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Spinal thoracolumbar vertebrae stability change and risk prediction of vertebral compression

fracture in osteoporosis patients: a finite element analysis
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Abstract: Objective To apply finite element analysis for analyzing the changes of the mechanical stability of the
thoracolumbar vertebrae in osteoporosis patients in different motion states, and then compare the established finite element
model with the normal human model, and to predict the risk of compression fracture, thereby providing theoretical and
biomechanical basis for the standardization of intervention strategy. Methods A male volunteer who didn’t had the history of
spinal thoracolumbar vertebrae injuries were enrolled in the study. Moreover, the thoracolumbar CT and MRI scan data of 2
hospitalized elderly osteoporosis women were selected to establish a three-dimensional finite element model of the
osteoporotic vertebral body T,-L,, and then the validity of the established model was verified. The biological forces in
different motion states under normal physiological load was analyzed; and the Von Mises stresses of vertebral body, articular
process joint, endplate, fibrous ring, cancellous bone, intervertebral disc and nucleus pulposus, and the maximal displacement

of vertebral body were compared between two groups; and finally, the physiological and pathological joint stress changes
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were analyzed using stress cloud map. Results The analysis on the material properties, elastic modulus, stiffness, strength of

normal human spine and thoracolumbar spine in osteoporosis patients and the changes of mechanical and biological

538 %
environment showed that the Von Mises stresses of vertebral body structure including vertebral body, articular process joint,
intervertebral disc, end plate, fibrous ring and nucleus pulposus in osteoporosis patients under 7 motion states (forward
flexion, extension, left and right lateral bending, left and right rotation, axial motion) were decreased significantly and the
maximum displacement of vertebral body showed an increasing trend. In addition, the study established an osteoporosis

model using clinical CT data and patients who were diagnosed with osteoporosis confirmed by specific clinical symptoms

and bone mineral density, instead of adopting the model with reduced elastic modulus of cortical bone, cancellous bone and
endplate which was provided in literatures. Compared with the model provided in the current literatures, the model
established in the study was more consistent with the biomechanical characteristics and attribute changes of the actual spinal
thoracolumbar vertebral body and accessory structure in osteoporosis patients. The analysis on musculoskeletal system
showed that compared with those of normal human model, the dynamic and dynamic changes represented by bone, muscle
and ligament of the model established in the study were significantly decreased, which also confirmed the change of clinical
real data. Conclusion The uneven stress distribution and the tendency of stress concentration in thoracolumbar vertebrae in
osteoporosis patients lead to abnormal changes of stresses in thoracolumbar vertebrae, intervertebral disc, nucleus pulposus,
fibrosis, articular process and surrounding accessory structures, namely the abnormal change of elastic modulus of bone and
the decrease of binding force of surrounding accessory structures, which will result in imbalance of musculoskeletal system
and decrease of long-term stability, thus increasing the degeneration and risk of thoracolumbar compression fracture. The
compression fracture risk.

study also provide theoretical and biomechanical basis for the standardization of intervention strategy for thoracolumbar

Keywords: osteoporosis; mechanical stability; prediction of thoracolumbar compression fracture risk; finite element analysis
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Tab.1 Properties parameters of each structural material in finite element analysis model

SEF L L FPER L/ MPa JARAEL  BEEIERU/mm? NI R R
B 8 040 (IEF 2 B H FPERIRE 67%)  0.300 - - B RBA
P 34(IEHFA BT TR Y 34% ) 0.250 EEQSTI N
I 670 (IE 5 ZAR BB RE Y 67%) 0.400 R
JRTTEH 2 345(IEH J5 T 45 PR 1 67%)  0.250 R
LFYEIR 455 0.300 1.35 IE
ERi708 95 4.2 0.450 iE
iR 0.4 0.499 1EH
B < 10 0.400 iE
LN 20 0.300 60 33.0 iE
R 70 0.300 21 20.4 ik #
R A 28 0.300 40 11.5 1EH
R 28 0.300 30 23.7 iE
Eiy ki 50 0.300 60 27.2 iE
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P 26 0.300 67.5 33.9 iE
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Fig.1 Grid model of normal T,,—L, (a) and axial load (b)
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Fig.2 Bending moment applied on the upper surface of vertebral body T,,
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Fig.3 Cancellous bone and articular cartilage stress distribution of normal T ,-L, in

