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PVP {897 B bR VA O s 4 B roR
SRV HE A 1A 10 FE RS M % 43 B

frmE L RRE . R FEK AT
CLA L B B2 55 = B B HE =R WL 1 5 FE 0500515 2, 4b B AR 245 = B B 0115 2800 WL 41 5 050051)

[HE] B %Wi8 EHER BE R (percutaneous vertebroplasty s PVP) 1897 B 5 6% # P Jfa 15 HE ME A4 R 45 B Pr
(osteoporotic vertebral compression fractures, OVCE) J5 Ilfii i ME(RH HT FE & A LB 2R . ik B L E#
R EREHAZ LM A B PVP FARIGIT I OVCF SR H 3L 312 B I MRIMARE R EH LTI AN IEFH (=
269) MAMER T BT A (n=43) . BRI 2 AFRIG bR AA ST 4805 BARAR S 15 AR 550 00 AR B IR L F
A Hb S CRAS /30T )RR RO B RO e IR SO IS PR AR H T R A G HR AR AL HE T R i A B K e TE A
it B % ¥ (bone mineral density, BMD) (AR J& #E/R R 46 % 45 K 8 8 Ts 1% o IR J5 Cobb M55, s Ja@ i A ¢ ¢
U K thde 2 HNES A w2 A KB H ¢ BRI adr, K st h 256 5% 8 0 ((P<
0. 05) My T K R B WA Logistic MIH 387, X T 22 5 A Ge it %4 B LW E 88 7, 15 T 2 I H TAERFE (receiver
operating characteristic, ROC) (£ 47 b, B i ARG AL . &R S BHEEARE 6 A H B E A
3 PIEFH RERGHEI . KHWEN 13.78% .4 31 BlEE KA BKEER, £HRER 9.94% ., ZHE Logistic 4+
Br# . BMD<—3.4 g/cm’ (OR=6.638, P =0. 008) . B /K HE A >5.6 mL(OR=19.178.P<C0. 001) . A5 Cobb
F1>>14 °(OR=18.970,P<0. 001) , B /KB I (OR=10.715.P =0. 002) 5 408 3z # {4 T5 1 45 A6 5 , 107 HL & M 7 f5
B % . Hosmer-Lemeshow #3048 3177 1 A LB 5 B 23X AN J7 ik W ) BAF 9 35 o M (X =4.070, P =0.254),
%t PVP RJGHER BT LR RN 13.78% ., BMD<<—3.4 g/cm® . B /K JeTE A& >5.6 mL, RJ5 Cobb ff >
14 “FHE K P E I S HE UK A5 I 46 00 0 ~7 8 B R 3R, 76 T R G B P i B T Bl K 8 T A IR IR S{EL 45 /DRSS Cobb
1 RGERIBUE BB AN AE TR YT T DL 3 B AR AR IR SO RS R T R A
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Analysis of risk factors for recurrence of adjacent vertebral fracture following percutaneous
vertebroplasty in the treatment of osteoporotic vertebral compression fractures
HOU Li-yuan', ZHANG Jun-zhe’, SHI Sha', ZHANG Wei'"
(1.The Third Department of Spine Surgery s the Third Hospital of Hebei Medical University , Shijiazhuang
050051, China; 2.The Trauma and Emergency Center s the Third Hospital of Hebei Medical University ,
Shijiazhuang 050051, China)

