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Abstract Objective: Based on a prospective design, a predictive model for chronic post-surgical pain (CPSP)
was developed and verified for different orthopedic surgery types. Methods: Subjects were selected from adult
patients who underwent elective orthopedic surgery at the Fifth Affiliated Hospital of Guangzhou Medical
University from July 2023 to May 2024. Multivariate logistic regression was used to establish a CPSP prediction
model, and the model was internally and externally validated by bootstrapping and validation sets. Results:
A total of 298 patients were included in the formal analysis; the first 200 enrolled cases were designated as the
training set, with the subsequent 98 cases allocated to the validation set. CPSP developed in 104 cases (52%)
within the training cohort and 50 cases (51%) in the validation cohort. The areas under the ROC curve of the
obtained CPSP prediction model in the internal and external validation were 0.781 (95% CI: 0.692-0.922) and
0.822 (95% CI: 0.739-0.905), indicating that the model had good distinction. The calibration curve of the
model was close to the diagonal in both internal and external validation, indicating that the predicted risk was
well consistent with the actual risk. The decision curve of the model was higher than the extreme curve, suggesting
that model-based interventions had clinical benefits. The model contained 5 predictors, namely preoperative
DN4 score, worst pain on the POD1, DN4 score on the POD1, the number of days of postoperative hospitalization,

and perioperative use of cobratide to assist analgesia. Conclusion: This study established and verified a CPSP
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prediction model suitable for different orthopedic surgery procedures, which can be used to identify patients

at risk of CPSP early. For the first time, the study found that perioperative use of cobratide is one of the risk
factors for CPSP, and its relationship with CPSP needs further study.

Keywords orthopedic; chronic post-surgical pain; predictive model; prospective cohort; cobratide
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Table 1 Data types and definitions of candidate predictors

A E 4 Variable

5E X Definition

145 Gender
S Age
1 E$5 4 BMI

K% 52 Drinking history

Wi Al 52 Smoking history

FCfE 15 L Spouse

ARHTEIE5ESE Preoperative pain intensity

A1 DN4 ¥4 Preoperative DN4 score

ARATE R 2259 ()4 ] Preoperative opioid use

ARHT NSAIDs [ Fi| Preoperative NSAIDs
FAREALARTIZIE Preoperative pain at the surgical site
HoAth #A AR FTJZ I Preoperative pain at the other site

A2 9% Chronic pain before surgery

I K MEAK. Preoperative pain catastrophizing

F AN Surgery duration

FARARA Surgical procedure

JIRIE )7 7 Anesthesia method

ASA 7% ASA level

A H Il & Intraoperative blood

R JE 1 H P 1) ™ 2 E Worst pain on POD1
AJ& ¥ H ) DN4 74> DN4 score on POD1

Z 1V 1% 0 Perioperative multidrug analgesia

[ F- AR NSAIDs 1ifi i {71 4 NSAIDs morethan 24 h

[El P AR 47 S5 FERK 2 {8 ] Perioperative dexmedetomidine

FARIIZARLER A Perioperative nefopam
FARHIRHE K Perioperative cobratide
A J5 1Bt K%L Postoperative hospital stay

Iy BRI L
i NAE
TN S AR E R, AR E H5 L (body mass index, BMI) = kg/m’

Ir N ERTERIE S, G S SO IR E TP 14 HERS I ST 15 g,
HLRREE 6 Ji Je DL B Ta] o Al AL 3 S H e SONA G s

TN ERTERR S, TR S SO R AR 1 S R UL, #78E 3 AJT RebL
IR AR AN 1 SR AT SONA R L

Iy NG

VL5 004310 (numerical rating scale, NRS) 3153 K7~ AN BEF AR Al

I IR R (0= Todi, 10 = IR AR E &) , LR
BIE B TP T VE S AR AT i

JE IR 2205 B 53K (douleur neuropathique 4 questionnaire, DN4) [ R}
7 TP A HI I RS B AE, 2N 7 &

Ir R

I3 NFEER

SYRABG, & ST ARG/ > 3

I RNEETG, 58 CORHARTALAR AT AR > 3

Iy NEETG, T8 SCNARFTNRGREE > 3 HATRRFSEN [a4A 3 4~ H el K
I ]

I NEETE, PEIRRAEATE SONPEIR RAMEA T3 (pain catastrophizing scale,
PCS) = 38 4

FARFTHN B (min)