forward flexion (a), extension (b), left lateral bending (c), right lateral bending (d), left

rotation (e), right rotation (f) and axial motion (g)
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Fig.4 Grid model of T,,—L, in osteoporosis patients (a) and axial load (b)
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Fig.5 Bending moment applied on the upper surface of vertebral body T,, in osteoporosis patients
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Fig.6 Cloud map of stress distribution of vertebral body T,,—L, in osteoporosis patients in

forward flexion (a), extension (b), left lateral bending (c), right lateral bending (d), left

rotation (e) , right rotation (f) and axial motion (g)
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Tab.2 Range of motion of finite element model of T,,—L, and comparison with previous research results (°)

IE AR
T 23 OP B
Mg AR SR 17] ScER(18] Scik[19]  Sck[o] k(201
Tl 9.64+3.21 7.21+2.41 6.51 7.0 7.8 7.9 9.15
Je i 5.28+1.76 4.68+1.57 5.43 4.5 5.5 6.8 5.42
LS 14.45+4.82 7.21+2.37 5.47 5.6 8.1 73 13.2
FfEE  16.22+5.41 7.43+2.48 5.43 6.7 7.5 8.0 13.31
fefiekt  2.35+0.78 - 2.54 3.1 2.6 2.8 421
FERE  4.23+1.42 - 2.46 3.8 2.3 33 3.96
Bl 9.64+3.22 - - - - - 9.13
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Tab.3 Changes of stress—displacement of vertebral structure in normal model and osteoporosis model

IR ARV 1 /MPa
MR IR KA F /mm
T HEfAR PSS
IR AR OP 157 IE A OP 157 IEF A OP f5i 2!
i 41.40 38.23 16.02 6.72 10.66 12.97
JE 38.62 40.60 16.59 4.48 6.55 6.84
Vst UK 37.89 34.29 14.26 4.10 15.39 10.08
A 55.35 40.76 14.44 4.47 17.08 10.37
I Tiekk 79.10 44.44 16.21 12.37 8.96 6.99
Ailie 81.61 4236 16.48 12.87 8.80 6.87
ity 22.68 19.34 1.85 1.12 2.80 3.35

x4 EBRAS OPRAEFFEEHRE THFRAFYNNE N (MPa)

Tab.4 Changes of vertebral maximum equivalent stress in normal model and osteoporosis model under different motion conditions (MPa)

‘ T, HEAA T el L HEfA L, fifd
e TEH A OP 7! TEH A OP 7! TEH A OP 47! TEH A OP 7Y
HiJ 39.07 38.23 36.54 33.35 32.61 34.13 41.40 28.08
Jef 38.62 40.60 33.98 29.39 30.96 23.41 37.02 26.29
e 37.89 34.29 36.59 29.75 29.72 28.94 26.76 28.92
FAs 39.61 40.76 55.35 2921 36.61 27.74 43.01 2533
sy 79.10 44.44 69.79 34.13 66.11 24.18 37.76 29.25
e 81.61 4236 76.43 32.75 65.40 24.69 4021 26.98
il i) 14.39 19.34 22.68 19.07 18.94 18.25 16.58 17.42

x5 EBEAS OPREFREEHRE THEIR  EIRFEAFHRNE R (MPa)

Tab.5 Changes of maximum equivalent stress of intervertebral disc and endplate in normal model and osteoporosis model (MPa)

T, ~T, Al 4 T, ~L, MR 4 L ~L, A i) 4 T, F£4 T, F24R
T
IEHER OP R LR OPfERY IEHHEREL  OP Y IR OPASEAY WA OPAREAY

T 2.71 2.68 2.53 2.02 3.03 2.10 16.25 11.62 16.06 11.87
S A 1.57 3.13 1.16 1.75 1.17 1.31 6.29 11.85 12.72 10.69
ey 4.26 1.78 3.09 1.96 2.57 2.11 21.23 9.38 22.54 6.96
il 3.66 2.06 3.23 2.00 3.76 2.24 11.72 8.23 24.47 7.26
Feliel 225 2.06 2.80 1.51 2.93 1.76 8.78 6.05 8.93 4.94
ey g 3.19 2.28 271 1.41 2.38 1.37 17.24 8.90 9.71 3.60
il i) 1.67 0.95 1.40 0.94 1.68 1.14 9.99 3.13 9.13 3.19

