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Effects of artificial cryptorchidism on sperm morphology*
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In a diurnal artificial cryptorchidism (AC) experiment intended to provide a male
contraceptive method, oligoasthenozoospermia was found as early as the fourth month,
accompanied by an increase in the mean percentage of abnormally shaped
spermatozoa. A detailed morphologic study concerning 19 volunteers exposed for 6 to
24 months demonstrated that the overall increase of the mean percentage of
abnormally shaped spermatozoa resulted from the percentage increase of elongated,
thin, and irregular heads and of bent tails. This increase is probably caused by the
rise in environmental testicular temperature induced by AC. A return to baseline
values was observed within 12 months after the end of the experiment.

Fertil Steril 47:000, 1987

Effects of scrotal hyperthermia on human
spermatogenesis have been investigated over the
last half century.!> Although different heat
sources and variable exposure periods were used,
all previous studies have shown that testicular or
scrotal heating induced a reduction of the
count® 3% and motility? of spermatozoa. But
study of spermatozoa morphologic features that
are so important for fertilization, as shown by
epidemiologic studies® and works on in vitro fer-
tilization,” ® is absent from most studies or pro-
duced discrepant results.

The first results of an experiment with testicu-
lar hyperthermia intended as a male contracep-
tive method were given in a previous article®; in
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this first experiment, raising the environmental
testicular temperature resulted in diurnal arti-
ficial cryptorchidism (AC) that induced an oligo-
asthenozoospermia evidenced on average after 4
months and persisting throughout the testicular
heat exposure period. This oligoasthenozoosper-
mia was accompanied by a progressive reduction
in the percentage of normal-shaped spermatozoa.
Our study details the abnormalities observed in

the shape of spermatozoa before, during, and after
AC.

MATERIALS AND METHODS

After a 6-month baseline study, 19 healthy men
volunteers (25 to 35 years old) underwent diurnal
AC,; the testicles were pushed up into the inguinal
canal and secured in this position by a technical
device: an athletic supporter provided with an
orifice at the root of the penis allowing the penis
and the scrotal skin to be exteriorized. With the
device adjusted, the testicles were kept in in-
guinal position every day during waking hours.
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At the outset, the volunteers gave their consent
for at least 6 months of experimentation but were
free to continue as long as they wished. They
undertook to have bimonthly surveillance
throughout the experiment and the following
year. Of the 19 volunteers who undertook the
experiment, 4 are still involved, and 15 have
dropped out with exposure times ranging between
6 and 24 months. Among the latter, 2 have left
the region, and contact has not been maintained.
The length of individual follow-up studies avail-
able at the time of analysis of results varies from
6 to 18 months. Because of the variations in expo-
sure and follow-up times, the number of cases is
not constant throughout the study and is indi-
cated for each period in the tables and figures. All
19 volunteers were studied for 6 months before
the experiment and during at least 6 months of
AC. Except for one exclusion for azoospermia at
the eighth month of experimenting, dropping out
was not a result of medical grounds, discomfort,
or pain. Of the 15 dropouts, 13 underwent regular
follow-up for periods ranging from 6 to 18 months,
while the 2 others dropped out of sight. The azoo-
spermic man remained so for two months after
discontinuing the experiment, but his values then
recovered to the level of the other volunteers. In
this case, a morphologic study was therefore pos-
sible only from the second period following
treatment.

SPERM EXAMINATION

The morphologic study involved 100 spermato-
zoa per sample, studied under optical microscope
after fixation and staining (Papanicolaou). The
detailed study of the abnormal forms was under-
taken according to David et al.,'® except that
heads showing lysis were not recorded. The classi-
fication of abnormalities is (1) head: elongated,
thin, microcephalic, macrocephalic, duplicate,
and irregular; (2) tail: cytoplasmic remains, bent,
absent, short, coiled, and duplicate. Each abnor-
mality was evaluated separately as a percentage;
abnormalities have been collected with respect to
localization, head or tail, with abnormalities of
the tail further divided into abnormalities of the
middle and of the principal pieces. All sperm ex-
aminations were performed by the same exam-
iner; the variation coefficients of measurements
repeated on a given sample by the same operator
were between 5% and 10% according to abnormal-

ity types.
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STATISTICAL ANALYSIS

Each man was used as his own control, and for
each parameter mean values for each period were
compared with each of the three baseline means
by use of Wilcoxon rank test. For minimization of
possible bias due to baseline fluctuations, differ-
ences were deemed significant only if found with
regard to each of the three baseline means for the
treatment period and to at least one of the three
baseline means for the period after treatment.

