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Abstract

Surgical treatment of bone tumors includes two parts: tumor resection and functional reconstruc-
tion, and traditional surgical methods often have various limitations. In recent years, 3D printing
technology has been widely applied in the clinical field, which is an emerging technology based on
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research achievements in biomaterials and computer 3D reconstruction technology. For the field of
bone tumors, 3D printing technology can achieve structural integration of lesion areas and donor
site bone structures in various directions and angles through generative simulation. Therefore, per-
sonalized and accurate treatment plans can be developed to restore anatomical structure, muscle
attachment points, and maximum function. This article summarizes and reviews the application
and research progress of 3D bone tumor printing technology in bone tumor treatment, and analyzes
the advantages and disadvantages of existing technologies. It is found that 3D bone tumor printing
technology has unique advantages in clinical treatment and has broad application prospects in per-
sonalized and precise treatment of bone tumors.
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1. 518

R BT B . Bk R RN, JETI RN A BRI T . ARl R
By E MR E Y TE EBABETARATHL T REYT . AERE, FARVIERIE R Lk E SRR S
B, XATRE BN G RARMFAE[1]. AEREET, FARIVEK B S SR EZ K. A1,
SR BCE AT UG R BRI . SR, AT IIIRD AT RE 2 B G PE AR MR . BEAh, B R
S LB RN BT ANEUR, I LB TR T 25 [2]. H 20 4TS 80 EACUA) 3D ATENECA I, fEF
BEPARB G 7 oR I, RN AEEE. M. @05 FARP[3]. 3D FTENEAR IR “Hipfilig”
B PR BR, R R AT AR RSO A, 2 FPR ARG R BB R R R A R, i
B SZAT N5 AORMIE IR AR [4] - 3D 3T ENEORLE M B IRAG HE VIR . S AALAE R B SR LK Sl
R AR EA Bt 5 2R S T T AR S, AR T MR AR T KT [5]. ASCR A 3D B
FATTENEAR . 3D B MR A AL i) s AR X 7578, 3D & MRS Y (¥ S J LA 77 T AT 45k

2. 3D B MIEITEN AR A

3D FTENEE N 1 Fros iAW, 55 1N IR LA 2 3D FTENRY RS, AT a8 iz
K, BONEL. 3D AEVIIT ENECRB I AR RSN, QBT AT 25 TmEsRAgdTEn . S0k
JEZI(SLA)RIFT BT SO B AP0 T BDANSE T Ak OB 2 A (FDM) AIFT BT AS[RI Y 3D ZEH3T BNEBORAE
iR PRI L FH 2 AR ], AL i B AP — I E S, BfRERWR 1 Por, By TAEE A DURYE R
PRFERAME DL FE A IE I HAKBI, DL iR 7 R AU AR . AR EEEOR, TERE
LREMETIERERI LN, WA YE Tk, SR, WK EE Z B EIRZ S5 . KRB EAE IR 1t
4k, 3D AEWHTEI O SRR B AR, T MEAF K SRKZ BT, BRI Es . wnini
R Z AR RY[6]-[9] -

N TGRS ERE, T A IR nHA) AT DL 35 52 1Y) R 5 TR 6 BUE TR B 0T 20k He A i
JRHEMEE G F] 3D SCAERI[10]-[12]. BEAh, Hh p-BIR =45 (TCP) B AT Hb 15470 il il (1 7K ¢ s IR vk 52
AT T oo A e (3t SE R O RGA SR [13] [14]. SULFIR, 3D AEWHT BN A SE D400 1 48 i e A2
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58 AWK, SEBL T G 5 R s B [15] [16]. BTN NS S, 3D AR BN VA TR
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Figure 1. 3D development history of printing
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Table 1. Application and advantages and disadvantages of different 3D printing technologies in the field of bone tumors
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3. 3D B BRI &
3.1. 3D FTENE MEIEEHRTE

