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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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author year
no. of pat / 
UDT treatment

age at
orchidopexy
(years)
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(range)
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IV 4.72
unaffected side
II/III 9.09 – 9.2
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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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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
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THIS THESIS

In this thesis several questions will pass. Some are close to each other, others not. All 

have one thing in common; they are about the undescended testis. The subjects are 

categorized from a surgical point of view into three parts; before, during and after 

surgery. 

PART I before surgery

  “the decision for operation cannot be made by plebiscite”

        Mark M Ravitch, 1910-1989

In surgery, a good pre-operative work-up followed by a correct indication is at least as 

important as the operation itself. Various arguments to operate on an undescended 

testis are described. In this first part we discuss some of these arguments and describe 

the long-term effects if an acquired undescended testis is not operated on at diagnosis. 

In 20% of the cases an undescended testis is non-palpable. This might be because it is 

localized in the abdomen, atrophic or absent. Nonetheless, a non-palpable testis can 

also be situated in the inguinal canal. The question, whether a pre-operative ultrasound 

is of any value to localize a non-palpable testis, will be answered in chapter one.  

There is no consensus on the management of acquired undescended testes. Whether 

these testes should be operated on at diagnosis or a possible spontaneous descent 

at puberty can be awaited, is subject of debate. Chapter two shows the results of a 

conservative approach until puberty of acquired undescended testes.

An undescended testis can also develop after previous inguinoscrotal surgery. Chapter 

three describes the natural course of those undescended testes.

It has been speculated that an undescended testis, situated in the groin, has a higher 

risk of torsion than a scrotal testis. This would be an argument not to accept the 

situation of a testis residing in the inguinal canal. In chapter four the risk of torsion of 

acquired undescended testes - situated in the inguinal canal - is described.
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PART II  during surgery

  “the devil is in the detail” 

     Ludwig M van der Rohe, 1886-1969

Whether the undescended testis has previously been in a stable scrotal position, 

discriminates between a congenital and an acquired form. Chapter five is about the 

differences in anatomical findings during surgery between these two forms. 

PART III  after surgery

“nothing spoils good results as much as follow-up”

      Bhogaraju R  Rao

As mentioned earlier, there is no consensus on the management of acquired 

undescended testis. It is debatable whether an orchidopexy at diagnosis or a 

conservative approach until puberty, is preferable. In the third part of this thesis, 

the first chapters are about the long-term findings after orchidopexy at diagnosis of 

acquired undescended testes. In chapter six the long-term results of orchidopexy at 

diagnosis, in terms of testicular volume, are described. 

Acquired undescended testes which have been orchidopexied at diagnosis and were 

seen in long-term follow-up, were found to contain intra-testicular varicoceles. The 

prevalence and clinical aspects of this finding are demonstrated in chapter seven.

Also, acquired undescended testes, orchidopexied at diagnosis and seen in long-term 

follow up, appeared to have testicular microlithiasis. Chapter eight reports on the 

prevalence of this finding. 

As mentioned in the introduction, assessing the success of orchidopexy, in terms of 

testis function, is far from simple. The last two chapters of this thesis contain the launch 

of a new parameter to evaluate the testis function. Chapter nine introduces this new 

parameter; the testicular 18F-FDG-uptake as assessed by PET/CT-scan. It provides the 

normative testicular 18F-FDG-uptake values in young men as well as the intraobserver 

and interobserver variation in assessing this uptake.

In chapter ten this PET/CT-scan is used to evaluate the testicular function of 

congenital unilateral orchidopexied undescended testes.





PART I 

before surgery 

“the decision for operation cannot be made by plebiscite”

Mark M Ravitch, 1910-1989
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ABSTRACT

Background

In patients with a non-palpable testis (NPT) on physical examination the testis is 

assumed to be either situated intra-abdominally, or to be hypoplastic or absent. 

Diagnostic laparoscopy in these boys is considered the preferable first step. In 

this study the diagnostic value of pre-operative ultrasound for NPT is assessed in 

comparison with laparoscopy. 

Methods

All boys aged under the age of 17 years who were diagnosed with a NPT by a 

pediatric surgeon from 2000 till 2012, were evaluated. All patients of whom 

clinical, ultrasonographic and operative findings were available were included.

Results

Ninety-six boys with 117 NPT were included. With ultrasound 67 testes were 

detected in the inguinal canal, which was confirmed peroperatively for 61 

testes. Of the 15 testes with an intra-abdominal position on ultrasound 10 were 

found intra-abdominally during surgery. The positive predictive value of the 

ultrasonography for inguinal located testes is 91% and for intra-abdominal located 

testes 67%.

Conclusion

Ultrasonography shows to have a high positive predictive value for inguinal 

located testes. When ultrasound finds a testis to be in an inguinal location, a 

primary inguinal exploration could be considered, preventing an unnecessary 

diagnostic laparoscopy.
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INTRODUCTION

At the age of 1 year, 1% of full-term boys are diagnosed with non-scrotal testis.1-2 Twenty 

per cent of the non-scrotal testes is not palpable.3 A non-palpable testis (NPT) can be 

either situated in the abdomen or inguinal canal or it can be atrophic or absent due to 

vascular defects or incidents during testicular descent.2 

The need of operative exploration of NPT is well-accepted 4, but whether a laparoscopy 

or inguinal exploration is the best approach is a matter of debate.5,6,7 Some authors 

describe the great diagnostic value of physical examination by a pediatric surgeon and 

recommend a laparoscopy as the first choice of management.8,9 However, studies show 

that although an NPT was diagnosed by a pediatric surgeon an inguinal testis was found 

in 21 - 85% of the patients during operation.3

Previous studies have shown that of many available imaging methods, ultrasound 

seems to be the best suited to localize non-palpable testes as it is non-invasive, harmless 

and it has an excellent spatial resolution for superficial organs such as testes.1,3,10 

This study aims to evaluate the value of ultrasonography in children with NPT to 

localize the testis. 

METHODS

Study population 
All boys under the age of 17 years who were diagnosed with an NPT by a pediatric 

surgeon from January 2000 till May 2012, were evaluated. Patients of whom clinical, 

ultrasonographic and operative findings were available, were included. Patients were 

excluded when repeated physical examination at the outpatients clinic or physical 

examination under anesthesia revealed a palpable testis.

Testicular ultrasound 
Ultrasound of the scrotum, inguinal region and/or abdomen was performed by a 

(pediatric) radiologist or by a radiology resident under supervision of a pediatric 

radiologist using either an Acuson Sequoia, Aloka Alpha-10 or F75, Siemens Elegra, 

Philips IU22 or Philips HD15. Testis position was described as being abdominal, 

inguinal, scrotal, ectopic or not visualized.
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Operation 
During laparoscopy or inguinal exploration the testis was identified and considered normal, 

a nubbin (residual testicular tissue due to vascular accident during embryologic develop-

ment) or absent. In further analysis nubbins were considered as normal testes as they share 

the same possible locations. Testis position was asserted as being abdominal, inguinal or 

scrotal. 

Statistical analysis
All data were managed and analyzed using IBM SPSS 19.0 (Armonk, NY: IBM Corp.).

Operative testis position was compared with ultrasound findings using crosstabs. 

Ultrasonography outcome was considered true-positive (TP) if the testis was present 

and ultrasonographic result matched peroperative finding. Ultrasonography outcome 

was considered true-negative (TN) if both ultrasound and surgery did not localize a 

testis. 

A false-positive (FP) ultrasound was concluded if a testis was detected during 

ultrasonography, but was situated elsewhere during surgery. Ultrasound outcome was 

considered false-negative (FN) if a testis was not detected during ultrasonography, 

but was found during surgery. Positive and negative predictive values (PPV, NPV), 

sensitivity and specificity were calculated per possible finding on ultrasound. 

RESULTS

Study population
Ninety-six boys with 75 unilateral and 21 bilateral NPT, in total 117 NPT, were included. 

The mean age at ultrasound was 3.5 ± 3.7 years (range 0 months to 14.8 years) and at 

surgery 4.0 ± 3.8 years (range 1 month to 14.9 years). 44/96 (45.8%) boys had only an 

inguinal exploration whereas 52/96 (54.2%) of the boys underwent a laparoscopy first. 

Ultrasonographical findings
Testicular ultrasounds were performed by a pediatric radiologist in 101 cases. In 6 

cases, a resident performed the ultrasound under supervision of a pediatric radiologist. 

In 10 cases, a general radiologist performed the ultrasound. Ultrasonography was able 

to locate 85/117 (73%) of the NPT. 15 (13%) NPT were found intra-abdominally, 67 
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(57%) inguinally and one was found in the scrotum. In two cases (2%) the NPT was 

found outside of the normal descending tract (ectopic). 

Operative findings
During operation, 21/117 (18%) of the testes were located in the abdomen, while 78 

(67%) were situated in the inguinal canal. Three (3%) NPT appeared to be scrotal. 15 

(13%) NPT were absent. 

Diagnostic performance of ultrasound 
Table 1 shows the relation between the testicular position found by ultrasound and the 

peroperative testicular position. On ultrasound 67 testes were detected in the inguinal 

canal. Peroperatively, this was confirmed for 61 testes. Of the 6 testes wrongly localised 

in the inguinal canal by ultrasound, 3 were actually situated in the scrotum and 3 in the 

abdomen. Ultrasound localized 15 testes in the abdomen. Of these, 10 were found intra-

abdominally and 5 were found in the inguinal canal during surgery.

Table 2 shows the PPV, NPV, sensitivity and specificity per ultrasonographic finding. 

The positive predictive value for an abdominal-localized testis is 66%, and its sensitivity 

was 48%. For the inguinal-localized testis, a positive predictive value of 91% was found 

and its sensitivity was 78%. 

Table 1  Ultrasonographical versus peroperative testis position in a cohort of 117 NPT. 

Position at surgery
Position at 

ultrasound
Abdominal Inguinal Scrotal No testis

Abdominal 10 5 0 0 15

Inguinal 3 61 3 0 67

Scrotal 0 1 0 0 1

Ectopic 0 2 0 0 2

Not visualized 8 9 0 15 32

21 78 3 15 117
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Table 2 The positive predictive value (PPV), negative predictive value (NPV), sensitivity and specificity 
of ultrasound in localizing the NPT, measured per ultrasonographic finding. 

PPV NPV Sensitivity Specificity

Abdominal Testis 67% 89% 48% 95%

Inguinal Testis 91% 66% 78% 85%

Not visualized 47% 100% 100% 83%

PPV: TP/ (TP + FP), NPV: TN/ (TN + FN), sensitivity: TP/ (TP + FN), specificity: TN/ (TN + FP)

DISCUSSION

In this study we found that 61 of the 67 NPT that were located inguinally on ultrasound 

were indeed situated in the inguinal canal, corresponding with a PPV of 91%. The PPV 

of the not visualized testis on ultrasound was 47%.

Our findings are comparable with the results of Nijs et al. 5 They report respectively 

a PPV of 97% and 67% when a testis was located inguinally and not visualized on 

ultrasound. In addition, they found an equal sensitivity of the abdominally located NPT 

of 48%. 

Tasian et al 3 reviewed all literature of diagnostic performance of ultrasound in NPT and 

calculated the composite sensitivity (45%) and specificity (78%) of the ultrasound. Then 

they focused on the pretest probability (55%) and posttest probability that an NPT was 

within the abdomen, which was 64 and 49% after a positive and negative ultrasound 

respectively. With this, they concluded that whatever the results of the ultrasound is, a 

surgical exploration of the NPT is needed and so, the ultrasound does not contribute to 

the preoperative workup of the NPT. A conclusion which we can agree with, on the basis 

of a PPV of 48% of the not visualized NPT we found.

However, Tasian et al also found a 97% ultrasound detection (sensitivity) of the inguinal 

NPT. As mentioned, we found a PPV of 91% of this inguinal located NPT and we believe 

a pre-operative ultrasound can be of value in assessing this NPT in the inguinal canal. 

In clinical practice, we propose to perform an inguinal exploration, not a laparoscopy 

when the pre-operative ultrasound localizes the NPT in the inguinal canal. This means 

that boys may be spared an unnecessary laparoscopy of which the complication rate is 

1.2 - 4.7% 11 and which harbours the risk of long-term intra-abdominal adhesions. 
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The limitations of this study need to be addressed. We analysed nubbins as normal 

testes. However, nubbins are more difficult to localise with physical examination and 

ultrasonography than normal testes. This might have resulted in more false-negative 

ultrasounds in our study population. Furthermore, although our guideline recommends 

a laparoscopy for non-palpable testes, in our study population, all with NPT, some 

patients underwent an inguinal exploration primarily. It is not unthinkable that the 

surgeon’s approach was influenced by the ultrasonographic results. However, the 

chosen surgical approach has not been of any influence on the results of our study, 

being the value of the pre-operative ultrasound of NPT. At last, it is important to 

mention that the position of the testis can be dynamic. This is seen in the so-called 

“peeping testis” in which the position may change from inguinal to low-abdominal. A 

retractile testis can also change position. A dynamic position may result in different 

ultrasonography and operative outcomes. 

The standard approach in NPT is considered diagnostic laparoscopy. Our study shows 

that ultrasonography can confirm an inguinally situated testis with a positive predictive 

value of 91%. When the standard approach in these patients would be inguinal 

exploration, unnecessary laparoscopy can be avoided in 9 out of 10 cases.

CONCLUSION

The results of our study show that ultrasound can reliably confirm an inguinal testis 

in boys with NPT. We therefore advise ultrasonography for all boys with NPT. If 

ultrasound establishes an inguinal testis, an inguinal exploration should be performed. 

When ultrasound does not show an inguinal testis, diagnostic laparoscopy should be 

the preferential first step during the surgical procedure. Our suggested work-up in boys 

referred with NPT is visualized in Figure 1.
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Figure 1  Algorithm for boys referred with non-palpable testes.



41

Ultrasonography of non-palpable testes

References 

1 Christensen JD, Dogra VS. The undescended testis. Semin Ultrasound CT MR. 2007;28:307-16. 

2  Acerini CL, Miles HL. Descriptive epidemiology of congenital and acquired cryptorchidism in a UK 

infant cohort. Arch Dis Child. 2009;94:868-72. 

3  Tasian GE, Copp HL. Diagnostic performance of ultrasound in nonpalpable cryptorchidism: a 

systematic review and meta-analysis. Pediatrics. 2011;127:119-28. 

4  Lee PA, Houk CP. Cryptorchidism. Curr Opin Endocrinol Diabetes Obes. 2013;20:210-6. 

5  Nijs SMP, Eijsbouts SW, Hazebroek FWJ, et al. Nonpalpable testis: is there a relationship between 

ultrasonographic and operative findings? Pediatr Radiol. 2007;37:374-9. 

6  Snodgrass WT, Yucel S, Ziada A, et al. Scrotal exploration for unilateral nonpalpable testis. J Urol. 

2007;178:1718-21. 

7   Kirsch A, Escala J, Duckett JW, et al. Surgical management of the nonpalpable testis. J Urol. 

1998;159:1340-3. 

8  Gapany C, Frey P, Cachat F, et al. Management of cryptorchidism in children: guidelines. Swiss Med 

Wkly. 2008;138:33-4. 

9  Papparella A, Romano M, Noviello C, et al. The value of laparoscopy in the management of non-

palpable testis. J Pediatr Urol. 2010;6:550-4. 

10  Tasian GE, Copp HL, Baskin LS, et al. Diagnostic imaging in cryptorchidism: utility, indications, and 

effectiveness. J  Pediatr Surg. 2011;46:2406-13. 

11  Weickert U, Jakobs R, Siegel E, et al. Complications of diagnostic laparoscopy. Dtsch Med 

Wochenschr. 2005;130:16-20.



42



43

Conservative policy for acquired 
undescended testes is warrented

Annebeth Meij-de Vries*

Evelyn M van der Plas* 

Laszla M van der Voort-Doedens

Rob W Meijer

Wilfried WM Hack 

Joery Goede

* both authors contributed equally to this work

Submitted

2



44

Chapter two

ABSTRACT

Purpose

There is no consensus on the management of acquired undescended testes 

(UDT). This study evaluates a conservative approach to acquired UDT. It assesses 

spontaneous descent and short-term and long-term testicular volumes.

Methods

Boys referred for acquired UDT were treated by awaiting spontaneous descent 

until puberty and, in case of non-descent, by performing a pubertal orchidopexy. 

Annual follow-up, both before and after reaching scrotal position, included 

physical examination and ultrasonographic measurement of testicular volume. 

Results were compared with normative values.

Results

A total of 410 boys were included with 487 acquired UDTs. Of these acquired 

UDTs, 347 testes had reached scrotal position by the end of the study period: 

79.3% by spontaneous descent and 20.7% as a result of pubertal orchidopexy. An 

analysis was performed of 1,404 testicular volume measurements in 349 boys. 

At all ages, the volumes of the acquired UDTs were found to be smaller than the 

50th percentile of normative values for testicular volume. From the age of 17, 

spontaneously descended UDTs were larger than pubertal orchidopexied UDTs.

Conclusion 

Conservative approach of acquired UDTs results in volumes smaller than 

normal but comparable to acquired UDTs orchidopexied at diagnosis. If treated 

conservatively until puberty, acquired UDTs descend spontaneously in nearly 80% 

of the cases. Therefore, a conservative policy of acquired UDT is warranted.
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INTRODUCTION

Undescended testis (UDT) is a common pediatric urological abnormality. It is a well-

established risk factor for later subfertility 1,2 and testicular cancer.3 For congenital 

UDT, orchidopexy is recommended at 6 to 12 months of age. However, for acquired 

UDT, there has been considerable controversy in terms of its management. It is often 

maintained that surgical correction after diagnosis is mandatory.4,5 Nevertheless, 

both the underlying aetiology and the timing of the treatment may differ considerably 

between these two conditions.6,7 In the Netherlands, a conservative policy towards 

acquired UDT is usually followed in accordance with the Dutch consensus on non-

scrotal testes, 8 and orchidopexy is only performed at puberty in case of non-descent. 

So far, insufficient information has been available on the results of this conservative 

policy. These results should be compared to the results of orchidopexy at diagnosis. 

Therefore, we studied the results of a conservative policy of acquired UDTs in terms of 

ultrasonographically measured testicular volumes.

PATIENTS AND METHODS

A testis was defined as undescended if a non-scrotal testis could not be brought into a 

stable scrotal position and traction on cord structures was painful. A non-scrotal testis 

was defined as retractile testis if it could be brought into the scrotum to a low stable 

position where it remained until the cremaster reflex was elicited and traction on cord 

structures was not painful. 

The position of the UDT was further classified as high scrotal, inguinal and non-

palpable. We defined a congenital UDT as a UDT which had not been descended from 

birth, whereas an acquired UDT had previously been situated in the scrotum. Data on 

the previous testicular positions were obtained from the Youth Health Care Institution 

“Hollands Noorden”. 

Study design
From 1996 - 2012, we followed a cohort of boys who had been referred to our outpatient 

clinic for non-scrotal testis. If a diagnosis of acquired UDT was made, patients were 

treated conservatively and were invited for an annual follow-up visit. Surgery was 
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deferred and spontaneous descent was awaited until at least Tanner stage 3 was 

reached.9 If spontaneous descent still had not occurred at this stage, orchidopexy was 

performed. We continued the annual follow-up after spontaneous descent as well as 

after orchidopexy until the boys were 19 years old. None of the patients received any 

hormonal treatment.

Inclusion and exclusion criteria
Boys were included if acquired UDT had been diagnosed, either unilateral or bilateral, 

and if at least one ultrasound measurement of testicular volume had been performed. 

Boys were excluded if they had had previous inguinoscrotal surgery, chromosomal 

disorders, endocrine abnormalities such as growth hormone deficiency or if 

orchidopexy had been performed at diagnosis (request of the parents). Additionally, 

ultrasound measurements were excluded for testicular volume analyses if they had been 

performed at ages higher than 18 years or in boys with contralateral groin surgery and/

or testicular abnormalities.

General characteristics
Ethnical background, gestational age, birth weight and medical history were analysed. 

Annual follow-up
Annual follow-up included physical examination to assess puberty stage and testis 

position. Puberty stage was determined according to the Tanner stages.9 Testis position 

was assessed by a two-handed technique with the boy in a supine and crossed-legged 

position. 

In 2006, ultrasonographical measurement of testicular volume was introduced. All 

ultrasound examinations were performed with the same equipment (Falco Auto Image, 

Tomsk, Russia), using a 12-MHz linear array transducer. To prevent shape distortion of 

the testis, only gentle pressure was applied. Each testis was measured in the transverse 

and longitudinal dimensions and the volume was calculated using the approximation 

for a prolate ellipsoid: volume = length x width x height x π/6 ml. Of each testis, 

three separate measurements were performed and the highest value was taken as 

volume measurement. The epididymis was not included in the images. Parenchymal 

disturbances and Doppler flow were not performed. All examinations were performed 

by the same physician (WH).
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Subsequently, testicular volumes were compared with recently developed normative 

values,10 which had been determined with the same equipment and formula. Strong 

correlations were found between researchers WH and JG (R = 0.988).11

Orchidopexy
Surgical repositioning of the testis within the scrotal sac was performed by the same 

surgeon (RM). After inguinal exploration, if present, the open processus vaginalis was 

separated from the cord structures and ligated. Separation of the cremaster muscle and 

retroperitoneal funiculolysis were performed to mobilize the cord. Finally, the testis was 

fixated in the scrotum in a created Dartos pouch. 

Statistical analysis
All data were managed and analyzed with SPSS, version 20.0. Due to skewed 

distributions of ages and testicular volume, non-parametric statistical tests were used. 

The Mann-Whitney U test was used to calculate the differences in age and testicular 

volume for spontaneously descended testes versus testes orchidopexied during puberty. 

The Wilcoxon test was used to calculate the difference in testicular volume with the 

normative values, matched for age. The chi-squared test was used to test the relation 

between testis position at referral and outcome. We used multivariate regression 

techniques to analyze the effect on testicular volume of testis position at referral, age at 

referral, and duration of non-descent, corrected for age. A p-value of less than 0.05 was 

considered statistically significant. 

RESULTS

Study population 
During the period 1996 – 2012, 961 boys were referred to the outpatient clinic because 

of a non-scrotal testis. The testis was diagnosed as undescended in 733 boys. In 49 

cases, the UDT could not be classified, as previous testicular position was not available. 

In 180 boys (mean age 2.4 ± 1.8 years; range 0.1 - 10.1 years), the UDT was classified as 

congenital. In the remaining 504 boys (mean age 9.1 ± 2.5 years; range 2.1 - 18.1), the 

UDT had previously been situated in the scrotum and was diagnosed as acquired. In 55 

of these boys, no ultrasound had been obtained as they had been referred before 2006 
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and 39 boys were excluded for other reasons (listed in Figure 1). 

Consequently, 410 boys were included (mean age 9.1 ± 2.4 years; range 2.1 - 18.0 years). 

Of these, 333 patients (2.1 - 18.0 years; median 9.1) had a unilateral acquired UDT 

(199 right-sided, 134 left-sided), whereas 77 patients (4.3 - 14.9 years; median 8.4) 

had bilateral acquired UDT (p = 0.146); this resulted in 487 included acquired UDTs 

(Figure 1).

Figure 1  Flowchart of acquired undescended testes (number and age of boys) enrolled in this study and 
the outcome of testicular descent at the end of the study. 

General characteristics
In 369 of the 410 boys (90.0%), additional general characteristics were obtained. 

The majority of the boys were White (91.3%), 12 were Mediterranean (3.3%), 3 Asian 

(0.8%), and 17 were of mixed races (4.6%). Birth weight was more than 2500 grams in 

307 (83.2%) boys. Duration of pregnancy was 37 weeks or more in 329 (89.4%) boys.

Follow-up data 
At the end of the study period, 347 of the 487 (71.3%) acquired UDTs had reached a 
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scrotal position. Spontaneous descent occurred in 275 of these 347 testes (79.3%), while 

in the remaining 72 testes (20.7%) pubertal orchidopexy was performed. The mean 

age at spontaneous descent was 12.7 ± 1.4 years (range 9.8 - 16.8) and at orchidopexy 

it was 14.3 ± 1.4 years (range 11.0 - 18.3; p < 0.001). One boy was referred at the age 

of 18 years with an acquired UDT and was treated with orchidopexy. In three patients 

(12.5, 14.4 and 16.1 years of age) orchidopexy was indicated, but they underwent 

orchidectomy due to an atrophic testis.

At referral, of the 487 acquired undescended testes, 357 testes (73.3%) were in high 

scrotal position and 130 (26.7%) in inguinal position. Spontaneous descent occurred 

significantly more often in high scrotal forms (83.3%) than in inguinal forms (69.6%; 

p = 0.004).

Ultrasonographical examinations

Inclusion and exclusion

Ultrasound measurement were excluded in 37 boys because of contralateral groin 

surgery (n=17), epididymis cyste (n=12), hydrocele (n=5) and varicocele (n=3). In 

addition, in 24 boys ultrasound measurements were only available over the age of 

18; consequently, they were excluded. As a result, we included 1404 ultrasound 

examinations, in 349 boys, for testicular volume analysis.

The mean age at ultrasound was 12.2 ± 2.6 years (range, 4.1 - 18.5). Ultrasound 

measurement was performed once in 79 boys, twice in 80 boys, three times in 89 boys 

and four times or more in 162 boys. 

Testicular volume

Figure 2 shows the ultrasound measurements of testicular volumes, performed prior 

to testicular descent, compared to normative values. Different lines indicate the final 

outcome, i.e. spontaneous descent, pubertal orchidopexy or still in follow-up. At the 

ages of 11, 12 and 13 years, the UDTs were significantly smaller for testes which finally 

descended spontaneously compared to those which needed pubertal orchidopexy 

(p < 0.05). 

Figure 3 shows the mean testicular volume according to age, after reaching a scrotal 

position. Different lines indicate whether scrotal position had been reached by 

spontaneous descent or by orchidopexy. At the ages of 17 and 18 years, the mean 
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volume of the spontaneously descended testes was higher than the mean volume of the 

orchidopexied ones. At the age of 18, this was 10.7 ± 2.9 vs 7.6 ± 2.4 ml (p = 0.001). In 

both groups, the mean volume was significantly smaller than the 50th percentile of the 

normative values for the same age, at all ages above 13 years (p < 0.001). 

