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Asthenozoospermia and teratozoospermia are frequently
responsible for infertility in men, yet they are poorly un-
derstood conditions that are often unrelated to any known
andrological disorder. The cause of male infertility re-
mains unclear in many individuals and numerous patients
are believed to suffer from idiopathic infertility; however,
recent developments have demonstrated that genetic ab-
normalities play a major role. The classic description by
Scandinavian groups in the mid 1970s that absolute as-
thenozoospermia could be caused by genetic-related dy-
nein (a structural protein with ATPase activity) deficiency
in spermatozoa (Afzelius et al, 1975; Pedersen and Rebbe,
1975) opened up a new field that has been subsequently
enriched by the recognition that other alterations such as
congenital absence of the vas and classical forms of cystic
fibrosis and, more recently, microdeletions in the long
arm of the Y chromosome, can be responsible for male
infertility. In the present review I will develop the concept
that various forms of asthenozoospermia or teratozoos-
permia are also of genetic origin. Spermatozoa are ter-
minally differentiated cells with organelles that are spe-
cialized in particular functions. They have a pathology of
their own, which is not identified by routine semen anal-
ysis or functional tests because the deficiencies demon-
strated by these methods do not reveal the underlying
pathology but, rather, are secondary manifestations. The
powerful resolution of electron microscopy overcomes
the limitations of light microscopy and allows an excel-
lent observation of sperm pathology because the internal
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structure and spatial organization of sperm components
can be discerned in detail.

During the last decade, the practice of intracytoplasmic
sperm injection (ICSI) has demonstrated that the use of
normal spermatozoa is not a prerequisite for fertilization.
In extreme situations, an accurate diagnosis is essential
because a genetic component is present in many patients
with severe male factor infertility.

Flagellar Pathology in Asthenozoospermia
Severe asthenozoospermia is frequently caused by flagel-
lar structural alterations, which are responsible for defi-
cient motility in more than 70% of infertile men (Chemes,
1991). A study of spermatozoa in a large series of men
with severe asthenozoospermia disclosed 2 kinds of tail
abnormalities: nonspecific flagellar anomalies, which are
random, secondary alterations that affect variable num-
bers of spermatozoa in different samples; and dysplasia
of the fibrous sheath (DFS), which is a systematic, pri-
mary anomaly that affects most spermatozoa, with asso-
ciated respiratory pathology and familial incidence (Che-
mes et al, 1987a, 1998). These findings demonstrate that
severe asthenozoospermia is mainly the result of struc-
tural abnormalities of the tail, and have challenged the
putative ‘‘functional’’ basis of sperm motility disorders.

The majority of patients with severe asthenozoospermia
who consult their physicians have increased numbers of
spermatozoa with nonspecific flagellar anomalies (NSFAs).
These are characterized by modifications in the number,
topography, and organization of axonemal microtubules
that result in disruption of the normal 9 � 2 architecture
of the flagellar axoneme (Figure 1A through C). These
anomalies are not apparent on semen smears because mi-
crotubular alterations do not modify flagellar diameter and
are discernible only at the ultrastructural level. In this
group of patients, forward progression averaged 11.6% �
10.2%, and rapid linear progression averaged 3.6% �
4.7%. Longitudinal follow-up revealed that patients with
NFSA can experience improved sperm motility as a result
of various etiologic or empiric treatments, and that they
can expect reasonable fertility success, either through con-
ventional methods or in vitro fertilization (IVF; Chemes et
al, 1998). These observations indicate that the pathologic
NSFA phenotype is reversible and most likely secondary
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Figure 1. (A–C) Nonspecific flagellar anomalies. Lack (A, B) or translocation (A) of microtubules and ‘‘fractured’’ axonemes (C) can be observed.
Fibrous sheaths (FS) have a normal configuration. (D–G) Dysplasia of the fibrous sheath (FS). The tail is short, thick, and irregular. The FS is
disorganized and redundant. Distorted (F) or normal (G) axonemes can be seen in association with amorphous FS. (H) Sperm flagellum in the classic
form of ICS. Note complete absence of dynein arms in the microtubular doublets (arrowheads). The patient had sperm immotility, chronic respiratory
disease, and dextrocardia (Kartagener syndrome). Bars represent 0.1 �m (A–C and F–H) and 1 �m (D).

to different conditions that affect fertility, such as varico-
cele, infections of the seminal pathway, immunologic fac-
tors, and so on, even though in most patients it is impos-
sible to identify any of these conditions.

