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Development and validation of a prediction model for the risk of residual low back pain after verte-
bral augmentation for osteoporotic vertebral compression fractures/LIN Miaoman, WEN Xuemei,
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[Abstract] Objectives: To investigate the independent risk factors of residual lower back pain after vertebral
augmentation (VA) in patients with osteoporotic vertebral compression fractures (OVCFs), and to develop and
validate an associated risk prediction model. Methods: This study reviewed clinical data of 377 patients with
OVCFs who received VA at our hospital from December 2016 to February 2021. There were 52 males and
325 females, aged 75.63+7.27(65-94) years old. Information regarding patients’ general information[gender, age,

bone mineral density(BMD), et al], surgical and imaging data, preoperative and postoperative comorbidities, as
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well as visual analog scale(VAS) scores and Oswestry disability index(ODI) at preoperation, postoperative 1

day, pre—discharge, 3 months and 6 months postoperatively were collected. Postoperative residual low back
pain was defined as moderate or more low back pain(VAS=4) near the original pain site 1 day after surgery,
and according to such definition, the patients were divided into residual pain group with 64 cases and the
control group with 313 cases. The univariate analysis was combined with Lasso regression to determine the

optimal Logistic regression model for multivariate analysis to explore the independent risk factors of

postoperative residual low back pain, after which a Nomogram model was constructed. Bootstrap was applied
to complete the internal validation of the model. The receiver operating characteristic(ROC) curve, calibration
curve, and decision curve analysis (DCA) were used to evaluate the predictive performance and clinical
practicability of the model, respectively. Results: Univariate analysis and Lasso regression cross—validation of
the best model showed that preoperative BMD, preoperative lumbar disc herniation, preoperative thoracolumbar
fascia(TLF) injury, intraoperative facet joint injury(FJI), and postoperative incomplete cementing of the fracture
line were the potential risk factors for residual pain. Further multivariate Logistic regression analysis showed
that the above variables were also the independent risk factors for postoperative residual low back pain (P<
0.05). The visual Nomogram model of the Logistic regression was constructed, of which the C index calculated
by using the ROC curve was 0.8384(95%CI: 0.7855-0.8912). After 200 times of Bootstrap sampling internal
verification, the C index was 0.8326. The calibration curve showed that the predicted probability curve was
And the DCA curve was within the threshold range of 1%-53%, the

decision curve was above the None line and the All line. Conclusions: Preoperative low BMD, preoperative

close to the actual probability curve.

lumbar disc herniation, preoperative TLF injury, intraoperative FJI, and postoperative incomplete cementing of
the fracture line are independent risk factors for residual low back pain after VA in patients with OVCFs.
The prediction model, constructed with the above five predictive factors, has good predictive performance and
clinical practicability in predicting postoperative residual low back pain.

[Key words] Osteoporotic vertebral compression fractures; Vertebral augmentation; Residual low back pain;
Prediction model
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bonding with the fracture line a Cementing the fracture line completely b, ¢ Cementing the fracture line incompletely
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Table 1 Comparison of VAS and ODI between

residual pain group and control group

bR BRAYI 2 (n=64) X R4 (n=313)

Indicators Residual pain group Control group

VAS

AT 7.00(7.00,8.00)

Preoperation

AJF 1d

Postoperative 1d

Hh B iy
Pre—discharge
AJE 341
Postoperative
3 months

ARJE 6 A
Postoperative
6 months

ODI

8.00(7.00,8.00)

5.00(4.75,6.00)% 3.00(2.00,3.00)

4.00(2.00,5.00)® 2.00(1.00,2.00)

3.00(2.00,4.00) 2.000(1.00,2.00)

2.00(2.00,3.00) 1.00(1.00,2.00)

AT 74.00(64.00,80.00)

Preoperation

AJE 1d
Postoperative 1d

74.00(62.40,80.00)

39.20(31.50,44.00)”  34.00(28.80,38.00)

H B i ®
Pre-discharge 34.10(28.00,40.00)"
ARE3MA
Postoperative
3 months

ARG 64 H
Postoperative
6 months

30.00(24.00,34.00)

36.00(32.40,42.00)”  34.00(27.00,38.00)

36.00(27.00,42.00)”  32.00(25.20,36.00)