There was no significant correlation between testis position or age at referral and final 

testicular volume corrected for age (p = 0.81). The mean duration of non-descent 

(measured from referral to the last visit in which the testis was undescended) was 

3.5 ± 2.2 years (range, 0.1 - 13.0). No correlation was found between the duration of 

non-descent and final testicular volume corrected for age (p = 0.36).
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Testis volumes (ml) prior to 

spontaneous descent pubertal orchidopexy still in follow-up

Age n mean ± sd n mean ± sd p-value n mean ± sd

4 2 0.4 ± 0.2

5 5 0.3 ± 0.0

6 1    0.7 31 0.4 ± 0.1

7 8 0.3 ± 0.1 2 0.6 ± 0.1 0.65 57 0.3 ± 0.1

8 12 0.4 ± 0.1 1 0.6 0.11 59 0.4 ± 0.2

9 32 0.4 ± 0.2 5 0.6 ± 0.2 0.13 56 0.4 ± 0.2

10 53 0.5 ± 0.2 9 0.7 ± 0.3 0.05 60 0.4 ± 0.2

11 83 0.7 ± 0.3 16 1.1 ± 0.7 0.01 39 0.5 ± 0.2

12 54 0.8 ± 0.5 20 1.4 ± 0.6 < 0.01 22 0.7 ± 0.4

13 31 1.1 ± 0.5 33 1.9 ± 1.2 < 0.01 23 0.8 ± 0.5

14 15 1.5 ± 0.7 30 2.1 ± 0.9 0.06 7 1.9 ± 0.9

15 2 1.9 ± 1.2 16 2.3 ± 0.9 0.48 2 3.6 ± 0.1

16 3 3.8 ± 2.1

Figure 2 Mean volume (ml) of acquired undescended testes as measured by ultrasound prior to 
testicular descent. Different lines indicate final outcome; spontaneous descent ( ), orchidopexy 
(- - -) and still in follow up (• • •). Reference lines are normative values for testicular volume (10th, 50th 
and 90th percentile).
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Testis volumes (ml) after 

spontaneous descent pubertal orchidopexy p-value

Age n mean ± sd n mean ± sd

10 6 1.7 ± 1.6

11 24 1.6 ± 0.8 1 1.1 

12 80 2.2 ± 1.4 2 3.4 ± 1.2

13 85 3.3 ± 2.4 6 3.1 ± 1.2 0.73

14 103 4.8 ± 2.8 15 5.1 ± 1.5 0.30

15 78 7.2 ± 3.8 19 5.6 ± 1.6 0.12

16 60 8.0 ± 3.1 16 6.8 ± 3.4 0.18

17 52 9.4 ± 3.0 19 7.6 ± 2.4 0.02

18 30 10.7 ± 2.9 18 7.6 ± 2.4 <0.01

Figure 3  Mean volume (ml) of acquired undescended testes as measured by ultrasound after reaching 
scrotal position by spontaneous descent ( ) or pubertal orchidopexy (- - -). Reference lines are 
normative values for testicular volume (10th, 50th and 90th percentile).
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DISCUSSION

This study shows that if a conservative policy until puberty is followed for acquired 

UDTs, testis volume is smaller than normative values, both before and after reaching 

scrotal position. From the age of 17 years, spontaneously descended acquired UDTs 

are significantly larger than those needing pubertal orchidopexy. Moreover, it becomes 

clear from this study that if a conservative policy is followed until puberty, nearly 80% 

of the acquired UDTs descend spontaneously.

In congenital UDTs, orchidopexy is recommended at the age of 6 - 9 months.12 These 

recommendations are based on studies that show that early surgery gives a better germ 

cell development and catch-up growth of the testis 13 Recent data shows that the longer 

the congenital UDTs reside supra-scrotally, the more they exhibit impaired growth.14 

In addition to congenital UDT, the acquired form of UDT has been recognized.4,15,16 It 

affects 1.5% of prepubertal boys with a peak age between 6 and 12 years.17 However, 

there is no consensus on the best treatment for this form of UDT.18,19 In contrast to 

congenital UDT, an acquired UDT is located in the scrotum during the first years of life. 

This results in a normal postnatal germ cell development.19,20 Therefore, the extrapolated 

urge to bring the acquired UDT down as soon as possible after diagnosis is debatable.

Recently, we studied the long-term testicular volumes measured by ultrasound 

of acquired UDTs after orchidopexy at diagnosis; these were found to be smaller 

than normative values. 21,22 The current study evaluates the volumes measured by 

ultrasound of the acquired UDTs treated conservatively, with pubertal orchidopexy 

in case of non-descent. We found smaller volumes at almost all ages, both before and 

after reaching scrotal position, for the spontaneously descended as well as for the 

pubertal orchidopexied acquired UDTs. Focusing on the age of 18 years, we found a 

mean testicular volume of 9.5 ± 3.1 ml in the current study. There was no significant 

difference between this volume and the mean testicular volume of 8.1 ± 3.7 ml after 

orchidopexy at diagnosis (n = 38, p = 0.06).22 In addition, no correlation could be 

established between the duration of non-descent and the final testicular volume 

(p = 0.36). These findings support that diminished testicular growth is the result of 

testicular intrinsic abnormalities rather than thermal effects. 

In summary, it appears that the volume of the acquired UDT is smaller than normative 

values. Performing orchidopexy at diagnosis or following a conservative approach does 

not lead to any differences in long-term testicular volume. 
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However, there are other aspects of surgery at diagnosis versus a more conservative 

approach that should be considered. As shown in earlier reports 11,23 and confirmed 

by the present study, in 3 out of 4 boys an orchidopexy appears to be redundant if 

a conservative approach is chosen. Besides economic benefits, there are individual 

advantages in forgoing these operations; for example, anaesthesia on children can be 

harmful 24 and surgery has a considerable psychological impact on children and their 

parents.25

The natural history and testicular growth of part of the current study population has 

been reported previously.11 In this study, testicular volume was nearly always within 

the normal range, both after spontaneous descent and after pubertal orchidopexy. The 

difference between these results and our findings may be explained by the method 

used. In the earlier study, testicular volumes were assessed by Prader orchidometry and 

compared to the normative values according to Mul.26 Although Prader orchidometry 

correlates closely with the measurements by ultrasound, it overestimates the testicular 

volume, especially in small testes. Ultrasound measurements, as used in the present 

study, are found to be more accurate.27,28

The limitations of this study need to be addressed. Firstly, the diagnosis of acquired 

UDT is complicated. The physical examination and the distinction between retractile 

and UDT can be difficult. Furthermore, the distinction between congenital and 

acquired UDT was based on data on previous testis position, which were obtained from 

investigators of the Youth Health Care Institution. The accuracy of these data could not 

be tested. Secondly, as the number of volume measurements and the period of follow-

up per boy differs, the influence per boy on the data varies. Finally, we used testicular 

volume as a parameter for long-term outcome. Although several studies show strong 

correlations between testicular volume and testis functioning, 29,30 testicular volume 

remains an indirect measurement of testicular function.

 Based on our results we state that a randomised controlled trial on the management 

of acquired UDT is indicated; it should compare the results of orchidopexy at diagnosis 

and a more expectative approach, in order to reach final conclusions on the best 

treatment of acquired UDT. The long-term outcome on both fertility and the potentially 

increased risk of testicular malignancies should both be taken into account. Until then, 

physicians should inform boys and their parents about the two different options to 

choose from in the management of acquired UDT: awaiting spontaneous descent until 

puberty or orchidopexy at diagnosis.
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CONCLUSION

An expectative policy of acquired UDT results in nearly 80% of the UDTs reaching 

the scrotum by spontaneous descent. With regard to testicular volumes, all acquired 

UDTs are smaller than normative values, both before and after reaching the scrotum. 

However, these volumes are comparable to volumes after orchidopexy at diagnosis. 

Therefore, awaiting spontaneous descent does not seem to be detrimental, and a 

conservative policy of acquired UDT is warranted.
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ABSTRACT

Purpose

To study the natural course of undescended testes after inguinoscrotal surgery. 

Methods

From 2003-2010, 24 boys were observed with 26 undescended testes after 

inguinoscrotal surgery; 12 had previously undergone inguinal hernia repair and 12 

orchidopexy. Spontaneous descent was awaited and (re-)orchidopexy would only 

be performed in case of non-descent at puberty. The boys were assessed annually 

for testis position and for testis volume as measured by ultrasound. 

Results

At the end of the study period, 19 testes had reached scrotal position; of these, 13 

(68%) had descended spontaneously and 6 (32%) had been (re-)orchidopexied. 

No difference was found in the rate of spontaneous descent after previous 

orchidopexy or inguinal hernia repair (p = 0.419).

Conclusion

Spontaneous descent of undescended testes after inguinoscrotal surgery occurs 

regularly. It this study, it was observed in two out of every three cases.
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INTRODUCTION

After inguinal hernia repair or orchidopexy, the testis may gradually ascend out of 

the scrotum, resulting in a respectively iatrogenic undescended testis (UDT) and a 

congenital UDT despite orchidopexy. After orchidopexy, UDT has been described 

in 0.2 - 13% 1-6 and after inguinal hernia repair in 0.8 - 2.8%.7-11 Those UDT after 

inguinoscrotal surgery are usually treated surgically at diagnosis in the belief that scar 

tissue will prevent spontaneous descent at puberty. However, re-do surgery may further 

worsen fertility outcome.

In this article we describe the natural course of UDT after inguinoscrotal surgery and 

we hypothesize that spontaneous descent occurs at puberty. 

Methods

Design of the study
Since the 1990s, a cohort of boys with acquired UDT were monitored annually for 

puberty stage, testis position and testicular volume measurement by ultrasound at the 

outpatient department at the Medical Center Alkmaar. In accordance with the Dutch 

consensus on non-scrotal testis 12, a wait-and-see policy was followed for acquired UDT 

until puberty. If spontaneous descent did not take place at puberty stage 3, orchidopexy 

was performed. All measurements were carried out by the same physician (WH). In 

77.5% of cases, spontaneous descent was observed.13

Within this cohort, from 2003-2010, we recruited 29 boys, with 32 UDT after 

inguinoscrotal surgery who received the same policy. Boys were excluded if they were 

lost to follow-up or a re-operation was performed before they had reached puberty 

stage 3. 

Boys were categorized as ‘still in follow-up’ if, by the end of the study period, they 

had not reached puberty stage 3 and their UDT had not reached scrotal position. If by 

the end of the study period, the testis had reached scrotal position, the outcome was 

defined as either ‘spontaneous descent’ or ‘(re)orchidopexy’. The date of the outcome 

was defined as the day the boy was observed with a spontaneous descended testis at the 

outpatient department and the day the (re-)orchidopexy took place. 
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Data
Pediatric and surgical records were reviewed to confirm the diagnosis of ‘undescended 

testis after inguinoscrotal surgery’ and to collect data regarding: 

- type of primary surgery (orchidopexy or inguinal hernia repair)

- age at primary surgery

- age at referral

- outcome: still in follow-up / spontaneous descent / (re-)orchidopexy

- age at outcome

Testicular volume after spontaneous descent or (re-)
orchidopexy
Boys with spontaneously descended or (re-)orchidopexied testes were seen in follow-

up. Position was checked and an ultrasound was performed to measure testis volume. 

To measure the volume, the scanner was placed on the scrotum while exerting light 

pressure to avoid distorting the testicular shape. Grey-scale images of the testes 

were obtained in the transverse and longitudinal planes. Three separate transverse 

and longitudinal images were recorded for each testis. The epididymis was not 

included in the images. After maximum length, width and height were obtained in the 

ultrasonogram, these were measured and the volume was calculated with the formula 

for an ellipsoid, i.e. π/6 x length x width x height. For each testis, the highest value of 

the three testicular volumes was taken as volume measurement.

The volume of the spontaneously descended or (re-)orchidopexied testis was compared 

with the volume of its counterpart using the index of both testes: VSD or (re)ORP/Vcontralat. 

Besides, the volumes of the spontaneously descended or (re-)orchidopexied testes were 

plotted in the curve of normative values of testicular volumes.14

Definitions
A UDT was defined as a testis which could not be manipulated into a stable scrotal 

position in its most caudal location and further traction on cord structures was painful. 

This may include high scrotal as well as inguinal and impalpable forms.

Inguinoscrotal surgery was defined as surgery performed in the inguinal and/or scrotal 

region. This includes inguinal hernia repair or orchidopexy. Surgery was performed 

under general anesthesia.

Inguinal hernia repair involved an open procedure in which an inguinal incision and 



63

Undescended testes after inguinoscrotal surgery

exploration of the groin was followed by ligation of the open processus vaginalis.

Orchidopexy was performed as an open procedure involving an inguinal incision and 

exploration of the groin: if present, the open processus vaginalis was separated from 

the cord structures and ligated. Subsequently, separation of the cremaster muscle and 

retroperitoneal funiculolysis were performed to mobilize the cord. Finally, the testis was 

fixated in the scrotum by a scrotal incision in a created Dartos pouch.

A spontaneously descended testis was defined as a previously undescended testis which 

had descended to a stable painless scrotal position without any intervention.

Re-orchidopexies were performed through the original but extended inguinal incision. 

Exploration of the groin took place and, if necessary, further mobilization of vas and 

vessels as well as ligation of the processus vaginalis were carried out, followed by 

fixation of the testis in a created Dartos pouch.

Statistical analysis
All data were managed and analyzed with SPSS, version 14.0. Pearson’s chi-squared test 

was used to test the relationship between the type of primary surgery and the outcome. 

The Mann-Whitney U test was used to test the relationship between age (at primary 

surgery, at referral and at outcome) and follow-up periods. A p-value of less than 0.05 

was considered statistically significant. 

RESULTS

Study population
During an eight-year period (2003-2010), 29 boys with ages ranging from 2.2 – 13.4 

years (mean ± SD: 8.0 ± 3.0 years) were diagnosed with 32 UDT after inguinoscrotal 

surgery. Five boys were excluded: two boys were lost to follow-up, and three boys had 

undergone (re-)orchidopexy before reaching puberty stage 3. In two of these boys (age 4 

and 11 years, both orchidopexy as primary surgery), the indication for this re-operation 

stemmed from the belief that scar tissue would prevent spontaneous descent. Both boys 

appeared to have some scar tissue. The third boy had undergone an inguinal hernia 

repair as primary surgery and was 11 years old when he developed inguinal pain. As a 

testicular torsion was suspected, he was operated on. During the operation, a recurrent 

open processus vaginalis was found, which was closed, followed by fixation of the testis 
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in a created Dartos pouch. 

Exclusion of these 5 boys resulted in a total of 24 boys with 26 UDT after inguinoscrotal 

surgery. The baseline characteristics and relevant pathology of the study population are 

presented in Table 1.

Table 1  Baseline characteristics and relevant pathology of study population (n = 24).

 n = 24 %

 Nationality

   Dutch 17 70.8

   Turkish 2 8.3

   Moroccan 2 8.3

   Portuguese 1 4.2

   Unknown 2 8.3

Birth weight 

   ≥2500 gr 15 62.5

   <2500 gr 7 29.2

   Unknown 2 8.3

Pregnancy

   ≥37 wks 17 70.8

   <37 wks 5 20.8

   Unknown 2 8.3

Asthma and/or allergy 4 16.7

Attention deficit disorder 1 4.2

Chromosomal disorder (PXE) 1 4.2

Development disorder 4 16.7

Congenital urogenital disorders 3 12.5

 

Primary inguinoscrotal surgery
Of the 24 boys, 12 had undergone orchidopexy as primary surgery, and two of these 

had bilateral UDT. The remaining 12 boys had an iatrogenic UDT after inguinal hernia 

repair, and all of these boys had unilateral UDT. In other words, 14 of the 26 (54%) were 

congenital UDT despite orchidopexy and 12 (46%) were iatrogenic after inguinal hernia 

repair.



65

Undescended testes after inguinoscrotal surgery

Age at primary surgery
Mean age at primary surgery (n = 24) was 2.5 ± 2.0 years (range 0.1 to 8.8 years), with 

a mean age for orchidopexy of 2.7 ± 1.4 years (range 0.2 to 4.5 years) and for inguinal 

hernia repair of 2.3 ± 2.6 years (range 0.1 to 8.8 years). No significant difference was 

found (p = 0.326).

Time between primary surgery and referral
With a mean age at referral (n = 24) of 7.9 ± 2.9 years (range 2.2 to 13.4), the interval 

between primary surgery and referral was 1.2 to 10.0 years (mean 5.4 ± 2.8 years). 

The interval for boys who had previously undergone orchidopexy (n = 12) was 2.2 to 

10.0 years (mean 6.0 ± 3.0 years) and for the boys who had undergone inguinal hernia 

repair (n = 12), the interval was 1.2 to 9.1 years (mean 4.8 ± 2.7 years) (p = 0.326).

Follow-up period 
The interval between referral and outcome varied from 0.2 to 8.9 years (mean 3.8 ± 2.6 

years). 

Outcome 

Still in follow-up

Six of the boys with 7 of the 26 UDT (27%) were still in follow-up at the end of the study 

period. At that moment, the boys’ ages were 6.1 to 14.0 years (mean 9.6 ± 2.7 years). 

The remaining 19 testes had reached the scrotal position and could be analyzed.

Spontaneous descent

Of the 19 UDTs, 13 had descended spontaneously (68%). The age at spontaneous 

descent was 8.6 to 13.8 years (mean ± SD: 11.6 ± 1.9), which was 5.2 to 13.3 years (mean 

± SD: 8.9 ± 2.4 years) after primary surgery and 1.2 to 7.1 years (mean ± SD: 4.2 ± 2.0 

years) after referral. 

Re-operation

In 6 of the 19 UDT (32%), (re-)orchidopexy had to be performed as spontaneous 

descent had not occurred before reaching puberty stage 3. Age at (re-)orchidopexy was 

13.1 to 14.3 years (mean 13.7 ± 0.4 years). The cases are summarized in Table 2. Most 
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re-operations were characterized by scar tissue in the former operation area. In two 

cases, the surgeon decided to perform an orchidectomy due to atrophy of the testis. 

Both boys were 14 years old. In the first boy, known with Pseudoxanthoma Elasticum, 

pathology of the testis revealed a testis of 4 x 1 x 1 cm (volume 2.1 ml) with atrophic 

signs and microlithiasis but no other abnormalities. In the other boy, pathology showed 

a testis of 3 x 3 x 1.5 cm (7.1 ml) with normal testis tissue. 

Table 2  Cohort of patients in whom (re-)orchidopexy was indicated: type of primary surgery, age, 
perioperative findings and procedure performed.

Primary 
surgery

Age at 
(re-)
ORP

Perioperative findings Procedure 
performed

IHR 13 some scar tissue ORP

IHR 13 testis in SIP, scar tissue at the internal 
inguinal ring 

ORP

ORP 14 firm scar tissue re-ORP

ORP 14 atrophic testis in scar tissue ORE

IHR 14 some inguinal scar tissue ORP

ORP 14 firm inguinal scar tissue with high-scrotal 
atrophic testis

ORE

(re-)ORP = (re-)orchidopexy 
IHR = inguinal hernia repair 
ORE = orchidectomy 
SIP = superficial inguinal pouch

Of the UDT after inguinoscrotal surgery 4/7 (57%) after inguinal hernia repair versus 

9/12 (75%) after orchidopexy descended spontaneously. With a p-value of 0.419 this is 

not a significant difference in chance of spontaneous descent.

Testicular volume after spontaneous descent or (re-)
orchidopexy 
Of all 13 UDT after inguinoscrotal surgery that had descended spontaneously, volume 

was measured with ultrasound. During ultrasound, the boys were 10.9 to 16.9 years old 

(mean 13.6 ± 1.9 years), and the interval after spontaneous descent was 0 to 5.2 years 

(mean 1.9 ± 1.7 years).
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The volume of the spontaneously descended UDT after inguinoscrotal surgery was 1.1 to 

11.0 ml (mean 4.7 ± 3.2 ml), and the volume of the contralateral testis was 1.9 to 16.4 ml 

(mean 7.5 ± 4.7 ml). The laterality index ranged from 0.4 to 1.2 (mean 0.8 ± 0.3).

Of the 6 boys (with 6 UDT after inguinoscrotal surgery) who were re-operated, 2 

underwent an orchidectomy and one did not receive an ultrasound postoperatively. The 

remaining 3 boys underwent an ultrasound examination at the age of 13.4, 15.4 to 16.2 

years, with an interval after (re-) orchidopexy of 0.3, 1.5 and 2.8 years, respectively. 

The volumes of the (re-)orchidopexied testes were 3.5, 7.5 and 8.4 ml. The volumes of 

the corresponding contralateral testes were 6.6, 14.2 and 11.0 ml, resulting in laterality 

indexes of 0.5, 0.5 and 0.8. 

Figure 1 shows the testicular volumes measured by ultrasound of the spontaneously 

descended testes (n) and (re-)orchidopexied testes (O), plotted in the curve for normal 

testicular values.14 

Figure 1  Testicular volumes measured by ultrasound of the spontaneously descended testes (n=13) 
(n) and (re-)orchidopexied testes (n=3) (O), plotted in the curve for normal testicular values.14 
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DISCUSSION

This study shows that descent occurs spontaneously in 68% of UDT after inguinoscrotal 

surgery, both after orchidopexy and after inguinal hernia repair. 

The UDT after orchidopexy may be due to insufficient (retroperitoneal) mobilization of 

vas and vessels, inadequate high ligation of patent processus vaginalis and/or deficient 

intrascrotal testicular fixation.1,3-5,15 Furthermore, the pathogenesis of UDT after 

inguinoscrotal surgery may include entrapment of the testis or cord in scar tissue in 

the groin region.7-9 Surgery is usually recommended at diagnosis in the belief that scar 

tissue will prevent spontaneous descent at puberty.1,4-6,15 However, some authors suggest 

that re-do surgery may further compromise fertility outcome.16 In our experience, 

most testicles were indeed found in firm scar tissue which makes iatrogenic injury to 

the testicle probable during re-orchidopexy. To the best of our knowledge there are 

no long-term follow-up studies on fertility outcome after re-do surgery for UDT after 

inguinoscrotal surgery.

Spontaneous descent of congenital as well as of acquired undescended testis is a well-

known phenomenon. Of the 3-5% of boys in whom the testis is undescended at birth, 

only 1% needs orchidopexy, due to spontaneous descent during the first months of 

life.17-19 Moreover, in acquired UDT, a similar proportion of cases (57-78%) descends 

spontaneously at puberty.13,20 This study is the first to report that spontaneous descent 

can also occur in UDT after inguinoscrotal surgery. It has been observed in two out of 

every three patients, both after inguinal hernia repair and after orchidopexy.

The limitations of this study need to be addressed. First, a critical comment should be 

made about the orchidectomy performed on two boys, both aged 14. If until puberty 

conservative therapy will result in atrophy and orchidectomy, this does not warrant a 

wait-and-see policy until puberty. The testes found during re-operation had a volume 

of 2.1 and 7.1 ml. If these volumes are compared with the normative testicular volume 

values found by Goede et al 14, they are at the 10th and > 50th centile for age, respectively. 

Pathology of both testes did not show any alarming abnormalities. Therefore, it is 

debatable whether these testes needed to be removed.

Moreover, this study concerns only a small number of boys. Therefore, statistical 

analysis of the testicular volumes of the spontaneously descended and (re-)

orchidopexied testes was not possible. In addition, it is likely that subgroup analysis 

would not have reached significance levels. For instance, the distinction whether the 
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primary surgery was an inguinal hernia repair or an orchidopexy seems to differ for 

the chance of spontaneous descent (respectively 4/7 vs 9/12). Nonetheless, statistical 

analysis shows a p-value of 0.419. Therefore, we could not demonstrate a difference in 

spontaneous descent between those subgroups. In addition, we do not suggest a different 

policy for an iatrogenic UDT after inguinal hernia repair and a congenital UDT despite 

orchidopexy. Additional analysis with larger numbers of patients needs to be performed.

CONCLUSION

Spontaneous descent of UDT after inguinoscrotal surgery occurs. In our study, this was 

observed in two out of every three cases. It is as yet unknown whether a conservative 

attitude will improve fertility potential in comparison to (re-)orchidopexy at diagnosis; 

this should be further examined in a randomized controlled trial.
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ABSTRACT

Background 

It has been speculated that a non-scrotal position of the testis predisposes to 

torsion. The aim of this study was to evaluate the risk for testicular torsion in 

acquired undescended testis while at a non-scrotal position.

Methods

During a 17 year period (1996-2012) all patients referred to the outpatient clinic 

with an acquired undescended testis were requested to participate in a long-term 

evaluation with an annual follow-up during a wait-and-see policy until puberty. 

Possible testicular torsion during this period was assessed by questionnaires and 

physical examinations.

Results

In total 458 patients, with 544 acquired undescended testes, were included. 

During 2664 testis-years of follow-up (mean ± SD; 4.9 ± 3.3 years), none of the 

patients developed a torsion of the testis; one patient presented with a torsion of 

the appendix testis. 

Conclusion

Testicular torsion of the acquired undescended testis appears to be rare. 
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INTRODUCTION

Undescended testis (UDT) occurs in 1% of boys and is associated with impaired 

spermatogenesis and an increased risk of testicular malignancy.1-3 Orchidopexy is 

often performed aiming for preserving germinal epithelium but also because of a 

presumed increased risk of torsion of the testis located in the groin area.4 Williamson 

et al estimated testicular torsion would be ten times more common in undescended 

than in normal scrotal testes.5 Others describe it as a relatively rare phenomenon and 

underline the need of more evidence of the incidence of torsion of the UDT.6 UDT may 

be manifested at birth as congenital cryptorchidism or later in childhood as acquired 

UDT. For acquired UDT, we have followed a ‘wait and see’-policy, awaiting spontaneous 

descent at puberty. Therefore, we were able to observe the occurrence of testicular 

torsion in boys with acquired UDT situated in the groin for a longer period of time. We 

hypothesize that torsion of the acquired UDT is rare.

MATERIALS AND METHODS

Study population
This report concerns part of a survey on boys referred to our outpatient clinic for non-

scrotal testis. Further details of this survey can be found in previous publications.7,8 

During the period 1996 – 2012, all patients referred to the outpatient clinic and 

diagnosed with acquired UDT were requested to participate in a long-term evaluation. 

Prepubertal surgical intervention was actively withheld, in accordance with the Dutch 

consensus on non-scrotal testes.9 Pubertal orchidopexy was only performed in case of 

non-descent. 

We included all boys in whom acquired UDT was diagnosed, uni- or bilaterally.

Boys were excluded when the UDT had developed after previous inguinoscrotal surgery 

or if an orchidopexy at diagnosis was performed.

Study design
At annual follow-up a questionnaire was used that included inguinal or scrotal 

complaints and inguinoscrotal surgery. Physical examination for pubertal stage and 
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testis position and testicular ultrasound were performed. 

Data were managed with SPSS, version 20.0. Testis-years of follow-up for all acquired 

UDTs were calculated from referral until spontaneous descent, pubertal orchidopexy (in 

cases of non-descent) or the end of the study, December 2012.

Definitions
UDT was defined as a testis which could not be manipulated in a stable scrotal position 

and further tension on cord structures was painful. Acquired UDT is defined as a UDT 

previously situated in the scrotum. The scrotal position should have been documented 

at least twice by youth health care physicians.7

RESULTS

Study population
During a 17 year period (1996-2012), 504 boys were diagnosed with acquired UDT 

at our outpatient clinic. We excluded 46 boys for further analysis, due to previous 

inguinoscrotal surgery (hernia inguinalis repair n=13, orchidopexy n=16), 13 boys/

parents preferred an orchidopexy directly after diagnosis and 4 boys were lost to 

follow-up after the first visit. We included 458 boys with a mean age at referral of 9.2 ± 

2.4 years. Unilateral UDT was present in 372 patients (190 right-sided, 182 left-sided) 

and 86 were found to have bilateral acquired UDT. During the ‘wait and see’-period, 

in 235 boys (280 testes) spontaneous descent had occurred. In 65 boys (74 testes) no 

spontaneous descent had occurred and pubertal orchidopexy was performed. At the end 

of the study 158 boys (190 testes) were still in follow-up, with a mean age of 9.6 ± 2.2 

years (Figure 1). The 458 included patients, with 544 acquired UDT, had a mean follow-

up of 4.9 ± 3.3 years per UDT which resulted in 2664 testis-years of follow up. 

Torsion of acquired UDT
During the ‘wait and see’-period 2 patients had presented with inguinal pain at the 

site of the UDT and were suspected for a testicular torsion. Both underwent a surgical 

exploration. In one patient (age 10 years) there were no abnormalities found, in the 

other patient (age 11 years) a torsion of the appendix testis was found. In both cases an 

orchidopexy was performed.
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spontaneous 
descent
n = 280

(235 boys,
age: 15.7 ± 2.7)

pubertal
orchidopexy

n = 74

(65 boys,
age: 16.7 ± 2.7)

still in
follow-up
n = 190

(158 boys,
age: 9.6 ± 2.2)

inclusion
n = 544

(458 boys,
age: 9.2 ± 2.4)

Figure 1  Number of acquired undescended testes included for follow-up in the Medical Center 
Alkmaar (1996-2012).

