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Abstract

Objective: To analyze the risk factors for poor incision healing in patients after total knee arthro-
plasty and to establish and validate a nomogram prediction model. Methods: We retrospectively
reviewed the medical records of 1055 patients undergoing TKA procedures in the Department of
Joint and Sports Medicine, Jining Medical University Affiliated Hospital from June 2022 to June 2024,
these patients were randomly divided into the experimental group (n = 738, including 38 PWH pa-
tients and 700 normal patients) and the validation group (n = 317, including 17 PWH patients and
300 normal patients) in a 7:3 ratio. Collect the general data of patients in the experimental group
and the validation group during the perioperative period. Conduct univariate and multivariate
analyses on the poor wound healing after total knee arthroplasty. Establish and validate the nomo-
gram prediction model for poor wound healing after total knee arthroplasty in patients. Results:
The results of univariate analysis in the experimental group indicated that the proportions of PWH
patients with type 2 diabetes, hyperlipidemia, rheumatoid arthritis, operation time, intraoperative
blood loss = 100 ml, drainage tube placement time = 48 h, and hospital stay = 10 days were higher
than those of normal patients, while the preoperative hemoglobin level and preoperative albumin
level were lower than those of normal patients, and the differences were statistically significant (P
< 0.05). The results of multivariate analysis indicated that prolonged operation time and the coex-
istence of type 2 diabetes and hyperlipidemia were risk factors for poor wound healing after total
knee arthroplasty, while preoperative high levels of hemoglobin and albumin were protective fac-
tors (P < 0.05). The ROC results of the experimental group showed that the AUC was 0.885 (95%CI:
0.805~0.911); the ROC results of the validation group showed that the AUC was 0.907 (95%CI:
0.857~0.871). The calibration curves of the experimental group and the validation group both showed
good consistency with the reference curve. Based on the evaluation by the decision curve, both the
experimental group and the validation group showed good clinical benefits. Conclusion: For total
knee arthroplasty, the predictors of PWH are prolonged surgical duration, Type 2 diabetes mellitus
and hyperlipidemia. Preoperatively high-level hemoglobin and albumin levels can be used to pre-
dict the protective effects of PWH in total knee arthroplasty. The nomogram prediction model con-
structed based on the above risk factors and protective factors can effectively assess the risk of PWH
in patients undergoing TKA, and it has been evaluated by the decision curve and shown to have rel-
atively good clinical benefits.
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FIER, R

TKA 7 AR08 B O IR TS ZIR RIS AR, R T2, =T B Esh ke
FAETERTRE2]. HH T TKA FARYIOEH, BT ALK, H TKA R 8% 575 BT B
SINZGRKEIEATTNRE, SSRGS BT U AL 5K /180K, B Y) H &4 A B (Poor wound healing,
PWH)BCAIGIRE T WL TKA RJGFHIEZ —(3], H PWH JGHIN 5 LT G A0 il 28 8 4 % 56
Jia 9 S BB A ] Bl /S G (Periprosthetic joint infection, PJI) [4]. AHXSFan{ayayy PWH, Tp5I kAT 2 H
rhz B, PR, IR A TR TKA RJG PWH KA PG R 2 Wi PWH RGBT £, JE Tk, &
WE9E S AL B SR D TKA R ATRE S PWH KARSGIR R ZR, AR I 2B H A 5C f [ R 34 i 1) 2k
EIFGAEAL, LA R TIIR TKA AJ5 PWH U SR ARIE, J7 45T 52200 R TAE.

2. ENERE
2.1. —RR PR

IINARHE: (1) BFNBEEIS JORTT S 550 i RMA A7 528 (2) BEVIAT 2T BIA; (3)
FELWOE T REGERIBERAT R (4) R TOHOTT KA BB 5 (5) 1 4F P JE R ¢
TS L (6) BEAELERMIGLTTFARL; (7) Rt 6 ANH W EOLMIME R AL (8) FAHRKE
FAREEIN L2504 5 R FAEBRIMTE . HEBRARAE: (1) JWBISTRAE 8 (2) BMEABRT K45 R
M sy (3) GIFEMEE: (4) GIFZREIREA R LA E IR RAE .

HRAE R g A bRufE B HERRFRvEE, ¥ 2022 4E 6 H & 2024 4F 6 A TEERBMBER X7 5i8shE2
FHIE AT TKA 19 1055 Bl BF NATEFL, Hrp 5 316 1], Lotk 739 ], ~F354FEE(65.52+7.97)% .
iZF R (R4.1.3)AEIEIE 7:3 BEHL O ALK 4l (n =738, i PWH &35 38 5, 1E% 4 700 6) 5 56E 4
(n=317, He& PWH £ 17 1, 1EH EH 300 F).

