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Objective: Infertility is indeed a significant global health concern. The quality of
gametes plays a pivotal role in determining the success rates of Assisted Reproductive
Technology (ART) cycles. In contemporary fertility and reproductive medicine, the
utilization of machine learning has emerged as a powerful tool for processing large
datasets, offering the potential to enhance existing ART practices. The objective of this
review study was to assess and quantify sperm and oocyte characteristics in humans
using machine learning techniques. This approach can contribute to a more precise
evaluation of gamete quality, leading to improved decision-making and potentially
higher success rates in ART procedures. Using of machine learning abilities, researchers
can obtain valuable insights into the quality of gametes, thereby optimizing fertility
treatments for individuals and couples experiencing infertility issues.

Materials and Methods: We conducted a comprehensive search on PubMed, Google
Scholar, and Scopus using the keywords "Machine Learning AND Quantification AND
IVF." Eligible articles were initially screened based on their titles. After the title
screening, a second screening was performed based on the abstracts of the selected
articles. Finally, the full articles of the remaining studies were reviewed to ensure they
met our inclusion criteria. From each eligible study, we extracted the following
information: author(s) of the study, publication year, and the method employed to
evaluate human oocyte quality. Conclusion: The development of a properly trained
machine learning system will require careful attention to data quality, measurement,
sample size and ethics issues agreement.

Keywords: Machine Learning; Artificial Intelligence; Deep Learning; In Vitro
Fertilization; Sperm; Oocyte.

Copyright© 2024, ASP Ins. This open-access article is published under the terms of the Creative Commons Attribution-Noncommercial 4.0

International License which permits Share (copy and distribute the material in any medium or format) and Adapt (remix, transform, and build

upon the material) under the Attribution-Noncommercial terms.


https://orcid.org/0000-0001-5754-0516
https://orcid.org/0009-0002-5815-0215
http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

PPNV u':-‘}s*"] sile (5550 s SO drsg (S A
Wg0s 031l (615 o3Il s ools CotS 4y 588 Az gi il sy
ool (BN Pl aolisdlys o

& (Gaas 550l fogian Lhep ¢ ndle (g,50L lrojlgalls
ool £ 2B lo ]

AR K FRYNAR RS- TR ée,)u
VEYIPIN e b pds o6

oSl g gzmtils Sl 4t ¢ Sk s (S04 1 Jghumme 00 o5
BRsls (ol yez el lok eobee o pll b o (S e (Sd pole
NOVFFATYAAD & i 35 850 Sloyo (tilage Slaas o (S pole
mahdihassani29@gmail.com : g Sl oy

FUVTVYYA - V5 ules oyils

doddo

7l Golem Gl el Gz el 50 o2 le G )90l
o0 S @ 0lse 5l go Loy o8 35 o Sline 1, 5851 295
Sooll 5 Bl b olié 3, asle lse T el s e
ol ol il (oo lai e () 9 o0 53 5595k AL (ame
WIS (o0 SIS (559)bh Eord 4 (Fan ) g (2Ll (Snex Jalse
05,5 )5 ooliiul 3,90 loald b 4 yo3| slaans ;o ART 72!
shast az 51 g o plonil JSerr (ogekan Y. 31 oy Jlo 5 5 o
S ART coiibge liee Lol el oo 2l Jlo 8 ART (slo a5 >
Pl P Pt O WA 1 PR

2SI s S cals coaS 4 ART a5 > Sy Sy e

o3l ART a5 > S b, s, o 5l oot axilsy slo Sass
Sz b a2 ples o i JUS 6l b e Jsho (pl st (oo
W b o isd (o colatul sam sl 45> o colaiul glp
Loy B YO« v oga 5l oBiie Comez ) (IVF) a8l
TW 0l bS8 Sess Jsho (S35 )0 el V01
45 (ICSD) codMygtn J51s oyl 5255 c(ge 5o S T,
Loy e a5 5l alflas couie lap ! 335 Soew,

T sp5icn 3,35 Sods S5 & e i
ICSI codibge ial3dl Bam b p sl Sl (gl 48 e gy
SWIM-UP wiile laasyT s ol by S5 ol T il s sloxy)
Sl Jlasl Jolds 2l laSasS canl (JB (L5 L i b
oebline b oud Jld slagsbe 5locs o 5l oolittal «Soig)sllen
sloalinul 5 Jouily 325k 5l (oxbans (b Jelos g 520 ol (s
Vb z29 b (Sioledroe slop sl Sl 1 oolisal 5 ol e
S e el Salsil (59999 )90 ()l ol (See o g ol oansl
CobeS Sepr b g, ol ol Gan NS L wns as LSy

DF e
Tl 35 sl ]

Sly rtle g3l 31 ool
Q‘}.:.o 9 deJ‘ !°)'~$“"| ul.‘:ua‘

R J PR TRESEPRVOSANN S ERoncap, | P ESRVESSN
waasSs G398 Gl len oplo 559,00 5 pleal (b Slidizs 55 50
Ol el ! (S psle oKl ip Lo

SCRQ)) pylo sobr slo Jsho 5 JsSga 5 (oo ouSimgs, T
Ol ol ple (paass B9 (b )len

Olrl QLS (LBl (S pole olStsls L jiels liizs 35 50"
ool i o 50 (S psle olSnils ¢ g gzmiils Dligdow eS|

ol

ol

oS el Sz bl pre SN S ly 50 (59,b0 1 B0e
SIS (59l slo a3 2 Cudge (lime un 50 (ol R Lo S8
shoslital palee 6590k (S5 5 onsk 5o 3, (ART) (5595k
degorme B3l0n Slp wied w8l Sy plgie 4 Sedle 550l
ART sloogds dgupp Jusly a5 ol o0l Jlavay S5 slaosls
oS (et 9 (20l w5 )90 aslllas ) 5l Bus aes s 1) 35250
il 6ol GoSSs 5 sslinad b bl 45 pyenl sla Sis
a5 S S S coaS b obl 4 wlg e 9,0, ol s
ART laig, 3 VL ogills dbyn &5 5 (6 5 sl S5ede 4 20
il oo pliioee ((gudle (6,50l o HUlss 5l oolaiul b .ogd oo
A 0 g 3 yg] Cawd w4 lawlS CudS 8 90 10 (sieds,l (sl i
4,25 1) 6,9l DSEe oS slags) g 3,8l sl Ty 6ok slapleys
Google PubMed )5 sol> (gomine o Loila g, g olge
Machine Learning " oS «lads™ 51 eolazl L Scopus 4 Scholar
Lylys ozl oYls (w0l plesl "AND Quantification AND IVF
oyt 6,3 | g 0 m 5 0,2 L aslie ol Lol
waled 5o b pll caie SVl oaSe elul p pss 5858
Lo 55,5 sl Lo a8l 51 limobol (gl oile 3L clallias LolS YLk
AL Lo odayl s azly aslllas (2 51 diad sy S oo 03511
B 4 gy g el Jlo caalllae (slo)odim g im0 S gl 3l ] )

Sl Koss cuaS i) (sl oo ab,F

VEY Gl ¥ o)las & o5

oo Sy i alowo


https://orcid.org/0000-0001-5754-0516
https://orcid.org/0009-0002-5815-0215
http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

$9kb
ool sl az g JB (il Mlr Sy 659)L0 g (il
s S lony G Olgie @ (559,L6 (WHO) cuslagy Sle olosls
b 6k 4 liws jo SlEl L aS 09d o (gay alib Jie 0y
ieiin plate ot cliblne iz clie 5 nin b ol VY 5
5 lgicn plizan pally GoculS 555,T enl 052y b g e
5 4l 60k Blge &8, sl & ART USS 0n S, IVF )b
Sl ol 5o g i ool sas Sk oS5 L all)
Loy 4 i 4210 559,k b o o Jilano L 95 (igalee O 090>
A 09 (g0 03ld Comd wils o Jule b (5,9,L6 4 Goes 3,lge o jo Yo
u,_sl> s [¥a Al coliab @"L}é: w3 lrvl ‘;am g;'\’}ﬂ sl QAIS‘ Ir
s eiptl 2 osdle i Lo e (Ko 5 sl S pals LT
OB Ol ol 55 659,k gt 10 (v g bl (e