DISCUSSION

During 2664 testis-years of follow-up no torsion of the acquired UDT was seen and one 

torsion of the appendix testis. These data show us that testicular torsion of the acquired 

UDT is rare. 

Surgical correction at the time of diagnosis is usually recommended for acquired 

UDT.10,11 The presumed greater risk of testicular torsion is one of the arguments to 

advocate orchidopexy at diagnosis for acquired UDT.4,12

In this study a conservative attitude for acquired UDT was followed, thus restricting 

orchidopexy to cases of non-descent at puberty. Spontaneous descent occurred in 

78%. As no torsion of the acquired UDT was seen in 2664 testis-years of follow-up, we 

question whether the risk of torsion should be an argument for surgical correction at 

the time of diagnosis.

Furthermore, operative treatment of acquired UDT has also negative consequences.

Ultrasonographic studies show abnormalities in the majority of the orchidopexied 

testes 13 and orchidopexy may lead to complete atrophy in 1-5 %.14 Further, recently 

two studies showed a significantly smaller testicular volume in boys and adolescents 

after orchidopexy at diagnosis of acquired UDTs compared to normative values.15,16 

In addition, the psychological and economical impact of surgery should be taken into 

account as in 3 out of 4 cases of acquired UDT surgery seems to be unnecessary.
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Testicular torsion has a bimodal age distribution, occurring either soon after birth or 

more commonly at puberty. In the United States the estimated incidence of testicular 

torsion for males aged 1 to 25 years is 4.5 cases per 100 000, and 8.6 cases per 100.000 

male subjects per year, aged 10 to 19 years.17 Zhao et al found an estimated yearly 

incidence of testicular torsion for males younger than 18 years of age of 3.8 per 100 

000.18 The incidence of testicular torsion is believed to be higher in patients with UDT 

compared to normally descended testes.4,19 This belief is based on retrospective studies 

analyzing the percentage involving UDT in all cases of torsion, not further specified for 

congenital or acquired. For example, a 25 year review of testicular torsion in Bristol 

described a total of 670 cases of testicular torsion. Among these, 41 (7%) occurred in 

UDT, age range from 2 months to 34 years. The salvage rate of torsion in UDT was 

poor, 70% coming to orchidectomy.20

In this prospective study, no torsion of the acquired UDT during 2664 follow-up years 

was seen. We studied acquired UDT while the increased risk described in the literature 

may concern mostly congenital UDTs. Both entities may differ in pathofysiology.21,22 

The mechanism of torsion in UDT remains unclear, it may be related to an abnormal 

contraction of the cremaster muscles causing spermatic twist or a greater broadness of 

the testis compared to its mesentery.23

In our survey, one patient was diagnosed with a torsion of the appendix of the UDT. As 

far as we could ascertain there are no data on the risk of torsion of the appendages in 

UDT. Recently the first case-report of a torsion of the appendix testis in a UDT has been 

described.24

Whether rare or not, it is essential to underline the importance of early recognition, 

diagnosis and treatment of torsion in any child presenting with an empty hemiscrotum 

and concerning symptoms. The case reports regarding torsion of UDT mainly focus on 

the poor salvage and describe boys with -most likely congenital- UDTs, with a salvage 

rate of 10% to 50%.12,25-27

Our findings should be interpreted in light of their limitations. First, the size of our 

cohort in combination with the low incidence of testicular torsion is an important 

limitation. Incidences of rare conditions as testicular torsion should preferably studied 

in very large cohort studies. Otherwise, due to our ‘wait and see’-policy, including 

annually follow-up, we have a unique complete database of a relatively large cohort of 

acquired UDTs. Secondly, no control group was available. A case-control study would 

give more insight in the true incidence of testicular torsion in acquired UDT compared 
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to scrotal testis. At last, as we studied the acquired UDT during the non-scrotal period, 

the question remains whether a spontaneously descended acquired UDT is at greater 

risk for torsion.

In our survey we were able to observe a large cohort of boys with UDT. Nevertheless, in 

order to draw a firm conclusion about the risk of testicular torsion in boys with acquired 

UDT compared to boys with normally descended testes, a case-control study should be 

performed with a long-term follow-up of sufficient boys with acquired UDT and boys 

with scrotal testes.

CONCLUSION

Our study shows that torsion of acquired UDT while at a non-scrotal position seems to 

be rare. In addition, we dispute that the risk of torsion is an argument to orchidopexy 

an acquired UDT.
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ABSTRACT

Background

Perioperative surgical findings in congenital and acquired undescended testes 

(UDT) were prospectively assessed.

Methods

We included all boys with congenital or acquired UDT who underwent 

orchidopexy at our hospital between January 2006 and August 2009. 

Perioperatively, we scored the position and volume of the testis, the insertion 

of the gubernaculum, the patency of the processus vaginalis, and the obtained 

position.

Results

We included 69 boys (aged 0.9-14.6 years) with 76 congenital UDT and 28 boys 

(aged 2.2-18.5 years) with 30 acquired UDT. In the congenital group, the testis 

was in intracanalicular position in 55 cases (72%), whereas in the acquired UDT 

group, this was in 11 cases (37%; p = .001). The insertion of the gubernaculum was 

at the bottom of the scrotum in 13 cases (17%) of the congenital UDT group and in 

12 cases (40%) of the acquired UDT group (p = .05). The processus vaginalis was 

open in 63 cases (83%) of the congenital and in 9 cases (30%) of the acquired UDT 

group (p = .001).

Conclusion 

Compared to congenital UDT, acquired UDT are more likely to be situated in the 

superficial inguinal pouch, to have a normal insertion of the gubernaculum, and to 

have a closed processus vaginalis.
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INTRODUCTION

Undescended testis (UDT) is a common genital abnormality in boys. At present, it is 

categorized into congenital and acquired forms.1,2 The etiology of congenital UDT is 

multifactorial with hormonal, genetic, and environmental influences.3,4 However, the 

pathogenesis of acquired UDT is less well-known. Possible etiologic factors include 

a persistent processus vaginalis, which allows the testis to ascend 5,6, spasticity of the 

cremaster muscle 7, and a relative cranial migration of the testis as the boy grows.8 In 

this prospective study, we report on the perioperative surgical findings of congenital 

and acquired UDT. These findings may contribute to a further clarification of the 

enigma of acquired UDT.

METHODS

Population
We included all consecutive boys younger than 19 who underwent orchidopexy for uni- 

or bilateral UDT in our hospital between January 2006 and August 2009. We excluded 

boys who had had former inguinal surgery (secondarily acquired UDT), boys with 

chromosomal abnormalities, and boys whose testes were preoperatively found to be 

positioned low in the scrotum.

Definitions
A retractile testis was defined as a nonscrotal testis that can be manipulated into a low 

scrotal position, where it remains in a stable position until the cremasteric reflex is 

elicited, whereas traction on cord structures is not painful.

A UDT was defined as a testis that cannot be manipulated into a stable scrotal position 

in its most caudal position and further traction on cord structures is painful.

Congenital UDT was defined as a UDT that has not been descended previously, and an 

acquired UDT was defined as a UDT that was previously descended.

Design of the study
All boys referred to the outpatient clinic for nonscrotal testis were seen by the same 

pediatrician (WH). Each boy underwent a full physical examination. Testis position was 
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determined with a 2-handed technique, both with the patient in supine position and in 

squatting position. If the testis was diagnosed as undescended, it was categorized into 

congenital or acquired, based on information on previous testicular position obtained from 

the Youth Health Care Institution Hollands Noorden. This is an institute for youth health 

care which examines from birth all children according to a fixed schedule. With this, the 

position of the testes is assessed and noted several times during the first years of life.

For boys with a congenital UDT, orchidopexy was planned around the age of 12 months. 

If referral occurred after the boy’s first birthday, orchidopexy was performed within a 

few weeks of referral.

If the UDT was diagnosed as acquired, a “wait-and-see” policy was followed until 

puberty, in accordance with the Dutch Consensus on nonscrotal testis.9 If descent had 

not already taken place, orchidopexy was performed at puberty (stage 3 according to 

Tanner, with testis volume measuring 10-15 ml).

Orchidopexy
All orchidopexys were performed in boys under general anesthesia as an outpatient 

procedure. Before the start of the operation, the position of the testis was verified. If an 

inguinal position of the testis was expected, orchidopexy was started with an inguinal 

incision. Subsequently, exploration of the groin took place to assess testis position and 

volume.

The testis was mobilized, and if present, the open processus vaginalis was separated 

from the cord structures and ligated.

Retroperitoneal funiculolysis and separation of the cremaster muscle was performed 

to mobilize the cord. Finally, the testis was fixated scrotally by a scrotal incision in a 

created dartos pouch.

If an abdominal position of the testis was expected, a laparoscopic approach was 

chosen. If the testis was indeed found in the abdomen, it was laparoscopically brought 

into the inguinal canal and the procedure was followed as described above. All 

orchidopexys were performed by the same surgeon (RM).
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Surgical findings
During orchidopexy, the following items were scored:

Testis position

With the least as possible manipulation, the position of the testis was assessed as 

absent, abdominal (proximal to the internal inguinal ring), canalicular (between 

internal and external ring), superficial inguinal pouch (beyond the external ring), or 

high scrotal (just inside the scrotum).

Testis volume

During orchidopexy, the volume of the UDT was judged visually as being of normal 

size for age, small for age or atrophic. No orchidometrical or ultrasonographical 

measurements were performed.

Gubernaculum insertion

The location of the insertion of the gubernaculum was assessed by pulling at the 

gubernaculum and determining where the retraction occurred. This was scored as at the 

bottom of the scrotum (normal) or as upper scrotum, external annulus, elsewhere in the 

groin, or absent (all abnormal).

Processus vaginalis

The processus vaginalis was judged as being open or closed. No distinction was made 

between wide or slightly open processus vaginalis.

Obtained testis position

The testicular position after orchidopexy was categorized as high scrotal, mid scrotal, 

low scrotal, or absent.

Statistical analysis
All data were analyzed with SPSS, version 14.0 (SPSS Inc, Chicago, Ill). The Mann-

Whitney test was used to calculate the differences in age at operation between all 

groups. To compare the differences in surgical findings, we performed statistical 

analysis using the Fisher’s Exact test. A p-value of less than .05 was considered 

statistically significant.
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Ethical approval
This study was approved by the Ethical Committee of the Hospital 

(reference no. M06 - 033).

RESULTS

Number of boys and diagnosis
We saw 103 boys with an indication for orchidopexy because of UDT. Six patients with 

a mean age of 7.9 years (range, 1.3-14.3 years) were excluded. One boy had Klinefelter’s 

syndrome, and in another boy, the testis appeared to be positioned low in the scrotum. 

Four other boys were excluded because their UDT was secondarily acquired (2 after 

hernia repair, 2 after orchidopexy).

Of the 97 included boys, 9 had bilateral UDT and 88 had unilateral UDT (45 left-sided, 

43 right-sided).Congenital UDT was diagnosed in 69 boys (7 bilateral and 62 unilateral, 

of which 33 were left-sided and 29 right-sided), and 28 boys were diagnosed with an 

acquired UDT (2 bilateral and 26 unilateral, of which 14 were left-sided and 12 right-

sided).

In the acquired UDT, in 2 of 30 (6.7%) cases, a previous scrotal position was 

documented at least once, in 10 of 30 (33.3%) at least twice, in 4 of 30 (13.3%) at least 3 

times, and in the remaining 14 of 30 (35%) cases more than 3 times.

There was no significant difference between the congenital and acquired group in the 

division of unilateral and bilateral UDT (Figure 1).

Age at operation
The age at orchidopexy in the congenital group ranged from 0.9 to 14.6 years (mean ± 

SD, 1.5 ± 2.25 years) and in the acquired group from 2.2 to 18.5 years (14.5 ± 3.7 years; 

p<.001) (Figure 2).

Approach of orchidopexy
An inguinal approach was chosen for 92 boys. In 5 boys, a laparoscopic approach was 

chosen for nonpalpable UDT. All 5 boys had congenital UDT, which was bilateral in 

one of the boys. Of these 6 nonpalpable testes, 4 were found in the abdomen. Three of 

these abdominal testes could be placed into the scrotum (in one boy of 2.1 years with 
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bilateral UDT and a boy of 1.8 years), and one abdominal testis was removed because 

the funiculus was too short (in a boy of 3.7 years). In a 1.7-year-old boy, the testis was 

found atrophic in the inguinal canal and was removed. In one boy (1.5 years), only a 

blind-ending cord structure was found.

Figure 1  Flowchart of boys included in this study with congenital or acquired UDT.
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n = 97
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n = 69

congenital
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n = 28
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UDT

n = 30

unilateral

n = 62

unilateral

n = 26

bilateral

n = 7

bilateral

n = 2

Orchidectomy
Orchidectomy was performed in 7 cases. In 6 of the boys, the surgeon considered the 

testis to be too atrophic for an orchidopexy (5 congenital UDT, age at operation, 1.3-6.7 

years [mean, 2.8 ± 2.2 years]; one acquired UDT, age at operation, 18.5 years). In one 
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boy, the testis was removed as a result of a funiculus that was too short (congenital 

UDT, age at operation, 3.7 years).

Figure 2 The numbers of congenital and acquired UDT operated vs age at orchidopexy.

Anatomical findings
The perioperative surgical findings of the congenital and the acquired form of UDT are 

listed in Table 1.

Testis position

In the congenital group, 57 (75%) of the 76 testes were in intracanalicular position. 

In the acquired group, 11 (37%) of the 30 testes were in intracanalicular position (p < 

.001), whereas the other 19 (63%) were located in the superficial inguinal pouch.
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Table 1 Surgical findings in a cohort of congenital and acquired UDT, indicated for orchidopexy.

congenital UDT 
n = 76

acquired UDT 
n = 30

p-value*

Testis position 

  absent 3 (4) 0 NS

  abdominal 4 (5) 0 NS

  intracanicular 56 (74) 11 (37) <.001

  superficial inguinal pouch 11 (15) 19 (63) <.001

  high scrotal 2 (3) 0 NS

Testis volume 

  absent 3 (4) 0 NS

  normal 63 (83) 5 (17) <.001

  small for age 4 (5) 24 (80) <.001

  atrophic 6 (8) 1 (3) NS 

Gubernaculum insertion

  absent 10 (13) 0 .03

  bottom of scrotum 13 (17) 12 (40) .01 

  upper scrotum 43 (57) 17 (57) NS

  external annulus 3 (4) 1 (3) NS

  elsewhere in groin 7 (9) 0 NS

Processus vaginalis

  open 63 (83) 9 (30) <.001

  closed 13 (17) 21 (70) <.001

Obtained testis position

  high scrotal 12 (16) 5 (17) NS

  mid scrotal 10 (13) 3 (10) NS

  low scrotal 45 (59) 21 (70) NS

  absent 9 (12) 1 (3) NS

* Fisher’s Exact Test

Testis volume

In 63 (83%) of the 76 congenital UDT the volume was judged as normal, in 4 (5%) as 

too small for their age and in 6 (8%) as atrophic. Of the 30 acquired UDT, in 5 (17%) the 

testis volume was considered normal (p < .001), in 24 (80%) it was judged as too small 

for their age (p < .001) and in 1 (3%) as atrophic.
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Gubernaculum insertion

In the congenital group, the gubernaculum was absent in 8 of the boys, whereas in 

the acquired group all boys had a gubernaculum (p = .03). In both groups, in 57% the 

gubernaculum was inserted high in the scrotum (not significant [NS]). In the congenital 

group, there was a normal insertion (at the bottom of the scrotum) in 13 (17%) of the 76 

cases and in the acquired group in 12 (40%) of the 30 cases (p = .01).

Processus vaginalis

The processus vaginalis was open in 63 (83%) of the 76 cases in the congenital group 

and in 9 (30%) of the 30 cases in the acquired group (p < .001).

Obtained testis position

The testis was brought low into the scrotum in 45 (59%) of the 76 cases of congenital 

UDT and in 21 (70%) of the 30 cases of acquired UDT (NS) (Figure 3).

Figure 3  Schematic drawing of the position of the UDT before (A) and after (B) orchidopexy. (A) At 
the right side, the congenital UDT, proximal to distal: abdominal (4), intracanalicular (56), superficial 
inguinal pouch (11), high scrotal (2), and absent (3); at the left side, the acquired UDT: intracanalicular 
(11) and in superficial inguinal pouch (19). (B) At the right side, the congenital UDT with proximal to 
distal: high scrotal (12), mid scrotal (10), low scrotal (45), and absent (inclusive removed) (9); at the left 
side, the acquired UDT: high scrotal (5), mid scrotal (3), low scrotal (21), and removed (1).
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Unilateral vs bilateral UDT
We included 88 unilateral UDT, 62 of which were congenital, with an age at operation 

of 0.9-14.6 years (mean, 2.6 ± 2.3 years), and 26 acquired UDT, with an age at 

operation of 2.3 to 18.5 years (mean, 13.5 ± 4 years). We studied 18 bilateral UDT, 14 

of which were congenital, with an age at operation of 0.9 to 4.6 years (mean, 2.3 ± 1.5 

years), and 4 were acquired, with an age at operation of 13.4 to 14.6 years (mean, 14 ± 

0.7 years).

Both in the congenital and the acquired group, the differences in age at operation and in 

surgical findings between unilateral and bilateral UDT were not significant.

However, there was one exception: the obtained low scrotal position of the testis in the 

congenital group; 33 (53%) of the 62 cases of unilateral UDT vs 12 (86%) of the 14 cases 

of bilateral UDT were brought in a low scrotal position (p = .02) (Table 2).
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Table 2  Surgical findings in a cohort of congenital and acquired UDT, indicated for orchidopexy, 
subdivided into unilateral and bilateral UDT.

congenital UDT acquired UDT

unilateral 
n = 62

bilateral 
n = 14

p-value* unilateral 
n = 26

bilateral 
n = 4

p-value*

Testis position 

  absent 3 (5) 0 (0) NS 0 (0) 0 (0) NS

  abdominal 2 (3) 2 (14) NS 0 (0) 0 (0) NS

  intracanicular 48 (78) 8 (57) NS 9 (35) 2 (50) NS

  superficial inguinal pouch 7 (11) 4 (29) NS 17 (65) 2 (50) NS

  high scrotal 2 (3) 0 (0) NS 0 (0) 0 (0) NS

Testis volume 

  absent 3 (5) 0 (0) NS 0 (0) 0 (0) NS

  normal 50 (80) 13 (93) NS 3 (12) 2 (50) NS

  small for age 3 (5) 1 (7) NS 22 (85) 2 (50) NS

  atrophic 6 (10) 0 (0) NS 1 (4) 0 (0) NS

Gubernaculum insertion

  absent 10 (16) 0 (0) NS 0 (0) 0 (0) NS

  bottom of scrotum 8 (13) 5 (36) NS 10 (39) 2 (50) NS

  upper scrotum 36 (58) 7 (50) NS 15 (58) 2 (50) NS

  external annulus 3 (5) 0 (0) NS 1 (4) 0 (0) NS

  elsewhere in 

  groin 5 (8) 2 (14) NS 0 (0) 0 (0) NS

Processus vaginalis

  open 51 (82) 12 (86) NS 9 (35) 0 (0) NS

  closed 11 (18) 2 (14) NS 17 (65) 4 (100) NS

Obtained testis position

  high scrotal 10 (16) 2 (14) NS 5 (19) 0 (0) NS

  mid scrotal 10 (16) 0 (0) NS 3 (12) 0 (0) NS

  low scrotal 33 (53) 12 (86) .02 17 (65) 4 (100) NS

  absent 9 (16) 0 (0) NS 1 (4) 0 (0) NS

* Fisher’s Exact Test



Surgical findings in undescended testes

97

DISCUSSION

To the best of our knowledge, this is the first prospective study on perioperative surgical 

findings, comparing the congenital and acquired form of UDT.

The results of our study show that 72% of the congenital UDT are in intracanalicular 

position, whereas 63% of the acquired UDT are situated in the superficial inguinal 

pouch. In 40% of the acquired UDT, the gubernaculum is normally inserted at the 

bottom of the scrotum, whereas this was the case in only 17% of the congenital UDT. 

Furthermore, congenital UDT was more likely to have a patent processus vaginalis

compared to acquired UDT (83% and 30%, respectively).

The pathogenesis of congenital UDT is considered to be multifactorial, including 

hormonal, genetic, and environmental factors.10,11 Surgical findings reported earlier 

include an abnormal attachment of the gubernaculum in 80% to 83% 12,13 and a patent 

processus vaginalis in 52% to 87%.12-15 In these studies, the ages of the patients varied 

between 2 months and 33 years, and no distinction was made between congenital and 

acquired UDT.

With a prevalence of 1.1% to 2.2% in the general population, acquired UDT is a 

significant subset of UDT cases.16 However, the pathogenesis of acquired UDT has been 

studied less extensively, and only a few studies have been published on anatomical 

findings. In their retrospective study, Rusnack et al 17 distinguished between the 

ascending testis and the testis undescended since birth. In agreement with our results, 

they found the processus vaginalis to be more likely to be closed in the ascending testis 

than in the testis undescended since birth (57% and 36%, respectively).

Donnell et al 18 found an open processus vaginalis in 100% of the congenital UDT and in 

only 28% of the acquired UDT. Nevertheless, conflicting findings are reported about the 

processus vaginalis in acquired UDT with a patency rate varying from 48% to 78%.19,20 

Clarnette et al 21 documented a fibrous remnant of the processus vaginalis situated 

deep to the cremasteric muscle and spermatic fascia in 33 orchidopexy performed for 

ascending testis. However, in our study, we did not discriminate any fibrous remnant 

in the cord structure. This is because of the close proximity of the spermatic fascia, 

cremaster muscle, ductus deferens, spermatic artery, and vein, which makes the 

detection of a fibrous remnant nearly impossible.

Barthold et al 8 reviewed published cases of testicular ascent and concluded that testis 

position was in the superficial inguinal pouch in 29% of the cases, in inguinal position 
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in 22%, and in prescrotal/high scrotal position in 48%. In our study, the acquired UDT 

was most frequently located in the superficial inguinal pouch (63%). Similarly, in a 

study by Guven and Kogan 19, 74% of ascending testes were located in the superficial 

inguinal pouch and 13% in intracanalicular position.

Comparing the unilateral and the bilateral UDT, the only significant difference we 

found was that we brought more bilateral than unilateral congenital UDTs in a low 

scrotal position (86% vs 53%; p = .02). The reason for this finding is unclear and as far 

as we could ascertain this has not been reported in the literature.

To understand more of the etiology of the acquired UDT, one might wonder whether 

acquired UDT is in fact a low-lying congenital UDT, as was suggested by Redman 22 

and Roszanki and Bloom.23 The significant differences we found between the surgical 

findings of both groups might indicate that they are not. On the other hand, congenital 

aspects in the acquired UDT, such as patent processus vaginalis (30%) and abnormal 

insertion of gubernaculum (60%), cannot be ignored.

Therefore, the hypothesis that acquiredUDT is in fact a variant of congenital UDT seems 

to make sense. Of the acquired UDT with an abnormal insertion of the gubernaculum, 

39% (7/18 cases) had an open processus vaginalis, whereas of the acquired UDT with 

a normal insertion of the gubernaculums, 17% (2/12 cases) had an open processus 

vaginalis (NS). The hypothesis that an open processus vaginalis allows the testis to 

ascend 8 might be realistic. However, in 70% of the acquired UDT in this study the 

processus vaginalis was closed. Therefore, it seems likely that, as in congenital UDT, the 

etiology of acquired UDT is multifactorial.

Because we only studied acquired UDT that did not descend spontaneously, it may 

be interesting to compare the surgical findings of our selected group with the surgical 

findings observed in earlier studies of the entire group of acquired UDT. Meijer et al 24 

retrospectively studied surgical findings in 461 acquired UDT. They documented a normal 

attachment of the gubernaculum in 99% (121/ 122 cases), whereas in our study, this 

was only the case in 40% (12/30 cases) (p < .001). This might indicate that an abnormal 

insertion of the gubernaculum inhibits spontaneous descent. Furthermore, Meijer et al 24 

documented an open processus vaginalis in 55% (113/207 cases). This differs significantly 

from the 30% (9/21 cases) of open processus vaginalis that we observed (p = .01). 

This might suggest that an open processus vaginalis promotes a spontaneous descent; 

however, a more realistic explanation may be that an open processus vaginalis has been 

noted more often than a closed one in this retrospective study.
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Although our intention was to perform orchidopexy around the 12th month of age for 

boys with a congenital UDT, the age at operation of these boys ranged from 0.9 to 14.6 

years (mean ± SD; 1.5 ± 2.3 years) with a median of 1.5 years (Figure 2). Late referrals 

and misdiagnosis were the main reasons for this discrepancy. Additional, at present, 

orchidopexy is advised between 6 and 12 months of age.25

In the acquired group, a “wait-and-see policy” was followed till puberty. In case of 

nondescent, orchidopexy was performed at puberty. Although, the age at operation of 

the boys with an acquired UDT was 2.2 to 18.5 years (14.5 ± 3.7 years) with a median 

of 15 years (Figure 2). In 3 boys, operation before puberty was performed, at 2.2, 3.3, 

and 6.1 years of age. In 2 boys because of hernia inguinalis, and in one boy, the parents 

preferred surgical correction.

Of the acquired UDTs, 80% were judged to be too small for age at the time of 

orchidopexy. It should be noted that formerly cryptorchid adults usually present later in 

life with a testis volume half of its counterpart.

Furthermore, we recently performed a long-term follow-up study on testicular growth 

of acquired UDT after pubertal orchidopexy. We found after pubertal-orchidopexy for 

nondescent, of the 85 measurements, 79 (93.0%) were at the 10th centile or higher, 

53 (62.4%) were at the 50th centile or higher, and 12 (14.1%) were the 90th centile or 

higher.26 In unilateral cases after pubertal orchidopexy, 40 (70.4%) of the 51 testes 

were smaller and 9 (17.6%) were equal in size. Therefore, despite its smaller volume at 

orchidopexy long-term testicular volume growth seems to be within normal range.

The limitations of this study need to be addressed. The distinction between congenital 

and acquired UDT is based on information on previous testicular position documented 

at the Youth Health Care Institution. Because of the Dutch consensus on “nonscrotal 

testis,” the importance of adequate assessment of the testicular position in early years is 

wellknown. The number of physicians involved is unknown as well as the interobserver 

variation. Another limitation of this study is the subjective method that was used to 

measure testis volume. Although judged by an experienced surgeon, the volume of the 

testis was only assessed visually. Possible reactive hypertrophy of the contralateral 

testis has been taken into account. Still, a more validated method, with a ruler or 

with ultrasound, would have given more objective results. Furthermore, the group of 

acquired UDT studied is small. Because of spontaneous descent of most of the acquired 

UDT, we could only include 30 acquired UDT in a period of 3.5 years. A larger study 

group would have given more solid results. Moreover, we studied acquired UDT that 
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did not descend spontaneously, and consequently, no anatomical findings are available 

for acquired UDT that descended spontaneously. Therefore, our population may differ 

significantly from most other published groups of acquired UDT because in these 

studies orchidopexy was scheduled as soon as the boy was diagnosed with an acquired 

UDT.

We believe that further clinical research should focus on the whole and accordingly 

larger group of boys with acquired UDT with a more accurate testis volume 

measurements. Furthermore, future research is required to determine whether an 

acquired UDT will descend spontaneously. Studies have shown that spontaneous 

descent occurs at the beginning of puberty in 57% to 76% of the cases.27-29  Identifying 

possible factors influencing spontaneous descent, such as an open processus vaginalis 

or gubernaculum insertion, might help to predict which acquired UDT will descend 

spontaneously and which will not.

