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ORIGINAL PAPER

have and raise children, but also causes demographic
shifts with broader social consequences (1, 2). Therefore,
it is extremely important to improve diagnostic capabili-
ties for patients with male infertility, thereby enabling
appropriate treatment.
The general assessment of male fertility typically includes
a medical interview to obtain information on medical his-
tory and regular medications. In addition, objective data
from semen analysis, endocrinological tests and scrotal
ultrasound findings are also useful. Among these assess-
ments, follicle-stimulating hormone (FSH) levels and testic-
ular volume (TV) are emphasized in routine practice to
predict male fertility (3, 4). However, these factors are not
always sufficient to evaluate spermatogenic status (5, 6).
Recent advances in imaging technology have improved
the accuracy of qualitative assessment of organs. Magnetic
resonance imaging (MRI) provides high-resolution images
and has the potential to noninvasively assess the histo-
logical structure of the testes. In particular, apparent dif-
fusion coefficient (ADC) values on MRI have been reported
to significantly differ between obstructive and non-
obstructive azoospermia (NOA) (7). However, the utility of
MRI for assessing spermatogenic status in patients with
conditions other than azoospermia has not been well
studied. Therefore, the aim of this study was to investi-
gate the association between testicular MRI findings,
spermatogenic status and the presence of intratesticular
sperm in patients with azoospermia or cryptozoospermia.

MATERIALS AND METHODS

Study population
Sixty patients aged ≥ 20 years with testicular varicocele
underwent microsurgical subinguinal testicular varicoc-
electomy between February 2014 and January 2025.
Seventy-one patients aged ≥ 20 years with azoospermia,
cryptozoospermia, or ejaculatory dysfunction (EjD) under-
went testicular sperm extraction (TESE) between February
2014 and January 2025. Every patient underwent a
detailed medical interview, physical examination, and
transabdominal and scrotal ultrasonography, in addition to
laboratory testing with sex hormone profiling (FSH,
luteinizing hormone [LH], total testosterone [TT], and pro-
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INTRODUCTION
The prevalence of male infertility is gradually increasing
worldwide (1). Infertility is a serious problem that not
only prevents individuals from fulfilling their wishes to
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lactin [PRL]). TV was calculated using an ellipsoid model of
the testis, based on ultrasound measurements from the
scrotal surface to obtain the width, length and height of the
testis, and multiplying these dimensions by a factor of 0.71
(8). Patients underwent semen analysis in our outpatient
clinic or prior to their visit. Azoospermia was diagnosed
based on a minimum of two semen analyses. Patients with
azoospermia or cryptozoospermia also underwent G-band
analysis of somatic chromosomes. A final total of 33
patients (45 testes) were included in this study.

MRI examination
All MRI images were acquired using a 1.5 Tesla scanner
(Optima MR450w or Signa HDxt, General Electric
Healthcare, Chicago, United States) with a pelvic phased
array coil. Axial T2-weighted images were acquired using
the following parameters: time to repetition (TR)/time to
echo (TE), 2000-12000/82.2-111.1; section thickness,
4.5-8.5 mm; field of view (FOV), 200 × 200-360 × 360
mm; matrix size, 256 × 256-320 × 320. Diffusion-weight-
ed imaging (DWI) sequences with b values of 0 and either
800 or 1000 s/mm2 were obtained using the following
parameters: TR/TE, 4462-12403/63.3-78; section thick-
ness, 4.5-8.5 mm; FOV, 240 × 240-400 × 400 mm;
matrix size, 80 × 90-256 × 256. ADC map was automat-
ically created at the workstation and sent to the hospital’s
picture archiving and communication system.

Image analysis
Elliptical regions of interest (ROIs) were defined to encom-
pass each testicular parenchyma to the greatest extent
possible, while avoiding extension beyond the testicular
boundaries. The mean ADC value of each testis was cal-
culated based on these ROIs. Similarly, elliptical ROIs
were established within the bladder lumen, excluding the
bladder wall, to serve as a reference. Bladder ADC values
were used as an internal reference for normalization, as
previously described by Karakas et al. (7) The normalized
ADC value was calculated by dividing the mean testicular
ADC value by the mean bladder ADC value.

