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[Abstract] Objective To develop an instrument for predicting postoperative constipation risks in patients with
osteoporotic thoracolumbar fracture (OTLF) who have undergone percutaneous kyphoplasty (PKP). Methods A total of
858 OTLF patients who underwent PKP surgery between January 2020 and December 2024 were enrolled. The patients
were randomly assigned to a training set (n = 600) and a validation set (n = 258) ina 7 : 3 ratio. According to whether the
patients had postoperative constipation, the training set was divided into a constipation group (n = 205) and a non-
constipation group (n = 395), and the validation set was divided into a constipation group (n = 90) and a non-constipation
group (n = 168). Logistic regression analysis was conducted to analyze the factors influencing postoperative constipation
in OTLF patients after PKP, and a nomogram model was constructed accordingly. The receiver operating characteristic
(ROC) curve and the calibration curve of the model were plotted, and the Hosmer-Lemeshow test for goodness of fit was
performed. Results A total of 205 OTLF patients (34.17%) in the training set and 90 OTLF patients (34.88%) in the
validation set experienced constipation after PKP. Univariate analysis revealed significant differences between the
constipation and non-constipation groups in terms of operative time, postoperative water intake, time to first
postoperative meal, postoperative bed rest time, the levels of Bifidobacterium, Lactobacillus, Enterococcus, and
Enterobacter, the Nutrition Risk Screening 2002 (NRS-2002) score, and the levels of sodium, potassium, and HbAlc (P <
0.05). Least absolute shrinkage and selection operator (LASSO) regression was performed and operative time, time to first
postoperative meal, the levels of Bifidobacterium, Lactobacillus, Enterococcus, and Enterobacter, the NRS-2002 score, and
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the levels of sodium, potassium, and HbA1lc were identified as candidate predictors. Multivariate logistic analysis showed
that the time to first postoperative meal, the levels of Bifidobacterium and Lactobacillus, the NRS-2002 score, and the levels
of sodium and HbAlc were influencing factors of postoperative constipation in OTLF patients (P < 0.05). The ROC
curves showed that the area under the curve (AUC) of the training set was 0.842 (95% CI: 0.793-0.892), while that of the
validation set was 0.860 (95% CI: 0.830-0.889). The calibration curves demonstrated good agreement between the
prediction curve and the standard curve in both the training set and the validation set. Conclusion The time to the first

postoperative meal, the NRS2002 score, and the levels of Bifidobacterium, Lactobacillus, sodium, and HbAlc are

influencing factors of post-PKP constipation in OTLF patients. The nomogram model built based on these factors

exhibited good predictive performance.
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Table 1 Baseline data of patients in the training and validation sets

Factor Training set (n = 600) Validation set (n = 258) )(Z/t p
Sex/case (%) 0.126 0.723
Male 259 (43.17) 108 (41.86)
Female 341 (56.83) 150 (58.14)
Agelyr. 64.64 £ 6.33 65.12 £6.23 1.023 0.306
Course of disease/month 13.81 £ 4.46 13.78 + 4.50 0.090 0.928
The surgery time/min 54.22 +3.76 54.14 £ 3.78 0.285 0.776
Anesthesia method/case (%) 0.049 0.961
General anesthesia 443 (73.83) 190 (73.64)
General anesthesia + nerve blocking 154 (25.67) 67 (25.97)
Nerve blocking 3(0.50) 1(0.39)
Postoperative fluid intake/case (%) 0.171 0.680
<1000 mL 173 (28.83) 78 (30.23)
= 1000 mL 427 (71.17) 180 (69.77)
Postoperative analgesic pump/case (%) 0.044 0.834
Use 513 (85.50) 222 (86.05)
No 87 (14.50) 36 (13.95)
Time of first meal after surgery/h 18.32 +4.74 18.16 +4.79 0.452 0.651
Length of postoperative bed rest/d 12.24 + 4.08 11.98 + 4.07 0.857 0.392
Constipation history/case (%) 0.005 0.944
Yes 331 (55.17) 143 (55.43)
No 269 (44.83) 115 (44.57)
Intestinal flora/(IgCFU-g ")
Bif 7.66 £ 0.89 7.65 £ 0.85 0.153 0.879
LAB 7.89 £ 0.58 7.86 £ 0.64 0.673 0.501
EFA 6.69 + 1.18 6.71 £ 1.16 0.229 0.819
EMB 8.21 £1.45 8.17 + 1.44 0.371 0.711
NRS2002 (score) 2.66 £ 1.13 2.64+1.15 0.237 0.813
Na'/(mmol/L) 141.33 £2.18 141.26 £ 2.24 0.428 0.669
K'/(mmol/L) 3.59 +0.27 3.62+0.22 1.574 0.116
Cab/(mmol/L) 2.39£0.54 2.41 £ 0.49 0.511 0.609
Mg*"/(mmol/L) 0.92 +0.07 0.91+0.09 1.755 0.080
CRP/(mg/L) 6.38 £ 1.39 6.41 £1.26 0.298 0.766
HbA1lc/% 8.50 £ 1.35 8.54+1.28 0.404 0.686

