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ABSTRACT

Objectives: To confirm if a real inner descend of testis occurs, correlating the testicular
position with fetal parameters and analyzing the position of the testes relative to the
internal ring.

Material and Methods: Twenty nine human fetuses between 13 and 23 weeks post
conception (WPC) were studied. The fetuses were carefully dissected with the aid of a
stereoscopic lens with 16/25X magnification and testicular position observed. With the
aid of a digital pachymeter the distance between the lower pole of the kidney and the
upper extremity of the testis (DK-T) was measured to show the position of the testis.
During the dissection we also indicated the position of the testes relative to the internal
ring. Means were statistically compared using simple linear regression and the paired
T-test.

Results: The 58 testes had abdominal position. The DK-T in the right side measured
between 0.17 and 1.82cm (mean=0.79c¢m) and in the left side it was between 0.12 and
1.84cm (mean=0.87cm), without statistically differences (p=0.0557). The linear regres-
sion analysis indicated that DK-T in both sides correlated significantly and positively
with fetal age. All fetuses with more than 20 WPC, heavier than 350g and with CRL
over 22cm had a greater distance than the average DK-T. We xobserved that the 58
testis remains adjacent to the internal ring throughout the period studied.
Conclusions: The testes remains adjacent to the internal ring throughout the period
studied, indicating that there is no real trans-abdominal testicular descent during the
second gestational trimester.
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INTRODUCTION

Testicular descent is a process that depends
on anatomic modifications and hormonal stimu-
lus (1, 2). During the human fetal period, the testes
migrate from the abdomen to the scrotum, traver-
sing the abdominal wall and the inguinal canal
between the 15" and the 28" week post-concep-
tion (WPC) (1-4). Some authors suggest that tes-
ticular descent has two separate stages: the first

phase corresponds to the testicular descent from
the abdomen to the internal inguinal ring, and the
second phase corresponds to the transition of the
testes through the inguinal canal until their defi-
nitive arrival in the scrotum (1-3).

Various factors have been proposed as cau-
sing testicular descent in humans, including the
increase in the intra-abdominal pressure (5, 6), the
development of the epididymis, spermatic vases,
deferent ducts and inguinal canal (7); stimuli from
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the genito-femoral nerve (8); hormonal stimulus
originating in the placental gonadotrophin and
the testosterone produced by the fetal testes (9);
propulsion by the smooth muscle that surrounds
the processus vaginalis (10) and gubernaculum
development (7).

The moment when testicular descent be-
gins is controversial. Backhouse (2) reports that
this process starts at about the 24" week post-con-
ception, while Heyns (3) and Sampaio&Favorito
(4) relate cases where the descent process started
as early as the 17" week.

There are only a few reports in the lite-
rature about the chronology of testicular descent
in human fetuses (11). The process of descent of
the testis from the abdomen to the inguinal canal
during the first phase of testicular descent is not
totally understood in humans. This inner testicular
descent was dependent of the gonad growth, invo-
lution of mesonephros and the descending septum
transversum of the anlage of the diaphragm (12).

The objective of this paper is to confirm
if a real inner descend of testis occurs, analyzing
the abdominal testicular descent by correlating
the testicular position with fetal age, weight,
crown-rump length (CRL), total length of the fe-
tus and the position of the testes relative to the
internal ring.

MATERIAL AND METHODS

This study received institutional review com-
mittee approval and was carried out in accordance
with the ethical standards of the hospital’s institutio-
nal committee on human experimentation.

During the period from January 2014
through March 2015, 29 male human fetuses (58
testes) ranging in age from 13 to 23 weeks post-
-conception (WPC) were studied. The fetuses were
macroscopically well preserved, showed no signs
of malformations and came to our laboratory as
a donation of the obstetric section of our hospital
and the demise was hypoxia. The gestational age
of the fetuses was determined in WPC, according
to the foot-length criterion. This criterion is cur-
rently considered the most acceptable parameter
to calculate gestational age (13-15). The fetuses
were also evaluated regarding total length (TL),
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crown-rump length (CRL) and body weight imme-
diately before dissection. The same observer made
all the measurements.

After the measurements, the fetuses were
carefully dissected with the aid of a stereoscopic
lens with 16/25X magnification. The abdomen,
pelvis and inguinal canal were opened to identify
and expose the urogenital organs.

Testicular position was classified after dis-
section into: a) Abdominal, when the testis was
proximal to the internal ring; b) Inguinal, when
the testis was found between the internal and ex-
ternal inguinal rings; and c) Scrotal, when the tes-
tis had passed beyond the external inguinal ring
and was inside the scrotum.

