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Research progress and prospects of thoracic surgical robots in the Al era
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Abstract The development progress of surgical robots in the Al era was reviewed in this paper, with the explanation of their current
applications, the research, development and clinical implementation of specialty-specific robotic systems were also summarized. By
analyzing the adoption of domestically developed surgical robots, a potential architectural framework for future thoracic surgical robots was
proposed. Furthermore, grounded in contemporary legal and regulatory contexts, actionable recommendations were provided to guide their
ethical and technical development, with the purpose of promoting the innovation and adoption of domestic thoracic surgical robots in the Al
era, ultimately improving outcomes for thoracic surgery patients.

Key words  Surgical Robot; Thoracic Surgery; Artificial Intelligence; Research Progress; Application Progress

1 FANBANEZEHTE 2 T =R R R, TR, R A
11RESERE 1985 4F, MR FERPLIEAT AR ESR T FARILEE A, U AESOP, ZEUS 5%, Hrh,
ALt A AR P A, R A e, SREESEAMRLA Rl T F R IR ZS A F AR ARG,

S VEAZ B BT T 58 B T B GRS A4 B Bk
HRIERETFA, HAHBHAER TP, T Tk
HL#F A Puma 560, )5, FARPLE AL 50 H

TR RIBET . B A R AR S
JBRT Y, A H TR RO 12 BT ARBLE A FR
Gt , HHFEE A LA AL BTk

HEEWH: WISESu&itk (2022C04030) ; BRES#t&TH
(JBZX-202007 ) ; WIEEADBERFATRIINE ( 2023XY244 )

Foundation Item: Key R&D Plan Project of Zhejiang Province (2022C04030); National Key R&D Plan Project of China (2022YFC2407303);
Zhejiang Province Lung Tumor Diagnosis and Treatment Technology Research Center Construction Project (JBZX-202007); Medicine and

(2022YFC2407303 ) ; #NI&MMEBMEIZIERATR P OERTE

Health Science and Technology Plan Project Zhejiang province (2023XY244)

I AR WE, TiHE, BEE, & ATZENRBIRIFANEZ AN ERZREE J]. B APRIELE (hERX ),
514-522.

Citation: LIN T, MA H H, HUANG X H, et al. Research progress and prospects of thoracic surgical robots in the Al era [J]. Chinese Journal
of Robotic Surgery, 2025, 6(3): 514-522.

1#ifl{E# ( Corresponding Author ) : SE#88 ( WANG Luming ) , E-mail:
i WE, DO AREE—EE

Co-first Author: LIN Tao, MA Honghai

2025, 6(3):

dr_wangluming@126.com



HWEF . AR BRI F RAIEANF R SR SED

g T ARALES ANAESNRITUR 32 W, fEFR I,
HAf Bh T R IRAME F AR B R e 2, TEMSMEEFAR
BRIy PR A L, U | Wt . BRI i TR
FARVAABAERE =, RIGHEL, BEARZA
HAHEMNENERNMST R AEH RS, B R
FRATARENTFRGES, BT FARMERE, Wb
THRFEAMG. B, &fZETZIEET AR
ARG T NMPA HibuEIF BTy, Bl EE AR GEE
SFRIEEZ © L I AR B ARV A IRA R TS,
BN YT LA AR G T ™ R T A e e 7 R
Fe B A BR 2N w9 MP1000 HL 25 A %5, Hidr, g
W S MLAR A [ 1A R 2 AR il 15 A 7 1 s
RIGBEE, BT 2245 shig AL 5 e T I i
AR, SR T AR RGN seah, P
FE DAV E R T, I EAT /N R A AR
Ao BEZ T HLEE A SR1000 H 75 MM HE 2 L 28 A A FR
NI, R TR BIHT 2 T e b € 30 3 o A
JE T NE IS R AN A 238 18 T A 0 I B TR
Mg, F£TF 2022 4F 6 H AU PR IMEH ISR 15565 —
FEIT RS MOEMHIE, 2023 458 H 22 H, &H T4
JORE S ZFLIE B LA N —ACHLR R A SEME DO B
LB i OB ] 2 2 WA D BE SR NMPA
fee, B BT JERURBRAR A BR2 w i & B AR
i N BB B fLTF R 248 (SR-ENS-600) T 2023 4E
6 JJ UG NMPA i briv, 2 [ Py AL s 5 S0l i
A LT AR A B A E0F R TR
Ptk ROGBERESF ARG “Mih—" , HR
FHE N B QB b T, n AR BB N BT 1Y e
BRI, BT RUIN  fH R IS, A
. BACkRE, REESTFARILG AL 7R
br L, Bl b5k HFARIGAR
G = S 2R, = Y A AR
o, SR, 8RB AR AR ARG
KREE BB TR RIEFMCRE, BRI TR
RS Kok, WEDLRSWHBTEL, FiFHR
WAL RN 5, BT AR ML AUt A B S B o
MIRA L R R B
1.2 FAVBIAMMAIRK 21, ATEARHEA
KL RN, Al 5L AT RS S, NE
SPATIA Ok T W mak. WEmR AL SR T R, A
BIEIBITACR, AR A, (EdEBEy TR

