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Urethral Stricture Disease

• A urethral stricture is scarring in or around 

the urethra that narrows or blocks urine flow.

• Urethral strictures can result from trauma 

(straddle injury), infection (STD), and chronic 

inflammation (lichen sclerosus).

• Relatively common disease in males (~400 per 

100,000) with increased incidence after 55 years 

of age.

• 1.5 million outpatient visits per year.  

Complications including stones, incontinence, 

infertility, and renal damage.



Hypospadias
• Hypospadias is a congenital defect resulting in malpositioning of the urethra 

opening which can result in voiding difficulty and infertility.

• Frequency of the disease is 1 per 200 male births. 10,000-15,000 new cases in 

US per year.  

• Approximately 30% of cases are severe (proximal) and require extensive surgical 

repair with tissue flaps. Surgical complication rate is 5-50% with staged operations 

needed in many cases. Repair performed 6-12 months of life.



Surgical Strategies for Urethral Repair

• Endoscopic approaches for urethral stricture repair
o Dilation or  incision (cold knife internal urethrotomy)

o 100,000-235,000 procedures performed annually in the US*

o Success rate of dilation is low and typically unsuccessful for >1 cm strictures

o Repeat internal urethrotomy offers no chance of cure after 3rd treatment or restricture in 3 months.

• Open Urethroplasty
o Approach based on length and severity of the defect

o End to end anastomosis (stricture) versus onlay urethroplasty with autologous tissue grafts (stricture 

and hypospadias)

o Treatment limited to highly specialized centers, ~2500 procedures in the US annually



Onlay Urethroplasty with Autologous Tissues

• High success rates (85-95%), but complex, 4% of urologists 

practice. Buccal mucosa and prepubital skin flaps are 

common.

• State-of-the-art therapy for urethral defects >2cm where end-

to-end approach is not feasible (i.e. penile shortening, etc.)

• Limitations include harvest site morbidity and scarce tissue 

supply.  Penile complications including pain, erectile 

dysfunction, loss of sensation. 



Urologic Tissue Engineering
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Summary of Preclinical Studies

Rabbit and Canine Models



Acellular SIS Grafts for Urethroplasty
• Onlay urethroplasty using SIS grafts (50 patients)

• Mean follow-up of 31.2 months

• Urethral Function restored in 40 (80%) patients. 

• Re-strictures developed in 10 patients (<6 months). Fiala et al., 2007



Cell-Seeded Therapies for Urethroplasty

B
la

d
d

er
 B

io
p

sy

Smooth Muscle

Urothelium

Urothelium Smooth Muscle

Tubular PGLA Graft

Raya-Rivera et al., 2011

1 year Follow-up



Tissue Engineered Buccal Mucosa for Urethroplasty

Bhargava et al., 2008



Silk Fibroin Diversity and Structure



Silk Fibroin Biomaterials



Bi-Layer Silk Fibroin (BLSF) Grafts for 

Hollow Organ Reconstruction



Versatile Graft Platform Allows for  Optimization of Material 

Properties



Unique Properties of BLSF Grafts for Clinical Translation



Rabbit Onlay Urethroplasty-Hypospadias Model 
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Regenerated Urethra Tissue Properties

B
L
S

F

SYP



Regenerated Urethra Tissue Properties



Rabbit Onlay Urethroplasty-Urethral Stricture Model 



Regenerated Urethra Tissue Properties



Regenerated Urethra Tissue Properties



Next Steps in Urethral Tissue Engineering
Validation of BLSF Grafts in a Porcine Model of Long Urethral Strictures (3-6 cm)

Sievert et al., 2011

~1 cm stricture 
length



Silk Fibroin Slings for Stress Urinary Incontinence

Zou et al., 2010

Female Rats

Bilateral Sciatic Nerve Transection

12 week sling implantation period
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