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Abstract

Bone defects are the clinical appearance of great harm caused by bone diseases, and filling and
repairing bone defects is a difficult problem in clinical application. Therefore, the study of bone
biomaterials is the basic research for the treatment of bone defects. By discussing the research
progress of different bone materials, further clinical thinking and research direction for the repair
of bone defects are provided.

XEFIAH: VR R B ERA R RN A R ). IR EE 2EERE, 2022, 12(11): 10598-10603.
DOI: 10.12677/acm.2022.12111526


http://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2022.12111526
https://doi.org/10.12677/acm.2022.12111526
http://www.hanspub.org

e s

Keywords

Bone Defect, Biological Materials, Bone Repair, Research Progress

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

HAEE FHGAR EHaH W, 2l MRS R[], AMegdHA A —EmaRE
G Ihee, B R B H SR REEEE A K, WA EE FAR BAWE . 1B 22088 T BEAAK 15 5,
T AMEERT, HESHIE R AN EAEN, RS AT RS, W E e R A
TR W SR — B IG R LTI Bk . BRI E, HRTIERN T St G T7
TIERER: $E ST, RS RE . Masquelet TR [2]. Nizarov B ZEKHAR[3]5% .
TE (Tissue Engineering, 2041 TF2) # A\ A& — Pl o i i I SRR (8 16 B S a508 2 00— Pl AT 1 7 v [4]
HAEE SR AR B R ISR B B A, Rl T 7 EER E R AORH I K B SR A 1 4R
H B 1 5 R A RAEE T 2 400, AFEMRIIESE . 3D JTEN ik, FLBRZE . LB LFTEAR
kRS, DRl 5 Bt — 2D R 5T

2. BRRIREEFRBINR

XTSRRI A AN R S S B SRk, B R SR AR B I R A
A[5]. HETEmR LR RRREA ER B FMRAE. NG, T ERE IR EsRI “ &
PRAE” , BRERMXEEAR, —ROiFH. ERAERE6] [7] [8]. REEEMBCRIIKRE, REHMEIR
VBT TR, BAEERIME MR R. W T AR TR SRR A 2 R R ] A 1T
B IES T REFARCR, (EEREAR R F 2RI ER E9] [10]. BN B REM R T E AR
T 1) EVIRETE: WUARA A e HE R R IORE L, SRR E s 2) B RTERE: MR
B VLG, EPIRAS; 3) AEWniEtE: HAEIF Mt S, (RdauRiey. BmE. o4 4) fLIR
RRBIEVERE: &AL ASE A TR e, REEH AR, 5) RIFHIHUMM 521 BA
5B HGHIT A5 B R UL RE[11]-[16] 0 AT LAXE T N TAS SR AR VIAH 25 R0 i 14
72 H AT TR B B B AR (1 2 2 A 7

3. RAREMH

RIREMEHERIET AR, FERMW R BEREMER A RSy SPURE S ME,
KRB FEM R, 2atis. BEE: & AT SRt st G BT 2Csdd i —moarrl, 1 H
PENIRIR B BAUE TR PSR EIL[17] [18]. HEZRIET BEAGRE . K. HEESH
EHE A REAL, HEEBS S THES, B RE R IARIERNAR, VAL, BeE R,
HHES ASBHGEI A, Ev DRSS IS DR R R M BT WEEE . W
WA, BT EM B “4hriE” [19] [20] [21] [22] [23]. BEAR NIEE KT R, HIHE
LA — SR il FAREEK, FARGIGIE, B, S0 % IF R DR o 32 B 2 S R 06 22
[24] [25]. RffE: RAAEARGEA RIFAEESREESME, NS KRG, /56, RIEAH