3D FTEIRALE AR AT RBUE ) CT & MRI K KR H AR DRI 450, Bl s R & kAR
XL TIAL B e oKy 3D A, MR I R 7 SRIE B A& A RER S8 R AL ) 1l 46 [25] . AL RS [26]
RIE T 3D TENERAE T 2R VIR P IR LA, AR RTE IR CT Bl /F (1 3D 3T ENRLR e Th e 2L 1
TR AL TAL K, AR EAGAIR TR 5t 5 IEH AR R, MRIES T ARE R T RIT EKH]E
BARA CT Hudla e i oh E i 3D FEADRIR A AL EAL, (H CT Bl A e - B 45K, 5AR T SLPr
R AIAAE— g iR %, BILA %#H R CT 85 MRI B a kit 7 a2, RIEFBMRSE, Hilih L
DURA LI B SR AL, A IR AR AL (R DIBR BEINLSE, R P ARBCR M L Ak [27]. 5KRILAF[28]K
A1 3D MRI 3315 CT dFEECHESS & 107520, AR AL LR IR AR D05 e B ST 1 1 e f)
fdi iR o B MEAR AR, FhEE . A FEAT 2%, 7E 3D 4T ENRIY il ik AN F B X 2 AR S5, i
RE XS R SR Le . I 25 R D% AT EONIRZI BN R, A R B = A AT R AT LRI AR, #E RIET
ARIT R FEA B IR T 7 UIRR . B EORSHENE, 4K T RIS, g8 IR AR L

3D F R A 1 1 & iR 2 EE I AN R AR AE — 2822 5%, (KB A2 FIN . B84 3D 4T
ENEAR R R A & BRI 2D, 3D TENBR R AAE LR R MR, AR, AARFTR . R
U RARJEBE B R T BRI,

3.2. 3D B MEEAFIZSE

% 3D R AL Ay ik T URGE G Ry ST AE R R . 3D ATENIN L W)
FHRAES BHEAE AT 45 558, AFITHERIPEER R BLEE 3 50 2 B

Table 2. Comparison of preparation methods for 3D bone tumor models
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3.3. 3D B MR BB MR

3D B R AR A ) 2 A R 2 BEELAR AR AT EDRORI AN SCEEM RL RS, BRI AN, — S8 T ARk
FRIRAARE X TSR 0 1) 6 1T 5t AN T Bk

3.3.1. HEYHTENMH

A WFT ENA R ELFE AR WA 2 1 i o AR (A R FLIR SRR I O 5 AN A P e A R (R S A
%), Esposito Z5[29] RGN 1 3D FTEIMI R TR ALER - 9K IE K A (PLA/nanoHA) & & 4 RBHE vl BE M «
KHZ BB R L 20 7 HFAREA 3D $TEIHLE) PLA/anoHA K22, JEEit il 1 Riss. 6
O X FEOLRE . AESHT(TCA) Z Rl B RIE AR AR 506 Hl AT TR AE. TGA /T sE & 444
BRI A0K ha 524 5%H1 15%. PLA FIBEFS A F AR IR A SS 5 A Z 40K ha fE7ERIREm, SLJE
RORFETCE TG o FTENRE ST S BT RUEZE IR R B, 90K ha Y950 BI7E PLA B4k, 7EAECE PLA
TASVERE RO 38 T PLA 1912216 . Budharaju 25 [30]11F B M e 4\ 47 EL A BIAR F K SN 2 T
IELERRIE . SH A EAELE, MM ELRG APMHEE . A & SR 55T R
S s, IR ELAT LA AT BT R R R RE I S A AR . WP M B 2R B4 58 3D FTEIK
IR B BEit, FLBRER > 50%, HA RFE /15 RE. Xl A YA Lr . S5, nTpE
RO s, S T B A 0 AR R B R AR AL, T2 BT FREARMRI . EEEE AR SE
Yt SR, IXSEARHEAZTEST EORS BE BRI . oA . SRR E S T T B A, BRI T EAE— L
N7 R RIS .