X g i B AR AL AR LR o R R BOE AR S
Jei) 1 66k i 235 ) BRI AR AR 10 T e A A Ak, S i o
P B T 408 A AR B B A A A ) e AR PR T R AN
TS ERPIR T Bh 32 IR B AT S I R N 45— R B
JFAHE 1 B G B A R . i 3k A BR JT 43 Bt (Finite
Element Analysis, FEA ) X} IE# AEE A5 OP & i
N 1 2 R A8 Ak 40 A, T BH At LA R e o s 54

SRR AR B Y S OAE IR R R HE R e 4 M T R
W5 1) A — 2D RSO TR SR . AT XS AN [R] OP i &
HEAT IR P 900, 14 A A K J] R 25 48 P T B
e NS DA N R (= R E 2= | ST =
PR, F I E A O B AR W) 0 2 VA A R
i g A M HE IR R 45 B P (Osteoporotic Vertebral
Compression Fractures, OVCF) i) & 4 .
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6 EBHEAS OPREFRFEHRE TEIRFRAFYN NE L (MPa)

Tab.6 Changes of maximum equivalent stress of endplate in normal model and osteoporosis model in different motion states (MPa)

‘ T, F&HR L, B4 L, P44 L, L%k
i IEF A OP f5i%! IEH A OP 57! IEH A OP f5i %! IEH A OP f5i %!
i 10.78 13.21 8.36 9.30 15.39 7.65 9.66 10.87
Je i 6.66 8.02 8.62 10.38 3.79 6.51 7.16 7.89
U 17.84 7.56 19.71 7.92 14.43 7.86 13.31 8.74
Hfas 14.12 12.47 19.68 9.82 14.94 10.50 19.74 13.99
V) & 11.58 6.81 7.89 3.31 13.92 8.41 6.75 5.86
ey a3 17.86 4.64 8.43 5.47 13.38 5.84 8.22 8.50
ity 6.98 4.57 7.39 4.23 8.55 4.79 5.80 5.86

®7 EEREAEBEHRS TRRERAFYLHLNEH(MPa)
Tab.7 Changes of maximum equivalent stress of cancellous

bone in normal model in different motion states (MPa)

Qo] S PR R AT A ME A IR E RS A AE
A3 8 A A 1) T 75 1 SRR 9 R A A AR I
PRA SIOIF 5 2 figp DR 1) TR, i1 1 ) AR 5 S A 254

TR TWHRE THRRR LBEE LAAR b ULP JUUBE D A B B T )
B 1.543 1.561 0.902 0.867 e RN s
- 7 e 1 3 2 A R B ) L o K g 2
JE i 1.180 1.205 0.676 0658 PR B - A DR S AR R OC R 5 X
e iS5 Vi A A WOl e A5 0
I I I B PO B R R,
fiE kit 2.642 4.694 2415 1.428 R . S e
. W PR X AL 51 7 M5
ey ad 2.793 5.390 2.435 1.530 . W, po . e g N
- YERI 12205 5 i A AR 2= 05 TG S ek
am o oW W oW YDA T B ST -2 I A
#8 ERHRAS OPRAERREIRETAFLERRTAFYN H1EH(MPa)
Tab.8 Changes of maximum equivalent stress of fiber ring in normal model and
osteoporosis model in different motion states (MPa)
- T, ~T,, 435 T,,~L, 435 L~L, 4 43
{
1EH AR OP 5174 1E AR OP f4i#4 1E AR R OP fhi 1

i 2.708 2.676 2.530 2.024 3.031 2.098

=Ll 1.571 3.130 1.155 1.748 1.168 1.307

S 4.256 1.781 3.088 1.960 2.567 2.115

A n2s 3.663 2.06 3.229 1.996 3.759 2.236

Te ekt 2.252 2.061 2.795 1.510 2.831 1.757

e 3.187 2.280 2.713 1.409 2.379 1.372

Al ) 1.675 0.952 1.400 0.935 1.680 1.136

2 TCR A5 ) 5 DR AR R DG 33k, 44 A - R

B2 B S P

Tl B I E 7 BE 4R = T R AN R+ 105 k0
e B AT B RS2 IR RBE N Al 4 G
TRUMLAIEAT , EAEEEAE T I AW Sy 2 A, 1 3
BWIT 050 B Y, 23t OP & 355 A HEAR (1 41 kLS
Py HE o PR AN EE 5 o S A S A
PR BRE A M 9] 3 R 2 R R S HE AR 22 1] 1 F

