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Abstract

Purpose In order to evaluate the gubernaculum (GN)
abnormalities quantitatively in patients with undescended
testes (UDT), the area and attachment site of the guber-
naculum were evaluated.

Patients and methods Sixty-seven testes from 61 patients
with an undescended testis treated in the past 11 years at
our institution were examined. Using intraoperative pho-
tographs or DVDs, the area of the GN inside the processus
vaginalis was measured, and the ratio to that of the testis
was determined, When the GN was attached to the vas
deferens, the GN distance from the testis was also mea-
sured, and the ratio to that of the transverse length of the
testis (deviation index) was calculated. Reference values
were obtained from 23 testes from 15 patients with mobile
testes:

Results In cases with mobile testes, the GN attached to
the bottom of the testis, and involved the lower pole of the
epididymis. Even though the GN was attached to the bot-
tom of the testis in 43 testes in the UDT patients (64 %),
the GN was found to be elongated. The mean GN area ratio
was 1.58 (1SD, 0.6) in the UDT cases, in comparison to
0.47 (0.2) in the cases with mobile testes. The GN was
attached to the vas deferens in 24 testes (36 %). The
deviation index was 1.34 (1.0), but the GN area ratio of
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these cases was 1.56 (0.7), which was similar to that of the
GN attached to the bottom of the testis.

Conclusion The present study revealed that an increase in
the GN area ratio was the most common imaging abnor-
mality in cases with UDT.

Keywords Undescended testis - Gubernaculum -
Testicular descent

Introduction

In the studies of rodents, a biphasic model for the hormonal
control of testicular descent has been proposed; intra-
abdominal descent and inguinal descent [1]. However,
there are still controversies regarding in the human testic-
ular descent. It has been suggested that intra-abdominal
testicular descent occurs passively in association with the
downward deviation of the posterior edge of the diaphragm
during fetal development [2]. The gubernaculum (GN) is
considered to be the soft tissue column connecting the
gonad and the inguinal canal. However, the scanning ele-
tron-microscopic studies of the human fetus clearly dem-
onstrated that the GM first made contact with the
mesonephric fold or genital cord [3]. Furthermore, the GN
expands before inguinal descent and shrinks during and
after the passage through the inguinal canal [2]. Therefore,
determining the site of the GN attachment and changes in
the volume of the GN are crucial for understanding the
mechanism underlying human undescended testis (UDT).
Even though the site of the GN attachment in patients with
undescended testis has been reported [4], the volume or
area of the GN in patients with UDT has not been reported.

" Therefore, we conducted a study of these factors in chil-

dren with UDT.
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Materials and methods
Patients

From January 2003 to December 2013, 71 consecutive
patients with UDT underwent orchiopexy at our institute.

Undescended testis was defined as the condition when’

there was an empty scrotum where the testis was not
present. Even when the testis was found in the inguinal
region, the testis could not be brought down into the
scrotum in such cases. The patients with secondary
cryptorchidism (ascending testis) were excluded from this
study. Orchiopexy was performed though an inguinal
approach in all cases. The testis was taped and pulled out
from the wound without injuring the tunica vaginalis
(TV). The GN outside the TV (the pars infravaginalis
gubernaculi) was gently separated from the TV. After
opening the TV, and the GN inside the patent vaginal
processus (the plica gubernaculum) was identified. Two
patients with intra-abdominal testis were excluded from
the study due to difficulty in defining the area of the GN.
In the remaining 69 patients, the undescended testis was
palpated in the inguinal region or found in the inguinal
region by magnetic resonance imaging performed under
light sedation using a suppository of phenobarbital. A
retrospective analysis of the GN was carried out using
intraoperative photographs or DVDs. Because the relative
ratio of a certain parameter of the gubernaculum to that of
the testis was measured, scales were not used in the study.
Eight patients without sufficient imaging data for the
analysis were excluded from the study. As a result, 67
testes from 61 patients were examined. The mean age of
the 61 patients was 2.30 years (1 SD, 1.55 years), with a
range of 0.43-10.08 years. Reference values of the GN
were obtained from 23 testes from 15 patients with
mobile testes treated from January 2011 to December
2013. A mobile testis was defined as a suprascrotal testis
that could be easily manipulated into the scrotum and the
pulled-down testis remained in the scrotum until either
cremaster contraction occurred or manual push-up was
performed. After a follow-up of 3-6 months, testicular
fixation was considered when the patient’s testis was still
located in the inguinal region at almost all checkups or
when the scrotal development was poor. An operation
through the scrotal approach was performed when the
patient was 2 years of age or older.

The characteristics of the GN in patients with mobile
testis were already reported previously [5]. Because the
distribution of the GN inside the tunica vaginalis (plica
gubernaculi) was compatible with that in confrols with
hydroceles and because the number of control patients with
hydroceles was small in comparison to that of the patients
with mobile testis, the reference values for the patients with
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UDT were obtained from the patients with mobile testes.
The mean age of the 15 patients with mobile testis was
3.30 years (2.14 years) with a range of 1.5-7.58 years.
There was not a statistically significant difference in the
distribution of the patient age.

