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ABSTRACT

 
Purpose: The purpose of this study is to examine whether retrovesical fibromuscular struc-
tures—specifically the trapezoid interpubic ligament (TIPL)—mechanically restrict the inver-
sion of small, non-growing bladder plates (SNGBP) in bladder exstrophy, and to evaluate 
bladder growth after one-stage closure with TIPL dissection, including the effect of anticho-
linergic therapy.
Materials and Methods: Between 2004 and 2023, 15 patients with SNGBP underwent one-
stage bladder closure using a modified surgical approach with TIPL dissection. The TIPL, 
identified as a fibromuscular structure impeding bladder plate (BP) inversion, was targeted. 
Postoperative bladder capacity was evaluated based on age at surgery and the use of anti-
cholinergic therapy.
Results: The TIPL was identified as the primary mechanical impediment to BP inversion. 
Its dissection restored tissue compliance, facilitating successful one-stage closure in all pa-
tients. In children under three years of age at the time of surgery, the mean annual bladder 
capacity increased by 17.76 mL. Anticholinergic therapy further enhanced bladder growth.
Conclusion: TIPL dissection enables one-stage closure in SNGBP patients who were previ-
ously considered unsuitable for this method. Early intervention supports bladder develop-
ment and favorable functional outcomes. These findings provide novel anatomical insights, 
warranting further morphological and embryological research to validate the universality of 
this structure and technique.
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INTRODUCTION

Bladder exstrophy, a rare and complex congeni-
tal anomaly, severely alters the lower urinary tract, anterior 
abdominal wall, and pelvic ring anatomy. Despite notable 
progress in surgical reconstruction in recent decades, 
various anatomical and biomechanical factors, especially 
those affecting primary bladder closure feasibility, remain 
inadequately elucidated (1–5). Patients with small BPs, typi-
cally characterized by a width under 3 cm and inadequate 
tissue for tension-free closure, pose a significant challenge 
(6). Primary closure is often deemed unfeasible due to 
suboptimal tissue quality, heightened stiffness, and limited 
growth capacity. Closure feasibility is assessed under an-
esthesia via the BP inversion test, applying gentle pressure 
to evaluate compliance. Failure to invert the plate is gener-
ally regarded as a contraindication to primary closure (7, 
8). In such cases, a common approach is watchful waiting 
to permit spontaneous growth and improved compliance 
(6). If growth does not occur, cystectomy with enterocysto-
plasty is typically conducted (9). Alternatively, a two-stage 
method entails suturing the BP to the anterior abdominal 
wall in the neonatal period, creating a hernia-like sac to 
promote expansion via intra-abdominal pressure, though 
its advantage over natural growth lacks confirmation (10).

Among patients with small BP, a distinct subgroup 
exhibits no growth despite prolonged observation. These 
patients often wait years for BP expansion that, for rea-
sons yet unclear, fails to materialize. Termed SNGBP, this 
subgroup constitutes roughly 10% of classical bladder ex-
strophy cases. While resistance to BP inversion critically 
affects surgical decisions, its anatomical and histological 
underpinnings remain elusive. Fibrotic remodeling is fre-
quently presumed to be the chief constraint on tissue pli-
ability. We hypothesize that, beyond intravesical fibrosis, 
the biomechanical attributes of retrovesical fibromuscular 
structures in the interpubic region may serve as an addi-
tional mechanical impediment, limiting BP inversion and 
decreasing the probability of successful primary closure. 
To test this hypothesis, we defined two objectives: 

• To investigate whether retrovesical fibromuscular 
structures mechanically restrict bladder plate inver-
sion, thus impeding primary closure in patients with 
SNGBP. 

• If mitigating their mechanical effect facilitates clo-
sure, to analyze bladder growth dynamics and their 
reliance on anticholinergic therapy.

MATERIALS AND METHODS

Patient Selection
This cohort study, conducted from 2004 to 2023, 

encompassed all patients referred to our institutions 
with a diagnosis of bladder exstrophy accompanied 
by a SNGBP. Initially, patients were admitted to various 
neonatal surgical departments shortly after birth. These 
individuals were deemed unsuitable candidates for 
bladder closure due to inadequate bladder elasticity, di-
minished bladder size, multiple hamartomatous polyps, 
and unfavorable findings during examination under an-
esthesia (which assessed the feasibility of BP inversion 
into the pelvic cavity). The inclusion criteria comprised 
absence of prior surgical correction of bladder exstro-
phy, age exceeding six months, and a non-invertible BP 
measuring less than 3 cm.