i 2f FEA X IE# AR5 OP B35 Mg B )
SEARVE AR AR S BT, BENE W R A A 1 R 4 e IR S
1) S B S a8 B ) 1 f TR A A X, Ry el A
P A A e FIDIRES  EEST AR T TR
PRIZ A AEMEARILPR 0 A (1) 25 S5 A A B I 254 1E
B AR AL BIVER SR R A A AR AR DR A
A E A )2 A
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®9 ERRAS OPRAENEEHRES THREAFYUN LN (MPa)

Tab.9 Changes of maximum equivalent stress of nucleus pulposus in normal model and osteoporosis

model in different motion states (MPa)

: T, ~T,, % T ~L, % L ~L, %
e TEH AR OP 57 TE AR OP 57 TEH AR OP 517
i Je 0.352 0.290 0314 0.246 0.414 0.280
Je fif 0.181 0.166 0.165 0.129 0.152 0.127
efis 0.473 0.371 0.384 0.319 0.359 0.253
iz 0.481 0.361 0.441 0.324 0.433 0.260
i) 0.290 0.166 0.336 0.219 0.359 0.232
P&y i 0.328 0.188 0.300 0.180 0.367 0.211
Al 0.188 0.120 0.217 0.107 0.282 0.147

(HJE S Xt AR AR i B A 5 R A ) 2
T M 22 SR PPN S T 2 OCE B, A e i H Sk
(7 TG BTk W R G A2 W) ) 2 TR LA B s T
SN FER b AR AR

AR SR A A D 2E 8 TS B B AL E AR
FEA J7iAWE A AE B - LA R G0 A B 0 B 2 A2
SE AR =0 R A B B R S8 R AR
P 2 B A - DL PR 2R 0 B i - 2R G A g g
1=y T3 27 AR AL e S BN 7 DX I A 1 22 e
HHETIRE A SE A, B 4F S OP F8 5 F9 By M 1 TSR W 114
PRAEAC ST A58 3 S S BEE R A= ) )~k dls

[ % 30K]

(1] PEPHELEESFOTHAELER S B R FAE TG ELS

B ded[J]. PAE S E, 2019, 99(45): 3524-3533.
Chinese Society of Integrated Chinese and Western Medicine
Orthopedic Committee. Guidelines for the diagnosis and treatment of
osteoporosis [ J]. Journal of Chinese Medical, 2019, 99(45): 3524-
3533.

(2] FavEHFL L2ERAHENECER) T EHS 762019

FRO)[T]. F EEF, 2020, 32(2): 1-13.
China Association of Traditional Chinese Medicine. 2019 Chinese
medicine guideline for diagnosis and treatment of postmenopausal
osteoporosis (Gu Wei) [J]. The Journal of Traditional Chinese
Orthopedics and Traumatology, 2020, 32(2): 1-13.

(3] ZJz, kwesr, T &4, F.2013-2017 48 7 BB ST SANAF 5049 Lk
AT P AR RGAAZE, 2018, 24(11): 1410-1414.
WANG Y, LING X H, DING Z W, et al. A bibliome tric study of
osteoporosis literature s in China from 2013 to 2017 [J]. Chinese
Journal of Osteoporosis, 2018, 24(11): 1410-1414.

[4] SVENSSON H K, OLOFSSON E H, KARLSSON J, et al. A painful,
never ending story: older women's experiences of living with an
osteoporotic vertebral compression fracture[ J ]. Osteoporos Int, 2016,
27(5): 1729-1736.

[5] Z&K-F, REERN, RAL, 5 . A F 5F F LAWY 92 55 B R 5
JER P E 2 Bris ek [T ], b AP E 25 2, 2019, 34(9): 4364-4369.
QIN D P, ZHANG X G, SONG M, et al. Discussion on the prevention
and treatment strategy of sarcopenia and osteoporosis with traditional
Chinese medicine based on the theory of muscles and bones| J . China
Journal of Traditional Chinese Medicine and Pharmacy, 2019, 34(9):
4364-4369.

(6] MFg, FKF, FRBERL, 3 . 7 G AR R E 45 ST AR SR AL AR
J& T RIS & A AR AT AR AR 2 ) v 6 AT TR T AT T ). F BB

A e &, 2018, 24(9): 1141-1147.

