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ABSTRACT: Annually, >1.3 million men are members of couples
seeking help because of infertility. Semen from many of these men
contains reasonable numbers of motile and normal sperm, but for a
subset of individuals, many sperm are deficient in ability to bind to
the zona pellucida during in vitro fertilization. Diagnosis of this defect
has been hampered by lack of a low-cost test. Molecular similarity
exists between the perivitelline membrane of a hen’s egg and the
mammalian zona pellucida. These facts and some preliminary data
led to evaluation of binding of human sperm during incubation for
60 minutes at 37°C to an extract of chicken perivitelline membrane
coated in microwell assay plates. The sperm-binding assay had in-
ter- and intraassay plate variations of 21 and 12%, respectively, us-
ing washed fresh sperm. All seminal samples were normal, except
a few that had 36 to 50% motile sperm with a low rate of sperm
movement (if there is a low rate of movement, World Health Orga-
nization [WHO] criterion for normalcy is >50% motile). Nevertheless,
this sperm-binding assay detected differences among individuals in

percentage of sperm bound. Based on data for two to four ejaculates
from each of eight occasional sperm donors, the coefficient of vari-
ation for ejaculates within donor averaged 31%, and means for the
donors differed (P < 0.02). Percentage of sperm bound ranged from
<1 to 38% for fresh semen from 57 men and from <1 to 13% for
frozen-thawed semen from 34 men. Percentage of motile sperm
accounted for <30% of the variation in percentage of sperm bound.
In a direct comparison based on 17 ejaculates, aliquots evaluated
fresh averaged 13% sperm bound, versus 2% for frozen-thawed
aliquots. We concluded that the egg membrane substrate used in
these microwell assay plates might serve as the basis for a diag-
nostic assay. However, it remains to be established whether sam-
ples of human semen with a low percentage of sperm binding indeed
have relatively low fertilizing potential.
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he initial event in fertilization is binding of one or

more sperm to the egg investments. This involves a
multiplicity of ligands on the sperm surface that interact
synergistically and sequentially with egg investments to
first bind the sperm to the egg and then collectively im-
part species specificity (Yanagimachi, 1994; Topfer-Pe-
tersen and Calvete, 1995; Topfer-Petersen et al, 1995).
Obviously, failure of initial binding blocks subsequent
steps. On the basis of data from hemizona pellucida as-
says and results in in vitro fertilization (IVF), sperm from
=15% of males presenting at infertility clinics demon-
strate essentially complete failure to bind to the zona pel-
lucida (Coddington et al, 1994; Oehninger et al, 1997;
Ochninger, personal communication). In a small, pro-
spective study of IVF/gamete intrafallopian transfer cou-
ples, the sperm of 17% of men did not bind to the zona
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pellucidae of their partner’s oocytes, although donor
sperm bound to these oocytes (Windt et al, 1996). Sperm
samples demonstrating <65% fertilized oocytes in IVF
also had low binding in the hemizona assay (Oehninger,
1992). In part, failure of sperm to bind in a hemizona
assay was associated with teratozoospermia and especial-
ly with immaturity of sperm (Huszar et al, 1994). How-
ever, even for populations of human sperm selected by
swim-up from semen provided by normospermic patients,
the coefficient of variation (CV) for number of sperm
bound in a hemizona assay was 68% (Franken et al,
1993). Hence, it is likely that mature and morphologically
normal sperm also differ in ability to bind to the zona
pellucida. A simple diagnostic assay for sperm—egg bind-
ing, not requiring scarce human zona pellucidae, might
have value in patient management.

In mammals, the zona pellucida is comprised of three
glycoproteins, ZP,, ZP,, and ZP;, and these have a pivotal
role in fertilization (Yanagimachi, 1994). Loose nonspe-
cific binding of a motile spermatozoon to the zona is fol-
lowed by strong attachment to receptors on ZP; and ini-
tiation of a cascade of events that culminates in a sper-
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matozoon entering the oocyte. The analogous structure in
poultry is the inner lamina perivitelline, in which the core
region, ‘“‘cZP,”” has 57% amino acid identity with the core
human hZP, sequence (Waclawek et al, 1998) and prob-
ably has higher homology in epitopes actually involved
in binding sperm. Given the structural and functional sim-
ilarities between the inner lamina perivitelline and the
zona pellucida, it is not surprising that the former mem-
brane can bind sperm from several species and provide
the basis of an assay for subfertile males (Barbato et al,
1998; Amann et al, 1999a; Barbato, 1999). This report
shows that inter- and intraplate variations with this assay
are appropriately low, that semen from individual nor-
mospermic men differs in percentage of sperm bound to
the membrane substrate, and that cryopreservation reduc-
es the percentage of sperm bound.

