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Table 1 World Health Organization’s semen evaluation criteria”

H (1980) (1987) (1992) (1999) (2010) (2021)
R AR (mL) x >2.0 2.0 2.0 >1.5 >14
KSR (/mL) 20x10°~200x10° >20x10° >20%10° >20%10° >15x10° >16x10°
F&F M(/mL) >40x10° >40x10° >40x10° >40x10° >39x10° >39x10°
TP sh R iz 3h) >60% >50% >50% >50% >32% >30%
K171 ¥ >50% >75% >75% >58% >54%
BFIEEES >80.5% >50% >30% >15% >4% >4%

a) B E A AR LSV O B

(1) FERZEMEAL. bR B B T
MRFE AT WA, P RIS ). AP 71
. B B BRI SR AR, RSO TR 4R
NCREEFEAR B AL 52 BT AR HEAT RSV 43 AT RIS T 7]
B SRR &S Rl 20 R V5 2 T 7 B, 3 A e 1]
AR 600, IEF ALAS TR 2 ST MR AL A
RGP S e LR Eh . 38 IR R S N RE W TP O
W82 3 o )R B R RPN . B
TRREAS 23 T8 B/ 5 B, RS TR BRI 2R 5 4
HT2 emff, FoRKEHEABEEE. FAR Rt
B 1k AR e R T . I RRE AR — AN S D IR,
EE MR TR BOR A AR A B AN R SO L P
FPARLE NSRRI, POZER—%
B AR E AR B RORE i, DU o /5 5 B 1 R v AR
PP R R p LR 2 B P T 90 B 2 o R B S T
W2 18 AT IR RS, AP RS ipHAE, AT AR pH
AV BRSRAE A, JER TS 5T
Lz, MRIETHE A TR AU SO WA AR /e, 1E%
K WipHAE T~ BR B8 A 7.27,

(2) FEWCTMBIIPAG. R VPl R 5
. RN, K TIRE. TS MOE TIRES
TebR. BEAERTRRE T BRI R B R.
FIAFAE 200K 3% SRR B A 7= AR T30, R
BRI B S R A T AL xS Sk RBXT R BURA)
BEAT Y. BEAE M BT BERE S R E TR T Uik, M
T 7 B AT — 5 28 25 UM She 1 Wi A 5 s R 2,
BRAGT-4b, B AT DAE SRS RE A o 52 B[R TR Al e, 4
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T EE G BHER A, HERE G R T
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22 AU BIRE TAr
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RG22 RIS IS e (2 2). IX e R4
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Bp A IERE JE A8 S AT . — LG R e
75T AR FE I E 3B 4 3 SICASA R 4

2.3 S TDNARE A IIE

5T DNAWE AR ES 2K 52 2 0 B AR B 1
AREVEEREBETIR R, SR, X T4 78 AU NIDNA
AR B (B AR SRR AL A RO A — Bl A il
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DNARE AT o Ee it 10%5, AR 57 T A2
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TR A& Re 7], (A2 LRSI Y], DNARK
Frie$ ik ia B IR . IEfa R B AR R B
AWFRW], EVFZ R  SB ik, AR
e LEAI R RS DNARE A3 0, T Mo L 5 R
HHEH ARG B AL Rk, DNAREH (LK
WAL BYEA T R EZRN AR, H OB BRI
BRI ERSZE B RARSRAEAREY. B,
W5 FH DN AR Fr A s 0 77 32560, 46 A s J S8 A% HF IR
FERfF SR O R v b ic ¥ (terminal - deoxynucleotidyltrans-
ferase-mediated dUTP-biotin nick end labeling, TU-
NEL). 540 &t ) Bk % (single cell gel
electrophoresis, SCGE). &1 4«4 )i 4544 7t ik
(sperm chromatin structure analysis, SCSA)FUFE T 4eth
Ry Hid(sperm chromatin diffusion, SCD). R P 7
EEIETAGR T DNAZ S AAE PR B0 EE TR, TS
PR g 2 30 3 4 o X R A R ) R TR B VT
fEDNASRGFERE. X LT AN AR T A FEM
F-BORVHGHS TDNAWE AL, FFNAERERZ KRG
JRRAE T EE 0.

