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% K (percutaneous vertebroplasty , PVP) J& 7% 4 4 J# (residual back pain, RBP)#) 7] & 8 , 773k @ B4 4 2020 5 1 A
£ 2022 4 12 A 245 #) 3% PVP i 77 45 OVCFs & % 6906 R 7, 5§ 47 61,4 198 4], ¥ 65~77(71.47+9.03) ¥ , 4%
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# (Oswestry disability index,ODI) % — A& %4 ; A B RAT 5 K5 24 h 9 F4 5 S 4k, & AR AT % & A (anterior verte-
bral height, AVH) A 4k A7 % & B tt (anterior vertebral height ratio, AVHR) .Cobb # Ak 1 & = % (intravertebral vacuum
cleft, IVC) . 4 J% #5 12 (thoracolumbar fascia, TLF) 345 AR F LIS T B KR EZH T B RKRSB CFRKRREES
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# I AE 45 4E (receiver operating characteristic, ROC) wh £ Fa 4%/ wh 2% 28 47 B2 A a9 TR0 b 48 A= #50ME 69 P52, 57 R A Hos-
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L0 F R PR A ) 3 A e ) B T & RBP 48 (}*=6.836,P=0.009) , % B % Logistic @ 3 5 # 4 R %5, H £ IVC(’=
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A nomogram for predicting residual back pain after percutaneous vertebroplasty for osteoporotic vertebral compres-
sion fractures
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ABSTRACT Objective To construct percutaneous vertebroplasty for predicting osteoporotic vertebral compression fractures
(OVCFs) nomogram of residual back pain (RBP) after percutaneous vertebroplasty (PVP). Methods Clinical data of 245
OVCFs patients who were performed PVP from January 2020 to December 2022 were retrospectively analyzed ,including 47
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males and 198 females,aged from 65 to 77 years old with an average of (71.47+9.03) years old,and were divided into RBP
group and non—RBP group according to whether RBP occurred. Gender,age,comorbidities, fracture stage,body mass index
(BMI) ,bone mineral density (BMD),visual analogue scale (VAS),Oswestry disability index (ODI) and other general infor-
mation were collected; anterior vertebral height (AVH) ,anterior vertebral height ratio (AVH) ,anterior vertebral height ratio
(AVHR),Cobb angle, intravertebral vacuum cleft (IVC) ,thoracolumbar fascia (TLF) injury, paravertebral muscle steatosis,
injection volume and leakage of bone cement,bone cement dispersion pattern,anterior vertebral height recovery ratio
(AVHRR) ,Cobb angle changes,etc. imaging parameters before operation and 24 h after operation were collected. Univariate
analysis was performed to analysis above factors,and multivariate Logistic regression model was used to investigate indepen-
dent risk factors for postoperative RBP,and Nomogram model was constructed and verified ; receiver operating characteristic
(ROC) curve and calibration curve were used to determine predictive performance and accuracy of the model,,and Hosmer—
Lemeshow (H-L) test was used for evaluation. The area under curve (AUC) of ROC was calculated ,and Harrell consistency
index (C index) was used to evaluate the predictive efficiency of model ; decision curve analysis (DCA) was used to evaluate
clinical practicability of model. Results There were 34 patients in RBP group and 211 patients in non—-RBP group. There were no
significant differences in gender,age,comorbidities, fracture stage, BMI,BMD,VAS,ODI,AVH,AVHR and Cobb angle be-
tween two groups  (P>0.05). Univariate analysis showed 6 patients occurred IVC in RBP group and 13 patients in non—-RBP, the
number of IVC in RBP group was higher than that in non—RBP group (y?=5.400,P=0.020) ;6 patients occuured TLF injury in
RBP group and 11 patients in non—RBP group, the number of TLF injury in RBP group was higher than that in non—RBP group
(¥’=7.011,P=0.008) ; In RBP group, 18 patients with grade 3 to 4 paraptebral steatosis and 41 patients in non—RBP group , RBP
group was higher than non-RBP group (y’=21.618,P<0.001) , and the proportion of bone cement mass in RBP group was higher
than non—-RBP group (x*=6.836,P=0.009). Multivariate Logistic regression analysis showed IVC (y*=4.974,P=0.025) , TLF in-
jury (x’=5.231,P=0.023) , Goutallier grade of paravertebral steatosis >2 (y’=15.124,P<0.001) and proportion of bone cement (y
2=4.168,P=0.038) were independent risk factors for RBP after PVP. ROC curve of model showed AUC of original model was
0.816 [OR=2.862,95%CI (0.776,0.894),P<0.001 ]. The internal verification of model through 200 hootstrap samples showed
the value of C index was 0.936 , and calibration curve showed predicted probability curve was close to actual probability curve. H-
L goodness of fit test results were x*=5.796 , P=0.670. DCA analysis results showed the decision curve was above None line and All
line when the threshold value ranged from 6% to 71%. Conclusion IVC,TLF combined injury, paravertebral muscle steatosis
with Goutallier grade> 2 ,and bone cement diffusion with mass type are independent risk factors for RBP after PVP. The risk
prediction model for RBP after PVP established has good predictive performance and good clinical practicability.
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gram

