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A new real-time morphology classification for human
spermatozoa: a link for fertilization and improved
embryo quality
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Objective: To understand the correlation between normalcy of the sperm, fertilization, and early embryo develop-
ment, and to establish a detailed classification scoring scale for the individual spermatozoon with the highest
predictive fertilizing potential in real time during intracytoplasmic sperm injection (ICSI).
Design: A retrospective and analysis.
Setting: Laboratory Drouot.
Patient(s): 27 couples with male factor infertility referred for ICSI treatment.
Intervention(s): Before ICSI, motile spermatozoa were scored after aspiration.
Main Outcome Measure(s): Oocyte fertilization, embryo development and morphology, outcome of scored motile
injected spermatozoa.
Result(s): Our suggested formula is (Normal head score¼ 2)þ (Lack of vacuole score¼ 3)þ (Normal base score
¼ 1)¼ (Total score¼ 6) for a morphologic ‘‘normal top’’ spermatozoon, calculated with the major criteria affecting
the outcome of ICSI. We take into account the normalcy of head size and shape, the base of the head, and the lack of
vacuoles. Our scoring of three classes of injected spermatozoa revealed a statistically significant difference in fer-
tilization rate: 39 out of 46 (84%), 94 out of 128 (73%), and 27 out of 44 (61%), respectively. Our examination of
the contribution of maternal age in correlation to sperm score revealed a distinction between oocytes originating
from women younger than 30 years and oocytes from women aged 30 years and older.
Conclusion(s): Our suggested classification provides allows the best spermatozoon to be chosen for ICSI, partic-
ularly for oocytes from women aged 30 years and older. (Fertil Steril� 2009;92:1616–25. �2009 by American
Society for Reproductive Medicine.)
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Intracytoplasmic sperm injection (ICSI) in humans was first
introduced by Palermo et al. (1) in 1992. Since then, use of
ICSI for the treatment of males with poor-quality spermato-
zoa has improved our knowledge of sperm biology and clar-
ified several negative factors. One of the main concerns in
ICSI is aspiration of good-quality spermatozoa for microin-
jection into an oocyte. However, the injected spermatozoa
are randomly chosen, and their selection is based on rough
morphologic aspect and motility (2).

It has been reported that routine, strict morphologic criteria
do not affect ICSI outcome (3–11), but some investigators
have indicated that a paternal effect influences the blastocyst
rate. Several points of negative impact, both genetic and
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epigenetic, have been identified in embryos after the ICSI
procedure (2, 12–17). Sperm quality is undoubtedly of the
greatest importance in determining the quality of the devel-
oping embryo (18). It is likely that some of the injected
spermatozoa do have a good developmental potential
(19, 20). However, injection of individual sperm cells with
abnormal morphology can reduce fertilization and implanta-
tion rates when only these ‘‘abnormal-sperm embryos’’ are
available (21).

The several morphologic criteria currently used in routine
sperm analysis to describe the general picture of the sperma-
tozoa originating from the raw ejaculate are based on the ex-
amination of fixed and stained sperm cells. It is accepted that
the morphologic characteristics may not necessarily describe
the quality of the specific single spermatozoon in the pro-
cessed sperm fraction that was injected into the oocyte. De
Vos et al. (21), who studied individual injected sperm and
the formation and development of the resultant embryo, ad-
mitted that the low magnification (i.e., routine magnification
of �400 during ICSI) and concomitant low resolution of the
sperm morphology assessment on motile spermatozoa before
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ICSI were limitations of their study. To date, no studies have
followed a single specific spermatozoon that had been mor-
phologically evaluated under high magnification microscopy
before injection and the matched developing early embryo.

By using a high-power �1500 inverted light microscope
with a zoom up to�6100 and higher, studies recently demon-
strated that a normal spermatozoon—and, more precisely,
a strictly defined normal sperm nucleus—can affect the fertil-
ization rate (FR) and the occurrence of pregnancy (22–25).
The spermatozoa, preselected under �6100 magnification,
were accumulated in a droplet (one droplet for all the sperma-
tozoa of a specific ‘‘choice’’), and spermatozoa aspirated
from those accumulated motile sperm cell droplets were in-
jected by the embryologist (23). It is obvious that this method
cannot provide the means to distinguish a specific sperm cell
injected into a specific oocyte, and the preselection of sper-
matozoa and the process of ICSI were performed at different
times. After preselection, the spermatozoa were sent to an in
vitro fertilization (IVF) laboratory. After arrival of the prese-
lected sperm cells, injection of the oocytes was performed in
two totally different environments (26). The classifications of
the selected spermatozoa morphology were ‘‘normal’’ and
‘‘second choice,’’ but the investigators were not clear about
the criteria underlying these classifications (26).