BRAG MRS T DNASI; LAAh, A AR DI 7SR
R 53 M 45 v T3 T H A FE RIS 1 AR A5 A
TKE T4 . B CASA RGPS #E TG (Lis
) IR vV R 10670 v NI R N ol S B i A
N i e U A QN 1 i s A 1B 1<
B, RAE TURORS ORI B AT 2 M R 86 FH A
Jiik, ABERXT HATIR AR HBUIRT &, BRIk 98
HFEVFZ AR,

24 IR R BSIIBOR A 2

(1) 5t Rz Z Fh R Z R . A5 T80k, W
IR RS T A SO T DNARE Fan il vk 1)
SEIRLZ B LR R IR, WORFE VR KA A
FEARAE T 1ESE, X LL R A Al e 22 SR IR 22,
MRS g RAERRE. N T SRS el R vE
BT, TR EAT 2 U, RGN T AR i
IR AR, 36 1T REZh 35l RO B /). BRIECASATT
DUBRE S T KR RE i, (O 2R AR R R R VR 3
W BRI AEAE . B RO T REE AR & TR
CASAZMHT.  [FIB 9% 5 W g 3 DA B T I 25 2
TP fi v W 4 A B R TE B 2 A R R (2% 10°~
50x10%mL).
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Table 2 Sperm motility characteristics assessed by CASAM

B EHBEH i
| MEER KT e TR I (0 o 0590 5 A o 02 1 4 2322 0 61 L4
(curvilinear velocity, VCL)
| HEER RS LT AR 0 B 15 5505 T AL o B 22 10 B 23 3 0 1)
(straight-line velocity, VSL)
TR F TSI ST S U S 0 T4
I (average path velocity, )
B e o
(linarity, LIN) MR HT R B 2 M, BVSL/VCLITF AR H
o op) TSR A2 T 9B FE IR0 FOE, HIVAPIVCLAF Sy
A ST s
(straightness, STR) BB B 2, B VSL/VAPTHHAS H
HT A S S e
(amplitude of lateral head displacement, ALH) BRI PSP A
T2 HeaT S 5 4 s T 44 P O ] T
(beat-cross frequency, BCF)
S A45H 3 fa i

(mean angular displacement, MAD)

R TSI oA 2 LRI ) e 3 7 2 I T~ K 4 o

() BEAEHIEEFRE . UL ik eik
ATHIVEAGAE & RE 27, 100, K402 H el 6 74
&2, NRETPAl RS 7 B A J15 R 2% RS s 0 R
REN SRS 706 70, ABEVPANRE T HCE A AR =
o, EpfER g R IEY, AR S MRIE R A E R
71 R EAEA B 2 SRR A pT AT
Il

(3) KGN 5 v AR el . AN [R] PR T P S AG I
TPEN REAFAE 2 5%, WA BB O 5. A FH
WITHEOT 258, TTRE S G R ZE . A2, K TDNA
B R R 77 AT SRD G — bR AL T, AN RIS
RN IS BAFEE S, FEE R E .
R CAS A F2 iy S 50 45 R (1) Z5 I I PR AR5 AE N IR
FWEE T, H b1 T 6= CASAR G KhrElL, AIE
IO 25 SR8 T L

(4) o0 25 SRR 5 R I AR 1] R ) BT IE A B
i BRSNS T DNARE A 45 3, AR S256
EARE S A AR b, SRS RO, B
FDNARE Rzl 75 v 75 B8 A vy o 15 4 AR, R4S
B, ATRESIINEE AT fidH. [, CASAHS
B, B AR, e 3 EUE R AE A
Hm.

3 HBETHFSEH B R4 B B S5 2h
REASI YA 255 7 ¥
3.1 BRI

F, S5k Tl R U — e (1 B AR R )
AR, BRI DR AR T RS B TR AE B, AR T
S HB AR A T A R EE RTY X AR X T
WK TS G BRI DLW 1 R BE 11
PR B A EEE. Fln, ST R
(scanning electron microscope, SEM)FIZE i i i
f# 5% (transmission electron microscope, TEM) K46,
BEEFATVKI, A8 BIERRE TAEAEARAEE &
TSI 8, ks TR S R H . MBS
PIRIE . RE T Zb S 20 ik e R B T 2
il B AEASE W SRR, PARTE ROBT IR 7 SR g A =
PR AR, LT B R I AR A TE — S R R
B, RFHOR T E SRR A S £ A, LA
N MWK AR, PSR IR, AOCRERT, T H TR
SRR T IR R S5 1Y, ok, BT BRI T
ERMEE DR R, Wk FiEsM. DNAS
BRSO T 2 R R S AR PR - W T 1)
MAE 5K
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3.2 ORT R ARHETRIS 3l Y TR U AT

