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[Abstract] Objective To explore the relationship between levels of vascular endothelial growth factor (VEGF), insulin-like
growth factor 1 (IGF-1), and transforming growth factor-,(TGF-B,) in the synovial fluid of children with avascular necrosis of the

femoral head (also known as Perthes disease) and the efficacy of postoperative revascularization, aiming to provide a basis for
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subsequent diagnosis and treatment. Methods A retrospective study was conducted on 262 children with Perthes disease admitted
to the Affiliated Hospital of Gansu University of Chinese Medicine from January 2023 to June 2024. Based on postoperative
revascularization efficacy, patients were divided into good revascularization group (n=228) and poor revascularization group (n=34).
For poor revascularization group, a 1:2 matched case-control design was used to select 68 age-matched children with hip synovitis
who underwent hip joint fluid puncture as control group. Additionally, 82 children with Perthes disease treated at the hospital from
June 2024 to January 2025 were enrolled as a validation cohort for nomogram model verification. The expression levels of VEGF, IGF-1
and TGF-B, in the synovial fluid of three groups were compared. Confounding biases were controlled through univariate and stratified
analyses. Binary logistic regression analysis was used to identify independent factors affecting the revascularization effect. R software
was utilized to draw and verify the nomogram model for predicting the postoperative revascularization effect. Results The levels of
VEGEF, IGF-1 and TGF-f3, in the synovial fluid of children in poor revascularization group were all higher than those in control group
and good revascularization group (P<0.05). After three types of reconstructive surgeries, the levels of VEGF, IGF-1 and TGF-f, in the
synovial fluid of children with poor revascularization were all higher than those in children with good revascularization (P<0.05);
however, there was no statistically significant difference in the above indicators among different surgical types (P>0.0S). Binary
logistic regression analysis showed that the levels of VEGF, IGF-1, and TGF-f, in the synovial fluid were independent risk factors for
poor postoperative revascularization in children with Perthes disease. The area under the ROC curve of the nomogram model
established accordingly for predicting poor postoperative revascularization in children with Perthes disease was 0.875 (95%CI 0.805-
0.945), with a sensitivity of 0.874 and a specificity of 0.851. Moreover, the calibration curve and decision curve analysis (DCA)
indicated that the model had good clinical applicability. Conclusions The increased levels of VEGF, IGF-1 and TGF-f3, in synovial
fluid are associated with poor postoperative revascularization in children with Perthes disease. These three factors are expected to
become prognostic indicators for children with Perthes disease.
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Tab.1 Comparison of physical data of the patients in poor revascularization effect group and control group

Bzt Xt B2 (n=68) Iz H R AL (n=34) t/X/Z P
PESN[H1](%) ] 0.019 0.888
B 37(54.4) 19(55.9)
I 31(45.6) 15(44.1)
IREFEH (kg/m?, ts) 18.19+2.30 18.53+2.25 0.709 0.480
ST VAS BE3 (43, Bs) 4.1140.58 4.01+0.62 0.802 0.423
SEHE FE AR
AT/ L, M(Q,, Q)] 14.000(10 000, 18 000) 13 400(10 000, 17 000) 0.597 0.552
CRP(mg/L, ¥+s) 35.4143.62 34.14%3.75 1.650 0.102
TNF-a(pg/ml, X+s) 38.067.41 37.526.55 0.360 0.719
IL-6(ng/ml, X+s) 25.4146.36 26.34+5.97 0.710 0.479
ESR[mm/h, M(Q, Q,)] 26.25(21.71,48.05) 27.41(20.36, 43.25) 0.094 0.925
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Tab.2 Comparison of postoperative physical data of two groups of pediatric patients with ischemic necrosis of femoral head
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FAREI[(%)] 0.011 0.916
Salter 15 U AR 80(35.1) 12(35.3)
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Ji B 3 v N AR AR 69(30.3) 10(29.4)
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CHY 51(22.4) 8(23.5)
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M HE R (kg/m?, #xs) 14.3610.75 14.58+0.64 1.624 0.106
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Tab.3 Comparison of VEGF, IGF-1, and TGF-B, level in the joint fluid of pediatric patients in three groups (x+s)
£z X RZH (n=68) 1MZE A R U2 (n=228) iz TR AL (n=34) F P
VEGEF (pg/ml) 104.11427.51 134.05+27.48W 174.72434.220@ 72.669 <0.001
IGF-1 (pg/ml) 156.33+38.95 236.47+23.521 267.85+46.3710® 225.910 <0.001
TGE-B, (pg/ml) 158.84+21.05 458.64+48.47 561.47+87.520® 1123.768 <0.001
VEGF. Il N AR F; IGF-1 B RFEAERKINF 15 TGE-B, HAERK N F-8,; SXIRALE, (1) P<0.05; Siflis T RIFLA L

%, (2) P<0.05
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Tab.4  Effects of surgical types on postoperative revascularization effect and laboratory indicators in pediatric patients with ischemic

necrosis of femoral head (x+s)

Salter 2 A H AR (n=92)

Chiari B ZE#UE AR (n=91)

Jie i A B R (n=79)

£zt 132 5 KL I3z F R A 132 7 [ AT Iz TR A 13z F A R4 Iz 5 R A
(n=80) (n=12) (n=79) (n=12) (n=69) (n=10)
VEGF (pg/ml) 126.75+33.14 169.82+24.63" 137.04+28.94 178.05+34.58" 136.90+27.55 175.63+30.27")
IGE-1 (jLg/ml) 226.35+25.85 256.64+32.89 233.24+22.78 254.36+34.48") 234.51424.65 270.56+32.47%
TGE-B, (pg/ml) 446.95+38.47 559.45+65.85") 459.61£34.75 576.34+85.14") 460.73+37.74 563.94+45.850

VEGF. MU N AR KR T IGE-1 RS FEREA KA T 1; TGE-B, ¥k KINT-B,; Simia Ea BT AL, (1)P<0.05
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Tab.S Binary logistic regression analysis of risk factors for poor

revascularization in pediatric patients with ischemic necrosis of
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VEGE. L% W A KW+ IGE-L R HE A KHE T 1
TGE-B, A AEKET-B,; “~7 R THR BARC A S TRARFR A B K IRSEAR S Il
. 0 10 20 30 40 50 60 70 380 90 100 (4%
/1%';6} L 1 1 1 . 1 A4 1 B 1 1 ( )
VEGF r T T T T T T T T T T T T 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280 (pg/ml)
IGF'I T T T T T T T T T T T 1
160 220 260 340  (pg/ml)
TC}F.Bl r T T T T T T T T 1
350 400 450 SO0 550 600 650 700 750 800 (pg/ml)
/I;‘—;l‘/%ﬁj\ | S B e T T S T D FI SN I f 0 PN SR S S CN R S N T Eai L Cer ER B S B I R N S Ca BN A |
0 20 40 60 30 100 120 140 160 (4%)
gﬁ‘ﬁﬁmu r T T T v T v T v T ¥ T v T v T v T ¥ 1
-12 -10 -8 -6 -2 -2 0 2 4 6 8 10
I3z FERAEN

0.01 0.05 02 0.50.7 0.9 0.99

VEGF. Il WA K5 IGF-1 BB R E KT 1; TGE-B, Fefb A K -8,

B 1
Fig.1

TR Sk e i MERAE R LAE A iz FACR A 51 R

The nomogram for prediction of postoperative revascularization effect in pediatric patients with ischemic necrosis of femoral head
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