ML, HESh B ESURI IR Z AR S T, TR
B iRml . B A TS W AL 2591 e 55 U
ATEORB R B 25 AR . BAKT S, i
RS2 500k, ALRER A Zh i pr R R 1R,
I B LR~ > S0k Ao il Bt T b, TP
TR £ 2 R RS HE RS AR 2 S s i ), N4
SARATIZW, MRERRSI T %, IR EIE
I i 8 SR 2 A F A TR N Ak, AL R
A 3 B A S AU AT T A 25 4 2 L S R 24
Yairty, 1e2gWt ki b de i 17OB 2 A SR
e FEAH G2y PRt i ™ AESMRRLAR AT A4
S, ALEOR Y FITEAARBE T AR SEm AR S,
i 1y B U A PN Kk A 5, i L e
AU S5t ARTHFARBOR A iR At T4
s 1

BEE AL, WUk SR B G R e 538 b, F
=B T AP AR BRI . H AT AL
i N BT 4y 6 AR 0 LA A
JUERE; 1 SR RENLAR A AT PAT ) 500 A B A 5
2 G RENLE N AT [ 3 58 i 2R A 4 Y L LEAT 55
3 R REMLAR A AT 25 58 TR H s 2 2 5 B
4 R ReHLA N B B — MR LA 2 1 [ 3l ik
K5 5 G RENLAS A JCTH A L U Rl 524 [ 3l
WAt TR SR, HRTRER BT AR LA N ik
HORSEMRA T, AIRIIEE, B AELSERER, B/
BRAE O el 1 4%, = AEshASFRINE PR GEI]
FIERER ) HARIIRE ST, = nl AT R 28 F AL
MR RER L . ETARLE AR AR h, A
REAL G A R IT M 2 — o BEH N TR BEHORRY
AW, TR T AR & A 220 AL
AT, LASEBU R E B - T AR 7 R R
B o X RO VLA N —E R A
REAR IR TAE, SCBLA 3T ARBAE R 20
BB ILAh, fEBIHLER~E ] BOR IR .
HLas Nt — AR TP AR Ak . —EikAn
el AR E B AN B A, O B R
ek "

B AR A HE A5 R FH R 4k, AT
B RET AL AR RS A 7 Uk 1 3 A
MW PETAR . PP a T A, RoRALIRBERS i
Z M BFE R LRI T RCR o

515



& Z£ik - Review ¢

2 BERFANSF|AWHE

21 BRFANEAN  BEF AR A A 4 1)
SENCEATRAL, 75 BB A A R 0 R,
T AR, R, HErgasME
B BRSSP E BT ARPLAS AR H T F
ARG, BN RIS BREARBLEEA,
HAEERIME, AL, a8 FR &N
FRCE AT AR O AT A Bl R A e A MR IR T B AME
SR, S8 R T v 5267 B PN E AR R O A
FAREE, Hup, H4 52 FA &5 E N8
HRFARYLAAE RS TEMK2IHBGES, B EE
ARPEARR . BARTFBH— BRefKPIR. IR
TENIEAE SR ), TR R R

22 BB FRINBA MAEHBFARIIEAN
BRG] AR B E AR GO, A RS
A, BRERE S R AR TR ™, ZE N R BT RR |
I 2 1S L, 41 8 AR P A S IR A S5 P P TR oA E
PrfE >, E =2 SRR A Remebot (65T
ML A A BR AR ) P AT LA sl A CT .
MR. PET-CT SEZ 5218, BNk, 8.
I 2L 2 R 45 I T = e AR A I, B e 4
T ARBEAR; 4 A K RV R 2 Fh TR
A, AT T A R A AMAN S TR BE AR K
2 B R A AT DS BR A AR,
BFFARIE RGO . EONIREE# 3 AE E ™ T AL
Nl BT e v i 2 i S B 3 A I e 2 o 5
TR PRI N BE T UIBR P sk TR B, FAR
IBITRORIIRAT, WA T E I RAE I

23 MER / IMRIFARIBA FARYIBAHEAR
BT I ATRTT RS, FRAS T EREXE
FOMRE S48 1 S 17 R ) 43 Wl 8 HLER ARG
FEhFEVIRARG . SHT N ATF AR
ZNYENFENRARG, HARG MBS, #
A TG 22183, 6 R FEH TAL 28
A SRR MRS . E S RN A RGN
2%, HSLR b A v Rk A A BRI A e R B,
A5G G T MER, A 3 8N AT AR AT
e, (HHAARAMNE, M e A B 50
FENER N RGBT BRI (] 8, DR, 3 Ak
A2t BRI R AR A APLES NGB

516

BHAMEEL G, A, FEFEREEN
A Wy ek AN SE P PO, AR T A RN 2R T 0
M AIRIT s A AR RER T LA A R AR AH S
G, WA E R 4 . AR, TfE. HATE N
R e HE I — 300 A ARSI NN B 1R 22
Fbsk & 22 B AR/ T

2.4 BSpRIFARIMB/A

241 ZEFRFANBA  MEIZHFARZZH
YT IR A B, H G e B g RS B M 4
FARBF R I, Rl PR AL N AR B & i
AL EIfRd, RSN PR T —k4 A shaE
BFLas N, RADUE &I, S8 T CT BMRE1 =% T
19 B 2 7 % B sk sEfl g, Hogr fiDRS B & A 3h
R B, (R Jy i, HROESE A ™ BFoE
—FPZERIPL AT R RS, U 2R A g
FUZE AL, B0 UE T R 40 HAT 48 m g il kG 1 &%
AR IR R T AR S i) 2R T AR AL AR RE
TR, et N P i TERIT LA . PLER
NEEBIA . B2 HAR N R RIRIE, I T
— RS TF R P BRI S, FRTERL
FARE SIS B SE R T AL AL S 4
BRI, B 2e A RG00] LA R4S FALE A 58K
FERIERAE, IERF AL A RE LA AT 1