I PR 1K 732 3l P 20 A 1) 38 e An o 2 Bl 5
RN AT T304, mEAA R B3k 12 B
GHENU B 7081, CASAYKI T IR kS T Sk &6
FEHERT =L IR, B, BREF3Na it ECASA,
HOTCIF0F K B A M () B O AT BR R, DRI
VBEEME B (5K, Gallagher® A\PYF-20194 45 &8
BB TR TR EiZs) 84, Gallagher® A
B ER DT 25 rT DUBEE Y RS 5 A R RURE,  Salx)
ARSI E R EE, JF BB T @B — b
PRAL Sk R R BT A A R AR, B SRR
BH, e 0 P R U T R AT AT mT LA R S o uf
DL S 240, R AR, 0 A T PR AN g
PERL ), AGEIT FRERE 73k & TIEL T, Galla-
gher5 NWFFEHF K 7 — P AF T H(FAST), A LASEEL
B R AEFRAET ISR RS T HE RIS 3 A, Xy
K520 i ) ¥ B s st AT 4 B BER ER AN A, Galla-
gher® NI, B4 B B12 3 v] DAHE 7 & F00 &=
TETCEMEMEE. A, Gallagher¥: ANt 7 —
AR H 5 TR it 5 T A, R Fryassh 5
HIZ BN Ee A RS RS2 ma R R k. @i 45 G IR R
HHE AR B, A AR B I S AL W
fife. @I, A EE AR SRR R ALK ETE S04 B
HEBWIE, Nzl BT S 3 E 1
ArRetE, R A TEASRNE ST B A E BE T R R i B
Ml

3.3 s AR

i wit )i kNGl bk e 2 Stk 1
BraseAR, HAERS R (8 C A4S 212 1]
XA B TR T RAIMOER T, A
Je A I B T U AN 95 5 5 BE AN [R], AT A
AT 0 85 PRSP REAT 2 BT, A A AT L
XHE T T 2 28 0 b, BTN, AR
DNA® & RS, i, s i S E 15 e ek
AR RAAARAX, BHAZATAT CLHER I EAE T T DNA
B, NTIVPARRS 1 de e e e, S aniadi
25 B PO RET 2 — B T IR AR T D RE R 5K TR
A A AR AOEIREE, TR T HIDNARAS . Tl
PORAES S TEHRES . BEBEAE 2 A AR A Th RSS2
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FROEREAT VAL, a0, @ fs 2 ehnid BAE 2 ALy -
soTracker Green DND-26 1] LA 7€ ¥ I TIAAIRE, 1M
¥ T TR 25 /3K 8 4 %5 2 (chlortetracycline, CTC)%¢
Fe gt fMerocyanine 5400 1] LIRS F v AL IR
BSMBR MR, 7thRiC fannexin-V, CONBD
HIR0-09-0198 AT HI T-er A 1 BBl 234 H 324K, itk
A, A A L% (propylene iodamine, PI). Z.F¢Zs
#%-1(ethidium homodimer-I, EthD-1)E%Yo-Pro-1%5%¢ %
REF, WTLAVEATRS T A A vE . AR 2 FHE 123
(rthodamine 123, R123). MitoTracker Green FM(MITO)
HIC-155 5 IR ET W] LA E KS T I A b i Dy Re. it
YA 4 B X BB RE, RS T IhRE R IR ISRt T
IR SR AT Y, R, AR T R
ITHAE. HR, WA A 45 T e 2 2 2K
FREARTE MW, GRS IIREE . JETESE. A,
GBI 73 B 45 T R 2 52 3 4% (RS JE AR E
2. JRUE AL A RSO U A7 — S e R A, (E R
ML OMER . mEE R AR TR B T2
IR AT AR, A A AR AR i — 20 k&
J&, Uit 24 BRASCR IR ZE K 7 A v A 3% SR AR

34 WOLIRAF B AEHHN

LSCMJg — ek Mt UG AR, e H#E0E
VERYCIE, @2 (r e R B, HSRECEE ST TH 15
T S B0 4 . P 38 65 A 1 = e ). 0k TR
W, LSCMA] LA TS FIITEAS . S5 DL A e te
WE AR O, RS T BTG SRt T EE (G
B EIR, LSCMAE N —Fhse sk i 4 i T, ot
ITHZRY) BV AT BRERRE 7 R AR TR, Sk, 70 5 1) kG
NEBEE EAE0.5% M 2 R, Rk A e gt
DNA, FfilidLSCMIEAT 40 #r. i@k FEAS B0 A A
BEYA ALK 7 2 = AR N m =0 F, al i@
LSCMER i i kg /NEF IS5 M I BEPE AR 4k, kA, T LA
T [ R R E SIE SIPUAR S, DU B
PRI T 2TE RS /N P BRIEEAS [R) 2 1 SRR RS T R 2B
FErb 2k ™ SR, LSCMII T 45 ST e 252 3%
KRS A AR E R RS2, BLSCMAH s B i, 4338
INEEBEAS I A, TERE TR, LSCMAT AR T W %2
RIS G5R LR AR AR L, R 11
JREVEAG TR T mEE R,
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35 IR S Pk

