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ABSTRACT

Purpose: We define reference data concerning the development of the ureterovesical junction in
fetuses and newborns by measuring the diameters of the distal mesenchymal and muscular
ureteral walls as well as intravesical ureteral length.

Materials and Methods: A total of 90 normal fetal and newborn ureters were investigated. Our
histological studies were based on “plastinated” sections of whole pelves which allow study of the
sectional anatomy of the distal and intravesical ureter. The development of the mesenchymal and
smooth muscle growth of the distal and intravesical ureter was examined. The ureteral meas-
urements were correlated with age of gestation.

Results: The length of the intravesical ureter and mesenchymal as well as smooth muscle walls
increased in a linear mode. Significant correlations (p �0.0001) were found between gestational
age and the growth of the mesenchymal as well as smooth muscle walls in the distal intravesical
ureter as well as the length of the intravesical ureter.

Conclusions: Significant positive linear relationships exist between gestational week, and
distal and intravesical ureteral wall thickness of the mesenchymal and smooth muscle growth to
the length of the intravesical ureter in fetuses and newborns. The ratio of the intravesical
ureteral length-to-ureteral diameter is obviously lower than assumed previously. Data from this
study can be used for a more accurate assessment of cases with abnormal lower urinary tract
development.
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We establish growth curves of the ureterovesical junction
from the early fetal to the newborn period for better insight
into its development. The existing morphological concepts of
the configuration of the ureterovesical junction explaining
the mechanisms preventing reflux into the ureter and
kidney are unsatisfactory. The ureterovesical junction rep-
resents the bounding area between the low pressure in the
upper urinary tract and the highly variable pressure of
the lower urinary tract. The mechanism of ureteral motility
as well as detailed physiology of the normal valve mechanism
of the ureterovesical junction has been examined in some
depth. Regardless, the clinical and anatomical literature does
not provide a consensus on the topography and development
of the intravesical ureter in fetuses.

Mackie and Stephens postulated that in congenital anom-
alies of the kidney and urinary tract the initial ureteral
budding occurs at an abnormal position of the wolffian duct.1
The end of the ureter fuses with the urogenital sinus by day
37 and the subsequent caudal growth remains indefinite,
mainly the distention and intravesical submucosal enlarge-
ment which are reportedly most responsible for the antire-
flux mechanism. Migration of the ureteral orifice in the blad-
der is described in a cranial and lateral direction with the
final position of the orifice at risk for reflux.2

The passive and active antireflux mechanisms have been
discussed in the literature. Sampson described the theory of
a ureterovesical lock mechanism.3 Determining factors in
passive valve function are the diagonal course and length of
the submucosal portion of the ureter. This intravesical course
of the ureter is considered to be of functional importance in
maintaining the ureterovesical closure preventing reflux.4

The active valve function of the human ureter is thought to
consist of a “ureterovesical sphincter” which contracts in
response to vesical contraction and relaxes following contrac-
tion of the external urethral sphincter.5 Since a histological
definable sphincter could not be identified, a “physiological
sphincter” like that described in the rectosigmoid junction
has been postulated.6 While King and Stephens7 considered
the ureterovesical valve to be activated by the intrinsic mus-
cle of the ureter, Tanagho et al8 attributed this function to
contraction of the muscle of the superficial trigone of the
bladder. This theory of trigonal attachment of ureteral func-
tion was weakened by Hannan and Stephens who excised the
canine trigone except for the mucosal layer and found reflux
in only 1 specimen of their series.9

Regardless which of these models of valve function is cor-
rect, the effectiveness of both depends on the functioning
ureteral muscle. Thus, it seems clear that a precondition of a
patent ureterovesical junction is timely and complete devel-
opment of the smooth muscle coat of the intravesical ureter.
It can be doubted that the length and course of the intraves-
ical ureter are of sole importance in the prevention of reflux.
We describe the chronology of development of these tissues,
especially to investigate the growth curves of the ureteroves-
ical junction and mesenchymal and muscular distal and in-
travesical walls.

