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Abstract

BACKGROUND: 3D-printed bone tissue engineering scaffolds have obvious advantages in the research and clinical treatment of bone defect repair. As one of
the important raw materials for 3D printed bone scaffolds, poly-L-lactic acid has a great potential for application in performing bone defect repair, but clinical
patients with different bone defect causative factors have different requirements for the comprehensive performance of poly-L-lactic acid bone scaffolds.
OBJECTIVE: To summarize and review the development of 3D printing technology and poly-L-lactic acid scaffolds and the design strategies chosen for scaffolds
for bone repair in the setting of bone diseases such as osteomyelitis, bone tumor, osteonecrosis, and osteoporosis.

METHODS: Literature from CNKI, WanFang, PubMed, Science Direct, and Web of Science databases were searched and screened from 1994 to 2024. Search
terms were “3D printing, polylactic acid, bone tissue engineering scaffold, osteomyelitis, bone tumor, osteonecrosis, osteoporosis, bone defect” in Chinese and
English. The screened 62 articles were systematically summarized and analyzed.

RESULTS AND CONCLUSION: (1) Poly-L-lactic acid is considered to be an ideal raw material for artificial bone scaffold design due to its non-toxicity,
processability, biocompatibility, and ability to self-degrade in the human environment. The application of 3D printing technology has enabled poly-L-lactic

acid bone scaffolds to meet the multilayered and porous structural design requirements of biomimetic artificial bone repair materials, and to optimize the
mechanical properties for better bone repair. (2) According to different bone disease microenvironments, timely adjustment of the functional design of poly-L-
lactic acid scaffolds is important for the comprehensive osteogenic efficacy of the scaffolds. The article discusses the application of poly-L-lactic acid scaffolds in
bone disease environments such as osteomyelitis, bone tumor, osteonecrosis, and osteoporosis, and highlights the importance of rationally grasping the timing
of bone disease treatment and bone tissue regeneration for bone defects caused by different bone diseases. (3) Although poly-L-lactic acid scaffolds show
potential in bone repair, there are still some problems, such as the need to further optimize the structural design of the scaffolds to fit new bone regeneration,
enhance the bioactivity of the scaffolds, and take into account other functions (e.g., antimicrobial, anti-tumor, and anti-osteoporosis) in order to adapt to the

needs of bone tissue repair in different pathological environments.
Key words: 3D printing; poly-L-lactic acid; bone tissue engineering scaffolds; osteomyelitis; bone tumor; osteonecrosis; osteoporosis; bone defects
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FTHhEEENEERE ™,

RIBFHRIARI L d FLHEEE
TR E, G SWE AR IR AR

SHY TR EEESRY. F—, ¥
RILBR I RANE F AP B 5 B0 B A7 21
i, FACTHERBAF# LR, &
B F R A B b R AR 1, S
T 8 o B AR B AR B, IR B AR
BAEGZE; F=, RARXRTRAEL
AT, BT R T A RE
HARG) I8 Z Y, 3G 3% S IR et AP I8 4m
e X GAER; %=, BRI IEFHMB
FALEHERAT B A, R BAS T KA
8 NI 4n IR B B R A 6 R, AT
BORAMFHG T, Y R#E %,
BRI AL, REHAS,

B b, Tt AT AT AR B TS
KA, FRALBR RS SR MY B AR KB B4R
AR BRKRAARY . B AR LRI RE
ZOREEIH XA REFEFAMNBHM. X
H X R E LA AT I B A (de sk
W) RER ) R [ FERH I FAH)F
RAER, LR B EASTRA 24 %
Be R R A AR kB 2 (ZOL) H
B3| Bk ) BB AL A~ FLAE (SBALSNH,) ¥,
KRB BN %I FUBR (PLLA) B R P 38 it
SLS AR #9414t (PLLA\SBA15NH,-ZOL) %
R g, @iHLRR AL
HI4Y SBALSNH, A2 3| IS 46 A, HEBFK
o Sk M B RT VAR A 55 B 25 Ao AR B g IR ET
AR g A s B F KB % AR E R kAT 4
B MR, B —5 |, B
o Sk i BR A8 5 MR T SR A B R G 4w
Moy 3gah, ik gk BRI R
BB IG5 A6 B RO IR T AT B AT
Fotl A0 K BT 5 7 d B A B R A

