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ABSTRACT

Introduction: The ureteral ostia may not be easily identified in urological endoscopic procedures, leading to an incom-
plete diagnosis of urinary tract diseases or a predisposition to iatrogenic lesions. The purpose of our study is to evaluate
the anatomical distribution of ureteralostia in normal bladders and those with thickened walls. Materials and Methods:
We dissected 30 vesical-prostate blocks from human cadavers and identified the ostia of the bladder trigone. A comput-
erized morphometric analysis was performed to measure the thickness of the detrusor muscle, the distances between the
ureteral ostia themselves and the distances between each ureteral ostium (left—LUO and right—RUO) and the internal
urethral ostium (IUQO). The angle formed between the IUO and LUO/RUO was also recorded as well as the volume of
the prostates. Results: Fifteen bladders with a non-thickened detrusor (<5 mm) as well as 15 bladders with muscular
thickening (>6 mm) were identified. The average prostatic volume of the dissected blocks was 23.7 cm’. The distance
between ureteral ostia, the distance from IUO to LUO, the distance from IUO to RUO and the angle formed between
IUO and LUO/RUO in normal and thickened bladder were, respectively, 1.9 cm/2.2 cm (p = 0.09), 1.6 cm/1.6 cm (p =
0.82), 1.6 cm/1.7 cm (p = 0.79) and 77/91 (p = 0.17). Conclusions: Our study shows that there is no significant differ-
ence in the position of bladder ostia in healthy and thickened bladders. We believe that our findings may facilitate lo-
cating the ureteral orifices in situations where endoscopic identification is difficult.
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1. Introduction

Endoscopic procedures involving the bladder are of great
value to urological medical practice, both for diagnostic
and therapeutic purposes. These include cystoscopy, ret-
rograde pyelography, and bladder/prostatic resections.
When these are performed, however, the ureteral ostia
may not be easily identified, leading to an incomplete
diagnosis of urinary tract diseases or a predisposition to
iatrogenic lesions [1,2]. The outcome of inadvertent in-
jury to the ureteral orifices varies, ranging from the de-
velopment of stricture and upper tract hydronephrosis, to
simple reflux with no long-term damage [3-6].

Surgeries that promote infravesical obstruction by re-
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ducing prostatic volume deserve special attention. As the
male population continues to age, these procedures are
becoming more common [7,8]. Endoscopic techniques
that are considered minimally invasive range from tradi-
tional transurethral resection to laser photovaporization
of the prostate, are recommended in main urological
guidelines [9,10]. In these patients, it is not uncommon to
observe thickening of the detrusor muscle as a result of
an infravesical obstruction [11,12]. Surprisingly, there
are few studies to date that have evaluated how ureteral
ostia are distributed in this bladder’s new state.

Most of the information available regarding the mor-
phometric aspects of ureteral ostia still originates from
classical anatomy texts, and the few studies that are avai-
lable have only explored vesicoureteral reflux in pediat-
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ric patients [13,14]. Therefore, in this study we evaluated
the anatomical distribution of ureteral ostia in normal
bladders and those with thickened walls.

2. Materials and Methods

We dissected vesical-prostate blocks from human cadav-
ers preserved in a 5% formaldehyde solution. The cadav-
ers were obtained from the anatomy laboratory of the
Faculty of Medicine at the Estacio de Sa University after
study approval from the institutional Research and Ethics
Committee. We obtained the epidemiological data for
each cadaver from the respective death certificates.

We excluded cadavers where the cause of death or
identifiable comorbidities on the certificate involved ve-
sical compromise, such as bladder cancer, cancer of the
adjacent pelvic organ, genitourinary tuberculosis, neuro-
genic bladder, diabetes mellitus, or collagen disease,
among others. In addition, we excluded bladders that
showed macroscopic changes or elevation of the vesi-
cal’s floor as a result of an increase in the global prostatic
volume or the volume of one of the prostate’s lobes.

We performed vesical dissection through a median in-
fra-umbilical incision, in layers, up to the bladder and the
prostate. After sectioning the endopelvic fascia and pu-
boprostatic ligaments, we withdrew the vesical-prostate
block from the pelvis, adopting a similar technique as the
modified radical cystoprostatectomy proposed by Schle-
gel and Walsh [15]. We proceeded with a horizontal in-
cision, in the anteroposterior direction, of the bladder
superior wall to identify the ureteral ostia and the internal
urethral orifice.

We identified the ostia of the vesicaltrigone using col-
ored pins and the following markings: the right ureteral
ostium (RUO) with green pins, the left ureteral ostium
(LUO) with blue pins, and the internal urethral ostium
(IUO) with pink pins (Figure 1). Next, we photographed
the anatomical specimens using a 14.1 megapixel high-
resolution digital camera (Sony™ Cyber-Shot™ DSC-
W320, Sony Corp., Tokyo, Japan).