Ethics
This study was approved by the research eth-

ics committees of both participating institutions (No. 
05/1602 and No. 180226).

Preoperative Examination
Pelvic MRI was conducted in recent cases be-

fore surgery to identify anatomical structures potentially 
limiting BP inversion and to correlate MRI findings with 
intraoperative observations. This method assessed MRI’s 
diagnostic utility in preoperative planning and explored 
the visibility of the interpubic ligamentous complex. 

Surgical Procedure
All patients underwent uniform BP closure, 

adapting a previously reported technique (11) for this 
study. Modifications included microdissection of retro-
vesical structures obstructing SNGBP inversion. Large 
BP polyps hindering closure were excised in 4 of 15 pa-
tients. The bladder was inverted, sutured longitudinally, 
and shaped with a funnel-like neck over a No. 8Ch pig-
tail catheter, then placed in the pelvic cavity. Ureteral re-
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implantation was not performed during primary closure. 
Paravesical fat from the Retzius space was mobilized 
from the pelvic walls and sutured anteriorly to the blad-
der neck. Microdissection utilized surgical loupes (×3.5 
to ×6.5 magnification), a monopolar microdissection 
needle electrode (fine tip), and microsurgical scissors. 
Among the 15 patients, pubic bone approximation was 
performed in 7 more recently treated cases.

A bone-holding clamp reduced interpubic di-
astasis, and fixation was achieved with two opposing 
U-shaped interrupted No. 2 Vicryl sutures. This was indi-
cated when the interpubic gap surpassed 4 cm or pelvic 
instability persisted post-bladder plate positioning.

 
Postoperative Management

All patients received intravenous broad-spec-
trum antibiotics from surgery until discharge, followed 
by oral prophylaxis. Oxybutynin anticholinergic therapy 
(0.4 mg/kg/day) began on the first postoperative day 
and continued until bladder catheter removal. Patients 
rested in bed or their mother’s arms without immobiliza-
tion and were discharged between postoperative days 8 
and 17 (median: 11.6 days). Per protocol, boys underwent 
epispadias repair 6–12 months later (12).

Outcomes Assessment
Successful bladder closure was defined as an 

intact repair showing no bladder prolapse, dehiscence, 
vesicocutaneous fistula, or outlet obstruction (13). For 
patients over 1 year, bladder capacity monitoring in-
volved parental measurement of morning urine volume, 
routine ultrasound, and voiding video documentation. 
Per protocol, evaluations occurred at 1, 3, and 5 years, 
and prior to bladder neck reconstruction. In delayed pri-
mary closure cases, study timing was tailored to clinical 
status. In-hospital capacity was assessed via gravita-
tional cystometry during cystography under anesthe-
sia, maintaining physiological pressure at 15 cm H2O. 
Patients over five years with bladder capacity above 60 
mL underwent subsequent bladder neck reconstruction. 
Continence was assessed in children at least six years 
old, typically one-year post-bladder neck reconstruction 
(BNR). Urinary continence was defined as a dry interval 
of 3+ hours without nocturnal enuresis (14). Follow-up 

spanned 12 months to 9 years (median: 4.6 years). No 
patients were lost to follow-up, with ongoing commu-
nication sustained via online contact with one author 
(VVN). Families regularly reported voiding patterns, out-
patient ultrasound findings, and urinalysis results. 

Statistical Methods

We statistically analyzed bladder capacity in-
creases with and without anticholinergic agents using 
the R programming language. The difference between 
therapy initiation and volume measurements was de-
termined, dividing patients into “before” and “after” 
administration groups. The ggplot2 library facilitated 
visualization of bladder capacity changes and range 
diagrams. To evaluate differences in capacity increase 
rates pre- and post-anticholinergic therapy, we com-
puted the rate of increase between measurements. A 
matched-pairs Wilcoxon test was used to compare the 
groups. Medians and quartiles were calculated as de-
scriptive statistics (15).

RESULTS

Management before referral
Seven patients in the cohort received botulinum 

toxin injections into the detrusor muscle at their neona-
tal centers to enhance BP compliance, yet subsequent 
anesthesia-based assessments revealed no measurable 
improvement. These non-invertible cases were referred 
to our center for further evaluation and surgical inter-
vention. 

Primary Bladder Closure
Fifteen patients, aged 6 to 85 months (includ-

ing three girls), underwent a modified primary bladder 
closure procedure. Enterocystoplasty was performed in 
one 5-year-old female with an extremely small (<2 cm), 
polyposis SNGBP, where primary closure was consid-
ered unfeasible. 

