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Introduction

Cryptorchidism or undescended testis (UDT) is the 
most common pediatric endocrine abnormality in boys. 
UDT is seen in 1-4.5% of newborns and is even more 
common in premature infants (1,2). The majority of UDT 
will spontaneously descend by 1 year of age such that 
the overall incidence becomes 0.8-1.2% (3-5), with the 
remaining cases usually unilateral cryptorchidism. While 
the exact pathophysiology of UDT remains unclear, several 
important sequelae of the disorder have been established 
with impaired fertility and increased rates of testicular 
malignancy being the principle among these.

Assessing fertility

The ability to definitively pronounce fertility in this 
population is challenging for multiple reasons. While many 
authors attempt to characterize “fertility potential” at the 
time of orchidopexy with examination of the testicular 
biopsy, a semen analysis later in life or proven fertility (baby 
in arms) are certainly better metrics. However, with the large 
time period elapsed between a childhood operation and 

adulthood, the ability to closely follow these patients in any 
large number is challenging and studies are plagued by bias. 
Indeed in one study, only 10% of the initial 200 children who 
underwent orchidopexy were able to be located and provide 
a semen analysis later in life (6). Due to this paradigm, 
we are frequently forced to make logical jumps in our 
attempts to determine if a physician’s actions taken in the 
first years of life will affect later fertility. While the effect 
of age at orchidopexy on future semen analyses has been 
evaluated in some studies, results are difficult to interpret 
as these boys had surgery frequently after 2 years of age, 
a time frame now outside of contemporary guidelines. By 
better understanding the embryology of perinatal testicular 
development, we can strive to improve our ability to predict 
future fertility in these patients.

Is the risk of infertility in cryptorchidism real?

Retrospective reviews of paternity rates have shown a fertility 
risk particularly in bilaterally cryptorchid men (7). However, 
the degree to which having one UDT affects fertility is 
certainly conceptually more difficult to understand assuming 
there is a contralateral, normal testicle. Miller et al. reported 
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paternity rates of men with a history of unilateral UDT 
at 89.7%, which was not statistically different than the 
93.7% found in the normal population (8). However, another 
examination found a larger and statistically significant 
difference with unilateral cryptorchid men unable to father 
children in 10.5% of cases, compared to only 5.4% in the 
control group (9). In those men that did achieve pregnancy, 
time to conception was not different between unilaterally 
cryptorchid men and controls. In concert, these studies point 
towards, at most, a small risk associated with unilateral UDT. 
However, as we will discuss later, the assumption that the 
contralateral testis is completely normal may not be a valid.

Embryology of normal testicular development

The human male testis contains germ cells in varying stages 
of development along with supporting Sertoli cells and 
Leydig cells in the interstitium. The primordial germ cells 
arise from the yolk sac and then migrate to the gonadal 
ridge, where they become incorporated into the sex cords. 
During puberty, the sex cords hollow out to form the 
seminiferous tubules which are lined by Sertoli cells. It is 
in the seminiferous tubules where spermatogenesis, or the 
formation of mature sperm cells, takes place. The Sertoli cells 
function to protect and nourish the developing sperm (10). 

Two essential steps for the formation of mature sperm 
appear to begin pre-pubertally. The first is disappearance 
of gonocytes, or fetal stem cells, and the appearance of 
adult dark spermatogonia (AdS), the adult stem cell pool 
(11,12). The transformation of gonocytes into AdS begins 
this process and starts occurring as early as 3 months of life. 
Around this time, transformation appears to be under the 
control of a surge of gonadatropins and androgens (13) with 
the process generally complete by 12 months of age (14).  
By 3-5 years of age, the AdS will further differentiate into 
primary spermatocytes, as they will remain until puberty, and 
the onset of spermatogenesis (15,16).