3.3.2. XEHH

SCHEMEHEH VA TE AT PEBRIATRL, 3R ZERE(PVA). RABR(PLA)S . PVA J&—FlK B =
SFMEL TTZ BT 3D FTEN R B SCHE A o FARIATE T AN R R AF, $T B0 i g A A ] DL o 1
BARKBEBR S MR, AN S XY (1) 2 ) He A VR B AR S AE AR . PVATE RSO IEMBL, R
BEAEST B AR PR (L B SCHE S5, A B THT BVt S S5 M R Y . Ak, PVA MBHE A AT %
ffbE, X RS AT DATE R BT B e S E SRR AR, AT BN T . 17 PLA & —FAED B AR AR,
W2 R T 3D FTERH . PLA MBHEFT BE IifoRg 5 BL IR T DA R 4 (WL M B AR BE 0 1%, 30t
FATENH B & AR H i IR AR R E . BhAh, PLA B AEYIMAEN, HIES HTEEM
BN o HR THR(BTE) 1IbRiE L ROZEE T HAC IR G NI Z UORURRIE SR S0 B 2 2R 1 T
RAAEFRVG B o P REIE SCHR a4 SR 8 A5 FeE(CS) M e Al AE 403 ME 33 (BGs) B T H 5 R AR H AL B4
VIR IR YRR S SR EVEARSL, BB AR BTE BA M 4E[31]. 4R
MM, XEESCHEMBHIAAE —Se PR a0, SCEEMDRII BRI 2 vT R 55 T R AR 77, X T —2e R ER
WM RR YL, RS R AR AR . R, SCEERPRNAAR S A RT AR AR A I 2R TH Sk
ANAPAE R = AR R, R b 5 AR LR S HEARIAE SRR B A R R K A RE I . B 3D FTEIHIAR
AT A R, AR AT AT 2 I TE 2 37 B SCHEARE, E3 A 2R o R0 157 4 i R A B 5 TR #E 5 K
VEF o X ELH RS IR AT RE 5 58 5 T 5 Bk WA SL M BE /N . B T4 52 B 3 SE AL R

3.3.3. MR

AT KB A SRR A5 2B b, IR R SR K E . A R AR A AU RE . DA A
HEVVFE M LR oy B B R [21] [32]. BRI, — Rk g EERR ERh[21] . BAIR[33]FIEER[10] [34]
[35]. #2%[36]-[38]. STERHH[39] [401 MK SR [41]-[43]FE KRR TG . FL b, XEREMAFRMUTHIE
A HLUVE WL ECM Jor IO AR VI RIL 2% 28 2R [38] [41]-[43]. DN T HG5RIX 7 I RE 1, TER R BUAHCKRI40 K Bk
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PRSI R, dn AR R (B AE e MR B E, TCP). nHA FIghKokh 1t £ e T B FH[13] [18] [44].
4. 3D BMEERN A

3D T BN (- b 52 B A Wl PRANBIT T8 b A T2 S, 5 il AE TR BRI L 2 2 0 A )
Wik MEIRTT ST .

4.1. FARER

3D 9T VAR R A A W] Dy SRR A B — AN AR . AT S AR, A BT T ARRLRIAT SR AR B R
Pho BRAWT DAFERARY BT PRBHUASE R, PP A R T ARIEW AT, IFE R ERN T ARBEANE
e XA LR i TR 2 A R Th 2, I8 TR IS T AN I AOE I K A o AR T 3D REAL f) 2 57 7 LAFS )y
B AR 4R A FUA T AR A v RT B B e 5 PR B, B Sl B T RS, SR AT AE A AR 7 A & A R
. (£ 3D A EAA TR, ATCAEARATRE AR NS, IR5T PR, FE AT B MEA IR . IR5T Bk
ITERHISK, AP AR EHES KRR s, B4 T PR, HERM], fEE MR AR AT TR
JHI 3D 4T EVAT LA T RIS [] L A r i B RS P S A AR YRS [45] [46]

4.2. EFHEMEII

B PR AR AT T E S B BEAD £ e N PO 280E FES I o 22 22 A R AN BHEE A= a] DLEE AR kAT 3R I 45,
SRR EER . TR BRI R AR o X b S e M 1 B T R AT DA R R AR R AR I B RE K,
Tt B RE AH DB I BRAR AR . W3R, 3D FTEAE I A] DA g NG FE 22 JF e, I Re AR 2 i 285 2
R AF[47] [48].

