
Vol.:(0123456789)1 3

Pediatric Surgery International (2022) 38:781–787 
https://doi.org/10.1007/s00383-022-05110-5

REVIEW ARTICLE

The undescended testis in children and adolescents. Part 1: 
pathophysiology, classification, and fertility‑ and cancer‑related 
controversies

María Pilar Echeverría Sepúlveda1  · Francisca Yankovic Barceló1,2,4 · Pedro‑Jose Lopez Egaña1,3,4

Accepted: 27 February 2022 / Published online: 17 March 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Undescended testis (UDT) is defined as failure of a testis to descend into the scrotum. It is one of the most common reasons 
for consultation in pediatric surgery and urology with an incidence of 3% in live-born male infants. Decades ago, classical 
studies established that the failure of a testis to descend alters the development of its germ cells increasing the risk of infer-
tility and testicular cancer in adulthood. More recent publications have rebutted some of the myths and raised controversies 
regarding the management of these patients, which, far from being limited to surgical treatment, should include pathophysi-
ological and prognostic aspects for a comprehensive approach to the condition. Therefore, here we present an updated review 
divided into two parts: the first assessing the pathophysiological aspects and risks of these patients focused on fertility and 
cancer, and the second addressing the different treatment options for UDT.
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Introduction

Failure of a testis to descend into the scrotal sac is one 
of the main reasons for consultation in pediatric urology. 
The prevalence of undescended testis (UDT) is between 
1 and 8% in full-term born male infants, increasing to up 
to 30% in premature male neonates [1–3]. In around 50% 
of these infants, descent of the testis occurs spontaneously 
within the first months of life, and subsequent incidence is 
3% at 3 months of life and 1% at 1 year [2–4]. Postnatal 
descent is related to the temporary activation of the hypo-
thalamus–pituitary–gonadal axis, a phenomenon known as 
the “minipuberty”, leading to an increase in reproductive 

hormone levels between 2 and 4 months of life. After this 
age, the probability of spontaneous descent is low [5].

UDT is a congenital condition in the majority of cases; 
however, in a group of patients, UDT is acquired late in 
childhood with an incidence of 1–2% [6]. In these patients, 
testicular descent into the scrotum is well documented, 
but over time, the testicle does not remain in this position. 
This may be the course of a retractile testicle that over time 
becomes stuck in the inguinal canal. Some authors have 
hypothesized that this may be due to failure of elongation 
of the spermatic cord during growth, as the distance between 
the inguinal canal and the scrotum duplicates during child-
hood when the pelvis becomes larger [7]. Finally, UDT may 
be secondary to a scarring process after inguinal hernio-
plasty or hydrocelectomy.

Risk factors associated with UDT are maternal hyperten-
sion (especially in cases of severe and early-onset preec-
lampsia), maternal smoking during pregnancy, and the use 
of analgesics (mainly paracetamol) during the first and sec-
ond trimesters of pregnancy [8, 41, 42].

Maternal obesity, alcohol consumption during pregnancy 
and maternal exposure to estrogens have been associated 
with UDT, but in has not been possible to prove that they 
are statistically significant [41, 42].
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Pathophysiology

Normal testicular descent

Although a continuous phenomenon, normal testicular 
descent in the fetus has been described to occur in two 
main phases: the intra-abdominal and the inguinoscro-
tal phase. The large majority of UDT is the result of an 
alteration in the second phase and are anchored between 
the internal inguinal ring and the root of the scrotum [3, 
5]. Failures in the intra-abdominal phase are the cause of 
around 5% of UDT and clinically lead an intra-abdominal 
testis [2, 3].

The intra-abdominal phase occurs between weeks 8 
and 15 of gestation and results in a testicle that reaches 
the internal inguinal ring, which is the entrance to the 
future inguinal canal. The inguinoscrotal phase takes 
place between weeks 23 and 35 of gestation and during 
this time, the testicle passes the inguinal canal to settle in 
the scrotum [3].

