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Abstract

Purpose : We assessed the stiffness of unilateral undescended testes after orchiopexy, examining
its value in tracking histopathological changes and fertility potential during postoperative follow-
up. Additionally, we explored the optimal timing for surgery based on testicular stiffness.

Patients and Methods : Thirty-six boys who had been diagnosed with unilateral undescended tes-
tis and treated with orchiopexy were included in the study. Testicular stiffness was evaluated sev-
eral times over respective follow-up periods by ultrasound strain elastography after orchio-
pexy. The strain ratios were measured as the ratios of the elasticities of the descended testis to
those of the operated testes. The patients were divided into two groups based on the age at which
they underwent orchiopexy : under < 2 years (Group A) and = 2 years (Group B).

Results : The mean strain ratios were 0.90 + 0.32 and 0.92 + 0.20 in Groups A and B, respective-
ly.
0.99) ; however, in Group B, it tended to increase with postoperative months (» = 0.42, p = 0.07).

In Group A, the strain ratio was constant regardless of postoperative months (» = 0.01, p =
Conclusions : Evaluation of testicular stiffness may be useful for the estimation of histopathological
changes and fertility potential in boys with unilateral undescended testes at follow-up appointments
after orchiopexy. Our data indicate that performing orchiopexy as early as possible may be recom-

mended to avoid testicular damage.
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Introduction

Cryptorchidism (undescended testis) is one of
the most frequent anomalies in boys and leads to a
risk of male infertility and a higher incidence of tes-
ticular malignancy”. The incidence of azoospermia
associated with undescended testis is 13% in unilat-
eral cases and 89% in bilateral cases”. Usually, or-
chiopexy is the standard treatment in patients with
undescended testis. Although historical studies
have reported improved fertility when orchiopexy is
performed at an earlier age, and while surgical
trends in recent years have followed by making diag-

ages in order to preserve future spermatogenesis®,

a definitive conclusion has not been reached con-
cerning the optimal age at which orchiopexy should
be performed*®. This is because a follow-up peri-
od of > 20 years may be required to assess fertility
and paternity after orchiopexy before a conclusion
can be drawn, and such a long-term prospective
study would be extremely difficult in a clinical set-
ting.

Although assessment of spermatogenesis be-
fore puberty after orchiopexy is also difficult, new
evaluation methods are needed to predict histologi-
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cal changes, including spermatogenesis and testicu-
lar development, Recently, a noninvasive imaging or
numerical evaluation method of tissue stiffness us-
ing ultrasound, called ultrasound elastography, has
been developed to measure the stiffness of target
organs”®. We hypothesized that this technology
could be used to assess testicular development and
estimate testicular histopathology in patients who
have undergone orchiopexy, since indirect estima-
tion of histological changes is usually made by evalu-
ation of testicular size and volume using ultrasonog-
raphy and testicular hardness by palpation®. The
purpose of this study is to evaluate the testicular
stiffness of unilateral undescended testes in patients
who had undergone orchiopexy using ultrasound
strain elastography, and clarify its usefulness during
the follow-up as much as possible. In addition, this
paper will discuss strain elastography’s usefulness
in the evaluation of testicular stiffness at follow-up
appointments after orchiopexy to estimate histo-
pathological findings and fertility potential, and to
determine appropriate surgery timing from the
viewpoint of testicular stiffness.

Methods

Patients

Thirty-six boys with unilateral undescended
testis, for which they had undergone orchiopexy at
our hospital, were included in the study. The ages
of the patients were recorded at the time of orchio-
pexy and ultrasonographic examination. The mean
age at surgery was 24.5 months (12-127). Thirteen
patients had received right orchiopexy and 23 had
received left orchiopexy. Patients were excluded
if : they had retractile testis and/or other associated
malformations ; and/or if they were undergoing or
had undergone other surgical interventions on their
genital organs. Patients with intrabdominal testes
and testicular microlithiasis were also exclud-
ed. There were no patients with a history of ingui-
nal hernia, epididymorchitis, testicular tumor, previ-
ous hormonal treatment, or other inflammation
lesions that could affect testicular elasticity. There
were no patients approaching the onset of puberty in
this study. We performed ultrasound strain elas-
tography multiple times in some patients. Sixteen
patients who underwent orchiopexy at age < 2 years
were assigned to Group A and 20 patients who un-
derwent orchiopexy at age = 2 years were assigned
to Group B. The 36 patients visited our follow-up
outpatient clinic between April 2018 and October

2020. The respective median follow-up periods for
the groups were 67.2 (9-122) and 20.2 (1-79)
months. The ethics committee of Fukushima Med-
ical University Hospital approved the study design
(approval number : 2245), and all parents of the pa-
tients provided written informed consent.