F T MBI B ) 5T AR A
GRF B E 9T (doF K. AR5 BALST ) 64987
BEHHBERTE, OTLZAFSFRR
BORL s, kGl AT ez kE ™,
QIAN 5 B2 % I 12 Pk i R 5 b oy Tt A
TRE (H,0,) BRI L T IS 577 ik
AP IE 7 2, S B I BALAS (Ca0,) 4t
A H,0, 698 7, FFAELTAAAS R L
¥ b 5 kel B 2 -67(ZIF-67) 4R 47 H AT P
SR, 3% Ca0,@ZIF-67 Fki B AT ILEH
R @At SLS HARH & B A4 X & (Ca0,@
ZIF-67/PLLA)™, 32 & & A & F 2IF-
67 #9 KM, ZIF-67 S AME APk B 5k
Ca0, i F MR AN, KRG LM B
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2 S

B M AR IRIE T ZIF-67 K & pH v i b FF 44
& fi#, CaO, % & 5+ 5 K RE #3 H,0,,
4R £, CaO,@ZIF-67/PLLA X 22T A¥ 58
e % St R A R 84.64%, EA LA
SRR ARG .
2.2.3  RRILBR X BRAS A B IIAR K B B AR
B ofn IR0 R AHAR IR A —FF E Kk
JR, ABE A KRIERAE R E .
R S K A g R B A
Y R R 4 £ F AR Sk HR o B R AR
HARRGHmLER T, a7 5
AR, RAERS ZOF R .
6T Rk b, AR 8 RIAL SR
mEBEF RREMRER, EXEFRE
B HE T RGeS B H A AR R, S
TG PR 8 B4k, AT T Rm I 2
F, PUXTEBRFRAHE. L5k, B
AR TR ARG KA G T RIRRRET
QIF e e 7 7 E Y. AR RE A
1Rt & RA A LE X R AEFIR
FEARIRAL , VA ML B 4 0 3 S Fa 1K,
Fl B R e i W &6y E 22, dtim RILL IR
BB S A A et R, I F A
587 F RS T MR IAN LY L
#, EFRREHTRTHOAZ,

A3t B B SR IL T SR G B AAS AL,
MR IS T RR S RAETHREFTHERE
w Ak, VABRIERT B R A E A ) YANG
5 PR AR b ik R RS PLLA Ao =
FAAE (MNO,) 24 A B 28 A%, 89 B 3R 3% 7
B XA, BB HRNRMEERLR
Fo AT S AR IR R G R b o
My FrARE, EFHRBARBAEH
MnO, F= A 7R M BAL A (H,0,) Z 08 69 id
FAEAARIC R L, EF T AR LE A
EHA, R BAA MY 65 F B,
WL B ARG M2 RIARIL. EHAR
A AT i A R A B E 0GB R R IR R
RERERERA, I, BidiEFin
MW F SRR T RANA], BTT PLLA/
MnO, B % Z& T3 it b f AR #08 £% F
2 iz, (hBMSC) +F &9 454k & K B - B/Smad
15 5B BRALH R T AL, IR B AR
EHLCS B

¥ 2h g 4R TARRK AR
RMEFFRFE LR & F @, FENG 5§ )
FIA G L HARE T —HFIR R4

RIBMER, BAEEREKI, ShEE
AL ZH, AR A E Fodn 2 AR
KRR ELR (EERAfZLLF
Bl BT AR FLBR 2R ) AR pLER, R I A
MMM Zh 4 e & bR, BRETAARZ L L
et P9 K 4w e A B R 1) AR T e 3 5E
Ao E [ R LB ARARAE R, #tw
RIL AR F 0 f e A R AR ROR
i — SRR, wENEARE T, @
DRA R w1 BEE. B
&G BB BB R LR e F R
HRRSTEEIRD, 1A1ikh L huh)
TR R E A R E G R E B A AR L
W, EA RN ARG EE A
FHMEIRETH I, RRZIEL
T VAR T AR IR0 B IR 7T
224 FILBR X BASE B RHAMADK B 4R
W B ST BRI EA F SR B AT
RE—ANF KRR, §FFRENE
EHGERMTARRIFHETRLERANT
W, BTk EE RANE 3T L R it
ATEE, BF A EFILGFRMFIRIF
WHEFEART, BRKEREELE SHIHR
FRGEANGMAF RGBS 77 E S,
AR d B R BANE B A AN 8 S IR E A
KGR, MG A T K 84T E) E AR
BARFOEEMEE, BREEH LA K
B AN ME R EF EH R
mizs £S5 ERITEHLT
R A [ IR BCR A A MR A E
TR, KB AR B E S TR R
RAEFRMBE, EA21HR, KR/ A
PR AR T 2 R TS A F R
AN AR 6948 K BF R

R L REF AL FHALE T Rkt
RUT KA DA B — KB A B R AN
BB AR B R AL BTG5 RS 7. ORYAN
% ™ 7 3D 4TFP (ZMorph ATEPAL ) 354k bk
B2 51 3T PLLA/PCL/HA LR F, #|&-#25 4
A X RO B R RN R SR, X
BAEE B BAREA P, L& Lo AR
ISR R B BR AR A5 2 B K AT 69 AR AR
B, BHFHAITLE L RS, e
BT RASFGARE e MM B A,

e R N AL E P
VR E (e A SRR E
AR A SRR A iR R R4 E )

% = [59]
¥a .