Fetal testicular hormones are vital for adequate descent 
and are the main cause of failure. It is thought that an 
insufficient placental or pituitary stimulus on the devel-
oping testis leads to inadequate production of androgens 
and insulin-like factor 3 (INSL3) by Leydig cells and of 
anti-Müllerian hormone (AMH) by Sertoli cells [1, 2, 4].

Intra‑abdominal phase

In the intra-abdominal phase, there is increasing relevance 
of the action of INSL3 and AMH on the gubernaculum, a 
mesenchymal structure initially located between the lower 
pole of the testis and the inguinal region. INSL3 and AMH 
action leads to shortening of the gubernaculum resulting in 
descent of the testis to the vicinity of the internal inguinal 
ring, where it is anchored to avoid ascend during growth 
of the abdominal cavity of the fetus [5]. Patients with per-
sistent Müllerian ducts and gene mutations determinant 
for AMH and AMH receptor production were observed 
to have an abnormally long gubernaculum. On the other 
hand, although mutations in the genes regulating produc-
tion or expression of INSL3 receptors are rare in individu-
als with congenital UDT, low levels of this hormone were 
found in cord blood of these patients, as shown by a pro-
spective case–control study by Fénichel et al. [17]. Indeed, 
if the development of the gubernaculum is interrupted, the 
testicles move freely and remain located in the abdomen.

In a recent review, Sarila and Hutson identifies other 
factors involved in the failure of the intra-abdominal 
phase of testicular descent, highlighting defects in the 
synthesis of AMH or INSL3, defects in their respective 

cell receptors, mutations of the Hoxo-10 gene, anatomi-
cal anomalies in the anchorage of the gubernaculum in 
the abdominal wall and agenesis of the gubernaculum 
(which is a theoretical cause rather than something clini-
cally proven) [10].

Inguinoscrotal phase

In the inguinal phase of the descent, the testicle, epididymis 
and gubernaculum migrate “in block” following the genital 
branch of the genitofemoral nerve under the influence of 
androgenic action and intra-abdominal pressure. Androgen 
action indirectly controls migration of the gubernaculum 
by its effects on the inguinoscrotal fat pad, which releases 
neurotrophins that act on the sensory branches of the gen-
itofemoral nerve, which in turn, release the neurotransmitter 
calcitonin gene-related peptide (CGRP), producing a chemo-
tactic gradient that guides the gubernaculum on its passage 
[3, 5]. In case of minor androgen deficiencies, one side may 
be more affected than the other, leading to unilateral UDT 
[5]. The androgen action on the gubernaculum is also direct, 
activating androgen receptors which allows its proper devel-
opment [10].

A fetal peritoneal evagination, known as processus vagi-
nalis, accompanies these structures in their descent. At the 
end of the inguinal phase of testis descent, the proximal 
processus vaginalis is obliterated and the gubernaculum 
regresses and becomes a fibrous structure, called scrotal 
ligament, adhering to the scrotum. This final phase in tes-
ticular descent is complex and is also mediated by CGRP 
released by genitofemoral nerve [10].

Consequences of failure of testicular descent

The scrotal temperature is 4 °C less than that of body and 
the human testicle adapts its biochemical and physiologic 
processes to that temperature [16].

Pluripotential human germ cell (gonocytes) undergo 
important changes during the first year of life, differentiat-
ing into unipotential type A spermatogonia from 3 months 
of life, a transformation that is critical for spermatogenesis. 
This differentiation takes place concomitantly to the afore-
mentioned minipuberty, which drives the sudden increase in 
gonadotrophin and testosterone production. Gonocytes that 
do not differentiate undergo apoptosis.

Type A spermatogonia slowly mature into type B sper-
matogonia and around 4 years of age, become primary 
spermatocytes, the form in which they will remain in the 
seminiferous tubules until puberty.

Both apoptosis and the differentiation from gonocytes 
to A spermatogonia occur at 33 ºC [16]. If the testicle has 
not descended, cell transformation and apoptosis take place 
under thermal stress, resulting in a lower number of A 
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spermatogonia available for spermatogenesis and persistence 
of pluripotenial cells that may eventually become malignant. 
This explains why patients with UDT are at increased risk 
of infertility and testicular tumor development.

