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Three —dimensional finite element analysis of the influence of three subtypes of bone cement
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[Abstract] Objectives: Using finite element method to analyze the distribution changes of stress under
different loads in three subtypes of diffuse-type bone cements after thoracolumbar vertebroplasty. Methods: To
establish the finite element models of T11-L2-vertebral-function—unit compression fracture and three subtypes
of diffuse —type bone cement based on the CT source data of bone cement of 1 patient with L1 spinal
compression fracture and 3 patients undergone L1 vertebroplasty, presenting diffuse subtype, bulk subtype and
mixed subtype respectively, and computed by Mimics 19.0, Geomagic Studio 2013, and Solid Works 2017
software.  Using the method of finite element analysis, to simulate the weight of the upper half of a normal
person after limited every activity of all the nodes under the L2 vertebral surface, and applied evenly 400N
surface load on the T11 vertebra, with vertically downward pressure. At the same time, 10N-m torque was
applied on the surface of the TIl vertebra with different directions, to simulate 6 movement conditions,
namely anterior flexion, posterior extension, right-side bending, left—side bending, left lateral rotation and right
lateral rotation. Also, pressure of 0.3MPa (lying flat), 1MPa (standing), and 4MPa (loading) were applied

respectively on the T11 surface to simulate daily-life activities. The stress distribution of the 4 models under
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different load conditions was observed. Results: After the injection of bone cement, under different levels of
pressures, the distribution, regarding the operated vertebra, of the bulk subtype bone cement was significantly
higher than that of the diffuse subtype and mixed subtype. The stress of the operated vertebra showed a pos-
itive correlation to the increase of the pressure in 4 types of models. For 6 movement conditions, the distri-
bution, regarding the operated vertebra, of the bulk subtype bone cement was significantly higher than that of
the diffuse subtype and mixed subtype, and the stress of the operated vertebra of the mixed subtype was rela-
tively lower. After applications of 0.3, 1, and 4MPa pressure, the operated vertebra with anterior flexion en-
countered the maximum stress, which were 63.295MPa,
84.419MPa and 174.96MPa respectively, while that of the diffuse subtype were 62.348MPa, 80.974MPa and
160.95MPa, and that of the mixed subtype was 47.667MPa, 62.171MPa and 124.35MPa. Conclusions: The

and the stress of the bulk subtype was the highest,

stress of the post—vertebroplasty vertebra is correlated to the pressure and the load directions.

bone cement is an important factor leading to the increase in stress of the operated vertebra.

Bulk subtype

Bone cement

with mixed subtype distribution is possibly a more ideal diffuse type.
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Figure 1 The pixel value was N(the value in the red
wireframe in the figure, the pixel value in the left red
wireframe was the diffuse area pixel value, and the

pixel value in the right red wireframe was the pixel

value of the clump area), the square resolution was A

(the resolution of viewing the picture was 96 pixels/inch), the average diffusion area(M1)=the average diffusion area(N)/Ax

6.45, and the average mass area(M2)=the average mass area(N)/Ax6.45, bone cement K value=M1/M2x100%; 1 square

inch was equal to 6.45 square centimeters
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Figure 2 a Distribution of bone cement in lump type (K value 27%) b Distribution of bone cement in mixed type(K

value 75%) ¢ Distribution of bone cement in dispersion type(K value 143%) Figure 3 T11-12 Segment grid model
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Table 1 Comparison of K value of cement diffusion in

each group
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T DAL 9 95 He 4 P<0.05
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Table 2 Types of structural elements and material properties in the finite elementmodel

AR HITHR RPERERY (MPa) THAA L
Organization type Module type Elastic model Poisson’s ratio

IEH B BT H Normal cortical bone 12000 0.3
B BB B 5T Osteoporotic cortical bone 4797 S FEHLTC 4-node shell element 8040 0.3
B Y5 K i H Cortical bone after fracture 4797 S FEHTC 4-node shell element 3360 0.3
1EH #A 0 Normal cancellous bone 132 0.2
B JBE B A B BT E Osteoporotic cancellous bone 1075 s AR ¥ 5C 10-node block element 34 0.2
YIS HA BT Cancellous bone after fracture 10715 5K 55 10-node block element 28 0.2
B 7KV Bone cement 1077 /R #. 58 10-node block element 3000 0.41

