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Fig. 1  The synthetic route of BDTIP and I-PEU
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[PDI: PTMG: PDMS: BDO: TEA: BDTIP

NCO/0H HS I

Sample
(‘molar feeding ratio) ('molar feeding ratio) (wt% ) (wt% )
PEU 6.03:1:1:2.68:0.90:0 1 47.5 0
I-PEU-1 6.24:1:1:2.6:0.84:0.015 1. 040 47.9 0.225
I-PEU-2 6.2:1:1:2.56:0.814:0. 0252 1. 063 47.8 0. 381
I-PEU-3 6.2:1:1:2.64:0.924:0.0392 1.017 47.8 0.589
I-PEU-4 6.3:1:1:2.65:0.920:0. 0626 1.023 47.5 0.928
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Fig. 2 '"H-NMR spectrum of BDTIP
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Fig. 3 ATR-FTIR spectra of PEU (a) and I-PEU-4 (b)
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Table 2 The compression modulus of polyurethane balloons with different iodine contents

Sample PEU I-PEU-1 I-PEU-2 I-PEU-3 I-PEU4
Compression modulus ( MPa) 5.86 8.88 6. 86 6.79 6.32
50% Compression stress (MPa) 1.85 4.26 2.47 2.41 2.17
2.5 ZHEEEF MK 2,3,5,6-PUfioet A F Bk e ( BDTIP) i X O & 5%

it MTT H G bR I A 23 4 RIS & BT S I0E,  T — 9 LA R
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AN K AN S S RIS A FRUT X BRI T 060 B AR R
LT AR ALV 25 6 A MM P BT TS IS BIDTIP B 4 NG K 10 55 % SOR 0 5 , B f
WK RS B B 3 4 RS KB RAIIORT  FERA R BN (0.2 wid ) IR A B R SR
REHE (% RGR (% ) B9 75% B 1 AHHOHEPE RS LA Bl 1 SRR bR 20 M 0 0 B 55 0
%0 ~ 1Y%, BLUTRERL R WX AR AR AT B W BDTIP 9 LPEU Y 40 MU0 b s 25 520
FELN VRT3 R HE) 2,3,5, 6-DUBXE RGO M B A B X SR R
T RS R T BRI R R ) R R K. TR S I T, T L
HEHE G 2 bR S S B GBS 2 Bt FLAT BT ) R B FLAT Bl B R A T

B4 19 IO FH A1 A MBI SR =R e W i e
3 it

MM A BB N, N-XU(L, 3-8 B N ) -

REFERENCES

Lin D T, Yong T H,Fang Y. Biomaterials, 2001 ,22 (12) ;1521 ~ 1529

Fairbank J. Biochemical Society Transactions,2002,30.829 ~ 831

Seguin C A, Grynpas M D, Pilliar R M, Waldman S D,Kandel R A. Spine,2004,29(12) :1299 ~ 1306

Wiggins M J,MacEwan M, Anderson J] M, Hiltner A.J Biomed Mater Res,2004,68 (4) :668 ~ 683

Simmons A, Hyvarinen J,Odell R A, Martin D J, Gunatillake P A, Noble K R,Poole-Warren L A. Biomaterials,2004 ,25 ;4887 ~ 4900
Zhang Chengyan (5K 7K #% ) . World Rubber Industry ( t A% i Tl ) ,2003,31(5) :45 ~48

[ R B O S



53 G A A X I AR I M A IR T b SR T A AT A R B B 5 351

7 Jayakrishnan A,Thanoo B C.J Appl Polym Sci, 1992 ,44(4) ;743 ~748

8  Cabasso I,Smid J,Sahni S K.J Appl Polym Sci, 1989 ,38(9) :1653 ~ 1666

9 Cabasso I,Smid J,Sahni S K. J Appl Polym Sci,1990,41(11-12) :3025 ~ 3042

10 Xia Weijuan( B 4E4H) , Tuo Xinlin(JEH#K) , Lian Yanqing( % £ 75 ) , Wang Xiaogong( T I T.). Acta Polymerica Sinica ( & 4% F %4} ) ,
2009, (4) :369 ~374

11 Sovak M. Eur Radiol,1995,5:3 ~7

12 Stacul F. Eur Radiol ,2001,11:690 ~ 697

13 James N R,Philip J, Jayakrishnan A. Biomaterials,2006,27 ;160 ~ 166

14 James N R, Jayakrishnan A. Biomaterials,2007 ,28 ;3182 ~3187

15 Kiran S,James N R, Joseph R, Jayakrishnan A. Biomaterials,2009 ,30:5552 ~ 5559

16  Zhang Laiguo( 3Kk [ ) , Luo Shineng( % #f:§E) , Xie Minhao (B (3% ) , Liu Xiaoya (X V) , Zou Pei (4B %% ) , Liu Yaling (X 4l & ) , He
Yongjun (faf#1 ZZ ) . Journal of Southern Yangtze University ( Natural Science Edition) (V1.5 K224 ( [ RFF3: 7)) ,2007,6(1) ;108 ~
111

17  Silberman-Hazony R. Radiopaque polymers. In; Mark HF , Bikales N M, Overberger C G,Menges G,eds. Encyclopedia of Polymer Science and
Engineering, 2" ed. ,Vol. 14. New York: Wiley,1988.1 ~8

STUDY OF BODY TEMPERATURE CURABLE AND RADIOPAQUE
POLYURETHANE FOR PROSTHETIC DISC NUCLEUS

Zhi-hua Zhang, Wei-qiang Qu, Xin-lin Tuo

( Polymer Research Institute, Department of Chemical Engineering, Laboratory for Advanced Materials, Tsinghua University, Beijing 100084 )

Abstract A series of radiopaque polyurethanes used for prosthetic disc nucleus were prepared via
polycondensation between polyurethane prepolymer and N, N'-bis (1, 3-dihydroxypropyl )-2, 3,5, 6-tetra
iodoterephthalamide ( BDTIP) , which was synthesized as crosslinker and X-ray contrast agent. The structure of
BDTIP was characterized by 'H-NMR. Infrared spectroscopy was used to monitor the reaction degree of BDTIP.
The developing effect of modified polyurethane was characterized by X-radiography. Meanwhile , the cytotoxicity
was tested by the method of thiazolyl blue tetrazolium bromide ( MTT ) colorimetric assay using mouse
fibroblast, and the mechanical properties of radiopaque polyurethanes with different iodine contents were also
studied. The results of 'H-NMR showed that the hydrogen atoms on benzene ring were replaced by iodine
completely and expected structure was obtained. Polyether polyurethane structure, demonstrated by FTIR, was
also obtained. The X-radiography results showed that polymer had a good radiopacity which is almost equivalent
to that of a 2 mm thick aluminum wedge when the iodine content was very small, while the mechanical
properties were still excellent. There was nearly no change of compression modulus when the iodine content is
low and within half an hour after the compression test the shape of prosthetic disc nucleus were restored to the
state before compression, which demonstrated that the addition of BDTIP had little effect on the mechanical
properties of prosthetic disc nucleus of polyurethane. The cell proliferation rate ( RGR) of all modified
polyurethanes was more than 75% ,they were all biomaterials without cytotoxicity. This study provides a new
modification way for preparing radiopaque polyurethane used for prosthetic disc nucleus.

Keywords Polyurethane, lodine-containing polyol, X-ray radiopacity, Prosthetic disc nucleus