In patient with acquired UDT, these processes have taken 
place physiologically; however, there is also evidence of 
germ-cell alteration in these cases, although the severity is 
less than congenital UDTs [13].

Classification

Multiple classifications have been developed for UDT. Some 
consider the location of the testis in its lowest, tension-free 
position classifying them into high scrotal, supra-scrotal and 
nonpalpable testis.

We believe that, from a practical point of view, it is con-
venient to use those that classify UDT into palpable and 
nonpalpable testis, since it is more helpful to guide treatment 
(Fig. 1). In some patients, the UDT is located intra-abdom-
inally but immediately adjacent to the internal inguinal ring 
and with a Valsalva maneuver it may slide into the inguinal 
canal. These cases are called “peeping testis” and may be 
palpable on some occasions and nonpalpable on others.

Nonpalpable UDT

Between 10 and 20% of the UDT are nonpalpable [2, 4]. 
Most of them are due to intra-abdominal location, includ-
ing peeping testicles or vanishing testis secondary to in 
utero torsion. Others causes include: an inguinal location 
with varying degrees of dysplasia or atrophy and testicular 
regression syndrome (TRS).

Anorchidism or TRS is a rare condition that account for 
0.5–4% of UDT. It is characterized by 46, XY presenting 
with male phenotypic genitalia, bilateral absence of the testi-
cles and elevated gonadotropins. It occurs in about 1:20.000 

males and the cause is unclear. It has been proposed to be 
caused by an intrauterine vascular accident; if occurs during 
the second half of gestation, causing testosterone deficiency 
and impaired penile growth, is associated with micropenis 
(50% of cases). No genetic factors have been definitively 
linked to anorchidism, although connections to the steroi-
dogenic factor 1 (SF1, NR5A1) gene have been explored 
[11, 12].

Palpable UDT

Around 80% of UDT are palpable and they are generally 
located in the inguinal canal.

Ectopic testis, observed outside the normal path of 
descent, is less common finding and can be found as a supra-
aponeurotic inguinal pouch (most frequently) or with a loca-
tion in the suprapubic, perineal, femoral region or even in 
the contralateral scrotum.

The so-called retractile testicle is a scrotal testis that 
retracts to an undescended inguinal position, but descends or 
is easily manipulated into the scrotum without tension, and 
remains there until the cremasteric reflex is activated. This 
condition is not considered to be pathological, but needs to 
be closely monitored by the specialist as over time around 
30% may evolve into acquired UDT [14, 15] or they may 
progressively decrease the volume of the affected testicle 
[14], requiring orchiopexy.

UDT and infertility

The association of UDT with decreased fertility has been 
broadly debated in the literature. Currently, early treatment 
is strongly recommended to preserve fertility potential in 
these patients.

Fig. 1  Classification of unde-
scended testis
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Fertility rate versus paternity rate

It is well known that unilateral UDT is associated with a 
decreased fertility rate, defined as the number of descendants 
born per sexual relationship for a couple, individual or popu-
lation, compared to the general population; whereas pater-
nity rate, the actual potential to become a father, does not 
differ significantly. Conversely, patients with bilateral UDT 
have lower rates of both parameters [15]. In 2004, Peter Lee 
analyzed almost 700 patients treated for UDT and compared 
them to a similar number of controls. He observed that de 
paternity rate was 65% in patients with bilateral UDT, 89.7% 
in patients with unilateral UDT and 93.2% in the control 
group. Time to conception did not differ between the three 
groups [36].

When evaluating the sperm of these patients, Lee found 
that 54% of those who had a history of bilateral UDT had 
a sperm density of less than 5 million/mL compared to 9% 
of those who had unilateral UDT. This finding confirms the 
increased risk of patients with bilateral UDT, but also sug-
gest that other factors determining paternity rate should be 
considered, especially when counseling the parents [36].