CONCLUSION

There are differences between congenital and acquired UDT in testis position, testis 

volume, open or closed processus vaginalis, and the location of the gubernaculum 

insertion. This seems to support the theory that these are two different identities, 

although congenital aspects are clearly present in acquired UDT.

We believe further research is necessary that should include larger groups of boys with 

acquired UDT including prepubertal boys.
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PART III  

after surgery

“nothing spoils good results as much as follow-up”

Bhogaraju R  Rao
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ABSTRACT

Purpose

To determine long-term testicular position and growth of acquired undescended 

testes after prepubertal orchidopexy.

Methods

Patients who had undergone prepubertal orchidopexy for acquired undescended 

testis at our hospital between 1986 and 1999 were recruited to assess long-

term testicular position and volume. Testis position was assessed by physical 

examination. Testis volume was measured with Prader orchidometry and 

ultrasound, and was compared with normative values reported in the literature.

Results

A total of 105 patients (aged 14.0 - 31.6 years) were included with 137 acquired 

UDT (32 bilateral, 33 left-sided, 40 right-sided). All but one of the orchidopexied 

testes (99.3%) were in low scrotal position. The mean volume of the orchidopexied 

testes in unilateral UDT (n=73; 10.57 ± 3.74 ml) differed significantly from the size 

of the testes at the contralateral side (14.11 ± 4.23 ml) (p = 0.000). The operated 

testes (10.28 ± 3.45 ml) were smaller than the mean adult testis volume reported 

in the literature (13.4 - 13.6 ml; cut-off 13.2 ml).

Conclusion

Testis position after prepubertal orchidopexy for acquired undescended testis was 

nearly always low scrotal. The volume of the orchidopexied testes was smaller 

than both the volume of the contralateral testes and the normative values reported 

in the literature. 
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INTRODUCTION

Undescended testis (UDT) is a common genital abnormality in boys, which is 

categorized into congenital and acquired forms.1,2 For congenital UDT, orchidopexy 

is advised between 6 and 12 months of age.3 By contrast, it is still under debate as to 

what the best management of acquired UDT is. Some authors recommend surgery at 

diagnosis, as this would reduce the risk of subsequent infertility.2,4 Still, no long-term 

follow-up data regarding acquired UDT after prepubertal orchidopexy have yet been 

published. Acquired UDT may also be managed with a conservative attitude; recently, 

long-term follow-up data regarding this policy have become available.5-8

In this study, we assessed long-term testicular position and growth for acquired UDT 

after prepubertal orchidopexy. These data may be helpful in determining the best 

treatment for a boy with acquired UDT.

METHODS

Population
In this study, 335 boys were included who had undergone orchidopexy for acquired 

UDT at our hospital (1986 – 1999) as detailed in an earlier publication.9 Each patient 

was requested by post to participate in the long-term evaluation. If no reaction 

followed, a second letter was sent and if still no reaction occurred, the patient was 

contacted by telephone. Written informed consent was obtained from the patient and/

or his parents.

Patients were included if they had undergone an orchidopexy for acquired UDT 

in the Medical Centre Alkmaar between 1986 and 1999 before the age of 15 and if 

written informed consent had been obtained for participation in this study. Therefore, 

practically all included boys underwent the orchidopexy prepubertal. 

Patients were excluded if one or more of the following criteria was present in their 

medical history: epidydimitis, chromosomal or hormonal abnormalities, hormonal 

medication, earlier orchidopexy or other inguinal surgery, congenital UDT, presence of 

a testicular germ cell tumor.
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Definitions
A UDT was defined as a testis which could not be manipulated into a stable scrotal 

position in its most caudal position and further traction on cord structures was painful. 

It included high scrotal, inguinal or impalpable forms.

An acquired UDT was defined as a UDT for which a previous scrotal position had been 

documented at least twice. 

All orchidopexies were performed in boys under general anesthesia as an outpatient 

procedure. Orchidopexy was started with an inguinal incision. Subsequently, 

exploration of the groin took place and, if present, the open processus vaginalis was 

separated from the cord structures and ligated. Retroperitoneal funiculolysis and 

separation of the cremaster muscle was performed to mobilize the cord. Finally, the 

testis was fixated scrotally by a scrotal incision in a created dartos pouch. Surgical 

findings in these boys have been published previously.10

Design of the study and follow up data
All patients were seen at the outpatient clinic. Their medical history was taken, and 

physical and ultrasound examination were performed. All patients were examined by 

the same physician (JG).

History

A special questionnaire was used to determine the patients’ medical history, including 

previous groin surgery and use of medication. Furthermore, the questionnaire included 

questions regarding fatherhood or the desire to father a child, as well as how long it 

took to conceive a child. 

Physical examination

Physical examination included assessment of testis position and volume. Testis position 

was classified as low scrotal, high scrotal, inguinal or non-palpable. 

Testicular volume was measured with a Prader orchidometer. The orchidometer 

consists of a chain of 13 numbered beads of increasing size from 1 to 30 ml (1 to 6, 8, 

10, 12, 15, 20, 25, 30 ml). The beads are compared with the testicles of the patient and 

the volume is read off the bead which matches most closely in size. If testes were larger 

than 30 ml, 35 ml was noted as testicular size.
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Testicular ultrasound

After the physical examination, testicular volume was measured ultrasonographically. 

All ultrasound examinations were performed with the same equipment (Falco Auto 

Image, Falco Software Co, Tomsk, Russia) with a 12 MHz linear array transducer. To 

measure the testicular volume, the scanner was placed on the scrotum while exerting 

light pressure to avoid distorting the testicular shape. Grey-scale images of the testes 

were obtained in the transverse and longitudinal planes. Three separate transverse 

and longitudinal images were recorded for each testis. The epididymis was not 

included in the images. After maximum length, width and height were obtained in the 

ultrasonogram, these were measured and the volume was calculated with the formula 

for an ellipsoid = π/6 x length x width x height. For each testis, the highest value of the 

three testicular volumes was taken as volume measurement. Additional findings, such 

as hydrocele, varicocele and microlithiasis, were recorded. If necessary, the patient was 

referred for further follow-up.

Statistical analysis
All data were collected and analyzed with SPSS, version 14.0. The independent t-test 

was used to calculate the differences in age and volume. A p-value of less than 0.05 was 

considered statistically significant. 

Comparison with normal values of testicular volume in 
adult men
To enable comparison of our testicular volume measurements with normal values 

of adult testicular volume known in the literature, we performed a PubMed search. 

The terms we used were ‘normal testicular volume’, with limitations for ‘humans’ 

and ‘adults’. We scored the abstracts of all results and related citations on country, 

publication year, selection and size of study cohort, age of population, method of 

volume measurement and calculation of the testicular volume. 

Ethical approval
This study was approved by the Ethical Committee of the Hospital (reference number: 

NH 02-099).



112

Chapter six

RESULTS

Study population
From 1986 until 1999, 335 boys underwent prepubertal orchidopexy for acquired 

undescended testis in our hospital; when requested, 122 of these boys (36.4 %) gave 

informed consent to participate in this study. Of these 122 boys, 17 were excluded due 

to recurrent epididymitis (n=1), pubertas tarda and mental retardation (n=1), inguinal 

hernia surgery (n=10), previous orchidopexy (n=2) and congenital UDT (n=2). One 

patient (aged 26 years) was diagnosed at follow-up with a testicular germ cell tumor 

and underwent an operation within one week. Pathological research of the tumor 

showed a radical resected immature teratoma.

Consequently, 105 patients were included in this study (age at examination 14.0 to 

31.6 years, mean 25.7). Of these 105 patients, 32 (30.5%) had undergone bilateral 

orchidopexy, and the other 73 had undergone unilateral orchidopexy (69.5%; 33 left-, 

and 40 right-sided). A total of 137 testes were eventually included (Figure 1). 

Figure 1  Flowchart of patients (n=335) in whom prepubertal orchidopexy was performed for acquired 
undescended testis in the period of 1986 - 1999.

ORP = orchidopexy
UDT = undescended testis
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Age at orchidopexy

The age range at orchidopexy was 2.4 – 13.9 years (mean ± SD; 9.2 ± 2.8); see Figure 2. 

3 of the boys reached the age of 14. It is possible puberty had already set in at the time 

of orchidopexy in those boys. Of the boys with bilateral UDT (n=32), the age range at 

orchidopexy was 4.9 – 13.7 years (mean 9.9 ± 2.5) and of the boys with unilateral UDT 

the age ranged from 2.5 – 13.9 years (mean 8.9 ± 2.9; p = 0.108).

Figure 2  Age (years) at prepubertal orchidopexy for acquired undescended testis (period 1986 – 1999) 
of patients (n=105) who were seen for long-term follow-up.
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Age at follow-up

At follow-up, the age of the patients (n=105) ranged from 14.0 to 31.6 years (mean 25.7 

± 3.3); see Figure 3.

Figure 3  Age (years) at follow-up of patients (n=105) in whom prepubertal orchidopexy for acquired 
undescended testis was performed (period 1986 – 1999).

History
Medical history of the boys/adolescents included epilepsy (n=1), circumcision 

(n=7), psoriasis (n=1), asthma (n=2), bipolar disorder (n=1), appendectomy (n=5), 

perinatal asphyxia (n=1), eczema (n=2), brain tumor (n=1) and hypertension (n=1). 

Medication used included corticoids (n=3), inhalation medication for asthma (n=2), 

antidepressants (n=1), anti-hypertensive drugs (n=1) and depakine (n=1).

Testis position 
At follow-up, in 136 cases (99.3%) testis position was low scrotal, whereas in 1 case 

(0.7%) it was inguinal.
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Testis volume 

Testicular volume measured by Prader orchidometry

Of the 137 testes, 1 was in inguinal position; as a result, only 136 could be measured 

by Prader orchidometry. The volume of these 136 testes ranged from 8 to 35 ml (mean 

21.13 ± 5.34 ml). The mean volume of the unilateral UDT (n=72) was 21.58 ± 5.51 ml 

(range 8.0 – 35.0). The mean volume of the bilateral orchidopexied UDT (n=64) was 

20.63 ± 5.15 ml (range 8.0 – 28.0). No significant difference in testicular volume was 

found between unilateral and bilateral orchidopexied acquired UDT (p = 0.298).

In unilateral UDT, the contralateral testis (n=73) had a mean volume of 25.60 ± 4.5 ml 

(range 12.0 – 35.0). This measurement presents a significant difference with the size of 

the orchidopexied testis (p < 0.001). 

Testicular volume measured by ultrasonography

When measured by ultrasound, the volume of the 137 operated testes ranged from 2.75 

to 20.4 ml (mean 10.28 ± 3.45). The mean volume of the unilateral UDT (n=73) was 

10.57 ± 3.74 ml (range 3.67 – 19.95). The mean volume of the bilateral orchidopexied 

UDT (n=64) was 9.95 ± 3.08 ml (range 2.75 – 20.40). No significant difference was 

found in testicular volume between unilateral and bilateral orchidopexied acquired 

UDT (p = 0.290).

In unilateral UDT, after orchidopexy the volume of the left testes (n=33) ranged from 

3.67 − 18.71 ml (9.83 ± 3.43) and of the right testes (n=40) from 5.19 – 19.95 ml 

(11.18 ± 3.91) (p = 0.124). There was a significant difference in volume between these 

orchidopexied testes (n=73) and their contralateral counterparts, which had a mean 

volume of 14.11 ± 4.23 ml (range 4.90 –23.87; p < 0.001) (see Table 1).

In unilateral UDT, no correlation was found between the patient’s age at orchidopexy 

and the volume of the testicles at follow-up. If the age at orchidopexy was <10 years 

(n=39), the mean testicle volume at follow-up was 10.04 ml ± 3.72; if the age at 

orchidopexy was ≥10 years, the mean testicle volume at follow-up was 11.18 ± 3.71 

(p = 0.195).
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Table 1.  Mean, standard deviation and range of testicular volume (ml) measured by ultrasound at 
follow-up per group of men after pre-pubertal orchidopexy for acquired undescended testis and in 
unilateral cases comparison with its counterpart.

n 
(testes)

testis 
volume (ml)

mean SD min max p-value*

all 137 10.28 3.45 2.75 20.40

UDT unilateral 73 10.57 3.74 3.67 19.95

UDT bilateral 64 9.95 3.08 2.75 20.40 0.290

UDT unilateral left 33 9.83 3.43 3.67 18.71

UDT unilateral right 40 11.18 3.91 5.19 19.95 0.124

UDT bilateral left 32 9.61 2.57 4.34 14.43

UDT bilateral right 32 10.29 3.52 2.75 20.40 0.379

UDT unilateral 73 10.57 3.74 3.67 19.95

contralateral testis 73 14.11 4.23 4.90 23.87 0.000

UDT unilateral left 33  9.83 3.43 3.67 18.71

  contralateral testis 33 14.70 4.60 4.90 23.87 0.000

UDT unilateral right 40 11.18 3.91 5.19 19.95

  contralateral testis 40 13.56 3.91 5.80 22.25 0.008

* independent t-test

UDT = undescended testis.
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Correlation between Prader orchidometry and ultrasonography

There was a positive correlation between testicular volume measured by 

ultrasonography and Prader orchidometry (0.845; p < 0.001), as can be seen in 

Figure 4.

Figure 4  Correlation between testicular volume measurement by ultrasonography (ml) and Prader 
orchidometry (ml) in all testicles (n=209) measured at follow-up.

Testicular volume measured by ultrasound compared with normal 

testicular volume measured by ultrasound in adult men as recorded in the 

literature

The Pubmed search for “normal testicular volume’ yielded 683 hits. Limitation to 

‘humans’ and ‘adults’ resulted in 299 hits. Table 2 shows the results of the scores on the 

nine most relevant publications.11-19 Lenz 13 and Bahk 19 published the only two studies 

with a cohort of more than 100 healthy men with ultrasonographical measurement 
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Table 2  Review of nine articles reporting normal testicular volume in healthy adults.

author year of 
publica-
tion

country study cohort number age aim of study method of volume measurement
and if US, calculation of volume

volume testis and reference 
for normal value of testis 
volume

Handelsman11 1984 Australia Potential sperm donors 119 31.4 ± 0.7 To assess the ranges of a variety of 
testicular function parameters in 
healthy volunteers

< 25 cc: Prader orchidometry
>25 cc: visual estimation

24.9 ± 0.7 (SE)
95% CI: 17.1 - 32.7
(total sperm output was 
positively correlated with 
mean testicular volume)

Takihara12 1987 Japan Men of infertile couple attending 
andrology clinic

305 24 – 50
(mean: 28.8)

To determine the correlation of 
testicular size, with seminiferous 
tubular function and Leydig cell 
function in a large population of 
men.

Elliptical orchidometry normal quantity, > 20 ml
normal quality, > 14 ml
normal LH/T, > 12 ml

Lenz13 1993 Denmark Medical board before military service

Employees from a larger industrial 
company

287 
mili group

157
empl 
group

all: 444

18 – 27
(med 18.8)

22 – 59 
(med 35.6)

To establish a normal reference for 
scrotal ultrasonography including 
texture and ultrasonic measured size 
of the testis

Ultrasonography;
formula of an ellipsoid:
4/3 x π x A x B x C x 1/8
A = longest axis
B/C = 2 mutual perpendicular 
dimensions

right: 3.0 – 31.4 (med 14.1)
left: 3.5 35.2 (med 13.04)

post-crypt: 3.9 – 17.1 (med 
10.5)

normal descent: 
6.0 – 31.8 (med 14.1)

Arai14 1998 Japan Infertile men seen at infertility clinic 
(excl: hydrocele, concomitant infections, 
cryptorchidism, chromosomal 
abnormalities, hypogonadotropic 
hypogonadism and ductal obstructions)

486 23 – 52
(med 33)

To investigate the relationship 
between testicular volume and 
function and determination of the 
critical testicular volume above 
testicular function was within 
normal range.

Prader orchidometry all: 5 – 60 (32.1 ± 9.4)
“critical total testicular 
volume that indicates 
possibly normal function is 
30 ml in Japanese males”

Spyropoulos15 2002 Greece White men of Hellenic nationality who 
presented to the clinics for reasons of 
minor severity or for routine annual 
examinations. No history of testicular 
pathologic features or surgery.

52 19 – 38 (mean 
25.9 ± 4.4)

To estimate the sizes of the external 
genital organs in physically normal 
adult males.

Ultrasonography;
length x width x anteroposterior 
depth x 0.52

6.1 – 26.9 (16.9 ± 4.7)

Jensen16 2007 Denmark
Danish men attending a compulsory 
military physical examination.

3457 19.4 ± 1.2 To study the relationship between 
self-rates health and semen quality.

Prader orchidometry 19.9 ml (± 4.6)

Sakamoto17 2008 Japan Infertile men 397 35.6 ± 5.3 To evaluate the relationship between 
testicular function and volume and 
determine the critical TTV for a 
normal testicular function.

Prader orchidometry
ultrasonography;
0.71 x length x width x height

Prader; TTV mean 36.8 ± 
9.7 (5.5 – 60)
critical TTV > 30 ml
US: TTV mean 26.3 ± 9.5 
(3.0 – 71.9) 
critical TTV > 20 ml

Sakamoto18 2008 Japan Infertile men 408 35.8 ± 5.3 To evaluate the relationship between 
testicular function and size

Ultrasonography;
0.71 x length x width x depth

“mean total sperm count 
was subnormal with a mean 
testicular volume < 10 ml”

Bahk19 2010 Korea Normal young adults in military service 1139 23.52 ± 2.74 To establish a cut-off value for 
normal adult testicular volume.

Ultrasonography;
0.71 x length x width x thickness

mean 18.25 ± 3.73
cut-off value of 18 ml
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Table 2  Review of nine articles reporting normal testicular volume in healthy adults.
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adult males.

Ultrasonography;
length x width x anteroposterior 
depth x 0.52

6.1 – 26.9 (16.9 ± 4.7)

Jensen16 2007 Denmark
Danish men attending a compulsory 
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3457 19.4 ± 1.2 To study the relationship between 
self-rates health and semen quality.

Prader orchidometry 19.9 ml (± 4.6)

Sakamoto17 2008 Japan Infertile men 397 35.6 ± 5.3 To evaluate the relationship between 
testicular function and volume and 
determine the critical TTV for a 
normal testicular function.

Prader orchidometry
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0.71 x length x width x height

Prader; TTV mean 36.8 ± 
9.7 (5.5 – 60)
critical TTV > 30 ml
US: TTV mean 26.3 ± 9.5 
(3.0 – 71.9) 
critical TTV > 20 ml

Sakamoto18 2008 Japan Infertile men 408 35.8 ± 5.3 To evaluate the relationship between 
testicular function and size

Ultrasonography;
0.71 x length x width x depth
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normal adult testicular volume.

Ultrasonography;
0.71 x length x width x thickness

mean 18.25 ± 3.73
cut-off value of 18 ml
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of the testicles. Lenz et al 13 performed scrotal ultrasonography in 888 testes of 444 

healthy men: 287 military personnel (median age 18.8 years) and 157 employees of 

an industrial company (median age 35.6 years). Each testicle was measured using 

electronic callipers along the longest axis (A) and on a perpendicular section in two 

mutual perpendicular dimensions (B, C). The volume was calculated with the formula 

for the volume of an ellipsoid: π/6 x A x B x C. Lenz et al found a mean volume of the 

right testis of 14.05 ml (range 3.0 − 31.4) and a mean volume of the left testis of 13.04 

ml (range 3.5 − 35.2).

Bahk et al 19 measured the testicles of 1,139 normal young men enrolled in military 

service (mean age 23.52 ± 2.74). Testicular volume was measured by ultrasonometry 

and calculated as 0.71 x length x width x depth. Mean testicular volume was 18.37 ± 

3.62 ml for the left testis, and 18.13 ± 3.85 ml for the right. 

Goede et al 20 recently published the normative values for testicular volume measured 

by ultrasound in healthy Dutch boys aged 0.5 – 18 years. The mean testicular volume 

they found for boys at the age of 18 years was 13.7 ± 3.51 ml

The dotted reference lines in Figure 5 represent the mean values found by Lenz et 

al, Bahk et al and Goede et al. Since Bahk et al used a different formula to calculate 

the testicular volume, the mean volume they found has been converted: (((18.37 + 

18.13)/2)/0.71) x π/6 = 13.4. Similarly, the cut-off value of 18 ml has been converted to 

13.2 (continuous line).

Figure 5 shows the mean ± 2 SE of the volumes of the unilateral UDT, the contralateral 

testis and the bilateral UDT with the reference lines as mentioned. 

  

Additional findings
At follow-up, 2 patients had a mild hydrocele at the ipsilateral side, after orchidopexy 

for unilateral acquired UDT. Seven patients presented with an extratesticular 

varicocele; 6 of these also had an intratesticular varicocele. In another three boys, an 

isolated intratesticular varicocele was observed.

Paternity
At follow-up, 99 men were 21 years or older. In this subgroup, the paternity rate was 

9.1% (n=9). In six of these men, the time taken to conceive had been less than one 

month, in one case between one and two months and in two cases between two and 

three months. Of the 90 boys older than 20 years without children, 3 wanted to have 
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children; this wish had been present for 2, 3 and 24 months (all three had presented 

with unilateral acquired UDT).

Figure 5  Mean long-term volume of the testis (ml; ± 2 Standard Error) after pre-pubertal orchidopexy 
for acquired undescended testis for unilateral (n=73) and bilateral cases (n=64). For unilateral cases 
mean volume (ml; ± 2 SE) of its counterpart is shown. In addition, mean testicular volume of adults 
is shown as published in the literature. Reference lines indicate the mean (dotted line) and cut-off 
testicular volume published by Lenz et al (13), Bahk et al (19) and Goede et al (20).

uni UDT = unilateral undescended testis
contralat UDT = contralateral testis of unilateral undescended testis
bi UDT = bilateral undescended testis

DISCUSSION

To the best of our knowledge this is the first study into the long-term results of 

prepubertal orchidopexy for acquired UDT. It became clear that at follow-up all but 

one orchidopexied UDT was situated scrotally. In addition, we found that the volume 

of the orchidopexied unilateral UDT (mean 10.57 ± 3.74 ml) was comparable with that 

of the orchidopexied bilateral UDT (mean 9.95 ± 3.08 ml); however, the volume of the 

orchidopexied unilateral UDT differed significantly from the volume of the contralateral 

testes (mean 14.11 ± 4.23 ml; p < 0.0001). Moreover, the volume of the unilateral 
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and bilateral orchidopexied UDT were smaller than the normative values given in the 

literature.

In our study, the testicular volume measured by Prader orchidometry (21.13 ± 5.34) 

varies greatly with the ultrasonic measurements (10.28 ± 3.45). The orchidometer is 

known to overestimate testicular volume as it measures the epidydimis as well as the 

scrotal skin, ultrasonography is more precise.21,22 However, several studies comparing 

the orchidometer and ultrasound found that both methods correlated well.20,23 In 

addition, we found a positive correlation of R2 = 0.845; p < 0.001.

Acquired UDT is defined as a testis previously situated in the scrotum which can no 

longer be manipulated into a stable scrotal position. It is seen in 1.5% of prepubertal 

boys and early as well as late forms have been described.1, 24, 25 Its pathogenesis is 

unclear, but tethering of cord structures due to persistence or a fibrous remnant of the 

processus vaginalis is considered a main etiological factor.3, 26-30 

For congenital UDT, surgery is recommended at between 6 − 12 months of age.3 

However, there is still no consensus on the management of acquired UDT. Usually, 

surgery is recommended at diagnosis. This is mainly based on the supposedly negative 

influence of the thermal inguinal environment on testicular development and future 

spermatogenesis. However, so far no follow-up data have been published that justify 

this policy. Some authors have advocated a conservative attitude, thus restricting 

orchidopexy at puberty to cases of non-descent. Due to testosterone surges at puberty, 

spontaneous descent will occur in 3 out of 4 cases.5 Long-term follow-up data associated 

with a conservative attitude have recently become available. They show almost normal 

testicular growth after either spontaneous descent or pubertal orchidopexy.8

The present study shows that after prepubertal orchidopexy, in unilateral cases, 

the growth of the operated testis seems to be retarded in comparison both with its 

contralateral counterpart and with the values reported in the literature. 

Several studies have shown that UDT which had been treated surgically in childhood 

are smaller in adulthood than normal testes.31-34 This may be caused by the primary 

condition of the testis (prenatal dysgenesis) 34, the surgical trauma 31, or both. 

Orchidopexy may result in vascular damage of the testis; in open surgery this has led to 

to atrophy in 5.4 % of cases.35 Ultrasonographic studies suggest that vascular damage 

may be more extensive than previously suspected.36 In addition, the phenomenon 

of compensatory hypertrophy of the contralateral testis 37-41 may contribute to the 

significant difference between the testicular volume of the unilateral acquired UDT and 
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its counterpart. Nevertheless, in this study we found no significant difference between 

the volume of the supposed compensatory enlarged testis and the normative values 

found in the literature (see Figure 4). 

The limitations of this study also need to be addressed. Only 122 of the 335 (36.4%) 

patients approached gave informed consent to participate in this study. We asked 

most patients about their motives for not participating; in the great majority of cases, 

logistical reasons were mentioned. However, there may still have been selection bias. 

Furthermore, we can not exclude that in some boys puberty had already set in at the 

time of orchidopexy. Nonetheless, because only boys who underwent orchidopexy 

before the age of 15 were included, probably practically all boys were prepubertal at 

orchidopexy.

Moreover, the follow-up consisted of only one examination, and therefore it was 

impossible to analyze when the delay in testicular growth had occurred. According to 

the comparison of our results with the literature, testicular volumes vary in accordance 

with geographic area, ethnicity, environmental factors and nourishment conditions. 

Although, Lenz et al 13 and Bahk et al 19 both described a large cohort of healthy adult 

men whom testicles were measured sonographically, they studied respectively the 

Japanese and American men. However, Goede et al 23 studied normative values of 

testicular volumes in healthy Dutch boys up to adolescence and founded at the age of 18 

years a mean testicular volume of 13.7 ± SD 3.51 ml. The mean testicular volumes found 

by Lenz et al 13, Bahk et al 19 and Goede et al 23 are respectively 13.6, 13.4 and 13.7 ml and 

therefore comparison seems reliable. Furthermore, at follow-up hormone levels were 

not measured, and neither was semen analysis performed. Although testicular volume 

may serve as an indication of testicular function, since there is a good correlation 

between the spermatogenic activity of a testicle and its volume 12, 13, parameters such as 

hormone levels and semen analysis may have led to more specific results. Lastly, we did 

not analyze the individual surgical findings at orchidopexy which may have influenced 

testicular volume, such as the preoperative testicular position. No correlation was found 

between testis volume and age at surgery.
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CONCLUSION

After prepubertal orchidopexy for acquired UDT, long-term testicular growth seems 

to be retarded. We believe that the data of this study underline the necessity for a 

randomized controlled trial of prepubertal orchidopexy comparing a conservative 

attitude. Until then, final recommendations for the proper management of acquired 

UDT cannot be given and it is up to the individual physician to decide which is best.
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ABSTRACT

Background

Intratesticular varicocele (ITV) is an uncommon sonographic finding. A 

prevalence of up to 2% has been reported in men with testicular problems. 

In a cohort of men who had undergone prepubertal orchidopexy for acquired 

undescended testis, several cases of ITV were found. The aim of this study was to 

analyze the prevalence and clinical aspects of ITV in this cohort. 

Methods

In a long-term follow-up study of position and growth of undescended testis after 

prepubertal orchidopexy, ultrasonography was used to identify men with ITV. 