AR FUB LB 7 B2 2R B I PR 5 2 e A8 2% 3 2 B HL(ONMC-Y X-2025-053), FTfF BB R e 4% %
FARIIEFRZE T
2.2. FlEFRE

MRS E N AMERBTFL[5]-[7], ERCTTERARET D EaAREHRED . (1) RE%E 3 REEK
TR A B, B WS 2008 3 Ry (2) B HBEE N L alia t, GEm, ot i
Y (3) WEITAE B FRIESHE U B AR (M B s AR L AR T8 E ARJa U1 s s o5k
WHUTE MR E R AR A D IR A &0 (4) VIHECRHZ B ImARADNT 2 cm x 2 em; (5) BIEY)
HIOFRE. BRI R RENIBAL . DI R PSSR A0 SEE . VB IR @ & 46 00, (HAEEDI
ARG R G LU B A A R IR S 1 L

2.3. IsPRFTRIER

PR TH A 78 07 8, (R BR e W13 R A0 A A QIR BERE, W), AF s BMIL BEA: ZEAil
o SRR ML 2 BRI . e O MR IUE) A2 A A R BRI ). A IR
W RATMAEAebr. AEATER. FARRE . KRR, A, &5 mg. 5l
T T B TR BE R (). LA IR RER S ULk, Lk 6 M LA MBI NERIKIE 50 mL BAE,
a6 MHLL L mILERS (2024 40 [E & KB G TR 12Wi[8], WR4EE > 140 mmHg &7 5k
JE >90 mmHg. 2 BRI SIR (2022 G [E24F 2 BUBE RGP iR 4RI D (9], ZHEIMLAE > 7.0 mmol/L,
g fa 2 /N IBE > 11.1 mmol/L, EXBENLILEE > 11.1 mmol/L, B4 FiRfE7E —IEISHT 2 AU R .
AR IMAE 2 18 (2016 = E s MR 7 B G 8 ) 120101, SHHEEE > 6.2 mmol/L (= AH [ FE 0 5E)
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o, ERE

Hih =8 > 2.3 mmol/L(/& H i = B8 IMAE) KZEAREE > 4.1 mmol/L FE =% ENEHE I < 1.0 mmol/L
(I 7 35 T AR 2 A IAUAE), >2 T TR 4 78 1 I TLE

24. GtFERZE

KH SPSS27.0 3 AF X B AT Ge vt 40 4, tH B BORHA Shapiro-wilk IEASTERTES, BI5F & IEAS /01,
PAIIE + brdEZE (X +s)Eow, HIMEHE LLBCR MO FEAR ¢G50 THEUEOR CABI(%) 387K, 40 R 5 b
BOR A5, AFAEMIEEIIE0 < 5 WK A Fisher AEHARTES . XF SLIRAH AT M EHA S5 U N &
AN R (A F Rl AN R, LR B 2 8T, SRR R R i R R = R G Gt E A
PANTT logistic &AL REIAI T, FHEZRERSFTEER. LLP<0.05 FnZERA5iH e Lo

AR SI256 2H 22 IR 3% logistic [F1 VA 73BT 45 SR 15 H iR AR 40 &, SR R (R4.1.3) B4 1 T4 BEAR TS rms
survival, ggDCA F27EE VAR BIRA GV O EEA RARZ HRE AN 1R, IEIE) 514
PITMASE RS, SR 43 ) 22 1) SR 6 20 5 B0 4 1) 52 K 35 B VR SRk 1l 2R (Receiver operating characteristic curve,
ROC). HEMZ . LLI Y5 Hh 2% (Decision curve, DC)HEAT P S UE ALY
3. R
3.1. KL 5HHFABEERT LA R

PIHPER(P=0.714). fE#(P=0.920). BMI(P=0.520). /= ILESRP=0.418). 2 BB RIK (P = 0.643).
(P = 0.292) FEMRIMLAEP = 0.176)« KKIBHER TR P = 1), HUMEP =0.686). "HIHEP =0.891). A
RIS F(P = 0.521). ARETEHEH(P =0.428). FKIET7 (P =0.141). FARBE(P =0.491). R &E
(P=0.740). SIVETLER E(P =0.642). EHHEFEMEP=1). FEFRENTEEP=0.513)2ZR7 LR ITFE
X PLP<0.05 £nERAGFEL. HERE L.

