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Objective: Cryptorchidism is one of the main causes of infertility and can result in testicular cancer. This study aimed to present quantitative
data on the damage caused by cryptorchidism using stereological analysis.

Methods: Thirty newborn rats were randomly divided into control and experimental groups. The experimental group underwent surgery to
induce unilateral cryptorchidism in the left testis, whereas the control group underwent a sham surgical procedure 18 days after birth. The
testes were removed at designated time points (40, 63, and 90 days after birth) for stereological evaluation and sperm analysis. Total testicu-
lar volume, interstitial tissue volume, seminiferous tubule volume and length, and seminiferous epithelium volume and surface area were
measured. Other parameters, such as sperm count, sperm morphology, and sperm tail length, were also examined.

Results: Statistically significant differences (p<0.05) were observed between the experimental and the control groups at different ages re-
garding the volumes of various parameters, including the surface area of the germinal layer, the length of the seminiferous tubules, sperm
count, and sperm morphology. However, no significant differences were observed in the epithelial volume and the sperm tail length of the
groups.

Conclusion: Given the substantial effect of cryptorchidism on different testicular parameters, as well as the irreversible damage it causes in
the testes, it is important to take this abnormality seriously to prevent these consequences.
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Introduction

The inhibition of testicular descent into the scrotum of one testis
(unilateral undescended testis) or both testes (bilateral undescended
testes) [1], also known as cryptorchidism, is one of the most common
anomalies in the male reproductive system [2] and one of the main
causes of infertility [3]. This abnormality affects 3% to 5% of full-term
male infants and up to 33% of premature male infants [4]. Moreover,
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approximately 10% of infertile men undergo surgery for cryptorchi-
dism [5]. The occurrence of cryptorchidism is correlated with hor-
mone levels, assisted reproduction, maternal age, parity, pregnan-
cy-related health, alcohol use, tobacco use (maternal smoking during
pregnancy), medication, seasonality, diet, birth presentation, gesta-
tional factors, twinning, genetics, and even ethnicity [6]. Intra-ab-
dominal testes are exposed to higher temperatures, and this heat
stress causes the sperm mitochondria to produce higher amounts of
reactive oxygen species (ROS), which leads to oxidative stress [7].
ROS are known to lead to germ cell depletion and subsequent infer-
tility [8] by inducing apoptosis in spermatogenic cells [9]. Cryptorchi-
dism is also known to cause the production of autoantibodies
against the hypothalamic-pituitary axis [10], leading to secondary
damage such as testicular cancer. In addition, even though testicular
cancer is moderately rare, cryptorchidism is the only confirmed risk
factor for testicular germ cell turnover [11].
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In most species, including humans, the complete descent of the
testes usually occurs prenatally [12]. However, if this process does
not occur naturally, this anomaly should be treated with orchiopexy
and/or hormonal therapy. Early treatment prevents prolonged dam-
age[13].

Due to the importance of this phenomenon, many studies have
been conducted to find effective solutions for cryptorchidism. As of
this study, the effects of cryptorchidism on the testis have been eval-
uated using histology [14,15] and immunohistochemistry [16], yield-
ing valuable insights. However, these methods are limited since they
do not allow precise morphometrical measurements of reductions in
size and dimension. Stereology, in contrast, which is an unbiased and
precise method for three-dimensional measurement that has been
recommended for the study of testicular structures in terms of func-
tion and reproductive capacity, can overcome the shortcomings of
these techniques [17].

In addition, in most cases, cryptorchidism occurs after the testes
have naturally descended (acquired cryptorchidism); in this study,
however, cryptorchidism was induced surgically in infant rats. We
hope that this study can provide further insights into this issue and
encourage the further development of treatment strategies.

Methods

1. Experimental animals

Adult male and female Wistar rats were purchased from the Pas-
teur Institute, kept in an adequate environment with a 12-hour light-
dark cycle and temperature range of 20 to 26 °C, and provided with
ad libitum access to food and water. The experiment was conducted
in accordance with the standard guidelines for the care and use of
laboratory animals (Faculty of Veterinary Medicine, University of Teh-
ran; no. 6860778). After the rats had adjusted to the environment,
one male and two female rats were housed per cage for mating.
Vaginal plaques were examined 12 hours after mating, and the preg-
nant rats were separated after parturition. The male offspring were
then separated for this study and divided into two groups (sham and
experimental).

