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ABSTRACT
Objectives. To determine whether there are indications for and benefits from electron microscopy (EM) of
sperm during the era of assisted reproductive technology.
Methods. The medical history, semen analyses, and EM findings of 55 patients with pure male-factor
infertility were reviewed to determine: (1) which semen characteristics (seminal volume, sperm concentra-
tion, percent motility, and percent normal morphology) were associated with normal or abnormal ultrastruc-
ture as determined by EM, (2) whether EM findings correlated with success or failure of in vitro fertilization
(IVF), and (3) whether EM could screen for potentially inheritable genetic disorders.
Results. Principal EM diagnoses were normal sperm ultrastructure (11 of 55; 20%), tail abnormalities (21
of 55; 38%), necrospermia (12 of 55; 22%), acrosomal defects (9 of 55; 16%), neck abnormalities (1 of 55;
2%), and incomplete maturation (1 of 55; 2%). Every patient with an abnormal EM study had impaired
motility (33% or below) and abnormal morphology (13% or lower normal forms by World Health Organiza-
tion criteria). The percentage of normal sperm morphology differed significantly across EM diagnoses (P ,
0.0001). Differences in motility across the groups could not be detected because EM was only performed on
patients with impaired motility. Although the partner of 1 patient with a normal EM study who underwent IVF
achieved pregnancy, 11 with abnormal EM studies failed to establish a pregnancy by IVF. Finally, 5 (11%) of
44 patients with abnormal EM findings were diagnosed with primary ciliary dyskinesia directly as a result of
EM. In addition, 3 (6.8%) of the 44 patients with abnormal EM findings were diagnosed with complete
acrosomal loss.
Conclusions. Patients with severely abnormal motility and morphology on routine semen analysis may
benefit from EM study of sperm. Our data indicate that EM findings correlate with success or failure of IVF,
and that EM can screen for potentially inheritable genetic disorders. UROLOGY 52: 301–305, 1998.
© 1998, Elsevier Science Inc. All rights reserved.

At least 25% of men referred to a specialized
clinic for the evaluation of subfertility have

idiopathic infertility,1 meaning that a specific cause
for their infertility cannot be identified. The impre-
cision of this diagnosis has spurred the develop-
ment of numerous tests of sperm function and
structure, including strict criteria for the evalua-

tion of morphology, computer-assisted semen
analysis, various acrosome reaction assays, man-
nose-ligand receptor assays, and the sperm pene-
tration assay. Electron microscopy (EM) has also
been advocated as another tool for assessing the
structural integrity and the potential effectiveness
of sperm.2 Several studies have found marked ul-
trastructural differences between the sperm of fer-
tile control and subfertile subjects, including
changes in the ultrastructure of the acrosome,3 dis-
parities in the level of chromatin stability,3 and a
consistent reduction in the number of axonemal
components.4

The ineffectiveness of empiric medical therapy
for idiopathic infertility, however, has led to the
explosive growth in the use of assisted reproduc-
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tive technologies (ARTs). With the advent of these
techniques, ultrastructural abnormalities of sperm
appear to pose less of a barrier to fertilization.5 In
the present study, we reviewed the medical history,
semen analyses, and EM findings of patients with
pure male-factor infertility, as well as the available
clinical outcomes, to determine what role, if any,
EM of sperm may play in the evaluation of idio-
pathic male infertility during the era of ARTs.

MATERIAL AND METHODS

PATIENTS
The charts of all men who underwent EM evaluation of the

ejaculate ordered by one clinician (A.J.T.) from January 1983
to June 1996 were reviewed. Patients with female partners
who had normal reproductive function as determined by a
gynecologist were included in the study. The remaining pa-
tients were excluded from the study for a variety of female
factors, including, but not limited to, ovulatory dysfunctions,
anatomic factors, and cervical factors. Thus, we identified a
group of patients with pure male-factor infertility who had
undergone EM of the ejaculate. The major criterion for order-
ing EM of the ejaculate was unexplained abnormalities of mo-
tility; thus, all subjects in the study had impaired sperm mo-
tility.

SEMEN ANALYSIS
Semen samples were obtained after subjects had abstained

from ejaculation for 48 hours. The samples were obtained by
masturbation into a sterile specimen cup, and then the ejacu-
late was allowed to liquefy at 37°C. Seminal volume, sperm
concentration, and percent motility were determined manu-
ally using MicroCell counting chambers (Conception Tech-
nologies, San Diego, Calif), and morphology assessment was
based on the World Health Organization (WHO) criteria.6

Normal values for semen analysis were based on the WHO
criteria as follows: seminal volume 1.5 mL or more, sperm
concentration 20 3 106 million/mL or more, motility 50% or
higher, and normal morphology 30% or higher.6 Each patient
had at least two semen analyses available for review (mean 2.3,
range 2 to 5); the values of each characteristic were averaged to
produce a single value for each.

