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1.028~1.451, P=0.023) ; Bk s i545 & & & OR 4 1.117(95%CI:1.051 ~ 1.187, P<0.001) ;47 & F # & OR % 3.848
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The use of the FRAIL scale in predicting the risk of postoperative
pressure injury in older patients undergoing joint replacement surgery
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Abstract: Objective To assess the frailty status of older patients undergoing joint replacement surgery using the

fatigue, resistance, ambulation, illnesses & loss of weight( FRAIL) scale. It further explored the impact of preoperative
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frailty on postoperative pressure injury and evaluated the effectiveness of combining FRAIL scores with common labora-
tory indicators in predicting postoperative pressure injury risk. Methods This cross-sectional study included 348
patients aged 60 years and older who were admitted to the Department of Orthopedics, Qilu Hospital of Shandong
University, for joint replacement surgery between May 2021 and June 2023. Patients were divided into a training set
(n=256) and avalidation set (n=92) based on admission time. The FRAIL scale was used to assess preoperative frail-
ty, and the patients were divided into three groups: non-frail( 0 points) , pre-frail( 1-2 points), and frail (3-5 points)
groups. The Braden scale was used to assess pressure injury risk. Data on admission diagnoses, surgical procedures, and
preoperative biochemical indicators were collected using the hospital’s medical record management system. Univariate
Logistic regression and least absolute shrinkage and selection operator (LASSO) regression were used to screen impor-
tant predictive variables, and a multivariate Logistic regression model was constructed. A nomogram was constructed to
visualise the model. The goodness-of-fit, calibration, and predictive ability of the model were evaluated using the
Hosmer-Lemeshow test, receiver operating characteristic (ROC) curve, and area under the curve ( AUC). Decision
curve analysis(DCA) was employed to assess clinical utility. The Bootstrap method was used for internal validation and
external validation was performed using the validation set. Subgroup analysis was performed based on age and surgical
procedures. Results Among the 348 patients, 78 were non-frail, 204 were pre-frail, and 66 were frail. FRAIL score,
neutrophils, ischaemia-modified albumin ( IMA ), and potassium ion concentration were independent predictors of
postoperative pressure injury ( P<0.05). For each 1-point increase in the FRAIL score, the risk of postoperative pressure
injury increased by 1.719-fold (OR=1.719, 95%CI. 1.171-2.524, P=0.006), the OR for neutrophils was 1.222
(95%CI;1.028-1.451, P=0.023), the OR for IMA was 1.117(95%CI . 1.051-1.187, P<0.001), and the OR for po-
tassium ion concentration was 3.848 (95% CI; 1.090-13.589, P=0.036). The Hosmer-Lemeshow test indicated good
model fit (P=0.08), and the calibration curve showed good agreement. The AUC in the internal validation was 0.825,
with a sensitivity of 0.889 and a specificity of 0.681; the AUC in the external validation was 0.834, with a sensitivity of
0.870 and a specificity of 0.681. DCA showed that using the prediction model resulted in higher net benefit within a
probability range from 0.05 to 0.45. Subgroup analysis revealed that the FRAIL score had significant predictive value in
patients aged 60-70 years and those undergoing unicompartmental knee arthroplasty. Conclusion Preoperative frailty is
highly prevalent in older patients undergoing joint replacement surgery and is an independent risk factor for postoperative
pressure injury. The prediction model combining FRAIL scores with common laboratory indicators showed good calibration
and high predictive ability for changes in postoperative pressure injury risk, providing valuable reference for clinical decision
making.
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TR LUREC D A BB (A 23 ) [n (%) 14
s X T 2848 Al A Kruskal-Wallis H 6 56
HEFTELIA] FE B, % T 0 17 43 2 A8 f Al TR O e g
( Chi-squared test, y* #:58) . K H ¥ E Logistic
1A 53 B PAG AV 0 S el PR35 5 e T M s XU
ZI R FR , K5 T TE B R R A vh ik 21 B 25 1K
P AR B A e /N R W 5 TR R BT 1 (least
absolute shrinkage and selection operator, LASSO) ,
i B B AN B () A8 5, BEJS , AR 32 i
AR N & Logistic 7] IH4 Y | LA & 77
AR, B 4ELA U B 38 4 Hosmer-Lemeshow
AU R S BEAT VA T B8 ) )3 2o 52 10 T
YEHFME (receiver operating characteristic, ROC) £k