2. Induction of cryptorchidism

Surgery was performed on the 18th postnatal day before the nat-
ural descent of the testes (rat testes descend 21 to 28 days after
birth) [18,19]. Anesthesia was induced via an intraperitoneal injec-
tion of 0.1% ketamine (80 mg/kg) and 0.1% xylazine (10 mg/kg). In
the experimental group, a small transabdominal incision was made
on the left side. The gubernaculum was detached, and the left testis
was pushed into the abdomen. The inguinal canal was then sutured
to prevent the descent of the testis in order to unilaterally induce left
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cryptorchidism, while the right testis was allowed to descend natu-
rally into the scrotum. In the sham group, the abdomen was incised,
and the left testis was pushed into the abdomen and released. The
gubernaculum was not detached, and the inguinal canal was not
closed.

The testes of five rats in each group were removed at designated
time points (40, 63, and 90 days after birth) [19]. The rats were eutha-
nized by cervical dislocation at each of the three time points, the tes-
tes were excised, and sperm analysis and stereology were undertak-
en to determine various parameters.

3. Sperm collection and analysis

Immediately after euthanasia, the testes were excised for stereo-
logical analysis (at three time points: 40, 63, and 90 days after birth),
and the epididymis (in mature rats only, at 63 and 90 days after birth)
was cut into segments, placed in phosphate-buffered saline, and in-
cubated at 37 °C until the sperm was released from the tissue, indi-
cating its readiness for sperm analysis.

4, Sperm count

In order to count the sperm, a 1:20 sperm solution was prepared,
and 10 pL of the dilution was pipetted onto a Neubauer slide with a
glass cover. The slide was placed under a light microscope with 100x
magnification. The spermatozoa were then counted and recorded in
millions [20].

5. Sperm morphology

To evaluate the sperm morphology, 20 pL of the supernatant con-
taining the sperm was smeared. After the smear had dried, it was im-
mersed in acetone-ethanol (1:1) and subsequently placed in aniline
blue stain for 7 minutes. It was then observed under a light micro-
scope at X100 magnification, and 200 sperm cells were studied per
testis [20]. Any abnormalities in either the heads or tails of the sperm
were noted and classified as abnormal, and the results were present-
ed in terms of the percentage of normal and abnormal spermatozoa
using a similar procedure to that described previously [21].

6. Sperm tail length

Systematic uniform random fields of view were chosen by main-
taining equal distances on the X and Y axes, and 200 sperm cells
were studied per testis. A Merz grid with defined measurements was
superimposed onto the computer monitor, and a calculation was
made using the following formula [22]:

YL=(m/2)x(a/l)x(1/asf)x3]
L=>L/3N
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where “a/I"is the Merz grid constant, which was acquired as follows.
The area of each basic tile (smaller frame) was calculated by multi-
plying the length and width of said tile (xy). Within this tile, there
were two semicircles with lengths of pd (circumference of the circle),
where “d” was the diameter of 1 semicircle. Therefore, the Merz grid
constant “a/l" was calculated as (XY)/pd. “asf” refers to the area of the
basic tile divided by the area of the counting frame (larger frame).“3I"”
was the total number of intersections between the sperm tails and
the semicircles.“YN" was the total number of the counted sperm cells
in the unbiased counting frame.

In order for sperm to be counted, the sperm head had to be locat-
ed inside the counting frame or on the inclusion lines (green lines)
(Figure 1).

7. Tissue sampling and stereological methods

On the designated date for each group and following euthanasia,
both testes were removed, weighed, and immersed in a 10% forma-
lin solution for fixation. Following this procedure, each testis was em-
bedded in an agar block to obtain isotropic uniform random slabs.
The agar block containing the testis was randomly placed at the cen-
ter of a circle with 90 equidistant divisions along its perimeter, a ran-
dom number between 0 and 90 was generated and the block was
cut along a line parallel to the direction of the selected number. The
block was placed on its cut surface at the center of a second equian-
gular circle, with 96 non-equidistant divisions along its perimeter.
The agar block was then divided into different slabs by using a tissue
slicer to cut it along a line that was parallel to the direction of a ran-
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Figure 1. Calculation of sperm tail length using a Merz grid. The
arrowheads indicate counted sperms, whereas the arrows indicate
the intersections between the sperm tails and the semicircles (aniline
blue staining, X400 magnification).
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dom number ranging from 0 to 96 (Figure 2). These slabs were ulti-
mately embedded in paraffin while placed on their cut surfaces after
routine histological processing. Sections with a thickness of 5 um
were then cut with a microtome and stained with hematoxylin and
eosin. The slides were observed using an Olympus light microscope
(CX40, Olympus) connected to a digital camera (MB-225). Systematic
uniform random fields of view were captured by moving the micro-
scope stage in equal distances in the x and y directions for each sec-
tion.