MATERIAL AND METHODS

The study included 5 newborns and 79 human fetuses with
a total of 90 ureteral units (1 in 78 specimens and 2 in 6 could
be assessed), which were obtained as a result of legal abor-
tion or miscarriage and which showed no signs of maceration
or macroscopic abnormality. Macroscopic and microscopicAccepted for publication November 27, 2002.
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dissections in transversal and sagittal planes were prepared.
The specimens had been fixated by immersion and stored in
a 4% formaldehyde solution for at least 3 months. The crown-
rump-length (CRL) of the fetuses ranged between 34 and 351
mm. Estimations of gestational age were based on the guide-
lines of Keith10 and Patten.11 In addition, typical external
features were considered for estimation of maturity.12 After
comparing these criteria, the fetuses had a gestational age of
9 to 38 weeks. Using the same calculation for the 5 newborns
mean gestational age at delivery was 37.8 weeks (range 37 to
39).

The fetal and newborn pelves were prepared for “plastina-
tion” histology and impregnated with the epoxy resin BIODUR
E12 (BIODUR Products, Heidelberg, Germany).13 They were
sectioned serially in either the axial, coronal or sagittal plane
with a diamond wire saw (Model 3241, Well Diamantdraht-
sägen GmbH, Mannheim, Germany). The thickness of the
sections ranged from 300 to 700 �m. After mounting and
polishing, the sections were stained with methylene blue/
azure II and counterstained with basic fuchsin. Sections were
selected beginning proximal of the iliac crossing and continu-
ing to the proximal urethra. In the majority of cases evalua-
tion of the fetal kidneys for embryological development of the
morphology was possible, and no evidence of dysplasia in
terms of reflux nephropathy was found.

Digital microscopy. For measurement and narrow descrip-
tion of specimens an Axioplan microscope (Zeiss,
Oberkochen, Germany) was used. Color images were cap-
tured using a Pixera Professional CCD camera (Pixera, Los
Gatos, USA) running on Compaq Pentium-III/500-256MB
(Compaq, Vienna, Austria). The software package Axio-
Vision Version 3.0 served for modular image acquisition with
advanced capabilities for digital image acquisition and pro-
cessing as well as interactive measuring of object distances.
We measured the mesenchymal and muscular thickness of
the ureteral wall before its entrance into the bladder (distal
ureter) as well as within the bladder wall (intravesical ure-
ter) at least 10 times in each specimen. A total of 84 speci-
mens for distal ureteral wall measurement and 26 specimens
for the intravesical ureteral wall measurement were exam-
ined. Distal ureteral wall thickness was measured 940 times
and intravesical ureteral wall thickness 298 times (fig. 1).
The length of intravesical ureter was measured 114 times in
29 different specimens and at least 3 times in each specimen
(fig. 2).

Statistical analysis. Bivariate linear regression analyses

were performed to assess the effect of gestation week on
distal ureteral wall thickness, intravesical ureteral wall
thickness and length of intravesical ureter. Pearsons’ corre-
lation coefficient was calculated to show the association be-
tween the variables. All analyses were done using the mean
of the different measurements from 1 specimen. Data were
expressed as mean � SD with p �0.05 considered statisti-
cally significant SPSS for Windows 11.0 software (SPSS, Inc.,
Chicago, Illinois) was used for all analyses.

RESULTS

Distal ureteral wall thickness increased throughout the
fetal period from 93.91 � 64.29 �m. at 9 to 12 weeks to
367.4 � 149.6 �m. at 28 to 38 weeks. Intravesical ureteral
wall thickness increased from 131.77 � 113.52 �m. at 9 to 12
weeks to 451.5 � 77.1 �m. at week 39. Length of the intra-
vesical ureter increased from 271.70 � 191.01 �m. at weeks
9 to 12 of gestation to 3,017.2 � 388.9 �m. at week 39.
Dimensions of the ureter according to age groups are shown
in figure 3 and table 1.

