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[bookmark: _heading=h.n9ln7we48rz8]Abstract
Ambiguous genitalia in children, a condition within Disorders of Sex Development (DSDs), presents significant medical, surgical, and psychosocial challenges. The prevalence of DSDs is estimated at 1 in 2,735 to 1 in 10,000 live births, with conditions like congenital adrenal hyperplasia being more commonly diagnosed. Despite progress in diagnosis, ambiguous genitalia continues to pose complex issues for families and healthcare providers. Diagnosis is traditionally based on physical examination but has evolved with genetic, hormonal, and molecular diagnostics, necessitating a multidisciplinary approach. This narrative review synthesizes current knowledge on diagnostic methods, surgical management, and psychosocial outcomes for ambiguous genitalia. A literature search was conducted across PubMed and ScienceDirect for studies published between 2020 and January 18, 2026. Studies were selected based on their relevance to ambiguous genitalia, diagnostic approaches, surgical interventions, and psychosocial aspects in children. Studies involving adults or neonates without ambiguous genitalia were excluded.
The review found that early diagnosis is crucial for sex assignment and surgical decisions, though ethical concerns about early interventions persist. Surgical practices emphasize personalized care, but significant challenges remain regarding timing and psychosocial impact. There are gaps in long-term outcome studies and the integration of psychosocial support in clinical practice.
In conclusion, standardized multidisciplinary care and more research on the psychosocial aspects of DSD management are essential. Clinicians should prioritize patient-centered care and family involvement in decision-making, while future research should focus on long-term outcomes and psychosocial support for affected children.
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1. [bookmark: _heading=h.k59dzh8mq9y0]Introduction
Ambiguous genitalia in newborns and children represents a complex clinical and psychosocial phenomenon situated within the broader category of Disorders/Differences of Sex Development (DSDs)—a spectrum of congenital conditions characterized by atypical development of chromosomal, gonadal, or anatomical sex structures (Mehmood & Rentea, 2026). Historically, terms such as intersex, hermaphroditism, and pseudohermaphroditism were used to describe these conditions. However, such nomenclature has been widely abandoned due to its imprecision and potential for stigma, replaced following the Chicago Consensus by the inclusive and clinically oriented term “DSDs” (Mehmood & Rentea, 2026; Berglund et al., 2025). This shift in nomenclature reflects a broader evolution in clinical thinking that foregrounds biological diversity while acknowledging the role of emerging genetic and molecular insights in understanding sex development.
The biological basis of sex development is a meticulously orchestrated process involving genetic, hormonal, and morphological events that determine phenotypic sex. Under normal conditions, the bipotential gonads differentiate into testes or ovaries driven by gene expression cues such as SRY, followed by hormone‑mediated external genital formation; disruptions in these pathways may result in incongruent development of internal and external genitalia (Mehmood & Rentea, 2026). When such discordance occurs, typically due to chromosomal anomalies (e.g., 46,XY or 46,XX variations), atypical hormone synthesis or receptor function, or differences in receptor signalling, DSDs arise, and ambiguous genitalia may be evident at birth (Mehmood & Rentea, 2026; Faradz et al., 2025). Such conditions require careful clinical evaluation, as their etiologies range from congenital adrenal hyperplasia to androgen insensitivity syndromes and rarer genetic mutations, each with unique diagnostic and management implications (Berglund et al., 2025; Wechsung et al., 2025).
The epidemiology of ambiguous genitalia and related DSDs has been increasingly refined through contemporary cohort studies. Population‑based research suggests an overall DSD prevalence of approximately 1 in 2,735 to 1 in 10,000 live births, with variation across DSD subtypes; sex chromosome DSDs occur more frequently than 46,XY or 46,XX categories in some cohorts (Berglund et al., 2025; Metzger et al., 2024). Congenital adrenal hyperplasia (46,XX DSD) constitutes one of the more common presentations when ambiguous genitalia are present, reflecting its endocrine basis and clinical visibility at birth (Metzger et al., 2024). Recognizing such prevalence patterns is essential for clinicians and healthcare planners, particularly in regions with limited newborn screening infrastructures where delayed diagnosis remains pervasive.
