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Objective: In vitro fertilization (IVF) methods are among the primary solutions for
addressing infertility, but the success of these methods depends on the precise selection
of high-quality oocytes. In this regard, machine learning, as an innovative technology,
can play a crucial role in improving the egg selection process. Machine learning
algorithms analyze microscopic images and related data to identify key characteristics of
the oocytes and select those with higher potential for successful fertilization. Utilizing
this technology not only enhances the accuracy of egg selection and reduces human
errors but also minimizes the time and costs associated with manual testing. This paper
examines the advantages, methods used, challenges, and future potential of applying
machine learning in the selection of human oocytes to increase the success rate of IVF
methods. The results indicate that advancements in this field can significantly improve
the success rate and efficiency of artificial insemination methods.

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.
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Artificial Intelligence (Al)

Assisted Reproductive Technologies (ARTS)
In Vitro Fertilization (IVF)

Intracytoplasmic Sperm Injection (ICSI)

Live Birth Rate (LBR)

Ovarian Hyperstimulation Syndrome (OHSS)
Cumulus Oocyte Complexes (COCs)

Zona Pellucida (ZP)

Machine Learning (ML)

Artificial Neural Network (ANN)

Deep Neural Network (DNN)

Convolutional Neural Network (CNN)
Support Vector Machine (SVM)
Region-Based Convolutional Neural Networks (RCNNS)
Deep Learning (DL)

[ Downloaded from saremjrm.com on 2025-08-24 ]

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
https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

Q‘)Mﬁglﬁh@-‘pd"‘%

Af

o oolatul gy 9 sladl Jlo dsdllae g(o)osiws g ol gzl sl
c bl Seass ST bl sl

03B 50l (S yoay (bl (57050l s Sy dnogs 15 25 A
Pl g diges o3l «(g pSojlil daosls Cud,S 4y 385 azgi il
ol (S

W cgee 550l eotan yhep tile S0l lroslgalls
Sz (IVF) @muﬂ

VEY/ 0N el g b
VEY O sy f b

oSl (2 g2edlo Dliion alaS sl shuu (50 1 game okinny 3™
oty (ol yaz et lsl sl o Gll el i (OB a0 (S5 pole
YAOVPENATAND & gy oS 58 50,0 Sloys silagy wleas 5 Soj, psle
mahdihassani29@gmail.com :S5g 2SIl oy

FXTYRTVA = VF 1 ules s

doudlo

S olem ol el Gl w53 (Bl (g9 S Ko 69,0
ol )lge 3l (o L‘J)‘U 4 9mo oo 18 )“l‘ oy zss oo el %
S bl 21 s, auile Jlelse 1 el 5 (65,0 51 Al
odle ilonds Lo o (5 5 Ol ye ) 555k EalS & ame (Sl
S8 6onbl gard @ (oo s ol (chrex Jelse 0l 2
sb & 3l sloans 15 (ART) (55 bsa” s35l5iss 17 s e
Osekes V0 51 i Jlos 5o 5 ol @28 515 ssliul 50 (sloaylsh
Jlo o ART sleas > slaws ax 51 17 545 o bl ART a5 >
2 2oy YT o050 limes ART coddge &5 Lol cb oo Ll

RAOW PRV PES
WSl (Ko bewls iS4 ART 45 > o Culidge £
3ok ART a3 2 o (b )3 0 jlead gl GlSess it
Sz olea o o JEl 6l b bdshe ol gk e ool
Ngd o deie (g sbas > 10 coluiul gl b Wgd oo oolail
V0o ee v Loy b Y0+ + sg00 5l oad Sl tmex IVF b o
5105 5T (655l anT B b w8 o B Sass S (S35 50 e
Cupe &l (CSD (coudbgion S35 ol 32,5 03 S5
L Lagd 45 515 (63,8 & g0 4 suds Sl slag el 580
T S50 305 Ko &1 aiis b & 0 y2ne
Coslbgn il B U el Ol sl so0mie 438y sl b,
~ s sle gloan T el lacsaSs ol N it syl ICSI
23 SBSSS Wi oo Sz pLolS Seis il 5 (SWIM Up) o]
JUd Il (3l o 5l oolial «Soigpsllon sl b ot wily Jolis
S8 B Jenily Gosb 5l (b )b Julow ol (6l (ounbline
Vb 9oy b eyl Su3lsdyge DLl Sl eslanul 5 Sousgldy S

Slp Kooy il 3l colaiul
Cr 9 Sl S ol
Egmao TW sla g 5o Caudidge

(IVF)

‘Y\SE_‘aL; Lo oo

[ A R e
S 395 L lons ipilo (5,9,)L6 5 el )by Slidos 355
Olrl ol plnl (b5 pole oBdls p)lo

SCRC)) plo ok sla Jsbo 5 JsSIso 5 (Joho ouSiangyy T
Olrl @l psle paas 358 s lo

Sl GBS (GBS (S5, ple SIS o 555lS Slighons 3550
ool i (50 (S psle olSnils ¢ g gzmiils Sligdow eS|

ol

oS

sly ladely el 5 (o IVF) (esmas W sl i, i b0
G Sl a4 oy, (nl Coddee Lol s (5)5,L0 L ablis
Olse 0 Ko ) il diwly ol 5o sl ausly ol S L sl Sass
Koz Ol 0] B ogun ;0 sote LB Wl oo (g (5,9l
5 sSnSee pabal Jelod b Sy Gedle o oSl S Lyl
5 05,8 glolid | bSess oS sl Siy ad,e slaosls
S e DBl 1) ) s Codbge sl YL ey b slaSass
L s slanie 5 by ash was o rals |, Sl slalls
o guy s lia Gl il o Bl & 55 1) (fws glaiale]
il 51 osliul ooyl glo ity 5 b ile wsliul 50 o sds,
Sl b, 5o Cuddge &5 Gl gl Sludl Sesu bl o S
Olg oo iy cpl 50 Cd g b aS awo e LS gl ol 5y o IVF
e W sla g, 2l g Caddse 55 )0 (k29 S Sgee walt
O