Significant positive linear relationships were noted be-
tween gestation week and distal ureteral wall thickness
(p �0.001), intravesical ureter wall thickness (p �0.001) and
intravesical ureteral length (p �0.001). The correlation coef-
ficient of 0.527 in distal ureteral wall thickness indicated a
weaker positive linear association with gestation week.
There was a stronger correlation of 0.822 between intraves-
ical ureteral wall thickness and gestation week, and 0.949
between intravesical ureteral length and gestation week.
Based on the ureteral diameter, our ureteral wall meas-
urements represent a third of the cross section dimension.
The ratio of tunnel length-to-ureteral diameter at the uret-
erovesical junction ranged from 0.69:1 at 9 to 12 weeks until
2.23:1 at week 39 (table 2). During early fetal development no
intravesical tunnel is present but starting at week 18 linear
intravesical length growth was observed.

DISCUSSION

We based our anatomical and histological studies on plas-
tinated sections of whole pelves, which allow evaluation of
the sectional anatomy of all pelvic structures in a condition
closely resembling in vivo status. Architecture and cellular
integrity were preserved, and cytomorphological alterations
with artificial tissue shrinkage were avoided by using plas-
tination histology and the special fixation protocol. Because

FIG. 1. Methylene-blue/azure II staining (counterstaining with
basic fuchsin) of ureter in 14-week-old fetus (crown-rump-length 105
mm.).

FIG. 2. Methylene-blue/azure II staining (counterstaining with
basic fuchsin) of ureter in 24-week-old fetus (crown-rump-length 225
mm.).
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plastinated sections are transparent, we were able to recog-
nize the exact width and borders of the mesenchymal and
muscle structure of the ureteral wall allowing precise se-
quential measurements. We assumed that our fetal speci-
mens showed no evidence of vesicoureteral reflux with regard
to the normal morphological development of the fetal kidneys
also investigated in the same samples. Moreover, in respect
to the high number of specimens studied, the possibility of
pathological ureteral samples was negligible. Statistical
analysis showed an almost linear growth profile. The distal
and intravesical ureter thickness increased by 8.98 and 11.25
�m. per week, respectively and the intravesical tunnel
growth increased by 97.4 �m. per week.

Baskin et al demonstrated that mesenchymal-epithelial
interactions are necessary for the development of bladder
smooth muscle.14 These changes in the configuration of the
ureter indicate a progressive transformation of the mesen-
chyme around the epithelial tube to smooth muscle. Our
observations revealed a continuous linear increase of the
mesenchymal ureteral wall to smooth muscle in human fetal
ureters. The timing of smooth muscle differentiation in the
distal ureter is unknown.

During a first or mesenchymal period (8 to 12 gestational
weeks) the wall of the prevesical and intravesical metaneph-
ric duct consists of undifferentiated mesenchyme. Subse-
quently a second period (13 to 20 gestational weeks) can be
differentiated when condensed mesenchyme predominates.
Paquin provided normal values for the length of the submu-
cosal segment of the ureter (orifice to hiatus into the blad-
der), and in children 1 to 3 years old he found a 7 mm. long
intravesical ureter.15 Hutch estimated intravesical ureteral
lengths of 5 mm. in neonates.16 The macroscopic method
using blunt-nosed cylindrical probes or ureteral catheters to
measure the ureterovesical junction is a disadvantage to

previous measurements. The length of the intravesical ureter
at 20 to 30 gestational weeks as described by Cussen is 2 to
5 mm. (mean 3) with a 1 to 3 mm. submucosal and 1 to 2 mm.
intramuscular segment.17 During 30 to 40 gestational weeks
the intravesical ureteral length is 4 to 7 mm. (mean 4). We
ascertained a shorter intravesical human fetal ureter with a
length of 271.7 � 191.01 �m. at 9 to 12 weeks and 3,017.2 �
388.9 �m. at birth.