Data collection
The following data were collected and analyzed in this
study: age, height, body weight; serum FSH, LH, TT, and
PRL levels; left and right TV; initial diagnosis; histopatho-
logical results based on Johnsen’s score count (JSC); and
normalized testicular ADC values on MRI.

Testicular biopsy during micro-TESE
In patients with NOA, uni- or bilateral micro-TESE was
performed as reported previously (9). In patients with
cryptozoospermia and repeated unsuccessful intracytoplas-
mic sperm injection (ICSI) using ejaculated sperm, and in
patients with NOA, uni- or bilateral micro-TESE was per-
formed to retrieve sperm from the testes for ICSI. A small
fragment of testicular tissue was collected for histopatho-
logical evaluation.

Testicular biopsy during cTESE
In patients diagnosed with obstructive azoospermia (OA), a
3-mm incision was made in the tunica albuginea of one
testis, and a small fragment of testicular tissue was col-

lected for sperm retrieval and histopathological evalua-
tion.

Testicular biopsy during microsurgical subinguinal 
testicular varicocelectomy
Subinguinal testicular varicocelectomy was performed as
reported previously (10), through a 3-cm incision just
caudal to the external inguinal ring under magnification
with an operating microscope. The testis was delivered
through the incision and a small fragment of testicular tis-
sue was collected for histopathological evaluation.
Relationship between ADC values and clinical parameters
The correlation between normalized ADC value of each
testis and FSH, LH, TT, JSC at testicular biopsy, and TV
was evaluated.

Relationship between ADC values and presence 
or absence of intracytoplasmic sperm in each testis
The ADC value of each testis and the presence of intrat-
esticular sperm were examined. No intratesticular sperm
was defined as the absence of sperm on both TESE and
histopathological evaluation of the testicular biopsy. In
patients who underwent microsurgical subinguinal testic-
ular varicocelectomy, no intratesticular sperm was
defined as the absence of sperm on histopathological
evaluation of the testicular biopsy. Receiver-operating
characteristic (ROC) analysis was then conducted to assess
the ability of normalized ADC values to diagnose the
presence of intratesticular sperm. Area under the curve
(AUC) was calculated, and optimal sensitivity and speci-
ficity values were determined using the Youden index.
ROC curves were generated and AUC, optimal sensitivi-
ty, and optimal specificity were calculated.

Statistical analysis
Statistical analyses were performed in STATCEL® version
3 software (add-in software for Microsoft Excel; OMS
Publishing Inc., Saitama, Japan). Spearman’s rank correla-
tion coefficient was calculated in Microsoft Excel 2021
(Microsoft Corp., Redmond, WA). ROC curve generation
and calculation of AUC, optimal sensitivity, and optimal
specificity were performed in EZR on R commander ver-
sion 1.64 (Saitama Medical Center, Jichi Medical University,
Saitama, Japan) (11). Values of p < 0.05 were considered
statistically significant.

RESULTS

Patient selection
Figure 1 shows a flow chart of patient selection. Patient
characteristics are listed in Table 1. Based on the clinical
evaluations, 12 patients were diagnosed with NOA, 3
with OA, 1 with EjD, 2 with cryptozoospermia, and 15
with testicular varicocele (left side, n = 14; right side, n =
1) (Table 2).

Correlations between normalized ADC values 
and clinical parameters
In all patients (n = 33, 45 testes), the median (min-max)
ADC value was 0.357 (0.285-0.6) ×10-3 mm2/s.
Spearman’s rank analysis demonstrated variable correla-
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tions between ADC values and clinical parameters. As
shown in Figure 2a, a statistically significant positive cor-
relation between ADC values and FSH was observed (rs =
0.366, p = 0.015). A statistically significant positive cor-

relation between ADC values and LH was also observed
(rs = 0.414, p = 0.006) (Figure 2b). No significant corre-
lation between ADC values and TT was found (rs = 0.022,
p = 0.886) (Figure 2c). A slightly negative but statistical-
ly non-significant correlation was observed between ADC
values and TV (rs = -0.258, p = 0.089) (Figure 2d). In
addition, as shown in Figure 2e, ADC values showed a
statistically significant negative correlation with JSC (rs =
-0.377, p = 0.009).

