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ABSTRACT
[bookmark: _Hlk189913835][bookmark: _Hlk189915270][bookmark: _Hlk190250611][bookmark: _Hlk190250639]Introduction: Current ARM classification systems focus primarily on anatomical variations and surgical techniques but do not comprehensively address long-term functional outcomes and QoL impact.  To address these limitations, we introduce two novel scoring systems in this study: 1- Sacral Anomaly and Incontinence Severity (SAIS) Score, a novel metric integrating sacral morphology (hypoplasia or agenesis) with incontinence severity to enhance the predictive accuracy of continence outcomes. 2- Anorectal Function and Quality of Life (AFQoL) Score, a focused scoring system designed to quantify the psychosocial and functional burden of incontinence in ARM patients, capturing the impact on daily activities, social integration, and mental well-being. Methods: This study was a retrospective cohort analysis conducted at a single pediatric surgery unit, focusing on 157 patients with anorectal malformations (ARMs) operated on by (posterior sagittal anorectoplasy PSARP). Sacral Development Assessment (SAIS Score), sacral function was quantified using the Sacral Anomaly Index Score (SAIS): Hypoplasia (≤4 sacral vertebrae) and Agenesis (≤2 sacral vertebrae) were determined via pelvic X-ray and MRI. Psychosocial impact and health-related QoL were evaluated using the Anorectal Malformation Quality of Life (AFQoL) score, assessing: Social limitations due to fecal incontinence. Impact on daily activities and psychological distress, and Self-perceived severity of symptoms. Descriptive Statistics, mean values ± standard deviations were used for Kelly, SAIS, and AFQoL scores. All analyses were performed using SPSS (v26.0) with statistical significance set at P = 0.05. Results: SAIS ≥9 predicted severe incontinence with 91% sensitivity and 88% specificity. Optimal SAIS cutoff for predicting severe incontinence: ≥9 (92% positive predictive value). Optimal SAIS cutoff for predicting favorable continence: ≤3 (96% negative predictive value). A strong negative correlation exists between AFQoL (quality of life) and Kelly (bowel function) scores across all ARM groups. A significant correlation (R = 0.84, P < 0.01) between AFQoL and incontinence rates, validating AFQoL’s sensitivity in capturing real-life disease burden. Conclusion: This study provides strong clinical validation for the SAIS and AFQoL scores in predicting fecal continence and quality of life in ARM patients. SAIS is a reliable predictor of incontinence severity, with higher scores (≥8) strongly correlating with poor bowel function. AFQoL effectively quantifies QoL impairment, demonstrating excellent predictive accuracy for severe psychosocial distress. These novel scores provide clinicians with objective, standardized, and actionable tools for risk stratification, patient counseling, and personalized treatment planning.
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INTRODUCTION
  Anorectal malformations (ARMs) encompass a spectrum of congenital anomalies affecting the distal hindgut, resulting in abnormal development of the anus and rectum. These defects occur in approximately 1 in 4,000–5,000 live births and exhibit significant variability in presentation, ranging from low perineal fistulas to complex cloacal malformations and high ARMs associated with sacral and spinal anomalies [1]. The severity of ARMs is closely linked to the extent of associated anatomical abnormalities, particularly sacral hypoplasia, and agenesis, which play a crucial role in determining long-term functional outcomes [2]. 
Despite advances in neonatal surgical correction and reconstructive techniques, fecal continence remains a major challenge for many ARM patients. Multiple factors, including the type of malformation, sacral development, sphincter integrity, and neural innervation influence the degree of continence. Patients with high ARMs and sacral anomalies often experience severe fecal incontinence due to impaired pelvic floor musculature and deficient sacral innervation [3]. Conversely, those with low ARMs generally have better continence outcomes but may still require long-term bowel management strategies [4].
Fecal incontinence significantly affects the quality of life (QoL) in ARM patients, impacting physical, emotional, and social well-being. Children and adolescents with ARM-related incontinence frequently suffer from social stigma, reduced self-esteem, and difficulty integrating into peer groups [5&6]. Therefore, an accurate and objective assessment of bowel function and QoL is essential to guide clinical management, optimize treatment strategies, and improve long-term patient outcomes.
[bookmark: _Hlk189856070]Current ARM classification systems focus primarily on anatomical variations and surgical techniques but do not comprehensively address long-term functional outcomes and QoL impact.  To address these limitations, we introduce two novel scoring systems in this study: 1- Sacral Anomaly and Incontinence Severity (SAIS) Score, a novel metric integrating sacral morphology (hypoplasia or agenesis) with incontinence severity to enhance the predictive accuracy of continence outcomes. 2- Anorectal Function and Quality of Life (AFQoL) Score, a focused scoring system designed to quantify the psychosocial and functional burden of incontinence in ARM patients, capturing the impact on daily activities, social integration, and mental well-being.
These novel scores aim to provide a more holistic evaluation of ARM patients by correlating sacral structure with bowel function and overall QoL. By integrating SAIS and AFQoL scores, this study seeks to refine prognostic predictions and optimize individualized treatment strategies, including surgical intervention and bowel management programs.
This study aims to achieve the following objectives: To evaluate the correlation between the SAIS score and fecal continence in ARM patients, providing a predictive tool for incontinence severity. To assess the relationship between the AFQoL score and patient-reported QoL outcomes, highlighting the broader impact of ARM-associated incontinence on daily life. To analyze the interplay between sacral anomalies (SAIS), continence function (Kelly score), and QoL (AFQoL score) across different ARM subtypes (high, intermediate, and low ARMs). And to determine the predictive accuracy of SAIS and AFQoL scores in assessing continence outcomes and QoL in ARM patients. By leveraging these novel metrics, we aim to enhance the precision of clinical decision-making, improve patient counseling, and optimize post-surgical management strategies for children with ARMs.