FRERFAR, RTEHAR, FEFR BRTEHRARAUSIMEFEE L F
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HHVIFEALAN B EFAR AW RN N TR IR IEAR LS i v
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GY A B IRRIVE . M A JRRIVE . ol 2 LYo 61 ) 3 JRR IR

438 T-TI 2%

N IE=5IE /s

RIGHE 1 B ARGE T8RN, LANRS W0 %R
L DN4 SR MG 7 WAL IR I ph 2 BPERAAE, 2R 7 47
SRR T AN [FE FIATL A o B8 245 7 s BOR

3 N 24 h BRI 24 h

VNELEATPR A
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(International Association for the Study of Pain, IASP)
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AW AT 2023 45 7 H & 2024 4 5 H ik
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WL AE W 1.

2. — M FRHS BR R A HT

NN BT IR N B e, BMIER 2K 6 451 (2.01%),
A H I B R 2 1) (0.67%), LI I T E 4 kb T
Fi T, HARTELHEA. ISGESRIFES
H 104 51 (52%) F1 50 1] (51%) 9% N\ &£ CPSP. I
GAEHWIFEZ MR RE . FARMAARE
. FAREK., FARN. RpiimE. BFRIY
HEFCRIE R AR Z R A SR (P=
0.01~0.045, .3 2) , WEHREREARFEA A2 T,
AT R R ANERE 1 B3 AE . I ZkEE R CPSP 415
4k CPSP 12 [R5 9 AN TS & 11 22 7 A Gtk % =
X (P <0046, WHE2) , 45 NART DN4 ¥4
ARETBT B2 . FAREBALAR BT R 7
X RpiE. R5e HARNR™ERE. R
J& & H ¥ DN4 VP43 B AR S RHE K i 4l AR
JefEBE R EL

3. BEAY Y ST

W FIR B R R TR TR BN Z R 5
BT, & CPSP A4 & 5 AN T, 5
AT DN4 P4y RJaE HERIAR™EREE. K5
T H I DN4 P9y RS54 R R ES B F AR BRHE K
HIfEH . %4857 Z K A7 (variance inflation factor,
VIF) ¥ <10 (W% 3) , FAEELLELELR.
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CPSP Tl #52 B RiUF X 70 FE S RHERE, 249
R B ORI TN A ZE AW (Y 0.574, AUC-ROC
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Z NG AN
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HEBR (72 =22)
FARZRIEIRI (72=18)
MO FA (22 =9)
v M A ARIE R R (72 =5)
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(72=374)
BH (72=176)
RJE 3 MNHAFKTFAR (72 =33)
NBG BT (72=17)
v KV (72 =26)
LY RIE N
(72="298)

B1
Fig. 1 Flowchart of cohort study

0.692-0.922) #1 0.822 (95% CI: 0.739-0.905) ( W, &
2A) 5 HRHE M2 AE A SR IR IR 3 I N A 2k
T RS 5 52 B ke AR RV 1 — B PR B (LI 2B,
20) ; FUUEANRIETENRY > 0.6, G 0.615 2
0.823 (W& 4) .
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P (CPSP) = —
1 +e”(-2.611 + Afif DN4 {4 X0.247 + R f5 i HPR M

M EAE X0.214 + RJSE H DN4 748 X 0.291 + A&
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i

AR S S R E T i R CPSP il A A,
CPSP # AV TE I A4 5 IAIFE PRI RIFHIX
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AR HUE FHRHE K (OR 1.81) % CPSP %A KUK 7 ik
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Table 2 Descriptive statistics and univariate analysis of patient data

' Il 4E Train set i Val?gzi%(% st ey
A5 & Variable vz —_— 7
21t Total 4 cpsp CPSP Plvalue it Total P value
(72=1200) (2= 96) (2= 104) (72=98)
P51 Gender
4 Female 77 (%) 71 (35.5%) 35 (36.5%) 36 (34.6%) 0.07  0.786 36 (36.7%) 0.04 0.835
% Male 7% 129 (64.5%) 61 (63.5%) 68 (65.4%) 62 (63.3%)
A 5% BMI (kg/m2) M (IQR) 24.0 (21.8~26.6) 24.2 (22.0~27.0) 23.6(21.5~26.4) -0.92 0.359 24.3(22.0~26.7) -0.46 0.643
S (%) Age (Years) M (IQR) 47.0 (34.5~57.0) 46.0 (34.0~57.5) 49.0 (35.0~57.0) -047 0.638 49.5(36.0~57.0) -0.61 0.540
P 5 Drinking history
& No 72 (%) 190 (95%) 92 (95.8%) 98 (94.2%) 0.04 0.846 95 (96.9%) 0.22  0.640
H Yes 7 (%) 10 (5%) 4 (42%) 6 (5.8%) 3 (3.1%)
Iz )35 52 Smoking history
J& No 72 (%) 161 (80.5%) 79 (82.3%) 82 (78.8%) 0.38 0.539 80 (81.6%) 0.05 0.815
 Yes 7% 39(19.5%) 17 (17.7%) 22 (21.2%) 18 (18.4%)
Hic f% Spouse
J& No 72 (%) 44 (22%) 22 (22.9%) 22 (21.2%) 0.09 0.764 20 (20.4%) 0.10 0.753
i Yes 72 (%) 156 (78%) 74 (77.1%) 82 (78.8%) 78 (79.6%)