FIHEZE F MR (area under the curve, AUC) #471F
fili o A HE RN FH T PPAb A B S0 5 SEBRIE 2
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Eb %

YIZREE 256 ], Horh o 55 83 49 #1(19.1%) ,
TESS AT AR 162 1] (63.3%) , % 55 B 45 i
(17.6%) . B 97 11(37.9%) , 2 159 11 (62.1%) , %
LHBIN 1:1.64, FE55 RN 15.46% :18.87%, 55
BEMFR S T EEHEE, PSR 68
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1 O ST AN R 5 A A FE LR BORE A (n=256)

Table 1 Comparison of baseline characteristics across non-frail, pre-frail, and frail groups (n=256)

ity EH (n=45) T4 (n=162) TFEFHL (n=49) F/Y*/H P

P/ (B/2) 22/27 60/102 15/30 1.470°  0.480
R/ % 66(63,68) 68(63,71) 68(60,76) 4.118 0.128
B /cm 162(153,171) 160(156,165) 160(150,170) 2,553 0.279
g/ kg 70.00(56.00,84.00) 70.00(61.25,75.00) 67.00(52.50,81.50) 2362 0.307
BMI 25.61(24.22,27.38) 26.67(23.69,29.05) 26.06(23.44, 28.76) 2972 0.226
H A5/ (x10°/L) 5.62(4.80,6.38) 5.63(4.67,6.67) 5.79(5.10,6.62) 1.891 0.388
PR 4 L/ (< 10°/L) 3.11(2.72,4.05) 3.38(2.62,4.16) 3.52(2.95,4.44) 2718 0.257
WE 4L/ (x10°/L) 1.7920.49 1.77+0.54 1.73+0.48 0.133*  0.875
RERMERLAN I/ (x10°/1) 0.09(0.06,0.16) 0.10(0.06,0.14) 0.15(0.08,0.22) 7.951  0.019
RETE ML AN/ (% 10°/1) 0.02(0.02,0.03) 0.03(0.02,0.03) 0.03(0.02,0.04) 6.441  0.040
HRZARNL/ (x10°/1) 0.32(0.27,0.41) 0.35(0.28,0.43) 0.36(0.32,0.42) 2361 0.307
LLYNME % (x107/1) 4.26+0.55 4.27+0.47 4.28+0.49 0.012*°  0.988
MM/ (g/L) 128.86+19.34 131.98+14.84 128.69+15.31 2,152 0.341
LM A % 39.15+5.46 39.13+4.31 38.49+4.42 0.375"  0.688
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E{=L7D FH (n=45) TR (n=162) TIEFHY (n=49) F/Y*/H P
LT AR/ L 92.00( 89.30,94.60) 92.05(89.40,94.58) 90.00(87.70,92.30) 8.493  0.014
1/ (x10°/1) 233.18+60.43 229.38+65.90 258.24+61.47 3.597*  0.029
/MR L 11.00(10.50,11.50) 10.80(10.43,11.28) 10.90( 10.60,11.50) 3.862  0.145
LM IR AR AL FLE 0.95(0.91,0.99) 0.93(0.90,0.97) 0.94(0.91,0.99) 4176  0.124
56 1. LR ]/ 109.00(101.00,118.00)  114.00(105.25,121.00) 111.00( 102.00, 118.00)  5.306 0.070
TR EE ML T BT Rl /s  30.20(28.80,32.30) 29.90(28.00,31.48) 29.80(28.00,31.10) 3.008  0.222
00 Ak R4 B 10905 T L 1.04(0.99,0.99) 1.03(0.96,1.08) 1.02(0.96, 1.07) 3.577  0.167
A E A/ (g/L) 3.09(2.75,3.37) 3.18(2.84,3.49) 3.48(3.06,3.96) 10.975  0.004
Y AL BRI/ s 14.50( 13.80,15.50) 14.60(13.90,15.08) 14.30( 13.70 15.00) 2340 0310
D —R{K/(mg/L) 0.26(0.09,0.49) 0.43(0.27,0.79) 0.74(0.38,1.39) 26.079  <0.001
fU?L;‘ﬁMﬁ%%% s/ 13.00( 11.00,16.00) 14.00( 11.00,20.00) 13.00( 10.00,20.00) 2,935 0.230
iffﬁﬁﬁ%%% 4 17.00( 15.00,20.00) 17.00( 14.25,21.00) 17.00( 15.00,21.00) 0.328  0.849
v ANBEEEL AR (U/L) 17.00( 14.00,23.00) 19.00( 14.00,27.00) 20.00( 15.00,26.00) 3.828  0.147