#AR Endplate 1077 /A #. 58 10-node block element 23.8 0.28

#4# Nucleus pulposus 10775 SR 555 10-node block element 8.4 0.48
LFHE PR KL T Fibre ring matrix FFELIC Bar element 92 0.45
W4 Anterior longitudinal ligament FFHLTT Bar element 8 0.25
JG Y\ FHF Posterior longitudinal ligament FFHLIT Bar element 10 0.45
T2 (A B 77 Intertransverse ligament FFHLIT Bar element 40 0.45
R4 Interspinous ligament FFELIC Bar element 12 0.45

# ) Ligamenta flava FFH.IC Bar element 20 0.45

i E 44 Supraspinous ligament FFHLIT Bar element 12 0.45
KATEEF A Ligament of articular capsule FFHLIT Bar element 32 0.45

4 ab TI1~12 FB OVCF =2 OTHR B 5 =Pl kU 9 B B i = 4 A7 BROC A 1
Figure 4 a, b 3D finite element model of T11-1.2 segment OVCF Figure 5 Three —dimensional finite element mod-

el of three kinds of bone cement
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Table 3 Comparison between T11 angular displacement
of T11-1L2 segment OVCF finite element model and
Chen Weijian et al

T11 i
EIRE T11 angular displacement
Motion state W5 5 A fe g en

Our research  Chen JW, et al
Hi i (°) Flexion 7.23 7.11
J5 i (°) Extension 5.15 5.09
JEWERE (°) Left rotation 8.11 7.98
AiJiE (°)Right lateral flexion 3.67 3.77

#& 4 ARE7I L1 #E&E KX Von Mises i S11E
Table 4 Maximum Von Mises stress of L1 vertebral

body before operation

SHTjj 0.3MPa 1MPa 4Mpa
tress
Ra 2935 43.781 133.120
standing state
i i 44.076 64.918 154.260
flexion
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extension
Uk
Left voation 39.819 49715 138.230
A ) 25
Right rotation 35.703 49.305 128.340
- IohERe 26.610 46.705 135.820
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Filieke 25.675 41.603 130.680

Right lateral flexion
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T A AR I d5 K B 53 50 - AR T 154.26MPa 7R
B 160.95MPa, Al B & 174.96MPa, i & 7
124.35MPa,

3 itig

H 1987 4F Galibert %P K Hit i PVP G )7
MEAR 1L 988 LK ,PVP # PKP H i & & 75 IR R )
2 N TR TT B TG R PEARE AR AR B, SR
AR R AR R W HER iR AL AR 5 525 R
HE PR B X — IF K AE . He 2R U BE DT HER 7
B B dmm 1E R AR HE T30 B 09 A5 o 224 64T
PVP R OVCF [ BEVi A 37 4] 874 3
ARHEFF R, KRN 16.5% , FATTHT 1) — T
TAEA 1] P AF 5% ), D) B ) b, X6 411 )
7 PVP R OVCF B & By, 3k 59 6 F AR HE A
ML FA , & AR 14.36% , %t T PVP fil PKP &
Ji H B HE S5 B A B PR 2 S A R A
B A SRIERE P B P HEAR N 2B AR AR (interverte-
bral cleft,IVC)P'% PKP A 2P i B ik &2 AR HE B
S BEPAE ALL N R N AN AT A AR K
B, BEAb I PR 55 OHIE S 7K e 42 1A B 7Y
I3 2 T BOHE A B AR AR 5 AR HE 15 B A e e R R
R AR A 12 WL B Z IR AR, T
PRSI K sl W S50 1 Jm R AR E 5% 0 TR A BR
JCA BT 08 7 3 DA DR 52 461 ok WL 52 PVP R Ji5 B K
e VR HCE X AR ME R A= 40 T 2 5 0l

OVCF f5 5 WA 2 M By, HA 5 &4
BT 0 M 7 AT T12 AL, 53 2 8 5 1
WAJE () BN, 24 OVCF % Ak T i B AfE 58 L X
B HER OB AR J5 ARHETE 2t L B, Chen 45
5L % 3, OVCF 47 PVP A & 30 A A 35 [ H:
HTHER EAL T T11~L2, B A BT 5% LA e 2
(L1) HMEfR OVCF 5 1 7 S i 52 XF 4, FIL
OVCF & M E5E CT I b B8 B4 i, o
VR FLSE MERG  AE AR AR D Ak T, =
YERE R BLRE o, AR5 A 37 AR TR AR AN [v) 28 A
ZRAETE TLL 09 A A0 A% B8 5 A3 41 30 A ) 32 57
SRR S5 E T B = AT BROT A BT I 53 45 SR 8
PV | UF S A S 50 A5 A (1) 7 b | BE % B SRR



