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Design of multi-modal vertebral phantom based on tissue equivalence and 3D printing technology

YANG Huan, YANG Ru-fei, ZHU Hua-zhao, LI Yu-na, WANG Zhi-peng, SUN Yong, WANG Guo-zhu, QIU Jian-feng
Department of Radiology, Taishan Medical College, Tai‘an 271016, China

Abstract: Objective To design a multi- model vertebral fracture simulation phantom based on medical image modeling,
tissue equivalence and three-dimensional (3D) printing technology. Methods The lumbar vertebral CT image sequence of
the human lumbar vertebral image sample of a healthy person was obtained. The original DICOM image was imported into
Mimics interactive medical image control system software to reconstruct the 3D models of vertebra, kidney and soft tissue.
Vertebrae spondylolysis fracture models of * I " type slot and "Y" type slot were constructed in the reconstructed model.
The vertebral fracture model of equivalent X-ray absorption density was printed by 3D printing and tissue equivalence
technologies. The CT and digital radiography (DR) multi-modal imaging were applied to evaluate the CT values of model,
and to verify the simulation degree of phantom. Results The images of vertebral fracture phantom were clear under CT and
DR, and the X-ray absorption coefficient of the tissue was equivalent to that of the real human tissue. Conclusion The multi-
modal vertebral fracture phantom based on 3D printing technology can be obtained in CT and DR, and can be used for finite
element biomechanical analysis. The phantom can be constructed quickly with less cost. The tissue equivalence parameters
of phantom are in the range of normal human parameters. The phantom can efficiently simulate three different types of
vertebral spondylolysis fracture and other abdominal diseases.
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a: Prototype model

b: Model of "' I " 01 type slot
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c: Model of "' I " 02 type slot

d: Model of ""Y" 01 type slot

e: Model of ""Y" 02 type slot

f: Three—dimensional (3D) printing

physical model
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Fig.1 3D reconstruction of computer model of overseas physical model of vertebral spondylolysis based on original image
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a: Integral lumbar vertebrae image

b: Abdominal appearance image

c: Renogram image

d: Kidney simulation image
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Fig.2 3D reconstruction images of vertebra, kidney and soft tissue, and 3D printing image of kidney
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The broken line section was the lumbar spine, and the blue was the strain model.
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Fig.3 Finite element strain nephogram of independent lumar spondylolysis model

a: CT fault image
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b: Digital radiography (DR) image (lumbar

lateral exposure)
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Fig.4 Phantom image of vertebral body
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a: CT value of bone
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e: CT value of "' I " 02 type slot

g: CT value of "Y" 02 type slot h: DR image
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Tab.1 Phantom tissue simulation

CT value of soft tissue

f: CT value of "Y" 01 type slot

5 TNEIH4E CT {EMDR Elf%
Fig.5 CT value of different types of
spondylolysis and DR image

Vertebral body Soft tissue

Types of slot

simulation simulation "m0l "1 02 " o1 "2
X-ray density 4176 5011 4649 4834 4 465 4594
CT value/HU 122 2 -459 -484 24 35
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