The clinical implications of early recognition of ambiguous genitalia extend beyond immediate medical management. The diagnosis triggers multiple high‑stakes decisions, including sex assignment, timing of surgical interventions, and long‑term psychosocial planning (Ishii et al., 2025). Early multidisciplinary involvement is advocated in international guidelines to ensure integrated care across pediatric endocrinology, surgery, clinical genetics, psychology, and social support services (Ishii et al., 2026; Wechsung et al., 2025). Such an approach not only enhances the accuracy of diagnosis through coordinated assessments but also contextualizes decision‑making within family values and long‑term psychosocial outcomes. This is underscored by emerging models of structured care that integrate standardized information management processes to support families during the initial diagnostic period (Wechsung et al., 2025).
The psychosocial significance of ambiguous genitalia and DSDs is a critical domain of investigation. Longitudinal and cross‑sectional research has documented heightened rates of anxiety, body image concerns, and gender identity complexity among affected individuals, as well as significant parental stress and uncertainty, particularly in the absence of comprehensive support systems (Saktini et al., 2024; Arizona et al., 2023). Psychiatric and psychological support is increasingly recognized as a core element of multidisciplinary care, with evidence suggesting that early, structured interventions can meaningfully improve adaptive coping and quality of life (Arizona et al., 2023). Nevertheless, barriers such as cultural stigma, limited access to mental health services, and inconsistent integration of psychosocial care into clinical pathways remain widespread, especially in resource‑limited settings (Faradz et al., 2025).
Amidst these clinical, ethical, and psychosocial dimensions, significant controversies persist. Notable among these is the debate over the timing of surgical interventions and the ethics of early sex assignment when long‑term gender identity remains uncertain (Ishii et al., 2026). Contemporary guidelines recommend careful deliberation and, in some cases, deferral of irreversible surgical procedures until sufficient diagnostic and developmental information is available, recognizing the potential lifelong impact of early decisions on identity and sexual function (Ishii et al., 2026). Such ethical considerations crystallize the need for evidence‑based practice that transcends organ‑focused surgery to encompass individualized evaluation of developmental trajectories and emerging self‑identification.
Given these complexities, the purpose of the present narrative review is threefold: to synthesize current knowledge on diagnostic approaches for ambiguous genitalia in children, to evaluate contemporary surgical management strategies within ethical and multidisciplinary frameworks, and to elucidate the psychosocial outcomes associated with DSDs. By systematically integrating recent literature across clinical and psychosocial domains, this review aims to offer a holistic account of current practices and contemporary challenges, thereby informing clinicians, researchers, and policymakers engaged in DSD care and advocacy.
The scope of this review is delineated to include peer‑reviewed clinical research, consensus guidelines, and evidence‑based narratives addressing newborn and pediatric presentations of ambiguous genitalia. It foregrounds the interplay between biological, surgical, psychological, and ethical factors shaping care pathways, while highlighting gaps warranting future investigation. By advancing a comprehensive understanding of this multifaceted condition, this research aspires to contribute meaningfully to the evidence base guiding holistic, ethically grounded, and patient‑centered management of ambiguous genitalia in children.
2. [bookmark: _heading=h.d0wbvs5rea49]Methodology
Study Design: This study was conducted as a narrative review, synthesizing the existing literature on ambiguous genitalia in children, with a focus on diagnostic approaches, surgical management, and psychosocial outcomes. Given the multidisciplinary nature of the topic, a broad range of studies, including clinical trials, case reports, and expert consensus guidelines, were reviewed to offer a comprehensive understanding of current practices and challenges. The narrative review approach was selected due to its flexibility in synthesizing diverse types of evidence across multiple domains, including clinical, surgical, and psychosocial contexts.
Search Strategy: The literature search was conducted on January 18, 2026 across two major databases: PubMed, and ScienceDirect. The search covered publications from 2020 to the search date, ensuring that the findings reflect the most current advancements in the field. The databases were chosen based on their extensive coverage of medical, surgical, and psychosocial research articles. 
In PubMed, MeSH terms, Title and abstract keywords, and Boolean operators ("AND" and "OR") were included in the search while for the database that do not feature MeSH terms (ScienceDirect) only Title and abstract keywords, and Boolean operators ("AND" and "OR") were utilized (Young, n.d.; Wang et al., 2022; Grewal et al., 2016). The search strings and filters used for each database were as shown in Table 1:
Table 1: Search Strategy
	Database
	Search strings
	Search yield
	Filters applied
	Yield after filtering

