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Zirconium-titanium-niobium-tantalum alloys promote humeral shaft fracture healing
of rabbits
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School, Liaoning Medical University, Jinzhou 121001, Liaoning Province, China; 2Department of
Orthopedics, *PLA Laboratory of Severe Battle Trauma, General Hospital of Shenyang Military Region,
Shenyang 110016, Liaoning Province, China)

Abstract

BACKGROUND: Metal elements of traditional steel plates have a potential risk to the human body.
Zirconium-titanium-niobium-tantalum alloy independently developed in China has some advantages such as no
toxic hazard, low elastic modulus and high strength, and it provides a new train of thought for new metal implants.
OBJECTIVE: To study the effect of zirconium-titanium-niobium-tantalum alloy on bone healing of rabbit fracture end.
METHODS: Rabbit bilateral humeral shafts were sawed and implanted with zirconium-titanium-niobium-tantalum
alloy (experimental group) and ordinary steel plate (control group), respectively. At postoperative 28, 56, 84, 112
days, stress shielding rate was tested. The biological potential of fracture end was determined before and after
fracture, immediately, 14, 28, 56, 84 days after surgery. Hematoxylin-eosin staining was performed to observe
histological changes of samples at 7, 14, 28, 56 postoperative days under light microscope.

RESULTS AND CONCLUSION: The stress shielding rate at each time point was lower in the experimental group
than the control group (P < 0.01). After modeling of fracture, the bone biological potential was negative in the two
groups; after internal fixation, the electric potential in the experimental group was reduced more significantly than
that in the control group (P < 0.05). The experimental group always maintained the negative potential that
exhibited less fluctuation after surgery. At 56 days after surgery, bone union was visible at the fracture end of the
experimental group, the Haversian canal was reconstructed successfully, and the trabecular bone was orderly
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arranged parallel to the bone axis; while in the control group, woven bone tissues were visible at the fracture end, the
woven bone, the trabecular bone was in disorder, and the cortical bone was partially absorbed. These findings indicate
that the zirconium-titanium-niobium-tantalum alloy can promote fracture healing.

Subject headings: titanium; alloys; humeral fractures

Yang TW, Liu XW, Liu YE, Zhang YB, Zhou DP, Xiang LB. Zirconium-titanium-niobium-tantalum alloys promote humeral
shaft fracture healing of rabbits. Zhongguo Zuzhi Gongcheng Yanjiu. 2014;18(52):8382-8386.
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Table 3 Bone bioelectricity of the experimental and control groups at different time after surgery (xts, mV)
415 HATHT WA ARG I ARJ514d AJF28d A5 56 d AR5 84d F P

SEHGA 1.43+0.61 -2.44+0.68 -7.82+1.22 -5.61£2.81 -5.42+1.81 -5.25+2.91 -5.40+1.91 7.123 0.002

o JEAH 1.48+0.51 -2.49+0.75 -7.93+1.25 —7.7242.91 -5.19+£2.52 -2.68+0.72 -1.40£0.69 8.425 <0.001

F 4123 1.012 2.101 1.956 1.456 5.523 6.123

P 0.02 0.125 0.09 0.114 0.118 <0.001 <0.001
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Table 1 Stress shielding rates in the experimental and control Table 2 Repeated measures analysis of variance of stress
groups at different time after surgery (xts, %) shielding rates

215 28d 56 d 84 d 112d F P SRR F P

Seub4] 29.040.3  28.8+0.2  35.4+0.5 33.4+0.7 8.123 0.002 I ) 2 2808 23.496 0.000

X4l 84.5+6.2 82.7+4.3 78.1x3.2 75.914.6 10.135 < 0.001 205 N 15.425 0.000

F 15231 14325 12456 13214 WA 8.474 0.006

P <0.001 <0.001 <0.001 <0.001
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Table 4 Repeated measure analysis of variance of bone
bioelectricity
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Figure 1 Hematoxylin-eosin staining of the fracture end in the
experimental and control groups at 56 days after surgery (x400)
Plide: P A D Scidl, - arim e WA PEERIB R, WA i I B
NP e B S A O AT B IR, E i WS,
NPV TORT, ST I A ML .

B, MRAYUERIEEUKY, R84 drEir 4 dpisb sk
A LA B A E A A AR (P < 0.05).

EEH B 7 7 2B 3 7 E R0 7 0 #3): BT RAE
Joi, PRULR AT AR, T LA ] S A BRI, S
XA BT, ARJ556 dFIAE84 dify s A7 (A% T 25
41(P<0.05), HYEAJ556, 84 dilL.