634 oP R A A4 R 2020 AFES 30 55 7T W1 Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.7

@:—-—-—- —_— _— —_— T

B 6 RHT LI HEIARTE 0.3MPa(a)  IMPa(b) 4MPa(c) [k J3 T 4 8400 Jr 1] B9 1z S5 25 P (I 22 37 23 530 Sk 3 SOIRZS i e AR
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Figure 6 Stress nephogram of L1 vertebral body at 0.3MPa(a), IMPa(b) and 4MPa(c) before operation(from lesft to

right: standing state, flexion state, extension state, rightrotation state and rightlateral flexion state)

x5 EARBFTTAERBERMN L1 #4 &KX Von Mises i /11H (MPa)
Table 5 Maximum Von Mises stress values of L1 vertebral body with different dispersion types under different load
E 3| T il Jri )i Lequ s i 2o ke A e
dispersion types Stress Flexion Extension Left rotation Right rotation  Left lateral flexion Right lateral flexion
0.3MPa 62.348 37.161 43.316 42.836 28.688 30.245
yn
Di %‘ﬁiﬂ 1MPa 80.974 49.564 53.766 55.292 41.995 36.074
1spersion type
4MPa 160.95 102.75 113.71 121.94 121.78 114.06
0.3MPa 47.667 28.916 37.582 39.29 23.157 22.69
SE 5]
e IMPa 62.171 38.92 52.852 51.968 35.586 34473
ixed type
4MPa 124.35 83.819 118.43 106.35 104.32 101.82
0.3MPa 63.295 47.5 48.2 44.942 26.164 28.361
]
L MR 1MPa 84.419 61.542 61.981 58.265 47.642 44.718
umpy type
4MPa 174.96 121.87 138.09 141.07 138.03 131.91
PR TR LT T AR 32 T3 1 0L ST SR K e S A T TR U AR, AR

AR R, MR JG BRI VREL Bk Mo bn e, @K A SFKE PVP Fil PKP
Jr AT YR AR SRR Sy M A RH RJE R M IEMIAL X 2k R, DAl 220 8 s HE R
SRR DA G X R ST B Z G R AdE BRI W38 5] i % T e X R R BN 250 2% FE R
B, N Z 52w K VR TR 24 N E 5k 2 Hanxd WX 8 5 ok 5 A XO0E AU H(E K (B R K
THEASRIEA T BKRRHOEEN B LS —  (H<50% & LR B HRAL 50%<K {6 <100% & X H
PR, BORCAESFPOTEAR JG IEAL X i BARSEMEMR  IRA T K AE>100% € SCHVRECR 58 i 2% 7 507
22 AT PR K S KB K TRAE A =R KU SR O ORI PRI T A RS e, BT
X R BARMEERE, KEKRAEIEES N B KRN IRBOE ST i AL
“HBUFI“O™ Y 3205 WA ol — 2 R 47 45 B0 1 AW R T KIS IR B (e, T
WG AT AR 2 FOVEN, UM KR, KIRAEMER O A e M B s, KR A i g i AR K
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Figure 7 Stress nephogram of L1 vertebral body under forward bending load under different pressures a 0.3MPa b

IMPa ¢ 4MPa(from left to right: dispersion type, mixed type and lumpy type)

e 1 R OIS 0 0 1 S0 L SR AL, n e B K e
BB OIS 190 2L 0 A IR A S B 9 M A, AR
K HBAESE [ KRR L 4 ALy
1, 83t photoshop XM ITHA ARG X ZIEMAL A
K U A e X5 BRI HG B K AE 8 K T 7R
B 20 A P B Y (K<50% ) 9k B8 (K>100% ) |
RAEM(50%<K<100%) =% , R HEHERFEH
S CT 84 2 57 — R /K P ik B R i AT BR oA
R — TR b LS R B K I B R O 2 38
Al A 5 12 T 0 2 WL T

