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Purpose: To enhance our understanding of sonographically visible alterations in bladder wall thickness, we delineated
phenotypic changes occurring in developing smooth muscle cells of the fetal and postnatal bladder with respect to gender
specific differences.
Materials and Methods: Bladders of 30 male and 18 female fetuses and 4 stillborn infants were immunostained with an
�-smooth muscle actin antibody. Morphological and morphometric assessment was performed with the assistance of an image
analysis system.
Results: �-Smooth muscle actin expression in fetal bladder wall was detectable at 9 weeks of gestation. Bladder wall
thickness and mean profile area of smooth muscle bundles increased significantly with advancing gestation, mediated by
linear growth patterns. Fetal bladder wall development occurred uniformly, unrelated to gender.
Conclusions: Although the lower urinary tract emerges in a gender specific way, our results suggest that in normal fetal
growth detrusor muscle formation proceeds independent of genital sex.
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I
n pediatric urology the understanding of bladder func-
tion and development has advanced tremendously dur-
ing the last decades. In particular, this progress has

been achieved through a deeper insight into special features
of functional voiding patterns,1,2 technical advances in
ultrasonography allowing precise repeatable readings,3,4

and substantial discoveries in basic research that have elu-
cidated the interplay of numerous genes and signaling mol-
ecules.5

Clinical studies of the characteristics of primary vesi-
coureteral reflux in male and female infants have high-
lighted gender related differences. Severe reflux appears
more commonly in male infants and is associated with
thicker bladder walls.2 A gender specific transient urethral
obstruction during early fetal development in males has
been proposed.6 To assess detrusor muscle thickness, sev-
eral authors have obtained ultrasound measurements and
evaluated their reliability in children.3,6,7 At present, it is
indisputable that prenatal obstruction of the bladder outlet
results in significant changes in bladder morphology due to
measurable smooth muscle hypertrophy.8 Anatomical stud-
ies of human fetal bladder development have revealed
smooth muscle bundles in the bladder detrusor at about the
12th week of gestation.9,10 At that time outgrowths of the
prostate gland arise in male fetuses, whereas in females a
comparable outgrowth does not occur.9,10
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�-Smooth muscle actin is a smooth muscle specific
marker that is expressed in the early stages of developing
smooth muscle cells.5,11 This marker is detectable in mature
smooth muscle cells as well. We determined the growth
dynamics of smooth detrusor muscle to elucidate the impact
of gender specific development on the fetal bladder wall. The
aim of our study was to enhance our knowledge about nor-
mal and pathological conditions that occur when develop-
mental processes are disturbed.

MATERIALS AND METHODS

We studied the bladders of 48 human fetuses (18 females, 30
males) at 9 to 35 weeks of gestation, which were obtained as
a result of legal abortion or miscarriage, and of 4 stillborn
infants (1 female, 3 males). Gestational ages were calculated
from the dates of the last maternal menstrual period.
Crown-rump length was additionally available in some
cases. Macroscopic evaluation showed no signs of macera-
tion or abnormalities. Embryos at 9 weeks of gestation were
prepared intact, whereas in older specimens bladders were
microdissected and fixed by immersion in the same proce-
dure as used for routine histological evaluation.

Immunohistochemistry
Specimens were put on microtome tissue holders. Formalin
fixed, paraffin embedded bladder tissue was sectioned seri-
ally (4 �m thick) in a coronal, transverse or sagittal plane
using a rotary microtome. The sections were placed on mi-
croscope slides and dried at 60C overnight. After dewaxing
and rehydration following standard laboratory techniques

an automated staining procedure was initiated. Slides were
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incubated with prediluted mouse monoclonal antihuman
�-smooth muscle actin for 10 minutes at 37C. A paraffin
detection kit was used according to manufacturer protocol.
Lastly, the specimens were dehydrated and permanently
mounted in embedding medium.

Morphometrics
Morphometric assessment was not done until 13 weeks of
gestation (35 fetuses, 15 females, 20 males, 4 stillborns),
with respect to the temporal pattern of smooth muscle ac-
quisition. Reports in the literature agree that smooth muscle
bundles are organized and condensed to a definable trilay-
ered bladder wall at that time.10,12 The areas judged to
determine bladder wall thickness and mean profile area of
smooth muscle bundles were always located above the ure-
terovesical junctions and beneath the apical dome of the
bladder. Mean profile areas were only assessed in coronal
cut sections (22 fetuses, 11 females, 11 males, 3 stillborns).
Images were captured on computer assisted light micro-
scopes equipped with digital cameras. Morphometric analy-
sis was performed using a software package for modular
image acquisition and interactive measuring. Photomicro-
graphic prints of stained bladder sections, which were cut
coronally, transversely or sagittally, were prepared.

