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Objective: To evaluate DNA fragmentation in single sperm selected by both birefringence and motile sperm organelle morphology
examination (MSOME) with a single instrument.
Design: Prospective study.
Setting: University setting.
Patient(s): Semen samples from 33 normozoospermic subjects.
Intervention(s): Birefringence and MSOME to distinguish different categories of sperm: nonbirefringent (category A), birefringent
(category B), birefringent with nuclear vacuoles (category C), and birefringent with no nuclear vacuoles (category D). From each semen
sample, sperm of any category were selected and further analyzed by TUNEL test.
Main Outcome Measure(s): A total of 660 well-characterized sperm were evaluated for DNA fragmentation.
Result(s): Category A showed a low percentage of sperm with normal MSOME results (19.4%) and high prevalence of DNA fragmen-
tation (70.3%). Category B had 81.8% normal MSOME results, and in this group 31.8% had fragmentated DNA. Category C showed
31.8% and 92.6% DNA fragmentation in sperm with small and large nuclear vacuoles, respectively. Birefringent sperm with normal
MSOME results and no vacuoles showed the lowest percentage of fragmented DNA (2.8%).
Conclusion(s): Sperm selection by birefringence or MSOME alone had one-third probability to select sperm with fragmented DNA. The
lowest percentage of DNA fragmentation was found in birefringent sperm with no nuclear vacuoles and normal MSOME results. We
suggest combining both methods using a single microscope and selecting sperm without
nuclear vacuoles to get sperm with a higher chance of having intact DNA. (Fertil Steril�
2014;101:647–52. �2014 by American Society for Reproductive Medicine.)
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I nfertility is clinically defined as
failure of a couple to conceive after
1 year of regular sexual intercourse,

and male factor is considered the sole
cause in approximately 20% of cases
(1, 2). Currently male infertility is

evaluated through routine semen
analysis, and in particular sperm
concentration, count, motility, and
morphology are considered. Although
fertile men, as a group, have better
sperm parameters than infertile men,
there is significant overlap of these
semen characteristics between the two
groups (1, 2). In fact, approximately
15% of patients with male factor
infertility have normal results on
semen analysis (3), suggesting that
conventional semen parameters are
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poor predictors of reproductive outcome and that a definitive
diagnosis of male infertility cannot be made just by a routine
semen analysis. In light of these considerations, there exists a
need for new markers of sperm quality that might better
discriminate infertile from fertile men. Recently some
authors investigated the role of sperm DNA fragmentation
in male factor infertility (4, 5). Moreover, some studies
suggested that sperm DNA fragmentation can be considered
a better predictor of male fertility, pregnancy outcome, and
adverse reproductive events than standard semen analysis
(6, 7). In fact, sperm DNA damage has been related to
impaired fertilization, disrupted preimplantation embryonic
development, low rates of implantation, increased incidence
of miscarriage, and high rates of morbidity in the offspring
in intracytoplasmic sperm injection ICSI (8). These findings
support the hypothesis that the integrity of sperm DNA is of
paramount importance in the initiation and maintenance of
a healthy and viable pregnancy both in natural and in
assisted conception (3). Conventional sperm selection used
for ICSI is based just on morphology and motility of sperm
cells, with no information on their nuclear status.

