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Risk factors for non-operative vertebral fractures after PVP in Chinese: a meta—analysis/LI Kang,
WANG Shiyao, XU Shaoce, et al//Chinese Journal of Spine and Spinal Cord, 2018, 28(9): 801-810

[Abstract] Objectives: To systematically evaluate the risk factors of non-operative vertebral fractures after
vertebroplasty(PVP) in Chinese population, and to provide reference for the clinical prevention and control of
non—operative vertebral fractures. Methods: Electronic databases including Pubmed, Embase, Cochrane Library,
CNKI, VIP and Wanfang were searched to identity studies that assessed the risk factors of non-operative
vertebral fractures after PVP in Chinese from January 1987 to February 2018. The inclusion criteria were
documents published and valid data available. The exclusion criteria were pathological fracture and NOS
literature quality score <6 points. Two researchers strictly evaluated the quality of literature and extracted
literature.  The research indicators of the data statistically analyzed and extracted by Revman 5.3 software,
included: gender, number of preoperative vertebral fractures, without anti—osteoporosis treatment, bone cement
leakage intervertebral disc, BMI index, kyphosis correction degree, age, parathyroid hormone, bone mineral
density(BMD). Results: Fifteen articles met the criteria, including 8 Chinese articles and 7 English articles.
A total of 3177 patients was included. There were 588 cases of non—operative vertebral fracture after PVP.
Meta —analysis showed that the risk factors associated with non—operative vertebral fracture after PVP in
Chinese population included: multiple preoperative vertebral fracturesfOR=1.61, 95%CI=(1.08, 2.39), P<0.05],
bone cement leaking into intervertebral disc[OR=2.44, 95%ClI=(1.32, 4.51), P<0.05], without postoperative anti—
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osteoporosis treatment|OR=3.47, 95%CI=(2.36, 5.09), P<0.05], female[OR=1.36, 95%CI=(1.06, 1.75), P<0.05],
advanced age[WMD=0.86, 95%CI=(0.10, 1.62), P<0.05], low bone density( WMD=-0.66, 95%Cl=(-1.09, -0.22),
P<0.05], high parathyroid hormone[WMD=4.67, 95%Cl=(4.22, 5.13), P<0.05], but the BMI index[ WMD=-0.13,
95%Cl=(-1.55, 1.28), P>0.05] and correction degree of kyphosis [WMD=1.92, 95%CI=(-1.16, 4.99), P>0.05]

were not related to the incidence of non—operative vertebral fracture after PVP. Conclusions: Multiple preop-

erative vertebral fractures, bone cement leakage into intervertebral disc, postoperative unosteoporosis treatment,

advanced age, correction degree of excessive kyphosis, high parathyroid hormone, female, low bone density are

the risk factors for non—operative vertebral fractures after PVP in Chinese.

[Key words] Compressive fracture; Vertebroplasty; Risk factors; Meta—analysis
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Figure 1 Process of literature screening and results
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Table 1 The characteristics of included studies
" . S i

44 AR (I ) I es] MR B VR Nos

I . Publication . Indicators of Number of N
ncluded studies Location Research types luati Total N o