DOI: 10.12677/acm.2022.12111526 10599 I IR = =23t e


https://doi.org/10.12677/acm.2022.12111526
http://creativecommons.org/licenses/by/4.0/

e s

XEE, BB M ERE, 2% T BN s B 5 PR B i, ARXT T B AE AR
PEX BT R R, B DA SRS B R85 T 2 O 2 B o SR IR N A B 5 S S e
JERBE G HIER A ER AR, SO AR I s KSR B TR G 4 RNEARSH
M [ R AR RS AN o AEIXAPE UL, B I IR)EAT 1 %) A AR i A0 22 i ) L 37 = B A - i LA
B T A e P 6 S AR R B R IR AN A o 3 i R KUK B A VR AR I L B 1 [ 26] . -
DR 5 2 AR S e B LRI S i 2 A0 1, SRR R AR PR, A AN B I PR T 28 JF HL AR
EAREREOT KB, R, B OB R AR[27] [28].

4. ANTEMH

NTEMBOCT SO E B R, BEIL B BA T AEMAELE. Biee. BFS, BEX
55 LRC A RS 264, BRI THI8aH B . H AT B B AR T AR L s I S A e =T
MEICRAR R T+ N LA 1) MY R EEp R A5 [29] [30]

4.1 MBS EAR

EEEMEE RN RZNEHEY), FEASH, HREEE. KESSIE T RIFRAL.
ITEEAE, B/NREE R EE ZILERIMIRE, RIFWAEYAASME. YU, mEhtE, EikK RS TR
BFICR . YEYES B AT RHMERL G REIRIERSE B )5 R SRS ME R, BRI AE TH LA o 2238
FAZ . BN E S DA 7E 1 25 R AR &5 R) @ [31] [32] [33].

42. BHFMH

STMEVEFERRMN T ERE S TR, RAETEFRE. 2550, oS, X8EpMe
BB AEYAHAME.. ARG, RE4ii R, R N ER S, Bl 2= & a/E A —M A
BRI RS FALEER, BARGMZETNE. Prhffsa A EY Gt A R rgn g
A RCE ERE, PR 55 s 2 B ARUCES, S PR A = A2 () 2L R A 22 R ox) &) Rl 4 400 A 7 7R Al
BEAER, FILETBBEE ERI E R [34] [35] [36], AN LTAMMEOEEAR. Ko . §
FUBR-F2 2L L BREMEL, EE FDA HEHERI A B AV B A A R, AR RERIEASZ R DL K
AL & AN R FLBRUR AR IR R, FRARVEREIL SR . REVE AR BN 2 KA TR 5L A R
TESZBR R R ORI B A Sk E 2, MR 7155, MUBRBRFEEA L, AT gl Jom i R e sk al, @I Rk
RS, BEMKA. WK, EHEEEEINEEY, FTIEE M RE, EPUERE AT
[37] [38] [39].

4.3. EYRE

FEAERIR =45, BEMICA . EYIETEEEE . IEMESE, VRS AR LT &
SR, HAREAEH BRI B S, WO B R RS e . R R KA e AR & &
LR 60%, Ltk BARIFNEESYE, SEHHSERERERN . B RHE, MORIEER
K, FUMGGEEERISS; PRI E RISECA . AUTRRY, YORGREM KA 1#ERedE, +5
IR 2REA 7R ROV SMEITRES R, EAEMHEBYE. EYrT e, fEdkan i
FERE ST VA SR S U PR AR DT TS 7R R B G [40]-[47] .

5. E&WH
AR A BRI & B PR Fh L _EAS F R gEAT 46 T Ak, S &M R AT LA

DOI: 10.12677/acm.2022.12111526 10600 I IR = =23t e


https://doi.org/10.12677/acm.2022.12111526

e s

A RGRAN R B RAIR BN AP RHE AR ERALE T T AN AL, AT i 2 08 1 A 48] Bid 3R 2t
SR IEE R AR BN, R R EAN RURIRFRIERE A ) 25 S8 1A R RE[49] . AN IR
KB S LR 5 Pk AR BE G S F B BRA% 1) 5 2 B AR 32 [50], LA FRIEREACH PRI A= W0 AE 2 VA1 2
FHEJI[51] [52] [53]. MALER G B ABEMEL ST A AL IS R HIE R K, RAMEH P dh ik R A
XEA, FIRDHEIEANFL I MEAN TR, 8 G 7 i 1) 22 S AT RO A AR o

