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The rapid evolution of digital ophthalmology technology has profoundly transformed various fields within
ophthalmology. This article provides a comprehensive overview of the research and advancements in cutting-edge
ophthalmology technologies, emphasizing both domestic and global breakthroughs and achievements. For instance,
artificial intelligence has demonstrated remarkable potential in precise monitoring of various diseases, efficient
assessment of high-prevalence conditions, and the technological support for telemedicine, thereby enhancing the
accuracy and efficiency of screening, diagnosis, treatment processes, while alleviating the workload of medical
professionals. Additionally, digital imaging technology has made significant strides in surgical navigation and diagnostic
imaging, while 3D modeling and novel machine learning techniques have contributed to surgical planning and
enhanced surgical success rates, ultimately delivering more efficient and convenient services to patients with eye diseases
worldwide. Despite the diversified development trends and interdisciplinary collaborations that digital ophthalmology
technology exhibits, many of these cutting-edge technology are still in their infancy, facing challenges in achieving
high coverage, algorithm accuracy and interpretability, medical ethics, public acceptance, medical disputes, and clinical
technical hurdles. Nonetheless, while the continuous advancement of medical standards, it is anticipated that these
technologies will undergo further refinement and widespread adoption.
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o M0 B A VA RIS YT B S IR B 2 . B0
)2 (digital ophthalmology) & — [ JHE4E T 25 HAR(5G)
LA W25 FI IR ) (ToT) . 07 US R . N T g
(artificial intelligence,AI) SEZASIIR ) :Iz:ﬂk%ﬂ‘m , N
B 2R UG R TR B RAE R, S IF R4

R THLZ . X IRBRE — 1R TS AR
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1 RBAIMTARE R R

1.1 A& S IRFHRR IR A 1L
LL1 AR A

ATTE R P JE55 12 W A 07 1 AT DA B2 2R
SR . FE TR A T 12 A4 (optical coherence
tomography,OCT) 4 G 4 #1009 i A PT SC P
IR E IR AR AR, (EHRABLBE A ML T e
P2 BE ST R 3L, ORI & 1 AR A
BPER ., BEAh, 1R A 2 PRI R T B SR e
WA A B 22— AW DR A I S 722 (diabetic
retinopathy, DR) 2T, W51 A T AT AR LI Sy i A 11
HERRAMIRCR . i IS EE 2 i B 45 38R (Food and
Drug Administration, FDA) #ILHER H Fi2Wr R G F HIR
JERAZ P DR TR FRIS WA 43255 HAl, S
FHI AT A H AR R 27 2] (deep learning,DL), A1z H]
ZIEMNTAZRLS, N2 BRI G PR 52 2
X, B A PARIBEENG S BRI RE T, TEIX
AN R IRFR IR PR AR DL S50 T R0 5 5
B, IKFN T 97.5% M RIBUE I3 A4% MR 5, HimR
0P R g e e T LB e e B R 429 491
AN, PSAS SR I PR ) A R Le A,
FATRIDRI A R GERME G 7 A0 eI T HAI s
REARAED S TR RIS b R R B 2 Y [
Ko BIRRMIT109%~119%", LT DR 15 5140
7, DRIEAE R 3 FE B i A3 w2 —1 . MR
“fERET 20307 Mg, FESIERS TR RS
FAUDRIG ARG, DL T A IR, AR
PP A, e BURE R A Rk R
BYT . FHAHEL

112 AR
SEMAEMIEE . 77 OCT #lPentacam AR {7

A MR SEEAE . 2 ARG BA R RS R R 25 1 4%
(convolutional neural network, CNN) B 2EFF & Hi &5 5 4
AR 24 A 8 9005, HKeratoDetect 51 i
E T RACHFEIPERE, 7EBE AR EARAT T 99.33% 1
MRS X R R R LR Y A Bl
S, ATRDREE | DS R B P R A UYL e
o, s AT MRS PO G L T E SR
PR X I, I e AR A T H R
BB KA B R AR AU I F & T 36T 248
§TREAREIE 0 MR F B2 RS, TEXRTIE 55 A
XA, B 64F 2 00 i B R A B L 501 AR

15 796.6% (95.4%~97.7%) . 98.6%(97.8%~99.4%)F197.3%
(96.3%~98.3%) MIUERM ;. HLAS 3L 00 1 M R K1)
TR 4198.3% (97.4%~99.1%) . 96.2% (95.0%~97.5% ) Fll
95.2% (93.8%~96.5%), TMANLAR A 2w 250 1 HER
ZIKF] T96.3% (95.1%~97.5%) . 96.7% (95.5%~97.8% ) il
98.2% (97.3%~99.0%) , HAZWr R f 3 AN 5 B v 5 A
£ ZA 95 (P<0.05) , BIFFE 4 S A 5 98 1 0 i
W B HETF A e B R
1.13 BRIESR