	PubMed
	(((((Ambiguous genitalia[MeSH Terms]) OR (Ambiguous genitalia[Title/Abstract])) OR (Disorders of Sex Development[Title/Abstract])) AND ((Diagnosis[MeSH Terms]) OR (Diagnosis[Title/Abstract]))) AND ((Surgical management[MeSH Terms]) OR (Surgical management[Title/Abstract]))) AND (((Children[MeSH Terms]) OR (Children[Title/Abstract])) OR (Pediatrics[Title/Abstract]))
	93
	2020 to the search date, Free full text, English, Humans
	3

	ScienceDirect
	(Ambiguous genitalia) AND (Disorders of Sex Development) AND (Diagnosis) AND (Surgical management) AND (Children  OR Pediatrics) AND (Psychosocial outcomes)
	357
	2020 to the search date, Review articles, Research articles, open access
	10


Literature Selection: The literature selection process was conducted in two phases by two independent reviewers and any discrepancy was resolved through consensus. During the first phase (Title and Abstract Screening), articles were selected based on their relevance to the study’s research questions. Titles and abstracts were screened to determine whether they addressed topics related to ambiguous genitalia in children, diagnostic approaches, surgical interventions, or psychosocial outcomes.
In the second phase (Full Text Review), the full text of the selected articles was reviewed to ensure they met the eligibility criteria, with particular attention to studies providing detailed insights into diagnostic methods, surgical management, and psychosocial outcomes. Articles were excluded if they did not meet the focus of the review or lacked relevance to pediatric care.
Eligibility Criteria: The included studies were peer-reviewed studies published between 2020 and the search date, articles that specifically focused on ambiguous genitalia or disorders of sex development (DSD) in children, studies that discussed diagnostic approaches, surgical management, or psychosocial outcomes in children with ambiguous genitalia, as well as case studies, observational studies, clinical reviews, and expert consensus guidelines. Studies that offered quantitative or qualitative data relevant to the diagnosis, management, or psychosocial implications of ambiguous genitalia were also included.
However, studies were excluded if they focused exclusively on adult populations or neonates not diagnosed with ambiguous genitalia. Studies not published from 2020 to the search date or those lacking clear relevance to the scope of the study as well as studies with insufficient data on the clinical or psychosocial aspects of managing ambiguous genitalia were excluded. Articles that did not undergo peer-review or were from non-academic sources (e.g., personal blogs, news articles) were also excluded.
The included studies: A total of 482 records were identified through database searches and reference lists. Of these, 93 records were sourced from PubMed, 357 from ScienceDirect, and 32 from reference lists. Appropriate database filters such as 2020 to the search date, free full text, English language, and humans and open access filters were applied. After applying these filters, 437 records were excluded leaving 45 records for title and abstract screening. After title and abstract screening, 16 records were removed of which four were duplicate records and 14 were removed based on exclusion criteria. Following further eligibility assessment of the remaining 29 articles were subjected to full text review, 24 studies were included in this review as shown in Figure 1.
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Flow Diagram (Page et al., 2021)
Data Synthesis: A narrative synthesis approach was employed, where findings from different study designs were categorized into themes corresponding to the diagnostic, surgical, and psychosocial outcomes of ambiguous genitalia. Studies were analyzed for key patterns and insights, providing a comprehensive understanding of current practices and research gaps in the management of ambiguous genitalia in children.
3. [bookmark: _heading=h.drk2a9hifa92]Diagnostic Approaches to Ambiguous Genitalia in Children
Accurate and timely diagnosis of ambiguous genitalia in children is foundational to effective clinical management, guiding decisions about sex assignment, potential life‑threatening conditions (e.g., congenital adrenal hyperplasia), and long‑term care planning (Yavas Abalı & Guran, 2024). Contemporary diagnostic approaches integrate comprehensive clinical evaluation, endocrine and biochemical testing, imaging studies, cytogenetic analysis, and genetic testing, forming a stepwise framework that leverages multidisciplinary expertise (Kızılay et al., 2024; Al‑Sahar et al., 2024).
The diagnostic workup typically begins with a thorough physical examination conducted by an experienced pediatric clinician to document genital morphology, assess virilization (e.g., Prader/Quigley scoring), and identify associated anomalies. Detailed measurements of genital structures and evaluation of palpable gonads provide essential early phenotypic data, which narrows differential diagnoses and prioritizes further testing (Yavas Abalı & Guran, 2024). Biochemical evaluation includes measurement of electrolytes and 17‑hydroxyprogesterone levels to rapidly exclude or confirm congenital adrenal hyperplasia, especially 21‑hydroxylase deficiency, given its potential for critical salt‑wasting crises (Yavas Abalı & Guran, 2024). Early hormonal profiling also incorporates anti‑Müllerian hormone (AMH), luteinizing hormone (LH), follicle‑stimulating hormone (FSH), and testosterone/dihydrotestosterone ratios in conjunction with age‑appropriate reference ranges to differentiate biosynthetic and receptor‑mediated disorders (Jindal et al., 2024).
Cytogenetic analysis through karyotyping establishes chromosomal sex and informs subsequent diagnostic direction, distinguishing sex chromosome DSD (e.g., mosaicism) from 46,XY or 46,XX DSD categories (Al‑Sahar et al., 2024; Ishii et al., 2025). Imaging modalities play a crucial role in anatomical phenotyping; transabdominal and pelvic ultrasound as first‑line tools identify internal structures such as Müllerian derivatives, while magnetic resonance imaging (MRI) offers superior soft‑tissue resolution—critical when ultrasound findings are equivocal or deeper structures (e.g., gonads, uterus) require clarification (Kumar et al., 2024).
The advent of molecular techniques has transformed DSD diagnostics, enabling targeted gene panels, next‑generation sequencing (NGS), whole‑exome (WES) and whole‑genome sequencing (WGS) to detect known and novel pathogenic variants that underlie specific DSD forms. These genetic tools complement traditional approaches and are particularly valuable when clinical and biochemical data are inconclusive, improving diagnostic yield and informing prognosis and familial counseling (Kızılay et al., 2024; Priyadarshini et al., 2024). Recent reviews emphasize that while genetic testing may not be universally accessible, it increasingly serves as a definitive diagnostic layer and should be coordinated with phenotype‑driven assessment to optimize interpretation (Kızılay et al., 2024).
Practical diagnostic algorithms commonly used in tertiary centers prioritize hierarchical evaluation—beginning with clinical and hormonal assessment, followed by chromosomal analysis, imaging, and advanced molecular genetics as indicated (Yavas Abalı & Guran, 2024). Multidisciplinary collaboration is imperative throughout the process, ensuring integration of pediatric endocrinology, clinical genetics, radiology, and urology inputs. This approach enhances diagnostic accuracy, shortens time to etiology determination, and strengthens care planning for ambiguous genitalia and related DSDs in children.
Table 2: Summary of Diagnostic Tools for Ambiguous Genitalia
	Diagnostic Tool
	Purpose/Use
	Application
	Advantages
	Limitations

