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MSOME and Conventional Semen
Analysis

Evaluation of sperm morphology plays a crucial
role in the diagnosis of male fertility potential
and has demonstrated a predictive value for IVF-
ICSI treatments [1-3]. MSOME provides an
accurate description of spermatozoa abnormali-
ties, particularly the presence of head vacuoles
[4]. However, no consensus has been established
concerning normal or abnormal MSOME crite-
ria, despite being essential to transposing
MSOME analysis into routine evaluation of male
infertility [5]. Therefore, some studies have ana-
lyzed the relationship between sperm normalcy
according to the World Health Organization
(WHO) or Tygerberg criteria and MSOME.
Bartoov et al. [4] investigated the relationship
between normal spermatozoa according to the
WHO reference values [6] and MSOME in 20
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patients and found no significant correlations
between the percentage of morphologically nor-
mal spermatozoa as defined by the WHO and the
percentage of morphologically normal spermato-
zoa as defined by MSOME. Conversely, a strong
positive correlation between the percentage of
normal sperm forms according to the Tygerberg
criteria and MSOME was observed by Oliveira
et al. [7]. Nevertheless, both studies found that
MSOME was shown to be much more restrictive,
presenting significantly lower normality percent-
ages for the semen samples in comparison to
those observed after analysis according to the
Tygerberg or WHO criteria.

Later, Cassuto et al. [8] found significant cor-
relations between the incidence of score-0 sper-
matozoa (presenting an abnormal head, one or
several vacuoles, and an abnormal base) and
sperm concentration, motility, and morphology.

Conventional semen analysis and MSOME
evaluation were performed simultaneously in
sperm samples from 440 patients [5]. The results
showed that sperm head vacuoles were signifi-
cantly larger in abnormal semen samples.
Relative vacuolar area (RVA), defined as vacuole
area (um?)/head area (um?)x 100, was the most
discriminative MSOME criterion between nor-
mal and abnormal semen samples, and was nega-
tively correlated with poor sperm morphology.

It is noteworthy that routine morphological
examination is performed on the entire semen
sample, whereas the most remarkable feature of
MSOME is the focus on motile sperm fractions,
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providing information about the sperm fraction
referred for ICSI. Moreover, MSOME is a reli-
able technique for analyzing semen and has
been suggested as a routine technique for semen
analysis [9].

MSOME and Sperm Preparation
and Manipulation

During semen sample liquefaction, the spermato-
zoa are exposed to round cells and leukocytes,
both potential sources of reactive oxygen species
(ROS) that are positively correlated with sperm
head  morphological  abnormalities  [10].
Moreover, the concentration of ROS may pro-
duce crater defects in the form of deep vacuoles
in mammals [11].

Despite the origin of sperm vacuoles remains
disappointingly unknown, the use of MSOME
may be a helpful tool for the selection of sperma-
tozoa. However, whether or not specific in vitro
conditions during sperm preparation and manipu-
lation results in the formation of sperm vacuoles
is still under debate.

It has previously been demonstrated that
extended in vitro culture at 37 °C may reduce
sperm viability [12]. Since the morphological
evaluation of sperm under high magnification is a
time-consuming technique [13], there has been
some investigation regarding the impact of semen
sample incubation at 37 °C on the sperm nucleus
morphology. It has been demonstrated that after
2 h of incubation at 37 °C there was a significant
increase in the frequency of vacuolated nuclei
[14]. No significant morphological changes in
sperm nuclei were observed upon prolonged
incubation at 21 °C. Additionally, after 2 h of
incubation, the incidence of spermatozoa with
vacuolated nuclei was significantly higher at
37 °C compared with 21 °C [14]. Similarly,
Schwarz et al. [15] reported a negative impact of
temperature on the morphological integrity of
sperm nuclei. Conversely, using the sperm-
microcapture channels in a 24-h period, Neyer
et al. [16] demonstrated that sperm vacuoles are
not generated by incubation at 37 °C.
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Several semen preparation techniques have
been established to separate the sperm fraction for
use in assisted reproductive techniques. The most
commonly used protocols are density-gradient
centrifugation and swim-up [17]. Several studies
addressed whether there was any differences
between these two methods regarding sperm
motility and concentration after semen prepara-
tion and the outcomes of intrauterine insemina-
tion [18-22]. It is of great importance to select a
processing technique that improves the sample
with spermatozoids that show a low amount of
nuclear vacuolization after preparation.