BT, REARIVERICSIH, K1
BERBUAIShREME L B T B EEEH. Ak, DL R
FI S TR A A AR, T LU T 5 Vg
PR RE T I S M IhREtE. X SR ARAMU AL T 5%
TRHTHEREER, FRFESIVERICSIT ARSI R
AR, i, & R S R S O S R T
A BT 00 B e B a0, TR R A e g
ARG T DN ARE F AR FE 3E— AP A 5l B AR B
J T,

SR, LA R ARLE IR R SL B I AN K, H i {hsR
MIGEREARH SRR BIEART. KRR R
PR AN[R] b R 12 % K B A A e EAS — 3 DL 2%
NS BT RRAR. N T T oS X R, AT fE
TEH B EARSGE . BERIIL R ZHFHE.

4 RRKG TR B ATAS B A R
BA

F BIPE I PR _E N BRI B R T 4 rh 17
RS T DI REMERFAE, EATN R IEAE iR it
TERNZE S, RN, WTAE R RRA
W HF BUEATRVEAmE, UL BEAT R
FEUERSIT T %, BUARRTIEA R, £ Tk, BAIEY)
SR RO BE 1% 16 DI BE D SE B R RS VBUSLIN SR AT VAl 55
PEAEFRENTTE, WRARBEEAR K TIEHR
JARICEAR S et AT, LARHLER 22 S AR L
MIERRTZ R R X R I S e A
AR AD SR NG, A7 RS B N 2R 4
Ty RADHIAB IR, I8 B IEAE SR IT 3R
W S it S O TR A i

41 BHERBEEA

AR EBOR, R S ARAS B AR IR, N
e R/ ER i RGN S A AR R N L] = M =
FURE BRI RO £, AR IR RIS
FIEM =AY R PR B, SR PR AL
AP B EFE T AU AN SCRF AL, R0 BT TR B
LA I A A0 R A RN A R R R AR K TR
T AEREE R B, A B R O T R

VIR R Y. BB E ORI T
WETFHERRMREHIT. B, HARMSE RS
EHAR, IR ST AR B RN R A B R
FHE Y X — AR T A R R
AR T B S0 &, HATATT PR B
THIOTTRE. ST HE AT, BRRBET
DL F B0 T AR R R B AR, Aok VA B b
(LB Be . B, I UK B B kS T I AR R
KB BRI 2L B kS T 1 R 2k AR RS
BEFE, BT LAYEAR B PR B R 000, 20204, A
2RV Yok S FU S B R T VRS LA 25 4 0] B v
PR IR, ER R B R R 2 UK S B R AR T R
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Advancements and future trends in sperm detection techniques and
male fertility assessment
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In recent years, significant advancements have been made in sperm detection techniques for assessing male fertility, providing
advanced tools for clinical diagnosis and treatment. These techniques include conventional methods such as semen analysis,
computer-assisted sperm analysis, and DNA fragmentation detection. However, further development of technologies for sperm
detection and male fertility assessment is needed due to the complexity of interfering factors, the inability of current methods to
comprehensively evaluate fertility, and the lack of clear etiological testing protocols. Modern detection technologies, such as electron
microscopy, high-speed motion imaging analysis, flow cytometry, and laser confocal microscopy, have gradually been employed to
provide more comprehensive and accurate information for assessing sperm quality. In the future, with continuous technological
advancements, more precise and efficient sperm detection techniques are expected to emerge. Testicular organ engineering will enable
more accurate and comprehensive assessment of male fertility. Fluorescence live imaging techniques can achieve non-invasive
observation of intracellular sperm indicators, making clinical etiological testing more efficient and convenient. Sperm analysis
methods based on genomic sequencing technologies can comprehensively evaluate sperm-originated genetic mutations, including
information from genomics, epigenetics, and proteomics. The application of artificial intelligence and machine learning is also
expected to improve the accuracy and efficiency of sperm detection, providing more reliable evidence for clinical decision-making.
The development of these advanced sperm detection techniques will provide more accurate diagnoses and personalized treatment
plans for infertility patients. Moreover, they will contribute to a deeper understanding of the mechanisms underlying male fertility and
the molecular basis of reproductive disorders, providing crucial support for research and development in the field of reproductive
medicine.

sperm detection, male fertility, organoid, artificial intelligence, advanced technology
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