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Abstract

Background: Robot-assisted pelvic fracture reduction systems can potentially reduce the risk of infec-
tion and improve outcomes, leading to significant health and economic benefits. However, due to un-
resolved difficulties, these systems are still in the laboratory stage and not yet ready for commercial-
ization. While previous reviews have focused on individual techniques, system composition, and sur-
gical staging, a comprehensive review is necessary to help future scholars select research directions
that are appropriate for clinical application. Methods: PubMed was used to search the relevant litera-
ture of robot-assisted pelvic fracture reduction system. A comprehensive search for “pelvic fracture
reduction”, “computer-assisted pelvic fracture surgery” and “robot-assisted pelvic fracture reduction”
yielded 2222, 196 and 32 results, respectively. About 200 articles were selected, and through a review
of the abstract, 10 highly relevant articles were selected for in-depth reading. Results and Conclusions:
The application of screw fixation in the treatment of pelvic fractures makes the surgery more mini-
mally invasive, and more and more assistive techniques are applied to minimally invasive screw
placement. Preoperative 3D printing technology combined with robot-assisted screw placement in
orthopedic surgery is a feasible and innovative assistive technology. Preoperative 3D printing plan-
ning can reduce the time and difficulty of screw drawing in orthopedic robot-assisted surgery. This
also makes the selection of entry points during surgery more targeted. Under the premise of not in-
creasing the invasive operation time and fluoroscopy times during the operation, the perfect combi-
nation of preoperative 3D printing technology and robot can improve the screw placement accuracy,
achieve good fracture fixation, and reduce surgical complications.
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AW HT . FARNEE CIZHT WAL SR VI R AL P [ 5 e 2 Tl BRAT P [ %€ [ 7] [8] -
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N B HRERIRAT [ 52 S STIRAET [ 58 R AR E B AN RIF P AT ik ZTHER AN, JFROED, T
G 8 BRTAE R SORET [ 5€ . AW 02 A0 FER W, BUBRIRET [ 1 75 M AT W] SE AW U
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THEALRNLEE N AR R T80T &R HLE A% B 31 247 (RAFR) 2 4 5K % fift 1% 24 ) . i
RAFR Z 45 (1) B F A A5G DL R LN B B S AR ATTHRI . AR S il S0 LA N 3T
HAI[13]. RAFR R G A IMMES T LUEHIE 1995 4E[14]. tb)E, {EBEMAL15] [16], HPa=2[17], J
[l [18]-[21) A At [ S [22]3#E4T 1 AHCHE 5T .

FEXF AR AR AT [ p, A B T R AR AR I AR, DA BR A 7 RANASK I R R,
DA RAFR RGETEIG PR AU R o JUAZRFFEN B2 LT RAFR RGeS K AR . X SemfF 7L
N RAFR RG0S0 [ 50 & A S B 4R 4L 7R 5. Zhao 5 A[23]41 Bai 55 A [241%F SHIFIHLES A
RGUHT 7 ATMER, 1 Bai 25 AL TB I AL FARYLEE N IR A B A . Moolenaar %5 A
[25]F0 Jiménez %5 A [26143& T v ML B Hr S AL TR P 456 FH 00 32 B2 P AR e BR LA BATTI AR
B, SR, BREER FEEEPEANRLEEAR . RGHRAMTFRM L. KAXBERTHLE NEARLE
TENAETT B A T AR R E