In summary, NSFA is the most frequent flagellar pa-
thology underlying severe asthenozoospermia, and its
structural phenotype of random microtubular alter-
ations is characteristically heterogeneous. NSFA has no
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familial incidence, and is sometimes secondary to dif-
ferent andrological disorders, which are potentially re-
versible or responsive to different treatments. In more
severe cases or when there is no response to treatment,
the use of spermatozoa with NSFA in microfertilization
techniques does not pose serious risks in view of the lack
of a genetic component in this pathology.

DFS is an altogether different condition. We have di-
agnosed 50 such patients with extremely poor motility
(Chemes et al, 1987a, 1998). Forward progression aver-
aged 1.1% � 3.1% and rapid linear progression averaged
0.1% � 0.9%, values that were significantly lower than
those corresponding to patients with NSFA (P � .001).
In most cases, spermatozoa were completely immotile
and depicted short, thick, and irregular tails. This partic-
ular appearance has originated the denomination of
‘‘stump tails’’ or ‘‘short tails’’ to refer to this pathology.
However, these terms are misnomers because either they
fail to provide an insight into the underlying nature of
these tail abnormalities or they encompass a heteroge-
neous array of sperm defects in which a short and thick
tail is the common feature. We propose the more com-
prehensive denomination of DFS that identifies the main
defect involved, and which refers to DFS as a develop-
mental anomaly. Ultrastructural studies are important for
distinguishing sperm with DFS from other spermatozoa
with short and thick tails, which are sometimes present
in patients with necrozoospermia or partial obstruction of
the seminal tract, and which results in aging and death of
spermatozoa and subsequent flagellar fragmentation and
thickening. The diagnosis of DFS is made on the basis of
fibrous sheath modifications that are present in all affected
spermatozoa (Figure 1D through G). These modifications
consist of a marked hypertrophy and hyperplasia of ran-
dom fibrous sheath constituents that form thick rings
around the microtubules of a normal or distorted axo-
neme. Missing axonemal central pairs, dynein arms in the
microtubular doublets, or both, are also apparent in some
but not all cases. The middle piece is not formed, and
mitochondria are poorly assembled or absent.

These flagellar modifications and extreme asthenozoos-
permia were present in all patients studied and were stable
in time, regardless of numerous treatments. We identified
five pairs of brothers among our patients. Familial inci-
dence may be even higher because this information is not
available for all men. Moreover, other authors (Bisson et
al, 1979; Baccetti et al, 1993) have also reported familial
incidence, ethnic predominance, or both in various series
of patients.

Studies on testicular biopsies or in immature sperma-
tids in semen have demonstrated that these defects arise
in spermiogenesis as a failure of the fibrous sheath to
properly organize (Ross et al, 1973; Chemes et al, 1987a,
1998; Barthelemy et al, 1990). These features and the

familial incidence (Bisson et al, 1979; Chemes et al,
1987a, 1998; Baccetti et al, 1993) configure a phenotype
that suggests a genetic origin of the syndrome. Some pa-
tients with DFS (10 out of 50) have suffered from chronic
respiratory disease since early childhood. In 2 patients,
ultrastructural studies of bronchial cilia demonstrated a
lack of dynein arms, a characteristic finding in immotile
cilia syndrome (ICS), from which this subset of 10 pa-
tients with DFS is a variant (Chemes et al, 1990).

DFS is a systematic sperm abnormality with extreme
asthenozoospermia or total sperm immotility. It has a
homogeneous and distinctive phenotype characterized
by distortions in the fibrous sheath and other axonemal
and periaxonemal structures. The condition is not sec-
ondary to any andrological disorder and does not re-
spond to medical therapies. Frequent familial incidence
has been recorded in all published series, but no genetic
anomalies have been demonstrated. DFS has an omi-
nous fertility prognosis. Classical IVF methods fail to
achieve fertilization and pregnancy. ICSI may be the
treatment of choice, but genetic counseling is required.