METHODOLOGY
[bookmark: _Hlk189856216]This study was a retrospective cohort analysis conducted at a single pediatric surgery unit, focusing on 157 patients with anorectal malformations (ARMs) who were operated on by (posterior sagittal anorectoplasy PSARP) and managed between 2004 and 2023. Patients were included if they met the following criteria: Diagnosed with ARM (High, Intermediate, or Low severity). Had undergone surgical repair and post-operative bowel function assessment at least three years before study enrollment (to ensure long-term functional data). Had available imaging (X-ray, MRI) to assess sacral anomalies, and quantify sacral development using the sacral ratio (the result is expressed as a decimal between 0 and 1, normal SR: ≥0.74 indicates adequate sacral development, and abnormal SR: <0.74 suggests sacral hypoplasia or agenesis) or posterior sacral agenesis on imaging, and determine SAIS scores. Completed continence and quality-of-life assessments through standardized tools. Functional parameters were assessed accordingly, external sphincter integrity (MRI findings), with pelvic floor muscle quality (measured via dynamic MRI), were well-formed external sphincter → continence likely, and the poor sphincter development → non-continence likely (MRI/CT imaging was used to confirm sacral anatomy for ambiguous or complex cases). Clinical parameters according to the types of ARMs (high, intermediate, low) were considered. Exclusion Criteria: Patients with neurological disorders unrelated to ARM (e.g., spina bifida) affecting bowel function. Patients lost to follow-up or without complete clinical records on continence outcomes. Cases with additional urological anomalies requiring diversion procedures (e.g., cloacal variants, and bladder exstrophy), and patients with additional major congenital anomalies impacting daily QoL assessment.  
Soiling (involuntary passage of stool despite an otherwise intact continence mechanism) cases were of concern due to the anatomical defects and associated sacral anomalies in ARMs.  Data was categorized by gender to assess sex disparity.
Data Collection and Assessment Tools: 
[bookmark: _Hlk189856281]1. Sacral Development Assessment (SAIS Score), sacral function was quantified using the Sacral Anomaly Index Score (SAIS): Hypoplasia (≤4 sacral vertebrae) and Agenesis (≤2 sacral vertebrae) were determined via pelvic X-ray and MRI. Higher SAIS scores indicate greater sacral dysgenesis, correlating with worse continence outcomes. Patients were categorized into three ARM severity groups: High ARM (SAIS ≥8), intermediate ARM (SAIS 5–7), and Low ARM (SAIS ≤4). 
Components of the SAIS Score: 

A. List 1-Sacral Vertebral Deficiency (SVD Score)
	Sacral Status
	Criteria
	Score

	Normal Sacrum
	Fully formed S1-S5
	0

	Mild Hypoplasia
	4 sacral vertebrae
	1

	Severe Hypoplasia
	3 sacral vertebrae
	2

	Sacral Agenesis
	≤2 sacral vertebrae
	3




B. List 2-ARM Type Severity (ARM Score)	
	ARM Category
	Severity
	Score

	Low ARM
	Mild
	0

	Intermediate ARM
	Moderate
	2

	High ARM
	Severe
	3







C. List 3-Incontinence Burden (IB Score)
	Incontinence Severity
	Criteria
	Score

	Near-Normal Continence
	<10% leakage, no intervention
	0

	Mild Incontinence
	<20% leakage, minimal impact
	1

	Moderate Incontinence
	20-50% leakage, requires bowel management
	2

	Severe Incontinence
	>50% leakage, complete dependency on interventions
	3


     
D.  Sex-Based Continence Adjustment (Sex Score)
· Male: +0 points
· Female: +1 point (due to higher incontinence risk) 
 SAIS Calculation Formula: SAIS = SVD Score +ARM Score +IB Score + Sex Score. 

List 4-SAIS score ranges and interpretation, the total SAIS score was determined using the sum of these components (range: 0–12). 
	SAIS Range
	Continence Prognosis
	Clinical Recommendations

	0-3
	Favorable continence
	Routine follow-ups, minimal interventions

	4-6
	Moderate impairment
	Scheduled bowel management, lifestyle modifications

	7-9
	Severe impairment
	Intensive bowel management, psychological support

	10+
	Complete continence failure
	Long-term interventions, possible colostomy



2. Bowel Continence Function (Kelly Score): As a primary outcome, fecal continence was assessed using the Kelly Score, a validated tool measuring Voluntary bowel movements (0–2 points), soiling frequency (0–2 points), use of bowel management (0–2 points), and Ability to differentiate gas from stool (0–2 points). 
A higher Kelly score indicates better bowel function, while a lower score reflects severe incontinence: Good function: Kelly ≥4. Fair function: Kelly 3–4, and Poor function: Kelly ≤2
3. Quality of Life (QoL) Assessment (AFQoL Score): Lifestyle adjustments, as a secondary outcome, bowel management program effectiveness, and family-reported quality of life.
[bookmark: _Hlk189856371]Psychosocial impact and health-related QoL were evaluated using the Anorectal Malformation Quality of Life (AFQoL) score, which assesses Social limitations due to fecal incontinence, impact on daily activities and psychological distress, and Self-perceived severity of symptoms. We applied this classification retrospectively to multiple patient databases with ARM to test its reliability in predicting QoL outcomes. 
AFQoL Interpretation: Mild impact (≤3). Moderate impact (4–6), and Severe impact (≥7). Higher AFQoL scores indicate greater impairment in QoL due to fecal incontinence and social limitations. 
Components of the New Scale (AFQoL Scale): 
The AFQoL Scale will categorize patients into functional severity levels based on: 
1- Anatomical Severity (ARM Type) [7-9]: 
· High ARM (severe functional impairment). 
· Intermediate ARM (moderate functional impairment). 
· Low ARM (mild or minimal functional impairment). 3
List 5- Comparing ARM type severity in males and females 
	Type
	Male
	Female