ARATHI 9 Preoperative pain intensity M (IQR) 5.0 (2.0~6.5) 5.0 (1.0~6.5) 5.0 (3.0~6.5) -1.12 0.261 4.0 (1.0~6.0) -2.97 0.003*
ATl DN4 P45 Preoperative DN4 score M (IQR) 1.0 (0.0~2.0) 1.0 (0.0~2.0) 2.0 (1.0~3.0) -3.71 <0.001* 1.0 (0.0~2.0) -0.60 0.548
ANHTB Fr 2R 254 1945 Preoperative opioid use

7 No 72 (%) 148 (74%) 78 (81.2%) 70 (67.3%) 5.04  0.025% 71 (72.4%) 0.08 0.776
A Yes 72 (%) 52 (26%) 18 (18.8%) 34 (32.7%) 27 (27.6%)
A NSAIDs [J{#i[f] Preoperative NSAIDs
7 No 77 (%) 121 (60.5%) 64 (66.7%) 57 (54.8%) 294 0.087 66 (67.3%) 132 0251
H Yes 72(%) 79 (39.5%) 32(33.3%) 47 (45.2%) 32 (32.7%)
FARFAI AR BT Preoperative pain at the surgical site
7 No 72 (%) 78 (39%) 47 (49%) 31 (29.8%) 770 0.006* 53 (54.1%) 6.07 0.014*
A Yes 72 (%) 122 (61%) 49 (51%) 73 (70.2%) 45 (45.9%)
oA AL AR FT 9% 98 Preoperative pain at the other site
7t No 72 (%) 132 (66%) 65 (67.7%) 67 (64.4%) 024  0.624 65 (66.3%) 0.00 0.955
H Yes 72 (%) 68 (34%) 31(32.3%) 37 (35.6%) 33 (33.7%)
A7 75 Chronic pain before surgery
7 No 72 (%) 143 (71.5%) 70 (72.9%) 73 (70.2%) 0.18  0.670 68 (69.4%) 0.14  0.706
A Yes 7 (%)  57(28.5%) 26 (27.1%) 31 (29.8%) 30 (30.6%)
A% 95 %< MEAL Preoperative pain catastrophizing
7t No 72 (%) 195 (97.5%) 93 (96.9%) 102 (98.1%) 0.01  0.928 98 (100%) 121 0272
H Yes 72 (%) 5(2.5%) 3(3.1%) 2(1.9%) 0 (0%)
FARHH Surgery duration (min) M (IQR) 110.0(71.0~155.0) 105.0(67.5~150.0) 115.0(75.0~157.5) -0.95 0.341 77.5(50.0~135.0) -3.20 0.001%*
FARARA Surgical procedure
HAhF AR Other surgery 72 (%) 119 (59.5%) 52 (54.2%) 67 (64.4%) 539  0.145 56 (57.1%) 10.86 0.013*
BHETF AR Spinal surgery 72 (%) 44 (22%) 27 (28.1%) 17 (16.3%) 15 (15.3%)
AT B A Joint replacement 72 (%) 18 (9%) 10 (10.4%) 8 (7.7%) 5(5.1%)
F- £ FA Hand and foot surgery 72 (%) 19 (9.5%) 7(7.3%) 12 (11.5%) 22 (22.4%)
JiRIE 5 30 Anesthesia method
HEE Y BRI Intraspinal anesthesia 72 (%) 94 (47%) 39 (40.6%) 55 (52.9%) 8.02  0.046% 45 (45.9%) 3.13 0372
FHZ B Nerve block 72 (%) 45 (22.5%) 22 (22.9%) 23 (22.1%) 28 (28.6%)
4= B WK% General anesthesia 7 (%)  43(21.5%) 21 (21.9%) 22 (21.2%) 14 (14.3%)
JAI#8FREE Local anesthesia 72 (%) 18 (9%) 14 (14.6%) 4 (3.8%) 11 (11.2%)
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Y2 4E Train set QMLE%
L ) PAE Validation set Z PP
A5 & Variable 1z Pralie e 12 pb o
&1t Total 4k CPSP CPSP value &4t Total value
(72=200) (72=96) (72=104) (72=98)
ASA 732 ASA level
I 77 (%) 165 (82.5%) 78 (81.2%) 87 (83.7%) 021  0.898 80 (81.6%) 0.87 0.648
I 7 (%) 23 (11.5%) 12 (12.5%) 11 (10.6%) 14 (14.3%)
11 77 (%) 12 (6%) 6 (6.2%) 6 (5.8%) 4(4.1%)
A 1 Intraoperative blood loss (ml) M (IQR) 20.0 (5.0~50.0)  10.0 (5.0~50.0) ~ 20.0 (7.5~50.0) -2.16 0.031*  10.0 (5.0~30.0) -2.20 0.028*
ARG W H P 1 f5e 7 R .
Worst pain on PODI M (IQR) 6.0 (4.0~8.0) 5.0 (3.0~7.0) 8.0(5.0~9.0)  -5.45 <0.001* 6.0 (3.0~8.0) -0.53 0.598