HEPE “ KB PLas AN RGN, RGP ERHE “Bertbisy & AR WA
HEHKE, HTERFRLE. BE=AEETFRILEAN TiRobot K T B — 2 TREm R &
BIFARVARAN S ARG . ZHES ARG DN — AL TE, aT AR BhE A7 f /M X
SRR RSB AT IR E . PSR, fi FERIT% st se il e FA. 5~E8FAM
LG, LA N RGERAERT 0, @ ARSI, B, FAREE, 484 /827]. Liu 5 A[28]d 5] NiZ &R
gt, T4 7 LA NGHBhRLE A [ iR T S AR B M B s A . HRAR K Z T AREAR ELE AL
OB PERE i FEREATVPAY o rp B B SRR )3 1 ity BT LA AL T EREREAR, E BE 4 i
BAITHRAL TSR . AN B T A BT A BT A2 W AR ST 5 TR A RE D PR . AR
PG G IERNRE B, MVEFARGNRE, RIEFARE, LG YR FAREIRMFARYE, DR
WL NTTVEAF 20 A2 R, 6 RERHEE 2.
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N T RAT AR ISCHRIA A, PubMed 18R 7K “HEFITEA” o “THENAHIEZEIT TR M
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MIWETE, HEER BA LU RAHERIRT T (1) REEAINLEE AL (2) B AR EIr(lin, LS N H B
€, LA N B2 00T AR oG 1T BHR) . BATEHE 7KL 200 e BA — AR IERI SR o £E B 3
LT, U R BRI 10 R S0 R AT IR BE I 32 o
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F1. B BRI 5 3 B AR 2 I R R XKy« 2024 4R, Jing 28 N [29]3R ¥ 1 ARl 3D 3T ENER R AR B &
R AP NG BIRET BRI 2B P0G 7 PR 35 R R, DK S s gl B F R HLEE Nl
BIZAT BNRAN LS . HAFFE R, A8 B IrBel Eeibyr+, Aur 3D FTEHEARMY S &5 F
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1) MAKO %%t (Mako Surgical Corp)s2 H fil B RIS s A4 PSS NI TF AR RGe —, FEMT
BT RIR S AT B PR . HIT/EFEEN, MAKO RGF| SN Z 1 (CT) Sl L R i %
(MRIZEHUEF B0 =4, S AP ARSI TR EEE. KGR EMERBTFARTE,
HHBF RSB A AEIE. MAKO R4 HACFREHEEFMENTT S, EME T B FAE
FrE B BRI s . IGIRIE LR, MAKO RZiRER & AR GG WA E ), A
Ja PR, IR BRI, 2020 4, Xu S A[301/EMUAT AT 78 Fh iR 1 2018 4F 11 H % 2020 4F 1 H
W) FT AT B2 A2 AL 3 NS B AT ON B 4 S5 1 B R (MAKO Surgical Corp, % BLIA N 55 4R €8) I £ 2
25 151 B H S UBE A B R TN B (DAA) & G 1T B R (THA) . BB FE 2 iR J5 10.0 mm (£6.4 mm)
WA ZE 0.1 mm (£3.4mm). ARFTIEE WA 2N 5.1 mm (5.1 mm), AJEHFIEN 1.9 mm (£6.5 mm). #{HF
40°9 5, “F3JIEE] 40.7° (£0.97). O 45° 16 B, “FHIEF] 45.3° (£1.0°). “FIIRIHTN 19.5° (£2.4°). T4
1 DAA LA R B H AR SHMUE B G S, R0GE THA TS M — AN A A S IR T R

2) WA NI FARRG(RAS)Z— M) Z AR P N FAR X, @%b “IRFAE
ARG RE. BIRIEFFTIE ARG R R T RAME B MRS, (H e R B 2 Hh v
HATFERFRF, R EEHEFRIIEK. RAS RGPl Nt & M2 AMHE, fls s
AURSHERIOCE, AT DT AOR BB . ANBHE AR SR AELEE AR, AT AR = 4E A0 B A 5 5 R K
K, WAOFRPFHRE. EEEFARS, RAS RGN W UL BhAMNeHE A& ER B 84T, L 5t
FARFEH MA, JCHAEZREEERES EFART, HMEEXEZ. RAS KRG UH T X
WEAE, FAlREXRTREEENYEERTRT, REEISENRESHIEE, %
HEL . 2024 47, Zaidi 55 A [SLIEEH T — P RUNURRE 4 Bh 4 061 B R R41(ROSA), X2&—
T[] JE P BABRIE 7L, F = 44 523 T B AR B I SRR A% 77 9 B3 34T T 3 AN A IIBEV, 15T
et ROSA R R G0 A T 8252 10 e IR T AN IR THD DT B3R ) AE A I FOORG B5E, 7EHEASF & TAETFZ M %
AR P RA R AE

3) ROBODOC # 4t Wit Z H T BRI FARKNBARG . —, FENHTWERFAR, JLH
WX B, ROBODOC R4 4 CT AT A, AMEH BRI =4E1E, LA
PR I e UG AT D BN A A 2235 . 2023 4 Wu 25 A [32)7E MM ATT A 75 AR T HL8s N RGFE A k1T
B AR (TIAVE EF R, 55 E51(ROBODOC)FI £ 51 (MAKO A1 NAVIO) R %t . % CHRTE HIHLEE A
HEIHAR BAR VT AR BRI AR R AT ARATHR, FEAERE TIA JAEMERF ST R Hbr. (A2, AT
R . WAEER, HAREMF6 . MARBG G PRk, UANSENETFRE G2
SR N0 SR A7, X 2 o) AT SR 5 00T