Evaluation of testicular stiffness by ultrasound strain
elastography

Testicular stiffness was evaluated using an ul-
trasound device (HITACHI ARIETTA 70, Hitachi
Healthcare Co., Chiba, Japan) with a 9-4MHz linear
probe on which real-time tissue elastography soft-
ware had been installed, enabling the device to visu-
alize intravital distortion caused by pressure (strain
elastography). Ultrasonography and strain elastog-
raphy were performed with the patients lying in the
supine position. Elastography was performed by
applying slight compression to the testis with the ul-
trasound probe (Figure 1la). An ultrasound probe
was placed in the middle of the scrotum on the af-
fected testis, on which orchiopexy had been per-
formed (operated testis), as well as the contralateral
descended testis, and both testes were visualized in
the same field of view in the ultrasound image (Fig-
ure 1b). The diameter of the region of interest
(ROI) was taken as the center of each testis. The
strain ratios were measured as the ratios of the elas-
ticities of the descended testis to those of the oper-
ated testis (descended testis/operated testis). The
strain ratio was calculated between each point of
each testis. If the strain ratio was over 1.0, the
stiffness of the operated testis was higher than that
of the contralateral descended testis. The testicu-
lar long diameters of both testes were also measured
by ultrasound. One urologist performed all scans
to reduce the bias involved in this operator-depen-
dent imaging technique. The strain ratio was auto-
matically calculated by the ultrasound device.

Statistical analysis

All data were analyzed using SPSS statistical
package version 29.0 (SPSS Inc., Chicago, IL,
USA). The strain ratio and testicular long diame-
ters were compared between the groups using the
Mann-Whitney U test. The correlation between
the strain ratio and postoperative months in each
group was evaluated using the Spearman correlation
test. Statistical significance was considered when p
< 0.05.
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Fig. 1. Ultrasound strain elastosonographic image of a 6-year-old boy with undescended testis who had received or-
chiopexy 60 months previously. (a) Ultrasound strain elastography was performed with the patient lying in the
supine position. The elastography was performed by applying slight compression to the testis with the ultra-
sound probe. An echo probe was placed in the middle of the scrotum on the operated testis and the contralateral
descended testis. (b) Both testes were visualized in the same field of view in the ultrasound image. The diam-
eter of the ROI was taken as the center of each testis (dotted circle).

Results

We compared the strain ratio between Groups
A and B. In the Group A patients, who underwent
surgery at age < 2 years, the mean strain ratio was
0.90 + 0.32, and in the Group B patients, who un-
derwent surgery at age = 2 years, the ratio was 0.92
+ 0.20. There was no statistically significant dif-
ference in the strain ratio between the two groups (p
= 0.89) (Figure 2).

Next, we compared testicular long diameters
between the two groups. The testicular long diam-
eter was 15.4 = 5.1 mm on the operated testis and
16.5 = 5.1 mm on the contralateral descended testis
in Group A. In Group B, the diameter was 18.5 =
6.8 mm on the operated testes and 19.9 = 6.2 mm
on the contralateral descended testes. The testicu-
lar long diameter tended to be smaller in the operat-
ed testis than in the contralateral descended testis
in both groups, although significant differences were
not found. (Groups A and B: p = 0.53, and p =
0.46, respectively ; Figure 3). There was also no
significant difference in the testicular long diameters
of both the operated and contralateral descended
testis between the two groups (p = 0.12 and 0.08,
respectively). No structural abnormalities, such as
microcalcifications or parenchymal gaps, on the pa-
renchyma of both testes were observed by conven-
tional ultrasonography in any patient.

We examined the correlation between the strain
ratio and postoperative months in Groups A and
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Fig. 2. Strain ratio in Group A, in whom surgery was
performed at age < 2 years, and Group B, in
whom surgery was performed at age = 2 years.

B. In Group A, there was no significant correlation
between the strain ratio and postoperative months (»
= 0.01, p = 0.99), suggesting that testicular stiff-
ness was constant regardless of postoperative
months (Figure 4a). In Group B, although no sig-
nificant correlation was found between the strain ra-
tio and post-operated month ( = 0.42, p = 0.07),
the strain ratio tended to increase with the postop-
erative month (Figure 4b). As shown in Figure 4b,
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Fig. 3. Testicular long diameter of operated testes and contralateral descended testes in Group A (a), and Group B
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Fig. 4. Correlation between the strain ratio and post-operated months in Groups A (a) and B (b).

variations in the strain ratio were observed in Group
B. In other words, some boys had high strain ra-
tios, while others did not, indicating that the testicu-
lar stiffness of the operated testis differed among the
patients.