Il RS
ART cdbge (l5me (333 5 fso slohy, anmsi pé e o Jlo (nl b
Bl 2o,0 YO sga> oad Jitie iy sl & 3850 (5l ka3
pol 5 Kod CarhsS ) itz ABy Jeedly a5 bl ) il e
5o |) W aligL? u’_,a.,a;u )L..M.J 9 )JLo.a.A ‘5LmJ5Lu u,:l ‘a)lo L_,,_ii.w
i yob a4 TGS ART sla g, zuls il Gun b lisiss
slo Sy ol p sra Jdod 5 a8 Biyb ) S ColS
B9 (oo (2l 3y llinl GeSg See Gl skl b (Su3598)50
S Jelse ool By s sl G 39 (03 0,80, 0l S
42 3l 5 005 55l il 205 oyl el prizmen bl o (Sio
S92 e Olidsg .o ls soleie HLle Job ;0 00 1uS 5jgal
©950g; @leled Baa b p el § SedS SuhsS (Snhn 9 S
b Sad oy Jomily (b)) ln B3k 5 s Foslasl B cald b o
S ART (sla s, sl o Vb sled o il 55 ate

AR [ TR SRV BPS  E

(ART) 559,k S5 (5,9US (9,
WWgd o)l rmb jsb 4 wialss pad b Sl e &5 b ;5
sl Jgie Al yo cppiiz ols ba g, ol s ART (glaguils’
o 2975 03 Slr Sloys O9ey99 1518 S S 25 sl il 5o
b 900l 23k e Glaeds 51l le Seoss o] 5l oy 09
ARislol 7l cou sl o Gl cds 4y a5 Gl oyl 5l ool
GolSiws ;8 55, F LY Gowdy oad 5 b slaSass i S o )18
cdoay yole lulidyus hawgs gudm b, g ool CulS paass
Jie 05 ) 4 od QB iz diz b S5 g oo Sod g onalie
Gk 3l orr RS WY el coide JEUI Gl e 005 e
WY ai ools it Sl S g e S 8 S i
O Sl OSee Nigy b S 6500k 4 ymie he 9 Sl amy (S
Luls 4 s 6 IVF cosibee T son 1S5 son Sucls a5 >

Qg o0 00l bk slo Sesu lade a5 Wil ool lis L3 liass
Gub 5L LBR) 3ge o0i; algs &5 4 (liiws Guils g3k 9> b
Sk as closls las clidss DA S 15K L3 ogb s Jli!
59 oo IVF (6l mulis o yiae 4 oo Yooro S VA 510
ol (51 lores ons J S S 41 8,5 it el ply Y
Lole oo 1y cnl cwl deogn be Sass jl paein Bas slaw 4
Sops dlise sla JSSgp Jols a5 Sleys sla slal el
e 5T ool o )T 590 eadsis 5 cilises slag s il o loass
odliiul 35l 5 et e ol sty (o Glgie 402351 Cans 4y
Condy Gl 5ol nl b 0sd (oo STl (g 5oliS 5l ar g LB
aile o T 008wyl 0l 5 02 (215 5l (5 T sl sl Vpoma
I 398 oo bzl (OHSS) Hlawss ax 1 i o, oy
oy oaimd (lid oS b 4y oad J5US S 4 plaess gsly
oloys sla a3 > (g5 Jlazl loess I el el )T 65 Shos
a5 b 53 MM s g 8, VU CeaS b sle i 35S
b lo Sz @l 5 b JsS5 oIl 698 LS| (S lalllas
F30 5k & Gl (o A5 45 Cand (aseiie j5in il 00 ) asein)
Wl Jlen 5 sl S les sl aig sl b aily ol )
RARAISCSNE
shostital Joily sloanlid job 4 559,k S5 2l glaJlo 5
2 S xS prea 4 S sl | (AD esrias sp slagss,
et | S6,50 89,8 (o) (ilwainte lp gt (e Sy 25
ewile 65l slaps 55l iaie ol o atsl Slalllas ys el 005
sl bt plo 5 bsSss ol asle else 55, » (ML)
ol b ames oo delsl SO o5 4 (Sbp plaaste LT aSu) cio i
M as s 5 el 5 eslinal 5y0 waiSia LT 1y anl)3
lossm o 1, gousie SUS ML slaps 55l o 5l slacs iy
(computer Vision) y5sewlS ol aes 5l el 005 ol 3 Calise
5 codle oyl [ (digit recognition) o3, aseis [
taaled 5™ oy Gaslayy T s cass S
e Sl ML 0,k (o5 5 5.k wiile (S5 Canaj psle o
o wols ol wldlas T ) ons saliul 65 2 sl ool
il Gl gloanyl 3 )0 L ART (sl ogeds colinios 3,k 5IML
ML 5l oolaznl Gliae oy axlllan cpl ol Bas amil (o 000 o0
g2 oyl 3 Sloe b bl 5o

L Scopus 4 Google Scholar PubMed ;5 Lo axlllas b o9,
Machine Learning AND" oS olds I eslaxdl
allio o9 Ll s azly 0l siwe "Quantification AND IVF
slosliinl b gl (6 S8 o 0B (S Cpglie ulul sl
(3ehod 2 jld S plnil allie S gol> (o) Cales 50 9 b oS
g alie Jlo Lol (Bauss) odiwss doz 5l ol i L

o20,9) Cawady |y Ll p sl coa S b5l 6l (ool g,

VEY Gl Y oyles o0

S


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

VoA

Cd ey s g iwd BB (gl SYgacs l pladises (ousie
093 Sl sl (e gian Ghga jlesliial b ol (oo |y s b lo

IS o s 4y oaBly lej 0SS YL b o]

S alo b (Silo (6 SOl (2o

@ gy (il 998 (o0 bgye (5ae Bgn la ) Sl (25 4 ML
slaolas ) &b 5l 065 Sye a8 was e |y bly ol b &b,
3 sty BB iy @adS Jlo ws e Y s ey anis
ML (slacd i mimen ol @8ls 3925 (5rae Agp i)
S5k SlaSuSS b Jols o5 wilosls plis |, (g B o5,
1y 558hes Gal33l il ML slatg, 7 7T 395 o OL) Gns
s s S0 sleo )8 aiey jo (S slaosls o g a5
s ,d ML slas Sog, 00T o5illy (slajlusladr o il i
s o )l aBly slos ol 4 33l sl | sloansSa Ko
39> O hoe str s FB job s e by, (nl & Celoud asiie
ol TTITsl asls il (Sl g (Ko slslb 5 )
Slr S sladiges 4 by po 4135 slaosls I Slawlre Sl
oolaiwl ool jo wlie (lby b apzlee slln 095 o Sloe dguge
@ ol 5 009 pls gl ools 5l izl sl Jols ML s’
sogdle il oo (Ste )lol g3l Jas glo g, 2 gl 00,58 b
FOl s 1 oo o5 oSl e ity 5 Jlazs! g ks 5 ML )

slopz ;o8 5 b Jas anwgs sl ML daosls Joloxs g 55 ae 5
JeloS g 4 plpie 4 )l S Sl S i Baa b ey
oliaiils laiome 0gd o oolatwl (gl oo aslllh Su i
slul slp (elos slo Joe cnl 5 asilys oo oL 5 Griige
Ol eomizren oS oolaiul pglas jsb 4y slazel LB bl § Slowaas
S5k b ol slagiin o5 sl lp oo Gal 5l lasesdls
B 08 e ooliiul a3l dsgerme ;5 Sgmge 41535 slauy, 5 Ly, 5l
9 Sbp i gl anej p3 JUb jsb 4 ML oS sl azg5 LB
2 o slaonls 3 N el sas a5 5 4 (Susglon
0325 ML GlacSass 5l oolinul L ™ 0 s b clakas
loadly jloslinul giluange 5 @lge b abilio ;5 Joho S5 Julov 5
e Shs gl slp ML g 5ld b b bl oog: Sige )]
Jelosi g a2 039>, |y o] 5l eolaul Lo o0 S (sloools acgease
S ogdll o p)l5 5l lacgeme 5 atuils 5950 sk ST
Lvs] FUTSSN

bl 6 S5t el
@it by plxil gl aS conl w68 g0k slaws Juls ML
Wlgiy a5 Cewl Jow slonl ot )68 ol Lol Bas wil ouss )b
Ao yioled g Cud Sihe jebay ) e jo sleosls g0 (sla gl
ol i dib oz 50,8 oy 1y uldS o Slee paus ML