HEA SR LA (I AH JC A 9 ) 2 O IR SE T A
B K UE S5 T LA A R B AT 04 B 124 PKP
ol PVP 0] DUBS Bk 44 i ]I EE A BB {H PVP 5
PKP AR J5 A5 45t LR ME SR BaE-e fEA DI h &
IKVETEAJG AN S Al b B K e TR A R AR
e K Vonmises NV 1 Y8 AR B 5384 i, 4 0 % 25

Jiti i1 0.3MPa . 1MPa 4MPa = 2 J& S 548l 3k 5. £
A BRI =R H AT AR G R R B
JE 7 BB, ARHME R R SR, R 3R AT
INHHER SR AR S AT 5 SC B HIsh R4, RilZiz 5)
SR 1AM B AR B T A 355 7 1 T A XU

I PRAFFER BT, ARHESR G5 AR g K I i 43
AR YA OE, Hoh K e 2 HT B o0 A R
HEFF 35 B 1 fa B PR 2R 10 ARBF SR 25 R o, 2B
PNV i B2 s o1 o N = i 1 N = /N o4
S P e 43 A 1) R HE Fr K Vonmises B 7 447 B i
o TR G B Rk 8 FE R RS TR =R ks
TR A HE 4 13 7 349 A FE At 28 47 Ty [ W)k 398 | A
Pl i TR A RyR R, N = BB R HERY
DA S L Rl o N2 S/ T = o =Y i B S B Y T T
TEARME BT AME DD, B KITEOiHE b 4
oy A 2 UK B B KRR T4 IR, A AR AR B



636 o[ A 2L RS 2020 4EEE 30 255 7 1)

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.7

B VR X IR 22 T35 B 1) RURSS . B 2 34
I Ha 45C58 i 47 BR T o0 B & B, 245 7K e 12 1A
S T B = ) @ % S 5 1 70 A E VA B L S
Gy A N i i e = T /AR B e 2 WA = 4 N2
FRAL, IR B TR AR SR T TR 3
A PN 1) BB T AR AR 19 e BB R AT 0 25 2k b
FEB R AT IR LT, S5 RN S 5
PR BTN S, K R A SRR A A
=N 2 2 ) ey E = ol N2 & TR O T R N 3
T K e A SE R XS Ry, AR KRR E L3 T
AR HE S5 B 1 AU

KU 2 F B 4y i 5 PKP AR k£ R
HIAIE IVC S5 K 2 AH 5601024 PKP AR 75 213 1o Bk
PV 5Kk A IR OB PR 0 5 BE AT, AL
1L R R BT R AR T XS NG KR R
RN FEIREL, B 5 B oA A He AL B K e v
BUHEAAR b T HE AR 2 0] 47 A6 B 7K U8 S 0 IX 3,
7 & A2 I PP BUR B . Y ARMEF#E TVC &
R 5 T3 B A AL 7E T 10 A K U8 R 2 B AE A
7 22 B HCR AR 351808 0 A, R IR X
Sy KRR IRIER A A AR R I K
U6 TE 70 B A DX 174 [0 Bk it 2 I T DX R
ARMEWG & Z TN RS MG, X 5IRATHFIE
R YK RIR A R K JERE A
A BT X FE AT IR B, 7245 R T A [ 8 T,
A ME T 32 (4 18 7 35 B AR TR O 5 A A,
N =B RS, 2K Ue SR A RS AR I AR HE 8 1
Ty A R A) L FRATERLL . (1)OVCF B
FIMER SR A A B, R B 7K e 26 HEAA 14 78 43
YR, 7E T BT DX R B TR 3R DGR
Pr I TR (2) 240X AR FTA I IVC A HE
e DR e ) s R e R PVP R DA 4 5 47
SR B 37T, ) R E 1 7K Y8 A8 AR ME Y 78 20 3R L
(3) B K IR A T4 A v] g2 e HE M R 0T =X
U R A P B R 0 A 5 (4) HEIARSR AL AR S AT 5 T
il 20, kG 2 N Bz Bh B ik 1AM

4 it

Zi b AT R B, BRI E TR
Je K R IR ME R L Ty, ELARHERL ) 9580 -5
N T B3 A IE AR G, B K L A R R A
K WS IOARMERY R Ty, X 0] BE R 5 BOURME S
AN, T K e R A A R R A

RT3 AT AN e Z Ab A T - D 7 4
TRy By B SO ST 1A ] 35 AT MR SR
AR T 2 SR Z ST AP AL B, S e ok H
IERA BSR4 5 e FEAR 5C ) 2 S5 H A
EANTEIE— 5835, QAW R R RN
DA, 5 T A3 G i R 2% B UL PA 2 80 A AR
ey B4y BIR A A 5 S0 4000 A6 2 ik — 20 Al i S L
PR, LSRR DT FLSOR

5 SEXH

Lo T, PSR, 2 4F Pk T A A G 0] B 9 o JRE (D). b
g ba ek, 2016, 22(3): 372-375.