ARJE 1 H i) DN4 ¥4 DN4 score on PODI M (IQR) 1.0 (1.0~2.0) 1.0 (0.0~2.0) 20(1.0~3.0) 389 <0.001* 1.0(0.0~2.0) -0.33 0.745

Z AU DL Perioperative multidrug analgesia

AR No 72 (%) 45 (22.5%) 26 (27.1%) 19 (18.3%) 222 0.136 30 (30.6%) 230 0.130

1 Yes 72(%)  155(77.5%) 70 (72.9%) 85 (81.7%) 68 (69.4%)

[FlF A NSAIDs 8 ] i 4 Duration of perioperative NSAIDs use

<24h 72 (%) 72 (36%) 40 (41.7%) 32 (30.8%) 2.57  0.109 31 (31.6%) 0.55  0.456
=24h 72 (%) 128 (64%) 56 (58.3%) 72 (69.2%) 67 (68.4%)

[Bl F AR AT SEFEWKIE (1) {8 Perioperative dexmedetomidine
3 No 72 (%) 136 (68%) 67 (69.8%) 69 (66.3%) 027  0.602 55 (56.1%) 4.03  0.045*
/& Yes 72 (%) 64 (32%) 29 (30.2%) 35 (33.7%) 43 (43.9%)

FEl AR IZZ 48 PE (¥ Perioperative nefopam

3 No 72 (%) 117 (58.5%) 59 (61.5%) 58 (55.8%) 0.67 0415 76 (77.6%) 10.46 0.001*
& Yes 72 (%) 83 (41.5%) 37 (38.5%) 46 (44.2%) 22 (22.4%)

[l FAIAFHE MK 148/ Perioperative cobratide
73 No 72 (%) 146 (73%) 79 (82.3%) 67 (64.4%) 8.09  0.004* 69 (70.4%) 022 0.639
/& Yes 72 (%) 54 (27%) 17 (17.7%) 37 (35.6%) 29 (29.6%)

ARG R R

Postoperative hospital stay

MIQR) 50(3.09.0)  50(3.0~7.5)  7.0(40~11.0) -3.61 <0.001* 50(3.08.0) -1.07 0284

*P<0.05; P IZREET CPSP 4155 F CPSP 412 [ &SRR P A P*: UIZRAE IR IEAE 2 [A) 4578 5222 S 00 T 1 P fE

&3 CPSP A TR
Table 3 Final prediction model of the CPSP

CPSP TilI#5%Y Model CPSP

T Az £ — -
Predictor variables EPEES¢ FEAE EE (95% 1) PfH T KA T
S coefficient OR (95% CI) P value VIF

HE Intercept -2.61124
K HT DN4 ¥4} Preoperative DN4 score 0.24679 1.28 (0.98-1.67) 0.066 1.149
AJe B H PR 5™ EFEE Worst pain on POD1 0.21407 1.24 (1.09-1.41) 0.001 1.264
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