An account of sperm defects that are responsible for
severe asthenozoospermia would be incomplete without a
reference to the classical forms of ICS. Patients with ICS
have a history of chronic respiratory disease from child-
hood and infertility due to sperm immotility. Afzelius et
al (1975) reported a lack of dynein in the axonemes of
respiratory cilia and sperm flagella as the primary defect
responsible for immotility. Subsequent publications have
identified various axonemal anomalies that are responsi-
ble for ICS (reviewed by Afzelius and Eliasson, 1979).
We have seen only 5 of these patients, who presented with
severe asthenozoospermia or sperm immotility. Three of
them had severe respiratory disease; another had albinism
(an alteration that has not been reported to date in cases
of ICS). Kartagener syndrome (ICS � dextrocardia) was
present in 1 patient. Ultrastructural examination of sper-
matozoa disclosed lack of dynein arms in sperm axo-
nemes in 4 patients (Figure 1H), and lack of the central
pair of microtubules in the fifth. The incidence of these
classical forms of ICS in our population appears to be
lower than that reported for other geographic areas. Some
patients with DFS also have chronic respiratory disease
due to lack of dynein in respiratory cilia. This makes
them a mosaic variant of ICS in which fibrous sheath and
periaxonemal anomalies combine with classical dynein
deficiency in sperm axonemes and respiratory cilia (Che-
mes et al, 1990).

The possibility that DFS and ICS are due to gene
anomalies is now strongly suggested by widespread fa-
milial incidence (Afzelius and Eliasson 1979; Bisson et
al, 1979; Chemes et al, 1998). Even though the fibrous
sheath seems to be the main flagellar component involved
in cases of DFS, lack of dynein in microtubular doublets,
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absence of axonemal central pairs, or abnormal outer
dense fibers indicate that this is a disease that affects the
cytoskeleton of the sperm tail, a suggestion that was ad-
vanced by Escalier and David (1984). This particular phe-
notype probably indicates a polygenic origin rather than
a point mutation as the responsible factor. To date, single
fibrous sheath proteins and chromosomal loci have been
identified as good candidates to search for genetic alter-
ations (Carrera et al, 1994; Pilder et al, 1997). Multicenter
collaborations are currently being carried out to try to
identify gene anomalies in patients with DFS. Afzelius
and Eliasson (1979) have already proposed a polygenic
origin for the various phenotypes of ICS.

Results of microfertilization techniques have been en-
couraging when applied to patients with severe primary
sperm pathologies such as DFS or ICS. Fertilization and
pronuclear formation rates are comparable with those re-
ported for other groups of patients with severe male factor
infertility. There have been publications of live births
(Stalf et al, 1995; Brugo Olmedo et al, 1997) and more
recent personal observations with numerous successful
microfertilizations and live births (Chemes et al, 1998;
Bisioli et al, 1999; Gallo et al, 1999; Brugo Olmedo et
al, 2000). Because DFS and ICS have genetic compo-
nents, the problem arises as to the convenience of using
these spermatozoa to obtain fertilization in view of the
risk of transmission to the next generation. To date there
are no reports of gene anomalies in men with DFS. Until
this issue is clarified it is important to make patients
aware of the potential risks involved in using abnormal
spermatozoa to attain fertilization that would not have
taken place if the natural mechanisms of sperm selection
had operated as they do in nonassisted conception. Until
more genetic knowledge becomes available it is necessary
to conduct continued assessments on newborns, which in
our hands and the scarce literature so far available, has
not disclosed any kind of genetic-related abnormalities.
However, it would be wise to wait until these children
attain adulthood to confirm these preliminary observa-
tions.

Ultrastructural study of spermatozoa has a diagnostic
and prognostic value in asthenozoospermia by identify-
ing various kinds of flagellar alterations with different
fertility potential. In fact, while 33% of patients with
NFSA were able to achieve fertilization and pregnancy
after medical treatment or classical techniques of as-
sisted fertilization, there are no such reports in men with
DFS or ICS. These latter patients may be good candi-
dates for ICSI, but the transmission of the defect re-
mains a possibility. These considerations not only apply
to DFS and ICS, but to all severe cases of sperm pa-
thology with a known or potential genetic component
such as various forms of teratozoospermia.