In our first study (study 1), the injected spermatozoa were
assessed by six morphologic criteria in real time and classi-
fied in three groups. This study was designed to correlate
the normalcy of the sperm, fertilization, and early embryo de-
velopment, using the expansion of the blastocyst as an end
point. Subsequently, we believed that a more defined scoring
system using strict criteria for precise evaluation of the indi-
vidual preinjected spermatozoon in real time and under high
magnification was warranted. Thus, study 2 was designed to
detect which morphologic defects detected by high magnifi-
cation could affect fertilization and early embryo develop-
ment up to the blastocyst stage. For this purpose, we
developed a more simple and efficient scoring system of
the spermatozoon in real time.

Thus, the aims of the overall study were [1] to understand
the correlation between the normalcy of the sperm, fertiliza-
tion, and early embryo development, using the expansion of
the blastocyst as an end point, [2] to establish a detailed clas-
sification scoring scale for use during the real-time ICSI pro-
cedure to choose an individual spermatozoon with the highest
predictive fertilizing potential, [3] to analyze which sperm
defects negatively affect the development of the embryo up
to day 5, and [4] to define the preferred morphologic criteria
for the individual sperm to be injected.

MATERIALS AND METHODS

Patients

The population of study 1 comprised 27 couples with male
factor infertility who had been referred for ICSI treatment
to our IVF units in Bleuets Hospital and Diaconnesses Hospi-
tal, Paris, France. The study population included women
Fertility and Sterility�
younger than 36 years old, average age 31.3 � 3.68 years
(standard deviation [SD], range: 25 to 36 years), of normal
ovarian status (more than seven antral follicles), body mass in-
dex (BMI)<27, and normal levels of follicle-stimulating hor-
mone (FSH), estradiol, and antim€ullerian hormone (AMH).
We excluded patients with polycystic ovaries and those who
had failed in more than two previous IVF/ICSI treatments.
The subsequent study 2 retroactively analyzed 100 spermato-
zoa from 10 men of the 27 aforementioned couples.

The age of the men was in the normal range of <40 years
old. In both studies, only couples with male factor infertility
were included, comprising oligospermia or oligoasthenotera-
tospermia. We used fresh partner ejaculate for the process,
excluding epididymal, testicular, and cryopreserved sperm.
Parameters of spermatozoa were concentration between
2–11 � 106/mL, range of motility 10% to 35%, and percent-
age of normally formed spermatozoa less than 22% accord-
ing to the definition by David et al. (27), or less than 30%
according to the World Health Organization (28).

The studies were performed with the approval of the uni-
versity institutional review board (Paris VII University) and
our local ethics committee. Each couple was informed that
their oocytes would be injected in a routine ICSI procedure
after spermatozoa has been observed under high magnifica-
tion (�6100).

Ovarian Stimulation

All of the women underwent ovarian stimulation with re-
combinant FSH (Gonal F, Serono, Lyon, France; or Puregon,
Organon, Puteaux, France) in daily doses ranging from 150 to
250 IU after pituitary down-regulation with a gonadotropin-
releasing hormone (GnRH) agonist (Decapeptyl, Beaufour
Ipsen Pharma, Paris, France; or Synarel, Searle, Boulogne
Billancourt, France) daily for up to 12 days. Follicular growth
was monitored by ultrasonography and measurement of
peripheral estradiol levels.

Final oocyte maturation was induced with human cho-
rionic gonadotrophin (hCG) (Organon, Puteaux, France; or
Ovitrel, Serono, Lyon, France). When the largest follicle(s)
had reached a mean diameter of at least 18 mm, oocyte re-
trieval was performed by transvaginal needle-guided ultra-
sound. Aspiration took place 34 to 36 hours after the hCG
injection.

ICSI Procedure

We aspirated 218 mature oocytes. Oocytes were cultured in
a 30-mL droplet of medium (Complete Early Cleavage,
ECM 90140; Irvine Scientific, Santa Ana, CA) under light
mineral oil for embryo culture (Irvine Scientific) between 2
and 4 hours until the time of denudation. Oocytes were
then transferred to a tissue culture dish (353004; Becton
Dickinson Labware, Franklin Lake, NJ).

Injection of oocytes was performed by methods previously
described elsewhere (1, 4, 29). Briefly, the examination and
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scoring of sperm and the injection of oocytes were performed
in different culture dishes (GWST 5040; Will Co, Wells BV,
Amsterdam, the Netherlands) because a glass-embedded dish
is necessary for microscopic observation with Nomarski
optic systems (Olympus IX 71; Olympus, Rungis, France).