Abnormal germ cell development

It appears that the transformation of gonocytes to AdS is 
defective in the child with UDT (11,17) with an abnormal 
persistence of gonocytes beyond the usual physiologic 
window (18). However, the causality of this relationship 
is unclear. There is still debate as to whether the testis is 
inherently developmentally defective, or if the elevated 
temperature (due to a lack of descent) is the causative factor. 
Regardless, the decreased number of developed AdS leads 

to inadequate future stem cells for spermatogenesis with 
lower sperm counts and subsequent infertility. The decision 
for surgery (oncologic considerations aside) assumes that 
this process is at least somewhat reversible and the decision 
to place the testis into its physiologic home in the scrotum 
will prevent further deterioration.

While every surgeon performing orchidopexy hopes 
that their efforts to descend these testicles into the scrotum 
will lead to a physiologically normal testicle completely 
contributing to future fertility, this may not be the case. In 
an examination of stillborn fetuses, those with cryptorchid 
testes had lower number of germ cells per tubule than 
those with normally descended testicles (19). In a different 
study, 72 intra-abdominal testicles were biopsied at time 
of orchidopexy and compared to 94 normally descended 
testicles. After 6 months of age, a decline was noted in 
spermatogonia with more pronounced effects noted at  
2 years. In boys older than 3 years of age at biopsy, 64% had 
a complete lack of germ cells (20).

There is evidence of similar, yet often less pronounced, 
histological differences in the contralateral, normally 
descended testis signifying more than a localized, unilateral 
defect. While a significant impediment to transformation 
from gonocytes to AdS is noted in the UDT, a delay was 
noted also in the contralateral testis, although in most cases 
transformation was complete by 12 months of age (11). 
The lower fertility in men with unilateral UDT reported 
in some publications supports a more global dysfunction 
that is not purely limited to the UDT and an abnormal 
hypothalamic-pituitary axis has been postulated as the cause 
of contralateral testis dysfunction (13). There is certainly 
a correlation with global and often multisystem defects in 
boys with bilateral cryptorchidism (21).

Extrapolating data to predict fertility

Histological and hormonal attributes of testicular function 
have enabled researchers to attempt to predict fertility in 
men with a history of UDT. Commonly used parameters 
include measured testicular volume, hormone levels (FSH, 
LH, inhibin B, testosterone), and semen analysis. Histologic 
characteristics of testicular tissue taken at the time of 
orchidopexy have also been used to attempt to correlate 
future fertility. 

Cell types present at orchidopexy

The number of cells, or cells per transverse section of 
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tubule, in testicular biopsies is often used as a marker of 
fertility potential in cryptorchid boys (22). Hadziselimovic 
et al. examined testicular biopsies taken at orchidopexy 
between the ages of 10 months to 13 years and compared 
them to semen analysis done on the same patients when 
they were 21 to 25 years old (23). Unilateral UDT patients 
treated before the age of 3 years had 3-fold higher sperm 
counts than those treated after the age of 8. AdS were once 
again shown to be influential, as those without AdS at the 
time of orchidopexy had a 7-fold lower sperm count than 
those with these mature cells. A correlation between sperm 
concentration and number of AdS was also found. This 
study supports the notion that AdS are a vital component 
of spermatogenesis and their presence may ultimately 
determine future fertility potential. 

The importance of the maturational transition from 
gonocytes to AdS was further verified in a long term study 
by Kraft et al. which included 110 patients (24). While the 
mean age at orchidopexy was 7 years, the development and 
preservation of AdS appeared to be the most important 
factor in future fertility. While severity of germ cell 
abnormalities was not statistically significant, the mean 
sperm count and sperm concentration were significantly 
decreased in the men with abnormal AdS development. 
Interestingly, despite the advanced age at orchidopexy in 
the study, younger age at the time of surgery was positively 
correlated with almost all semen analysis characteristics. 

Testicular volume

The volume of the testicles at orchidopexy is often reduced 
the later the surgery is performed on the cryptorchid 
testis (25,26). However, testicular volume may not be 
an appropriate proxy for future fertility based on studies 
following paternity rates of men with cryptorchid testes. 
A study by Lee et al. found no relationship to testicular 
size at orchidopexy for unilateral UDT on future fertility 
as measured by actual paternity rates (27). Possible 
explanations for this include hypertrophy of the normally 
descended testicle, which could compensate for impaired 
fertility of the abnormal testis.