Google PubMed ;5 sol> gomins S Lo ila iy, g olso
"Machine sols olods 5l esliza! L Scopus 4 Scholar
&Ylie . eols pll Learning AND Quantification AND IVF"
G 5l e i 6,558 LT sl ulil y Tal Lyl asly
plosl ot bl SVl slaonSa (wlul 2 p9 6,50b )8 G nslie
b il 51 olabsl (sl ouile 3 olalllae JolS Ve cules o 05
») SleMb| st-l‘l,....J .\>‘5 alas » )l AW )90 L 99,9 Lngb)L.-.o

VEY Gl ¥ o)las & o5

oo Sy i alowo


https://orcid.org/0000-0001-5754-0516
https://orcid.org/0009-0002-5815-0215
https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

a0 (VF) egins 2l slo g, ;5 Colibgn &5 g (ol Ko Sl (sl Ko ) cwibe 51 oolizial

6l)4 oolaw! 3,90 u*’ﬁ) 9 )Lw..)‘ JL..A s(Lm)cMy =\.L<y.> )‘ G‘L,
wl gl glail Sess ceas oL

S92kl

ool el Cadls sl ooe Ml (659,00 Rl 4 ) Eand
s Syl o Olgieas (5,9,L6 «(WHO) Sl codlage lesle
b el 5105k 4 (olitos 53 SIS L S 055 e o5 Slions
Dgud oo atrine odiicaalloe g plaie pwis alaly i boole VY )
gl AV b 5 wlgi e beals 51 il Gas ol 3g9 b )
b oS 5 b al ls o (559, OMISLaw 23 (gl a5 ART s
Mt bz Oyseles B0 90> ez s o [ 50t g wons
b e il ye (59,L0 Jedo 4 o )lge 7Y L“)-“‘ oS wlazlge 555,k
G s M il i, M s (Fogll asle JLolye
Sy el 1 o9 o L o o g sl CepsS tnls )
OB Ol el 55 6595k o 5o (K3 g Ll (e
.[\‘\] ..\.'\)L)

ColBgo 5 03285 9 P50 00|38 G SLaST axwgi v e (> I b
O e 5 G8ge slas,lol ae; ;0 YO sgu> lizes ART
slaghy) @l e ladan &5 Sliiod )0 (coge Coxdge (oaas
Lo 50,k 5l oS kS« it by s jls ol ART

Py See 5l oslitul b (So3edsd i sla Ty sl 2 ra
Wil oo o g 583 W Sog, ol hrs gd e byl o sl
9355 o0 )1 Hlnl b Cod el aiily (S Jelge 4 Lo 15
Oyt (0 Sliidis 0,00 o Jlu Jgb 48 08 S 3ygel 4 5L
60585s, wlolid Baa b ppnl § Sesd ColS Suien 9
35 ke oo s ooty ooyl sl Sl 5 o8 iy
5 5,l,L Sk START slo g, (sid il Giulidl sles Bus ailoas
Tl e oss; Gise slaalys

(ART) (559,bSeS (5559355 (09
Gluals s b Oygods gl L 4 bl b ol 4 Slags;
dal jo st Jlsie al> o pais Jolis o gy ol aiws ART
Dglse 2975 (G NS S5 gl wl S 4 Sl popgere
Sloolaiwl b e g 0 zl,5unl o laess 5l Al slo S ¢ s
oSz &gl o0 @&L e‘i..uLo)—‘ 5o oad ol cds b 6"“(’)""“
S ols alBisle;] laslfiws 10 59,7 B Y ae glp ead 49,L
5 oddlive yole lulid yus lawg Cdo b gudm 0b ) 5 Wigd oo o0ld
e Jitie il o 4 i i 3 b S 05 o A
1550 S T iz 31l e S Fogm J o
99 5 e Gyl b e ClBST L g outs cdalin (Sl annS o

33,5 1S5 gam (Sacld as > o canl S 9l ol g atan

poel SIS (505850 )l Canl Ko B, ol i
Gk Sgnte Laig, onl ol o M b g Ll 1) 5 e
C el B0y Sl e

Qg oo oad oLk s Sess slass a5 wlesls las L3 Cliass
SHLBR) 39 oy Wgi 5 & pliws Jlim] ¢ ploiizr jobay
olas wlagss M sas 15 S cos 1) o5l e Jlsl &b
O 4 e Jsexe jebay S YA B0 o 2Lk a5 Wleols
et om0 4 0,50, pekas el b N ses o IVF 6l s
Ol cl aiie L Sass i pasin dlaws 4 oloiws gl oad S
i Jold a5 Slys el see Gkl Wigee el
Gk 3 e et oS iy (Jlte plgie 4l Cews 4y L]
Candg opl (Jb ol b ogiso HKST o pmg 59olS 5l ol saliul
assle (S5 008 sy 05ill 5 sz (2,lse 5l (6 S el (sl Yoens
Il 39 g0 oLzl (OHSS) laess vz 5l G S 50 00
35k oS Dot oads S plaess S e 4 laess gl
oo wiBgie Jleim! lawss AL gl ol T g0 ,Sles 0,58
Sl JUES) (615 YU oS b slagcym sgmeS b Sloyo slaas >
b JsSdss o5l o (595 alal, L cladllas a8 > 0 M sas
B8 S T Laseion jid «ilod,S o |y Al slaSass gl 4
22 8l S28 olojy (il sl S50 psbar | aaidl ool ol o
sy 05 S8 Jteads e sla o ,o T s s sli e
slr AD (eymae 9o oty 5l eslital Jouily & loanlis
Silodintr Sl ohug 4 (Ol S5 50 (Lol 6 S el 4 S5
o) ol jo adyl Sldllae jo sl 00,5 dxg (S0 e
LI oS ol i lr ML) il 550k slae 55!
oS wmlg el ol B b ol asales aslel 1) SO 6 laasie
53 ool 3,90 505 (sl piiie 3 by JsSsd o3l aile Lalge ol
1) 6ok Ul ML (slagiy o5 o o slacd oy [ s s