After calibrating the image with its magnification bar
selected smooth muscle stained areas in the image were
used to calculate detrusor thickness, defined as the 3 muscle
layers only. Mean profile area of a muscle bundle was
counted as a �m2 pixel value. Measurements were made in
at least 2 representative fields per section, and a minimum
of 3 different bladder wall sections of each specimen were
included. Measurements were calculated by a single ob-
server (I.K.) to ensure uniformity.

Statistics
An ANOVA was computed to calculate differences between
dorsal, ventral and lateral margins of the bladder. Correla-
tions between bladder wall thickness and mean muscle pro-
file area were performed using Pearson’s correlation coeffi-
cient. Linear regression analyses were performed, and
equations were analyzed to evaluate the effect of gestational
age on bladder wall thickness and mean muscle area. Sta-
tistical significance was defined as p �0.05. SPSS® for Win-
dows 11.5 software was used for all analyses.

RESULTS

Fetal bladder body of each gestational age examined con-
sisted of the urothelium lining the bladder cavity. Descrip-
tion of detrusor musculature was confirmed by studying the
bladders in sagittal, coronal or longitudinal planes, and was
restricted to the smooth muscle cell development according
to our current research question.

At 9 weeks of gestation (the earliest stage examined in
this study) the gut already demonstrated a clear differenti-
ation of an inner and outer muscular layer. However, within
the bladder �-actin positive immature smooth muscle cells
were mainly scattered in the mesenchyme of the ventral
portion of its dome (fig. 1).

At 12 weeks of gestation smooth muscle cells had begun

to coalesce and form loose bundles. These bundles, composed
of closely grouped smaller fascicles, began to build up dis-
tinct layers (figs. 2 and 3). By 12 to 13 weeks of gestation
SMA immunoreactivity occurred in fine bands correspond-
ing to a trilayered muscle coat surrounding an epithelialized
bladder lumen. Weaker SMA immunostaining was also
noted in the loose connective tissue of the mucosa (fig. 4). All
sections measured exhibited definable layers.

We observed that the bundles of bladder muscle changed
level and direction, and decussated and intermingled, as
described in other studies.9,13,14 Variations according to gen-
der in the muscular structure of the bladder as described
previously could not be identified during fetal life until the
newborn period. A concentrated muscle vertex was found at
the apical bladder dome, which contained the median um-
bilical ligament urachal remnant. Muscle bundles converged
at the vertex of the bladder and formed a larger muscle
mass. Beneath the ureteral openings, including the bladder
base, muscle fibers were thinner and more compactly ar-
ranged. These areas were excluded from morphometric anal-
ysis. Since there were no morphometrically measurable dif-
ferences identified between the dorsal, ventral and lateral
margins of the bladder wall, we decided to consider all
specimens together regardless of the plane sectioned.

A significant increase in bladder wall thickness calcu-
lated from the 13th week of gestation until the newborn
period was detectable according to the linear regression
equation y � 63.162 � x � 620.552 (r2 � 0.885) in male and
y � 69.914 � x � 831.501 (r2 � 0.834) in female specimens,
where y � bladder wall thickness and x � gestational age in
weeks. The growth of the smooth muscular bladder wall ex-
hibited a continuous linear pattern, as illustrated in figure 5.
The growth of the muscle bundles, measured by mean profile
area, was continuous as well, and also followed a linear
pattern (fig. 6). The correlation between detrusor thickness
and muscle profile area was significant (p �0.001, correla-
tion coefficient 0.912). There was no statistical or morpho-

FIG. 1. Transverse section of female fetus at 9 weeks of gestation
(crown-rump length 43 mm). Some arteries, gut and bladder stain
for SMA. Inset shows high power magnification of bladder wall.
Reduced from �32. Inset reduced from �400.
logical evidence of gender related differences.
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DISCUSSION

Human bladder is an organ of complex origin, and the em-
bryology and microscopic anatomy are well documented in
the literature.13,14 The organization and structural morphol-
ogy of the detrusor have been studied in detail.14 However,
to our knowledge a gender specific study of human bladder
wall thickness during normal fetal development has not
been performed thus far. The present study substantiates
anew that human fetal detrusor smooth muscle cells origi-
nate from undifferentiated mesenchymal cells in the pres-
ence of bladder epithelium, as observed in both genders at 9
weeks of gestation (fig. 1).12 The mechanism that regulates
smooth muscle differentiation in humans is still not fully
understood. Differences between the pelvic organs during
smooth muscle development were also confirmed by this

FIG. 2. Transverse section of male fetus at 11 weeks of gestation
(crown-rump length 62 mm). Immunostaining with SMA reveals
loose network of smooth muscle bundles in bladder wall occurring as
2 thin bands encircling gut. Dorsal bladder belly stalk is located
with urachus accompanied by paired umbilical arteries. Reduced
from �32.