We used the Image Pro Plus™ software, version 4.5,
from Media Cybernetics™ (Bethesda, MD, USA) for the
morphometric analysis. We measured the distances be-
tween the ureteral ostia themselves and the distances be-
tween each ureteral ostium and the internal urethral os-
tium. The angle formed between the IUO and the LUO/
RUO was also recorded. Using the same software, we
measured the thickness of the detrusor muscle of the wall
of each bladder at three different points: the region with
the least thickness, the region of intermediatethickness,
and the region with the greatest thickness. Based on these
measurements, we calculated the “average” detrusor
thickness for each dissected specimen. Finally, we meas-
ured each prostate on three axes (cranio-caudal, latero-
lateral, andanteroposterior). After multiplying the three
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Figure 1. Dissected bladder showing the vesicaltrigone, with
colored pins in the ureteral and urethral orifices: right
ureteral ostium with a green pin, left ureteral ostium with a
blue pin, and internal urethral ostium with a pink pin.

measurements, we obtained the volume for each gland.

Based on a study by Manieri ef al. [16] that compared
dynamic vesical ultrasound to uroflowmetry and pres-
sure-flow study, we considered a value of up to 5 mm as
a “normal” detrusor thickness and a detrusor thickness
greater than 6 mm as “thickened”.

Statistical analysis of the results was performed using
GraphPad Prism™, version 5 (La Jolla, CA, USA). The
Kolmogorv-Smirnov test was used to evaluate normality.
For data with a Gaussian distribution, we performed a
comparative evaluation of the groups using a Student’s t
test. For data with a non-Gaussian distribution, we used
the Mann-Whitney test. Data with a p < 0.05 were con-
sidered statistically significant.

3. Results

We dissected 30 vesical-prostate blocks. The cadavers’
ages ranged between 48 and 76 years (average: 62 years).
All were Brazilians, with 20 of them being of African
heritage and 10 of them Caucasian. The average prostatic
volume of the dissected blocks was 23.7 cm® (range: 7.9
to 47.6 cm’). The detrusor muscle thickness ranged from
2 to 11 mm (average: 5 mm), and we identified 15 blad-
ders with a non-thickened detrusor (<5 mm) as well as 15
bladders with muscular thickening (>6 mm).

4. Discussion

The preoccupation with the arrangement of ureteral ostia
dates from the middle of the nineteenth century when
Desormeaux, in 1853, first introduced an endoscopic de-
vice capable of visualizing the bladder, according to a
recent historical review [17]. In his classic encyclopedia
“The International Encyclopedia of modern Medical Sci-
ence by leading authorities of Europe and America,”
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Stedman also noted that, “the ability to find the ureter
readily is developed by practice...” but that “... occa-
sionally the bladder presents some little depression which
the examiner cannot be sure is not the ureteral orifice”
[18].

The first descriptions of the position of the ureteral os-
tia, with clinical application, occurred in the area of Uro-
pediatrics. The classical study by Lyon et al. proposed
classifying these ostia, as well as their location, in terms
of their morphological appearance [19]. Ostia near the
median line received a “type A” classification, whereas
ostia that were more distant from the median line, almost
in the lateral walls of the bladder, received a “type C”
classification. Ostia in an intermediate position were
classified as “type B.” The authors observed that the fur-
ther the ostia are from the median line (type C), the
greater the chance of vesicoureteral reflux and, as a con-
sequence, the greater the likelihood that girls will suffer
repeated incidences of urinary tract infection. Nearly
forty years later, Yucel et al. observed that ureteral ostia
in a more lateral position can even affect the success
rates of endoscopic surgery using injectable agents in an
effort to correct vesicoureteral reflux in children [14].
The study with 26 girls and 20 boys found that 60% of
children with ostia distributed in a “type C” position had
an unsuccessful surgery.

However, only considering the position of the ostia in
relation to the median line without precise measurements
might be too empirical, because this approach has the
risk of underestimating the prognostic use as well as pre-
operative planning of vesicular endoscopic interventions
20. Without a more precise indication of the location of
ureteral ostia, it is possible to cause unnecessary trauma
to the bladder or even inadvertent resectioning of it dur-
ing diagnostic and/or therapeutic procedures [3-6]. Mano
et al. reported dramatic consequences for patients under-
going iatrogenic resection of the ureteral ostium during
transurethral resection of a bladder tumor, and the au-
thors referred to the need for a ureteral reimplant for per-
sistent stenosis, surgical nephrostomy, and even defini-
tive loss of kidney function in some cases [20].

