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Testing the testis 

TESTING THE TESTIS

It was in the early Middle Ages that “duo testes bene pendulum” (two well descended 

testes) was a requirement for candidates for papacy. Nonetheless, John Hunter 

(1728-1793) was the first to describe the imperfection of the undescended testis.1 

He speculated that the testis should be placed in the scrotum. Some decades later 

(1820), Rosenmerkal made the first attempts at surgery for undescended testes.2 New 

techniques and improvements in orchidopexy followed. In 1949, Hansen was the 

first to acknowledge the necessity of evaluating the orchidopexy by means of sperm 

examinations since, like he stated, ‘the operation can only be said to have achieved a 

satisfactory result if fertile spermatozoa are found´.3 Comparing an orchidopexied 

with an untreated group of men with unilateral cryptorchidism, he could not 

demonstrate a difference regarding the sperm examination. And so, he concluded, ‘we 

must regard the operative treatment with a good deal of pessimism, if the operation 

aims at making the retained testes produce spermatozoa…’ . 

From Hansen until now, many studies have been published about the impaired fertility 

of boys with undescended testes. The growing understanding of (the factors that 

influence) germ cell development in the young testis 4-7 have resulted in a decrease 

of recommended age - from puberty 8 to 6 months of age 9 – at which to perform 

orchidopexy of the undescended testis.

Nevertheless, the expected improvement on long-term fertility after early orchidopexy 

has not been confirmed yet.10 Whether the evidence of the positive consequences of 

(early) orchidopexy on germ cell development and functional preservation of the testis, 

frequently expressed as fertility index 11-13 can be extrapolated to the crucial parameter, 

namely fertility in adulthood, is the question which occupies our - as others 14-17 - mind.

The testis
The male gonads (Figure 1) fulfill two key functions; the secretion of hormones, 

particularly testosterone, and the production of sperm. The production of testosterone 

is the primary function of the Leydig cells, which are located in the soft connective tissue 

surrounding the seminiferous tubulus. These cells are almost non-existent prior to the 

commencement of testicular testosterone production at the onset of puberty. A testis 

contains up to 800 meter of tightly coiled seminiferous tubules. These tubules house the 

germ cells and here the spermatogenesis, which is stimulated by testosterone, takes place. 
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Figure 1  The testis (Anatomy of the Human Body, Henry Gray (1827-1861)).

Spermatogenesis (Figure 2) is the process whereby germ cells get transformed 

into spermatozoa. Via mitosis spermatogonia (type Ad, Ap and B) become primary 

spermatocytes. Subsequently, every spermatocyte undergoes meiosis 1 and becomes 

two secondary spematocytes, which undergo meiosis 2 and form spermatids. Via 

spermiogenesis these four spermatids become four functional spermatozoa. 

Via the straight seminiferous tubules, rete testis and efferent ductules the spermatozoa 

arrive in the epididymis. In the epididymis the spermatozoa will stay for further 

maturation, i.e. to learn how to ‘swim’ forward and fertilize an egg.

Temperature regulation of the testis

The testicular temperature is found to be 33.4˚C, about 4˚C lower than the core body 

temperature.18 This lower temperature is achieved by the position of the testes in their 
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own pouch of skin, the scrotum, outside the abdominal cavity. The tunica dartos and 

cremaster muscle can cause contraction of the scrotum and retract the testes towards 

the abdominal cavity when the testes are too cold. In addition, the pampiniform plexus 

between abdomen and scrotum takes care of countercurrent heat exchange; it decreases 

the temperature of arterial blood entering the testis, while it increases the venous blood 

in the plexus leaving the testis.

Figure 2  The spermatogenesis (McGraw-Hill Education).

The postnatal germ cell development

At birth the temperature of normally descended testes decreases to 33˚C, which results 

in a readjustment of the testicular enzyme system. Between 2 and 4 months of age 

pituitary gonadotropins stimulate a sudden increase in testosterone production, which 

peaks at about 3–6 months, known as the ‘mini-puberty’. The level of testosteron ([T] 

in Figure 3) decreases quickly and becomes negligible until the onset of puberty. With 

the drop of testosterone, Sertoli cells produce Müllerin-inhibiting factor/anti-Müllerin 

hormone (MIS/AMH), which peaks at 6-12 months but remains high until puberty.