B jeb 4y aslh o)l (S Jiwpy 3280 0,Slas 4 a&&g’uj" g

[¥v .¥s]

ool g3l (sl hlisn 5l (58l

55 T el el Soz i el sl ol 2l Ban a2 51
5o 31 o b bl s o 4y ailonds gy LB _LolSs &l s
2 Sedsise g8 ol M wss o Ll b Jobu gl o5
1 s BB Sl ol a5 Gl el 03,8 iy
4 ;L ICSI LAALIRVAR oo Ol 995 ouds oolu g 0dd s LSl
o Lawgs Loiios a5 55 oud Sl ol p el 3B bl
ooz sle S B ssn e s sk o)y el e
Sl s gyl ICST gl gl3dl Ban b ool Sl (gl ilise
JARSI!

Jsko B Jolis gl il sl (b sl bs, eJgore j5b &
b Sgas il aiile @98 (o0 Gonds yiile Bo5b 5l onile (Bl g 030 sla
S e lap el glolaz wpdleay () Jsa) Y I8 Lol s
SWIM-UP j5g, siile ¢ yuml (st (la Jamo 5l oolamwl b oy
ot g s & BT g 58 5 el (S5 0 805, S L )
O Hgled ((JB o Gond il jleslital b 5 el S]]
adyl cdile 5l ooy V Lo (sl (sl aiges et 99 58 5l oSS L
Sy allet sl Jlait Jals ol g, T 398 n (559 o e
S By ey b)) omabline boads Jld slaJsbo (loloer
Slap sl DBl 5 (5 fragidy iSeml o Jlowg S 51 oolinl ((elaw
L alblax &jp0 a b Lo oy, cnl o)l 0929 Vb 29d9 b (Su39l98 )90
1] e Pl S e slo Salal (55598590 gy Lol o
(Fobo chle o Gl b ST ey s g e Jshe
oo e Jobe Slet Jold () Gul Bk (oo (s egigen
sl ot a3l g b aldione

% SR
SR cs'i2D
/ Y’ VS

Mutple Channel Microfiuidic Chip MACS Columns
= [E=5
N s
2 e 5 e .

& / s % 3 3

l /
4 \ —

4 4

" Different Technologies for Sperm Sorting ~ Density Gradient Centrifugation (0GC)

d,\.ca'..utoﬁ..ul LsLthJ...lyu5m):u Do 6‘)—.’ 6‘5[?.} LgLa: uu)b
4S5 2l @ ol oo Jbe Slsie 4wl oad gl 659k (S i
sle Lo, loal 0,8 o)lal e S )LSh 2Lyl g DNA o oS5
‘MOjO .[M o7l Xl oo e 420 SO )‘l Ol ‘_glﬂ 6})94-\.40[5
Sapiac 5 (5l gzl 40 Bonraybio =5 ,z) LensHook

VEY Gl ¥ o)las & o5

oo Sy i alowo


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

6999 sl ools o ouis S 5 S el (aseis gl e, 6Nl
lazg BB Jie S asl (oo ladl s Pz bz g
@l (g pmepsTl O] o o5 el saty aAdgs ()5 (90 550k
bl 1y o ools 00,5 olulids (99,5 ools dcgemme (o 1) S yiio
5% liie 00ls sl aegazme (o ail g1y 1) lagSl g uis 09,5 ]
TS oo ol oo oo

e s aSl oS el ML oS5, G (DL) Geos 5,500
0 Mg o2 4 &Y paiz gl a5 eogy (e (b ANN) coias
o0 Sdes 5 05 (oo K0 08 L (6505 el (10 By, 5L
Sy Glp g cud b 4y azg L DL wled (oo oS 1) L]
o Slidss sl oje> ;0 oo )5 de cols 5l s e
lom 5500 3)lse 5 siste sliwl (B3l0 5 ()l Laseis « Kb des
Sl Y (g0l olaw gl sras aS a5 olKn MM Cos s
G 0gd oo obml AY o gl oaomy Gl (iiSes y azl (o aS
pore Slagy, S n ansS (o ONN) Gros (oras 4t o
g Cb:':‘;wl &ly oduy slaoy Oeles (! 5l Gane 550l ML
Jles! 18l ils Gldas a5 (65 g0 10 .aiS oo oolaiwl Laosls 5l aied )|
Gl dib jo a5 cl 00,5 Cull Gres (650L 3l el S ol
ol o g Sl (Joko ol

Pyl SRl sl (Sarblo 6 0L

Sl oS 9% S S 5l el iz ACSE a5k o
Ygons o8 2loi )52 2o 0025 55 sl sl (59,5 5y (om0
1y Soslsiipe 5 S,28 Glajen ysb @ Ll S oo oozl xF- o o
392y ML Juo S 5l gasiins gl et g0l 4 b oS (o0 S5
sl argy Bally 5l Jg cnl jo plojen b a4 Wl &5 ol antls
W s Ses

Ui 6lpeiig 4 el oLl 50 ML Sleslinul (goaaie Slalllae
Slalllas ol 51 (F i ilosls JIE ) 9550 S5 5 S38ls8550
(5155 el gl jlosliul L1y (S35 g0 sanaiinls o Slos
@l Gl SSS jleolazwl L SMIDS s HUSHeM SCIAN aile
srodle A oy S L5 pses s 5o el slaelKsl L ML
L So3slsdyoe gomaile cidu Sl Jite (Slads addllae g3 ¢y
S35 2 o9 MHSMA 25ls ol 51 (55001555 p sl prgliat gy
1 o) WM sty 13 gusr 390 S35y 5 5 spaeST ol
OlolS b oad Sl el g 0ymd bl ML 268U Sy
ot ol S Ol 1) Jaese IVE o coidee 380 i
2 350 50 ST g00 o b Gledbl alox 5l goamin Julge Jolis
09y PH wsle oyl b b e layally boolon oo Sy
@bl (b o (Jib e S o el (slid Jonily ((Jsls
Sl dsl Dbl 2 ogdle 09y slizl Cp 5 (ilr
) eled Jesls 5 el (Jobo 0950 PH &7 gla i )b

el G 3l G ez bl S 4 e osly guy atws Jeld
sl g aib Gl oSl ol ol Gl (Shg lel poad
Sy S Oge,S ) Bad g5, 05 oo oolaiul Olulus
2115 61 Yoare oonl (639,5 sboosls ulul  atwge (so0e e
Iy sl ools bla gus ddgs sla I’"“‘)?'i” (S Adg Dl o oolaiwl
2l ea bl plie slagSllL Lo (S a5 wiS (oo (g0 09,5
oolainl dpog sld pinaw g (5 el Lasid (g e (G
b Lalgy (el il 60k (otammd sd (T0L 9h (o0
A Judos g a2 o el asS o plulin 1) b ool 9,0 sla oSl
Wgd o0 M, wo b il aS SYgame oo Lol ais 6l L
5 diwd (gl ML Giliee sloacs gl ailss (pl 09 oo oolazul
o 9 o gl gl (oBly slos calise slaasly o
L og,d 4 leoolsy ganarws Jold gunail &b oo oolainl
Ol 5 5ol Blsie & Vgoms 5 Sl oiicyjai iy 5 SIS
Qg o dlul ool cw) 5l JuB Lo DS el 15 09l oo 00uels 00
HB 2 g5 S b Bam (slaosls &5 9,5 a5 3Gk e
5 (o 5 S b Jlio lyie a) il s Cillae anieis
S o bl el oud a3l sloosls canlio a1 g ol Ldlae
oyl Jold wm )l yg0s 5,50k gy o laie 4 (oAb
G Jae 500 sgw 3108 oo goz liome slo aligs jo |y b osls o
Ngd o oslainl Wosls bl | 5l ool glgl ans gly ozl g8
Logonail slapi,osdl wszge slap )l aee o
P o o onliinl s i 8 Bos WoasS sunainls