4)NAVIO Z 42 5 — K FERH TR BB E FARENB NP FARARSG. ©4E 7T iHEN
SAUHE AR NG G T, B BIAMRHEE AR LR EAT O B 4 i B kS i A R A AT F R . NAVIO £5¢
AL R AR AT RN S HURRE BRSSO E MBI ARG ERFARY,
RGUAT LURE B I SR SCTT I A B, 3 Bh R A RS B R B B AR i B A B . 7E— T NAVIO AT ROSA 7ML
B8N AIR I B AR v I AT LA SR A LA [33IWT AT R, RIS T 88 {9l Ei (88 MRk
7)., ¥R NAVIO 5 ROSA B¢ N RGEHAT 2RO B #oR . 7E 2021 4F 1 F % 2022 4 1 FilE], 40
4 B HRZ T NAVIO 16T, TAE 2021 4E 2 H & 2021 4E 12 A IE], 48 4 BB 1E R — FH M2 T ROSA
BT, AR RPN N RGEUN 5 1A 22 55 J811, NAVIO A1 & RARTH V) #% 2 /N T ROSA
“H, ROSA ZH1FARESE T ROSA 4, ROSA AT 14 KSS 2011 SERVE/ T NAVIO 4. i
SE TR NAVIO #1 ROSA HEAT 451 B i F R (TKA)JG A 22 45 AR s 4R1, 95— NS 11
PR&E FARAL R B4 UE B & B R 1
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5) Jagh: HLEE NAH BT AR BHIR AN IEARBY R, RReEey B, SHEFAR. R4A4Us
H%EJ7H . MAKO. RAS. ROBODOC Fil NAVIO L8 N REGTESRAL = FERE B AR T IR, 3%
BAMRLEE AR T PRI L A ERISOR . X R R D AU & 7 B A IR 8CR, WEs) T RF
AREEREL . MBI TR E. BEERARMANIRE, KKV N TR LTI &, 6
BN R AR IR UEVE ST 71

4. IBARRERRB TG PHHRINA

2024 4F, Liao %5 A\ [3414R 1T T E ML NBCA FHALEE NG Bhi a7 Tile B BY& 2B 4 MG IRy
B, @R[ E s> AT 2022 45 1 H~2023 4F 2 H 10 7 Tile B 5 2B 9 B H IR TORl . Hoh 22 i@ ks
51, mWED 3B, EkbEATE 2 B, %4 B F AR E 4~13d, ¥ 6.8d. ¥ Tile /0% B1 %Y 2 4,
B2 A 1451, B3 %7 . 10 {5l &4 B E AN A] 42~62 min, P15 52.3 min; E A7 EARYE Matta 153 bR
HE, AL A, RS5E. d1fl, S0 REEN0%. FARIE 180~235 min, “F¥J 2155 min; A&
1 18~66 ¥k, T4 31.8 ¥k; AR EMASIE 16~59s, 15 28.6's; A Hiffl & 50~200 mL, 3 110.0 mL;
R EE M, MR KRG EELIRME Y, BV 13~18 MH, F1AMH. X LR EE
NEATYES, AR 11~14 J§, F¥) 12.3 s BEVHEIE 10T B A E AR . RIKBE TR,
BT TIAE Majeed TE43IA 70~92 7, P8 72.7 435 AL 2 60, R 8 6, IR 100%. %45ibRY THE
PALEE NBEE SAVLES NGBV BEYT Tile B ZUH 2 BT RA MRt athm. BRI, Mol
Mo RIS AT ERST AL

5. a8 NEBNFARRM BT IR AR

LB N B BT B AR QAT T T2 M 7E[35]. ST, TEXIEA R A T IR F AR Z AT, 24210
SR IUA AN R o R AP N AL B GG 2kt BeRANLE. MelFEAR, ZRTF
ARETTFIRE. ENTRABEIL. Bt BRI A S8R R .

