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Abstract

Aim: The aim of this study was to evaluate testicular stiffness
by shear wave elastography (SWE) in patients with isolated
hypogonadotropic hypogonadism (IHH) and to compare it with
healthy controls.

Material and Method: In this prospective study, 35 patients with
IHH (group 1) and 40 healthy controls (group 2) were evaluated.
These two groups were compared in terms of age, testicular
volume, and SWE values. In a subsequent analysis, IHH patients
were divided into 3 groups: those who were newly diagnosed
and did not receive any treatment (group A), those who received
testosterone replacement (group B), and those who received
human chorionic gonadotrophin alpha (hCG) (group C). Testicular
volumes and SWE values were also compared between these
subgroups.

Results: Testicular volumes were significantly lower in group 1 than
in group 2 (p<.001). Group 1 had significantly higher testicular SWE
values than group 2 (p<.001). There was also a negative correlation
between the mean value of testicular stiffness and testicular
volume in group 1 (r=-0.555, p=.001 for right testes, r=-0.403,
p=.016 for left testes). Results of subsequent analysis by treatment
status showed that patients in group C had significantly increased
testicular volumes. In addition, they tended to have lower SWE
values, when compared to groups A and B.

Conclusion: SWE values were significantly higher in IHH patients
compared to healthy controls. We found significant improvements
in SWE values even in patients receiving short-term hCG
replacement. Further research is needed on whether basal SWE
values of IHH patients can predict fertility in patients with IHH.
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Oz
Amag: Bu calismanin amaci, izole hipogonadotropik hipogonadizm

(IHH) hastalarinda testis sertligini shear wave elastografi (SWE) ile
degerlendirmek ve saglikli kontrollerle karsilagtirmakti.

Gereg ve Yontem: Bu prospektif calismada IHH'li 35 hasta (grup 1)
ve 40 saglikli kontrol (grup 2) degerlendirildi. Bu iki grup yas, testis
hacmi ve SWE degerleri acisindan karsilastirildi. Daha sonra yapilan
bir analizde IHH hastalari, yeni teshis konulan ve herhangi bir tedavi
almayanlar (A grubu), testosteron replasmani uygulananlar (B grubu)
ve human koryonik gonadotropin alfa (hCG) alanlar (C grubu) seklinde
¢ gruba ayrildi. Testis hacimleri ve SWE degerleri de bu alt gruplar
arasinda karsilastirldi.

Bulgular: Testis hacimleri grup 1'de grup 2'ye gére anlamli derecede
dUsUktU (p<.001). Grup 1'deki olgularin testiktler SWE degerleri grup
2'ye g6re anlamli olarak yuksekti (p<.001). Grup 1'deki olgularda testis
sertligi ortalama degeri ile testis hacmi arasinda da negatif korelasyon
vardi (sag testis icin r=-0.555, p=.001, sol testis icin r=-0.403, p=.016).
Tedavi durumuna gore elde edilen analiz sonuglari, C grubundaki
hastalarin testis hacimlerinde dnemli dl¢tide artis oldugunu gosterdi.
Ayrica C grubundaki olgular, A ve B gruplarina gore daha dustik SWE
degerlerine sahip olma egilimindeydiler.

Sonug: SWE degerleri IHH hastalarinda saglikli kontrollere gore
anlamli olarak yUksekti. Kisa streli hCG replasmant alan hastalarda bile
SWE degerlerinde 6énemli diizelmeler bulduk. IHH hastalarinin bazal
SWE degerlerinin IHH'li hastalarda fertiliteyi 6ngérip géremeyecedi
konusunda daha fazla arastirmaya ihtiyag vardr.

Anahtar Kelimeler: izole hipogonadotropik hipogonadizm,
elastografi, testikiler sertlik, erkek infertilitesi
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INTRODUCTION

The onset of puberty and achieving fertility depend on the
pulsatile release of hypothalamic gonadotropin-releasing
hormone (GnRH), which stimulates luteinizing hormone (LH)
and follicle stimulating hormone (FSH) from the anterior
pituitary." A disruption of this axis in the hypothalamic and/or
pituitary region results in hypogonadotropic hypogonadism
(HH). In general, there are two types of HH, congenital and
acquired. The term isolated/idiopathic HH (IHH) refers to
HH without anatomical or functional abnormalities in the
hypothalamus or pituitary glands.” The prevalence of IHH
in men is approximately 1:8,000 and is characterized by lack
of sexual development and infertility.®! The first clinically
observable sign of puberty in boys is testicular enlargement,
but patients with IHH tend to have low testicular volume.
Treatment to induce puberty at the right time is critical for
sexual, bone, and metabolic health, as well as for psychosocial
effects. The treatment regimen for IHH is principally
determined by whether the goal is to promote secondary
sexual characteristics or to induce fertility.” Testicular volume
before treatment is thought to be one of the main indicators
of spermatogenesis response in patients with IHH who want
to have kids."”

