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1. Introduction 

Pelvic organ prolapse (POP) represents a major 

global health burden, affecting a substantial 

proportion of the female population and resulting in 

significant morbidity, including urinary, bowel, and 

sexual dysfunction.1 The lifetime risk of undergoing 

surgery for POP is estimated at approximately 12-

20%, with recurrence rates remaining frustratingly 

high. Historically, the pathogenesis of POP was 

attributed to a generalized weakening of the 

endopelvic fascia and connective tissues caused by the 

mechanical strain of pregnancy and vaginal 

childbirth.2 This fascial theory, while valid, failed to 

explain the phenotypic variability observed in clinical 

practice: why some multiparous women retain 

excellent pelvic support while others with identical 
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A B S T R A C T  

Background: Vaginal childbirth is universally recognized as the primary 
etiological factor for pelvic organ prolapse (POP), yet the precise 
biomechanical cascade remains a subject of intense investigation. While 
connective tissue attenuation contributes to support failure, recent 

advanced imaging evidence suggests that levator ani avulsion (LAA)—a 
macroscopic traumatic detachment of the puborectalis muscle from the 
pubic ramus—acts as the fundamental structural mediator. This study 
aimed to systematically review and meta-analyze imaging-based literature to 

quantify the mediating role of LAA in the pathogenesis of POP. Methods: We 
conducted a systematic review and meta-analysis of observational studies 
utilizing magnetic resonance imaging (MRI) and 3D/4D Transperineal 
Ultrasound. The search strategy targeted longitudinal and cross-sectional 

studies comparing women with confirmed LAA to those with intact pelvic 
floors following vaginal delivery. Data were extracted regarding the 
prevalence of avulsion, pelvic organ prolapse quantification (POP-Q) stages, 
and levator hiatus dimensions. The primary outcome was the Odds Ratio 

(OR) of significant POP (Stage 2). Secondary outcomes included quantitative 
analysis of hiatal ballooning. Data were synthesized using a random-effects 
model. Results: The analysis included 3,218 women across 9 high-quality 

imaging studies. The pooled analysis revealed a profound and statistically 
significant association between LAA and POP, with a pooled Odds Ratio of 
3.84 (95% CI: 2.65–5.56; p < 0.0001). Women with LAA demonstrated a 
significantly larger levator hiatal area on Valsalva compared to those with 

intact muscles (Mean Difference: +6.03 cm²), confirming that avulsion leads 
to intractable hiatal ballooning. Long-term follow-up data (up to 23 years) 
indicated that this muscular defect does not heal and is associated with a 
progressive deterioration in pelvic organ support over time. Conclusion: 

Levator ani avulsion is the critical biomechanical mediator converting the 
event of vaginal delivery into the chronic pathology of prolapse. The injury 
compromises the dynamic closure of the levator hiatus, resulting in hiatal 
ballooning and subsequent apical and anterior compartment descent. These 

findings necessitate a paradigm shift in obstetric counseling and emphasize 
the need for preventative strategies to minimize traumatic muscle injury 
during the second stage of labor. 
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obstetric histories develop catastrophic organ 

descent.3 

The introduction of advanced pelvic floor imaging, 

specifically magnetic resonance imaging (MRI) and 

3D/4D transperineal ultrasound (TPUS), has 

fundamentally altered our understanding of birth-

related pelvic floor trauma.4 These modalities allowed 

for the first in vivo visualization of the levator ani 

muscle complex, leading to the identification of a 

specific, discrete, and permanent injury: Levator ani 

avulsion (LAA). LAA is defined as the traumatic 

disconnection of the puborectalis muscle from its 

insertion point on the inferior pubic rami. This injury 

occurs during the crowning of the fetal head when the 

muscle is stretched beyond its elastic limit, typically 

exceeding a stretch ratio of 3.2:1.5 

Unlike microtrauma or reversible neuropathy, LAA 

results in a permanent morphological alteration of the 

pelvic floor architecture.6 The primary consequence of 

this detachment is the widening of the genital hiatus, 

a phenomenon termed hiatal ballooning.7 Current 

literature posits that this hiatal enlargement acts as 

the missing link or mediator between the acute event 

of childbirth and the chronic development of prolapse. 

By effectively removing the muscular shelf that 

supports the pelvic viscera, avulsion exposes the 

fascial support system to unbuffered intra-abdominal 

pressure, leading to its eventual failure.8 

This meta-analysis distinguishes itself from 

previous reviews by specifically isolating the mediation 

pathway. Rather than merely reporting an association, 

this study integrates quantitative data on hiatal 

morphology (hiatal area) and long-term longitudinal 

outcomes (up to 23 years postpartum) to demonstrate 

causality. We synthesized data from both MRI and 

ultrasound studies to provide a comprehensive, 

modality-independent assessment of risk. 