	Clinical Examination
	Initial assessment of genital morphology and physical characteristics
	First-line evaluation for sex assignment and virilization scoring (Prader, Quigley)
	Provides immediate phenotypic data on external genitalia
	May not differentiate between genetic or hormonal causes; depends on clinician experience

	Biochemical/Hormonal Tests
	Measures of key hormones (17‑hydroxyprogesterone, testosterone, AMH)
	Used to identify disorders such as congenital adrenal hyperplasia (CAH) or androgen insensitivity syndrome (AIS)
	Rapid results, effective for identifying certain conditions (e.g., CAH)
	Hormonal levels can fluctuate; requires age-specific reference ranges

	Cytogenetic Testing (Karyotyping)
	Identification of chromosomal sex and structural chromosomal anomalies
	Used to detect sex chromosome DSDs and mosaicism (e.g., 45,X/46,XY)
	Essential for definitive diagnosis of sex chromosome DSDs
	Requires specialized laboratory resources; not always conclusive in mosaic cases

	Genetic Testing (NGS, WES, WGS)
	Identification of genetic mutations in DSD-related genes
	Comprehensive tool for identifying known and novel pathogenic mutations (e.g., SRY, AR, SRD5A2)
	High diagnostic yield, can detect previously unknown conditions
	Expensive, may not be accessible in all settings, requires interpretation of variants of uncertain significance

	Ultrasound Imaging
	Visualizes internal structures (gonads, uterus, Mullerian derivatives)
	Used to identify the presence of internal genitalia (e.g., testes, ovaries) and assess gonadal location
	Non-invasive, widely accessible, quick
	Limited in detail for deep structures, dependent on operator skill

	MRI (Magnetic Resonance Imaging)
	Detailed visualization of soft tissues, gonads, and reproductive organs
	Used when ultrasound findings are inconclusive or deeper structures need evaluation
	Provides high-resolution images, non-invasive
	Expensive, less accessible in some settings

	Pelvic Examination
	Direct internal examination to assess internal reproductive structures
	For evaluation of vaginal length, Müllerian duct remnants, and gonadal position in ambiguous genitalia
	Offers direct visualization; can be combined with other exams
	Invasive, uncomfortable, typically performed under anesthesia in infants

	Endocrine Testing (AMH, LH, FSH, DHT)
	Assesses gonadal function and androgen receptor activity
	Used for distinguishing between androgen insensitivity syndrome (AIS) and other forms of DSD
	Helps identify receptor defects, crucial for AIS diagnosis
	Requires specific hormonal profiles, may vary by age and gender



[bookmark: _heading=h.xdx7goc05u5g]4. Surgical Management of Ambiguous Genitalia in Children
Surgical management in children with ambiguous genitalia is a critical component of multidisciplinary clinical care designed to restore functional anatomy, optimize future urinary and sexual function, and support psychosocial development within the context of individual circumstances and family preferences. Contemporary surgical strategies integrate evolving ethical standards, evidence on outcomes, and multidisciplinary consensus on indications and timing of procedures (Vicario et al., 2025).
Reconstructive surgery for children with ambiguous genitalia varies widely according to underlying diagnoses, severity, and sex assignment decisions. In 46,XY DSD such as complete or partial androgen insensitivity and gonadal dysgenesis, surgical efforts may include penile reconstruction, hypospadias repair, urethroplasty, and gonadectomy when indicated for tumor risk management or functional concerns (Das et al., 2026; Peng et al., 2024). Similarly, for children with congenital adrenal hyperplasia (CAH) and severe virilization, feminizing genitoplasty—including clitoroplasty, vaginoplasty, and labioplasty—is among the most frequently reported reconstructive procedures (Jun et al., 2021).