With the aid of a digital pachymeter, the
distance between the lower pole of the kidney and
the upper pole of the testis (DK-T) was measured
to show the descent of the testis during migration.
The same observer made these measurements (Fi-
gure-1). During the dissection we also indicated the
position of the testes relative to the internal ring.

Statistical analysis

Mean values of the distance between the lo-
wer pole of the kidney and the upper extremity of
the testis for each side were statistically compared
using the unpaired T-test. We also performed simple
linear regression to assess the association between
the variables analyzed with fetal age. In addition,
the correlation coefficient (r) and the p-value were
obtained for each regression analysis, and p<0.05
was considered to indicate statistical significance.
The Graph pad Prism 5.0 software was used.

RESULTS

The fetuses weighed between 30 and 793.4g;
had crown-rump length between 7 and 24.5cm
and had total length between 10 and 34.5cm. The
58 testes all had abdominal position. The DK-T in
the right side measured between 0.17 and 1.82cm
(mean=0.79cm; SD=0.3868 and SE=0.07183) and in
the left side between 0.12 and 1.84cm (mean=0.87;
SD=0.4296 and SE=0.07978), without statistically
significant difference (p=0.0557). Table-1 reports the
fetal parameters and the measurements of DK-T in
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Figure 1 - Correlation of the distance between the lower pole of the kidney and the upper extremity of the testis (DK-T) in
the left and right side with fetal age, total fetal length, crown-rump length and weight during the fetal period studied (13
to 23 weeks post-conception-WPC). The points plotted represent the mean values obtained for each week studied. A) AGE
(WPC). Linear regression indicated that DK-T is correlated significantly and positively with fetal age (right side: r2 = 0.4128,
p=0.0002 and left side: r> = 0.4452, p<0.0001). B) Fetal weight (g). Linear regression indicated that DK-T is correlated
significantly and positively with fetal weight (right side: r> = 0.2987, p=0.0022 and left side: r* = 0.3094, p=0.0017). C)
Crown-rump length (cm). Linear regression indicated that DK-T is correlated significantly and positively with fetal crown-
rump length (right side: r? = 0.2235, p=0.0096 and left side: r? = 0.2995, p=0.0021). D) Total length (cm). Linear regression
indicated that DK-T is correlated significantly and positively with fetal weight (right side: r> = 0.2729, p=0.0036 and left side:

12 = 0.3324, p=0.0011).
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the right and in the left side of all fetuses studied.

Considering the average of DK-T in the right
and in the left side, all fetuses with more than 20
WPC had a greater distance than the average DK-T
value. All fetuses heavier than 350g and with CRL
greater than 22cm had the high or very near average
DK-T values.

The linear regression analysis indicated that
DK-T in the right and left sides correlated signifi-
cantly and positively with fetal age and weight, du-
ring the fetal period studied (13 to 23 WPC). When
comparing the DK-T with TL and CRL, we observed
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a weak correlation in the right and in the left side.
Figure-2 shows the correlations graphs, the linear
regression values (r’) and the p-values of all fetal
parameters studied.

We observed that the 58 testis remained ad-
jacent to the internal ring throughout the period stu-
died (Figure-3).

DISCUSSION

Previous studies show that in the first pha-
se of testicular descent, the testis descends from
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Figure 2 - Measurement of the distance between the
lower pole of the kidney and the upper extremity of the
testis. A) Male fetus with 22 weeks post-conception. The
abdominal wall and the intra-peritoneal organs were
removed, revealing the left kidney (LK) and the left testis
(LT). B=bladder. B) The same fetus, where the distance
hetween the lower pole of the left kidney (LK) and the
upper extremity of the left testis (LT) was measured with
a digital pachymeter (P).

the lower pole of the kidney to the pelvic cavity
near the bladder neck (16). In this phase, the gu-
bernaculum enlarges to hold the testis near the
internal ring, regulated by insulin-like-3-hormone
(INLS-3) (17, 18). INSL-3 is secreted by the Leydig
cells and controls gubernaculum swelling via
its receptor, a process resulting in thickening of
the gubernaculum because of increases in water,
glycosaminoglycan and hyaluronic acid content
(17-21).

The first phase of testicular descent in hu-
man fetuses begins around the 8" WPC and lasts
until the 15" WPC (22) and the second phase, or
the inguino-scrotal phase, begins around the 25"
WPC and lasts until the 35" WPC (23). Previous
papers studying large numbers of testes show that
some fetuses with 17 WPC already had the testis
situated in the inguinal canal and all the fetuses
older than 30 weeks already had the testes in the
scrotum (4). Other authors, however, have repor-
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Figure 3 - Position of the testes relative to the internal ring.
A) Male fetus with 13 weeks post-conception. The abdominal
wall and the intra-peritoneal organs were removed, showing
that the right (RT) and the left testis (LT) remains adjacent
to the internal ring (IR). B) Male fetus with 23 weeks post-
conception. The abdominal wall and the intra-peritoneal
organs were removed, showing that the right (RT) and the
left testis (LT) remains adjacent to the internal ring (IR).
LK=left kidney; RK=Right Kidney; B=bladder and P=Penis.

ted that the testicular descent is only completed
after the 32" week post-conception (1-3). So the
chronology of testicular descent during the second
and the third trimesters of gestation are still con-
troversial in the literature.

