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Autografts * Autologous Laminectomy Bone (ALB)
lliac Crest Bone Graft (ICBG)

Allografts Freeze dried
* Fresh frozen =)
» Demineralized bone matrix (DBM) » J
»
Synthetic grafts * Metals
 Polymers
e Ceramics e

* Composites

Fischer C.R. et al. Eur Spine J 2013
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Generation Generation

Biocompatible/Inert . . Nanocomposites
) Bioactive or i )
not bioresorbable . bioactive and
. . bioresorbable .
nor bioactive bioresorbable
1960 1980 2000 2020

%

Attaf, B. Advances in Composite Materials for Medicine and Nanotechnology (2011)
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New materials <:> Medical devices

Osteogenicity Regulatory
» Osteoconduction > Scalability
» Osteoinduction > Safety
» Biodegradation » Efficacy
» Mechanical » Usability
. ‘ properties
L 9 \ / \> Cost /
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requirements

e .
150 13485 Quality &
Management Is a tool to achieve, ensure, show and trace ;
Compliance
System
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Desired Characteristics <------ Review

Verification

Medical

Validation device
>

Design transfer
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Composition Intended use Mode of action

Approval for commercialization

Post-marketing surveillance Data acquisition/ Complaint
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Innovation << Regulation

Postero-lateral fusion

dS’o -
REGEN * Implantable (class Ill) device
e 3rdgeneration ‘ Scoliosis (extended fusion)
\"‘- & 5 e 40 wt% Type | Collagen
-~ r’ o]
e * 60 wt% Mg-HA

Biomimetic

Mg-HA nanoparticles

—

nucleated onto collag

en fibers

High hydrophilicity
Cell adhesion
Bone formation

Risk related to the release
of nanoparticles
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ISO 10993-22:2017
MDR 2017/45 (EU) o . . .
, , , Biological evaluation of medical devices
Medical Device Regulation . :
Part 22: Guidance on nanomaterials

\ )
|

Assess safety of devices containing/generating nanoparticles o

What we considered " 6

Release kinetics of the nanoparticles

Potential cellular or tissue effects due to direct interaction with nanoparticles

Toxicokinetics and tissue distribution of nanoparticles

Biological evaluation of nanoparticles

¥ A

Added symbol ___J_ﬂ_4

Hs ‘L “Contains nanomaterials” .

|' r to RegenOss label
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1960 1980

2000

/ Generation 4 Generation y

Tissue engineering

Incorporation
of biologically
active
components

2020

I | I | S

Attaf, B. Advances in Composite Materials for Medicine and Nanotechnology (2011)
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Mesenchimal Stem Cells Bone morphogenetic
(MSCs) proteins (BMPs)

Autologous growth factors

Embryonic stem cells
(AGFs)

(ESCs)

Induced Pluripotent Stem
Cells (iPSCs)

Synthetic peptides

Nucleic acids

Adipose Derived Stem Cells
(ADSCs)

Pharmaceuticals

D’Souza et al. Biomedicines 7, 75 (2019)
Koons et al. Nature Reviews Materials 5, 584 (2020)
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v Promotion of osteogenesis, osteoinduction K Regulatory aspects

and osteoconduction

\/ Promotion of spinal fusion K Lack of clinical data

Difficult assessment of

v Possible use with autografts, o :
performance in clinical trials

allografts, synthetic scaffolds
)( Potentially severe complications

v 4 Very small quantities needed (e.g. rhBMP-2)

D’Souza et al. Biomedicines 7, 75 (2019)
Koons et al. Nature Reviews Materials 5, 584 (2020)
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1970-1980 2002 2008 2020

Discovery of FDA approval of FDA warning Withdrawal from
BMPs rhBMP-2 containing anterior cervical Australian market

device spine surgery

v

Potential adverse events

* Swelling of neck and throat tissue
* Bone overgrowth

* Neurological events

* (Carcinogenity
Infuse™ (Medtronic)

«Risk of adverse events
10 to 50 times higher
than original estimates»

Carrage et al, The Spine Journal 11, 471, (2011)
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Advanced Therapies Medicinal products o
(ATPMs) Medicinal products

\ \

Tissue

Medical Device Engeneering

A l
W v ,
Regulation EU 1394/2007 Medicinal Products Regulation
MDR . + . + N
2017/745 (Committee for Advanced Therapy) (Committee for Medicinal Products
CAT expertise for Human use)

CHMP expertise




Thank you
for
the attention