Ultrasonography (US) is a non-invasive, repeatable and
inexpensive imaging method commonly used to examine
testes. Elastography is a US-based imaging method used to
evaluate the stiffness of the tissues.® Strain elastography and
shear wave elastography are the two types of elastography
that are now obtainable.” Strain elastography (SE) measures
tissue stiffness by applying a compression force to the
lesion's surface. The extent of tissue deformation that occurs
is related to the stiffness of the lesion. SE is regarded as
operator-dependent due to the elastogram's quality depends
significantly on the user's examine and application. Shear
wave elastography (SWE) generates shear waves in the
underlying tissue with varying velocities dependent on the
stiffness of the tissue using acoustic radiation force impulses
(ARFI). Shear wave velocity readings can be collected as a
single value in a fixed region of interest (ROI) or as multiple
values for each point in a field of view (FOV). The latter is often
referred to as two-dimensional shear wave elastography
(2D-SWE).'® There have been several studies on the use of
SWE in normal testis and these studies have provided an
adequate basis for more systematic investigations.!''"3

The aim of this study was to evaluate the testicular stiffness
of IHH patients with SWE and to compare the results with the
normal healthy control group.

MATERIAL AND METHOD

This was a single-center prospective case-control study
conducted between December 2021 and July 2022. The local
ethical committee approved the study protocol according
to the Helsinki Declaration (29.11.2021-HRU/21.21.05). All
participants provided written consent prior to data collection.

Study Participants

Female patients with IHH were not included in the study. A
total of 35 male patients with IHH (Group 1) and 40 healthy
control males (Group 2) were included in this study. The results
of the physical examination, laboratory tests, and radiological
imaging were used to diagnose IHH. The following diagnostic
criteria were used: a lack of spontaneous puberty before the
age of 18, a decrease in testosterone concentration below the
normal range for adults, a low or inappropriately normal level
of FSH and LH, and a normal result of hypothalamo-pituitary
magnetic resonance imaging. None of the patients had
hyposmia, anosmia, or a family history of IHH. Patients with IHH
who registered to the endocrine outpatient clinic underwent
to ultrasound and elastography exams based on these
diagnostic criteria. During the ultrasound and elastography
examination, the radiologist was unaware of the patients'
clinical information. Following an ultrasound and elastography
examination the patients were then divided into three groups
based on their treatment status. The first group (Group A)
consisted of newly diagnosed patients who did not receive any
treatment; the second group (Group B) consisted of patients
who received parenterally administered testosterone; and the
third group (Grup C) consisted of patients who received human
chorionic gonadotrophin alpha (hCG). The control group was
composed of healthy male employees at our hospital.

Ultrasound and SWE examination

Ultrasonography and shear-wave elastography examinations
of testes was performed by a single radiologist who had
14 years of ultrasonography and 4 years of elastography
experience. The examinations were performed by using the
Siemens ACUSON S2000 US system (Siemens Medical Solution,
MountainView, CA, USA) with a 9L4 probe. The 2D-SWE method
utilized in this study was the most recent SWE approach that
used acoustic radiation force. While the patient or volunteer
were in the supine position, the gray scale US examination of
both testes was performed first. Patients with testicular lesions,
hydrocele, or varicocele were excluded from the study at this
point. All testes were measured in the largest three dimensions
(length (L) x width (W) x height (H)), and the testicular volume
was then automatically calculated by US device. In order to
prevent additional compression and stabilize the elastography
images, the linear array transducer was applied very gently to
the skin. The sampling box was adjusted to the testis, and a
SW quality map was first acquired. Green on the map denotes
good SW quality, yellow for marginal SW quality, and red for
poor SW quality. After that, SW velocity mode was initialized,
and a 2D color map of shear wave velocity (SWV) distribution
within the testes was obtained. The color of the map represents
the SWV from high (red or orange), intermediate (yellow or
green), to low (dark or light blue). A high quality SWE image
was selected and the SWV was then measured by a fixed ROI
(2x2 mm) in the shear wave velocity map. SWE values were
measured in the longest longitudinal plane. SWE values were
obtained in both speed mode (m/s) and elasticity mode (kPa).
Nine ROl were placed in each testis. Three ROI placed on the
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upper pole, three on the middle region, and three on the lower
pole of the testis (Figure 1). Based on the mean value of nine
SWE measurements, a statistical analysis was conducted.
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Figure 1. a) Gray scale image of testis of a 32-year-old male patient with a
diagnosis of IHH (Group A). Note the heterogeneous echotexture of the testis.
b) The quality map of same patient. c) Three measurements were obtained
from each part of testis in the longest longitudinal plane. SWE images were
displayed in speed mode (m/s) and elasticity mode (kPa).