In a recent systematic review [40], the fertility and hor-
monal function in adults with bilateral UDT presenting 
with infertility or testicular cancer, who have not undergone 
orchidopexy was evaluated. The results of 157 spermio-
grams of the patients before undergoing unilateral or bilat-
eral orchidopexy, found azoospermia in 100% of them. In 51 
patients, the results of a spermiogram performed on average 
1 year after orchidopexy were reported, finding sperm in 11 
cases. Testicular sperm extraction (TESE) after orchidopexy 
was reported in 22 patients who persisted with azoospermia 
in the ejaculate, obtaining sperm in 10 patients. These find-
ings confirm that the probability of regaining fertility in 
untreated adults with bilateral UDT is very low, although 
not impossible [40].

Relationship between initial location UDT 
and fertility

Tasian et al. evaluated the risk of germ-cell loss in patients 
with palpable and nonpalpable UDT and concluded that the 
latter had a 50% increased risk of germ-cell depletion [37]. 
Muncey et al. found that both, the concentration of sperm 
in the ejaculate and the amount of germ cells post-orchi-
dopexy, were higher in patients with inguinal UDT than in 
the abdominal ones [40].

Remarkably, when analyzing the group of patients with 
unilateral UDT, Lee did not find a significant difference in 
paternity rate according to initial location [36], confirming 
that histological alterations of a UDT by themselves are not 
sufficient to alter paternity potential of patients with one 

healthy testicle and that only bilaterality significantly com-
promises fertility.

Relationship between age at orchidopexy 
and fertility

Based on hormone as well as histology studies, a better fer-
tility prognosis was observed in patients undergoing orchi-
dopexy before 2 years [36, 37, 39]. Coughlin et al. showed 
that inhibin B levels are higher and follicle-stimulating hor-
mone (FSH) levels lower in patients who underwent orchi-
dopexy before 2 years of life [39]. In a testicles histological 
study of 274 patients with UDT undergoing orchidopexy, 
Tasian et al. found that age at surgery is a clinical predic-
tor of future histological findings with significantly higher 
germ cells count in patients who underwent surgery before 
18 months [37].

In previously mentioned systematic review of adult 
patients with untreated bilateral UDT, Muncey found that 
testosterone plasmatic levels were < 300 ng/dL in 9 patients 
(11%). In the univariate analysis, neither the location nor 
the age of the patient was statistically significant variables 
in plasma testosterone levels [40].

In summary, it seems to be clear that the age of orchi-
dopexy is a determining factor in the prognosis of the his-
tology of the affected testicle with less impact on that of 
hormonal function. This explains the lower paternity rate in 
patients with untreated or late-treated bilateral UDT.

UDT and testicular cancer

Testicular cancer is the most frequent solid malignancy in 
men between 14 and 44 years in western countries. Its inci-
dence varies between 1 and 9 per 100,000 men, depending 
on the geographic region studied and it is estimated that it 
has been increasing in the last 2 decades. In Chile, a gross 
rate of 8 per 100,000 inhabitants was recorded between 2000 
and 2014, reaching 12 per 100,000 men in “Los Ríos” region 
[19, 20].

It is well known that UDT patients are at significantly 
higher risk of developing cancer in the affected testis. 
Therefore, they should be taught how to self-examine the 
testicles. Studies that were published 40 or 50 years ago, 
when patients were rarely treated before puberty, described 
an eight- to tenfold higher risk of cancer then in the general 
population [21–23]. More recent studies have reported a 
relatively lower risk, as UDT are treated earlier. Dieckmann 
et al. estimated an overall relative risk of 4.8 in a 2004 meta-
analysis including 21 studies [24], while Pettersson et al. 
published a relative risk of testicular cancer in men who 
underwent orchidopexy before puberty of 2.23 in a cohort 
of more than 16,000 patients treated for UDT [25].
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On the other hand, in adult patients with testicular cancer, 
5% were found to have a history of UDT [26].