EM ANALYSIS
After collection, semen was allowed to liquefy for at least 30

minutes at room temperature. The 1 to 2 mL of semen was
transferred to a 15-mL polyethylene centrifuge tube and com-
bined with cold 3.75% gluteraldehyde, 0.1 M sodium cacody-
late, and 6% sucrose, pH 7.2 to 7.4. The tube was capped and
repeatedly inverted until thoroughly mixed. The specimen
was then stored at 4°C for further fixation overnight.

The specimen was then centrifuged at 500g for 20 minutes,
and the sperm pellet was transferred to a 1.9-mL polypro-
pylene centrifuge tube. Sperm were then washed in cacody-
late-buffered sucrose and post-fixed in cacodylate-buffered
1% osmium tetroxide, pH 7.2 to 7.4, for 1 hour. Sperm were
dehydrated in ascending graded ethanols and embedded in
epoxy resin in the same polypropylene tube. Before each pro-
cessing step, sperm were pelleted by centrifugation and resus-
pended in the reagent. After a final centrifugation in fresh
resin, sperm pellets were polymerized at 70 to 100°C for 2 to 4
hours.

Plastic sections, 1 mm thick, were mounted for light micros-
copy and stained with toluidine blue/basic fuchsin. Blocks
containing abundant sperm were identified, and thin sections

were cut at a thickness of 60 to 80 mm, stained in uranyl
acetate and lead citrate, and examined and photographed us-
ing either a Phillips 400T or 410 electron microscope (Phillips
Electronics, Mahwah, NJ) operated at 60 kV. A minimum of
100 to 200 sperm were examined.

EM reports were reviewed and classified by primary diag-
nosis for the purpose of statistical analysis. For an ejaculate to
be classified as having a given abnormality of ultrastructure,
most of the forms examined had to display that abnormality.
Secondary diagnoses were excluded from consideration. Ne-
crospermia was diagnosed by the presence of membrane frag-
mentation with extrusion of organelles or by the presence of
mitochondrial swelling and cristae fragmentation.

CLINICAL OUTCOME
Charts were reviewed to identify patients who had under-

gone ART with their partners, ascertain the form of ART used,
and determine whether a pregnancy had been achieved. If the
medical record did not contain these data, we contacted the
patient by telephone to determine whether the couple had
undergone ART and whether a pregnancy had resulted.

STATISTICAL ANALYSIS
Statistical analysis was performed using the Statistical Anal-

ysis System software package (SAS, Cary, NC). The mean of
each semen analysis variable was compared across EM diag-
nostic categories using an analysis of variance. If the underly-
ing assumptions of normality and equal variability across the
groups were in question for a particular variable, a natural log
transformation was used before performing the analysis of
variance. If the transformation did not yield normal data, the
nonparametric Kruskal-Wallis test was used. For any semen
analysis variable found to have differing means across EM
diagnoses with statistical significance, multiple pairwise com-
parisons were performed using Scheffé’s method.

RESULTS

During the study period, 92 men underwent EM
of the ejaculate for the evaluation of idiopathic
male infertility. Of these, 55 had female partners
with normal reproductive function and were in-
cluded in the study. Of the 55, EM evaluation
showed 11 (20%) to have normal ultrastructural
characteristics and 44 (80%) to have abnormal
characteristics. The primary diagnosis in each EM
study is given in Table I.

The percentage of normal sperm morphology on
semen analysis varied with statistical significance
across EM diagnoses (P , 0.0001). Specifically,
patients with normal ultrastructure had signifi-
cantly more normal forms in the ejaculate than
patients in each of the other diagnostic categories
(Table II). All patients with abnormal ultrastruc-
ture had abnormal morphology (13% or lower nor-
mal forms by WHO criteria). Differences in motil-
ity across the groups could not be detected because
EM was only performed on patients with impaired
motility.

We identified 12 patients who underwent ART.
All 12 patients were treated with standard in vitro
fertilization (IVF); none underwent intracytoplas-
mic sperm injection (ICSI). Superovulation, oo-
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cyte culture, sperm preparation, insemination, em-
bryo culture, embryo transfer, and pregnancy
determination were carried out according to a stan-
dard protocol published previously.7 Of the 12 pa-
tients treated with IVF, 11 had abnormal sperm
ultrastructure and 1 had normal sperm ultrastruc-
ture. The 11 men with abnormal sperm cytoarchi-
tecture participated in a total of 28 cycles of IVF.
Fertilization occurred in 2 (7%) of 28 cycles, and
none of the patients was able to establish a clinical
pregnancy. Conversely, the 1 patient with normal
sperm ultrastructure achieved fertilization after 2
cycles, and the subsequent transfer ultimately re-
sulted in a live birth (Table III).