Previous studies in human fetuses have sho-
wn that until 21 WPC, the majority of the testes are
located in the abdomen (4, 11). Sampaio&Favorito
(4) studied 71 human fetuses (142 testes) and 88%
of the testes in fetuses with less than 21 WPC were
in the abdomen. Favorito (11) recently studied the
asymmetry during testicular migration in 164 hu-
man fetuses and observed that 99% of the testes
were abdominal in fetuses with less than 20 WPC.
These two previous papers only report observa-
tions, without any measurements of the testicular
descent in the abdomen.

In our sample, formed only of fetuses with
23 WPC or less, all the testes were abdominal,
showing that the passage of the testis through
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the inguinal canal rarely occurs before the 20th
WPC. Heyns (3) found only 2.6% of the testes
examined in his sample located in the inguinal
canal, while Sampaio&Favorito (4), in a sample
of 71 human fetuses, found 20.5% of the testes
located there. Furthermore, 73.3% of these tes-
tes were in fetuses with ages between 21 and 25
WPC, indicating that in this period the migration
through the inguinal canal intensifies.

Various parameters have been proposed
to determine the gestational age of human fe-
tuses, and crown-rump length and fetal weight
are some of the most important (24, 25). Studies
correlating fetal parameters with testicular mi-
gration during human fetal period are rare in
literature. A previous study of fetal weight and
testicular descent in human fetuses showed that
almost 7% of the testes in fetuses with weight up
to 500¢g had the testes positioned in the inguinal
canal (26). In our sample, we observed that the
distance between the kidney and the testis was
greater in fetuses weighing more than 350¢g. This
information indicated a progressive increase in
abdominal length during gestation, and therefo-
re do not convincingly show that the testis has
progressive descent during the second trimester.

The only study that correlates the crown-
-rump length with testicular descent in human
fetuses showed that more than 80% of the fetuses
with CRL between 6.4 and 20.5cm had testes in
the abdominal position and in the fetuses with
CRL between 21 and 25.5cm, 45% of the testes
were in the abdomen, 45% in the inguinal canal
and more than 9% in the scrotum (4). In our sam-
ple, all the fetuses had the testes in abdominal
position, but we observed that the fetuses with
CRL longer than 22cm had high or near average
DK-T values, suggesting also a progressive incre-
ase in abdominal length during gestation.

In the present study we measured the dis-
tance between the lower pole of the kidney and the
testis, a very easy way to show the testicular posi-
tion during the abdominal phase of testicular mi-
gration. This measurement can be easily correlated
with the fetal parameters too. We observed that the
DK-T correlated significantly and positively with
fetal age and weight, in the right and left side.
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We observed that all the 58 testes of our
sample remains adjacent to the internal ring
throughout the period studied (13 to 23 WPC),
indicating that there is no real trans-abdominal
descent of the testis during the second trimes-
ter. Previous studies indicated that the testis has
progressive descent until the 15" WPC and not
during the second gestational trimester, which
could be confirmed by our findings (22, 23).

We should mention some limitations of
this study: 1) Small sample size-access to human
fetuses is limited, so observations of this sam-
ple of 29 fetuses may be important although the
small number is a weakness, mainly regarding
statistical results. 2) Unequal WPC distribution in
the period studied-we did not have fetuses with
less than 13 WPC and at some ages we had 4 fe-
tuses and at others only 1 or 2 fetuses. Neverthe-
less, the sample distribution during this impor-
tant period of testicular migration was adequate
in our opinion.

CONCLUSION

The distance between the kidney and the
testis in both sides had a strong positive correla-
tion with fetal age and weight in human fetuses.
The testes remains adjacent to the internal ring
throughout the period studied (13 to 23 WPC),
indicating that there is no real trans-abdominal
testicular descent during the second trimester.

ABBREVIATIONS

WPC = week post-conception

TL = total length

CRL = crown-rump length

DK-T = distance between the lower pole of the
kidney and the upper extremity of the testis
INLS-3 = insulin-like 3 hormone

ACNOWLEDGMENTS

This study was supported by grants from
the National Council for Scientific and Techno-
logical Development (CNPq-Brazil) and the Rio
de Janeiro State Research Foundation (FAPERJ).