We developed a special design for the arrangement of the
droplets and the location of the oocytes and sperm in the same
dish. Observation and scoring of the sperm were performed
under �6100 magnification, and ICSI was performed under
�400 magnification.

The droplets were arranged as follows. In the upper part of
the dish was a fresh, clean droplet of polyvinylpyrrolidone
(PVP 90119; Irvine Scientific); in the lower half of the dish
was one elongated 30-mL droplet of modified human tubal
fluid (HTF) medium with HEPES (90126; Irvine Scientific)
containing the motile spermatozoa obtained after processing,
and three fresh 10-mL droplets of modified HTF with HEPES
that contained the denuded metaphase 2 (MII) oocytes (one
oocyte in each). All droplets were covered with light mineral
oil for embryo culture (Irvine Scientific).

For observation under �6100 magnification, a droplet of
immersion oil (B1010-40; Dade Behring, Paris la Defense,
France) was inserted underneath the upper part of the dish
only (i.e., under the PVP droplet).

A single spermatozoon was chosen according to routine
rough morphologic criteria for ICSI, within the extended pos-
sibilities provided by the limited�400 magnification. Abnor-
malities corresponded with those described by De Vos et al.
(21). Immediately before injection, the spermatozoon was
examined and scored in the clean droplet of the PVP.

Analysis of Spermatozoa

During our daily work and before beginning our study, we ex-
amined under �6100 magnification 15,000 motile spermato-
zoa from 100 randomly chosen patients. All spermatozoa
were examined after preparation with a bilayer gradient of
isolate (99264; Irvine Scientific). The motile spermatozoa
were observed in three dimensions (3D) at a high magnifica-
tion of�6100 via contrast inverted microscope (Olympus IX
71; Olympus) equipped with Nomarski optics.

Based on the accumulated knowledge of the fertility field
(12, 26, 30) and our own observations of 15,000 motile sper-
matozoa, we took into consideration six parameters of the
spermatozoon (three major and three minor criteria), which
we termed ‘‘HAVBIC’’: head, acrosome, vacuole, basis, in-
sertion, and cytoplasmic droplet. Head, vacuole, and basis
are major criteria for abnormalities, and acrosome, insertion,
and cytoplasmic droplet are minor criteria.

H, head: Normalcy of the shape and size of the head, on both
axes, according to WHO criteria (28). That is, normalcy is
determined as an oval head shape with a regular outline;
head length 3 to 5 mm, width 2 to 3 mm, scored as 3 for nor-
malcy in two axes, 1 for normalcy of a single axis only, or
0 for abnormally in both axes.
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A, acrosome: Presence or absence and quality of the acro-
some measured by an acrosome cap covering more than
one third of the head surface. Presence of acrosome was
scored as 1, or absence as 0.

V, vacuoles: Presence or absence and quality of vacuoles. No
vacuoles in the head was scored as 2; a single vacuole with
small diameter was scored as 1; otherwise, the score was 0.

B, basis: The basis of the sperm head. For example, the loca-
tion of sperm nucleus is illustrated in Figure 1, and is scored
for shape and form: normal basis is 2, and abnormal is 0.

I, insertion: The axial position of the tail. The score was nor-
mal is 1, and abnormal is 0.

C, cytoplasmic droplet: Presence or absence. The absence of
the droplet is 1, and the presence is 0.

When spermatozoa were evaluated by these criteria, the
maximum score for a normal spermatozoon was 10. Obvi-
ously, abnormalities observed in an individual motile sperm
cell could decrease the score down from 10 to as little as 0.

Then we classified the scored spermatozoa as follows:

Class 1: Spermatozoa with normal head and maximum of
two other abnormalities (not located in the head).

Class 2: Spermatozoa with more than two abnormalities.
Class 3: Spermatozoa with several head defects.

The spermatozoon was chosen according to routine rough
morphologic criteria for ICSI. Whenever possible, and ac-
cording to the availability in the ejaculate, we tried to exclude
spermatozoa with obvious defects, such as elongated or
tapered head, macrocephalic or microcephalic heads, amor-
phous head, broken neck, or presence of a major cytoplasmic
droplet. However, this obviously depended on the limits of

FIGURE 1

A normal motile spermatozoon at high magnification
(� 6100), unstained and unfixed, scored as 10 points
by the HAVBIC classification and 6 points by the
Cassuto and Barak classification. The base of the
spermatozoon is marked with a red arrow as B.

Cassuto. Classification for motile sperm cells. Fertil Steril 2009.
Vol. 92, No. 5, November 2009



the inverted microscope used for micromanipulation (at
�400 magnification).

