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Prediction model of knee osteoarthritis based on ultrasound score, MRI score,and
serum TGF-{31 and Cat D levels

WANG Zhili, XU Danfeng, LI Nan,JIAO Yan,SHANG Ruisong
(Image Center, Hengshui People’ s Hospital , Hengshui 053000, China)

Abstract Objective To construct a prediction model for the progression of knee osteoarthritis (KOA) based on ultrasound score,
magnelic resonance imaging (MRI) score,and serum levels of transforming growth factor-81 (TGF-B1) and cathepsin D (Cat D).
Methods Clinical data from 270 patients with KOA in Hengshui People’s hospital from December 2022 to June 2024 were retrospec-
3. The

patients in the modeling set were categorized into mild-to-moderate and severe groups based on the degree of disease progression. Mul-

tively analyzed. The patients were randomly divided into a modeling set (n = 189) and validation set (n = 81) at a ratio of 7

tivariate logistic regression analysis was used to identify factors influencing KOA progression,and a prediction model was constructed
using R software. Results Multivariate logistic regression analysis showed that body mass index, knee injury history, ultrasound score,
WORMS score, TGF-B1,and Cat D were significant predictors of KOA progression (P < 0.05). A nomogram-based prediction model was
developed using these variables. The areas under the curve (AUC) of the nomograms for predicting disease progression in the modeling
and validation sets were 0.889 and 0.860, respectively. The calibration curves showed that the predicted probability was in good agreement
with the actual probability. Conclusion The prediction model developed in this study is effective in identifying patients at high-risk of
KOA progression and may servce as a valuable tool for clinical assessment and decision making.

Keywords ultrasound score ; magnetic resonance imaging ; knee osteoarthritis

T B TR (knee osteoarthritis, KOA ) J&—
e DL IR T DT PR , 78 AR e A 3
W, I BB N A i n e, 3 JUAR 5 B

EEWH . b4 RO R (20232183)
EZEAN TR (1983-), 9, @ AT B, A+t
BEIEE ARSHR, E-mail : dojethosh21@21cn.com
I B #7:2025-04-10

I & H AR B 18] : 2025-09—16 09:15:09

RE ETHER O TR TR b K 75 3h
S BRAFIER , KOA ™ H 52 0 855 1) H 8 A= 1% Jo it
38 A J1. BT, I R _EKOARYIZ B = ZEAKH T i
HWRER AR AR A AR . XA A I R ITA
B R RN B, BETE M 7S 515 [R] Bk 2 A
BE T B ARG O (EME DA R s
IS 25 B EH 2R L S 7 O AR G 2T R P R A R
FEPE % (magnetic resonance imaging, MRI) 7EKOA



HIOW TSRS PRI . MRIPES LA MY TGF-B1. Cat D/KFAIEEICT B 561y 58 it R il i i - 803 -

AR 5 TTAG T BA R A D3 o R 7 0 B 20 Bt
R, AT SEI S A EE ST BRI AR A T Y
A TR EE SR BETESONG T & PR R T B RS T
FE A5 A0 AL, BOX A A B AR R i i E R, B
PRV A8 JCHR , 73R B PR TR Rz
MRUEAT 8 73 B 22 T UG R RRE , FT SRS
BRI TR A 2L, KOAR i B it 1
PRI 15 R

AL AR, B XTKOAL J BIL il WF 5 (19 A 1B 4%
A HOR Z AYTE G R W, L5 2 bR AR P TEKOARY
o PG o B TR B0 B B R AR R TR
(transforming growth factor-81, TGF1) J&—Ff HA I
Z AW R AR K T BRI S S O R B
SRR R R T S KOARY R 16
ﬁ)ﬁ?&@ﬁﬁa@” SHZIE I D (cathepsin D, Cat D)
T — TRl AR A P B R B KOAKR 3 1L 35
Cat DB . i T B I, #2278 Car DR IETY
R A RE A AR H B ] 2 T KOAR B i B 0 7%
SR LA BUAR AL, B — B IPAS TIE B —E R
PR o PRk, ASBIF 5 10 3 B 5l 5 120 MRIVF S5 LA
L MIETGFB1  Cat DAKV-45 22 05 45 5, A d 5L 4
THT VA UK O AJp i 2 JE FRTIN A AL