6. /&g

12 BT E LRV BT ey, o B R . ok A EREERER, AR
FBE 2 FHREINIE & T N AR, BB 2 05T RS MORME B8 & i S I B, 4
IR IAEST, (et BRI DR R, IRTIRARIA R, Rm AR

&E 3k

[1] Jing, Z., Zhang, T., Xiu, P., Cai, H., Wei, Q., Fan, D., Lin, X., Song, C. and Liu, Z. (2020) Functionalization of
3D-Printed Titanium Alloy Orthopedic Implants: A Literature Review. Biomedical Materials, 15, Article No. 052003.
https://doi.org/10.1088/1748-605X/ab9078

[2] &, LR, FKE, Tz, KEE BEHERMERE N 20 Masquelet B ARTE B BRI 1 R LA [J].
HHANEEST, 2021, 40(4): 36-38+42.

[8]1 #hEK, FMRT, RTE, XIE, RAE, AR, “FRETHEARX Nizarov B #IE IR ITE BT BRI S [I].
[ Ifs PR figg ) 22 2 3, 2021, 39(5): 598-602.

[4] Deng, F., Liu, L., Li, Z. and Liu, J. (2021) 3D Printed Ti6Al4V Bone Scaffolds with Different Pore Structure Effects
on Bone Ingrowth. Journal of Biological Engineering, 15, Article No. 4. https://doi.org/10.1186/s13036-021-00255-8

[5] Parsons, B. and Strauss, E. (2004) Surgical Management of Chronic Osteomyelitis. The American Journal of Surgery,
188, 57-66. https://doi.org/10.1016/S0002-9610(03)00292-7

[6] Wernike, E., Montjovent, M.O., Liu, Y., Wismeijer, D., Hunziker, E.B., Siebenrock, K.A., Hofstetter, W. and Klenke,
F.M. (2010) VEGF Incorporated into Calcium Phosphate Ceramics Promotes Vascularisation and Bone Formation in
Vivo. European Cells and Materials, 19, 30-40. https://doi.org/10.22203/eCM.v019a04

[7] Mueller, T.L., Wirth, AJ., van Lenthe, G.H., Goldhahn, J., Schense, J., Jamieson, V., Messmer, P., Uebelhart, D., Wei-
shaupt, D., Egermann, M. and Miller, R. (2011) Mechanical Stability in a Human Radius Fracture Treated with a Novel
Tissue-Engineered Bone Substitute: A Non-Invasive, Longitudinal Assessment Using High-Resolution pQCT in Com-
bination with Finite Element Analysis. Journal of Tissue Engineering and Regenerative Medicine, 5, 415-420.
https://doi.org/10.1002/term.325

[8] Schlumberger, M., Mayr, R., Koidl, C., Eichinger, M. and Roth, T. (2018) Treatment of Tibial Nonunion with Bone
Defect Using a Heterotopic Ossification as Autologous Bone Graft: Literature Overview and Case Report. European
Journal of Orthopaedic Surgery & Traumatology, 28, 741-746. https://doi.org/10.1007/s00590-018-2146-6

[9] Chatterjea, A., Meijer, G., van Blitterswijk, C. and de Boer, J. (2010) Clinical Application of Human Mesenchymal
Stromal Cells for Bone Tissue Engineering. Stem Cells International, 2010, Article ID: 215625.
https://doi.org/10.4061/2010/215625

[10] Nkenke, E. and Neukam, F.W. (2014) Autogenous Bone Harvesting and Grafting in Advanced Jaw Resorption: Mor-
bidity, Resorption and Implant Survival. European Journal of Oral Implantology, 7, S203-S217.
[11] Thomson, R.C., Yaszemski, M.J., Powers, J.M., et al. (1998) Hydroxyapatite Fiber Reinforced Poly(a-Hydroxy Es-

ter) Foams for Bone Regeneration. Biomaterials, 19, 1935-1943.
https://doi.org/10.1016/S0142-9612(98)00097-0

