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Selection of the best spermatozoa 
wye?
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• Based on WHO, 10–15% of couples worldwide (more than 50 million) 
experience failure 

• almost 50% of these infertility cases are attributed to male infertility 
• assisted reproductive technologies (ARTs) such as intrauterine 

insemination (IUI), in vitro fertilization (IVF), and intracytoplasmic sperm 
injection (ICSI) 

• However, the success rate has remained fixed merely at 30–40% per cycle
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with the oviduct and secretions such as glycoproteins and acidic 
mucopolysaccharides, which are produced by the secretory cells of the tubal 
epithelium 

LCI revealed that 5%–15%of the sperm in the reservoir 

*Pathway of sperm
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…..
Sperm selection techniques: 

“Therefore, simulating the environment inside the 
fallopian tube can help in selecting the right sperm”
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NON- INVASIVE TESTS

1. Swim up
2. Density gradient
3. HOS test
4. Birefringence
5. Chemical inducer
6. LAISS laser-assisted
7. Sperm tail flexibility test (STFT)
8. Electrophoretic separation
9. Magnetic activated cell sorting (MACS)
10.Hyaluronic acid binding assay (HBA)
11.Spermatozoa-zona pellucida binding test (ZPBA)
12.Selection Based on Morphology–IMSI
13.Microfluidics
14.Horizontal Sperm Migration 
15.The selection by motion
16.Machine learning 
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1. swim-up 
• is a very soft technique, it produces a small load of ROS, but it 

recruits only mature activated sperm cells.  
• SU method selects sperm cells with better motility, vitality and 

morphology than DGC. 
o the small portion of spermatic cells retrieved; only a maximum of 

10% If samples are not centrifuged gently, many motile cells 
from pellets could potentially

Classic methods2021

2. DGC 
• is better than SU to select a higher percentage of 

capacitated sperm with hyper-activated motion  
 using both methods in combination, better results 
 Are not enough for DNA intact and ROS 
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•  the oocyte is not able to attract sperm. 
• The COC needs to attach to the ampullar epithelium with the cumulus cells. 
• This binding within a very short time initiates a signaling cascade in the tubal 

epithelium, which leads to the release of specific molecules attracting the 
sperm. 

• This is confirmed during routine IVF procedures, in which the oocyte alone in 
the petri dish is not able to attract sperm. The nature of these molecules, which 
signal the sperm the presence of the oocyte, is still unknown.

So the question is:
are there techniques that select spermatozoa 
with reduced level of chromatin or DNA 
damages?

HOW?



Advanced Methods
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3. HOS test , Hypo-osmotic swelling test (HOST)
• an increased implantation rate when the HOST technique was used 

instead as selection method (45% vs. 11%).
• In a randomized study, They found significantly higher fertilization 

and pregnancy rates after ICSI performed with HOST selected sperm 
(Sallam et al).

• By comparing HOST and DGC, Charehjooy et al. found a significantly 
higher percentage of embryos that had good quality, implantation, 
and chemical pregnancy rates in couples undergoing ICSI with sperm 
selected by HOST.
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4. Birefringence:

• In the mature sperm nucleus and acrosome, their is a strong intrinsic 
birefringence associated with nucleoprotein filaments / subacrosomal 
protein filaments, that are ordered in rods and longitudinally oriented.

• The localization of birefringence in the postacrosomal region was indicative 
of a spermatozoon that had undergone the acrosome reaction 

• the selection of non-motile spermatozoa with birefringent heads resulted in 
an increase in clinical pregnancy and implantation rate (58% vs. 9% and 42% 
vs. 12%).

• higher implantation rates for those oocytes injected with reacted sperm 
(Gianaroli et al).

nonreacted

reacted



12

2023



13

5. Chemical inducer

• Dimethylxanthines
• Papaverine
• Pentoxifylline

 Cause motility reactivation
 Comparing this technique with 

HOST, researchers have obtained a 
higher fertilization and pregnancy 
rate (32% vs. 16%)
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• Myoinositol generates an increase in mitochondrial membrane 
potential, resulting in an intracellular increase of Ca2+. 

• By incubating sperm cells frozen and then thawed from 
oligoasthenospermic patients with myoinositol, some research groups 
were able to recover a portion of sperm cells with significantly 
increased motility.

