Hans Journal of Biomedicine E#JEE2Z, 2022, 12(3), 193-200 Hans Y
Published Online July 2022 in Hans. http://www.hanspub.org/journal/hjom
https://doi.org/10.12677/hjbm.2022.123023

3DITENEE F BE B BRI R 2 R Bk Fn it R

B OE, BAAEC, ARER®S, X K, BmatY

SR AU RSB, DO )1 R
R R IR R 2 B, DU R

Weks H 3 20224E5 H9H ; s HEM: 20224F6H17H; KA HM: 20224F6 H24H

H E

ERBEAFRANEDHEETYE, BESNEFRAZEEAL, RSN ZHERHEAME. H
if, BE%E3DITENEIARKIAWI R, BEBBRE QS FRESOEHMELE R RHATEEAE.
AR T RMBEEORE. NEFXT. HF. MESRBBENRRNAIRTER, S8R N
3D#T BV EE I SR BERAAE R R AW 22 U A AR DI ) BB S5 1

XKigid
RKEAREER, 3DTED, BRHEAY, BRIk, BakiR

Clinical Application Status and Progress of
3D Printing Medical PEEK

Yun Shi?!, Zugan Qinl, Xiaoyu Su?, Yi Liu?, Lijia Cheng1.2*

'School of Mechanical Engineering, Chengdu University, Chengdu Sichuan
*Basic Medical College, Chengdu University, Chengdu Sichuan

Received: May 9", 2022; accepted: Jun. 17", 2022; published: Jun. 24", 2022

Abstract

With excellent biocompatibility and similar mechanical properties to human bone, Poly eth-
er-ether-ketone (PEEK) has become a widely used orthopedic implant material nowadays. At the
same time, with the continuous maturity of 3D printing technology, patients can accurately cus-
tomize the required artificial bone implant materials according to their own bone defects. In this
paper, the clinical application status and progress of PEEK in oral cavity, artificial bone joint, jaw
bone, skull and other defects were briefly reviewed, and the pending problems and research di-
rection of 3D printing medical PEEK in biomedical field were summarized and proposed.
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1. 518

Bk B (polyetheretherketone, PEEK)AZE — fh4x 75 75 e 2 45 S A PE S &0, SRk Bk 1 4 o5 A
334°C, PISWIHLATIRIE N 143°C, T Ei A AL 22 R vk [1]. M TR SRRRE &5 S BEAMEL, Rk
Tk P EL AT D05 R AR 0 2 PR RE . AR AR IR AU B i 1, RN AR T A RO AR ) B N, H
WEILIRARA A o Kol Hp MR 5 N B A Y, BRI 2 —F RIEF I ERHEA YRR 2] [3]
[4]. Bt 3D FTERHIARMAW S, B2 0 7EN A FISMRHE AR X I A LRI ERE A E 4. 3D
FIENER R RS, IF45E CT. MRI SFEE AR A E I R BRI E Y. BT, 3D FTH)
SRR CE s . NS TS A0 DA S i S5 RTS8 e S T IR R o SRETRTRE I A4 ) 1328 38 %
NE~ B BRI — R EE YRR, IR R T A ) & A e .

2. 3D FTENSRRERL K

R R, AR Z A TN BASMEHERADK 3D FTENEARF N B AW B g7 g . #E4b
BN, 3D FTEIEARAMY AT LASE o4 1 fiff £ 52 % g J*UFEEEE’J*%LE_, T REME BT S ) A e E IR
TR, HL R IR TR R RS I 1A PR A i 1) B 75 AT R AR AN S5 M AN AZ[3] - 3D 4T B4R AR
NP E 1. Bar, & 3D TEH AR A SRR ESZi(Fused Deposmon Modeling, FDM). &#4%
W ka4 (Selective laser sintering, SLS) A =4E 37 /& EI Rl (Three dimensional printing, 3DP)2% . H+H{# F] FDM
B MG PEEK PRI RATEAR, #RAEE R, HA 3D 4708 1) o sl 8 . FLfi) £ R 2 i i 22
IR 5 T Tk ) M\ P B L 908 2 D URRAE A &1 i B [4]
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Figure 1. Flow chart of 3D printing personalized implants
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3. 3D FTEN BB EABAERIIG PR Rz FA