FAE20024F, Salvi Z8"EE TR [RIFLEE HUIR R AH G
ARJ% (thyroid-associated orbitopathy, TAO) it [ HR B
R NI 2L TR . ARZERE . MLy . B AL
JEFIEE) I TG, IR H—FTAOS
SR PG R A i, MER R AT K67%. ITARHE
FEARIE T FR R AR S HR S5 BT 2 W7 R o G Tk 1
J'&, T DLAIEMR S HT S8 T HERR 53 K T85% 1 H
FRUSY, FEHRRE MR 7 I, WL 2 B R 45 R R
B S A2 A BRI PR AR IS B R R Y
SRIRE R, TFR T — il TR EE S 5 R R ) R
2] RG(DLS), X TAZUREEY R RS . e
FERRBE IR 795.3% . 94.9%H194.7% ;5 7{3i £ 1L
KEF R 2E BE R T 55— I o ¥ S IE R B F R 1
YRR SR L R B A R 530 R (93.2 £9.9)% .
(92.5+62)%. (91.2+11.2)%, DLSHINIEE TsIEL
WA

1.2 WEEEREES SR
1.2.1 &AL

JEYEANIE T Z WA 3 A ), SRR 2
2 IR E RN, ATAE AR a8 A . BT,
LR R 25 7R 2 A BV FH AL M2 LT 1) S
S REHE, WK TRl AER N ) L AR
TR EE, 3AENUERTRK90%, 104 N HERTZ1580%
PLL, S R A O A R . FE
FEAMBTT & T Al FET A DLS, eSS H =R A
Al——m R . EURFNE G (lm PR 4 GO R T 4 f5 5
AR (11~17 % ) 1 BE T A G 0 o o SZ 0B A
FRAE AR ZR T 1A (area under curve, AUC), 43515114
PEEEVEATX L, PPN RIMERE . Horh, I R ) 3=
FREEE AUCH0.90~0.97, THAEIESE 410.93~0.94;
USRI Y T2 AR AE AUC H0.93~0.95, AR 4E
H0.91~0.93); IRAFIAIA FEZEEEE AUCH0.97, T
REHEE 40.97-0.98, ISP TA R PR AT $252 i ]
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OPERER . BRAh, AL AT S S S 6T A i
R BRI 2 AL TSI ReR . Kt
B, BRSO R E R
122 HRIR

T OCHR G —Fh L 22500, 1R Do /KA PR BEL A
o, DAL Sk MR IR S ZE 4 . s PR IR 4
AR RHE e S ECA T RO T A ] AR Y R
JRA L FEE] 2040 4, RREGHREERINE] 1.12
259, AL, AR OGHR B R TCREAR 15 0 1
T AR . BUWRCIE T IR M ANGS Y ZIA AL
Shigueoka S H: [R] < (i I F 462061 £ 34 1) 14 034K 111
WA T 2T UL A (spectral domain OCT,SD-OCT)
R ARAFEAEAE A DL R O BR IR, 30 AN W78 A
B, BE AT TR IR R R M P L i
B, ALZESERAR A e AN g A ARG 7 5 T A 4% T
KHEVEH].
1.2.3 b 48X M7 52 K M (age-related macular
degeneration, AMD)

AMD 2 &5 [ G N s e 2k 1) 28 5t
o BWEIAL R T A AT LI B B T4
B, SR IR ATE RS, I TAMD BAT AR
BVERRS AL, IRy R P BT A IRl E T RE D
)R E LA A . P, SEERHT T A2 Ty
BIrIra, B AT LE RN BT E A FoCT
KAy SFRAIS AL TR, A RO TRy, it
Hb, FEEWIAA AN C O, P2 s R
B 1 R M DN B4 AR AT T REARFIER AR k. 131
el A TAMD I | P J AR B4 T v o Bl AL A
(Marc Amsler) & i) ] 48 Hir 5 2% 2 A MR AR 5 )22 Wi U
RO E i R IR AT MR, nT LR K B
WA TR AT . W RS ATIE , ARG —
AAZWRNEI TR SENL, TG e E 4, Ak
A 0 3 R A AR By do e B e A e A
b, W A A A BRI, IR
FASC R RS 12 X R
124 @Ak