Data on clinical presentation, testicular volume, and the location, size and Doppler 

aspects of intratesticular varicocele were collected and analyzed. 

Results

Of the 105 men, 9 were identified with ITV (8.6%). In all patients, the side of 

orchidopexy correlated with the side of the ITV, and all were left-sided. The testis 

with ITV had a smaller volume than the testis without ITV (p = 0.026).

Conclusion

A remarkably high prevalence of ITV (8.6%) was found as well as a smaller 

volume of the testes with ITV in a cohort of men who had undergone prepubertal 

orchidopexy for acquired undescended testis.
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INTRODUCTION

Extratesticular varicocele (ETV) is a common condition, occurring in approximately 

10-15% of males.1-5 It is an abnormal dilatation of the veins of the spermatic cord, 

caused mostly by incompetent valves in the internal spermatic veins. Intratesticular 

varicocele (ITV) was first described in 1992 by Weiss et al 3, who described two patients 

with dilated intratesticular veins: straight or serpentine hypoechoic structures within 

the mediastinum testis and radiating into the testicular parenchyma. Since 1992, more 

cases of ITV have been reported. The reported prevalence is 0.4–2.0% in patients 

referred for scrotal ultrasound due to various testicular problems 6-8 or for routine 

andrological evaluation.9 

In a long-term follow-up study on the position and growth of acquired undescended 

testis after prepubertal orchidopexy, several cases of ITV were found. The aim of this 

study was to analyze the prevalence, clinical aspects and testicular volumes of the 

patients with ITV in this study cohort.

METHODS

From 1986 to 1999, 335 boys underwent prepubertal orchidopexy for acquired 

undescended testis at our hospital. In 2010, we conducted a follow-up study on testis 

position and growth.10 All 335 were requested by post to participate in this long-term 

evaluation. If no reaction followed, a second letter was sent and if still no reaction 

occurred, the patient was contacted by telephone. Patients were excluded if one or more 

of the following criteria was present in their medical history: recurrent epididymitis, 

chromosomal or hormonal abnormalities, hormonal medication, earlier orchidopexy or 

other inguinal surgery, congenital UDT, presence of a testicular germ cell tumor.

122 (36.4%) Patients gave written informed consent. 17 were excluded due to recurrent 

epididymitis (n=1), pubertas tarda and mental retardation (n=1), previous orchidopexy 

(n=2), inguinal hernia surgery (n=10), congenital UDT (n=2) and an immature 

teratoma (n=1). 

Consequently, 105 (31.3%) patients were included. The age at orchidopexy of the 

patients was 2.4–13.9 years (mean ± SD; 9.2 ± 2.8 years). Of these 105 patients, 73 

had undergone unilateral orchidopexy (33 left- and 40 right-sided), whereas 32 had 

undergone bilateral orchidopexy. As a result, 137 orchidopexied testes were studied. At 
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follow-up, the patients’ ages ranged from 14.0 to 31.6 years (mean 25.7 years, SD ± 3.3). 

Examination at follow-up included scrotal sonography of both testes. If participants 

appeared to have findings suspicious for ITV, informed consent to participate in this 

study was asked. If consent was given, colour Doppler ultrasound was performed to 

confirm the diagnosis of ITV and to collect additional data.

Definitions
An undescended testis was defined as a testis which could not be manipulated into 

a stable scrotal position in its most caudal position, and further traction on cord 

structures was painful. It included high scrotal, inguinal or impalpable forms.

An acquired undescended testis is an undescended testis which had been descended 

earlier in life and for which a previous scrotal position had been documented at least 

twice. 

Orchidopexy was started with an inguinal incision. Subsequently, exploration of the 

groin took place and, if present, the open processus vaginalis was separated from 

the cord structures and ligated. Retroperitoneal funiculolysis and separation of the 

cremaster muscle was performed to mobilize the cord. Finally, the testis was fixated 

scrotally by making a scrotal incision and placing it in a created dartos pouch. All 

orchidopexies were performed under general anaesthesia as an outpatient procedure.

An ITV is an anechoic tubular, oval or serpentine intratesticular structure that shows 

increased flow or reflux during a Valsalva manoeuvre.

Questionnaire
Participants were asked about their medical history. In addition, clinical symptoms 

such as testicular pain, scrotal swelling, epididymitis or gynaecomastia were scored. 

Moreover, the questionnaire included questions regarding fatherhood.

Ultrasound
The scrotal ultrasounds in the orchidopexy follow-up study were performed with a 12 

MHz linear array transducer and Falco Auto Image (Falco Software Co, Tomsk, Russia). 

If findings were suspicious for ITV, a second sonographic examination was performed, 

with the UST-567 linear probe, frequency range 6-13 MHz, 50mm on the Aloka 

ProSound ALPHA 10 (Tokyo, Japan). Examinations comprised both B-mode and colour 

Doppler sonography. Before and during the Valsalva manoeuvre, the ITVs were scored 
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for diameter and location (mediastinum / parenchyma / subcapsular). Furthermore, 

the presence of ETV was assessed. Testicular volume was calculated by measuring the 

maximum length, width and height, using the formula for an ellipsoid = π/6 x length x 

width x height. 

Data analysis
All data were collected and analyzed using SPSS, version 14.0. The independent t-test 

and the Mann-Whitney test were performed to calculate the differences in age and 

volume. A p-value of less than 0.05 was considered as statistically significant. 

RESULTS

Of the 105 participants, 9 (8.6%) were identified with ITV. The characteristics of these 

9 patients with ITV can be found in Table 1. Figures 1 and 2 show the colour Doppler 

ultrasound images of the ITV.

Table 1  Data on 9 men with ITV found in a cohort of men after prepubertal orchidopexy for acquired 
undescended testis. 

patient 
number

age 
(years)

age at 
ORP
(years)

side
of
ORP

side
of
ITV

clinical 
signs

dm
ITV 
(mm)

location
ITV

ipsi
lateral
ETV

volume
testis
ITV+ (ml)

volume
contralat
testis (ml)

1 29 7 left left - 2.0 m+p+s + 12.4 13.5

2 24 8 left left - 2.0 p+s - 6.2 9.3

3 26 10 left left - 2.7 m+p+s + 6.9 20.3
4 24 7 left left - 2.0 p+s + 8.9 22.1

5 28 8 bilat. left - 1.8 m - 9.7 12.9
6 27 5 left left mild pain 2.3 s - 3.7 10.0
7 30 10 left left moderate

pain
2.0 m+p + 7.7 10.4

8 30 4 bilat. left - 1.9 S + 8.8 20.4

9 23 5 left left 1.6 m+p + 7.5 17.2

ORP = orchidopexy, dm = diameter, m = mediastinum, p = parenchyma, s = subcapsular
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Figure 1  Colour Doppler ultrasound images of a left testis with a dilated intratesticular vein (diameter 
3-4 mm) extending from the mediastinum to the periphery, showing absent flow during rest (left image) 
and retrograde flow (white arrow) during Valsalva manoeuvre (right image). Findings are consistent 
with an intratesticular varicocele. Note an extratesticular varicocele is present as well.   
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Figure 2  Colour Doppler ultrasound images of a left testis with multiple serpentine veins located 
mediastinal and subcapsular, showing absent flow during rest (left image) and retrograde flow during 
Valsalva manoeuvre (right image). Findings are in keeping with an intratesticular varicocele. 
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The mean age at orchidopexy of the 9 patients with ITV (8.9 years, SD ± 2.9, range 

5.2 -12.6) were comparable with the patients without ITV (9.5 years, SD ± 2.7, range 

2.4–13.9 years; p = 0.463). Furthermore, at follow-up no significant age difference 

was found between the group with ITV (mean age 27.7 years, SD ± 2.7, range 22.8–

30.9 years) and without ITV (mean age 26.0 years, SD ± 3.1, range 14.0–31.6 years; 

p = 0.110).

In all 9 patients, the ITV was found in the left, orchidopexied testis. Two of these 

9 patients had undergone bilateral orchidopexy. Two patients reported occasional 

testicular pain, 1 of them had a history of epididymitis. None of the 9 patients with ITV 

had a wish for fatherhood at the time of the follow-up. 

The localization of ITV was evenly distributed among the subcapsular (n=6), the 

parenchyma (n=6) and the mediastinum (n=5). An ipsilateral ETV was found in 6 

cases, whereas none of the patients had a contralateral ETV. Besides, none of the 105 

participants was found to have ETV without ITV.

The volumes of the 9 testes with ITV ranged from 3.67–12.35 ml (mean 7.96 ml, SD ± 

2.42). This was significantly smaller than the volumes of the 128 orchidopexied testes 

without ITV (mean volume 10.45 ml, SD ± 3.46, range 2.75–20.40 ml; p=0.026, see 

Table 2).

Table 2  Testicular volumes as measured in the long-term follow-up study on testicular position 
and volume after prepubertal orchidopexy for acquired undescended testis; orchidopexied acquired 
undescended testis (n = 137) compared with the contralateral part (n = 73). The orchidopexied testes are 
subdivided in testes with (n = 9) and without (n = 128) ITV.

Testis volume (ml)

N mean standard
deviation

min max p-value

Contralateral testis 73 14.11 4.23 4.80 23.87

Orchidopexied testis 137 10.28 3.45 2.75 20.40 0.000*

        without ITV 128 10.45 3.46 2.75 20.40

        with ITV 9 7.96 2.42 3.67 12.35 0.026**

* independent t-test
** Mann-Whitney U test 
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DISCUSSION

A remarkably high ITV prevalence of 8.6% was found in a long-term follow-up study of 

patients after prepubertal orchidopexy for acquired undescended testis. All ITVs were 

found in the operated testes and all were left-sided. Furthermore, our study shows that 

orchidopexied testes with ITV are smaller than orchidopexied testes without ITV.

Das et al 6, Kessler et al 7 and Tétreau et al 8 reported a prevalence of 1.7%, 2.0% and 

0.4%, respectively, in cohorts of men examined with scrotal ultrasound for various 

testicular problems, including pain, swelling, ETV, hernia and trauma. Das et al 6 

reported on a cohort of 1,040 men, of whom 31 patients were referred for scrotal 

ultrasound with the diagnosis of infertility. Five (16%) of these were found to have an 

ITV. Bucci et al 9 described a cohort of 342 men who received scrotal ultrasound for 

routine andrological evaluation; 7 men were found to have an ITV (2.0%), and 5 of 

these had a history of infertility. 

In the literature on ITV, a total of 74 patients with an ITV are described, mainly in 

case-reports.2, 3, 6-9, 11-27 It becomes clear from the literature that only a minority of the 

patients seem to have any kind of symptoms. Pain (35.1%), epidimyditis (5.4%), and 

swelling (9.4%) have been reported. This is comparable with the results of our study. 

In the literature, 18 patients (2.4%) were reported as infertile or as having a history of 

infertility. Similar to our findings, in 62% of the described cases ITV and ETV appear 

combined. Of the 74 reported cases, 15 (2%) had a history of inguinal surgery (8 for 

undescended testis, 3 for inguinal hernia, 1 for hydrocele and 3 for unknown reasons). 

The correlation between a history of inguinal surgery and ITV has been mentioned 

by several authors. Tétreau et al 8 described 8 cases of ITV in a cohort of 1,832 men, 

5 of whom had a history of scrotal surgery, including undescended testis (n=4) and 

hydrocele (n=1); Zampieri et al 4 stated that the prevalence of ETV is increased in 

patients who had undergone inguinal or scrotal surgery. The high prevalence of ITV in 

our study shows that ITV also seems to be related to a history of scrotal and inguinal 

surgery.

In the present follow-up study, all ITV were found in the left, orchidopexied testis. 

In the literature, most of the 74 reported cases of ITV are unilateral on the left side 

(67.6%), 10 (13.5%) are unilateral on the right side and 14 (18.9%) are bilateral. This 

left-side predilection for ITV as well as for ETV is a known phenomenon which may be 
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explained by the fact that the left testicular vein is longer and enters the left renal vein 

at a right angle. This may reduce the venous return and result in an elevated residual 

pressure in the spermatic veins. Another theory is that the left testicular artery arches 

over and compresses the testicular vein. Moreover, if the sigmoid colon is distended 

with faeces, it can compress the vein and thus cause elevated pressure.19

To the best of our knowledge, this is the first study on the prevalence of ITV in a 

cohort of men after orchidopexy. A high prevalence of ITV was found in the testes 

orchidopexied for acquired undescended testis. This finding leads to the question 

whether it is the orchidopexy or the acquired undescended testis itself which forms 

a risk factor for developing an ITV. It is difficult to give a definitive answer to this 

question. Even though every care is taken to prevent this, it might be possible that the 

testicular vessels are damaged during mobilization of the testis, which may result in 

incompetent valves of the pampiniforme plexus and dilatation of the intratesticular 

veins. To give a thorough answer to this question, the prevalence of ITV in the testes 

orchidopexied for acquired undescended testis should be compared with the prevalence 

of ITV in the spontaneously descended acquired undescended testes. 

Previous research has shown that the volume of the acquired undescended testis after 

orchidopexy is smaller than both the contralateral, non-operated testis and normative 

values.10 In the present study, it was found that the orchidopexied testes with ITV 

were even smaller than the orchidopexied testes without ITV (p = 0.026). Smaller 

testicular volumes with ITV have been described before.2, 3, 7, 8, 11, 14, 15, 11, 21, 22 ITV might be 

the reason for a smaller testicular volume. Alternatively, the development of ITV may 

be a consequence of testicular atrophy as a result of a deterioration of the properties of 

testicular tissue, which allows enlargement of intratesticular venous structures.

Besides, the mean age at orchidopexy was 9.2 years and it might be possible that some 

of the boys had some degree of atrophy of their undescended testis at the time of 

operation due to the non-scrotal position.

Unfortunately, the final explanation of the high prevalence of ITV in our post-

orchidopexy study cohort remains unknown and should be a subject for further 

research.

Limitations of this study need to be addressed. Regarding the study design, the 

prevalence is based on the sonographic examination performed in the study on the 

long-term position and growth of the acquired undescended testis after prepubertal 

orchidopexy. This examination did not include colour Doppler ultrasound and although 
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the Valsalva manoeuvre was performed to assess signs of herniation or ETV, the testis 

was not specifically screened for ITV. If ITV was suspected, the patient was invited for 

another scrotal sonography, including colour Doppler, to diagnose ITV and to collect 

the data for the present study. This limitation in study design may have resulted in an 

underestimation of the prevalence of ITV.

CONCLUSION

A remarkably high ITV prevalence of 8.6% was found in a cohort of men in whom 

scrotal ultrasound was performed after prepubertal orchidopexy for acquired 

undescended testis. Furthermore, testicular volumes in patients with ITV were found to 

be smaller than in patients without ITV.
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ABSTRACT 

Purpose

The aim of this study was to observe the prevalence of testicular microlithiasis 

(TM) in surgically corrected acquired undescended testis (UDT). The prevalence 

of TM was assessed by ultrasound. 

Methods

Boys and young men who had undergone orchidopexy for acquired UDT in mid or 

late childhood were observed to study the long-term testicular volume. During this 

examination, the presence or absence of TM was also assessed. TM was defined as 

echogenic foci without shadowing within the testis parenchyma. 

Results

We included 106 patients who had undergone orchidopexy at the Medical Center 

Alkmaar (1986–1999) and 155 patients who had undergone orchidopexy at the 

Juliana Children’s Hospital (1996–2009). The majority of patients were white, 

Caucasian (82%). The median age at follow up, 25.8 years (range 14.0–31.6 years) 

was higher in Medical Center Alkmaar than in Juliana Children’s Hospital 

13.4 years (range 5.1–26.6 years). From 2009 to 2011, these 261 patients (median 

age 18.9 years) underwent an ultrasound examination. Median follow-up after 

orchidopexy was 11.3 years (range 1.4–23.5 years); age at orchidopexy ranged 

from 2.1 to 16.2 years, with a median of 8.5 years. TM was found in 17 (6.5%) 

patients (median age at follow-up 20.4 years; range 11–28). 

Conclusion

No significant association was found with the incidence of TM and the operated 

testis, the age at orchidopexy or the racial variance (p > 0.05). Orchidopexy at 

diagnosis for acquired UDT is associated with a 6.5% prevalence of TM in boys 

and young adults.
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INTRODUCTION

Testicular microlithiasis (TM) is characterized by the presence of echogenic foci within 

the testis parenchyma, measuring 1-3 mm in diameter, without shadowing.1 TM is 

usually an asymptomatic finding at ultrasonography and is thought to be the result 

of microtubular damage, i.e. degenerating cells in the seminiferous tubules.TM has 

been associated with testicular germ cell tumor and with precursor carcinoma in situ.2 

The prevalence of TM in asymptomatic boys and young men is racially dependent and 

reportedly ranges from 2.4% to 5.6%.3-7 Undescended testis (UDT) may be manifested at 

birth as congenital cryptorchidism or later in childhood as acquired UDT. An acquired 

UDT was defined as a UDT that was previously descended. A substantial portion of 

orchidopexies performed after the age of 2 years are due to acquired UDTs.8 In boys 

with acquired UDT associated with a conservative policy, a TM prevalence of 2.8% was 

found.9 The aim of this study was to determine the prevalence of TM in boys and young 

men who had undergone orchidopexy at diagnosis for acquired UDT. We hypothesize 

that the long-term results of surgically corrected acquired UDT may be associated with 

a higher prevalence of TM.

MATERIALS AND METHODS

Study population
In this study we included two different cohorts of patients who had undergone 

orchidopexy for acquired UDT at diagnosis in mid or late childhood, i.e. 2-16 years 

of age. At Medical Center Alkmaar we included 106 patients with 138 acquired UDT, 

who had undergone orchidopexy (1986-1999) and at the Juliana Children’s Hospital 

in The Hague we included 155 patients, with 181 acquired UDT, who had undergone 

orchidopexy (1996-2009).10,11 The cohort from Medical Center Alkmaar is from an 

earlier period (1986-1999) because after this period prepubertal surgical intervention 

was actively withheld in boys with acquired UDT in this hospital, in accordance with 

the Dutch consensus on non-scrotal testes.12 As a result, at follow-up these men were 

older than those operated at the Juliana Children’s Hospital. Both cohorts have been 

described in detail in earlier publications.10,11 A UDT was defined as a testis which could 

not be manipulated into a stable scrotal position in its most caudal location and further 
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traction on cord structures was painful. Acquired UDT is defined as a UDT previously 

situated in the scrotum. In this study, acquired UDT was defined as a UDT for which 

a previous scrotal position had been documented at least twice by youth health care 

physicians. Exclusion criteria included congenital UDT, e.g. a UDT which had never 

been scrotal, and retractile testis, e.g. a testis which could be brought into a low stable 

scrotal position, where it remained after release of the testis until the cremaster reflex 

was elicited with no shortness of cord structures.

Additional exclusion criteria were previous ipsilateral inguinal or scrotal surgery, 

laparoscopic orchidopexy and previous hormonal treatment before orchidopexy. 

Various chromosomal abnormalities have been associated with UDT and/or TM, 

including Down syndrome, fragile X syndrome, Klinefelter’s syndrome, Noonan 

syndrome. Therefore we excluded all boys with chromosomal abnormalities or multiple 

malformation syndromes. 

All patients with acquired UDT who underwent orchidopexy at diagnosis were 

requested to participate in the long-term evaluation.

From 2009 to 2011, all patients underwent one scrotal ultrasound for volume 

assessment. During this examination, the presence or absence of TM was also 

determined. Since the prevalence of TM in pediatric, pubertal and young adults may 

differ, patients were divided into three groups, according to age: 5 to 11 years, 12 to 18 

years and older than 18 years. 

TM is characterized by multiple hyperechogenic, nonshadowing small foci within the 

testis parenchyma. The presence of 5 or more echogenic foci, 1 to 3 mm in diameter, in 

either or both testes was defined as classic TM (CTM). Limited TM (LTM) was defined 

as fewer than 5 foci.13

Orchidopexy
All orchidopexies in both hospitals had been performed under general anesthesia as 

an outpatient procedure. A classical orchidopexy was started with an inguinal incision. 

Exploration of the groin took place and if present the open processus vaginalis was 

separated from the cord structures and ligated. Separation of the cremaster muscle 

and retroperitoneal funiculolysis were preformed to mobilize the cord. A dartos pouch 

was created to fixate the testis in the scrotum. The operation was performed by either 

an experienced pediatric surgeon (Medical Center Alkmaar and Juliana Children’s 

Hospital) or an experienced pediatric urologist (Juliana Children’s Hospital). The 
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patients’ medical charts provided information on the indication for orchidopexy, 

medical history and surgical findings.

Study protocol
In all 106 patients from the Medical Center Alkmaar , the scrotal ultrasound was 

performed by one physician (JG), and in all 155 patients in the Juliana Children’s 

Hospital by another physician (EP). All ultrasounds were performed with a 12 MHz 

linear array transducer (a Falco Auto Image, Falco Software Co (Medical Center 

Alkmaar) or a Vivid 7 GE Healthcare (Juliana Children’s Hospital). 

To assess the presence or absence of TM, the scanner was placed on the scrotum 

while recording transverse and longitudinal images of both testes. Ultrasounds were 

performed on both testes (in case of unilateral UDT on the previously orchidopexied 

testis as well as the normally descended testis), documenting the testicle involved 

and the number of microliths detected. Color Doppler ultrasound of the testis was 

not performed. A questionnaire was used to inquire about general health, ethnic 

background, and medical history, including birth weight and gestational age.

Statistical analysis
All data were collected and analyzed with SPSS, version 20.0. Pearson’s chi-squared test 

was used to analyze the differences between both cohorts in birth weight, gestational 

age, medication and ethnicity. The independent t-test was used to compare the mean 

age at orchidopexy, mean age at follow-up, and number of years of follow-up between 

both cohorts. To adjust for possible confounding factors (e.g. ethnicity, medical history 

and gestational age), the effect of each of these covariates on the prevalence of TM was 

analyzed using Pearson’s chi-squared test or Fisher’s exact test (if the expected cell 

count was <5). For patients with and without TM, the Mann-Whitney U test was used to 

compare the mean age at orchidopexy, the mean age at follow-up and the interval between 

orchidopexy and follow-up. Pearson’s chi-squared test was used to compare the TM rate in 

the different age groups. A p-value of less than 0.05 was considered significant.

Blinded data
Testicular volume and assessment of TM was performed by ultrasound by one 

investigator (JG) blinded to the first investigator (EP) in 23 patients. The correlation 

between two investigators was analyzed with Pearson’s chi-squared test. 
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Ethical approval
The study was approved by the Ethical Committee of Noord Holland and Zuid-Holland 

West (ref. number: NH 02-099 and ZHW 10-123). Written informed consent was 

obtained from the patients and/or their parents. 

RESULTS

Number of patients 
In Medical Center Alkmaar, 106 patients were included with 138 acquired UDT and in 

Juliana Children’s Hospital 155 patients with 181 acquired UDT. Consequently, a total 

of 261 patients were included with 319 operated testes. Of these patients, 58 (22%) had 

undergone bilateral orchidopexy and 203 had undergone unilateral orchidopexy for 

acquired UDT: 87 left-sided (33%) and 116 right-sided (44%) (Figure 1). 

Figure 1  Flowchart of patients (testes) included in this study from Medical Center Alkmaar and Juliana 
Children’s Hospital 

Total
n = 261 

319 testes 
203 unilateral (87 left, 116 right)

Medical  Center Alkmaar
n = 106 

138 testes
74 unilateral (36 left, 38 right)

Juliana Children’s Hospital
n = 155 

181 testes
129 unilateral (51 left, 78 right)

Baseline Characteristics
In both cohorts, the majority was born at term (92%), was Caucasian (82%) and had 

no significant pathology by history (86%). In Juliana Children’s Hospital, patients 

were younger at follow-up and more patients suffered from asthma/eczema or allergies 

and psychiatric problems. These characteristics were analyzed for correlation with 

the prevalence of TM at follow-up, but no significant effect was found for any of these 
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potentially confounding factors (all p-values > 0.05). Table 1 lists the median age at 

ultrasound, median age at orchidopexy and the interval between orchidopexy and 

follow-up for both cohorts. All of these three aspects were higher in Medical Center 

Alkmaar than in Juliana Children’s Hospital (p<0.001). 

In Juliana Children’s Hospital more non-Caucasian patients (23%) were included 

than in Medical Center Alkmaar (4%; p<0.0001). In total 46 patients (18%) were non- 

caucasian; Asian (n=11; 4.2%), black (n=9; 3.4%), Hispanic (n=1; 0.4%), mixed race 

(n=25; 9.6%). 

Table 1  Baseline characteristics: medical history, age at orchidopexy, age at follow-up, interval between 
orchidopexy and follow-up (years), and rate of testicular microlithiasis (TM) for Medical Center Alkmaar 
and Juliana Children’s Hospital separately and combined.

 

Medical 
Center 

Alkmaar 

Juliana 
Children’s 
Hospital 

p*°^-
value Total

 n=106 n=155  n=261

Medical History

  Prematurely born (<37 weeks) 8 (8%) 12 (8%) 0.42 20 (8%)

  Low Birth Weight (<2.5kg) 5 (5%) 7 (5%) 0.98 12 (5%)

  Non-Caucasian 4 (4%) 42 (27%) <0.001 46 (18%)

  Asthma/eczema allergy 3 (3%) 23 (15%) 0.04 26 (10%)

  Psychiatric problems 2 (2%) 8 (5%) 0.76 10 (4%)

  Use of medication 3 (3%) 14 (9%) 0.86 17 (7%)

  Urogenital; circumcision 7 (7%) 12 (8%) 0.98 19 (7%)

Age 

  Median age at orchidopexy (years)  9.3  7.6 <0.001°  8.5

  Median age at follow-up (years) 25.8 13.4 <0.001° 18.8

  Interval (years) 16.2  5.7 <0.001° 11.3

Prevalence of Testicular Microlithiasis

  TM - n (%) 5 (4.7%) 12 (7.7%) 0.33^ 17 (6.5%)

  LTM - n (%) 1 (0.9%)  9 (5.8%) 0.05^ 10 (3.8%)

  CTM - n (%) 4 (3.8%) 3 (1.9%) 0.44^ 7 (2.7%)

* Chi-squared test, ° Independent samples t-test, ^ Fisher’s exact test

Testicular microlithiasis
Table 1 also lists the prevalence of TM for both cohorts. Overall, TM was present in 

17 patients, yielding a prevalence of 6.5%. CTM was manifest in 7 (2.7%) and LTM in 
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10 patients (3.8%). There were significantly more cases of LTM in Juliana Children’s 

Hospital (9/155; 5.8%) than in Medical Center Alkmaar (1/106; 0.9%) (p<0.05).

In all 17 patients, TM was diffusely scattered throughout the parenchyma. TM was 

bilateral in 11 (64.7%) patients, one of whom had undergone bilateral orchidopexy. 

In 4 cases (23.5%), TM was present unilaterally in the surgically corrected testis 

and in 2 cases (11.8%) in the normally descended testis. TM was present in the non- 

operated testes in 12 of the 28 (42%) with a total prevalence of 12/203 testes (5.9%). 

Consequently, TM was present in 28 testes and there was no significant association 

with the operated testis (p=0.8). One patient from Medical Center Alkmaar (aged 26 

years) was diagnosed with a testicular germ cell tumor. This patient had bilateral CTM. 

Pathologic research of the tumor showed a radically resected immature teratoma. 

TM was present in 15 of 216 white (7%), 1 of 9 black (11%) and 1 of 11 Asian (9%). The 

incidence of microlithiases was not significantly racially depended (p=0.3). 

