Journal of Pain Research Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Risk Factors and Nomogram for Postpartum
Myofascial Pelvic Pain: A Prospective Cohort
Study

Yueyun Cai*, Yuting Cai*, Yuefen Chen*, Yuanling Hu*, Yu Zhang, Yueqing Lin

Department of Gynaecology and Obstetrics, Zhangzhou Affiliated Hospital of Fujian Medical University, Zhangzhou, Fujian, 363000, People’s Republic
of China

*Yueyun Cai, Yuting Cai, Yuefen Chen and Yuanling Hu contributed equally to this work
Correspondence: Yu Zhang; Yueqing Lin, Department of Gynaecology and Obstetrics, Zhangzhou Affiliated Hospital of Fujian Medical University, 193

Shuixian Street, Longwen District, Zhangzhou, Fujian, 363000, People’s Republic of China, Tel +86-596-2089541; +86-0596-2089556,
Email 1473504049@qq.com; linyq201547@163.com

Background: Myofascial pelvic pain (MFPP) is a common but underrecognized postpartum complication. Early identification of
women at increased risk may facilitate targeted surveillance and timely postpartum rehabilitation. This study aimed to identify risk
factors for postpartum MFPP and develop a predictive nomogram.

Methods: This prospective cohort study included 671 women who delivered at a tertiary hospital between December 2022 and
December 2024. Postpartum MFPP was diagnosed using standardized trigger point assessments by two independent blinded
specialists. Participants were randomly assigned to training (n = 505) and validation (n = 166) sets. Multivariable logistic regression
was used to identify independent risk factors and construct a nomogram.

Results: The incidence of MFPP was 12.9% in the training set and 11.4% in the validation set. Four independent risk factors were
identified: neonatal birth weight >4 kg (OR 3.632), vaginal laceration (OR 2.448), parity >3 (OR 2.975), and history of dyspareunia
(OR 2.381). The nomogram achieved an AUC of 0.681 in the training set and 0.656 in the validation set, indicating moderate
discriminative ability. Calibration analysis showed acceptable agreement between predicted and observed risks, and decision curve
analysis suggested a positive net clinical benefit across clinically relevant threshold probabilities.

Conclusion: Macrosomia, vaginal laceration, grand multiparity, and history of dyspareunia are independently associated with
postpartum MFPP. The proposed nomogram may serve as a preliminary and clinically accessible tool for early risk stratification,
although further multicenter validation is needed before widespread clinical application.
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Introduction

Myofascial pelvic pain (MFPP) is a common yet frequently underrecognized musculoskeletal disorder characterized by
the presence of myofascial trigger points (MTrPs) in the pelvic floor muscles, lower abdominal wall, and associated
fascial structures, manifesting as acute or chronic pain that substantially impairs physical function, psychological well-
being, and quality of life.'* During pregnancy and childbirth, the pelvic floor undergoes profound biomechanical stress,
including sustained postural adaptation to accommodate the growing fetus, direct mechanical trauma during vaginal
delivery, and subsequent tissue remodeling during the postpartum period.*® These pregnancy- and delivery-related
mechanical stresses may induce pelvic floor muscle microtrauma, fascial irritation, local inflammatory responses, and the
formation of myofascial trigger points, thereby contributing to postpartum pelvic pain and functional impairment.
Clinically, early recognition of women at increased risk is important because timely surveillance and targeted postpartum
rehabilitation may help reduce persistent pain, sexual dysfunction, urinary symptoms, and impaired quality of life.
Epidemiological studies have demonstrated that MFPP affects a considerable proportion of postpartum women, with
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reported incidence ranging from 12.9% to 29.9% in the early postpartum period and up to 57.1% in certain high-risk
cohorts.”® Moreover, MFPP is increasingly recognized as an important contributor to chronic pelvic pain and is
frequently associated with sexual dysfunction, urinary symptoms, and diminished quality of life if left untreated.'® '

Despite increasing recognition of postpartum MFPP, several issues remain unresolved. First, diagnosis relies mainly
on physical examination, but substantial heterogeneity exists across studies in examination techniques, trigger point
definitions, palpation pressure, and documentation methods, limiting comparability and reproducibility.'> Recent termi-
nology reports from the International Continence Society and related professional organizations have emphasized the
importance of standardized assessment of pelvic floor muscle tenderness, tone, and trigger points.'®'” Second, although
previous studies have identified several potential risk factors for MFPP or related pelvic floor disorders, including vaginal
delivery, perineal trauma, episiotomy, higher parity, neonatal macrosomia, advanced maternal age, and excessive
gestational weight gain, the findings remain inconsistent across populations and diagnostic criteria.'®%? Third, most
existing studies have focused on individual risk factors rather than their combined predictive value, and clinically
accessible prediction tools specifically designed for postpartum MFPP remain limited.