ZHAO W T, QIN D P, ZHANG X G, et al. Biomechanical effects of
different vertebral heights after augmentation of oste oporotic vertebral
compre ssion fracture on the adjacent vertebrae: a three -dimensional
finite element analysis[ J ]. Chinese Journal of Osteoporosis, 2018, 24
(9): 1141-1147.

[7] DENIS F. The three column spine and its significance in the
classification of acute thoracolumbar spinal injuries|J]. Spine (Phila
Pa 1976), 1983, 8(8): 817-831.

[8] ROHLMANN A, ZANDER T, RAO M, et al. Applying a follower
load delivers realistic results for simulating standing[J]. J Biomech,
2009, 42(10): 1520-1526.

[9] XU G, FU X, DU C, et al. Biomechanical effects of vertebroplasty
on thoracolumbar burst fracture with transpedicular fixation: a fi-
nite element model analysis [J]. Orthop Traumatol Surg Res,
2014, 100(4): 379-383.

[10] POLIKEIT A, NOLTE L P, FERGUSON 8 J. The effect of cement
augmentation on the load transfer in an osteoporotic functional spinal
unit: finite-element analysis[ J]. Spine (Phila Pa 1976), 2003, 28(10):
991-996.

[11] BAROUD G, NEMES J, HEINI P, et al. Load shift of the intervertebral
disc after a vertebroplasty: a finite-element study[J]. Eur Spine J,
2003, 12(4): 421-426.

[12] GOEL V K, KONG W, HAN I S, et al. A combined finite element and
optimization investigation of lumbar spine mechanics with and
without muscles[ J]. Spine (Phila Pa 1976), 1993, 18(11): 1531-1541.

[13] ZHANG L C, YANG G J, WU L J, et al. The biomechanical effects of

osteoporosis vertebral augmentation with cancellous bone granules

or bone cement on treated and adjacent non-treated vertebral bodies:
a finite element evaluation[ J]. Clin Biomech (Bristol, Avon), 2010,
25(2): 166-172.

[14] ¥4 B FoF Rsnfe s hkm e & RAE RGAES T

Fad 017)[J]. P AR RGN R H R R4 &, 2017, 10(5): 413-
444.
The Chinese Medical Association of Osteoporosis and Bone Mineral
Disease. Guidelines for the diagnosis and management of primary
osteoporosis (2017)[J]. Chinese Journal of Osteoporosis and Bone
Mineral Research, 2017, 10(5): 413-444.

[15] AbARif, 4 T, 43R, 5 . WHO A X & FORAUE JT5AM I 1B AR
R IARZF[T]. PR R AR B SR R 2 &, 2016, 903):
330-338.

DUGY, YU W, LIN Q, et al. Review of WHO diagnostic criteria by
DXA for osteoporosis and its application [J]. Chinese Journal of
Osteoporosis and Bone Mineral Research, 2016, 9(3): 330-338.

[16] #r3E 3%, FAa%, JAMM, 5. F BF A E I 97 35 - B R
FRAMER IS RE T R M [T]. B ATA A, 2018, 9(2): 85-88.
QIU G X, PEI F X, HU Z M, et al. Guide to diagnosis and treatment
of osteoporotic fracture in China-osteoporotic fracture diagnosis and
treatment principles[ J |. Heilongjiang Science, 2018, 9(2): 85-88.

[17] RHE. AT EH IS BRSNS B 709 A PR
AFR[D]. Z 0 H3 ¥ E 2K, 2018,



- 494 -

N e

538 %:

ZHAO W T. Finite element analysis of osteoporotic vertebral
compression fractures based on functional reduction theory of
traditional chinese medicine [D]. Lanzhou: Gansu University of
Chinese Medicine, 2018.

(18] E A4k, Z= o, R, 4 . FASRAEAR R 45 M B A = 4 A TR TARAL 69 22
ZAeT[T]. ¥ BEE I &, 2016, 24(16): 1498-1503.
WANG J, LI K, CHEN B, et al. A three-dimensional finite element
model of thoracolumbar compression fracture[ J]. Orthopedic Journal
of China, 2016, 24(16): 1498-1503.