FIG. 3. Coronal section of male fetus at 11 weeks of gestation.

Coalesced smooth muscles have begun to build up trilayered muscle
coat. Reduced from �32.
study. Smooth muscle cells appear in the fetal bladder as
early as about the 9th week of gestation, after which smooth
muscle is already visible in the gut, while no muscle cells are
detectable in the fetal uterus or prostatic buds (figs. 1 and 3).

A centripetal pattern of smooth muscle cell colonization
with the beginning of smooth muscle cell formation in the
bladder dome was observed in male and female fetuses in
the same fashion. Similar findings have been reported by
others.10,12 The muscle coat of the bladder wall is shaped by
bundles of smooth muscle that are separated by scant con-
nective tissue elements.14 Similar to reported data gener-
ated by ultrasound measurements of fetal bladder size,15 our
immunohistochemical study revealed that bladder wall
thickness increases as a function of gestational age, which is
attributable to an increase in the number and size of smooth

FIG. 4. Coronal section of male fetus at 13 weeks of gestation.
Trilayered composed detrusor muscle was distinguishable. Speci-
men represents earliest gestational age at which morphometric
analysis can be carried out (detrusor thickness measurement is
typical). Reduced from �32.
FIG. 5. Scatterplots of bladder wall thickness in �m vs gestational
age (weeks) in 35 fetuses (15 females, 20 males) and 4 stillborns.
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muscle bundles. The increases in detrusor and muscle bun-
dle thickness followed a linear growth pattern, and were not
the result of a disproportionate increase in connective tissue
volume as specified in dysfunctional bladders.16 Further-
more, the morphometric analysis of detrusor smooth muscle
failed to show any significant variation in the mean profile
area of muscle bundles or bladder wall thickness itself with
sex.

Although ultrasound measurement of bladder wall thick-
ness is widely used as a diagnostic tool, it is essential to be
aware of its limitations and methodological problems. In this
regard, the literature contains conflicting results. Yamazaki
et al measured bladder wall thickness in healthy neonates
and found that mean bladder wall thickness in males was
larger than in females when bladder filling was equal.4 In
comparison, Muller et al reported gender differences that
were numerically small and of uncertain clinical relevance.3

From several urodynamic investigations in healthy in-
fants it is known that male infants void with higher intra-
vesical pressures than older boys or female infants. Com-
pared to older children, it has been observed that higher
maximum voiding pressures are attained in male and fe-
male young infants.2,17

Volumes of amniotic fluid at various gestational ages
measured by quantitative ultrasonographic methods illus-
trate a progressive increase from 30 ml at 10 weeks to a
mean of 780 ml at 32 to 35 weeks of gestation, after which a
decrease occurs.18 Amniotic pressure was similar in pregnan-
cies with male compared to female fetuses, and was not signif-
icantly altered by twin pregnancies. Amniotic pressure in-
creases significantly with gestational age (y � 2.8 � 0.11 � x,
where y � amniotic pressure in mm Hg and x � gestational
age in weeks, r2 � 0.17), as confirmed in different stud-
ies.18,19 This finding means that fetal voiding in utero has to
take place against an external pressure gradient that in-
creases with time. This physiologically increased detrusor
workload may be necessary to train a sufficient working
smooth muscle coat of the bladder, resulting in higher void-

FIG. 6. Scatterplots of smooth muscle bundle thickness (measured
as mean profile area in �m2) vs gestational age (weeks) in coronal
sections of 22 fetuses (11 females, 11 males) and 3 stillborns.
ing pressures at birth in both sexes. As a consequence of
gender related infravesical anatomical differences, various
times or pressures are required to expel similar amounts of
the same liquid through different shaped tubes. In consid-
eration of this fact, higher voiding pressures in healthy male
infants might to some degree be physiological, and, there-
fore, might not be associated with fetal detrusor smooth
muscle hypertrophy.

Although it is generally accepted that an increased func-
tional demand produces muscle hypertrophy, exercise train-
ing models are not always as conclusive as would be ex-
pected. In cardiac research it has been demonstrated that
different types of exercise appear to have different effects, ie
endurance training in humans has a tendency to produce
hypertrophy, whereas resistance training does not. There-
fore, adaptation at the cellular and molecular level may not
always be reflected functionally.20 This study, which re-
vealed no evidence for gender specific smooth muscle devel-
opment of the bladder wall, may encourage further research
to elucidate physiological and morphometric correlations,
and to answer the question of which threshold increased
smooth muscle workload is expressed as hypertrophy of the
detrusor.

CONCLUSIONS

Based on our results, fetal bladder wall development begins
at 9 weeks of gestation and takes place uniformly in both
genders. Furthermore, bladder wall thickness increases sig-
nificantly with gestational age irrespective of the related
sex.
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Abbreviations and Acronyms

SMA � �-smooth muscle actin
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