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Abstract: In bone tissue engineering, bioactive glasses ratated bioactive composite materials represeatnfging
scaffolding materials. This work presents a study on an alternative cgatmethod based on biomimetic techniques
which are designed to form a nanocrystalline hydapatite layer very similar to the process corresiigy to the
formation of natural bone. The hydroxyapatite fatiora on the surface of porous polyurethane is itigated. Three
dimensional, porous scaffolds of the polyurethameewfabricated via solvent casting process. Hydxpayite formation
on three dimensional scaffolds was investigated Xayay diffraction (XRD), Field Emission Scanning détron
Microscopy (FE-SEM) and Fourier Transform Infraigpectroscopy (FTIR). The quality of the bioactiwelfoxyapatite
coatings was reproducible in terms of thickness muctostructure. SEM analysis showed that the Hyeldahickness
rapidly increased with increasing time in SCS. Ta¢a suggest that the method utilized in this weak be successfully
applied to obtain deposition of uniform coatingsafhocrystalline hydroxyapatite on porous polyusathsubstrates.
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1. Introduction The bone tissue has two distinct structural foroense
cortical bone and cancellous bone. The materigoatical
r%ld cancellous bone consists of cells in a miresdli
matrix. All skeletal cells are known to differerigafrom
the mesenchymal stem cells of the embryo. In azditd

In bone tissue engineering, bioactive glasses a
related bioactive composite materials represenmjsiog
scaffolding materials. The progress of synthetidemals

and their use in tissue engineering applicatiorss faying mesenchymbal sFem Ce”Ei three prlncllpal cell@typee
attention much interest in recent years. Typicallypresent in bone:  osleoblasts, osteociasts anwoybes.

biomaterials can be divided into: polymers, metalsOsteoblasts are active bone forming cells and wsept at

ceramics and natural materials. Composite bionatesre Fhe bone surface [_7'9]' The bonding process _between
produced by combining two or more of these fielilse implant hydroxyapatlte layer and natural bone isilgir to
combination of polymeric and ceramic materials doult"® Ponding between natural bones [11-13].

: . . . In the last years, a broad variety of synthetioypars
improve the mechanical properties of the materiadl a . . )
enhance its biological properties. Currently, thare a K& Polyvinyl chioride (PVC), polyethylene (PE),

number of strategies for developing bone tiSsug(s)leydpri(r)]p?/riigiecifep) Aallgg Sl;lé‘;(;r::gepg:cymgrs éi)iz) h*?‘?;_“
engineering scaffolds. The composite strategy plesia and de radabili.t 'Ehe olvurethanes S]LT y are
means for achieving stronger and bioactive scadfaid recommegded asy:adhesivesp nz/embranes for( dizg\l .
compared to conventional polymer scaffolds[1,2]. . ' alyse, n

Hydroxyapatite is the most important bioceramic]ej"j‘rd'()'\"”‘SCUI"’lr surgery as yascular protheses{icti
materials for its unique bioactivity and stabilityaturally eart components, orthopaedic protheses etc.

; : o Apatite-polymer composites have attractive feataes
occurring and mostly available hydroxyapatite igdgonal ) .
in struct%re with th)é chemical ¥0rmu)1apof one unill candidates for novel bone substitutes for the medbat

being Ca(PO)s(OH),. Unlike the other calcium they may show bone-bonding capacity and mechanical

. formances derived from the organic substrate.aAs
phosphates, hydroxyapatite does not break down rund®’ o .
physiological conditions. It is thermodynamicaltpisie at  Method for fabrication of such a hybrid, Kokuboadt
physiological pH and actively takes part in boneding, proposed a biomimetic process that induces apatite
forming strong chemical bonds with surrounding boné’orn:jz?\t_lon on_the surfa_lcesl of(;)rgzng: sul;s;(rjatasr_raﬁer!t
This property has been exploited for rapid boneiregfter conditions in a simulate ody flud  with ion
major trauma or surgery. While its mechanical prtes concentrations similar to those of human extratalfluid,

have been found to be unsuitable for Ioad-bearin? related solutions supersaturated with respectht®

applications such as orthopedics, it is used asasing on patite [14, 15]. Releasg of Ca'c'“m lons 2@"”0”.‘ th_e
load bearing implant materials such as titanium a aterials enhances apatite nucleation due to arase in

titanium alloys or composites with other mater[ai$]. the degree of supersaturation of the fluid withpees to