B ML FR B (U/L) 76.00(66.00, 94.00) 79.50(66.00,96.75) 84.00(74.00,104.00)  4.099  0.129
ML 2/ (mol/L) 12.60(8.90,16.20) 10.25(8.10,13.65) 9.50(7.10,11.60) 8.360  0.015
HZMHLLE/ (mol/L) 4.00(3.00,5.00) 3.50(2.80,4.58) 3.10(2.60,4.00) 6.795  0.033
[l 322 RA 41 2/ (mol/L) 8.40(5.80,10.90) 6.75(5.10,8.90) 6.30(4.40,7.50) 8.671  0.013
BIHEH/ (/L) 22.3(19.70,25.90) 22.9(20.40,25.80) 22.9(18.50,25.50) 1.300  0.522
H&EMH/(g/L) 42.90(40.40,44.60) 42.60(40.80,44.60) 42.10(40.20,44.30) 0916  0.633
BREH/ (/L) 25.90(24.40,27.30) 23.35(23.53,27.70) 25.60(24.00,29.00) 1.074  0.584
HAE /A E HE 1.67(1.53,1.76) 1.67(1.55,1.84) 22.90( 18.50,25.50) 3.633  0.163
SVIE[E B/ (mmol/L) 4.60+1.12 4.65+1.01 4.79+0.92 0.467*  0.627
?mﬁf/iiﬁgﬂﬂm@/ 1.23(1.05,1.50) 1.15(0.94,1.38) 1.16(0.99,1.34) 3.612  0.164
ﬁi{%f & F L e/ 2.72+0.90 2.85+0.80 3.0420.76 1.762°  0.174
Ej;nﬁiiﬁ EE Y 0.47(0.35,0.67) 0.67(0.43,0.88) 0.58(0.45,0.84) 6.776  0.034
Hil =M/ (mmol/L) 1.03(0.88,1.31) 1.38(1.04,1.84) 1.36(1.08,1.75)* 12.399 0.002
[ 25 Jp R/ ( mol/LL) 13.10(9.60,16.40) 12.50(9.85,16.00) 11.30(10.30,15.60) 0.447  0.800
B Ng %/ (mol/L) 45.00(32.00,55.40) 42.90(42.15,64.63) 50.40(40.20,59.00) 4226  0.121
% HE/ (mmol/L) 4.97(4.71,5.49) 5.12(4.78,5.66) 5.08(4.67,5.66) 0.763 0.683
IfiL /K 2 %/ (mmol/L) 5.70( 4.90, 6.20) 5.10(4.40,6.30) 5.20(4.50,6.80) 1.206  0.547
ML UL/ (mol/L) 61.00(56.00,70.00) 63.00(53.00,76.00) 60.00(56.00,71.00) 1.682  0.431
e E ¢/ (mg/L) 0.97(0.84,1.04) 0.96(0.84,1.11) 1.01(0.88,1.15) 2.543 0.280
JRIR/ (mol/L) 289.00(235.00,337.00)  294.50(252.00,354.75) 303.00(243.00, 352.00) 0.990  0.610
%g%ﬁﬁ;ﬁ%ﬁ/ 73.49+7.28 70.81+7.05 72.21+7.37 2.862°  0.059
#MAE Clg/ (mg/L) 150.20(134.50,178.10)  148.65(131.55,179.00)  152.90( 143.00,188.60)  2.546  0.280
W& S/ (U/L) 72.00(52.00,112.00) 71.00( 54.00,93.00) 66.00(49.00,81.00) 27769 0.250
IR IR T-/§/ (U/L) 1.30(0.80,2.10) 1.20(0.90,1.90) 1.20(0.90,1.90) 0.153  0.926
W58 A I/ (ng/mL) 3.45(2.17,4.84) 3.57(2.40,5.72) 4.13(2.64,5.36) 0971  0.615
FLER M A/ (U/L) 200.00(173.00,215.00)  203.00( 184.25,231.75)  201.00(176.00,231.00)  2.939  0.230
BB T BE/ (mmol/L) 4.08(3.97,4.22) 3.99(3.77,4.27) 4.08(4.00,14.37) 5.691  0.058
B U/ (mmol/L)  142.00( 140.00,143.00)  142.00(141.00,144.00)  142.00(141.00,143.00)  4.789  0.091
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Table 2 Comparison of changes in postoperative pressure injury risk among non-frail, pre-frail, and frail groups/n
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Table 3 Univariate Logistic regression assessing the impact of each variable on changes in postoperative pressure injury risk