year evaluation non-surgical
cases g .
vertebral fractures

Li™ 2012 B 15 Taiwan [E] B retrospective ABC 166 63 8

Lty 2017 4t Heibei [0l J3 % retrospective BC 390 68 7

Lin™ 2008 B4 Taiwan i1 retrospective ADEF 70 19 8

Lin!® 2010 YL Jiangsu JiiE: retrospective CEGH 29 14 7

Liul™ 2012 YL75 Jiangsu Hif B ¥ Prospective AD 132 36 7

Lol*l 2008 H 1 Taiwan [m] J5 % retrospective ADG 220 15 8

Lu" 2012 B4 Taiwan JiiE: retrospective ACDEG 155 43 8

5 OB Hou wengen 2016 T Heinan [l B retrospective AD 341 59 7

g P
MALin sen 2016 LA Anhui [ B 44 retrospective ADEGI 106 22 6
p

XML jian 2013 Wi il Zhejiang [l 5% retrospective AFGI 126 32 7

X ZEP Liu yi 2016 |25 Shanghai [l J5i 7 retrospective AEGI 703 80 7

F AW Wang huaming 2016 LI % Shandong [l JB P retrospective A 226 35 7

VPP Xu jing 2014 J7Z% Guangdong [ retrospective ABCDEGI 76 17 7

=5 Yan liang 2013 B P Shanxi [ B retrospective ADGI 220 39 7

K>S Zhang Tu 2015 FtM Guizhou [m] J5 % retrospective CDEGHI 217 46 6

A s BAMEA T O  CH0 T BTSRRI 5 DA K TR TR AE [0 48 5 E.BMI 15 80 S IR F 11 5 GAR RS s HL PR S5 A 3 LBMD

Note: A. gender; B. number of vertebral fractures; C. without anti—osteoporosis treatment; D. bone cement leakage intervertebral

disc; E. BMI index; F. kyphosis correction degree; G. age; H. parathyroid hormone; 1. BMD index

x2 MWEXBEHREZRR Meta 4
Table 2 Meta analysis of related risk factors
e R ki
Case
LEHLES itiﬂtﬁi A LA 3 8 52 210 152 250
Study factors P XA Random effect model  Fixed effect model

Non operative Control
vertebral fracture group
group
Lk Female 350 1526 1.32(1.02,1.70)® 1.36(1.06,1.75)®
FHHE>1 The number of fractures>1 62 144 1.62(1.09,2.41)% 1.61(1.08,2.39)%
RHUH BB HAIAIT Without anti-osteoporosis treatment 92 184 0.28(0.19,0.43) 3.47(2.36,5.09)7
% /K V2 Bone cement leakage 107 253 2.44(1.32,4.51)% 2.62(1.95,3.50)
BMI#5 4L BMI index 224 1056 -0.01(-1.57,1.56) 0.56(0.05,1.06)”
J& I B I Kyphosis correction degree 51 145 1.92(~1.16,4.99)% 0.81(0.12,1.50)
AR Age 308 1544 0.86(0.10,162)® 0.86(0.10,1.62)"
IR 55 it 3 Parathyroid hormone 60 186 4.67(4.22,5.13)¥ 4.67(4.22,5.13)%
B EE BMD 236 1212 -0.66(-1.09,-0.22)"  —-0.37(-0.49,-0.25)%

1 :(DP<0.05
Note: (DP<0.05
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8]
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2 MRS PVP ARG AE T ARMER S rroEm B3 B8 PVP ARFAE FARMARS TN B4 a RIUH
FRERANGIT X PVP ARG AE T ARMEAR B PTAYE M b RPTE BB AR PVP AR5 AR T AR MM 47 19 5 17

Figure 2 The influence of gender on non-operative vertebral fractures after PVP Figure 3 The influence of number
of vertebral fractures on non-operative vertebral fractures after PVP Figure 4 a The influence of without anti—
osteoporosis treatment on non —operative vertebral fractures after PVP b The influence of without anti —osteoporosis

treatment on non-operative vertebral fractures after PVP
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Figure 6 The influence of BMI index on non—operative vertebral fractures after PVP

B K PETIR AME ] B0 PVP AR T2 A A 952 1

i Moy Chrlsts i
| 48 0025 565 e
17 mE, 78 ——
{ #1038 3 ay o m—
| IEgAY, o w—
308 1338, u.ﬂ —
P[RR, 17 Bl ——
071 oI, 2y o
LUK RFRI LS L |
27N AT, S hN e
A4 1.2, 57| E 2
o 2 e ion
B B R TR
e T e [ERRY
a v, P, B5% €I |
«2B0 26, 1
EFTEFREE.
0 0R 36, 1] e
nanmot, 1 W ——
100 EDda, 2 s e —
25152, 357 o —
OO TR, 0 —
NHATRECEN 1] .
i & 7 3 4
BN EE e

6 BMI #5540t PVP AR5 HE T AR ME AR E P11 52

Figure 5 The influence of bone cement leakage intervertebral disc on non-—operative vertebral fractures after PVP
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B 7 RS IE X PVP ARG AL T ARMEA S TR B8 HE AR X PVP AR A T AR AR E T 595
B9 BMD *f PVP RS FARMAAEFTI M B 10 FARZE IR X PVP ARG IE T ARAMER 547 (¥ 5 07