The aspirated motile spermatozoon was then located in
the clean PVP droplet, where its motility was slowed. Each
spermatozoon was separately aspirated, maintained, and
examined inside the glass injection micropipette by two
independent observers. The ICSI procedure was performed
immediately after classification of the aspirated individual
spermatozoon.

Embryo Culturing

After ICSI, oocytes were transferred to a 20-mL fresh droplet
of medium (ECM; Irvine Scientific) for incubation. Each oo-
cyte was individually cultured to detect the correlation of fer-
tilization, development, and embryo classification to the
specific injected spermatozoon.

Fertilization was recorded after 12 to 16 hours. The em-
bryos were observed daily and classified as follows. Type
A, or excellent quality, were embryos in which all blasto-
meres were of equal size and lacked fragments. Type B, or
good quality, were embryos that had blastomeres of equal
size, with a maximum of 20% of the volume of the embryo
filled with fragments. Type C, or fair quality, were embryos
with 20% to 50% of the volume of the embryo comprising
fragments. Type D were embryos with more than 50% frag-
mentation and/or unequal size of blastomeres.

On day 3, each of the early embryos was transferred to
a fresh 20-mL droplet of Complete Multiblast Medium
(90141; Irvine Scientific). Morphologic features of morulae
were recorded, and the blastocysts were morphologically
evaluated according to the classification of Gardner et al. (31).

Microscope and Calculation of Magnification

The high-power magnification was provided by an inverted
light microscope with a magnification of �1500 with
a zoom of up to �6100 and higher. The formula for the cal-
culation of the final magnification was as follows: magnifica-
tion of the objective under the immersion oil (�100),
multiplied by the video adaptor (�1), multiplied by monitor
diagonal (�310 mm), and divided by charge-coupled device
(CCD) diagonal captor (1/3 inches of diagonal dimension ¼
5.05 mm). This calculation results in a magnification of (100
� 1 � 310)/5.05 ¼ 6138. Use of IX-71 Olympus equipment
with a magnification selector on the microscope (�1.6) made
it possible to reach a magnification of �9820.

RESULTS

The scoring systems were based on the experience and
knowledge accumulated in the field of fertility (2, 3, 7, 8,
10, 12, 16, 18, 21, 30, 32).

In study 1, spermatozoa were selected at �400 magnifica-
tion, and 218 oocytes of 27 couples with male factor infertility
underwent ICSI. Each spermatozoon was classified into one
Fertility and Sterility�
of three classes (1, 2, or 3) using high magnification
(�6100) immediately before the injection. Class 1 spermato-
zoa were injected in 46 oocytes (21%); class 2 spermatozoa
were injected in 128 oocytes (59%); class 3 spermatozoa
were injected in 44 oocytes (20%).

The FR comparison with the classification of the injected
spermatozoa among the FR of the three classes of spermato-
zoa (1, 2, and 3) revealed a statistically significant difference
(FR¼ 39 out of 46 (84%), 94 out of 128 (73%), and 27 out of
44 (61%), respectively; P<.04; chi square ¼ 6.31; Table 1).
A pairwise comparison of the FR showed a statistically
significant difference between groups 1 and 3 (P<.01; chi
square ¼ 6.3).

No statistically significant difference was observed when
the rate of morulae and blastocyst formation were correlated
to the classification of the injected spermatozoa. However,
a statistically significant relationship was noted when the
comparison was made between the rates of expanded blasto-
cysts in the three groups (P<.03; chi square ¼ 6.71). A pair-
wise comparison showed a highly statistically significant
difference between the expansion rate of blastocysts from
group 1 versus group 3 (P<.007; chi square ¼ 7.26), group
2 versus group 3 (P<.03; chi square ¼ 4.43), and groups 1
þ 2 versus group 3 (P<.02; chi square ¼ 5.26), but not
between group 1 versus groups 2 þ 3 (see Table 1).

Following these findings, we ascertained that the relatively
greater number of spermatozoa examined before ICSI were
of class 2: 128 out of 218 (vs. 46 out of 218 and 44 out of
218 for classes 1 and 3, respectively). Thus, in a second
step (study 2), we endeavored to establish a more detailed
scoring system to define the various parameters of the single
spermatozoon to be injected. Consequently, the HAVBIC
scoring system was applied to the injection of 100 MII oo-
cytes. A total of 100 spermatozoa were aspirated, scored,
and injected. Fertilization occurred in 63 out of 100 injected
oocytes; all zygotes cleaved on day 2, and 12 top blastocysts
were formed on day 5.