Furthermore, this study incorporates the most recent 

data on the natural history of avulsion, verifying its 

irreversibility and progressive impact on pelvic floor 

integrity.9,10 The primary aim of this study was to 

quantify the risk of Pelvic Organ Prolapse conferred by 

levator ani avulsion in women who have undergone 

vaginal delivery. The secondary aims were to evaluate 

the impact of LAA on levator hiatus dimensions (hiatal 

ballooning), to determine the long-term persistence of 

the defect and its correlation with prolapse 

progression over decades, and to synthesize evidence 

regarding the dose-response relationship between 

defect severity and prolapse stage. 

 

2. Methods 

This systematic review and meta-analysis were 

designed to rigorously evaluate the impact of 

structural pelvic floor injury on organ support. The 

methodology followed standard guidelines for the 

conduct of meta-analyses of observational studies. 

The protocol was developed to focus specifically on 

objective imaging parameters rather than subjective 

symptom reporting. A comprehensive and systematic 

search of the literature was performed targeting major 

medical databases. The search period covered 

publications from January 2007 to January 2025, 

aligning with the era of widespread adoption of 3D 

pelvic floor imaging. The search strategy utilized a 

combination of Medical Subject Headings (MeSH) and 

free-text terms related to the condition and 

intervention. Key search terms included: Levator Ani 

Avulsion, Puborectalis Tear, Pelvic Organ Prolapse, 

Cystocele, Vaginal Delivery, Birth Trauma, 

Transperineal Ultrasound, Magnetic Resonance 

Imaging, and Levator Hiatus. Reference lists of 

identified primary studies and review articles were 

manually scanned to identify additional relevant 

citations. 

Strict inclusion and exclusion criteria were applied 

to ensure the homogeneity and quality of the 

synthesized data. We included studies focusing on 

women who have experienced at least one vaginal 

delivery (primiparous or multiparous). The exposure of 

interest was the diagnosis of levator ani avulsion 

(major defect) confirmed by objective imaging (3D/4D 

Transperineal Ultrasound or MRI). A major defect was 

defined as a complete detachment of the puborectalis 

muscle in at least three central tomographic slices 

(Tomographic Ultrasound Imaging). The comparator 
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group comprised women with confirmed intact levator 

ani muscles post-vaginal delivery. We assessed two 

main outcomes: the primary outcome was the 

presence of objective pelvic organ prolapse, defined as 

POP-Q Stage 2 in any compartment (anterior, 

posterior, or apical), and the secondary outcome was 

the quantitative measurement of the Levator Hiatus 

Area (cm²) at Valsalva. We included cohort studies 

(prospective or retrospective), cross-sectional studies, 

and case-control studies. We excluded studies relying 

exclusively on digital palpation for diagnosis without 

imaging confirmation, studies focusing solely on 

urinary or anal incontinence without data on organ 

prolapse, case reports, editorials, and conference 

abstracts with insufficient data for extraction, and 

studies involving women with prior pelvic floor 

reconstructive surgery (mesh or native tissue repair), 

which could alter anatomy. 

Data extraction was performed independently by 

two reviewers using a standardized data collection 

form. Discrepancies were resolved by consensus. The 

following data points were extracted: study 

characteristics (Author, Year, Country, Design); 

participant demographics (Sample size, Parity, Age, 

Follow-up duration); imaging modality and diagnostic 

criteria for LAA; prevalence of LAA in the cohort; 

number of POP cases in the Avulsion group vs. Intact 

group; Mean and Standard Deviation (SD) of Levator 

Hiatus Area (cm²) in both groups; and Odds Ratios 

(OR) and Hazard Ratios (HR) where reported. Quality 

assessment was conducted using the Newcastle-

Ottawa Scale (NOS) for observational studies. This tool 

evaluates studies based on three domains: selection of 

study groups, comparability of groups, and 

ascertainment of exposure/outcome. Studies scoring 

7 or higher were considered high quality. 

Meta-analysis was conducted to pool data from the 

included studies. For binary outcomes (POP vs. No 

POP), Pooled Odds Ratios (OR) with 95% Confidence 

Intervals (CI) were calculated using the Mantel-

Haenszel method. For continuous outcomes (Hiatal 

Area), the Mean Difference (MD) in hiatal area between 

the avulsion and intact groups was calculated using 

the inverse variance method. Statistical heterogeneity 

was assessed using the I2 statistic. An I2 value greater 

than 50% was interpreted as indicating substantial 

heterogeneity. A Random-Effects Model was utilized 

for all analyses to account for the inherent clinical and 

methodological diversity between studies. 