7l 08y Laseis drel slably @l dbex 5l Gl slooje> )

Moy st T g ls cats I stlagy Ganits 5 o)l
9 Sk wle (SEplem; pole 10 Sl 03,5 ol e b g
Sl a8, )15 4 00,08 slroosls o pae gl ML (Jroadgs Sy
sy, «lidos b 5l ML a5 wlos,S peass Slalllas 7T
ol ol Ban el nly widy oo s5te |y (Sl slasl B )0 ART

g S5 Sllas b L3 | s ML jl el o)l aslllas

by,
51 esliwl L Scopus 4 Google Scholar PubMed ;s L axilas
"Machine Learning AND Quantification AND o lS" Lol
Wb et pglie el SVl adgl cemdo b plosl IVFY
ol o 5 b plonl Lo S 51 oslical b argili (6 S S
Sl gk e 5l L8 e dlie ples 5l gelr oy S

VEY Gl Y oyles o0

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

Q‘)Mﬁﬁlﬁh@‘*’d%"

a5

~N
Ao
nn
(V]V)

Multiple Channel Microfluidic Chip MACS Columns

% Sy of - |

e Different Technologies for Sperm Sorting Density Gradient Centrifugation (DGC)

e Sl Sla ST ganai b ) JS

Sasks (65w oz gl alido o (5597 (8

Lulps 53 glaess agl 5 adsl lo JoSsd 5l Ygons b S
o gl gl ol 8B 4 gonT g 5,k (RS (2 Kiglos]
syl Sl e oo £ Lo ol b ol JoSlgh g
Jmlty 35 oo Cole s pm oyl L Boae &5 wig oo Sl
Pl Al o ay alasles] Laylys jo ouds lax (glo Seoss a,
1 Sglie aess JsSlsd o,

2Eioles] i adg anl g o Ol s sl cel opl st o
5 eslitul b Ygene (COCS) _wglyasS—Sass uShaS 395 oo
slaiss ame > (Suislsdise G Shy i S s a4
slad 5 71 bl (SIS (slpesS (Foyid y culins Jals
wiiea Tl Sz L P s oS8

S SLoS) by o COC o555 wsSus,Soe 5l ooliul b
ablol glgesS sla sl sasie Sy Lo S (Comgsh slsesS
Dol s oo Gioled 1) 516585 s Al 3 eusdlysl 5 wiloads
el Koz Bl syl alKilesl s o 1) 65 g0,
FoS glgasS (Jokw sla Y 5 plaiels 6 gl S @adlygl b a5 el
b0 as 45 aliee Sl sl lone pd ule T igs o et
60 8Nas Ojlon 0550 0 1) (gogdme Liiw hadd etz bl el
ol sl sl 5T sl il oSS 5,8 sslel o
Bls 5 (oslyass Jsko s5aml eposli Jsbo (i)l aile o)l 92
Jb ol b Microarray) (s,ls S Jolos g 452 B2yb 5l 05 ole
Jsoss oolital slp Vb sloan 3o 5 poles cosle Judo 4 o) ol
Goaz o la iy, aSol 4 azgi b aites les,d okl
slolre g 039 (525 51 593 (S3dsr9e laols)l Lelul » S
Gla iz ol il Sglie e e o lyl so ganainb
G5l ial33l sl Lol ) sl 6y, S il CartS S
o Sl (ALl blpd 5o el cnS bty (SIS
L TR

<2ly 2Bislesl Lyl o Sass Eobs 5l solinl ART (sla b, ,o
o el GU5 gly S sl Sl ezl Gl
Gl a4 SL ol b oS oo a1 IVF | Se slaceSis
Las gl lg oo |y b Sesu ool 2 ogdle caips oo lid Jge g0

3:30 3 Shos 5 ARALST atgy Lul,d 4 g & IVF cgisge 1277
99 0 CueS 5 CobeS & ke Sl jsbar el o)y (Ko Jrw
TGl (o las o 55 el 5 S

So9ok sl 2l Bow 4z STe el Sl (6l Al o395
a5 lons grg bl Lol Sl pgiiss Ll bl ccenl Sass
T ot s s Jobos glsil (o esiie 51 (S & il el (et
ol &5 ol el o0 S il )0 Su3slediee g5 ()l
ol 0g5 ol oolw g WSl LSl o s B olss
3,08 B oyl SO OBl 385 o pae 4 5L ICSI .[leago
T a9 00 8y Sot Joho &1 il b oiiens jsboas 45
S Sgetr Bom b el Sl (sl il soumn (slaSSs
D] Sloas slw! 1CSI

Sd> Jals eyl SLl ly b slagty, (Jyere ok
Seeka il siile Goods yiler G5l 5l o onile (b g 000 (sla sl
b slap el s5lalaz el ogdle () Uy Y el I8 Lol S
Cond aiile oyl (Goiincds laore j ooliinl 5,k 5l (698 S w0
ol el g 53 50 Jols & (oS5 0,S0s, b T g
Soeie yiler 51 ooliial b iy slap el Sl 51 gy T sgi e
Lo (sl lisms s 39 12 5l oS 5 b 2 Tags ( S 0LaL,5
Jals 5,503 slang, T sin (55l el sl il V.
(omablise Jlb (Joko (iluci e (Sgyelle ael b pud ok
«Saddgldg Sa I eolinl by Jeilny (xaw b (b3
Ot iied YU 2909 L ol SH3el58550 Sl 5 (5 fagidg 1Sl
Pl SSalail (59993590 oy b (S 5 b 638 ©jpe by,
LSS5 Fcmad 5 o slote 51 o T g )15 4 S e
Gotads Jals g, nl el (5 phogtilgen sk lilé (et (512
L (oo patie @ b SEBTSG 0 b Jole