Materials and Methods

The buffer used to wash sperm and perform the binding assay
was modified human tubal fluid (mHTF; Irvine Scientific, Santa
Ana, California). It was prepared with 5 mg/ml polyvinyl alcohol
(P-8136; Sigma Chemical Co., St. Louis, Missouri) rather than
with serum albumin.

Semen was made available by California Cryobank Inc (site
1), the Penn State Geisinger Health System (site 2), and Yale
University School of Medicine (site 3), consistent with local in-
stitutional review board approvals. At site 1, semen was evalu-
ated from 19 individuals being screened to determine whether
seminal quality and resistance of sperm to freezing and subse-
quent thawing was sufficient for them to be designated as com-
mercial donors; they are termed prospective donors. At site 2,
data were available for 16 seminal samples from male partners
in couples being evaluated for infertility, although all men were
essentially normospermic. Twelve samples met World Health
Organization (WHO) criteria (World Health Organization, 1993),
and semen from four males was marginal because of 45 to 50%
motile sperm with a low rate of movement. At site 3, the 41
ejaculates were from 10 occasional sperm donors (one to four
ejaculates each) and from 12 male partners of couples being
evaluated for infertility (one ejaculate each). These male partners
also were essentially normospermic, although semen from three
had only 36 to 45% motile sperm. Because most of the male
partners at sites 2 and 3 were normal, hereafter they are termed
subjects rather than patients; those whose semen did not meet
WHO criteria are identified in Figure 1.

After liquefaction, aliquots of semen were washed once (at
site 1 or site 3) or twice (site 2) by dilution with mHTF and
centrifugation (10 to 15 minutes at ~350 X g), and then sperm
were resuspended to a desired concentration. In one study at site
1, each ejaculate was split after liquefaction, and one aliquot was
used fresh for evaluations of percentage of sperm bound, while
remaining semen was processed for cryopreservation by the pro-
cedure routinely used (addition of glycerol-containing buffer,
making the suspension ~5% (v/v) glycerol), dispensed into one
to three plastic vials, frozen to —196°C, and shipped at —196°C
to State College, Pennsylvania for evaluation. Cryopreserved se-
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men was thawed (for 10 minutes in 37°C water), gradually di-
luted to 15 ml (with eight additions of mHTE each reducing
glycerol concentration by ~10%), processed by centrifuge, and
resuspended in mHTF to the desired concentration.

The BioPore sperm-binding assay (SBA) used to quantify
sperm—egg binding was a proprietary version of assay #3 de-
scribed by Barbato et al (1998), as described in detail by Amann
et al (1999a). The substrate within the microwells was a protein
extract prepared from chicken egg membranes. Before use, wells
in the SBA plates were hydrated by washing twice with mHTE
For data reported herein, sperm suspensions were prepared at 5
X 10% sperm/ml (on the basis of dose-response data in Amann
et al, 1999a), 100-pl aliquots were dispensed into each of six
microwells in a SBA plate, and the plate was incubated for 60
minutes at 37°C. For certain samples, duplicate aliquots were
prepared independently (after centrifugation) and were assayed
in the same SBA plate or in duplicate plates. The residual sperm
suspension was evaluated for percentage of motile sperm before
and after similar incubation. The motility and binding data were
used to calculate the coefficient of determination (r%), namely,
the proportion of the variation in percentage of sperm bound
explained by percentage of motile sperm, from the correlation
coefficient (r; Knapp and Miller, 1992). If r is significant, * also
is significant, even though one attribute may account for <25%
of the variation in the other measurement. This approach cannot
define cause and effect, but we assumed that good sperm motion
facilitates sperm binding, not vice versa.