Statistical analysis of our sperm criteria revealed that,
when the correlation of each of the HAVBIC criteria was sep-
arately examined with FR, embryo quality, or development,
no statistical significance was found with head (H), acrosome
(A), cytoplasmic droplet (C), or tail (I). However, a higher FR
was achieved in oocytes injected with spermatozoa where no
vacuoles were observed in the head (V ¼ 2) compared with
oocytes fertilized with spermatozoa that had existing vacu-
oles, whatever their location: V ¼ 1 or V ¼ 0; FR of 15 out
of 18 (83.3%) versus 48 out of 82 (58.5%), respectively
(P<.04; chi square ¼ 3.89).

Regarding normalcy of the base (B) of the sperm head, 24
out of 26 (92.3%) day-2 and day-3 embryos were graded as
top and good embryos (type A or B) when the base was
scored as normal (B ¼ 2), but only 23 out of 38 day-2 and
day-3 embryos (60.5%) were graded as A and B when the
base of the injected spermatozoon was scored as B ¼ 0
(P<.03, chi square ¼ 9.06).
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TABLE 1
Study 1: fertilization, rate of development, and blastocyst expansion in correlation to the classification
of the injected motile spermatozoon.

Sperm classification
Class 1

21% (46/218)
Class 2

59% (128/218)
Class 3

20% (44/218)

Total number of
spermatozoa

(N [ 218)

Fertilization rate 84% (39/46)a 73% (94/128)a 61% (27/44)a 73% (160/218)
Total blastocysts and morulae 37% (17/46) 26% (33/128) 16% (7/44) 26% (57/218)
Expanded blastocysts 15% (7/46)b 9% (12/128)b 0 (0/44)b 33% (19/57)

Note: 218 oocytes underwent intracytoplasmic sperm injection. Each spermatozoon was classified just before injection
using high magnification (� 6100).

a A statistically significant difference was noted between the fertilization rate of the three groups of oocytes with regard to
the classification of the injected spermatozoa (P< .04; chi square ¼ 6.31). A pairwise comparison of the fertilization rate
showed a statistically significant difference between groups 1 and 3 (P< .01; chi square ¼ 6.3). Statistical significance
was noted when the rates of the expanded blastocysts in the three groups were compared (P< .03; chi square ¼ 6.71).

b A pairwise comparison showed a highly statistically significant difference between the expansion rate of blastocysts from
group 1 versus group 3 (P< .007; chi square¼ 7.26); group 2 versus group 3 (P< .03; chi square¼ 4.43), and groups 1þ 2
versus group 3 (P< .02; chi square ¼ 5.26) but not group 1 versus groups 2 þ 3.

Cassuto. Classification for motile sperm cells. Fertil Steril 2009.
Additional analysis revealed a statistically significant neg-
ative Spearman correlation between the woman’s age and the
quality of day-2 and day-3 embryos (P<.001, R ¼ –0.415).
Furthermore, it was found that 96.3% (26 out of 27) of
day-2 and day-3 embryos resulting from the oocytes of
women younger than 30 years were scored as A and B em-
bryos. Only 44.4% (16 out of 36) of day-2 and day-3 embryos
that developed from oocytes of women 30 years and older
were scored as A and B embryos. Using the chi-square test,
this difference was found to be statistically significant
(P<.001; chi square ¼ 19.52).

As a consequence of these statistical evaluations, we de-
vised another scoring scale for all six parameters of HAVBIC.
Variables were scored as normal ¼ 1 and abnormal ¼ 0.
When compared with the old coding, 0 remains as 0, and
all the other values were scored as 1.

Logistic regression was used for fertilization as the depen-
dent variable of motile sperm scores. Coefficients were calcu-
lated and tested by comparing receiver operating
characteristic (ROC) curves (Fig. 2). The best results with
area ¼ 0.618 were achieved with the following formula:

Score of spermatozoa ¼ ð1:277 þ 1:977 � HeadÞ
þ ð2:746 � VacuoleÞ
þ ð1:08 � BaseÞ

By using this formula as our model, the old HAVBIC
scores of the 100 spermatozoa were changed as detailed
(e.g., score 0 or 1), using head shape (H), existence of vacu-
oles (V), and head base normalcy (B) as the parameters for
the spermatozoa score. According to this model, possible
scores of the 100 injected spermatozoa were in the range of
1.277 to 7.08.
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The mean score of the injected 63 spermatozoa that re-
sulted in the formation of early (day-2 and day-3) embryos
was 4.047 � 1.819 SD, which was statistically significantly
higher than the mean score of 3.248 � 1.724 SD of the in-
jected spermatozoa that did not result in fertilization
(P<.03, F ¼ 4.67).

