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Background: While effectively relieving labor pain, epidural analgesia may decrease signs of cephalic dystocia, delaying timely 
diagnosis and intervention.
Objective: Develop and validate a prediction model for cephalic dystocia risk under epidural analgesia.
Methods: Between January 2021 and October 2024, 855 women who gave birth at the Obstetrics Department of the Affiliated 
Hospital of North Sichuan Medical College and received epidural analgesia were included in this study. To identify independent risk 
factors, univariate and multivariate logistic regression analyses were conducted and R software was used to construct a nomogram 
prediction model. ROC curve analysis, Hosmer-Lemeshow (H-L) tests, calibration plots, and decision curve analysis were used to 
evaluate the predictive ability of the model. Bootstrap resampling was used for internal validation.
Results: The following factors were found to be independent predictors of cephalic dystocia under epidural analgesia: premature 
rupture of membranes (OR: 2.73, 95% CI: 1.46–5.11), prolonged latent phase (OR: 13.82, 95% CI: 7.51–25.42),fetal abdominal 
circumference (OR: 5.13, 95% CI: 2.22–11.81), maternal age (OR:3.87, 95% CI:1.29–11.59), parity (OR: 16.16, 95% CI: 2.95–88.55), 
fetal presentation at the early stage of the active phase (OR: 2.82, 95% CI: 1.63–4.88), and fetal position at the early stage of the active 
phase (OR:8.4, 95% CI:4.83–14.59). The area under the curve (AUC) for this predictive model was 0.910 (95% CI: 0.878–0.941). The 
Hosmer-Lemeshow goodness-of-fit test and calibration curve results showed that (P=0.992 > 0.05). Within the clinical decision curve, 
the net benefit of the nomogram model is higher across the threshold probability range of 0.05 to 0.83.
Conclusion: This risk prediction model can identify high-risk cephalic dystocia post-epidural analgesia during the early active phase 
of labor, providing an instant assessment tool for timely intervention and better outcomes.
Keywords: cephalic dystocia, epidural labor analgesia, predictive model, nomogram

Introduction
The most prevalent kind of dystocia, cephalic dystocia,1 is characterized by a mismatch between the position of the fetal 
head and the maternal pelvis. It frequently shows up as poor fetal head rotation, insufficient flexion, and halt of descent, 
requiring a cesarean section or instrumental vaginal delivery.2 This complication significantly increases the risks of both 
maternal and fetal challenges, such as postpartum hemorrhage, infection, fetal distress, negative birth experiences, and 
maternal mortality.3 It is usually identified during the late active phase or second stage of labor.4 The World Health 
Organization (WHO) report states that the rate of cesarean sections worldwide has risen to 21% and is still rising.5 

Dystocia accounts for about 8% of maternal mortality6 and is one of the main criteria for an emergency cesarean section 
during delivery.2 According to statistics, 10% of full-term cephalic presentations at birth result in challenges, and 20% to 
25% of these cases necessitate a cesarean section to end the pregnancy.4
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Effectively reducing labor pain is another important goal of intrapartum care, in addition to guaranteeing delivery 
safety.7 The World Health Organization (WHO) now recommends epidural analgesia as the primary method for labor 
pain treatment due to its excellent efficacy and safety profile.8 Its use is common around the world; utilization rates in 
high-income nations vary by location and parity, ranging from 10% to 83%, with primiparas in the US using it at a rate of 
about 80%.9 The use of epidural analgesia has increased to 50%–80% in certain economically developed areas of China 
as labor analgesia programs have progressed.10 Since 2021, our institution’s utilization rate has risen from 20% to 40%.