We also examined the correlation between the
testicular long diameter and post-operated months
in Groups A and B. In both groups, there was a
significant positive correlation between the testicu-
lar long diameter of operated testis and postopera-
tive months (Groups A and B: » = 0.72, p < 0.01
and 7 = 0.75, p < 0.01, respectively ; Figures 5a and
5b), suggesting that testicular long diameter in-
creased over time. Similarly, a significant positive
correlation between the testicular long diameter of

the descended testis and postoperative months was
found in both groups (» = 0.69, p < 0.01 and » = 0.76,
p < 0.01, respectively ; Figures 5c¢ and 5d).

Discussion

In the present study, we measured testicular
stiffness using ultrasound strain elastography to ex-
amine whether we can estimate testicular develop-
ment and histopathological changes after orchiopexy,
and discuss the optimal timing of orchiopexy.

Significant histopathological changes in some
patients with undescended testis have been ob-
served, which led to disturbances of spermatogene-

sis and male infertility in the future”. Several stud-
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Fig. 5. Correlation between the testicular long diameter of operated testes (a,b) or descended testes (c,d) and post-

operated months in Groups A (a,c) and B (b,d).

ies demonstrated testicular fibrosis in adults with a
history of cryptorchidism'”. There are a limited
number of tools available to evaluate these histo-
pathologic changes in testes after orchiopexy. Al-
though testicular biopsy can be used to assess histo-
pathological changes such as fibrosis, it is not
recommended in the follow-up period because of its
invasiveness. Measurement of testicular volume
and size by ultrasonography is a noninvasive method
to evaluate testicular development. In the present
study, a significant positive correlation between the
testicular long diameter of both operated testis and
postoperative months was found regardless of the
timing of orchiopexy. However, testicular volume
and size may not always reflect testicular histopath-
ological change. Therefore, a non-invasive proce-
dure to estimate testicular histopathological change
is needed.

Ultrasound elastography is a relatively modern
evolutionary technique of sonographic imaging.
Originally, it was developed to assess tissue stiffness
with the potential of differentiating between benign
and malignant tumors'’. Complementary to con-
ventional ultrasonography, elastography can be used
to assess quantitative and qualitative information
about tissue stiffness'® and estimate the degree of
fibrosis as a result of tissue damage in various or-
gans, including the liver, kidney, and thyroid'"**'®,
Therefore, elastography is expected to be used to
predict pathological status without tissue biopsy. In

the present study, we measured the testicular stiff-
ness of undescended testes after orchiopexy using
ultrasound strain elastography.

There are two main methods of measuring stiff-
ness in ultrasound systems : shear wave elastogra-
phy (also known as transient elastography ; SWE),
which is a quantitative evaluation using the propaga-
tion velocity of shear waves, and strain elastography
(also known as static or compression elastography),
which is a relative evaluation that visualizes differ-
ences in tissue distortion”. Some reports have
evaluated testicular stiffness in patients with unde-
scended testes®'"?? most of which utilized
SWE. However, SWE does not take into account
individual differences in testicular stiffness because
it is used for quantitative evaluations of individual
testes. In the present study, therefore, we used
strain elastography to evaluate testicular stiff-
ness. Previous reports of testicular stiffness by
strain elastography showed that the strain ratios
were measured as the ratios of the elasticities of
subcutaneous fat tissue to the elasticities of the un-
descended testes®. In the present study, we mea-
sured the strain ratios as the ratios of the elasticities
of contralateral descended testes to the elasticities
of the operated testes, because they can be visual-
ized in the same field of view by strain elastography
simultaneously, and the relative testicular stiffness
can be evaluated by causing bilateral testicular tis-
sue distortion with an echo probe. We considered
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that strain elastography could directly compare the
difference in testicular stiffness between the operat-
ed testis and the contralateral descended testis, re-
duce individual differences, and make a more accu-
rate evaluation of postoperative changes occurring
in the operated testis.

There are some reports that have investigated
the testicular stiffness of undescended testes using
SWE'2Y,  Shin ef al. evaluated the differences and
changes in testicular volume and elasticity in the
normal and undescended testes of children using
SWE and reported that instead of increasing volume
and decreasing stiffness of normal testes during de-
velopment in the first 60 months of age, undescend-
ed testes had smaller volume and increased stiffness
when compared to normal testes. The contralater-
al descended testes of patients with unilateral unde-
scended testes showed increased volume without
stiffness change'”.