To achieve a more practical form of this calculation for use
during sperm observation before injection, the numbers of the
formula were rounded off. Thus, the formula of our model for
the classification of an injected spermatozoon was converted
to:

Score of spermatozoa ¼ ð2 � HeadÞ þ ð3 � VacuoleÞ
þ ðBaseÞ

The range of scoring for a preinjected spermatozoon varied
between 0 up to 6.

Classifications for the quality of the injected spermatozoa
were also calculated as follows:

Class 1: High-quality spermatozoa with calculated score of
4 to 6 (see Fig. 1).

Class 2: Medium-quality spermatozoa with calculated score
of 1 to 3 (Fig. 3).

Class 3: Low-quality spermatozoa with calculated score of
0 (Fig. 4).

Analysis of the fertilization rate obtained after injection of
the three different classes of spermatozoa revealed that 19 zy-
gotes (79.2%) were obtained from 24 oocytes injected with
class 1 spermatozoa (scores 4 to 6); 36 zygotes (63.2%)
from 57 oocytes injected with class 2 spermatozoa (scores
1 to 3); and eight fertilized oocytes (42.1%) from 19 oocytes
injected with class 3 spermatozoa (score 0; P<.04; chi square
Vol. 92, No. 5, November 2009



¼ 6.25). The Mantel-Haenszel test for linear association
revealed a value of P<.01 (Fig. 5).

With regard to development into blastocysts, only 12 blas-
tocysts were obtained in study 2. Because this is a relatively
small number, no statistical significance could be detected.
However, a tendency toward a higher developmental rate
into blastocysts was noted when the blastocyst formation
was compared in the embryos resulting from the three classes
of spermatozoa. Injection of 24 oocytes with class 1 sperma-
tozoa (scores 4 to 6) resulted in four blastocysts (16.7%); 57
oocytes injected with class 2 spermatozoa (scores 1 to 3) re-
sulted in seven blastocysts (12.2%), but only one blastocyst
(5.3%) was formed after the injection of 19 oocytes with class
3 spermatozoa (score 0).

A statistical analysis was performed for the relationship
between the women’s ages and the score of the injected sper-
matozoa in correlation to embryo quality. A distinction was
made between oocytes originating from women younger
than 30 years and patients aged 30 years and older.

All four embryos created after injection of class 3 sperma-
tozoa (scored as 0) into oocytes of younger women (<30
years) were type A and B (top and good embryos). In
contrast, only one of the four day-2 and day-3 embryos that
resulted from injecting class 3 spermatozoa into oocytes of
older women (R30 years) was determined to be ‘‘good.’’
Although the Pearson chi test was not statistically significant,

FIGURE 2

Logistic regression of fertilization as the dependent
variable of motile sperm classifications. Coefficients
of spermatozoa were calculated and tested by
comparing ROC curves. Area under the best curve
was Area ¼ 0.618, with the following formula: Score
of spermatozoa ¼ (Head � 2) þ (Vacuole � 3) þ
(Base).
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the Mantel-Haenszel test for linear association resulted in
a value of P<.03.

All 12 embryos (day 2 and day 3) that resulted from fertil-
ized oocytes of younger women (<30 years) with class 2
spermatozoa (score 1 to 3) were graded as A or B embryos.
Only 10 of 24 (42%) day-2 and day-3 embryos were graded
as ‘‘top’’ embryos after class 2 spermatozoa were injected
into oocytes of women 30 years and older (P<.003; chi
square ¼ 13.82). The Mantel-Haenszel test for linear associ-
ation revealed a value of P<.004.

No differences were observed in the ratio of A and B em-
bryos after the injection of class 1 spermatozoa into oocytes
from young women (<30 years old) compared with the ratio
of top embryos (Aþ B) obtained after the injection of class 1
spermatozoa into oocytes of older women (>30 years of age):
10 out of 11 versus 5 out of 8, respectively.

DISCUSSION

It is well known that morphology evaluation of the individual
motile sperm cell before ICSI is limited because of the low
magnification used in routine microscopy for the microinjec-
tion (21, 33). We deemed it worthwhile to develop a tool for
determining which spermatozoon should be injected.

In both our present studies, the motile spermatozoon was
initially aspirated using the routine ICSI method, at magnifi-
cation�400. Aspiration was then followed by immediate ob-
servation and scoring under magnification �6100 before

FIGURE 3

Normal-looking spermatozoon at �400
magnification, scored as 5 points by the HAVBIC
classification (normal head, acrosome, and tail) and
2 points by the Cassuto and Barak classification
(normal head) at � 6100 magnification. After
injection, this spermatozoon developed into a type C
embryo on day 3 and did not reach the blastocyst
stage on day 5.

