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Abstract

Cryptorchidism is the most prevalent congenital anomaly of the male genitourinary tract,
with an incidence of approximately 1 to 9 percent in full-term male infants, decreasing
with age due to spontaneous descent. It encompasses testes that fail to descend into
the scrotum, which may be intra-abdominal, inguinal, or ectopic, and can be associated
with syndromic, genetic, or environmental factors. The descent process occurs in two
phases: intra-abdominal, driven by gubernacular development and androgen-independent
mechanisms, and inguinoscrotal, regulated by hormonal and mechanical factors includ-
ing androgens and the gubernaculum. Clinically, cryptorchidism manifests as absent or
hypoplastic scrotal testes, often with inguinal fullness. Palpation and physical exami-
nation are primary diagnostic tools, with imaging such as ultrasound or MRI reserved
for specific cases. Surgical exploration remains the definitive diagnostic modality, espe-
cially for nonpalpable testes. Early referral, ideally before 12 months of age, is essential
for timely orchidopexy, which aims to position the testes within the scrotum to reduce
risks of torsion, trauma, subfertility, and malignancy. Hormonal therapy shows limited
efficacy and is generally not recommended as a primary treatment modality. Long-term
outcomes indicate that early orchidopexy improves spermatogenic potential and fertility.
Men with a history of cryptorchidism exhibit elevated risks of subfertility and testicular
germ cell tumors, with the risk being higher if surgical correction is delayed or if testes
remain intra-abdominal. The increased malignancy risk persists even after orchidopexy,
underscoring the importance of vigilant surveillance. Management strategies emphasize a
multidisciplinary approach, combining surgical intervention with ongoing monitoring, to
optimize functional and oncological outcomes. Early diagnosis, appropriate surgical treat-
ment, and patient education are critical components in minimizing long-term complications
associated with cryptorchidism.
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1. Introduction

Cryptorchidism, also known as undescended testis, is the most prevalent congenital
anomaly of the male genitourinary tract, with an incidence of approximately 1-9% in
full-term male infants, decreasing to about 1% by the age of one year due to spontaneous
descent [1,2]. This condition encompasses a spectrum of testicular maldescent, which
includes testes that are absent or located outside the scrotum, either due to failure of
descent or postnatal ascent [3]. Cryptorchidism refers to a testis that is not within the
scrotal sac and has not descended spontaneously into the scrotum by four months of
age (or corrected gestational age in preterm infants). The term implies a “hidden testis,”
which may either be present but undescended or absent due to agenesis or atrophic
processes [4,5]. Classification of undescended testes can be systematically approached
by first distinguishing between palpable and non-palpable testes. Palpable testes are
those that can be felt on physical examination, typically located within the inguinal canal
or just outside the external inguinal ring. Non-palpable testes, on the other hand, are
not felt on examination and may be intra-abdominal, absent, or atrophic. This initial
classification guides subsequent diagnostic and management strategies, with palpable
testes often amenable to surgical correction via inguinal approaches, and non-palpable
testes requiring imaging and potentially laparoscopy for localization [1-6].

Absent testis can result from agenesis, where the testis fails to develop, or from in-
trauterine vascular insults leading to atrophy, such as prenatal testicular torsion. This
condition is often termed vanishing testis syndrome or testicular regression syndrome and
is characterized by the absence of testicular tissue on imaging and surgical exploration [2,6].
Boys with bilateral absence of testes are diagnosed with anorchia [7]. Undescended testes
are those that halt along their normal descent pathway, which begins intra-abdominally and
proceeds through the inguinal canal to the scrotum. These testes may be intra-abdominal,
palpable within the inguinal canal (intracanalicular), or just outside the external inguinal
ring (suprascrotal) [2,8]. Retractile testes are normally descended testes that are hyperre-
sponsive to cremasteric reflexes, allowing them to be pulled into a suprascrotal position.
These testes can be brought into a dependent scrotal position and typically remain there
unless the cremasteric reflex is stimulated again [9,10]. Ascending testes describe testes that
are initially located within the scrotum during early childhood but subsequently “ascend”
or migrate proximally, resulting in acquired undescended testes before puberty. The precise
age of ascent varies, and this phenomenon is increasingly recognized as an acquired form
of cryptorchidism [11,12]. Ectopic testes descend normally through the external inguinal
ring but deviate from their typical pathway to settle in aberrant locations such as the
suprapubic region, femoral canal, perineum, superficial inguinal pouch (most common
site), or contralateral scrotal compartment (least common). Noninguinal ectopic testes
account for less than 1% of undescended testes [13].

The process of testicular descent occurs in two primary phases: the intra-abdominal
phase and the inguinoscrotal phase. While the mechanisms governing normal descent are
not fully elucidated, it is understood that the intra-abdominal phase, which occurs between
weeks 8 and 15 of gestation, is largely androgen-independent and mediated by the guber-
naculum, which guides the testis toward the inguinal canal. The subsequent inguinoscrotal
phase begins around the 28th week of gestation and involves complex hormonal, mechani-
cal, and neurochemical interactions. Key factors include androgen signaling, gubernacular
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development, and the patency of the processus vaginalis [14-16]. Experimental and clinical
studies suggest roles for mechanical forces such as intra-abdominal pressure, hormonal
mediators like androgens, Miillerian inhibiting substance (MIS), calcitonin gene-related
peptide, and processes involving gubernacular regression [17,18].

The etiology of cryptorchidism is multifactorial. =~ Abnormalities in hormonal
signaling—such as gonadotropin deficiency, reduced MIS levels, or excess placental es-
trogen production—may interfere with normal descent. Genetic factors, environmental
influences, and intrauterine vascular events like prenatal torsion may also contribute. The
pathogenesis of absent testes often involves prenatal vascular compromise, leading to
testicular atrophy or agenesis [5,19,20]. Conversely, ascending testes are hypothesized to
result from laxity in the spermatic cord structures, allowing the testes to initially descend
into the scrotum and subsequently become tethered or pulled out during growth [21,22].

This narrative review aims to synthesize the current evidence, guidelines, and clinical
practices related to the diagnosis, management, and outcomes of undescended testicles
in children and adolescents. Its contribution lies in providing an up-to-date, compre-
hensive, and integrated overview to inform clinical decision-making, improve long-term
reproductive and oncological outcomes, and identify areas for future research.

2. Epidemiology, Risk Factors, and Associated Conditions

Geographical variations in the prevalence of cryptorchidism have been docu-
mented [23]. For instance, a prospective cohort study reported a prevalence of approxi-
mately 9% in newborn boys in Denmark, compared to only 2.4% in Finland [24]. These
disparities may result from genetic differences, environmental exposures (such as endocrine-
disrupting chemicals and lifestyle factors), or variations in clinical definitions—particularly
distinctions between truly undescended versus retractile testes.

Several maternal, fetal, and environmental factors have been associated with increased
risk. Prematurity and low birth weight (less than 2.5 kg) are well-established risk factors.
Infants born small for gestational age also demonstrate increased susceptibility, suggesting
intrauterine growth restriction may influence testicular descent [25-27]. Prenatal exposure
to endocrine-disrupting chemicals such as diethylstilbestrol, pesticides, and phthalates has
been linked to cryptorchidism in some epidemiological studies. These agents may interfere
with hormonal pathways critical for testicular descent [19].

While cryptorchidism is predominantly an isolated anomaly, it can be associated with
various congenital syndromes, genetic disorders, and anatomical abnormalities, especially
in bilateral cases. Associations include abdominal wall defects like prune belly syndrome
(Eagle-Barrett syndrome), neural tube defects such as myelomeningocele, and neurological
conditions like cerebral palsy. Conditions involving differences in sex development (DSD),
including mixed gonadal dysgenesis, ovotesticular DSD, and persistent Miillerian duct syn-
drome, have also been linked to cryptorchidism; notably, the coexistence of cryptorchidism
and hypospadias increases the likelihood of an underlying DSD [28-31]. Furthermore,
genetic syndromes affecting endocrine function, such as Kallmann syndrome, Klinefelter
syndrome, and Prader-Willi syndrome, have been associated with cryptorchidism. These
syndromes often involve diminished testosterone secretion. Other genetic disorders im-
pacting gonadotropin or testosterone action, including androgen insensitivity syndrome,
are also linked. Additionally, chromosomal abnormalities such as trisomy 18, trisomy 13,
22q11.2 deletion syndrome, 1p36 deletion syndrome, Beckwith-Wiedemann syndrome,
Smith-Lemli-Opitz syndrome, and Cornelia de Lange syndrome have been associated with
cryptorchidism, although their occurrence is less frequent [32-34].

Genetic contributions to cryptorchidism are complex and multifactorial. While genetic
alterations are relatively uncommon, they are more frequent than in the general population.
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For example, a case—control study identified genetic abnormalities in 17 of 600 boys with
cryptorchidism (2.8%) compared to only 1 of 300 boys without the condition (0.3%). The
genetic alterations in affected boys included Klinefelter syndrome and mutations affecting
the insulin-like factor 3 (INSL3) pathway, such as mutations in the RXFP2 receptor gene.
Additional studies have reported mutations in the INSL3 gene itself and the androgen
receptor gene, emphasizing the critical role of hormonal signaling pathways in testicular
descent [32,33,35,36].

3. Clinical Features and Evaluation

Cryptorchidism typically presents with an absent or hypoplastic scrotum that often
exhibits poor rugation or asymmetry [37]. Palpable inguinal fullness may be observed
due to the presence of the undescended testis or associated hydrocele or hernia sac. Ap-
proximately 10% of cryptorchidism cases are bilateral, with bilateral involvement more
frequently associated with underlying syndromic or genetic conditions. Among cases
where the testis cannot be palpated unilaterally, there is a tendency for the left side to be
more commonly affected [2,5,38].

The most common anatomical location for an undescended testis is just outside the
external inguinal ring (suprascrotal or prepubic position), followed by intracanalicular
(within the inguinal canal), and ultimately intra-abdominal positions. Nonpalpability
of at least one testis occurs in approximately 20% of boys with cryptorchidism, often
correlating with intra-abdominal positioning [39-41]. Most testes that are undescended at
birth complete their descent within the first four months of life, driven by hormonal and
anatomical factors. Failure to descend by this age suggests a low likelihood of spontaneous
descent, and surgical intervention—orchiopexy—is generally indicated [42]. Conversely,
some testes that descend during infancy may later ascend, a condition known as ascending
or acquired cryptorchidism, typically occurring between ages four and eight. Such cases
often require surgical correction to preserve testicular function [12,22].

True undescended testes are associated with several potential complications and se-
quelae, including inguinal hernia, increased risk of testicular torsion, trauma—particularly
of intracanalicular testes due to compression against the pubic bone—subfertility, and
an increased risk of malignant transformation [5,43]. Ectopic testes, which are located
outside the normal path of descent, may also be prone to trauma and impaired spermato-
genesis. Early recognition of cryptorchidism by primary care providers and timely referral
for specialized management are crucial in minimizing these risks. Prompt intervention has
been shown to significantly reduce the likelihood of adverse outcomes such as infertility
and testicular cancer [44].

A thorough clinical history is essential and should include details about the position of
the testes during the neonatal period, as testes in the scrotum at that time are more likely to
be retractile rather than truly undescended. Previous inguinal or scrotal surgeries should be
noted, as these may indicate iatrogenic cryptorchidism resulting from scar tissue tethering.
It is also important to inquire about evidence of endocrine abnormalities during pregnancy,
such as maternal androgen exposure, which can influence fetal genital development, and to
gather information about family history concerning unexplained neonatal deaths, genital
anomalies, pubertal disorders, or infertility, as these may suggest underlying genetic or
endocrinologic conditions [45-47].