Clinical prediction models and nomograms can translate multiple risk factors into individualized risk estimates and
have been increasingly used in obstetrics and gynecology.>**** Compared with models requiring specialized imaging,
electrophysiological testing, or biomarker measurements, a nomogram based on routinely available maternal and
obstetric variables may be easier to apply in postpartum care. However, prediction models for postpartum MFPP remain
scarce, and some previously reported models have been limited by complex predictor requirements, lack of validation, or
insufficient diagnostic standardization. Therefore, there is a need for a rigorously designed prospective study that applies
standardized diagnostic procedures, identifies independent risk factors from readily available clinical variables, and
evaluates the performance and potential clinical utility of a practical risk prediction tool.

We hypothesized that routinely collected maternal and obstetric characteristics could be used to identify women at
increased risk of postpartum MFPP. Accordingly, this prospective cohort study was conducted to: (1) identify indepen-
dent risk factors for postpartum MFPP using prospectively collected data from women delivering at a tertiary hospital;
(2) develop a nomogram-based prediction model incorporating readily available clinical variables; and (3) evaluate the
model’s discrimination, calibration, and clinical utility in separate training and validation cohorts. By providing
a preliminary and clinically accessible tool for early risk stratification, this study aims to support timely recognition
and targeted postpartum surveillance for women at increased risk of MFPP.

Materials and Methods
Study Design, Registration, and Ethics

This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval was obtained
from the Ethics Committee of Zhangzhou Affiliated Hospital of Fujian Medical University (No. 2025KYZ161). The
study was registered with the Chinese Clinical Trial Registry (No. ChiCTR2600119151). All participants provided

written informed consent prior to enrollment.

Study Population
A total of 671 women who delivered at our institution between December 1, 2022, and December 30, 2024, and
completed the postpartum follow-up assessment were enrolled.
Inclusion criteria were: (1) antenatal care and delivery at our institution; (2) complete obstetric records; (3) singleton
pregnancy; (4) completion of pelvic pain assessment at 1-3 months postpartum; and (5) provision of written informed consent.
Exclusion criteria were: (1) acute genitourinary infection or confirmed organic disease (eg., urolithiasis); (2) history
of pelvic trauma, pelvic surgery, or pelvic malignancy; (3) central nervous system disorders or definite neurological
conditions (eg., sciatica); (4) psychiatric disorders or cognitive impairment that would preclude study cooperation; and
(5) prior receipt of pelvic floor rehabilitation or pain-related interventions.
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Sample Size and Data Partition

Using R software (version 4.2.2; R Foundation for Statistical Computing, Vienna, Austria), the total cohort of 671
participants was randomly allocated into a training set and a validation set in a 7:3 ratio. The training set (n = 505)
was used for variable selection and model development, and the validation set (n = 166) was reserved for model
validation. Randomization was performed using a computer-generated random number sequence to ensure

reproducibility.

Diagnostic Criteria for Postpartum MFPP

All participants underwent a standardized pelvic myofascial pain assessment at 1-3 months postpartum. To minimize
diagnostic bias, a prospective double-blind design was implemented: two independent specialists with expertise in pelvic
floor disorders evaluated each participant separately, with both examiners blinded to each other’s findings and to the
study grouping.'® In cases of disagreement, a third senior specialist (attending physician level) performed a blinded
reassessment to establish the final diagnosis. All examiners were specialists in gynecology and obstetrics with clinical
experience in postpartum pelvic floor disorders and myofascial pain assessment. Before the study began, the examiners
received unified training and used the same diagnostic criteria and standardized assessment form, including predefined
definitions of myofascial trigger points, palpation sites, pain referral patterns, and the VAS threshold for clinically
significant pain, to reduce inter-examiner variability.