b S5 ol sl o0l ot 5 a3 sl 5055 SiSs Sy ML
oS 1y gl g oS oo (i 1) ool olayg) G eyl S
ks b den a5 S oo blaiul (59955 slosls I 5 wws o
ML slo S5 ey Y 50 5 o alnil o sloasd]gims
5 Oyl Cod g pFol 0,8 gun Al Lol g6 g0 4 lg o |
0ols acgazmo b v 681 conds <yl (6 S0l jo .l ey (5 mSob
s ol Wl 00 (6,005 iz 3 glo 00ls Jolis a5 0g = &l Gl
3 ipsdl ol (oo Lo po abgs o i S b (539)5 03l alaki o
DB s 5 o (53535 i b, B 35 (oo ol s a9l
oo ooliiul wax sls aiges i i 51y B3l cnl 5l Lalae g w8
Oyl cod (6,850l glapin 68 A5 sl e 4SSl 4y A gy LS
Slp plizen § WS 0 4S5 0ad ()l ez (Bjsel (slaeols
Wyl (S sl Als o 4y o s i

Alwd g )‘ L5§'> @ fa).,.w‘ 6)9J59)9‘° ale 53959 ‘_gL‘b ools as 6)5Ja
[ ] L;Lﬁ ools )l solawl L’ («5""““’)"" lJ Gu.Ja ‘AJ_._._.J asle) ‘)Jm
blgy Jols &ylas ey (6,:50L « blae jo Xgd g0 g Al o

VEY Gl Y oyles o0

S


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

g3l 3oyl 5l el o 5l ol Cews 4 (5355850 slo (S
s 4l 3,S0g) (ol stz B b T s aalisl il s
ool g ol p plete slo 05 a ]y b 508 sla ]
0568 9 Py )5y iy ey diile (i39035 Sl (5 lnial

S e pdy Sl

Single sperm analysis and data callection

i D | D D

Training of machine learning algorithm

Moty D ===

A9
. % =Y —
K

S35l 6l el Sl sl ceile 6 Sl oS 5 lS Y JS
5 oolial oyl CopieS ilie (slp ol 51 s e sreile o5

arg polad 5l Sledlbl pdins zl 5wl jo o LUy JJs 4 DL
Geos 650k el 0051 Cuso 4y sl gty 4kl o ) g5 B
gl wnld Jsb 5o el (Son o8 Jlazol glallas 035 550 L
39158550 sonail lp 1) VL (i S35 o bl (S
5 S oo pald ndle (650l slagby; plo b anolic )3 oyl
Pl o aiebs (sl CNN @y By pne (ras (ras oS3 5l (o>
il g oanseas ;o b CNNLMAT s salinl (L3 lallas )
Visual ol 4 o ;5350 ciges G 50 0ind Hgo jlows pglal san
oo g pie Syl gl 3 eslizul L LS a5’ Geometry Group 16
aids (gly g0 00 00ld bj9el IMagENet osls s55L 1 lus! Jawgs
P s ol el (s

Sezge s, sl et sladeSe plgea ML (lacsiss
clanl 3 g wims oo Ll |y o jlos ol (el a8 wiS o Jas
2Ly sl 5sld b &S alls b (oo @ |y el (213
JeloS g 432 Glp oad ik oen Al (S )l g
Iy ! 0aisS gl Jlasl i by iy ol 09d (o0 S 5 oyl
o NS oo il e Al (s ye 5590k L2 Sl

Pl S 52 Sl g 45 (6l (Sl s SOL
Lgipe CodsS Jlore dw (i Jold ol S 28 (n iy Ay
rE edgrln Syge & (o gl dged oy piel CS > 4
Sl ML el (55515850 arltcn Yl o o5 iy 5 oig iy
W sus ssliil 28 sle el b el e el o 4kl
b LL3 ) obnyl 5 e S50 i i 61y DL oo 5 1
ol s ool () bl 4y S (sl ] CostS 5l Lne ol

Olid 3a5 Gromiw b anglae jo ) licebsl o8 caisS g0 (5 S o5l
[a-]

Sl ools
el S a3l g QIS5 (s )0 Sledbl (il il ML
yoba wilg o ML (glagay ;o1 Lo)ls 1)yl Qloasl jo (6,5
elolis 5 03, Copae 1) S, el sladsgerme sual,lS
«(S35ls8,90 wiile alie oyl CoheS la)lne (b Kien
el s 53 (s053905,5 (sa3shisil 5 et ol DNA (S LS,
Sy wlggo ML Jlowl 2,551 Stz 1o aiiS Jogus 1y 0500
ookl 0575 b O DNA i 5 08 gy |y ol aiged
Lo &5 (got yo iz aled (s 500 Jelge aloz 1) (0939095
Al S g0 Bl 1) sl s S slaig) b dad pe Coind
a3 o il Bl oyl o icanlin Sl sl p ) s oo Ul
ool ijanl pysesl slooslS (53, ol &S oy )5l el 2 opdle
S5 5 el 5wl Blol @bt T Wl e

P jas Sl 09> ol 0ni; Woi 753 5 Canmgindly

Pl ($39098590 Judodd g 432 (sl (Seblo (5 SOl

e 530S 58 05 o] S5358 90 (sl 5 5SSl s
04 ol pgas lop 8l a5 o FERTECH MY ot sty
G280 sl bl o x Voo p il pigal (gan adds gl o> j5b
o Ba> L lal I3 ol el ons G>|)JoWHO Losgs o0 (panss
wile Gilien gl ol ly gl 5 oyl o JSE gjlolir aios)
S o Jos WHO slo aallysss b gillas co ls 5 baoms crlis
Lassis 0 (60,0 A0 el 4 FERTECH gas G o
Gl Casd (b JICS] soys VE> &y 4y 00 iy y25) (55,40
4 oo be JIFERTECH ;0 caddlas los 55 onl 5 ogdle [
ULA..AM Ja....;}a 03 ﬁl.?ul (S éL(b é_’l.’))l L’ (M)«) AY) 6"5’
R IR P VI L S T COWUW NG W TN CT LI . WOV SN |
3 6% $,Se Jolis 45 s olm] (IVOS) 4z LSS (6 SIS0
ol P el glas ol 5 a5 5 59,5 o sl (oaonn
021,81, el 4y 22T (Y S 5055 oo 5 4528 (ISl
5 a0y a5 ol GLolid 5 L IVOS g syl 0 ,Shos 05 o
o il e alie LB wims e gl | s lo Llos
3 s @le diged o Sl pls and (oo LS ) (598 (s S
IVOS s dloas ol Jokos Yo o ggamme ) caliee wodlul 4w
A[if] J)si Cawd ‘) oo A,‘~ Ja.mw k—)‘)A.AJJ wfo

Gl lalbinl gl p 1) ol jluleis @inds ans o ML (o lacd iy
Ol ¥ S p3 a8 jshailes il 03,5 &)l ol ($39198590 (L3
obedy oy rile amaiids 12 sl Jline laie 4y .l oals ools
osliinl b ol 18 b Jboys loie 4 gyl sanails ol 2 (SVM)

Support Vector Machine '

VEY Gl ¥ o)las & o5

oo Sy i alowo


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

BRI

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

sbyubl 5 prwl DNA (S LS o G G o)k
Sl Js 4 Do 3,5 atie oo mhw jo 1, (Suislsd)ee
oolawl L CNN .28l aswss CNN IO O SN S PG IPINY|
ools yoygel abogs o DFI pyolie b oois (6,135 oz o oyl yuglas |
ol pglar 5l eslaiwl L DRI cds coiin ¢lp o oUlg os