B BB IE & 8 AR N HE B T WL — b 4 B
PEE W, TR B A P AE AR s 45 1 37 (osteoporotic
vertebral compression fractures, OVCFs) 7F 8 H H it
BUAME NREP AR R 2 0L, 235 174 19 50 2 L)L B ARE
—A DS R T RHEE ST, 1/3 (1) OVCEs i
BRI IAIR . B, e RAR YT R AR
I7 RO 3k G R 9T BR IR IR 24 5 SO DG T & E 19 &
A I S B ME R i Ak R (vertebral augmentation, VA)
YER OVCFs T F¥m AR L I ik Z — o & B HEA
£ R (percutaneous vertebroplasty, PVP) 5 4 f #E {4
J& M B JE R (percutaneous kyphoplasty , PKP) /& H i
Il PRAE e 2 PR VA R, PR B A AR
Z—,PVP HAREA G5/ kg BRI B e h
B ARG AT R IR GG S A, AN RIRIT
OVCFs () —® 5 H 75 s Wi 38 ,5% ~20% 1)
OVCFs 35 4 PVP 167 J5 23 LA 42 5 9 (residual
back pain,RBP), Jf H 23 %I H % 1% 2l j~ 4= 1 1 5%
M=, Y4156 F PVP IAYY OVCFEs J5 i B RBP A 5%
AR RIEREZ, HU RBPIBEGKFEN

F, 1T PVP RJ5 RBP & Az XU B 1510 455 70 417 1
b RIS AE Z R K PR 2 22 B AL 2 P R AR R
G YRR Ty R B = DB . AT 7E X RBP
fE B N2 B L 6L |, 3% Z 1 & Logistic 1]
9 3 — 45 52 i PVP AR J§ RBP (1 51 £ &
(Nomogram ) JXU & 9 00 45 0 i) ) 78, A3 Ok 00 PVP
A JG KA RBP (1) XU $2 A 1) H o] §E 1) T 5.,
1 #Rl5H*E
1.1 ks

PAABRUE: (1) F545 CB B P PEAE AR e 45
Pri2yy 58 ML FZ IR )b 56 F OVCFs 1912 Wik
W o QDI PR 2 A HE (A Tk 58 B AR S 37 B A7 78 1 9 Al
(O PP o QX £k Hr B A HE A PR 48 AL, 8
RFEI GG B R B A — B, QB E
5 OR T <-2.5SD, @% MRI ¥ 7 n] W53 8
0 HE A PTAE B, [A) I 22 CT B R A 1K s Bt 5 8%
()W =55 % o (B) KRG IAHHE LM ZMRB A .
(D) BELA 78 UM FE R 2K 7 o HEBRBRAE : (1) fh AE B i
P | & i At g BRMEMEMR B BT . (2) A5 &E 1l ) e



FEE A 2024 456 HEE 37 555 63 China J Orthop Traumatol , Jun.2024,Vol.37 ,No.6 +555-

i B IF R BB BRI Z TARE . (3) EARM A
e B s R G . (DB I EITE . (5)F
Prita>6 Ji 42 FARE . (6) Ui B A e o
L2 gkl

[l g v 43 Afr 2020 48 1 H 2= 2022 4F 12 H #:5%2
WL PVP ARIGTT Y 328 il 51795 Br OVCFs i & 1Y il
IRBERE, AR HEbR S AL 245 0, 55 47 B, %
198 i ; F % 65~77(71.47+9.03) % . AHF ARG
RBP & SCH ARG 14 H AT BA W58 1 0L 0F 43 &
(visual analog scale, VAS) =4 43 /) 15 ¥ % , F 45 1t
B4y RBP 4H A1 JC RBP 4
L3 FARI®

JT A 83 AR o6 35 1 A A, AT L PVP R
TBIT o R TR, IUORF MO, B A 8 by I A 2o ifr . C
JERE X A7 A0 AL HEHE =5 AR AR R 45 5 IF b
Co WHUIHEEE , BT &R 280, 28 FIGR b 2
i MES MR IR AMEIRET 173, Z2BRENE, B NS
IKVETEAMHE, I E K Je i B /N TR R BRI 2
B, HinZ S ERER, FrE KU 05 35 B 2 R
BE AREE o RS 107 T K AR, O 45 T AR R
PUR ST B HR AT AR IR T o
1.4 WEHHYS I
L4.1 FEATTRLE G MANER AFER S
iE 18 O i 3T A AT B B AR 5T 3 4 £ (body mass in-
dex,BMT) . & % J& (bone mineral density, BMD) , /K Hij
VAS AR Oswestry T 5 Fg fit 5 50 (Oswestry disabili-
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BMI .BMD \VAS X ODI S He#, 225 L4eit2rm X
(P>0.05), W32,

&1 RBPZAS5FE RBP ARFFREHRE S VAS LE& (vts)
Tab.1 Comparison of VAS between RBP group and non—