The assessment protocol began with a routine gynecologic examination and pelvic ultrasound to exclude organic causes
of pelvic pain. Thereafter, a standardized physical examination was conducted to identify myofascial trigger points (MTtPs)
in the pelvic floor musculature. MTrPs were defined as localized, hypersensitive nodules within taut, shortened, or
thickened muscle bands, with palpation eliciting distinct local pain and often referred pain to the lower abdomen, buttocks,
perineum, vagina, rectum, or urethra."> Pain intensity was quantified using a visual analog scale (VAS) ranging from 0 (no
pain) to 10 (worst imaginable pain). A diagnosis of postpartum MFPP was established when MTrPs were identified and
palpation of the trigger point produced a VAS score of >3, indicating clinically significant pain.’

Data Collection and Variables

Demographic, obstetric, and clinical data were prospectively collected using a standardized case report form. Variables
assessed included maternal age (<35 vs. >35 years), parity (<3 vs. >3), gravidity (<2 vs. >2), mode of delivery (vaginal
vs. cesarean section), neonatal birth weight (>4 kg [macrosomia] vs. <4 kg), episiotomy (yes vs. no), vaginal laceration
(yes vs. no), premature rupture of membranes (yes vs. no), method of placental delivery (spontaneous vs. manual
removal), postpartum urinary incontinence (yes vs. no), history of dyspareunia before pregnancy (yes vs. no), and
laboratory parameters including white blood cell count and serum albumin level.

Statistical Analysis and Model Development

Statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA) and R software (version
4.2.2). Categorical variables were presented as frequencies and percentages [n (%)]. Comparisons between groups were
performed using the chi-square test or Fisher’s exact test, as appropriate. All tests were two-sided, and a P value <0.05
was considered statistically significant. In the training set, candidate variables were first identified based on univariable
analysis and clinical relevance. Variables with P < 0.10 in univariable analysis or those considered clinically relevant
were entered into a multivariable logistic regression model to identify independent risk factors for MFPP, using the
occurrence of MFPP as the dependent variable. Variables with P <0.10 in univariable analysis or those with established
clinical relevance were entered into the multivariable model. Results are presented as odds ratios (ORs) with 95%
confidence intervals (CIs). A nomogram was constructed based on the independent predictors identified from the
multivariable logistic regression model to provide an individualized risk prediction tool.?**° Model performance was
evaluated in both the training and validation sets using the following metrics:*’
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Discrimination: Assessed by the concordance index (C-index) and the area under the receiver operating characteristic
curve (AUC). An AUC of 0.5 indicates no discrimination, 0.7-0.8 acceptable discrimination, and >0.8 excellent
discrimination.

Calibration: Evaluated using the Hosmer—-Lemeshow goodness-of-fit test and calibration plots, which compare
predicted probabilities with observed outcomes.

Clinical Utility: Assessed by decision curve analysis (DCA), which quantifies the net benefit of using the model
across a range of threshold probabilities.*®

Internal validation was performed in the training set using bootstrap resampling with 200 iterations to estimate the
optimism-corrected AUC. Hold-out validation was conducted in the validation set randomly derived from the same
single-center cohort. Differences in AUC between cohorts were compared using the DeLong test.

Results

Study Population and Baseline Characteristics

A total of 671 women who met the eligibility criteria were enrolled in this prospective cohort study. Using R software,
the cohort was randomly allocated into a training set (n = 505, 75.3%) and a validation set (n = 166, 24.7%) in a 7:3
ratio. The baseline characteristics of both sets are summarized in Table 1. No statistically significant differences were
observed between the training and validation sets with respect to demographic characteristics, obstetric variables, or
clinical parameters (all P > 0.05), indicating that random allocation achieved satisfactory comparability between the

two cohorts.

Table | Patient Characteristics in the Training and External Validation Cohorts (n=671)

Characteristic Training Cohort | Validation Cohort P value

(n = 505) (n = 166)
MFPP 0.630
Yes 65 (12.9) 19 (11.4)
No 440 (87.1) 147 (88.6)
Neonatal weight 0.335
24 kg 35 (6.9) 8 (4.8)
<4 kg 470 (93.1) 158 (95.2)
Episiotomy 0.722
Yes 458 (90.7) 149 (89.8)
No 47 (9.3) 17 (10.2)
Vaginal laceration 0.221
Yes 333 (65.9) 118 (71.1)
No 172 (34.1) 48 (28.9)
Parity 0.869
23 35 (6.9) 12 (7.2)
<3 470 (93.1) 154 (92.8)
Gravidity 0.971
22 232 (45.9) 78 (47.0)
<2 273 (54.1) 88 (53.0)
Premature rupture of membranes 0.483
Yes 94 (18.6) 35 21.1)
No 411 (81.4) 131 (78.9)
Method of placental delivery 0.276
Spontaneous 496 (98.3) 165 (99.4)
Manual removal 9 (1.8) 1 (0.6)

(Continued)
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Table | (Continued).