4.3. FE5THIE

bR A R T LU PP T 24 BT RO BRI A o E TN O3 AT A P X AR SR I 5l 245 6 e 1)
TER, JFPPASHATTROR . XA TVE AT MBS — FIRSAS . DU A AR R (73, AT B AT 25T
FMRIRSE o 3D AT B Z G KA BE I 29 MIF S (T At s 28 1R R 1) 245490 97 B AN 24 W s 2R 4 A
NRTRE, AR T B S D S SR A AR AR 7 (14 S 7 12 [49] -

4.4, MEETT

BMERZ REMERIE 2, JUHE AR, B JE O A i AT E s, i AR B
BERAR A IWT, LA BB SCARGH T iR =4 B, TR R R AL DI RYa A S B0
BRI Z oA L, MRS B R ThREEE F M. 3D FTENROR AT B A 1:1 (M. SEARAL A s
PIRRAL, AR BF ARG IT o, 3D FTENA B R A ] LS B R AR e 3 AR VR T I %8 - BT, HAN
SR AT ORI 1 B B B TS B S, I 3D FT B R SR AR R AL R A
N, REAARFEEG R, Ras 5HAL IR P2 (musculoskeletal tumor society, MSTS) 93 ¥4 &,
AR E R 4F[50].

5. 3D BMEBITENRIBE SR EE

FHIRYT, 3D FTEIHEARG NRE ok T, HNHFE) W, A5G — e AR . e+
BHESE DT, HETATH T 3D TEVE MR AL AR B, X TRl E BRI A 2 2 AR 25 R 4T ENATS
SREA PR HEE LS AMMBNE. ViETERM I REVERDRH I K, DLSEIUTE LS MBI fEFT EDRS S
JiTH, 24T 3D FTENBOARTERE FE AN 53 HE 2 5 TS A SO 23 1] - PR A5 20 5 B2 sk FE AN SO B, LR

DOI: 10.12677/m0s.2025.141009 94 e RSE TR


https://doi.org/10.12677/mos.2025.141009

1ECEE, Mg

W LS 1R IR 5 A AN AL ZUREAE, SR H AT TR 5 m . R AT T, 3D 3T ENRPRHI A4
AR TR ARN R B, W RIT BRI REAS £ B2 2T SO SEFPR PR 2 e 1, /R 2O AR A
PIAR B PEREAT SR AR FURNRAIE . AR T T, H AT, Wi LA 3D 9T ENBE s R RL A e, A
A — B R T BT AT SRR B, BEAT KU 3D T BN A 1 R 4
R W ) FAS BR A AT SR A7 A o

JREARK, BEHE WAV B EARAN O A AR AN BT A, KD 3D B IR T ENBOR SR it 5 2 144
RHER, UISCEIERSE. ZRUIOEAITED . BE3F 3D ITENHR A RE, T ERG BERE R it — b 3R,
I Z AR 2 ORI BT ENER R RISk,  DUE N O R IR B MR S B R ok . B 3if
(¥) 3D FTEN RGN RIETT 71— MICAFHESR BT ENRR i, SEBL AR 10 A SR, B R
fRAAS o 3D AT ENHEANS B 22 W F - ML BT s, Bl dniRae (8 B & R s 00, s AT Enes &
MATERABER, O TR R AN SR RS HERI A B . BRI, RSB BIE LM ELEH . $TE
BORSE . ABERNME BT R RS, TOR A B D 1T 3D B R AT BB T i 1A Bk e A PR 1)
HEBDFLAE I AR AT 72 AP R N SR 2 AR

SE
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