[Abstract] Objective To investigate the risk factors associated with the recurrence of
adjacent vertebral fractures following percutaneous vertebroplasty (PVP) in the treatment of
osteoporotic vertebral compression fractures (OVCF). Methods A total of 312 patients who
underwent unilateral PVP surgery in the Third Hospital of Hebei Medical University were

selected and divided into the normal group (n=269) and the vertebral refracture group (n =43)
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( osteoporotic vertebral compression fractures,
OVCE) [ % A B AR b
B BB FARE B H UL IR 2R 30, B T 3 B 22 1 R A
PR FA
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based on the recurrence of fractures postoperatively. Surgical and postoperative indicators of both
groups were statistically analyzed; Postoperative indicators included gender, age, height,
weight, residence (rural/urban)., smoking, alcohol consumption, diabetes, hypertension,
cardiovascular disease, and body mass index (BMI), and related surgical indicators included
duration of operation., volume of bone cement injection, bone mineral density (BMD),
postoperative vertebral compression rate, bone cement leakage, and postoperative Cobb angle.
Continuous variables between the two groups were compared using ¢ or U tests, and categorical
variables were analyzed using chi-square tests. Predictors with significant differences in univariate
analysis (P<C0.05) were included in multivariate Logistic regression analysis. Receiver operating
characteristic (ROC) curves were employed to determine the optimal cutoff values for statistically
significant continuous variables (P < 0.05). Results During the 6-month follow-up period, 43
patients experienced refractures postoperatively, resulting in an incidence rate of 13.78%. Bone
cement leakage occurred in 31 patients, with an incidence rate of 9.94%. Multivariate Logistic
regression analysis indicated that BMD << — 3.4 g/cm? (OR=6.638, P =0.008), bone cement
injection volume > 5.6 mLL (OR=19.178, P<(0.001), postoperative Cobb angle > 14 ° (OR=
18.970, P<C0.001), and bone cement leakage (OR=10.715, P =0.002) were associated with the
recurrence of adjacent vertebral compression and were independent risk factors. The Hosmer-
Lemeshow test demonstrated good model fit (X* =4.07, P =0.254). Conclusion The incidence
rate of vertebral refracture after PVP is 13.78%. BMD < —3.4 g/cm®, bone cement injection
volume > 5.6 mL, postoperative Cobb angle >>14 °, and bone cement leakage are independent
risk factors for vertebral re-compression. Attention to the critical threshold of bone cement
injection volume during surgery, reduction of the postoperative Cobb angle, and systematic anti-
osteoporosis treatment can significantly decrease the incidence of refractures following
vertebroplasty.
[Key words]

osteoporotic fractures; recurrence; treatment outcome
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TENNE, BB BRI LB K U o A R

TE PVP FARJ5 23 Bk A PR AE R o 2 I 0 A ™ B
X Gk FR O 2 P HE R Y 3 SR
o MEAK 5 Ik 4 i 4T T BB 5 & % £ (bone
mineral density, BMD) ‘B /K 1 5 A 2 A M=
K e TE S /Y J7 v A

Jiti T 8 T B i SE % 1 R AE O TR R R, 1984
AR [ A 8 5T T I 28 R ME R OB R
(percutaneous vertebroplasty, PVP) B IiGIF T £
Bl PTBE S . JEk . PVP B2 TIRyT B
JoT i s P A A P 4 1 B BT . PVP R G 5 K U 4
T A B4 8% 5 P T IR O A A v B8 o TR 2 i A A B
HES AR B 5 1S i 5 i . BRI AE S AR A B PVP
BT OVCEF BYRCR R B3z 3] [ 4 Ah & g IA T,
B2 H A PVP FARA BKRE T B ITAEEME
P2 R BB, LAY Bl AL BRI 52 28 2 43
WAMRIE, 5% —WFIFEETFRIBTFEEML,
PVP %ﬂtﬁﬁﬁ OVCF #8502 1 3% FEARD °.
LAk, H A AR E R OVCF & & & F PVP 5 &

MR LA T 61 5 P e AP 4 ) i B R
E N 2 o T THE R SR A 1 AR
I o AR5 A P A A 1) AR O A I TR 3R X A A9
B A I S hE HA B L AW SR T PVP
1197 OVCFE J& PR MEAE T B A SCa R R