3D fTEIEORES & CT. MRIAEBR 2B, MEAE B A R BEBR I RN AE . A& ST, i
B AL AR SR A A AR AR IR

3.1. OEEE

TE LS B4, F5 T PEEK I HI RS A=A kL 32 21 [ 9 AbRHIF TAEE BIOGVE, T 1981 4EAE A
BRI ER], F-T 1990 i it 3¢ [F & i A 2544 £ J5 (Food and Drug Administration, FDA)AUEREHAE A T
TR RE R . SREREEEA 52 O R, AE R EM R E St . [FR, PEEK EA SR
Fasetk, AT LA 32 26 K2 bR E ik, RIb e A2 R i TR MR . R ME pH BB CRE . BB
LR A, EMA SRR, HAERET y A1 X SFZK[5] [6] [7] [8] [9]. 7EME A ik Alid B e [
FIEIL T, RV & &8 e E 1AM R CEBoN B A EB M2 —. 2011 4, PEEK #1%}
FHATEME AU A, FEAE I I FIK A VE RS S & A0 @ SR ET Th 45 210140 %01 S A [8] -

Han X 5[ 107 M\ THUAE RS P52 R 0 0BRGP AR 1 R 4 55 7 T AR Gukh 7 BT 1 4 22112 (Fused
Filament Fabrication, FFF) 3D #TE[ PEEK FIAEvEYE. FHAF 45 KW, FRF HORTT LURTHL R mind ik
TCIE IR v P RERS 11 3 T FIRE TR T BV R 285460 o A o v P (PRELRE B2 st T VR, X7 40 AT 4 286 B
R E EEEH . SR PEEK FEEAHLL, FRF SIPER PEEK £ 5 2R TH 45 ) 5 P SO A=
VIEEA ISR, SRR AR S R G T . [FIR, HARSMNRIG R, FFF 3D $TE0 PEEK B
A &1 VeI AT ENZE A R R RS R, 2 — P B2 G 4 M B ARUE VEAT S GE AR . R, FFF 3D
FTERI) PEEK £ 82 il 4 BB 44 (1) 785 LE N e A= 07 o

FRESE[LLIFF AL T 3D 4T EN SR B EANR 76 S0 R VEGF BB i N FANME . ¥ 72 656 RIET &
B WH . XERACRALGN DB EIRTT, SEIGA/Ex AL LA T 3D FTEDREAEAER 152
BT, FHHEHMTARGEEVC . ARG 3 A SRIR A RCR N 100%, &35 5T X IR 41 88.9%. SLitdH
ARG 3N H B FERIEHCH 0.81, KT X4 1.33, HAMK T AT 2.30, b4k, S58 40 3 K9k & 4 %5 5.6%,
P ECT XL 1) 27.8%. K, 3D 4T B SR BERAEA 75 56 R LA BB 2 AU R T 7 157, 186
BEBEAR IR AORE R AL, T4 15 55 2 AR AN AR T 28

Kl ARSE[12] 9 — 4 Wit B W RIE 7 3D 4T BV SR IEREAA vl 45 ik . B DA I RIS &, )
At R SRR IR B, SO R I A7 7 R IR ZE R . BV, R IR AT,
B EA RN . 3D FTENH AR ME T PEEK MESEMAUR, TiE A& A8 AR fb sk il 1)
IR E K .

