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Benefits of Biodegradable Medical

Devices EH) ] MRS T A4 HR KR 35 © Evanik

bone

strength

implant

time

Implant removal is not required & 75K AW ELH

Data suggests transfer of mechanical load to bone improves healing (Orthopedic)%i 45 57
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Introduction 41+ S

Ideal Biodegradable Polymer B A8 K 4E M) o] BEAE SR &)
> Physical properties match application 4B G iE A W

> No inflammatory or toxic response Jt 48 iE 8L [ B

> Metabolized after fulfilling its purpose 4 5¢ 8 AL i Jim 4 £ G it

> Easily processable into final product & 5. 1. 2, B ] il £ 2¢ 7=

> Easily sterilized & %) ‘K

> Acceptable shelf life 72252 [ {517 31 B

Applications ¥ H

> Sutures >90% of market &4k >90% ¥ 111 %

> Orthopedic devices — anchors, pins, screws ‘B ##%5 &' - @i5], &, 84T

> Drug delivery matrices — implants, microspheres, in-situ gelsZi¥1& i 2 G-FENF], 1l
BR, ARG

> Tissue engineering matrices (regenerative medicine)41 4 T #2% (A

» Combination products — stents, stent coatings, drug eluting devices & &7 -2 22, 4k

SR, AT SO
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Commonly Used Acronyms % H

WFIE w B
PLA poly(lactic acid) I
PLLA poly(L-lactic acid) ZEL-FL.1&
PDLLA poly(DL-lactic acid) 2DL-F.1&
PGA poly(glycolic acid) 25 41
PGLA poly(glycolic-co-lactic acid) #23& LR LR IL Y
PDO poly(dioxanone) X I L
PDS poly(dioxanone) sutureZE X} 3 i
PCL poly(caprolactone)¥ . A li5

TMC trimethylene carbonate =V 1 3L 5% R s
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Broad Product Range

*RESOMER® *RESOMER® L Poly (L-lactide) 28 (L-NZCH)
*RESOMER® R Poly (DL-lactide)¥ (DL-NAC)

*RESOMER® LR Poly (L-lactide-co-DL-lactide) % (L-N%ZMig-J5-DL- A2 18)
*RESOMER® LG Poly(L-lactide-co-glycolide) 2§ (L-HAZHg-3t- 245 h8)
*RESOMER® RG Poly (DL-lactide-co-glycolide) 2¢ (DL-AAZHE-I5- 248 18)

| “RESOMER® LC Poly (L-lactide-co-caprolactone) 8 (L-NAZEE-JL-CL N BE)
*RESOMER® X Poly (dioxanone) X — 524 CLi

DLG Poly (DL-lactide-co-glycolide) %3¢ (DL-AAZHE-15- 24808
DL Poly (DL-lactide)%¢ (DL-NAZTE)

LG Poly (L-lactide-co-glycolide)% (L-NAZHE- - 238 HE)
«CL Polycaprolactone 2 . /4 Iig

*DLCL Poly (DL-lactide-co-caprolactone)¥ (DL-AAZEE-35- L gD
«LCL Poly (L-lactide-co-caprolactone)®¥ (L-HACHg-4L- LN Hg)
G Poly (glycolide) % (ZAZHg)

oL Poly (lactide)s® (NAZHE)

*PEG -PLG PEG-Copolymers PEG-JLE )
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Polymer Synthesis B&¥IHI &K

RESOMER® & Lakeshore Biomaterials™ PUVZJ;E'OH

« Semicrystalline3-45
in: SC CO,, solvent

Polymerization precipitation ¥l it
B R « AmorphousJtEH:
- Vacuum strip, solvent

« ROP of dimers — 54k precipitation B 4= #| &,

FRERER A WADIE
Monomer synthesis ’ Catalystj;g%
B  Heat Nl
= « Initiator to control MW
« Dimerize lactic acid, I GE R HIMW

glycolic acid etc... ¥ 3L
i, IO IIT 5
« Oligomer, Distillation %
Yy
%ﬂ% n%%%t E)JhnologySummit Shanghai September 2012 Page | 7
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Polymer Synthesis: Ring-Opening