1 ®#BE F &

1.1 — %R BERE 2021 45 9 A 2023 48 9 ]
WG BB R A5 = B B i 32 A B PVP FR3A
JF OVCEF 1 60 2 LU LB E . &LV ARHEH
FRUETH LG AW A T 312 B H I BT ARG 6
ANHWMETT . EREUTIIE A 43 BLEE R ARG
HYr. KRR N13.78% . 31 Bl FH KA F KRS
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AW IE T B R K S5 R B Ae HE
SSRIMLAY A B S R B A% (5. NO 2018-
026-1),
1.2 WAFRHERHEBR AR ME AR » O M i o
HECT o ~ L) HER BL40 45 15 7 s O FE B 8 BT i i
JiE ., BMD<<—2.5 g/cm” ;s @ ABEJ5 K BefT PVP F
RIGIT - ARG BRI AT G058 . HEBR bR . O 2t
PEFHEF T QOVCF A AMAEBERHR;OF
ZAB 32 R A AT AR SC Y [ E T ARG R .
1.3 FARWME BETERIWIREET 2 7 0 HE
K PVP FAR, FEF RS BEd, BHFEHEE TIHEME.
Jey H MR AR U S i C A 7 B A R 4 HE AR 1Y
L IFRE R AT AME S AR . 24 28 B 2o 58 4 it
AHME S ML B I THE = M Y RE Y X2 IR R
AR ET S R ] AR . RS B RS A Ak
AT B R — SRk A SZ O HERY R TE . G R
AL AR5 40 4 Sk I v © 2F 3 32 e i o 2 T
WAL AR 20 B =k 2R o 0 T 52 P HE - R AT 1/4 ~
1/ 34 B 247 11 4 s Sk oK o o T 8 1) B K U0 ot
SR OB H G T 5 B 2 A i e AR b, FEE KR
BOF AR T S, 3 B8 RGOS H KR
78 0 7 B A TC g K R B TS L .
14 REEH FARE,BHN BRI H#EZ
Ld B ¥Edi A RIBIT. RS 2 X 51 EH
TEF S BB N AT IE S 06 3, R T &
WL . AN RS B3 I 5 12 32 5 AR IR AL X 246
A, WS B K U A3 A7 A 0 FTI  HEAR S AL R AR
1.5 WFoEdEbn B — O 004 bR AL AE M L 4R
1% B (m) R EE (kg) LB H s CRBS /3 D
R R PR LR O I A R 0 R R B 4 AR
(body mass index, BMD . B4 5 FARMH LI Ir
F 5 YT BB AL M HE / EHE i $r MEAR B (R HER/
ZAHERD  F AR B ] (min) LB KRE AR (mL) .,
HAb A bran ™ . OBMD: FAH{ W fE X £k
WSO & BMD, 4558 T<<—2.5 g/em® [RFEREH
B . OARJEHEM 48 2 757 X 2l 5
AT S B R 3 HEAR R 4 R = (a
—b)/aX100 % HATIFEE Horh a2 H 4 A 1A M Hij 2%
R, b R RA MR LR m R %EE . O
Cobb 1 MRIEAR G X Ll &2 E 45 HE A1 Cobb 1.
16 FEY7 0 9IFEAE PVP RJG DL ECE 4R IS ) BE i
30 B) 0 St 1 A ME A B AT 2% 5 B2 AR Cobb ff . B4 i
RN 5t — 24 B BB AR BEAT B ISR 3 R A Y
S0 HBCPF ., B TARE AR A, AR

TE T AT 9 9] v L G 7 M AAS 1 4 1100 B 50k
I s ASAIF K MEAR 5 O 4 B I i b o X SR
Jo XA RN A L B B HE AR 1Y 2 0 BE R A
k%] 10 % 8 Cobb MM 10 “LA |,

17 GibsfJ5ik W SPSS 24.0 G804 4r br
s, THETORERIT ¢ R, T ECROR L BCR T X
K., 12 A2 & T4 #F 1k (receiver operating
characteristic, ROC) i £ #E 77 43 1 » LA 5 o i
FHE . B o3 BAT B3 SO TR PR R A
AZ K&K Logistic A4 #1 (& M) LR, F H{H L
(odds ratio, OR) F1 95% 7] {& X |&] ( confidence
interval, CD WAL £ K 2 5 #MEK B 31 2Z 1) /9 40 ¢ 1
lL# ., P<<0.05 W ERAGITFEX,

