EREMAE £40F5 F1H 2025%52A
72 Journal of Medical Biomechanics, Vol.40 No. 1, Feb. 2025

-+
XE4 S :1004-7220(2025) 01-0072-08 * % 5 ;é T

ZREFELRFEARPIRIIRIERRR
KR A F 18R

EOE' x owm?, ang', FEF, F &' kMR, kWM, AT
(1. RBUR HARES TAFBE, I 430072;2. FBM K S 524 TSR, FBM 450001 ;
3. I KR E R B S MERE, BRI 430071 ;4. BRI FE PRI ERE A5 ER, I 430071)

BE. B ETLEHERE N IE AR (percutaneous kyphoplasty, PKP) T AREREE | 3 H—Fh R AEFA B (i BRIk 2
I D120 IR AR I UF AT PE R —BtE . ik st ) A R S 45 13845 K MR B XM 3
SCL R R PG R L AGNEHE L4 JF R = 4E A5 BT O AT , Sk B 45 R W A 20, I XR R BREE TR IR TR 42
WAEZIT IR bR I — B, &R EARKEBSERENEZ 2L MCR, 2436 K 557U % DI
5,0 HANE FUGAAFE B LR P ARG . BRI R K 845 R 1052 i AR /N | B BRIE A R A TE X LE AR X 22 1)/
T 2% . FARAFEBENHENR K TSR A5 AR/ N, ZoME 55 AR A S FIHE 5 AR ZMIU 2% % A2 Ll AB X 22 HI7E 0. 5% LA
o &8 IKIEIRFEAR 1225 EE e bR K BB R R E B RIS H EARI A —Bh: . BSR4 1% T4
T PKP FARITEMACFIA )G B WEEFE AN B ) 2 M RE A LA S et B BN E 2y T AR LA LR
KR BBURAME ; RIS I AR s S5l FEMARIN ; A EROT T BRIR RS

HESSES: R 318.01 NERARERD: A

DOI; 10. 16156/j. 1004-7220. 2025. 01. 009

A Mechanical Index Extracted from Percutaneous Kyphoplasty for
Bone Health Status Characterization

LU Sheng', LIU Pan*, BAI Xufeng', LI Zhenzi', LI Hao', ZHANG Zuoqgi'",
ZHU Xiaobin®* ,  ZHU Shaobo**

(1. School of Civil Engineering, Wuhan University, Wuhan 430072, China; 2. School of Mechanics and Safety
Engineering, Zhengzhou University, Zhengzhou 450001, China; 3. Department of Spine Surgery and
Musculoskeletal Tumor, Zhongnan Hospital of Wuhan University, Wuhan 430071, China; 4. Department of
Orthopedics, Zhongnan Hospital of Wuhan University, Wuhan 430071, China)

Abstract: Objective To propose a novel mechanical method and index to in-vivo characterize the health status of
cancellous bone during the percutaneous kyphoplasty ( PKP ), and validate its feasibility and consistency.
Methods According to the theory of elasticity, the expression and physical significance of the mechanical index K
were given. Then using clinical images of the lumbar spine L4, three-dimensional finite element simulations were
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conducted to verify the validity of the theoretical results, as well as the consistency of the methodology and the
indexes were verified for studies of different balloon shapes and puncture routes. Results The internal pressure
of the balloon linearly varied with the injected fluid volume. The mechanical index K was closely related to the
bone shear modulus and could well reflect the health status of cancellous bones. The balloon shape had a trivial
influence on the K results, and the relative difference between the cylindrical and ellipsoidal shapes was less than
2% . The influence of surgical access route on the K results was also very small, and the relative difference
between the routes by vertebral pedicle and by lateral margin of vertebral pedicle was less than 0.5%.
Conclusions The in-vivo mechanical method and the mechanical index K can characterize the bone health of
patients with good consistency. This study has a great significance for providing guidelines of the optimization of
PKP operation plan and postoperative rehabilitation, collecting in vivo data of bone mechanical properties, and
improving the diagnosis and treatment of osteoporosis in clinic.

Key words: osteoporosis; percutaneous kyphoplasty (PKP) ; mechanical assessment; in vivo examination; finite

element analysis; theoretical derivation
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