Polymerlzatlon (ROP)EEYI&k: qut,':llkl.'i
/Klzl (ROP) _l:)
O
Lactide Glycolide
0O @)

H.C
O O Catalyst
R-OH + n?x + n?y <+
0] @)
CH,

O 0
B H,C H H H ]
@) \ 7/ @) \ 7/
PN [P
H—7ZO C—0O C ) cC—oO C7L—OR
N IIx* ™7 1Y
7 N\ O /7 N\ O
H,C H H H 0
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Flexible Chemistry RigHIHE =

M .. Effect...
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e Initiator 5| & 5
« Composition 2H %

e Chemical Constitutionft,
~pE R

« Heat & Reaction Time il
& J2 NS ]

\
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« Mechanical Properties#l
P e

« Degradation Kineticsp#fi#
B 115

« Monomer Sequence#.{&
i >

e Molecular Weight 731 &

 Water Uptake 7K 73 45
HY

 Morphology %

e Solubility ¥ f#tE
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Degradation and Resorption F&#&F E IR I A — Onix

Degradation [&f#

...means decomposition to some other chemical structure. The term does
not specify the conditions like temperature or chemical enviroment.$52H 1% A%

AN EY AR, 3K IFABRE S AT, Ini B el 2234 5

The term biodegradable polymers usually applies to polymers that degrade
under physiological conditions to low molecular weight substances.

He )] A R G W T FR SR A AR AR BE AR R BRI AR A I
Resorption BRI

...means uptake of any substance from tissue or body compartments into
the blood plasma. 54T 8 it 2H 2 5k 5 44 2% B WO IV 74 )3k

After implantation into the human body biodegradable or bioresorbable
polymers degrade into low molecular weight substances that are then

resorbed and metabolized. =4 v [ i 50 A4 v] WOBCR G N AR S %
RN AT, I LS A R T
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Bulk Erosion¥{&421h
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Bulk ErosionZ&{f&4z 1t @A EVONIK
Mechanical Properties L4 1E A —

A mass loss

strength loss

time
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Hydrolysis 7Kfi#
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Metabolism of PolyestersZ& g i ikt

Copolymers
HERY)
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Polyglycolide
KA

Polylactide
RNA
|
Lactic acid
IR

Krebs-
Cycle=R %
B2

Carbon dioxide (CO,)
Water (H,0) 5 fLi%, 7K
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!
Glycolic acid
RILmR
v
Glyoxylic acid
LR
v
Glycine, Serine
HHAR, 2R
v
Pyruvate

A P
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Degradation Times [### R[]

Resorption of poly(DL-lactide-co-glycolide) microparticles in rats
(polymer inherent viscosity of ~ 0.7 dL/g) 2§ (DL-NAZHR-15-2A5HE) ok
FER B R CRE W PERLEE~ 0.7 dL/g )

120
=
® 100 Lactide/glycolide
'E 80 mole ratio
® 60 s 1 00/0
S 40 —37/13
= 5 —T74/26
[+

0 =—50/50

0 10 20 30 40 50

Time., weeks
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Initiator 5| &3]
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INITIATORE | &

POLYMER END
GROUPSE &K i

EFFECTS M

Monofunctional Alcohol (R-OH)

Ester and HydroxylE5#l

HydrophobicHizkK

BAm FoE
Diol (HO-R-OH)
B Hydroxyl¥% 2t Hydrophilic3gzK
—JulE

Hydroxy Acid or Water
FRAIREK

Carboxylic Acid
and Hydroxyl 3R AIF2 3

Increased water uptake,
catalytic effect, and degradation
ratedG Xy K o HIHEL, AR

R, EARE IR

Polyethylene glycolZ 2, — &

Methyl ether Polyethyene glycol
FEERRR 2 — /%

HO-(-CH,-CH,-O-)-H
H,CO-(-CH,-CH,-0-)-H

Hydroxyl with PEG
block in center (A-B-A)
PR AR Z B
Methyl Ether and
Hydroxy!l (A-B)F Bk
I