Characteristic Training Cohort | Validation Cohort P value
(n =505) (n=166)

White blood cell count 0.298

Elevated 168 (33.3) 48 (28.9)

Normal 337 (66.7) 118 (71.1)

Serum albumin 0.898

Decreased 277 (54.9) 60 (55.4)

Normal 228 (45.1) 74 (44.6)

Maternal age 0.158

235 years 58 (11.5) 26 (15.7)

<35 years 447 (88.5) 140 (84.3)

Mode of delivery 0.616

Vaginal 279 (55.2) 88 (53.0)

Cesarean section 226 (44.8) 78 (47.0)

History of dyspareunia 0.095

Yes 65 (12.9) 30 (18.1)

No 440 (87.1) 136 (81.9)

Postpartum urinary incontinence 0.661

Yes 235 (46.5) 74 (44.6)

No 270 (53.5) 92 (55.4)

Note: Data are presented as n (%).

Abbreviation: MFPP, myofascial pelvic pain.

Incidence of Postpartum MFPP

In the training set, 65 of 505 participants (12.9%) were diagnosed with postpartum MFPP according to the standardized
diagnostic criteria (VAS score >3 upon MTrP palpation). In the validation set, the incidence was 11.4% (19/166). The
overall incidence in the total cohort was 12.5% (84/671).

Comparison of MFPP and Non-MFPP Groups in the Training Set
In the training set, participants with MFPP (MFPP group) and those without MFPP (non-MFPP group) were compared

across all clinical variables. As shown in Table 2, the MFPP group had significantly higher proportions of the following

Table 2 Comparison of Characteristics Between MFPP and Non-MFPP Groups in

the Training Set (n = 505)

Characteristic Non-MFPP Group | MFPP Group P value
(n = 440) (n=65)
Neonatal weight 24 kg 24 (5.5) Il (16.9) 0.001
Episiotomy 42 (9.5) 5(7.7) 0.631
Vaginal laceration 138 (31.4) 34 (52.3) 0.001
Parity 23 24 (5.5) Il (16.9) 0.001
Gravidity 22 238 (54.1) 35 (53.8) 0.971
Premature rupture of membranes 84 (19.1) 10 (15.4) 0.474
Manual placental delivery 7 (1.6) 2 (3.1) 0.398
Elevated white blood cell count 145 (33.0) 23 (35.4) 0.698
Decreased serum albumin 247 (56.1) 30 (46.2) 0.131
Maternal age 235 years 52 (11.8) 6(9.2) 0.541
Cesarean section 193 (43.9) 33 (50.8) 0.296
History of dyspareunia 51 (11.6) 14 (21.5) 0.025
Postpartum urinary incontinence 205 (46.6) 30 (46.2) 0.947

Note: Data are presented as n (%). Statistically significant P values (<0.05) are shown in bold.
Abbreviation: MFPP, myofascial pelvic pain.
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factors compared with the non-MFPP group: neonatal birth weight >4 kg (16.9% vs. 5.5%, P = 0.001), vaginal laceration
(52.3% vs. 31.4%, P = 0.001), parity >3 (16.9% vs. 6.9%, P = 0.001), and history of dyspareunia (21.5% vs. 11.6%, P =
0.025). No statistically significant differences were observed between the two groups for other variables, including
episiotomy, gravidity, premature rupture of membranes, method of placental delivery, white blood cell count, serum
albumin level, maternal age, mode of delivery, or postpartum urinary incontinence (all P > 0.05).

Multivariable Logistic Regression Analysis

Multivariable logistic regression analysis was performed in the training set to identify independent risk factors for
postpartum MFPP. All variables with clinical relevance were entered into the model simultaneously. The results are
presented in Table 3. Four variables emerged as independent predictors of MFPP: Neonatal birth weight >4 kg (OR
3.632; 95% CI 1.570-8.402; P = 0.003); Vaginal laceration (OR 2.448; 95% CI 1.419-4.222; P = 0.001); Parity >3 (OR
2.975; 95% CI 1.295-6.834; P = 0.010); History of dyspareunia (OR 2.381; 95% CI 1.194-4.747; P = 0.014); No other
variables showed statistically significant associations with MFPP in the multivariable model.