RESULTS
HEAT EXPOSURE PERIOD

Sperm Count and Motility

The spermatogenesis of the 19 men involved in
the current study was appreciably reduced. Mean
sperm count and motility, initially 89 x 10° sper-
matozoa/ml and 67%, respectively, dropped sig-
nificantly as early as the second month of AC;
respective values ranged between 5 X 10° and 18
X 108 spermatozoa/ml and 18% to 36% from the
fourth to the twenty-fourth month of exposition.

Abnormally Shaped Spermatozoa

The mean percentage of abnormally shaped
spermatozoa (Fig. 1), initially < 30% rose signifi-
cantly and regularly from the second to the tenth
month and then settled at about 50%.

%| & shaped sp

70 4 T
I

i ] {/\/L\J/[

i
VORI L

N

30«]

|
|
20 T v g 0 g T

6 &4 2] 2 4 6 8 |O 'IZ |4 IG 18 20 22 24

months

n=119 19 W I|1Y 19 19 5 11 10 7 7 5 5§ 5 5

] T o

Figure 1

Abnormally shaped spermatozoa before and during AC. Val-
ues are mean percentages and 95% confidence limit of means
(2SE); a, P <0.01; b, P < 0.001; c, P < 0.05; d, baseline study;
e, AC experiment.
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Table 1. Mean Percentages of Spermatozoa Abnormalities Modified by AC

Period No. of men Head Bent tail
Elongated Thin Irregular
% % % %
6th month before AC 19 1.0 4.3 2.1 5.4
4th month before AC 19 1.3 3.9 1.9 5.0
2nd month before AC 19 2.2 4.2 2.3 6.2
2nd month during AC 19 5.1¢ 5.9 3.2 9.5¢
4th month during AC 19 6.2° 9.6° 3.1 10.7°
6th month during AC 19 8.9° 9.1¢ 3.4° 11.4°
8th month during AC 15 10.1° 10.1° 4.3° 11.8°
10th month during AC 11 9.9¢ 9.9* 4.4° 11.8°
12th month during AC 10 7.1 15.3% 3.7 11.6°
14th month during AC 7 6.9 10.9¢ 4.0 13.3¢
16th month during AC 5 4.2 11.2 5.4 13.2
18th month during AC 5 5.4 11.4° 3.8 12.0
20th month during AC 5 5.0 11.2 4.2 104
22nd month during AC 5 5.6 10.8 2.4 9.6
24th month during AC 5 8.4¢ 11.0 2.2 10.8

“P < 0.05; comparisens with each of the three baseline means (6th, 4th, and 2nd months before AC).
%P < 0.01; comparisons with each of the three baseline means (6th, 4th, and 2nd months before AC).

Different Types of Abnormalities

A statistically significant and regular increase
of elongated heads was seen up to the tenth
month (Table 1). Thin heads appeared to increase
significantly up to the twelfth month and then
remained relatively stable throughout the 24
months of experimentation. The percentage of ir-
regular heads increased moderately. Microcepha-
lic, macrocephalic, and duplicate heads, respec-
tively 3%, 1%, and 1% before the onset of the
experiment, remained constant throughout. With
regard to the middle piece of the tail, only the
percentage increase of bent tails was found to be
statistically significant and relatively constant
from the fourth to the twenty-fourth month (Ta-
ble 1). Other abnormalities of the middle and
principle pieces of the tail showed no significant
variations (cytoplasmic remains, 4%; duplicate
tails, 0.5%; no tail, 0.5%; short tails, 0.5%; and
coiled tails, 5%).

Taken together (Table 2), the increase in head
abnormalities was nearly threefold, abnormali-
ties of the middle piece of the tail doubled, and
abnormalities of the principal piece of the tail
remained constant at 6.5%.

PERIOD AFTER AC

Mean percentage of abnormally shaped sper-
matozoa (Fig. 2) remained significantly higher
than baseline ones up to the sixth month after
treatment.
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When the various types of abnormalities are
considered, it is evident that they evolve differ-
ently from one another (Table 3). Abnormalities
of the principal piece of the tail remained con-
stant throughout the period after treatment as
during the treatment period. Abnormalities of the

Table 2. Abnormalities of the Head and the Middle Piece of
the Tail Before and During AC

Mean percentages (= SE?)