Testicular microlithiasis and age
For all boys/young adults (n=261), the age at follow-up ranged from 5.1 to 31.6, median 

age 18.9 years. At follow-up, 133 men were older than 18 years (51%). Median follow-up 

after orchidopexy was 11.3 years (range 1.4 to 23.5 years); age at orchidopexy ranged 

from 2.1 to 16.2 years, median 8.5 years. 

In the 17 patients with TM, median age at follow-up was 20.4 years (range 11.0 to 

27.9 years). The median age at orchidopexy, median age at follow-up, the time interval 

between orchidopexy and follow-up and testicular volume at follow up were compared 

between the patients with TM and without TM (Table 2). Men without TM were older 

at follow up and consequently testicular volume was slightly greater, but no statically 

significant difference was found (p=0.25). Age at orchidopexy had no influence on the 

prevalence of TM (p=0.69). The youngest boy diagnosed with TM was 11 years old. The 

patients were divided into three groups according to age: 5 to 11 years, 12 to 18 years 

and older than 18 years (Table 3). There was no significant difference in the prevalence 

of TM between the three groups (p=0.40).
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Table 2  Age at follow-up, age at orchidopexy, interval between orchidopexy and follow-up (years) and 
median testicular volume at follow up for patients with and without testicular microlithiasis 

Testicular Microlithiasis present (n=17) absent (n=244)  

median range median range p-value*

Age at orchidopexy (years) 10.4 (4.0 -14.1) 8.4 (2.1 -16.2) >0.05

Age at follow-up (years) 20.4 (11.0 -27.9) 18.5 (5.1.-31.6) >0.05

Interval (years) 10.7 (2.0 -23.5) 11.7 (1.4 -23.5) >0.05

Testicular Volume (ml) 7.9 (0.5 -20.4) 5.8 (0.5-16.3) >0.05#

*Mann-Whitney U test, # independent samples t -test

Table 3  Prevalence of testicular microlithiasis according to age group

Age at follow up 

(years)

Number of patients

(n)

Testicular Microlithiasis present 

n (%)*

5-11 47 1 (2.1)

12-18 81 6 (7.4)

>18 133 10 (7.5)

Total 261 17 (6.5)

 *Chi-squared test p=0.40

Additional findings 
At follow-up, 9 patients (3.4%) presented with an extra-testicular varicocele at the 

ipsilateral side (all left) after orchidopexy for unilateral acquired UDT; 6 of these also 

had an intra-testicular varicocele. In four other patients (1.5%), an isolated intra-

testicular varicocele was observed. In one of these patients with an extra-testicular 

varicocele at the operated testis, TM was found contralateral. 

Blinded data 
In 23 boys median age, 14.1 years (range 5.8 to 26.1 years) ultrasonographically 

measurement of testis volume was performed by a second investigator (JG) blinded to 

the first (EP). The correlation between both investigators was 0,955 for orchidopexied 

testis and 0,979 for normally descended testis (p= 0.01). Two of these boys had LTM, as 

classified by both investigators.
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DISCUSSION

This study represents one of the first large prospective ultrasound series examining 

the prevalence of TM in boys and young men with acquired UDT which was surgically 

corrected at diagnosis. CTM was found to be present in 2.7% and LTM in 3.8% of 

patients, whereas the overall TM prevalence was 6.5%. 

In pediatric studies, a TM rate of 4.2% has been reported in asymptomatic boys 

(0-18 years) 4 whereas a higher TM prevalence is associated with a variety of conditions, 

including cryptorchidism, Klinefelter syndrome, Down syndrome and testicular tumors. 

For example, in a cohort (mean age 8.8 years) of young boys with Down Syndrome, a 

TM prevalence of 22.8% was found.14

In our cohort, the prevalence in boys aged 12 to 18 years (7.4%) was as high as in young 

adults, i.e. patients >18 years (7.5%). This finding is in line with Husmann et al 2 who 

described a two-fold greater incidence of TM in orchidopexied testis two or more years 

after orchidopexy. Additionally, Riebel et al 15, studied late results after surgically 

treated cryptorchidism and found a 7% prevalence of TM in boys aged 3 to 13 years; 

they also found that there was no correlation with the age at surgery. Neither the time 

interval between orchidopexy and follow-up nor the age at orchidopexy seem to be 

a factor in the appearance of TM. In a recent study of 320 boys and young men with 

acquired UDT who had been treated with an expectative policy, a TM rate of 2.8% (n=9; 

mean age 12.4 years) was found.9 Of these 9 boys, 2 had mid-pubertal orchidopexy for 

acquired UDT, whereas in the other 7 spontaneous descent had occurred.The question 

remains as to whether TM is caused by cryptorchidism itself or that cryptorchidism 

and TM are manifestations of the same intrinsic tubular abnormality. In addition, it 

can be speculated that the surgical treatment itself may result in a higher TM rate. 

Orchidopexy may lead to vascular damage of the testis and ultrasonographic studies 

suggest that this may be more extensive than previously suspected.15 Nevertheless, 

TM is mostly seen bilateral and is also present in asymptomatic boys and young men. 

There was no significant association with the operated testis or the age at orchidopexy. 

Peterson et al 16 found that the prevalence of TM in asymptomatic men aged 18 to 35 

years was higher in black men (14%). In this cohort the majority of patients was white 

and TM prevalence was not significantly racially dependent. Although numbers of non-

Caucasians included in this study were small.

One of our patients had a primary testicular malignancy and bilateral TM. There is 
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an increase in the prevalence of testicular tumors in patients with TM found.17,18 The 

chance of having carcinoma in situ in subfertile men with bilateral TM increases from 

1 to 20%. However, documentation on the risk of testicular malignancy and TM has 

been inconclusive. In this patient the UDT may have been an additional risk factor.

As seen in this study, TM is already present in boys <18 years of age with acquired UDT 

after orchidopexy at diagnosis. More research needs to be conducted to compare the 

prevalence of TM in surgical corrected testes versus acquired UDT after spontaneous 

descent.

Our findings should be interpreted in the light of their limitations. The follow-up 

consisted of only one examination and no pre-operative ultrasound. Thus, it was 

impossible to analyze when the TM had first occurred and whether it was progressing. 

Although TM may be less common in boys < 10 years, it does occur and it remains 

unclear in these cohorts whether TM was already present before orchidopexy. 

In addition, at follow-up serum levels of FSH, LH and total Testosterone were 

not measured. Therefore the correlation of TM with hormone levels could not be 

investigated. The age of onset of TM is largely unknown but may be later in childhood. 

In Juliana Children’s Hospital, some boys were younger than in Medical Center 

Alkmaar and may still develop TM at a later age. The progression of LTM to CTM is 

unknown but may be an important factor as the prevalence of LTM was higher in the 

younger cohort from the Juliana Children’s Hospital. This limitation in study design 

may have resulted in an underestimation of the prevalence of TM. 

The different ages in various studies reporting on the prevalence of TM should also 

be taken into account. Moreover, in general, the recognition of TM has increased 

over the past few years, due to increased awareness of the condition and the use of 

higher frequency ultrasound. The ultrasounds in both hospitals were performed by 

two different examiners this may have caused a bias despite the statistically strong 

correlation between both investigators.

At the Juliana Children’s Hospital more non-Caucasians were included. No association 

was found between racial differences and the prevalence of TM; nevertheless, only a 

small number of non-Caucasian was included. Another confounding factor may be the 

different type of specialist performing the orchidopexy and different surgical techniques 

may have influenced the TM rate. Although the same inguinal procedure was performed 

it is expected that surgical technique may differ somewhat among the patients during 

this study period. 
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CONCLUSION

In conclusion, orchidopexy at diagnosis for acquired UDT between the ages of 2 and 16 

years is associated with a 6.5% prevalence of TM, which is higher than in asymptomatic 

boys and in acquired UDT associated with a conservative policy. Whether this higher 

rate is caused by intrinsic factors and/or, at least in some cases, exacerbated by surgical 

treatment needs to be investigated in future studies.
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ABSTRACT

Objective

Knowledge of the physiological testicular accumulation of 18F-FDG is essential in 

order to discriminate between normal and pathological findings. In this study, the 
18F-FDG-uptake in healthy testes of young men was assessed using PET/CT-scans. 

Methods

A total of 40 testes of 20 men with a mean age of 26.5 ± 3.9 years were evaluated. 
18F-FDG-uptake was expressed as the standardized uptake value (SUV). 

Testicular volume was measured on CT and PET. All scans were assessed by 

three researchers, one of whom assessed every scan twice. Laterality indices and 

interobserver and intraobserver variation were evaluated. Correlation between the 

SUVmax and SUVpeak, between SUVmean and SUVpeak and between age and SUVpeak was 

assessed. 

Results

Testes showed an average SUVmax of 3.42 ± 0.61, SUVpeak of 3.06 ± 0.54 and 

SUVmean of 2.44 ± 0.44. The average testicular volume on CT was 23.0 ± 6.4 ml, 

whereas on PET it was 18.0 ± 5.1 ml. Laterality indices were calculated of 0.077 ± 

0.065 (SUVmax), 0.074 ± 0.066 (SUVpeak), 0.072 ± 0.063 (SUVmean), 0.245 ± 0.259 

(CT) and 0.200 ± 0.188 (PET). Interobserver and intraobserver reliability were 

found to be perfect for the standardized uptake values (Intraclass Correlation 

Coefficient (ICC) 0.992 - 1.0) but poor for testicular volumes (ICC 0.854 - 0.902). 

Conclusions

Testicular 18F-FDG uptake in young men can be measured accurately on PET/CT 

and shows high symmetry. Consequently, 18F-FDG PET/CT has the potential to 

become a useful instrument in the evaluation of the functioning of the individual 

testis.
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INTRODUCTION

18F-fluoro-2-deoxyglucose (FDG) positron emission tomography (PET) imaging in 

combination with computed tomography (CT) is mainly used to assess malignant 

lesions.1 

However, in normal tissue 18F-FDG also accumulates in various degrees.2 It is essential 

to know what this physiological uptake is, in order to discriminate between normal and 

pathological findings. Moreover, testicular 18F-FDG uptake correlates positively with the 

main sperm parameters and is likely to be a promising parameter for testis function.3

In testicular tissue, normal 18F-FDG uptake has been studied in men over the age of 35 

and in a pediatric study population.4-6 However, data on men between the ages of 18 and 

32 years and on the reliability of the 18F-FDG uptake measurements are lacking. 

Therefore, the aim of this study is to measure the physiological testicular 18F-FDG 

uptake in young men and to assess the usability of these measurements by calculating 

the laterality indices and the interobserver and intraobserver variation.

MATERIAL AND METHODS

Study population
From January 2012 until April 2013, a total of 1555 men underwent a diagnostic whole 

body FDG-PET/CT scan in our hospital. In the age group of our interest (18 – 32 

years), 20 scans (40 testes) were performed on men with a mean age of 26.5 ± 3.9 

years (range 19.3 – 31.2 years). All PET/CT scans were carried out with the same type 

of scanner. Indications for the diagnostic whole body FDG-PET/CT scans included 

Hodgkin’s disease (8), suspicion of malignancy (4), colon carcinoma (3), sarcoidosis 

(2), tuberculosis (1), B-cell lymphoma (1) and a suspicion of endocarditis (1). None of 

the patients had a history of undescended testis or showed any abnormality of the testes 

on the PET/CT scan. 

Each patient gave written informed consent for the evaluation of their PET/CT data for 

scientific research. 
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18F-FDG PET/CT scan

Whole-body 18F-FDG PET/CT scanning was performed using a Biograph 16 TruePoint 

PET/CT scanner (Siemens Healthcare, Knoxville, USA).

All 20 patients had a blood glucose level below 10 mmol/l and received an intravenous 

injection of FDG. The average injected dose was 4.7 MBq/kg body weight (range 2.4 – 

6.4 MBq/kg), and the average time between FDG administration and the start of the 

PET acquisition was 62 minutes (range 44 – 74 minutes).

In 10 patients, a low-dose CT scan was performed for localization and attenuation 

correction purposes. Scanning parameters included 50 ref.mAs and 130 kV with 4D 

Care Dose. No intravenous contrast was administered to these patients. A diagnostic CT 

total body with 110 ref.mAs and 110 or 130 kV with 4D Care Dose was acquired for the 

other 10 patients, and these patients were given intravenous contrast.

For PET scanning, a 3D emission scan was acquired with 6 or 7 bed position (195 and 

225 transaxial images respectively), using 4 minutes per bed position. Images with CT-

based attenuation correction were reconstructed, using OSEM3D reconstruction with 4 

iterations, 8 subsets, a Gaussian post-smoothing filter of 5 mm, 168x168 matrix, pixel 

size 4,07 mm x 4,07 mm and slice thickness 5 mm. 

Image analysis and parameters

Images (Figure 1) were interpreted on syngo.via VA20A equipped workstations, using 

the MM Oncology software package (version 1.0; Siemens Healthcare, Erlangen, 

Germany), which can display CT, PET and fused PET/CT images simultaneously. 

In order to measure testicular volume by CT, the testes were selected semi-

automatically using the generic segmentation tool in this software package. The 

resulting selected area was checked visually in all orthogonal planes (slice thickness 

2 mm) and reshaped manually in case of obvious errors. Subsequently the testicular 

volumes were calculated automatically by summing the volume estimates from the 

selected areas in each slice. 

Standardized uptake values (SUV) were calculated from the PET images as the ratio of 

the activity (kBq) in tissue per ml to the activity in the injected dose (MBq) per patient 

body weight in kg. Volume of Interest (VOI)s were selected on the PET images using the 

VOI isocontour tool in the oncology software package mentioned above, with a threshold 

of 50%. Spheres were placed manually around each testis on the 3D PET images and 

rotated to the correct orientation of the testis. Within the resulting isocontour, SUVmax 
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(SUV of single pixel with highest uptake in the VOI), SUVpeak (mean SUV of 1 cm3 with 

highest uptake in VOI), SUVmean (mean SUV in whole VOI) and the volume of the VOI 

were measured and recorded. All scans were assessed by three researchers (observer 1, 2, 

3), one of them assessed every scan twice (observer 3a and 3b).

Figure 1  Example of PET/CT images in a patient with symmetric testicular uptake of FDG, coronal (A) 
and axial (B).

Statistical analysis

All data were managed and analyzed with SPSS, version 14.0. The laterality index was 

defined as (|L – R| / (L + R) × 2), where L = left testicular SUV and R = right testicular 

SUV.5 The intraclass correlation coefficient (ICC) was used to evaluate interobserver 

and intraobserver variability; the ICC is 1.0 if there is a perfect reliability. Furthermore, 

linear regression was used to calculate the exact correlation between the three different 

researchers (interobserver variation) and between the first and second assessment of 

one of the researchers (intraobserver variation). A correlation coefficient (r) > 0.7 was 

regarded as a good correlation. Linear regression was expressed as Y = a + bx, where 

the intercept (a) is 0 and the slope (b) 1 if there is a perfect correlation. The correlations 

between the SUVmax and SUVpeak, between SUVmean and SUVpeak and between age and 

SUVpeak were assessed with linear regression and the Pearson’s correlation coefficient 

test. A p-value < 0.05 was regarded as statistically significant.



162

Chapter nine

RESULTS

Table 1 shows the mean and laterality indices of the SUVmax, SUVpeak and SUVmean, testicular volume 
on CT and VOI of the 40 healthy testes in young men.

Table 1  Mean ± SD and range of SUVmax, SUVpeak, SUVmean, testicular volume (TV) on CT and VOI and 
their laterality indices measured by three researchers on 20 18FDG-PET/CT scans of young men with 40 
healthy testes.

 
mean ± SD range

laterality index 
mean ± SD range

SUVmax 3.42 ± 0.61 2.07 – 4.82 0.077 ± 0.065 0 – 0.192

SUVpeak 3.06 ± 0.54 1.81 – 4.14 0.074 ± 0.066 0 – 0.228

SUVmean 2.44 ± 0.44 1.40 – 3.37 0.072 ± 0.063 0 – 0.248

TVCT 23.0 ± 6.4 10.2 – 42.8 0.245 ± 0.259 0 – 1.054

VOI 18.0 ± 5.1 9.0 – 33.8 0.200 ± 0.188 0 – 0.791

SUV = standardized uptake value 
TVCT = testicular volume measured by CT (ml)
VOI = volume of interest (ml)

Interobserver and intraobserver reliability

The interobserver ICCs (+ 95% Confidence Interval) of the SUVmax, SUVpeak, SUVmean, 

testicular volume on CT, and VOI are shown in Table 2. The interobserver ICC for the 

testicular volumes on CT with contrast (n = 10) was 0.890 (0.768 – 0.953) and for the 

CT scans without contrast (n = 10) 0.805 (0.589 – 0.917). 

Also shown in Table 2 are the intraobserver ICCs (+ 95% Confidence Interval) of the 

SUVmax, SUVpeak, SUVmean, testicular volume on CT, and VOI. The intraobserver ICC for 

the testicular volumes on CT with contrast (n = 10) was 0.893 (0.729 – 0.958) and for 

the CT scans without contrast (n = 10) 0.934 (0.832 – 0.974). 
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Table 2  Interobserver and intraobserver variability of SUVmax, SUVpeak, SUVmean, testicular volume (TV) 
on CT and VOI measured on 20 18FDG-PET/CT scans of young men with 40 normal testes, expressed as 
intraclass correlation coefficient (ICC).

Interobserver variability
ICC (95% CI)

Intraobserver variability
ICC (95% CI)

SUVmax 0.997 (0.996 – 0.999) 1.0 (1.0 – 1.0)

SUVpeak 1.0 (1.0 – 1.0) 0.999 (0.999 – 1.0)

SUVmean 0.997 (0.995 – 0.998) 0.992 (0.985 – 0.996)

TVCT 0.854 (0.753 – 0.918) 0.916 (0.841 – 0.955)

VOI 0.883 (0.803 – 0.934) 0.902 (0.815 – 0.948)

SUV = standardized uptake value 
TVCT = testicular volume measured by CT (ml)
VOI = volume of interest (ml)
 

The exact interobserver and intraobserver correlation as measured by linear regression 

for all parameters is presented in Table 3. 
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Table 3  Interobserver (A) and intraobserver (B) variability of SUVmax, SUVpeak, SUVmean, testicular 
volume (TV) on CT and VOI measured on 20 18FDG-PET/CT scans of young men with 40 normal testes, 
calculated by linear regression and expressed as correlation coefficient (r), intercept (a) and slope (b).

Correlation 
Coefficient (r) Intercept (a) Slope (b)

SUVmax

Obs1 vs Obs2 0.989 - 0.081 1.025
Obs1 vs Obs3 0.991 - 0.065 1.023
Obs2 vs Obs3 0.998   0.032 0.993
SUVpeak

Obs1 vs Obs2 1.0   0.004 0.999
Obs1 vs Obs3 0.999 - 0.011 1.002
Obs2 vs Obs3 0.999 - 0.015 1.003
SUVmean

Obs1 vs Obs2 0.997 - 0.020 0.998
Obs1 vs Obs3 0.988 - 0.012 1.023
Obs2 vs Obs3 0.989   0.015 1.022
TVCT

Obs1 vs Obs2 0.588   8.008 0.701
Obs1 vs Obs3 0.744   0.964 1.034
Obs2 vs Obs3 0.688   4.915 0.802
VOI
Obs1 vs Obs2 0.810   4.102 0.851
Obs1 vs Obs3 0.611   4.517 0.616
Obs2 vs Obs3 0.724   2.133 0.694

 

Correlation 
Coefficient (r)

Intercept (a) Slope (b)

SUVmax

Obs3a vs Obs3b 1.0 0 1.0
SUVpeak

Obs3a vs Obs3b 0.999 0.017 0.996
SUVmean

Obs3a vs Obs3b 0.986 0.117 0.946
TVCT

Obs3a vs Obs3b 0.845 2.836 0.847
VOI
Obs3a vs Obs3b 0.827 2.993 0.930

SUV = standardized uptake value 
Obs  = observer
TVCT  = testicular volume measured by CT (ml)
VOI  = volume of interest (ml)
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Correlation between SUVmax and SUVpeak

There was a significant, strong positive correlation between the SUVmax and SUVpeak; r = 

0.973; Y = 0.07 + 0.97x, p < 0.0001 (Figure 2).

Figure 2  Strong positive correlation between the SUVmax and SUVpeak of the 18FDG-PET/CT imaging of 
young men with 40 normal testes and four measurements. r = 0.973; Y = 0.07 + 0.97x; p < 0.0001.
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Correlation between SUVmean and SUVpeak

There was a significant, strong positive correlation between the SUVmean and SUVpeak; r = 

0.984; Y = 0.1 + 0.98x, p < 0.0001 (Figure 3).

Figure 3  Strong positive correlation between the SUVmean and SUVpeak of the 18FDG-PET/CT imaging of 
young men with 40 normal testes and four measurements. r = 0.984; Y = 0.1 + 0.98x; p < 0.0001.
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Correlation between age and SUVpeak 

There was a significant, weak positive correlation between age and the SUVpeak. 

r = 0.349; Y = 1.7 + 0.35x, p < 0.0001 (Figure 4).

Figure 4  Weak positive correlation between the age and SUVpeak of the 18FDG-PET/CT imaging of 
young men with 40 normal testes and four measurements. r = 0.349; Y = 1.75 + 0.35x; p < 0.0001.

DISCUSSION

In this study on testicular 18F-FDG uptake on PET/CT in a population of young men, we 

found a high interobserver and intraobserver reliability in assessing the SUVmax, as well 

as the SUVpeak and the SUVmean. Further, these SUVvalues had low laterality indices and 

correlated well with each other. Furthermore, the correlation between the SUVpeak and 

age was weak.  

Kosuda et al found a testicular SUV ranging from 1.90 to 3.34 (average; 2.44 ± 0.53), 

Kitajima et al reported a mean SUVmax of 2.81 ± 0.43 in the age group of 30-39, and 
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the highest mean SUVmean Goethals et al found in a pediatric population was 1.4.4-6 

Absolute uptake values such as SUVs are known to be affected by many technical and 

physiological factors. Therefore, measurements from different studies cannot reliably 

be compared. 9-11Nevertheless, the positive correlation (r = 0.406, p = 0.005) between 

age and the SUVmean described by Goethals et al has been interpreted as not in line with 

the negative correlation (r = -0.284, p < 0.0001) between age and SUVmax that Kitajima 

et al described from the age of 36. In our study, we interpreted the positive correlation 

between age and SUVpeak (r = 0.349; Y = 1.7 + 0.35x; p < 0.0001) as significant, but 

weak. 

Although Goethals et al interpreted their results as not in line with the results of 

Kitajima et al, the reverse correlation may be a consequence of the maturation of testes 

in child- and adulthood and on the other hand, the aging of the testes with deterioration 

of the Leydig cells during the second part of a man’s life.12,13 Our finding of a significant 

but weak correlation between age (19.3 – 32.2 years) and SUVpeak supports this theory 

since in our age group testicles are mature but do not alter yet.

Furthermore, in this study we found that the laterality of testicular 18F-FDG uptake 

is low: the laterality indices for SUVmax, SUVpeak, SUVmean were 0.077 ± 0.065, 0.074 

± 0.066 and 0.072 ± 0.063, respectively. These findings are comparable with the 

laterality indices of the SUVmax reported by Kitajima et al (0.066 ± 0.067).4 This implies 

that the SUVs are comparable for bilateral testes; there is a high symmetry in healthy 

testes and that a higher laterality index (for instance > 0.15) may be an indication for a 

pathologic process. 

In addition, interobserver and intraobserver variability were evaluated. There was a 

weak interobserver and intraobserver reliability in the testicular volumes measured 

on CT (with or without contrast) as well as in the VOI on the PET/CT. Moreover, the 

correlation between both parameters was moderate (r = 0.513; Y = 11.5 + 0.5x; p < 

0.0001). This leads to the conclusion that testicular volume is an unreliable parameter 

to evaluate using a PET/CT scan. However, all standard uptake values (max, peak 

and mean) showed a very good interobserver and intraobserver repeatability. SUVmax 

corresponds with the single pixel with the highest 18F-FDG uptake in the VOI and is of 

particular value in PET/CT images of high statistical quality.14 SUVpeak, which represents 

the mean SUV of the 1 cm3 with the highest 18F-FDG uptake in the VOI, provides a 

slightly more robust alternative. The ICCs of interobserver and intraobserver variability 

are 1.0 and 0.999, respectively; therefore, the SUVpeak seems a perfectly reliable 
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parameter. This parameter has an average ± SD of 3.06 ± 0.54, a laterality index of 

0.074 ± 0.066 and good correlations with SUVmax (r = 0.973; Y = 0.07 + 0.97x; p < 

0.0001) and SUVmean (r = 0.984; Y = 0.1 + 0.98x; p < 0.0001); as a result, the SUVpeak 

appears to be an ideal parameter for the evaluation of testicular 18F-FDG uptake.

The limitations of this study need to be addressed. First, the number of scans (20) and 

testes (40) is relatively small. Since January 2012 a new scanner has been in use and as 

the scanner might influence the SUVs, it was decided to include only the PET/CT scans 

made on this new scanner. Besides, scans were included only of men in the age group of 

our interest (18 - 32 years). These two inclusion criteria limited the number of scans to 

20, with 40 testes. 

Second, this was a retrospective study. Testes were not placed in a proper position 

and in some cases both testes were in contact with each other which hampered the 

automatic detection of the testis with the generic segmentation tool on CT. Further, 

although the scans were performed on the same scanner, there were some differences 

in the scanning protocol. For example, intravenous contrast agent was used in half 

the scans, whereas in the other half no contrast agent was administered. Analysis 

showed a significantly higher SUVmax in the group with contrast agent compared to the 

group without contrast agent (3.57 ± 0.6 vs 3.27 ± 0.58; p = 0.034), but no significant 

differences were found between both groups for the SUVpeak (3.17 ± 0.55 vs 2.95 ± 0.51; 

p = 0.1) and SUVmean (2.53 ± 0.44 vs 2.34 ± 0.42; p = 0.07). The retrospective character 

of the present study may have caused some inaccuracy in the results and can be 

improved in a future prospective study with a proper positioning of both testes and one 

single scanning protocol. 

Third, our study population contained a group of men with a variety of diseases with 

corresponding (chemo)therapies. Because an excess of FDG is given before scanning, 

cancerous or otherwise pathologic tissue does not compromise the FDG uptake of 

normal tissue, i.e. testicles. The influence of chemotherapy on testicular FDG uptake 

has been studied by Burger et al.15 They found no absolute or relative change in 

testicular FDG uptake after starting or during systemic chemotherapy for Hodgkin’s 

lymphoma. Furthermore, no involvement of the testes in the pathology of our study 

population had been diagnosed. Also, no other testicular abnormalities were seen on 

the PET/CT scans. Overall, we believe that there was no influence of the diseases with 

the corresponding therapies in our study population on the measured SUV values.

In short, SUV measurements with PET/CT of testicular 18F-FDG uptake seem reliable 
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with a low interobserver and intraobserver variability and a high symmetry in young 

men with normal testes. SUVpeak seems to be the best parameter to use in the evaluation 

of this uptake. Consequently, the PET/CT seems a promising new method to evaluate 

testicular function, and this conclusion is supported by recently published data on 

the positive correlation between the rate of testicular 18F-FDG uptake and sperm 

parameters.3 The PET/CT scan will enable us to discriminate between the functioning 

of both bilateral testes. Therefore, it will overcome an important limitation of the main 

fertility parameters used previously, such as semen analysis or paternity.16 For example, 

the testicular 18F-FDG uptake measured on PET/CT might become an important 

parameter in the evaluation of the functioning of previously unilateral orchidopexied 

testes. 