The physical examination should be comprehensive. While most cases of cryp-
torchidism are isolated, the general examination should include assessment for features
suggestive of syndromic or metabolic disorders, such as dysmorphic features, midline
defects like nystagmus, hypertelorism, cleft palate, or other skeletal anomalies [48]. The
genital examination requires a systematic approach; palpation of the testes and inguinal
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region should be performed with two hands, starting from the anterior superior iliac spine
and moving along the inguinal canal toward the scrotum. Techniques such as warming the
inguinal area or positioning the child in cross-legged, squatting, or knee-chest positions
can facilitate detection. To differentiate retractile from truly undescended or ectopic testes,
maneuvers involving sustained elevation of the testis into the dependent scrotal position
are useful; retractile testes tend to remain in the scrotum after such maneuvers, while
ectopic testes typically migrate out of the scrotum. A maneuver where the cremasteric
reflex is fatigued by holding the testis in the dependent position for at least one minute
can help distinguish these conditions. If uncertainty persists, consultation with a pediatric
urologist is advised [49-52].

When a testis is palpable, its position, size, and consistency should be documented,
comparing with the contralateral testis. Palpable residual tissue, such as a nubbin, may be
atrophic testicular tissue, but it can also represent gubernaculum or attached epididymis
and vas deferens, which are not specific enough to exclude intra-abdominal testis [52,53].
Therefore, surgical exploration remains the gold standard for definitive diagnosis when
intra-abdominal or nonpalpable testes are suspected [54,55].

In cases where testes are nonpalpable in the inguinal canal, scrotum, or typical ectopic
sites, further evaluation with imaging modalities such as ultrasound, MRI, or diagnostic
laparoscopy is indicated to localize intra-abdominal testes or confirm absence [54,56]. The
presence of a unilateral nonpalpable testis with contralateral testicular hypertrophy can
suggest testicular absence or atrophy, particularly after puberty; however, this finding
alone is insufficient to exclude intra-abdominal testis, and surgical exploration is often
necessary [57]. Examination of external genitalia should include assessment of the phallus
size, urethral meatus position, and scrotal morphology. A small phallus may indicate
hypogonadism or disorders of sex development (DSD), while hypospadias, especially with
scrotal or perineal meatus, may be associated with DSDs. A hypoplastic or poorly rugated
scrotum, or a bifid scrotum, can also suggest abnormal genital development [58,59]. The
inguinal area should be carefully examined for fullness, which may indicate an inguinal
hernia or the presence of a testis within the canal. Since a patent processus vaginalis is
present in approximately 90% of cases of undescended testes, inguinal hernias are common
and may occur at any time, emphasizing the importance of surgical correction to prevent
incarceration [60].

4. Imaging

Routine imaging is generally not indicated for locating nonpalpable testes, as it has
limited diagnostic utility and does not reliably influence management decisions. Specifically,
imaging modalities such as ultrasonography lack sufficient sensitivity and specificity
to replace surgical exploration, which remains the definitive diagnostic approach. A
systematic review reported that ultrasonography has a sensitivity of approximately 45% and
a specificity of 78% for detecting nonpalpable testes, indicating that it misses a significant
proportion of cases and produces false positives [61,62]. In contrast, diagnostic surgical
exploration approaches near 100% accuracy for locating undescended testes and evaluating
their viability [63]. Accordingly, imaging should be reserved for specific clinical scenarios
rather than employed as a routine step.

Situations where imaging may be beneficial include assessment for disorders of sexual
development (DSD), where ultrasonography can be used to evaluate for the presence
of gonads or a uterus in phenotypically male infants with bilateral nonpalpable testes,
aiding in the diagnosis of DSD variants [64]. Additionally, ultrasonography may assist in
preoperative planning in obese patients, where intra-abdominal or intracanalicular testes
may be difficult to palpate. Identifying the testis location through imaging in such cases
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can influence the surgical approach—potentially shifting from a laparoscopic to an inguinal
procedure [65].

It is noteworthy that a systematic review assessing the accuracy of ultrasonography
in localizing inguinal or scrotal testes reported a pooled accuracy of approximately 92%.
However, the studies included were of variable quality, often lacking important clinical
details such as the position of the contralateral testis or associated anomalies, which limits
the generalizability of these findings. In summary, while imaging can be useful in select
cases, it should not replace surgical exploration for definitive diagnosis and management
of nonpalpable testes [61,66].

5. Diagnostic Approach and Timely Referral

The evaluation of cryptorchidism fundamentally depends on whether the affected
testis is palpable or nonpalpable. Accurate diagnosis is crucial for guiding management
strategies and predicting outcomes. In cases where the testis is palpable, the primary differ-
ential diagnoses include true undescended testis, retractile testis, and ectopic testis. Differen-
tiation typically relies on a thorough history and physical examination, although ambiguous
cases may necessitate referral to a pediatric urologist for further assessment [27,37].

A true undescended testis is characterized by a testis palpable along the normal
descent pathway—most often within the inguinal canal (intracanalicular) or just external
to the external inguinal ring (suprascrotal) [67]. Clinically, such testes may “slide” under
gentle pressure during examination, indicating a fixed position since birth. Imaging
modalities generally have limited utility in confirming the diagnosis; instead, clinical
examination remains the gold standard. A retractile testis usually can be manipulated into
the dependent scrotal position and will remain there if the cremasteric reflex is suppressed,
such as by manual stabilization. Differentiating retractile from true undescended testes can
be challenging, as retractile testes may ascend spontaneously during activity. Persistent
retractile testes often require observation, but if uncertainty persists, referral to a pediatric
urologist is recommended for further evaluation, including dynamic testing. Ectopic testes
are located outside the normal path of descent, commonly found in areas such as the
perineum, femoral canal, suprapubic region, or superficial inguinal pouch. These testes are
often distinguishable by their abnormal location on clinical examination. Differentiating
ectopic from true undescended testes may be difficult if ectopic testes are situated near the
inguinal canal, and imaging or surgical exploration may be necessary [2,3,5,47].

In cases where the testis is nonpalpable unilaterally and absent on examination, the
differential diagnosis includes true undescended testis (intra-abdominal or canalicular),
testicular agenesis (anorchia), ectopic testis, and intrauterine vascular compromise lead-
ing to testicular regression [54]. Surgical exploration remains the definitive diagnostic
modality, as it allows direct visualization and assessment of testicular tissue, vas deferens,
and spermatic vessels. During exploration, the presence of a normal testis, vas deferens,
and vessels along the normal descent pathway suggests a true undescended testis. Com-
plete absence of testicular tissue, vas deferens, and vessels indicates testicular agenesis.
Residual testicular tissue or remnants support a diagnosis of intrauterine vascular insult or
regression, while ectopic testes are identified in aberrant locations, often requiring surgical
repositioning or removal if nonviable [6,68]. A retrospective series involving 447 nonpalpa-
ble testes demonstrated that approximately 41% were atrophic or absent at surgery; 20%
were intra-abdominal, 30% intracanalicular, and the remainder located ectopically, such as
suprascrotal, superficial inguinal pouch, or perineal positions [39].

In phenotypic males presenting with a nonpalpable testis and hypospadias, evaluation
should include assessment for disorders of sex development (DSDs), such as mixed gonadal
dysgenesis or ovotesticular DSD, which may influence management and prognosis [69].
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The differential diagnosis in phenotypic males with bilateral nonpalpable testes varies with
age. Neonates and infants require immediate evaluation because the differential includes
potentially life-threatening DSDs like congenital adrenal hyperplasia (CAH), especially the
salt-wasting form caused by 21-hydroxylase deficiency. Although CAH rarely presents with
a non-ambiguous male phenotype, early diagnosis via newborn screening and hormonal
assessment are essential. The evaluation includes karyotyping to determine chromoso-
mal sex, pelvic ultrasonography to locate gonadal structures and assess for Miillerian
derivatives, and hormonal assays such as serum 17-hydroxyprogesterone, testosterone,
DHEA, androstenedione, and cortisol to evaluate adrenal function and gonadal activity.
Measurement of gonadotropins (LH, FSH) and Miillerian inhibiting substance (MIS) helps
assess testicular tissue presence and function, especially during the “mini-puberty” period
at around six weeks of age. In cases of suspected CAH, serial electrolyte monitoring and
early intervention are vital due to the risk of salt-wasting crises [70-72].

In older children, the differential diagnosis includes bilateral testicular absence, bi-
lateral undescended testes, testicular atrophy, and DSDs. The diagnostic approach often
involves hormonal testing, imaging, and surgical exploration. Hormonal stimulation tests,
such as hCG stimulation, can help confirm the presence of functional testicular tissue; how-
ever, current evidence supporting their routine use is limited. The initial assessment should
include serum testosterone, gonadotropins, and MIS. Elevated gonadotropins, undetectable
MIS, and low baseline testosterone with little or no response to hCG stimulation suggest
testicular absence. Nevertheless, normal gonadotropin levels or detectable MIS warrant
surgical exploration due to potential complications associated with nonpalpable testicular
tissue, including testicular cancer or occult torsion [73-77].

The overall diagnostic approach emphasizes a systematic assessment based on testis
palpability, location, associated phenotypic features, and age, with multidisciplinary col-
laboration among urologists, endocrinologists, and geneticists to optimize diagnosis and
management [2,5].

Timely and appropriate referral is crucial for the optimal management of cryp-
torchidism in phenotypic males. Neonates with bilateral nonpalpable testes or suspected
disorders of sex development (DSD) should be referred immediately to a multidisciplinary
team comprising pediatric urologists, endocrinologists, and geneticists for comprehensive
evaluation and management. Phenotypically male newborns presenting with bilateral
nonpalpable testes, or unilateral nonpalpable testes accompanied by hypospadias or other
signs suggestive of DSD, require prompt specialist assessment. In older boys beyond
infancy, bilateral nonpalpable testes warrant referral to a pediatric urologist for diagnostic
laparoscopy or exploratory surgery to locate the testes. Some clinicians may consider
hormonal evaluation, such as human chorionic gonadotropin (hCG) stimulation tests, to
assess the presence and functionality of testicular tissue before surgical intervention. For
infants with a congenital unilateral nonpalpable testis, referral for examination under
anesthesia followed by exploratory surgery is recommended, ideally up to 12 months of
age, to facilitate early intervention that can improve outcomes and reduce risks related
to fertility and malignancy. Palpable undescended testes in infants, whether unilateral or
bilateral, should also be referred for evaluation and potential orchiopexy, preferably up to
12 months of age, to promote normal testicular development and minimize complications.
In cases where a previously palpable testis is no longer palpable on subsequent examina-
tions, indicating possible ascent, prompt referral for evaluation and orchiopexy is indicated,
as early correction can prevent future infertility and malignancy risks. When palpable
testicular tissue is present in the scrotum but appears atrophic or hypoplastic, referral for
surgical assessment is advised to exclude intra-abdominal testicular tissue, which carries
a higher risk of malignancy. Additionally, when clinical examination cannot definitively
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distinguish between retractile, ectopic, or true undescended testes at any age, referral to a
pediatric urologist is essential [2,3,5,12,78-81].