Period No. of of abnormalities
men Head Middle piece
of tail
6th month before AC 19 13.8 (1.8) 104 (2.4)
4th month before AC 19 119 (1.2) 8.6 (0.9)
2nd month before AC 19 150 (1.4) 9.5 (1.0)

20.6° (3.4) 14.0° (1.6)
24.9° (3.5) 15.1° (1.3)
30.0¢ (2.4) 16.2¢ (1.9)
30.9¢(3.6) 15.7¢ (1.4)
33.0° (5.1) 16.8° (1.7

2nd month during AC 19
4th month during AC 19
6th month during AC 19
8th month during AC 15
10th month during AC 11

12th month during AC 10 32.7° (1.9) 15.6° (1.6)
14th month during AC 7 32.0°(6.2) 17.1°(2.6)
16th month during AC 5 29.0 (7.3) 17.0 (3.5)
18th month during AC 5 304 (74) 168 (3.4
20th month during AC 5 36.8 (12.2) 16.0 (3.6)
22nd month during 5 34.8%(7.00 134 (2.0
AC
24th month during AC 5 37.0°(7.6) 15.2°(2.8)

°SE, standard error.

%P < 0.05; comparisons with each of the three baseline
means.

‘P < 0.01; comparisons with each of the three baseline
means.

4p < 0.001; comparisons with each of the three baseline
means.
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Figure 2

Abnormally shaped spermatozoa before and after AC. Values
are mean percentages and 95% confidence limit of means (2
SE); a, P < 0.001; b, P < 0.01; ¢, P < 0.05; d, one man missing
for azoospermia; e, baseline study; f, last 2 months of AC; g,
after AC follow-up.

middle piece of the tail recovered to baseline val-
ues around the twelfth month (Table 4). Taken
together, abnormalities of the head progressively
decreased from the first 2 months of the period
following treatment but remained higher than
initial values 18 months after the end of experi-
mentation (Table 3); this slightly increased rate
of head abnormalities is due mainly to the mean
percentages of elongated heads (Table 4).

The recovery of abnormally shaped spermato-
zoa was also studied with respect to the duration

Table 3. Abnormalities of the Head and the Middle Piece of
the Tail After AC

Mean percentages (+ SE?)
of abnormalities

Period No. of men
Head Middle piece
of tail
6th month before AC 13 145 (0.9) 106 (1.3)
4th month before AC 13 12.1 (14) 8.7 (1.1)
2nd month before AC 13 147 (1.5) 93 (1.2)
Last 2 months of AC 13 35.8° (4.0) 18.2° (1.7)
2nd month after AC 12¢ 28.9%(3.9) 15.0¢(1.7)
4th month after AC 13 23.39(3.1) 12.1° (1.9
6th month after AC 13 24.3¢ (3.4) 11.0 (1.3)
8th month after AC 11 20.44(2.9) 12.1° (1.8)
10th month after AC 10 17.3° (1.3) 10.2 (1.4)
12th month after AC 8 18.0° (1.3) 89 (1.2
14th month after AC 8 19.9° (2.6) 9.8 (2.0)
16th month after AC 4 19.8° (2.2) 11.5° (2.0)
18th month after AC 4 20.5° (1.9) 7.8 (1.6)

%SE, standard error.

5P < 0.001.

“Values of one man missing because of azoospermia.

4p < 0.01.

‘P < 0.05 with at least one of the three baseline values.

of hyperthermia, for exposure times ranging from
6 to 12 months (mean, 9 months) with eight vol-
unteers and 24 months with the five other men.
The values for both groups were similar before
treatment and during the initial 12 months of
exposure. Statistical analysis also failed to dem-
onstrate any significant difference after treat-
ment between the two groups either in mean per-
centages of abnormally shaped spermatozoa or in
those of each type of abnormality.