1 #R57F=%

L1 — R

[l B 23 Br20224F10 H 22024426 H R BEIIA
[1270IKOA B & IIm RGORL & /RT + 309 L6, b
B JrASAE (18945]) FNGTELE (8141 4 AFRIHE :
PIRE B AL WRRIE , 5012 JIKOA® 5 10 BN G
T HR 3 AR I40~7047 5 I PR RE 56 % s B0 A BIE5E
SRR ) 3 o HEBR AR « BEAEAEAE S MU ST % L)
P OG5 4 A5 LA OG5 B 5 A P iR L
SO0 I 7575075 5 A7 AE I8 RS | H B e MR A
UE3A R DR b B T R A 2 ) AR E
FAFRBE B 2= PR ZE 51 2 ¥ At i (i f-5-2022-3-
011) .
1.2 Jiik
121 SR A B U RN, i R45° ~90°
fd FHDW-T8 LR (0, 25 i A 2 W {X [ R o =97 (VL
I A BRA T ]k R RO A TR PR A A, HRSR
U NT.0~15.0 MHz o 4G 28 0 72 0] 422 BE OG5 P4 2

TATTERR S AR B 2E R A7 TR
e R AEAE R AR PE R 7 A A T B AR S Y
17, e s A 45 5 P Do A HE T B
FEERE AR I3 {5 S AR AT, 3053 S35, 437
ERO0~34r R 1223
122 MRUKG A : S8 BUM EMZ , BUREAR B, >R FH 74
"] FSkyra 3.0T/5 37 MR AL (5 F 75 ]+ 2
F)) PEATFI  RARDI T TR 400 ms, TE 12 ms, FLEF
16 cm, 5 F4320 x 256, J2 24 mm; &R T2 : TR
2 350 ms, TE 80 ms, #HF 16 cm, Hi[5320 x 224, )22
4 mm; PDIIJE TR 2 033 ms, TE 35 ms, #L#F16 cm,
HiFE320 x 224, )2 )4 mm fF 15 ES -5 A Syngo T
Ve, AL 42 28 B REER U8 743 (whole-organ MRI
score, WORMS) PEAH ISt R 7, B4 45 %
VR SR E TR B R B R T AL
R RN, 4119258
1.2.3 LG HEFRASI « SR PR S5 1 B i 4 i
M TGF-BIAICat DAY 3 & 53 3 B (54
=R A B FR Bl R A BRA F
1.3 gl AR R A E

XER A A SR FH 3l 37 A R OG0 E A -, 4% R
Kellgren—Lawrenceﬁ’g&*/%VE 8 T~ A2 e,
IVCHE R,
L4 GEiteEat

fift HISPSS 26.008K A1 FE AT HE 143 B o T Bk}
PIFF G IER, Dx + 38R, R R 300017 LA
THECZERE L E 43 B (%) R, SR x K 8 2617 L
ook T 2 I Klogistic [B] IH A A 73 HTKOA KR 359 16
HER A sZ I K 2, R HIRE 5 A A 7Y | 5E ) 2
il 32 1 H BAVE R IE (receiver operating characteristic,
ROC) I A i i 2 S A U TN A% BE . P < 0.05
hEFAGIERE X