The pediatric clitoroplasty experience reported in pediatric surgical literature demonstrates that early reconstructive surgery, performed in infancy or early childhood, can yield acceptable mid‑term anatomical results with low perioperative complications when techniques preserve neurovascular integrity (Jun et al., 2021). Despite this, surgical timing and techniques remain subjects of ongoing debate, with evidence supporting individualized decision‑making and shared consent processes involving families and multidisciplinary teams (Bennecke et al., 2021).

In cases of chromosomal mosaicism such as 45,X/46,XY DSD, surgical approaches often include gonadal biopsy, laparoscopic exploration, and reconstructive genital surgery tailored to phenotypic presentation and chosen gender of rearing (Peng et al., 2024). In this cohort, hypospadias combined with cryptorchidism and Müllerian duct remnants were common surgical considerations, demonstrating that reconstructive pathways must balance anatomical correction with careful evaluation of gonadal status and future fertility potential.

Importantly, surgical principles in DSD emphasize preservation of function (e.g., urinary continence, potential sexual function) and minimization of surgical morbidity while avoiding procedures that may later prove discordant with gender identity or sexual preferences. This emphasis reflects broader shifts in surgical ethics and consensus guidelines, advocating case‑by‑case evaluation rather than blanket early surgical intervention (Bennecke et al., 2021).

Long‑term outcome studies further underscore that multidisciplinary care—including preoperative endocrinology, genetic counselling, surgical planning, and psychosocial support—is essential to optimize physical outcomes and psychosocial well‑being. Patients and families should be engaged in shared decision‑making, with clear understanding of potential benefits and limitations of surgery, including long‑term follow‑up needs (Vicario et al., 2025).

In summary, surgical management of ambiguous genitalia in children is highly individualized and should integrate diagnostic clarity, functional and psychosocial goals, and ethical principles, supported by evidence from recent clinical outcome studies on hypospadias repair, clitoroplasty, and reconstructive surgeries tailored to specific DSD conditions.

[bookmark: _GoBack]Table 3: Comparison of Surgical Techniques for Ambiguous Genitalia

	Surgical Procedure
	Indications
	Typical Age Range
	Expected Outcomes
	Known Complications

	Clitoroplasty
	Severe clitoral hypertrophy in females (e.g., CAH)
	Infancy to early childhood
	Restores normal clitoral anatomy and function
	Nerve injury, scarring, unsatisfactory cosmetic results

	Feminizing Genitoplasty
	46,XX DSD (CAH) with virilization
	Infancy to early childhood
	Creation of female‑appearing genitalia, functional vaginal canal
	Cosmetic outcomes, sexual dysfunction, scarring

	Hypospadias Repair
	46,XY DSD (androgen insensitivity, gonadal dysgenesis) with hypospadias
	Infancy to early childhood
	Normal penile function and appearance
	Urethral fistula, stenosis, complications in sexual function

	Gonadectomy (Testes Removal)
	High risk of gonadal malignancy (e.g., dysgenetic gonads, gonadal dysgenesis)
	Typically before puberty
	Prevents tumor risk, removes nonfunctional gonads
	Hormonal imbalances, infertility, psychological impact

	Genitoplasty for 46,XY DSD
	Ambiguous genitalia in 46,XY DSD (e.g., mixed gonadal dysgenesis)
	Infancy to early childhood
	Functional or aesthetic reconstruction of male or female genitalia
	Complications similar to hypospadias repair

	Vaginoplasty
	Feminization in cases of 46,XY DSD with vaginal agenesis or insufficient vaginal development
	Early to mid childhood
	Creation of a functional vagina for future sexual activity
	Vaginal stenosis, issues with sexual function, wound dehiscence

	Urethroplasty
	Urethral defects (e.g., hypospadias, posterior urethral valves)
	Early childhood to adolescence
	Reconstruction of functional urethra, enabling normal urination
	Incontinence, stenosis, fistula formation

	Laparoscopic Gonadal Exploration
	Gonads not palpable, suspected undescended testes, suspected gonadal dysgenesis or malignancy
	Infancy to adolescence
	Diagnosis and potential removal of dysgenetic gonads
	Surgical complications such as bleeding or injury to surrounding organs