CRP: C-reactive protein; HbAlc: glycosylated hemoglobin; Bif: Bifidobacterium; LAB: Lactic acid bacteria; EFA: Enterococcus faecalis; EMB: Enterobacter.
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Table 2 Univariate analysis of postoperative constipation in OTLF patients undergone PKP (n = 600)
Factor B SE p OR (95% CI)
Sex —0.169 0.172 0.327 0.845 (0.603-1.183)
Age —0.005 0.014 0.700 0.995 (0.968-1.022)
Course of disease 0.018 0.019 0.356 1.018 (0.980-1.057)
The surgery time 0.261 0.028 <0.001 1.299 (1.230-1.371)
Anesthesia method 0.092 0.195 0.637 1.096 (0.749-1.605)
Postoperative fluid intake < 1000 mL 1.135 0.185 <0.001 3.110 (2.162-4.474)
Postoperative analgesic pump —0.193 0.247 0.435 0.825 (0.509-1.338)
Time of first meal after surgery 0.238 0.022 <0.001 1.269 (1.215-1.371)
Postoperative bed rest 0.364 0.031 <0.001 1.439 (1.353-1.530)
Constipation history 0.004 0.172 0.981 1.004 (0.717-1.406)
Bif 3.383 0.323 <0.001 29.448 (15.646-55.424)
LAB 10.167 2.398 <0.001 9.413 (7.060-52.968)
EFA —2.066 0.174 <0.001 0.127 (0.090-0.178)
EMB —1.645 0.139 <0.001 0.193 (0.147-0.254)
NRS2002 0.999 0.092 <0.001 2.714 (2.265-3.253)
Na* —0.431 0.048 <0.001 0.650 (0.592-0.714)
K* —8.736 0.740 <0.001 0.214 (0.036-0.621)
Ca** —0.073 0.116 0.530 0.930 (0.740-1.167)
Mg 0.247 0.966 0.798 1.280 (0.193-8.500)
CRP 0.005 0.045 0.915 1.005 (0.919-1.099)
HbAlc 1.359 0.112 <0.001 3.892 (3.126-4.846)

P: partial regression coefficient; SE: standard error; OR: odds ratio; the other abbreviations are exmplained in the note to Table 1.
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Table 3 Multiple factor logistic regression analysis in the training set (n = 600)

Factor B SE Wald y* OR (95% CI) P

Intercept —33.103 10.038 —3.298 — <0.001
The surgery time 0.291 0.167 1.750 1.338 (0.966-1.855) 0.080
Time of first meal after surgery 0.280 0.048 5.793 1.323 (1.203-1.454) <0.001
Bif 3.596 0.388 9.276 6.454 (1.021-7.937) <0.001
LAB 8.085 8.261 2.189 4.593 (2.647-8.375) 0.029
EFA —2.192 1.160 —1.890 0.112 (0.012-1.084) 0.059
EMB —1.978 1.517 —1.304 0.138 (0.007-2.706) 0.138
NRS2002 2.315 0.972 2.381 10.121 (1.506-28.018) 0.017
Na" —0.338 0.071 —4.758 0.713 (0.621-0.820) <0.001
K 0.475 0.720 0.660 1.608 (0.392-6.590) 0.509
HbAlc 1.298 0.128 10.146 3.661 (2.849-4.704) <0.001

B: partial regression coefficient; SE: standard error; OR: odds ratio; the other abbreviations are exmplained in the note to Table 1.

. 0 10 20 30 40 50 60 70 80 90 100
Points T T T T T T T T T 1
Time of first meal [T S S SR T S S T
after surgery 0 5 15 25 35
Bif 5 4 5 6 7 8 9 10 11 12
LAB L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
45 50 55 60 65 70 75 80 85 90 95 10.0 10.5 11.0 115
NRS2002 [ S T T SR SR SR SR SN 1
0 1 2 3 4 5 6
Na* L ! ! ! ! 1 ! ! ! J
152 148 144 140 136
HbAlc L 1 1 1 1 1 1 1 1 1 1 J
4 5 6 7 8 9 10 11 12 13 14 15
Total points . . L . L L L L " |
0 20 40 60 80 100 120 140 160 180
Risk

0.1 030507 0.9

3 OTLFEREPKPAREEHFIL EIRE
Fig 3 Nomogram model of post-PKP constipation in OTLF patients

The abbreviaions are explained in the note to Table 1.
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Fig 5 Calibration curves of nomogram for predicting post-PKP constipation in OTLF patients in the training and validation sets

Training set (n = 600) and validation set (n = 258).
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