8.Volume estimation

The total volume of the testis was calculated based on its weight.
The images were analyzed using a dedicated software program (Im-
ageJ; https://imagej.nih.gov) and specific plugins. In order to calcu-
late the testicular volume fractions of seminiferous tubules and inter-
stitial tissue and the epithelial volume, a test point system was im-
plemented by applying the below formula (Figure 3A) [23]:

V, (structure)= 3P (structure)/3P (testis)

where “V," is the volume fraction of testicular structures, “XP (struc-
ture)”is the total number of test points overlying the specific testicu-
lar structure, and “P (testis)” is the total number of points overlying
the entire testis. The total volume of each structure was calculated by
multiplying the volume fraction by the total volume of the testis.

9. Surface area estimation
The surface density of the germinal layer was calculated using test
line probes and the following formula (Figure 3B) [24]:

2x3
S 3P

where “3|"is the number of intersections between the test lines and
the luminal surface of the germinal layer, “I/p” is the length of each
test line associated with each point of the test grid, and “YP"is the
number of points overlying the germinal layer. The total surface area
of the germinal layer was ultimately calculated by multiplying the
surface density by the volume of the germinal epithelium.

10. Length of seminiferous tubules

The length of the seminiferous tubules was estimated by superim-
posing an unbiased counting frame onto each microscopic field of
view. The tubule profiles located inside the counting frame or cross-
ing the inclusion lines (green lines) were counted (Figure 3C), and
the length density was calculated as follows:

Lv (seminiferous tubules)= 25Q/(3Pxa/p)
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Figure 2. Isotropic, uniform random sections of the rat testes were obtained by applying the orientator method. (A) The testis for each animal
was embedded in an agar block and placed at the center of a circle with 90 equidistant divisions along the perimeter. A random number
between 0 and 90 was chosen. (B) The agar medium was cut along a parallel line according to the direction of the selected number (here,
35). (C) The agar block was placed on its cut surface at the center of a second circle, with 96 non-equidistant divisions along its perimeter. The
agar was cut into multiple equidistant pieces along a parallel line according to the direction of a random number from 0 to 96 (here, 50) using
a tissue slicer.

Figure 3. Estimation of testicular volume, testicular surface area, and the length of the seminiferous tubules. (A) Estimation of testicular
volume by employing the point-counting system. The volume of testicular structures was estimated by randomly superimposing a point-
counting probe onto each section. The upper-right corner of each point (arrow) was used as a reference to count the number of points hitting
the targeted region of interest (hematoxylin-eosin stain, scale bar: 200 pm). (B) Calculation of the surface area of seminiferous tubules using
test line probes randomly superimposed onto each section. The test points hitting the seminiferous tubule epithelium (arrowhead) and the
points where test lines and the seminiferous tubule lumen intersect (arrows) were counted (hematoxylin-eosin staining, scale bar: 200 pm).
(C) The unbiased counting frame principle was applied to estimate the length of the seminiferous tubules. The profiles located inside the
counting frame or crossing the inclusion lines (green lines) were counted (hematoxylin-eosin staining, scale bar: 200 um).

where “¥Q"is the total number of the counted profiles, “YP” is the to-
tal number of counted frames, and “a/p” is the area per frame [23].
The total length was subsequently obtained by multiplying the
length density by the total volume of the testis.

11. Statistical analysis

SPSS version 27 (IBM Corp.) was used to conduct the statistical
analysis, and the normality of the distribution of the data was ana-
lyzed using the Kolmogorov-Smirnov test. The Kruskal-Wallis and
Mann-Whitney tests were used for statistical analysis of the sperm
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count. One-way analysis of variance and the Tukey test were used to
analyze the sperm morphology, sperm tail length, and stereological
parameters. A p-value of <0.05 was considered to indicate statistical
significance.

Results

1. Sperm count
Observations of the left testes at 63 and 90 days revealed that the
sham group had a higher sperm count than the experimental group
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(p<0.05), whereas hardly any differences in the right testes were ob-
served between the groups (p>0.05) (Figure 4).