Figure 7 The influence of kyphosis correction degree on non-operative vertebral fractures after PVP Figure 8 The

influence of age on non-operative vertebral fractures after PVP  Figure 9 The influence of BMD on non-operative

vertebral fractures after PVP Figure 10 The influence of parathyroid hormone on non-operative vertebral fractures after

pvp
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Figure 11 Funnel plot of gender Figure 12 Funnel plot of gender

TEARJG B RSP fa ks & . 1 N %% Zhang
LB Meta J3 A 45 5 o HE ] 38 0 B K R B TR
J& PVP RJGAEFARMEME B IR R, Hih—
i Z R Z s R B, MER &N K JE B T 2
PVP A5 JE T ARAME -7 1 £& B P 2 i ELAE(R]
4 P9 B 7K U T 4 08 = T A A B AT & R X TR
4l 4.6 50, R FARABNREZ 2R
SR MER I B B LA I R A )
= THBR SR A 0 ZE AFRIA Sy He 4 AR 1Y 8
38 AT T 1 o At A A ] R R 20 2 sk Ty, AR
BIHE A ) G Ao 18 58 Ling SE09RFF 58 DA R £ HE 1R B
ARJG BB IE 1°)5 ™ W T8 25 0l 208 30w A A 3 &
o3RI 9% . TN X1l SO 5 2% SR A5 1 o7 W T
W IE BE AN J& PVP AR5 & AR 3R F AR M 37 19 f&
W PR 2R, DA R B TS A AT A R B, TT RE 23 5
M 3000 A R 2B AR AR IR T
%, AIREIR D T MRS A A B R A A
Y 2l BERATH Meta S HTHIFSE Y, 45 140
R85 ™ W R F IE B [WMD =1.92,95% Cl=(-
1.16,4.99),P>0.05] AZ51& PVP A J5HEF AR HE
BT R fE B R 28 i R AT 5 25 R o MR
MK IR [OR=2.44,95%CI=(1.32,4.51),P<
0.05] 251 PVP A5 9B T ARHMEA & 37 i G
B FRATIA R HE ) S K e T R e T AR FARMER
P far G 7, FE I A AR HETFARAMEA B S PT

FE] 7 T2 2F 5 3% B PVP R i HE 4B Bt
RN EARFEFARMEEREGITNEREE, W
P 55 AR LI G2 3N A R A A B B 45 2
ARIFAEFARMEEBITHERHNE, BHIEHE
Martinez ZE7F1 Almehed ZEPIHF 5% 2 B | A B M

AT T8 N PVP AR S5 & A R T AR ME R 3T 1
J I FE L EAR DG, A Ay il A A K08 22 U] %o A 408
A B A RE B AT R R, R A T R K
Wik o AT Meta 43 BT 45 5 R | A FifAfE 141
Prct 2 PVP AR J5 38 FARMER B 1 i fa i B &
MR BT ARG 97 A % T AR
A5 A8 B P & 42 [OR=1.61,95%CI=(1.08,
2.39,P<0.05], AN R ZAMEARETES, T8
K UGB FE W A e T S RO B B B, PR AN
FIE PR TE 08 T AR TE 7K 32 B 1) 70 £ B E 97 47 i T 34
A TR 2 HE R K U B R T RE X A Y R
BRAE W) 32 5 T A R

H AR 22 B 58 USSR T 1 85 B 0T ke ME AR
BT, AT Meta 20 Hréh 5 8%, {k BMD
JEH KRS T E R N2, X 5B 2 SCERIE S
HRIEZE T — 2, B R LU BT B R A Y R
B AR B Re S R AHE S R 1T . Uppin
SELOA Ay B BT B AN B T B T R AR AT RE M
Ko PVPIBITAUAE T, %t B 5T i b JC AT fif
TGIT AR DRI A ME AR AT A7 7 B A KU 21

AW HGEPIFR 8 S AP B AR ST AT
KB FARMEA A 3T KBS BRI — 2 V7 o S5 IR
FEER TR, RJGRIE YPUE R AIGIT BEAE
T AR AR BT 00 KRS IR T LR S T R 1S
fi5 o, Li &8 U0 R ] PVP AT 4 e B 9 3 390
], b AR5 T ABU B B AAIGIT % 248 1, kA=
A F ARMEA I 31 01 (12.5%) , 1 K T AP 5
BRI 142 ) Horb & A JE TR MEAR i 3 37
B (26.1%) , 7T WA J5 A& T LLHCE 55 A 1 B &
AEFARMEAR G I R BIGT A T 252, |



o[ A A A2 7 2018 4E4R 28 #2559 1Y)

