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Abstract

Medical devices and implants are fabricated in many conventional techniques, but due to
advancements in implant manufacturing industry, Additive Manufacturing (AM) takes a wide
platform in fabricating these devices with good mechanical property, dimensional stability and
customised according to the patient data with variety of biomaterials. Polyamide is a notable
biomaterial in fabricating medical devices, dental screws and implants using AM technique. In
this study, Hydroxyapatite (HA) powder was coated over Additive Manufactured polyamide
substrate and its biocompatibility in terms of cell proliferation and viability were analysed.
Physical Vapor Deposition (PVD) with Electron Beam (EB) source was used to deposit HA
powder over the polyamide surface. SEM with EDX was used to characterize the microstructure
and the chemical composition of the deposited layer. The crystallinity of layer was confirmed
using XRD analysis. 3T 3 fibroblast cells wer e seeded over the coated substrate up to 15 days and
the cell proliferation and viability were studied. From theresult, it was evident that the HA layer
was successfully deposited over the AM polyamide surface and the cells displayed good
proliferation and viability on the coated substrate. Hence, the AM polyamide substrate has a
better biocompatibility which improves bone-tissue integration.
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Introduction tissue [2]. Metallic and metallic alloys implantere very
popular in replacing the bone. However, it was well

Additive Manufacturing (AM) is a fast growing

technology in which parts are fabricated directhni the

CAD model. As per ASTM R792-12a, AM is defined as ) )
“Process of joining materials to make objects fral  known that these materials were prone to corrodtaen
model data’ usua”y Iayer upon |ayer as Opposed @Ody fluid environment and Iead to fatlgue falllWEICh
subtractive manufacturing methodologies, such ayltimately causes to loosening of the implants [3].
traditonal machining. AM has a right set of Currently, implant industries were marching towatkis
circumstances to fabricate complex structured anBe€wer biomaterial which hinders the difficultieséa by
custom-fit implants, prostheses and medical devicedetallic implants and opt for biopolymers. Among
according to patient data obtained from CT/MRI gsin Various biopolymers, polyamide was one of the prete
wide range of biomaterials without any tooling andcandidate to produce medlcal_ devices, dental screws
molding [1]. One of the most evidence of implarili@s ~ Sutures _and cancellous bor_1e implants by virtuet®f i
are mainly ascribed to incomplete osseointegratiness ~ biostability, good mechanical property and broad
shielding due to significant differences in meckahi temperature tolerance as other biomaterials [4].
properties between implant and surrounding boneseth

problems were effortlessly overcome with AM techiq Hydroxyapatite (HA), a bioceramic was commonly

by replicating volume and contour of both hard aafi applied to implant as a coating material becausésof
chemical and crystallographic similarities as hurbane.

This coating will improve the cell adhesion,
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osseointegration and tissue fixation of implanteereas was obtained. Then it was kept in the furnace tadged

the poor mechanical properties of bulk HA materialdo obtain HA powder [8]. The prepared HA powder was
cannot be used as implant to replace large borgctlef made into pellets with high pressure hydraulic preih
load-bearing applications, hence this material wag00 MPa load and sintered at 800°C for 5 hours. The
generally used to create thin biofilm over the iamtl pallets were made free from the moisture and
which combines the mechanical performance of iniplancontaminates. Then the substrate was ultrasonically
material and bioactivity of HA. There are plenty of cleaned using acetone and ethyl alcohol. For cgpagn
technigues to deposit HA including plasma spraypeam deposition Physical Vapour Deposition (PVD)
Magnetron sputtering, sol-gelmethod, electrodeosit (HIND HIGH VACCUM, INDIA) was used. At the early
biomimetic deposition [5] but each technique haivn  stage of deposition, the substrate was preheated to
limitations. Among that Physical Vapor Depositiontemperature of 50°C by means of e-beam with a 40 mA
(PVD) with Electron Beam (e-beam) source shows aurrent. Af ion beam was used to clean the substrate for
stable deposition which has high density coatifjgood the period of 10 mins, then chamber was evacuaied t
bond strength. The present study aims to investitfe@  5x107 torr. The high vacuum was attained at the range of
biocompatibility of HA coated Additive Manufactured 10° to 10° torr. During the deposition process, an e-beam
polyamide substrate. PVD with e-beam source wawas generated at operating voltage of 5kV and the
employed to deposit HA. The surface was chara@eriz substrate was allowed to rotate at a speed of 8J%9p

using various techniqgues and biocompatibility was

evaluated by culturing 3T3 fibroblast cells. In vitro analysis
Experimental details Cell Culturing
Fabrication of polyamide substrate The cellular response of coating was assessednts tef

cell viability and proliferation to the surface. 3T
The substrate was fabricated using Selective Laséribroblast cell were purchased from National Ceifver
Sintering (SLS) an AM technique shown in the FigAl. Cell Science (NCCS, Pune). This kind of cell argatle
3D CAD model was generated and the data was slicd@r screening large number of samples for cytotoxic
into layers. The model is loaded on to SLS machiméa compound and also used in the rapid evaluatiorhef t
computer directed COlaser sinters layers of polyamide biomaterial surface qualities.
powder together.
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After each solidification layer, another layer aswwler Figure1l. Schematic diagram of SLS
was deposited and again sintering will take plaud the

part was completed. [6, 7] Cells were grown in 75chflask containing Dulbecco’s
modified Eagle’s medium (DMEM; Sigma) the mediums
Electron Beam deposition of Hydroxyapatite were supplemented with 10% Fetal bovine Serum (FBS;

invitrogen), 1.5 g/l sodium bicarbonate, 10,000 t&lml
HA powder was prepared by wet chemical precipitatio Penicillin, 10 mg/ml  streptomycin and  25pg/ml
method. Calcium hydroxide and Ammonium phosphaté\mpotericin B. Cells were cultured as monolayers in
(Dibasic) powder was taken as a precursor and ptats
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culture flasks at 3 under a humidified atmosphere of Fig 3 shows the EDX spectra of the layer which siss