However, epidural analgesia’s increasing prevalence during labor poses additional difficulties for conventional labor 
management strategies. The impact of epidural analgesia on the progression of labor is still up for debate. According to 
previous research, it may prolong the first and second stages of labor and raise the risk of maternal fever, operative 
delivery, and admission to the neonatal intensive care unit.11,12 Although epidural analgesia may be associated with 
higher chances of instrumental vaginal delivery,13 a 2023 systematic analysis found no significant correlation between 
epidural analgesia and incidence of cesarean sections or unfavorable infant outcomes.14,15 However, dose-controlled 
local anesthetics and newer analgesic protocols show promise for reducing these hazards.16

In context of this, our research attempts to address a crucial clinical problem: epidural analgesia during labor may 
conceal early clinical symptoms of dystocia while relieving pain, which would compromise prompt identification and 
intervention. This may result in unfavorable outcomes like maternal soft tissue injuries, hemorrhage, infection, fetal 
distress, neonatal hypoxia, and acidosis in addition to increasing the risk of protracted labor, emergency cesarean 
sections, and challenging instrumental deliveries.17,18 Predictive models currently in use have significant limitations: 
First, their limited applicability under epidural analgesia situations stems from the fact that their creation primarily 
depends on data from non-analgesia populations.19 Second, they lack an early identification method specific to the 
process of cephalic dystocia and instead concentrate on predicting conversion to cesarean section.7 Furthermore, it is 
challenging to adequately describe the real advancement of the delivery process because the majority of models do not 
effectively integrate labor progress indicators.2 In order to close this gap, the goal of this research is to develop and 
validate a specific early prediction model that incorporates labor indicators for cephalic dystocia under epidural 
anesthesia. Key risk factors discovered in the literature review,2,20,21 such as maternal age, height, primiparity, obesity, 
gestational age, macrosomia, nuchal cord, abnormal fetal presentation, premature rupture of membranes, prolonged latent 
phase, induction of labor, and cervical edema, will be methodically incorporated into the model construction. In the 
analysis, these factors will be treated simultaneously as predictive variables and confounding factors requiring statistical 
adjustment to ensure the model’s accuracy after controlling for baseline risks.

According to contemporary labor theories and our team’s previous research,22 the active phase of labor in Chinese 
women often begins at 5–6 cm cervical dilatation, with some cases starting at 4 cm. Therefore, the model prediction 
phase is established at the crucial stage of 4–6 cm cervical dilatation. This study is an extension of our team’s prior model 
for the non-analgesia population, which aims to achieve early risk prediction.19 By providing clinicians with an earlier 
window of opportunity to implement targeted interventions like position changes and manual cephalic rotation, this 
would ultimately improve delivery outcomes, reduce cesarean sections, and enhance maternal and neonatal safety.

Material and Methods
Subjects and Study Design
The purpose of this retrospective cohort study was to develop a predictive model for the risk of cephalic dystocia in 
women receiving epidural analgesia during labor. It was based on medical records from the Obstetrics Department of the 
Affiliated Hospital of North Sichuan Medical College between January 2021 and October 2024. Full-term, singleton, 
cephalic pregnant women who experienced vaginal labor trials following epidural analgesia constructed the study 
population. For internal validation, the same cohort was subjected to bootstrap resampling. The Affiliated Hospital of 
North Sichuan Medical College provides critical care for high-risk pregnancies at the provincial level. Vaginal deliveries 
accounted for nearly 45% of the hospital’s average yearly delivery volume of 2800 cases between 2021 and 2024. The 
Affiliated Hospital of North Sichuan Medical College’s Medical Ethics Committee examined and authorized this study 
(2022ER029-1). Inclusion criteria: (1) Singleton pregnancy at 37+0 to 41+6 weeks gestation; (2) Cephalic presentation; 
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(3) Receiving epidural analgesia; (4) No contraindications for vaginal delivery. Exclusion criteria: (1) Maternal 
psychiatric and cognitive disorders; (2) Cervical dilation >6cm at admission; (3) Intrapartum cesarean delivery on 
maternal request; (4) Non-reassuring fetal status requiring cesarean delivery; (5) Incomplete medical records.

Based on the 10 events per variable (EPV) rule for logistic regression sample size estimation, the minimum sample 
size should be at least 10 times the number of independent variables.23 This study ultimately included 7 independent 
variables, with a cephalic dystocia incidence rate of 12.7%. Therefore, according to the formula N = (7 × 10) / 12.7%, the 
required minimum sample size satisfies the requirement.