6. Risk of Subfertility and Testicular Cancer

Men with a history of cryptorchidism, including ascending or acquired undescended
testes, exhibit a heightened prevalence of impaired spermatogenesis, characterized by
reduced sperm counts, decreased sperm quality, and diminished fertility rates compared
to men with normally descended testes [82,83]. This association reflects underlying dis-
ruptions in testicular development and function, which are likely multifactorial, involving
genetic, hormonal, and developmental abnormalities. Notably, some of these impairments
may be partially reversible with timely surgical correction. The extent of spermatogenic
impairment correlates strongly with prepubertal germ cell counts and the maturation status
of testicular cells at the time of orchiopexy [84]. Specifically, germ cell loss and dysfunction
tend to increase with bilateral involvement and with longer durations of testes residing
in a suprascrotal or intra-abdominal position. Studies suggest that intra-abdominal and
intracanalicular testes are similarly affected, likely due to the elevated temperatures outside
the scrotum that compromise the spermatogenic environment [85,86].

Endocrinologically, elevated serum follicle-stimulating hormone (FSH) levels and de-
creased inhibin B concentrations serve as biomarkers indicating Sertoli cell and seminiferous
tubule dysfunction [87,88]. Most investigations reveal that, despite impaired spermatogene-
sis, Leydig cell function—responsible for testosterone production and virilization—remains
relatively preserved in men with a history of cryptorchidism [89].

Evidence indicates that early orchiopexy is associated with more favorable testicular
histology and better fertility potential [90]. Men who underwent orchiopexy before age
two exhibited higher inhibin B levels and lower FSH concentrations compared to those
operated on later, suggesting preserved Sertoli cell function and spermatogenic capac-
ity. Conversely, observational data suggest that orchiopexy performed after age one to
two years, but before age 12, has a limited impact on long-term fertility outcomes, un-
derscoring the importance of early intervention. Overall, these findings support current
recommendations advocating for orchiopexy within the first year of life to optimize fertility
prospects [91-94].

Men with a history of cryptorchidism are also at increased risk of developing testicular
germ cell tumors, compared to the general population, where the baseline age-adjusted
incidence is approximately 5.4 per 100,000 males. Quantitatively, the magnitude of this
increased risk varies across studies, but meta-analyses consistently demonstrate a sig-
nificant elevation. A 2013 meta-analysis of nine case—control and three cohort studies,
encompassing over 2 million boys, reported a pooled odds ratio of 2.9 for testicular cancer
among individuals with a history of cryptorchidism [95]. Nevertheless, heterogeneity
among studies, potential publication bias, and variable quality limit definitive conclusions.
A more recent 2023 meta-analysis, which included surgically treated individuals before
adulthood, found that the risk of testicular cancer was approximately fourfold higher in
men with a history of cryptorchidism compared to those without [96].

The risk is further amplified in cases of bilateral cryptorchidism, intra-abdominal
testes, or associated endocrinological abnormalities or chromosomal anomalies. Addition-
ally, cryptorchidism is a recognized risk factor for germ cell neoplasia in situ (GCNIS), the
precursor lesion for testicular germ cell tumors. Surgical correction performed prior to
puberty appears to mitigate, but does not eliminate, the risk of testicular cancer. In a large
cohort study involving over 16,000 men who underwent orchiopexy between 1964 and
1999, the overall incidence of testicular cancer was 56 cases over a cumulative follow-up
of approximately 210,000 person-years [97]. The relative risk was higher in those treated

https://doi.org/10.3390/children13050633


https://doi.org/10.3390/children13050633

Children 2026, 13, 633

9 of 20

at age 13 or older, with a risk ratio of 5.4, compared to a risk ratio of 2.2 in those treated
before age 13, reinforcing the benefit of early surgical intervention. Importantly, surgi-
cal correction does not completely eliminate the increased risk, as testicular tumors can
still develop in the normally descended contralateral testis. Meta-analyses have demon-
strated that approximately 21% of tumors in men with unilateral cryptorchidism occur in
the normally descended testis, indicating that factors beyond malposition contribute to
tumorigenesis [98-100].

7. Management

The primary objective in managing undescended testes is to achieve proper testicular
positioning within the scrotum, either through orchidopexy (surgical fixation) of viable
testes or, in cases of nonviable remnants, via removal of atrophic or nonfunctional tis-
sue [47,101]. Proper scrotal placement of the testes is critical, as it reduces the risk of
complications such as testicular torsion and traumatic injury, particularly for intracanalicu-
lar testes located along the inguinal canal [102]. Additionally, scrotal positioning facilitates
easier clinical examination, which is essential for ongoing surveillance for malignancy and
other testicular pathologies [2,3].

Early surgical intervention, ideally before the age of 18 months, has been associated
with improved outcomes, including preservation of spermatogenic potential and decreased
risks of infertility and testicular malignancy [103]. Furthermore, positioning the testes
in a normal, dependent scrotal location may contribute positively to psychosocial devel-
opment and body image, although the psychological impact has not been extensively
studied [104,105].

Surgical correction, specifically orchidopexy, remains the mainstay of treatment for
undescended testes and is widely regarded as the definitive management approach. His-
torically, hormonal therapy—primarily with human chorionic gonadotropin (hCG) or
gonadotropin-releasing hormone (GnRH)—has been employed to induce testicular de-
scent. However, evidence indicates that hormonal therapy alone has limited efficacy, with
success rates generally below 20-30%, and it does not significantly alter long-term out-
comes related to fertility or malignancy risk [106,107]. Current consensus recommends
reserving hormonal therapy as an adjunct rather than a primary treatment. Some centers
utilize hormonal agents preoperatively to potentially facilitate descent, especially in cases
of palpable testes, intending to reduce the extent of surgical intervention needed. Addi-
tionally, hormonal therapy may be considered in specific contexts where surgical risks
are contraindicated or as part of fertility-enhancement strategies in older boys, although
definitive evidence supporting its routine use is lacking [47,108-110].

7.1. Surgical Treatment

Orchiopexy is the standard surgical procedure for relocating palpable undescended
or ectopic testes. The procedure involves mobilization of the testis and spermatic cord,
followed by fixation within the scrotum. The surgical approach typically uses inguinal
and/or scrotal incisions to preserve the testicular vascular supply and ensure a tension-free
placement [111,112]. In cases where the testis appears normal in size and morphology, and
the spermatic vessels are of adequate length, primary orchiopexy is feasible. Success rates
for primary orchiopexy are high, with a systematic review reporting an average success rate
of approximately 96%, defined by the testis residing in the scrotum postoperatively [109].
A comprehensive understanding of retroperitoneal anatomy is essential for mobilizing
high intra-abdominal testes safely and effectively, which is best achieved by surgeons
with specialized expertise in pediatric urology [113]. Orchiopexy is generally safe. The
most significant complication is testicular atrophy, which may result from ischemic injury
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during dissection of the spermatic vessels or postoperative swelling and inflammation. The
reported pooled incidence of testicular atrophy is approximately 1.8%. Other potential
complications include testicular reascent, inguinal hernia, infection, and bleeding [114-116].
Postoperative management involves activity restrictions to prevent testicular displacement.
Children are advised to avoid straddle toys (such as bicycles) for several weeks. Sports
activities are typically limited in older children to minimize trauma risk. Routine post-
operative examinations are recommended at one to two weeks to assess wound healing
and testicular position, with a more comprehensive evaluation at three months to confirm
testicular size and location [2,5].

Non-palpable testes present a unique clinical challenge, as their location and viability
are not immediately apparent through physical examination alone. The gold standard
for diagnosing and managing non-palpable testes remains surgical exploration [63]. The
primary goals of surgery are to determine whether the testis is present, assess its viability,
and perform orchiopexy if feasible. During exploration, approximately 10% of cases reveal
blind-ending spermatic vessels, indicating that the testis is absent, either due to intrauterine
regression or previous atrophy [117,118]. There are two main surgical approaches: an open
inguinal approach and a laparoscopic approach. The choice depends on the surgeon’s
expertise and the specific clinical scenario. Examination under anesthesia can sometimes
provide additional information, as some testes that are non-palpable in the clinic may
become palpable during anesthesia [63]. During this assessment, the surgeon may detect
a small nubbin or remnant in the inguinal canal or scrotum, which can be biopsied or ex-
cised. Histological examination of such remnants often shows atrophic tissue, hemosiderin
deposits, and atretic vasculature, confirming prior testicular regression. Laparoscopy has
become the preferred minimally invasive technique for intra-abdominal testes, as it allows
direct visualization of intra-abdominal structures, assessment of the spermatic vessels,
vas deferens, and the presence or absence of testicular tissue. If an intra-abdominal testis
is identified and deemed viable, laparoscopic orchiopexy can be performed to mobilize
and fix the testis within the scrotum. Conversely, if the testis is nonviable or absent, the
procedure may be terminated, and the remnant tissue or atrophic testis can be removed to
reduce the risk of future complications [119-122].

In cases where an inguinal hernia coexists with an undescended testis, prompt repair
of the hernia at the time of orchiopexy is indicated, especially if incarcerated or strangulated.
If no hernia is present, prophylactic hernia repair can be performed during orchiopexy to
prevent future herniation [123].

7.2. Hormonal Treatment

Currently, hormonal therapy is generally not recommended for the management
of undescended testes. However, historically, some clinical centers have employed hor-
monal treatments to induce testicular descent, often as an adjunct to surgical correction
to potentially improve fertility outcomes. Testicular descent depends heavily on the local
concentration of testosterone within the inguinoscrotal region, which systemic administra-
tion typically cannot achieve. Gonadotropin-based therapies, such as urine-derived human
chorionic gonadotropin (hCG) or gonadotropin-releasing hormone (GnRH) analogs, have
been used to stimulate Leydig cells within the testes to produce endogenous testosterone,
thereby increasing local testosterone levels and facilitating descent [124-126].

A 2012 systematic review that included seven heterogeneous studies involving
995 boys and 1215 testes found that hormonal treatment was associated with a mod-
est increase—around 10%—in rates of testicular descent compared to placebo. The success
rates varied widely across individual studies, ranging from 9% to 62%. The initial position
of the testis influences the likelihood of success, with more distal (glandular or inguinal)
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testes generally responding better than proximally located (abdominal) testes. It is also
important to consider that some testes classified as undescended may actually be retractile,
which are more likely to respond to hormonal therapy. Evidence suggests that hormonal
treatment appears effective mainly for retractile testes rather than truly undescended
testes [66,109,127].

There is limited data on the long-term effects of hormonal therapy, including impacts
on testicular cancer risk or fertility. Furthermore, no clear evidence indicates the superiority
of any specific hormonal agent or dosing regimen. Both GnRH analogs and urine-derived
hCG have shown similar efficacy in achieving testicular descent, with success rates reported
between 6% and 35%. Adverse effects are generally mild and transient, typically resolving
within six months of treatment. The most commonly reported side effects include signs of
virilization—such as increased penile size, body hair growth, and erections—and behavioral
changes like increased aggressiveness [2,128,129].

8. Guidelines
8.1. American Urological Association

Providers should obtain a detailed gestational history during the initial evaluation
of boys suspected of having cryptorchidism, as this information is crucial for guiding
management. At each recommended well-child visit, primary care providers should
palpate the testes to assess their quality and position, ensuring early detection of any
abnormalities. If a boy has a history of cryptorchidism detected at birth and the testes
have not descended spontaneously by six months corrected for gestational age, providers
should promptly refer the infant to an appropriate surgical specialist for timely evaluation.
Similarly, boys with the possibility of newly diagnosed (acquired) cryptorchidism after
six months, corrected for gestational age, should also be referred for specialist assessment.