Mongaut et al. [23] evaluated sperm morphol-
ogy under high magnification before and after
swim-up and density gradient centrifugation and
classified recovered spermatozoa according to
the degree of vacuolization. Despite both meth-
ods showed a positive effect on sperm quality, the
swim-up method produced significantly higher
incidence of morphologically normal spermato-
zoa than gradient centrifugation.

Borges et al. [24] compared the results of
intracytoplasmic morphologically selected sperm
injection between cycles in which the swim-up or
the density gradient centrifugation techniques
were used for sperm preparation. Implantation,
pregnancy, and miscarriage rates were not statis-
tically different between the groups. Both tech-
niques recovered improved sperm fractions and
resulted in similar IMSI outcomes.

MSOME and Sperm
Cryopreservation

Human sperm cryopreservation has been rou-
tinely practiced for several years. Despite the
success of sperm cryopreservation technique, the
freezing—thawing process has proven to be asso-
ciated with modifications in seminal quality, par-
ticularly the decrease in sperm motility and
increase in morphological abnormalities [25].
During the cryopreservation of spermatozoa,
both the formation of intracellular ice crystals
[26] and the crystallization of the extracellular
medium [27] are associated with mechanical
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damage and may result in rupture of the plasma
membrane and disturbance of cellular organelles
[28]. Moreover, sperm cryopreservation has been
correlated with an increase in the levels of some
apoptosis markers [29]. Lastly, cryopreservation
was found to induce chromatin decondensation
[30], DNA denaturation [31] and increased sperm
DNA fragmentation [32]. However, it is still
under debate whether or not cryopreservation can
induce sperm nuclear damage. Most of the tech-
niques used to evaluate sperm damage are inva-
sive. It would be advantageous to recognize
negative effects of cryopreservation that might
appear in post-thaw spermatozoa. Hence, a few
studies evaluated the sperm morphology by
MSOME in frozen-thawed sperm.

Boitrelle et al. [33] evaluated whether or not
cryopreservation modifies motile sperm morphol-
ogy under high magnification and/or is associated
with chromatin decondensation. Cryopreservation
induced sperm nuclear vacuolization, decreased
the incidence of grade I+1I spermatozoa and the
sperm viability rate and increased the incidence of
sperm with noncondensed chromatin.

Conversely, Gatimel et al. [28] demonstrated
that the cryopreservation has no effect on human
sperm vacuoles. The main difference between the
two studies is that Boitrelle et al. studied men
from infertile couples, while only samples from
recently fertile men were included in the study by
Gatimel et al. Moreover, the dilution ratio with
the cryoprotectant was different; and Boitrelle
et al. used a morphological classification that
included not only vacuoles but also other sperm
abnormalities.

Conclusion

The available literature seems to support that
MSOME is a much stricter criterion of sperm
morphology evaluation, since it identifies vacu-
oles that are not identified by the conventional
semen analysis. Any technique that increases
the quality of recovered spermatozoa and/or
decreases the extent of vacuolated sperm could
present an advantage in treatment’s outcomes.
Nevertheless, it appears that both the swim-up
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and the density-gradient centrifugation techniques
recover improved sperm fractions and result in
similar IMSI outcomes. Sperm cryopreservation
may result in the appearance of vacuoles due to
mechanical stress during the procedure. As long
as the precise reasons for vacuole formation are
still unknown, it is important to avoid prolonged
sperm manipulation.
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