[19] whakik . #rA8L 74 2 22 BARIR SR ARG 77 B R SRANEARAR R 25 B

FaaFEXL[D] ;M M F E K, 2016.
YE L Q. The significant of stability differentiation in percutaneous
vertebral augmentation for osteoprotic vertebral compressiong
fractures [D]. Guangzhou: Guangzhou University of Chinese
Medicine, 2016.

[20] PANJABI M M, KIFUNE M, LIU W, et al. Graded thoracolumbar
spinal injuries: development of multi directional instability[J]. Eur
Spine J, 1998, 7(4): 332-339.

[21] ISAACSON J, BROTTO M. Physiology of mechanotransduction: how
do muscle and bone 'talk' to one another?[ J]. Clin Rev Bone Miner
Metab, 2014, 12(12): 77-85.

[22] AL, 30 N4E, AR, 5 LAMIRES B Rs[]. ¥ BF R
AnZe &, 2017,23(12): 1654-1659.

SONG M, LIU XY, JIANG L B, et al. Muscle micro-environment and
osteoporosis[ J |. Chinese Journal of Osteoporosis, 2017, 23(12): 1654-
1659.

(23] ZRCF, REERL, R . AT HEFERA T ERMWIET X

BT PSR I N R S B AT AR R A A F AR R ALR R[], T
THELE, 2019, 46(12): 2545-2547.
QIN D P, ZHANG X G, SONG M, et al. To discuss of physique
balancing mechanics mechanism treatment simple thoracolumbar
vertebrae compression fracture with pulling and pressing manipulation
in based on muscles and bones in combination[J]. Liaoning Journal
of Traditional Chinese Medicine, 2019, 46(12): 2545-2547.

[24] skuen), Fmras, THFE F. PEFR.HLAY AL — RIS
FREAEG B B[] P EH AR E, 2019, 34(12): 5543-
5546.

ZHANG X G, CAOPIJ,YURY, et al. Enlightenments from the trinity

in 'bones, tendons and muscles' to the prophylaxis and treatments of
osteoporosis| J]. China Journal of Traditional Chinese Medicine and
Pharmacy, 2019, 34(12): 5543-5546.

[25] skmeml, AR -F, RE. RAMAFHEREHTRET] FEF
Fr g g &, 2012, 18(9): 850-853.
ZHANG X G, QIN D P, SONG M. Application and research progress
of bone biomechanical[ J]. Chinese Journal of Osteoporosis, 2012, 18
(9): 850-853.

[26] R HG, REBERI, B X -F, 5. A TR MBSk 2 I JRAT 209
pRBELT]. B AR E, 2016, 22(8): 1058-1062.
ZHAO W T, ZHANG X G, QIN D P, et al. Application progress of
finite element analysis in clinical study of osteoporosis[J]. Chinese
Journal of Osteoporosis, 2016, 22(8): 1058-1062.

[27] &K F, SREERN, RAL, . 55 RS A I IAfE /B 25 3776 97 #F
Rt [T]. 4 E 2% &, 2017, 32(2): 679-684.
QIN D P, ZHANG X G, SONG M, et al. Research progress of
treatment of osteoporotic thoracolumbar vertebral compression
fractures in the elderly [J]. China Journal of Traditional Chinese
Medicine and Pharmacy, 2017, 32(2): 679-684.

(28] e F, skweml, Uk, 4. R FlE SR A T BLMAAR AR 25 4
JEFAC AR A[T]. BIR 24 5 5, 2017, 32(4): 355-362.
QIN D P, ZHANG X G, NIE W Z, et al. Finite element analysis of
simulated human lumbar spine structure characteristics under different
movement states[ J]. Journal of Medical Biomechanics, 2017, 32(4):
355-362.

[29] &K -F, sRuRR, RAL, 5. A PRI/ B R SANEAM AR R 5 B 47
HAEHFHEERFGRRT]. PP EHEE, 2019, 34(1): 206-
211.
QIN D P, ZHANG X G, SONG M, et al. Application of finite element
analysis of dynamic changes of vertebral mechanics in osteoporotic
vertebral compression fracture [J]. China Journal of Traditional
Chinese Medicine and Pharmacy, 2019, 34(1): 206-211.

[30] ZHAO W T, QIN D P, ZHANG X G, et al. Biomechanical effects of
different vertebral heights after augmentation of osteoporotic vertebral
compression fracture: a three dimensional finite element analysis[ J].

J Orthop Surg Res, 2018, 13(1): 32.
(. B iES)