5% CQin air. of the characteristic peaks of calcium, phosphatd a
oxygen elements, which confirms that the layer was
Hydroxyapatite. The ratio of calcium and phosphats
approximately 1.68, which is close to that of staad

Cell seeding on Hydroxyapatite coated substrate HA. These elements are main constitutes of haslid,
teeth and tendons. The average surface roughiRgssf (

The coated substrate was sterilized with 70% ethfano deposited layer was 3.41 pm measured using styhsep

30 min and then further it was autoclaved for 3t,mi technique. Many literatures demonstrated that, ftavi

followed by drying at room temperature for 2 hrdieT rough surface will stimulate better osseointegratio

cells were seeded approximately 1xaélis/sample. The [11,12].

cell proliferation and viability was assessed ahdenved

at specific time period of 1 7" and 18 day XRD Analysis

respectively. For comparison purpose, uncoatedtrsuibs

was also subjected for cell seeding. The XRD diffraction pattern of HA layer was shown i
Fig 4, it confirms that the formation of HA with atp
Cell Viability and proliferation diffraction at & value of 25.9° and 32.62°.

The viability of cells was assessed by standard M3-T
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) assay [10]. This assay is based on thectied
of soluble yellow tetrazolium salt to insoluble pl&r
formazan crystals by metabolically active cellslyQive
cells are able to take up the tetrazolium salt. @heyme
(mitochondrial ~ dehydrogenase) present in  the
mitochondria of the live cells is able to conver
internalized tetrazolium salt to formazan crystaibich
are purple in colour. Then the cells were dissolired
DMSO solution. The colour developed is then deteei
in an ELISA reader at 570 nm. After each experimére
samples were processed for fluorescent microscbipe.
cells were stained with 2 pg Tifluorescein diacetate |
(FDA) (1 mg/ml, Molecular Probes) and microscopicgs
examination was carried out where the live cell bd in :
fluorescent green.

Results and Discussion

Microstructure and Surface roughness

It was evident from Fig 2 (a) the deposited layesw
dense and uniform. Some isolated particles were

identified on the layer from Fig 2 (b), this mayedto Figure 2. Microstructure of HA layer

agglomeration of smaller particles. This kind oftjuée (a) uniform layer (b) isolated particles
agglomerations will increase the surface roughreess

helps in improving osseointegration. Further theSome amorphous peaks were also absorbed at 46188°
examination revealed that the coating of the serfaas 49.34° corresponds to the relative intensity ofradtion
free from defects like cracks, pores and largeds.oi of standard data (ICSD 087727).

Biomed Res- India 2015 Volume 26 Issue 4 17
Special issue: Applications of Rapid Prototypingfi@ques in Bio-Materials —~ARTBM2015



1 i : 4 5 B 7 8 § 2 i |.:‘ 2 % 1% L
ok Sraie 62€ ciw Curser, 0.000

Figure 3. EDX spectra of HA layer
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Whereas the cell growth on coated sample was isetea

_ _ _ by 22% and 45% for"7and 15 day respectively. This
Figure 4. XRD diffraction pattern of HA layer increment in coated sample was due to release df Ca
ions, surface roughness and crystallinity of HAelay
The major peaks and some shoulder peaks of lagevssh Fluorescent microscopic image of cells seeded atedo
a mixture of amorphous and crystalline structure okample was shown in Fig 6(a,b,c), it was notifieat the

Hydroxyapatite, this mixture formation reveals thatyiable cells (green in colour) were round in shapd the
coating was carried out at low substrate tempegatur number of cells was increased.

Better bone-tissue integration and osseointegratithie
achieved due to this phase mixture in layer [13] Conclusion

In vitro cell response Hydroxyapatite layer was successfully depositedttan

olyamide substrate by EB-PVD. The deposited |ayas

niform and free from voids and pores, some padicl
were agglomerated with each other and form antesdla
particle. It was believed that this isolated péetiavill

Thein vitro analysis of HA coated substrate was carrie
out by measuring the viable cells seeded on thetisaib
after particular time interval®l 7" and 18' day. Fig 5

shows that the cells can grow more effectively be t j,rease surface roughness of the layer and promote
coated sample compared to that of uncoated safilel  gqepintegration. Also, the Ca/P ratio of the layess

the T' day observation, the cell growth on coated and gg which was close to that of standard Hydroxiigma
uncoated sample was almost similar, because the cel

substrate interaction was slow.
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Figure 6. Fluorescent microscopic image of cells (a) Dapllay 7 (c) Day 15

The diffraction pattern reveals that the layer was
crystalline and some amorphous was identified duew
temperature deposition and no post sintering odrldg 4.
vitro test reveals the biocompatibility nature of defeoks
layer. Initially the results show slow proliferati@and it
was increased gradually according to the time, the
increase in proliferation is due to release of'Gans, 5.
layer surface roughness and crystallinity. Finallyywas
concluded that EB-PVD was a promising technique to
deposit Hydroxyapatite powder over Additive
Manufactured polyamide substrate. It was more gifec

in improving the cell proliferation and has potahti
application in bone tissue engineering. 6.
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