The tunnel length relative to its diameter is thought to be
important in the prevention of reflux by closing the junction
valvular mechanism in children. Children 1 to 3 years old
have an intravesical ureteral length of 7,000 �m. by an
intravesical ureteral diameter of 1,400 �m.16 At gestational
week 39 we found similar values of intravesical ureteral
diameters of 1,354.5 � 231.3 �m. in normal fetuses. The ratio
of tunnel length-to-ureteral diameter at the ureterovesical
junction was found to average 5:1 in the study by Paquin but
a great variance of measurements ranging from 2 to 8:1 was
found in children without reflux.15 In children with reflux a
pathological length-to-diameter ratio of 1.4:1 was reported.15

The mean value of the intravesical length of newborn ureters
was somewhat lower (3,017.2 � 388.9 �m.) in our series,
which implies a proportion of the intravesical ureteral length
to intravesical ureteral diameter of 2.23:1.

In contrast to the newborn, in 11 and 20-week-old fetuses
the ratio of the intravesical ureteral length-to-the ureteral
diameter decreased to 0.69:1 and 1.23:1, respectively, which
might be 1 reason for the higher prevalence of vesicoureteral
reflux in newborns and fetuses. Even so, the standard ratio of
5:1 for reimplantation surgery seems sufficient albeit this
relation does not mimic nature regarding the theory of the
passive antireflux mechanism. One can speculate that a
lower ratio may be sufficient to obviate reflux.18

Other factors of the antireflux mechanism, such as the
active valve mechanism, intravesical pressure or connection
with the trigone and posterior urethra, must be considered
when reevaluating the function of the ureterovesical junc-
tion. The lower than expected ratios of intravesical ureteral
length-to-ureteral diameter suggest that other pathophysio-
logical components as previously mentioned may be of impor-
tance. This finding may explain the fact that neonatal reflux

FIG. 3. Relationship between gestation week and distal ureteral wall thickness (A), intravesical ureteral wall thickness (B) and length of
intravesical ureter (C). Regression line (middle line) and 95% confidence limits (upper and lower lines) are shown. Bivariate linear regression
analyses were used to calculate line equations and correlation coefficients.

TABLE 1. Ureteral wall thickness, intravesical ureteral wall thickness and intravesical ureteral length according to age groups

Age (gestational wk.)
Mean � SD

Distal Ureteral Wall Thickness (�m.) Intravesical Ureteral Wall Thickness (�m.) Intravesical Ureteral Length (�m.)

9–12 93.9 � 64.3 131.8 � 113.5 271.7 � 191.0
13–17 256.1 � 141.5 161.2 � 72.9 489.8 � 229.5
18–22 266.6 � 156.6 242.4 � 75.4 894.9 � 574.7
23–27 281.9 � 114.2 251.8 � 189.7 1,138.9 � 527.7
28–39 367.4 � 149.6 451.5 � 77.1* 3,017.2 � 388.9*

* At 39 weeks gestation.

TABLE 2. Ratio of tunnel length-to-ureteral diameter

Age (gestational wk.) Ratio

9–12 0.69:1
13–17 1.01:1
18–22 1.23:1
23–27 1.51:1
39 2.23:1
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is a different entity with a much higher tendency to resolve
spontaneously than the reflux in older children.

CONCLUSIONS

In our age-continuous series we demonstrated significant
positive linear relationships between gestation week, distal
and intravesical ureteral wall thickness of the mesenchymal
and smooth muscle growth, and length of the intravesical
ureter in 9 to 39-week-old fetuses and newborns. The intra-
vesical tunnel does not develop before the late fetal period
and the ratio of intravesical ureteral length-to-ureteral di-
ameter in newborns is obviously lower than assumed previ-
ously. It seems that in nature the passive antireflux mecha-
nism may not be as important as previously thought.
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