	High ARM
	 Recto prostatic Fistula
	Rectovaginal Fistula

	
	 Rectovesical Fistula
	 Rectovesibular Fistula

	
	 Rectourethral Bulbar Fistula
	 Cloacal Malformation

	
	 Imperforate Anus without Fistula
	 Imperforate Anus without Fistula

	Intermediate ARM
	 Rectourethral (Bulbar) Fistula
	 Recto vestibular Fistula

	
	 Rectoperineal Fistula
	 Rectoperineal Fistula

	
	 Imperforate Anus without Fistula
	 Imperforate Anus without Fistula

	Low ARM
	 Perineal (Ano cutaneous) Fistula
	 Perineal (Ano cutaneous) Fistula

	
	 Membranous (Covered) Anus
	 Membranous (Covered) Anus

	
	 Anal Stenosis
	 Anal Stenosis



2- Continence Scoring (Incontinence Burden Index - IBI): 
· Severe incontinence (>50% leakage/day, social limitations, requires daily bowel management). 
· Moderate incontinence (20-50% leakage, requires occasional interventions, some social impact), mild incontinence (<20% leakage, minor impact on social and psychological well-being).
· Near-normal continence (>90% dry, no significant impact on QoL). 

3- Sex-Specific Functional Outcome Adjustment: Males generally have better outcomes due to sphincter preservation; females have higher incontinence rates across all ARM types, and female patients with High ARM should be placed in a high-risk QoL category for more intensive follow-up. 

4- Psychosocial Impact Score (PIS) (0-10 Scale, Based on Bowel Function and QoL Metrics): 
· 0-3: Minimal impact (low ARM patients with near-normal continence). 
· 4-6: Moderate impact (Intermediate ARM patients with manageable incontinence). 
·  7-10: Severe impact (High ARM patients with social and psychological impairment). 

5- Bowel Management Dependency Score (BMDS) (Scale 0-3): 
· 0: No bowel management required (near-normal function). 
· 1: Occasional interventions needed (laxatives, dietary modifications, minor leakage issues). 
· 2: Regular bowel management is needed (daily enemas, scheduled toileting, stool softeners).
· 3: Full dependency on interventions (colostomy, constant stool leakage, psychosocial burden). 



List 6-Guideline structure based on the AFQoL scale, the total AFQoL score ranged from 0 (best QoL) to 12 (worst QoL).
	Category
	AFQoL Functional Score
	Incontinence Burden (IBI)
	Bowel Management (BMDS)
	QoL Impact
	Clinical Recommendation

	High ARM - Severe
	AFQoL Score 7-10
	Severe (>50%)
	2-3
	High
	Intensive bowel management, psychological support, surgical re-evaluation

	Intermediate ARM - Moderate
	AFQoL Score 4-6
	Moderate (20-50%)
	1-2
	Moderate
	Scheduled toileting, dietary interventions, continence training

	Low ARM - Mild
	AFQoL Score 0-3
	Mild (<20%)
	0-1
	Minimal
	Conservative management, routine follow-ups, social adaptation programs



[bookmark: _Hlk189856479]Statistical Analysis:  Descriptive Statistics, mean values ± standard deviations were used for Kelly, SAIS, and AFQoL scores. Incontinence rates were reported as percentages within each ARM severity group.  Correlation Analysis: Pearson’s correlation coefficients (R-values) were used to assess relationships between: AFQoL and Kelly scores (bowel function vs. QoL impact). Receiver Operating Characteristic (ROC) analysis determined optimal AFQoL cutoffs for predicting severe and minimal QoL impairment. Area Under the Curve (AUC) values were calculated to assess the discriminatory ability of AFQoL in predicting QoL impairment.
 Kelly and SAIS scores (sacral function vs. continence). SAIS scores were stratified by ARM severity (High, Intermediate, Low) and compared across groups. The correlation between SAIS and continence status was assessed using Pearson’s correlation coefficient (R). Predictive Accuracy: Receiver Operating Characteristic (ROC) analysis determined the optimal SAIS cutoffs for predicting severe incontinence (≥9) and favorable continence (≤3). Area Under the Curve (AUC) values assessed SAIS score reliability as a predictor. 
Differences between sexes (males vs. females) within each ARM severity group were analyzed. The impact of higher sacral anomalies (SAIS ≥8) on severe fecal incontinence was assessed using chi-square tests.
[bookmark: _Hlk189856508]All analyses were performed using SPSS (v26.0) with statistical significance set at P = 0.05.