RBP group at different time points after operation (x+s)

A )
15 11 %% AJi 24 h AJ53d A TAA
RBP 4 34 5.17£0.73 4.58+0.57 4.26+0.52
J& RBP 4 211 3.62+0.55 2.59+0.38 2.16+0.41
tH 14.518 26.201 26.637
P1E <0.001 <0.001 <0.001

TE:RBP ARARE . T

2.2 UREFVIRHLE

RBP 415 J¢ RBP 41 KR fif AVH AVHR Cobb ff
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TLF $5 473 & A= Lo A5 B ME 55 WURR 195 22 P 3-4 2% L 1] 1)
& FJC RBP 41 (P<0.05), U323,
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2 RN KB IKRIREBIE S A BPALR PVP R G K4 2.4 PVP RIS A4 RBP B4 2 [&] T A5 7Y Kz 56 ik
RBP fsr fa e R . W S, LA RS R B BURAE IVC 1PF0

®2 RBPAS5X RBP AELERILE
Tab.2 Comparison of baseline data between RBP group and non—-RBP group

51 /41 A ITHE/ 1] B/
2H 51 Bl —————————— Fi(axs)/ % . -
5 S Wl R g g LR HIr T=Ty Ti-L, Ls=Ls
RBP 41 34 6 28 72.35+8.38 31 18 29 2 17 15
Ji RBP 4 211 41 170 70.69+7.52 187 109 179 16 104 91
VoL OR[N x’=0.060 1=1.175 x’=0.194 x=0.019 x’=0.005 x’=0.125
Py 0.806 0.224 0.659 0.890 0.945 0.939
25 1% BMI(x+s)/ (kg m™) BMD (x+s)/SD ARHT VAS(x£5) /%) AHF ODI(x+s) /43
RBP #44 34 23.74+4.12 -3.32+0.94 6.55+0.65 6.42+0.83
Jt RBP 4 211 23.36+3.87 -3.28+0.88 64.29+9.46 63.74£11.37
65 56 1L 1=0.527 1=0.244 1=0.871 1=0.267
Py 0.411 0.782 0.353 0.714
%3 RBPAS5X RBP ARBIHGEEMLE
Tab.3 Comparison of preoperative imaging parameters between RBP group and non-RBP group
3 % AVH AVHR Cobb ff IVC/ TLE B05/01  HES5 WUIR I 28 Pk Goutallier 5344/ {31
(xs)/mm (x£8)/% (xs)/° It & & 7 0-1 % 24 3-4 4
RBP 4 34 15.05+£3.18  49.67+9.82 26.83+8.14 6 28 6 28 3 13 18
Jc RBP 4 211 15.17£2.83  49.89+10.07  27.26+7.36 13 198 11 200 84 86 41
o 36 1E 1=0.226 1=0.119 1=0.311 X’=5.400 x=7.011 x’=21.618
P 0.794 0.903 0.618 0.020 0.008 <0.001

TE - AVH Ay ME R 2 5 BE , AVHR S HE UK i S B2 LL, IVC S g a2 B8 TLF 3545 o i R A i 45 . Tl

%4 RBPAS5X RBP ARFHGESHLLE
Tab.4 Comparison of postoperative imaging parameters between RBP group and non—- RBP group

15 p— K G HoKWEE R/ B HIAKRTRHOE /61 AVHRR Cobb 25k,
(xs)/ml = 7 [GEIEY A B (xs)/% (xs5)/°
RBP 41 34 3.88+1.04 7 27 15 19 7.63+2.27 5.84+3.32
76 RBP £ 211 4.07+1.12 36 175 142 69 8.02+2.51 6.03+4.28
S 1=0.927 X’=0.252 X'=6.836 1=0.851 1=0.247
P 0.285 0.616 0.009 0.366 0.783

TE - AVHRR o ME AT 2% o BEPR A 1L

x5 PVPRIGA 4% RBP X ZNEZ/ L EE Logistic @34 47

Tab.5 Multivariate Logistic regression analysis of factors related to occurrence of RBP after PVP

AR B SE {f Wald x> {f P g OR {8 95%CI
IVC(2) 1333 0.597 4.974 0.025 3.789 1.176,12.233
TLF 4 5 (&) 1.338 0.601 5.231 0.023 3.968 1.216,12.894
Tk 25 UG s A% 1 16.137 <0.001
Goutallier 2 % 1.758 0.683 6.672 0.012 5.802 1.531,22.036
Goutallier 3-4 4 2.618 0.673 15.124 <0.001 13.772 3.669,50.341

FOK VTR BOE & (F e -0.794 0.393 4.168 0.038 2.237 1.028,4.802
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Fig.1 Nomogram prediction model for RBP after PVP surgery
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TE FRHE VR B 3T 9 18] 5 OR AR, X = EOR 5 80
HER TR I BB T B, 3 AN (SO A I 19 5 2 A
ANH, B2 0 RBP f) & A 234 5
3.4 TLF i ffix RBP %2R (19 %2

T 453475 ] 38 i 22 9 RO, ELTE LAY
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