In cases of phenotypic male newborns presenting with bilateral nonpalpable testes,
providers must immediately consult a specialist to evaluate for a potential disorder of sex
development (DSD), as this is a critical step. Before referral, ultrasound or other imaging
modalities are generally not recommended in the evaluation of boys with cryptorchidism,
since these studies rarely influence decision-making. When assessing for DSD, providers
should consider the severity of hypospadias in conjunction with cryptorchidism, as increas-
ing severity may indicate an underlying disorder.

For boys with bilateral, nonpalpable testes who do not have congenital adrenal hyper-
plasia (CAH), measuring Miillerian Inhibiting Substance (MIS or Anti-Miillerian Hormone
[AMH]) levels, along with additional hormone testing if indicated, can help evaluate
for anorchia. In boys with retractile testes, clinicians should monitor testicular position
at least annually to detect secondary ascent. Hormonal therapy to induce testicular de-
scent is not recommended, given the low response rates and lack of evidence supporting
long-term efficacy.

If spontaneous testicular descent has not occurred by six months corrected for ges-
tational age, surgical intervention should be performed within the following year. For
prepubertal boys with palpable cryptorchid testes, surgical specialists should carry out
scrotal or inguinal orchidopexy. In cases with nonpalpable testes, examination under
anesthesia is recommended to reassess palpability; if testes remain nonpalpable, surgical
exploration with potential abdominal orchidopexy should be undertaken. During surgical
exploration for nonpalpable testes, the surgeon should identify the status of the testicular
vessels to guide subsequent management.

In boys with a normal contralateral testis, surgical specialists may perform an orchiec-
tomy of the undescended testis if the testis is very short, dysmorphic, hypoplastic, or if
the boy is postpubertal, especially when testicular vessels and vas deferens are very short.
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Lastly, it is essential to counsel boys with a history of cryptorchidism or monorchidism and
their parents about potential long-term risks, including infertility and cancer, providing
education and reassurance to support informed decision-making and follow-up [78].

8.2. Canadian Urological Association

Physical examination is the cornerstone of cryptorchidism evaluation and should
be conducted by an experienced healthcare provider in a warm, relaxed environment.
Documentation of this exam should include the patient’s history, noting factors such as
prematurity, scrotal asymmetry, whether the gonad(s) is palpable, and any associated geni-
tourinary abnormalities like hypospadias. In phenotypic males with bilateral non-palpable
gonads, there should be a high index of suspicion for congenital adrenal hyperplasia with
a 46XX karyotype, along with other disorders of sexual development; appropriate workup
should be performed before discharge to rule out salt-wasting conditions.

If cryptorchidism is identified on a newborn exam, regular monitoring is warranted to
assess for spontaneous descent, and a referral for specialized evaluation should be made
at or before six months of corrected age. Imaging studies such as ultrasound, computed
tomography, or magnetic resonance imaging are generally unnecessary, expensive, po-
tentially misleading, and not routinely indicated. They may be selectively ordered after
specialist evaluation, particularly in cases suspected of disorders of sexual development or
prior to surgical intervention, at the discretion of the specialist.

In children diagnosed with cryptorchidism past six months of corrected age, conserva-
tive management (expectant approach) generally has no role unless the child has significant
comorbidities or high anesthetic risk. Children with retractile testicles should be examined
regularly, and the location of the gonad should be clearly documented, especially in the
absence of an active cremasteric reflex. If the testicle is observed to ascend into an ectopic
or undescended position, specialist referral is warranted.

Acute abdominal or inguinal pain in a child with cryptorchidism should prompt
consideration of testicular torsion, requiring urgent surgical assessment. A genital exam
should be performed and documented in all boys presenting with such pain, indicating the
presence and location of the testicles.

Hormonal therapy’s impact on subsequent gonadal function remains uncertain, and
it offers no advantage over timely surgical correction. There is no indication for medical
or surgical intervention in children with retractile testicles. For palpable undescended
testicles, surgical approaches—either prescrotal or inguinal—should be chosen based on the
gonad’s location, the ability to manipulate it into the scrotum, and the surgeon’s preference
and expertise.

If the testicle is not palpable during preoperative physical evaluation, an exam under
anesthesia should be performed at the start of surgical exploration. In approximately
10-15% of cases, the gonad may become palpable during this exam, allowing for a tailored
surgical approach. The goal of orchidopexy is to position the gonad in its normal anatomical
location, which should be confirmed and documented during postoperative follow-up.
Surgical procedures should also address any associated abnormalities, such as a patent
processus vaginalis or inguinal hernia.

The role of contralateral prophylactic orchidopexy in unilateral cryptorchidism or
monorchidism to prevent future testicular torsion remains controversial. This decision
should be discussed with the family, highlighting the rationale and potential risks, and
families should be warned about the importance of urgent evaluation if acute testicular
pain occurs.

The diagnosis of an absent, vanishing, or atrophic testicle is established through
surgical exploration, with findings such as a blind-ending vas deferens and vessels, absence
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of the testicle or nubbin, and pathological examination (including hemosiderin, testicular
tissue, vas deferens, and vessels) clearly documented to prevent future concerns and
re-assessment needs.

All patients should receive education on regular testicular self-exam following orchi-
dopexy and be advised to seek medical attention if abnormalities are palpated or if there
is a sudden increase in testicular size. Patients with delayed puberty should be referred
for endocrine assessment, and an infertility specialist should evaluate those with concerns
about future fertility. This is particularly important for boys at high risk of hormonal or
fertility issues, such as those with bilateral intra-abdominal testicles, cryptorchidism in a
solitary gonad, or atrophy after attempted orchidopexy [130].

8.3. European Association of Urology

For boys with retractile testes, do not offer medical or surgical treatment; instead,
closely follow them up until puberty. If a boy presents with an undescended testis, it is
recommended to offer surgical orchidolysis and orchidopexy before the age of 12 months,
and at the latest by 18 months.

In neonatal males with bilateral non-palpable testes, it is important to evaluate for
possible disorders of sex development (DSDs). In cases where non-palpable testes are
present without evidence of DSDs, a laparoscopic intervention should be offered due to its
high sensitivity and specificity in identifying intra-abdominal testes, allowing for potential
treatment during the same session.

Routine hormonal therapy is not generally recommended for testicular descent,
whether as adjuvant or neo-adjuvant treatment. Instead, each patient should be eval-
uated on an individual basis to determine the appropriate management.

In cases of bilateral undescended testes, endocrine treatment may be considered to
potentially enhance future fertility. For post-pubertal boys or older individuals with an
undescended testis and a normal contralateral testis, the option of removal should be
discussed with the patient or parents because of the theoretical risk of malignancy later in
life [124].

8.4. Comparison of International Guidelines

The three guidelines—American Urological Association (AUA), Canadian Urological
Association (CUA), and European Association of Urology (EAU)—present largely aligned
principles regarding the evaluation and management of cryptorchidism but differ in specific
recommendations and emphasis, reflecting regional practices and interpretations of the
evidence [78,124,130].

All three guidelines agree that physical examination remains the cornerstone of di-
agnosis, emphasizing that it should be performed by experienced providers in a warm,
relaxed environment. The AUA and CUA stress the importance of documenting the pa-
tient’s history, including factors such as prematurity, scrotal asymmetry, gonad palpability,
and associated genitourinary abnormalities, with the CUA specifically highlighting the
high suspicion of congenital adrenal hyperplasia in cases of bilateral nonpalpable gonads,
necessitating appropriate workup before discharge. Similarly, the EAU emphasizes careful
evaluation for DSDs in cases of bilateral non-palpable testes, recommending laparoscopic
intervention in the absence of evidence for DSDs, due to its high sensitivity and specificity
in identifying intra-abdominal testes. The AUA and CUA concur that ultrasound and other
imaging modalities are generally unnecessary in initial assessment, citing their limited
influence on management decisions, but the CUA notes that imaging may be selectively
ordered after specialist evaluation, especially when considering surgery or suspected DSDs.
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Regarding the timing of intervention, all guidelines advocate for early management.
The AUA recommends prompt referral for surgical evaluation if spontaneous descent has
not occurred by six months corrected age, with orchidopexy ideally performed within
the following year. The EAU emphasizes offering surgical orchidolysis and orchidopexy
before 12 months of age, and at the latest by 18 months. The CUA suggests that in
children diagnosed past six months of corrected age, expectant management has little role
unless significant comorbidities or high anesthetic risk are present, highlighting regional
differences in management philosophy.

The treatment approach for retractile testes is consistent across all three, with no
surgical or medical intervention recommended; instead, close monitoring until puberty is
advised. The CUA emphasizes regular examination and documentation of gonad position,
especially if ascent occurs. The guidelines also agree that hormonal therapy to induce
descent is not recommended, citing low response rates and lack of evidence supporting
long-term benefit; the EAU and AUA explicitly state that hormonal therapy offers no
advantage over timely surgical correction.

In cases of non-palpable testes, all three guidelines recommend laparoscopic explo-
ration as the preferred diagnostic and therapeutic approach, given its high sensitivity and
ability to allow concurrent treatment. The AUA and CUA specify that during surgical
exploration, the status of the testicular vessels should be identified to guide subsequent
management. The CUA additionally emphasizes the importance of evaluating for disorders
of sex development before surgical intervention, especially in bilateral non-palpable cases,
to exclude conditions like CAH.

Finally, regarding malignancy risk, the EAU recommends discussing testicular removal
in post-pubertal cases with normal contralateral testes due to potential malignancy risk,
whereas the AUA and CUA highlight the importance of counseling boys with a history
of cryptorchidism about lifelong risks, including infertility and cancer, and the need for
ongoing surveillance.

9. Future Directions

Future research in the field of cryptorchidism should focus on several key areas to
enhance understanding and improve patient outcomes. First, elucidating the precise
molecular and genetic mechanisms underlying testicular descent and the etiology of cryp-
torchidism remains a priority. Advanced genomic studies, including whole-exome and
genome-wide association studies, could identify novel genetic variants and pathways
involved in testicular migration failure, potentially leading to targeted therapies or early
predictive markers. Second, there is a need for standardized, longitudinal studies to better
define the natural history of retractile and acquired cryptorchidism, as well as the long-
term effects of various management strategies on fertility and oncological risks. Third,
improving diagnostic modalities—such as developing highly sensitive, non-invasive imag-
ing techniques or biomarkers—could refine the localization and viability assessment of
nonpalpable testes, reducing reliance on surgical exploration and enabling more precise,
individualized treatment plans. Fourth, further investigation into the role of hormonal
therapies, including optimal timing, dosing, and patient selection, is warranted to clar-
ify whether specific subsets of patients could benefit from adjunct hormonal treatment,
especially in cases where surgery poses increased risks. Finally, researchers should also
explore the psychosocial and quality-of-life impacts of cryptorchidism and its treatment,
incorporating patient-centered outcomes and addressing potential disparities in care across
different populations. Collectively, these future directions aim to deepen our understanding
of cryptorchidism’s pathogenesis, optimize diagnostic accuracy, and refine management
protocols to improve long-term reproductive and oncological health in affected individuals.
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10. Conclusions

Based on the current evidence, early diagnosis and timely surgical intervention, prefer-
ably before 12 to 18 months of age, are crucial for optimizing outcomes in children with
cryptorchidism. Orchidopexy effectively reduces the risks of infertility, testicular torsion,
trauma, and malignancy, while hormonal therapy has limited efficacy and is generally
not recommended as a primary treatment. Ongoing surveillance and management are
essential to address potential long-term complications, including subfertility and increased
testicular cancer risk, emphasizing the importance of a multidisciplinary approach for
personalized care.
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AMH Anti-Miillerian Hormone

DHEA  Dehydroepiandrosterone

AUA American Urological Association
CUA Canadian Urological Association
EAU European Association of Urology

1.  Holmboe, S.A.; Beck, A.L.; Andersson, A.M.; Main, K.M.; Jergensen, N.; Skakkebaek, N.E.; Priskorn, L. The epidemiology
of cryptorchidism and potential risk factors, including endocrine disrupting chemicals. Front. Endocrinol. 2024, 15, 1343887.