03,5 bl wisg oais snilouS bjeel sols degaze j0 4 yux
[l

ART sy ibilo 6 553L Joo (S Gl

e Sty 5l el 015 5 00z ART oy o5 bl )
ool o 4 gzl bojls ol Johe 0 0anyT iy
Gl (Ko (s g S0xs gl iie s oomline ;o S5 &5
ot S0 ART wigh o azlye (1L o (Shis (e (S 5ed
Sl o 1y (6 5ad piy

b Glgae 4y (Fu b glaosls 1 oolatwl b waisS o i Jow S
ML slo piacs a2 o plxil osls polie o,ly0 1) oby com i
Glp ) 0058 ools slo oL [ 0e5 jsb 4y aS w3l |, < LB )l
S oS g 458 ean] sla o e )5 Joe Ko (bjgal
ol M 285 s uniib o5 olyioe s ol (i
SHeesls spslanz b oo L ART (gl oS iy Joo S
Gk 5l ailgs oo Woosls cpg i) )90 55 010 drngs (659,b iS55
Loy Jlosl g a8y cows 5l polie B wiile cilies clocSiSs
283 5 Sy Sowmmy Rl Gl ol 5 o isd ilon G
o 00,5 Jlosl Wlgi o (S bl slaanl$ (Joe it
slrasgore 4 () lael G SuSS jleolaul b lgs oo 1) bosls
Sy hlids slrosisS ganail 4 5 0 el halol 5 (3590l
i sl Ol Ol on s ools el s oS (el 900
S clu o oS wes olye kel o5 eslinul ART mbs o
sl e L3S ART oy i Joe

1y B )l5 51 glos oS ciks adly 5 ML (slapzy s3Il o oyt
5 O w3, paas @by ole dex ) alize slaoje> o
A3 3)lse 5l il 5 0y Aol el RES Dl pantas
0AisS e (gl Cabgs (gl | yrano B ey oyl ol 00,5 Lagad
6o, S ML AT s S lgan Waosls Lo 5 4y 5265 ¢ g ,5L8 4o
@l slo ey ;0 00,0uS sl ools acgezme H3l0 0 (gaied )|
S5 Cnl el 03,5 o (659)k (S5 5 595k he e SAp S
ooliinl LgS Jlto G 0)l0 ART o oe g ubod ol sl (S)n
Slr demily VL L e i DLl 6l ML lo s )
Sl dg) glS Sonte Jomiliy Lo )5 (ol ol Sl JSeis
EAMRALNVINS 0 Olis e ools slos Sug, 50,k 511, ART

oo Ly eoiied colio Gl cnl s 2500, gl ML (gle S
Oz g 00,5 pllid 1) by slo (Shy g5 b 4 wily
Sy Cadbge b LSS (ol 05, a0 o plojen jsb ar |y (S

5 eslizl b CNN) JLsigdgls' rae oS (ojgel Jolis 9,50,
ey diile oS S 0 sloosla L ol yon = &LA Sladises slogiang
ot @l ONN ogy i 5oy glogy) 5 (S oo (als
& gl plyedy ldigel gunail 5 diged mhe 0 S 25
ML o8l 5 sl sy 1Y o oolizal o0 o b oy iy
L a8 b ol el Bl 0 b Gzl Glp ceslie
D8 559 551, DNA (K2 LS 5 5 o oSl slsd on
oS 5 ;0 SVM suisS gunaid G 5loslaznl b 5 gl el S o0
ol a3 Cg s ¢ itie i s 1050 ST B yme CASA il )l an b
)8 g sl Hlas |y 0e5 0 S5y, pisuil GBaigs ol (e s
Tl D w5 sty bl pael byl o 1 o esll
e JLiglgils e slo aSus 51 (Y- Y +) oo 4 Valiuskaite
Pl Slagingg 5o oyl o S 525 Dbl sl (RCNNS) adlais
5 2o RCNN S 5l ozl o b o1 g, D7 s 5 sl oLl
Pi9el S 5l sl ONIN Sl oslisal b ep sl joo (3 s 512
dwle (gl (SLasST o0 )68 G 5l e 9 090 IMageNet oy

Desaeol 8 gos o0liiwl gyl Sy

P! DNA (52 L0 sl (srblo s 50L
4S5 4S5 DNA L | p ol s 05750 DNA K2 LSy sloigles]
Jo 4 ol Jlo po S e bl (e ol dged Ko p0 0ad
Olsie 4 DNA s DNA 50T b Liomis ozl conls
D 355 o5 olial ART a5 52 35, 53 el Sl (512 (550
g it (ooxled oyl DNA Lo 5 0525 sl (S5 sloo S
0513 55 15 e igas S ;0 DNA us 4S5 4S5 (g5le o085 p bos
Sbprel ;3 DNA oS 5, 50jlul sl laSss az 51 1A
Jol bsgio jlade S s 4 (S 55k 4 gl o)l vg2g 5580
PO L P E U SRRtV J P UUWE: i JOUee| I ST SN CE S R W VS
(it s y5bo &) iga (e (S (5525 03l cnl Sl ostel s
Gedgs A ;0 w3 b Al B ol S S 590 50
sl o ML el sgaoms el ol Sl 4213 o T
53 Pl DNA (cozles ot Jelo 5 4555 lp (o8 slo by, s
Sl sl 1y ML slaps s3Il sloml 5 03,5 a8l,) 5 yiio pppenl pelans
S5k ol ol S e g el S5 90 b e
DNA ks 5 4325 Gln o5 baghy, anmy o il
Sl ML Glagz o83l sl 5 p sl S5 v 55 gyl (o2led o8

T el s Jsbe 5 o b ol Sliesl o3l
s Wang sl ools 3l eolatwl L ML s, 5 Jas slo ooy ,65]
DFI uidgo b b o ,oSl cpl aian ols ojgal (Y413) o Kan
ey b e WS S Gl O el Ll 1) e
Sode 4y as e Jow aS b 0wl cews () 0558 Sinen
5 bl Sl Slotcs el 5 325 (lsl anlllas Gl o, 70,620

VEY Gl Y oyles o0

S


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

Wy

5O Sy Gy e b diw) jo e 4y &l o ML oy 8
o oS o g a3 5 (3l 5o O (bl ol S Jl>
SO ohg el [iSuaugi cpgal sla ool alax I da cols 5l s
o585 g5l 8095 (gl ML Jiliy -yl 9 Soss ol din
& a0 2z HE b 4 g oo Sl glaanl nl cBs
Ohsy Ledge Gliee ol jo g aBl aphe g5,k S lo ST
S oas isel ML slagty )68l aisy 0gue 1) IVF asile slo
ColS 0,5 o jlaikiwl g mal8l L1, Slolid e (o jlwaiailys Jamils
Sy 9 T Coidge 5 Bl 4 i Sule 50 45 S (oo DL
O dnwgl (Jl ol b osd so (555l SeS G SiSS o bl
s jles ool coa S wle e DllaMe paiz b ol e
g b0 ko], B ollasde g diged pox 5 Hiuled «Boo
arwg |y ML glopinas ailes co S5 5 ok ¢ Jolse cpl &
P laglop)ls o plcistine 5 SN aSh «¥5e s & a5 amo

&L 5o (o)l
0,05 092 g (28lie (o, aisS e aslllas ol jo

b @b
Sl S eliil e b 6,8 ages sloion jo Il Guilsl g
20,55 &8l oo ol sl ol

P

1. Inhorn, M.C. and P. Patrizio, Infertility around the globe:
new thinking on gender, reproductive technologies and
global movements in the 21st century. Human reproduction
update, 2015. 21(4): p. 411-426.

2. Khatun, A, M.S. Rahman, and M.-G. Pang, Clinical
assessment of the male fertility. Obstetrics & gynecology
science, 2018. 61(2): p. 179-191.

3. Agarwal, A, et al., A unique view on male infertility
around the globe. Reproductive biology and endocrinology,
2015. 13(1): p. 1-9.

4. Fauser, B.C., Towards the global coverage of a unified
registry of IVF outcomes. Reproductive biomedicine online,
2019. 38(2): p. 133-137.

5. Wilkinson, J., et al., Reproductive medicine: still more
ART than science? BJOG: An International Journal of
Obstetrics and Gynaecology, 2018. 126(2): p. 138-141.