Chinese Journal of Spine and Spinal Cord ,2018,Vo0l.28 ,No.9 809

Lu SV 58 3R B 08 00 B A VA 97 G 1 A RCRE 1k
PVP RJGAEFARMEM BP0 KA, FATHE A
BG5S B R BUE BB AA TR YT X PVP
ARG RAIEFARHEARB I A [OR=3.47,95%
C1=(2.36,5.09),P<0.05], R J& §L & Ji s 48 36 97 0T
DA T AR MER B 37 1 &

Lin &8 130 D0 MR BOE R J BOIR 55 1R %
(PTH ) ¥ B 34 £ 38 8 31 19 XU . PTH #] 5
GBS L, P2 5 0t 2 465 5 - v B T v, 486 R I
B R B R BE BT 3R BT MRS - T 09 K A SRR A
RBE TEMEVR BB AR J5 2 765 B2 32 Bos B AA 14 7 1
A AR,

— BBRF 53T B R AR X PVP AR JE JETF AR
HEAAS P10 7= A4 TCRE M, I Lee 259 ] PVP If
IT 244 G s AAE R R M P ER A, BEVT IR
3 38 Bl AEFARMEARE I, B R A 45 R R
iR R e PVP R IEFARMER S I & B fE
B PRI 2R o Ak BH A Sy B A 1% P 3854 AR T U
R TIVRL B B b SRR 2t T R i )
W&, BATH Meta 4387 87w, 4E I3 J& PVP RJG A&
AAEFARMEAR BTG R, T m it B
HES WK Z B G E, BN PVP RJEH
HEAE W) 0% 0 T S (A5 S R PVP RS
HEA B0 G0 A o7 ) R T BEAIG, 2R 17T 5 | Ak Al T AR A
AT kA

HIRB AN R T2 )G Bk R, B
W D8 2R RN 3 T O A B AT, 0 0 i 4
21 R R T AR DR A e R T B AN 3
B e T AR 26 D7 S MER BB R 1) Lot B T
b PVP AR5 A 7 2% 7 R 52 e i AR 4
PR PVP ARG HECR I BL 7407 L A1 BB 1 BRAIC, 2k
117 5 | T AR B T & A

R RGN AT o EHARE PVP R
Je BT ARME AR B T 0 1 56 DR F 9 9 SCik, oz A
Meta 43 H7 B 75 3, % 40 A SCHR R A5 25 28 0 W )i &
M, 5 E AR PVP AR5 JEF AR MR E 37 & A A
KM R R AR L i R 2 A HEA T R
U RGN IGTT K U8 I AKE ] 45 B B
i FR S IR 2, TS BMI $8 8 5 o™ i 5 O
TK,

SR, A58 M AP E— BN 24 (DA
WEFEAA — 8 BTRE MO 5T, FLAR 3 O [l B A 5%
JEA Meta WA 2 2 4k 5 (2) 7 PR & SCSCRik

TRIEARBOSHE T AR MADIFE, X ATREL iR K
Mg LW 3 IR AR 5 (3) — LB AR AR ) 57
PR, AT BR B R A0 A X HE AN [R] | BE D7 i
] B AR A B A5 19 AN A 5 (4)BMD . BMI 45 %1, )5
i W IR 9 T B = R0 5 I A AR Y S SR
P, 6 23 7 A B 285 3R B4 T SEMEAT R DR I LS
PVP AR5 % A T AR B B G B P R B 52
I3 22 2R T B P BA S 0 5 i 3 o T 5 1) Kol | A
5% PVP A5 T AAME A B 3 5 17 #2274

4 BELH

1. Denoix E, Viry F, Ostertag A, et al. What are the predictors
of clinical success after percutaneous vertebroplasty for
osteoporotic vertebral fractures?[J]. Eur Radiol, 2018, 28(7):
2735-2742.