242 ZREREFANVEAN TR AL L ES
REERERA T . AN SE N, AT TS E DL
TR B ATRYT, ST BhZ Wl 9 242 1 — RO B
ARo 202243 J130 H, PUIRFAEVG B B4 R R
P2 XN Fh Az 40 AT BA R e i T 4 4] AL
YN TIEZS RN )| o TR 0 NI (K N
1 Meta 7300775, Hlas A ZEBE ( MonarchTM
M lonTM %5 ) TEMIZS TTiBW &4 AL, B
RIS, & UEBIER AR S KRR A
BN . IRE AR, (HIRFAREZ A 301k
T HEREN PR TR S BT AR N R il
FTrT AR TE RS, RS T R SR 2 N B
AR, RESEBART M SRR E . AP FARER
F SRR R St e, B T N B S RS
RFREE, MRS FAREEAM, i, Bl
SR RE MG R IZ WA (29 70% ) ATHIK T 28 1 i
FRIE RIS IR (4 90% ) , HIUSHEENLES AL



WFES: NIRRT RILEA LSRR REE

REVENE, HEREHRAT Rk

243 EFHXKENR/A 2022 48, ABIBAKEG I
M5 500 54l #ITTRZEMLAR A A AT L KA
FEITARE, IR T MR IRy, R
FEAEMCEERY E AT R RETI 9, (ERERS A Shidkis i
WEBE, RIS 32T PR AR R R R TR, B AL
bR AR A S B, Dok TR A 5 B T
EARAEZNRE, SHFREYFA, TEE
JEANTIGEUR, HEME I THT7 . 1% H Bl H R
WA R L CUURET BER BT,
BIHIT M2k, 20 RFESS T, HErt e
WFERL, I RAIL YT, 4R BoRiZA X
LA N IR eisE (aniEl 1), RERSIA ER
HEAE ) R, SRS S, (AR ShEE
P RBE A R T T H 4025 & R E A&
20 KB, PP UoE T sk Bl AR A,
DS RESS B4 i W B T AR S P i, IR R
VHIE B, AR R

3 EFFAMEARNAE

H A = F AR AL AR 7 FH S0 = 2 50 by
FFFEARPLE A . MBI FARILEA . BT AL
AL MAEN ATRITHLERA . EEBEFARILEA
R AL TFARYLEE A AH B HTEGEARE A FERTFA,
e L B AEBRBLAR A TE R . AT AL AW
RIEHHBMT
BAEBEETWN 7556 HAMIFT, HiKEDE
RGN AT AR . BE R EE G R
Wit — 20 R AT ARMLA NIGEE S IR AR |

tH R BB ENHE

Rz iR B

B 1 EFHKENRA
Figure 1 Demonstration of robotic scope holder
TE: A RERE; B SEbRst

EHSRAKTEE

N R BB B R A SEEOR, S BLIR A [F] 25
K HEHBIE B FE T

32 R TAIAANM RS — Rl fl 5
N TR BER B2 W HE ML T ARIT SR . FANL
e AR BRI S NI E R G AL, AR
HA RO B AT RA RS, B S R,
AEF EARAS, e TARZ ek, HTARRE R
PP AE

33 ERA  “HUUI” HEE— B HE T LA
PR AR, FERGF BRI, T R
LR, R MR E A B0 T ARPL G AR R
WA, PR BT, B E=F AL A
PORBBIEA, WA BRI, SRR S
REALIR IR, FAPA NN — . —LIRAT g4
PR = g

4 BgSMRI NI EGEF ARV AR AT BESRH
41 REEMR MSMR— XL Rl AR 2T Y
R Z ISR R LRGSOV BCR, B7EST
3 AL R i 2 L B R . R
FARHE NS W . ARPREARAE . ARSI e Y
A, BT ORATELR . AShBER . KEEADIER |
D2 Al R 5 B S A B A5 2 T B B, 5
BT MSMRRG TR REAL . MR SR kst
B AT AR SR LRI 2, RAIG eI FLR5 I
PASCBRIN IR . DRI B AR B e 55
VARTBEVIBRA N ], AEARFTES B BL, AHT
PRI LA B AR, DRS485 7 A o
B, FRIOR AR F AR AR M TSR CT