Hormonal studies

Testing for the serum levels of gonadotropin and inhibin B 
in blood samples of boys and determining the germ cells per 
tubule (GC/T) at the time of orchidopexy has also been used 
as a marker for fertility potential. Thorup et al. classified 

bilateral cryptorchid boys into groups of low, intermediate 
and high risk for infertility based on these parameters. They 
determined that boys with normal gonadotropins, inhibin B 
and germ cell numbers had a good fertility prognosis after 
surgery, while those with abnormalities in these qualities had 
less fertility potential (28). In a follow up study the authors 
noted that the group with the highest fertility potential also 
had the highest number of AdS (14). In examined paternity 
rates in men with bilateral UDT, elevated levels of FSH and 
LH were seen along with lower inhibin B levels, in the group 
with the lowest paternity rate (7). 

Evidence favoring early orchidopexy

The prescribed age at which boys should undergo 
orchidopexy has been decreasing in the last few decades. 
A report from the early 1970s demonstrated a difference 
between the pre-pubertal testis and samples taken from boys 
who were in their first two years and recommended lowering 
the age of surgical intervention from 6 to 2 years (29). In 
another work from the 1970s, Ludwig et al. showed that boys 
who were operated on in the first two years of life had a 90% 
rate of fertility. This was in contrast to those boys operated 
on in years 3-4 (50% rate) and in those who had operations 
in years 9-12 (30%). While this study did not include the 
original position of the testicle at time of orchidopexy, a 
factor possibly not recognized as important at the time, 
these results certainly speak to a recommendation for earlier 
orchidopexy (30).

A randomized controlled trial comparing boys who 
underwent orchidopexy at either 9 months or 3 years used 
common fertility predicting factors as outcomes. The 
authors found that the number of germ cells and Sertoli 
cells present in the early surgery group were significantly 
increased compared to the group at 3 years. At both ages, 
testicular volume correlated to the number of germ and 
Sertoli cells with the early surgery group maintaining larger 
testicular volumes. Interestingly, hormone analysis during 
the first 6 months of life could not predict the cell numbers, 
nor could it predict testicular descent (25).

Germ cell depletion was reported from a retrospective 
study looking at histopathology at the time of orchidopexy. 
The odds for germ cell depletion were calculated relative 
to a group undergoing orchidopexy at less than or equal to 
one year. Increasing odds of cell depletion were noted with 
increasing age, with boys undergoing orchidopexy at 13-24 
months having an odds ratio (OR) =3.9 for cell depletion, 
compared to those having surgery before a year of life. 
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With each increasing age group the OR for germ cell 
depletion roughly doubled, reaching an OR =16.8 for boys 
undergoing orchidopexy at greater than 8 years of age (31).  
While the number of germ cells were roughly identical in 
the undescended and contralateral descended testis in a 
study by Huff et al., (18) after 12 months the cryptorchid 
patient was noted to have a lower overall number of AdS 
cells/tubule and total germ cells per tubule. Gonocyte 
numbers were higher in the cryptorchid testicle during the 
6-18 months period, implying a lack of progression to more 
mature stem cell lines.

In another analysis of germ cells, boys who underwent 
surgery before 6 months of age were compared to those 
having surgery between 6 and 24 months (32). Authors 
were able to demonstrate a negative correlation between 
age at orchidopexy and germ cell counts.  All of the 14 boys  
who had surgery before 6 months of age had a normal 
number of GC/T compared to the lower numbers seen 
in those having surgery between 6 and 24 months of age. 
However, the data from 20 years post-operatively called 
into question the use of these fertility predictors as there 
was no association between germ cell counts on biopsy 
and the total sperm count on semen analysis. Interestingly, 
among the boys who had surgery at less than 6 months, 
31% had a sperm count less than 40 million and sperm 
counts between groups were not statistically different  
(<6 months: 136×106 sperm/ejaculate; >6 months: 96×106 
sperm/ejaculate, P=0.28) despite the more frequent 
abnormal histology in the boys undergoing orchidopexy at 
greater than 6 months of life. The authors then examined 
results based not on patient age at orchidopexy, but on 
presence of AdS on biopsy. Almost all males who had 
developed this more mature cell line had a normal sperm 
count. This was in stark contrast to the group who had not 
undergone the transformation, wherein a majority of the 
men had azoospermia or oligospermia. These results are 
muddied by the inclusion of both unilateral and bilateral 
UDT in the cohort, but more clearly show that this 
maturational step is likely paramount to future fertility 
and that care decisions should be made to optimize the 
ability of the testicle to undergo this maturational change. 
In another study of testicular biopsies performed at the 
time of orchidopexy, a lower age at surgery was correlated 
with presence of spermatogonia (r=0.37, P<0.0001) and 
decreasing tubular atrophy (r=0.59, P<0.001) (33).