UDT localization and risk of testicular cancer

Patients with intra-abdominal UDT were described to have 
a higher risk of developing cancer than those with inguinal 
UDT [27]. Noteworthy, in different studied conducted in 
patients with testicular cancer, UDT were considered to have 
been intra-abdominal, but the exact pre-operative location 
was not documented. Nevertheless, in other reports, UDT 
location was adequately reported. Ford et al. performed 
biopsies of UDT in adult patients and found a 25% rate of 
carcinoma in situ (CIS) in intra-abdominal versus 7% in 
inguinal UDT [28]. This finding in relevant considering 
that the risk of malignant transformation of CIS is as high 
as 50% [29].

Impact of pre‑ and post‑pubertal orchiopexy 
on the risk of cancer

In 2007, two studies provided evidence that the risk of devel-
oping UDT-related cancer diminishes after orchidopexy. In 
a meta-analysis, Walsh et al. [31] showed that testicular 
cancer was six times more common in untreated patients 
or in those treated after puberty than those who underwent 
earlier surgery. In above-mentioned study evaluating more 
than 16,000 patients, Pettersson et al. found that the rela-
tive risk to develop cancer ranged between 2.02 and 2.35 
in boys who underwent orchidopexy prior to puberty, while 
the relative risk was between 5.06 and 6.24 in those who 
were treated after puberty [25]. Therefore, we may say that 
orchidopexy before puberty significantly reduces the risk of 
cancer in UDT, although it remains higher than that in the 
general population.

Histology

Classical studies mainly including patients that were not 
treated before puberty, agreed that the most common histo-
logical type of UDT-related cancer is seminoma (70–80% 
of the cases) [24], while non-seminomatous types, includ-
ing embryonal tumors and teratocarcinoma, account for 30% 
[21–23, 28]. Nevertheless, more recent studies evaluating 
patients that were treated earlier in life have minimized 
this difference, and in some, an inversed ratio was found 
[27], which suggest that testicular descent before puberty 
decreases the risk of cancer; however, it makes it more likely 
to find non-seminomatous histology.

In summary, the predominant histological type of tes-
ticular tumors in UDT patients is seminoma. Although the 
ratio of seminoma to non-seminoma is lower in patients who 
underwent pre-pubertal treatment than in those who did not, 

it is still doubtful if orchidopexy changes tumor histology or 
if the overall reduction in cancer risk also leads to a reduc-
tion of this ratio.

Histological type of the tumor has also been reported to 
vary according to the initial location of the UDT, with a 
higher rate of seminoma in intra-abdominal compared to 
inguinal testis [22]. This hypothesis, however, may not be 
correct as most studies reporting UDT-related cancer do 
not explicitly document the initial location of the testis and 
assume that testicles that underwent orchidopexy were ini-
tially located intra-abdominally.

Risk of cancer in the contralateral testicle

Although multiple publications state that patients with uni-
lateral UDT have an elevated risk of developing tumor in the 
normally descended contralateral testicle, there is evidence 
that this is not true. Large series published as early as 1980s, 
such as the studies by Fonger et al. [21] in more than 600 
patients and by Batata et al. [22], showed that less than 1% 
of tumors occur in the contralateral testis, which is a risk that 
is similar to that in the general population.

Cancer risk in patients with UDT associated 
with differences of sex development (DSD)

Children with UDT associated with DSD and presence of 
Y chromosome constitutes a different group of patients. 
Depending on the specific condition, they might be at risk 
of developing gonadoblastoma (noninvasive neoplasm pre-
cursor of malignant germ-cell tumors). For example, patients 
with DSD due to partial androgen insensitivity syndrome 
(PAÍS) or testis determination (e.g., Denys–Drash or Frasier 
syndrome) have a 30% and 60% increased risk of developing 
tumors, respectively. Therefore, the need for prophylactic 
gonadectomy has been considered in some of these cases 
[32].

Risk of cancer in testicular remnants

The finding of a nonpalpable testis may point to an intra-
abdominal testis, but other diagnoses should be considered. 
Vanishing testes or nubbins, consisting of the spermatic cord 
with a small nodule of fibrous tissue at the end, are the cause 
of nonpalpable testis in around 50% of the cases.