6. You, J.B., et al., Machine learning for sperm selection.
Nature Reviews Urology, 2021. 18(7): p. 387-403.

Sl g 11 5Bl slacuwyindl b bSesd CobsS (ot
J el U IV Slons ssliial oS aY Glp iz o Somlis
ey (s G Sl 03508y 4 joi Ll a5 el S5 GLLs
aoy ol oML s, I8 vl ) s solieal | 3By Sz £l
o céiny o i Olidsd glp 0aisS lgaual ol ) S caims oyl
Bl oo Sk ST 5 )sk8 o esilly

Slp Forae (h9v 5l sl oanld jsb 4 1291 ans Sl 5l lidxe
oo oy (S 53 (Ko Sy slo 03ls 39y (s 53 Sl
o Gl aey ol 3 1) Cuge paiz (egkan (gm0, colinl
Sote 9,kb sl zs) lr (b die Co e Sulos alex 5l ians
O Apo & oyke Gl,) g Hler lawgt oald (B)IF g b il
IVF @bs oot 5 <olS Obel sl (o5mae (390 cnl 5l 8
ST a5 Canl pie 4355 1l @ ax g5 (U ol b ogy oo oaliciul
ey & bogrye 0505 4SS g el DBl sl (ogan Shge
ety 52 el ol () e 330500 92 AV 850 sloas 2 5 il
Mg sle SSS @l o9 (sl e 2l 50 S Arwgl 5 G
IS (g0 35T egae Jio

S A

Jos o il o sloo )5 5 prpel § Sass CuheS ol > 5o
o e 1 20l ol bt i sla sl 5 T, il
5 oz Adsl ady i slaan T 50 45 Cenl gounte (slo Sl
@ 3y )l 352g IVE la JS5g 5 5o 3850 )0k & (ol
S5 sle 55l @ls g IS coldee (i v ln Pl (0l
aipe) 5 pylhe Slidzs mee o5 @ 1) ()] 5 009 mae Sl 00
bl (SO Wledar o wigpel W5 oo b )0k S
b Joe 50 atlgie a5 05 Sleidin |, loSisSS Sl slallss g
LT 51 ool 51 8 o yaal g Sosss oS 05,1 B aigs pléol il
S ogdise drog Sl swo,Sg;s g ae sl -l Gl IVE o
Jsb )3 wilgioe & wdl e lajeiieo ann ol 3)l9e
Jelod 5 525 slp ol 9,50, cnl 0,5 6503l 6595k leys
0uls patls slasas g 558 LSL"‘@-*-'J“-*-’ 4 e _\.;I}:Ga laosls
i g ) IVF lagg) gl 5 Cadbge (lies Cales 50 5 955
g 3l ookl gl jemme Yo 5 555 0ainl o Sy, Sy s (LaS
Lol 6590k (SA5 50 S G Sl Joe g (egan

2995 Sl ey 4 g Gl lp wedyl (S S Joe Sudib
Sl s alg o b e i el 0y 08l slasSIl ull
Slr gl Gloys slo aniS avogi 5 Culidge e plulid jo
o fmae Ghep 9 ML (glacSuSs vz )3 andly anslhs oo
Oley b ke slo tlle b ablie (gl oaiiS jlgaal 5 asaz 5,5,
L gl o ools Jalows 5 4325 0 Lol Ul aams co @) (g 55,LL
5 sty 515 ccnlita (sl ot 1) 5 s Sl 5 (slasS
el (659)b (S e )0 slam Sl Cadlie g bl d9u 0 (42

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

WYy

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

20. Fauser, B., K. Diedrich, and P. Devroey, Predictors of
ovarian response: progress towards individualized treatment
in ovulation induction and ovarian stimulation. Human
reproduction update, 2008. 14(1): p. 1-14.

21. Liu, L., et al., Machine learning-based modeling of
ovarian response and the quantitative evaluation of
comprehensive impact features. Diagnostics, 2022. 12(2): p.
492,

22. Letterie, G.S. and A. MacDonald, A computerized
decision—support system for day to day management of
ovarian stimulation cycles during in vitro fertilization.
Fertility and Sterility, 2019. 112(3): p. e28.

23. Fanton, M., et al., An interpretable machine learning
model for predicting the optimal day of trigger during
ovarian stimulation. Fertility and Sterility, 2022. 118(1): p.
101-108.

24. Letterie, G. and A. Mac Donald, Artificial intelligence in
in vitro fertilization: a computer decision support system for
day-to-day management of ovarian stimulation during in
vitro fertilization. Fertility and Sterility, 2020. 114(5): p.
1026-1031.

25. Haines, N., et al., Using computer-vision and machine
learning to automate facial coding of positive and negative
affect intensity. PLoS One, 2019. 14(2): p. e0211735.

26. Diehl, P.U. and M. Cook, Unsupervised learning of digit
recognition using  spike-timing-dependent  plasticity.
Frontiers in computational neuroscience, 2015. 9: p. 99.

27. Beam, A.L. and I.S. Kohane, Big data and machine
learning in health care. Jama, 2018. 319(13): p. 1317-1318.

28. Goldenberg, S.L., G. Nir, and S.E. Salcudean, A new era:
artificial intelligence and machine learning in prostate
cancer. Nature Reviews Urology, 2019. 16(7): p. 391-403.

29. Im, H., et al., Design and clinical validation of a point-
of-care device for the diagnosis of lymphoma via contrast-
enhanced microholography and machine learning. Nature
biomedical engineering, 2018. 2(9): p. 666-674.

30. Lo, Y.-C,, et al., Machine learning in chemoinformatics
and drug discovery. Drug discovery today, 2018. 23(8): p.
1538-1546.

31. Vamathevan, J., et al., Applications of machine learning
in drug discovery and development. Nature reviews Drug
discovery, 2019. 18(6): p. 463-477.

32. Liu, Y. and M. Zhang, Neural network methods for
natural language processing. 2018, MIT Press One Rogers
Street, Cambridge, MA 02142-1209, USA journals-info ....

7. Oseguera-L6pez, 1., et al., Novel techniques of sperm
selection for improving IVF and ICSI outcomes. Frontiers in
cell and developmental biology, 2019. 7: p. 298.

8. Swain, JE. and T.B. Pool, ART failure: oocyte
contributions  to  unsuccessful  fertilization. Human
reproduction update, 2008. 14(5): p. 431-446.

9. Bungum, M. and K. Oleszczuk, Sperm DNA and ART
(IUI, IVF, ICSI) Pregnancy. A Clinician's Guide to Sperm
DNA and Chromatin Damage, 2018: p. 393-410.

10. Vaughan, D.A. and D. Sakkas, Sperm selection methods
in the 21st century. Biology of reproduction, 2019. 101(6):
p. 1076-1082.

11. Asali, A., et al., The possibility of integrating motile
sperm organelle morphology examination (MSOME) with
intracytoplasmic morphologically-selected sperm injection
(IMSI) when treating couples with unexplained infertility.
Plos one, 2020. 15(5): p. e0232156.

12. Anbari, F., et al., Microfluidic sperm selection yields
higher sperm quality compared to conventional method in
ICSI program: A pilot study. Systems Biology in
Reproductive Medicine, 2021. 67(2): p. 137-143.

13. Bartoov, B., et al., Real-time fine morphology of motile
human sperm cells is associated with IVF-ICSI outcome.
Journal of andrology, 2002. 23(1): p. 1-8.

14. Baldini, D., et al., Sperm Selection for ICSI: Do We
Have a Winner? Cells, 2021. 10(12): p. 3566.

15. Sunkara, S.K., et al., Association between the number of
eggs and live birth in I\VVF treatment: an analysis of 400 135
treatment cycles. Human reproduction, 2011. 26(7): p. 1768-
1774,

16. Li, HW.R., et al., Role of baseline antral follicle count
and anti-Mullerian hormone in prediction of cumulative live
birth in the first in vitro fertilisation cycle: a retrospective
cohort analysis. PloS one, 2013. 8(4): p. e61095.

17. Fatemi, H.M., et al., High ovarian response does not
jeopardize ongoing pregnancy rates and increases
cumulative pregnancy rates in a GnRH-antagonist protocol.
Human Reproduction, 2013. 28(2): p. 442-452.