After a 60-minute incubation, unbound sperm were decanted
from the SBA plates, all wells were washed three times with
mHTF to remove unbound sperm, and the plates were dried. The
DNA in each well, from sperm or standards, was stained with
YoPro-1 (Molecular Probes, Eugene, Oregon), and fluorescence
was quantified with a fluorometric microwell plate reader (Bar-
bato et al, 1998). Percentage of sperm bound in each microwell
was calculated, assuming 2.5 pg DNA per spermatozoon
(Amann et al, 1999a). Data for six microwells were averaged to
obtain mean percentage of sperm bound for that sample or rep-
licate. Earlier studies (Barbato et al, 1998; Amann et al, 1999a)
had revealed that sperm rendered immotile by ATP depletion
(blocking the ATP regeneration system) or snap-freezing did not
bind (<0.01%) to the wells of an SBA plate.

Precision of the SBA was evaluated in terms of standard cri-
teria: interplate and intraplate variations. Interplate variation was
evaluated using data for 11 ejaculates, for which the same sperm
suspensions were evaluated using duplicate SBA plates. The dif-
ference (regardless of sign) between the two values of a pair
averaged 21%. Intraplate variation was evaluated using data for
35 ejaculates (representing all sites), for which two aliquots of
stock suspension (after centrifugation) were independently di-
luted to 5 X 10° sperm/ml and were dispensed into different sets
of six wells on the same SBA plate. For a given set of six wells,
the among-well CV averaged 18% (n = 70). For the 35 ejacu-
lates, mean values ranged from 3 to 36% sperm bound. There
was no significant difference between the two values for a pair
(paired r-test), the paired values were highly correlated (r =
0.93) with each other, and the average difference (regardless of
sign) in percentage of sperm bound between the two six-well
averages was 12% of the respective mean.
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FIG. 1. Range in percentage of sperm bound in SBA for fresh semen from 57 men, each evaluated at one of three geographic sites. For men
providing two to four ejaculates, only data for the first ejaculate are included in this summary. Data for seven samples with 36-50% motile sperm with
a low rate of movement are designated (ball flag). As evident from the inser, site affected percentage of sperm bound (P < 0.01; the box plots show
the 25th and 75th percentiles and median, together with whiskers at the 10th and 90th percentiles and outliers).

Results

Binding of Sperm in Fresh Semen

Fresh semen was evaluated at all three sites. At site 1,
semen from 19 prospective donors was evaluated, and
values ranged from 1 to 32% sperm bound (insert, Fig.
1). At site 2, values for 16 seminal samples from subjects
ranged from <1 to 16% sperm bound. At site 3, values
for 29 ejaculates from 10 occasional donors ranged from
6 to 38% sperm bound, and those from 12 subjects ranged
from 3 to 35% sperm bound. For the seven subjects at
sites 2 or 3 whose semen (one sample each) contained a
slightly lower percentage of motile sperm, values ranged
from 1 to 29% bound. For all 76 ejaculates evaluated,
values ranged from <1 to 38% sperm bound.
Percentage of sperm bound was essentially independent
of percentage of motile sperm at the start of the incuba-
tion for SBA (Fig. 2). All samples with =30% motile
sperm had <10% sperm bound, but 12 samples with 35
to 70% motile sperm also had <10% sperm bound. For
all 76 samples, the correlation between percentage of mo-
tile sperm and percentage of sperm bound was 0.526, and
for samples with >35% motile sperm, the r value was
0.387. After 60 minutes of incubation at 37°C during
SBA, percentage of motile sperm ranged from 10 to 80%
(data not shown), but for 53 of the 76 samples it was
=45%. Although the correlations between sperm motility
at the start of SBA and percentage of sperm bound were
statistically significant (P < 0.01), they were low, and
percentage of motile sperm accounted for <30% of the
variation in percentage of sperm bound. Clearly (Fig. 2),

a spermatozoal attribute(s) other than motility must be
involved in sperm binding.

Considering only the first sample from individuals pro-
viding multiple ejaculates, there were data for 19 pro-
spective donors at site 1, 16 subjects at site 2, and 12
subjects plus 10 occasional donors at site 3. Data for these
57 samples displayed a wide range in percentage of sperm
bound (Fig. 1). There were site-specific differences in per-
centage of sperm bound (insert, Fig. 1; P < 0.01), but the
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FIG. 2. Relationship between percentage of motile sperm at start of
SBA and percentage of sperm bound (n = 76 samples). Considering all
data, the correlation was 0.526. No sample with =30% motile sperm had
>10% sperm bound. For samples with =30% motile sperm, there was
no positive relationship between the attributes. For samples with >30%
motile sperm, the percentage of motile sperm accounted for only 15% of
the variation in percentage of sperm bound.
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FIG. 3. Range in mean percentage of sperm bound in SBA for fresh
semen from occasional seminal donors at site 3. Mean (+SEM) for des-
ignated number of ejaculates. Donor means differed (P < 0.02).

percentage appeared to be unrelated to status of what we
termed occasional donors, prospective donors, or subjects.
At site 3, values for subjects and occasional donors av-
eraged 19 and 24% sperm bound, respectively, and for
samples with =20% sperm bound, seven were from sub-
jects and six were from occasional donors. The difference
among sites might reflect the individuals providing se-
men, the extent of sperm washing before assay (once vs.
twice), or random variation, but the real cause is un-
known.

