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Bone-like Nanocomposite of
Hydr-cyapatite and Collagen as
Artificial Bone

Masanori Kikuchi
Mational Institute for Materials Science, Tsukuba, lbaraki, Japan
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Background

Bone has a hierarchic structure
from nane-te macro-scale. The
primary structure is that
hydroxyapatite manccrystals are
regularly aligned aleng collagen
fibers.The material which has
similar nanestructure and
chemical composition will be
betrer arificial bone.
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Hypothesis

i

Hypothesis

The sizes of HAp nanocrystals and collagen molecules are
to small for cells to manipulate directl. Thus, the
manostructure  of bone would be formed by a self-
organization mechanism via interfactal interaction between
HAp and collagen.

That is, the nanostructure of bone can be reproduced by
mimic of cell roles in bone formation, ie, control of
physicochemical conditons.
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Hypothesis

Reproduction of bone-like nanostructure
and chemical composition using self-
organization of hydroxyapatite and collagen
under biomimetic condition.
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‘¥ve prepared the
"simultaneous
titration apparatus”
for encouraging of
biomimetic self-
organizatien
process of HAp
and collagen.

tube
pump

HiF 04 ag+ CalOH):
collagen suspension
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‘¥e can synthesis large amount of bone
nanocompersite via the self-organization process with
controlled length and HAp/Cel mass ratio.

400 mi1 200 mM 100 miM

Ca(OH}> suspension concentration

m’ P.egeneration of segmental bone@

defect on beagle’s tibia

Surgical operation

3 Months after Surgery Cﬁ)

3 Months after Surgery @

/Col residues
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HAp/Col residues
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/Col residues

3 Months after Surgery

HAp/Col residues

3 Months after Surgery @)

HAp/Col residues

The HAp/Col nanocompotites are resorbed by osteoclasts
followed by osteogenesis by osteoblasts, that is, the HAp/Col
nanecomposites are the material which completely incorporated
into bone remodeling process.

(Kikuwchi et al, Biomaterials 22, |705-171 1,200}

Ap/CoI Composite Collagen “Sponge’

lmﬁAp/Col Composite

Collagen “Sponge’




Ap/Col Compesite

Collagen “Sponge’

The HAp/Cel sponge is available in Japan as Refit® from
April, 2013,

Clinical Test
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* The results of dlinical test it bared on Shinomiya’s paper (Seikei-geka
(Grthopedt Surgery) 63(5),521-526, 201 2)
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+ The recults of clinical test is based on Shinomiya’s paper (Seikei-geka
(Or thopedic Surgery) 63(5), 521 -926,2012)

Clinical test for patients was performed in following 7 hospitals
+ Tokyo Medical and Derwal University Hospital

+ Tsuchiura Hospial

- Keio University Hospiml

Cancer Research Institute Ariake Hospital

Kyoto University Hospital

Teikyo Universicy Hospital

Matinal Cancer Research Cenrer Certral Hospital.

Clinical Test
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+ The results of dlinical test is based on Shinomiyas paper (Seikei-geka
(Grehopedic Surgery) 63(5),521-526, 201 2)

+ Clirical vest for patients was performed in following 7 hospieals

+ Tokyo Medical and Dentl University Hospital
Tsuchiura Hospital

- Keio University Hospital

* Cancer Research Institute Ariake Hospital

+ Kyoto University Hospital

+ Teikyo University Hospital

* Mational Cancer Research Center Central Hospital.