Cassuto. Classification for motile sperm cells. Fertil Steril 2009.
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ICSI. Use of this method made it possible to examine each
single spermatozoon and correlate its contribution to a spe-
cific oocyte/early embryo and to evaluate the effect of the
individual sperm cell’s morphologic features. We then
examined which defects could affect the correlation between
the normalcy of the sperm, fertilization, and early embryo de-
velopment up to the blastocyst stage. We established a scoring
system to define more precisely the preferable spermatozoon
for ICSI.

We would like to elucidate that major distinctions exist be-
tween our current work and that of others (23, 26). Our stud-
ies 1 and 2 examined spermatozoa that were already aspirated
using conventional ICSI procedures. In contrast, the methods
for using high magnification reported by Bartoov et al. (23)
and Berkovitz et al. (26) dealt with preselection and accumu-
lation of ‘‘first and second choice’’ spermatozoa before ICSI
in two separate laboratories and locations. Spermatozoa were
then transported to a dish containing two droplets; each drop-
let contained a collection of the first or second choice sperma-
tozoa. The embryologist in a different laboratory injected the
oocytes with the second best only as a default. Furthermore,
that study had no way of distinguishing which specific sperm
cell had been scored and was subsequently injected into a spe-
cific oocyte. Moreover, ICSI was obviously performed at var-
ious times and in two totally different environments. In
addition, the parameters used by those investigators to define
a normal sperm nucleus, normal nuclear shape, or normal
sperm were not clearly portrayed (26) (Y. Barak, personal
communication).

FIGURE 4

An abnormal spermatozoon scored as 2 by the
HAVBIC classification (no cytoplasmic droplet and
normal tail) and 0 by the Cassuto and Barak
classification. Although fertilization occurred, no
blastocyst developed.
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We tried to define a scoring system using strict criteria
for precise evaluation of individual, preinjected spermato-
zoon in real time under high magnification of �6100
(33). The chosen criteria for the three major classifications
in study 1 were based on the knowledge accumulated in the
field of fertility (6, 9, 12, 21, 28, 30, 34) and our own obser-
vations of 15,000 motile spermatozoa using �6100 magni-
fication during our daily work. Our criteria comprised the
rough morphologic parameters of head shape, existence of
vacuoles, cytoplasmic droplet, acrosome, and shape of the
basis of the head and the tail for the unstained motile
spermatozoa.

The outcome of study 1 indicated a definite correlation be-
tween classification of the injected spermatozoa and FR; in-
jection of spermatozoa with high classification led to a higher
FR. This data has been supported in other studies (21, 32), al-
though other investigators have claimed that no correlation
exists between sperm morphology and fertilization (6). It is
probable that the latter conclusions were due to the general
morphology of (fixed) ejaculates viewed by conservative mi-
croscopy rather than observation under high magnification
(�6100) of an individual motile sperm cell before its injec-
tion. We found differences in the rate of blastocyst expansion
between the three groups of embryos that resulted from clas-
ses 1 to 3 of spermatozoa (see Table 1), which supports the
importance of sperm morphology for embryo development,
as claimed by others (14–16, 18, 32, 34–36).

FIGURE 5

Fertilization rates after the injection of spermatozoa
of the three classes: 19 out of 24 oocytes (79.2%)
were fertilized from injection of class 1 spermatozoa
(scores 4 to 6) versus 36 out of 57 oocytes (63.2%)
obtained from injection of class 2 spermatozoa
(scores 1 to 3) versus 8 out of 19 oocytes (42.1%)
from class 3 spermatozoa (score 0). (P< .04; chi
square ¼ 6.25; Mantel-Haenszel test for linear
association P< .01, increases in one variable are
associated with increases in the other and are
greater than would be expected by chance of
random sampling.)
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In accordance with the findings of our first study, we con-
cluded that the three classes of sperm morphology can contrib-
ute to the outcome of ICSI in terms of fertilization and early
embryo development up to the blastocyst stage. However,
we felt that the method for classification should be improved
to be more precise. Thus, the more detailed scoring system
may better define a preferable spermatozoon, thereby assist-
ing the choice of sperm for the injection. The HAVBIC system
clearly showed that vacuoles in the sperm head interfere from
the first step of fertilization; a higher FR was achieved in oo-
cytes injected with spermatozoa with no vacuoles in their
heads. Moreover, the base of the sperm head (see Fig. 1),
where a part of the nucleus or centrosome is located, appears
to be a major factor that may affect embryo quality (37–39). A
higher rate of ‘‘top’’ and ‘‘good’’ day-2 and day-3 embryos
were detected when base was scored as normal. In addition,
the importance of head shape and normalcy is well known
and has already been discussed by others (21, 22, 30).