The conflict between the classical notion that asthen-

ozoospermia is mainly a ‘‘functional’’ condition and the
more recent recognition that various forms of tail abnor-
malities are responsible for most sperm motility disorders
has now started to unravel. The fibrous sheath that was
classically considered a structure with mainly structural-
mechanical properties is now known to be composed of
proteins such as AKAP4 that anchor protein kinase A to
the fibrous sheath and is instrumental in the phosphory-
lation of tail proteins, an essential step in flagellar motility
(Carrera et al, 1994). This and the known ATPase func-
tion of dynein, another axonemal structural protein, in-
dicate a dynamic interaction between structural compo-
nents of the sperm cytoskeleton and functional biochem-
ical events that are essential for sperm movement.

Sperm Defects in Teratozoospermia
Teratozoospermia has been reported as an important cause
of deficient fertility in men. Two main kinds of terato-
zoospermia can be identified. In the first and most fre-
quent variety, morphological examination discloses nu-
merous anomalies in different sperm components. This
heterogeneous pattern shows no common defect and re-
sults from random alterations in spermatozoa. The type
of NSFA described in the previous section belongs to this
category. The second variety shows a homogeneous mi-
croscopic pattern with a systematic sperm defect present
in most spermatozoa. To this variety belong acephalic
spermatozoa (Perotti et al, 1981; Chemes et al, 1987b,
1999), round head acrosomeless spermatozoa (Holstein
et al, 1973; Nistal et al, 1978; Florke Gerloff et al, 1984),
the miniacrosome sperm defect (Baccetti et al, 1991),
DFS or stump tail defect (Chemes et al, 1987a, 1998),
and the dynein-deficient axonemes of ICS (Azfelius et al,
1975).

Acephalic Spermatozoa and Defects in the Head-Neck
Attachment—Pinheads are a rare variety among the mul-
tiple forms of spermatozoa with abnormal heads. They
have received little attention and their characteristics are
poorly known. In 1981, Perotti et al reported an infertile
patient in which most spermatozoa showed no heads at
all and called them decapitated spermatozoa. We have
reported 3 men with this trait and noted that decapitated
(or acephalic) spermatozoa are of testicular origin and
derive from spermatids in which the tail anlage develops
independently from the nucleus (Chemes et al, 1987b).
The finding of loose heads lacking the implantation fossa
(the normal site of flagellar attachment) and of immature
spermatids with no connection between nucleus and fla-
gellar anlage supports this interpretation. With the more
recent study of 7 additional patients, we have broadened
the concept of acephalic spermatozoa as a condition de-
rived from pathologic development of the neck region
during spermiogenesis, and included in this syndrome
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other forms of abnormal sperm displaying abnormal head-
middle piece attachments (Chemes et al, 1999).

We studied 10 patients who consulted us for primary
sterility. Their ages ranged from 25 to 40 years. On clin-
ical examination there were no significant andrological
disorders. Sperm concentration was normal and motility
ranged from severe asthenozoospermia to normal. Most
spermatozoa displayed alterations in the head-neck region
that adopted 3 main configurations. The first variety has
normal flagella and a minute cephalic end with no nuclear
material. The second variety exhibits a normal middle
piece surrounded by a cytoplasmic droplet, which can be
confused with a sperm head (Figure 2A and B). The third
variety consists of spermatozoa with heads abnormally
implanted in the middle piece. The heads attach either to
the tip or to the sides of the midpiece without a linear
alignment with the sperm axis. This misalignment ranges
from complete lack of connection to a lateral positioning
of the nucleus at a 90�–180� angle.

In testicular biopsies from affected individuals, early
step 1 spermatids depict round euchromatic nuclei and a
normal Golgi apparatus in the process of acrosomal for-
mation. The centrioles are located away from the nucleus,
and the axoneme grows from the distal centriole. In suc-
ceeding steps of spermiogenesis nuclear elongation-con-
densation and acrosomal development proceed normally,
but the flagellar anlage develops independently from the
nucleus and fails to establish contact with it and becomes
separated at the end of spermiogenesis (Figure 2C). We
found signs of increased Sertoli cell phagocytosis in a
testicular biopsy from 1 of our patients and believe that
in cases of complete separation, the heads remain con-
nected to the residual bodies at spermiation and undergo
phagocytosis by Sertoli cells. This explains why loose
heads are so rare in semen. In our last series we found 2
brothers with this anomaly, which indicates that the re-
sponsible mechanism is most probably genetic, as has
also been noted by Baccetti et al (1989). This concept
gains support from the observation that seminal charac-
teristics do not change in successive spermiograms per-
formed over long periods, or under pharmacologically in-
duced spermatogenic regression-restoration due to par-
enteral testosterone administration (Chemes et al, 1999).