2. Liang L, Chen X, Jiang W, et al. Balloon kyphoplasty or
percutaneous vertebroplasty for osteoporotic vertebral compres-
sion fracture? An updated systematic review and meta—analy-
sis[J]. Ann Saudi Med, 2016, 36(3): 165-174.

3. 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.

4. Karmakar A, Acharya S, Biswas D, et al. Evaluation of Per-
cutaneous Vertebroplasty for Management of Symptomatic Os-
teoporotic Compression Fracture[J]. J Clin Diagn Res, 2017,
11(8): RCO7-RC10.

5. Klazen CA, Lohle PN, de Vries J, et al. Vertebroplasty versus
conservative treatment in acute osteoporotic vertebral compres-
sion fractures (Vertos II): an open-label randomised trial [J].
Lancet, 2010, 376(9746): 1085-1092.

6. Wang H, Zhang Z, Liu Y, et al. Percutaneous kyphoplasty for
the treatment of very severe osteoporotic vertebral compression
fractures with spinal canal compromise[]]. J Orthop Surg Res,
2018, 13(1): 13.

7. Martinez—Ferrer A, Blasco J, Carrasco JL, et al. Risk factors
for the development of vertebral fractures after percutaneous
vertebroplasty[J]. J Bone Miner Res, 2013, 28(8): 1821-1829.

8. Sun G, Tang H, Li M, et al. Analysis of risk factors of sub-
sequent fractures after vertebroplasty[J]. Eur Spine J, 2014,
23(6): 1339-1345.

9. Zhong BY, He SC, Zhu HD, et al. Risk prediction of new
adjacent vertebral fractures after PVP for patients with verte-
bral compression fractures: development of a prediction model
[J]. Cardiovasc Intervent Radiol, 2017, 40(2): 277-284.

10. Zhong BY, Wu CG, He SC, et al. ANVCFV score system:
assessment for probability of new vertebral compression frac-
tures after percutaneous vertebroplasty in patients with verte-
bral compression fractures[J]. Pain Physician, 2015, 18(6):
E1047-1057.



810

ot [E R 2L A 2018 4EEE 28 455 9 1)

Chinese Journal of Spine and Spinal Cord,2018,Vo0l.28 ,No.9

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Li H, Yang DL, Ma L, et al. Risk factors associated with
adjacent vertebral compression fracture following percuta-
neous vertebroplasty after menopause: a retrospective study[J].
Med Sci Monit, 2017, 23: 5271-5276.

Li YA, Lin CL, Chang MC, et al. Subsequent vertebral frac-
ture after vertebroplasty:
tors[J]. Spine(Phila Pa 1976), 2012, 37(3): 179-183.

Lin H, Bao LH, Zhu XF, et al. Analysis of recurrent frac-

incidence and analysis of risk fac-

ture of a new vertebral body after percutaneous vertebroplas-
ty in patients with osteoporosis[J]. Orthop Surg, 2010, 2(2):
119-123.

Lin WC, Cheng TT, Lee YC, et al. New vertebral osteo-
porotic compression fractures after percutaneous vertebroplas-
ty: retrospective analysis of risk factors[J]. J] Vasc Interv Ra-
diol, 2008, 19(2 Pt 1): 225-231.

Liu WG, He SC, Deng G, et al. Risk factors for new verte-
bral fractures after percutaneous vertebroplasty in patients
with osteoporosis: a prospective study[J]. J Vasc Interv Radi-
ol, 2012, 23(9): 1143-1149.

Lo YP, Chen W], Chen LH, et al. New vertebral fracture
after vertebroplasty[J]. J Trauma, 2008, 65(6): 1439-1445.
Lu K, Liang CL, Hsieh CH, et al. Risk factors of subse-
quent vertebral compression fractures after vertebroplasty [J].
Pain Med, 2012, 13(3): 376-382.

BESCHR, INBENE, sk, 4. BARMEOR 4k E T B 4 K
HEAAR IR A5 408 30 HE A1 3 19 A 2 38 B R 56 8 I R 3R 4 A
[7]. FEBFIEIF A, 2016, 24(20): 1909-1911.

MRER, Wi/boik, JE R, SF. R U A A A A A A
BB A G BT YT 09 520 B R S A ()], A I DR 12 0 2% 7 (R
FhR), 2016, 10(12): 1670-1673.