The descriptions in classic textbooks dedicated to the
study of pelvic anatomy show that the distance between
ureteral ostia usually varies from 2 to 3 cm, whereas the
distance between them and the internal urethral ostium
remains at 2 cm [21-23]. In a post-mortem study before
fixation of 239 Australian children and adolescents, Cus-
sen observed a gradual increase in the distance between
the ostia and the bladder neck as an individual grows
[24]. In 166 newborns, this measurement averaged 1.2
cm; in older subjects between the ages of 12 and 18, it
averaged 2.3 cm. Cussen observed the same proportions
when evaluating these measurements in relation to the
group’s weight and height; however, our study identified
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shorter lengths. The distance from the bladder neck to the
entrance of the ureter averaged 1.6 cm, and the two struc-
tures were approximately 2 cm apart. It is possible that
the larger measurements identified in other studies are re-
lated to different anthropometric peculiarities, since, for
instance, the average height of Australians is approxi-
mately 5 cm greater than that for Brazilians [25,26]. Thus,
studies that take into consideration anthropometric para-
meters, such as weight and height as well as age range,
are still needed to test this hypothesis.

One weakness of our study arises from the fact that we
evaluated bladders fixed in formaldehyde and, as a result,
they may have suffered tissue shrinkage [27]. Studies on
patients undergoing cystoscopy, however, have yielded
results similar to ours, indicating that shrinkage most
likely does not have much influence on these measure-
ments. Perks et al. evaluated 10 male patients and 11
female patients undergoing an endoscopic vesical exami-
nation and found that the average distance between the
bladder neck and the ureteral ostia was 1.8 cm in men
and 2.0 cm in women [28].

Another weakness of this study was that the distribu-
tion of ostia was analyzed on the empty bladders of ca-
davers in a supine position. Bladder endoscopy is per-
formed with the patient in a lithotomy position (dorsal
decubitus together with abducting and flexing of the
thighs) and bladder distension, which is a position that
could alter the location of ureteral orifices. The distance
between the ureteral ostia doubles from 2.5 cm to 5 cm in
full bladders, according to Williams et al. [23]. Perks et
al. describe an average increase of 1 cm in distance be-
tween the bladder neck and the ureteral ostia after filling
[28]. Despite the change in the location of the ostia that
dynamic studies of the bladder have shown, we do not
believe that such a condition discredits the clinical appli-
cability of our findings because during endoscopic exams,
it is possible to empty the bladder in direct view and to
examine it in this state in case of difficulty in locating the
ureteral orifices. In addition, any change in the position
of these orifices, in terms of the position adopted by the
patient for vesicular endoscopic evaluation, does not
seem significant. Studies based on intraoperative fluoro-
scopic evaluation of the bladder show that there is no
statistically significant difference in the location of the
ureteral openings with respect to the bladder neck when
the lithotomy position is adopted [28].

The angle formed between the internal urethral ostium
and the ureteral ostia found in our study was 84°. Hatano
et al. described similar findings for this measurement in a
study on patients who had undergone a cytoscopic eva-
luation, with a value equivalent to 81.5° [29]. However,
we verified that there is little description of this meas-
urement in anatomical and endoscopic studies of the
bladder. We believe that knowing the angle between the
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bladder neck and the ureteral openings as well as the dis-
tances between these ostia could facilitate locating them
in situations where intraoperative identification is diffi-
cult, since, in theory, it is relatively easy to measure this
angulation with a cytoscope or resectoscope during en-
doscopic procedures.

In conclusion, we would like to emphasize the pio-
neering nature of our research regarding the influence of
detrusor muscle thickness on locating ureteral ostia. De-
spite the difficulties in establishing a value for the thick-
ness of the vesicular detrusor muscle, which would func-
tion as one of the diagnostic signs of infravesical obstruc-
tion in men, recent ultrasound studies suggest 5 mm as
the maximum normal value for detrusor thickness [16,
30,31]. Based on this value, we identified 15 thickened
bladders and 15 non-thickened bladders in our study co-
hort. We measured the detrusor at three different points
on the wall of the vesical (least thickness, intermediate
thickness, greatest thickness) to increase the reliability of
our results. Nevertheless, we did not observe a statisti-
cally significant difference in terms of the position of the
ureteral orifices and the angle formed between them and
the internal urethral ostium in any of the samples. This
finding is important, as a large number of transurethral
resection surgeries of the prostate are performed on
thickened bladders as a result of an obstruction caused by
benign prostatic increase [32]. Our results suggest that
the distances observed in healthy bladders can also be
used on these patients if it becomes difficult to locate the
ureteral ostia during surgery. Nevertheless, additional
studies using a larger sample size are needed that are per-
formed during prostate resection surgery in order to make
a definitive conclusion regarding this matter.

5. Conclusion

We believe that knowing the angle between the bladder
neck and the ureteral openings as well as the distances
between these ostia could facilitate locating them in
situations where intraoperative identification is difficult.
Our results also suggest that the distances observed in
healthy bladders can also be used during endoscopic pro-
cedures on thickened bladders as well.
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