The neonatal gonocyte migrates between the Sertoli cells to the periphery of the 

cord between 3 and 9 months of age, where it comes in contact with the basement 

membrane. This triggers transformation into type-A spermatogonia, which mature into 
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type-B spermatogonia, then migrate back into the center of cord again by 3–4 years, to 

become primary spermatocytes.7

Figure 3  Testosteron [T] and Müllerin Inhibiting Substance [MIS/AMH] levels and postnatal germ cell 
development (Hutson, 20137).

The function of the undescended testis 

A testis that is not situated in the scrotum is associated with impaired fertility. Not 

located in the scrotum, the testis is not at its optimal temperature.19 This suboptimal 

temperature is considered to be the cause of germ cell maldevelopment.7,20,21 Studies in 

various animal models show that heat stress has effect on germ cells. It would impair 

transformation and maturation and cause apoptosis.22-25

In extension of this theory, the recommended treatment for undescended testes is 

to surgically bring the testis down into the cooler scrotum.9 The crucial question is 

whether this orchidopexy indeed improves fertility in adulthood. 

What is the evidence that orchidopexy in childhood has a positive effect on 

the function of the testis in adulthood?

This seemingly easy to answer question, appears to be rather complicated. The 

parameters used for testis function have limitations. Paternity rate is the true gauge, 

but this represents the function of both testes, even the whole genital tract of the man 

as well as the woman. Besides, it presumes faithful women. Both quality of semen and 

hormone levels, are influenced by many other factors and differ in time. Besides, they 

also represent the function of both testes. Testicular volume does discriminate between 
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both testes, but is an indirect parameter of function. At last, testicular biopsies have 

been used. This is an invasive and therefore, unethical method for follow-up studies. 

Furthermore, the study on the success of orchidopexy is complicated by the fact that 

there are many confounding factors, like location of the undescended testis, age at 

orchidopexy and different surgical techniques, which hampers clear-cut answers.

Attempting to answer the before mentioned question we performed a literature search 

on undescended testis AND fertility, i.e. “(cryptorchidism OR undescended testis OR 

orchidopexy OR orchiopexy) AND (fertility OR paternity OR volume testis OR semen 

analysis OR biopsy testis OR histology OR sex hormones)”. Without limitations the 

search resulted in 5160 hits, reducing in 3733 (available abstract), 3198 (English 

literature), 2422 (humans), 841 (adults) hits. Table 1 shows studies about fertility in 

adulthood of the undescended testes (mostly orchidopexied) in childhood.

From the studies shown in Table 1, we can conclude that the function of the testis 

after orchidopexy is compromised. The correlation between age at orchidopexy 

and fertility parameters is observed in some of the studies 50,58,62,72, but was missing 

in others.10,35,54,56,59,60 And so, the correlation with the pre-operative location of the 

undescended testis with the fertility parameters was not found to be manifest.56,57 Most 

evident is that fertility parameters are less promising in bilateral compared to unilateral 

cases.26,27,29-32,34,37-39,41,45,47,49,50,54,56,60,62,64,65,69-72 

Eldrup et al 33 assessed the function of the unilateral orchidopexied undescended testis 

after eliminating the effect of its counterpart by performing a contralateral vasectomy. 

They found extreme low sperm counts in all four patients. Inspired by Eldrup, Alpert 

et al  35 performed a vasectomy at the age of 25-44 years in 12 patients, who had been 

orchidopexied for an unilateral undescended testis between 1 and 15 years of age. In 

each of the 12 patients a sperm count after unilateral vasectomy showed impaired 

spermatogenesis. Azoospermia was noted in 8 subjects, including one patient operated 

at one and one at three years of age. 

Two studies were able to compare results in adulthood of orchidopexied versus 

untreated undescended testes. Ku et al 66 took a randomly selected sample of 2080 

Korean men of 20 years of age. Herein were 38 patients of cryptorchidism, 25 were 

orchidopexied (mean age 8.9 ± 3.9 years), 4 were orchiectomied, 9 were untreated. 