2 & S

AW I 312 i M AR R ) e R T
PVP F AR, RJG B ER R 6 A~ H . 78kt 15 1
B, 4 43 Bl B FKERGEH BT, KHERH
13.78% A 31 Bl E KA B KRB, KHEN
9.94 %0 . XTWCER I A A 1 I R BT R E AT B R
ST JEXT LR R 43 B R G it o i LR AR AR kAT
Logistic 2 A 2 bl 19 43 A7, 8 & 11 I 2% 45 I 25
ROC £k, i A5 5 i iy sl [ 2=
2.1 RPN RSN WP R A 107 4
BHEA 205 Fl L. 2 ARG B KRS WKL
RESHGH ¥ E X (P<<0.05), I ARG H5 I
HRAEFKRBRWEZRFILER, LEI1.

22 EEARPEE SN 312 fi 8 FH 0 B4R
#(66.23+15.27) %, BMI i 26.91 4£3.99, 2 4
BMD 7K TEA & FAR G Cobb i ) 22 %A 4t it
FRE N (P<C0.05), 2 ATEAFEIE  BMI, F AR B[] A
ARG HER e 45 2% 5 i 22 % Lg% 8 X (P>
0.05), W% 2,

2.3 ROC h&sr#r  #47 ROC 43 #7 DL o2 1ith £&
FE R AR R B G B O o 2 Y B
s S . BMD (il S — 3.4 g/cm®, B /K JETE
AR BIIGEFAE N 5.6 mL. AR J5 Cobb ff1 B Iifi 518 R
14 %, FET X 3 4 FH L e % L8 & AT — 32K,
AR T ZHES. WE 3.

2.4 ZNE Logistic MIHHM A T F—L 05
ANTR R 28 22 1) ) A B R 6 B i (TR K T B
=0, A HKEBI=1; HLRHNESEL ) 57
BT A a5 Rk 17 T 2 & Logistic [543 7
B 458 2 BMD<< — 3.4 g/cm®, B K TE A
#>>5.6 mL RJ5 Cobb fi=>14° 4 B /KIE &R
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a6k B2

Jei 48 AT ME R B E 48 19 2 S7 fE B X 2. Hosmer-
Lemeshow #;5  7~ H R4 ) 3& B M (X =4.072,

P=0.254), WF 4,

Fx1 SETERRRHN
Table 1 Univariate analysis of categorical variables
(%, %)
) BT HRAL 3 Ml B Ja& A b HEKIR .
20 5 BEC R et ) - USE e8] W DR I
Hae) CRMEKD  CRED B
ARG IE % 41 269 180(66.9) 76(28.3) 192(71.4) 140(52.0) 16(5.9) 73(27.1) 74(27.5) 15(5.6)
P NERUSEEIE 43 25(58.1) 10(23.3) 33(76.7) 19(44.2)  15(34.9) 14(32.6) 14(32.6) 204.7)
PER -] 1.267 0.464 0.531 0.916 34.688 0.542 0.467 0.062
P {H 0.260 0.496 0.466 0.338 <20.001 0.462 0.495 0.804
*2 EETERRERHN
Table 2 Univariate analysis of continuous variables
(x+s)
BMD HARRIEAR RIS Cobb fi A5 HEAA F AT H]
4151 % AFI () ‘ A BMI
(g/cm?) (mL) (@) JE46 % (%) (min)