+ Control material for the HApiCol was commercially arailable porous B-
tricaleium phosphate (B- TCP) bone filler, Osferion® of Olympus Terumo
Biomaterials. (Requested by Prarmaceuticals and Medical Devices Agency
(PMDAY Japan}

Clinical Test

29 B

Clinical Test
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Clinical Test

- Patients: 65 each

Clinical Test

- Patients: 65 each

- Target cases were
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Clinical Test

- Patients: 65 each
- Target cases were

= Fill to curettage part of bone tumor,
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Clinical Test

» Patients: 65 each
- Target cases were
= Fill to curettage part of bone tumor,

= Fill to bone defect by bone fracture or after
reconstruction of bone fracture,
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Clinical Test

» Patients: 65 each
- Target cases were
= Fill to curettage part of bone tumor,

= Fill to bone defect by bone fracture or after
reconstruction of bone fracture,

= Fill to bone defect at donor site of autograft.

m’ Comparison of Remarkable Efﬁciency@

at 24 Yveeks after Operation

> e 26 684

Ox<3

E] 72 570
Q 556
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7 5 74

7 a a

63 4 65
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Manthel-Hanszel test showed difference becreen groups, 20.6%, was
significant. In addition, Hap/Col efficiency was bemer dhan TCP
{Osferion®) after 4 weeks operation.
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Adverse Events

Adverse Events

* Very weak inflammations were observed only for
HAp/Cal.
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* “Yery weak inflammations were observed only for
HApCol.

» No treatments were needed and the inflammation

Adverse Events

cured rapidly.

Adverse Events

* Very weak inflaimmations were observed only for
HAp/Cal.
+ No treatments were needed and the inflammation
cured rapidly.
+ These were not allergic reactions for collagen.
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* “ery weak inflammations were observed only for
HARCol.
» No treatments were needed and the inflammation
cured rapidly.

Adverse Events

+ These were not allergic reactions for collagen.

e speculated that these inflammations were
“good” biclogical reactions that tissues prepared to
turn into regeneration process. (In fact, with anti-
inflammatory agents, remodeling process stops.)
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HAp/Col Coating on Titanium
for Subperiosteum Anchorage
Device for Orthodontics
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Animal test
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¢ Animal
¥ |2 week-old male 5D-rat
v body weight of 360-370 g
o Implan site
¥ Cranium of Male 5D rats
+ Specimens
¥ Pure titamium wires 05 mm in
diameter and |2 mm in length.
¢ HACol dip-tonted
¢ HAp biomimetic ceated
¥ bare
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*+ animal
¥ |2 week-old male SD-rat
7 body weight of 360370 g
« Implant site
¢ Cranium of Male 5D raes
« Specimens
¥ Pure titanium wires 0.5 mm in
diameter and |2 mm in lengd.
¢ HAp/Col dip-coated
¥ HAp biomimesic coated
¥ bare

Animal test

+ Implaneaton periodt
v 4weeks
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Animal test

+ Implantation period
¢ 4 weeks
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¢ Hiswlogical observations
 Shear seress tese

9

* Animal
¥ |2 week-old male 5D-rat
7 bocdy weight of 360-370 g
« Implant sice
¢ Cranium of Male 5D raes
o Specimens
¢ Pure titanium wires 0.5 mm in
diameter and |2 mm in length.
¢ HAICol dip-tonted
¢ HAp biomimetic ceated
¥ bare
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+ Animal
¥ 12 week-old male SD-rat
7 body weight of 360370 g
o Implant site
¢ Cranium of Male 5D raes
« Spacimens
¥ Pure titanium wires 0.5 mm in
diameter and |2 mm in lengdh.
¢ HAp/Col dip-coated
¢ HAp biomimec coated
¥ bare
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Animal test

+ Implantaton period
v dwreeks

¢ Evaluation
¢ Histological observations
¢ Shear terest cese
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*+ Animal
¥ |2 week-old male 5D-rat
7 bocdy weighe of 360-370 g
o Implant sice
¢ Cranium of Male 5D raes
« Specimens
¢ Pure titanium wires 0.5 mm in
diameter and |2 mm in lemgth.
¢ HACol dip-tonted
¢ HAp biomimetic ceated
¥ bare
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Animal test

+ Implantation period
¥ 4 weeks
* Evaluation
¢ Hizwlogical observations
+ Shear terest ete