Measurement of parameters related to the GN

In a mobile testis, the GN inside the tunica vaginalis was
identified as a whitish gelatinous substance occupying the
lower third of the testis and the cauda epididymis like a
cup of an acorn, as suggested by Scorer (Fig. 1a) [6]. In
order to assess the volume of the GN, we measured the
area of the GN and testis in the photographs or in images
from DVDs. To measure the areas of the GN and testis as
indicated by the dotted and solid lines in Fig. la, b, all
images were stored in a personal computer and analyzed
using the internationally distributed Image] 1.48q soft-
ware program (NIH, USA), which enabled the measure-
ment of the distance and area using the tools included
with the software package. Because the size of the
gubernaculum was considered to be proportional to that of
the testis, relative values for the area of the gubernaculum
to that of the testis were used. The pictures, which were
taken when the testis was gently placed on gauze without
stretching, were used for all analyses. Then, the GN area
ratio to the area of the testis was obtained to compare the
GN area between patients with mobile testis and those
with UDT. .

In patients with UDT, the GN was attached to either
the lower pole of the testis (Fig. 1b) or to the vas def-
erens (Fig. 1c). The area of the GN in patients with
UDT was defined as the whitish thick area where the
architecture of the testis or epididymis could no longer
be discriminated, as represented in Fig. 1b, c. In patients
with UDT where the GN attached to the vas deferens
(Fig. 1c), the vas deferens was deviated into the guber-
naculum, resulting in the winding and tapering of the vas
deferens. Because the degree of winding of the vas
deferens varied among patients, it was difficult to obtain
the precise distance of the gubernaculum from the testis.
Because the spermatic vessels run straight to the testis, it
was considered that the distance from the attachment site
of the gubernaculum was more subjectively expressed
when the distance was measured along the spermatic
vessels. Therefore, the distance from the inner edge of
the testis to the point of the attachment site of the GN,
defined as the crossing point of the vertical line running
through the center of the GN to the line along the
spermatic vessels (length “b” in Fig. 1c), was measured,
and the ratio of this distance to the transverse length of
the testis (length “a” in Fig. 1c) was calculated as the
deviation index.
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Fig. 1 Typical examples of the gubemaculum inside the tupica
vaginalis in patients with mobile testis (a), the gubernaculum inside
the patent processus vaginalis in patients with undescended testis (b,
¢). b Example where the gubernaculum was attached to the base of
the testis, while the gubernaculum was aftached to the cauda

Statistical analyses

The statistical analyses were performed using a commer-
cially available software program (Prism 6 for Mac OS X
version 6.0b; GraphPad Software, Inc., USA). The results
are expressed as the mean 4= SD. Statistically significant
differences between the groups were estimated using
independent Student’s ¢ tests or the Mann—Whitney U test.
Differences were considered to be significant for values of
p < 0.05.

Ethical approval

The Ethics Committee of the Niigata University Graduate
School of Medical and Dental Sciences approved the study
plan.

Results

In 23 testes from the 15 cases with mobile testes, the GN
inside the tunica vaginalis was easily identified. The GN
uniformly covered the lower third of the testis and the
cauda epididymis (Fig. la). Correspondingly, the archi-
tecture of the testis and epididymis became obscure within
the whitish gelatinous cup of the GN. The mean GN area
ratio was 0.47 (SD 0.2) (Fig. 2).

Even though the GN was attached to the bottom of the
testis in 43 testes in the UDT patients (64 %), the GN was
found to be large and elongated, the degree of which varied
among the patients (Fig. 3). The main mass of the GN hung
down from the lower pole of the testis and the cauda

epididymis and vas deferens in ¢. The dotted and solid lines indicate
the areas of the gubernaculum and the testis, respectively. The labels
a and b in figure ¢ indicate the lengths used to measure the deviation
index. Epi epididymis, T testis, GN gubernaculum

epididymis. The mean GN area ratio in these patients was
1.58 (0.6), and this value was significantly larger than that
in the mobile testis (p < 0.0001) (Fig. 2).

In the remaining 24 testes (36 %), the GN was attached
to the cauda epididymis and the vas deferens. The cauda
epididymis and vas deferens were elongated and tapered
into the GN (Figs. Ic, 4). The deviation index was 1.34
(1.0) (Fig. 4c), but the GN area ratio was 1.56 (0.7), which
was similar to that of the GN in cases where it was attached
to the bottom of the testis.
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Fig. 2 The distribution of the GN area ratio in the patients with
mobile testis (mobile), in the patients with UDT whose GN was
attached to the base of the testis (UDTtestis) and in patients with UDT
whose GN attached to the vas deferens (UDTvas). The mean and SD
are indicated
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Fig. 3 Two examples of the
testes in patients whose GN was
attached to the testis. The GN
area ratios were 1.01 and 2,99 in
a and b, respectively. Epi
epididymis, T testis, GN
gubernaculum

Tig. 4 Two examples of the testes from patients whose gubernacu-
lum was attached to the cauda epididymis and vas deferens (a, b).
¢ Distribution of the deviation index, presented with the mean and