32. ANEBXH

HAr, BERANEERTEZZURING e T, Ha2EMMEtEAd, BRMEANES K ER
ENFIEE, 5 R, 4 T ORORANME2]. T PEEK BRI H B, MEHIERRE . EVHE
PEUF S5 2, BN HRTE TR B OGS B b kL. Philipp Honigmann S5 [13] 1 IR TE DS B H 48 FH (¥ 3D 4T ER S
R, ekt B R BERERR 2 FRF 3T ENEORMIAE A FLRT ST 4 AR H 3D 3T E) PEEK FRIRH {8
ARG RENE, JFE— 0 AU A PEEK FHIRE R A= 71 et

PENESE[LAIHTTT T 3D 3T B SR IERERR Ak A 5 B 1A i R Fif 88 D7) o 25 22 Al AR 2 P B HE 2
R ARBTHRSE 5 B AR ZE CT =4 i, fRAB B AL HLS 15 2 ARG E Hi18 I-E R4 . Rl PEEK
MR EEAT IR UURA 3D 4TEN, K58 BT Bt X I BE SR DIBR IR B . RJa 3 JlREAT )R 5T ThRe bk,
RIUEIARAR MBUBAL PSR, HMRRIIRE k. 45 RKY], 3D 4TE) PEEK MEALEHE &
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AR RERE X B & MBI D) RedE T 8, SEURSHEE 2, (HHmIARMRIE T — D%,

Chen C Z£[15]4M4H 1 3D T ERAN AL SR BEBA R B (A 7E BB 12 M BE R IR VIR AR G B g 1 BRI
— % 23 B AR T KRR SR IT 5 HAA BUE R AP IR A R 2 A, TR v AT AR AR
PAVIBRI AL 3 i PEEK B, ARFHATIIRESB M R. 7 2 MRV, AR KEEAAS), EEXT4H
A EBIIREAE T 2 o IR B & 48 H 3D 4T B/ Ak S Tk Tk el i 1 o2 = i DI SR KD A 8007 Vo

BB £ 4 2H 21 40 9 (Benign Fibrous Histiocytoma, BFH)& —Fiifz 28 5 & M ifsd . 4R b)
BRANTEA I, BRI AR &, DRI R 2 — AR DT BR o I PR % A T I 1 = Bk k2 Jigg D B3 5 1
HE. Dong Liu Z5[16]4R 1) 1 3D FTEREARIGYT JE B R 1 £F 4E2H 2340 R 1097 2. KA 3D FTERHIR
XTI B [ 1 41 4 20 2R 240 g AR 3R AT PEEK BAR B i 97 - X TR AN CT H P4 TR A7 B AR %
WAL EZ AR R, B RTIEE S . 1IE6 X A SR A8 ME B BEFAER, BRI
BIEHW. REINMH, & X W& EES AR R vrs RIF. Kk, 3D 4T PEEK JB &AL &
A JE R BRI S R E R UL T TR, P T AR AT ERAEE, 4k T F ORI (A, AR R
g B AR D Rg .

Kang JF Z5[1710F 50 T — Bl M B B B ik, 205 R B AR B 40 i i i o s, i i B
MEATIAR . TOPRAD I ok VR B2 R . 8] FDM ]38 2 A 3& 5 il e v H B Ak, R LI R g
RIRMIE o ESHUMGRIS AR AR BT 261, Bk A B AT TAHR T/ M. 258K, HER
J BB BT B AT DO I B B R B SR R RT SR (48 5 o AR T iR A AE TR AN BT 75 9 B2 7 1
SR A ORI B B AR, T H AT FDM HORBIERE G KR T & . FDM il 2% 1) SR TK K i 11
A DRI, IS T REFIIRRRCR .

i i g S R B T RVG ST S TR . AR S R ) — &y, RN A . A
EREL PEEK Wia BB Z W s 87, SEOTFIRIIRE RS - AHAE . C. Zhang S5 [18]WF 7T T — A
FHPCR S 5 R BT AR B B R i AR 7 v I SR S, R kR . SRR AT
THBICHY, IRt SREMH PEEK JEid FDM il sefBifk, FEEAT /i, wfe e,
GERRE, P IR B IR B D R S R AR R e, IRV S AR I R B R AR B S B
L. BRI, FTihi PEEK WECE ARG T e B AR IR, Dol B B i i 2 AL B A R WP I Dy o