EELD B Wald OR 95%CI P

FRAIL 43 0.597 10.049 1.817 1.256~2.629 0.002
SEi]aba A4 0.169 4.955 1.184 1.020~1.374 0.026
Rl ey v 11 ) 0.197 2.298 1.218 1.029~1.440 0.022
PRAZ A it 2.267 5.281 9.651 1.094~85.158 0.041
LA R 0.455 4.125 1.576 1.016~2.450 0.042
S it A8 4 B 0.107 13.683 1.113 1.051~1.770 <0.001
BBk 1.339 5.415 3.816 1.235~11.791 0.012
SRR -0.159 5.157 0.853 0.743~0.978 0.023
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Figure 1 LASSO regression indicator selection
A: The number of variables corresponding to different 1gA ; B; Ten-fold cross-validation for tuning parameter selection in
LASSO regression.
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Table 4 Multivariate Logistic regression assessing the independent impact of each variable
on changes in postoperative pressure injury risk

LD B Wald OR 95%CI P
FRAIL 143 0.542 7.646 1.719 1.171~2.524 0.006
B HEA 0.111 12.844 1.117 1.051~1.187 <0.001
BB 1.348 4.382 3.848 1.090~13.589 0.036
rh P 24 0.200 5.189 1.222 1.028~1.451 0.023
W -17.535 20.982 0.001 <0.001
24 MEFMIEBHRIEWESE 0.681, W, & 2., Hosmer-Lemeshow i 4 Ky y* =

ROC HhZk 45 3R W 7s , AUC {5} 0.825(95%Cl 14.07,P=0.08) .
0.734 ~0.915) , L R 5 R FE Sl 0.889, 45 R F H



WU, 55 FRAIL A A T B4R s 7 P45 A3 RURS: F500 v ) 1 61

B2 ARJF 7P KU 22 AL BUMIAE B 1) ROC 2k
Figure 2 ROC curve of the prediction model for changes in postoperative pressure injury risk
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Figure 3 ROC curve for the prediction model of changes in pressure injury risk constructed using the external validation set
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Figure 4 Nomogram of the prediction model for changes in postoperative pressure injury risk
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Figure 5 Calibration curve of the nomogram for the prediction model of changes in postoperative pressure injury risk
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Figure 6 DCA for the prediction model of changes in postoperative pressure injury risk
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