• The research group performed a series of ICSI by preincubating sperm 
cells the mitochondrial membrane potential which could lead to the 
occurrence of toxic effects

ATP/MgSO4  & myoinositol  



15

• Laser irradiation causes the release in cytosol of second messengers, 
such as Ca2+ and ROS , and an increase in the synthesis of ATP, 

• The sperm cell is then considered viable when its tail is coiled 

6. LAISS laser-assisted

7. Sperm tail flexibility test (STFT)
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• It involves the use of magnetic microspheres 
conjugated to Annexin V (AV-MACS)  that have a 
high affinity for phosphatidylserine.  

• Use for cases of high nuclear fragmentation, 
idiopathic infertility, and patients with varicocele

• It was also shown that sperm selected by 
MACS before cryopreservation, had 
significantly higher sperm motility and 
cryosurvival rates and significantly higher 
levels of intact mitochondria after thawing 
(Grunewald et al.)

8. Magnetic activated cell sorting (MACS)
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• 206 infertile couples with teratozoospermia.
• 106 and 100 couples were considered for the study (DGC/MACS) and control 

group (DGC), 
• top embryo quality on the day 3 (30.22 ± 3.59 vs. 17.96 ± 2.9, P=0.009), and 

implantation rate (18.12% vs. 10.42%, P=0.04) were higher in the study group 

2022
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• Cryopreservation of sperm in donor intrauterine insemination (D-IUI) 
treatments increases sperm DNA f, so patients using these sperm samples can 
benefit from using this technique. 

• study analyzed clinical outcomes of 181 D-IUI treatments. 

• MACS was performed after density gradient centrifugation (DGC/MACS) in 90 
thawed , whereas only DGC was performed in 91 thawed semen donor 
samples (CG). 

• our results show significant differences in gestation, live birth, or miscarriage 
rates 

2022
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9. Hyaluronic acid binding assay (HBA)
 

Remodeling steps:
• Cytoplasmic extrusion
• Histone protamine exchange
• Shape properties changes
• Maturation of sperm plasma membrane
HspA2
Formation of Hyaluronan (HA)-binding
and zona-binding sites(Huszar et al. 2007)
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Selection of HA-bound spermatozoa (Physiological ICSI) 
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10. Spermatozoa-zona pellucida binding test (ZPBA)

• „natural biological selection“
• Incubation of MI oocyte with SP for 2 h
• Remove with an ICSI pipette the SP that are bound to the ZP
• ZP-bound sperm are hyperactivated and have normal morphology and 

intact DNA.

• Jin et al.  showed that ZP-bound sperm injection led to higher clinical 
pregnancy rate (60.5% vs 47.6%) and higher rates of high-quality 
embryos and useable embryos for transfer (66.1% vs 50.8% and 76.0% vs 
66.3%), while they found no significant differences in fertilization and 
cleavage rates.

.

 



11. Electrophoretic separation 
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1. the highest quality spermatozoa  contain glykocalyx, which is rich in 
salic acid residues, outside of the plasma membrane, negative 
electrical charge called “Zeta potential”. 

2. spermatozoa can be separated from other contaminating 
electronegative cells (such as leukocytes and precursor germ cells) by 
virtue of their small cross sectional size



ZETA
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• allow the collection of live spermatozoa with normal morphology 
and a high percentage of the integrity of the genetic material 

• Nasr Esfahani et al. and Duarte et al. observed a significant 
increase in top quality embryos and pregnancy rate after ICSI by 
comparing DGC/Zeta 

• Authors found that sex ratio male/female at birth was significantly 
lower in the DGC/Zeta group compared to DGC group, 

• NO centrifugation: no generation of reactive
 oxygen species (Ainsworth et al., 2005)

• Nevertheless, the Zeta method leads to  a 
• low sperm recovery rate 



12. Selection Based on Morphology–IMSI
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• 31 cycles of IMSI (n = 11) and ICSI (n = 20) procedures with preimplantation 
genetic diagnosis (PGD) performed between July 2011 and February 2015 

• The IMSI procedure significantly improves the embryo quality/development by 
increasing the implantation rates without affecting the chromosomal status of 
embryos. 