 

3. Results 

Figure 1 serves as the graphical representation of 

the rigorous epistemological framework applied in this 

systematic review. It visualizes the critical funneling 

process by which a broad initial dataset of potential 

evidence was distilled into a homogenous, high-quality 

core of nine essential studies. The diagram delineates 

the four phases of the Systematic Review—

Identification, Screening, Eligibility, and Inclusion—

demonstrating adherence to the PRISMA 2020 

(Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses) guidelines, which is the gold standard 

for evidence synthesis. In the Identification Phase, the 

initial search yielded 452 records from major 

biomedical databases, including PubMed, Scopus, 

Embase, and the Cochrane Library. This substantial 

number reflects the high volume of literature 

surrounding obstetric trauma. However, the diagram 

illustrates a crucial quality control step: the removal 

of 86 duplicate records. This step is vital to prevent 

double-counting of patient cohorts, which can 

artificially inflate the sample size and skew statistical 

weight in a meta-analysis. The persistence of 366 

unique records indicates that levator ani avulsion 

(LAA) is a topic of significant global interest, yet the 

subsequent phases reveal the scarcity of high-quality, 

objective imaging data. The Screening Phase 

represents the first layer of intellectual filtration. Here, 

312 records were excluded based on title and abstract 

review. The narrative justification for these 

exclusions—primarily irrelevant topic or lack of 

obstetrics focus—highlights the noise inherent in 

keyword-based searching. For instance, many 

excluded studies likely focused on anal sphincter 

injuries (OASI) or urinary incontinence alone, rather 

than the specific structural defect of the levator ani 
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and its correlation with organ prolapse. This visual 

step assures the reader that the review is specifically 

targeted at the biomechanical mediator (LAA) rather 

than generalized pelvic floor dysfunction. The 

Eligibility Phase is the most methodologically 

significant portion of Figure 1. Fifty-four full-text 

articles were assessed, but 45 were excluded with 

specific reasons listed (No imaging confirmation, no 

control group). This distinction is paramount. By 

excluding studies that relied on digital palpation, the 

review eliminates subjective bias (inter-observer 

variability). By excluding studies without a control 

group, the review ensures that the final pooled Odds 

Ratio represents a true comparison of risk, not just a 

prevalence report. The rigorous exclusion of reviews 

and editorials further ensures that the final synthesis 

is based on primary, empirical data. Finally, the 

Inclusion Phase results in n=9 studies. While a single-

digit number of included studies may appear low 

relative to the initial search, Figure 1 visually validates 

the quality over quantity approach. These nine studies 

represent the distilled truth of the current literature—

only those datasets that combined parous women, 

objective imaging (MRI/US), and standardized POP-Q 

scoring survived the filtration process. 

 

 
 

Figure 1. PRISMA 2020 study flow diagram. 

 

Table 1 provides a comprehensive panoramic view 

of the evidence base, detailing the demographic, 

methodological, and geographical characteristics of 

the 3,218 women included in the meta-analysis. This 

table is essential for establishing the external validity 

and generalizability of the findings. The narrative 
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emerging from Table 1 is one of global consistency 

despite methodological diversity. The studies originate 

from major urogynecology research hubs in Australia 

(Dietz et al.), the USA (DeLancey et al., Handa et al., 

Berger et al.), and Europe (Volloyhaug et al., Van 

Gruting et al.), suggesting that the association 

between LAA and prolapse is a biological universal, 

not an artifact of specific obstetric practices in a single 

region. A critical feature highlighted in Table 1 is the 

diversity of Study Designs. The inclusion of both 

Retrospective Cohorts (Dietz 2008) and Prospective 

Longitudinal Cohorts (Atan 2018, Siafarikas 2024) 

allows for a balanced synthesis of evidence. 

Retrospective studies often provide large sample sizes 

necessary for analyzing rare events, while the 

prospective studies included here offer high-level 

evidence regarding causality and natural history. The 

presence of Case-Control studies (DeLancey 2007) is 

transparently noted; while these designs maximize the 

efficiency of detecting differences in rare diseases, they 

are prone to selection bias. By tabulating these 

designs side-by-side, Table 1 allows the reader to 

contextualize the results—anticipating that case-

control data might yield higher risk estimates than 

longitudinal data, a nuance explored in the subgroup 

analysis. Furthermore, Table 1 elucidates the imaging 

modalities employed. The distinction between 4D 

transperineal ultrasound (TPUS) and magnetic 

resonance imaging (MRI) is significant. MRI provides 

superior anatomical resolution of the entire pelvic 

floor at rest, making it the gold standard for identifying 

the major defects described by DeLancey. Conversely, 

TPUS, used by Dietz and Volloyhaug, allows for 

dynamic assessment during the Valsalva maneuver, 

capturing the functional failure (ballooning) of the 

muscle. The fact that studies using both modalities 

are included—and both point towards the same 

pathological outcome—strengthens the review’s 

conclusions. It suggests that the diagnosis of LAA is 

robust and detectable across different technological 

platforms. Finally, the Follow-up Duration column in 

Table 1 reveals the temporal depth of the analysis. The 

range is striking: from 6 months postpartum 

(Volloyhaug) to 23 years postpartum (Atan). This 

temporal breadth allows the meta-analysis to assess 

LAA as both an acute injury and a chronic driver of 

disease. The inclusion of the Handa et al. (2019) 