517



& Z£ik - Review ¢

THEARER, SR AR R ARSI AL A E B
PR —4Ezs mfE B, BIEETMIES . XREM
AL MAE RS, AIMEHE AR T E A
T2 BE, A B B AR e RS L A
FAR TR, BT, sk A P = g,
RFGESFAF LA NG A P RERB DI A R
NN TR R A B, RATHRIE L REY B 2h
G HT R ) AR, O A TR R AR
SEIFARIEAER AR AL, FEAE R A A 22 5 10 Sl
TR S R, KD BRAR
BB RS2 brAE B BE T SEE . anE s dr, B shE
YEGf 1 B e AR P VIBR S, LR T AR % 2]
. [FRF, BRI LA DU Rk B B s 1Y
S ThHL, AR T DL AL A s R ER R
MPEIMBEFRICTA, LAE— R T T AR AR ik
Mt ate, HEWREH AN, #HEFRIEEA
REfS S B B TR B A A S E, R TIRR Y
Katfotk, JFERCEF EE M ML RE . 2OLmE
PR ARSI, TR T 5 R B I 4 45
MfFEE, W EG PR, T AR B BAAT LI i b 0
FEFN M AEE ), A ITTFE T AR A o s v A2 e
WG EEM A . BRPAEN Pl R BRI T 2
N = A AR AR AT . N T RS R 5 TR
YIRSV, 20 P AG A b g PRt 047 4 27 3F
flH AR 32 BT RO ER A R %5, TR
PLAS N TR HAG B 0 RIG PERORE B, Refg e
AL AR T AT IE) | 888G T REME, HTH
A S A TR ARG, WD A A4 BE R ET S,
TEN TR RERECS T Al LLE A S T AR i E A T
e AR, LB A S UIBR S5 .

4.2 FARVBAEXANLEEH AT S 120

421 =Z#EE [ FAWRZ G ARET 3D HH# Ok
i 22 R T 5 PR 0 F ARG, TR
e . St LA SR B AR S IR R T i e
L AR EEEOR, BEA R AN A T
R By R O 2 IR £ A e L T A R, R A )
PRI R e s [ g, W R RS
BESRLLUMA BOC R, NI T AR 7 S il B 1t
AR LR R RS2 2 R P X — AR
AT DA Bh &A= 1 2 TR B F AR, R fEAR
F TSN IR0 & P A0 LA 25 3L 05 28, AT e Kk PR

518

HWACCHLRAE, WD T ARF RIS, 3D TEREAR
95 AR R HHE Sl 1l SRR [ S A o 48]
(05 1) g B0, e AR AT DA H 5 R A SR O
JE— B E ALY, FI TR AT A B AR A
Wk, EAMAE R T FARIREMZ 20, a1
BLAS NIRRT ARAG LT Z W, k20 7
(B 1 R S Ik 1

422 EWMIMEHFE A BB (Virtual Reality,
VR) HAZE Mot ENER, B7ERIEIFiE
FH P Bl HE ARG i L 5L I ORIREE RS T
HEILEDE R . 2RISR DL 2 145
il Mg, SRR ) — v B LAY — e PR
P REEAE XA FH LB AR DI TR A 2 W] B
MR, SRR IR, & VR AR
SO AN T ARG S, WTLU R EORHE . SRR &
SR TAME M, 5, B ESEHER CT, MRI
FEERAR, ZPORREE QI s R LAY —4E R
PR, AR R, 76 R EE i AT
TR, KR TAREEAS, AL I8 25 L5520
TR, AR T AN R ENE, 5T
TR 22 A P R0 2 B2 B 4R 1A BA 1 IR
P Apple Vision Pro MATFRERETFA, Kook is
CT K%, =4e i @il 5 5 Eer N A ml A Lt
G, RBEAERME TR JCHER RS R TR S,
WHNE ARG . AR T AR, B VR BOR
AU B B A R DR BRIET X R
LU SR R R TR b, BEAEE TR
FEHAT LATE M 7 2 T AR gl B R N 2H 2L A
XL, BROR TR EM: . HK, VR 8RN
HLEs N TR RS e, w4 OR ML 7E
FAR L P RS M B 1k e A Y, L VRIR
i, BEAALUE WA B TR X =4 E, 5
MBS ATFARZGIE S ICaEx 2., H, VR BARALA
B ZRRCE RS, s R, Jetr RS,
A T AR R PR IRZ B EZHNER, &
J& . A VR EORM A TR IREE, BEAE AT L)
FEFH AT AR W, RIS AL
A Jo, T H AT DAREE S T, il SRR A TE
PIAREE ) FARBAEL R, IEHATZ WA 53 B FO T
i, ABFEATHACHEREKE, HE—2is
TR,



HWEF . AR BRI F RAIEANF R SR SED

423 RPLEHRE AR PLBHRIES A TR 8T
ARHLEEAMAGE A, 0 Lt — 40 5 FARGCE IS K
AR 1 — S P R B AR S B S e e e =
5581 AR SR B AR BB, ANl D) G
I3 BRI W 45 R A5 T LA SE G i 2N TR RETFARBLAR
NI FEH R G, FARYLE AT LIARSE B E 0 7 5
FARENE, WRTAROEHIERM L2, — 2L
S SRR AL B, A FALES ABCARTT L G sk
SEAR HSERHR EE A AR A B AR Anb) R e,
DAL AT AR B 55 N L TAE AR, 80T DI
PRAKE B A ROCR a2 N TR AR AL LS
Wi T gh A ATER, AT RIS AR Sk L F S
PEATR RE MR RIS, AT Bk ] DL R Bl 25 20
SUNRHEIE 25 B HER 2 W EE R, OB R R 40 J
BRI ESE], BT AR MR A

A2 A RMEEEEM METHEVIE SR T
ARG CER, ABGEIZS 198 A T-Be 1E 1 1) B s kB By
B, AdE CT I Rg0M] . BB AL LA
A iR GRS ik, B
MR REIE TR ™, Horp, HLER R B S0 R SE
B TR LA A5 ALSRL, ST Xl
SENTHI AL, KW E L. XA G E R CT ik
YRR B IR = AR, B R
EE AR NP | o AT, SR ERURUEMTRE; (5 BhEE
MER A R AR ST RS . R, (8 &L
FRFAE ;SR et i R S0 AR X I SR AE 1 7
BREAHT, SLBUMEE R AR e S5
SYERTIAL T, BEARRRE B R A b A YR i 4
WAL E, AR R meE . S]EN
HRKFR, BATFARPEMERNAFED . SO H
Bl B A A i 85 BT FE R Il B s B Y, i i
HET FARTT R E G, 8 R AE IR AL 4 [
B, e A BR B (B A A0 2, i h T M SR
ARIHEWEAL . AR E .