Nomogram Development and Performance

A nomogram was constructed based on the four independent predictors identified in the multivariable logistic regression
model to provide a visual tool for individualized risk prediction of postpartum MFPP (Figure 1). Each predictor was
assigned a weighted point score, and the total points were used to estimate the probability of MFPP occurrence.

Model Discrimination

The discriminative ability of the nomogram was assessed using the area under the receiver operating characteristic curve
(AUC). In the training set, the model achieved an AUC of 0.681 (95% CI 0.612—0.750), indicating moderate discrimi-
native capacity (Figure 2A). Internal validation using bootstrap resampling with 200 iterations yielded a mean AUC of
0.682, closely approximating the original training set AUC and confirming satisfactory internal stability. In the validation
set, the nomogram demonstrated an AUC of 0.656 (95% CI 0.507—-0.804), indicating that the model maintained moderate
discriminative ability in an independent cohort (Figure 2B). DeLong test revealed no statistically significant difference
between the AUC values of the training and validation sets (P = 0.734). Overall, these findings indicate that the
nomogram had moderate, but not strong, discriminative ability; therefore, the statistical significance of the identified
risk factors should not be interpreted as evidence of strong predictive performance.

Model Calibration

Calibration of the prediction model was evaluated using the Hosmer—Lemeshow goodness-of-fit test and calibration
plots. The Hosmer-Lemeshow test yieclded non-significant P values in both the training set (P = 0.521) and the validation
set (P = 0.634), indicating no evidence of poor fit. Calibration plots demonstrated good agreement between predicted
probabilities and observed outcomes in both cohorts (Figure 3A and B). The calibration curves showed slight deviations
from the ideal 45-degree diagonal line at the extremes of predicted risk but remained within acceptable ranges,
suggesting that the model’s predictions are well-calibrated overall.

Table 3 Multivariable Logistic Regression Analysis of Factors
Associated with Postpartum MFPP in the Training Set (n = 505)

Variable Adjusted OR 95% CI P value
Neonatal weight 24 kg 3.632 1.570-8.402 0.003
Vaginal laceration 2.448 1.419-4.222 0.001
Parity 23 2.975 1.295-6.834 0.010
History of dyspareunia 2.38I 1.194-4.747 0.014

Abbreviations: OR, odds ratio; Cl, confidence interval.
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Figure | Nomogram for predicting postpartum myofascial pelvic pain (MFPP).The nomogram was developed based on four independent predictors identified in the
multivariable logistic regression analysis: neonatal birth weight 24 kg, vaginal laceration, parity 23, and history of dyspareunia. Each predictor is assigned a point value
according to its contribution to the model. The total points are calculated by summing the points for all predictors and are then projected onto the prediction probability
scale to estimate the individual probability of postpartum MFPP. For binary variables, 0 indicates absence of the factor and | indicates presence of the factor, unless otherwise
specified in the figure.
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Figure 2 Receiver operating characteristic (ROC) curves for the nomogram in the training and validation cohorts.(A) ROC curve of the nomogram in the training cohort.
The area under the ROC curve (AUC) was 0.681, with a 95% confidence interval (Cl) of 0.612-0.750. (B) ROC curve of the nomogram in the validation cohort. The AUC
was 0.656, with a 95% CI of 0.507-0.804. The black curve represents the discriminative performance of the nomogram. The grey diagonal reference line represents a model
with no discriminative ability. The marked point on each curve indicates the selected cut-off value, with the corresponding specificity and sensitivity shown in parentheses.
Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, confidence interval; ROC, receiver operating characteristic.
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Figure 3 Calibration curves for the nomogram in the training and validation cohorts.(A) Calibration curve of the nomogram in the training cohort. (B) Calibration curve of
the nomogram in the validation cohort. The dotted line represents the ideal calibration line, indicating perfect agreement between predicted and observed probabilities. The
apparent curve represents the original model performance, and the bias-corrected curve represents the bootstrap-corrected calibration performance. The rug marks along
the upper margin indicate the distribution of predicted probabilities among participants. A curve closer to the ideal line indicates better agreement between predicted and
observed risks. Bootstrap resampling was performed with 1000 repetitions.

Abbreviations: MFPP, myofascial pelvic pain.