TIPL Dissection and Bladder Plate Inversion
Intraoperative exploration identified a previous-

ly unreported fibromuscular structure, tightly linked to 
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the BP and impeding its inversion in all SNGBP patients. 
Named the Trapezoid Interpubic Ligament (TIPL) (Fig-
ure-1), this ligament consistently restricted BP inversion. 
It was securely anchored to the detrusor in the supra-
trigonal region and to the diverging aponeurotic fibers 
of the linea alba, forming the medial boundaries of the 
rectus abdominis muscle (RAM) sheaths. Cranio-lateral 
traction from the RAM through these fibers shaped the 
ligament’s distinctive trapezoidal form. Intraoperative 
findings revealed that transecting the TIPL near the 
pubic bones alone did not enable BP inversion. When 
the ligament remained attached to the detrusor, inver-
sion was unachievable despite partial release. Inversion 
occurred only after complete detachment of the TIPL 
from the detrusor (Figure-2). To clarify the TIPL’s rela-
tionship with adjacent pelvic ligaments, targeted ana-
tomical dissection was performed in six patients. The 
ligament was separated from the detrusor and rectus 
abdominis sheaths while preserving its pubic bone at-
tachment. Detaching the TIPL from the rectus sheath 
relaxed the ligament and consistently widened the in-
terpubic gap, mirroring effects seen post-transection. 
Bladder plate inversion required full detachment from 
the detrusor. Near its attachment to the superior pubic 
rami, the pubovesical (PVL) and pubourethral (PUL) 
ligaments were inserted into the TIPL at a 70–90° angle 

and were transected there to facilitate deep pelvic de-
scent of the vesicourethral segment. The PVL ran nearly 
horizontally under the trigone, while the PUL extended 
more caudally beneath the proximal urethral plate. After 
deeper descent of the bladder plate, the TIPL, remaining 
in its original position, came to lie anterior to it (Figures 
1B and C). Figure-3 illustrates the spatial relationships 
among the TIPL, PVL, PUL, and BP relative to the ante-
rior abdominal wall defect. 

MRI study

Pelvic MRI, conducted in five patients from the 
cohort’s latest subset, revealed a trapezoid-shaped 
structure spanning from the supratrigonal region to the 
medial edges of the rectus abdominis muscles in all 
cases. Its oblique alignment and partial overlap with 
adjacent tissues prevented MRI from fully defining its 
continuity or attachments. These observations were 
correlated with intraoperative findings to evaluate MRI’s 
diagnostic utility in preoperative planning (Figure-4). 

Biopsy
Gross examination of the TIPL revealed a 

round or elliptical 5–9 mm cross-section in most pa-
tients, with greater thickness in those with a narrow-

Figure 1 - Separation of the TIPL from the detrusor.

A) from RAM and bladder plate B, C.
A) A horizontal part of TIPL at the RAM diastasis (between the holders) following the separation of the ligament from 
the detrusor, but without the dissection from the RAM sheath (BP turned caudally). B, C) TIPL is isolated from the RAM 
sheath and the bladder plate with preserved attachment to the SPR.
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er interpubic space. In one case, the TIPL formed a 
20 mm wide, 12 mm long, 5 mm thick plate, anchored 
to the pubic bones by paired short filaments. Biop-
sies from the midportion of the TIPL in 10 patients 
showed a fibromuscular composition with plentiful 
smooth muscle bundles, consistent with a ligament 
(Figure-5).

Clinical Outcomes and Bladder Growth
Bladder closure was successfully completed 

in all 15 cases. Three patients had minor skin dehis-
cence (Clavien-Dindo I) anterior to the neomeatus. One 

developed a urethrocutaneous fistula (Clavien-Dindo 
II) that healed spontaneously. Two experienced febrile 
urinary tract infections from transient bladder neck ob-
struction post-catheter removal, effectively treated with 
urethral stenting and antibiotics.

 
Bladder Capacity and Continence Outcomes

Patients undergoing bladder closure before age 
three exhibited notable bladder capacity gains, with a 
mean annual increase of 17.76 mL/year. Anticholinergic 
agents further enhanced growth. Pre-therapy, the medi-
an monthly bladder capacity increase was 1.48 mL/month 

Figure 2 - Stages of dissection and small bladder plate compliance restoration through complete dissection 
of the TIPL.