512 | PEHRERATEHAR | 5530% | 5528 | 2026518

REAFHRE (e FRFEHE. TR
F IS E AR K IR A F A AR )Y, f2ix sk
AR IE F AL TR 4 R R
(4o B B8 RORL LI 4045 PR 3R 2 S d e
FRENBE), LR EARKAEE LR
B A S F WA s 2 F dem at ),
F st Fe ) i i Fo 8 R AR R 69 5L
X BRAERRGAN TS ETRYE
X. YAN % © 5% 7 —FF A EPLQLKM #=
SVVYGLR fikf5-4% 44 3D 3T#p % & /) &% (PCL-
SE) % %, EPLQLKM KB 3| § %418 7% F
2\ i, (BMSCs), 9 SVVYGLR K3E 3% 1 & 48
WL A, M AE A R AR L 6 5
SN R AR R B A, dt—
W e MU AR R B, PCL-SE 424t i & A8 4m
et A, #E B RLE AR T e ad
Notch 1z i@ %%, FHAFTHXARG L
B Fa R AR K AR B 69 TR, Ak
B ARSH-R#r. shgl, PCLSE 4Rt R AR 4mA0
oA W B, FFAE3ERERE AR T
IR IFIG IR AEAE R, Afndeik AR
A% SD K R E BB B AR 69 I A e
WL FAE, AR AT RN S35
RAET — #0940 TAZG H Fnk ),

3 REES5RE Summary and
prospects

3.1 BESEBEEZARIZISIRAEE
BYGIRR A #— R TH R H RIS E
ERFEKXGHA G Hf A aeibnlid” §
PR R ST ATIRAGSEAL, VA 3D ATHP 89 AL
B X R ANRKE B TAZ R A R E
A AT RS AR T SR 55 %,
RNF2, R, IDITHHRARR TR AFH
RGN TR TR, [BRRH £
Al 3D ATPPARE B SR ILBRMAL, AR
BHENOLEREAGH TR L, b,
Sie RS 61 FAS A ARk, B E RN
WEFHBUL TR TH, BARE
T, B S RIS T AT B S e s
IR IR R R I 4 ARk KBy 3
BRIBREIFFRABA X Fm., RE, VA
RIBRA LM ER F SRR RATEK
#F FDA 4T 5 B T 6 R, 424t 718 508
AR LR KA T B HRFNE R
W, K3 BARKATAA T FI M.
B i s RILR LR R TR AN
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F2 | 3DITENRRILER B X REARIRB FRFUEE PRI A

H AR WFgeE / HKHEHM EEMRNE
RFEG
HEIRMCE B Qa0 4, FiIJ1l 3D-Bioplotter $T EIALIF & Hy —Fl&r FI4E T / 2259
2022 J2 PLGA BRI 2 4L PLLA 248, @4 / S stir
SEARBAPURIER, H AR B 4 H S
EEIRMCE BB Guo &% ¥, FIFH HNTs AR 0K ok g 9ok 8, 85 PLLATR &
2020 BT SLS FEA MBI BUE A, EE AR RN HREAN
BUREREE,  HA 08 G T 40 B i 24 1) R
MR Bt DI &% P, 4 zoL SR Bk Thag b A Lk, F65 PLLA TR & i@
2023 i SLS FTERHl a6 N L 348, — 5T, FR8peik zoL nf
TEGrEE A NF-kB SZORSRAM G & 4 o4k . 53— 71,
. ZOL 3 REF T 200 R TR0 ] PR 98 4 11 4 B
HRERA BN QAN 2B, i 4 Ca0, 5 fi7 4= K 2IF-67 | IF 5 PLLAJR &, 83T SLS
2023 FTEN & 5 A S0 S8 S0 4f S 3% W% S 4R 7 I Jg 1R 1k
WIREL R 2IF-67 FFUA P AR, CaO, 575 I 5 /K R RE i
H,0,, H A VAT MR BT 03 7
HIRFEM B BR YANG 45 B, ) PR IR BRI B R PLLA A — 8 Ak A 4 oK Bk 40
2025 G PR S5 0 R R SO A, B A SR B P U
SRR 5o R 4 G AR 0 Sk 8 A S o e VR B ) T4
EIRAEM S B FENG 25 BT, Fil P 4 22 F R B R T — ol ISt e 8 O B R /
2023 SLRFMRAR L, RIZNE L EE T
I AR AN B R, EL L 5 i A AR SRR R R
HEAMNRIE LG R
%ﬁWMﬁﬁﬂOMW%W,/“\\ 3D 4T EI (zMorph 4T EV 4L ) #§ ZOL 1 4k T PLLA/PCL/HA
bl 2023 [ é . A, TER RS AR AL IR T S A
-» Y SR I A BT RE T, BRI T K R i 1
- CERTEHI IR
HIRBAARISCHE B YUAN 25, R FH s fal 0 B0 B2 3D #T B Y 97 4% EPLQLKM JIk A1
Eiz) 2024 SVVYGLR fik[{15E CL P9 (PCL) S22, fiBh EPLQLKM k1K