3.3. WFBIRESE

o T2 RO RO P EUE B AR AR, KA T 8 R EE S s 45 14 Th e 47552 1 s a0 R —
R X. Han Z5E[918F 78 A& PR U A SR AEARACHE L H N i SRk TR ] 10 A~ 5 56 ot 2 T (R 411 4t
SNE, BIEFUEE RO DARAL LR FFF 3D 7 E SR Bk REAR 2 110 ) 4 B A S VR AN 5 2 25 3T ) B A M o
S e HEMHEH RZ AR FRF 3D T B SR ER A7 5 oy ) 28 1R s P2 A fpe B BRI 5 4, A AR RTEE AR
N PG I R R SRR B AR T S A SRR . I, Kang SE[19]HF T A& — Rl (¥ & ik
WIDNREMEAE R TTi%, 454 3D 47 ENRMAIEN M AL AL e B A RO A, TPAN R (A2 2 I g2 3
R ERE . AR T, TR RS R, R AE B A AT A R A
Rk o 45 R EIR S HIE I ERCK Von Mises [ 7 (F T BY U)W AE HE ) — b &5 RN J7) S T AH REAH R Jit ik
B, wa R B 2.3 15, RINZBEINENZEIERTUGRER . Ak, ERZHREEF T, H
R R SERR AR RN T IEH R A ) SEbr A&, fRIE T P atE WP E . 2B T5E O
TR, JBAG T REFRIRRER . SEGHRHEE AT N aUE SR @A, 2B E 75708 T
HRBIH R MR B SR 1L 10 e AR e

F. Guo Z#[20] it A7 BR 7o 73 Hr A 2B A0 SE 1) 3D T E PEEK BRRABAR AN 15247 o f
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i MIMICS #6148 T 8its (1) 3D 14, SR 5K H 5 N GEOMICAGE Studio %, XA X /T #lE F
Ko Bt TAMEALE PEEK BRZRMA, FFESL T PEEK BRSRIA. T AIE A e84 A TR, 4y
WA AR (1) S5 KIS ) LA R AR IBIB S VIF Ay e A B 0 - AR A {0 88 2 s 5 i 5z i R Joi
(R ST RIREAE . K FDM il & SRR A A, MR 4avERe . O Fe 45 R B, BRRANMRAET (1) e KB /735
e /N F AR IR RS . DFFCEE SRR, BT FDM fil# 1A TEAL PEEK BRERIER ) o i3 5), J1% 1k
RERUF, 4 PEEK /ENEE NHSCT 1 E @M R T BBk .

Tasopoulos T Z:[211F 70K 1 433 3D 4TEI. CAD/CAM 5 R IhHlfE T PEEK L AIMUA 5%
WA AT IRE A RME AR, R T ARG T A SR A R BRBUER O, AR AR B T BT B S RA B ) )
L. Ding %&[22]# 5T 7 —Fh 3D 4TEN PEEK a1 M FL2% S 28 BB A AL HIE Jr ik o XA O s i kAT 43
i, DAEEATSCZRE) CAD R W REH AL 3D 4TE . S5 AN & SC 28 L, PEEK SCHERILHAEHA 1)
WiatE. HEMEA HMERNER. SRR, ARSI EHSNE R, 78 18 /NMA BT+,
BB NIE G E ALY SEMMERIET &+, BT T R IIIEIRBER .