Diagnostic Criteria
Cephalic dystocia:24,25 membrane rupture and uterine orifice dilation ≥ 5 cm, normal contractions: cervical dilation stops 
for ≥4 hours; poor contractions: cervical dilation stops for ≥6 hours; second stage of labor under spinal analgesia after 
complete uterine orifice in nulliparas >4 hours; second stage of labor under spinal analgesia after complete uterine orifice 
in multiparas >3hours,with no progression of labor (including descent of the fetal head and rotation). Normal vaginal 
delivery: refers to pregnancy for 37+0 to 41+6 weeks, the labor process progresses normally, the fetus is naturally 
delivered in the head position, and the maternal and infant are in good condition after delivery. The operational definition 
of “favorable maternal and neonatal outcomes” used in this study is as follows: Favorable maternal outcome: No serious 
complications, such as severe postpartum hemorrhage (blood loss ≥1000 mL), eclampsia, uterine rupture, severe birth 
canal injury (Grade III/IV perineal laceration), postpartum infection requiring intervention, or transfer to the intensive 
care unit, occurred during delivery or within 24 hours after delivery. Favorable neonatal outcome: Apgar scores ≥7 at 1 
and 5 minutes after delivery, no need for resuscitative measures (such as positive pressure ventilation, endotracheal 
intubation, or chest compressions) other than standard suctioning, drying, and warming, and no transfer to the neonatal 
intensive care unit (NICU) for treatment.25,26

Data Collection
Based on a literature review and expert discussions regarding risk factors for cephalic dystocia,2,19 we retrospectively 
collected the following maternal data: baseline characteristics (age, height, prenatal weight, parity, gestational age), pre- 
labor conditions (premature rupture of membranes, induction of labor, nuchal cord, fetal abdominal circumference), and 
intrapartum factors (prolonged latent phase, cervical edema, fetal presentation and position at the early stage of the active 
phase). The binary variable “whether or not cephalic dystocia occurred” was defined as the outcome variable (1=Yes, 0 
=No). The medical record collection form is provided in Appendix 1.

Definitions of Relevant Variables
1. Fetal abdominal circumference: Measured directly by ultrasound using a transverse abdominal section perpendicular to 
the fetal spine during the week before delivery at the location where the umbilical vein enters the liver. 2. Cervical 
edema: During the start of active labor, skilled midwives or obstetricians palpate the cervical texture, thickness, and 
flexibility. To improve objectivity, ultrasonography measurements of cervical tissue thickness or echogenicity are 
occasionally augmented.

Statistical Analysis
Statistical analysis was performed using R4.4.3 and SPSS25.0 statistical environment. Measurement data that conformed 
to normal distribution were described by mean ± standard deviation (Mean±SD), measures that were not normally 
distributed were described by median (interquartile range, IQR), and counting data were described by percentages. 
Descriptive analysis was carried out using R (tableone package). Initially, 924 instances were considered. Based on the 
inclusion and exclusion criteria, 69 cases were excluded, including 37 cases with missing critical information (11 cases 
for fetal abdominal circumference, 16 cases for maternal height, and 10 cases for prenatal weight). In the end, the 
research contained 855 cases with complete data and no missing variables. The association between the following 
variables and cephalic dystocia under epidural analgesia was investigated using univariate analysis and logistic regres
sion models created with R software: parity, maternal age, antepartum BMI, premature rupture of membranes, induction 

International Journal of Women’s Health 2026:18                                                                               https://doi.org/10.2147/IJWH.S560398                                                                                                                                                                                                                                                                                                                                                                                                       3