2 #R

2.1 HEARAE SIGIFEAE B IR R VORI g
270IKOA R 2 rh 4951 (35.19%) H EKOA,

Horh A 601, B0 E A28 1451, HE A AR 5 I SiF 4E R

FRIG IR GER HLEE, TS24 225 (P> 0.05) ULk

10

2.2 FRAEAE R b R A RN A AR E IR IR ORI

Heis



- 804 -

HREERRESR H54E

Eir B AR LG, B A R R A 5 =28.0
ke/m” B HL) SRR OG S 45403 s B 3 HLAB BRSO

WORMSTE43 . ML 7 Cat DK 280 5 FHE (P < 0.05),
IMIETCF-B1K - R (P < 0.05) . WFR2,

® BEEEERIEEBFRAZHHILER

Tab.1 Comparison of clinical data of patients in the modeling and validation sets
Parameter Modeling set (n = 189) Validation set (n = 81) i'x’ P
Age (year) 60.64 + 7.46 59.58 £6.75 1.100 0.272
Sex[n (%) ] 0.374 0.541
Male 88 (46.56) 41(50.62)
Female 101 (53.44) 40(49.38)
Body mass index 0.057 0.812
=28.0 kg/m’ 51(26.98) 23(28.40)
18.5-<28.0 kg/m” 138(73.02) 58(71.06)
Comorbidities [n (%) ]
Hypertension 40(21.16) 25(30.86) 2.919 0.088
Diabetes mellitus 46(24.34) 23(28.40) 0.490 0.484
Affected side [n (%) ] 0.160 0.690
Left 86(45.50) 39(48.15)
Right 103 (54.50) 42(51.85)
Duration of the disease [n (%) ] 0.256 0.613
>5 years 87(46.03) 40 (49.38)
<5 years 102(53.97) 41(50.62)
History of knee injury [n (%) ] 0.511 0.475
Yes 57(30.16) 28(34.57)
No 132(69.84) 53(65.43)
Ultrasound score 599 +1.15 5.71+1.10 1.857 0.064
WORMS score 55.80 =7.21 54.62+7.14 1.236 0.218
TGF-B1 (ng/mL) 5.50 +1.06 5.62+1.08 0.848 0.397
Cat D (ng/mL) 180.44 +23.75 177.36 +22.58 0.991 0.323
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Tab.2 Comparison of clinical data of patients between the mild-moderate and severe groups in the modeling set

Parameter Severe group (n = 69) Mild-moderate group (n = 120) ilx*? P
Age (year) 61.49 +7.14 60.15 = 6.37 1332 0.185
Sex[n (%) ] 0.897 0.344
Male 29(42.03) 59(49.17)
Female 40(57.97) 61(50.83)
Body mass index 6.311 0.012
=28.0 kg/m’ 26(37.68) 25(20.83)
18.5-<28.0 kg/m” 43(62.32) 95(79.17)
Comorbidities [n (%) ]
Hypertension 18(26.09) 22(18.33) 1.579 0.209
Diabetes mellitus 20(28.99) 26 (21.67) 1.274 0.259
Affected side [n (%) ] 0.014 0.904
Left 31(44.93) 55(45.83)
Right 38(55.07) 65(54.17)
Duration of the disease [n (%) ] 3.576 0.059
>5 years 38(55.07) 49 (40.83)
<5 years 31(44.93) 71(59.17)
History of knee injury [n (%) ] 5.603 0.018
Yes 28 (40.58) 29(24.17)
No 41(59.42) 91(75.93)
Ultrasound score 8.36 £ 1.58 4.62+1.12 18.952 <0.001
WORMS score 63.47£7.35 51.39 £6.31 11.922 <0.001
TGF-B1 (ng/mL) 419 %1.02 6.25+1.24 10.754 <0.001
Cat D (ng/mL) 197.24 +22.96 170.78 +20.90 8.081 <0.001
#3 KOABRERBEHERMESERDN
Tab.3 Multivariable analysis of disease progression in patients with KOA
Factor B SE Wald x * OR 95%CI P
Body mass index =28.0 kg/m’ 1317 0.596 4.809 3.695 2.365-4.235 0.005
History of knee injury 0.667 0.278 5.757 1.948 1.261-2.573 <0.001
Ultrasound score 0.962 0.351 7.512 2.617 1.796-3.324 <0.001
WORMS score 1.115 0.426 6.851 3.050 2.479-4.085 <0.001
TGF-B1 -0.962 0.383 6.309 0.382 0.204-0.547 <0.001
Cat D 0.816 0.304 7.205 2.261 1.475-3.128 <0.001
Constant -0.552 0.259 4542 - - -
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Fig.1 Risk prediction model for disease progression in patients with KOA
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