3.4. FEBRIRIES

REEBERA R LA AR, S NRE I AR, B — R il S g 2
(KR8 F. Manzoor S5 [23]4F FUil i A Rl BT il # 7 409K HAL SR (SO MIBEE(Zn) 9K HA & Bty
79 10wt%[f] PEEK 422, SR il I it TR s #E4T 1 3D T E. 2id Kk 28 R BRI ABHR 1 ks,
Xt 3D TEIRE S AR SN EDEVEREAT T VR . WETTSERAG I, BAT SR 3D 4T BN IR BERERR 2 & A4k
E T B A8 R T ELAT Y R B L RS

FRICE2414R T T 3D 4T B R BEREER £ )L 3 AUE Z AR B ARROR . 78 3D FTENEARME T, F
ARYSFE 3 ] FUE ) 2B (SR A VIR, AR PEEK MRHEAT B AN . RIGHETT 6 A H K I 3 1] &
HIER R, RASMEILE, BREMEAA WY, BORRE . RASE[25]980E 1 3D 3T BN I BEREAR #4
BHEAYI A T LI U SBUE B AT RENE . IR THSEHURBYBEUE XS 7 90 B SRt A AT B 22 =4k
UL, JF45 6 3D 4TEN L1 A SE AN TR . KRR BE SR REA BE R, B
TIHRAE, BEMBLERE . H, tHENUAHEBI BT 3D 3T B R BERE A AT RHE ) L8 fL i SR04 58
AT AR .

Barros A Z5[26]4ik i 1z 54 % LR AR A AR B IR RN B ORARSERII B SRR Al T
SHVHBh T BIEMIAE)S, 4 PEEK $FRtEAY) — P E@EGE AT 22Uk . FAREIUE, WA
BT RUBHERR, 5 A A iR . FARNAD )G, BE RGBT AR, SRR, RE
At aiHiB. SHAFPEIHLE, PEEK RFEM AN T BRIEARBA BELH .

3.5. M ERIASRY

SR T I A ] i 5 58 FLA B A DA R, SR T PEA 2B, 8 R 5 LA R 1
#l. Basgul C ZE[27]4R 7T 3D 9T HI PEEK FEMEIRI G & 8245 SYEREZ IR IR R o ZAURY], BTG
AP | B AL BRSNS 3D T EPRAE AT A ML B B0 FRF AT B R & 4% 22 e 0 MEARE Al 15 4 ) L
SRR R . IEAR T HTEE ST RN LE S E R, DU LN, X T RE & B 4T ED
RE AR AR RE . 2RIV T PEEK HAPIEET Y 3D 1 BN IE HOR O 2P IR

Basgul C % [28]HF FLEk & < Al PEEK HEAAIR] il & a3 0 T4 BB L S0UMER 1097 2. WFFEEE R, PEEK
HMRRRCR R Z TG . B, SRIBEREBRAE A 8] Rl 25 AN DL RENS AR SIHE AT AR SR EE, 38 AT DLAE
PRI e FEMBIUME T . RS REVS FIRER B, BB T PEEK AW SR T Ak & 4.
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4. RE

FIAT, SRBEBERAAA R ) 2 B A 20 T IR IR AR LA G A A = 2 N AL
PERE, REEREER ALY ZE AR EREAY), SOV R E S B R EZ AR 8 TR
A P AYUREAE ST, T 2RI SR () J Pk Ik I % 1 2 e A O SR e TR (0 5 A AT 24, R IR Tk
REMEIG 0T 7 A EMIEREN 122 ERE . BEE 3D 3T ENHOR IR LA B FH X BB R iR
ZORMIPE R, WTLMEBRD 3D T ENEOAR D B B SRAG ARG HE A0 52 il vy BE DL PG Y SR BE R AE AN - 0
ANVEA REFIII2EERE . AR PRV EYENE, EXE. NGEE R SlE . MESngEhE
DL BRI TR, BB R .