Table 4. Mean Percentages of Spermatozoa Abnormalities After AC

Head

Period No. of men Bent tail
Elongated Thin Irregular
6th month before AC 13 2.5 3.8 2.2 5.2
4th month before AC 13 1.5 4.1 19 49
2nd month before AC 13 2.2 4.0 2.1 6.1
Last 2 months of AC 13 11.4° 10.2% 3.0 18.8¢
2nd month during AC 12¢ 9.6° 5.5 3.5° 9.2¢
4th month during AC 13 5.7¢ 5.2 2.8 8.7¢
6th month during AC 13 5.6° 5.9 2.6 8.1°
8th month during AC 11 5.4° 35 2.8 49
10th month during AC 10 3.9 3.3 2.4 7.1%
12th month during AC 8 4.2 3.0 2.7 5.8
14th month during AC 8 4.8° 3.0 3.9 6.4
16th month during AC 4 2.5 4.0 2.8 7.5
18th month during AC 4 5.2 3.8 2.8 4.8

°P < 0.01.

%P < 0.05 with at least one of the three baseline values.
‘One man’s values are missing because of azoospermia.
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DISCUSSION

Involving five more cases, the current study is
complementary to a previous work® and con-
firmed the reduction in sperm count and motility
previously obtained. The current study shows
that a slight and repeated increase in the envi-
ronmental temperature of the testicles placed in
inguinal position induced an increase in the per-
centage of abnormally shaped spermatozoa. Com-
parisons between the different hyperthermia ex-
periments are difficult because of differences in
source, intensity, and duration of heating. That
increases in abnormal shapes were reported only
in studies involving extended periods of local* or
general® hyperthermia is noteworthy, although
types of abnormality were not studied.

Three of the factors known to influence semen
characteristics and liable to induce bias in semen
studies are usually taken into account: individual
variability, abstinence period, and seasonal influ-
ences. The baseline study performed during the 6
months before the onset of experimentation re-
flects the individual variability; in our results, we
used the most unfavorable hypothesis (i.e., statis-
tically significant differences were indicated only
when present with each of the three baseline val-
ues for the treatment period and with at least one
of the three baseline values for the period follow-
ing treatment). Abstinence was found to affect all
semen characteristics except morphologic fea-
tures'? 12; thus variations recorded in the mean
percentages of abnormally shaped spermatozoa
cannot be explained by variations in the absti-
nence period. The volunteers have been involved
in the experiment at various periods of the year so
that no seasonal variations could explain the re-
corded modifications; moreover, as far as mean
percentages of abnormally shaped spermatozoa
are concerned, the amplitude of the observed
variations is higher than those induced by sea-
sonal variations.!® 4

The variations seen in our experiment ap-
peared to be related to the effects of AC. Indeed,
increases in the mean percentages of abnormally
shaped spermatozoa and in abnormality types
were seen after exposition, rising progressively
throughout the experiment, whereas they began
to disappear as soon as the exposition was inter-
rupted. AC realized in this experiment induced a
rise in environmental testicular temperature es-
timated at 1° to 2°C. Although other factors such
as vascularization may have been modified by
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AC, the temperature increase seemed to account
for modifications in the morphologic features of
spermatozoa, because similar modifications were
found in animals'®® and in man® 4 by studies
where hyperthermia was induced without crypt-
orchidism. These modifications could be the result
of an altered spermatozoa morphogenesis in sem-
iniferous tubules.2% 2!

Results from the period after treatment require
particular attention for the appreciation of the
innocuity and reversibility of the heat effect as a
male contraceptive method. The mean percent-
ages of abnormally shaped spermatozoa could
lead to the consideration that the testicular func-
tion recovered its baseline status within an
8-month period. But the detailed study of the dif-
ferent types of abnormalities shows that abnor-
malities of the middle piece of the tail and of the
head display values significantly higher than the
initial ones 14 and 18 months after the end of the
experiment, respectively. But such increases ap-
pear too moderate to play a significant role in
fertilization®?2%; this was confirmed by the fact
that two volunteers displaying this moderate in-
crease in abnormalities have fathered a desired
child with their partner respectively 18 and 19
months after the end of AC.

Although our experimentation was designed to
study a male contraceptive method, it is too early
to assess its efficiency, but proof of reversibility
has been given with regard to sperm count and
motility® as well as to morphologic features. The
deleterious effect of heat on human spermatogen-
esis, known as far as the sperm count is con-
cerned, has also been shown to affect the morpho-
logic features of spermatozoa by our study.

Acknowledgments. We wish to thank Ms. Charlotte Mon-
dinat for her invaluable technical assistance and Mr. Frédéric
Guéreau for his contribution in the preparation of the manu-
script.