@ Animal test

o Animal ¢ Implancaton period
« |2 vweek-old male SD-rat ¥ 4ureeks
7 body weight of 366370 g * Ecaluacion
o Implant sice ¢ Hiscological ebservacions
¥ Cranium of Male 5D rats ¥ Shear stress test
+ Specimens
¥ Pure titanium wires 0.5 mm in
diameter and 12 mm in lengdh.
¢ HAp/Col dip-coated
¥ HAp biomimesic coated
¥ bare

A\ 77 G
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’, Animal test

« Animal ¢ Implantation period
¥ |2 week-old male 5D-rat ¥ 4 weeks
v body weight of 360-370 g * Evaluation
o Implan site ¢ Hiswlogical observations
¥ Cranium of Male 5D rats ¥ Shear soess tesc
+ Specimens
¥ Pure titamium wires 05 mm in
diameter and |2 mm in length.
¢ HACol dip-tonted
¢ HAp biomimetic ceated
¥ bare

N7, Tiwire
A5 shown a5 blue arrows, both
edges of wire were sutured for

ficing
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Histology

4 weeks after implartation

Histology

4 weeks after implartation




Histology

HAp-coated Ti

4 weeks after implantation

Histology

HAp-coated Ti

4 weeks after implantation

Histology

HAp/Cel-coated Ti
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Histology

HAp/Col-coated Ti

Histology

HAp/Ceol-coated Ti

Bone contact ratio: 62.2%
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Peak values

Bare Hap HapCol

(p<0.05)
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Injectable HAp/Col
HAp/Col + Na-Alginate
90: 10 in mass

i
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Preparation of
the HAp/Col Powder
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Preparation of @
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Freeze-drying

Crushing by hand followed by ball-milling
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Preparation of @
the HAp/Col Powder

Compacting by squeezing water in specially designed
mold for uniaxial pressing

Freeze-drying
Crushing by hand followed by ball-milling

Classified by a sieving to collect 100 — 212 pm in diameter
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Preparation of @
the HAp/Col Powder

Compacting by squeezing water in specially designed
mold for uniaxial pressing

Freeze-drying
Crushing by hand followed by ball-milling
Classified by a sieving to collect 100 —212 pm in diameter

Dehydrothermally cross-linked at [40 °Cfor 12 h.
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Preparation of @
the HAp/Col Powder

Compacting by squeezing water in specially designed
mold for uniaxial pressing

Freeze-drying
Crushing by hand followed by ball-milling
Classified by a sieving to collect 100 — 212 pm in diameter
Dehydrothermally cross-linked at |40°C for |2 h.

Treated by 20 mmol/dm? CaCl; solution at
Powder/liquid ratio | g/dm? to adserb Ca on powder.

ml’ Preparation Conditions of @

the HAp/Col Paste
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» Liquid phase of the paste material
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» Liquid phase of the paste material

- Sodium alginate aqueous solution
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the HAp/Col Paste

= Liquid phase of the paste material
- Sodium alginate aqueous solution

- Mixing conditions

ml’ Preparation Conditions of @

the HAp/Col Paste

» Liquid phase of the paste material

- Sodium alginate aqueous solution
- Mixing conditions

- P/L=0.60 (mase/mass)




@ Preparation Conditions of @

the HAp/Col Paste

~ Liquid phase of the paste material
* Sodium alginate aqueous solution
= Mixing conditions
- P/L=0.60 (mass/mass)
= HAp/Col : Na-Alg = 9: | (massimass)

Decay Property Test
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ml’ Hardening in CaCl> Solution@

for Rapid Prototyping Use

HAp/Col-4lg paste
injected into 100 mIM
CaCl; solution
immediately hardened.
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for Rapid Prototyping Use

m’ Hardening in CaClz Solution@

for Rapid Prototyping Use
N

Hardened paste collected frem
CaCl soluden remained its
shape.
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@Hardening in CaCly Solution@

for Rapid Prototyping Use
\

Hardened paste collected frem
CaCly selution remained it
shape.

/)

The paste had enough

strength to handle. |.