An important question is consistency of percentage of
sperm bound for several samples from an individual, ver-
sus random, sample-to-sample variation. This was eval-
uated with two to four ejaculates from occasional seminal
donors at site 3. It was evident (Fig. 3) that there were
true differences (P < 0.02) among these individuals, con-
sidered a priori to provide normal semen. The within-
donor (two to four ejaculates each) CV for percentage of
sperm bound averaged 31%.

Binding of Percoll-Processed Fresh Sperm

Processing sperm through Percoll or similar medium pro-
vides samples with a high percentage of motile sperm. To
determine if such processing affected sperm binding,
ejaculates from nine subjects (at site 2) were split, and
sperm were washed twice (as above) or isolated by cen-
trifugation through Percoll (see Ord et al, 1990), then
washed three times. For eight of nine Percoll-processed
aliquots, percentage of motile sperm was higher than for
the control aliquot when incubation for the SBA started.
Means for all nine samples were 80 versus 65% (P <
0.02; paired t-test). However, the mean percentage of
sperm bound (~9%) was not different for Percoll-pro-
cessed versus washed samples.

Binding of Thawed Sperm from Cryopreserved Semen

For 17 regular donors previously active at site 1, we eval-
uated semen in vials representing three different ejacu-
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FIG. 4. Range in mean percentage sperm bound in SBA for frozen—
thawed semen from commercial seminal donors; semen from site 1.
Mean (=SEM) for two or three ejaculates per donor. Donor means dif-
fered (P < 0.03 for F-ratio in ANOVA).

lates from each of 14 donors and representing two ejac-
ulates from each of 3 donors. For the 48 samples, values
ranged from <1 to 13% sperm bound; the mean was
3.9%. Considering the 17 donors, there was a >5-fold
range in mean percentage of sperm bound (Fig. 4), dif-
ferences associated with donor were significant (P <
0.03), and the donor means also averaged 3.9% sperm
bound. The correlation between percentage of motile
sperm and percentage of sperm bound was 0.329 (P <
0.05; n = 48). Hence, with thawed sperm, percentage of
motile sperm likely accounted for <11% of the variation
in % sperm bound.

Binding for Matched Samples of Fresh Versus Frozen-
Thawed Sperm

We compared fresh versus frozen semen for 17 individ-
uals (there was insufficient frozen semen from two other
men) being screened as potential semen donors at site 1.
As anticipated, percentage of sperm bound was lower for
frozen—thawed aliquots of sperm than for fresh sperm
from the same ejaculates (Fig. 5); means were 2.2 and
13.3% sperm bound (P < 0.01; paired z-test). On the basis
of the correlation between percentage of sperm bound for
fresh and frozen—thawed aliquots of these 17 ejaculates
(r = 0.527; P < 0.05), we concluded that variation in
percentage of sperm bound for fresh semen accounted for
<30% of the variation in percentage of sperm bound for
frozen—thawed samples (> = 0.278).

Discussion

The goal of this study was to evaluate semen from many
men for convenience at three sites and not to study semen
from male-factor patients. Indeed, semen from all donors,
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FIG. 5. Comparison of percentage of sperm bound in SBA for fresh
versus frozen-thawed sperm in ejaculates from prospective seminal do-
nors at site 1, divided to provide fresh and cryopreserved aliquots. Treat-
ment rheans differed (P < 0.01). As detailed in the text, calculation of
binding on the basis of motile sperm placed into wells did not eliminate
the difference between fresh and thawed samples.

prospective donors, and 21 of 28 subjects (male members
of- cduples being evaluated for infertility) met WHO
(1993‘) criteria. For the other seven subjects, semen was
deficient only in terms of sperm motility (36 to 50% mo-
tile sperm and low forward velocity, on the basis of sub-
jective evaluations). No sample was classified as oligo-
spermic or teratozoospermic. Collectively, the 76 samples
of fresh semen used in this study likely represented a
cross-section of men; they did not represent a population
of male-factor men.