[12] #E, FS, XK, VY. EH ME & N THARHE SRS AN R[], B IRz 24 2% 75, 2001, 11(4):
275-276.
[13] Dalgic, A.D., Alshemary, A.Z., Tezcaner, A., Keskin, D., et al. (2018) Silicate-Doped Nano-Hydroxyapatite/Graphene

Oxide Composite Reinforced Fibrous Scaffolds for Bone Tissue Engineering. Journal of Biomaterials Applications, 32,
1392-1405. https://doi.org/10.1177/0885328218763665

[14] Fernandez de Grado, G., Keller, L., Idoux-Gillet, Y., Wagner, Q., Musset, A.M., Benkirane-Jessel, N., Bornert, F. and
Offner, D. (2018) Bone Substitutes: A Review of Their Characteristics, Clinical Use, and Perspectives for Large Bone
Defects Management. Journal of Tissue Engineering, 9, Article ID: 2041731418776819.

DOI: 10.12677/acm.2022.12111526 10601 Il R 125 23k i


https://doi.org/10.12677/acm.2022.12111526
https://doi.org/10.1088/1748-605X/ab9078
https://doi.org/10.1186/s13036-021-00255-8
https://doi.org/10.1016/S0002-9610(03)00292-7
https://doi.org/10.22203/eCM.v019a04
https://doi.org/10.1002/term.325
https://doi.org/10.1007/s00590-018-2146-6
https://doi.org/10.4061/2010/215625
https://doi.org/10.1016/S0142-9612(98)00097-0
https://doi.org/10.1177/0885328218763665

e s

[15]

[16]

[17]

[18]
[19]
[20]
[21]
[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]
[35]

[36]
[37]

[38]

https://doi.org/10.1177/2041731418776819

BRI, G0, FUE, GRIEE, WOE, BUKH, BREM, R AATEZTEEEM BN it e
[9]. " EHLR TR, 2020, 24(10): 1615-1621.

A, B, AR B, s, RRE, X, RS AV RS SR A SR i B A
[3]. " EHLA TR 5T, 2019, 23(6): 963-970.

XM, BN, 2%, MIER, ZER. BEEAERRE T LB RE BRG] b EIR KA 2 2%
&, 2019, 37(6): 726-728.

RS, Bl BREBEEEFHRI R RD]. T EE SRR, 2011, 26(6): 574-576.

Campana, V., Milano, G., Pagano, E., Barba, M., Cicione, C., Salonna, G., Lattanzi, W. and Logroscino, G. (2014)
Bone Substitutes in Orthopaedic Surgery: From Basic Science to Clinical Practice. Journal of Materials Science: Ma-
terials in Medicine, 25, 2445-2461. https://doi.org/10.1007/s10856-014-5240-2

X, R, BACE B EG S RE A SUE SR T A R[], DA 55 541K, 2016, 17(1): 49-52.

A, ELENS, SEOW, skl MK, BB, XE, P, BEM. BE TBRBEEE RS E ERNTTRITE
[J]. " EEE EEIRIRE, 2018, 32(9): 1211-1217.

AR, BRI, TR, BAN TR AR RS s RS E0)]. HEHLN TR, 2019, 23(30):
4848-4854.

Wi, TH T BREBEES SR IERT A RN EYTIRES:, 2019, 28(9): 945-948.