Table 1. Comparative results of data between experimental group and verification group

= 1. LA SR BIERTLLER

SEHG4H (n = 738) UESH (n =317) P&
PR B 151(%)]
5 224 (30.4%) 92 (29.0%) 0.714
gy 514 (69.6%) 225 (71.0%)
FR ) [51(%))
FH{E(SD) 65.41 (7.95) 65.78 (8.01) 0.920
WA KA, F/ME] 68 [46, 84] 68 [46, 81]
BMI (kg/m?)
F-#4){H(SD) 26.54 (3.84) 26.70 (4.04) 0.520
WA KA, F/ME] 26.44[15.15, 44.08] 26.81 [16.65, 40.40]
o UL 55 181 (o)
I 400 (54.2%) 181 (57.1%) 0.418
H 338 (45.8%) 136 (42.9%)
2 BUBEFRR (B (%)]
I 626 (84.8%) 265 (83.6%) 0.643
f 112 (15.2%) 52 (16.4%)
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LI [ (%)]
7 600 (81.3%) 267 (84.2%) 0.292
A 138 (18.7%) 50 (15.8%)
TR IR HILAE (1) (%)]
& 712 (96.5%) 300 (94.6%) 0.176
f 26 (3.5%) 17 (5.4%)
KRERMERTT R B](%)]
7 708 (95.9%) 304 (95.9%) 1
H 30 (4.1%) 13 (4.1%)
(%))
4 647 (87.7%) 275 (86.8%) 0.686
2 91 (12.3%) 42 (13.2%)
HEE (51 (%0)]
& 690 (93.5%) 298 (94.0%) 0.891
= 48 (6.5%) 19 (6.0%)
AR F (g/L)
“FIIME(SD) 137.25 (13.97) 136.26 (14.42) 0.521
R KAE, B ME] 137 [88, 184] 137 [77, 176]
ARETEEHA L)
FH{E(SD) 44.45 (4.00) 44.83 (3.86) 0.428
WAL KA, Fe/ME] 45.1[24.7,53.8] 45.6[31.6,55.2]
FREET5 [ (%))
AR B o 22 BEL i BRI 631 (85.5%) 282 (89.0%) 0.141
FEARE B R T 107 (14.5%) 35 (11.0%)
F- AR [E] (min)
FH#I{E(SD) 59.84 (14.81) 59.16 (13.83) 0.491
LB RORME, A/ME] 57 [35, 140] 58 [35, 125]
A H LB (ml) [5(%)]
<100 ml 705 (95.5%) 305 (96.2%) 0.740
>100 ml 33 (4.5%) 12 (3.8%)
SRS TBE R E (h) [51(%)]
T/E <48h 729 (98.8%) 312 (98.4%) 0.642
HE >48h 9 (1.2%) 5 (1.6%)
R I [ (%)]
7 721 (97.7%) 310 (97.8%) 1
= 17 (2.3%) 7 (2.2%)
AT (d) [B1(%)]
<10d 624 (84.6%) 273 (86.1%) 0.513
>10d 114 (15.4%) 44 (13.9%)
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3.2. LG4 PWH BEEESFTEEERERESNER

FIZEYER (P =0.847). F#(P=0.329). BMI(P=0.903). & IILESH (P =0.385). Lo (P =0.368).
JHP =0.241) PP =0.0.750) RIS (P = 0.475) & EHiERARIMP = 0.890)E R TG 242 3 2
TUBEIRIE(P = 0.004) =R IMAEP = 0.016)« SRR HEILTT R (P < 0.001) ARFTMLE AP < 0.001) AKRFT
HE (P <0.001). FARE (P <0.001). A HIMEP = 0.008). 5IHE BCER (P =0.020) {EFEH A
(P<0.00)ZERAG2¥E L. LAP<0.05 BRERHGITHE L. FERLE 2.