A) Small bladder plate in a 30-month-old girl. B) Initial stages of ligament separation. Clamp is placed underneath the 
TIPL between the pubic bone and the bladder plate. C) TIPL is dissected from the pubic bones, but remains attached 
to the detrusor. At this stage, the bladder plate remains non-invertible, highlighting the importance of detrusor 
separation and division of pubic ligamentous attachments. D) Technique of TIPL separation from the detrusor muscle. 
E) Free inversion of the urinary bladder with a gauze ball following the dissection of the retrovesical ligament from the 
detrusor. F) Gross TIPL preparation following separation from the pubic bones, detrusor and the RAM sheath.
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Figure 3 - Anatomical disposition of the trapezoid interpubic ligament (TIPL).

A) Diagram illustrating the SNGBP and anatomical structures surrounding the bladder plate and the infraumbilical 
anterior abdominal wall defect. B) Position of the TIPL, pubovesical, and pubourethral ligaments in the absence of 
the bladder plate. Attachments of the TIPL to the diverging aponeurosis of the linea alba and the rectus abdominis 
sheaths deform the ligament, pulling it cranially and giving it a trapezoid shape.

(1st quartile: 0.89; mean: 1.90; 3rd quartile: 2.50), rising 
to 2.63 mL/month post-therapy (1st quartile: 1.75; mean: 
2.64; 3rd quartile: 3.52). A matched-pairs Wilcoxon test 
showed no significant difference in growth rates pre- and 
post-therapy (p = 0.4469), though visual trends indicated 
increased growth post-therapy. Bladder neck reconstruc-
tion (BNR) occurred in 8 of 9 patients over five with ca-
pacities above 60 mL, yielding positive continence results, 
with most achieving daytime continence and some full 
continence without nocturnal enuresis (Table-1).

DISCUSSION

Reconstructive surgery for exstrophy funda-
mentally aims to preserve all normal lower urinary tract 
anatomical structures (16, 17). However, reconstruction 
is only feasible after transection of the ligaments that 
anchor the bladder plate to the pelvic sidewalls. His-

torically, exstrophy was thought to lack normal pubic 
ligaments (anterior, posterior, superior, and inferior) (18, 
19). Wood (1869) described a robust fascial membrane 
connecting the PB behind the urethra, supporting the 
bladder base and penis, yet noted no interpubic struc-
tures above or anterior to the urethra (20). Shattock 
(1994), examining St. Thomas’ Hospital Museum speci-
mens, confirmed the bladder muscle wall’s attachment 
to the PB’s posterior surface, identifying the suburethral 
filamentous triangular urethral ligament (urogenital dia-
phragm) as the sole fibrous PB connection in exstrophy 
(21). Mid-20th-century surgeons developing systematic 
reconstruction also found no anterior pubic ligaments 
(16), reinforcing the view that pubic ligaments are ab-
sent in exstrophy, with lateral bladder attachments tied 
to urogenital diaphragm structures (22). The surgical 
community maintained this view largely unquestioned 
until the modern era. 
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Figure 4 - MRI image of SNGBP.

Figure 5 - Microscopic TIPL preparation. 

A, B) The image clearly demonstrates divergence of the linea alba aponeurosis (red) and its fusion with the Trapezoid 
Interpubic Ligament (TIPL, yellow). The directions of the pubourethral (PUL) and pubovesical (PVL) ligaments are 
marked in green but are less distinct due to the mismatch in imaging planes.

Reaction with SMA (smooth muscle actin) - smooth muscle bundles. Collagenic fibrous tissue with few cells and 
incorporated smooth muscle bundles. 
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Before microdissection, we, like other surgeons, 
assumed the short segment between the BP and supe-
rior pubic ramus was the pubovesical ligament (23, 24). 
Microdissection, however, clarified that this is merely a 
component of the TIPL, affiliated not with the urogeni-
tal diaphragm but with the anterior abdominal wall. The 
TIPL’s lateral portions merge with the inner aponeurotic 
edges of the rectus abdominis sheaths, resembling a 
divided linea alba aponeurosis—characteristic of the 
anterior pubic ligament. This supports the view that the 
TIPL originates from and integrates with anterior ab-

dominal wall structures, aligning with the anterior pubic 
ligament’s configuration, not the urogenital diaphragm 
as previously thought, potentially explaining its absence 
from earlier anatomical descriptions (19, 25, 26). 