2. Sperm morphology

In the testes at 63 and 90 days, the normal sperm count was consider-
ably higher in the sham group than in the experimental group (p<0.05).
However, no major differences in the right testes were observed
between the sham and experimental groups (p>0.05) (Figure 4).
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3. Sperm tail length

The sperm tail length in the left testes did not vary between the
sham and experimental groups at both 63 and 90 days (p>0.05). The
same results were observed for the right testes (Figure 4).

4. Total testicular volume and fractional volumes of seminiferous
tubules, interstitial tissue, and epithelium
The calculated volumes of the various parameters are summarized
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Figure 4. Comparison of (A, B) sperm count, (C, D) normal sperm morphology, and (E, F) sperm tail length at 63 and 90 days in the sham and
experimental (cryptorchid) groups. *”Significant differences between the groups are indicated with different letters (p<0.05).
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in Table 1. Total testicular volume and the fraction of volume of the
seminiferous tubule were significantly lower in the left testes of the
experimental group than in the right and left testes of the sham
group and the right testes of the experimental group at all time
points (p<0.05). The fraction of volume of interstitial tissue was also
greater in the left testes of the experimental group than in the oth-
er groups at all ages (p<0.05). Furthermore, the epithelial volume
fraction of the left testes at 40 days in the experimental group was
significantly lower than that of the testes in the other groups
(p<0.05).

5. Epithelial surface area and tubular length

The values for epithelial surface area and seminiferous tubule
length are reported in Table 2. Based on the results, the total epitheli-
al surface area and seminiferous tubule length were found to be sig-
nificantly lower in the left testes of the experimental group than in
the right and left testes of the sham group and the right testes in the
experimental group at all time points (p<0.05).

CERMB

Discussion

This is the first study to report three-dimensional quantitative data
regarding testicular morphometry using unbiased design-based ste-
reology in rat testes following experimentally-induced cryptorchi-
dism. Cryptorchidism can damage the germinal epithelium, decrease
the concentration of healthy sperm, reduce semen quality, and even-
tually lead to sperm disorders such as immaturity, necrosis, and
apoptosis [25]. The heat stress that cryptorchid testes undergo in-
creases the ROS, which in turn induces apoptosis of spermatogenic
cells and decreases sperm motility by attacking the sperm DNA [8].

As expected, the sperm count and the number of sperms with
normal morphology were significantly lower in the left testes with
induced cryptorchid in the experimental group than in the testes of
the other groups at all ages. Greater mid-piece sperm length indicat-
ing increased levels of mitochondria, along with greater sperm tail
length, is associated with increased sperm motility (and viability) and
normal sperm morphology, which ultimately influence fertility
[22,26]. Increased mid-piece sperm tail length corresponding to the

Table 1. Total testicular volume and volume fractions of testicular structures in rat testes at 40, 63, and 90 days

Sham group Experimental group

Parameter Age (da
ge (day) Right Left Right (scrotal) Left (abdominal)
Total testicular volume (cm’) 40 0.58+0.07° 0.60+0.04” 0.53+0.04” 0.29+0.02
63 139+0.09” 141+0.08" 132+0.15Y 0.41+0.07°
90 128+0.17° 123+0.12° 139+0.16” 0.45+0.07°
Interstitial volume (%) 40 2598+2.19" 2408+3.75" 25.35+298" 36.18+332”
63 26.48+1.05” 27.04+1.29” 252241677 33.18+1.68”
20 2529+ 3.55” 27.06+3.13Y 27.58+2.247 38.70+6.53”
Epithelium volume (%) 40 56.78+2.51° 5846+ 3.54" 5508+2.19° 42.43+2.95”
63 53.15+2.66" 53.98+2.147 53.55+ 144" 50.62+4.77"
20 54,69+ 2.80” 55.50+4.03” 5417 +4.27° 5241 +4.86°
Seminiferous tubule volume (%) 40 74+219” 75.89+3.74” 74.63+2.98” 63.80+3.32”
63 7451+2.19” 72.95+1.29" 759242017 66.81+1.68”
90 7469+ 3.55” 72.92+3.13” 72404224 61.28+6.53"”

Values are presented as meanztstandard deviation.

IPDjfferent letters in each row indicate significant differences between the groups (p<0.05).