The results of our study are not surprising. Our assumption
is that the experienced eyes of an embryologist would ex-
clude, when possible, spermatozoa with rough morphologic
major abnormalities that are detectable under routine condi-
tions. We first chose spermatozoon for ICSI by routine
methods, under conventional conditions using magnification
of �400. Thereafter, before injection, we examined the sper-
matozoon again under high magnification according to our
scoring system. We found a positive correlation between
FR and the proportion of the sperm with a normal head shape
(30); a similar finding regarding the head was reported by
Dittrich et al. (40). However, it is probable that the majority
of abnormalities we observed under magnification of �6100
are not visible using the routine conditions.

Thus, in contrast to the study Bartoov et al. (23), our re-
search dealt with a population that is routinely selected for
ICSI, which was not preselected by high magnification.
Our data showed that existence of vacuoles impaired fertil-
ization rate. This finding, which concerns the presence or ab-
sence of any vacuoles and not merely their size, has been
supported by others in that the organization and content of
DNA affects fertilization after ICSI (30, 41, 42). It has
been postulated that vacuoles of various sizes are most likely
correlated to the integrity of sperm DNA and thus may affect
the fertilization potential of the spermatozoon (42).

We also discovered that the base of the sperm head is one
of the major parameters for sperm quality. Our data showed
that the normalcy of the base affected the embryo score. As
the base of the sperm head contains the centrosome and is
correlated to the sperm nucleus, it does contribute to embryo
quality, as has been confirmed by others (43).

To simplify our scoring system in accordance with our
findings, more statistical evaluations were needed. The study
was designed to ensure that using the scores would simplify
the system, aid embryologists during routine tasks, and not
prolong the time period needed for the ICSI procedure.
Therefore, the values of the major sperm criteria were scored
Fertility and Sterility�
as normal ¼ 1 and abnormal ¼ 0 (when compared with our
former coding, 0 remains 0, and all other values are scored
as 1). Due to similar considerations, the formula of our model
for the classification following calculations of coefficients
(with Area ¼ 0.618 of the ROC curve) converted into:

Score of spermatozoa ¼ ðHead � 2Þ þ ðVacuole � 3Þ
þ ðBaseÞ

When we calculated the range of scoring (between 0 and 6)
and applied the sperm classification using our current data,
a statistically significant difference in the fertilization poten-
tial of the three sperm classifications was noted. We detected
a tendency for a higher developmental rate into blastocysts in
correlation with sperm classification. However, no statistical
significance could be achieved with our relatively small
group of blastocysts.

The statistical analysis combining the woman’s age and the
score of the injected spermatozoa in correlation with embryo
quality distinguished between the quality of embryos result-
ing from oocytes of women younger than 30 years and those
from women 30 years and older. The age-related decline in
the quality of the oocytes, as noticed in our current study, is
a known phenomenon (2, 44, 45). The outcome explains
the importance of sperm scoring mainly in ‘‘older oocytes’’
from women aged R30 years. The outcome indicated that
when class 2 or 3 spermatozoa are injected, a lower rate of
best and good embryos develop in the older group compared
with the rate in the younger group. It was clearly demon-
strated that, in the older group of women, there was no reason
to waste time selecting the best oocyte when it is to be in-
jected with one hazardous spermatozoon.

This outcome is not surprising because the younger oo-
cytes are capable of ‘‘repairing’’ the DNA of the injected
spermatozoon. In fact, ICSI may rescue embryos in some pa-
tients by avoiding delays in the cell cycle through a direct
sperm deposition in the oocyte. The extra time helps to
save maternal ribonucleic acid (mRNA), which may partially
overcome epigenic defects (2, 45, 46). Conversely, when
a class 1 spermatozoon is injected, the age-related quality
of the oocyte is negligible; no difference was detected
when the ratio of high-quality embryos was compared in
the young and older women. This is logical because these
‘‘top spermatozoa’’ do not need any reparation.

Our study confirms the importance of the morphologic se-
lection of spermatozoa in ICSI. Our suggested Cassuto and
Barak score is based on the observation of the motile sperma-
tozoa after processing and before injection under �6100
magnification in real-time injection conditions. Based on
our data, analysis of the motile sperm cells according to
our classification could provide valuable information as to
the ICSI technique to be used. In particular, to increase the
chances of fertilization for oocytes harvested from women
aged R30 years, we recommend using our scoring system
1623



before injection, and the recommended calculated Cassuto
and Barak score for injected spermatozoa is 4 to 6 (class
1). In younger patients, scoring is not as critical, at least in re-
gard to fertilization. Our study is still in progress to further
improve the scoring system for blastocyst development.
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