425 ESLBHMEHAR HEMEEFRP, AT
PRBR EEMEAR T M SR, TRy
KFBEARTE, SHFRMTHEMARR, Nz K
[ BRAES | & (0 T 5B98 o7 AR B, LA g s A gt 4o
BMEZMEFERER, 8RR AT T
. TS B ITEA M T AR SRR A 4 )

X LE AR T ARBFATE ML, il BEXT AR
BEARARAEROR AL . T ARB TSP LU SRR AR B i ™
Az BT R, R N 3 AT BRI I R Hh 2 2
RIS . 9 T s iR LE R, Bl A BOR BT 5IA
N BT A R B T AR SR A T — b 6B i i ok
Jrg P Bl N B SRS B e o . DR R LA B
B RAEsR R E LS, I HAZ S s g
FFENNNRER T, AT, HETRERENES)
AT FIERCIPRAENLA AR WAL EAL, HAZ L
TET F ARG LB 2 Wik — 5, Hl
T NRERS SCI ER B TR AR AL B A h 1, S 3]
P A PR AL B O A MRS SE B S, TR T+
RBP4
43 HimHI Bk SR REE T ARG NLB A3
VIRt BR TG SR DA, 8B LR
MR EEPR A Z — o BEE T AL BT &,
i O S8 ) BORA RIS 5 B 0 A5 g R 14 T
AR, PRGN A o 75 2R ™K A 42 BEAN
VERUPRIE, LARA DR BT 22 FUERH BORR AL . 25T 4L
SRR T S R R EE . TARPLEGA
BT R R A 7 AR g, a3 B BT A
B SRy, HESh T ARHLE NS S 54, SR
7 BRI BRI AR RIS K TR, 5 0] B
N GLBEAT BRI RESR T, R A TH B2y A B
(9%l IR ML REACT-, A R B4 i B T AL &
B JEFIRL o 300k BT BT I AY 73 FC PR B 7 1R 2
AR AR T TR 2K

BEXT S ETATRA S IR, FAT T R BRI 3230
1% S o 1 AT S5 Je sk AL BRI K S RUBTRE ST
FERAERORZ MIBAT R A%, LARTHFABLER AW
RORE- S BEAL K-, AT S A RO T 2 B oK
REET AR, [RIE, #r @SR 5IEMHERL,
B ORBOAR BT St 2 E AL A o i A% B KL
JWRIARAE, B OR T AL AR FIARTA 18 BT
EOR, PREEEE ARG I A

B2, NTHEBET AL ATELS T SU a0 ]
T 5 225 B PRI S RE, FATHRZENZ ML
M, SRICEEG FE BN LA X R o . A I,
A BE L AP AN NI AER], RSy
Sl 9 e FE AN A RRE K- 58 5 Al SR P B K

519



& Z£ik - Review ¢

5 MIMRIFANBANEZRE
51 A= MHERHEN LR, NTHETF
ARHLESF A2 F Ml S 1) KA, I
e C O BT U B, gt MR
2023 4F, EREAT L 500 KEREGIA T F AR
N, HPARZMAETI, 2y - B aiiE
B A ol = 24 Be B R R BB B o X ST ARALER A
AL MG PSR EE U L 1545 B SEE
17 HLZ 4 i 22 M S RE S5 At TR . DA %47
FARPA A R H) 5, R Rk 2ok K, wiifl
GTFAR. M, Pl AT ARICREWD T AR P
B, BEARTARXE . HA, s2ra FANEGAL
Do T GARE i Ie . i s e B £ 48 e U85 S5 g s
BEFEART . s, AT AR ATk
/N BRI e ARG AR T LA 4 2 bk R 4, IFAENS
WEUIBRAR FAATE—E M E AR, SR, AT
BRETARMLES ANAES 12 N F R AT I 22 SR Bk
T B ARAE T B AR , WA 253 FARMLER A,
o B A B 2 S S AR W 2 R B LR
MR T 255, TE A IR 753 FARPL A A LA E
HATRRE T, WA ZHM A b sh i, W
RIS 0B v ) WA B RR A 9k ] e Ah, TR A
IERAEEER B AR 2 R TRl 2 2] S5l 2, g2k
GREPRHARERT), XINE— A2
J T HES N TR RE T ARBLAS AR B 54,
UM BT HLAR ALl 5 EE 3[R %% 7. BURF AT DA
BAOCEUR, $RALTE & SCRE, LT ARG ARIE
B BEIT LA N B R A R A BRI, AR BR
X FARMAR N AR RE ST, PR AR R FH (R 1
HEse REE, i rgein kg, ST
FERINAFRETAL. B Refd a5 R s . B Re i
Ml 0 R RE DT . R RE DI BRI FEIAL . R
REPL A PR 2 — PP a2 R D BE B T ARHLAS A7 i
DLt AR BT BB 755K, HES T AR L& AR
A R 55 0 o TR AN 4 BE AR A U - ST T
“BEEEE T IR R o N RET AL
i NI B S A BRI A Tl R sk 1 AR 5
ARG E. Z4 . W MERRAWE
RSAS IR, ARAE AR 23 B 2 1 BT HLAE A
B TIX— el BRI T ROR