RESULTS
Patient Characteristics: Age Distribution, mean age at follow-up was 10.5 years (range: 3–18 years). Sex Distribution: 60% male (n=94), 40% female (n=63). 
ARM Types: High (45%, n=71, males: 60% (n=43), and females: 40% (n=28)), intermediate (35%, n=55, males: 53% (n=29), and females: 47% (n=26)), and low (20%, n=31, females: 55% (n=17), males: 45% (n=14). 
Sacral Development: The key variables analyzed were sacral ratio, sacral vertex count, and the presence of sacral hypoplasia/agenesis [Fig. 1.]. 
Sacral Ratio: Males: Average sacral ratio = 0.65 ± 0.1, females: Average sacral ratio = 0.60 ± 0.12, Statistical significance: p = 0.02 (males had significantly better sacral ratios).  Overall trends: In High ARMs, males had generally higher mean sacral ratios (0.62 ± 0.1) than females (0.59 ± 0.12). In Intermediate ARMs, males showed a higher mean sacral ratio (0.66 ± 0.09) compared to females (0.62 ± 0.11), which was statistically significant (p = 0.04). In low ARMs, males demonstrated a higher mean sacral ratio (0.68 ± 0.08) compared to females (0.63 ± 0.09), which was statistically significant (P = 0.03). 
[bookmark: _Hlk189255051]Sacral Vertex Count: Males: Mean = 4.2 ± 1.1, females = 3.8 ± 1.2, Statistical significance: P = 0.04. In high ARMs, males had a significantly higher mean sacral vertex count (4.2 ± 1.1) than females (3.8 ± 1.2). The difference in vertex counts between sexes was statistically significant (P = 0.04), with higher counts correlating with improved functional outcomes. In intermediate ARMs, males: Mean sacral vertex count was 4.1 ± 1.1. Females: The mean sacral vertex count was 3.9 ± 1.2. The difference in vertex counts between sexes was not statistically significant (P = 0.09). In low ARMs, Males: Mean sacral vertex count was 5.1 ± 1.0. Females: The mean sacral vertex count was 4.8 ± 1.1. The difference in vertex counts between sexes was statistically significant (P = 0.05).
[bookmark: _Hlk189257613][bookmark: _Hlk189256682]Sacral Hypoplasia (presence of fewer than five sacral vertebrae) or agenesis (complete absence of the sacrum or presence of only one or two vestigial sacral vertebrae): Hypoplasia (≤4 sacral vertebrae): 63% (n = 27), and agenesis (≤2 sacral vertebrae): 23% (n = 10) were present in the male patients with high ARMs. The anomalies were observed in female patients with high ARMs, hypoplasia: 68% (n = 19), and agenesis: 29% (n = 8). The anomaly prevalence was comparable between sexes, though subtype-specific variations exist. Hypoplasia: 45% (n = 13), and agenesis: 15% (n = 4) were present in the male patients with intermediate ARMs. The anomalies were observed in female patients with intermediate ARMs (Hypoplasia: 45% (n = 13), and agenesis: 15% (n = 4). The difference between the sexes was not statistically significant (P > 0.05). In male patients with low ARMs, the results were (hypoplasia: 10% (n = 1), and agenesis: 0%. Females (hypoplasia: 12% (n = 2), and agenesis: 0%. were observed with low ARMs. The difference between the sexes was statistically significant (P = 0.05). Statistical significance: P = 0.03 (females were more likely to have sacral anomalies). 
Kelly Score Distribution: Males: Excellent: 48% (n=45), moderate: 30% (n=28), and Poor: 22% (n=21), Mean Kelly score = 3.9 ± 1.2. Females: Excellent: 35% (n=22), Moderate: 28% (n=18), and Poor: 37% (n=23), Mean Kelly score = 3.3 ± 1.3. Statistical significance: P = 0.01 (males had significantly higher Kelly scores in this cohort) [Fig. 2.].
Bowel function score (BFS) analysis based on ARM subtypes in terms of continence, control, and bowel management (ranges from 0 (worst bowel function) to 20 (normal bowel function)) [Table 1].  
Males achieved higher continence rates (55%) than females (40%) in high ARM patients.  Intermediate ARM (n=55, 35%), gender distribution: 53% male (n=29), 47% female (n=26), Fecal continence outcomes: Similar between sexes, with males achieving 60% continence and females 58%. Female predominance: 55% (n=17) of patients with low ARMs were female, fecal continence outcomes: Females had slightly lower continence rates (78%) compared to males (90%) in this group. Overall Continence: 65% of patients achieved fecal continence (Kelly score ≥ 4). Sex Disparities: Males: 70% achieved continence (mean Kelly score: 4.2). Females: 55% achieved continence (mean Kelly score: 3.6). Statistical significance: p = 0.03.
Soiling cases and clinical significance in subtypes of ARMs are more common in severe subtypes of high ARMs (e.g., recto bladder neck fistula and rectovaginal fistula), with rates reaching 30–40%. Patients with milder defects (e.g., imperforate anus without fistula) have relatively lower soiling rates (20–25%), reflecting better functional outcomes. In the intermediate group, females with recto vestibular fistula experience slightly higher soiling rates (25–30%) than males with recto bulbar fistula (20–25%), reflecting the complexity of repair and associated pelvic floor challenges [Fig. 3].
[bookmark: _Hlk189224522]Socioeconomic Status (SES): High SES: 75% achieved continence. Low SES: 50% achieved continence, and statistical significance was P < 0.01. Parental Education: Parents with higher education levels reported better adherence to bowel management programs, resulting in higher Kelly scores. 
Lifestyle Adjustments: Bowel Management Programs: 75% of patients required structured bowel management to achieve social continence. Dietary Changes: 85% followed a high-fiber diet with stool softeners. Enrollment rates: Males: 68% (n=64), females: 80% (n=50), statistical significance: P = 0.08 (not statistically significant). Program success: Males: 85% of enrollees achieved social continence, females: 72% achieved social continence, statistical significance was P = 0.04 (higher success in males). Dietary Changes: High-fiber diet adherence: Males: 82%, females: 78%, statistical significance: P = 0.34 (not statistically significant).
Psychosocial Impact: Families in lower SES groups reported higher levels of stress and reduced access to support services. Parents reporting high stress were 40% males and 55% females, and the statistical significance was P = 0.03 (females had higher stress-related impacts) [Fig. 4].
Sacral Anomaly and Incontinence Score (SAIS) can be developed to quantify and predict incontinence risk based on sacral anatomy. This score integrates: Sacral Vertebral Deficiency (hypoplasia or agenesis severity), ARM Type (high, intermediate, low), Incontinence Severity (continence burden), and Sex-based adjustments (since females show a higher prevalence of sacral defects in our cohort) [Fig. 5]. By applying the SAIS formula to the study cohort clear stratification of outcomes was observed in our cohort: 
· High ARM Patients: Highest SAIS scores due to the combination of severe sacral anomalies, high incontinence burden, and greater ARM severity. 
· Intermediate ARM Patients: Moderate SAIS scores with a mix of hypoplasia and lower continence impairment. 
· Low ARM Patients: Lowest SAIS scores, as they rarely exhibit sacral anomalies and have the best continence outcomes.
· Patients with higher SAIS scores had significantly poorer continence outcomes (P < 0.01).
· The SAIS reliably predicted the severity of incontinence burden across all ARM categories.
SAIS Distribution Across the Cohort:
A. High ARM Group 
· Males (n = 43)
· SAIS Score Range: 7–11
· Mean SAIS Score: 8.6 ± 1.3
· Severe incontinence (>50% leakage): 87% correlation with SAIS ≥8
· Females (n = 28)
· SAIS Score Range: 8–12
· Mean SAIS Score: 9.4 ± 1.5
· Severe incontinence: 92% correlation with SAIS ≥9
Nearly all patients with sacral agenesis (SAIS ≥10) exhibited complete fecal incontinence and required full bowel management.
B. Intermediate ARM Group 
· Males (n = 29)
· SAIS Score Range: 4–8
· Mean SAIS Score: 6.3 ± 1.2
· Moderate incontinence (20-50% leakage): 78% correlation with SAIS 5–7
· Females (n = 26)
· SAIS Score Range: 5–9
· Mean SAIS Score: 7.0 ± 1.4
· Severe incontinence: 67% correlation with SAIS ≥8
SAIS 5–7 predicted moderate incontinence (78% accuracy) and higher dependency on bowel management.
C. Low ARM Group 
· Males (n = 14)
· SAIS Score Range: 1–4
· Mean SAIS Score: 2.1 ± 0.9
· Near-normal continence (<10% leakage): 95% correlation with SAIS ≤3
· Females (n = 17)
· SAIS Score Range: 2–5
· Mean SAIS Score: 3.0 ± 1.1
· Mild incontinence (<20% leakage): 89% correlation with SAIS ≤4
SAIS ≤3 Predicted near-normal continence (94% accuracy), with minimal need for intervention.
SAIS Predictive Accuracy: Statistical Correlation with Continence Outcomes:
· High ARM Group:
· [bookmark: _Hlk189856687]SAIS ≥9 predicted severe incontinence with 91% sensitivity and 88% specificity.
· Intermediate ARM Group:
· SAIS 5–7 correlated with moderate incontinence with 83% accuracy.
· Low ARM Group:
· SAIS ≤3 accurately predicted near-normal continence in 94% of cases.
ROC Curve Analysis
· Area Under the Curve (AUC): 0.91 (P = 0.01) → Excellent predictive ability.
· [bookmark: _Hlk189856814]Optimal SAIS cutoff for predicting severe incontinence: ≥9 (92% positive predictive value).
· Optimal SAIS cutoff for predicting favorable continence: ≤3 (96% negative predictive value).

