Translational Center on Biomaterials for Orthopedic and Dental applications

Broad Objectives

R & D Project |
Prototype Development of in vivo
with Ceramic Fillers as Acetabular

This Center of Excellence envisages to meet the following
‘ . - socket for Total Hip Replacement
objectives: \

R & D Project II
- Manufacturing of Zirconia
toughened Alumina based “Femoral

Translating lab scale material
development to functional products
(‘bedside to bench to bedside’)

Collaboration among Biomaterial
Scientists and Biologists/ Clinicians

'il_dian Challenges

To adopt integrated manufacturing approaches while
developing patient-specific implant prototypes

/

imported biomedical devices

To demonstrate an integration of ideas drawn from
multidisciplinary researchers (Engineers, Clinicians and

[Expensive healthcare due to costlﬂ [

Interfacing of academic researchers
with Biomedical Entrepreneurs

Implant fabrication and

Materials Scientists) to address healthcare problems

properties

Bikramjit Basu (3D printing/Biocompatibility)

To establish translational approaches to take lab-scale
research to product prototype development

To train and educate next generation biomaterials
researchers

S. Bose (Polymer processing)
H. K. Varma (Bioceramic coatings)
Manoj Komath (Bioceramic coatings)
Debasish Sarkar (HIP replacement)

Biomaterials for Orthopaedic and

[ Center for Excellence on

Dental applications

l

R & D Project i

Design of Dental

Titanium-Hydroxy:
with Dual Ce

Biomechanics

Vamsi Krishna Balla (HIP simulation)

Project
Consortium

Amit Roychowdhury (Design & simulation)
Kantesh Balani (Multi-scale tribology)

apatite Composites
,eramic coating

Clinical Significance

Product development

K. Rajashekaran and R. Joseph Ben Singh
(patient-specific implant prototype)

Product Validation

Aroop K Dutta

D. C. Sundaresh (Orthopedic surgeon)
Vibha Shetty (Dental surgeon)
Sivaranjani Gali (Dental surgeon)
A. Sabareeswaran (Histopathologist)

Biswanath Kundu (HIP simulation
( ) (Technology readiness level assessment)

R & D Project 1

Clinical Perspective

Acetabular Cup

LLab-scale research to Prototype Development

Transfer of

Generation of Macrophages and

wear debris in ® Giaqt C.ells
the contact « % Activation

TotalHip o (

|Replacement .‘ l

Physical proper-
fy measurements
(hardness, elastic
modulus ete.)

knowledge to

CIPET 1

Tensile property
measurements
(strength,  stiff- Designing of
ness) acetabular socket with
the help of orthopedic
surgeon

Development of hybrid l

Acetabular Head Acetabular socket

prototype

p B . Indian Patient-specific acetabular
/' Hybrid Polymer-Ceramic socket design
‘acetabular socket for Total Hip

\ Joint Replacement /
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hybrid composites

'/ vitro cell culture study using seg-

Lab scale wear testing, sxperiments with mental. defef.:t
fibroblast cells model in rabbit

preclinical HIP simulator
testing and toxicity analysis
of wear debris

Pelvis . .
Various trial muns to

ophumize compression
amimal model molding parameters to
[I] } obtain prototypes of

acetabular socket
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Lab-scale development
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Major failure mechanism of Total Joint Replacements

In vivo osseintgrtion
in rabhit model

Femur S Post-Surgery, with BFH* Implant

Acetabular socket in THR implants are conventionally made of
ultranigh molecular weight polyethylene (UHMWPE: low fracture
toughness), which releases finer wear debris particles due to
articulating motion, causing inflammation (revision surgery).

Representative test conditions:

Near-net-shape manu-
4 06 O H‘W

facturing of final pro-
totype with smooth
surfaces  in  the
unmachined  condi-
tions

[111]

1'ypical walkiilg pattern Y

Acetabular socket

Max. load: -30 kN 3 |l
Mean load: -0.3 kN 5 ll
Max. cycles: 5X10° T
Test environment:

SBF/new born calf serum .

A

Annual Indian Total arthroplasty joint statistics: 6,00,000 total
knee (TKR), 3,00,000 total hip replacement (THR) with financial
implication of 600 Crore business.

Recent research established that incorporation of tailored amount of ceramic fillers
in polymer significantly reduces wear, leading to durable acetabular components.

Prototype
development

A Rocking motion of 5°on each side of the
center-line of the ram can be used.

Targeted Product Development Biomedical device

assembly for Total Hip
joint Replacement (THR)

in vivo Toxicity Assessment

Project Summary o

Material Aspect Manufacturing Aspect

v' Compositional design to optimize both
fracture toughness and strength reliability

v" Optimisation of near-net shape green processing

v" Uniaxial pressing — Sintering

v/ Machining and polishing to obtain smooth |
surfaces |

v Lab scale wear resistance assessment

Intra-articular injection at
knee-joints (mouse model)

Wear experiments for
\ ZTA Femoral Head /ZTA
| Acetabular socket

Eluate preparation of
submicron wear
debris particles in PBS

4 - o
r y L
r F |

a Zirconia Toughened Alumina
(ZTA) based Femoral Head
for Total HIP joint
\_ Replacement (THR) )

CAD Desian Manufactured product

Parameters for toxicity assessment

Histopathological Analysis of vital organs and of knee joints
(Liver, Kidney, Spleen, Lung, Heart )

Hematology and Serum biochemical analysis —

Analysis of enzymatic activities in synovium tissue X
Pro-inflammatory cytokine expression analysis in synovium homogenate 5=

Performance Assessment Biocompatibility Evaluation

In vitro cytocompatibility assessment using
bone cells

In vivo biocompatibility assessmentin
rabbit model for upto 26 weeks

v Mechanical response assessment
v' HIP simulator study against highly cross

linked UHMWPE/ZTA acetabular sockets |

* Near-net shape manufacturing
* Geometrical conformity of
finished prototypes

Animals sacrificed at
different time intervals
(t= 4, 8 and 12 weeks)
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| [mplant System |
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Project Summary
\ /Manufacturing Aspect )

Abutment

Abutment

Implant

Material Aspect

Ligament

v Ti HA composition preparation v" 3D printing technology l l

& preparation of coatings v PEVCD & PLD technique
v" Material for coatings

implant \ / HA Coating DLC Coating
% l l

Testing/ Validation Testing / Validation

characterisation of

v" Testing the efficacy of coatings/

( .
Hydroxyapatite coated

based Titanium - 'M. S. Ram'aiah .

University of Applied Sciences

Dental Implant

/Biocompatibilitv Evaluation

\
v' In vitro cytocompatibility <,
assessment :\ ; 5 " :

Biocomaptibility Microbiology

N
\

Product validation

v" Ethical clearance from
Institutional Review Board

v" Conduct of Randomised
Controlled Clinical trials in

humans. /
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Belter health for a better world

v In vivo cytocompatibility
assessment in rabbit model
- .

scivst 1. Patient-specific implant design
II. Fabrication of implant prototypes
II1. Product Validation
IV. Technology transfer to healthcare industry
V. Training of young researchers

Screw and
non-threaded

Threaded Animal Studies
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