Slightly to greatly hydrophilic,
increased water uptake,
amphiphilicE =R EmIIEK
P, I KHIRRE, PSR

Medical Implants Technology Summit Shanghai September 2012
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Effect of Initiator on Degradation

iyt ravednl © cvon:

IN VITRO Degradation of RESOMER RG 505 vs. RG505H at37 ° C,pH 7.4
AAMN# W RESOMER RG 505 vs. RG 505 H at37 ° C, pH 7.4

0 10 20 30 Ester End Group

1 SR
RG 505: 1,,=10.6d

IV [ dlig ]
o

Acid End Group
001~ R I
Time[d] RG 505 H:t,,,=5.8d
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Monomer Sequence 8415 F

Sequence in Copolymers7EE-&4) T Kk )F

L = L-lactide R =D,L-lactide G =glycolide

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL  homo®E

GGGGGGGGGEGEGEEGEGEEGEEEGEEEEEEGEGEE homo B c Semlil-'
‘ rystalline
LLLLLLLLLLLLLLLLLGGGGGEEGEEEGEEEGEEE block#} i M gk BB A

LLLLLGLLGLLLLLGLLLGLLLLLGGLLLLLGGLLL randomp#

Amorphous

TE I

RGRRGRGGRRGRRGRGGRRRGGRGGGRRRG randomFlEHL
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR homo3¥y %

The monomer sequence of a copolymer impacts
physical properties and performance! 54+ 5.

(RIS AN S=x7/[S0E7/BE L A ik d iz
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Thermal Transitions &2 Q

Y _..'I:I!JEHZ ﬂHmelt

Area= AH o

diy
el

w

Tg TEI‘_E,?ST, Tmelt T
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Polymer Morphology B2 YIS

In the solid state, semicrystalline polymers posses two phases|i] /4R 2

, PEREESYIAMRIES
>Crystalline 45/

>Amorphous TG 5E JE

Subsequently, semicrystalline polymers have two different transition
points at different temperatures: glass transition (T,) and melting point
(To)- B, =45 BB S WAL PRI AN RV RE N WIS S e A A

(Tg) s (Tm)

e. g. poly(L-lactide)un (L-NAZHEE) : T,=~60°C
T,=185° C

Medical Implants Technology Summit Shanghai September 2012 Page | 20



Semicrystalline Polymers O EVONIK

=] INDUSTRIES
FE RS

Amorphous and crystalline phases in semicrystalline polymers (schematic)
LRGP R E B S S X IR B ED
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Tg and Tm

Polymer

RESOMER L 206 S
RESOMER L 207 S
RESOMER L 209 S
RESOMER L 210
RESOMER L 210 S
RESOMER LR 704 S
RESOMER LR 706 S
RESOMER LR 708
RESOMER LC 703 S
RESOMER LG 824 S
RESOMER LG 857 S
RESOMER RG 509 S

Medical Implants Technology Summit Shanghai September 2012

Tg
60 - 65 °C
60 - 65 °C
60 - 65 °C
60 - 65 °C
60 - 65 °C
56 - 62 °C
56 - 62 °C
56 - 62 °C
32-42°C
54 - 60 °C
57 -63 °C
46 - 52 °C

m
180 - 185 °C
180 - 185 °C
180 - 185 °C
180 - 185 °C
180 - 185 °C
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous

EVOnNIK
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Tg and Tm

Polymer

RESOMER RG 502 / H
RESOMER RG 503 /H
RESOMER RG 504 / H
RESOMER R 202 S
RESOMER R 202 H
RESOMER R 203 S
RESOMER R 203 H
RESOMER RG 752 S
RESOMER RG 753 S
RESOMER RG 755 S
RESOMER RG 756 S