ATTESR 5 J 8 1 P R M DGR RS 1 T A B
KT, AL TSR IR T TR . R TR
KT IR B SR e el i, S T /N L E N B 8 3 2
1297, s R i*ﬂ(support vector machine,SVM)%I]
softmax/ S 4% GIE G I BRI TALUAH LA, TERF SR
REE | PR MR X 3T R I TR
fiE—— ' (89.28%. 82.70%71193.08%) . 4325(97.07% .
97.28%F1196.83%) . — 412X 1k (89.02% . 86.63%Fl

90.75%) . EE(92.68% . 91.05%%1193.94%)>¢, JH L H
FARE T P RSy TLSS

1.3 IZRREFHREHIARZFF

IRRBERST RARLR G RIHAEHOR , X i ik
ATMEINANZR R, fEiE ST, R BT AT LA
R H a3 B 7R S S SRS AN15) Z ) 1Y)
FIE, BA)T TSR s a], rAER R
PRE A 77 T LIS AR
1.3.1 JA TDRZA & 57 i & 677 W9 ATH R

—H LIk, DRIZFHf A H S I B2y TR I G5
Ko R, SRR RSB IR I R 2R 0 1R 10
PN, ZEA AL A & B Y S R IS (fundus
on phone,FOP) i I sl AR 5300, SEa 1l R = A AT
NG TAEGS, PR T s s, Mok 1 AFE
i X IR A B A A A Y . FAE20104F, BTN
RO AT T ER AR Y T DRI Al ——#rn
Y5254 DR 114l (Singapore Integrated Diabetic Retinopathy
Programme,SiDRP) AN PUB I 1 e B AR IR R
F, MR ZEGRFEAE W RIS, e
JiE 45 A o TR R AR BT AR, BRI LASE, DA
DRI H R EFIEA FA R E 4 ETT, IDxDR
Je— FLEME— SRS FDARAUAY [ AW R 4.
132 A T/ UL A X (retinopathy of prematurity,
ROP)IZAZ [& 77 Jf &7 (9 AT Kt R

ROP/Z—F Rl o B A e, 5 IR 15 31 Mt
RUFHIRYT, BRI REARAL Jy 2 5 [ PHHE I I 25 (retinal
detachment,RD), FEEE AT B s ek . LY
i A R S IHRYT CIE S A R B G T-Be . AR,
TEROPHi & J7 AT A AAAEVF Z R A /2 o e 56
B, A 119% BYIRFHEE AR RRAE 1 XL E (240 IR B
17 ROP fifify, HZET /D (6%) IRFHEERENSXT ROP HE
FTHOEEEAY . ik, HEFROP i i By 7 i
ARAEF WE . AT SN 2 M A AR
AL RIS T i . BrownE P T3 TDL
M TROPIZWT TE4L% 100 SKRIEMG A KR
b BRI T 919 FIMERGRA 0.92 1 RN k
A2, 784S 5K MROP L R {24 il TiZIE
B, IZAER TSRS B) TUESS . Flt, ROPZLHE
i A AT AR A R A B 7 B IR S SO A AT S,
B ik St (4 SR SR T RO RERR ST, AR TEHE
{5,

IR, ATTEOR B KRR PR S LIS I A
JEEAIEHARE I, BRI FORKUE |
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PRHRRIE SR A AT TR IR AT A o B T
BRIy N, AUERZ 2NEIBEN BRI, 04l
S BRI WA AR 22 S sk = T e, (H—I0
BORBYRE, AR 2 T A g A RTE .

2 BFRERARNHRIRE

2.1 OCTHARERRFREMAERHE

OCT/&—FpE iUl Z UG AR, T A 8ok
NIRRT AR AR SRR PN TR Z5 A N AT AR A [ R
T EATHRMREGE S . . ERA L 0
e EIA, BT ZE HTIRBFF AR AT T4
OCTimG ZFp2eal . 5 —fROCTFRMATIOCT, H
YEAE AR ARt Ao CT, XA E-OCT,
PEE TG R MAGE . FRISh, BT Esa
OCTHIWFRIR S, FHeARhoCTR AT ; FAR Wi
B R OCT (microscope-integrated OCTMIOCT) Fé [A] S
PRAN T FREROCTIA 2 o Y F il iz i HEoCT
A SR SR = 4E R RIMIOCT, A B TR
BRARG:, ZEMI T FARTARERAL (S B AL
PEGANE 25 [ f™