Separation of heads and tails can occur within the testis
at spermiation or in the seminal pathway due to an in-
creased instability of the head-middle piece junction. This
last possibility is supported by recent observations that
highlight the fragility of the head-neck junction as seen
by the increase in the percentage of loose heads and ace-
phalic spermatozoa after centrifugation of semen samples
containing spermatozoa with abnormal head-midpiece at-
tachments (Chemes et al, 1999). It is important to distin-
guish acephalic from microcephalic spermatozoa. The in-
vestigation of deoxyribonucleic acid (DNA) content by

the Feulgen reaction and a careful electron microscopic
study certify the diagnosis, but the typical appearance is
identified in light microscopic smears.

Men who suffer from this syndrome are sterile. No
therapeutic measures have been successful in achieving
pregnancies. Recent findings that spermatozoa with ab-
normal head-tail attachments are able to fertilize mature
oocytes, which do not proceed to syngamy and cleavage,
strongly suggest a defect in the sperm centriole, the or-
ganizing center for microtubules in the zygote (Chemes
et al, 1999).

The uniform pathologic phenotype, its origin as a con-
sequence of a systematic alteration during spermiogene-
sis, the fact that seminal characteristics remain constant
along clinical evolution even when a pharmacological
germ cell depletion-repopulation has been induced, and
the familial incidence in men and bulls (Bloom and Birch
Andersen, 1970; Baccetti et al, 1989; Chemes et al, 1999)
indicate that this characteristic phenotype is likely of ge-
netic origin.

Acephalic or decapitated spermatozoa are primary
sperm defects that originate in a failure of migration of
the centriole-tail anlage to the caudal pole of the sper-
matid nucleus during spermiogenesis. As in other sys-
tematic sperm defects, the cytologic phenotype is char-
acteristically homogeneous and manifests as headless
tails, abnormal head-middle piece attachments, or both.
Patients present with primary sterility and no other as-
sociated andrological disorders. Familial incidence has
been reported, but no genetic abnormality has been
demonstrated so far. This condition is stable in time and
unresponsive to medical therapies or classical IVF. Even
though microinjecting spermatozoa with abnormal
head-middle piece attachments has resulted in fertiliza-
tion, pronuclei do not fuse and zygotes fail to cleave and
degenerate.

Lack of Acrosome and Acrosomal Hypoplasia
Round-headed, acrosomeless spermatozoa were identified
more than 20 years ago (Holstein et al, 1973; Nistal et
al, 1978). They display characteristic spherical heads.
Upon ultrastructural examination, the acrosome is missing
and there is insufficient condensation of the chromatin
(Figure 3A and B). Although this defect is recognized on
sperm smears, it is advisable to examine the semen of
these patients with electron microscopy. This recommen-
dation is based on the existence of round-headed sper-
matozoa with intact acrosomes (Zamboni, 1987). We have
observed acrosomeless spermatozoa of different shapes,
including ovoid and amorphous sperm heads. From these
considerations it follows that even though spherical heads
suggest acrosomeless spermatozoa, not all round heads
are devoid of acrosomes, and not all acrosomeless sper-
matozoa have round nuclei (Figure 3C). Therefore, the
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Figure 2. Acephalic or decapitated spermatozoa. (A) Panoramic view of the sperm pellet. Note absence of sperm heads. The cranial ends of sper-
matozoa show a cytoplasmic thickening surrounding the midpiece. (B) Acephalic spermatozoon with normal configuration of the midpiece. The neck
region is directly covered by the plasma membrane (asterisks). (C) Maturing spermatid in a testicular biopsy. There is complete disruption of the head-
flagellum attachment. The flagellum that normally lodges in the caudal pole of the nucleus is absent. The perinuclear cistern (arrowheads) covers this
region. Acrosomal development, nuclear elongation, and chromatin condensation is normal. Bars represent 1 �m (A) and 0.5 �m (B, C).