Clinical Utility
Decision curve analysis (DCA) was performed to evaluate the clinical net benefit of the nomogram across a range of
threshold probabilities.’® As shown in Figure 4A (training set) and Figure 4B (validation set), the nomogram provided
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Figure 4 Decision curve analysis (DCA) for the nomogram in the training and validation cohorts. (A) DCA of the nomogram in the training cohort. (B) DCA of the
nomogram in the validation cohort. The red line represents the nomogram model. The grey line represents the treat-all strategy, assuming that all postpartum women would
receive intervention. The black horizontal line represents the treat-none strategy, assuming that no postpartum women would receive intervention. The x-axis indicates the
threshold probability, and the y-axis indicates the standardized net benefit. A higher net benefit across a clinically relevant range of threshold probabilities indicates greater
potential clinical utility of the nomogram.

Abbreviations: DCA, decision curve analysis; MFPP, myofascial pelvic pain.
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a positive net benefit across clinically relevant threshold probability ranges compared with the “treat-all” or “treat-none”
strategies. This finding indicates that implementation of the prediction model would support clinical decision-making by
identifying high-risk women who may benefit from early intervention, without incurring unnecessary harm.

Discussion

Overview of the Present Study

In this prospective cohort study of 671 postpartum women, we systematically investigated the risk factors associated with
postpartum myofascial pelvic pain (MFPP) using a standardized diagnostic protocol incorporating independent blinded
assessments by two specialists and adjudication by a third senior specialist. The overall incidence of MFPP in our cohort
was 12.5%, consistent with previously reported estimates in early postpartum populations.”® Our multivariable analysis
identified four independent risk factors: neonatal birth weight >4 kg, vaginal laceration, parity >3, and a history of
dyspareunia. Based on these predictors, we developed a nomogram that provides individualized risk estimates with
moderate discriminative ability (AUC 0.681 in the training set, 0.656 in the validation set), satisfactory calibration, and
positive net clinical benefit across clinically relevant threshold probabilities. To our knowledge, this is among the first
studies to develop and validate a clinically accessible prediction tool specifically for postpartum MFPP, with rigorous
diagnostic standardization and independent validation.

Comparison with Existing Literature

Our findings extend and corroborate previous research on risk factors for MFPP and other pelvic floor disorders. The
association between neonatal macrosomia (birth weight >4 kg) and MFPP (OR 3.632) aligns with the established
understanding that excessive mechanical load during delivery predisposes to pelvic floor injury.'®?* Prolonged stretching
and compression of the pelvic floor muscles and fascia during the passage of a large fetus may lead to microtrauma,
ischemia, and subsequent myofascial trigger point formation.*® This mechanical insult is compounded by the sustained
postural adaptations required during pregnancy to accommodate a larger fetus, which may further strain the lumbopelvic
musculature.” Our findings are consistent with those of Cardaillac et al,'* who reported that higher neonatal birth weight
was associated with persistent postpartum pain, and with Ross et al,” who identified macrosomia as a contributing factor
in the development of chronic pelvic pain syndromes.

Vaginal laceration emerged as another strong independent predictor (OR 2.448). This finding supports the hypothesis that
direct tissue trauma during delivery disrupts fascial integrity, triggers an inflammatory cascade, and promotes aberrant scar
formation, all of which are recognized contributors to myofascial pain.'> Recent evidence suggests that fascia is not merely
a passive structural element but a biologically active tissue containing nociceptive nerve endings that can become sensitized
following injury.® The healing process following vaginal laceration may involve fibrosis and nerve entrapment, creating
a nidus for persistent pain. Our results are consistent with those of Tenfelde et al,” who found that perineal trauma during
delivery was associated with musculoskeletal pelvic pain at one year postpartum, and with Meister et al,'> who emphasized the
importance of assessing perineal scar tenderness as a component of pelvic floor myofascial examination.

The association between parity >3 and MFPP (OR 2.975) reflects the cumulative impact of multiple pregnancies and
deliveries on pelvic floor structures. Each pregnancy imposes repeated biomechanical stress, and the cumulative effect
may exceed the reparative capacity of the pelvic floor, leading to progressive fascial densification, fibrosis, and reduced
tissue elasticity.* This “material fatigue” concept has been invoked to explain the dose-response relationship between
parity and pelvic floor dysfunction.”® Our finding is consistent with previous studies reporting higher parity as a risk
factor for chronic pelvic pain and pelvic floor disorders.®'*** Importantly, the effect of parity remained significant even
after adjustment for other delivery-related factors, suggesting that both cumulative and individual birth events contribute
independently to MFPP risk.