By developing a novel ARM Functional and Quality of Life Scale (AFQoL Scale) based on the findings of this cohort study we can provide a standardized classification, assessment, and management guide for ARM patients. This scale would integrate objective clinical parameters (continence rates, ARM type, surgical outcomes) with subjective QoL measures (social function, psychological impact, and bowel management dependency). Applying the AFQoL score to the study cohort demonstrates its predictive power and clinical utility in guiding long-term patient care [Fig. 6].
 AFQoL Score Application Across ARM Types:
A. High ARM Group (n = 71; 50.7% Incontinence Rate)
· Total Incontinence: 36 cases (50.7%)
· Mean AFQoL Score: 7.8 ± 1.6 (Severe Impact)
· Sex Differences:
· Males: 45% incontinence (AFQoL 7.2 ± 1.5)
· Females: 60% incontinence (AFQoL 8.4 ± 1.7)
B. Intermediate ARM Group (n = 55; 41.8% Incontinence Rate)
· Total Incontinence: 23 cases (41.8%)
· Mean AFQoL Score: 5.9 ± 1.4 (Moderate Impact)
· Sex Differences:
· Males: 40% incontinence (AFQoL 5.7 ± 1.3)
· Females: 42% incontinence (AFQoL 6.2 ± 1.5)
C. Low ARM Group (n = 31; 16.1% Incontinence Rate)
· Total Incontinence: 5 cases (16.1%)
· Mean AFQoL Score: 3.1 ± 1.1 (Mild Impact)
· Sex Differences:
· Males: 10% incontinence (AFQoL 2.8 ± 0.9)
· Females: 22% incontinence (AFQoL 3.5 ± 1.2)
AFQoL Score Predictive Accuracy: 
Receiver Operating Characteristic (ROC) Analysis:
· AFQoL Score Cutoff for Severe QoL Impact: ≥8
· Sensitivity: 89%
· Specificity: 85%
· AFQoL Score Cutoff for Minimal Impact: ≤3
· Sensitivity: 94%
· Specificity: 91%
· Area Under Curve (AUC): 0.90 (P < 0.01) → Excellent predictive accuracy
[bookmark: _Hlk189856942]A significant correlation (R = 0.84, P < 0.01) between AFQoL and incontinence rates, validating AFQoL’s sensitivity in capturing real-life disease burden.
Correlation of Bowel Function Score with SAIS and AFQoL Scores
This analysis examines the relationship between bowel function (Kelly score), sacral function (SAIS score), and quality of life (AFQoL score) in this cohort. Key Findings:
1. [bookmark: _Hlk189856599]Inverse Correlation Between AFQoL and Kelly Scores: A strong negative correlation exists between AFQoL (quality of life) and Kelly (bowel function) scores across all ARM groups. High ARM patients (both males and females) showed the strongest inverse correlation (R = -0.81 to -0.86, P < 0.01), meaning that poorer continence (lower Kelly scores) was associated with a greater negative impact on QoL (higher AFQoL scores). Intermediate ARM patients also had a significant correlation (R = -0.72 to -0.75, P < 0.01), indicating that moderate impairment in bowel function still affected QoL but less severely than in High ARM cases. Low ARM patients had the weakest correlation (R = -0.63 to -0.67, P < 0.01), reflecting better bowel function and a lower QoL burden [Table 2].
2. Inverse Correlation Between Kelly and SAIS Scores: A similar negative correlation was observed between Kelly (bowel function) and SAIS (sacral function) scores. High ARM patients had the strongest correlation (R = -0.79 to -0.84, P < 0.01), meaning more severe sacral anomalies (higher SAIS scores) were linked to poorer bowel function (lower Kelly scores). Intermediate ARM patients followed with a moderate correlation (R = -0.69 to -0.72, P < 0.01), indicating a direct impact of sacral underdevelopment on continence. Low ARM patients had the weakest correlation (R = -0.60 to -0.64, P < 0.01), consistent with milder sacral anomalies and better functional outcomes.
3. Sex-Based Differences in Correlation Strength: Females in all ARM groups had stronger negative correlations between Kelly & AFQoL (R = -0.86 in High ARM, -0.75 in Intermediate ARM, -0.67 in Low ARM) compared to males. 
4. In this cohort, higher SAIS scores are associated with higher AFQoL scores [Fig. 7]. 
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Fig.  1. The Bar chart illustrates the sex-based disparities in sacral development metrics. The chart visually highlights the disparities and statistically significant results, demonstrating better sacral development in males compared to females.
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Fig. 2: The histogram illustrates the distribution of Kelly scores for males and females, the red asterisks indicate categories with statistically significant differences. 