[CrossRef]

2. Niedzielski, ].K.; Oszukowska, E.; Stowikowska-Hilczer, J. Undescended testis—Current trends and guidelines: A review of the
literature. Arch. Med. Sci. 2016, 12, 667-677. [CrossRef]

3. Echeverria Septulveda, M.P.; Yankovic Barcel6, F.; Lopez Egafia, P.J. The undescended testis in children and adolescents. Part 1:
Pathophysiology, classification, and fertility- and cancer-related controversies. Pediatr. Surg. Int. 2022, 38, 781-787. [CrossRef]

https://doi.org/10.3390/children13050633


https://doi.org/10.3389/fendo.2024.1343887
https://doi.org/10.5114/aoms.2016.59940
https://doi.org/10.1007/s00383-022-05110-5
https://doi.org/10.3390/children13050633

Children 2026, 13, 633 16 of 20

10.
11.

12.

13.

14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hildorf, S.E. Clinical aspects of histological and hormonal parameters in boys with cryptorchidism: Thesis for PhD degree.
APMIS 2022, 130, 1-58. [CrossRef] [PubMed]

Braga, L.H.; Lorenzo, A.J. Cryptorchidism: A practical review for all community healthcare providers. Can. Urol. Assoc. J. 2017,
11, S26-S32. [CrossRef]

Pirgon, O.; Diindar, B.N. Vanishing testes: A literature review. J. Clin. Res. Pediatr. Endocrinol. 2012, 4, 116-120. [CrossRef]
[PubMed]

Brauner, R.; Neve, M.; Allali, S.; Trivin, C.; Lottmann, H.; Bashamboo, A.; McElreavey, K. Clinical, biological and genetic analysis
of anorchia in 26 boys. PLoS ONE 2011, 6, €23292. [CrossRef]

Ritzén, E.M,; Kollin, C. Management of undescended testes: How and when? Pediatr. Endocrinol. Rev. 2009, 7, 32-37. [PubMed]
Bingol-Kologlu, M.; Tanyel, E.C.; Anlar, B.; Biiytikpamukgu, N. Cremasteric reflex and retraction of a testis. J. Pediatr. Surg. 2001,
36, 863-867. [CrossRef]

Agarwal, PK.; Diaz, M.; Elder, ].S. Retractile testis—TIs it really a normal variant? J. Urol. 2006, 175, 1496-1499. [CrossRef]
Snodgrass, W.; Bush, N.; Holzer, M.; Zhang, S. Current referral patterns and means to improve accuracy in diagnosis of
undescended testis. Pediatrics 2011, 127, e382—-e388. [CrossRef]

Baskovi¢, M.; Zaninovi¢, L.; Sansovié, I.; Meas$i¢, A.M.; Katus$i¢ Bojanac, A.; Jezek, D. Trends in the treatment of undescended
testes: A pediatric tertiary care center experience from Croatia. World J. Pediatr. Surg. 2022, 5, €000461. [CrossRef]

Ramareddy, R.S.; Alladi, A.; Siddappa, O.S. Ectopic testis in children: Experience with seven cases. . Pediatr. Surg. 2013, 48,
538-541. [CrossRef] [PubMed]

Hughes, L. A.; Acerini, C.L. Factors controlling testis descent. Eur. |. Endocrinol. 2008, 159, S75-5S82. [CrossRef]

Hutson, ].M,; Li, R.; Southwell, B.R.; Newgreen, D.; Cousinery, M. Regulation of testicular descent. Pediatr. Surg. Int. 2015, 31,
317-325. [CrossRef]

Hutson, ].M.; Hasthorpe, S. Abnormalities of testicular descent. Cell Tissue Res. 2005, 322, 155-158. [CrossRef]

Punjani, N.; Lamb, D.J. Male infertility and genitourinary birth defects: There is more than meets the eye. Fertil. Steril. 2020, 114,
209-218. [CrossRef]

Klonisch, T.; Fowler, P.A.; Hombach-Klonisch, S. Molecular and genetic regulation of testis descent and external genitalia
development. Dev. Biol. 2004, 270, 1-18. [CrossRef]

Virtanen, H.E.; Adamsson, A. Cryptorchidism and endocrine disrupting chemicals. Mol. Cell. Endocrinol. 2012, 355, 208-220.
[CrossRef] [PubMed]

Li, L,; Lin, W,; Wang, Z.; Huang, R.; Xia, H.; Li, Z.; Deng, J.; Ye, T.; Huang, Y.; Yang, Y. Hormone Regulation in Testicular
Development and Function. Int. J. Mol. Sci. 2024, 25, 5805. [CrossRef] [PubMed]

Clarnette, T.D.; Hutson, J.M. Is the ascending testis actually ‘stationary’? Normal elongation of the spermatic cord is prevented by
a fibrous remnant of the processus vaginalis. Pediatr. Surg. Int. 1997, 12, 155-157. [CrossRef]

Ma, Y.L.; Wang, T.X; Feng, L.; Hu, C.B.; Sun, ].S.; Zhang, C.E,; Yu, B.H. Diagnoses and Treatment of Acquired Undescended Testes:
A Review. Medicine 2024, 103, e38812. [CrossRef] [PubMed]

Li, W,; Chen, Z,; Xu, W.; Gao, Y.; Liu, Z; Li, Q.; Dai, L. Prevalence of congenital cryptorchidism in China: A nationwide
population-based surveillance study, 2007-2021. Andrology 2025, 13, 577-586. [CrossRef]

Boisen, K.A.; Kaleva, M.; Main, K.M.; Virtanen, H.E.; Haavisto, A.M.; Schmidt, I.M.; Chellakooty, M.; Damgaard, LN.; Mau, C.;
Reunanen, M,; et al. Difference in prevalence of congenital cryptorchidism in infants between two Nordic countries. Lancet 2004,
363, 1264-1269. [CrossRef]

Zakaria, M.; Azab, S.; El baz, M.; Fawaz, L.; Bahagat, A. Cryptorchidism in Egyptian neonates. J. Pediatr. Urol. 2013, 9, 815-819.
[CrossRef] [PubMed]

Nah, S.A ; Yeo, C.S.; How, G.Y,; Allen, J.C., Jr.; Lakshmi, N.K.; Yap, T.L.; Jacobsen, A.S.; Low, Y.; Ong, C.C. Undescended testis:
513 patients’ characteristics, age at orchidopexy and patterns of referral. Arch. Dis. Child. 2014, 99, 401-406. [CrossRef]
Virtanen, H.E.; Bjerknes, R.; Cortes, D.; Jorgensen, N.; Rajpert-De Meyts, E.; Thorsson, A.V.; Thorup, J.; Main, K.M. Cryptorchidism:
Classification, prevalence and long-term consequences. Acta Paediatr. 2007, 96, 611-616. [CrossRef]

Cortes, D.; Thorup, ].M.; Beck, B.L.; Visfeldt, ]. Cryptorchidism as a caudal developmental field defect. A new description of
cryptorchidism associated with malformations and dysplasias of the kidneys, the ureters and the spine from T10 to S5. APMIS
1998, 106, 953-958. [CrossRef]

Raitio, A.; Syvénen, J.; Tauriainen, A.; Hyvérinen, A.; Sankilampi, U.; Gissler, M.; Helenius, I. Congenital abdominal wall defects
and cryptorchidism: A population-based study. Pediatr. Surg. Int. 2021, 37, 837-841. [CrossRef]

Barthold, ].S.; Wintner, A.; Hagerty, ].A.; Rogers, K.J.; Hossain, M.]. Cryptorchidism in Boys With Cerebral Palsy Is Associated
With the Severity of Disease and With Co-Occurrence of Other Congenital Anomalies. Front. Endocrinol. 2018, 9, 151. [CrossRef]
[PubMed]

Acién, P.; Acién, M. Disorders of Sex Development: Classification, Review, and Impact on Fertility. J. Clin. Med. 2020, 9, 3555.
[CrossRef]

https://doi.org/10.3390/children13050633


https://doi.org/10.1111/apm.13247
https://www.ncbi.nlm.nih.gov/pubmed/35822689
https://doi.org/10.5489/cuaj.4343
https://doi.org/10.4274/Jcrpe.728
https://www.ncbi.nlm.nih.gov/pubmed/22985611
https://doi.org/10.1371/journal.pone.0023292
https://www.ncbi.nlm.nih.gov/pubmed/19696714
https://doi.org/10.1053/jpsu.2001.23956
https://doi.org/10.1016/S0022-5347(05)00674-9
https://doi.org/10.1542/peds.2010-1719
https://doi.org/10.1136/wjps-2022-000461
https://doi.org/10.1016/j.jpedsurg.2012.10.005
https://www.ncbi.nlm.nih.gov/pubmed/23480908
https://doi.org/10.1530/EJE-08-0458
https://doi.org/10.1007/s00383-015-3673-4
https://doi.org/10.1007/s00441-005-1126-4
https://doi.org/10.1016/j.fertnstert.2020.06.042
https://doi.org/10.1016/j.ydbio.2004.02.018
https://doi.org/10.1016/j.mce.2011.11.015
https://www.ncbi.nlm.nih.gov/pubmed/22127307
https://doi.org/10.3390/ijms25115805
https://www.ncbi.nlm.nih.gov/pubmed/38891991
https://doi.org/10.1007/BF01349987
https://doi.org/10.1097/MD.0000000000038812
https://www.ncbi.nlm.nih.gov/pubmed/38968470
https://doi.org/10.1111/andr.13686
https://doi.org/10.1016/S0140-6736(04)15998-9
https://doi.org/10.1016/j.jpurol.2012.10.024
https://www.ncbi.nlm.nih.gov/pubmed/23218756
https://doi.org/10.1136/archdischild-2013-305225
https://doi.org/10.1111/j.1651-2227.2007.00241.x
https://doi.org/10.1111/j.1699-0463.1998.tb00245.x
https://doi.org/10.1007/s00383-021-04863-9
https://doi.org/10.3389/fendo.2018.00151
https://www.ncbi.nlm.nih.gov/pubmed/29713311
https://doi.org/10.3390/jcm9113555
https://doi.org/10.3390/children13050633

Children 2026, 13, 633 17 of 20

32.

33.

34.

35.
36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.
60.