Hydroxyapatite layer has been characterized to @@atite [16].
similar to the mineral phase in human bones.
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This work presents a study on an alternative cgatirvoids (Fig. 1a). The hydroxyapatite formed on
method based on biomimetic techniques which angolyurethane membranes soaked in SCS was examined b
designed to form a nanocrystalline hydroxyapatiget field emission scanning electron microscopy anda)X-r
very similar to the process corresponding to thenfdion diffraction. In SEM picture of the cross-section BfJ
of natural bone. The hydroxyapatite formation om thmembrane immersed in SCS, the hydroxyapatite desposi

surface of porous polyurethane is investigated. were observed (Fig. 1b). Hydroxyapatite crystala ba
seen spread over the internal surface of the memabrihe
2. Experimental structural characteristics of the coatings followsdXRD

(figure not shown) indicate the presence of hydapatite

The polyurethane membranes were prepared usiﬂ& polyurethane surface.
polyurethane (PU) and cellulose acetate (CA) polgraed
N,N-dimethylformamide (DMF) as solvent. The E
membranes were prepared by casting a solution iodmga
calculated amounts of PU and CA polymers on a glaf
plate and allowing the solvent to evaporate unddoric
radiation. Further details on the materials procgssand
respective structural properties of membranes usebis
study can be found elsewhere [17].

A simple Supersaturated Calcification Solution ($C
with high calcium and phosphate ion concentratioas
used for biomimetic coating study. The SCS was qmeg
by dissolving the reagent grade chemicals, G&EbO,
NaH,PO;-H,O and NaHCQ@ in deionised water
successively. The ion concentrations of SCS saiutice
4.0 Mmol/l N&, 5.0 Mmol/l C&", 10.0 Mmol/l Cl, 2.5
Mmol/l H,POy, and 1.5 Mmol/l HC@. In order to
simulate the in vivo process, polyurethane membra
samples was directly immersed in SCS solution at@G7
The membrane samples were taken out of the sofutio
after 24 - 72 h immersion, rinsed with deionisedtena
followed by drying in air at 40 °C for 1 h.

Hydroxyapatite formation on three dimensiona\r;v: e 51 um Dop o D N oY
. . . . 1 ield: k t: tect
scaffolds was investigated by X-ray diffraction ®R - T A U

DRON 2.0 diffractometer, with a CucKtarget) and by
field emission scanning electron microscopy (FE-SE
MIRA 1l LMU CS 01 TESCAN microscope). Also, all
samples were characterized in transmission by Epur
transform infrared spectrometry (FTIR) using Petklmer
Spectrum 100 FTIR spectrometer.

3. Results and discussion

Much research has been dedicated to the coating
orthopedic and dental implants with porous cerajrsash
as hydroxyapatite to increase hard tissue intemrain ]
vivo. Chemical immersion in SCS solutions have bee?
shown to obtain apatite coatings on the order of 30 um 5
of thickness, which are very homogenous and wowdd
more favourable to biological interaction [18].

Biomimetic treatment in SCS used in this stud
consisted in formation and deposition of hydroxydea
layer on the active surface of polyurethane mermdaran

The polyurethane membranes used in this study ha
on asymmetric structure consisting of the denselagpr
(active layer) supported by the porous sub-layerb<s
structure). The top layer is a thin and dense pelentive v 30.00kv WD: 7.8806 mm -
Skin. The tthk SUb-StrUCtUre Of the membrane mﬂﬂf a View field: 452.99 ym  Det: SE Detector 200 ym MIRAWTESCAN n’

microscope

band_ Pf inte_rmediate density (the transition layergigure 1. SEM images of the cross-section of thmbrane sample before
consisting of widely open pores and a band of apaofo- (a) and after soaking in SCS for 72 h (b).
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Figure 2 depicts the SEM photomicrographs of the  FTIR spectra of samples prepared after incubation i
coated surfaces polyurethane membrane samples asSG@GS show the existence of hydroxyapatite layer. (Big
function of coating time.

Sample immersed in SCS for 24 h have exhibite 100
agglomerations of lamellar shaped hydroxyapatitestais e
with a diameter of approximately 1 - 2 um and margas <
of noncoverage (Figure 2a). After 72 h soaking memé E 60
in SCS, the surface of the sample is covered witmaoth, &
nano-textured hydroxyapatite layer about 10 pm kthic ‘B 40
(Figure 2b). This apatite layer exhibit the petasa-like é
morphology observed in other studies [19]. = 20

0

3300 2800 2300 1800 1300 800 300
wavenumber (cml)

Figure 3. FTIR spectrum of hydroxyapatite formedhoembrane sample
after incubation in SCS for 24 h.

The bands at 603 chrand 569 cril were assigned to
the O-P-O bending mode. The bands in the 1000 0 120
cm® region, due to P§¥ groups, are characteristic to
hydroxyapatite, while the band at 1600 tis due to the
absorbed water.