Han et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/560398/560398_Appendix%201.docx


of labor, cervical edema, prolonged latent phase, fetal abdominal circumference, nuchal cord, gestational age, fetal 
presentation and position at the early stage of the active phase. The data are shown as odds ratios (OR) with 95% 
confidence intervals (CI). The multicollinearity diagnosis includes 10 variables that had P < 0.1 in the univariate analysis. 
The variance inflation factor (VIF) and tolerance (TOL) were computed using SPSS 25.0. Variables with VIF > 10 or 
TOL < 0.1 were removed to ensure model stability. For multivariable analysis, R’s backward stepwise regression was 
employed. The ten variables that were retained after multicollinearity screening were used to create a multivariable 
logistic regression model in order to identify independent predictors. Results are reported as OR (95% CI), with P <0.05 
indicating statistically significant differences. A predictive nomogram model was developed using R’s rms package. 
Discriminative ability was evaluated by plotting the receiver operating characteristic (ROC) curve and calculating the 
area under the curve (AUC) using the pROC package. Calibration was assessed with the calibrate package and the 
Hosmer–Lemeshow goodness-of-fit test (P >0.05 indicating good calibration). Clinical utility was evaluated using 
decision curve analysis (DCA) implemented with the rmda package. Internal validation was performed using the 
bootstrap method with 1000 resamples. The Brier score was used to quantify predictive accuracy; scores nearer 0 
indicate better results (0–0.25 is considered acceptable).

Statistical Power
Using R’s power.prop.test function, we also performed a post-hoc power analysis for important predictors. For instance, 
the study’s statistical power to identify the correlation between prolonged latent phase and cephalic dystocia at a two- 
sided α of 0.05 was 100% based on the observed event rates and the actual sample size. This study found an effect with 
an OR > 2.61 at the 80% statistical power level.

Epidural Labor Analgesia Protocol
An epidural catheter was inserted at the L2–3 or L3–4 interspace to a depth of 3–5 cm. Following a test dose of 3–5 mL 
of 1.5% lidocaine, analgesia was maintained with a solution of 0.1% ropivacaine and fentanyl (2μg/mL). This was 
administered via a continuous background infusion at 6–8 mL/h, with patient-controlled epidural analgesia (PCEA) 
boluses of 6–8 mL available at a lockout interval of 15–20 minutes. Analgesia was initiated based on maternal request 
and assessment of labor progress, without a prespecified cervical dilation threshold.

Results
This study included 924 parturients at the Affiliated Hospital of North Sichuan Medical College between January 2021 
and October 2024. Every participant was at term, had a single, live, cephalic fetus, and tried vaginal delivery while 
receiving epidural labor analgesia. As seen in Figure 1, 855 parturients were included in the final modeling analysis 
following the application of the inclusion and exclusion criteria. Table 1 shows that of these, 109 cases (12.7%) had 
cephalic dystocia and 746 cases (87.3%) had non-cephalic dystocia.

Univariable Analysis
The results of the univariable analysis are presented in Table 2. Maternal age, premature rupture of membranes, labor 
induction, cervical edema, prolonged latent phase, fetal abdominal circumference, parity, gestational days, fetal pre
sentation and fetal position at the early stage of the active phase (P <0.1).

Multicollinearity Diagnostics
The ten potential variables were evaluated for multicollinearity (P < 0.1 from univariable analysis). Table 3 presents the 
detailed data. No substantial multicollinearity was identified among these independent variables (all VIF < 1.3, all TOL 
> 0.77).

Multifactorial Logistic Regression Analysis
Seven independent factors were identified using the multivariable logistic regression model (Table 4). These were: 
premature rupture of membranes (OR 2.73, 95% CI= 1.46–5.11),Prolonged latent phase (OR 13.82, 95% CI= 
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7.51–25.42),fetal abdominal circumference (OR 5.13, 95% CI= 2.22–11.81), maternal age (OR 3.87,95% CI= 
1.29–11.59), parity (OR 16.16, 95% CI= 2.95–88.55), fetal presentation at the early stage of the active phase (OR 
2.82, 95% CI= 1.63–4.88), and fetal position at the early stage of the active phase (OR 8.4, 95% CI= 4.83–14.59).