Table 2. Results of univariate analysis of PWH patients and normal patients in experimental group

F2. KHYHPWH BESERRERRENTER

PWH H&E®m=38) IEXEEZMN=700) KHHEWtYD) P1E
5 () 181(%)]
% 11 (28.9%) 213 (30.4%) 0.037 0.847
e 27 (71.1%) 487 (69.6%)
FR(F) (Xts) 64.18 £ 8.10 65.48 £7.95 -0.976 0.329
BMI (kg/m?) (X+s) 26.63 +4.49 26.54+3.81 0.123 0.903
e L5 41 (%)
T 18 (47.4%) 382 (54.6%) 0.753 0.385
A 20 (52.6%) 318 (45.4%)
2 BUBE IR B (%)
7 26 (68.4%) 600 (85.7%) 8.373 0.004
H 12 (31.6%) 100 (14.3%)
LI B (%)]
T 33 (86.8%) 567 (81.0%) 0.809 0.368
fa 5(13.2%) 133 (19.0%)
TR IEE [ (%))
7 34 (89.5%) 678 (96.9%) 5.781 0.016
H 4 (10.5%) 22 (3.1%)
KRS R B (%))
T 30 (78.9%) 678 (96.9%) 29.646 <0.001
fa 8 (21.1%) 22 (3.1%)
AR B (%))
& 31 (81.6%) 616 (88.0%) 1375 0.241
= 7 (18.4%) 84 (12.0%)
e 5 181 (%o)]
o 36 (94.7%) 654 (93.4%) 0.101 0.750
2 2 (5.3%) 46 (6.6%)
RETMATE A (/L) (X+s) 127.87 + 13.90 137.76 + 13.80 —4.299 <0.001
ARTAEHA@EL) (X+s) 40.30 £3.67 44.66 +3.91 -6.707 <0.001

DOI: 10.12677/jcpm.2025.43377 525 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2025.43377

=
e
2
N
s
B

BT 2[5 (%)]
AR G0 2 BH i BRI 34 (89.5%) 597 (85.3%) 0.510 0.475
LR Bk 15 JRR T 4 (10.5%) 103 (14.7%)
FARMF 8 (min) (X5 ) 75.18 +21.65 59.01 +13.89 4.555 <0.001
AR A H & (ml) [5(%)]
<100 ml 33 (86.8%) 672 (96.0%) 7.077 0.008
>100 ml 5(13.2%) 28 (4.0%)
SIREBCE R E (h) [51(%)]
T/ E <48h 36 (94.7%) 693 (99.0%) 5.438 0.020
JE >48h 2 (5.3%) 7 (1.0%)
BERAARLB](%)]
B 37 (97.4%) 684 (97.7%) 0.019 0.890
2 1 (2.6%) 16 (2.3%)
FEERRTTEI(d) [8)(%)]
<10d 21 (55.3%) 603 (86.1%) 26314 <0.001
>10d 17 (44.7%) 97 (13.9%)

3.3. L44H PWH BESEERESERISTER

BRRERR T ERA R R BT 2 H R, s R B REHF 2 2055 RE(OR> 1, P
=0.010). &FF=EMIAEOR > 1, P =0.018). FARBAIEGAM(OR > 1, P < 0.001) 438G PWH A5 I f& s (K]
=, AREEKFMAE HKF(OR <1, P=0.039). AHI& K HEEHKFOR<I,P<0.001)40/> PWH
BRI R . I 3.

Table 3. Results of multivariate analysis of PWH patients and normal patients in the experimental group

3. LE PWH BESEERESRRDNER

pE S.EAH  Wald 2 {& P& OR & 95%CI
It 2 BUEIRR 1.169 0.455 6.607 0.010 3.220 1.320~7.855
A IF R IAE 1.705 0.718 5.635 0.018 5.501 1.346~22.476
EHERBIERTTR 0.943 0.596 2.500 0.114 2.568 0.798~8.266
ARTMaER -0.026 0.013 4.255 0.039 0.974 0.950~0.999
RETEAZA —0.180 0.048 14.242 <0.001 0.835 0.760~0.917
FAREE 0.037 0.009 15.670 <0.001 1.038 1.019~1.057
RepHIfiiE >100 ml 0.743 0.665 1.249 0.264 2.103 0.571~7.746
FIMERERE >48h 0.443 1.152 0.148 0.701 1.557 0.163~14.885
Rt >10d 0.685 0.425 2.596 0.107 1.984 0.862~4.563
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3.4. FIZEFMER AR S1IE

FET 2 PR e A Ge it 2 AR BT A R B R 5 U A R A1) 4 P R AR
B, PR 1,

Points ? 1IU %0 3IU A‘U 5|0 5‘0 7‘0 B|0 9‘0 1?0
5 i HILAE I ~
MR i
1
i N e ) S I R T e
41 mj ni gﬁ gﬁ 4'5 4'0 3'5 3'0 2'5 2'0
o I T S S S e CH T ¥
Total Points 6 ! ! " ! JO ) ! ) ! 4'0 ) ! ) ! éﬂ j ! j ! BIO j ! j ! 160 " ! i ! 150 " ! ) T 110 ) ! i T 1&0
Prob ofo ok ob ok ok oko ol ok