520

52 R SEMMTEE MHEANTEETFAIAAN
O TRIER R, AR BE 51 RLAY 58 38 i — AN T 200
AT o T AR TR REFARHLAS A% 2
R, W ZBTHE ST A% BAC BN R IUHE SRR 45 HAJ
K BHME L X —HERA REORZ T, iE
W TR, REH AT

TEAEBRZ I, N TR RE T AL A% A B 42
VU R 2 e SN, R AR H Y H AR
Ko B, 7EFAHE, Plas ARG T & HRH
FARBNE , BUPSCRAERTT % 1ok, PLasA
RGE NP B E R, B T AR RPN
REAPOREE . 7R MR, A% [ BURF ) 5 AH
AL AR R T BEF AR A BB A R
LR T ARPLES AR E . I ALH . 53
FRIB SRR, an, B T s HLA Sk 71 5t
WAL Pl AT AR RGER LR,
PRHAERF SRR AT SR T 7l BT . esh, o
TR AT R BLAIE BRI MR, AN TR RETAR
BLASF N ORI 3 0 P 3% 30 7 8 7 ARV 4 2 P
P AL B B AR 2, PR AL AAEDI K FIE
FH I R R 0 2 ST 8 BRI L ESR, Il ¥ A Y
XU 2] 25

B2, RIS E RN T T AL
WK R T SR AT ST 1™ B A8 LA R
HESR, A REF IR T ARMLES AAEBRST QU 242 A
BOSLHT, D9 NS A f AL At B RGBTk

6 BREERZE

LRFF AR R F ARG KRN E
Tito FEMGANRREIR, A TR R o R B
Ay =, apH RN B AMRFEE ITPRA T A TR
HIZWr . 07 DIBRVE BRI S5 55, X FhAR i
2t B VAT REM SE B AR AT BE. S
Ak, BIT N TR ReA el DR SNRREE R 12 T
HITRIHUG SF T EI TR, SFARMAE AL,
BIa, B TR M LWL NTERS R . 1297 bk
FAHBI ST LR, E A R i SRR B
ENTERREARMH @k, AT RE T
NP AEET ARG EfMmar [k, bEE
XL RE RS CHEALT L AT UL TS RE S 1R
A 205 B2 A i 25 > L X AT i A% 45 A o8 Ik



WFES: NIRRT RILEA LSRR REE

L7 Ak, ARARBEST TR BE ] REARIBUE F 2Ry
WD KA AR TORE, A B R A HLER Y
2, AR SR R AR IR T T R, e
AR RIS, AT RES R BRY 7, B AR 55
AR, i, FARPLAS A e B SO AL 55
TAEF BEATIZI BT RIS DAL i R b B R
WA BE S5 TAEE . BEIPALA LL R AL A il v ] B
WU ROEHRsHE, TERAEREAGHERRT, &
HAL L RE TSR S8 P AT AR 0 B SO A,
FARYLES ANBAELL T59 N TR REsIC N TR RERTEL
T 7 S 5T AE S BT s AL A i 3] 1 —
SERERT . FEVPAL DA I VERE, R N
THAE A BN ] 5L A3 R T B 7 T A R R
FPHARMETHEIATHAE . X TS aoiiE,
RREMACS PG N E PR EIR R, I ET R
e AL GNIERL], DUHBRGUEINE B FRRT o [RII,
MR H ARG ECR AR TBe, SC Bk BAE”
REAE, TR AL R C R A E e, BT
SPRORIE DL, W IE I B 5TAE s U ek 54T
HF BT . 7ERMEE T E b, AR B
bR s & BB AR iE, X3t B F T AR A B
BRI E B3l O BT R, DA DR BT 2o B A T
FoE . WA, N B AL e AR L,
TR R R E ™ 27

M, BEAN YIRS BT ATAE R 4k K A
BA. AR RZEIN E Sy, EESHREARER B
SO SRR R Z A B F- 5 5, MR BT R
Plas NBIBEA B4 & N TR BB, B ke 07 |
LW RS RS T R T . DIERYE
Ml Hex A e UIBRSETT T, AR RN
HPRHEE

FFHMRER: AXRGEETHE TR,

TEERMA: WE. L3s i wROHeER, RE
WX Fak SRR T B AAMK G TR KE A,
WIAEH AR ERY R TR BARERE, 5 FBRE L
TR AR ¥ Bl B R AR A
S Sk
[ ElRE. L&EATAR RS 1] FRRERAAR A T2, 2021,
2] SEEZL;%SEHE - RIERTHER R AR ARBLER A ()], DLas AR

& (P, 2022, 3(1): 1-3.
[3] BRI, JEFH . HLEF AT ARAEMIRIMER G FHBUIR 5ok K& e (1], sk

RS AMRHR S | 2021, 4(2): 49-54.

(4]

5]

[6]

(71

(%]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Boiie, AR, w45 L HLas ABORIGYT IaRREm i IR K st (7).
B AR L 2021, 41(12): 1272-1276.

BEEUUC, TR, R AL AT ARTENG SR L BUIR 5 2 J (1],
HLER SRR AZRER (F3E0), 2022, 3(5): 367-375.