Sap b el laumer Jood vee Gl ol slo B
DNA S ) ol b Jls .ol 0 plomil 6 59, (sirsin
Sl Sl e bty B s lsd coales )l 5
LensHook Mojo & 1 ylows s ams Sy e
sleianw g (Bonraybio Corporation Taichung City, Taiwan)
<YL! Hamilton Thorne) (CASA) 5gnls SoS b gyl Julos
A s BB gibd OYgame 5l pladigel  (ouseie
Sl sl oyian Lign 5l esliul b Wlg e iy slacd iy
ol 58 Jol> (a8ly (loj 55 oyl (e 509>

VEY Gl ¥ o)las & o5

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

v (VF) esims 2 sl s, 15 ulbgn &5 5 bl SKas Sl (gl S} cptlo §1 eslicnl

was oo &l Bl slis ol 4y Sl gl 1) loansSs Ko
39> g (shes (i JB jsb e By, (nl 45 Cesl oud et
o Pl st ol (Sppd s (Sdp slag b o ],
J> 3 sladiges 4 bgype (o)l laosls I (Slewbre lapincw
oul o i iyl b agzlse plSin 095 o Slae S5up slp LI
5 ol pls slo ools 51 rin glyseinl Jols ML oS o oslicul
o S bl il Jae sl Gogy sl 008 b 4 calple
Sy o0 Sgw eIl clis g Jlaxal 4 ks 5 ML (ol 4 ogdle il
Il

lopie )5S g o Jae g gl ML daesls Joloxs 5 325 aiej 5o
JoloS g 5 Glgie 4 )l ) S (gt o Loy
wold laiezils ylaaze 30,5 oo ookl (igd co ALl glu i
sl sl 5T sl oo ol 5l sl oo o5 el 5 plosaige
Ol emizren oS oolaiul plas jsb 4y slazel LB zols g Slowouas
xSk L olery lagiim 09,5 88T sl b ae cal 5l plasetils
IOl A8 a ool o0l degorme 13 Sgzge o3,l slanis, 5 Luls 5l
5 iy Slishod gla aine; ,o Jlb b 4 ML oS cosl a5 LB
2 o o)l 38 WA il ous w85 4 Sselse
525 ML GlacSsss 5loslinad LA (s s ol cleass
loadly jloslitul (g5luaige 5 @lge b ablie ,o Joho ST Julov 5
oSy gl 6lp ML g 5ld b b bl 00g: 550 (]
SO o g 4 5m gel8 jo 1) ol 5l eslaul 00 5 slaosls acgase
2250 1 098l (slao )55l (lacgazs g puilon (590 (Jobo
[a-]

92 s, 5l i (ML) (redle (6 250k edle g 50k (B2
Gk 5l 093 Sy S SUlg el 4 g, ool el (oghan
EESN LIS WRVEN
ML slocd iy o ppiores ol 00l oablice £oian igd 4] )0
DL Goos 5259k oSS jeb ol wilasls (6 oKtz w3
b3y gloosls ol 1y 3 Slhae 5 iy ML sla g, 7

5 3 sbedig WG 1) Sap sbonlS ane)
ablie gl (sloaiss lganel LIS ML sl g, o.)..:.ﬂ ‘_ng)'L.\.S‘Mg

s o |y ainds ol e

ot 45 el ond s aias e ) adly clis la il b
5 Sy slglw o 1) 053 Hog Jes s BB Hb 4 b,
bosls 5l slewbrs slapias ol AV Wilosls il S é
2 095 3 Slee gy sl Jlas > (L3 0150 4 bgrye ()b
eyl ol ML oS oo szl suiy] 5o aslice Jiloa b agrlse
Silode slahy) 4 Dol 4 cnlply 5 Cl gl slaosls 5l sy
el jaseis § Jloax! 4,k I ML pumen .Sl aily G)LQ]

.[A‘] J)JLSA 0y
o7y St )sN 5 b Joe anwsi gl ML aosls Ll a0
Jelos lsie 4 g low O g0 4y aS 050 co ooliiul gyt Baa b
Olwdige ools laetsls o Kimghs 098 oo Ll 00iiS gl i

2S5 ol g o Jl bS5 IS 5 sl e sl
Pilesl Laulyd )0 Sz gl Codge (liee 4z 5145 Sl e
@ lbSess ab) Jeuiln Ll sl syo Ve sgu> (IS ok 4
Wishice Jll o 55 o8 Ll b avalio o wigde L 3, 0
P sl 1208 a5 B 3o

S50 2glejl bl 50 Sasd gol slo JSTgy Cushi jslate 4
sl (G390 S el Cudbge 0y b ladye Jelse Sl 5 Bees
oz 5l el ol plolid b Sosd coanS b Lad e Jlre paix
S35 o3l weads ailil g 0l sl MRNA CuwS 5 (slyie
3575 5 O pesdlsims Ll s ol e 5 oz Sl U Ll
Oy D598 5,90 50 gloxl (Jl> nl b o P (S5 (gl Ol s
onis Jolb> o Sz wdy Jouily slp 698 oyl ol (oo
P s ailine el mls 5 ol

IVF w18 Jsb jo etz seelecidse Jasl 5 ol (JSas sl
U993l ol J 7S S48 @ et Gl alea 5l (ilise Julge
oy g M s (59,0 caSl 5 sane slaSass bl 5
S b Sl (6 i Sl (LLb L ol (oo |y i JUE Bk
sl Koz Slasi r fge (sl yiie prizen
2235905 590 5 i B lo JsSlsd degarms wad (5] aor
O3 93lS VL Sl sl je0 (st (ol 0233 L (L o o
Sl 593 eugSan sk 4 aed (oo AN sl i STy Sl
595 Egema ) el olpod (laadS hand Fl b GmgFlS ol
2 sl S g o JoSgb sl (Ll Sel (90590 (nl canlie
Nl sgs oo, J>