51 17 78 B A, T SVVYGLR Y 5 Y B A 20 i
M oAk, AT S Py 3 AEL 240 M 1) 55 2 b A1 P 1 [ 44
SEECE VR, JF ENGE R Bsiha SO K BB B R s
VR I A A P A R P A

ik PLGA NIRILIE - F22E LRI IRY; HNTs AIRIS AR PLLA DA HERILRR:  SLS bk Hobless:

ZOL JyMER IR s NF-kB J9AZIA ¥ kB;

AR, BRAHEHAD K b it £ TR
RAFRFARAR G E EKIEF A,

32 NEXFIFEMGRIWTR Z X
LS AL ES S Tt
FERIRAAMINE, BEANBTERNTR
BB L B4 &0 3D ATHRH AR, HMEE
ENBT RIRET X RERRFRIAET
89 BRAR G SR A hE, AR T AR K
TG B, BRAAME X B AR
BXRARAFEGE R, THERET FH4
;4 Rk R ILEBRE X R P R B
PR

33 NENBRY #—, AX#kieEF
fRik X FAARP AAEIREL, AN TIKK
F IR —, A28 T A RILB R LR AT
TEVE R IRIE T 6 BAT B 5 269 R 44t
—RWBE;, B, XFSRERILBL
BRAF &K F o 5| AL 0 BT R AR KBRS AL
I, R BATST R BG4 B AR R
=, RERTHRBGTANS, XTE
EHAT A XFTIUERILT R L

BMP-2 TR KR A 2; PCLARCANE; HA NBRIEREAKG .
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34 NENEBEN XFRETIDIT
P g SRILER K RS A A B R AR s 4R 49 4R
KR, 5T H B F R P26 7
B LT, SRR AERILBR IR AE
B A5 B4V R AU e BRI RO AR T i
ek, JFIRE T A IDHEPHEARARE
FUBR X RAE BARBE 5L F @06 e Pk, AT
HEER T LA R AR LR BRI
BRI T —R R ibAF,

3.5 RTBEERNEINNERN FanT
#2 ER A BAS A AR R, AR At
RGBS FHAHNGERL, WEFEMX
BT E s 5 AR A TR, G
KRB F ARG R4, AR 3D 4T
FPRALEBRE AR S FHEEMRT. LK
AT REBARBA T ERBTNE, BK
N ERR. AR ITALLEF S o5 o4k,
RSB X RN RAF R A = Su T &
VHAF- B RAT W R R T

EETEk: LEMLHRITEAH SRR,
TP R A AR A AR, BB ATH A R
FAFRIR, #XIETH AR A B 4,
IEFR,

FEEARZE: LFeyod Y, A4
AL FIRE AT RAELEF AR,

FIHGRERAERR: X R —BF ORI F, &
Plgmin e TFTHY “F 2 - ETRMAZA -
MR 7 XREF 407 o3k, AEEIAGHFLT,
AAAAAE T b B 8T RN R4
BEAY K, BB AR P R T &
PN, i, T, k. BARMEIZ K
A2 IR, AR ASIERLE
1T AR R R,

RRAREELE: S R AT kAR & 5 4 4530
BE T LFRARGE LWL,

HAEMTE: ZXFREETT (AA%i
Fa R EHATREHLY (PRISMA 3% ), LFH
FRAT B 2248 b R B) 55 kAR B 4R AT 3 R
FRBAAREE, LEZ DRI FRRXE FA,
FATHBUAA X FH W FLB T E.
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