While much of the information above has shown a 
decreased risk for infertility in early orchidopexy according 
to the presence of germs cells or AdS, few studies are able 

to correlate these histopathologic findings, and fertility 
prediction assumptions, to actual paternity rates. While not 
entirely conclusive, these studies do point towards a decrease 
in potential fertility (loss of future sperm producing cells) 
with delayed treatment of the UDT. The point warrants 
reiterating that these testicles may not be inherently normal 
at baseline and our efforts may simply prevent further 
deterioration in an already pathologic testicle or testicles. 
As the general consensus is now that spontaneous descent 
is rare beyond 6 months of age (2,34,35), the optimal age 
to balance anesthesia risks and maximization of testicular 
health without operating on children who would not need 
surgery continues to be debated.

The new American Urological Association guidelines 
for orchidopexy published in 2014 are reasonable in their 
recommendation for surgery before 18 months of age (15).  
However, the surgeon should consider routinely performing 
the surgery before one year of age, as some boys are noted to 
have decreasing germ cells in the 15-18 months range (36).  
With this in mind, the Nordic consensus on treatment 
of undescended testes and the European Association of 
Urology, published in 2006 and 2013, respectively, advocate 
for surgery starting at 6 months and preferably performed 
by age 12 months (37,38). Table 1 provides a summary of 
these recommendations.

Some studies have found a critical window (likely two 
years of age) after which there does not appear to be a 
continued risk of deteriorating germ cell function (39-41), 
although other authors would certainly call this into question 
(23,24,42-44). In examination of boys undergoing unilateral 
orchidopexy, there was no difference in timing of surgery 
with regards to future fertility potential in boys operated on 
at 2-12 years of age (45). However, some recommendations 
still advise operating on the cryptorchid testis at the time of 
diagnosis, even if past the one year mark (37).

Future research potential

Future translational research should aim to further expand 
our knowledge and allow for a more nuanced approach to 
the proper timing of orchidopexy for fertility preservation. 
From the data above, it is fairly clear there is a defect in 
the transformation of the fetal gonocytes to AdS in these 
cryptorchid testicles that may not be exclusively due to their 
ectopic location. Additional work could focus on possible 
prevention strategies to reduce this malfunction in cellular 
development, as previous hormonal manipulation around the 
time of orchidopexy has been shown to improve fertility 
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index measurements (46-48). One study was even able to 
demonstrate improved semen analyses later in life (49).

In particular, long term studies carefully correlating 
paternity in men with varying ages at orchidopexy are needed. 
Even more valuable information will be obtained as men 
who underwent early orchidopexy become of the age to have 
their fertility assessed. While these studies are difficult to 
perform due to the long time period between surgery and 
attempts at fertility, these data would likely be the most helpful 
to the urologic community in determining the ideal age of 
orchidopexy.

Conclusions

It has long been known that a history of cryptorchidism 
is associated with a reduction in future fertility. Historical 
studies have indicated improved fertility in earlier age 
at orchidopexy and surgical trends have followed with a 
decreasing age of both diagnosis and corrective surgery in 
recent years. While largely inferred from a variety of data, 
there is compelling evidence for early orchiopexy, although 
the ideal study has not yet been completed. 
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