This explains why the TIPL remained unidenti-
fied. Standard BP mobilization begins with detachment 
from the rectus abdominis sheaths for access, followed 
by severing all connective structures between the BP 
and pubic bones, typically through an incision along 
the superior pubic ramus. Alternatively, surgery starts at 
the pubic tubercles, promptly transecting ligaments to 

Table 1 - Patients who underwent bladder closure, the surgery performed and the increase in bladder capacity.

№ of patients/sex/age 
(month) of BC

1 y/o 3 y/o 5 y/o 7 y/o 12 y/o Results of 
BNR (3-8y/o 

outcome

Pubic bones 
approximation

1/m/8m 11 17 44> > 162BNR Continence -

2/f/30m 0 12> 75/BNR Continence -

3/m/10m 10 38 47> 110/BNR Day continence -

4/f/85m 0 0 0 BC> 30BA+ECP -

5/m/7m 22> 70 Х 95/BNR Day 
continence

-

6/m/13m 0 34> 52> 83/BNR Day 
continence

-

7/m/6m 18> 86 Х 113/BNR Partial 
continence 

0.5-1h

-

8/m/8m 15 29> 65/BNR Partial 
continence 
0,5-1,0-1h

-

9/f/13m> 0 92 Х 130/BNR Day continence +

10/m/6m> 38> 141 Х +

11/m/36m> 0 > 51> +

12/m/11m> 6> 33> +

13/m/14m> 0 80 Х +

14/m/7m 17> +

15/m/6m> 20> +

f = female; m - male
> start or continuation of longstanding cholinolytic use X -discontinuation of cholinolytics BC - Bladder Closure
BA = Bladder augmentation
BNR = Bladder Neck Reconstruction
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the pubic bones, then accessing the paravesical space 
via Retzius fat, and separating the BP from fascial lay-
ers and peritoneum. These techniques prioritize surgi-
cal efficiency and safe mobilization over preserving 
ligamentous anatomy, obscuring original insertions and 
interpubic connections before identification. Moreover, 
fixed formalin specimens apt for detailed dissection are 
scarce, and post-fixation dissection of fused fibromus-
cular structures is markedly challenging. Thus, prior 
studies’ failure to note the TIPL likely stems from its rou-
tine transection, not its absence. 

Though the BP in SNGBP cases is often labeled 
inelastic or fibrotic, our findings suggest its limited pli-
ability largely results from extrinsic mechanical traction 
by the TIPL. Full dissection from the detrusor consid-
erably enhanced compliance in all cases, enabling 
inversion. This implies that reduced elasticity is partly 
mechanically induced and reversible, not solely due to 
intrinsic fibrosis. 

Near its pubic attachment, the pubovesical 
(PVL) ligaments join the TIPL at a 70–90-degree angle, 
while the pubourethral (PUL) ligaments merge slightly 
more caudally and laterally. Typically, PVL and PUL in-
sert into the posterior pubic ligament (PPL), as support-
ed by studies of the normal pubic symphysis (19, 25, 26). 
Pieroh et al. (2021) identified the PPL as a distinct liga-
ment reinforcing the pubic periosteum, linking to lateral 
PVL fibers and receiving PUL terminal insertions. These 
findings reveal the TIPL, by integrating PVL and PUL, 
mirrors the PPL’s topographical and morphological traits 
(19), suggesting it may be a persistent or unregressed 
element of this ligamentous complex in the exstrophic 
pelvis. Collectively, these observations suggest that the 
TIPL is a fibromuscular complex that topographically 
and structurally combines traits of all known pubic liga-
ments—both anterior and posterior—into a single, previ-
ously unrecognized interpubic entity in exstrophy cases. 

The widened interpubic space following liga-
ment mobilization and transection highlight its role in 
maintaining pelvic anatomical stability. Though seem-
ingly paradoxical, this aligns with the ‘posterior’ desig-
nation of the posterior pubic ligament, which pertains to 
its position relative to the pubic bones, not the bladder. 
In exstrophy’s everted anatomy, this ligamentous struc-

ture shifts behind the BP, whereas in normal anatomy, it 
would reside anterior to the bladder and posterior to the 
pubic symphysis. 