The formation of hydroxyapatite in the polyurethane
surface is an indicator of its bioactivity. The al@uggest
that the method utilized in this work can be susteéky
applied to obtain deposition of coating of hydroxatite
on polyurethane membrane. Future work will focustlos
optimization of the composite scaffold for bonestis-
engineering applications and the evaluation of 8B
composite in an in vivo model.

HV: 30.00 kV WD: 9.4852 mm 4. Conclusions

View field: 32.02 um  Det: SE Detector 10 ym MIRAWTESCAN n
¥

microscope

Three dimensional, porous scaffolds of the
polyurethane were fabricated via solvent castingcess.
The Supersaturated Calcification Solution (SCS) wsed
to investigate bone-like apatite formation on pogtbane
matrix. The quality of the bioactive hydroxyapatite
coatings was reproducible in terms of thickness and
microstructure. SEM  analysis showed that the
hydroxyapatite layer thickness rapidly increasedthwi
increasing time in SCS. The data suggest that tkthod
utilized in this work can be successfully appliedobtain
deposition of uniform coatings of nanocrystalline
hydroxyapatite on porous polyurethane substrates.

REFERENCES

1. Bourgeois B., Laboux O., Obadia L., Gauthier Betti E., Aguado E.,
Daculsi G. and Bouler J.-MJ, Biomed. Mater. Res. A, 65(3),2003 pp.
402-408.
2. Chern Lin J.H., Kuo K.H., Ding S.J. and Ju CJPMater. Sci.: Mater.
Med., 12,2001, pp. 731-741.
TR TR - e 3. Ducheyne P., van Raemdonck W., Heughaert J.& Haughaert M.,
View field: 4051 ym  Det: SE Detector 20 ym MIRAWTESCAN o Biomater., 7,1986 pp. 97-103.
microscope ﬂ 4. Luo Z.S., Cui F.Z. and Li W.ZJ. Cryst. Growth., 197 (4),1999 pp.
Figure 2. SEM images of the upper side of the membsample after  939-943.
soaking in SCS for 24 h (a) and for 72 h (b). 5. Costa N. and Maquis P.Mded. Eng. Phys., 20 (8),1998 pp. 602-606.

59



Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

Volume 54(68), 1, 2009

6. Mao C.B., Li H.D., Cui F.Z., Feng Q.L., Wang Bnd Ma C.L.,J.
Mater. Sci. Lett., 17,1998 pp. 1479-1481.

7. Barrere F., Layrolle P., Blitterswijk C.A. anddsdt K., Bone, 25 (2),
1999 107S.

8. Feng Q.L., Wang H., Cui F.Z. and Kim T.N. Cryst. Growth., 200 (3-
4),1999 pp. 550-557.

9. Li F., Feng Q.L., Cui F.Z., Li H.D. and Schubklrt Surf. Coat. Tech.,
154,2002, pp. 88-93.

10. Harada Y., Wang J.T., Doppalapudi V.A., WilksA., Jasty M.,
Harris W.H., Nagase M. and Goldring S.B.,Biomed. Mater. Res., 31
(1), 1996 pp. 19-26.

11. Heymann D., Pradal G. and Benahmed Migtol. Histopathol., 14,
1999 pp. 871-877.

12. Haibo W., Lee J.K., Moursi A. and Lannutti J1.Biomed. Mater.
Res., 68A (1),2004 pp. 61-70.

60

13. Haibo W., Lee J.K., Moursi A., Anderson D., \Wamd P., Powell H.
and Lannutti J.J.J. Biomed. Mater. Res., 67A (2),2003 pp. 599-608.

14. Abe Y., Kokubo T. and Yamamuro T.,Mater. i.: Mater. Med., 1,

199Q pp.233-238.

15. Tanahashi M., Yao T., Kokubo T., Minoda M., Mslijoto T.,
Nakamura T. and Yamamuro T.,Am. Ceram. Soc., 77,1994 pp. 2805-
2808.

16. Ohtsuki C., Kokubo T. and Yamamuro J.Non Crys. Solids, 143,

1992 pp. 84-92.

17. Ciobanu G, Carja G and Ciobanu ®ater. Sci. Eng. C, 27(5-8),
2007, pp. 1138-1140.

18. Baker K.C., Anderson M.A., Oehlke S.A., AstaghkA.l., Haikio

D.C., Drelich J. and Donahue S.\W/ater. Sci. Eng. C, 26, 2006, pp.

1351-1360.

19. Vatanatham M. and Kimura S., Am. Ceram. Soc., 84, 2001 pp.

2135-2137.