Statistical Analysis

The Statistical Package for Social Sciences version 20.0
for Windows (SPSS Inc., Chicago IL, USA) was used for the
statistical analysis. The Kolmogorov-Smirnov test was used to
verify the normality of the data. According to the distribution
of the data, the meantstandard deviation or median and
interquartile range were calculated. The continuous variables
were analyzed using independent samples t-tests or Mann-
Whitney U tests, based on their distribution. We compared
categorical variables with the Chi-square test. Homogeneity
of variances was evaluated with Levene’s test. If the data were
normally distributed, one-way analysis of variance (ANOVA)
was used to compare three or more groups. In post-hoc
analyses, Tukey's test was used if homogeneity of variance
was assumed. Whenever normality tests failed, the Kruskal-
Wallis test was used to compare three or more groups and
pairwise comparisons were conducted for subgroup analysis.

RESULTS

In this study, 75 participants were included, 35 patients with
IHH in group 1 and 40 healthy controls in group 2. Group 2
had a higher mean age, but this difference was not statistically
significant(group1: 25.97+6.06, group 2: 29.02+7.29, p=.054).
In the group 1 patients, the right testicular volume (RTV) was
4.45+2.83 ml and the left testicular volume (LTV) was 4.22+2.58
ml, which was significantly lower than the testicular volumes
in group 2 (RTV: 13.74+2.46ml, LTV: 13.504+2.38ml (p<.001 for
both). On the basis of elasticity and velocity parameters, IHH
patients had mean SWE values of 14.88+4.01 kPa and 2.20+0.29
m/s for right testes, and median 14.6 (11.52-16.42) kPa and 2.20
(1.95-2.33) m/s for left testes. In the control group, the mean SWE
values were 5.17+1.22 kPa and 1.29+0.15 m/s for right testes,
and median 4.28 (3.77-5.79) kPa and 1.24 (1.18-1.43) m/s for
left testes. Patients in group 1 had significantly higher stiffness
values in both testicles than those in group 2 (p<.001) (Table 1).

Table 1. Group-wise baseline characteristics of subjects

Parameters Healthy control IHH P-value
Age (years) 29.02+7.29 25.97+6.06 .0542
RT Volume (ml) 13.74+2.46 4.45+2.83 <.001°
LT Volume (ml) 13.50+2.38 4.22+2.58 <.0012
RT-SWVV (m/s) 1.29£0.15 2.20+0.29 <.001°
LT-SWVV (m/s) 1.24(1.18-1.43) 2.20(1.95-2.33) <.001°
RT-EM (kPa) 5.17+1.22 14.88+4.01 <.001®
LT-EM (kPa) 4.28 (3.77-5.79) 14.6 (11.52-16.42) <.001°

Abbreviations: IHH; Isolated hypogonadotropic Hypogonadism, SWVV; Shear Wave Velocity Values,
EM; Elastic Modulus RT; Right Testis, LT; Left Testis. Data areexpressed as the mean and Standard
deviation or median (first and third quartile) values. p value< 0.05 was considered significant.
Significant p values are highlighted in bold .a: Independent samples t-test. b: Mann-Whitney U test

Correlation analysis showed that the volume of the testicles
increased with increasing age in patients with IHH (r=0.423,
p=.011 for right testes, r=0.460, p=.005 for left testes). There
was also a negative correlation between the mean value of
testicular stiffness and testicular volume (r=-0.555, p=.001 for
right testes, r=-0.403, p=.016 for left testes) (Table 2).
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Table 2. A correlation analysis of group 1 patients regardless of their

treatment status

RTVolume LTvolume RT-SWV LT-SWV
(ml) (ml) (m/s) (m/S)
Age rvalue 423* A460%* -142 052
(years) p value 011 .005 415 793
RTVolume rvalue .944%xx -.555%* -.392*
(ml) p value <.001 .001 .020
LT Volume  rvalue -531** -403*
(ml) p value .001 016
RT-SWVV rvalue 7671%**
(m/s) p value <.001