2. Buchbinder R, Johnston RV, Rischin KJ, et al. Percutaneous
vertebroplasty for osteoporotic vertebral compression fracture[]].
Cochrane Database Syst Rev, 2018, 11: CD006349.

3. Yu W, Xu W, Jiang X, et al. Risk factors for recollapse of
the augmented vertebrae after percutaneous vertebral augmen-
tation: a systematic review and meta—analysis[J]. World Neu-
rosurg, 2018, 111: 119-129.

4. He D, Lou C, Yu W, et al. Cement distribution patterns are
associated with recompression in cemented vertebrae after
percutaneous vertebroplasty: a retrospective study [J].  World
Neurosurg, 2018, 120: el-e7.

5. REVH, BRogM, 55, . BKI TR AR S5 HEA SR AL AR S
T AMES B AR S 2P AT (D). hIE B2 25 541, 2018, 15(27):
62-65.

6. &k, WRoEM, 2555, F K8y IR BN 0 2 BHE AR BB 19
SO mT]. PR R AR, 2018, 26(6): 51-55.

7. Kim YY, Rhyu KW. Recompression of vertebral body after
balloon kyphoplasty for osteoporotic vertebralcompression frac-
ture[J]. Eur Spine J, 2010, 19(11): 1907-1912.

8. Li X, Lu Y, Lin X. Refracture of osteoporotic vertebral body
after treatment by balloon kyphoplasty: three cases report [J].
Medicine, 2017, 96(49): ¢8961.

9. Ha KY, Kim KW, Kim YH, et al. Revision surgery after ver-
tebroplasty or kyphoplasty[J]. Clin Orthop Surg, 2010, 2(4):
203-208.

10. JEAGH, 2Bt SR, 45, B K JE AR (AR 3 Ak A A A 15
I A 0 FE R TR 2 A B ()], R B AR R A AR, 2017, 27(11):
985-990.

L1, KR, 285, DS, A5 CE K U8 9RO BN A T R T A
HEA R 4B T i )], T EE G, 2017, 30(5): 446-452.

12. Rho JY, Hobatho MC, Ashman RB. Relations of mechanical
properties to density and CT numbers in human bone [J]].
Med Eng Phys, 1995, 17(5): 347-355.

13. David LK, Elise FM, Tony MK. Quantitative computed to-
mography estimates of the mechanical properties of human
vertebral trabecular bone []J]. ] Orthop Res, 2002, 20 (4):
801-805.



o [ A A 2 75 2020 4EAE 30 4855 7 1)

Chinese Journal of Spine and Spinal Cord, 2020, Vol.30, No.7

637

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Goel VK, Kong W, Han JS, et al. A combined finite ele-
ment and optimization investigation of lumbar spine mechan-
ics with and without muscles[]J]. Spine, 1993, 18(11): 1531-
1541.

Sylvestre PL, Villemure I, Carl-éric Aubin. Finite element
modeling of the growth plate in a detailed spine model [J].
Med Biol Eng Comput, 2007, 45(10): 977-988.

Cheng—Kung Cheng, Chen-Sheng Chen, Chien-Lin Liu.
Biomechanical analysis of the lumbar spine with anterior
interbody fusion on the different locations of the bone grafts
[J]. Biomed Mater Eng, 2002, 12(4): 367-374.

PR, BRCE, BIR, F MRS DOSOE RS B R DEHE )
BT AR T B 2E s W R AT BRI A ()], AR R Rk,
2011, 91(1): 51-55.

RARIR, skffze, TSR, S BoK U AL 28 S MR S

I B A S5 R SIS HE N T 5 M B AT IR OT BT, R AR SR
i, 2017, 15(3): 177-181.

Wilke HJ, Wenger K, Claes L. Testing criteria for spinal
implants: recommendations for the standardization of in vitro
stability testing of spinal implants[J]. Eur Spine J, 1998, 7
(2): 148-154.