In the present study, the mean strain ratios
were 0.90 = 0.32 and 0.92 = 0.20 in the patients
who received orchiopexy at age < 2 years and = 2
years, respectively, suggesting that testicular stiff-
ness was similar between the operated and contra-
lateral descended testes. However, the strain ratio
remained constant with postoperative months in the
patients who received orchiopexy at age < 2 years,
while it tended to increase with postoperative
months in boys who had received orchiopexy at age
> 2 years, although a significant change was not
found. Interestingly, variations in the strain ratios
were observed in patients who had received orchio-
pexy at age = 2 years. Some patients had a high
strain ratio, while others did not, indicating that the
testicular stiffness of the operated testis differed
from patient to patient. The variation may be due
to a mix of cases that were missed by screening de-
spite having clear undescended testes, or mild cases
that were not determined to have undescended tes-
tes by screening. Patients with a history of unde-
scended testis do not always experience disturbanc-
es of spermatogenesis. Some patients might
experience testicular damage and male infertility,
while others are able to preserve spermatogenesis
and fertility. Therefore, strain elastography may
help to distinguish between these types of pa-
tients. Two previous reports showed testicular
stiffness of undescended testes after orchio-
pexy. Hattapoglu ef al. demonstrated that the
median SWE values of testes were significantly
higher in operated undescended testes than in de-
scended and normal testes’. Durmaz et al. also
demonstrated that the testicular stiffness of operat-

ed testes was significantly higher than those of the
contralateral descended testes and undescended
testes?”. Since undescended testes have reduced
numbers and delayed maturation of germ cells, they
can induce interstitial fibrosis and, consequently,
higher testicular stiffness””. Evaluation of testicu-
lar stiffness may be useful to estimate testicular his-
topathological changes such as interstitial fibrosis
and the severity of histologic damage in each patient
with unilateral undescended testes who undergoes
orchiopexy, although further study is needed to con-
firm this.

The optimal age for orchiopexy remains a con-
troversial issue, although many recent findings sug-
gest that early intervention may be beneficial. We
demonstrated in this study that the strain ratio tend-
ed to increase with postoperative months in the pa-
tients who received orchiopexy at age = 2 years,
while it remained constant with postoperative
months in the patients who had received orchiopexy
at age < 2 years. Our data may support those of
previous reports, which recommended orchiopexy
as early as possible to avoid testicular damage.

There are some limitations to the present
study. First, the sample size was relatively small
and future studies will require larger study popula-
tions. Second, we did not show a statistically sig-
nificant correlation between the strain ratio and
post-operated months. Third, we also did not in-
vestigate a correlation between the testicular stiff-
ness and testicular histopathological find-
ings. Since testicular biopsy is no longer indicated
for undescended testes, we cannot obtain histopath-
ological data from the patients. Forth, one operator
performed all of the examinations, and we did not
evaluate interobserver variability. Although Agladi-
oglu et al. have shown that the interobserver
agreement of ultrasound strain elastography was ex-
cellent for the elasticity pattern and the concordance
of the strain ratios between the observers was ex-
cellent?, this should be further explored in future
studies. Fifth, we did not measure pre-operative
stiffness, and therefore, could not compare the stiff-
ness between pre- and post-operated testis. This
is due to the measurement method of testicular stiff-
ness by ultrasound strain elastography. As de-
scribed above, we measured the strain ratios as the
ratios of the elasticities of contralateral descended
testes to the elasticities of the operated tes-
tes. The testicular stiffness was evaluated by caus-
ing hilateral testicular tissue distortion with an echo
probe.  This method is characterized by that both
testes must be visualized in the same field of view
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by strain elastography simultaneously. Therefore,
we cannot measure the stiffness of pre-operated
testis since pre-operative undescended (inguinal)
testis and descended (scrotal) testis cannot be visu-
alized in the same field of view in the ultrasound im-
age because of the distance between both tes-
tes. Because this is a preliminary study, further
study will be needed.

Conclusions

In this study we demonstrated that the strain
ratio tended to increase over time in patients who
underwent orchiopexy at age = 2 years, while it re-
mained constant in patients who received orchio-
pexy at age < 2 years. Evaluation of testicular
stiffness may be able to be used in the follow-up pe-
riod after orchiopexy as a complementary method to
hormonal evaluation, testicular size measurement,
semen analysis, and testicular biopsy to estimate
histopathological findings and fertility potential in
patients with unilateral undescended testes who had
undergone orchiopexy. In addition, our data may
support those of previous reports, which recom-
mended orchiopexy as early as possible to avoid tes-
ticular damage, although further study is needed to
confirm these conclusions.
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