CONCLUSION

Testicular 18F-FDG uptake in young men can be measured accurately using PET/CT, 

with a low interobserver and intraobserver variability and shows a high symmetry. 
18F-FDG PET/CT has the potential to become a useful instrument in the evaluation of 

the functioning of the individual testis.
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ABSTRACT

Purpose

Fertility after orchidopexied undescended testes (UDT) is impaired. Although 

fertility parameters are known to be more favourable in unilateral cases than in 

bilateral cases, the exact contribution of the unilateral orchidopexied UDT to 

fertility is unknown. We used testicular 18F-FDG-uptake assessed by PET/CT to 

investigate the function of the orchidopexied unilateral congenital UDT, compared 

to its normally descended counterpart. We hypothesize that the contribution of 

the orchidopexied unilateral congenital UDT to fertility in adulthood is low.

 

Methods

Eleven men who underwent orchidopexy for congenital UDT at the age of 1.9 ± 

1.4 (range 4.5 months – 4.0) years were seen in follow-up at the age of 24.1 ± 2.3 

(20.6 – 28.0) years.

All underwent physical examination, testicular ultrasonography and PET/CT. 

Testicular 18F-FDG-uptake was expressed as the peak Standarized Uptake Value 

(SUVpeak).

Results

The mean SUVpeak of the orchidopexied UDT was 2.74 ± 0.48 (2.13 – 3.47), 

which was significantly lower than its counterpart (p = 0.021). There was no 

significant difference in volume between the operated and the contralateral testis 

on ultrasound and CT. Besides, there was no correlation between the testicular 

volume and the SUVpeak.

Conclusions

The orchidopexied congenital UDT has been shown to be less metabolically active 

than its contralateral counterpart. Nevertheless, we suggest that the operated 

testes function to some degree.
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INTRODUCTION

Congenital undescended testis (UDT) is one of the most common urological 

anomalies and is associated with an enhanced risk of testicular cancer and impaired 

spermatogenesis.1,2 Long-term follow-up studies show a decreased fertility in adulthood, 

which is worse after bilateral as compared to unilateral UDTs.3-7 The main parameters 

used to assess this fertility have been paternity rate, semen quality and hormone levels. 

Those parameters measure the function of both testes and are not able to discriminate 

the role of each testis independently. Therefore, the contribution of the unilateral 

orchidopexied UDT to fertility remains uncertain. 

Positron emission tomography (PET) imaging with 18F-fluoro-2-deoxyglucose (FDG) 

in combination with computed tomography (CT) scan is a promising new method to 

evaluate testicular function. The parameter of FDG-uptake, the standardized uptake 

value (SUV), is correlated with sperm quality 8, can be measured accurately and shows 

a high symmetry in healthy testes.9-11 As the FDG-uptake can be assessed for both testes 

separately it is possible to evaluate the function of both testes independently.

Although case reports of detection of undescended testes on PET/CT scans have been 

published 12-14, (FDG-uptake of) orchidopexied testes on PET/CT scan have never been 

described before. 

We speculate that the contribution of the orchidopexied unilateral congenital UDT 

to fertility in adulthood is low. The aim of this project is to evaluate this long-term 

independent function of the orchidopexied congenital UDT. Therefore, we used a 

testicular PET/CT scan.

To calculate the number of individuals needed to compare the FDG-uptake of the 

orchidopexied versus its counterpart, we performed a pilot study to be able to achieve a 

power analysis (sample size calculation).

METHODS

Study population
From a cohort of 386 boys, who underwent orchidopexy on congenital UDT between 

1986 and 2006 at the Medical Center of Alkmaar (earlier described by Sijstermans et 

al15), we requested 50 men by mail to participate in this long-term follow-up study. 
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Eleven men with a mean ± SD age of 24.1 ± 2.3 (range, 20.6 – 28.0) years took part. 

Written informed consent was obtained before participation. 

Orchidopexy
Orchidopexy was performed by the same surgeon (RM). After inguinal exploration, 

if present, the open processus vaginalis was separated from the cord structures and 

ligated. Separation of the cremaster muscle and retroperitoneal funiculolysis were 

performed to mobilize the cord. Finally, the testis was fixated scrotally in a created 

Dartos pouch. 

Follow-up data
Follow-up included one visit at the Medical Center of Alkmaar whereby medical 

history, physical examination, testicular ultrasound and an 18F-FDG PET/CT scan were 

performed. All visits were coordinated by AM and RM.

Medical history

A questionnaire was used including the medical history, inguinal or scrotal complaints 

and use of medication. Furthermore, we inquired after fatherhood or the desire to 

father a child as well as how long it took to conceive a child.

Physical examination

Physical examination included testis position, which was classified as low scrotal, high 

scrotal, inguinal, or non-palpable. 

Testicular ultrasound

All testicular ultrasound examinations were performed with the same equipment (Falco 

Auto Image; Falco Software Co, Tomsk, Russia) using a 12-MHz linear array transducer 

by a single investigator (RM). To measure testicular volume, the transducer was placed 

on the scrotum while exerting light pressure to avoid distortion of the testicular shape. 

Images of the testes were obtained in the transverse and longitudinal planes. The 

epididymis was not included in the images. Length, width and height were measured 

three times, and the volume was calculated with the formula for an ellipsoid = π/6 × 

length × width × height. For each testis, the highest value of the 3 testicular volumes 

was taken as volume measurement. Additional findings, such as hydrocele, varicocele, 
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and microlithiasis, were recorded. If necessary, the patient was referred for further 

follow-up.

18F-FDG PET/CT scan

Testicular 18F-FDG PET/CT scanning was performed using a Biograph 16 TruePoint 

PET/CT scanner (Siemens Healthcare, Knoxville, USA). All participants received an 

intravenous injection of 18F-FDG. The average injected dose was 1.01 MBq/kg body 

weight (range 0.96 – 1.05 MBq/kg), and the average time between FDG administration 

and the start of the PET acquisition was 44 minutes (range 31 – 65 minutes). The testes 

were positioned longitudinally using two plastic tubes, which also prevented direct 

contact between both testes or improper position between the legs. 

A low-dose CT scan was performed for localization and attenuation correction. 

Scanning parameters included 20 ref.mAs and 130 kV with 4D Care Dose. No 

intravenous radio contrast was administered. 

For PET scanning, a 3D emission scan was acquired, using 10 minutes at one bed 

position (the axial field of view of 21.6 cm). Images with CT-based attenuation correction 

were reconstructed, using OSEM3D reconstruction with 4 iterations, 8 subsets and a 

Gaussian post-smoothing filter of 5 mm. 

Images were interpreted on syngo.via VA20A equipped workstations, using the MM 

Oncology software package (version 1.0; Siemens Healthcare, Erlangen, Germany), 

which can display CT, PET and fused PET/CT images simultaneously.  

In order to measure testicular volume by CT, the testes were selected semi-automatically 

using the generic segmentation tool in this software package. The resulting selected area 

was checked visually in all orthogonal planes and reshaped manually in case of obvious 

errors. Subsequently, the CT volume of each testis was recorded. 

SUVs were calculated from the PET images (Figure 1) as the ratio of the activity (kBq) 

in tissue per ml to the activity in the injected dose, corrected by residual activity in the 

syringe, per patient body weight in kg. Volume of Interest (VOI)s were selected on the 

PET images using the VOI isocontour tool in the oncology software package mentioned 

above, with a threshold of 50%. Spheres were placed manually around each testis on the 

3D PET images and rotated to the correct orientation of the testes. Within the resulting 

isocontour, SUVmax (SUV of single pixel with highest uptake in the VOI), SUVpeak (mean 

SUV of 1 cm3 with highest uptake in VOI), SUVmean (mean SUV in whole VOI) were 

measured and recorded. 
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Figure 1  Example of testicular PET/CT image.

Statistical analysis
All data were managed and analyzed with SPSS, version 14.0. The differences in volume 

and SUVs between the orchidopexied testis and its counterpart were calculated using 

the Wilcoxon signed rank test. 

The correlation between the testicular volume measured with ultrasound and with 

CT, as well as between testicular volume and SUVpeak, was assessed with Pearson’s 

correlation coefficient test. A correlation coefficient (r) > 0.7 was regarded as a good 

correlation. A p-value < 0.05 was considered as statistically significant.

Power-analysis was based on a paired t-test with the parameter SUVpeak and a power of 

> 0.8 was regarded to be good.

Ethical Approval 
This study was approved by the ethical committee ‘METC Noord-Holland’ (registration 

no. NH012.449 / NL42125.094.12).
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RESULTS

The eleven participating men with a mean ± SD age of 24.1 ± 2.3 (range, 20.6 – 28.0) 

years underwent an orchidopexy for congenital UDT at a mean age ± SD of 1.9 ± 1.4 

(range 4.5 months – 4.0) years. All congenital UDTs were right-sided.

Medical history
General medical history involved one man with ulcerative colitis, one with hemophilia. 

Furthermore, one had received a contralateral inguinal hernia repair, one an 

appendectomy and another a circumcision. No relevant medication was used. None of 

the men did mention any relevant complaints of the inguinoscrotal region. Two patients 

had fathered a child; both pregnancies occurred within a month after stopping anti-

conception. Of the men without children, one wished to have fathered, for the time of a 

year. 

Testicular position and abnormalities
All, but one, testes were located low scrotal. One of the orchidopexied testes was in 

a high scrotal position. Intra- and extratesticular varicocele were seen in one of the 

operated testis. No other abnormalities were observed.

Testicular volume
Mean testicular volume measured with ultrasound of the orchidopexied testes was not 

significantly different from the contralateral testes; 13.3 ± 5.8 (4.9 – 24.4) vs 20.0 ± 11.3 

(11.2 – 52.4) ml, p = 0.13 (Wilcoxon signed ranks test). 

Mean testicular volume assessed on CT was not significantly different for the 

orchidopexied testes, 24.0 ± 9.8 (10.4 – 48.6) ml, in comparison to the contralateral 

testes, 28.3 ± 7.5 (18.0 – 44.5) ml, p = 0.33 (Wilcoxon signed ranks test).

Testicular volume measurement assessed by ultrasound correlated well with the 

assessment on CT, r = 0.729 (Figure 2).
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Figure 2  Correlation between testicular measurement as assessed by ultrasound and CT; 
r = 0.729; p < 0.001.

Testicular 18F-FDG-uptake
The 11 orchidopexied testes had a mean SUVpeak of 2.74 ± 0.48 (2.13 – 3.47), which was 

significantly smaller than the SUVpeak of its counterpart: 2.97 ± 0.39 (2.21 – 3.46), p = 

0.021 (Wilcoxon signed ranks test). Table 1 lists the results of the SUVpeak, SUVmean and 

SUVmax.
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Table 1  Long-term mean ± SD (range) of SUVpeak, SUVmean and SUVmax of orchidopexied congenital 
undescended testis and its contralateral counterpart as assessed on 18F-FDG-PET/CT scan.

orchidopexied testis

(n=11)

contralateral testis

(n=11)

p-value*

SUVpeak 2.74 ± 0.48 (2.13 – 3.47) 2.97 ± 0.39 (2.21 – 3.46) 0.021

SUVmean 2.20 ± 0.35 (1.76 – 2.80) 2.37 ± 0.28 (1.85 – 2.74) 0.026

SUVmax 3.04 ± 0.53 (2.34 – 3.82) 3.26 ± 0.44 (2.43 – 3.81) 0.062

*Wilcoxon signed rank test

There was no correlation between testicular volume measured by ultrasound and CT 

and FDG-uptake (VolUS ~SUVpeak r = 0.209; VolCT~SUVpeak r = 0.269).

Power analysis
Based on a paired t–test calculator with the following parameters; SDx = 0.48, SDy 

= 0.39, R(x.y) = 0.85, α = 0.05, β = 0.2, δ = 0.23, the power of the current study, 

involving 11 men, was 0.85. 

DISCUSSION

This study shows that, with a mean SUVpeak of 2.74 ± 0.48, the congenital UDT after 

orchidopexy at early age, functions in adulthood, but at a significantly lower level than 

its counterpart, p = 0.021. Furthermore, we saw no correlation between the testicular 

volume and SUVpeak.

The fertility of men treated for UDT has been the subject of study for many years. 

Although impaired, the fertility in men is better after unilateral compared to bilateral 

cryptorchidism.3-7,16,17 Since this fertility has been expressed as paternity rate, semen 

quality and hormone levels, it reflects the function of the whole genital tract and both 

testes. So to date, the contribution of the unilateral orchidopexied congenital UDT has 

not been elucidated.

This is the first study that evaluates the function of orchidopexied UDTs expressed 

as 18F-FDG-uptake assessed by PET/CT-scan. This relative new parameter for 
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testicular function was launched by Dierickx et al. 8 The testicular uptake of FDG 

is probably linked to GLUT 3 receptors which are situated in Sertoli cells and early 

spermatocytes 18, as illustrated in Figure 1. In rats, surgically induced unilateral 

abdominal cryptorchidism give degenerative changes associated with decreased GLUT 

3 receptors.19 Dierickx et al found correlations between testicular FDG-uptake and its 

function. Several studies support the symmetry in healthy testes and usability of the 

FDG-uptake, expressed as SUV.10,11 

In a previous study, we evaluated the normative testicular SUV in 20 young men and 

found a mean SUVpeak of 3.06 ± 0.54 (1.81 – 4.14) with a high symmetry for both testes 

[unpublished data]. 

The SUVpeak of the orchidopexied congenital UDT is lower than these normative values, 

p = 0.043, whereas the SUVpeak of the contralateral counterpart is comparable, p = 

0.588 (Mann-Whitney U test). Nevertheless, we should be careful comparing these 

data; absolute uptake values such as SUVs are known to be affected by many technical 

and physiological factors. Therefore, measurements from different studies cannot 

reliably be compared.20-22 

Though, all orchidopexied testes in this study show a SUVpeak above 2.13. Therefore, we 

seem to be justified to conclude that the orchidopexied congenital UDT is functioning to 

some degree. 

Regarding the testicular volumes, Sijstermans et al 15 described smaller volumes of 

orchidopexied congenital UDTs compared to its counterparts, as assessed by Prader 

orchidometry (p < 0.01) and ultrasound (p < 0.01), We did not find this difference 

in volume (p = 0.13, for ultrasound). The number of testes studied (152 vs 163 in 

Sijstermans et al 15 and 11 vs 11 in our study) can be a good explanation for this contrary 

finding. 

The limitations of this study need to be addressed. First, the number of 11 men is small. 

Because this was meant as a pilot study we performed a sample size calculation which 

showed that this current study has a power of 0.85. This means that the number of 

11 participants was sufficient to prove the difference in SUVpeak of the orchidopexied 

congenital UDT compared to its counterpart. Second, the meaning of the SUV should be 

interpreted with care. The correlation between the testicular FDG-uptake and the main 

sperm parameters described by Dierickx et al 8 is, so far, the only justification for using 

the SUV as a parameter for testicular function. As studies have shown a decline in FDG-

uptake with age and other studies show a decline in fertility with age, they assumed 



183

Testicular FDG-uptake after orchidopexy

that decreasing FDG uptake may reflect a decline in male spermatogenesis. Dierickx 

and co-workers selected 20 men (14 – 35 years) treated for non-testicular cancer, who 

had undergone a PET/CT and had provided semen samples. Then, they correlated 

functional volume (on PET/CT) and FDG-uptake with sperm parameters and found 

results that testicular FDG-uptake reflects testicular function. Namely, FDG-uptake 

was correlated to total sperm count, which is an independent parameter for testicular 

function. 

CONCLUSION

The orchidopexied congenital UDT has been shown to be less metabolically active 

than its contralateral counterpart. Nevertheless, with a mean SUVpeak of 2.74 ± 0.48 we 

suggest that the operated testes function to some degree.
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SUMMARY 

CHAPTER ONE

It is stated that a boy with a non-palpable testis should be treated with a diagnostic 

laparoscopy and pre-operative ultrasound would not be of any value. Analyzing the 

ultrasonographic and operative findings of 117 non-palpable testes, we found that a 

pre-operative ultrasound has a positive predictive value of 91% in localizing the testis in 

the inguinal canal. When these inguinally localized testes are treated with an inguinal 

exploration primarily, an unnecessary laparoscopy can be avoided in 9 out of 10 cases. 

Therefore, we advice pre-operative ultrasound for all boys with a non-palpable testis.

CHAPTER TWO

When an undescended testis is diagnosed as acquired it is unclear whether and when 

it should be orchidopexied. From 1996 until 2012 we followed 410 boys with 487 

acquired undescended testes following a conservative policy until Tanner stage 3. 

Annually, we performed physical examination and ultrasonography with testis volume 

measurements. We observed that nearly 80% of the acquired undescended testes 

descended spontaneously and so, did not need surgery. Furthermore, analysis of 1404 

volume measurements showed that acquired undescended testes were small but not 

smaller than acquired undescended testes orchidopexied at diagnosis (chapter 7). 

Therefore, we believe a conservative approach until puberty is warranted.

 

CHAPTER THREE

The same conservative policy and annual follow-up was carried out for the undescended 

testis after inguinoscrotal surgery. From 2003 until 2010 we followed 24 boys with 

26 undescended testes. Of these 26 undescended testes, 12 were after inguinal hernia 

repair and 14 after orchidopexy, which descended spontaneously in 57% and 75%, 

respectively. Furthermore, the volumes of these testes are illustrated in the curve of 

normative values. The most important message of this chapter is that spontaneous 

descent of undescended testes after inguinoscrotal surgery does occur.

CHAPTER FOUR

Some authors state a testis should not be left in an inguinal position because of the high 

risk of torsion (with possible detrimental consequences) and hence, an orchidopexy at 
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diagnosis is needed. We evaluated this risk of torsion in a cohort of 458 patients with 

544 acquired undescended testes during 2664 testis-years of follow-up. During these 

years we did not see any torsion of an acquired undescended testis. Therefore, we 

dispute that the risk of torsion is an argument for performing orchidopexy at diagnosis.

CHAPTER FIVE

The question is whether the congenital and the acquired undescended testis are truly 

two different entities or if they represent the same disorder, but at another side of the 

spectrum. In search of an answer to this question we studied the differences in anatomy 

at surgery. We compared findings of 76 congenital and 30 acquired undescended testes 

and found the acquired form more likely to be situated in the superficial pouch (63 vs 

15%), and to have a closed processus vaginalis (70 vs 17%) and a normal insertion of 

the gubernaculum (40 vs 17%). Therefore, we concluded there are distinct anatomical 

differences between congenital and acquired testes, although congenital aspects are 

present in the acquired undescended testis. 

CHAPTER SIX

As we have treated 335 acquired undescended testes with an orchidopexy at diagnosis 

from 1986 until 1999 we were able to study the long-term consequences of this 

policy. Upon request, 105 men with a mean age of 25.7 ± 3.3 years and 137 acquired 

undescended testes were seen in follow-up. Their mean age at orchidopexy was 9.2 ± 

2.8 years. All, but one, testes were situated low-scrotally. Further, the mean volume 

of the acquired undescended testes orchidopexied at diagnosis was 10.3 ± 3.5 ml, 

which was smaller than the contralateral testis and smaller than the normative values, 

described in literature. 

CHAPTER SEVEN

In the men seen in follow-up, described in the former chapter, we found a prevalence 

of 8.6% of intratesticular varicoceles, whereas in the literature prevalences up to 2% 

have been reported. All intratesticular varicoceles were left-sided after a left-sided 

orchidopexy. So, after right-sided orchidopexy, no intratesticular varicocele was found.

In addition, the testes with intratesticular varicoceles were smaller than the testes 

without. 
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CHAPTER EIGHT

In the formerly described study group, in combination with another cohort of 155 

acquired undescended testes orchidopexied at diagnosis at the median age of 8.5, from 

1996 – 2009, a prevalence of 6.5% of testicular microlithiasis was found. This is higher 

compared to the prevalence in both asymptomatic boys (2.4 - 5.6%) and boys with 

acquired undescended testes in whom a conservative policy had been applied (2.8%). 

CHAPTER NINE

The 18F-FDG-uptake of 40 healthy testes of 20 men with a mean age of 26.5 ± 3.9 years 

were assessed on PET/CT-scan by three independent observers and twice by one of 

them. The FDG-uptake was expressed as SUVmax, SUVpeak and SUVmean and was 3.42 

± 0.61, 3.06 ± 0.54 and 2.44 ± 0.44, respectively. For all SUV values, the laterality 

indices were low and interobserver and intraobserver reliability high (ICC 0.992 - 

1.0). Therefore, we believe the 18F-FDG PET/CT has the potential to become a useful 

instrument in the evaluation of the function of the individual testis.

CHAPTER TEN

This chapter describes the first study evaluating the function of orchidopexied testes on 

PET/CT. We included eleven men at the mean age of 24.1 ± 2.3 years, who underwent 

an orchidopexy for a unilateral congenital undescended testis at the age of 1.9 ± 1.4 

years. The mean SUVpeak of the orchidopexied testis was 2.74 ± 0.48 (2.13 – 3.47), 

which was significantly lower than its descended counterpart. Nonetheless, congenital 

undescended testes orchidopexied in childhood function to some degree. 

The findings of chapters two, three, six, seven and eight illustrate that a randomized 

controlled trial comparing orchidopexy at diagnosis with a conservative policy until 

puberty, is desirable to reach consensus on the treatment of the acquired undescended 

testis. 
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FUTURE PERSPECTIVES

Clinical practice; a boy, eight years of age, notices his left testis has been ascended out of 

its scrotum into his groin. He tries to pull it back into the scrotum, but it turns back into 

his groin directly. The boy feels ashamed and is full of questions. Did I do something 

wrong? Will it stay there? Is it dangerous to leave it there? Will I ever become a dad? Do 

I need to go to the hospital? And, do they need to operate on me then!? Sooner or later 

he will be worried enough to tell his mother and/or father. His parents are concerned 

as well, and cannot answer his questions. They go and see the general practitioner who 

tells them (s)he thinks an operation is needed. Full of expectations, they arrive at the 

pediatrician or pediatric surgeon.

The specialist explains the boy has an acquired undescended testis. And then; instead of 

answering their questions, a story full of uncertainties follows: “it is unknown whether 

this testis will descend back into the scrotum itself. Probably not the next coming years, 

but maybe when your puberty starts. We can operate on it now, but we can wait as well. 

Your testis will most likely become smaller than the other one, both if we operate on it 

and if we do not. Probably you will become a father, but we cannot guarantee it. We do 

not know whether it is better for your future semen to operate now or to wait first. And, 

we do not think it is dangerous to leave it in your groin, but when it hurts, you need to 

go to the hospital immediately, otherwise it is possible you lose your testis.”

Subsequently, the specialist explains that because we do not know which treatment – to 

operate on it now or to await possible spontaneous descent at puberty - is best, we are 

doing research on it. This means that - if the boy and his parents consent - the boy will 

be randomized to a certain treatment protocol. Furthermore, it is important that - if he 

participates - he will come back when he has reached the age of 18 years to participate 

in the follow-up examinations. 

One can imagine the boy and his parents might feel even more unsure, also to choose 

whether to leave it to chance which treatment he will be given.

Besides this difficulty to include boys with acquired undescended testes in a randomized 

controlled trial, we have to be aware of more struggles. The study population will be 

rather heterogenic. Age at referral, duration of non-scrotal position, uni/bilaterality, 

location of the acquired undescended testis, will all differ. Further, most outcome 

parameters, like the function of the testis, will only be possible to evaluate at the long-

term. Therefore, the follow-up period will take decades.
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Last but not least, the outcome parameters of the randomized controlled trial should 

be chosen accurately. Psychological consequences, risk of testicular torsion, degree of 

malignant degeneration and the function of the testis should all be taken into account.

The assessment of the function of the testis is, as portrayed in the introduction, far from 

simple. Ultrasonographically measured testicular volumes, hormone levels and semen 

analysis, could be considered as outcome parameters. However, we suggest to use the 

PET/CT-scan, as illustrated in the latter two chapters of this thesis, to quantify this 

counterpart-independent function. The position of the testes, far from other FDG-active 

organs, makes it possible to scan with a low dose of FDG and radiation and the costs of 

these scans will probably become less in time. 

So, if we ever want to have a clear evidence-based explanation to the boys with acquired 

undescended testes and their parents, we should sit together and make plans for 

a multi-center randomized controlled trial. In the Netherlands, we have 1500 new 

patients per year, many dedicated clinicians and a continuing centralization of care. 

Therefore, in our opinion, the optimal method to reach consensus on the best treatment 

of acquired undescended testes, a multi-center randomized controlled trial, is feasible.
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Een testis hoort in het scrotum, is sinds jaar en dag het adagium. Daar is het 4˚ C lager 

dan de lichaamstemperatuur en dat lijkt een goede temperatuur voor de testis te zijn. 

De verminderde vruchtbaarheid die bewezen geassocieerd is met de niet-ingedaalde 

testis is mogelijk het gevolg van een hogere temperatuur van een testis buiten het 

scrotum. Een operatie waarbij de testis in het scrotum wordt gebracht, wordt dan ook 

wereldwijd, op steeds jongere leeftijd, aanbevolen en uitgevoerd.

Of deze operatie, de orchidopexie, ook daadwerkelijk de vruchtbaarheid op latere 

leeftijd verbetert, is een interessante vraag. Dat deze vraag lastig te beantwoorden 

is en dat de literatuur vooralsnog geen bewijs hiervoor levert, wordt uiteengezet in 

de  introductie van dit proefschrift. Mogelijk is de theorie over de verbetering van de 

spermatogenese door het verrichten van een orchidopexie niet correct. Wellicht is er 

een intrinsiek defect van de testis zelf dat (deels) zorgt voor onvoldoende indaling.

De relatief hoge prevalentie van de niet-ingedaalde testis maakt onderzoek hiernaar 

relevant. Jaarlijks worden in Nederland circa 1000 orchidopexiën voor de aangeboren 

en ongeveer een zelfde aantal voor de verworven niet-ingedaalde testis verricht. Het 

is van belang om te weten of deze operaties de vruchtbaarheid verbeteren, de kans op 

torsie en/of maligne ontaarding verminderen of dat deze operaties slechts cosmetisch 

zijn.

Dit proefschrift gaat over de niet-ingedaalde testis en werpt zijn licht op het stellen van 

de indicaties ‘voor operatie’, op het verschil tussen de aangeboren en verworven vorm 

‘gedurende operatie’ en op de resultaten van chirurgie ‘na operatie’, alsmede op een 

nieuwe methode deze resultaten te meten. 

DEEL I VOOR OPERATIE

HOOFDSTUK EEN

Vaak wordt gesteld, dat een jongen met een niet-palpabele testis primair een 

diagnostische laparoscopie zou moeten ondergaan. Een preoperatieve echografie 

zou geen toegevoegde waarde hebben. Bij het analyseren van de echografische en 

operatieve bevindingen van 117 niet-palpabele testes vonden wij dat een preoperatieve 

echografie een positief voorspellende waarde heeft van 91% in het lokaliseren van de 
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testis in de lies. Als deze in de lies gelokaliseerde testes direct behandeld worden met 

een liesexploratie, kan een overbodige laparoscopie in 9 van de 10 gevallen worden 

vermeden. Daarom adviseren wij een preoperatieve echografie voor alle jongens met 

een niet-palpabele testis.

HOOFDSTUK TWEE

Als een niet-ingedaalde testis wordt gediagnosticeerd als verworven is het onduidelijk 

òf en wanneer deze zou moeten worden georchidopexeerd. Van 1996 tot 2012 hebben 

we 410 jongens met 487 verworven niet-ingedaalde testes gevolgd. Zij kregen een 

conservatief beleid tot Tanner’s puberteitsstadium 3 met jaarlijks een lichamelijk 

onderzoek en een echografie van de testes met volumemeting. We zagen dat bijna 80% 

van de verworven niet-ingedaalde testes spontaan indaalde en er dus geen operatie 

vereist was. Verder liet analyse van 1404 volumemetingen zien dat de verworven niet-

ingedaalde testes klein waren, maar niet kleiner dan de verworven niet-ingedaalde 

testes die direct werden georchidopexeerd (hoofdstuk 7). Daarom menen wij dat een 

conservatief beleid tot de puberteit is gerechtvaardigd. 