Testicular volume (measured with orchidometer) was in the control group 15.6 ± 4.5 ml 

and in the cryptorchidism group at the affected side 10.6 ± 5.6 (n=27, all orchidopexied) 

and at the contralateral side 17.9 ±6.6 ml. The latter was not significantly different 
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between the three treatment-groups. Further, masculinity (Bem Sex Role Inventory) 

was comparable between men with and without the testis in the scrotum. Gómez-Pérez 

et al 67 compared results of untreated (n=15), orchidopexied (n=14, mean age 4.5 ± 1.4 

years) and orchiectomied (n=15, mean age 8.4 ± 1.6) unilateral undescended testes in 

terms of testicular volume (orchidometer), LH/FSH levels and semen analysis. The 

mean testicular volume of the remaining testes in the three groups was in the normal 

range value (> 15 ml). The means of FSH and LH in the serum showed no significant 

differences between the groups. Normal sperm counts were found in 53% of the 

untreated, 36% of the orchidopexied and 47% of the orchidectomied men.

What are the implications of these disappointing findings? Perhaps the mechanism 

of temperature-induced inhibition of spermatogenesis is not correct? Possibly there 

is a structural defect in the undescended testis that causes, or at least contributes to, 

maldescent? The relatively high prevalence of undescended testis makes research in this 

field relevant. Annually in The Netherlands, 1000 orchidopexies for congenital - and a 

comparable number for acquired - undescended testes are performed. It is important 

to know whether these improve fertility, reduce the risk of testicular torsion and 

malignant degeneration or are cosmetic operations. 

Before these and other speculations can be elaborated on, a more thorough method to 

assess the function of the (previously) undescended testis is needed. 
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author year
no. of pat / 
UDT treatment

age at
orchidopexy
(years)

age at
follow-up 
mean
(range)

paternity rate testicular
volume

semen
analysis

hormone
levels

testicular
biopsy

Atkinson26 1975 40/58 orchidopexy 9.0
(2.5-14)

28.2
(23-44)

LH: h 20% 
FSH: h15% 
g N bi 50%, uni 
64%

Atkinson27 1975 112/148 orchidopexy 9.3
(2.5-14)

26.0 unilat 76%
bilat 44% 

Lipshultz28 1976 29
(30 co´s)

orchidopexy 4-12 21-35 mean sperm den-
sity 1/3N

T N
LH/FSH =/h

Werder29 1976 48/80 orchidopexy  bi 10.9 vs uni 11.9 
(contra 15.8) 
vs N 18.2

N uni 59% bi 10% hypo gonadism: uni 
81% vs bi 100%

Retief30 1977 492/587 orchidopexy mean 7.5 19 (15-26) sterile
uni: 4%  (n=76)
bi: 21%  (n=29)

uni (n=25)
26 % good
bi (n=16)
50% good

Wojciechowski31 1977 154/202 orchidopexy < 8 
(n=107)
> 8 
(n=47)

after
10 – 20

N uni (<8) 35% uni 
(>8) 26% vs bi (<8) 
6% bi (>8) 0%

N uni (<8) 56.3%, 
uni (>8) 42.8% vs 
bi (<8)19.4%, (>8) 
0%

testosterone
uni and bi i

Bar-Maor32 1979 228/269 orchidopexy ‘spermatogenic arrest’
uni 81% 
bi 100% 

Eldrup33 1980 4/4 orchidopexy + con-
tralat vasectomy

childhood ‘extreme low sperm 
counts’

Scheiber34 1981 82/118 orchidopexy 5-18 all N N
uni: 28%
bi: 8%

T bi: N
some LH/FSH h

Alpert35 1983 12/12 orchidopexy + con-
tralat vasectomy

1-15 25-44 azoo 66.8%

Amat36 1985 85/109 orchidopexy with 
biopsy

3-31 tubulus with central or 
total degeneration

Fallon37 1985 64/83 orchidopexy 42±11 uni:92%
bi: 13%

severe oligo
uni: 10%
bi: 100%

Ponchietti38 1986 104/104 orchidopexy 6-12 22-32 N 80% uni: N 31%
        azoo: 8%

Singh39 1987 22 orchidopexy + 12.02 fertility potential
uni: 86.7%
bi 42.9%

Bremholm 
Rasmussen40

1988 45/90,
all bi

spontaneous des-
cended

N 33%
sterile 47%

majority hFSH

Cendron41 1989 40/50 orchidopexy 7.0 (1-14) uni: 87%
bi: 33%

azoospermia
uni: 12.5%
bi: 87.5%

poor
uni: 53%
bi: 86%

Okuyama42 1989 274/335 I bi ORP (61)
II uni ORP (149)
III uni (26) orchiec-
tomy
IV uni, no ORP (38)