XA, BEFE AR, AR, AF. MRS SO A ] AR K DB
U IR A7 R 40 < 1 75 1 A 19 A BR ST 20 BT ()], e e SR
5%, 2012, 16(22): 4001-4005.

R f, 5 2. W I s Ot A A A s 4 A 3 A BT
I S]], AR BEZY, 2018, 58(32): 55-58.

Galibert P, Deramond H, Rosat P, et al. Preliminary note on
the treatment of vertebral angioma by percutaneous acrylic
vertebroplasty[J]. Neurochirurgie, 1987, 33(2): 166—168.

Liu JT, Li CS, Chang CS, et al. Long—term follow—up study
of osteoporotic vertebral compression fracture treated using
balloon kyphoplasty and vertebroplasty[J]. J Neurosurg Spine,
2015, 23(1): 94-98.

Li YX, Guo DQ, Zhang SC, et al. Risk factor analysis for
re —collapse of cemented vertebrae after percutaneous
vertebroplasty(PVP) or percutaneous kyphoplasty (PKP)[J]. Int
Orthop, 2018, 42(9): 2131-2139.

Niu J, Zhou H, Meng Q. et al. Factors affecting recompres—
sion of augmented vertebrae after successful percutaneous
bal- loonkyphoplasty:a retrospective analysis[J]. Acta Radiol,
2015, 56(11): 1380-1387.

Chen LH, Hsieh MK, Liao JC, et al. Repeated percutaneous
vertebroplasty for refracture of cemented vertebrae [J].  Arch
Orthop Trauma Surg, 2011, 131(7): 927-933.

AR, WOKHE, ESUL, AF. 4 RMER UE R 5 4 R ME R

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Jei SR AR ST AN [T AR T3 g A AT A S 4 AT B 28R
W] )™ AR BE%=, 2015, 36(4): 563-566.

S0k, B, @I MR ORI TS K JETEME R
WE R EE (I T EAZ TR, 2014, 18 (43):
6922-6928.

BB, BT, RS, A 2 R MRS N SOR AR K T 4y
A TE 2 X ARG BT R[] AR R 4k, 2019, 39
(3): 137-143.

He X, Li H, Meng Y, et al. Percutaneous kyphoplasty
evaluated by cement volume and distribution:
clinical data[J]. Pain Physician, 2016, 19(7): 495-506.
RHE, W, e Y, 4. PVP RS A48T BeME R B ) 4y
A AT BRIC A BT (0] T B 5 e s 4k ik, 2017, 32(11):
1135-1137.

Liang D, Ye LQ, Jiang XB, et al. Biomechanical effects of

an analysis of

cement distribution in the fractured area on osteoporotic
vertebral compression fractures: a three —dimensional finite
element analysis[J]. J Surg Res, 2015, 195(1): 246-256.

Polikeit A, Nolte LP, Ferguson SJ. The effect of cement
augmentation on the load transfer in an osteoporotic
functional spinal unit: finite—elementanalysis[J]. Spine, 2003,
28(10): 991-996.

Baroud G, Nemes J, Heini P, Load shift of the

et al.
intervertebral disc after a vertebroplasty: a finite —element
study[J]. Eur Spine J, 2003, 12(4): 421-426.

Cho AR, Cho SB, Lee JH. Effect of augmentation material
stiffness on adjacent vertebrae after osteoporotic vertebroplas-
ty using finite element analysis with different loading meth-
ods[J]. Pain Physician, 2015, 18(6): E1101-1110.

Liu JT, Li CS, Chang CS, et al. Long—term follow—up study
of osteoporotic vertebral compression fracture treated using
balloon kyphoplasty and vertebroplasty[J]. J Neurosurg Spine,
2015, 23(1): 94-98.

Li D, Wu Y, Huang Y, et al. Risk factors of recompression
vertebrae after

of cemented kyphoplasty for

Int Orthop, 2016, 40(6):

osteoporotic
vertebral compression fractures|J].
1285-1290.

Wu AM, Chi YL, Ni WEF.

Vertebral compression fracture

with intravertebral vacuum cleft sign: pathogenesis, image,

and surgical intervention[J]. Asian Spine J, 2013, 7(2): 148-
155.

(Wi B 1.2019-11-04 & 181 H 11.2020-02-15)

(RXmF | %)
(AXLhH  ZapE)