Py San 9 Seagdglie ((ohad pux (asad wiile LSLSS ple
Obe; IVF o libeul sla s,y po b aes adsl Jolye 50 052 0 5558

ol 8 cue ),..ulj

s Loy o Bl goanie Dlidon WS o Bpe 1) 50k

slogts, @iyl Ml eSSl |y oy kS 5 i
Ay 6l oley cudS b ol sl e ol dyaz 00isSlgal

] Ay o 2Binles] slaanTd @ ey @ o5 Col (i

).)
ol wilgs so 0gally jobo 4y caian hsa sbo by, ;| colaiwl cass
S i lealy alnil o Glolidiprs 4 oS gl ool

[ve

S wdlo b (Srblo (65500 (B yreo
@ oty (l 998 (o0 bgye (e5rae Bgn sla )l (A 4 ML
slaslas, b 5l 1) 055 5,8 45 was |, bl ool s il
3 sz BB iy @isdS Jlo azz o M was alsl axsss
ML (slocdping (mizron Sunl 40215 3929 (fomae (oo dine)
S0l eSS sl Jols o Wleols o5 1, 5 b 0,
L1 @l Gl Jemiliy ML slag, 7 258 0 (DL) rae
P Sty (Kasy slas I8 ae o (S sloosls Julo g 435
slocen 3 ML (slos o5, ozl ogill slojlulotr 5 o1 2d,iy

VEY Gl Y oyles o0

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

Q‘)Mﬁﬁlﬁh@‘pd%"

aA

3 ool b ¢yl )libiamy (poglgngs—Soskd uSloS” gy 427y
olo g 5oL

sladobo b 4 (Slgw slashe by Ghlaling slaSess
Gk 5l oosleesS sla Jshe ol I wless entigy uslesS
sl clnlie 5 2isd o Jate Sz a4y JUs) il b (S
o polp S Eob Jobo o ) euisS wla sle JsSdse 5 5590
& soiz b uslyesS slashe ol Jsb 5 ol 2 odle M s
O S L6 elr peizmen g gl SBL g (aslail el
Gge U sl Ll ann a5 WS oo Wl oage (25 ZP Luyog;
Sz 3y slp S BBt GuglyesS aY [T wis o5
a8 3l (A5 e 528 sle J9lS e 50 (e plre 4 el (Sl
S5y a5 I 50 008 o 5l eyl 4 3985 gl Sesw ollg
Gl Gl 2l Gty S Olsie 4 emdnsn W ]
Py Sen b enl ot oslitul GuglgesS Joko (S iLSo
Al Hlaione ded o yiwd j0 Sl 4 Gl (Sen a5 8l w5l
Ghay S Sl anl adls olen a1 osill Lfy Gz Sl
JLaslrgs S5y ool 2 Sas oS S8 sl ool oz led el
S92 g Sadt (a0 sla g, Aol 4 azgi bl 0alds lpaing
sl sloo Julinl b m3 (So5glsdyn slaglhs) » Lol
Jr=S st 4 6,851 5l et (S Galizes (oo 55 Sglis
Loyl o i cutS (g5lws laslin] Sguge gl 0ads o laibinl coa S
Il 3,8 3525 alKiyles]

g ol dasipe VL oy ety b agdsagS IS S
Sz CoheS b3l sl et Sl S A ]y (S0 S nl g 4z
5 sasS blaodl 383 65 ojlail cnlple M w8 o s
slo ws5 sln wdl wied)l pludl gl (SeST Jre a5 o Wl
slsesS S QL) sl Gy e ey Sl (S
S9b (o0 ool pd 5 (o2l sl ST Sl a5 el o slpring
(DL) Gras 5 5ok 5 koo 5l osliial ool coind i g,
SSaSS s (RIBLl )9k S5 b5k o3 sl b o
lod S99l Gl 9 DL wiile (o5 S90

Js5dsd 51 58L) Jb sl Sz 40,51 aws @ ISl a5 > o
Sass 2bib ole a5 ol o Lil ol 3929 alire sla o3l b oo
S92 oS Sy e b SzsS (LB lo JSIB L alw oS 0 J
ool Bl a5 b slo Ses o33l il 38T a sl 1T
sk &30 Dbl plaess vl o S5 ey aile (o2 )lse
2Tl gl L sla s sl 385 ol 5 JsSlsi
Gb 5 eas glulis Jb slaJsStss olass o olooslis cams
oS 0s samlive oud bjl Wb lacSoss xdly Slaws 5 wigesl 2yl
2 Bro o8 Gloj il e 53 Canl (Sme Ko ol s e s
il cnl pegdle wdls Csllas S (o0 4SS J5Sdg8 Slad (S0l