mediation analysis is particularly noteworthy as a 

unique entry in the study design column, marking the 

shift from simple association studies to complex 

causal pathway modeling.  
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Table 2 represents the statistical core of the 

manuscript, presenting the pooled quantitative 

evidence for the association between levator ani 

avulsion and pelvic organ prolapse. The narrative 

driven by this table is one of overwhelming risk. The 

pooled Odds Ratio (OR) of 3.84 (95% CI: 2.65–5.56) is 

a finding of profound clinical significance. In 

epidemiological terms, an OR of nearly 4.0 for a non-

infectious structural condition is exceptionally high—

far exceeding the risk conferred by other common 

factors such as obesity or chronic cough. This table 

confirms that LAA is not merely a statistically 

significant factor (p < 0.0001), but a dominant clinical 

determinant of pelvic floor morbidity. Table 2 

effectively deconstructs the source of this risk 

estimate through its row-by-row presentation of 

individual study data. A striking disparity is evident 

between the Study Designs. The Case-Control study 

by DeLancey et al. (2007) reports an OR of 7.30, the 

highest in the dataset. This narrative suggests that 

when women are selected specifically because they 

have prolapse (cases), the prevalence of avulsion is 

massive (75%), identifying avulsion as the hallmark of 

the disease. In contrast, the longitudinal cohorts like 

Atan et al. (2018) report a more conservative OR of 

2.44. This lower, yet still significant, number reflects 

the real-world natural history, where some women 

with avulsion may remain asymptomatic 

(compensated) for decades before the prolapse 

manifests. Table 2 honestly presents this 

heterogeneity, allowing the reader to understand that 

the true risk likely lies between these two extremes. 

The inclusion of the forest plot within the schematic of 

Table 2 provides an immediate visual confirmation of 

the data's consistency. Every single study point lies to 

the right of the null line (OR=1), indicating a positive 

association. There are no crossing confidence intervals 

that touch unity for the pooled effect. This visual 

alignment serves as a powerful rebuttal to the theory 

that prolapse is purely genetic or due to collagen 

disorders. If LAA were incidental, one would expect at 

least one study to show no effect. The uniformity of 

direction across diverse populations (from the 160 

women in DeLancey’s study to the 415 in Dietz’s) 

solidifies the biological plausibility of the trauma 

theory. Moreover, the event rates presented in Table 2 

are telling. In the avulsion group, prolapse rates 

consistently hover between 58% and 83% (Dietz: 83% 

event rate). In the intact group, rates are significantly 

lower (25%-44%). This absolute risk difference is what 

drives the clinical urgency. It transforms the abstract 

Odds Ratio into a tangible clinical reality: a woman 

with an avulsion has a greater than 50% chance—a 

coin toss or worse—of developing significant prolapse, 

whereas a woman with an intact floor retains a strong 

protective factor. Table 2 essentially quantifies the 

cost of the muscle trauma in terms of future disease 

burden. 
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Table 3 provides the mechanistic explanation for 

the associations observed in Table 2. While Table 2 

establishes that avulsion leads to prolapse, Table 3 

explains how. The focus here is on the levator hiatus 

area, the geometric opening through which prolapse 

descends. The narrative of Table 3 is one of structural 

failure and geometric enlargement. The pooled Mean 

Difference of +6.03 cm² is not just a number; it 

represents a fundamental alteration of the pelvic floor 

anatomy. Given that a normal hiatal area is roughly 

20-25 cm², an increase of 6 cm² represents an 

expansion of approximately 25-30%. The table lists 

findings from key studies like Volloyhaug et al. and 

Siafarikas et al., all of which utilized dynamic 4D 

ultrasound to measure the hiatus during Valsalva. 

The consistency of the findings—ranging from +6.00 

to +7.60 cm²—is remarkable given the variability in 

patient effort during Valsalva maneuvers. This 

consistency suggests that hiatal ballooning is a 

pathognomonic sign of avulsion. The narrative here 

describes a broken clamp. The levator ani normally 

constricts the hiatus; when avulsed, it loses its 

circumferential tension. The table quantifies this loss 

of tension as a measurable increase in surface area. 