Foresta, C.; Zuccarello, D.; Garolla, A.; Ferlin, A. Role of hormones, genes, and environment in human cryptorchidism. Endocr.
Rev. 2008, 29, 560-580. [CrossRef]

Ferlin, A.; Zuccarello, D.; Zuccarello, B.; Chirico, M.R.; Zanon, G.F; Foresta, C. Genetic alterations associated with cryptorchidism.
JAMA 2008, 300, 2271-2276. [CrossRef]

Urh, K.; Kolenc, Z.; Hrovat, M.; Svet, L.; Dov¢, P; Kunej, T. Molecular Mechanisms of Syndromic Cryptorchidism: Data Synthesis
of 50 Studies and Visualization of Gene-Disease Network. Front. Endocrinol. 2018, 9, 425. [CrossRef] [PubMed]

Chacko, J.K.; Barthold, ]J.S. Genetic and environmental contributors to cryptorchidism. Pediatr. Endocrinol. Rev. 2009, 6, 476—480.
Gurney, ] K.; McGlynn, K.A; Stanley, J.; Merriman, T.; Signal, V.; Shaw, C.; Edwards, R.; Richiardi, L.; Hutson, J.; Sarfati, D. Risk
factors for cryptorchidism. Nat. Rev. Urol. 2017, 14, 534-548. [CrossRef] [PubMed]

Pillai, S.B.; Besner, G.E. Pediatric testicular problems. Pediatr. Clin. N. Am. 1998, 45, 813-830. [CrossRef] [PubMed]

Baldanza, F.; Grasso, F; Sergio, M.; Patti, M.; Maggiore, V.; Serra, G.; Giuffré, M.; Corsello, G.; Di Pace, M.R.; Pensabene, M.
Testicular Torsion in Inguinal Cryptorchidism: Report on Two Patients and Literature Review. Children 2025, 12, 1531. [CrossRef]
Kirsch, A.J.; Escala, J.; Duckett, ].W.; Smith, G.H.; Zderic, S.A.; Canning, D.A.; Snyder, H.M., 3rd. Surgical management of the
nonpalpable testis: The Children’s Hospital of Philadelphia experience. . Urol. 1998, 159, 1340-1343. [CrossRef]

Redman, J.F. Impalpable testes: Observations based on 208 consecutive operations for undescended testes. J. Urol. 1980, 124,
379-381. [CrossRef]

Smolko, M.J.; Kaplan, G.W.; Brock, W.A. Location and fate of the nonpalpable testis in children. J. Urol. 1983, 129, 1204-1206.
[CrossRef]

Bazaga, M.A.; Shida, M.E.F,; Leite, M.T.C. Undescended testis: An epidemiological study from a single institution. Rev. Paul.
Pediatr. 2025, 43, €2024186. [CrossRef]

Sener, N.C.; Bas, O.; Karakoyunlu, N.; Ercil, H.; Yesil, S.; Zengin, K.; Imamoglu, A. A rare emergency: Testicular torsion in the
inguinal canal. BioMed Res. Int. 2015, 2015, 320780. [CrossRef] [PubMed]

Baskovi¢, M.; Coli¢, T.; Masgi¢, M.; Zaninovi¢, L.; Cizmi¢, A.; Katusi¢ Bojanac, A.; Jezek, D. Knowledge and attitudes about
undescended testicles—The need for an educational approach. Paediatr. Croat. 2022, 66, 1-9. [CrossRef]

Lee, PA.; Houk, C.P; Ahmed, S.F; Hughes, L. A.; International Consensus Conference on Intersex organized by the Lawson
Wilkins Pediatric Endocrine Society and the European Society for Paediatric Endocrinology. Consensus statement on management
of intersex disorders. International Consensus Conference on Intersex. Pediatrics 2006, 118, e488—e500. [CrossRef] [PubMed]
Fenig, D.M.; Snyder, HM.,, 3rd; Wu, H.Y.; Canning, D.A.; Huff, D.S. The histopathology of iatrogenic cryptorchid testis: An
insight into etiology. J. Urol. 2001, 165, 1258-1261. [CrossRef]

Kurz, D. Current Management of Undescended Testes. Curr. Treat. Options Pediatr. 2016, 2, 43-51. [CrossRef]

Docimo, S.G.; Silver, R.I; Cromie, W. The undescended testicle: Diagnosis and management. Am. Fam. Physician 2000, 62,
2037-2044. [PubMed]

Zundel, S.; Blumenstock, G.; Herrmann-Werner, A.; Trueck, M.; Schmidt, A.; Wiechers, S. Undescended testis? How best to teach
the physical examination. J. Pediatr. Urol. 2016, 12, 406.e1-406.e6. [CrossRef]

Sheldon, C.A. The pediatric genitourinary examination. Inguinal, urethral, and genital diseases. Pediatr. Clin. N. Am. 2001, 48,
1339-1380. [CrossRef]

Mau, E.E.; Leonard, M.P. Practical approach to evaluating testicular status in infants and children. Can. Fam. Physician 2017, 63,
432-435. [PubMed]

Woods, J.L.; Hensel, D.J. Improving Male Genital Examinations in Adolescent Patients: Creation and Preliminary Validation of an
Assessment Tool. Med. Sci. Educ. 2019, 29, 977-986. [CrossRef]

Fratri¢, I; Sarac, D.; Antié, J.; Permanov, M.; Joki¢, R. Impalpable Testis: Evaluation of Diagnostic and Treatment Procedures and
Our Treatment Protocol. BioMed Res. Int. 2018, 2018, 3143412. [CrossRef]

Shepard, C.L.; Kraft, K.H. The Nonpalpable Testis: A Narrative Review. J. Urol. 2017, 198, 1410-1417. [CrossRef]

Elgaili Salah, S.E.; Elssayed Ahmed, E.O. The role of laparoscopy in non-palpable undescended testicle: Analysis and review of
the experience from two cities in Sudan. Afr. J. Paediatr. Surg. 2022, 19, 127-132. [CrossRef]

Esposito, C.; Caldamone, A.A.; Settimi, A.; El-Ghoneimi, A. Management of boys with nonpalpable undescended testis. Nat. Clin.
Pract. Urol. 2008, 5, 252-260. [CrossRef] [PubMed]

Hurwitz, R.S.; Kaptein, ].5. How well does contralateral testis hypertrophy predict the absence of the nonpalpable testis? J. Urol.
2001, 165, 588-592. [CrossRef]

Indyk, J.A. Disorders/differences of sex development (DSDs) for primary care: The approach to the infant with ambiguous
genitalia. Transl. Pediatr. 2017, 6, 323-334. [CrossRef] [PubMed]

Markosyan, R. Patients with disorders of sex development. Ann. Pediatr. Endocrinol. Metab. 2021, 26, 74-79. [CrossRef]
Brainwood, M.; Beirne, G.; Fenech, M. Persistence of the processus vaginalis and its related disorders. Australas. J. Ultrasound
Med. 2020, 23, 22-29. [CrossRef]

https://doi.org/10.3390/children13050633


https://doi.org/10.1210/er.2007-0042
https://doi.org/10.1001/jama.2008.668
https://doi.org/10.3389/fendo.2018.00425
https://www.ncbi.nlm.nih.gov/pubmed/30093884
https://doi.org/10.1038/nrurol.2017.90
https://www.ncbi.nlm.nih.gov/pubmed/28654092
https://doi.org/10.1016/S0031-3955(05)70047-X
https://www.ncbi.nlm.nih.gov/pubmed/9728188
https://doi.org/10.3390/children12111531
https://doi.org/10.1016/S0022-5347(01)63613-9
https://doi.org/10.1016/S0022-5347(17)55457-9
https://doi.org/10.1016/S0022-5347(17)52643-9
https://doi.org/10.1590/1984-0462/2025/43/2024186
https://doi.org/10.1155/2015/320780
https://www.ncbi.nlm.nih.gov/pubmed/25654093
https://doi.org/10.13112/PC.2022.1
https://doi.org/10.1542/peds.2006-0738
https://www.ncbi.nlm.nih.gov/pubmed/16882788
https://doi.org/10.1016/S0022-5347(05)66507-X
https://doi.org/10.1007/s40746-016-0039-7
https://www.ncbi.nlm.nih.gov/pubmed/11087186
https://doi.org/10.1016/j.jpurol.2016.07.003
https://doi.org/10.1016/S0031-3955(05)70382-5
https://www.ncbi.nlm.nih.gov/pubmed/28615391
https://doi.org/10.1007/s40670-019-00785-3
https://doi.org/10.1155/2018/3143412
https://doi.org/10.1016/j.juro.2017.04.079
https://doi.org/10.4103/ajps.AJPS_39_21
https://doi.org/10.1038/ncpuro1102
https://www.ncbi.nlm.nih.gov/pubmed/18414455
https://doi.org/10.1097/00005392-200102000-00077
https://doi.org/10.21037/tp.2017.10.03
https://www.ncbi.nlm.nih.gov/pubmed/29184813
https://doi.org/10.6065/apem.2040240.120
https://doi.org/10.1002/ajum.12195
https://doi.org/10.3390/children13050633

Children 2026, 13, 633 18 of 20

61.

62.

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Tasian, G.E.; Copp, H.L.; Baskin, L.S. Diagnostic imaging in cryptorchidism: Utility, indications, and effectiveness. J. Pediatr. Surg.
2011, 46, 2406-2413. [CrossRef]

Tasian, G.E.; Copp, H.L. Diagnostic performance of ultrasound in nonpalpable cryptorchidism: A systematic review and
meta-analysis. Pediatrics 2011, 127, 119-128. [CrossRef] [PubMed]

Sepulveda, X.; Egafia, P.L. Current management of non-palpable testes: A literature review and clinical results. Transl. Pediatr.
2016, 5, 233-239. [CrossRef] [PubMed]

Al Jurayyan, N.A.; Al-Jurayyan, R.N.; Mohamed, S.H.; Babiker, A.M.; Al Otaibi, H.M. Radiological imaging of disorders of sex
development (DSD). Sudan. |. Paediatr. 2013, 13, 10-16.

Abbas, T.O.; Al-Shahwani, N.; Hayati, A.; Hady Samaha, A.; Bassiouny, L.E.; Ali, M. Role of ultrasonography in the preoperative
assessment of impalpable testes: A single center experience. ISRN Urol. 2012, 2012, 560216. [CrossRef] [PubMed]

Penson, D.F,; Krishnaswami, S.; Jules, A.; Seroogy, ].C.; McPheeters, M.L. Evaluation and Treatment of Cryptorchidism [Internet];
Agency for Healthcare Research and Quality (US): Rockville, MD, USA, 2012.

Fonkalsrud, E.W. Current management of the undescended testis. Semin. Pediatr. Surg. 1996, 5, 2-7.

Elazizi, L.; Elazime, Z.; Lahmamssi, F.Z.; Salhi, H.; Elouahabi, H. Testicular Regression Syndrome: Two Case Studies. Cureus 2023,
15, €34771. [CrossRef]

Ishii, T.; Kashimada, K.; Kawai, M.; Itonaga, T.; Iwasa, T.; Utsunomiya, A.; Ozaki, K.; Kawamura, K.; Kanno, J.; Koh, J.; et al.
Clinical practice guidelines for the management of differences of sex development in Japan. Clin. Pediatr. Endocrinol. 2026, 35,
1-49. [CrossRef]

Bajpai, A.; Kabra, M.; Menon, P.S. 21-Hydroxylase deficiency: Clinical features, laboratory profile and pointers to diagnosis in
Indian children. Indian Pediatr. 2004, 41, 1226-1232.