Sl o3l pl s dsly (6 iy s 4 bogie JoSKT g3 o3lail g olaws et
[-¥l

g Sloweds oy slp (o slaJas ool 5l ol o 1SS
o Jow cpl 5l plasetils (pl opmioran auS solatul slezel |G gl
slaig) s )b Lals) 5650k Gk 5l ey slogian 2iS ln
ML 45 ol ;55 obLe M ais o oolizal ool degomme 15 35750
odliiul 3,90 Sujglsm 9 (Shi (Sl slaains) yo JWS ok 4
ol o as slbol5 oS ol WA el a5 18
bl Jlos ML slacSiss 5l oslaal b MM wlail 55 L
033 Fige ol sloaidly jl ookl (giloaigy 5 Wlge b dblis ) 0 it
sacgere 5l b Sy g5l ¢lp ML 5,58 e b b el
950 S yiie sl ok Jdos aia) 40 o] 5l eolinl 08 S glaosls
2o oo 1) 0g8ll (slas )5 5l dawy (Slacgazme g duy oo S5 4
[a-]
ol o550 5| 531008 Jalis tle 5,255 adla 5,531 gl
Loz 551 ol (shol CBan ot b Cilises iyllsg plosl gl a5
Foo yeb 4 oal ools glaosls jo 1) lagSl wlsiy a5 sl  Jas ol
@S A by paiz Jold pedle 5pS0l ais pble g plulis
talez 5l el
L oS 4 ools gonaiws Jols opl igonaiws @
il slo Sy ooll 2 od iy pm iy 5 slocanz
RS ke uﬁ.onj 6‘)‘.’ (G adiwd 6&@.}.)&‘ oo
@ode ke Sy (Gt Bar oS, g S, @
Gnans 6‘;} g/w .o)lo |) 99,9 ‘_ngob quw‘ 2 g
shls as 1, leools gonadss> Lglmp.‘;.g.)}i” Gadlg> °
LS o (Gdz0g,S cdizud alin gL b S

ile (350 3l oolawl b o yliliny Saski gy a0
Groe Sy e dRtleT Lulp5 )0 S s (slo IS5 s sl
ool Gl 3590 SeBS paal oo wb) Lo hase Jale 5l 65
elolis s L Kok coiS Lo alie sl Sy
Sazs ol ole GLMRNA conS 5 oSy aiile wilons
oMy Sl ¢ (oodad gz oIl (ZP) lassly U (slo (S35
el 3,90 35 glozrl Jlo cnl b 17 (ol (Sig gl Sl 925 5
Wlogo (Bl e S 0l ) Jewnilly (i 5o el ol (60,8
5,505, ML slacSass PV 5o o adlie slaasil 4 e il as
2lgi oo 1y S oo &l alle (pl b ablie (gl 1) (sloassSlgael
SRy iz 9w olelid |) 5l e sla Shy )0 jsb 4
CohS g e $lp b SaSS ol S s o lejen b a ],
Sl o o2 enbie QL 5Bl (slo Comgadl b e Soss
o o Sl e il (b cpl bl oals a3 315 4y 55 Ay
I il o esliul log y Sass Eoby Jeuily

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

a4 (VF) egins 2l slo g, ;5 Colibgn &5 g (ol Ko Sl (sl Ko ) cwibe 51 oolizial

Slr s b bo ST onl e Sl 5o Glejes jsb 4]y (S
ol g 11 5Bk sl comgiadl b o Soss cudS o i
Sl U e sslizal A sl e oy ol
et O Slp 0058 pb et Ll S sl S5 LS >
S ML o5 ) s sslanal |5 Sosss Esby Jonily
ol (5)9)b SIS (5 )9lid ) 09l sla iy

Slp Sovae (h9a 5l gl oanlB jeb 4 1280 ans Sl 5l i
Froadgs (o 50 (S Senny slo 0dls G35 s 55 SalEl
o Sl aiey cpl oy Coje (paiz egias hea il 00,5 oolaiul
Sere y3,bl slo 755 sl (bt o e Colae alex e
o9 48 yo 4 (gyke Gl 5 Olar Lawgi oad (3155 5 sl @l
el oo g Cll bl sl Wb egtan Ghsa onl 5l L
A Sl oo S5 ol @ 4z (ol b oog eads eolanul IVF
Ly ohag oS g p el QB Sln (Eorae Sigp oSS
o2 IAACIVESS Sgaze 5900 dVF 3850 lods 2 5 2l Jowilsy o
@ e sl ae) a0 i wrng 9 B ey »
WS o 0L egian Jio s sla LSS

el (3181 53 (5 5l0) 4 S5 sl a2y 0 0 )8 5 5SS IV
Gl kS b Sads Sl aiied axlge (559,L0 M b aS
Leoly 53 3500 (6 kems Camedl b, ol Caidge Jloiml il
stz JB b 4 adlgi oo o) etle Gemen (g slags sl
Sleie a4 (Sag ) eile anS S8 Seds Sl anly sene o
oSl aseis g bosls Jodoo b« egian (b slasls 5l S
Sl oSl a5 S8 i b glaKets olulis & Wy
5005 Joot |, oSt gy 35ems S ol sl oo S (o blo
eon ) ek Cumdy g wilil (S ezmen Al slayulily
S8 2l (g b Sass g ol 4y wiils oo bn ol ol oS’
L slacSass bl cds Sas ) oile slapts ;6801 5 oolitul . axs’
b, ol wps oo (2alS 1) Sludl slallas 5 ans so ial33l |, CuisS
Sle ks 0550 ey g AL x| Seess bl anT i asly e
slosls Jdow b Lo ,68l aims iols 1) ciws sloialesT plol
ot 1 IVF 018 0 Sase jo Cobibge Jloisl aisles o candS
Yh 8o b 1) leSess 55wy ,Sue mglai aiiles o Deep Learning
oxis i g ,uS ol Lanles Cl)p'd..»l Iy oo 6&;}{9 g asS Judos
5 b Sass Jlocwz p sloosls 5l eolawl L (Supervised Learning)
Sl dengl Coddee oo Slp B8 sl as (g oo IV @l
!y (Unsupervised Learning) o,ls o 6,50k o piad
@ o] o 5 lnSass brosls ,s aslisl slasSl oluls
cosgums g b il 05,5 o )l)8 eolaiul 590 aliee sboog 5

(e ss,Sas, olsie 4 (AD) esias isn oSS s
o594 e bl e g Cilidee slaacir bl sl ]l g o st
it sl T lons sl S ol 5 JySlh e s
Sy, 5l eslitul b s g3l a5 ooyl b I sl JsSs
Ooled GBS Sgp p godme Slidxd Wl Sglac Ghed
bolass 5l kel wigwl gl pgal Gonmends 5 oslital b b J5Sdss
5 gogamme slaws LS sz ol U 1Y lens 55 e n JsSsh
oy ez ob3k aoms g gaipeed gl o b | Ollllas