AR5 IE & 4l 269 65.9124+15.221 3.083+0.242 5.042+0.751 13.453+0.524 18.871+£1.253 122.342+38.802 26.83444.002
AJGHEIrd 43 68.4234+15.612 3.594+0.583  5.752+0.653 14.714+0.814 18.823+1.264 131.742-+45.643 27.384+3.964
t 1.001 10.001 5.854 13.424 0.233 1.438 0.838
P 1A 0.308 <20.001 <20.001 <20.001 0.793 0.151 0.370
% 3 ROC #HiZ& o
Table 3 Analysis of the ROC curve
At Ik A [HE=R TR 95%CI HURRE (D) FESEBECOD) P d

BMD —3.4 g/cm? 0.795 0.687~0.904 94.8 99.8 <20.001
HIKVETEA R 5.6 mL 0.764 0.674~0.853 74.0 86.0 <0.001
A J5 Cobb 14 ° 0.895 0.839~0.950 99.3 95.5 0.001
x4 HWEREARHEEESNHEXEEZEN S EZE Logistic 317
Table 4 Multivariate Logistic analysis of factors associated with recurrence of vertebral fractures after PVP
As i HEEER P i 1R Wald %2 ff P OR 4 95%CI
BMD<C—3.4 g/cm? 1.893 0.709 7.128 0.008 6.638 1.654~26.624
KPR HE AR >5.6 mL 2.954 0.724 16.633 <20.001 19.178 4.638~79.301
ARG Cobb fi>14 ° 2.934 0.676 18.936 <<0.001 18.970 5.040~71.400
K E B R 2.372 0.761 9.712 0.002 10.715 2.411~41.616
T OVCF MM 126 5] 26 06 & A AR, 2%
T (A

[EENIR A (A 5 S EANPN R K = S5
SiE . H AT R A BT 7 B e A E AR T
A E B RS E AU Z W E KA 483 T
N A B B ARE , BT 2035 4 Hf [ BB R B AL
NECZ R 599 J7. T 2050 4F K3k F| 659 U,
OVCF & & i W IF &0k JF B ok — 4> 4 Bk
PE & B 2 48 N 1) f B RN A 3% G Y ™ B )
PVP i K 3897 OVCE By —Fhal 5 1% 5 % . 9F B
ZFARZ RO Z 1 E FBHE AR A AT, &
SR PVP HRF B Z I A2 7E OVCF 1
D7 TR AFTE S YT i & R 8, H TS A5 2 AR 5 e
R R IrE B A 1 A SR B 2 F AR E 5]
Y, ARAF5E KB PVP R G 1 & HME RS 7 09 & 5%
FH 13.78% ., HE W M iE, PVP K5 i 8L

FEZ A 26 S B TR N Gt Bl iR T O ik
FBE U7 B (8] 55 5 A7 22 5. AWER G K.
BMD<C—3.4 g/cm® (OR=6.638, P =0.008) . H 7K
P A >5.6 mL(OR=19.178,P <C0.001) \ RJ5
Cobb f4>>14°(OR=18.970, P <C0.001), 5 ‘B /K&
B (OR=10.715,P =0.002) 5 A A J5 -5 ¥ 41
o Bl Sy fE R &R

BMD J& WAl B T 65 b 1 — T ZE AR A . B A
AR BTN, B E BMD (EH AL, & b, IF & R
BATHEAS . Feng 51 IA N BMD fii/& PVP RJ5 4B
EHER P8 3T 00 = e &R, X 5 AR 45 R — 3.
I Ab  — 862 % 3R % I BMD 5 R J5 HE K BB 3 %
YA OC, JF H BMD BE38A0 1 0 BFHE R A1 47 19 UK
BEHm 3% B AR AN R SR PTE R
FASE IR IT X FBEAC PVP AR 5 40 3 A R 7 8 3 A L
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W EH . BRT. LR 25 a5 4E 2 R D KRS A AR
FUOSUHE 2 45 55 9 FH I8 97 B BUsi A e . b 245 9 dn
R 45 28 HLAT S W 3 JRLRE 7, B AT & 3 kD B B
e, W BMDY X AR AT B BTG AL 1 8 A
% PVP FAR 5 i AU i £ FH DL b 25 9036 97 i 5
i DA ME VR P B BT 1 R A