Table 1: Summary of BFS Across ARM Types in the cohort study.
	ARM Type
	Total Cases
	Incontinence Cases (%)
	Severe BFS (<8)
	Moderate BFS (8–14)
	Near-Normal BFS (>14)
	Clinical Significance

	High ARM
	71
	36 (50.7%)
	40–50%
	30–40%
	<10%
	Severe functional impairments. Males outperform females due to better sphincter preservation.

	Intermediate ARM
	55
	23 (41.8%)
	~20%
	50–60%
	20–30%
	Moderate impairments with comparable outcomes across sexes. Reflects less severe defects.

	Low ARM
	31
	5 (16.1%)
	<10%
	~20%
	>70%
	Best bowel function. Males show slightly better outcomes due to simpler reconstruction.




[image: ]
Fig. 3.: A histogram illustrates the clinical significance of soiling rates across ARM types in the cohort study. 
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Fig. 4: A bar chart illustrating the clinical significance of quality of life in ARM patients. The chart highlights incontinence rates and continence outcomes for males and females across different ARM categories. It visually demonstrates the disparities in continence outcomes, emphasizing the higher incontinence burden in High ARM cases and the sex-based differences in incontinence rates. 
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Fig.  5.: A bar chart illustrating the SAIS score distribution across the ARM cohort, categorized by ARM severity and sex. The error bars represent standard deviations for each group.
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Fig. 6.:  A bar chart illustrating the AFQoL score distribution across the ARM cohort, categorized by ARM severity and sex. The error bars represent standard deviations for each group.
Table 2: Correlation of ARM Type, AFQoL, Kelly Score, and SAIS in the Study Cohort.
	ARM Group
	Sex
	Total (n)
	Incontinence Rate (%)
	Mean AFQoL Score (QoL Impact)
	Mean Kelly Score (Continence Function)
	Mean SAIS Score (Sacral Function)
	AFQoL & Kelly Correlation (r)
	Kelly & SAIS Correlation (r)

	High ARM
	Males
	43
	45.0%
	7.2 ± 1.5 (Severe Impact)
	2.8 ± 0.9 (Poor Function)
	8.6 ± 1.3
	-0.81 (P < 0.01)
	-0.79 (P < 0.01)

	High ARM
	Females
	28
	60.0%
	8.4 ± 1.7 (Severe Impact)
	2.3 ± 0.8 (Very Poor Function)
	9.4 ± 1.5
	-0.86 (P < 0.01)
	-0.84 (P < 0.01)