The Forest Plot embedded in Table 3 uses a linear 

scale to visualize this shift. Unlike the Odds Ratios in 

Table 2, which measure probability, this plot 

measures physical dimensions. The distribution of 

data points entirely to the right of the zero line 

indicates that there is virtually no overlap between the 

populations; women with avulsion have distinctly 

larger hiatuses than those without. This separation of 

populations confirms that LAA creates a distinct 

anatomical phenotype. It implies that Ballooning is 

not a separate risk factor but the direct physical 

consequence of the muscle detachment. Clinically, the 

narrative of Table 3 is vital for understanding surgical 

failure. If a woman has a hiatus that is 6 cm² larger 

than normal due to a permanent muscle defect, simple 

fascial repairs (native tissue repairs) may be destined 

to fail because the underlying structural gap remains 

wide open. The data in Table 3 support the hypothesis 

that the enlarged hiatus acts as a hernial portal. The 

consistent +6 cm² difference across studies from 6 

months (Volloyhaug) to 10 years (Handa) postpartum 

suggests that this ballooning is a permanent geometric 

change, effectively leaving the door open for pelvic 

organs to descend indefinitely. 
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Table 4 addresses the fourth dimension of the 

study: Time. It synthesizes the longitudinal data to 

answer the critical clinical question: "Does it get 

better?" The narrative revealed by this table is stark 

and clinically defining: Irreversibility. The table 

utilizes a graphical persistence bar to visually 

represent the 100% persistence rate reported in 

studies by Van Gruting and Siafarikas. This finding—

that 0% of major avulsions healed over 4 to 8 years—

categorizes LAA as a permanent orthopedic-style 

injury, akin to a torn rotator cuff that does not 

spontaneously reattach. The table contrasts the 

timeline of studies, placing the 4-year follow-up of Van 

Gruting alongside the 23-year follow-up of Atan. This 

juxtaposition creates a comprehensive view of the 

disease trajectory. In the short term (4-8 years), the 

table notes and hiatal enlargement. This indicates that 

while the anatomy is broken, the clinical symptoms 

may be evolving. However, looking at the Atan et al. 

row (23 years), the data shifts to a predictor of late-

onset cystocele with a significant Odds Ratio of 2.44. 

This confirms the progressive nature of the pathology. 

The forest plot for the long-term risk within Table 4 

specifically pools these longitudinal cohorts. The 

pooled risk estimate (OR ~2.72) is slightly lower than 

the cross-sectional estimates in Table 2, but it is 

methodologically more robust. It proves that the risk 

is not transient. The narrative here dispels the notion 

that postpartum pelvic floor trauma is a temporary 

state that resolves with involution. Instead, Table 4 

frames LAA as a chronic condition. Furthermore, the 

Outcome Text column highlights the functional 

deterioration. The mention of fatty degeneration 

(implied in the persistence findings) suggests that the 

muscle not only fails to reattach but also undergoes 

atrophy. This provides the biological rationale for why 

pelvic floor muscle training (Kegels) is often less 

effective in these women—you cannot strengthen a 

muscle that is detached and atrophied. Table 4, 

therefore, serves as a sobering prognostic chart, 

warning clinicians that the identification of an 

avulsion represents a lifelong alteration of the 

patient's pelvic floor integrity, necessitating long-term 

surveillance and expectation management. 

 

 

 

Figure 2 illustrates one of the most compelling 

arguments for causality: the biological gradient, or 

dose-response relationship. While meta-analyses 

often reduce outcomes to binary yes/no variables, 

Figure 2 adds necessary nuance by visualizing the 

severity of the defect. Based on the MRI grading 
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systems used in studies like Berger et al., this figure 

demonstrates a stepwise escalation in risk that 

mirrors the physical extent of the trauma. The x-axis 

categorizes women not just as injured or intact, but 

stratifies them by the volume of muscle loss—from 

Score 0 (Intact) to Score 3 (Major/Bilateral Avulsion). 

The visual narrative of Figure 2 is the staircase of risk. 

The reference group (Score 0) establishes the baseline 

risk (OR=1.0). As we step up to Score 1 (Minor/Partial 

defects), the risk rises moderately (OR ~1.5). This 

represents the micro-trauma often seen in vaginal 

births that does not result in total detachment. 

However, the graph reveals a dramatic inflection point 

at Score 3 (Major defects), where the risk bar towers 

above the others (OR > 3.5). This visual jump is 

scientifically critical. It suggests a threshold effect: the 

pelvic floor can tolerate minor damage up to a point, 

but once the muscle is completely detached (Major 

Avulsion), the compensatory mechanisms fail 

catastrophically, and the risk of prolapse skyrockets. 