Unexpected or Novel Findings
One noteworthy finding of our study was the association between a history of dyspareunia before pregnancy and
postpartum MFPP. This finding is clinically interesting because previous dyspareunia may indicate pre-existing pelvic
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floor hypertonicity, myofascial dysfunction, or heightened pain sensitivity before pregnancy. However, this association
should be interpreted with caution. A history of dyspareunia may also reflect an unmeasured pre-pregnancy pain
phenotype, selection or reporting bias, or residual confounding by psychosocial factors such as anxiety, depressive
symptoms, pain catastrophizing, sleep disturbance, or social support, which were not assessed in the present study.
Therefore, this finding should be regarded as hypothesis-generating rather than evidence of a direct causal relationship.
Future studies incorporating pre-pregnancy pelvic floor assessment and psychosocial measures are needed to clarify
whether dyspareunia is an independent predictor, a marker of pre-existing pain vulnerability, or part of a broader
biopsychosocial pain phenotype.

This finding aligns with recent literature emphasizing the importance of preconception and antenatal assessment in
predicting postpartum outcomes. Einig et al*! reported that pelvic floor myofascial pain is frequently associated with
lower urinary tract symptoms and pelvic floor hypertonicity, suggesting that these conditions may share a common
underlying pathophysiology. Similarly, Golanska et al*® highlighted the role of biopsychosocial modulation in myofascial
pain syndromes, emphasizing that psychological distress and anxiety can lower pain thresholds and increase vulnerability
to pain conditions. Our finding extends this concept to the perinatal period, suggesting that preconception pain history
should be considered a key component of risk assessment for postpartum pelvic floor disorders.

Relationship to Broader Theoretical Frameworks

Our findings can be interpreted within the framework of the biopsychosocial model of pain,?**!

which posits that pain
experiences are shaped by the dynamic interplay of biological, psychological, and social factors. From a biological
perspective, the mechanical insults of macrosomia and vaginal laceration represent physical triggers that initiate tissue
damage and inflammation. The repeated biomechanical stress of multiple pregnancies (parity >3) contributes to
cumulative structural changes in the pelvic floor, including fascial densification, fibrosis, and altered tissue
biomechanics.*® These biological processes converge to create a vulnerable musculoskeletal substrate. From
a psychological perspective, a history of dyspareunia may serve as a marker of pre-existing central sensitization,
heightened pain vigilance, or anxiety related to pelvic pain.''** Women with such a history may be more likely to
interpret postpartum pelvic sensations as painful, engage in pain catastrophizing, and develop chronic pain behaviors.
The physiological stress of childbirth may further amplify these psychological processes, contributing to the transition
from acute to chronic pain. From a social perspective, postpartum recovery occurs within a context of sleep deprivation,
caregiving demands, and often limited social support, all of which can modulate pain perception and coping.”?'

Our results also align with the “mechanical load—myofascial injury—dysfunction” continuum proposed by
Gromakovskis® and others.*> According to this model, sustained or excessive mechanical loading (eg., from macro-
somia, vaginal laceration, or multiple pregnancies) disrupts fascial integrity, leading to inflammation, fibrosis, and the
formation of myofascial trigger points. These structural changes, in turn, alter muscle activation patterns, create aberrant
nociceptive input, and contribute to functional impairment. This continuum provides a coherent explanatory framework
for our findings, linking the identified risk factors to the pathophysiology of MFPP. Furthermore, our study underscores
the value of risk stratification and early intervention as key strategies in the prevention of chronic pain syndromes. The
moderate predictive performance of our nomogram (AUC 0.68) is comparable to that of other well-established prediction

tools in obstetrics and gynecology,”* >

and the positive net benefit observed in decision curve analysis supports the
clinical utility of early risk assessment. The ability to identify high-risk women using routinely available clinical
information—without the need for specialized testing—offers a pragmatic approach to implementing targeted surveil-

lance and preventive interventions in busy clinical settings.