During the past two decades a number of analyses have
been introduced for the study of sperm DNA. However,
most techniques are highly invasive and cannot be used to
select sperm for ICSI use. In the last years, new and noninva-
sive methods of sperm evaluation and selection have been
proposed to retrieve the best and living sperm. Bartoov and
colleagues (9, 10) proposed motile sperm organelle
morphology examination (MSOME), based on the real-time
evaluation of sperm under a magnification up to �6,300.
By using this technique, some authors reported higher
implantation and pregnancy rates by ICSI (11). Moreover,
using the same method at a higher magnification
(�13,000), our group has previously demonstrated that
selected sperm had better mitochondrial function and chro-
matin structure and lower DNA fragmentation and aneu-
ploidy rates (12). Furthermore, when sperm selection was
performed on the basis of absence of nuclear vacuoles a
further improvement of mitochondrial and nuclear status
was found. Another noninvasive technique aimed to select
sperm with normal DNA for ICSI use is based on the evalua-
tion of sperm birefringence by a polarized light microscope
(13). Double refraction, or birefringence, is the decomposition
of a ray of light into two rays when it passes through an aniso-
tropic material; this phenomenon is a characteristic of cells
with normal nuclear organization. Many years ago some
authors reported that birefringence is due to the presence of
nucleoprotein filaments arranged in rods and oriented longi-
tudinally into the sperm head, and in particular sperm cells
from many different species are birefringent (14, 15).
Recently, Gianaroli et al. (16) reported higher percentages of
good embryos on day 3, higher implantation rates, and
higher competence to progress at least beyond 16 weeks'
gestation in ICSI cycles in birefringent sperm compared
with conventionally selected sperm. These data suggest that
sperm birefringence could indicate those cells with a better
nuclear status and thus with higher fertilizing potential. In
a recent study Petersen et al. (17) evaluated DNA
fragmentation in birefringent sperm selected by MSOME

criteria. These authors used two different microscopes to
evaluate sperm by high-magnification morphology and
birefringence (17). This interesting study showed that
different levels of birefringence are related to DNA fragmen-
tation. However, in that study authors did not consider
nonbirefringent cells or the presence of nuclear vacuoles. In
the present study we performed sperm selection based on
the concurrent evaluation of birefringence and MSOME by
a single instrument. This method allowed us to select some
categories of cells with different characteristics that were
further analyzed for DNA fragmentation.

MATERIALS AND METHODS
Patients

This study was approved by the Institutional Ethics Commit-
tee of the Hospital of Padova, Italy. Thirty-three normozoo-
spermic, young, and healthy subjects participating in a
program of fertility screening tests at our unit were recruited
in the study after providing informed consent. Inclusion
criteria were age R20 and %35 years, no history of cryptor-
chidism or varicocele, normal sperm parameters, and absence
of sperm infections and antisperm antibodies.

Semen Sample Collection and Preparation

Human semen samples were obtained by masturbation after
2–5 days of sexual abstinence, in sterile containers. Samples
were allowed to liquefy for 30 minutes and were examined
for seminal parameters according to the World Health Orga-
nization criteria (18); 1 mL of native semen was incubated in
10-mL microdrops of PVP 7% (polyvinylpyrrolidone solu-
tion; Origio Medicult Media) in a Petri dish and covered
with liquid paraffin (Origio Medicult Media) at room temper-
ature for 15 minutes and used for further analysis. On the
basis of birefringence and MSOME characteristics, we iden-
tified four categories of sperm cells: nonbirefringent (cate-
gory A), birefringent (category B), birefringent with
nuclear vacuoles (category C), and birefringent without nu-
clear vacuoles (category D). According to MSOME criteria
(9), cells from category C were further distinguished on the
basis of presence of large (R4% of total nuclear area) or
small (%4% of total nuclear area) nuclear vacuoles. Finally,
among sperm with no nuclear vacuoles (category D), we
distinguished cells with normal and cells with altered
MSOME results. Five motile sperm of any category obtained
from each of 33 semen samples (165 cells for any category)
were selected one by one with a micromanipulator system
and placed on a slide (total 660 sperm). Selected sperm
were further evaluated for DNA fragmentation by terminal
deoxyribonucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labelling (TUNEL) test.

Analysis of Sperm Birefringence and MSOME
Assessment by a Single Instrument

Birefringence and MSOME were assessed in previously
prepared samples using an inverted microscope (Eclipse TE
2000 U; Nikon) equipped with high-power differential inter-
ference contrast optics (Nomarski) and with Hoffman contrast
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