relationship between round shape and lack of acrosome
development is not an absolute rule. These considerations
are illustrated by 35 patients with acrosomal abnormali-
ties included in our series; in 7 of them the acrosome was
missing in all spermatozoa. This alteration was associated
with round heads in 4 patients (the classical round head
acrosomeless spermatozoa), or to a mixture of round,
amorphous, and oval heads (3 cases). The other 28 pa-
tients had hypoplastic, small acrosomes that affected
35%–70% of spermatozoa in each sample. This anomaly
has been previously reported in the literature as the min-
iacrosome sperm defect (Baccetti et al, 1991). Acrosomal
hypoplasia should be investigated in cases of severe ter-
atozoospermia and can be readily recognized with an
electron microscope (Figure 3E and F). According to
Zamboni (1992), hypoplasia of the acrosome is frequent
in teratozoospermic men, but it is usually overlooked be-
cause of its association with other abnormal sperm forms.
Patients who suffer from acrosomal agenesis or hypopla-
sia are infertile because of deficient acrosomal function.
However, there is a variable number of spermatozoa with
normally formed acrosomes in acrosomal hypoplasia, and
the possibility exists that some patients are capable of
fertilization. There are reports in the literature of suc-
cessful microfertilizations using round acrosomeless sper-
matozoa, and the same may apply to acrosomal hypopla-
sia, although no such reports are available. A polygenic
inheritance has been postulated for the syndrome of ac-
rosomeless spermatozoa (Nistal et al, 1978; Florke-Ger-
loff et al, 1984), and familial incidence has also been
reported in acrosomal hypoplasia (Baccetti et al, 1991).

Acrosomeless spermatozoa and acrosomal hypoplasia
are two sperm anomalies involving the development of
the acrosome. Spherical sperm heads are characteristic,
but there are both spherical heads with acrosomes and
nonspherical acrosomeless spermatozoa. No medical
therapies are available. Classical IVF is not effective
because of acrosomal deficiency, but the use of ICSI has
been successful. Acrosomal hypoplasia has been asso-
ciated with severe teratozoospermia, but it is not known
how frequently this occurs. There are various reports of
familial incidence in patients with acrosomeless sper-
matozoa or acrosomal hypoplasia, but the last form is
sometimes considered as an acquired sperm anomaly.

Defects in Chromatin Condensation and Compaction
During spermiogenesis, the chromatin undergoes a com-
plex process of changes in its chemical composition and

macromolecular organization. In many rodents, chromatin
condensation proceeds until the nucleus assumes a ho-
mogeneous, dense appearance. This is not the case in hu-
mans, in whom normally small hypodense areas in the
sperm nucleus can be observed. Zamboni (1987) de-
scribed deficiencies in the process of chromatin matura-
tion that resulted in big ‘‘lacunar’’ defects in which the
compact arrangement of the chromatin was replaced by
granulo-fibrillar or ‘‘empty’’ areas that occupy as much
as 20%–50% of the nucleus (Figure 3D and F). These
defects frequently coexist with granular immature chro-
matin. The presence of these defects anticipates a grim
fertility prognosis. We have studied a large number of
men with teratozoospermia with predominant amorphous
head defects and less than 14% normal forms (strict mor-
phology). Some of these patients were infertile; others
were able to establish pregnancy, but spontaneous abor-
tion occurred during the first trimester. Ultrastructural ex-
amination revealed lacunar defects of the chromatin in as
many as 50% to 80% of spermatozoa. There are reports
of abnormal DNA organization, chromosomal abnormal-
ities, and DNA breaks in spermatozoa from patients with
chromatin abnormalities (Kjessler, 1974; Evenson et al,
1980; Abramsson, 1982; Sakkas et al, 1999a). These ab-
normalities may be associated with apoptotic sperm, or
with sperm cultured in vitro for prolonged periods, which
may have implications for their use in assisted reproduc-
tive techniques, fertilization, and early embryo develop-
ment (Baccetti et al, 1996; Sakkas et al, 1998, 1999b;
Blanc-Layrac et al, 2000).