Table 2. Epithelial surface area and tubular length in rat testes at 40, 63, and 90 days

Sham group Experimental group
Parameter AERICE) Right Left Right (scrotal) Left (abdominal)
Epithelial surface area (cm? 40 27.08+3.76" 3040+6417 23.71+4507 11.13+2.58"”
63 62.68+5.74" 60.25+2.017 65.00+11.81° 2183+871”
) 59.98+12.87" 61.26+16.34" 6847 +3.03" 27.04+13.19”
Seminiferous tubule length (m) 40 13.58+0.73” 15.56+0.87” 13.54+1.25” 10.65+2.03"
63 2091+529" 22.27+2.007 24.34+3907 12.87+3.07”
90 19.67 +2.63” 2215+3627 23.40+2.007 13.13+1.39”

Values are presented as meanzxstandard deviation.

IPDjfferent letters in each row indicate significant differences between the groups (p<0.05).
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mitochondrial sheath, which is responsible for energy production
and velocity, has a known association with a significant increase in
the mean conception rate and better sperm parameters, such as a
higher percentage of viable and intact acrosomes [27]. However,
compared to previous studies, in the present study, the sperm tail
length in the cryptorchid testes was, although lower, not significantly
different from that of the eutopic testes in the sham group.

Previous studies have shown that evaluating testicular volume is
one of the most efficient indirect ways to predict fertility in men, es-
pecially in pediatric patients where semen analysis is not feasible
[28]. Evaluation of the total testicular volume positively predicts male
fertility due to its association with seminiferous tubule content, par-
ticularly the testosterone-secreting compartment, especially when
performed alongside an ultrasonographic assessment of testicular
parenchymal homogeneity, indicating normal semen quality and
normozoospermia [29]. Cryptorchidism results in the incomplete for-
mation of seminiferous tubules and interstitial tissue [30] and causes
a massive depletion of spermatogenic cells [1]. Since 80% to 90% of
the testis consists of seminiferous tubules, testicular volume depends
on the process of spermatogenesis [31]. In addition, the testicular
volume of cryptorchid testes considerably decreases after 6 months
of age, and a correlation has been observed between testicular vol-
ume and the duration of the anomaly as well as the location of the
cryptorchid testis in terms of its distance from the scrotum [31]. In
this study, the total testicular volume and volume of the seminifer-
ous tubules were significantly lower in the cryptorchid testes at all
ages compared to the testes in the sham group. A stereological study
on experimentally-induced cryptorchidism in rabbits reported simi-
lar results and observed a significant decrease in the volume of the
seminiferous tubules and, consequently, in the total testicular vol-
ume in the cryptorchid testes [32].

Intra-abdominal testes are predisposed to seminiferous tubule al-
terations. These alterations depend on the thickness of the lamina
propria, which may interfere with metabolic exchanges between the
seminiferous tubules and the interstitial tissue [33], and on the level
of degenerative changes in the immature Sertoli cells [30]. Moreover,
cryptorchid testes are subject to elevated temperatures, which caus-
es heat stress leading to oxidative damage [8], excessive germ cell
death [34], and altered seminiferous epithelial cycles [1]. In addition,
following oxidative stress, the decrease in the surface area of the
seminiferous epithelium can be attributed to the extension of the G1
phase in spermatogonium B mitosis, which eventually restrains the
growth cycle of the cell [35]. Decreased intratesticular testosterone
(due to a decrease in the number of Leydig cells) may trigger the
production of multinucleated giant cells [36], which are linked to cell
apoptosis and represent a marker for the cryptorchid seminiferous
epithelium [1]. The fraction of the volume of the seminiferous tu-
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bules was reduced in the left cryptorchid testis in the experimental
group at all ages. However, the seminiferous tubule epithelial vol-
ume decreased at 40 days only. Given that the proliferation of sper-
matogenic cells increases before and during puberty [37], the de-
crease in the epithelial volume observed at this age can therefore be
explained.

Cryptorchidism leads to increased interstitial tissue volume and in-
creased fibrosis in the testes [38]. This phenomenon has been ex-
plained by the increased number of mast cells, which are known to
play a role in fibrosis in the interstitial and subtubular areas of unilat-
erally undescended testes in cryptorchid and infertile testes [39]. In
this study, greater interstitial volumes were consistently observed in
the cryptorchid testes compared to the other groups. Our findings
are consistent with a previous study on cryptorchid calves in which
the hypoplastic cryptorchid testes presented an increased number of
interstitial endocrine cells, marked fibrosis, and arrested spermato-
genesis [40].