X, AT, R, . 4R HEE BOE ARG TR MK
HYTRSERE H R (1] B EE A, 2013, 26(3): 190-193.
XS, iR, A 28 B ME R OE ARG T R BB A A
FES TG B AR T R fE b R T (0], AR 4
i, 2016, 32(11): 1009-1013.

FEACH. 2 A A BUT A S5 AR T 45 V1 T 28 1 T i 1S
B R AT BT)]. R AR 2 Ak, 2016, 24(4): 300-303.
VR, BOME, KGR, SF. 2 R RUE AR S JE T ARME R
PrrgrEfabs H 2 ()] h BB B2, 2014, 24(1): 63—
67.

TR, A MEAROE AT &0 3 A R T i A
KIE I R HT[)]. PR B2k, 2013, 42(6):676-678.
K, SE, BEEL, . A MR U ARVA YT 8 AR T B AL
R S 20 407 R T 408 30 M A BT 08 AR G f I R R . P
HARSE R, 2015, 35(16): 4612-4614.

Stang A. Critical evaluation of the Newcastle-Ottawa scale

T,
E5, B, B

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

for the assessment of the quality of nonrandomized studies
in meta—analyses[]]. Eur J Epidemiol, 2010, 25(9): 603-605.
DR R A U T N L NG o € 5 i NV B N R D
Qe M R SEIE R R (9 Meta 23 HT[J]. 0 SR A28 5, 2017,
27(8): 704-713.

Tsoumakidou G, Too CW, Koch G, et al. CIRSE Guidelines
on Percutaneous Vertebral Augmentation [J].  Cardiovasc
Intervent Radiol, 2017, 40(3): 331-342.

Lindsay R, Silverman SL, Cooper C, et al. Risk of new
vertebral fracture in the year following a fracture[J]. JAMA,
2001, 285(3): 320-323.

Trout AT, Kallmes DF, Kaufmann TJ. New fractures after
vertebroplasty: adjacent fractures occur significantly sooner{J].
AJNR Am J Neuroradiol, 2006, 27(1): 217-223.

Cao J, Kong L, Meng F, et al. Risk factors for new verte-
bral compression fractures after vertebroplasty: a meta—analy-
sis[J]. ANZ J Surg, 2016, 86(7-8): 549-554.

Zhang Z, Fan ], Ding Q, et al. Risk factors for new osteo-
porotic vertebral compression fractures after vertebroplasty: a
systematic review and meta —analysis [J]. ] Spinal Disord
Tech, 2013, 26(4): E150-E157.

Komemushi A, Tanigawa N, Kariya S, et al. Percutaneous
vertebroplasty for osteoporotic compression fracture: multivari-
ate study of predictors of new vertebral body fracture [J].
Cardiovasc Intervent Radiol, 2006, 29(4): 580-585.

WRISUZR. 28 B HE A R A I 0 20 e A s 44 1P 4T 8 4 2 3
AHOCTE R B 2R 4 T[], R BAREE A, 2012, 50(34): 44-46.
Almehed K, Hetényi S, Ohlsson C, et al. Prevalence and
risk factors of vertebral compression fractures in female SLE
patients[J]. Arthritis Res Ther, 2010, 12(4): R153.

Uppin AA, Hirsch JA, Centenera LV, et al. Occurrence of
new vertebral body fracture after percutaneous vertebroplasty
in patients with osteoporosis[]J]. Radiology, 2003, 226(1):
119-124.
Lavelle WF,

kyphoplasty[J]. Spine J, 2006, 6(5): 488-493.

Cheney R. Recurrent fracture after vertebral

. Lee WS, Sung KH, Jeong HT, et al. Risk factors of devel-

oping new symptomatic vertebral compression fractures after
percutaneous vertebroplasty in osteoporotic patients [J]. Eur
Spine J, 2006, 15(12): 1777-1783.
Levin VA, Jiang X, Kagan R. Estrogen therapy for osteo-
porosis in the modern era[J]. Osteoporos Int, 2018, 29(5):
1049-1055.
(Wi A :2018-04-06 & 121 A J1:2018-07-20)
(EXHF B/ AH)
(A% ZarE)