Rey, R.A.; Grinspon, R.P. Anti-Miillerian hormone, testicular descent and cryptorchidism. Front. Endocrinol. 2024, 15, 1361032.
[CrossRef]

Ahmed, S.F.; Achermann, ].C.; Arlt, W,; Balen, A.; Conway, G.; Edwards, Z.; Elford, S.; Hughes, I.A_; Izatt, L.; Krone, N.; et al.
Society for Endocrinology UK guidance on the initial evaluation of an infant or an adolescent with a suspected disorder of sex
development (Revised 2015). Clin. Endocrinol. 2016, 84, 771-788. [CrossRef]

Misra, M.; MacLaughlin, D.T.; Donahoe, PK.; Lee, M.M. Measurement of Mullerian inhibiting substance facilitates management
of boys with microphallus and cryptorchidism. J. Clin. Endocrinol. Metab. 2002, 87, 3598-3602. [CrossRef]

Jarow, ].P; Berkovitz, G.D.; Migeon, C.J.; Gearhart, J.P.; Walsh, P.C. Elevation of serum gonadotropins establishes the diagnosis of
anorchism in prepubertal boys with bilateral cryptorchidism. J. Urol. 1986, 136, 277-279. [CrossRef]

Merksz, M.; Té6th, J.; Pir6t, L. Testosterone secretion in children with undescended testis. Int. Urol. Nephrol. 1992, 24, 429-437.
[CrossRef]

Davenport, M.; Brain, C.; Vandenberg, C.; Zappala, S.; Duffy, P.; Ransley, P.G.; Grant, D. The use of the hCG stimulation test in the
endocrine evaluation of cryptorchidism. Br. J. Urol. 1995, 76, 790-794. [CrossRef] [PubMed]

Urban, M.D,; Lee, PA.; Lanes, R.; Migeon, C.J. HCG stimulation in children with cryptorchidism. Clin. Pediatr. 1987, 26, 512-514.
[CrossRef]

Kolon, T.E; Herndon, C.D.; Baker, L.A ; Baskin, L.S.; Baxter, C.G.; Cheng, E.Y,; Diaz, M.; Lee, P.A.; Seashore, C.J.; Tasian, G.E.; et al.
Evaluation and treatment of cryptorchidism: AUA guideline. J. Urol. 2014, 192, 337-345. [CrossRef]

Hutson, ].M.; Thorup, J. Evaluation and management of the infant with cryptorchidism. Curr. Opin. Pediatr. 2015, 27, 520-524.
[CrossRef]

Gorbatyuk, O.; Kovalenko, A.; Veselyi, M.; Gomon, M. Bilateral cryptorchidism in pediatric surgeon’s practice: Current tactics of
patient management. Wiad. Lek. 2023, 76, 534-539. [CrossRef] [PubMed]

Kim, ].K,; Shavnore, R.; Arnold, P; Batra, N.V.; Szymanski, K.M.; Whittam, B.M.; Kaefer, M.; Cain, M.P.; Dangle, P.; Meldrum,
KK, et al. Addressing inequities in cryptorchidism care: The impact of social determinants on timely & true undescended testis
referrals—A six-year study from a high-volume referral center. J. Pediatr. Urol. 2025, 21, 1269-1274. [PubMed]

Koch, T.; Hansen, A .H.; Priskorn, L.; Petersen, J.H.; Carlsen, E.; Main, K.M.; Skakkebaek, N.E.; Jorgensen, N. A history of
cryptorchidism is associated with impaired testicular function in early adulthood: A cross-sectional study of 6376 men from the
general population. Hum. Reprod. 2020, 35, 1765-1780. [CrossRef] [PubMed]

Ciongradi, C.I; Sarbu, I; Iliescu Halitchi, C.O.; Benchia, D.; Sarbu, K. Fertility of Cryptorchid Testis-An Unsolved Mistery. Genes
2021, 12, 1894. [CrossRef]

Hadziselimovic, F.; Herzog, B. The importance of both an early orchidopexy and germ cell maturation for fertility. Lancet 2001,
358, 1156-1157. [CrossRef]

Wilkerson, M.L.; Bartone, EF.; Fox, L.; Hadziselimovic, F. Fertility potential: A comparison of intra-abdominal and intracanalicular
testes by age groups in children. Horm. Res. 2001, 55, 18-20. [CrossRef]

Mieusset, R.; Fouda, PJ.; Vaysse, P.; Guitard, J.; Moscovici, J.; Juskiewenski, S. Increase in testicular temperature in case of
cryptorchidism in boys. Fertil. Steril. 1993, 59, 1319-1321. [CrossRef]

https://doi.org/10.3390/children13050633


https://doi.org/10.1016/j.jpedsurg.2011.08.008
https://doi.org/10.1542/peds.2010-1800
https://www.ncbi.nlm.nih.gov/pubmed/21149435
https://doi.org/10.21037/tp.2016.10.06
https://www.ncbi.nlm.nih.gov/pubmed/27867845
https://doi.org/10.5402/2012/560216
https://www.ncbi.nlm.nih.gov/pubmed/22567419
https://doi.org/10.7759/cureus.34771
https://doi.org/10.1297/cpe.2025-0073
https://doi.org/10.3389/fendo.2024.1361032
https://doi.org/10.1111/cen.12857
https://doi.org/10.1210/jcem.87.8.8742
https://doi.org/10.1016/S0022-5347(17)44840-3
https://doi.org/10.1007/BF02550638
https://doi.org/10.1111/j.1464-410X.1995.tb00776.x
https://www.ncbi.nlm.nih.gov/pubmed/8535728
https://doi.org/10.1177/000992288702601003
https://doi.org/10.1016/j.juro.2014.05.005
https://doi.org/10.1097/MOP.0000000000000237
https://doi.org/10.36740/WLek202303111
https://www.ncbi.nlm.nih.gov/pubmed/37057776
https://www.ncbi.nlm.nih.gov/pubmed/40074656
https://doi.org/10.1093/humrep/deaa127
https://www.ncbi.nlm.nih.gov/pubmed/32728685
https://doi.org/10.3390/genes12121894
https://doi.org/10.1016/S0140-6736(01)06274-2
https://doi.org/10.1159/000049958
https://doi.org/10.1016/S0015-0282(16)55999-8
https://doi.org/10.3390/children13050633

Children 2026, 13, 633 19 of 20

87.

88.

89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Kawada, T.; Yamanaka, H.; Hasegawa, Y. Decreased immunoreactive inhibin and increased FSH levels in cryptorchidism after
orchidopexy. Endocr. ]. 1995, 42, 577-580. [CrossRef]

Cortes, D.; Thorup, J.; Hogdall, E.; Norgaard-Pedersen, B.; Petersen, B.L.; Hogdall, C. The relation of germ cells per tubule in
testes, serum inhibin B and FSH in cryptorchid boys. Pediatr. Surg. Int. 2007, 23, 163-169. [CrossRef]

Adamczewska, D.; Stowikowska-Hilczer, J.; Walczak-Jedrzejowska, R. The Fate of Leydig Cells in Men with Spermatogenic
Failure. Life 2022, 12, 570. [CrossRef] [PubMed]

Tseng, C.S.; Chiang, LN.; Hong, C.H.; Lu, Y.C.; Hong, ].H.; Chang, H.C.; Huang, K.H.; Py, Y.S. Advantage of early orchiopexy for
undescended testis: Analysis of testicular growth percentage ratio in patients with unilateral undescended testicle. Sci. Rep. 2017,
7,17476. [CrossRef] [PubMed]

Coughlin, M.T.; Bellinger, M.F,; Lee, P.A. Age at unilateral orchiopexy: Effect on hormone levels and sperm count in adulthood. J.
Urol. 1999, 162, 986-988. [CrossRef]

Engeler, D.S.; Hosli, P.O.; John, H.; Bannwart, F,; Sulser, T.; Amin, M.B.; Heitz, P.U.; Hailemariam, S. Early orchiopexy: Prepubertal
intratubular germ cell neoplasia and fertility outcome. Urology 2000, 56, 144-148. [CrossRef] [PubMed]

Park, K.H.; Lee, ] H.; Han, ].].; Lee, S.D.; Song, S.Y. Histological evidences suggest recommending orchiopexy within the first year
of life for children with unilateral inguinal cryptorchid testis. Int. J. Urol. 2007, 14, 616-621. [CrossRef] [PubMed]

Hanerhoff, B.L.; Welliver, C. Does early orchidopexy improve fertility? Transl. Androl. Urol. 2014, 3, 370-376.

Lip, S.Z.; Murchison, L.E.; Cullis, P.S.; Govan, L.; Carachi, R. A meta-analysis of the risk of boys with isolated cryptorchidism
developing testicular cancer in later life. Arch. Dis. Child. 2013, 98, 20-26. [CrossRef]

Florou, M,; Tsilidis, K.K.; Siomou, E.; Koletsa, T.; Syrnioti, A.; Spyridakis, I.; Kaselas, C.; Ntzani, E.E. Orchidopexy for congenital
cryptorchidism in childhood and adolescence and testicular cancer in adults: An updated systematic review and meta-analysis of
observational studies. Eur. J. Pediatr. 2023, 182, 2499-2507. [CrossRef]

Pettersson, A.; Richiardi, L.; Nordenskjold, A.; Kaijser, M.; Akre, O. Age at surgery for undescended testis and risk of testicular
cancer. N. Engl. ]. Med. 2007, 356, 1835-1841. [CrossRef] [PubMed]

Herrinton, L.J.; Zhao, W.; Husson, G. Management of cryptorchism and risk of testicular cancer. Am. J. Epidemiol. 2003, 157,
602-605. [CrossRef]

Pike, M.C.; Chilvers, C.; Peckham, M.]. Effect of age at orchidopexy on risk of testicular cancer. Lancet 1986, 1, 1246-1248.
[CrossRef]

Akre, O.; Pettersson, A.; Richiardi, L. Risk of contralateral testicular cancer among men with unilaterally undescended testis: A
meta analysis. Int. J. Cancer 2009, 124, 687-689. [CrossRef]

Sutton, P.A.; Greene, O.].; Adamson, L.; Singh, S.J. Scrotal fixation in the management of low undescended testes. J. Indian Assoc.
Pediatr. Surg. 2011, 16, 142-144. [CrossRef]

Huang, W.H.; Xu, L.Y,; Chen, S.S.; Chen, Z.Q.; Cui, X.; Zhou, C.M. The effect of scrotal versus inguinal orchiopexy on the testicular
function of children with clinically palpable, inguinal undescended testis: A randomized controlled trial. Asian J. Androl. 2023, 25,
745-749. [CrossRef] [PubMed]

AlSahli, L.; Alabdulsalam, A.; Mahfouz, A.; Alnamshan, M. Outcomes of Early vs. Late Surgical Intervention in Children With
Undescended Testis. Cureus 2024, 16, e56430. [CrossRef]

Friedman, R.M. The role of the testicles in male psychological development. ]. Am. Psychoanal. Assoc. 1996, 44, 201-253. [CrossRef]
Srivatsav, A.; Balasubramanian, A.; Butaney, M.; Thirumavalavan, N.; McBride, ].A.; Gondokusumo, J.; Pastuszak, A.W.; Lipshultz,
L. Patient Attitudes Toward Testicular Prosthesis Placement After Orchiectomy. Am. J. Men’s Health 2019, 13, 1557988319861019.
[CrossRef]

Christiansen, P.; Miiller, J.; Buhl, S.; Hansen, O.R.; Hobolth, N.; Jacobsen, B.B.; Jergensen, PH.; Kastrup, K.W.; Nielsen, K.; Nielsen,
L.B.; et al. Treatment of cryptorchidism with human chorionic gonadotropin or gonadotropin releasing hormone. A double-blind
controlled study of 243 boys. Horm. Res. 1988, 30, 187-192. [CrossRef]