.[\'H Jiloo)f

ART (sl wlo (6 50L Joo (o e

e’ Sl 4 5L el 18 5 ooz ART floys a5 il
ool s a4 wsmg ol bojls ol ol e 50 san] i 5
G (Kiod o)y 9 e b juiiie  Swd oanline jo o5, a5
ot SB e ART wigd oo azlye (L b (Shy m b 5d
ools 3l oolatl b coassS com s Joo S adls o1y (g 5aid iy
pll osls polie o)lye 1) o cwmiinm Lo Glee 4 o)
oL JS0g5 jeb a4y aS Wl 1 colblB I ML sl pits 003 o0
oaisl o (e iy iyl 5 Jo S Sojsel sl 1y 00 S 00ls (sle
A gl o5 i |y oa] (s ST Sl 5 4
U olsiise | ART (gl 00isS i Joo o el DY e 5
s Gygo 50 0l drwg (§y5,b e S1he 5l laesls (gglaes
Cawd 3l polie B> wiile e S SuST 5,k 5l asles o bosls
IRl sl Ol 5l o sd il ey e ias Jlesl 5 a8,
S 2Bl Glaanlp Jao g <8 5 Sl Sz
G SSS 5l oolainl b olgi oo 1) Wosls s 098 Jloel Wilgs oo
a5 3 peed Shles] g (hjgel Sloasgerme @ (i Lol
00ls ijgel pias a5 olSin 5,5 o ly alise slaoaiiS ganail
Jole Lol 0,8 0olited ART guls so i sl o1 5l 0)lgs (o0 s
el oo a ART o Joe S cle o 8 s

Iy o )5 5l glos il calo als jo ML (glag 63! jo o iy
g Oyl ol e bl LS’L"‘" oz 3l calite slooje> o
08,5 ot 1350 (6 ke 9 3l G530 5 g ld RlS (cdls ansis
9 Lg»l.:.é BN IRVl J?""“ 6LmM3)M 61)4. |) ol) LEBHSW Q._{l oW
o) l5 ML YA Yol ol 00,5 Jlgan aools Judog g 550
@l slo die) 40 00,0uS olo 0ols dcgezme 3l o (guied )
g8 Ol el 00,5 I (6595l (S 9 5595k Aber Sl Sy Zann
oolatwl bgS Jlo S 0,00 ART o Jos g Guios Cogds gl Sy
Sl oty 2V b e et S sl ML slo i
S 45, zull vame Jewily o )57 el Canpwgindly JSis
It ey e olad e ools slao Sy, &b 5l 1, ART

o I s ule el & (2310 sl ML gla S5

iz g 00 Qllid |y laye o iy 5055 b 4wty

VEY Gl Y oyles o0

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

le&o@;@lﬁhwd%o

9. Bungum, M. and K. Oleszczuk, Sperm DNA and ART
(1U1, 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 IVF 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.

20. Fauser, B., K. Diedrich, and P. Devroey, Predictors of
ovarian response: progress towards individualized treatment
in owvulation 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,

S50l &l a5 BT slaosls dy gyt 3,00 39y aiee) cpl yo
Vb coa ST L g 00 S ooy 4 Lo (o) edile sla Jo
2l o Jao 5 A5 g55ie Jlm al5icoe ciliie oo (slo Sig
loosls 51 oolitl Lo ol axsls 1) g9 opl Lankis Ul
st oy o> bk 5 B Blo Cole, sl (Ko
50 Seess bl anl B o K ) edle 5 eolanul (oplply Ll
S banje alS 5 Caibye 55 Seme 4 Wlge IVF lags,
W (eyd g Sl i iy werge ol 392y b S
Ol 50 Ho )8 g 5 a8 S Joe asws 4 Wl oo yiion sbosls
S5 H5,L0 (Lo 4 Wil oo LS &5 (g 0,505, al Sed e dkee
5L S59SS a5 (Shi 059> 50 | s sl Wlg oo &L S

&S

&Lw o (5
2,05 0929 (8l 8,5 4T d daslllas ol yo

Jbo @le
Sl S5 oliil e b 6,8 ogee sloion ;o (Jbo (uilsl g
2,55 @l Gados cpl (gl ool

&l
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.

7. Oseguera-L6pez, I., 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.

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

Ve (VF) egins 2l slo g, ;5 Colibgn &5 g (ol Ko Sl (sl Ko ) cwibe 51 oolizial

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, A.P., et al, Reduced oxygen
concentration during human IVF culture improves embryo
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.

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 ....

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

34. Chu, K.Y, et al., Atrtificial 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.

VEY Gl Y oyles o0

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

le&o@;@lﬁhwd%o

63. Coticchio, G., et al., What criteria for the definition of
oocyte quality? Annals of the New York Academy of
Sciences, 2004. 1034(1): p. 132-144.

64. Hatirnaz, S., et al., Oocyte in vitro maturation: A
sytematic review. Turkish journal of obstetrics and
gynecology, 2018. 15(2): p. 112-125.

65. Segovia, Y., et al., Ultrastructural characteristics of
human oocytes vitrified before and after in vitro maturation.
Journal of Reproduction and Development, 2017. 63(4): p.
377-382.

66. La, X., J. Zhao, and Z. Wang, Clinical application of in
vitro maturation of oocytes. Embryology-Theory and
Practice, 2019.

67. Monti, M., et al., Functional topography of the fully
grown human oocyte. European Journal of Histochemistry:
EJH, 2017. 61(1).

68. Fair, T., P. Hyttel, and T. Greve, Bovine oocyte diameter
in relation to maturational competence and transcriptional
activity. Molecular reproduction and development, 1995.
42(4): p. 437-442.