Predictive ability of ADC values for the presence 
of intratesticular sperm
As mentioned above, FSH, LH, and JSC were correlated
with normalized ADC values. These results suggest that
normalized ADC values may reflect spermatogenic status.
Therefore, we then examined whether ADC values could
predict the presence of intratesticular sperm. The nor-
malized ADC values of testes in which no sperm was
observed (0.41 (0.289-0.6) ×10-3 mm2/s) were signifi-
cantly higher than those of testes in which sperm was
observed (0.35 (0.096-0.5) ×10-3 mm2/s) (p < 0.000005)
(Figure 3). Representative ADC images of testes with and
without intratesticular sperm are shown in Figure 4. No
obvious visual differences were noted between the two
groups, although quantitative analysis demonstrated sig-
nificant differences in normalized ADC values. ROC
analysis revealed an ADC cut-off value of 0.382 ×10-3

mm2/s (specificity, 0.8; sensitivity, 0.686), with area
under the curve (AUC) of 0.667 (95% confidence inter-
val [CI]: 0.428-0.907) for diagnosing the presence of
intratesticular sperm (Figure 5). These results suggest
that although the normalized ADC value was significant-
ly correlated with FSH, LH, and JSC, it may be regarded
as one of several informative parameters for assessing the
likelihood of intratesticular sperm.

Figure 1. 
Flow chart of patient selection. Of the 131 patients who underwent microsurgical subinguinal testicular varicocelectomy or
testicular sperm extraction (TESE), the final study cohort comprised 33 patients (45 testes) who underwent both preoperative
testicular magnetic resonance imaging (MRI) and intraoperative testicular biopsy.

EjD: ejaculatory dysfunction; TESE: testicular sperm extraction; MRI: magnetic resonance imaging. 

Table 1. 
Patient characteristics. 

Variable n Median (minimum-maximum)

Age (y) 33 33 (23-49)

BMI (Kg/m 33 23.6 (18.1-29.1)

TV (mL) 45 testes 10.0 (0.66-25.1)

FSH (mIU/mL) 33 7.5 (2.3-66.7)

LH (mIU/mL) 33 4.9 (0.86-29.3)

PRL (mIU/mL) 33 6.2 (2.6-12.9)

TT (ng/mL) 33 4.9 (0.39-10.0)

BMI: body mass index; TV: testicular volume; FSH: follicle-stimulating hormone; 
LH: luteinizing hormone; PRL: prolactin; TT: total testosterone. 

Table 2. 
Surgical procedures.

Procedure n

cTESE unilateral 3 OA (n = 3)

micro-TESE unilateral 2 EjD (n = 1), cryptozoospermia (n = 1)
bilateral 13 NOA (n = 12), cryptozoospermia (n = 1)

Microsurgical subinguinal unilateral 15 left side (n = 14), right side (n = 1)
testicular varicocelectomy

cTESE: conventional testicular sperm extraction; micro-TESE: microdissection testicular 
sperm extraction; OA: obstructive azoospermia; EjD: ejaculatory dysfunction; 
NOA: non-obstructive azoospermia.
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Figure 2. 
Correlations between ADC
values and a) FSH, b) LH, 
c) TT, d) TV, and e) JSC. 

ADC: apparent diffusion coefficient; 
FSH: follicle-stimulating hormone; 
LH: luteinizing hormone; 
TT: total testosterone; 
TV: testicular volume; 
SC: Johnsen’s score count. 

Figure 3. 
Box-and-whisker diagram showing normalized ADC
values by presence/absence of intratesticular
sperm.

ADC: apparent diffusion coefficient.



Archivio Italiano di Urologia e Andrologia 2026; 98(3):15833

5

Testicular MRI for diagnosing intratesticular sperm

Figure 4. 
Representative ADC images
of testes a) with and 
b) without intratesticular
sperm. 
White arrowheads indicate
the left testis.

ADC: apparent diffusion
coefficient.

Figure 5. 
ROC curve showing performance of ADC values to predict
the presence of intratesticular sperm. 

ROC: receiver-operating characteristic; 
AUC: area under the curve; 
ADC: apparent diffusion coefficient.