HEEM AR IR HLE G B TR RS TS ()] BLE
MAMRIEE G (R3S, 2020, 1(4): 286-293.

WA . N R REM L SRR (] 19851, 2017. DOI: 10.3969/
j-issn.1672-5719.2017.34.224.

SR N RERY KR BUR 5 R R S B (1], /Al A S R
2017. DOI: 10.3969/j.issn.1673-1069.2017.10.052.

Panayides A S, Amini A, Filipovic N D, et al. Al in medical imaging
informatics: current challenges and future directions[J].IEEE Journal of
Biomedical and Health Informatics, 2020, 24(7): 1837-1857.

SHI F, WANG J, SHI J, et al. Review of artificial intelligence techniques
in imaging data acquisition, segmentation, and diagnosis for COVID-
19[J]. IEEE Reviews in Biomedical Engineering, 2021. DOI: 10.1109/
RBME.2020.2987975.

Mak K K, Pichika M R. Artificial intelligence in drug development:
Present status and future prospects[J]. Drug Discovery Today, 2019, 24(3):
773-780.

FRIE | SRBKTE | WP, 45 . LR AR 1 Sl Ak BT s I (L
WGP )], B 5 AR L 2023, 44(3): 69-73.

CHEN Y, WU Q P, ZENG D W, et al. Opportunities and challenges of
robotic process automation in healthcare[J]. Journal of Medical Informatics,
2023, 44(3): 69-73.

YANG G Z, Cambias J, Cleary K, et al. Medical robotics-regulatory,
ethical, and legal considerations for increasing levels of autonomy][J].
Science Robotics, 2017, 2(4): eaam8638.

e, AN, BTN, F N GE S HLE AN HT B B2 R SR
53 (7). R TARRL: | 2023, 25(5): 43-54.

SRR, NSO TN, AR RIULER NHEED R BT 55508 DR
T PR A B B T TR A (0], P, 2023, 36(3): 221-225.
Choi M S, Yun S H, Lee S C, et al. Learning curve for single-port robot-
assisted colectomy[J]. Ann Coloproctol, 2024, 40(1): 44-51.

Beaman C B, Kaneko N, Meyers P M, et al.A review of robotic
interventional neuroradiology[J]. AJINR Am J Neuroradiol, 2021, 42(5):
808-814.

Khanna O, Beasley R, Franco D, et al. The path to surgical robotics in
neurosurgery|J]. Oper Neurosurg, 2021, 20(6): 514-520.

WU S Q, WANG J W, GAO P, et al. A comparison of the efficacy, safety,
and duration of frame-based and Remebot robot-assisted frameless
stereotactic biopsy[J]. Br J Neurosurg, 2021, 35(3): 319-323.

YL B | VER . ILAABIINT HICH 8 5 LB 50
SIFA [J]. BAEEEE , 2024, 7(1): 28-30.

AR, WIKEE TR L A AL NI 2R B i Sl ko DBk
A ) EUAERESE L 2024, 7(1): 24-27.

Saliba W, Cummings J E, Oh S, et al. Novel robotic catheter remote control
system: feasibility and safety of transseptal puncture and endocardial
catheter navigation[J]. J Cardiovascular Electrophysiology, 2006, 17(10):
1102-1105.

Faddis M N, Chen J, Osborn J, et al. Magnetic guidance system for cardiac
electrophysiology: a prospective trial of safety and efficacy in humans[J]. J
The American College of Cardiology, 2003, 42(11): 1952-1958.

W BT RS L AE DB AN N SR BORSE
7). MLER A A S R L 2011, 000(6): 25-33.

AR O A AT AL AT (1], b 7 2 s ik
2014, 38(3): 195.

R RS T B SR T AR AL A OCHEE AR BSE [D]. K
KHRE , 2019

HUE , X058, Xt 45 —uerE 2 i 00 R e ) F AR BLG
A ). MUAES T, 2023, 40(6): 45-51.

RIS | T RCF AR A A A T AR PR AR (D] JEs s Jest
SR L 2023,

521



& Z£ik - Review ¢

[30]

[31]

32]

[33]

[34]

[35]

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

AEFEFR XU . DU EARVE R e« 56 B4 1 ] 1 =B Al
SO BEINAS VERAR (3], TP A E B 2022, 37(7): 7.

S, KETE, BT, G BLE S U BETE A T T 4G A v
HEYER RGNS Meta 2047 (11, P 1B O M 55 SRR I PR 2% A
2023, 30(2): 226-232.

A, SRZ L L, &5 L R RSB R T AR ARG [I].
E By rartiacs | 2023, 47(1): 19-25.

[ 55 BEIP AT L E S BEIM A TR TEN R DU [ Ref R 1)
TN (I 2022 011 5)[J]. HRAE N RIERE [ 55 Be A1, 2022, (16):
17-31.

Al AL AAE BT T AR S A R RS T (0], R
2023, (5): 55-58.

WOAE AW, 8, & R R R LS AR
S (9. A E O i A SRR R A4 R L 2022, 29(9): 1210-1216.

B TP AR AF L I RERAHLAR ASMEHSY T iR I
()], N i PRI RZS R L 2019, 26(3): 197-202.