18. Broekmans, F., et al., A systematic review of tests
predicting ovarian reserve and IVF outcome. Human
reproduction update, 2006. 12(6): p. 685-718.

19. Revelli, A., et al., The ovarian sensitivity index (OSI)
significantly correlates with ovarian reserve biomarkers, is
more predictive of clinical pregnancy than the total number
of oocytes, and is consistent in consecutive IVF cycles.
Journal of clinical medicine, 2020. 9(6): p. 1914.

VEY Gl Y oyles o0

P (S Sl abno


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

WY

utilization and cumulative pregnancy rates per cycle. Human
reproduction open, 2020. 2020(1): p. hoz036.

47. Lehner, A, et al., Embryo density may affect embryo
quality during in vitro culture in a microwell group culture
dish. Archives of Gynecology and Obstetrics, 2017. 296: p.
345-353.

48. Hook, K.A,, et al., The social shape of sperm: using an
integrative machine-learning approach to examine sperm
ultrastructure and collective motility. Proceedings of the
Royal Society B, 2021. 288(1959): p. 20211553.

49. Roldan, E.R., Sperm competition and the evolution of
sperm form and function in mammals. Reproduction in
Domestic Animals, 2019. 54: p. 14-21.

50. Matter, F., A Clinician’s Guide to Sperm DNA and
Chromatin  Damage. 2018, Springer International
Publishing. p. 393-410.

51. Rappa, K.L., et al., Sperm processing for advanced
reproductive  technologies: Where are we today?
Biotechnology advances, 2016. 34(5): p. 578-587.

52. Younglai, E., et al., Sperm swim-up techniques and DNA
fragmentation. Human reproduction, 2001. 16(9): p. 1950-
1953.

53. Yamanaka, M., et al., Combination of density gradient
centrifugation and swim-up methods effectively decreases
morphologically abnormal sperms. Journal of Reproduction
and Development, 2016. 62(6): p. 599-606.

54. Repping, S., et al., Use of the total motile sperm count to
predict total fertilization failure in in vitro fertilization.
Fertility and sterility, 2002. 78(1): p. 22-28.

55. Ribeiro, S., et al., Inter-and intra-laboratory
standardization of TUNEL assay for assessment of sperm
DNA fragmentation. Andrology, 2017. 5(3): p. 477-485.

56. Daloglu, M.U. and A. Ozcan, Computational imaging of
sperm locomotion. Biology of reproduction, 2017. 97(2): p.
182-188.

57. Engel, K.M., et al., Automated semen analysis by SQA
Vision® versus the manual approach—A prospective
double-blind study. Andrologia, 2019. 51(1): p. €13149.

58. Mendizabal-Ruiz, G., et al., Computer software (SiD)
assisted real-time single sperm selection associated with
fertilization and blastocyst formation. Reproductive
BioMedicine Online, 2022. 45(4): p. 703-711.

59. Ranjini, K., A. Suruliandi, and S. Raja, Machine learning
techniques for assisted reproductive technology: A review.
Journal of Circuits, Systems and Computers, 2020. 29(11):
p. 2030010.

33. Wang, R, et al., Artificial intelligence in reproductive
medicine. Reproduction (Cambridge, England), 2019.
158(4): p. R139.

34. Chu, K.Y, et al., Artificial intelligence in reproductive
urology. Current urology reports, 2019. 20: p. 1-6.

35. Zegers-Hochschild, F., et al., The international
committee for monitoring assisted reproductive technology
(ICMART) and the world health organization (WHO)
revised glossary on ART terminology, 2009. Human
reproduction, 2009. 24(11): p. 2683-2687.

36. Sengul, Y., A. Bener, and A. Uyar, Emerging
technologies for improving embryo selection: a systematic
review. Advanced Health Care Technologies, 2015: p. 55-
64.

37. Lafuente, R., et al., Outdoor air pollution and sperm
quality. Fertility and sterility, 2016. 106(4): p. 880-896.

38. Jensen, T.K., et al., High dietary intake of saturated fat
is associated with reduced semen quality among 701 young
Danish men from the general population. The American
journal of clinical nutrition, 2013. 97(2): p. 411-418.

39. Afeiche, M., et al., Dairy food intake in relation to semen
quality and reproductive hormone levels among physically
active young men. Human reproduction, 2013. 28(8): p.
2265-2275.

40. Du Plessis, S.S., et al., The effect of obesity on sperm
disorders and male infertility. Nature Reviews Urology,
2010. 7(3): p. 153-161.

41. Sear, R., et al., Understanding variation in human
fertility: what can we learn from evolutionary demography?
Philosophical Transactions of the Royal Society B:
Biological Sciences, 2016. 371(1692): p. 20150144.

42. Ozturk, S., Selection of competent oocytes by
morphological ~ criteria  for  assisted  reproductive
technologies. Molecular Reproduction and Development,
2020. 87(10): p. 1021-1036.

43. Lemseffer, Y., et al., Methods for Assessing Oocyte
Quality: A Review of Literature. Biomedicines, 2022. 10(9):
p. 2184.

44. Uyar, A., et al. ROC based evaluation and comparison of
classifiers for IVF implantation prediction. in International
Conference on Electronic Healthcare. 2009. Springer.

45, Chen, C.-C., et al. Knowledge discovery on in
vitro fertilization clinical data using particle swarm
optimization. in 2009 Ninth IEEE International Conference
on Bioinformatics and BioEngineering. 2009. IEEE.

46. Van Montfoort, AP., et al, Reduced oxygen
concentration during human IVF culture improves embryo

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

WO

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

74. Asada, K., et al., Single-cell analysis using machine
learning techniques and its application to medical research.
Biomedicines, 2021. 9(11): p. 1513.

75. Sahli, H., An introduction to machine learning. TORUS
1-toward an open resource using Services: Cloud computing
for environmental data, 2020: p. 61-74.

76. Vieira, S., W.H.L. Pinaya, and A. Mechelli, Introduction
to machine learning, in Machine learning. 2020, Elsevier. p.
1-20.

77. Mathews, S.C., et al., Digital health: a path to validation.
NPJ digital medicine, 2019. 2(1): p. 38.

78. Wainberg, M., et al., Deep learning in biomedicine.
Nature biotechnology, 2018. 36(9): p. 829-838.

79. Secinaro, S., et al., The role of artificial intelligence in
healthcare: a structured literature review. BMC medical
informatics and decision making, 2021. 21: p. 1-23.

80. Riordon, J., et al., Deep learning with microfluidics for
biotechnology. Trends in biotechnology, 2019. 37(3): p.
310-324.

81. LeCun, Y., Y. Bengio, and G. Hinton, Deep learning.
nature, 2015. 521(7553): p. 436-444.

82. Webb, S., Deep learning for biology. Nature, 2018.
554(7693): p. 555-557.

83. Sato, T., et al., A new deep-learning model using
YOLOV3 to support sperm selection during intracytoplasmic
sperm injection procedure. Reproductive Medicine and
Biology, 2022. 21(1): p. e12454.

84. Riordon, J., C. McCallum, and D. Sinton, Deep learning
for the classification of human sperm. Computers in biology
and medicine, 2019. 111: p. 103342.

85. llhan, H.O., G. Serbes, and N. Aydin, Automated sperm
morphology analysis approach using a directional masking
technique. Computers in Biology and Medicine, 2020. 122:
p. 103845.

86. llhan, H.O., et al., A fully automated hybrid human
sperm detection and classification system based on mobile-
net and the performance comparison with conventional
methods. Medical & biological engineering & computing,
2020. 58: p. 1047-1068.

87. Igbal, 1., G. Mustafa, and J. Ma, Deep learning-based
morphological classification of human sperm heads.
Diagnostics, 2020. 10(5): p. 325.

88. Javadi, S. and S.A. Mirroshandel, A novel deep learning
method for automatic assessment of human sperm images.
Computers in biology and medicine, 2019. 109: p. 182-194.

60. Hamamoto, R., et al., Epigenetics analysis and integrated
analysis of multiomics data, including epigenetic data, using
artificial intelligence in the era of precision medicine.
Biomolecules, 2019. 10(1): p. 62.