[bookmark: _heading=h.7aviet1416dt]5. Psychosocial Outcomes and Challenges
The experience of ambiguous genitalia and related DSD conditions extends well beyond the biological and surgical domains into profound psychosocial and emotional terrain that affects both children and their families. Children born with ambiguous genitalia often contend with issues of identity formation, body image, social stigma, and mental well‑being as they progress through development and social environments (Gramc et al., 2024). The uncertainty surrounding bodily characteristics and gender identity may contribute to psychological stress, particularly in social contexts where deviation from binary norms is stigmatized, reinforcing the need for early, integrated psychosocial support as part of holistic care (Gramc et al., 2024).
Parents and caregivers of children with ambiguous genitalia frequently face intense emotional burdens, with studies documenting high prevalence of anxiety, depressive symptoms, and persistent stress. A recent cross‑sectional investigation among parents of children with congenital adrenal hyperplasia‑related DSD found that over half of caregivers exhibited depressive symptomatology and significant anxiety, with coping strategies such as acceptance, planning, and religious reliance being common (Toumi et al., 2025). These findings underscore the psychoaffective impact on caregivers and highlight predictive factors—such as the child’s age at surgery and lack of disclosure—that influence parental mental health (Toumi et al., 2025).
Comprehensive surveys of healthcare professionals and peer support groups across Europe reveal that psychosocial support remains under‑implemented in routine care despite broad recognition of its importance. Although many professionals acknowledge the value of psychosocial interventions at diagnosis and throughout childhood, only a minority report that such support is routinely provided, indicating gaps between ideal practice and clinical reality (Gramc et al., 2024). This reinforces earlier narrative synthesis on the necessity of psychosocial care to help families navigate diagnostic ambiguity, medical decisions, and long‑term adaptation (Gramc et al., 2024).
Furthermore, research affirms the value of peer support networks and multidisciplinary collaboration in mitigating feelings of isolation and facilitating better psychosocial adjustment. Peer support allows families and children to share experiences, build resilience, and foster community, which can enhance coping and reduce the sense of being alone in a complex healthcare journey (Gramc et al., 2024). In many instances, peer‑led initiatives complement clinical care, helping to bridge emotional gaps that purely medical interventions may not address.
Importantly, emerging studies emphasize that psychological care should be integrated early and consistently across the continuum of care for DSD. Models that embed clinical psychologists, social workers, and counsellors within multidisciplinary teams show promise in addressing emotional distress, promoting effective communication, and supporting personal agency as children mature (Alderson et al., 2023). These approaches aim not only to minimize psychosocial risk but also to empower children and families to articulate their values, preferences, and long‑term goals in their care trajectory.
Collectively, this body of evidence highlights that ambiguous genitalia and DSD have multifaceted psychosocial impacts that demand structured psychosocial support, family engagement, and integration of mental health professionals within clinical teams to improve quality of life across developmental stages.
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Figure 2: Psychosocial challenges in children with ambiguous genitalia