Khira, Y.M. and Badawy, H.A. (2013) Pedicled Vascularized Fibular Graft with Ilizarov External Fixator for Reconstruct-
ing a Large Bone Defect of the Tibia after Tumor Resection. Journal of Orthopaedics and Traumatology, 14, 91-100.
https://doi.org/10.1007/s10195-013-0225-3

Noori, A., Ashrafi, S.J., Vaez-Ghaemi, R., Hatamian-Zaremi, A. and Webster, T.J. (2017) A Review of Fibrin and Fi-
brin Composites for Bone Tissue Engineering. International Journal of Nanomedicine, 12, 4937-4961.
https://doi.org/10.2147/1JN.S124671

Brink, O. (2021) The Choice between Allograft or Demineralized Bone Matrix Is Not Unambiguous in Trauma Sur-
gery. Injury, 52, S23-S28. https://doi.org/10.1016/j.injury.2020.11.013

VSO, HOCR, WO, FERI, REE, SRR B EBERS A TS5 R E IR Sanders IT-TIV AR & Hr i
Joa iR REAFF 7T [3]. B 17, 2018, 31(7): 594-598.

TR, KA, TR, TEE, MW, XK. [FR R AR R A B DY RS R R VIR S A SRR [I]. B
AhEI 8, 2019, 27(3): 225-229.

JEFHSC, R—, RAKIE. LV SORMBME IR AN S BT R RE[D]. AW B RS IR R T, 2022,
19(5): 80-84+89.

TR, SREIE, TREFE, WKOLEE, BT, B SRR R B R b i N AT R[], h AR ST
AhEIZ 8, 2022, 15(1): 63-69.

JREAE, 230, JUtE BB S AR BUIR S FRAAK[I]. o E A TR 5T, 2018, 22(14): 2251-2258.
TEHIR, R, TR, RO B/ NGRAE G JE R0ME (A RS 2 72U R R Bl B S S AR TS S RHER].
B LA TFEATE T, 2018, 22(31): 4937-4942.

Nikolaus, O.B., Abdel, M.P., Hanssen, A.D. and Lewallen, D.G. (2017) Porous Tantalum Femoral Metaphyseal Cones
for Large Femoral Bone Defects in Revision Total Knee Arthroplasty. JBJS Essential Surgical Techniques, 7, e17.
https://doi.org/10.2106/JBJS.ST.16.00096

B sEAR, RS, XIHEE. 2 3RE ARV SR F TR R R R[], R EEE Ed MR R, 2014,
28(10): 1307-1310.

PR, ShOR, FOEEE, X, XfEr, BER, BE . 9K LR E A RERE ] & LR RERT T[], A BEIE, 2021,
43(5): 489-495.

20, MO, AR, R SCRAENLE B LR R B BT e RE[D]. 444, 2021, 58(11): 18-22.

Chen, Y.J., Han, L.J., Chen, H.L., Jia, S.L. and Dong, L.S. (2018) Effect of Nanoscale Dispersed Silica on the Fabrica-

tion of Microporouspoly(L-Lactic Acid) by Uniaxial Stretching. Composites Part A: Applied Science and Manufactur-
ing, 112, 423-431. https://doi.org/10.1016/j.compositesa.2018.06.029

Ignatius, A.A., Betz, O., Augat, P. and Claes, L.E. (2001) In Vivo Investigations on Composites Made of Resorbable
ceramics and Poly(Lactide) Used as Bone Graft Substitutes. Journal of Biomedical Materials Research, 58, 701-709.
https://doi.org/10.1002/jbm.10024

DOI: 10.12677/acm.2022.12111526 10602 Il R 125 23k i


https://doi.org/10.12677/acm.2022.12111526
https://doi.org/10.1177/2041731418776819
https://doi.org/10.1007/s10856-014-5240-2
https://doi.org/10.1007/s10195-013-0225-3
https://doi.org/10.2147/IJN.S124671
https://doi.org/10.1016/j.injury.2020.11.013
https://doi.org/10.2106/JBJS.ST.16.00096
https://doi.org/10.1016/j.compositesa.2018.06.029
https://doi.org/10.1002/jbm.10024

e s

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Song, J.E., Tripathy, N., Shin, J.H., Lee, D.H., et al. (2017) In Vivo Bone Regeneration Evaluation Of Duck’s Feet
Collagen/PLGA Scaffolds in Rat Calvarial Defect. Macromolecular Research, 25, 994-999.
https://doi.org/10.1007/s13233-017-5134-5