I 2-5
II 9-12

18-39 N I 0-7%
   II 72-79%
  III 72-79%
  IV 42- 58%

Johnsen’s score
affected side:
I /II 6.06-6.11
IV 4.72
unaffected side
II/III 9.09 – 9.2
IV 8.6

Giwercman43 1990 300 37% advanced sper-
matogenesis

Table 1  Review of the literature about the testicular function in adulthood after orchidopexy in childhood
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Puri44 1990 159/187 orchidopexy 9.8 (7-13.6) 24.3 (18-41) crypts smaller 
than N

Puri45 1990 48/56 orchidopexy uni: N 86%
bi: N 0%

Cortes46 1991 91/182 (all bi) orchidopexy N 32% (all bi) N 12% N 41%

Lee47 1993 51/61 orchidopexy uni: 78%
bi: 60%
controls: 67%

Mandat48 1994 135/158 orchidopexy 2.7 – 15.8
I < 6
II 6-10
III >10

nos the earlier ORP, the 
better the sperm

Mieusset49 1995 97 orchidopexy crypt smaller than 
contrlat

sperm more 
impaired in bi than 
in uni

Taskinen50 1996 51/63 orchidopexy 10 months – 12 
years

16-28 11 ± 6 (vs 21 ± 7 
contralat) ml

sperm concentra-
tion 
uni: N 35/39
bi: N 6/12
better if ORP < 4

h FSH if age 
    ORP > 4

Taskinen51 1996 76/90 orchidopexy 16-27 
after orchido-
pexy

13 ± 6 (vs 22 ± 8 
contralat) ml

US pattern:
contra: 100% N
crypt: 83% N
a test. N; contra 97%, 
crypt 80%.
epi N; 97 vs 64%

Tzvetkova52

1996
124
(30 controls)

orchidopexy I < 5(n=19)
II 5-10 (n=48)
III > 10 (n=57)

28 ± 7.2 
(9-38)

14.5% fertilizing 
ability

T lower; in gr I > II 
and III
LH/FSH high in gr 
II and III 

changes in test paren-
chyma up to atrophy 
of the cells and 
seriously damaged 
spermatogenic activity

Lee53 1996 258/258
(controls 297)

orchidopexy 8.2
(1m-15)

no paternity 
uni: 10.5%
controls: 5.4%
no corr age ORP-
paternity

Coughlin54 1997 547/619
(controls 463)

orchidopexy mean 7.2 38.2 time to concep-
tion (months):
bilat 33.90
uni 11.11
control 8.78

Lenzi55 1997 71/71 orchidopexy 6.4 ± 2.8 20.0 ± 2.8 30% reduced size n=49
semen i normal
but h postpub ORP

n=8, low LH level
n=8, low T level
all, normal FSH

Gracia56 2000 251/306 6.4 21 .1
(18-30)

N uni: 23%
bi: 4%

Engeler57 2000 70/140 orchidopexy I < 2 yrs, mean 1.7 
(n=20)
II > 2 yrs,
mean 7.1
(n=50)

 I 22.0
(19.0–30.0) 
II 31.5 
(20.5–40.0)

total vol
I 36 (23–50) 
II 24 (13–55)

sperm concentra-
tion
I  30 (0–71) 
II 2 (0–93)

Spermatogonia per 50 
tubules
I 32 (14–88) (n=13) 
II 2 (0–59) (n=19)

Lee58 2000 320/320 orchidopexy <2 22
2-5 101
5-10 238

all uni: 90%

Vinardi59 2001 57/67 orchidopexy (37 
with hormonal 
treatment)

5.4 
(2-12)

19 
(18-27)

9% reduced size 
(<12)

LH/FSH/T all N

Lee60 2001 49/98 orchidopexy 65.3% lower sperm den-
sity as uni

Inh B ii
LH/FSH h
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Miller61 2001 359/359 uni:89.7 (co 
93.7%)
time to concep-
tion
uni: 7.1 m
co: 6.9 m

sperm = co Inh B i
T/LH/FSH = co

Lee62 2002 106/106 orchidopexy 7.3 ± 3.7 NST: 18 (contralat 
28)

mean T/LH/FSH/
InhB N

Lee63 2002 384/384 absent (15), orchiec-
tomy (20), 
ORP (349)