2015
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2015



13. Microfluidics  
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• bypassed the need for semen sample centrifugation 
• low sample consumption 
• removing human error due to automation capability 
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• Active microfluidic devices:  
use external forces like optical traps, electrophoresis, and hydrostatic pressure. 
they are invasive mechanism and include complicated experimental setups 

• Passive microfluidic systems: 
the separation process is based on sperm’s intrinsic behavior like boundary-
following and response to external stimulants such as fluid flow, temperature, and 
chemical gradients. they separate sperm without damaging its morphology or DNA 
integrity by mimicking the in vivo environment

2023
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• The FertDish format mimics the 
clinician-familiar ICSI dish setup

• improvements in DNA fragmentation 
index of more than 91% (donor) and 
74% (patient) versus raw semen

 
• The FertDish enables a high sperm 

recovery rate (>3.3 × 105 sperm per 
mL), 

• loading the outlet with (PVP) media 
(70 μL),

• loading the inlet with raw semen (100 
μL), and then overlaying the entire 
platform with paraffin oil (2 mL) 



34

a) Sperm concentrations from donor samples, including raw, DG + SU, and FertDish 
at 1 h and 2 h. b) Sperm concentrations from patient samples, including raw, DG + 
SU, and FertDish at 1 h and 2 h. N = 3 replicates for DG + SU and FertDish 1 h and 2 
h. Error bars represent standard error of the mean in a and b.

Sperm concentrations from donor and patient sample testing
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• the ZyMot device is a new, FDA-approved that helps embryologists select the highest-
quality sperm 

• prospective, multicenter, randomized, sibling oocyte study was conducted with 86 couples 
evaluate  

• Patients with at least 10 metaphase II oocytes were enrolled in the study and sibling oocyte 
groups were split in half with ICSI and the other half were injected with sperm sorted by 
the ZyM¯ot

• No statistical differences were observed between ZyM¯ot and control processing 
methods in any of the study outcomes evaluated.



14. Horizontal Sperm Migration
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• The technique allows the recovery of spermatozoa with high motility, normal 
morphology and minimal damage to the DNA, using a fast, safe, and economical 
procedure. 

• segmentation and blastocyst rates are higher in the horizontal swim-up, 
• lower quantity of harmful oxygen reactants 
• clinical and ongoing pregnancy rates are numerically better in the horizontal 

swim-up than in conventional methods although there is no significant statistical 
difference.
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• A total of 95 ICSI cases performed using sperm samples were prepared with our 
(MSS) Microfluidic Sperm Sorting or by Direct Swim Up (DSU; control) 

• the rates of DNA fragmentation and immotile spermatozoa were significantly 
lower in MSS when compared to DSU group (P < 0.001). 

• higher rates of high quality embryo formation (P < 0.001), implantation (P = 
0.04) and pregnancy (P = 0.05) 

• progressive motility of the sperm sample was higher after microfluid processing 
than after DSU. 

• sperm concentration in MSS group was lower, which could be attributed to the 
spontaneous movement of sperm cells, not the centrifugation force

2020
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• normozoospermic semen samples 

• the rates of DNA fragmentation and chromatin decondensation were 
significantly lower in extended horizontal SU samples than in DGC samples.

 
• The lowest rates of DNA fragmentation and chromatin decondensation 

corresponded to the samples treated with both methods (DGC/SU). 

• No significant difference was found in the fertilization rate or day 3 embryos 
between sibling cultures. 

2023
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Analysis of DNA fragmentation using TdT-mediated-dUTP nick-end labeling technique  
Analysis of chromatin decondensation by the aniline blue technique 



15. The selection by 
motion
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the selection of human 
spermatozoa with 
rotational motion might 
have the potential to 
improve ICSI outcome. 

2017
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Current machine learning approaches
• FERTECH is image- processing software that classifies a 100 × magnified 

image of a sperm according to the WHO strict criteria. 

• Later, an automated system called the Integrated Visual Optical System 
(IVOS) was developed that incorporates an optical setup and an image 
digitizing and analysis setup. This system enables automated analysis of an 
entire sperm- smeared slide

• using the support vector machine (SVM) classification algorithm, sperm 
classification as normal or abnormal was achieved based on sperm head 
morphology features obtained by extracting contour lines

16. Machine learning
2021
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• 383 individual spermatozoa were retrospectively analysed from a dataset of 78 
ICSI-assisted reproductive technology cycles.

• SiD software computes the progressive motility parameters, straight-line 
velocity (VSL) and linearity of the curvilinear path (LIN), of each sperm 
trajectory, along with a quantitative value, head movement pattern (HMP), 

• LIN and HMP were found to be significantly different between successful and 
unsuccessful fertilization . These results suggest that the spermatozoa in the PF 
set had more linear trajectories, and larger variations related to head 
movement patterns. 

• significantly higher SiD scores were found for those spermatozoa that achieved 
both successful fertilization (P = 0.004) and blastocyst formation. In the present 
study, three positive outcomes, i.e. SI, PF and PL, were related to higher means 
for all assessed parameters (VSL, LIN and HMP). 

• higher velocity (VSL)improved blastocyst formation. 

2022



43



44



45



46

Thanks for your attention
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