Figure 1. A nomogram prediction model for poor wound healing after total knee arthroplasty

1. EBRXTERABVIOEET ROFILETNER

22 ROC, FEALARNFRRRE, ARG ARUEREE . S2id ROC 5 EIR: AUC A 0.885 (95%CI:
0.805~0.911), F/NSLIGZH PN A B A RS TN J0UEZ4 ROC 455 B7R: AUC 4 0.907 (95%Cl:
0.857~0.871), Fom5a ik 2H PN BE A A B0 () A . SE3e2H 550 0EZH ROC S5 R e 2 . TE LK
2. K 3.

10

s =2.188 (0911, 0.805)

06

AUC: 0.885

0.0

15 10 05 00 -05
Specificity

Figure 2. ROC of the experimental group
B 2. 3<304H ROC
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Figure 3. ROC of the validation group
[ 3. 343E4H ROC

xR M 2k, BRI RO NE RS T A AR SE BRI R R ME =R o 1deal ARFR 2% il 2 (BRAE
Hi2R), % Mk F 7R R E = SEPRRIE R Apparent 183 TN A& 2 55 52 b & 0 ME S AR HUL &1 5
Bias-corrected UKL IE /G TN ME R 5 S PR MR A S 15 D SRI02H . Bk ZH AR vhe il 2 245 SR 45
7~ Apparent. Bias-corrected 5 Ideal EAT—EUME R 4. FEWIE 4. K 5.

©
=)
2
3
]
3
°
a
E
2
3
< <
%4
Apparent
E— Bias—corrected
~
S AT e Ideal
<
S

T T T T T T
0.0 02 04 06 08 1.0

Predicted Pr{status == 1}
e 40 eptons bt R —
Figure 4. Calibration curve of the experimental group
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Figure 5. Calibration curve of the verification group

5. WIEEROERLZ

250 DC, MEAAAR A KU IAE, AFR I ES . None fREFTH B I AHSZ IR I IR U A s Al
REEFTA B B0 T I et s train A1 test 75 71 AR 26 4L AN 56 11E 2 FR) T ASE 7L A AN [ XIS B
NGB XU S BT R i s . SRR ZH SR DC S5 R TEMI R 2R, H AN A R EF AR
Yezs. A 6.

E— test
— train

7 Al

0.3

—_— None

0.2

Net Benefit

0.1

0.0 0.2 04 06 0.8 1.0

High Risk Threshold

Figure 6. Decision curve
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FIER, R

4. g
4.1. EHEMER

AR FEEE R B os G I 2 BB PRIF VG0 TKA RJa PWH ARG K 3R . 2 BOBE PR H L fe
PEACEER, BRAETEIR RS, EERR IR RIE S Hs L R A 5% [9]. & 2 BB ROW I B TKA R
IR E A RIR B E S Hm RS U R & IR K. —Jrm, KUFEERREE. R, &A
JRACH 7 H AT k4 B IS DO RERRAS,  8RCKIE KMIEA R G, EME % 48 5 5 R A0 BLAL AL,
AP ARG 2 WSS A GUE RBESI[ 1105 55— 5T, ARk 14 Jol Bl Ao 22 2 e I . 6 PR 15 S 43
B3, Iz e IR S T 20K B 4R AL RE 70 FRAR DL R /MG AL S, SRR AT ) 4L 4342 55 R0 e
WAL, MY DR E[12]; Sbhh, 2 BB IR B T A2 B TR R I, S ASUREEER
SEECEIENE, SR TR ER, SERR G KIENS, BEREs ERAERE[13];
a, ERERNA, 2802 RIRRA B RN S IF R R e e S F A RO, SR 3
LR B AL T s N B s kAR A AL BERE , /b ) R AR LA ) ) D @ A [ 14]. SR, ANTH
FHMKRH TG RIA L, FANEEHTARY15], BERPXTTARJE U & L R, i
I PR g #4873 i PR 6 DR B IS I I T R AR B w2 . DR, PEE O, BRATEIR R TR, AMY
S TR PR R AR AR, 3 S N S K SO IR AT R bR (B A I 4T B A ) R B
Uy JE B AR IR, JRE S DAL 2 T R R S

BTSSR R B I F IR U O3S I TKA RS PWH R A RS El R . A AR KR
$ETt, e I MRE 0 PR R B A A T SN BOR AR ROALET o %, e i IE AT 75 g i 2 23 it i 2% PR 1
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