6.9 
(1m-15.8)

38.9 
(23.3-56.3)

absent testis  
100%
orchiectomy  
85%
ORP  89.7%
(co (442) 93.2%) 

Rusnack64 2003 36/47 uni: 9 
(4.1-19)
bi 9 
(4-16)

uni: 20.4 (18.1-
26)
bi: 19.6 
(18.1-29.6)

uni/bi NST: 15.0 
(0-24.1)

‘sperm bi much 
worse than uni’

Cortes65 2003 135/205 orchidopexy uni: 10.8
 (2.9-11.9)
bi: 12.8 
(6.7-16.2)

uni: 22.7 (18.4-
32.7)
bi: 29.0
(19.9-34.7)

infertility (<5 mill 
sperm/ml)
uni: 9%
bi: 54%

Ku66 2003 38/40 I untreated (9)
II ORP (26)
III orchiectomy (3)

8.9 (2-19) 10.6 ± 5.6
(contralat 17.9 ± 
6.6, co 15.6 ± 4.5)
NB  untreated not 
measured

Gómez-Pérez67 2004 44 I untreated (15/26)
II orchidopexy 
(14/16)
III unilat orchiec-
tomy

orchidopexy (II) 
4.5 ± 1.4

orchiectomy
(III) 8.4 ± 1.6

I 30.5 ± 1.3
II 23.3 ± 1.4
III 21.3 ± 1.4

all N (Prader) N sperm counts
I 53%
II 36% 
III 47%

Caroppo68 2006 162/210 orchiectomy (12)
 orchidopexy
(150)

uni: 13.5
(2-28)
bi: 9.5 
(0.8-28)

30.9 
(19-47)

12.3 (2-25.2) azoo
uni: 42%
bi: 46%

Moretti69 2007 44 orchidopexy 1.5-9 24-38 N conc 
uni: 50%
bi:25%
N motitlity
uni: 10%
bi: 0%

Hadziseli
movic70

2007 218/255 unsuccesfull hormo-
nal treatmnent,
orchidopexy

uni: 10m-3
bi: 5-11 

N uni: 52.5%
bi: 22%

necrosis and apoptosis

Trsinar71 2009 68/87 orchidopexy 7.5 (2-12) 27.4 
(25-30)

no paternity
uni: 27%
bi: 26%

total volume
uni: 36.0
bi: 32.7

azoo 
uni: 4% bi:11%
N
uni: 59% bi: 21%

sperm concentra-
tion correlated + 
with inh B, - with 
FSH

Canavese72 2009 29/36 orchidopexy
LHRH, n=16

I < 1 yr
(n=13)
II > 1 yr
(n=16)

I 19.3 ±1.2
II 20.7 ±2.0

I 18.0 ± 3.8 
II 17.6 ± 3.8

N sperm count
uni: 100%
bi: 56.3%

Meij-de Vries73 2012 105/137 orchidopexy 9.2 
(2.4 – 13.9)

25.7 
(14.0-31.6)

UDTs (10.3) smal-
ler than contralat 
(14.1) and normal 
(>13.2)

van Brakel10 2013 62/69 unsuccessfull
LHRH-spray,
orchidopexy

3.0 (0.1-14.6)
I < 12 m (8)
II < 18 m (12)
III < 24 m (24)

27.7 
(20.1-37.9)

uni: 55%
(co: 86%)

UDTs (9.6) and 
contralat (13.8) 
smaller than con-
trol group (15.8)

uni: concentration, 
total count, moti-
lity  i
oligo 33 vs 8(co)% 

uni:
Inh B/T/LH/
FSH N

UDT = undescended testis | N = normal | uni = unilateral | bi = bilateral | azoo = azoospermia | T = Testosteron  LH = Luteinizing Hormone | LHRH = Luteinizing Hormone Releasing Hormone | FSH = Follicle Stimulating Hormone | Inh B = Inhibin B