HOOFDSTUK DRIE

Hetzelfde conservatieve beleid en jaarlijkse follow-up werd (uit)gevoerd voor de 

niet-ingedaalde testes na inguinoscrotale chirurgie. Van 2003 tot 2010 hebben we 

24 jongens met 26 niet-ingedaalde testes gevolgd. Van deze 26 niet-ingedaalde 

testes waren  12 ontstaan na een liesbreukoperatie en 24 na orchidopexie. Zij 

daalden respectievelijk in 4 van de 7 en 9 van de 12 gevallen, die aan het einde van 

de studie scrotaal lagen, in. De volumina van deze testes werden uitgezet in de 

normaalwaardencurve. De belangrijkste boodschap van dit hoofdstuk is dat spontane 

indaling van de niet-ingedaalde testis na inguinoscrotale chirurgie voorkomt.

HOOFDSTUK VIER

Gesuggereerd wordt dat een conservatieve behandeling van een testis, die in de lies 

is gelegen, niet geoorloofd is in verband met het hoge risico op torsie (met mogelijke 

schadelijke consequenties). Daarom zou een orchidopexie ten tijde van diagnose 

nodig zijn. Wij evalueerden het risico op torsie in een cohort van 458 jongens met 544 

verworven niet-ingedaalde testes gedurende 2664 testisjaren van follow-up. Gedurende 

deze jaren zagen we geen enkele verworven niet-ingedaalde testis torderen. Daarom 
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betwisten we dat het risico op torderen van de verworven niet-ingedaalde testis een 

argument is voor het verrichten van een orchidopexie.  

DEEL II  GEDURENDE OPERATIE

HOOFDSTUK VIJF

De vraag is of de aangeboren en de verworven niet-ingedaalde testis twee verschillende 

entiteiten zijn of dat ze dezelfde aandoening vertegenwoordigen, maar dan ieder 

aan een andere kant van het spectrum. Op zoek naar het antwoord op deze vraag, 

bestudeerden we de verschillen in anatomie tijdens het verrichten van de orchidopexie. 

We vergeleken de bevindingen van 76 aangeboren en 30 verworven niet-ingedaalde 

testes. Hierbij vonden we dat de verworven vorm vaker in de ‘superficial inguinal pouch’ 

lag (63 vs 15%), vaker een gesloten processus vaginalis had (70 vs 17%) en vaker een 

normale insertie van het gubernaculum had (40 vs 17%). Hiermee toonden we aan, 

dat er weldegelijk verschillen zijn tussen de aangeboren en verworven niet-ingedaalde 

testis. Desalniettemin, zijn er in de verworven niet-ingedaalde testes aangeboren 

aspecten aanwezig. 

DEEL III   NA OPERATIE

HOOFDSTUK ZES

Omdat we van 1986 tot 1999 335 verworven niet-ingedaalde testes ten tijde van 

diagnose hebben georchidopexeerd, konden we de lange termijn resultaten van dit 

beleid bestuderen. Na oproep, werden 105 mannen met een gemiddelde leeftijd van 

25,7 ± 3,3 jaar, met eerder 137 verworven niet-ingedaalde testes, in follow-up gezien. 

De gemiddelde leeftijd bij orchidopexie was 9,2 ± 2,8 jaar. Alle testes, op één na, lagen 

laag in het scrotum. Het gemiddelde volume was 10,3 ± 3,5 ml. Dit was kleiner dan 

de contralaterale testes en kleiner dan de normaalwaarden, zoals beschreven in de 

literatuur.  
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HOOFDSTUK ZEVEN

Bij de mannen die werden gezien in follow-up, als beschreven in het vorige hoofdstuk, 

vonden we in 8,6% een intratesticulaire varicocèle. Dit terwijl in de literatuur slechts 

prevalenties tot 2% zijn beschreven. Alle intratesticulaire varicocèles waren linkszijdig, 

na een linkszijdige orchidopexie. De testes met intratesticulaire varicocèle waren 

bovendien kleiner dan de testes zonder intratesticulaire varicocèle. 

HOOFDSTUK ACHT

In de eerder beschreven studiegroep, in combinatie met een cohort van 155 verworven 

niet-ingedaalde testes, georchidopexeerd ten tijde van diagnose op een mediane leeftijd 

van 8,5 jaar in het Juliana Kinderziekenhuis van 1996 tot 2009, vonden we in follow-

up een prevalentie van 6,5% aan testiculaire microlithiasis. Dit is hoger vergeleken met 

asymptomatische jongens (2,4 – 5,6 %) en hoger dan in jongens met een verworven 

niet-ingedaalde testis die een conservatief beleid kregen (2,8%).         

HOOFDSTUK NEGEN

De 18F-FDG-uptake van 40 gezonde testes van 20 mannen met een gemiddelde 

leeftijd van 26,5 ± 3,9 jaar werden bepaald op PET-CT scan door drie onafhankelijke 

beoordelaars, waarvan tweemaal door één van hen. De FDG-uptake werd uitgedrukt 

in SUVmax, SUVpeak, SUVmean en was respectievelijk 3,42 ± 0,61, 3,06 ± 0,54 en 2,44 ± 

0,44. Voor alle SUVwaarden was de symmetrie tussen beide testes hoog en de inter- en 

intraobserver variatie laag (ICC 0,992-1,0). Daarom menen wij dat de 18F-FDG PET-CT 

scan de potentie heeft om een waardevol instrument te worden in de beoordeling van de 

functie van de individuele testis.

HOOFDSTUK TIEN

In deze eerste studie, die functie van de georchidopexeerde testis beoordeelt op PET-CT 

scan, includeerden wij elf mannen in de leeftijd van 24,1 ± 2,3 jaar. Zij ondergingen een 

orchidopexie wegens een congenitale niet-ingedaalde testis op de gemiddelde leeftijd 

van 1,9 ± 1,4 jaar. De gemiddelde SUVpeak van de georchidopexeerde testes was 2,75 ± 

0,48 (2,13 – 3,47). Dit was significant lager dan van de ingedaalde contralaterale testis. 

Desalniettemin, congenitale niet-ingedaalde testes, georchidopexeerd op kinderleeftijd, 

blijken enigszins te functioneren.   
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De bevindingen van hoofdstuk 2,3,6,7 en 8 laten zien dat een gerandomiseerde 

gecontroleerde studie die orchidopexie ten tijde van diagnose met een meer afwachtend 

beleid vergelijkt, wenselijk is om consensus te bereiken over de behandeling van de 

verworven niet-ingedaalde testis. Deze studie zal niet makkelijk uitvoerbaar zijn, niet in 

de laatste plaats om de lastige eindpunten die pas op lange termijn (na circa 10 jaar) te 

meten zijn. In Nederland zijn zo’n 1500 nieuwe patiënten per jaar, veel toegewijde artsen 

en er is sprake van een toenemende centralisatie van zorg. Daarom menen wij dat de 

optimale studie voor het verkrijgen van consensus over de behandeling van de verworven 

niet-ingedaalde testis, de gerandomiseerde gecontroleerde trial, uitvoerbaar is.
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Eigenlijke co-promotor dr WWM Hack. Lieve Yvonne, zonder Wilfried was dit 

proefschrift er niet geweest. Toch is hij er niet meer. Wilfried was voor mij de rots in 

mijn onderzoek, een stabiele factor waarop ik kon rekenen. Het meest heb ik gehad 

aan al die keren dat hij mijn manuscripten, steevast een paar dagen later en volledig 

volgekalkt met correcties, teruggaf. Hij heeft mij alle ruimte gegeven om in mijn eigen 

tempo (hij vond me een diesel) dit onderzoek te doen. Dat was knap en heel waardevol. 

Zijn volledig onbaatzuchtige manier van hard werken, waarbij hij mij het gevoel gaf alle 

tijd te hebben, bewonder ik enorm. Wilfried, ook al ben je er niet meer, je zal altijd over 

mijn schouder mee kijken als ik me met de ballen bemoei. 

Patiënten, inmiddels vooral ex-patiënten, die jarenlang door Wilfried zijn gevolgd 

en telkens weer hun trouw bewezen. Beste mannen, dit boek gaat allemaal over en om 

jullie, en is bovendien vooral geschreven voor jullie toekomstige lotgenoten. In de vele 

bezoeken aan het ziekenhuis heb ik bij jullie een Westfriese nuchterheid in combinatie 

met een grote betrokkenheid met het werk van ‘dokter Hack’ mogen ervaren. Zonder 

jullie waren we nergens. Veel dank voor jullie participatie en vertrouwen!

Promotor, prof dr HA Heij. Beste Hugo, in 2001 maakten we kennis en liet je me 

vallen voor de kinderchirurgie. Via de necrotiserende enterocolitis in het AMC kwam 

ik bij de niet-ingedaalde testis in het MCA. Ik ben altijd blij geweest met hoe je mij 

hebt gesteund door ‘ons in de periferie’ de ruimte te geven onze onderzoekslijn te 

bewandelen en tegelijkertijd voldoende academische opvattingen in te brengen. Ik ben 

je dankbaar voor je betrokkenheid op het gebied van de niet-scrotale testis en bij mijn 

promotietraject. Met een goede dosis aan intellect, relativering en humor was je een 

heel fijn promotor. 

Promotor, prof dr HA Delemarre. Beste Henriëtte, ik vind het een eer dat je 

mijn promotor wilt zijn. Jouw enorme werklust en inzet zijn bij een eerste ontmoeting 

zonneklaar. Dat je hiermee ‘de groep uit Alkmaar’ vele jaren hebt bijgestaan, is ons veel 

waard geweest. 
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Co-promotor, dr RW Meijer,  “…bij het maken van een subcutane tunnel valt 

het weefsel op, dat zich in de scrotumingang bevindt. Dit is zeer stug, en kan met 

gepast geweld worden doorboord...”. Lieve Rob, jouw gevoel voor proza, zelfs in 

operatieverslagen, maakte het doorploeteren van de vele data een stuk beter behapbaar. 

Jouw enthousiasme voor en je rotsvast vertrouwen in mijn onderzoek, heeft mij de 

mogelijkheid gegeven te groeien. Om onze laatste onderzoeksgroep, de volwassen 

mannen die jij op babyleeftijd hebt geopereerd, samen terug te zien, was legendarisch. 

Veel dank!

Geachte leden van de promotiecommissie, dank dat u de tijd en moeite heeft 

genomen mijn manuscript te beoordelen. Dank voor uw bereidheid plaats te nemen in 

mijn commissie. Ik zie er naar uit met u allen van gedachten te wisselen.

Dr R Bakx. Beste Roel, in de kinderchirurgie, op congres en over het leven, heb ik al 

veel van je mogen leren. Ook in de aanloop naar mijn promotie wist je me haarfijn de 

verbeterpuntjes te noemen. Je weet, wat mij betreft duurt je leerschool nog jarenlang. 

Prof dr FWJ Hazebroek. Beste Frans, onze eerste ontmoeting was in Obergürgl. 

Ik werd nog enigszins afgeleid door ski, sneeuw en zon, maar jij wist me daar in te 

laten zien waar het ècht om gaat; alle gestelde en nog te stellen vragen over de niet-

ingedaalde testis. Het blijkt altijd weer mooi om een gemeenschappelijke fascinatie te 

hebben en het doet me dan ook heel goed dat je, ondanks je emeritaat, zitting zal nemen 

in de commissie.

Prof dr OS Hoekstra. Beste Otto, jouw academische hersenspinsel met Hugo over de 

testis op de PET-CT scan heeft geleid tot de kroon op mijn proefschrift, waarvoor veel 

dank!   

Prof dr TPVM de Jong. Beste professor, onze eerste kennismaking, via e- mail, was 

over een opmerking van één van de reviewers die een artikel -volgens ons onterecht-  

nogal negatief had beoordeeld. U zou ze een draai om hun oren geven.  Ik was meteen 

van mijn onzekerheid af.
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Prof dr G Kazemier. Geert! Waanzinnig dat je in de commissie plaatsneemt; wellicht 

weinig ervaring met, maar ballen hèb je. Op de dingen die niet voorbij gaan.

Prof dr S Repping. Beste Sjoerd, na tien minuten kletsen over zaadcellen, was me 

duidelijk; jij hebt echt verstand (van fertiliteit). Ik vind het geweldig dat je erbij wilt zijn 

14-02-2014.

Dr ASP van Trotsenburg. Beste Paul, de beoordeling van mijn manuscript nam je 

heel serieus. Ik kreeg het, voorzien van gekleurde post-it’s bij elke correctie, terug. Daar 

had ik nog eens wat aan. Dankjewel.

Vrienden uit de ballengroep.

Laszla van der Voort. Lieve Lasz, al mijn ‘ballenjaren’ was je een continue steun voor 

me. Op alle vragen die ik per e-mail op je afvuurde, had je antwoord. Onze simultane 

statistische berekeningen met als hoogtepunt een gelijke p-waarde, hebben mij 

enorm gemotiveerd. Zo ook onze gesprekken die vaak snel van p-waardes over gingen 

op de waarde van NLP. De dagen die jij naar Nigtevecht kwam en al Jort wiegend, 

helderheid bracht in de soms zo ingewikkelde ballenbak, maakte het onderzoek doen 

tot een feestje. Het overlijden van Wilfried brengt een bruut einde aan jouw werk als 

onderzoeksverpleegkundige met zich mee. Je kan trots terugkijken op 15 succesvolle 

jaren waarin je samen met Wilfried een hecht en kundig team hebt weten te creëren. 

Vertrouw op je eigen kunnen; je hebt heel veel in je mars!   

Karlijn Sijstermans. Lieve Karlijn, al het begin is moeilijk, maar jij maakte mijn 

ballenbegin een stuk makkelijker door het eerste protocol geschreven en de toon gezet 

te hebben, maar met name door een fantastisch voorbeeld te zijn. 

Joery Goede. Lieve Joer, een half jaar deelden we onze ballenkamer, die zich bij mooi 

weer uitstrekte van de Bergense duinen tot het Alkmaardermeer. Maar vooral deelden 

we lief en leed; dat wàs me leuk.

Evelyn van der Plas. Ev, great mind! Wauw! Het was één groot feest om het 

afgelopen jaar met jou en al je energie, intelligentie, fanatisme, je openheid, 

impulsiviteit, je passie en je lach naar ons gemeenschappelijke doel te knallen. Heb 

genoten van hoe we van ‘collega’s uit de ballengroep’ razendsnel soulmates werden. 
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Mooi, hoe we ondanks ons verschil in levensfase; jij met je kite, ik met m’n kids, elkaar 

24/7 wisten te bereiken èn te begrijpen. Jouw kritische blik in combinatie met je nooit 

aflatende inzet, maakt dat je overal waar je wilt, zult komen.

Femke den Bakker. Lieve Femke, jij hebt een poosje meegedraaid in onze groep en 

weet alles wat er geschreven is over de intratesticulaire varicocele. Knap hoe je ervoor 

gegaan bent in Duitsland chirurg te worden en dank voor de leuke samenwerking.

Floor van der Wolf. Lieve Floor, dank voor je radiologische inbreng. Jouw precisie 

en  nieuwsgierigheid maakten onze avonden turen naar intratesticulaire varicoceles, en 

al wat daarop volgde, tot een succes. Het was heerlijk om met je te werken. Nu samen 

het water op!

De afdeling nucleaire geneeskunde van het Medisch Centrum Alkmaar ben 

ik heel dankbaar voor wat ze voor mijn onderzoek heeft betekend. Het begon met een 

presentatie over ons onderzoeksidee. Al snel stond de gehele afdeling voor me klaar. 

Nergens heb ik zo’n gemotiveerde groep mensen in zo’n goede sfeer, zulk goed werk 

zien leveren. Dat we de mannen ’s avonds moesten scannen of dat er een laborant 

onverwachts van huis moest komen, was uiteraard geen enkel probleem. Niets dan 

hulde en heel veel dank! 

Dr RJJ Knol, nucleair geneeskundige. Beste Remco, bedankt voor je tomeloze 

bijdrage aan protocol en manuscripten. Hield ik het kort en krachtig, wist jij goed uit 

te wijden. Bovendien bedankt voor het beoordelen van de vele scans en het maken van 

de ballenbakjes; daar was je toch een stuk beter in dan ik. Dr SV Lazarenko, medisch 

fysicus. Beste Sergiy, ‘makkie, makkie’, vond jij het weleens. Ondertussen dacht je heel 

hard mee en zorgde je dat alles tot in de puntjes geregeld was. Ik vond het geweldig om 

vanuit 3 verschillende invalshoeken ons over de ballen op de PET-CT te buigen en te 

discussiëren over de interpretatie hiervan. 

Kinderartsen van het Medisch Centrum Alkmaar. Als vreemde eend in de 

bijt heb ik me altijd meer dan welkom gevoeld bij jullie. De koffiekamer op de poli 

was wekelijks de ballenoverleg-kamer. Dat begrepen jullie. Wilfrieds succes in het 

onderzoek is vast deels te danken aan de ruimte en het decor dat jullie als groep weten 
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te creëren. Ik hoop dat jullie dit in de toekomst zullen handhaven en er veel moois zal 

volgen. 

Lieve meiden van de kinderpoli,  ik kwam altijd alleen maar graaien (naar post, 

statussen en dropjes) en toch leken jullie altijd blij me te zien; dank!

Chirurgen Noordwest. Vijf jaar lang waren jullie mijn thuis, met heel veel papa’s en 

één mama. Never a dull moment. Diepe dalen, hoge pieken. Meestal een warm bad. Bij 

jullie onstond de Liefde…. Het was een mooie tijd. Hoewel schaars, dank voor de tijd die 

jullie me gaven voor de Wetenschap! Peter, Judith, Marion en Inge, jullie kamer 

is een mooi plekkie. Relatieve rust in vergelijking met alles wat er buiten gebeurt. Een 

plek voor een moment van bezinning en de plek waar ik altijd het antwoord kreeg dat ik 

nodig had; dank!

Tjeerd van der Ploeg, statisticus Medisch Centrum Alkmaar. Dat vond ik eigenlijk 

het leukst aan onderzoek doen; de statistiek. Ik werd dan ook van elk bezoekje aan jou, 

hoe kort ook, zo ongelooflijk blij. Dank voor het meedenken. 

De beeldgroep van het Medisch Centrum Alkmaar. Van Wilfried moest alles, 

zonder twijfel, langs jullie. Dank voor alle mooie plaatjes. Beste Nico Bakker, knap 

hoe je binnen een mum van tijd mijn wensen wist te verbeelden en dat ik je ondanks 

vele aanpassingen, nooit heb horen zuchten. Lieve René Marc Blom, zo kenden we 

elkaar niet en zo zaten we uren naast elkaar elke spatie te overdenken. Ik weet het, ik 

ben een zeikerd. Wat fijn dat ik bij jou een zeikerd mocht zijn!

Nikie Hoetjes, onderzoeker nucleaire geneeskunde VU medisch centrum. Lieve Nikie, 

slimmerd! In de bunker heb je me wegwijs gemaakt in de wereld van de PET-CT. Wat 

voelde ik me soms dom naast jou. Ik begreep maar niet dat het niet wat simpeler kon. 

Alexander Vos, co-assistent VU medisch centrum. Goed dat je aanklopte voor het 

doen van onderzoek. Leuk om je te mogen helpen. Ik zag in jou mijn eerste stappen in 

de wetenschap terug en door jou merkte ik hoe verWilfried ik ben. Dank voor je frisse 

blik.
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Dr AFW van der Steeg. Beste Lideke, dank voor je goede ideeën en dank dat je me 

de ruimte gaf Alexander te stroomlijnen. Erg leuk dat je ook hebt bijgedragen aan dit 

proefschrift. 

Kinderchirurgisch Centrum Amsterdam, dank dat jullie met mij het schitterende 

vak van de  kinderchirurgie wilden delen. Lieve Lillian en Lisanne, dank voor het 

lijntje naar de professor en al jullie hulp met de regelzaken.

Marjolein Kok. Lieve Marjo, het is lang geleden. Samen zijn we aan een evidence-

based bestaan begonnen. Na een dag werken als co-assistent, zonnetje schijnt; niets 

terrasje, hup achter de computer. Wat een ijzeren discipline bracht je mij bij. Het ging 

toen nog over de stuitligging, jij promoveerde 8 jaar later op de uitwendige versie. Toen 

ik in 2008 jouw proefschrift las, wist ik zeker dat ik ook wilde. Dank voor deze basis!

Jeroen van Schaveren. Lieve Jaroen, jij was erbij toen ik zo per se aan dit 

promotietraject zou beginnen. Ook al snapte je er geen pepernoot van waarom, jij leerde 

me hoe te concentreren en visualiseren opdat het zou gaan lukken. Het heeft gewerkt!

Lieve familie en vrienden, allen bedankt voor jullie begrip en geduld. Sorry dat mijn 

agenda en hoofd soms wat bezet waren. Ballendagen waren ballendagen en verder 

even niets. Zin om straks weer ruimte te hebben om samen te sporten, spelen, lullen en 

lachen.

Lieve Martin en Marion, dank voor jullie warme huis dat altijd voor ons open staat. 

Jullie zijn een goede buur, lieve vriend en warme familie in één. Lieve Marion, ik was 

40+3 weken zwanger toen jij mij chaperonneerde, met een stapel papieren naar de 

METC Noord-Holland. Dat was komisch, gezellig en nuttig; zo kon de wekenlange 

beoordeling tijdens mijn kraambed plaatsvinden. Dankjewel voor deze tocht (en Jort, 

dank dat je nog even in utero bleef). 

Marloes, lieverd, we zijn hetzelfde, maar toch ook weer niet. Soms begrijp je er niets 

van waar ik voor kies. Toch, onze hechte band is er sinds jouw geboorte en is me heel 

dierbaar. Ik hoop je voor altijd dichtbij me te houden. 
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Lieve Annemarije, gelukkig hebben we toch ons hele leven lang nog…. Dank voor je 

grenzeloze geven en meeleven. Je bent lief!  

Paranimf Alice Muurlink. Lieve Al, we zaten dit afgelopen anderhalve jaar in 

hetzelfde schuitje; werken vanuit huis met 2 kleine kids. Dat dat heus niet altijd 

makkelijk is, begrijpen we van elkaar en dat scheelt dan weer. Onze 5-daagse trip naar 

Tenerife met 6-weken-oude baby Daan en baby Jort was hilarisch en symbolisch voor 

onze vriend schap. Wat kùnnen we goed genieten samen! Lief, ik ben heel blij dat je 

straks naast me wilt stralen, want dat kun je!

Paranimf Hannah Coutinho. Lieve Han, je was zes jaar toen je bij ons op school 

kwam. Sindsdien hebben we elkaar nooit meer uit het oog verloren. Urenlange 

fietstochten tussen Nigtevecht en Hilversum, Mediterrane Interrailavonturen en 

de waanzinnige tot hopeloze ervaringen met de Kenianen, deden onze vriendschap 

groeien. Nu hebben we kinderen en gaan we met z’n allen het bos in, ook leuk. Ik 

bewonder je om hoe je jullie leven runt, om je keuzes en om je tomeloze interesse, zelfs 

in de details van mijn onderzoek. Acht jaar geleden mocht ik jouw paranimf zijn, ik ben 

er heel trots op dat jij nu de mijne bent!  

Hans en Riek. Jullie absolute, nooit aflatende en bovendien volledig onbaatzuchtige 

steun en interesse zijn enorm. Al die maandagen waarop ik de jongens blij bij jullie 

in Schoorl achterliet om me over de ballen te buigen in het MCA, is maar een greep 

hieruit. ‘Doe wat je wilt, maar wees altijd welkom’, is jullie motto en was voor mij goud 

waard.

Papa, mama en Riekus. Lieve pap, ik ben jou en mama heel dankbaar voor alles wat 

jullie Riekus en mij gegeven hebben. De onvoorwaardelijke liefde en steun in ons gezin 

met alle ruimte voor ieders keuzes, doen en laten, is heel waardevol gebleken. 

Lieve Riekus, Myrthe, Zinne en Cas, ik weet niet precies waar en wanneer het 

gebeurd is maar jullie blijken een verlengde te zijn van ons gezin en daar ben ik heel 

gelukkig mee. Myrth, ik kan me geen lievere vriendin als schone zus voorstellen.
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Pap, ik ben zo ongelooflijk trots op hoe je, na het afschuwelijk afscheid van mama, 

verder hebt kunnen leven. Dat je een draai aan jezelf en het leven hebt kunnen geven, 

dat het goed is. Lieve Anita, ik ben je heel dankbaar dat je papa weer gelukkig maakt.   

Mama, al bijna tien jaar ben je hier niet meer. Maar toch ook weer wel. En nu lijk je 

soms wel dichterbij dan ooit. Meer dan ooit, ben je trots op me, dat weet ik zeker. 

Vincent Meij. Liefde van mijn leven, dat de vier beste woorden uit dit proefschrift 

van jouw hand zijn, is geen toeval. Ik bewonder je om je kwaliteit. Ik bedank je voor je 

prioriteit. Ik bemin je om je echtheid. Voor altijd, alles.   

Pim en Jort, jullie laten de wereld stralen. Jullie maken het leven zinnig en 

krankzinnig tegelijk. Liefste apies van de hele wereld, zielsveel hou ik van jullie.   
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CURRICULUM VITAE

Annebeth de Vries werd geboren op 24 februari 1976 in Nigtevecht, waar ze haar 

jeugd doorbracht. In 1994 behaalde zij haar VWO-diploma aan het Comenius 

College in Hilversum. Datzelfde jaar begon zij aan de studie geneeskunde aan 

de Universiteit van Amsterdam. Tijdens haar studie deed ze onderzoek in onder 

andere Sydney, Australië en Kisumu, Kenia. Na haar co-schappen, behaalde ze 

haar artsexamen in 2001. Vanaf 2002 was zij werkzaam als arts-assistent chirurgie 

in Ziekenhuis Hilversum (tegenwoordig Tergooiziekenhuizen). In 2004 werd zij 

onderzoeker vanuit de kinderchirurgie in het Academisch Medisch Centrum op 

het experimentele chirurgische lab en deed daar onderzoek naar onder andere 

necrotiserende enterocolitis. In 2005 werkte zij een half jaar als arts-assistent 

chirurgie in het Academisch Medisch Centrum. Vanaf juli 2005 begon zij aan 

haar opleiding tot chirurg, die in het Medisch Centrum Alkmaar (opleider dr 

WH Schreurs) en het VU medisch centrum (opleider prof dr JA Rauwerda / dr 

DL van der Peet) plaatsvond. Vanaf 2006 was zij betrokken bij het onderzoek 

naar de niet-ingedaalde testis, onder leiding van dr WWM Hack. In 2009 heeft 

zij zich een half jaar fulltime toegelegd op dit onderzoek. Binnen haar opleiding 

heelkunde differentieerde zij in de traumachirurgie (Medisch Centrum Alkmaar) 

en de kinderchirurgie (Kinderchirurgisch Centrum Amsterdam). In 2012 rondde 

ze haar opleiding tot chirurg af. In 2013 heeft zij zich grotendeels toegelegd op 

het voltooien van het proefschrift dat nu voor u ligt. Daarnaast is ze werkzaam als 

chirurg bij Lyts klinieken.

Annebeth is sinds 2009 getrouwd met Vincent Meij en samen met hun zonen Pim 

(2010) en Jort (2012) wonen zij in Nigtevecht.
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