EENE L EAH(F4): EEMEMLSRE R, B
o 2R A B E AR HAR (P < 0.05), B2
DR 22 EANR] RIS ) i L RO AN IR . 29738 AR
I, AT RN AT S PR RS, R 25 o AT R R
BT 9321 D] 2 AN [ I 7P P 8 o i) BT 35 AR [ 434
IR o
24 FAW-FLEEENR REHTRME14RPAEH
NERIVE ML RIGEETR, B LA Btk
MZHZUR . RIGH14AR, WEAFAGUYIFE R AT 4
SEARALEL, KT AT AT RIS, RJG28 d, W4l
BRI A AN A, B AR RO, R A K
A, FEE TSR N AN GRS fs P 4T 44
SUBE WA, EE T AT SR iR A B s 5
B AR B0 DXk CL 8 AT LUK B O G PO, i 414ie

P.O. Box 10002, Shenyang 110180 www.CRTER.org



PR, . OO 5 sb T (EA M 1 T R DT A

@7z oo

010 RRP L BN /TR R L AT B G D L AN S
WAELZ (R4 i A B N TEHIRAS, LABTEA B i
BN T ARJR56 d, SR E i ol W PR K
e P SRR s NS 3 HLS R il i B AT
X ML P T WA AR, BN ALTC R, B
JoE o3 W () -

3 i}i¢ Discussion
31 AYERNEEMFGIREAT LK EWEHMES
Zr, W aEpmennEmpI g s, HAmEH.
L TR R IR LY, FF e R R AN PR SR
RIUE,  E A AR S FH AN N AR A PRS0 R 402 LG
A, R SHAIS316. 316LF3174%, 7L E s
BERRE S, LRI R R, R SR I
WP L SR R TP RAE. Hsh, X
SRR S A ATV AE BRI TR WAL VA,
Ak EAN B S NEHE, ) ZHTFATTR. A
L NAUE S ST, (HAEK RIS, #ERT
15 R BHE AR SR BE (R 25K, #l W LISS(Less Invasive
Stabilization System, LISS)/{j: 456 %80 GPa, {HiH
J LEARERAN/N0%, 24400 MPa, 3% /5 R LISSH itk
I T o EKA A PERR R, HET O E N N TS0 AR
WRET . MESARIRET . ZFHRAE - I IEM L.

B TR A 4 Db 20 R I LA T s bk« 2E AR 2k
W N T N AR AR D) 22 P S0 7 v N T IR IR YA
7. WEMREI, A EES AMRARfEm, H
H R AW K& R E Bl AR R A7 48
BETEH . SFEAL V. NisEeEEME & 4K,
BARCKRH TRMEEREAR, RELHEFREERKTA
HIUERAUREREFHW O 6E, (EURH T Ao
FEMIEEYEAE A R 7 LR T, Sk, b TSk e 4
P, XREEH T AR A E @ EAT O Tk
TN, R A SR IS R SO SE FANME
3.2 WBHREEAMAMAAF T KRGS HEAN
PRE G AU 2 N A JE AR, RIS 4258 a,
o+B, B), — MR AEMEE FER & 4 0 N R AT R B4 34K,
S RLLIERANTI-6AIAV IR IR, B A B iz 14h
BHEAMEL, (HITE ARV A i5vE e, KA
20 N AR B %, 45 — 4R LATI-5A1-2.5Fe fil Ti-6AI-7Nb
AREM o+ &4, HETHN T/ M, 5 —=/CpMY
AN MBI T IR, HA AR bk
Wi, Wb R . W R, G R AR
A K TR ACAZ 0 S PR T2, T ik BAY AR B 4
AT I ST, R RS B L R B AR A ST
i, 2 [ Clemson kX % ) H.J. Rack # #% #F 5% )
Ti-35Nb-5Ta-7Zr & 4:1"%, Lok i i i A 4 55 GPa, %
IR B R, RIE 530 MPa. HAFENRIH:

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

KEEIM. Niinomi B /N 41T AT B e e A o 1)
Ti-29Nb-13Ta-4.6Zr 5 4, FLii B5 1A J) 2= Pk pedl E21m T
Ti-6Al-4V 4 417,