Model Construction
The regression coefficients from the logistic regression analysis were used to establish a multivariable prediction model for 
the risk of cephalic dystocia under epidural labor analgesia. The following is the model equation: Logit (P) = - 8.079 + 1.004 
× premature rupture of membranes (No = 0, Yes = 1) + 2.626 × prolonged latent phase ((No = 0, Yes = 1) + 0.346 × fetal 
abdominal circumference (<330mm = 0, 330–350 = 1) + 1.634 × fetal abdominal circumference (<330mm = 0, >350 = 1) + 

Figure 1 Prediction model flowchart.
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0.762 × maternal age (<25 = 0, 25–30 = 1) + 1.352 ×maternal age (<25 = 0, >30 = 1) + 1.308 × FSESAP (>-1 = 0, ≤-1 = 1) + 
2.128 × FPESAP (OA = 0, Not OA = 1) + 2.782 × Parity (≠1 = 0, 1 = 1). The prediction model is shown as a nomogram in 
Figure 2 to determine every individual’s probability to experience cephalic dystocia while receiving epidural labor analgesia.

Table 1 Baseline Characteristics of Data from the Cephalic 
Dystocia Group and Non-Cephalic Dystocia Group

Cephalic Dystocia 
(No) N=746

Cephalic Dystocia 
(Yes) N=109

Maternal age (year)

<25 76 (10.2%) 8 (7.34%)
25–30 504 (67.6%) 66 (60.6%)

>30 166 (22.3%) 35 (32.1%)

Antepartum BMI (kg/m2)
<25 191 (25.6%) 29 (26.6%)

25–30 438 (58.7%) 55 (50.5%)
>30 117 (15.7%) 25 (22.9%)

Gestational age (day)

<274 189 (25.3%) 21 (19.3%)
274–280 292 (39.1%) 41 (37.6%)

>280 265 (35.5%) 47 (43.1%)

Parity
>1 82 (11.0%) 2 (1.83%)

1 664 (89.0%) 107 (98.2%)

Nuchal cord
No n (%) 495 (66.4%) 74 (67.9%)

Yes n (%) 251 (33.6%) 35 (32.1%)

Labour induction
No n (%) 258 (34.6%) 23 (21.1%)

Yes n (%) 488 (65.4%) 86 (78.9%)

FAC
<330 188 (25.2%) 16 (14.7%)

330–350 452 (60.6%) 56 (51.4%)

>350 106 (14.2%) 37 (33.9%)
Cervical edema

No n (%) 713(95.6%) 94(86.2%)

Yes n (%) 33(4.42%) 15(13.8%)
Prolonged latent phase

No n (%) 707(94.8%) 49(45.0%)

Yes n (%) 39(5.23%) 60(55.0%)
FSESAP

>-1 519(69.6%) 42(38.5%)

<=−1 227(30.4%) 67(61.5%)
FPESAP

OA n (%) 649(87%) 38(34.9%)

Not OA n (%) 97(13.0%) 71(65.1%)
PROM

No n (%) 598 (80.2%) 78 (71.6%)

Yes n (%) 148 (19.8%) 31 (28.4%)

Abbreviations: FAC, Fetal abdominal circumference; PROM, premature rupture of 
membranes; FSESAP, Fetal presentation at the early stage of the active phase; FPESAP, 
Fetal position at the early stage of the active phase; OA, Occiput anterior position.
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Model Evaluation
The performance of the final prediction model was assessed. The area under the receiver operating characteristic curve 
(AUC) was 0.910 (95% CI: 0.878–0.941), with a bias-corrected AUC of 0.911 (Figure 3). Internal validation, which 
comprised calibration curves and the Hosmer-Lemeshow test (P = 0.992; Brier score = 0.063), demonstrated good model 
calibration (Figure 4). Decision curve analysis (DCA), which showed a net advantage over a threshold probability range 
of 5% to 83%, was utilized to confirm the model’s clinical utility (Figure 5).