The etiology of vanishing testes is thought to be related 
to a vascular accident early in fetal development affect-
ing a normally developing testicle. Around 90% of these 
remnants are located in the inguinal canal o scrotum [11, 
33] and the typical laparoscopic finding is a closed internal 
inguinal ring with atrophied spermatic vessels entering the 
canal. The probabilities of finding germ cells in these rem-
nants is around 5% and this has been shown to occur only 
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in case of the rare laparoscopic finding an open inguinal 
ring with normal spermatic vessels [33]. Given de low prob-
ability of the presence of germ cells, there is practically no 
risk of malignant transformation. In the literature, only one 
report describes the finding of intratubular germ neoplasia 
in a 9-year-old patient [34]. Nevertheless, remnant resection 
remains controversial as shown by a survey administered 
to pediatric urologists in 2013; in a patient with a clinical, 
ultrasonography or laparoscopic diagnosis of a inguinal van-
ishing testis, 56% would not perform any inguinal interven-
tion and would only respect the remnant during inguinal 
exploration [35].

Other risks associated with UDT

Other risk that stem from the failure of fixation and loca-
tion of the UDT should be taken into account and must be 
discussed with the parents of these patients.

Testicular torsion

In the absence of complete testicular descent, the previ-
ously described mechanisms of fixation to the scrotum do 
no occur, which is associated with an increased risk of tes-
ticular torsion [2].

When this occurs, the patient generally presents to the 
emergency department with a history of inguinal or ingui-
noscrotal pain associated with nausea and/or vomiting. On 
physical examination, the most common finding is swelling 
in the groin with inflammatory signs of variable intensity 
depending on the duration of the torsion. In this setting, the 
main differential diagnosis is a complicated inguinal hernia, 
while absence of the ipsilateral testis in its scrotal sack is the 
finding that points to testicular torsion.

Severe testicular trauma

As mentioned above, the inguinal location in the most com-
mon in UDT. In this position close to the pubic bone, the tes-
ticle is more prone to attrition in case of trauma to that area 
and may be more severely injuries than when it is located 
in the scrotum.

Discussion

UDT is a common reason for consultation with the pediatric 
urologist or surgeon. Given the risks related to this condi-
tion, we consider the review of some of concepts surround-
ing UDT that remain controversial of utmost importance of 
our daily clinical practice.

First, it seems relevant to emphasize the importance of 
the clinical examination in the patient evaluation, as it is 
fundamental for their classification into palpable or nonpal-
pable UDT. Based on this classification, the most appropri-
ate approach will be decided on for each.

The main risks for these patients are long term consisting 
of the possibility of decreased fertility and the development 
of cancer. Nevertheless, other risks presenting in childhood, 
such as testicular torsion and severe testicular trauma, should 
also be kept in mind.

It should be emphasized that early orchidopexy signifi-
cantly diminishes the likelihood of UDT-associated cancer. 
Fortunately, patients with UDT who reach adolescence with-
out being treated are less than 1%; however, special care 
should be taken in this age group, as the high risk of tumor 
development in the future, justifies orchidectomy as the best 
therapeutic option. This issue will be more thoroughly dis-
cussed in the article “The undescended testis in children and 
adolescents part 2”.

Finally, regarding fertility, histological alterations should 
be carefully distinguished from the compromise of paternity 
rate these patients may have, which may truly worry the 
parents. Currently, evidence has shown that only in patients 
with bilateral UDT, the paternity rate is affected and that 
early orchidopexy significantly decreases this risk.

Conclusions

In the daily practice of the pediatric surgeon, UDT is a 
highly prevalent condition around which controversies have 
arisen with the advancement of knowledge. In this review, 
we analyze the pathophysiological aspects especially focus-
ing on the risk of infertility and cancer in these patients with 
the aim to offer them the most up-to-date comprehensive 
treatment. In “part 2” of this article, treatment updates will 
be reviewed.
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