9 AP e FHBAR & S AR 22 5 SR NINIES 22, (R

Oz AR, [H A6 Ti-Nb-Ta-Zr& G ST CIs— & 1)
G, HAE i T B FE BRI A A ST ST STt P21,
PR 2240 GPa, JEANY B U s AR Y, ifi
T IEIA%]800-900 MPa, L4l kot 5t NMATE dEEEH]
MITERe R UE, A0 T I0AT P AT 1) B R (WA . R 22
BTV BEAAT N TOCTEE), fEARSKEA) B IT A 2 [ Fl
N AT 5.
3.3 ARRAEADE B TR A BB BAL B AT A
AR N RSN A i i T E AR 2 0y
Ui, 0 I R R B A A B A IR SR A . (R
SEEG TR, KA A B S IO SR i AT N P A,
A T 0T AL, IR ERETE40% AR, R A . g
PURIRFFAEB0% LA by B B @A HERE, N %A
BT R B, AR FEE R R AT o AR, ARBR A P A
S N B PE RS 10-30 GPalIT 101, A Rk A28
R ZH 2R ) R B g DG IC 55 36k i 0, TGV B 1Y g 6
BNE AN AR I FE v A R R T A 3580 2 208 P RS st
s sh, WMEET@A, TN R RN A A A b
PrEBAL B TR, BN T R AT, G TR
SEH TR . 1N AR A A A AR KL
AR 32 B 0 BE R R G L TR i

H T AR AR A A AR o — B TS B IR R
Mo 7ELMEMBFTH, BB TR E, XR 5 irRES
Vg F AR T B A 0 A, TR T s A A7) R ) A
IOV BB A — R g T @ A R, B kR
. R, B HRALACERE A A T P R A
FEASZIG O SR R], S0 217 338 7 ) FA AR TR T A
AAaid R, R4 iim. e R, EXTEAp, K
J28 dE AL A AT RIS 28 B0 EH KT, RTS8
WA B AT, AN R AR R AR B . R
Wh, EREeE A S MR 2240 GPa, AL R E
(PR AE >, JCE e RS e, AR 2
PN T N RSN, R T T SRRl AR . AHXE
B SR KT o ) B R 2B ) P G T T e
A RE AR R, AR ASR] T 4o i B G SLied
REdRALAR T . FRER AR M R R RS, X LR R
hE T IR R AR T R AT I R AR AT,
FITAEHEE TR, AR B3 @G . AR T
M, M —ANBEEE T g R, K528 d, W
LRI P AN A, BT AR AT RO, R gl K
Wk, EETEN S ANERORE . SEIRALE T
PELLZ s Xof T 2 Wi g (047 A K 9 [ 7 ST 4 M i 4
M R M A R, BN HER L, DAR AR i

8385



PR, . OO st T LEA M 15 T R T A

= o
C%F.pz www.CRTER.0rg

AT RJE56 d, SLECALR) i ol WA PEERETE K,
Wl EQ A F AT AN HESAT e HL R R BT
Xt HEAL IR B I ] WAV N RS SE R A
BT 823 B WA

FEASEYG AR A P AL AR S 2 I T IR B S Y
giJa, HE AR R AR, LR RIR S e e
PR R BUG, FRPERE A TLUVRBR R,
HARAZNLE L &S, AR IR BRI
DUT, SR ALK B I g A= 4 ) 224 PE (TR $T
Fev PUBTD),  TIXFRL AL R (KD RS R G T A 1 A I
BT A EE A R R IR, A R
WIREA .

ARSI R BRI B AE 15 A R AAREN T SR 1
PN BN A S E WSS, d TS RHE LR
R PR AP AL S W R SE IO BT
DU, D Ja SRR R R B ST P4 T B K3
I R GBI B 2 L AU 3 4T 5 A JE Ao

B BTN R S e X kAR 2 R A b b T e
SR, BRMBAEAMER EEREERLG TR E N ESrE
0, Bt EERKXEBAADEELRT LBHITN L.

TEZ T sk RIAT 1R, T FEaAMmER. F Kk
e HEB. KER, FRFEAIKRSG. TREE, THKEH
sk BKM, ek, AR EFAR, MR LER K.

FlE G XFBRNERG BABKAI TR

EHEEELK. FhidRPstshpl EAE T EAREFEEK
AT (R TFEHFEZRHWAIEFHELY LT,

FRRIE SRR H =X B A4S A, H5HTARA
o, e T AP AARE MR E MK TR T E (e Nb. Mo, Ta.
Zr. Sn %), B4 ZIKeGRMEAE. B He iR, B,
B A AR RS . ARSI B IRITIT B A

1EZER: X ZAH RS, LIVE2EG, RRERE LA
FH G, NERHBEALE, LA,

4 BEXHEk References

[11  Hieda J,Niinomi M,Nakai M,et al. Adhesive strength of
medical polymer on anodic oxide nanostructures fabricated
on biomedical B-type titanium alloy.Mater Sci Eng C Mater
Biol Appl.2014;36:244-251.