L IR B AR 5T % B K U8 A 38 i S 405 AT A A
HIH—DEEEWE R, YH KIS AR
B B K U T LA A M AR 1 B T D B iR L R ) 1)
MET] &3 -, A2 EM R T OVCF B &
309 Bl Hoh 2y 2/3 (W5 K B T & AR FE S OK B TR
Y AEVR BT . 38 W58 3 BT, B /K U 8 T 20 M ] B
23 BE TR SR B 1) B BT KU L 2 ™ B A R PR 2
BHZE, 25 B # M DT E A . Bk B I 5 B0
YR HLHIAT — T W 05 1 O K UE 5 R e AL 4R
Sl 2 32 M ] B 25 TR1 33K 44 348 i A 205 A 4 199 12 g O
BokAEBY . OB KIBBIEGE SR # 40
AT AR A o s ] AR 7 — A 10 408 3 A A
AP RAR, HI GRS A B
F-ARIKF-H R AR R W 0 7K 8 38 e 50 &
A, Cheng 204081 T B K U8 B Az ) g 24 B ROk
5 AH &I M A 170 r 04 HEFR A L O 10 Sk & i iR 97 1Y
HE A i 8 7K T A ) T S A A 1 i AR A A B 1 N
ZEH . PR IR A M ) 45 4 R 3 e £ 19 %0, 9F HL
FEAT I 1) i AR P 58 RS v & i [ i AR 24 3%
17%, KX AL fE & SR BHEIT. N T
16535 Fofr XU G o 2 A A1 o 2 SO B K DR R AT BE Y AT
TEN AR, — EE K e i 7 B Ok

HAKIREARS PVP RJGHEE S ITH L.
B 3k o 1 B K T A HE TR A B 1Y R T s 1Y
Ty DT 38 35 e 5 B AV AR OG5 & shE 1. ks, i
T T 25 P S B K U S 1 A v S R
X PR T SR A T 7 A7 1) B R BT A 401 B i
B R S AR AR SR, — T A B A 5 4R
R, PVP fdi {38 7E 3.56~3.69 mL i [ P it
HE 1] 5% P9 T B 598 UG L A PR BF BT Y R AR R A
FEREIN A A v 2 L M ) A R A
KB T B HE R P B B K e B
— B AE 5.5~8.8 mL Z [, puAb, #F 58 Kk BLE
Y KR TEARAE 3.56~5.60 mL U [ AN CH B
(A R B Ok B T & 2B . Barriga-Martin 5870
W5 22 B B 7K 8 Y 35 50 o v 3k MR PR B 1500, )t
ENSER N NS T 1 1 i [T D S I v T =4
5.6 mILAE R i Y i 7 R34 BB O B AR
TE V8% B P IR B [R] R B4 PVP R 5 4B 3T 44

BT R,

Cobb ff1# K J& PVP J#J7 OVCF A J5 28 i
HITER BE RS AR R EH ARG Cobb f
B/ IN A AR 52 18 i A A A T IR AT A KU
ik, X 5HAMF A -3, AR HES& =4
RS TR — TR R A 5T, OF BB AN
MER B3T3 PVP RJG 45 P& & I iX — [n] {8 i
Fr e R 43075 28 — T ] ROC 4R R T 1% 4L
A Y R R ORE B e SR AR = R R B
BMD<—3.4 g/cm® B /KIHEAE>56 mL. KRG
Cobb 1> 14 ° 5 HE 4K 15 H 45 A O . 52 2h 37 f& B A
. RN X R A — & 1R BRE . AR
S5 O[] 0 A S At PR R R AN A BT, LR S5 4t
B BT A B ) H R[] A S Bl B A L Rl AL R
SIS RN R RE MR 5T A T Bk — 2 ek . Bk, HLAS
VAT e 3 5 T 22 1 SR R B R A i R 0 O Y
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