Abbreviations: RT; Right Testis, LT; Left Testis, r: Pearson’s correlation, p value< 0.05 was considered
significant. Significant p values are highlighted in bold

In the final analyses, patients were divided into three groups
according to their treatment status (Group A, B, and C) (Table
3).The mean age of patients in group A was significantly lower
than those in group B and C (p=.001). There was a significant
increase in mean testicular volume in group C patients when
compared with both group A and B (p<.001). The values of
testicular stiffness in group C patients were significantly lower
than those in group A. However, there was no significant
difference between group A and group B in terms of testicular
stiffness.

Table 3. The comparison of IHH patients based on their treatment
status

Group A Group B Group C
(n:11) (n:10) (n:14) P
(Treatment- (Im (hCG alpha) value
naive) testosterone)
e

Age (yearsy 2090393 29204364  27.64+649 001
'(‘anl\)m'”me 22141350 3.98+2.59 6.26+2.04  <.001
(L;\I;d“me 22041070 3.68+2.64 6.19+197 <001
Y 2.36+0.28" 2.20+0.28 206+024 032
(m/s)
LT-SWVV
e 2214024 2.24+0.26 205+029 200
RT-EM 17.18+4.18" 14954397  13.04+43.10  .033
(kpa)
(LIIpEa,;A 14.89+3.36 15504377  12.96+380 215

Abbreviations: HCG; Human chorionic gonadotrophin, IM; Intramuscular, SWVV; Shear Wave Velocity
Value, EM; Elastic Modulus, RT; Right Testis, LT; Left Testis

Data are expressed as the mean and standard deviation. p value<.05 was considered significant.
Significant p values are highlighted in bold

The definition of post hoc analysis: a: between group A and B, b: between group A and C, c: between
group Band C, *: p value between .05-.01, **: p value between .01-.001, ***: p value<.001

DISCUSSION

The most important distinguishing feature of this study is that
SWE was used for the first time to determine testicular stiffness
in patients with IHH. It was already expected that testicular
volumes would be lower in patients with IHH than in healthy
controls. These patients also displayed a significant increase
in testicular stiffness in comparison to healthy controls. One
of the most interesting aspects of our study is the observation
that the degree of stiffness in the testicles may vary according

to the treatment regimen used. Despite a relatively limited
number of patients and a relatively short treatment period,
we found significant differences in testicular volume increase
and reduced testicular stiffness in patients receiving human
chorionic gonadotropin alpha versus other groups. This could
indicate that optimal hormone replacement therapy (LH and
FSH) is associated with improved testicular parenchyma in
patients with IHH. There is already evidence to suggest that
testosterone replacement alone is not sufficient to stimulate
testicular growth or spermatogenesis in patients with [HH.!

The effectiveness of SWE in assessing the stiffness of tissues
or lesions has been demonstrated in a variety of organs,
including the thyroid, breast, and liver.'*'¢ In recent years,
SWE has become one of the more common methods for
evaluating testicles. A significant increase in testicular
stiffness was observed with the SWE method in patients with
testicular tumors, varicocele and torsion.!"?"' Based on a meta-
analysis of studies that used the SWE to distinguish between
malignant and benign testicular lesions, the researchers
found that the pooled sensitivity was 87% and the pooled
specificity was 81%. As a general rule, malignant lesions are
considered to be harder than benign lesions.”? It should
be noted, however, that stiffness measurements of some
benign lesions with calcification may be higher and, stiffness
measurements of some malignant lesions with necrosis and
liquefaction may be lower."” In varicoceles, stiffer testicles are
thought to be associated with germ cell atrophy, thickened
tubular basement membranes, and increased interstitial
fibrosis."® In both animal and human studies, testicular
torsion has been associated with increased testicular stiffness.
Increased stiffness is believed to be associated with increased
intratesticular pressure due to venous obstruction, tissue
edema, bleeding and necrosis.2°21