IBJU | TESTICULAR MIGRATION IN HUMAN FETUSES

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Heyns CF, Hutson JM. Historical review of theories on
testicular descent. J Urol.1995;153:754-67.

2. Backhouse KM. Embryology of testicular descent and
maldescent. Urol Clin North Am.1982;9:315-25.

3. Heyns CF. The gubernaculum during testicular descent in the
human fetus. J Anat.1987;153:93-112.

4. Sampaio FJ, Favorito LA. Analysis of testicular migration
during the fetal period in humans. J Urol.1998;159:540-2.

5. Frey HL, Rajfer J. Role of the gubernaculum and
intraabdominal pressure in the process of testicular descent.
J Urol.1984;131:574-9.

6. Attah AA, Hutson JM. The role of intra-abdominal pressure
in cryptorchidism. J Urol.1993;150:994-6.

7. Hadziselimovi¢ F. Mechanism of testicular descent. Urol
Res.1984;12(3):155-7.

8. Clarnette TD, Hutson JM. The genitofemoral nerve may link
testicular inguinoscrotal descent with congenital inguinal
hernia. Aust N Z J Surg.1996;66:612-7.

9. Hughes IA, Acerini CL. Factors controlling testis descent. Eur
J Endocrinol.2008;159:575-82.

10. Husmann DA. Testicular descent: a hypothesis and review of
current controversies. Pediatr Endocrinol Rev.2009;6:491-5.

11. Favorito LA, Sampaio FJ. Testicular migration chronology:
do the right and the left testes migrate at the same time?
Analysis of 164 human fetuses. BJU Int.2014;113:650-3.

12. Barteczko KJ, Jacob MI. The testicular descent in human.
Origin, development and fate of the gubernaculum Hunteri,
processus vaginalis peritonei, and gonadal ligaments. Adv
Anat Embryol Cell Biol.2000;156:111-X, 1-98.

13. Hern WM. Correlation of fetal age and measurements between
10and 26 weeks of gestation. Obstet Gynecol.1984;63:26-32.

14. Mercer BM, Sklar S, Shariatmadar A, Gillieson MS, D’Alton
ME. Fetal foot length as a predictor of gestational age. Am J
Obstet Gynecol.1987;156:350-5.

15. Platt LD, Medearis AL, DeVore GR, Horenstein JM, Carlson

DE, Brar HS. Fetal foot length: relationship to menstrual
age and fetal measurements in the second trimester. Obstet
Gynecol.1988;71:526-31.

563

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hutson JM, Southwell BR, Li R, Lie G, Ismail K, Harisis G,
et al. The regulation of testicular descent and the effects of
cryptorchidism. Endocr Rev.2013;34:725-52.

Nation T, Balic A, Buraundi S, Farmer P, Newgreen
D, Southwell B, et al. The antiandrogen flutamide
perturbs inguinoscrotal testicular descent in the rat and
suggests a link with mammary development. J Pediatr
Surg.2009;44:2330-4.

Nation TR, Balic A, Southwell BR, Newgreen DF, Hutson
JM. The hormonal control of testicular descent. Pediatr
Endocrinol Rev.2009;7:22-31.

Gill B, Kogan S. Cryptorchidism. Current concepts. Pediatr
Clin North Am.1997;44:1211-27.

Fu P, Layfield S, Ferraro T, Tomiyama H, Hutson J, Otvos
L Jr, et al. Synthesis, conformation, receptor binding and
biological activities of monobiotinylated human insulin-like
peptide 3. J Pept Res.2004;63:91-8.

Favorito LA, Costa SF, Julio-Junior HR, Sampaio FJ. The
importance of the gubernaculum in testicular migration during
the human fetal period. Int Braz J Urol.2014;40:722-9.

Hutson JM, Balic A, Nation T, Southwell B. Cryptorchidism.
Semin Pediatr Surg.2010;19:215-24.

Hutson JM, Hasthorpe S. Abnormalities of testicular descent.
Cell Tissue Res.2005;322:155-8.

Mantoni M, Pedersen JF. Fetal growth delay in
threatened abortion: na ultrasound study. Br J Obstet
Gynaecol.1982;89:525-7.

Kopta MM, May RR, Crane JP. A comparison of the
reliability of the estimated date of confinement predicted
by crown-rump length and biparietal diameter. Am J Obstet
Gynecol.1983;145:562-5.

Favorito LA, Costa WS, Sampaio FJ. The position of the testis
during the fetal period. An additional parameter to estimate
fetal weight. Int Braz J Urol.2010;36:609-13.

Correspondence address:
Luciano Alves Favorito, MD, PhD
Rua Professor Gabizo, 104/201
Tijuca, Rio de Janeiro, RJ
20271-320, Brasil

Fax: +55 21 3872-8802

E-mail: lufavorito@yahoo.com.br