23

Testing the testis 

Miller61 2001 359/359 uni:89.7 (co 
93.7%)
time to concep-
tion
uni: 7.1 m
co: 6.9 m

sperm = co Inh B i
T/LH/FSH = co

Lee62 2002 106/106 orchidopexy 7.3 ± 3.7 NST: 18 (contralat 
28)

mean T/LH/FSH/
InhB N

Lee63 2002 384/384 absent (15), orchiec-
tomy (20), 
ORP (349)

6.9 
(1m-15.8)

38.9 
(23.3-56.3)

absent testis  
100%
orchiectomy  
85%
ORP  89.7%
(co (442) 93.2%) 

Rusnack64 2003 36/47 uni: 9 
(4.1-19)
bi 9 
(4-16)

uni: 20.4 (18.1-
26)
bi: 19.6 
(18.1-29.6)

uni/bi NST: 15.0 
(0-24.1)

‘sperm bi much 
worse than uni’

Cortes65 2003 135/205 orchidopexy uni: 10.8
 (2.9-11.9)
bi: 12.8 
(6.7-16.2)

uni: 22.7 (18.4-
32.7)
bi: 29.0
(19.9-34.7)

infertility (<5 mill 
sperm/ml)
uni: 9%
bi: 54%

Ku66 2003 38/40 I untreated (9)
II ORP (26)
III orchiectomy (3)

8.9 (2-19) 10.6 ± 5.6
(contralat 17.9 ± 
6.6, co 15.6 ± 4.5)
NB  untreated not 
measured

Gómez-Pérez67 2004 44 I untreated (15/26)
II orchidopexy 
(14/16)
III unilat orchiec-
tomy

orchidopexy (II) 
4.5 ± 1.4

orchiectomy
(III) 8.4 ± 1.6

I 30.5 ± 1.3
II 23.3 ± 1.4
III 21.3 ± 1.4

all N (Prader) N sperm counts
I 53%
II 36% 
III 47%

Caroppo68 2006 162/210 orchiectomy (12)
 orchidopexy
(150)

uni: 13.5
(2-28)
bi: 9.5 
(0.8-28)

30.9 
(19-47)

12.3 (2-25.2) azoo
uni: 42%
bi: 46%

Moretti69 2007 44 orchidopexy 1.5-9 24-38 N conc 
uni: 50%
bi:25%
N motitlity
uni: 10%
bi: 0%

Hadziseli
movic70

2007 218/255 unsuccesfull hormo-
nal treatmnent,
orchidopexy

uni: 10m-3
bi: 5-11 

N uni: 52.5%
bi: 22%

necrosis and apoptosis

Trsinar71 2009 68/87 orchidopexy 7.5 (2-12) 27.4 
(25-30)

no paternity
uni: 27%
bi: 26%

total volume
uni: 36.0
bi: 32.7

azoo 
uni: 4% bi:11%
N
uni: 59% bi: 21%

sperm concentra-
tion correlated + 
with inh B, - with 
FSH

Canavese72 2009 29/36 orchidopexy
LHRH, n=16

I < 1 yr
(n=13)
II > 1 yr
(n=16)

I 19.3 ±1.2
II 20.7 ±2.0

I 18.0 ± 3.8 
II 17.6 ± 3.8

N sperm count
uni: 100%
bi: 56.3%

Meij-de Vries73 2012 105/137 orchidopexy 9.2 
(2.4 – 13.9)

25.7 
(14.0-31.6)

UDTs (10.3) smal-
ler than contralat 
(14.1) and normal 
(>13.2)

van Brakel10 2013 62/69 unsuccessfull
LHRH-spray,
orchidopexy

3.0 (0.1-14.6)
I < 12 m (8)
II < 18 m (12)
III < 24 m (24)

27.7 
(20.1-37.9)

uni: 55%
(co: 86%)

UDTs (9.6) and 
contralat (13.8) 
smaller than con-
trol group (15.8)

uni: concentration, 
total count, moti-
lity  i
oligo 33 vs 8(co)% 

uni:
Inh B/T/LH/
FSH N

UDT = undescended testis | N = normal | uni = unilateral | bi = bilateral | azoo = azoospermia | T = Testosteron  LH = Luteinizing Hormone | LHRH = Luteinizing Hormone Releasing Hormone | FSH = Follicle Stimulating Hormone | Inh B = Inhibin B
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