The SBA detected, in a repeatable manner (see text;
Fig. 3), differences among individuals in quality of sperm
in fresh (Fig. 1) and frozen—thawed (Fig. 4) semen and
also differences between fresh and frozen—thawed ali-
quots of the same ejaculates (Fig. 5). Values ranged from
<1 to 38% sperm bound for 76 ejaculates of fresh semen
and from <1 to 13% sperm bound for 65 freeze codes of
cryopreserved semen. Both ranges exceed 10-fold. We
concluded that for individuals whose semen contained
>30% motile sperm, the SBA detected differences in
sperm binding (Fig. 2), and evaluation of this attribute
might enhance the basis for decisions on therapy for sub-
fertile couples. To establish predictive value of the SBA,
replicate evaluations (=2 ejaculates per man) of a large
number of patients representing a wide range of suspected
male-factor subfertility, together with outcome data for
fertility or some other gold standard, would be necessary.

To augment correlation analyses (e.g., Fig. 2), the per-
centage of sperm bound also was calculated on the basis
of the number of motile sperm placed into each well,
rather than on total sperm, although results likely are con-
founded. On this basis, the range for the 76 ejaculates of
fresh semen was 3 to 96% sperm bound. The rank order
was not substantially changed, and the coefficients of de-
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termination (r*> value, percentage of sperm bound attri-
buted to percentage of motile sperm) for fresh or frozen—
thawed sperm were 0.276 and 0.108. For this reason and
the presentation in Fig. 2, it was obvious that the SBA
measures a spermatozoal attribute only moderately influ-
enced by sperm motility.

The exact mechanism involved in binding of human
sperm to the substrate of an SBA plate is unknown. The
binding substrate is an extract of chicken egg membrane,
in which the inner lamina perivitelline has substantial ho-
mology with the core region of human and other ZP,s
(Waclawek et al, 1998; Takeuchi et al, 1999), a charac-
teristic hydropathy profile, and eight strictly conserved
cysteine residues. Although carbohydrates are involved in
fertilization (Yanagimachi, 1994; Benoff, 1997), binding
of sperm in this assay need not involve carbohydrates.
Binding of human sperm to this substrate is enhanced by
brief exposure of sperm to a nonglycosylated synthetic
peptide (Amann et al, 1999a,b). Further, there is evidence
that the polypeptide backbone of ZP, can bind sperm and
induce calcium influx and acrosomal changes (Koyama et
al, 1991; Brewis et al, 1996; Chapman et al, 1998). Only
extensive research can unravel the mechanism(s) by
which human or rooster sperm bind to the substrate of an
SBA plate or to sheets of the native inner lamina peri-
vitelline.

Is there reason to expect that the SBA, or some similar
assay, might be diagnostic for fertility or subfertility? As
discussed earlier (Amann and Hammerstedt, 1993; Cum-
mins, 1995; Hammerstedt, 1996), because the path to fer-
tilization is essentially sequential, for each individual
spermatozoon, failure at one step precludes success.
Hence, correct prediction of subfertility will be easier
than correct prediction of fertility. Barbato (1999) gen-
eralized that subfertility might be considered as a thresh-
old trait, with individual males falling into one of two
phenotypic categories—having or not having the trait. Ex-
pression of a threshold trait from an underlying genetic
cause (e.g., sperm—egg binding) has an underlying con-
tinuous distribution of genetic variation, but phenotypic
expression of subfertility occurs only in one tail of the
distribution (i.e., the lower <30% of the fertility scale).
This is illustrated in figure 4 of Barbato et al (1998).
Significantly, heritability of subfertility associated with
sperm—egg binding, as measured via the SBA, was rela-
tively high at ~0.38 compared with that of ~0.08 for
fertility. Further, the genetic and phenotypic correlations
between sperm binding and subfertility (considered
<30% of eggs yielding a live chick) were 0.75 and 0.85
(Barbato, 1999). Assuming that similar mechanistic de-
fects exist in other species, it is plausible that use of the
SBA with human sperm might be diagnostic for subfer-
tility resulting from a deficiency in sperm—egg binding.