[bookmark: _heading=h.14g5dlgbux2a]6. Ethical and Human Rights Considerations
The ethical landscape in the management of ambiguous genitalia and DSD in children is complex, shaped not only by clinical imperatives but also evolving principles of autonomy, consent, bodily integrity, and human rights. Central to these discussions is the ethical tension between early surgical intervention and respect for the developing child’s right to participate in decisions that will profoundly affect their future identity, bodily function, and psychological well‑being (Claahsen‑van der Grinten et al., 2026).
A foundational ethical question concerns the timing of elective genital surgeries. Traditional practice favoured early surgery to align physical appearance with a chosen gender and to ostensibly minimize psychosocial distress. However, there is no conclusive evidence demonstrating superiority of early cosmetic procedures over deferred approaches in terms of long‑term wellbeing, and many international consensus guidelines now recommend individualized decision‑making rooted in multidisciplinary evaluation rather than routine early interventions (Ishii et al., 2025). Shared decision‑making models, in which families, clinicians, and—when possible—the child engages collaboratively, are increasingly advocated to balance potential benefits and harms (Suorsa-Johnson et al., 2023).
Consent and autonomy represent core ethical pillars. Infants and young children cannot provide informed consent, raising questions about parental proxy decision‑making and the ethical legitimacy of irreversible procedures performed without the individual’s participation (Claahsen‑van der Grinten et al., 2026). Human rights bodies and advocacy groups have framed non‑urgent genital surgeries on minors as potential violations of bodily autonomy and physical integrity, echoing broader human rights concerns about medically unnecessary interventions on those unable to consent (Surendran et al., 2025).
Legal reforms in several jurisdictions reflect these ethical shifts. For example, legislative measures in Germany and other European contexts have instituted restrictions or procedural safeguards that delay non‑essential genital procedures until children can provide assent or until a court authorizes them on demonstrated medical necessity, illustrating how policy and ethics intersect to protect vulnerable minors (Schäfer et al., 2024).
Another ethical dimension concerns justice and the rights of the child. Advocates argue that decisions about genital surgery and sex assignment constitute not just clinical judgments but human rights questions—raising important discussions around whether children should be shielded from irreversible decisions until they can meaningfully participate (Kamoun & Dalke, 2025). Respect for diversity of sex characteristics and expanding recognition of the spectrum of biological sex further support ethical frameworks that prioritize affirmation over normalization, challenging binary assumptions that have historically driven early surgical practices (Kamoun & Dalke, 2025).
Ethical deliberations also emphasize that clinicians should communicate clearly about uncertainties, long‑term outcomes, and the weight of irreversible decisions, ensuring informed and collaborative consent processes with families—and ideally with the child as they grow—to uphold both clinical integrity and human rights protections (Lapham et al., 2023).
[bookmark: _heading=h.iw2spxu0hxpb]7. Current Trends and Advances in Diagnosis and Treatment
Recent advances in the diagnosis of ambiguous genitalia and related disorders of Sex Development (DSDs) have centered on integrating molecular genetics with traditional clinical and biochemical assessments to improve etiological clarity, guide management, and support long-term care planning. Contemporary diagnostic workflows increasingly incorporate next-generation sequencing (NGS) and other high-throughput genetic technologies, which have significantly increased diagnostic yield compared to older methods that relied solely on karyotyping and targeted gene analysis. Studies utilizing NGS panels and whole-exome approaches have reported molecular diagnoses in approximately 34–59% of DSD cases, particularly in 46,XY DSD cohorts, demonstrating the utility of genomic testing in clarifying ambiguous phenotypes and refining clinical decision-making (Ishii et al., 2026).
In practical terms, current guidelines recommend early genetic evaluations alongside hormonal profiling and imaging, especially when initial clinical assessments are inconclusive. Genetic insights not only support sex assignment decisions but also inform prognosis, potential gonadal tumor risk, and family counseling—critical factors for personalized care plans (Ishii et al., 2026). Furthermore, advancements in understanding 46,XX DSD etiologies, particularly non-congenital adrenal hyperplasia (non-CAH) forms, highlight the role of rare genetic variants and copy number changes in gonadal development pathways, advancing the conceptual and practical landscape of diagnosis beyond classical CAH identification (Yavas Abalı & Guran, 2024).
Modern diagnostic practice also emphasizes multidisciplinary evaluation protocols, integrating genetic results with hormonal assays (e.g., 17-hydroxyprogesterone for CAH), cytogenetic analyses (karyotyping, SRY-FISH), and imaging modalities (ultrasound, MRI) to construct comprehensive phenotypic profiles early in life (Ishii et al., 2026). Additionally, prenatal diagnostic approaches, including family history assessment and advancing non-invasive prenatal testing, are emerging as significant trends for earlier identification and preparedness.
Parallel to these diagnostic advancements, genomic-targeted therapeutic research has made significant strides, particularly in gene therapy and gene-editing technologies. Studies on sex-determining gene expression and manipulation—including key genes such as SRY, SOX9, NR5A1, WT1, and AR—suggest that future therapeutic strategies might aim to correct or compensate for underlying genetic defects, potentially revolutionizing the treatment of certain DSDs at a fundamental biological level (Peng et al., 2025). Early in-vitro work using tools like CRISPR/Cas9 and viral vector-mediated gene delivery has shown proof-of-concept in modulating gene expression relevant to sex differentiation pathways, hinting at long-term therapeutic potential (Peng et al., 2025).
In addition to molecular advances, there is growing recognition of the importance of standardized, multidisciplinary care pathways that extend throughout childhood and adolescence. Innovative frameworks are being developed that integrate data-driven quality improvement into routine care, enabling systematic tracking of clinical outcomes, structured follow-up, and longitudinal evaluation of physical and psychosocial trajectories (Willemsen et al., 2026). These models leverage health intelligence platforms and interactive dashboards to support multidisciplinary teams and enhance consistency and quality across diverse clinical settings. Such structured care not only improves short-term decision-making but also facilitates evidence generation for future research and guideline development.