DISCUSSION
In this study, we evaluated whether testicular MRI could
reflect spermatogenic status in patients diagnosed with
male infertility. We found that FSH, LH, and JSC signifi-
cantly correlated with normalized ADC values.
Diffusion-weighted MRI is an imaging technique that
visualizes the motion of water molecules within tissue,
and the ADC value is a quantitative measure of this
motion (12, 13). Therefore, the ADC value is affected by
cell density and intercellular matrix structure (13, 14).
For example, a decrease in cell density leads to increased
motion of water molecules in the intercellular spaces,
resulting in a higher ADC value.
The significant positive correlation observed between
ADC values and each of FSH and LH in this study sug-
gests that primary testicular dysfunction with high
gonadotropin levels is associated with decreased cell den-
sity. In testes with impaired spermatogenesis, the semi-
niferous tubules become narrower and their number
decreases. Regent et al. demonstrated that in patients with
NOA, MRI of the testes showed significantly higher ADC
values compared with those with OA, which had histo-

logically normal seminiferous tubules (15). Similarly,
Tsili et al. compared the ADC values of testicular MRI
between 48 patients with NOA and 18 age-matched con-
trol subjects (16), and found that ADC values were sig-
nificantly higher in the NOA group than in the control
group. That study did not analyze the direct relationship
between ADC values and FSH levels; however, their
results support those of the present study because FSH
levels tend to increase with the severity of primary sper-
matogenic dysfunction.
In this study, a significant positive correlation was
observed between LH levels and ADC values (rs = 0.414,
p = 0.006). Elevated LH levels generally reflect impaired
testicular function through hypothalamic-pituitary feed-
back regulation. Although alterations in Leydig cell func-
tion and intratesticular testosterone have been proposed
as potential mechanisms underlying impaired spermato-
genesis, these parameters were not evaluated in the pres-
ent study. Therefore, the mechanisms responsible for the
observed association between LH and ADC values remain
to be clarified.
In this study, no significant correlation was observed
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between TT and ADC values (rs = 0.022, p = 0.886). TT
levels are susceptible to diurnal variations and metabolic
influences within the body, as well as external factors
such as health status, obesity, and stress.(17-19)
Therefore, a single blood sample may not reliably reflect
testicular function or cell density. In other words,
because TT levels are influenced by systemic metabolism,
they may not accurately represent the local state of the
testes. This may explain the relatively weak correlation
observed between TT and ADC values.
Interestingly, the ROC analysis using a cutoff value of
0.382×10-3 mm2/s demonstrated moderate diagnostic
performance (AUC = 0.667), suggesting that ADC values
could provide supportive information in the assessment
of spermatogenic status. However, this level of discrimi-
nation is insufficient for ADC values to be used as a stand-
alone predictor of intratesticular sperm. Because ADC
values reflect the averaged diffusion of water molecules
within the ROI, encompassing seminiferous tubules,
interstitium, blood vessels, and Leydig cells. Therefore,
combining ADC values with hormonal profiles or other
imaging parameters may improve overall assessment of
spermatogenic status, although further prospective stud-
ies are required to confirm their clinical utility.
This study has several limitations that should be consid-
ered. First, the ADC value was calculated from a single
ROI on one axial slice, which may not fully reflect focal
areas of preserved spermatogenesis, particularly in
patients with NOA. Future studies using multiple ROIs
across different sections may improve diagnostic accura-
cy. Second, this was a retrospective study with a small

and heterogeneous cohort. In particular, the number of
patients with NOA was limited, precluding meaningful
subgroup analyses, including comparisons according to
sperm retrieval status. Therefore, larger prospective stud-
ies including more patients with NOA are necessary to
verify whether ADC values can reliably diagnose the pres-
ence or absence of intratesticular sperm. Third, histolog-
ical evaluation was based on biopsy specimens obtained
from a limited area of the testis and therefore may not
accurately reflect the spermatogenic status of the entire
testis. Fourth, this study did not include a control group
of healthy individuals.
Despite these limitations, our findings provide new
insights into the association between diffusion-weighted
MRI findings, spermatogenic status and the presence of
intratesticular sperm and support further exploration of
ADC values as part of a multimodal diagnostic approach.
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