Study Limitations

Several limitations of this study should be acknowledged. First, as a single-center study conducted at a tertiary teaching
hospital, our findings may have limited generalizability to other populations with different obstetric practices, ethnic
compositions, or healthcare resources. The incidence of MFPP and the strength of associations may vary across settings,
and external validation in diverse populations is essential before widespread clinical implementation. Second, although
we included a broad range of clinical variables, we did not incorporate imaging modalities such as pelvic floor ultrasound
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or magnetic resonance imaging (MRI), nor did we include objective biomarkers (eg., inflammatory cytokines) or
electrophysiologic measures.”*?’ Recent studies have demonstrated that ultrasound-based parameters can enhance

predictive accuracy for pelvic floor disorders,””®

and future research should explore whether integrating such data
could improve the discriminative performance of MFPP prediction models. Third, the diagnosis of MFPP remains
inherently dependent on clinical palpation and patient-reported pain response, which may introduce a degree of
subjectivity. Although we attempted to minimize diagnostic bias by using predefined diagnostic criteria, standardized
assessment forms, unified examiner training, independent blinded evaluations by two specialists, and adjudication by
a third senior specialist when disagreement occurred, some inter-examiner variability could not be completely eliminated.
In addition, formal intra-examiner reliability testing was not performed because repeated palpation examinations in the
same participant were not conducted, partly to avoid unnecessary discomfort during the early postpartum period. While
we used a predefined VAS threshold (=3) to define clinically significant pain, and employed two independent specialists
with third-party arbitration, some degree of inter-examiner variability is unavoidable.'” Future studies may benefit from
incorporating adjunctive tools such as surface electromyography or ultrasound elastography to provide more objective
measures of myofascial dysfunction. Fourth, our follow-up period was limited to 1-3 months postpartum, which captures
early-onset MFPP but may not fully capture cases that develop later in the postpartum period. Longer follow-up would be
valuable to assess whether the risk factors and predictive model identified here also predict persistent or chronic MFPP
beyond the early postpartum window. Fifth, although we used bootstrap internal validation and a hold-out validation
cohort, the validation set contained only 19 MFPP events, which may have limited statistical power and reduced the
precision of the validation estimates. Moreover, the validation cohort was randomly derived from the same single-center
study population rather than from an independent multicenter cohort; therefore, it should be regarded as hold-out
validation rather than true external validation. Larger multicenter cohorts with independent external validation are
needed to confirm the stability, generalizability, and clinical utility of the proposed nomogram. Moreover, because the
number of MFPP events was relatively limited in relation to the number of candidate predictors, the final model may still
be susceptible to sample-dependent instability. Therefore, the nomogram should be interpreted as a preliminary risk
stratification model, and further validation in larger multicenter cohorts is required before routine clinical implementa-
tion. Larger multi-center cohorts are needed to confirm the stability and generalizability of our model.

Finally, although we identified several modifiable and non-modifiable risk factors, we did not evaluate the impact of
postpartum interventions (eg., pelvic floor physical therapy, myofascial release) on the trajectory of MFPP in high-risk
women. Future studies should examine whether risk stratification using our nomogram can facilitate targeted interven-
tions that improve clinical outcomes.

Summary and Future Directions

In summary, this prospective cohort study identified neonatal macrosomia, vaginal laceration, grand multiparity, and
a history of dyspareunia as independent risk factors for postpartum MFPP. The nomogram developed from these factors
provides a practical, clinically accessible tool for early risk stratification. Our findings extend the existing literature by
highlighting the importance of preconception pelvic floor health and by validating a simple prediction model with
moderate performance and positive net clinical benefit. Future research should focus on: (1) external validation of the
nomogram in diverse, multi-center populations; (2) integration of imaging and biomarker data to potentially enhance
predictive performance; (3) longitudinal studies to assess the natural history of MFPP and the transition from early to
chronic pain; and (4) interventional studies to determine whether risk-stratified, early postpartum rehabilitation can
prevent or mitigate the development of MFPP in high-risk women. By addressing these priorities, we can move toward
a more proactive, personalized approach to postpartum pelvic floor care.

Conclusion

In this prospective cohort study of 671 postpartum women, neonatal birth weight >4 kg, vaginal laceration, parity >3, and
a history of dyspareunia were identified as independent factors associated with postpartum myofascial pelvic pain. Based
on these readily available clinical variables, we developed a nomogram that demonstrated moderate discriminative
ability, acceptable calibration, and potential net clinical benefit in the study cohort. However, the model should be
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interpreted as a preliminary risk stratification tool rather than a definitive clinical decision-making instrument. Its
performance was modest, and validation was based on a hold-out cohort from the same single-center population rather
than a multicenter external cohort. Therefore, further multicenter external validation, model optimization, and assessment
of its impact on postpartum management are required before routine clinical implementation. Nevertheless, this study
provides a useful basis for future research on early identification and risk-stratified care for women at increased risk of
postpartum MFPP.
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