. Conclusions The accuracy and
precision of this measurement system can meet the requirement of DVC method. It is proved that this system can
be used for measuring the three-dimensional micro-deformation field in the cancellous bone and as a measure-
ment platform for investigating the relationship between deformation distribution and structural response in bone
tissue for the future research.
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Fig.1 Schematic diagram of the measurement system

TR Sy 2 e B A A B s SRR AN SR 2R
IR BRI R ZIm AR & A T X SR Er B
AR M ST LR 5, 8E 53R FH <2 J R 1 ) P i
o ISz ELEMRITRE, AR IFEAR

GeR A Micro CT Rl RF 25K, GBS 2 FFHEA
FENEATHE (LA 2) o AT EmiRE 50, 1 N, B
P90 ~2 500 N, A B EHAGEN 1 pm, (L315E
AR AL B8 08 LA

B2 BRCTRAFEMEBES
Fig.2 Micro CT and the mechanical loading device
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Fig.3 Schematic diagram of digital volume correlation (1) Ref-
erence image, (2) Target image
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Fig.5 Local CT images of repeated scanning of zero-displace-

ment (a) The first scanning, (b) The second scanning
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Tab.2 Average displacement and standard deviation calculated
by rigid transplantation at different zone
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Fig.6 CT images of the cancellous bone in loading direction be-

fore and after the compression (a) 0 N load, (b) 600 N load
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Fig.7 Three-dimensional displacement fields of the bovine cancellous bone
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