Though fibromuscular like the urogenital dia-
phragm or pelvic floor, we propose the TIPL as a unique 
anatomical structure. Pre-inversion, it lies posterior to 
the BP within the interpubic space, arising from the pu-
bic bone periosteum and extending cranio-medially into 
the rectus abdominis sheath—unlike the caudal, dorsal 
orientation of pelvic diaphragm muscles. Histologically, 
the predominance of smooth muscle bundles indicates 
a visceral rather than skeletal origin, distinguishing the 
TIPL from pelvic floor structures such as the voluntary 
urethral sphincter and the levator ani. We posit that the 
TIPL is a persistent midline mesenchymal remnant of the 
anterior abdominal wall, unregressed from embryogen-
esis, mechanically impeding BP inversion in exstrophy. 
This sets it apart from the dynamic muscular supports 
tied to continence in prior studies (27). 

Clinical data revealed a mean bladder capacity 
increase of 17.76 mL/year without anticholinergic thera-
py, exceeding prior reports (6–14 mL/year) (28, 29). Anti-
cholinergic use further boosted growth. We attribute this 
to enhanced detrusor compliance post-TIPL dissection 
and the lack of PB approximation in long-term cohort 
cases, as bone approximation reduces pelvic volume 
and may restrict bladder expansion. Closure before age 
three correlated with normal bladder growth. Eight of ten 
patients showed rising capacity, facilitating later blad-
der neck reconstruction with positive outcomes. These 
findings are promising, given SNGBP patients’ complex-
ity within the exstrophy spectrum. Despite low initial ca-
pacity, their growth neared normal rates (~18 mL/year 
vs. ~30 mL/year in healthy children), with minimal surgi-
cal complications. One patient underwent delayed blad-
der closure at age 7, followed by enterocystoplasty at 12 
due to insufficient growth, highlighting the limitations of 
extended observation in SNGBP and the risk of missing 
optimal functional development windows. This supports 
early primary closure once mechanical barriers like the 
TIPL are resolved. 

To the best of our knowledge, this is the first 
documented successful one-stage closure in an SNGBP 
cohort, a subgroup historically deemed unfit for this ap-
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proach. Though small, this rare cohort reflects years of 
observation of an underexplored population. We identi-
fied a novel fibromuscular structure, likely a persistent 
pubic ligament bundle, previously thought absent in 
exstrophy. Its smooth muscle fibers suggest an imma-
ture phenotype tied to failed pubic fusion and persistent 
diastasis. The structure’s anatomy and location imply in-
complete regression of ventral mesenchymal elements 
during embryogenesis. These insights may extend be-
yond SNGBP, enhancing understanding of ventral body 
wall defects and informing surgical and developmental 
models of lower abdominal wall formation, aligning with 
recent embryological research on midline fusion com-
plexities (30). 

Despite the importance of identifying the TIPL, 
this study faces limitations. The small sample size limits 
the findings’ generalizability. The extended study dura-
tion introduces variability in patient care and compro-
mises data uniformity. Furthermore, incomplete data on 
TIPL variations across BP sizes hinder confirmation of 
result universality. MRI visualization of TIPL awaits fur-
ther validation. While no surgical complications arose 
from TIPL dissection, its proximity to the detrusor de-
mands precision to avoid impairing BP vascularity. Cur-
rently, no publications detail technique modifications for 
one-stage SNGBP closure, precluding comparisons with 
our approach. 

CONCLUSION

In conclusion, identifying and defining the TIPL 
as a fibromuscular complex obstructing SNGBP inver-
sion enhance our understanding of exstrophy anatomy. 
This enables one-stage closure of small bladder plates, 
fosters bladder growth, and enhances functional out-
comes. Further research integrating embryological, 
morphological, and clinical data is essential to validate 
this technique’s universality and optimize surgical meth-
ods. Though small, this cohort represents a rare, clini-
cally significant bladder exstrophy subgroup—patients 
with small, SNGBP. The condition’s scarcity has impeded 
anatomical study and surgical progress, rendering even 
modest data impactful. Our findings offer novel anatomi-
cal insights that could shape future surgical approaches 

for this challenging population. 

ABBREVIATIONS

BP = Bladder plate
SNGBP = Small non-growing bladder plate
TIPL = Trapezoid Interpubic Ligament
PVL = Pubovesical ligament
PUL = Pubourethral ligament
RAM = Recti abdominis muscles
PB = Pubic bones
SPR = Superior pubic ramus 
BC = Bladder Closure
BNR = Bladder Neck Reconstruction

ETHICS APPROVAL

The study protocol was approved by the insti-
tutional Research Ethics Board (No. 05/1602). The re-
search was performed in compliance with the research 
ethics board requirement.

The patients in this manuscript have given writ-
ten informed consent to publication of their case details.