REFERENCES

1. MacLeod J; Hotchkiss RS: The effect of hyperpyrexia
upon spermatozoa counts in men. Endocrinology 28:780,
1941

2. Watanabe A: The effect of heat on the human spermato-
genesis. Kyushu J Med Sci 10:101, 1959

3. Procope BJ: Effect of repeated increase of body tempera-
ture on human sperm cells. Int J Fertil 10:333, 1965

4. Rock J, Robinson D: Effect of induced intrascrotal hyper-
thermia on testicular function in man. Am J Obstet Gy-
necol 93:793, 1965

Fertility and Sterility



10.

11.

12.

13.

Vol. 47, No. 1, January 1987

. Robinson D, Rock J, Menkin MF: Control of human sper-

matogenesis by induced changes of intrascrotal tempera-
ture. JAMA 204:80, 1968

. Jouannet P, Ducot B, Soumah A, Spira A, Feneux D,

Albert M: Les Caractéristiques du sperme des hommes
féconds et inféconds. In les Colloques de 'INSERM. Fac-
teurs de la Fertilité Humaine/Human Fertility Factors,
Vol 103, Edited by A Spira, P Jouannet. INSERM Pub-
lisher, 1981, p 73

. Rogers BJ, Bentwood BJ, Van Campen H, Helmhrecht G,

Soderhall D, Hale RW: Sperm morphology assessment as
an indicator of human fertilizing capacity. J Androl
4:119, 1983

. Appleton TC, Fishel SB: Morphology and x-ray micro-

probe analysis of spermatozoa from fertile and infertile
men in in vitro fertilization. J In Vitro Fertil Embryo
Transfer 3:188, 1984

. Mieusset R, Grandjean H, Mansat A, Pontonnier F: Inhib-

iting effect of artificial cryptorchidism on spermatogene-
sis. Fertil Steril 43:589, 1985

David G, Bisson JP, Czyglik F, Jouannet P, Gernigon C:
Anomalies morphologiques du spermatozoide humain: 1.
Propositions pour un systéme de classification. J Gynecol
Obstet Biol Reprod (Suppl 1) 4:17, 1975

Schwartz D, Laplanche A, Jouannet P, David G: Within
subject variability of human semen in regard to sperm
count, volume, total number of spermatozoa and length of
abstinence. J Reprod Fertil 57:391, 1979

Poland ML, Moghissi KS, Giblin PT, Ager JW, Olson JM:
Variation of semen measures within normal men. Fertil
Steril 44:396, 1985

Pinatel MC, Czyba JC, Souchier P: Seasonal changes in
sexual hormones secretion, sexual behaviour and sperm
production in man. Int J Androl (Suppl) 5:183, 1982

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Spira A: Seasonal variations of sperm characteristics.
Arch Androl Suppl 12:23, 1984

Cameron RDA, Blackshaw AW: The effect of elevated
ambient temperature on spermatogenesis in the boar. J
Reprod Fertil 59:173, 1980 '

Cairnie AB, Leach KE: Quantitative study of cytological
damage in mouse testis produced by exposure to heat.
Can J Genet Cytol 22:93, 1980

Rathore AK: Acrosomal abnormalities in ram spermato-
zoa due to heat stress. Br Vet J 126:440, 1970

Okauchi K: Effects of environmental temperatures on
sexual organs of male mice. 3. Effects of high and subse-
quent cool ambient temperatures on the incidence of ab-
normal spermatozoa. Bull Fac Agr Univ Miyazaki 9:89,
1963

Braden AWH, Mattner PE: The effects of scrotal heating
in the ram on semen characteristics, fecundity, and em-
bryonic mortality. Aust J Agricul Res 21:509, 1970
Bisson JP, David G: Anomalies morphologiques du sper-
matozoide humain: 2. Etude ultrastructurale. J Gynecol
Obstet Biol Reprod (Suppl 1) 4:37, 1975

Afzelius BA: Abnormal human spermatozoa including
comparative data from apes. Am J Primat 1:175, 1981
Eliasson R: Standards for investigation of human semen.
Andrologia 3:49, 1971

Bostofte E, Serup J, Rebbe H: The clinical value of mor-
phological rating of human spermatozoa. Int J Fertil
30:31, 1985

Schwartz D, Mayaux MdJ, Guihard-Moscato ML, Spira A,
Jouannet P, Czyglik F, David G: Study of sperm morphol-
ogy characteristics in a group of 833 fertile men. An-
drologia 16:423, 1984

Mieusset et al. Hyperthermia and sperm morphologic features 155