A number of studies have demonstrated that infertile males
have increased testicular stiffness.>?% Urologists use tissue
palpation to assess scrotal stiffness, but it is a subjective tool
that requires experience. An abnormal spermiogram may
indicate parenchymal damage. Due to the invasive nature
of testicular biopsy, it is no longer routinely recommended
for assessing histological features of parenchymal damage.
7 According to an experimental study on white rabbits,
increased testicular stiffness after testicular torsion was
positively correlated with impaired spermatogenesis.®! In a
study involving 1,116 men undergoing in vitro fertilization
treatment, increased testicular stiffness was found to be
inversely related to total sperm count. This condition has
been linked to fibrotic thickening of the walls of seminiferous
tubulesin the testicles.? It was also observed in another study
by Erdogan et al. that infertile men exhibited significantly
higher testicular SWE values than healthy controls. They also
stated that testicular stiffness increased with decreasing
testicular volumes. The increased testicular stiffness values
have been attributed to parenchymal damage that impairs
spermatogenesis.”! In the study conducted by llliano et al.
similar findings were reported as well.?® In testicular biopsy
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samples taken from azoospermic males, Li et al. observed an
increase in the thickness of lamina propria and a decrease in
the diameter of seminiferous tubules and spermatogenetic
epithelium height.?®

In our patient group, in addition to increased testicular
stiffness, we also found a decrease in testicular echo
and heterogeneity on gray scale imaging. According
to histopathological findings in patients with IHH, the
seminiferous tubules are separated by an interstitial space
that consists of blood vessels, connective tissue cells, and
collagen fibers. However, typical adult Leydig cells were not
detected. Moreover, only immature sertoli cells and early type
A spermatogonia were found in the cords.? This findings
suggests that increased testicular stiffness in IHH patients
may be related to increased connective tissue.

The Study's Strengths and Limitations

Our study had some limitations. Firstly, the study included
a relatively small number of patients. Secondly, all SWE
measurements were performed by a single radiologist, and
only one measurement was taken. However, we believe
that taking nine separate measurements from each part of
the testis would result in a higher level of accuracy. A third
limitation involves the lack of analysis of sperm parameters
and the inability to compare histopathological findings
among patients. One of the strengths of our study is that
testicular stiffness in IHH patients was evaluated with SWE for
the first time in the literature. A further noteworthy finding
was the significant reduction in testicular stiffness observed
in patients receiving hCG alpha in comparison to those
receiving testosterone replacement therapy.

CONCLUSION

Testicular stiffness was significantly higher in IHH patients
than in healthy controls. A significant improvement in
testicular stiffness was observed in patients treated with
hCG alfa compared with those treated with testosterone.
In patients with IHH, detection and monitoring of testicular
stiffness using the SWE may be useful in demonstrating the
effectiveness of treatment. Future prospective studies with a
larger sample size are needed to confirm this study's findings..

ETHICAL DECLARATIONS

Ethics Committee Approval: The study was carried out
with the permission of Harran University Non-interventional
Clinical Researches Ethics Committee (Date: 29.11.2021,
Decision No: HRU/21.21.05).

Informed Consent: All patients signed the free and informed
consent form.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no conflicts
of interest to declare.

Financial Disclosure: The authors declared that this study
has received no financial support.

Author Contributions: All of the authors declare that they
have all participated in the design, execution, and analysis of
the paper, and that they have approved the final version.

REFERENCES

1. O'Shaughnessy PJ. Hormonal control of germ cell development and
spermatogenesis. Semin Cell Dev Biol 2014;29:55-65.

2. Lin J, Mao J, Wang X, et al. Optimal treatment for spermatogenesis
in male patients with hypogonadotropic hypogonadism. Medicine
(Baltimore) 2019;98:e16616.

3. Kwon A, Kim HS. Congenital hypogonadotropic hypogonadism: from
clinical characteristics to genetic aspects. Precis Future Med 2021;5:97-
105.

4. Young J, Xu C, Papadakis GE, et al. Clinical Management of Congenital
Hypogonadotropic Hypogonadism. Endocr Rev. 2019;40:669-710.

5. Dunkel L, Quinton R. Transition in endocrinology: induction of puberty.
Eur J Endocrinol 2014;170:R229-39.

6. Federici S, Goggi G, Quinton R, et al. New and Consolidated Therapeutic
Options for Pubertal Induction in Hypogonadism: In-depth Review of the
Literature. Endocr Rev 2022;43:824-51.

7. Rastrelli G, Corona G, Mannucci E, et al. Factors affecting spermatogenesis
upon gonadotropin-replacement therapy: a meta-analytic study.
Andrology 2014;2:794-808.

8. Xu JM, Xu XH, Xu HX, et al. Conventional US, US elasticity imaging, and
acoustic radiation force impulse imaging for prediction of malignancy in
thyroid nodules. Radiology 2014;272:577-86.