Table 2 Univariate Analysis

Characteristics OR (95% CI) P-Value

Nuchal cord
No

Yes 0.93 (0.61–1.43) 0.751

PROM
No

Yes 1.61 (1.02–2.53) 0.041

Labour induction
No

Yes 1.98 (1.22–3.21) 0.006
Cervical edema

No

Yes 3.45 (1.81–6.58) 0.000
Prolonged latent phase

No

Yes 22.2 (13.52–36.45) 0.000
FAC

<330

330–350 1.46 (0.81–2.6) 0.205
>350 4.1 (2.18–7.72) 0.000

Antepartum BMI (kg/m2)

<25
25–30 0.83 (0.51–1.34) 0.439

>30 1.41 (0.79–2.52) 0.250

Maternal age (year)
<25

25–30 1.24 (0.57–2.69) 0.579

>30 2 (0.89–4.53) 0.095
FSESAP

>-1

≤-1 3.65 (2.41–5.53) 0.000
FPESAP

OA

Not OA 12.5 (7.98–19.58) 0.000
Parity

>1

1 6.61 (1.6–27.25) 0.009
Gestational age (day)

<274

274–280 1.26 (0.72–2.2) 0.410
>280 1.6 (0.92–2.76) 0.094

Abbreviations: PROM, Premature Rupture of Membranes; FAC, Fetal 
Abdominal Circumference; FSESAP, Fetal presentation at the early stage 
of the active phase; FPESAP, Fetal position at the early stage of the active 
phase; OA, Occiput anterior position.
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Table 3 Multicollinearity Diagnostics

Unstandardized Coefficient Standardization Coefficient t P-Value Multicollinearity Diagnostics

B Standard Error Beta TOL VIF

(Constant) −0.905 0.47 −1.927 0.054

PROM 0.072 0.024 0.087 3.025 0.003 0.869 1.151

Labour induction 0.034 0.02 0.048 1.743 0.082 0.941 1.063
Cervical edema 0.026 0.04 0.018 0.648 0.517 0.958 1.044

PLP 0.396 0.031 0.38 12.957 0 0.841 1.189

FAC 0.002 0.001 0.084 2.901 0.004 0.866 1.154
Age 0.009 0.003 0.088 3.085 0.002 0.892 1.121

FSESAP 0.069 0.019 0.098 3.522 0 0.941 1.062

FPESAP 0.241 0.024 0.287 9.947 0 0.869 1.151
Gestational age −9.76E-05 0.002 −0.002 −0.059 0.953 0.775 1.29

Parity −0.112 0.031 −0.103 −3.602 0 0.88 1.137

Abbreviations: PROM, Premature Rupture of Membranes; PLP, Prolonged Latent Phase; FAC, Fetal Abdominal Circumference; FSESAP, Fetal presentation at the early 
stage of the active phase; FPESAP, Fetal position at the early stage of the active phase; OA, Occiput anterior position.

Table 4 Multivariate Analysis

Characteristics OR (95% CI) P-Value

PROM

No

Yes 2.73 (1.46–5.11) 0.002
Prolonged latent phase

No

Yes 13.82 (7.51–25.42) 0.000
FAC

<330

330–350 1.41(0.68–2.92) 0.351
>350 5.13(2.22–11.81) 0.000

Maternal age(year)

<25
25–30 2.14 (0.78–5.88) 0.139

>30 3.87 (1.29–11.59) 0.016

FSESAP
>-1

≤-1 2.82 (1.63–4.88) 0.000

FPESAP
OA

Not OA 8.4 (4.83–14.59) 0.000

Parity
>1

1 16.16 (2.95–88.55) 0.001

Abbreviations: PROM, Premature Rupture of Membranes; FAC, 
Fetal Abdominal Circumference; FSESAP, Fetal presentation at the 
early stage of the active phase; FPESAP, Fetal position at the early 
stage of the active phase; OA, Occiput anterior position.
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Discussion
This study successfully developed and validated a nomogram model for predicting the risk of cephalic dystocia in 
parturients receiving epidural labor analgesia. The model incorporates seven objective clinical variables assessed before 
and during labor. Parity, prolonged latent phase, and fetal position at the early stage of the active phase were the strongest 
independent predictors. The clinical signs of cephalic dystocia may be masked by decreased pain perception when using 
epidural analgesia. The goal of this tool is to give an objective, early warning of this condition.