SRR AR, RS, S5 LIRS R AR IS A AL A BAG HE
BEYIBRA SR R (0] ARG AMER L T2 | 2019, 6(2): 139-140.
WRal . BE 005 RGN = TOCURHARRTE D] AL « R
SRR 2023,

Natale G, Leonardi B, Messina G, et al. Three-dimensional lung
reconstructions for the localization of lung nodules to be resected during
surgery[J]. Thorac Cancer, 2023, 14(34): 3389-3396.

WANG L, YAN X L, L1 J, et al. Outcomes following the excision of sarcoma
and chest wall reconstruction using 3D printed implant[J]. iScience, 2024,
27(2): 108757.

Waisberg E, Ong J, Masalkhi M, et al. Apple Vision Pro and why extended
reality will revolutionize the future of medicine[J]. Irish Journal of Medical
Science, 2023. DOI: 10.1007/s11845-023-03437-z.

Lopez P, Belgacem A, Sarnacki S, et al. Enhancing surgical planning
for abdominal tumors in children through advanced 3D visualization
techniques: a systematic review of future prospects[J]. Front Pediatr, 2024.
DOI: 10.3389/fped.2024.1386280.

Can Kolac U, Paksoy A, Akgiin D. Three-dimensional planning, navigation,
patient-specific instrumentation and mixed reality in shoulder arthroplasty:
a digital orthopedic renaissance[J]. EFORT Open Rev, 2024, 9(6):
517-5217.

PENG M J, CHEN H Y, CHEN P, et al. Virtual reality-based surgical
planning simulator for tumorous resection in FreeForm Modeling: an
illustrative case of clinical teaching[J]. Quant Imaging Med Surg, 2024,
14(2): 2060-2068.

Killeen B D, Zhang H, Wang L J, et al. Stand in surgeon’s shoes: virtual

[46]

[47]

[48]

[49]

[50]

51

[52]

[53]

[54]

reality cross-training to enhance teamwork in surgery[J]. Int J Comput
Assist Radiol Surg, 2024, 19(6): 1213-1222.

Vaidya Y P, Shumway S J. Artificial intelligence: The future of
cardiothoracic surgery[J]. J Thorac Cardiovase Surg, 2024.DOI: 10.1016/
J-jtevs.2024.04.027.

Amparore D, De Cillis S, Alladio E, et al. Development of machine learning
algorithm to predict the risk of incontinence after robot-assisted radical
prostatectomy[J]. J Endourol, 2024, 38(8): 871-878.

Kaneko M, Fukuda N, Nagano H, et al. Artificial intelligence trained with
integration of multiparametric MR-US imaging data and fusion biopsy
trajectory-proven pathology data for 3D prediction of prostate cancer: A
proof-of-concept study[J]. Prostate, 2022, 82(7): 793-803.

ThULE | A (R L S L IS R B BUE DI REDL & BT
KRS AR (). A e f 2023, 20(10): 1-6.

Cannone G, Verzeletti V, Busetto A, et al. Three-dimensional imaging-
guided lung anatomic segmentectomy: A single-center preliminary
experiment[J].Medicina (Kaunas), 2023, 59(12): 2079.

Reiter A, Allen P K, Zhao T. Appearance learning for 3D tracking of
robotic surgical tools[J]. J International Journal of Robotics Research,
2014, 33(2): 342-356.

Norouzi-Ghazbi S, Janabi-Sharifi F. A switching image-based visual
servoing method for cooperative continuum robots[J]. Journal of Intelligent
& Robotic Systems, 2021, 103(3): 42.

HUANG J, ZHU H D, LU P ], et al. Comparison of lobectomy performed
through Toumai” surgical robot and da Vinci surgical robot in early-stage
non-small cell lung cancer: a retrospective study of early perioperative
results[J]. Transl Lung Cancer Res, 2023, 12(11): 2219-2228.

Moran P S, O’Neill M, Teljeur C, et al. Robot-assisted radical prostatectomy
compared with open and laparoscopic approaches: A systematic review
and meta-analysis[J].International Journal of Urology, 2013.DOI: 10.1111/
iju.12070.

Tl . BEST TR REEOAN T (M2 DT ZENT (1] $ N BRI
e (FE2REEAR ), 2024, 22(3): 34-40, 47.

AHIE . FARBLE AT BUE SHEVFTE D). EPK : PRIk R
2021.

THE N e AR B2 97 155 ST AL A0 BT —— DLk JF & TR AL A
S5 3] At sk TR 25240 (412 RF 22 B ), 2020.DOT: CNKI: SUN:
BHGS.0.2020-01-011.

JAS B H: 2024-06—19
it BN

QOGO OBOOEODO GO OO SO GOOOOOOBOO OO OO O EOOO OO OGO OO OO OO OO OO OEOD GO OB OOO

(RlEasz: FHERA) FEWHER

(R IaRL:

TEUERLAA ) 1935 T 2023 4F 8 A KA %45 Hy U 7Y g TT IR R~ i o 75 A FELIR RS =
PRI Z A MR B R T, JFHBEAR AR . R SEN AL SEYH S5 X TR

ww~‘” fm A e LR E AL ABAaHE 32 5, W T AR TR . TE
WAL TR
B

=

TR A R 5E L4,

522

RTINS AEE R U I

WRESOLAE . —BERHRAR L WRIARATFA L ORI = AR LR F A A AESL 6
A EEAR S, AR, MUY RS R
FEEL T AR IR R SR R, ) RIATREER I R R
BT AR T A 5 H BE A

ITRIERIE: 029-87286478 QQ: 2713004807

AR TG S