Henna, M.R.; Del Nero, R.G.; Sampaio, C.Z.; Atallah, A.N.; Schettini, S.T.; Castro, A.A.; Soares, B.G. Hormonal cryptorchidism
therapy: Systematic review with metanalysis of randomized clinical trials. Pediatr. Surg. Int. 2004, 20, 357-359. [CrossRef]
[PubMed]

Lammers, RJ.M.; ‘t Hoen, L.A.; O’Kelly, E; Selvi, I.; Quiroz Madarriaga, Y.; Baydilli, N.; Bafiuelos Marco, B.; Dénmez, M.I.; Sforza,
S.; Bindi, E.; et al. Use of hormonal therapy for undescended testis? Results of a worldwide questionnaire. Actas Uroldgicas
Espafiolas (Engl. Ed.) 2025, 49, 501820. [CrossRef]

Penson, D.; Krishnaswami, S.; Jules, A.; McPheeters, M.L. Effectiveness of hormonal and surgical therapies for cryptorchidism: A
systematic review. Pediatrics 2013, 131, €1897-e1907. [CrossRef] [PubMed]

Ritzén, EM.; Bergh, A_; Bjerknes, R.; Christiansen, P; Cortes, D.; Haugen, S.E.; Jorgensen, N.; Kollin, C.; Lindahl, S.; Lackgren, G.;
et al. Nordic consensus on treatment of undescended testes. Acta Paediatr. 2007, 96, 638—-643. [CrossRef]

Koop, C.E. Technique of herniorraphy and orchidopexy. Birth Defects Orig. Artic. Ser. 1977, 13, 293-303.

https://doi.org/10.3390/children13050633


https://doi.org/10.1507/endocrj.42.577
https://doi.org/10.1007/s00383-006-1839-9
https://doi.org/10.3390/life12040570
https://www.ncbi.nlm.nih.gov/pubmed/35455061
https://doi.org/10.1038/s41598-017-17825-w
https://www.ncbi.nlm.nih.gov/pubmed/29234092
https://doi.org/10.1016/S0022-5347(01)68040-6
https://doi.org/10.1016/S0090-4295(00)00560-4
https://www.ncbi.nlm.nih.gov/pubmed/10869645
https://doi.org/10.1111/j.1442-2042.2007.01788.x
https://www.ncbi.nlm.nih.gov/pubmed/17645605
https://doi.org/10.1136/archdischild-2012-302051
https://doi.org/10.1007/s00431-023-04947-9
https://doi.org/10.1056/NEJMoa067588
https://www.ncbi.nlm.nih.gov/pubmed/17476009
https://doi.org/10.1093/aje/kwg012
https://doi.org/10.1016/S0140-6736(86)91389-9
https://doi.org/10.1002/ijc.23936
https://doi.org/10.4103/0971-9261.86871
https://doi.org/10.4103/aja202314
https://www.ncbi.nlm.nih.gov/pubmed/37282382
https://doi.org/10.7759/cureus.56430
https://doi.org/10.1177/000306519604400109
https://doi.org/10.1177/1557988319861019
https://doi.org/10.1159/000181058
https://doi.org/10.1007/s00383-004-1198-3
https://www.ncbi.nlm.nih.gov/pubmed/15221359
https://doi.org/10.1016/j.acuroe.2025.501820
https://doi.org/10.1542/peds.2013-0072
https://www.ncbi.nlm.nih.gov/pubmed/23690511
https://doi.org/10.1111/j.1651-2227.2006.00159.x
https://doi.org/10.3390/children13050633

Children 2026, 13, 633 20 of 20

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Zouari, M.; Dhaou, M.B; Jallouli, M.; Mhiri, R. Single scrotal-incision orchidopexy for palpable undescended testis in children.
Arab. ]. Urol. 2015, 13, 112-115. [CrossRef]

Hutcheson, J.C.; Cooper, C.S.; Snyder, HM., 3rd. The anatomical approach to inguinal orchiopexy. J. Urol. 2000, 164, 1702-1704.
[CrossRef]

Docimo, S.G. The results of surgical therapy for cryptorchidism: A literature review and analysis. . Urol. 1995, 154, 1148-1152.
[CrossRef]

Kogan, S.J.; Tennenbaum, S.; Gill, B.; Reda, E.; Levitt, S.B. Efficacy of orchiopexy by patient age 1 year for cryptorchidism. J. Urol.
1990, 144, 508-509. [CrossRef]

Moore, J.B.; Hasenboehler, E.A. Orchiectomy as a result of ischemic orchitis after laparoscopic inguinal hernia repair: Case report
of a rare complication. Patient Saf. Surg. 2007, 1, 3. [CrossRef] [PubMed]

Cisek, L.J.; Peters, C.A.; Atala, A.; Bauer, S.B.; Diamond, D.A.; Retik, A.B. Current findings in diagnostic laparoscopic evaluation
of the nonpalpable testis. J. Urol. 1998, 160, 1145-1149. [CrossRef]

Bystrom, A.R.; Hallabro, N.; Selin, C.; Anderberg, M.; Borjesson, A.; Salo, M. Laparoscopy for non-palpable undescended testis:
Comparing outcomes in syndromic and non-syndromic children. Pediatr. Surg. Int. 2025, 42, 41. [CrossRef]

Sacco Casamassima, M.G.; Saylors, S.; Noel-Macdonnell, ].R.; Dizdarevic, E.; Zaidi, R.; Gatti, J.; Koenig, ].E.; Meier, K.; St Peter,
S.D. Outcomes of laparoscopic orchiopexy for intra-abdominal testis: A single institutional experience. J. Pediatr. Surg. 2026,
61,162877. [CrossRef] [PubMed]

Cabezali Barbancho, D.; Cano Novillo, I.; Tejedor Sanchez, R.; Lépez Vazquez, F; Aransay Bramtot, A.; Gomez Fraile, A. Which
laparoscopic technique is the best to descend intra-abdominal testes? Cir. Pediatr. 2009, 22, 65-68.

Bidault-Jourdainne, V,; Botto, N.; Peycelon, M.; Carricaburu, E.; Lopez, P.; Bonnard, A.; Blanc, T.; El-Ghoneimi, A.; Paye-Jaouen, A.
Staged laparoscopic orchiopexy of intra-abdominal testis: Spermatic vessels division versus traction? A multicentric comparative
study. J. Pediatr. Urol. 2024, 20, 498.e1-498.e8. [CrossRef] [PubMed]

Chan, K.W,; Lee, K.H.; Wong, H.Y.; Tsui, S.Y.; Wong, Y.S.; Pang, K.Y.; Mou, ].W.; Tam, Y.H. Use of laparoscopy as the initial
surgical approach of impalpable testes: 10-year experience. World |. Clin. Pediatr. 2015, 4, 155-159. [CrossRef]

Wright, N.J.; Davidson, ].R.; Major, C.; Durkin, N.; Tan, Y.W.; Jobson, M.; Ade-Ajayi, N.; Hall, N.J.; Bouhadiba, N. The management
of boys under 3 months of age with an inguinal hernia and ipsilateral palpable undescended testis. J. Pediatr. Surg. 2017, 52,
1108-1112. [CrossRef]

Radmayr, C.; Dogan, H.S.; Hoebeke, P.; Kocvara, R.; Nijman, R.; Silay, S.; Stein, R.; Undre, S.; Tekgul, S. Management of
undescended testes: European Association of Urology/European Society for Paediatric Urology Guidelines. . Pediatr. Urol. 2016,
12, 335-343. [CrossRef]

Schwentner, C.; Oswald, J.; Kreczy, A.; Lunacek, A.; Bartsch, G.; Deibl, M.; Radmayr, C. Neoadjuvant gonadotropin-releasing
hormone therapy before surgery may improve the fertility index in undescended testes: A prospective randomized trial. J. Urol.
2005, 173,974-977. [CrossRef] [PubMed]

Chua, M.E.; Mendoza, ].S.; Gaston, M.].; Luna, S.L., Jr.; Morales, M.L., Jr. Hormonal therapy using gonadotropin releasing
hormone for improvement of fertility index among children with cryptorchidism: A meta-analysis and systematic review. J.
Pediatr. Surg. 2014, 49, 1659-1667. [CrossRef]

Shin, J.; Jeon, G.W. Comparison of diagnostic and treatment guidelines for undescended testis. Clin. Exp. Pediatr. 2020, 63,
415-421. [CrossRef] [PubMed]

Ludwikowski, B.; Gonzélez, R. The controversy regarding the need for hormonal treatment in boys with unilateral cryptorchidism
goes on: A review of the literature. Eur. J. Pediatr. 2013, 172, 5-8. [CrossRef] [PubMed]

Hadziselimovic, F. The controversy regarding the need for hormonal treatment in boys with unilateral cryptorchidism goes on: A
review of the literature by B. Ludwikowski and R. Gonzélez. Eur. |. Pediatr. 2012, 171, 1281. [CrossRef]

Braga, L.H.; Lorenzo, A.]J.; Romao, R.L.P. Canadian Urological Association-Pediatric Urologists of Canada (CUA-PUC) guideline
for the diagnosis, management, and followup of cryptorchidism. Can. Urol. Assoc. . 2017, 11, E251-E260. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children13050633


https://doi.org/10.1016/j.aju.2014.11.003
https://doi.org/10.1016/S0022-5347(05)67088-7
https://doi.org/10.1016/S0022-5347(01)67015-0
https://doi.org/10.1016/S0022-5347(17)39505-8
https://doi.org/10.1186/1754-9493-1-3
https://www.ncbi.nlm.nih.gov/pubmed/18271991
https://doi.org/10.1016/S0022-5347(01)62721-6
https://doi.org/10.1007/s00383-025-06271-9
https://doi.org/10.1016/j.jpedsurg.2025.162877
https://www.ncbi.nlm.nih.gov/pubmed/41412428
https://doi.org/10.1016/j.jpurol.2024.01.017
https://www.ncbi.nlm.nih.gov/pubmed/38310033
https://doi.org/10.5409/wjcp.v4.i4.155
https://doi.org/10.1016/j.jpedsurg.2017.02.011
https://doi.org/10.1016/j.jpurol.2016.07.014
https://doi.org/10.1097/01.ju.0000153562.07287.77
https://www.ncbi.nlm.nih.gov/pubmed/15711353
https://doi.org/10.1016/j.jpedsurg.2014.06.013
https://doi.org/10.3345/cep.2019.01438
https://www.ncbi.nlm.nih.gov/pubmed/32252147
https://doi.org/10.1007/s00431-012-1711-y
https://www.ncbi.nlm.nih.gov/pubmed/22395567
https://doi.org/10.1007/s00431-012-1740-6
https://doi.org/10.5489/cuaj.4585
https://doi.org/10.3390/children13050633

	Introduction 
	Epidemiology, Risk Factors, and Associated Conditions 
	Clinical Features and Evaluation 
	Imaging 
	Diagnostic Approach and Timely Referral 
	Risk of Subfertility and Testicular Cancer 
	Management 
	Surgical Treatment 
	Hormonal Treatment 

	Guidelines 
	American Urological Association 
	Canadian Urological Association 
	European Association of Urology 
	Comparison of International Guidelines 

	Future Directions 
	Conclusions 
	References