1 (D5 % B 41 He i P<0.05
Note: (DCompared with preoperation, P<0.05
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Bl AW ARG 5% R SRk EEREN
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Table 2 Results of univariate analysis between residual pain group and control group

Er=gon
Indicators

R4 4 (n=64)

Residual pain group

X HRZH (n=313)
Control group

P45 Gender
% Male
2 Female
W (%) Age(years)
AR H BMD(SD) Preoperative BMD
ARH7 VBCR(%) Preoperative VBCR
HBERT VBCR(%) Pre—discharge VBCR
AJG 34 H VBCR(%) Postoperative 3 months VBCR
RJi 6 A VBCR(%) Postoperative 6 months VBCR
ARHIJ5 ™ (°) Preoperative kyphosis angle
BRI JE 1148 (°) Pre—discharge kyphosis angle
RJG 34 HJG ™M (°) Postoperative 3 months kyphosis angle
ARJG 6 4 HJE M (°) Postoperative 6 months kyphosis angle
A Procedure
PKP
PVP
BT EFARBE (K) Time from fracture to surgery(days)
F AN B Surgical segment
3% Upper
H 5 Middle
T Lower
TLF## 4 TLF injury
A Yes
7t No
JIEHE ] 7 %€ HAE Lumbar disc herniation
A Yes
J& No
NN B Facet joint injury
H Yes
J& No

H KV A TE @A A B TR Incomplete cementing of the fracture line

A Yes
J& No
KU W Bone cement leakage
Wi k2 I Leakage along the vein
A Yes
J& No
HEA M8 1 Leakage to spinal canal
A Yes
7t No
HAZE R B Other types of leakage
H Yes
7t No

7(10.9%)
57(89.1%)
74.00(68.75,80.00)

-3.35(-3.70,-2.90)%

38.01(29.53,47.69)
21.32(16.67,27.03)
24.99+9.15

26.75(17.77,32.33)
21.50(16.63,25.93)v
13.80(10.20,16.78)
15.70(13.48,17.80)%
16.40(13.58,19.40)%

48(75.0%)
16(25.0%)
5.00(3.00,9.00)

10(15.63)
42(65.62)
12(18.75)

25(39.1%)"
39(60.9%)

30(46.9%)"
34(53.1%)

11(17.2%)®
53(82.8%)

14(21.9%)"

50(78.1%)

6(9.4%)

58(90.6% )

3(4.7%)
61(95.3%)

12(18.8%)
52(81.3%)

45(14.4%)
268(85.6%)
75.00(69.00,82.00)
-2.900(-3.30,-2.70)
41.94(33.33,50.00)
21.88(17.14,28.57)
25.40£9.27
25.00(19.35,32.35)
18.40(16.00,23.70)
12.50(9.200,15.60)
14.40(10.50,17.20)
14.60(11.00,17.80)

230(73.5%)
83(26.5%)
5.00(4.00,8.00)

22(7.03)
221(70.61)
70(22.36)

36(11.5%)
277(88.5%)

66(21.1%)
247(78.9%)

13(4.2%)
300(95.8%)

24(7.7%)

289(92.3%)

16(5.1%)

297(94.9%)

9(2.9%)
304(97.1%)

44(14.1%)
269(85.9%)

U s BMD="# % £ ; TLF=i J92 75 I ; VBCR=HME {4 FE 4 % 15 1™ 1 =J5 1™ Cobb #f1 ;D15 %4 HE 4 L8 P<0.05
Note: BMD=Bone mineral density; TLF=Thoracolumbar fascia;

Cobb’s angle; (DCompared with control group, P<0.05

VBCR=Vertebral body compression ratio;

kyphosis angle=kyphosis
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Figure 5 The resulis of Lasso regression a Coefficient change of screening variables.

Each colored curve representing

the trend of a variable coefficient change b The results of cross—validation. Amin, the N\ value of minimum mean-squared

error(MSE) of all N values; Nlse, the N value corresponding to the simplest model obtained after cross—verification within

one variance range of Amin

Figure 6 The results of multivariate Logistic regression

Figure 7 Visual Nomogram

model of Logistic regression for residual low back pain after vertebral augmentation
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Figure 8 The ROC curve and calibration curve of the prediction model a The ROC curve b The calibration curve

Figure 9 The decision curve analysis of the prediction model
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