[2] Barbintd AC,Luca D,Strugaru Sl et al.New Titanium Alloys
Potentially Used for Metal-Ceramic Applications in Medicine.
Key Eng Mater.2014;587:287-292.

[3] NieL,Zhan Y,Hu T,et al.B-Type Zr—Nb—Ti biomedical materials
with high plasticity and low modulus for hard tissue
replacements.J Mech Behav Biomed Mater.2014;29:1-6.

8386

4]

(5]

(6]

(7]

(8]

9

(10]

(1]

[12]

[13]

[14]

(18]

[16]

(171

(18]

[19]

(20]

[21]

Xu J,Weng XJ,Wang X,et al. Potential Use of Porous
Titanium—Niobium Alloy in Orthopedic Implants: Preparation
and Experimental Study of Its Biocompatibility In Vitro. PloS
One.2013;8(11):79289.

Wei Q,Wang L,Fu Y,et al.Influence of oxygen content on
microstructure and mechanical properties of Ti-Nb—Ta—Zr
alloy. Mater Des.2011;32(5):2934-2939.
FRPAR, KA A, i i, RIGIENZ B dexd B4 @ o i 42 )
HLIF I [J]. TP AR Q45 2, 2004,20(6):359-362.

Vahter M,Berglund M,Akesson A, et al. Metals and women'’s
health. Environ Res. 2002;A88:145-155.

Denkhaus AK,Salnikow K.Nickel essentiality, toxicity, and
carcinogenicity. Crit Rev Oncol Hemato-2002;(42):35-56.
Geetha M,Singh AK,Muraleedharan K,et al. Effect of
thermomechanical processing on microstructure of a
Ti-13Nb-13Zr alloy.J Alloy Compd.2001;329(1/2):264-271.
Kim JI,Kim HY,Hosoda H,et al. Shape memory behavior of
Ti-22Nb-(0.5-2.0)O(at%) biomedical alloys. Mater Trans.2005;
46(4):852-857.

Zheng YF,Wang BL,Wang JG,et al.Corrosion behaviour of
Ti-Nb-Sn shape memory alloys in different simulated body
solutions.Mater Sci Eng A.2006;438-440(n SPEC ISS):
891-895.

Sakaguchi R,Niinomi M,Akahori T,et al.Relationships between
tensile deformation behavior and microstructure in
Ti-Nb-Ta-Tr systerm alloys.Mater Sci Eng C. 2005; 25(3):
363-369.

Miyazaki S, Kim HY,Hosoda H.Development and
characterization of Ni-free Ti-base shape memory and
superelastic alloys. Mater Sci Eng A.2006;438/440:18-24.
Kim HY,Sasaki T,Okutsu K,et al.Texture and shape memory
behavior of Ti-22Nb-6Ta alloy. Acta Mater.2006;54(2):
423-433.

Zhang LC, Zhou T, Alpay SP, et al. Origin of pseudoelastic
behavior in Ti-Mo-based alloys.Appl Phys Lett.2005;87(12):
241909.

Ahmed TA,Long M,Silverstri J,et al.A new low modulus
biocompatible titanium alloy. Titanium 1995, Science and
Technology, Birmingham, UK,1996:1760.

Hao YL,Niinomi M,Kuroda,et al.Young’s modulus and
mechanical properties of Ti-29Nb-13Ta-4.6Zr in relation to
a7 martensite . Metall Mater Trans A.2002;33A:3137-3144.
Wang L,Lu W, Qin J,et al.Microstructure and mechanical
properties of cold-rolled TiNbTaZr biomedical {8 titanium alloy.
Mater Sci Eng A.2008;490:421-426.

Wang L,Lu W,Qin J,et al.Texture and superelastic behavior of
cold-rolled TiNbTaZr alloy.Mater Sci Eng A.2008;491: 372-377.
Wang L,Lu W,Qin J,et al.Change in microstructures and
mechanical properties of biomedical Ti-Nb-Ta-Zr system alloy
through cross-rolling.Mater Trans JIM.2008;49(8):1791-1795.
Wang L,Lu W,Qin J,et al.Influence of cold deformation on
martensite transformation and mechanical properties of
Ti-Nb-Ta-Zr alloy.J Alloy Compd.2009; 469:512-518.

P.O. Box 10002, Shenyang 110180 www.CRTER.org