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Shultz WG. Plastic repair of exstrophy of bladder combined 
with bilateral osteotomy of ilia. J Urol. 1958;79:453–8. 
doi:10.1016/S0022-5347(17)66294-3.

2. Boyadjiev SA, Dodson JL, Radford CL, Ashrafi GH, Beaty TH, 
Mathews RI, et al. Clinical and molecular characterization 
of the bladder exstrophy-epispadias complex: analysis of 
232 families. BJU Int. 2004;94:1337–43. doi:10.1111/j.1464-
410X.2004.05170.x.

3. Siffel C, Correa A, Amar E, Bakker MK, Bermejo-Sánchez 
E, Bianca S, et al. Bladder exstrophy: an epidemiologic 
study from the International Clearinghouse for Birth 
Defects Surveillance and Research, and an overview 
of the literature. Am J Med Genet C Semin Med Genet. 
2011;157C:321–32. doi:10.1002/ajmg.c.30316.



IBJU | ONE-STAGE CLOSURE OF SMALL BLADDER EXSTROPHY: THE ROLE OF THE TRAPEZOID INTERPUBIC LIGAMENT

Int Braz J Urol. 2025; 51(5): e20250052    |   11 / 12

4. Cervellione RM, Mantovani A, Gearhart J, Bogaert G, Gobet 
R, Caione P, et al. Prospective study on the incidence of 
bladder/cloacal exstrophy and epispadias in Europe. J 
Pediatr Urol. 2015;11:337.e1–6. doi:10.1016/j.jpurol.2015.07.009.

5. Ebert AK, Zwink N, Reutter HM, Jenetzky E. A prevalence 
estimation of exstrophy and epispadias in Germany from 
public health insurance data. Front Pediatr. 2021;9:648414. 
doi:10.3389/fped.2021.648414.

6. Di Carlo HN, Maruf M, Jayman J, Benz K, Kasprenski M, 
Gearhart JP. The inadequate bladder template: its effect 
on outcomes in classic bladder exstrophy. J Pediatr Urol. 
2018;14:427.e1–6. doi:10.1016/j.jpurol.2018.03.023.

7. Frimberger D, Gearhart JP. Bladder exstrophy and 
epispadias. In: Holcomb GW, Murphy JP, Ostlie DJ, editors. 
Ashcraft’s Pediatric Surgery. 5th ed. Philadelphia: Saunders; 
2010. p. 589–606.

8. Bertram U, Böhles H, Bornhof C, Hautmann R, Hümmer GP, 
Kühn R, et al. Kinderurologie. Berlin: Springer-Verlag; 2013.

9. Ko JS, Lue K, Friedlander D, Baumgartner T, Stuhldreher 
P, DiCarlo HN, et al. Cystectomy in the pediatric 
exstrophy population: indications and outcomes. Urology. 
2018;116:168–71. doi:10.1016/j.urology.2017.08.032.

10. Sabetkish S, Kajbafzadeh AM. Bladder herniation as an 
auto-augmentation technique in bladder exstrophy: initial 
experience in patients with small bladder plate. Urology. 
2020;139:151–5. doi:10.1016/j.urology.2019.12.008.

11. Nikolaev VV. A less invasive technique for delayed 
bladder exstrophy closure without fascia closure and 
immobilization: can the need for prolonged anesthesia 
be avoided? Pediatr Surg Int. 2019;35:1317–25. doi:10.1007/
s00383-019-04533-4.

12. Nikolaev VV, Demin NV. Modified penile reconstruction in 
classic bladder exstrophy: Can complete corporal covering 
of the urethral closure be achieved using incomplete 
disassembly technique? Int Braz J Urol. 2024;50:585–94. 
doi:10.1590/S1677-5538.IBJU.2023.0636.

13. Stec AA, Baradaran N, Schaeffer A, Gearhart JP, Matthews 
RI. The modern staged repair of classic bladder exstrophy: 
a detailed postoperative management strategy for primary 
bladder closure. J Pediatr Urol. 2012;8:549–55. doi:10.1016/j.
jpurol.2012.02.005.

14. Lloyd JC, Spano SM, Ross SS, Wiener JS, Routh JC. How 
dry is dry? A review of definitions of continence in the 
contemporary exstrophy/epispadias literature. J Urol. 

2012;188:1900–04. doi:10.1016/j.juro.2012.07.024.
15. Wickham H. Programming with ggplot2. In: Wickham H, 

editor. ggplot2: Elegant Graphics for Data Analysis. 2nd 
ed. New York: Springer; 2016. p. 241–253. doi:10.1007/978-
3-319-24277-4_9.