** Trial for Rapid Prototyping

Trial for Rapid Prototyping

"= Trial for Rapid Prototyping
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Gene Transfer Bioresorbable
Substrate

Collaborate with National Institute of
Advanced Industrial Science and Technology

" Gene Transfer Efficiency: Luciferase Expression @

After 3 days culture with CHO cells

= Gene eansler efftiend, of
Dha-CaP toated HApCol
nanocomposites s higher
than previoudy developed
DHa-Fibwpatice camposites

= DA -CaF sompnsite coated
Hap/Col tamples ean
significantls intreate the gene
tranefer efitienty

Luciferase activiey (count)
(zene transfer efficiency)
LBFSENEEEE

1.0x 15 175 2% Upclcmamine:
Dl compless +
HapiCol
HApCol nanctomposic coatd in different [P orve Controf)
RKB concencranan rolugon

Bodhak 5, Kikuchi M. et al. Key Eng Mater: 525530, 430484 [2013)
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Conclusion Conclusion
¢ Hydroxyapatite/collagen with bene-like nanostructure can be
synthesized by a very simple simultaneous titration method.
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¢ Hydroxyapatite/collagen with bone-like nanestructure can be
synthesized by a very simple simultanecus titraticn methed.

® The nanostructure of the HAp/Col allowed

¢ Hydroxyapatite/collagen with bone-like nanostructure can be
synthesized by a very simple simultaneous titration method.
® The nanestructure of the HAp/Col allowed
¢ enhancing ostecblastic activities.
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¢ Hydroxyapatite/collagen with bone-like nanestructure can be
synthesized by a very simple simultanecus titration methed.

Condusion

® The nanostructure of the HAp/Col allowed
* enhancing osteoblastic activities.
* supporting osteoclastic differenti

ion through ostecblasts

Ty

¢ Hydroxyapatite/collagen with bone-like nanostructure can be
synthesized by a very simple simultaneous titration method.

Conclusion

® The nanestructure of the HAp/Col allowed
¢ enhancing ostecblastic activities.
* supporting osteoclastic differentiation through ostecblasts
& substituting it with new bene by bone remedeling
process.
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¢ Hydrescapatite/collagen with bene-like nanestructure can be
synthesized by a very simple simultanecus titration methed.

Condusion

* The nanostructure of the HAp/Col allowed
* enhancing ostecblastic activities,
* supporting osteoclastic differentiation through ostecblasts
* substituting it with new bone by bone remedeling
process.

® Biomimetic nanostructure with controlled multi-scale
structure can allow cell-free regeneration of large bone defect,
even better than to B-TCP in the human clinical trial.
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Conclusion
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* HApCol coating showed rapid osteotonduction followed by
osseointegration to substrate titanium. |t realized quick bonding for
subperiosteun anchorage device for orthodentics and implant
devices.

Condusion
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* Hap/Col coating showed rapid osteotonduction followed by
osseointegration to substrate ttanium. |t realized quick bonding for
subperiotteun anchorage device for orthodontics and implant
devices.

Conclusion

HAp/Col can be utlized for injectable artificial bone and rapid-
prototyped {fine structure controlled) artificial bone by mixing with
sodium alginate or other hydrogel formable organic substances,
such as collagen.
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Condusion

Hap/Col coating showed rapid ofteotonduction followed by
osseointegration to substrate titanium. |t realized quiglc bonding for
subperiosteun anchorage device for orthodentics and implant
devices.

Ha.pCol can be utilized for injectable artificial bone and rapid-
prototyped (fine structure controlled) artficial bone by mixing with
sodium alginate or other hydrogel formable organic substances,
such at collagen.

Hap/Col could be used for area specific gere transferable scaffold
in vivo as well as in vitro with comparatively higher and/or safer
transfection efficiency in comparison to present viral or lipid
transfecton.




We welcome you all to our future conferences of
OMICS Group International

. I.’lease Visit: .
http://materialsscience.conferenceseries.com/

Contact us at

materialsscience.conference@omicsgroup.us

materialsscience@omicsgroup.com