H T SRR A — o 45 R B E I S ) B 05 3 334°C, 3D ITEN ARSI RAR KRR EsE 1
ML E R BE BRI DRI PERE . R, XTIUA ) 3D FTENR G E Ao, WKt R REER % H]
3D FTERHL, {2k REEBEER SRR TR T N . RN, REE DAL RE 5SSk
A4 RHERE RIS, SEm TR ORAYIPERE . HAT, SREEREERAE IR RS PR R VF 2 1R, B
AH) 3D FTEIRBEREAR 5 2R 0 A B HOh Z A o BB ARG — RPN RAEAAS RN, [k
FRE 1o 0 A 1) S R R L v ROR 5 DT T S BIOR UL, 3D 4T ENES i SR KA S L2 541
B LR “A U A 36 ) el (K S FH A5t

Flzmhse A
{5 7 A SO B
E&WHE

AR B T R A R UR A (2021043) « DU IS BB T M S5 08 N A 85 97 i B A B0 O T E
(JG2021-1102). Z( & #2&/E U A& AW H (202101011010). # K2 CC [H 5K A B4 ] 2021 4F % A
B BOF L BUER # (ccyg202101008) DU 148 K A A A 7 B YIl g i R 5 H (S202111079028
$202111079043X, S202111079095, S202111079124X, S202111079041). HSA 24 K244 G G I 25
17 H (CDUCX2022604, CDUCX2022600)% Bl .

&5k

[1] Wang, Y., Miller, W.D., Rumjahn, A., Schmidt, F. and Schwitalla, A.D. (2021) Mechanical Properties of Fused Fila-
ment Fabricated PEEK for Biomedical Applications Depending on Additive Manufacturing Parameters. Journal of the
Mechanical Behavior of Biomedical Materials, 115, Article ID: 104250. https://doi.org/10.1016/j.jmbbm.2020.104250

[21 M=, 5. 3D ITENRERRERE 2 H S A RHE B8 st S BLGL ], P RS TRERE T, 2020, 24(10):

1622-1628.
[3] B, £, XU4k4r, 2%, 3D T EIHURAE R A AU F A BRI [I]. R EBLER 24k 35, 2017, 27(12):
71-74.

[4] Wong, K.C. (2016) 3D-Printed Patient-Specific Applications in Orthopedics. Orthopedic Research and Reviews, 8,
57-66. https://doi.org/10.2147/ORR.S99614

[5] H¥L, WA, XILL. SEEEEENR O A e s SRR 0] D s a2 2 2% 2% 3, 2014, 15(3): 172-175.

[6] Mishra, S. and Chowdhary, R. (2019) PEEK Materials as an Alternative to Titanium in Dental Implants: A Systematic
Review. Clinical Implant Dentistry and Related Research, 21, 208-222. https://doi.org/10.1111/cid.12706

[7] Bathala, L., Majeti, V., Rachuri, N., Singh, N. and Gedela, S. (2019) The Role of Polyether Ether Ketone (Peek) in
Dentistry—A Review. Journal of Medicine and Life, 12, 5-9.

[8] Alexakou, E., Damanaki, M., Zoidis, P., Bakiri, E., Mouzis, N., Smidt, G., et al. (2019) PEEK High Performance Po-
lymers: A Review of Properties and Clinical Applications in Prosthodontics and Restorative Dentistry. European
Journal of Prosthodontics and Restorative Dentistry, 27, 113-121.

DOI: 10.12677/hjbm.2022.123023 198 W=


https://doi.org/10.12677/hjbm.2022.123023
https://doi.org/10.1016/j.jmbbm.2020.104250
https://doi.org/10.2147/ORR.S99614
https://doi.org/10.1111/cid.12706

b}

farey
=¥

{1

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Schénhoff, L.M., Mayinger, F., Eichberger, M., Reznikova, E. and Stawarczyk, B. (2021) 3D Printing of Dental Res-
torations: Mechanical Properties of Thermoplastic Polymer Materials. Journal of the Mechanical Behavior of Biomed-
ical Materials, 119, Article 1D: 104544. https://doi.org/10.1016/j.jmbbm.2021.104544

Han, X., Sharma, N., Xu, Z., Scheideler, L., Geis-Gerstorfer, J., Rupp, F., et al. (2019) An in Vitro Study of Osteoblast
Response on Fused-Filament Fabrication 3D Printed PEEK for Dental and Cranio-Maxillofacial Implants. Journal of
Clinical Medicine, 8, Article No. 771. https://doi.org/10.3390/jcm8060771

FrpdE, oW, 2%, HEZE, TRRAFE. 3D T RBEREIATE o R ST BB 5 R HANER]. AR AR
SR, 2021, 21(4): 764-768.