This figure directly addresses the Bradford Hill criteria 

for causation. In epidemiology, if an exposure 

(Avulsion) causes an outcome (Prolapse), then more 

exposure should lead to more outcome. Figure 2 

proves this relationship exists. It argues against the 

avulsion being a mere bystander. If LAA were just a 

marker of a difficult birth but not the cause of 

prolapse, we might not see such a precise correlation 

between the amount of muscle missing and the 

probability of disease. The trend line overlaying the 

bars serves to mathematicalize this relationship, likely 

following a non-linear, exponential curve that reflects 

the biomechanics of failure. Furthermore, Figure 2 

creates a bridge between radiologic findings and 

clinical prognosis. For the clinician observing this 

figure, the message is clear: not all injuries are equal. 

A radiologist reporting a minor defect carries a 

different prognostic weight than one reporting a 

bilateral avulsion. This stratification allows for 

personalized patient counseling. The figure 

transforms abstract imaging scores into a predictive 

tool, suggesting that future management guidelines 

could risk-stratify women based on this specific dose 

of injury, potentially reserving aggressive 

interventions (like pessaries or early surgery) for those 

in the highest dose categories depicted in the 

red/orange zones of the chart. 

 

Figure 2. Dose-response relationship. 
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Table 5 presents the comprehensive critical 

appraisal of the included literature, functioning as the 

epistemological foundation upon which the validity of 

this meta-analysis rests. Utilizing the Newcastle-

Ottawa Scale (NOS)—the gold-standard instrument for 

assessing the quality of non-randomized studies in 

meta-analyses—this table offers a granular dissection 

of the methodological rigor inherent in the nine 

included studies. The narrative emerging from Table 5 

is one of high internal validity; with a mean score of 

8.4 out of a possible 9, the evidence base supporting 

the association between levator ani avulsion (LAA) and 

pelvic organ prolapse (POP) is characterized by robust 

study designs, precise definitions of exposure, and 

adequate control of confounding variables. The 

selection domain, represented in the first numerical 

column of Table 5, evaluates the representativeness of 

the exposed cohort and the definition of controls. A 

defining strength of this meta-analysis, as visualized 

in the table, is the maximal scoring achieved by the 

majority of studies (Dietz et al., Atan et al., Handa et 

al.) in this category. This reflects the successful 

recruitment of truly representative cohorts—often 

drawn from general obstetric populations rather than 

solely from tertiary urogynecology clinics where 

selection bias might overinflate pathology rates. For 

instance, the study by Siafarikas et al. (2024) received 

full marks for selection because it recruited a 

consecutive series of women following vaginal delivery, 

ensuring that the avulsion group was not artificially 

enriched with symptomatic patients. Furthermore, the 

explicit definition of the control group as vaginally 

parous women with intact floors (rather than 

nulliparous women) across these studies ensures that 

the calculated risk estimates are specific to the muscle 

trauma itself, rather than the generalized effect of 

pregnancy. Perhaps the most critical aspect of 

observational research is the comparability domain, 

which assesses whether the study controls for 

confounding factors. Table 5 highlights a bifurcation 

in study quality here that adds necessary nuance to 

the interpretation of results. High-scoring studies 

such as DeLancey et al. (2007) and Handa et al. (2019) 

achieved the maximum two stars in this category. This 

indicates that their statistical models utilized 

multivariate regression to adjust for key confounders 

such as maternal age, body mass index (BMI), and 

parity. The methodological sophistication of the 

Handa et al. study is particularly noteworthy; by 

controlling for these variables, they were able to isolate 

the independent contribution of levator avulsion to 

prolapse risk, separating it from the background noise 

of aging and obesity. Conversely, the study by 

Volloyhaug et al. (2013) received a lower score in this 

domain (one star), reflecting a more descriptive cross-

sectional design that may not have fully adjusted for 

all potential confounders. This transparency in Table 

5 allows the reader to weigh the evidence 

appropriately, recognizing that while the overall signal 

is strong, the precise magnitude of risk is best derived 

from the high-scoring adjusted studies. The third 

pillar of the NOS assessment, the outcome domain, 

evaluates how the outcome (Prolapse) was determined 

and the adequacy of follow-up. Table 5 demonstrates 

near-universal excellence in this category, largely due 

to the stringent inclusion criteria of this review. The 

awarding of stars for ascertainment of exposure in 

studies like Berger et al. (2014) and Dietz et al. (2008) 

underscores the superiority of objective imaging over 

clinical palpation. Because these studies utilized 

blinded assessment of MRI or 4D Ultrasound datasets 

to diagnose avulsion, the risk of observer bias—where 

a clinician might subconsciously diagnose an avulsion 

because they see a prolapse—was minimized. 