69. Bartolacci, A., et al., Does morphological assessment
predict oocyte developmental competence? A systematic
review and proposed score. Journal of assisted reproduction
and genetics, 2022: p. 1-15.

70. Zielinski, K., et al., Personalized prediction of the
secondary oocytes number after ovarian stimulation: A
machine learning model based on clinical and genetic data.
PLOS Computational Biology, 2023. 19(4): p. €1011020.

71. Hesters, L., et al., Impact of early cleaved zygote
morphology on embryo development and in vitro
fertilization—embryo transfer outcome: a prospective study.
Fertility and sterility, 2008. 89(6): p. 1677-1684.

72. Cruz, M., et al., Embryo quality, blastocyst and ongoing
pregnancy rates in oocyte donation patients whose embryos
were monitored by time-lapse imaging. Journal of assisted
reproduction and genetics, 2011. 28: p. 569-573.

73. Manna, C,, et al., Artificial intelligence techniques for
embryo and oocyte classification. Reproductive biomedicine
online, 2013. 26(1): p. 42-49.

74. Chavez-Badiola, A., et al., Embryo Ranking Intelligent
Classification Algorithm (ERICA): artificial intelligence
clinical assistant predicting embryo ploidy and implantation.
Reproductive BioMedicine Online, 2020. 41(4): p. 585-593.

75. 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.

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. e13149.

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. Viswanath, P., et al. Grading of mammalian cumulus
oocyte complexes using machine learning for in vitro
embryo culture. in 2016 IEEE-EMBS International
Conference on Biomedical and Health Informatics (BHI).
2016. IEEE.

60. Garg, S., et al., Cardiomyocytes rhythmically beating
generated from goat embryonic stem cell. Theriogenology,
2012. 77(5): p. 829-839.

61. Hendriksen, P., et al., Bovine follicular development and
its effect on the in vitro competence of oocytes.
Theriogenology, 2000. 53(1): p. 11-20.

62. Hyttel, P., et al., Oocyte growth, capacitation and final
maturation in cattle. Theriogenology, 1997. 47(1): p. 23-32.

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

Vey (VF) egins 2l slo g, ;5 Colibgn &5 g (ol Ko Sl (sl Ko ) cwibe 51 oolizial

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

91. Letort, G, et al., An interpretable and versatile machine
learning approach for oocyte phenotyping. Journal of Cell
Science, 2022. 135(13): p. jcs260281.

92. Diaz, F.J., K. Wigglesworth, and J.J. Eppig, Oocytes
determine cumulus cell lineage in mouse ovarian follicles.
Journal of cell science, 2007. 120(8): p. 1330-1340.

93. Robert, C., Nurturing the egg: The essential connection
between cumulus cells and the oocyte. Reproduction,
Fertility and Development, 2021. 34(2): p. 149-1509.

94. Eisenbach, M., Mammalian sperm chemotaxis and its
association with capacitation. Developmental genetics,
1999. 25(2): p. 87-94.

95. Kidder, G.M. and A.A. Mhawi, Gap junctions and
ovarian folliculogenesis. REPRODUCTION-
CAMBRIDGE-, 2002. 123(5): p. 613-620.

96. Dutta, R., et al., Non-invasive assessment of porcine
oocyte quality by supravital staining of cumulus—oocyte
complexes with lissamine green B. Zygote, 2016. 24(3): p.
418-427.

97. Nevoral, J., et al., Cumulus cell expansion, its role in
oocyte biology and perspectives of measurement: A review.
Sci Agric Bohem, 2015. 45: p. 212-225.

98. Pan, Y., et al., Estrogen improves the development of
yak (Bos grunniens) oocytes by targeting cumulus expansion
and levels of oocyte-secreted factors during in vitro
maturation. Plos one, 2020. 15(9): p. e0239151.

99. Azari-Dolatabad, N., et al., Follicular fluid during
individual oocyte maturation enhances cumulus expansion
and improves embryo development and quality in a dose-
specific manner. Theriogenology, 2021. 166: p. 38-45.

100. Raimundo, J. and P. Cabrita, Artificial intelligence at
assisted reproductive technology. Procedia Computer
Science, 2021. 181: p. 442-447.

101. Huang, B., et al., Using deep learning to predict the
outcome of live birth from more than 10,000 embryo data.
BMC Pregnancy and Childbirth, 2022. 22(1): p. 36.

102. Mohr-Sasson, A., et al., The association between
follicle size and oocyte development as a function of final
follicular maturation triggering. Reproductive biomedicine
online, 2020. 40(6): p. 887-893.

103. Permadi, W., et al., Correlation of anti-mullerian
hormone level and antral follicle count with oocyte number
in a fixed-dose controlled ovarian hyperstimulation of

76. 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.

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

78. 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.

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

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

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

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

83. 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.

84. 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.

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

86. 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.

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

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

89. 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

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html

[ Downloaded from saremjrm.com on 2025-08-24 ]

le&o@;@lﬁhwd%o

patients of in vitro fertilization program. International
Journal of Fertility & Sterility, 2021. 15(1): p. 40.

104. Liang, X., et al., Evaluation of oocyte maturity using
artificial intelligence quantification of follicle volume
biomarker by three-dimensional ultrasound. Reproductive
BioMedicine Online, 2022. 45(6): p. 1197-1206.

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

106. Liu, C., D. Jiao, and Z. Liu, Artificial intelligence (Al)-
aided disease prediction. Bio Integration, 2020. 1(3): p. 130-
136.

107. Li, H., et al., Cr-unet: A composite network for ovary
and follicle segmentation in ultrasound images. IEEE
journal of biomedical and health informatics, 2019. 24(4): p.
974-983.

108. 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.

109. 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.

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

111. 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.

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

113. 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.

114. Fernandez, E.I., 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.

115. 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.

VEY Gl ¥ o)lad A oy90

oo Sy i alowo


https://saremjrm.com/article-1-335-en.html
http://www.tcpdf.org