Complementing these system-level advances, early implementation projects like the Empower-DSD information management program demonstrate how structured information transfer and parent education can significantly mitigate stress and uncertainty immediately following diagnosis. This standardized approach to early family engagement promotes trust in multidisciplinary teams and lays a foundation for sustained adaptive coping mechanisms in both parents and children (Wechsung et al., 2025).
Another important trend is the integration of psychiatric training and long-term mental health follow-up within DSD care teams. Emerging models embed psychiatric expertise directly into multidisciplinary clinics, enhancing clinicians' capacity to address long-term psychological adjustment and supporting resident physicians in acquiring relevant skills for holistic DSD management (Özbaran et al., 2025). Finally, quality improvement research highlights the need to benchmark DSD care through standardized quality indicators tied to structure, process, and outcomes. This trend emphasizes clinical excellence and health system accountability, stressing the importance of operationalizing best practice guidelines with measurable benchmarks to ensure optimal care across diverse healthcare environments and populations (Döhnert & Davies, 2025).
[bookmark: _heading=h.wb52zxihhs9s]8. Future Directions and Research Gaps
Despite substantial progress in understanding and managing ambiguous genitalia and related differences/disorders of sex development (DSDs), numerous gaps in knowledge and practice remain—highlighting clear directions for future research and clinical innovation. A central area requiring further study is the mechanisms of sex determination and genotype–phenotype correlation, particularly for rare and poorly characterized genetic etiologies. Current genomic technologies (e.g., next‑generation sequencing and whole‑genome sequencing) significantly improve diagnostic precision but still fail to identify the underlying cause in a large proportion of DSD cases, particularly in 46,XY individuals (Ishii et al., 2025).
Closely linked is the need for longitudinal outcomes research, which is strikingly under‑represented in the literature given the lifelong implications of DSD and its management. Long‑term follow‑up studies encompassing physical health, fertility, sexual function, psychosocial adjustment, and quality of life are essential to inform evidence‑based recommendations and to discern the impact of early interventions—surgical or otherwise—over developmental time horizons. Although some registries and multicenter cohorts exist, there is a lack of cohesive strategy for standardized data collection and long‑term outcome reporting across diverse healthcare settings (Döhnert & Davies, 2025).
The variability in multidisciplinary care models worldwide further underscores gaps in standardization. While multidisciplinary teams are broadly endorsed, the specific composition of care teams, roles of allied professionals (e.g., psychologists and genetic counsellors), and integration of care pathways throughout childhood and adolescence vary considerably across centres and regions (Hidouri et al., 2025). Structured frameworks that define best practices and implement quality benchmarks are needed to reduce variability and enhance care quality globally. 
Emerging evidence also points to gaps in prenatal and perinatal management strategies for ambiguous genitalia and DSD, as diagnostic capabilities in utero continue to advance. Research questions remain about how prenatal diagnosis influences postnatal management decisions, parental preparedness, timing of interventions, and early family adjustment. Efforts that bridge prenatal and postnatal research can help optimize longitudinal care trajectories and family support structures (Hidouri et al., 2025).
Finally, psychosocial development and identity formation in individuals with DSD require more focused investigation. Although the impact of ambiguous genitalia on mental health and quality of life is increasingly recognized, there is a shortage of robust, prospective psychosocial studies that track adaptive functioning, social integration, and identity outcomes from childhood into adulthood. Furthermore, culturally sensitive research is needed to understand how sociocultural contexts shape experiences of stigma, disclosure, and care engagement across diverse populations (Utari et al., 2025).
Addressing these research gaps—through collaborative international cohorts, standardized outcome measures, and holistic multidisciplinary research programs—will be critical to advancing care and supporting optimal long‑term outcomes for children and families affected by ambiguous genitalia and DSD.
[bookmark: _heading=h.7efvdae0xgqo]10. Limitations
A key limitation of this study is the selection of databases—PubMed and ScienceDirect—which, while extensive, may not include all relevant studies, particularly those published in non-English journals or in smaller, less accessible sources. This may have led to the omission of important research from regions or niche areas that could provide additional insights.
Another limitation is the focus on studies published between 2020 and 2026, which may have excluded valuable earlier research. Older studies could offer critical context or provide a comparative foundation for understanding recent developments, and their exclusion may have narrowed the scope of the review.
A significant limitation in the study’s findings is the lack of comprehensive, long-term data on the psychosocial outcomes for individuals with ambiguous genitalia. While there is a strong emphasis on diagnostic and surgical management, the absence of robust longitudinal studies on the psychological and identity-related effects of these interventions limits the understanding of their long-term impact on patients' well-being. This gap highlights the need for further research in this area.

[bookmark: _heading=h.kwtsjfnd7qi0]Conclusion
This study highlights the complexity of diagnosing and managing ambiguous genitalia in children, emphasizing the multifaceted nature of Disorders of Sex Development (DSDs). It was found that early and accurate diagnosis, facilitated by advanced genetic and hormonal testing, is critical in guiding medical, surgical, and psychosocial interventions. The review also identified the diverse surgical approaches, noting that decisions regarding timing and type of surgery should be personalized, considering both clinical needs and long-term psychosocial outcomes. However, significant gaps remain in longitudinal outcome studies and psychosocial support, indicating the need for more research on the lifetime impact of DSDs, particularly concerning mental health and identity formation.
Practical recommendations include the standardization of multidisciplinary care across healthcare settings and the integration of psychosocial services into routine clinical practice. Future research should focus on genomic innovations for a more comprehensive understanding of DSD etiology, alongside global collaboration to create consistent care pathways. Policy implications call for greater focus on ethical frameworks that respect the rights of affected children while supporting shared decision-making in complex clinical situations. This comprehensive approach will be essential in improving both clinical outcomes and quality of life for individuals with ambiguous genitalia.
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