1) Bl Bl g B AT Je it i R IR I — N, R R TFARNLS N R - 1) — A~ S RHIE
B LB FE R DR, XD BRI ST PAT E T AL, AR BT SR B

2) Afetl: SeBERIAEREORSE S T IR T AR PR HERtE, A B TAMREAER . BRFARYLEA
il P ELAAR TR AN T SENLBOARORIR 0 PR AR A0 O R, AT SEEEIL SRS B 4 s PR R 3

3) BEAB: BRPEAYLENRESI LSS FARINGE, RN NSRS FAR
HETIFEI . W TN ABORBOGE TP R E R BRI T ARG, DERAGERE TR, 5 ECN
(A, IR RZ B E

4) Sl BEHE R BRI TEORIEED B R AP N R GUBOREES 1R A SN . B
BoRfte 7 & gtveit, ¥ 7T FARPLES AKZIRE.

BB ARG N ZERE] TS, (EESCPRRIR AR R, SRR RGN ) A 3 2
Mo gl XOFERMEN, NS MESR, HKRMREH IR MRE A, R s
DR, I RIS RS A 2t I RE: IXLENLER NIC A 1 et AL ANTHSEEOR, W] DAHER ke
MIREGARAY, SCRFERST RS, BE B TR . KRGS X RV S AR R I A R, %
KRB BAMIGE I (8], JFHE5R RGUENVE. DhRESRRE. O AMA T RIS AN TR, fFik RS
BT AR HVE o X PYAN [ 1 B SRR A 19 R 78 70 i o i iR AT FE PR
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TEAE IV OB ERIT DR, i rE B B N AR 2% (ann) . BRUHE 2% (cnn) . SCRE AT E L (svm)
R SIS i B4 T IWoR A B, Blan, 5T enn AR/ B SRS U RN B 565 2%
DRFATS PRI A, AERENRBUERAR . E4MRIFEART, N TERES LS BRI
PIARTT TR B T AR, A ME E AR RS I R IR BE s> T RIE . BEAk, AR 7 22 40 ] £ Foa
ST A B 5 i P RE S T R BRI A A R ST I ). RV IS T X ek, (H B v A RN YR I B S B
BRBHAS 7 T2 R o R RIS i) RS0 A B b 4 N T8 R B R Sz i v 785 ) 8 5 L B2 [36]

2) MBI SHEE ARG G- RROIE AN AL 38 N\ 40 B F AR AT R A ERAE. f£—
T T AL N Gl B AT (o] 52 TG & PN B2 R A B0 9 o T e 308 284 17%) o [ BT PE AE S [37] 7, 22 WL 2%
N4 B ) N BB B R A AN [ S 1 BB 3 AT I IR 45 SR 5 #2321 T8 R R R0 ] 5 I R A 2 . AR
TG IR DR R I B O, thAh, BT LA GBI BN TR E 1, FEZ LA N
VN T e 5N VB NI Sl T 15167 N S i e S G DU R 4l 7 b N N X 11 L B = ST 2 P
BLES N 46 Bh T AR ) 28 2 AR S5 3 e B 1) B 0 o 8 B 1) P 920> T DA OBk 8 5% e P 22 0 A () 64, 3 i
B .

3) HLEs N5 3D FTENRIARIIZE A 3D FTENR ARSI TR I TR R, (8B AR 2] 1T 21
NEFH s FERRLEE RN, ©nT U BY 5E AN AR SMRFEFE R [29] 0 Jl AN A CT £l 5 AR A
A AT DL B AT AR 2 o BN A, 38 0] LAV THAH B (19 P4 ] 5 AL AN S8, (RAMRHEE AR 5%
AR, —Lem W T RAT 3D $TEHRMRIISET, $2m TIBAT B2, BT FARME. R
MM, AT AEFAR A 0 [ SARIR R — R EM R A 8. o Rmd i FAYI O, 12
NS EAAERINIPER 2 R, nsbE e sT, #EkE sub g T FEARCM, WeTREE AR i E. [F
i, AT 3D T ENFA BB R IR BAR R B ANMEAL CT B, 85 SERR AR L 474E — 52 BB T 22

