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Precision diagnosis and treatment of anterior urethral stricture: current status,

breakthroughs.and prospects
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ABSTRACT : Anterior urethral stricture is a common benign disease in male urology. Its diagnosis and treatment are
undergoing a profound transformation from traditional empirical approaches to precise and individualized systems. In terms of
current status, a multimodal integrated assessment system has been established for diagnosis: sonourethrography. magnetic
resonance urethrography, and artificial intelligence-assisted techniques have significantly improved the accuracy of
morphological and functional evaluation of strictures. In terms of treatment,individualized stratified strategies are implemented
according to the 2023 American Urological Association (AUA) guidelines. Endoscopic minimally invasive procedures combined
with antifibrotic agents or drug-coated balloons are the first choice for short-segment bulbar strictures, while oral mucosa
urethroplasty remains the gold standard for medium-to-long segment and complex strictures. In terms of breakthroughs,
mechanistic studies have revealed the key roles of aberrant activation of the transforming growth factor-3 (TGF-8) signaling
pathway, imbalance of the matrix metalloproteinase system, and dysregulation of the complement cascade in urethral
spongiosum fibrosis,providing a theoretical basis for targeted antifibrotic therapy. In the field of regenerative medicine, small
intestinal submucosa scaffolds and mesenchymal stem cell injection have shown preliminary clinical feasibility, and five-year
long-term follow-up data of drugcoated balloons have confirmed their sustained efficacy. In terms of prospects, artificial
intelligence-driven multimodal prediction models will enable precise risk stratification for postoperative recurrence. Three-
dimensional bioprinting technology is expected to construct biomimetic urethral substitutes to address the challenge of long-
segment stricture repair. Robotassisted surgical systems will gradually gain popularity in the reconstruction of complex pelvic
floor strictures. In summary, the diagnosis and treatment of anterior urethral stricture are moving toward a deeply integrated
direction of precise evaluation, minimally invasive intervention,and functional restoration,with the prospect of further reducing
recurrence rates and improving long-term patient outcomes.

KEY WORDS : anterior urethral stricture; reconstruction and repair; oral mucosa urethroplasty; regenerative medicine; tissue

engineering; artificial intelligence; robot-assisted surgery
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