16. Sweetser TH. Exstrophy of urinary bladder; further study of 
treatment by plastic surgery. AMA Arch Surg. 1954;68:525-
30. doi: 10.1001/archsurg.1954.01260050527016.

17. Marshall VF, Muecke EC. Variations in exstrophy of 
the bladder. J Urol. 1962;88:766–96. doi:10.1016/S0022-
5347(17)64883-3.

18. Fick R. Handbuch der Anatomie und Mechanik der Gelenke 
unter Berücksichtigung der bewegenden Muskeln. Leipzig: 
Gustav Fischer; 1904.

19. Pieroh P, Li ZL, Kawata S, Ogawa Y, Josten C, Steinke H, 
Dehghani F. The topography and morphometrics of the 
pubic ligaments. Ann Anat. 2021;236:151698. doi:10.1016/j.
aanat.2021.151698.

20. Wood J. On fission and extroversion of the bladder 
with epispadias; with the results of eight cases treated 
by plastic operations. Med Chir Trans. 1869;52:85–132. 
doi:10.1177/095952876905200106.

21. Shattock SG. Specimens of epispadias and extroversio 
vesicae showing an attachment of the muscular wall of the 
bladder to the back of the pubic bones, etc. Trans Pathol 
Soc Lond. 1894;45:117–24.

22. Grady RW, Mitchell ME. Complete primary repair of 
exstrophy: surgical technique. Urol Clin North Am. 
2000;27:569–78, xi. doi:10.1016/S0094-0143(05)70104-X.

23. Phillips TM, Gearhart JP. Primary closure of bladder 
exstrophy: Surgery Illustrated – Surgical Atlas. BJU Int. 
2009;104:1308–22. doi:10.1111/j.1464-410X.2009.08882.x.

24. Ebert AK, Reutter H, Ludwig M, Rösch WH. The exstrophy-
epispadias complex. Orphanet J Rare Dis. 2009;4:23. 
doi:10.1186/1750-1172-4-23.

25. Xu Z, Chapuis PH, Bokey L, Zhang M. Nature and architecture 
of the puboprostatic ligament: a macro- and microscopic 
cadaveric study using epoxy sheet plastination. Urology. 
2017;110:263.e1–8. doi:10.1016/j.urology.2017.08.018.

26. Kim M, Boyle SL, Fernandez A, Matsumoto ED, Pace KT, 
Anidjar M, et al. Development of a novel classification system 
for anatomical variants of the puboprostatic ligaments with 
expert validation. Can Urol Assoc J. 2014;8(11–12):432–6. 
doi:10.5489/cuaj.2259.



IBJU | ONE-STAGE CLOSURE OF SMALL BLADDER EXSTROPHY: THE ROLE OF THE TRAPEZOID INTERPUBIC LIGAMENT

Int Braz J Urol. 2025; 51(5): e20250052    |   12 / 12

27. Varma KK, Mammen A, Venkatesh SKK. Mobilization of 
pelvic musculature and its effect on continence in classical 
bladder exstrophy: a single-center experience of 38 
exstrophy repairs. J Pediatr Urol. 2015;11:87.e1–5. doi:10.1016/j.
jpurol.2015.02.004.

28. Baradaran N, Cervellione RM, Orosco R, Trock BJ, 
Mathews RI, Gearhart JP. Effect of failed initial closure on 
bladder growth in children with bladder exstrophy. J Urol. 
2011;186:1450–4. doi:10.1016/j.juro.2011.05.097.

29. Maruf M, Zhu J, Haffar A, Morrill C, Michaud J, Zaman 
MH, et al. Bladder capacity and growth in classic 
bladder exstrophy: a novel predictive tool. J Pediatr Urol. 
2023;19:564.e1–7. doi:10.1016/j.jpurol.2023.05.005.

30. Formstone C, Aldeiri B, Davenport M, Francis-West P. 
Ventral body wall closure: mechanistic insights from mouse 
models and translation to human pathology. Dev Dyn. 
2025;254:102–41. doi:10.1002/dvdy.735.

______________________________
Correspondence address:

Nikita V. Demin, PhD
Clinical and Research Institute of

Emergency Pediatric Surgery and Trauma
Bolshaya Polyanka St, 22, Moscow, Russia, 119180

Telephone: +7 903 183-0141 
E-mail: urodemin@gmail.com

mailto:urodemin@gmail.com