After birth, the seminiferous tubules start to gradually increase in
length, become more compact, and ultimately form a dense struc-
ture. The length of seminiferous tubules and their structure influ-
ences spermatogenic cell growth and the movement of sperm to-
wards the epididymis [41]. Accordingly, reduced total testicular vol-
ume that is secondary to cryptorchidism can influence tubular
length [41] and eventually alter normal functions and induce infer-
tility. A stereological study carried out on rabbit testes following ex-
perimentally-induced unilateral cryptorchidism reported a signifi-
cant decrease in both total testicular volume and tubular length
and diameter [32], which was similar to the findings of this study. In
the present study, along with reduced total testicular volume, the
length of the seminiferous tubules was lower in the abdominal
cryptorchid testes only.

Histologically, the seminiferous tubules of cryptorchid testes tend
to show structural abnormalities, such as increased tubule branching
and tubular blind ends, smaller tubular diameter, and areas com-
pletely free of germ cells, as opposed to normally descended testes,
which have evenly distributed spermatogonia and regular tubular
morphology. The structural abnormalities seen in cryptorchid testes
suggest that injury tends to occur early in testicular development
[42]. Both the diameter and length of seminiferous tubules are indi-
cators of morphological testicular value, and both parameters have
been reported to be significantly lower in ectopic testicles than in or-
thotopic testicles at any given age [43,44], as seen in the present
study for the length and epithelial surface area of seminiferous tu-
bules.

Studies have observed damage in the contralateral testis as a re-
sult of unilateral cryptorchidism, especially spermatogonia cell de-
pletion, which, once present, is irreversible even after orchiopexy

https://doi.org/10.5653/cerm.2023.06058
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[45,46]. A decreased spermatogonia per tubule ratio has been re-
ported in both the unilateral cryptorchid testis and the correspond-
ing contralateral descended testis, with the extent of the change in
the ectopic testis strictly corresponding to that of the contralateral
testis. The impaired transition from gonocytes into Ad-type sper-
matogonia is the etiopathological origin of the defect, which ex-
plains the azoospermia and infertility disorders seen in adult men
with unilateral cryptorchidism [15]. In the present study, no signifi-
cant differences were observed between the parameters measured
in the scrotal contralateral testes in the experimental groups and the
normal eutopic testes in the sham group. In other words, the contra-
lateral scrotal testes in the experimental group were seemingly unaf-
fected in terms of their structural morphology by the unilateral
cryptorchidism condition experimentally-induced in this study. This
may have been a result of the surgical inducement of cryptorchidism
in this study [47]. A study on rabbits that had undergone experimen-
tally-induced unilateral cryptorchidism showed similar findings in
the contralateral testis to the cryptorchid testis. Spermatocyte
counts; the volume, diameter, and length of seminiferous tubules;
and the total testicular volume were not significantly different in the
experimental testes compared to the control testes [32]. In addition,
a notable study on bucks with natural unilateral cryptorchidism fur-
ther confirmed how the lengths, heights, and diameters of the semi-
niferous tubules in the contralateral testes are significantly higher
than the retained testes, and that the percentage of spermatogenic
cells per testis did not differ from those calculated in normal control
bucks. Additionally, higher volumes of Leydig cells and seminiferous
tubules in the contralateral scrotal testes were observed compared
to the bucks with normal testes, indicating that the spermatogenic
efficiency of the scrotal testes of bucks with unilaterally cryptorchid
testes was higher than that of the control bucks [48]. These data fur-
ther support our hypothesis that the contralateral scrotal testis in
cases of unilateral cryptorchidism retains its reproductive potential.

In conclusion, although the effects of cryptorchidism are well
known, this abnormality is still a major challenge that affects male
fertility. In order to devise optimal treatment measures, this condi-
tion must be better understood. This study aimed to provide a better
understanding of cryptorchidism by precisely measuring the biologi-
cal features of cryptorchid testes as a whole. The results confirmed
that the total volume of the testis and the volume of the seminifer-
ous tubules decrease due to cryptorchidism, while the volume of the
interstitial tissue increases. In addition, the length of the seminifer-
ous tubules and the surface area of the germinal epithelium of the
seminiferous tubules decrease due to cryptorchidism. These changes
were observed at all examined time points but did not affect the op-
posite testis.
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