Fhfh, 308, T, BRMG, REE, B KB OGR4 3D FTENECAR 1 R R S8 [CY/
HEAOREY2OREEEEVERSE THREEOBEEZERSV M PEOBEY 2, 2020:
57-58.

Honigmann, P., Sharma, N., Schumacher, R., Rueegg, J., Haefeli, M. and Thieringer, F. (2021) In-Hospital 3D Printed
Scaphoid Prosthesis Using Medical-Grade Polyetheretherketone (PEEK) Biomaterial. BioMed Research International,
2021, Article 1D: 1301028. https://doi.org/10.1155/2021/1301028

BLEME, JigW, FE, LEFEROUEE, X4, HAE, & B E Mg UIER 3D 47BN SR BAEEER M1k ) A
HERHHRE[]. HEE 5K, 2021, 10(2): 122-127.
Chen, C., Yin, Y., Xu, H., Li, Z., Wang, F. and Chen, G. (2021) Personalized Three-Dimensional Printed Polyeth-

er-Ether-Ketone Prosthesis for Reconstruction after Subtotal Removal of Chronic Clavicle Osteomyelitis: A Case Re-
port. Medicine, 100, Article ID: e25703. https://doi.org/10.1097/MD.0000000000025703

Liu, D., Fu, J., Fan, H,, Li, D., Dong, E., Xiao, X., et al. (2018) Application of 3D-Printed PEEK Scapula Prosthesis in
the Treatment of Scapular Benign Fibrous Histiocytoma: A Case Report. Journal of Bone Oncology, 12, 78-82.
https://doi.org/10.1016/}.jb0.2018.07.012

Kang, J., Wang, L., Yang, C., Wang, L., Yi, C., He, J., et al. (2018) Custom Design and Biomechanical Analysis of
3D-Printed PEEK Rib Prostheses. Biomechanics and Modeling in Mechanobiology, 17, 1083-1092.
https://doi.org/10.1007/s10237-018-1015-x

Zhang, C., Wang, L., Kang, J., Fuentes, O.M. and Li, D. (2020) Bionic Design and Verification of 3D Printed PEEK
Costal Cartilage Prosthesis. Journal of the Mechanical Behavior of Biomedical Materials, 103, Article ID: 103561.
https://doi.org/10.1016/j.jmbbm.2019.103561

Kang, J., Zhang, J., Zheng, J., Wang, L., Li, D. and Liu, S. (2021) 3D-Printed PEEK Implant for Mandibular Defects
Repair—A New Method. Journal of the Mechanical Behavior of Biomedical Materials, 116, Article ID: 104335.
https://doi.org/10.1016/j.jmbbm.2021.104335

Guo, F., Huang, S., Hu, M., Yang, C., Li, D. and Liu, C. (2021) Biomechanical Evaluation of a Customized 3D-Printed
Polyetheretherketone Condylar Prosthesis. Experimental and Therapeutic Medicine, 21, Article No. 348.
https://doi.org/10.3892/etm.2021.9779

Tasopoulos, T., Chatziemmanouil, D., Kouveliotis, G., Karaiskou, G., Wang, J. and Zoidis, P. (2020) PEEK Maxillary
Obturator Prosthesis Fabrication Using Intraoral Scanning, 3D Printing, and CAD/CAM. The International Journal of
Prosthodontics, 33, 333-340. https://doi.org/10.11607/ijp.6575