Furthermore, the table chronicles the adequacy of 

follow-up duration. The maximal scores awarded to 

Atan et al. (2018) and Van Gruting et al. (2021) 

acknowledge their exceptional retention rates over 

decades. In longitudinal research, high attrition rates 

can introduce significant bias (if asymptomatic women 

drop out); however, Table 5 confirms that these key 

studies maintained sufficient follow-up to capture the 

natural history of the disease accurately. The total 

score column serves as the final verdict on study 

quality. The prevalence of scores ranging from 7 to 9 

classifies the body of evidence as good to high quality 
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according to the Agency for Healthcare Research and 

Quality (AHRQ) standards. The clear preponderance of 

high-quality labels (Green) in the final column 

provides the statistical license to trust the pooled 

Odds Ratio of 3.84 derived in Table 2. If the primary 

studies were flawed, the meta-analysis would merely 

amplify error. However, Table 5 illustrates that the 

primary studies are methodologically sound. The 

systematic scoring reveals that the association 

between LAA and POP is not an artifact of poor study 

design, selection bias, or unmeasured confounding. 

Instead, the high NOS scores confirm that the broken 

floor theory is supported by the highest tier of 

observational evidence available in the 

urogynecological literature. This robust quality 

assessment is crucial for clinical translation, giving 

practitioners confidence that the recommendations for 

levator preservation are based on scientifically 

rigorous data. 

 

 

 

4. Discussion 

The findings of this meta-analysis provide 

compelling, high-level evidence identifying levator ani 

avulsion as the primary structural mediator in the 

pathogenesis of pelvic organ prolapse following vaginal 

childbirth. By synthesizing data from over 3,000 

women across multiple international centers and 

imaging modalities, we have established that the 

presence of this specific muscular injury increases the 

odds of prolapse by nearly four-fold. Figure 3 offers a 

high-level synthesis of the study's findings, integrating 

the data into a coherent pathophysiological timeline. 

It visualizes the cascade concept, tracing the trajectory 

of a woman's pelvic health from the moment of delivery 

to the eventual diagnosis of prolapse years later. The 

figure is structured to represent the two-hit 
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hypothesis, a theoretical framework that explains the 

latency often observed between childbirth and 

symptomatic disease. The first panel, the event, 

anchors the timeline in the acute obstetric phase. By 

highlighting vaginal delivery and specifically Forceps, 

the figure identifies the mechanical trigger. The risk 

initiation tag emphasizes that while the disease 

(prolapse) is not yet present, the destiny of the pelvic 

floor is being altered.11 The arrow leading to the injury 

visualizes the immediate consequence: the levator ani 

avulsion. The schematic of the broken ring provides a 

clear, simplified representation of the complex 

anatomy described in the text. It shows the loss of the 

clamp mechanism, reinforcing the concept of LAA as a 

discrete structural break rather than generalized 

weakness. The transition to the mediator (Hiatal 

Ballooning) is the crucial scientific link provided by 

this manuscript. The visual of the pulsing enlarged 

hiatus illustrates the dynamic failure confirmed by the 

data in Table 3. This panel represents the 

compensated phase or the latent period.12 The figure 

visually demonstrates that the ballooning exists before 

the prolapse becomes symptomatic. This structural 

vulnerability is the first hit. The timeline at the bottom 

of the figure then introduces the second hit—aging 

and menopause. The final panel, the outcome, shows 

the organ descent (Prolapse). The narrative arc of 

Figure 3 explains why prolapse is a disease of aging 

despite being caused by childbirth. The avulsion (Hit 

1) creates the geometric vulnerability (ballooning), but 

the strong connective tissues of a young woman may 

hold the organs up for a time (Compensation). As aging 

weakens the fascia (Hit 2), the organs drop through 

the pre-existing gap. Figure 3 essentially tells the story 

of decompensation. It transforms the static data 

points of the meta-analysis into a dynamic life-course 

model, helping the clinician understand why a patient 

may present with prolapse 20 years after her last 

delivery, and why that prolapse is fundamentally 

linked to the forceps delivery decades prior.13 

 

 

Figure 3. The pathophysiological pathway. 

 

To understand the significance of these findings, 

one must appreciate the biomechanics of the pelvic 

floor. The levator ani complex functions not merely as 

a hammock but as a dynamic shelf. The puborectalis 

muscle, forming a U-shaped loop around the urethra, 

vagina, and rectum, is responsible for maintaining the 

anorectal angle and closing the genital hiatus against 

increases in intra-abdominal pressure.14 In a healthy 
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state, when a woman coughs or strains (Valsalva), the 

puborectalis contracts, narrowing the hiatus and 

pulling the pelvic organs anteriorly towards the pubic 

bone. This action compresses the urethra and vagina, 

preventing descent. Our analysis of the hiatal area 

data (Table 3) confirms that LAA destroys this 

mechanism. The detachment of the muscle from the 

pubic ramus results in a broken ring. Consequently, 

during Valsalva, the muscle cannot close the hiatus; 

instead, the hiatus passively distends under pressure. 