Finally, 5 patients were diagnosed with primary
ciliary dyskinesia, a potentially inheritable genetic
disorder with significant clinical sequelae,8 di-
rectly as a result of EM. Diagnosis was confirmed
by biopsy of the respiratory mucosa. EM revealed
tail abnormalities in the sperm of all 5 men. The
sperm of 3 patients had complete absence of the
outer and inner dynein arms, the sperm of 1 patient
had a defect of the radial spokes, and the sperm of
1 patient had deletion of multiple peripheral dou-
blets. Of the 5 patients, 3 were also found to have
bronchiectasis and sinus viscerum inversus, or
Kartagener’s syndrome.9 In addition, 3 men were
noted to have complete acrosomal loss, another

potentially inheritable disorder,10 directly as a re-
sult of EM.

COMMENT

We sought to determine whether there are ben-
efits from and indications for EM of sperm during
the era of ART, or more simply: why EM should be
done and when it should be done in the evaluation
of male infertility. Clearly, our data indicate a
number of benefits from EM of sperm.

EM evaluation of sperm can identify potentially
inheritable genetic disorders, providing valuable
information for couples contemplating ICSI. Be-
cause ICSI thwarts natural selection by directly in-
serting a single sperm into an egg, it carries with it
the potential for passing serious genetic defects to
the offspring. In our study, 24% (5 of 21) of pa-
tients with tail abnormalities of sperm (Fig. 1), the
most common diagnosis in this study, were ulti-
mately diagnosed with primary ciliary dyskinesia
as a result of EM, justifying a critical clinical role
for EM evaluation of sperm. Primary ciliary dyski-
nesia is a genetic disease characterized by defective
motion of cilia in the respiratory tract and genito-
urinary tract; thus, not all patients with tail abnor-
malities of sperm identified by EM necessarily have
primary ciliary dyskinesia.11 Fatalities have been
reported in neonates with primary ciliary dyskine-
sia who suffer from persistent atelectasis, pneumo-
nia, and irreversible respiratory failure.9 Primary
ciliary dyskinesia must also be differentiated from
Kartagener’s syndrome, which involves the pres-
ence of situs inversus viscerum, as well as the pre-
viously described abnormalities. Only 50% of pa-
tients with primary ciliary dyskinesia will exhibit
situs inversus viscerum,12 making physical exami-
nation and chest radiography inadequate screening
tools for the former. Ultrastructural derangements
that are associated with primary ciliary dyskinesia
and that are evaluable on EM include the complete
absence of the outer and inner dynein arms,13 de-
fects of the radial spokes,14 absence of the central
sheath,15 and deletion of peripheral doublets sec-
ondary to the transposition of one set of doublets
from the periphery to the center of the axoneme.16

Moreover, autosomal dominant inheritance pat-
terns have been reported for primary ciliary dyski-
nesia, making the identification of this condition
even more crucial before ICSI.17

In addition, 3 patients were noted to have com-
plete acrosomal loss, or globozoospermia, another
potentially inheritable disorder (Fig. 2).10 Al-
though men with this disorder were uniformly in-
fertile in the past, ICSI now makes it possible for
them to establish pregnancies and potentially pass
this defect to their offspring.18 Globozoospermia
thus represents another example in which EM can

TABLE I. Primary diagnosis in 44 abnormal
electron microscopic evaluations of the

ejaculate
Normal EM results (n 5 11)
Tail defects (n 5 21)

Complete absence of both outer and
inner dynein arms

8

Selective absence of the inner dynein arm 3
Selective absence of the outer dynein arm 2
Deletion of one or more peripheral

doubles
5

Deletion of one or both tubules of the
central pair

1

Numeric aberrations of the axonemal
microtubules

1

Absence of radial spokes 1
Necrospermia (n 5 12)

Membrane fragmentation with extrusion
of organelles

9

Mitochondrial swelling and cristae
fragmentation

3

Acrosome defects (n 5 9)
Acrosomal hypoplasia and fragility 6
Acrosomal agenesis 3

Neck defects (n 5 1)
Decapitated sperm defect 1

Incomplete maturation (n 5 1)
Maturation arrest 1

KEY: EM 5 electron microscopic.
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reliably establish the diagnosis13 and identify a po-
tentially inheritable disorder before ICSI.