Ding, L., Chen, X., Zhang, J., Wang, R. and Wu, G. (2021) Digital Fabrication of a Maxillary Obturator Prosthesis by
Using a 3-Dimensionally-Printed Polyetheretherketone Framework. Journal of Prosthetic Dentistry, In Press.
https://doi.org/10.1016/j.prosdent.2021.04.002

Manzoor, F., Golbang, A., Jindal, S., Dixon, D., Mcllhagger, A., Harkin-Jones, E., et al. (2021) 3D Printed PEEK/HA
Composites for Bone Tissue Engineering Applications: Effect of Material Formulation on Mechanical Performance
and Bioactive Potential. Journal of the Mechanical Behavior of Biomedical Materials, 121, Article ID: 104601.
https://doi.org/10.1016/j.jmbbm.2021.104601

Foelt, BKH, BHIFE, B 3D T 5| 3 RBRENEAE )L 2 AR SR R D). T E R A AR, 2021,
26(6): 272-273.

IRH, EEE, TV FRVE. THENUAEIRE 3D FT R REERREE A RS ) LB A AR R[] P E R
2%, 2021, 16(1): 74-78+82.

Barros, A., Brauge, D., QuEhan, R., Cavallier, Z., Roux, F.E. and Moyse, E. (2021) One-Step Customized PEEK Cra-
nioplasty after 3D Printed Resection Template Assisted Surgery for a Frontal Intraosseous Meningioma: A Case Re-
port. Turkish Neurosurgery, 31, 142-147.

Basgul, C., Yu, T., MacDonald, D.W., Siskey, R., Marcolongo, M. and Kurtz, S.M. (2018) Structure-Property Rela-

tionships for 3D Printed PEEK Intervertebral Lumbar Cages Produced Using Fused Filament Fabrication. Journal of
Materials Research, 33, 2040-2051. https://doi.org/10.1557/jmr.2018.178

DOI: 10.12677/hjbm.2022.123023 199 AW


https://doi.org/10.12677/hjbm.2022.123023
https://doi.org/10.1016/j.jmbbm.2021.104544
https://doi.org/10.3390/jcm8060771
https://doi.org/10.1155/2021/1301028
https://doi.org/10.1097/MD.0000000000025703
https://doi.org/10.1016/j.jbo.2018.07.012
https://doi.org/10.1007/s10237-018-1015-x
https://doi.org/10.1016/j.jmbbm.2019.103561
https://doi.org/10.1016/j.jmbbm.2021.104335
https://doi.org/10.3892/etm.2021.9779
https://doi.org/10.11607/ijp.6575
https://doi.org/10.1016/j.prosdent.2021.04.002
https://doi.org/10.1016/j.jmbbm.2021.104601
https://doi.org/10.1557/jmr.2018.178

iz %%

[28] Basgul, C., MacDonald, D.W., Siskey, R. and Kurtz, S.M. (2020) Thermal Localization Improves the Interlayer Adhe-
sion and Structural Integrity of 3D Printed PEEK Lumbar Spinal Cages. Materialia, 10, Article ID: 100650.
https://doi.org/10.1016/j.mtla.2020.100650

DOI: 10.12677/hjbm.2022.123023 200 W=


https://doi.org/10.12677/hjbm.2022.123023
https://doi.org/10.1016/j.mtla.2020.100650

	3D打印医用聚醚醚酮临床应用现状和进展
	摘  要
	关键词
	Clinical Application Status and Progress of 3D Printing Medical PEEK
	Abstract
	Keywords
	1. 引言
	2. 3D打印聚醚醚酮
	3. 3D打印聚醚醚酮临床应用
	3.1. 口腔修复
	3.2. 人造骨关节
	3.3. 颌骨缺损修复
	3.4. 颅骨缺损修复
	3.5. 椎体间融合器

	4. 展望
	利益冲突声明
	基金项目
	参考文献