Discussion

Barteczko et al, [2] classified the human testicular descent
into five phases: phase I, where the caudal part of the mes-
onephric fold first contacts a mesenchymal elevation of the
conus inguinalis (origin of the GN) [5-week-old embryo
(5 weeks)], phase II, where the GN differentiates into
abdominal, interstitial and inguinal parts associated with the
appearance of the processus vaginalis (7 weeks); phase ITa,
associated with the further growth of the three parts of the
GN and processus vaginalis (8-9 weeks); phase III, where
the testis moves in the overriding position on the genital
ducts as the testis grows in association with the regression of
the mesonephros and the Mullerian duct. The swelling
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SD. The deviation index was 0.69 and 2.75 in a and b, xespectively.
Epi epididymis, T testis, GN gubernaculom

reaction of the GN begins (10 weeks). During phase I1la, the
testis glides over the genital duct and the first contact
between the testis and the GN is established. The cauda
epididymis also dips into the GN mass (14 weeks). During
phase IV, the testis and epididymis in the GN approach the
inner abdominal ring (23 weeks), and during phase V
(7 months), the testis and epididymis pass through the
inguinal canal, and there is shrinkage of the GN. During
phase Va, the testis and epididymis migrate into the scrotum.

The present study was undertaken to observe whether
the GN abnormality revealed by the imaging studies and
photograph might be explained by the abnormality in a
certain phase of the above process of human testicular
descent.

_82__



Pediatr Surg Int (2014) 30:1149-1154

1153

In the present study, 36 % of the undescended testes did
not have a direct attachment of the GN to the testis. Since
the GN works as a leading point of the testicular descent,
the cauda epididymis and vas deferens were elongated and
tapered by the downward force exerted by the GN, which
are the well-known features of the spermatic duct in
patients with UDT. The lack of contact between the testis
and GN might indicate that phase IIla was disturbed in
these patients. Abe also reported a similar value, where
31.5 % of UDT cases had the GN attached to the vas
deferens [4]. We also noticed that the deviation index
varied considerably among these patients. The attachment
of the GN to the mesonephric fold during phase T is
reported to occur at the crossing point of the Mullerian and
Wolffian ducts [2]. The presence of such a large variation
in the deviation index might indicate that the first attach-
ment site of the mesonephric fold with the conus inguinalis
deviated in some patients, thus resulting in a large devia-
tion index, and thereby leading to the lack of contact
between the testis and the GN.

To our knowledge, there has been no previous report,
which had measured the volume or area of the GN in
patients with UDT. Because it is practically impossible to
measure the volume of the GN, we examined the area of
the GIN and testis to obtain the GN area ratio. The GN area
ratio was roughly three times larger in patients with UDT
than that in patients with mobile testes. Interestingly, the
mean and distribution of the GN area ratio was quite
similar between the patients with the GN attachment to the
testis and those with attachment to the vas deferens. Since
all of the examined undescended testes were located distal
to the internal inguinal ring, the process of the inguinal
descent (phase V) might proceed to a certain level without
completing the testicular descent.

The atrophic reaction of the GN occurs in accordance
with the testicular descent, so the GN might maintain the
swollen state. The change in the volume of the swine GN
during and after the testicular descent has been suggested
to be caused by the differences in the water contents in the
GN, which were related to the high percentage of hyalu-
ronate [7]. It was also reported that the chemical compo-
sition of the human GN was altered significantly by
treatment with human chorionic gonadotropin, suggesting
that there is hormonal control of the GN volume [8]. The
motor nucleus of the genitofemoral nerve is thought to be
the target of the testosterone released by chorionic gona-
dotropin [9]. In patients with complete androgen insensi-
tivity syndrome, swelling of the GN was reported to be
persistent [10]. Therefore, androgen insufficiency might be
a cause of undescended testis in these patients. In patients
with testicular feminization syndrome, it has also been
reported that the testes were beyond the internal inguinal
ring, similar to the present cases [11].

In the present study, we have not mentioned the char-
acteristics of the GN outside the tunica vaginalis (pars in-
fravaginalis gubernaculi) because of the inconsistent
description of its anatomical characteristics. Barteczko
et al. [2] denied the presence of the pars infravaginalis
gubernaculi, suggesting that there was passive testicular
descent into the scrotum after the testis passed the external
inguinal ring. Even though Scorer denied the direct contact
of the pars infravaginalis gubernaculi with the scrotum, the
presence of the pars infravaginalis gubernaculi was cleaily -
demonstrated [6]. Favorito et al. [12] concluded that the
existence of anomalous insertions at the distal portion of
the GN is quite rare, and that the distal GN was inserted
into the scrotum. The reason why such differences in
opinions exist remains unclear. In the present cases with
UDT, a light traction of the pars infravaginalis gubernaculi
induced a traction of the skin around the pubic bone in
almost all cases.

The precise mechanisms controlling the phase cascade
in human testicular descent remain unknown. Therefore, it
is difficult to interpolate the plausible causes of the unde-
scended testis based on the results of the present study.
However, the apparent GN abnormalities in the attachment
site and the GN area ratio strongly indicate that the GN
might be an important factor involved in the human tes-
ticular descent.
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