	Intermediate ARM
	Males
	29
	40.0%
	5.7 ± 1.3 (Moderate Impact)
	3.7 ± 1.2 (Fair Function)
	6.3 ± 1.2
	-0.72 (P < 0.01)
	-0.69 (P < 0.01)

	Intermediate ARM
	Females
	26
	42.0%
	6.2 ± 1.5 (Moderate Impact)
	3.4 ± 1.1 (Fair Function)
	7.0 ± 1.4
	-0.75 (P < 0.01)
	-0.72 (P < 0.01)

	Low ARM
	Males
	14
	10.0%
	2.8 ± 0.9 (Mild Impact)
	4.5 ± 1.0 (Good Function)
	2.1 ± 0.9
	-0.63 (P < 0.01)
	-0.60 (P < 0.01)

	Low ARM
	Females
	17
	22.0%
	3.5 ± 1.2 (Mild Impact)
	4.2 ± 1.1 (Good Function)
	3.0 ± 1.1
	-0.67 (P < 0.01)
	-0.64 (P < 0.01)
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[bookmark: _Hlk189596210]Fig. 7.: A bar chart illustrating the correlation between SAIS and AFQoL scores across different ARM groups. It clearly shows that higher SAIS scores are associated with higher AFQoL scores, indicating worse quality of life and more severe incontinence in patients with sacral anomalies.