A similar threshold phenotypic response is evident in
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data for the hemizona index, a measure of capacity of
human sperm to bind to the human zona. The hemizona
pellucida binding assay has good discrimination (Cod-
dington et al, 1994). The hemizona index ranges from ~0
to >100, but values greater than ~60 are above the di-
agnostic range for subfertility because they are near the
asymptote of the response curve. A hemizona index =60
predicts all oocytes will be fertilized and is almost always
correct, an index <40-43 correctly predicts less than
100% fertilized eggs and is correct 83% of the time (true
negative prediction, all eggs fertilized, 87% correct), and
an index of <14-16 predicts no fertilized oocytes and is
correct 82% of the time. For some individuals, failure of
sperm to bind in a hemizona assay is associated with gen-
eral immaturity of sperm, as evidenced by morphology,
creatine kinase isoforms, and incomplete remodeling of
the plasma membrane (Huszar and Vigue, 1993; Huszar
et al, 1994, 1997). Other data (Boué and Sullivan, 1996;
Hershlag et al, 1998; Amann et al, 1999a,b; Parent et al,
1999) can be interpreted as supporting the concept that
subfertility can result from low expression of one or more
threshold traits, such as mannose binding or a deficiency
of a specific sperm-bound protein, rather than general cell
immaturity.

Obviously, cryopreservation (and/or centrifugation of
sperm after thawing rather than as fresh sperm) altered
sperm in a manner that reduced their ability to bind to
the egg membrane substrate of a SBA plate. This was
directly tested using 17 ejaculates that were divided, pro-
cessed, and evaluated; resultant means were 13 and 2%
sperm bound for fresh and frozen—thawed sperm, respec-
tively. The conclusion that cryopreservation reduces abil-
ity of sperm to bind is buttressed by data for random
samples (not split samples, as in this study, but from dif-
ferent sources) that averaged 17.3% sperm bound for
fresh semen (n = 57 ejaculates) versus 3.9% sperm bound
for frozen—thawed semen (n = 48 ejaculates). In a com-
panion paper (Amann et al, 1999b), we speculate that
reduced ability of thawed sperm to bind to the egg mem-
brane substrate or a hemizona pellucida (see below), is
due in part to cryoelution of a sperm—egg binding protein
from the plasma membrane.

There are two hemizona comparisons of subsamples of
human sperm evaluated before and after freezing and sub-
sequent thawing. Both revealed a decrease in capacity of
swim-up samples prepared after thawing to bind in a hem-
izona assay, as compared with swim-up samples of fresh
sperm (Coddington et al, 1991; Morshedi et al, 1995),
although there was no difference in percentage of motile
sperm or ATP content (Morshedi et al, 1995). With roost-
er sperm, there also is sharp divergence between the con-
clusion concerning postthaw quality when based on per-
centage of motile sperm versus when based on binding
of sperm to an egg membrane substrate or on actual fer-
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tility of sperm (Barbato et al, 1998). Sperm binding was
diagnostic, but percentage of motile sperm was not. Thus,
it is evident that reliance on visual estimates of sperm
motility or even on CASA evaluations of sperm motion
is insufficient to detect all damage associated with cryo-
preservation or to accurately predict which samples of
human sperm are likely to provide a relatively high fe-
cundity rate.

The hemizona index perhaps is the best test currently
available to predict failure of sperm in IVE In a recent
compilation (Oechninger et al, 1997), it was reported that
a hemizona index cutoff of =30 enabled correct predic-
tion of an oocyte fertilization rate of <60% in IVF for
87% of cases, with false positive and negative rates of 27
and 6%. The overall rate of misclassification was 14%,
based on 361 IVF cycles. The SBA reported herein mea-
sures sperm binding, as does the hemizona assay. Nev-
ertheless, a positive result in an SBA (i.e., low percentage
of sperm bound) might not be predictive for relatively
low fertility with a high predictive value, sensitivity, and
specificity. However, on the basis of data presented, it
would be appropriate to evaluate diagnostic potential by
directly comparing percentage of sperm bound in the
SBA with the hemizona penetration index and IVF out-
come, using a series of ejaculates representing both nor-
mal and subfertile men. This could establish diagnostic
value of the SBA for predicting failure of sperm-zona
binding, which should be an important criterion in advis-
ing couples in choosing between intrauterine insemination
or IVF versus intracytoplasmic sperm injection to provide
an embryo(s) for transfer into the uterus.
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