61. Hamamoto, R., Application of artificial intelligence for
medical research. 2021, MDPI. p. 90.

62. Merican, Z.Z., U.K. Yusof, and N.L. Abdullah, Review
on Embryo Selection Based on Morphology Using Machine
Learning Methods. International Journal of Advances in Soft
Computing & Its Applications, 2021. 13(2): p. 44-59.

63. Sarker, I.H., Machine learning: Algorithms, real-world
applications and research directions. SN computer science,
2021. 2(3): p. 160.

64. Salman, M., et al., Artificial intelligence in bio-medical
domain. International Journal of Advanced Computer
Science and Applications, 2017. 8(8): p. 319-327.

65. DeRoos, D., Hadoop for dummies. 2014: John Wiley &
Sons.

66. Asada, K., et al., Uncovering prognosis-related genes
and pathways by multi-omics analysis in lung cancer.
Biomolecules, 2020. 10(4): p. 524.

67. Dozen, A, et al., Image segmentation of the ventricular
septum in fetal cardiac ultrasound videos based on deep
learning using time-series information. Biomolecules, 2020.
10(11): p. 1526.

68. Kobayashi, K., et al., Fully-connected neural networks
with reduced parameterization for predicting histological
types of lung cancer from somatic mutations. Biomolecules,
2020. 10(9): p. 1249.

69. Komatsu, M., et al., Detection of cardiac structural
abnormalities in fetal ultrasound videos using deep learning.
Applied Sciences, 2021. 11(1): p. 371.

70. Jinnai, S., et al., The development of a skin cancer
classification system for pigmented skin lesions using deep
learning. Biomolecules, 2020. 10(8): p. 1123.

71. Hamamoto, R., et al., Application of artificial
intelligence technology in oncology: Towards the
establishment of precision medicine. Cancers, 2020. 12(12):
p. 3532.

72. Komatsu, M., et al., Towards clinical application of
artificial intelligence in ultrasound imaging. Biomedicines,
2021. 9(7): p. 720.

73. Yamada, M., et al., Development of a real-time
endoscopic image diagnosis support system using deep
learning technology in colonoscopy. Scientific reports,
2019. 9(1): p. 14465.

VEY Gl Y oyles o0

P (S Sl abno


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

Ohles 5 S1EL (G (s

V&

102. Eisenbach, M. and L.C. Giojalas, Sperm guidance in
mammals—an unpaved road to the egg. Nature reviews
Molecular cell biology, 2006. 7(4): p. 276-285.

103. Hidayatullah, P., et al., Bull sperm tracking and
machine learning-based motility classification. IEEE
Access, 2021. 9: p. 61159-61170.

104. Valiuskaité, V., et al., Deep learning based evaluation
of spermatozoid motility for artificial insemination. Sensors,
2020. 21(1): p. 72.

105. Huang, G., et al. Densely connected convolutional
networks. in Proceedings of the IEEE conference on
computer vision and pattern recognition. 2017.

106. Deng, J., et al. Imagenet: A large-scale hierarchical
image database. in 2009 IEEE conference on computer
vision and pattern recognition. 2009. leee.

107. Jayaraman, V., et al., Sperm processing by swim-up and
density gradient is effective in elimination of sperm with
DNA damage. Journal of assisted reproduction and genetics,
2012. 29: p. 557-563.

108. Wang, Y., et al., Prediction of DNA integrity from
morphological parameters using a single-sperm DNA
fragmentation index assay. Advanced Science, 2019. 6(15):
p. 1900712.

109. Evenson, D.P., The Sperm Chromatin Structure Assay
(SCSA®) and other sperm DNA fragmentation tests for
evaluation of sperm nuclear DNA integrity as related to
fertility. Animal reproduction science, 2016. 169: p. 56-75.

110. McCallum, C,, et al., Deep learning-based selection of
human sperm with high DNA integrity. Communications
biology, 2019. 2(1): p. 250.

111. Chakrabarti, S., et al., Data mining curriculum: A
proposal (version 1.0). Intensive working group of ACM
SIGKDD curriculum committee, 2006. 140: p. 1-10.

112. Uyar, A., et al. 3P: Personalized pregnancy prediction
in IVF treatment process. in Electronic Healthcare: First
International Conference, eHealth 2008, London, UK,
September 8-9, 2008. Revised Selected Papers 1. 2009.
Springer.

113. Wang, R., et al., Artificial intelligence in reproductive
medicine. Reproduction, 2019. 158(4): p. R139-R154.

114. Khosravi, P., et al., Deep learning enables robust
assessment and selection of human blastocysts after in vitro
fertilization. NPJ digital medicine, 2019. 2(1): p. 21.

115. Wang, R., et al., Artificial intelligence in reproductive
medicine. Reproduction, 2019. 158(4): p. 139-154.

89. Abbasi, A., E. Miahi, and S.A. Mirroshandel, Effect of
deep transfer and multi-task learning on sperm abnormality
detection. Computers in Biology and Medicine, 2021. 128:
p. 104121.

90. Patel, D.P., K.X. Gross, and J.M. Hotaling, Can artificial
intelligence drive optimal sperm selection for in vitro
fertilization? Fertility and Sterility, 2021. 115(4): p. 883.

91. Kruger, T.F., et al., A new computerized method of
reading sperm morphology (strict criteria) is as efficient as
technician reading. Fertility and sterility, 1993. 59(1): p.
202-209.

92. Kruger, T.F., et al., A prospective study on the predictive
value of normal sperm morphology as evaluated by
computer (IVOS). Fertility and Sterility, 1996. 66(2): p. 285-
291

93. Coetzee, K., et al., Clinical value of using an automated
sperm morphology analyzer (IVOS). Fertility and sterility,
1999. 71(2): p. 222-225.

94. Coetzee, K., T. Kruger, and C. Lombard, Repeatability
and variance analysis on multiple computer-assisted
(IVOS*) sperm morphology readings. Andrologia, 1999.
31(3): p. 163-168.

95. Tseng, K.-K., et al., Computer-assisted system with
multiple feature fused support vector machine for sperm
morphology diagnosis. BioMed research international,
2013. 2013.

96. Kanakasabapathy, M.K., et al., An automated
smartphone-based diagnostic assay for point-of-care semen
analysis. Science translational medicine, 2017. 9(382): p.
eaai7863.

97. Hicks, S.A., et al. Predicting Sperm Motility and
Morphology Using Deep Learning and Handcrafted
Features. in MediaEval. 2019.

98. Goodson, S.G., et al., CASAnova: a multiclass support
vector machine model for the classification of human sperm
motility patterns. Biology of reproduction, 2017. 97(5): p.
698-708.

99. Hicks, S.A., et al., Machine learning-based analysis of
sperm videos and participant data for male fertility
prediction. Scientific reports, 2019. 9(1): p. 16770.

100. Somasundaram, D. and M. Nirmala, Faster region
convolutional neural network and semen tracking algorithm
for sperm analysis. Computer Methods and Programs in
Biomedicine, 2021. 200: p. 105918.

101. Suarez, S.S. and A. Pacey, Sperm transport in the
female reproductive tract. Human reproduction update,
2006. 12(1): p. 23-37.

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


http://saremjrm.com/article-1-336-en.html

[ Downloaded from saremjrm.com on 2026-05-19 ]

WYy

IVE sla g, ,0 Cuddgn yl5me g bl p il OS] (6l iniile (5,500 51 oolal

116. Cavalera, F., et al., Chromatin organization and timing
of polar body | extrusion identify developmentally
competent mouse oocytes. International Journal of
Developmental Biology, 2019. 63(3-4-5): p. 245-251.

117. Fernandez, E.1., et al., Artificial intelligence in the IVF
laboratory: overview through the application of different
types of algorithms for the classification of reproductive
data. Journal of Assisted Reproduction and Genetics, 2020.
37: p. 2359-2376.

118. Zaninovic, N. and Z. Rosenwaks, Artificial intelligence
in human in vitro fertilization and embryology. Fertility and
Sterility, 2020. 114(5): p. 914-920.

VEY Gl Y oyles o0

S


http://saremjrm.com/article-1-336-en.html
http://www.tcpdf.org