Link [38]1%5% N7E N F —4EdL28 NG MG 500 R Gt AT & 5 K (SR ET [ 2 Bk 7ok, 041 T 2018
1 H & 2022 4F 8 H 141 BIEFE FIEARCFFE 82 4 £10 &, 89% N utE). HHTZ A I B E F Mtk
BT (FFP: 75%). FAAERERAIA 12 £7 K, §0 SUARET i A7 F AR 8] 4 26 438 . LN 221 £ S1
BEET AT 17 M S2 W24T . B MBATAASH RS AL R . 7E 5 BUNEASFEARWIRAT p, 1 SR RS 45340 T 4
BT . FrA B /KIS EE TR

AN A, (EH 3D HLas ARBTG5 S SR SR T ARBAR R — P2 4 W] 5 15 75 00 s 148 47 1)
AR, HARFIFRIEE D

Cintean [39]5F A\JE R FHi 45 A HLAF N4 Bh =48 UG I OB 1 1 Hr e BB 78 Hh i gaH iR T FR
o, EBEAMEMLE, fH Schanz $5]°4 B &M AT S H W b e fERE AT ik b SRIEE AR S PR
BAREREAT = AR . 16 3D BRI 7.3 mm dBETREIN, ARJEIEE AN RN . 7 2015 4E
% 2023 AE[A], 101 9 &5 R A S AT BIIRET N e i T B B . 2 BB RS IS WO R AR 4k K
PERRET AL, 43 AT EAIRET [ 2 RFIHOCT BIARBIE TR, Bk, OISR ARIEME T 2%
(R IT T SSOR e /INF AL PR B8 LB 4T o E D6 2003 35 LB PR AIE IR AR 15

AT 3D FTEIEAR 5 RHFE AL Nl BB ET B S &2 — Ml T I BE B . @i AT 3D
FTERRRE, 7T A B B ARMLEE N B FARAR A BT il (], PRARIBRET 4R . XA F AR
BEN SRR B A EE . FEAIIIAR R AR AR IS TR AE AL AT 52 T, #RTT 3D 4TEIHEAR S
Mlgs Nsesesh s, W LMERIBET EAKE, SCHLREGMEIEE, WAFARIFRAE29].

4) FARYIE SR G REH S Jing & AN[29EE 0K E R RIS AHRNE &k T FAR
AN, BHRT FARMEEE . AR, B RIS IBRET AL B, R BURET I 25 T8 3.06 mm, MEAT
2 () P 25 T ¥ 0N 2.22°, IX AT RESIE— R LIS F ARG . BARIX S 2 il B A R R AR/, (HIX
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7. BABREEZERHEETPHIERRESHIR

B I IR R BE e BOR 2 U R T HLER AT SEALA BIEOR [40] . IX LSBT CHGEMITER
I7 B R NG A (FFP)JT IR A 2, Herh ALY 28 B2 [ 8 BRI 12248 3 IR 0 f e 1 &
[41]. RAERUS TIXEEHED, (B% TR TR 8 2s 30 B BRI R TR A IR - Zhao 55 N [40]IRIHIE 7T
JER T 15 MGG, BEH T —MoE HLES NEORTERD R FRP J7 1 RPN T, 9 1 H 2 Seiti i) =
RT3, VASAEIRTT RS AL FRP 751 22 A AN A Rk, BIAEZE RN & PR 32 4 i) J b, g sl
ARJE PRGN FIIES . XA EIIHARA ARSI Z WAL FRP B, ARG 1RTT R IR R
AL RKRATEHATLLALHEIE, DLt — DIRR B REBOR IIE BB S AN T4 e ik e 3 .

8. &g

1) g BATEUEAEE HA IR IO, PRI, BORE 2 KRB AR e
BRET BN ARHT 3D FTENEIAR 5 B RFFANLAS NG EIRE] B NAHEE &% — il 47 B BB B4R [29]. @
REARHT 3D TENRLR, W LA B B AN & N BT AR T RET 22 IS 18], PR AIRMRET 2l e fE o X th il
BFARPIN SRR LA E . EAEIAR AR AMEIRAE N B AE I AT T, AT 3D 47
ENEARSHLES N ER &, TSR ET BRI, SEBLRAF BT, > TR I ACE o

2) ARKWHFHITT I HLas NHBEIT RO ARG LML R, GBI S AR, WK 55 sh Ak
O aRER, WA RRIAOR BT, A RE SIS S k. FERK, X ARGV LRI L
e, B BB ARHT TR DL AT R AR 2 4k [42] .
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