Alterations in chromatin maturation and compaction
have been observed in maturing spermatids, which indi-
cates that they are of testicular origin. This diagnosis
identifies a specific pathology of the chromatin in many
cases of teratozoospermia, and provides an understanding
of its etiology that is deeper than that derived from the
classification of spermatozoa according to head shapes
(tapering, amorphous, etc), which adds little to our un-
derstanding of abnormal sperm function. In view of these
observations it is advisable to look for structural alter-
ations of the chromatin in all individuals with teratozoo-
spermia in whom acrosomal hypoplasia is sometimes as-
sociated (Figure 3F).

Longitudinal observations have revealed that the inci-
dence of chromatin abnormalities varies along clinical
evolution (in a particular case from 35% to 80%) and are
spontaneously reversible in some patients. This probably
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Figure 3. (A, B) Round-headed acrosomeless spermatozoa. In (C), the absence of acrosome is associated with an elongated (not round) head. (D)
Conspicuous lacunar defects on chromatin condensation (asterisks). (E) Small detached acrosomes (arrowheads) in acrosomal hypoplasia. (F) Com-
bination of lacunar defect in chromatin condensation (asterisks) and hypoplastic acrosome (arrowheads). Bars represent 10 �m (A) and 0.5 �m
(B–F).
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indicates that a genetic component is not involved in its
pathogenesis. Moreover, they have also been observed in
association with inflammatory bowel disease and may be
caused by environmental or pharmacological agents
(Zamboni, 1987). We have been unable to find consistent
exposures to toxicants in this population. Recently, Bac-
cetti et al (1997) reported that treatment with follicle-
stimulating hormone (FSH) can improve some sperm de-
fects, which may be related to the improvement in fertility
rates secondary to FSH treatment of men in assisted fer-
tility programs (Acosta et al, 1992). In view of the dem-
onstrated involvement of FSH in spermiogenesis, it would
be worthwhile to test the possible therapeutic effect of
FSH on chromatin abnormalities.

Defects of chromatin maturation and compaction are
characterized by lacunar and immature chromatin. They
present usually in severe teratozoospermia, and are
sometimes associated with acrosomal hypoplasia. There
is no familial incidence. Inflammatory bowel disease
and sulphamide administration have been linked to
chromatin abnormalities. Their incidence in spermato-
zoa fluctuates along clinical evolution or diminishes af-
ter sulphamide withdrawal. Infertility or abortions dur-
ing the first trimester have been reported in these pa-
tients.

Final Remarks
In the previous pages, I have attempted to summarize the
available literature on sperm pathology and our personal
experience with the ultrastructural study of more than
1000 semen samples from sterile individuals. This expe-
rience leads us to believe that the use of electron micros-
copy is a valuable diagnostic tool in clinical andrology
because it can refine the diagnosis of abnormal sperma-
tozoa, establish reliable prognostic-therapeutic indicators,
and act as an effective partner of routine semen analysis
and functional tests of sperm competence.

The use of ultrastructural examination of spermatozoa
does not require setting up this technology in all androl-
ogy laboratories. The initial processing can be easily per-
formed in any laboratory and samples can be submitted
to a specialized laboratory for diagnosis. We have suc-
cessfully developed this organizational approach and rou-
tinely use it as a significant assistance in the diagnosis of
infertile patients. These methodologies have allowed us
to move from an empirical diagnosis of sperm anomalies
to a comprehensive approach to sperm pathology that de-
rives useful information from different sources: routine
semen analysis, functional sperm tests, and ultrastructural
examination of spermatozoa. They do not compete with
each other, but cooperate in providing a correct diagnosis,
a prognostic tool, and a deeper understanding of the
mechanisms of abnormal reproduction in the sterile male.

A final word about genetic counseling in men with

sperm pathologies of genetic origin. Patients should be
informed of the possible genetic risks involved in using
spermatozoa that may carry mutated genes, and the like-
lihood of transmission of infertility to male offspring. In
these cases, infertility seems to be the entire risk. Most
couples would accept this risk with the understanding that
treatments are already available and may become more
effective in the future. A word of caution seems appro-
priate when sperm defects are linked to other nonrepro-
ductive pathologies such as chronic respiratory disease in
cases of ICS or DFS. The fact that no respiratory symp-
toms have been detected in any newborns whose fathers
have DFS opens a door of hope. In all cases, informed
consent should be obtained from couples before proceed-
ing to ICSI. Definitive counseling will not be possible
until the gene or genes that are responsible and the mode
of transmission of these phenotypes are known in detail.
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