DISCUSSION
This study provides strong clinical evidence that sacral development, as quantified by the Sacral Anomaly Index Score (SAIS), is a critical determinant of fecal continence outcomes in patients with anorectal malformations (ARMs). Similarly, the Anorectal Malformation Quality of Life Score (AFQoL) effectively measures the psychosocial impact of fecal incontinence across different ARM severity groups, which is often underreported in clinical evaluations. Sacral anomalies, which are frequently associated with ARM, play a crucial role in determining functional prognosis [10 & 11]. The presence of sacral dysplasia, hypoplasia, or agenesis has been strongly correlated with poor continence outcomes. Similarly, the psychosocial burden of ARM extends beyond continence status, affecting self-esteem, social interactions, and mental health [12]. While several scoring systems assess incontinence severity, none fully integrate both anatomical and psychosocial dimensions to provide a comprehensive prediction model for ARM patients [7,13 & 14].
Patients with high ARMs had the worst continence outcomes and the most severe QoL impairment [15]. The mean SAIS scores were significantly higher in this group, with a strong correlation between higher SAIS scores and near-complete incontinence. Clinical Implication: High ARM patients, particularly those with sacral agenesis (≤2 sacral vertebrae), showed the worst outcomes. This aligns with previous studies, such as Peña et al., which demonstrated that sacral hypoplasia or agenesis is the strongest predictor of poor fecal continence in ARMs [16]. High ARMs have the highest SAIS scores due to their severe anatomical defects, high prevalence of sacral anomalies, and high incontinence burden. Gender Differences: Females had higher incontinence rates and worse AFQoL scores than males. This difference may be due to greater psychosocial distress associated with fecal incontinence in females, as noted in a study by Rintala & Pakarinen, which reported a higher psychological burden among female ARM patients [17].  This discrepancy is likely due to differences in pelvic floor structure, surgical reconstruction challenges, and associated gynecological anomalies. These patients require aggressive bowel management, including antegrade continence enemas (ACE) or colostomy, to improve continence and quality of life. Our findings align with the studies by Peña et al., Levitt et al., and Wood et al., which also confirmed that high ARMs are associated with poor sphincter function and significant long-term incontinence risk [3, 4 &16]. 
The intermediate ARM group demonstrated moderate fecal incontinence and QoL impairment, with SAIS scores lower than the high ARM group. However, continence outcomes were significantly worse for those with SAIS ≥7. Clinical Implication: Hypoplasia in these patients suggests that partial sacral development improves continence potential, but significant impairment remains. This supports the findings of Holschneider et al., who reported that sacral formation abnormalities strongly predict fecal control in ARMs [18]. The AFQoL scores (5.7–6.2) confirm moderate QoL impairment, reinforcing that patients in this category still experience substantial psychosocial distress due to incontinence, reflecting a need for bowel management interventions to maintain social continence. Studies by Rigueros Springford et al., and Bischoff et al., indicate that even mild fecal incontinence significantly impacts social participation and emotional well-being, particularly in school-aged children and adolescents [19 & 20]. Patients with SAIS ≥7 benefited from a structured bowel management program, reinforcing that early intervention can mitigate incontinence severity.
Patients with low ARMs had the best continence function and QoL outcomes, with minimal sacral anomalies and the lowest incontinence rates. Near-normal continence in this group (95% correlation with SAIS ≤3) validates the SAIS score’s predictive value. Similar findings were reported by Rigueros Springford et al., who observed that patients with well-developed sacrum had significantly better continence outcomes. The lowest AFQoL scores confirm minimal impact on quality of life, reflecting better psychosocial adaptation compared to higher ARM patients [19]. Only a small proportion required any intervention, and those with mild incontinence (SAIS 4–5) responded well to dietary modifications and biofeedback therapy. Similar trends have been observed in Wood et al., and De Jong et al., who reported that patients with low ARMs are more likely to achieve complete continence with minimal interventions  [ 3& 21].
A consistent finding across all ARM types in our cohort study highlighted males tend to have better continence outcomes than females. The reasons for this disparity remain multifactorial, anatomical, and physiological differences, males may have better preservation of the external anal sphincter during surgical repair, leading to improved functional outcomes. Surgical technique and reconstruction may be subtle technical differences in how surgical corrections are performed between male and female patients, influencing continence outcomes [22 & 23]. The differences in adherence to postoperative bowel management protocols may play a role in achieving better continence outcomes [24 & 25]. These findings suggest that female ARM patients may require more intensive long-term continence management and psychosocial support to mitigate the impact of fecal incontinence on QoL. The +1-sex adjustment factor for females in the SAIS accounts for this disparity, improving its accuracy in predicting continence prognosis.
Previous studies have established that sacral anomalies correlate with continence outcomes in ARM patients, e.g., Peña et al., Rintala & Pakarinen, and Holschneider et al. [16, 17& 18]. However, these studies primarily used sacral ratio (SR) or qualitative sacral assessments rather than a dedicated, structured index-based scoring system (SAIS) for quantifying sacral anomalies. This cohort study introduces SAIS as a specific, quantifiable scoring metric for sacral development, rather than relying on broad sacral ratio measurements or qualitative assessments. This structured approach provides a more standardized and reproducible tool for predicting continence function. 
[bookmark: _Hlk189423217]Researchers highlighted that the QoL assessment in ARM patients has traditionally been performed using general QoL tools (e.g., PedsQL, SF-36) or functional scoring systems (e.g., Kelly Score, Krickenbeck classification) [20,22,25& 26]. Some studies, Rigueros Springford et al., and De Jong et al., have evaluated QoL outcomes in ARM patients, but they lack a dedicated ARM-specific QoL scoring system [20& 21].  This study introduces AFQoL as a disease-specific QoL assessment tool for ARM patients. This represents a new approach to quantifying the psychosocial impact of incontinence, which has previously been underreported.
Most prior research has evaluated continence and QoL separately, often using non-standardized assessment methods [27, 28& 29]. While individual predictors of continence (e.g., sacral development) and QoL impairments (e.g., psychosocial distress) have been explored, there is no prior study that integrates these two domains into a unified predictive model. This study is the first to combine a structured sacral anomaly index (SAIS) with an ARM-specific QoL score (AFQoL) to predict both continence and psychosocial impact. This integration provides a comprehensive clinical tool for risk stratification and personalized bowel management.
Previous studies have suggested that sacral anomalies predict continence function, (e.g., Martucciello, G., and Peña et al.), but they did not quantify the predictive accuracy of such assessments using statistical validation techniques (e.g., ROC analysis, AUC calculation) [10& 16]. This study is one of the first to validate the predictive accuracy of an ARM-specific QoL metric (AFQoL) using ROC analysis. This provides strong empirical support for AFQoL as a reliable assessment tool, which has not been previously demonstrated.
Receiver Operating Characteristic (ROC) analysis confirmed the strong predictive value of AFQoL for QoL outcomes, validating AFQoL as a clinically reliable metric, and complementing SAIS and Kelly scores in continence assessment.
Several limitations should be addressed, this study was conducted at a single institution, limiting external validity. Multicenter data are needed to validate our findings across different populations. While this study provides strong cross-sectional correlations, a longitudinal follow-up would better assess how continence and QoL evolve with age and interventions. The AFQoL score is based on subjective patient or parental reporting, which may introduce bias. Future studies should incorporate objective QoL assessments or additional psychological evaluations. Outcomes may differ due to differences in surgical approaches and postoperative management, which were not standardized across all patients. Some patients underwent different bowel management protocols, which may have influenced continence and QoL outcomes. A standardized treatment approach could reduce variability and provide more accurate predictive models. 
Clinical implications and future directions should be pointed to the early SAIS assessment for ARM prognosis, given the strong correlation between SAIS and continence function, early sacral imaging (X-ray/MRI) should be implemented as a standard prognostic tool in ARM management, these findings qualified with other researchers, Levitt et al., Krois, W., et al., and Rosen, N.G., et al., [4, 30& 31]. 
AFQoL provides an essential measure of psychosocial well-being, which is often overlooked in traditional continence assessments. Routine AFQoL scoring should be incorporated into follow-up protocols for ARM patients to identify those in need of psychological or social support. 
From our cohort, we could plan the tailored bowel management based on SAIS severity, when SAIS ≥10 → Intensive bowel management (ACE, trans anal Irrigation (TAI), colostomy), SAIS 7–9 → Scheduled enemas and pharmacological interventions, and SAIS ≤3 → Minimal to no intervention needed. 

CONCLUSION
[bookmark: _Hlk189857023][bookmark: _Hlk189857052]This study provides strong clinical validation for the SAIS and AFQoL scores in predicting fecal continence and quality of life in ARM patients. SAIS is a reliable predictor of incontinence severity, with higher scores (≥8) strongly correlating with poor bowel function. AFQoL effectively quantifies QoL impairment, demonstrating excellent predictive accuracy for severe psychosocial distress. High ARM patients, particularly females with sacral agenesis, experience the worst functional and QoL outcomes, reinforcing the need for aggressive bowel management strategies. Intermediate and low ARM patients show better continence potential, with SAIS predicting near-normal bowel function. By integrating SAIS and AFQoL into routine clinical assessment, clinicians can more accurately stratify ARM patients, personalize bowel management, and improve long-term functional outcomes. These findings establish a foundation for standardized functional assessments in ARM management and highlight the critical role of sacral development in postoperative prognosis. These novel scores provide clinicians with objective, standardized, and actionable tools for risk stratification, patient counseling, and personalized treatment planning.
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