First, we discovered that the most significant predictor of cephalic dystocia was parity (primiparity), which is 
consistent with earlier research by Zhu BP et al27 showing that labor abnormalities are substantially more common in 
primiparas than in multiparas.This may be attributable to factors such as inadequate cervical and pelvic soft-tissue 
dilatation, differences in myometrial function, and the first-time adaptive response of the pelvic floor in primiparas. 
Although studies have reported a reduction in uterine contraction frequency following the initiation of epidural labor 

Figure 2 Nomogram prediction model. 
Abbreviations: PROM, Premature Rupture of Membranes; PLP, Prolonged Latent Phase; FAC, Fetal Abdominal Circumference; Age, maternal age; FSESAP, Fetal 
presentation at the early stage of the active phase; FPESAP, Fetal position at the early stage of the active phase; OA, Occiput anterior position.

Figure 3 Risk of Cephalic Dystocia ROC Curve.
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analgesia,28 the present study design cannot establish such a causal relationship. Second, prolonged latent phase also 
demonstrated substantial predictive value in our model. Although it is not diagnostic of dystocia, prolonged latent phase 
is widely regarded as an early indicator of labor abnormality.29 Its etiology is complex, with studies suggesting 
associations with inadequate cervical ripening, uterine hypocontractility, or early malposition of the fetus.30 In the 
context of widespread epidural analgesia during labor, it is especially crucial to remember that decreased perception of 
contractions as a result of pain relief may cause one to miss the warning sign of “prolonged latent phase,” delaying the 
required clinical assessment and intervention. In situations when analgesia may obscure these early aberrant signals, this 
risk prediction model properly incorporates these factors to improve monitoring of labor progression and risk identifica
tion using objective indicators.

The risk of cephalic dystocia is further influenced by fetal features. Our findings clearly show a significant correlation 
between the subsequent cephalic dystocia and abnormal fetal position at the early stage of the active phase. This suggests 

Figure 5 Risk of Cephalic Dystocia DCA Curve.

Figure 4 Risk of Cephalic Dystocia Calibration Curve.
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that before entering the most crucial acceleration phase of labor, the fetus was unable to spontaneously rotate into the 
occipitoanterior position, which paved the way for abnormal rotation and eventual cephalic descent limitations. However, 
the severe and localized labor pains that act as crucial warning signs are successfully relieved under epidural anesthesia, 
which may obscure this important information. This “alarm-shielding” effect is probably why epidural analgesia was 
linked to a higher incidence of persistent occipital posterior position in earlier studies by Lieberman E et al.31 Although 
epidural analgesia may not directly cause malpresentation, it may make it more difficult to identify and address 
malpresentation problems immediately, which could result in cephalic dystocia. Furthermore, fetal abdominal circum
ference (FAC) is a reliable ultrasound marker for evaluating fetal size and predicting macrosomia, and is thus crucial for 
guiding decisions regarding the mode of delivery.32 Previous studies have reported that an FAC >350 mm significantly 
increases the risk of dystocia due to macrosomia.33–35 This study similarly identified an FAC >350 mm as an independent 
risk factor for cephalic dystocia under epidural analgesia. Following epidural administration, the intense pain typically 
associated with dystocia caused by a large fetal abdominal circumference may be attenuated, potentially impairing timely 
recognition by the birth attendant and delaying necessary intervention. This study’s objective indicators adequately 
compensate for the clinical manifestations that epidural analgesia may conceal by acting as predictive tools to replace 
subjective symptoms.