9. Sigrist RMS, Liau J, Kaffas AE, et al. Ultrasound Elastography: Review of
Techniques and Clinical Applications. Theranostics 2017;7:1303-29.

10.Tay IWM, Sim LS, Moey THL, et al. Shear wave versus strain elastography
of breast lesions-The value of incorporating boundary tissue assessment.
Clin Imaging. 2022;82:228-33.

11.Marcon J, Trottmann M, Rubenthaler J, et al. Three-dimensional vs. two-
dimensional shear-wave elastography of the testes - preliminary study
on a healthy collective. Clin Hemorheol Microcirc. 2016;64:447-56.

12.Chen F, Mao L, Zhou X, et al. Application of Shear Wave Elastography to
Evaluate the Stiffness of Normal Testes and Inflammatory Epididymal Tail
Masses. Ultrasound Q. 2020;37:161-67.

13.Pedersen MR, Mgller H, Osther PJS, et al. Comparison of Tissue Stiffness
Using Shear Wave Elastography in Men with Normal Testicular Tissue,
Testicular Microlithiasis and Testicular Cancer. Ultrasound Int Open.
2017;3:E150-E155.

14.Song EJ, Sohn YM, Seo M. Diagnostic performances of shear-wave
elastography and B-mode ultrasound to differentiate benign and
malignant breast lesions: the emphasis on the cutoff value of qualitative
and quantitative parameters. Clin Imaging 2018;50:302-7.

15.Samir AE, Dhyani M, Vij A, et al. Shear-wave elastography for the
estimation of liver fibrosis in chronic liver disease: determining accuracy
and ideal site for measurement. Radiology 2015;274:888-96.

16.Magri F, Chytiris S, Capelli V et al. Shear wave elastography in the
diagnosis of thyroid nodules: feasibility in the case of coexistent chronic
autoimmune Hashimoto’s thyroiditis. Clin Endocrinol (Oxf) 2012;76:137-
41

17.Lin Z, Lin R, Wu H, et al. Elastography for the differential diagnosis
of malignant versus benign testicular lesions: a meta-analysis.
Ultrasonography 2021;40:465-73.

18.Turna O, Aybar MD. Testicular stiffness in varicocele: evaluation with
shear wave elastography. Ultrasonography 2020;39:350-55.

19.Camoglio FS, Bruno C, Peretti M, et al. The role of sonoelastography in the
evaluation of testes with varicocele. Urology 2017;100:203-6.

20.Sun Z, Xie M, Xiang F, et al. Utility of Real-Time Shear Wave Elastography
in the Assessment of Testicular Torsion. PLoS One 2015;10:e0138523.



Osman Dere, Testes elastography in isolated hypogonadotropic hypogonadism 734

21.Lin W, Li Z, Xue E, et al. Using shear wave elastography method to
evaluate testicular compartment syndrome after testicular torsion.
Andrologia 2020;52:e13618.

22.Celebi I, Mahmutoglu AS. Early results of real-time qualitative
sonoelastography in the evaluation of parotid gland masses: a study with
histopathological correlation. Acta Radiol 2013;54:35-41.

23.Zhang X, Lv F, Tang J. Shear wave elastography (SWE) is reliable method
for testicular spermatogenesis evaluation after torsion. Int J Clin Exp Med
2015;8:7089-97

24.Cui J, Du Q, Fu W. Application of real-time shear wave elastography in the
assessment of male infertility. Quant Imaging Med Surg 2022;12:1505-16.

25.Erdogan H, Durmaz MS, Ozbakir B, et al. Experience of using shear
wave elastography in evaluation of testicular stiffness in cases of male
infertility. J Ultrasound 2020;23:529-34.

26.Illiano E, Trama F, Ruffo A, et al. Testicular shear wave elastography in
oligo-astheno-teratozoospermic individuals: a prospective case-control
study. Int Urol Nephrol 2021;53:1773-83.

27.Minhas S, Bettocchi C, Boeri L, et al. European Association of Urology
Guidelines on Male Sexual and Reproductive Health: 2021 Update on
Male Infertility. Eur Urol 2021;80:603-20.

28.Li M, Du J, Wang ZQ, et al. The value of sonoelastography scores and the
strain ratio in differential diagnosis of azoospermia. J Urol 2012;188:1861-
6.

29.Kumar PA, Pitteloud N, Andrews PA, et al. Testis morphology in patients
with idiopathic hypogonadotropic hypogonadism. Hum Reprod
2006;21:1033-40.