2.2 S FFAZHEIA (molecular imaging) 7E AR T} BHEE 75 T
Fiapeids

Ir TGP — TR AR R A 7 AR 16 A
AR X AR R 0 40 B U A A T T A B i
AR, AT TR AR 2 . ARG
I ARG BT o HIR 5 e 14 30 % B2 B2 R 7 A
DR R Eh 2 8, PIIRARSSHRE A, Ak
TG AL A, 5o TR R BARNG iR 12  HIR E fe
R TR BT RGBT R AL Z 54 1R
1% (positron emission tomography,PET) LI HEHLIETZ
Hh (computed tomo graphy,CT) Y] F 2 WA e i e
TR, FIFIPET/ CT 52 I W 00 i 2% M55 28 €00 2008 A
oL, A BRI S, AT RE R R e A iR
KB

2.3 EFMGIEIDEEFHIGIFTIHRE

P27 S AN CTH i MIMRIE (88, mT LA
I 3DFTENF O TR = HE R, Sl T 4
PR = HESLARARAS , RORFE R TR R  TARE
FHE AT, BB REIEE, PIRSCE TR
R BE AL AT LA 2 R B AE 0 S R
FRVMEIR R, AR, R

MR T AR, Bl (R B TARICR: s s
ALY o AMRHEE ARt AT LRI 3D 4T B il 44>
SRR T ARMLAYY, T B ks B I 45 6 TR

[ETIRN

2.4 FHNBFIRRERSEGS PR LR
&

173 B R PR B i 25 2% (R 20 3 ] AT
e BRI KA, A 1R R B B R
PR B BTN A BT RGE, T9 256 T 2R
S ZA R BN, BTEMsRA %, S5
HR o AR A R, TEAAL R T T IR AE12) 7
FRER T .

3 ZLHER

31 SUFMZImME

L7 22 25 H K 2 5 A0 ML AN ST AR
HA R R Rz B aldoin 2l 254
s R YA s, S SR
SEPERT. FIRUERR LS 22 2om F T IRER B . fA
W T CHR LR LR B IR 725 T T UnzZh gk
LPYE AT EFRARL, AT AR B AR R
TRELELEN, PR BN BFEIFR AR
BE, AR T 25 W) 7E ff IR 1 A A% 2555
], KT 4A255%, B T 250 R,

32 5EIRFHNZXHME

T X BB AR i S AR R} R 2 A T A IR
ATV, XTAEAE BUAS A R R RO A TN 22 0 3D
B, FTEREC e m AT R . ST 45381, 3D
FTERTIVE R BL A RO A, B T4EBR0R, B
RTHAERAS, e TR, EK TiR&MH

Hir™.

3.3 SitENNLZX#ME

= #i5}1H] (three dimensional animation) X FR3D 3/ iH,
LR EH I ZFEARBHU S, BT 5N
FLMERA B, IR T AR BRI N T
R, RSN 1A R RIS S
B T E R RFAECARCR, iz T4
FE&Llk. HED, ZI0HRHIHE AR E &5 EmA
IRBMECFF YR eah, B IISE (virtual reality,
VR) W HAIE LA MR B 1) 27 20 vh B3R T2 > ik
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PERZCEBCRME R . B AR BEDL 53 A 50 2R
S LA (polyvinyl chloride, PVC) T E 77227 i X HE 21
FE FHVRIFA T A SO0 2, 7 Bl 50 56 v (7R 5
U6 40 S AR (80.55 + 11.99) 43, 1M Xof MR 2H S 24 B 45
(71.68 + 15.82) 730 4R /R, (VRIS THFA B
T B B 2S5, U A BEAR
&

4 G5B

TRV EAR BRI A 1R SO AR 2
Bl T RIS ERZEHZ T, BFIRBHOAR
e AR EE R R, BRSSO
BREIAS DT A, HAT BT TR AR . A
SELCHARATIIRAL TIT R ARR B, k2 I PRI 4
P ST, DA I RAR A 3 32 HE L5 I ] AT IRE L
BRI, HZIoEER AR, B RELIR TR AR
PEas, PEREPRIPAT LAY R R RT3 A A
Wit55 7, A IEAR B 12 00 o AT TR N PR =
AR RARAR], Oy BFARALEOINOLET | R RLER)
IRRHSYY, BlEE R psts s . stz PR s &
PS8

FFRINZR A TEE LA £ e
FF AR EN S AR

ASCiE T AR AL =R PRl (Creative
Commons), FCiVFEE =7 H P i B 4 (BY)-FE R IL 1
{81 FH (NC)-2% 1 28 (ND) (CC BY-NC-ND) () )5 4tz |
RIS VFEE = XA R & R SRR AT B . R AT

DN 4 SN - 30 R LB (=9 SN S - OFAPAN i3
&, (AfE e B R R B4 . AR TR
Wt B, AEFTEERIE, PEREIN : https://

creativecommons.org/licenses/by-nc-nd/4.0/ .
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