Our data also suggest that EM of sperm may cor-
relate with success or failure of IVF. None of the
patients in our study with an abnormal sperm ul-
trastructure achieved success with IVF, whereas
the 1 patient with normal sperm ultrastructure was
able to establish a pregnancy with this technique.
Similar results were reported by Mashiach et al.,19

who noted a markedly improved fertilizing capac-
ity in vitro for patients with normal sperm ultra-
structure compared with those without. Clearly,
our data fail to show any statistically significant
difference in fertilization rates between men with
normal ultrastructure and those with abnormal ul-
trastructure, because only 1 patient with normal
ultrastructure underwent IVF. Moreover, this find-
ing may be primarily of historical interest, because

FIGURE 1. Electron micrograph of cross sections of
sperm tails (A) from a patient with normal ultrastructure
showing the presence of dynein arms (arrow), and (B)
from a patient with primary ciliary dyskinesia showing
absence of dynein arms (arrow). Uranyl acetate and
lead citrate (A: original magnification 3122,000; B:
original magnification 3176,000).

TABLE II. Characteristics of semen with normal or abnormal ultrastructure as determined by
electron microscopy

Diagnostic
Category

Volume
(mL)

Concentration
(3 106/mL) Motility (%)

Normal Morphology
(%)

Normal 3.2 6 1.0 62.3 6 61.9 9.3 6 5.8 58.9 6 4.8*
(n 5 11) (2.1–5.4) (11.1–235.0) (3–32) (4.8–61)
Tail defects 3.2 6 1.5 34.2 6 34.0 6.5 6 6.4 8.5 6 3.6
(n 5 21) (0.6–6.6) (0.1–121.0) (0–33) (0–13)
Necrospermia 2.7 6 1.4 32.1 6 19.3 11.4 6 11.2 7.6 6 3.2
(n 5 12) (1.5–6) (8.4–44.0) (0–33) (1–13)
Acrosome defects 3.6 6 2.0 29.8 6 23.8 9.6 6 6.3 7.9 6 3.3
(n 5 9) (1.1–7.0) (4.0–112.5) (0–19) (5–13)
Neck defect 2.0 34.2 5.0 11
(n 5 1)
Maturation defect 3.1 33.0 5.0 3
(n 5 1)

Data are presented as mean 6 SD, with range given below.
* Statistically significant by standard analysis of variance testing (P , 0.0001).

TABLE III. Results of in vitro fertilization by
patient

Patient
No. EM Diagnosis

No. of
Cycles

Eggs
Obtained Fertilized

1 Tail defect 3 4/6/5 0/0/0
2 Tail defect 2 11/14 2/0
3 Tail defect 3 7/9/10 0/0/0
4 Tail defect 4 7/9/10/9 0/0/0/0
5 Tail defect 1 11 0
6 Tail defect 2 4/7 1/0
7 Necrospermia 3 6/5/8 0/0/0
8 Necrospermia 2 3/4 0/0
9 Necrospermia 3 8/6/11 0/0/0

10 Acrosome defect 2 7/6 0/0
11 Acrosome defect 3 14/12/14 0
12 Normal 2 7/9 0/3

KEY: EM 5 electron microscopic.
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most centers currently proceed directly to ICSI in
the face of male-factor infertility.

Our data indicate substantial benefits from EM
evaluation of sperm from infertile men and dem-
onstrate why EM should be done. The data can also
help identify when EM of the ejaculate should be
performed. It is already well established that pa-
tients with severe (less than 10% motile) unex-
plained abnormalities in sperm motility should be
considered for EM evaluation20; indeed, this was
our major reason for performing EM. Our data also
suggest a possible relationship between sperm ul-
trastructure on EM and sperm morphology on se-
men analysis, because a significant number of men
with an abnormal EM study also had a low percent-
age of normal forms in the ejaculate (13% or low-
er). The present study is, however, limited by its
retrospective nature as well as because it included
only subjects with decreased motility. Thus, we
cannot conclude that EM should be performed in
cases of isolated defects of sperm morphology. We
are, however, currently investigating this question
in a prospective manner.

CONCLUSIONS

EM of sperm is still useful in evaluating male
infertility despite the recent advances in ART. Spe-
cifically, EM of the ejaculate can identify patients
who might pass on inheritable genetic disorders
through ICSI. EM of sperm is indicated in those
men in whom routine semen analysis demon-
strates severe, unexplained abnormalities of motil-
ity. In addition, our data demonstrate a possible
relationship between abnormalities of morphology
on semen analysis and abnormalities of ultrastruc-
ture on EM.
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FIGURE 2. Electron micrograph of a sperm from a
patient with globozoospermia. Note absence of the ac-
rosome. Uranyl acetate and lead citrate (original mag-
nification 362,500).
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