Other important risk factors are also included in this model. Reduced oxytocin receptors and a physiological 
deterioration in uterine myometrial function are correlated with advanced maternal age,36 which may reduce the 
effectiveness of uterine contractions and raise the risk of labor abnormalities. A known indicator of abnormal labor 
progression is a high fetal presenting part position (above the level of the ischial spines) at the early stage of the active 
phase.37 Its predictive significance under epidural analgesia is also confirmed by this research. In addition to raising the 
risk of puerperal and amniotic cavity infections,38 premature membrane rupture could change the rhythm of uterine 
contractions and fetal rotation, which raises the possibility of dystocia.39 This association is supported by the study’s 
findings. These factors enable a comprehensive risk evaluation of the maternal starting condition, which forms the basis 
for personalized labor management.

The application stage of the predictive model in this study is chosen at a cervical dilatation of 4–6 cm. The active 
phase of labor in Chinese women usually starts at 5–6 cm cervical dilatation, with a minority beginning at 4 cm, 
according to our research team’s previous findings and contemporary labor concepts.22 A highly credible systematic 
review cited this study and utilized it as evidence.40 The World Health Organization’s (WHO) recommendations for labor 
care subsequently cited and incorporated this review.41 Ultimately, the Chinese Guidelines for Normal Delivery 
established a scientific consensus that establishes 5 cm as the beginning point for the active phase by adhering to and 
incorporating this WHO recommendation during their development.25 This represents a shift in scientific approach from 
the conventional fixed standard of “3 cm” to a “dynamic assessment.” This study concentrates the model application on 
the crucial transition phase of 4–6 cm cervical dilation during active labor, acknowledging individual differences in labor 
acceleration. In order to enable prompt adjustment of modifiable risk factors, the goal is to identify risks early in or close 
to the commencement of active labor. This embodies a clinical treatment strategy focused on prevention and offers 
decision assistance for correcting potentially unfavorable birth outcomes.

Strengths and Limitations
In contrast to previous predictive models, this model is developed using objective indicators and examines maternal and 
fetal characteristics during the prenatal and intrapartum periods. Our nomogram provides outstanding visualization. In 
addition to serving as a vital resource for women undergoing epidural analgesia who are susceptible to cephalic dystocia, 
this tool enables medical professionals quickly execute or modify therapies to reduce unfavorable perinatal outcomes. 
Nevertheless, there are some limitations to this study. Initially, the model was built using data from pregnant women at 
a certain time and place because it was a single-center retrospective study. Due to the small sample size, selection bias 
might have been introduced. Overfitting is a possibility with an EPV of 15.6. Second, this study’s labor progression signs 
were all evaluated by hand using subjective judgment. However, because this facility is a tertiary teaching institution, 
labor management is carried out jointly by attending physicians and midwives who are evaluated on a regular basis, 
guaranteeing some uniformity in labor assessment. Furthermore, despite the inclusion of several critical indicators, data 
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availability limitations prevented the analysis of certain potentially significant elements. Fourth, the retrospective design 
inherently limits the control of unmeasured confounding. Most importantly, this model has not been validated externally, 
and its predictive accuracy at other healthcare facilities has not yet been established. We intend to conduct a multicenter, 
prospective study with a larger sample size in the future. We aim to incorporate additional variables, including maternal 
psychological factors, pelvimetric measurements, specific epidural analgesia parameters, and intrapartum ultrasound 
assessments of labor progress.

Conclusion
In conclusion, this study effectively created a nomogram model that included seven objective clinical variables to 
forecast the probability of cephalic dystocia in parturients using epidural analgesia. With parity, prolonged latent phase, 
and fetal position at the early stage of the active phase appearing as important predictors, the model showed outstanding 
discriminatory capacity, the model showed outstanding discriminatory capacity. By providing an early and objective risk 
assessment, this tool is designed to address the clinical challenge that epidural analgesia may attenuate key warning signs 
of labor abnormality. It thereby supports clinicians in implementing more timely interventions and individualized labor 
management, with the potential to improve maternal and neonatal outcomes. Future efforts should focus on external 
validation and prospective, multicenter studies to further verify and refine the model, ultimately aiming to translate it into 
an intelligent clinical decision-support tool for broader application.
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