Huang, T., Fan, C., Zhu, M., Zhu, Y., Zhang, W. and Li, L. (2019) 3D-Printed Scaffolds of Biomineralized Hydroxyapa-
tite Nanocomposite on Silk Fibroin for Improving Bone Regeneration. Applied Surface Science, 467-468, 345-353.
https://doi.org/10.1016/j.apsusc.2018.10.166

Bian, T., Zhang, H. and Xing, H. (2020) Preparation and Biological Properties of Collagen/Nano-Hydroxyapatite Compo-
site Nanofibers Based on Ordered Nano-Hydroxyapatite Ceramic Fibers. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 602, Article ID: 124802. https://doi.org/10.1016/j.colsurfa.2020.124802

RS HE, ML, R4, BE. YURBERRILBEKCA R LB RS A /KB 1 & R et AL [1].
TH B RL 2021, 49(3): 164-167+172.

BEE, A, YRR, L, B, SRV, 2 3N B AT U SRR B A SCER ) & X PR R STLI].
et kl 2021, 52(6): 6110-6115.

RN, CTRIE, EAEL ERA, FEBL, ORI, THET. 3D ITHVE AR IR ORI SR S 9K R IR A
1R OGBS B M RE LU (9], D s B 24 7L, 2018, 34(9): 1011-1015.

PRI, AR, SRHRME, TUIOL. BRIEREA 5T IRME S G ORI 6 s LOLRIEQ]. TTARARIR AR, 2021,
37(5): 1-5.

FEIE, B, BB, WS, SRR B A IR Y B G0 0 P BE R ML BT T3], R 2,
2021, 49(9): 910-916.

REKE, FdE, BT, JidE, Wik, Rk, e AUNE, RO BB HA-GP HaE Uk B R
PERFAC[I]. RYIER 22253 (B T h), 2021, 38(3): 280-286.

Jahan, K. and Tabrizian, M. (2016) Composite Biopolymers for Bone Regeneration Enhancement in Bony Defects.
Biomaterials Science, 4, 25-39. https://doi.org/10.1039/C5BM00163C

TEEEE, X, XU, K7, K, S, FETRIR 3D HENLRE A/ 1 BRI SR IK A SR I0 F15 v g
[3]. FEELS TR, 2022, 26(22): 3718-3723.

i, XEAR, AT, X%, BTN, 200, ik RAHEL SRR RIR R G IR Eh KRR e A
BERRKRBE TR EAL TR, 2022, 26(28): 4749-4756.

BiEM, s, R, XM, BRESE. R A A EOR ] % SR AEQ]. BT RER 22441,
2021, 43(5): 525-528+533.

BRATAE, 32k, FAR, M0, REKR, R, KM BEB KA A B RIA AN EE SR BS54
R il R B AT S BRI T ). MR & A kLS AR, 2021, 50(10): 3698-3706.

R, IS, BRI, RIEE. RO N BRIAK R SRR A 7 i 7 2 4R IR ) 4 SO A s R [D]. VM BE
Bi2£4R, 2021, 44(4): 287-291.

DOI: 10.12677/acm.2022.12111526 10603 I IR = =23t e


https://doi.org/10.12677/acm.2022.12111526
https://doi.org/10.1007/s13233-017-5134-5
https://doi.org/10.1016/j.apsusc.2018.10.166
https://doi.org/10.1016/j.colsurfa.2020.124802
https://doi.org/10.1039/C5BM00163C

	骨缺损材料临床应用进展
	摘  要
	关键词
	Progress in Clinical Application of Bone Defect Materials
	Abstract
	Keywords
	1. 引言
	2. 骨缺损修复材料的认识
	3. 天然骨材料
	4. 人工骨材料
	4.1. 生物惰性金属材料
	4.2. 高分子材料
	4.3. 生物陶瓷

	5. 复合材料
	6. 小结
	参考文献