This phenomenon, quantified in our results as an 

increase of ~6-7 cm² in hiatal area, is termed hiatal 

ballooning. The enlarged hiatus acts as a hernial 

portal. No matter how strong the connective tissue or 

fascia is, it cannot bridge a gap of this magnitude 

indefinitely. The pelvic organs—primarily the bladder 

and uterus—follow the path of least resistance, 

prolapsing through the widened aperture. This 

explains the specific association with cystocele and 

uterine prolapse found in the Atan et al. and Dietz et 

al. datasets.15 

The concept of mediation is central to this study's 

novelty. Previous paradigms viewed avulsion and 

prolapse simply as co-occurring outcomes of a difficult 

birth.16 However, the mediation analysis by Handa et 

al. (2019), supported by our pooled data, proves a 

causal chain: Vaginal Delivery leading to Levator 

Avulsion, which leads to Hiatal Ballooning, and 

ultimately to Pelvic Organ Prolapse. The study by 

Handa et al. statistically attributed 61% of the 

prolapse risk to the changes in muscle integrity and 

hiatal size. This implies that while connective tissue 

stretching (the old theory) plays a role, the muscular 

trauma is the dominant driver.17 Without the backstop 

of the muscle, the connective tissues (pubocervical 

fascia, uterosacral ligaments) are subjected to chronic, 

unbuffered strain. Over time, these tissues fatigue and 

fail, leading to the clinical presentation of prolapse. 

This aligns with the PEACH (Pelvic ElevAtor CHanges) 

concept, where muscle failure precedes fascial 

failure.18 

A critical finding from our longitudinal analysis 

(Table 4) is the permanence of the injury. The studies 

by Van Gruting and Siafarikas confirm that a complete 

avulsion diagnosed in the postpartum period does not 

heal. The retracted muscle belly undergoes atrophy 

and fatty replacement (fatty degeneration), rendering 

it non-contractile. This permanence explains the 

progressive nature of POP.19 As women age and reach 

menopause, the secondary support mechanisms 

(collagen, fascia) weaken due to hormonal changes. In 

women with an intact floor, the muscle can 

compensate. In women with avulsion, this 

compensation is impossible, leading to the late-onset 

prolapse seen in the 23-year follow-up data from Atan 

et al. 

The sheer magnitude of the risk (OR 3.84) suggests 

that preventing LAA could significantly reduce the 

global burden of prolapse. The literature reviewed 

strongly correlates LAA with specific obstetric factors, 

most notably Forceps delivery. The use of forceps 

exerts traction forces that can expand the hiatus 

beyond its elastic threshold. Conversely, Vacuum 

extraction appears to be safer for the maternal floor. 

This suggests that in the hierarchy of obstetric 

interventions, the risk of permanent maternal injury 

should be weighed heavily when choosing between 

rotational forceps and cesarean section or vacuum. 

Furthermore, the diagnosis of LAA has immediate 

clinical utility. Women identified with this injury 

postpartum should be counseled regarding their 

compromised pelvic floor. This knowledge is vital for 

future family planning; a subsequent vaginal delivery 

in the presence of an existing avulsion may exacerbate 

the hiatal widening and accelerate the onset of 

prolapse. Therefore, early diagnosis via transperineal 

ultrasound could allow for personalized preventative 

strategies, such as elective Cesarean section for future 

pregnancies, to preserve remaining function.20 

 

5. Conclusion 

This systematic review and meta-analysis 

definitively identifies levator ani avulsion as the key 

structural mediator of pelvic organ prolapse. The 

evidence demonstrates that this injury is not a 

transient phenomenon but a permanent, distinct 
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muscular defect that fundamentally alters pelvic 

biomechanics. By effectively disconnecting the pelvic 

floor mechanism, avulsion causes significant and 

permanent hiatal ballooning, creating a hernial portal 

through which pelvic organs eventually descend. The 

profound 4-fold increase in prolapse risk associated 

with this injury underscores the urgent need for 

obstetric practices that prioritize the preservation of 

the levator ani muscles. Moving forward, the 

integration of pelvic floor imaging into routine 

postpartum care is essential to identify women at risk 

and provide targeted surveillance. Ultimately, 

recognizing LAA as a major modification of the 

maternal anatomy shifts the clinical focus from simply 

managing symptoms to understanding and potentially 

preventing the root cause of pelvic organ support 

failure. 
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