Medical Implants Technology Summit Shanghai September 2012

Tg
42 - 46 °C
44 - 48 °C
46 - 50 °C
38 - 42 °C
46 - 50 °C
46 - 50 °C
48 - 52 °C
44 - 50 °C
44 - 50 °C
48 - 54 °C
49 - 55 °C

m
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous
amorphous

amorphous

EVOnNIK
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Degradation Times : O EVONIK
Approximate! X3 R g B [A]
Polymer Degradation Time
REY 8¢ A2 I [R)
Poly(L-lactide) ¥ (L-NAZHR)

Resomer® L

Lakeshore Biomaterials™ 100 L >3y

Poly(L-lactide-co-DL-lactide)%¥ (L-NAZEE-1L-DLINAZBE)
Resomer® LR 25y

Poly(DL-lactide-co-glycolide)%¥ (DL-NAZHE-I5-ZACHR)
Resomer® RG

Lakeshore Biomaterials™ DLG 3m-—1yr
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Examples for Medical Devices&EJT 2%

PN FH SE

Manufacturer

Product Name

Material

MW KD (IV)

Sterilized

EVOnNIK

INDUSTRIES

Absorption time
(months)

Arthrex Soft Tissue Fastner PLA

Bionx Smart Pins SR PGA 10 ETO 12
DePuy Tissue Fixation Screw PLLA 520-600 Gamma 36-60
JNJ Orthosorb Pin PDO ETO 6
Arthrex Bio-interference Screw PLLA (IvV 3.2) ETO

Linvatec BioScrew PLLA ETO 36-60
Smith&Nephew Bioresort;ikr)(lee\:lvl nterface PLA

Bionx Bankart Tack SR PLLA 45-65 Gamma 36-60
Bionx Smart Anchor SR PDLL 35-50 Gamma 30
g‘g\‘/’i‘ézzive BioROC EZ 2.8 mm PLLA ETO No wt loss after 18 mo.
Mitek Panalok PLLA 100-125 ETO 24-48
Smith&Nephew Absorbable Suture Anchor PLLA

Surgical Dynamics SD Sorb Suture Anchor 82:18 PLG 100 ETO 12-15
Zimmer Bio-Statak PLLA 200-300 Gamma 36-60
Biomet LactoSorb 82:18 PLG 40-100 ETO 9-15
Bionx Meniscus Arrow SR PLLA 45-65 Gamma 18-30

Medical Implants Technology Summit Shanghai September 2012

Source: Barber Orthopedic Special Edition 4(3), 1998 Page |25




Examples Medical Devices D
; (@ evonik
BT 25 A A, FH SE 4 =

Coronary stent &k 37 48 Interference screw St HI2%]
y

Medical Implants Technology Summit Shanghai September 2012 Page | 26



Drug Eluting Fixation Device

) EVONIK

2 [E e 251, Bioretec A\ —

CiproScrew ™

Medical Implants Technology Summit Shanghai September 2012

(% /screw)

o 4 8 12 16 20 24 28 32 36
(weeks)

Release profile of ciprofloxacin from
the CiproScrew™ implant in vitro.
AV M CiproScrew A5 & 44
HNRE TR 2
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Antibacterial Coatings

Prophylaxis for Implant-Related Infections EVONIK
PERBRIPTEN G KR Y

%100- § 50 -

-% 80 - %40.

é 60 %30

g 401 Ezo

:g . H*-‘*\ 3 5

Bl O 52 H S T R T "R e mTw o w

Minutes time course Days time course

Bone concentration of

Gentamicin release in vitro o .
gentamicin in vivo over the

over a period of 42 days.

= , . observation period of 7 days.
RABRBIFRA LK I BB R 5
7

Antibiotic-coated tibial nail marketed by Depuy-Synthes impedes bacteria from
adhering to the implant surface and producing biofilms. The polyester coating
releases high doses of antibiotics higher than in systemic application.
HDepuy-Synthes 4=~ Erii iAW B £ T BH AL T 4 s e A R T A= A2 1
AV SRR B2 n ] LURS IR L R Ge s 25 B0 sl B A 5%

Medical Implants Technology Summit Shanghai September 2012 VeSter et al-; |njury; |nt J Care InjurEd 41 (2010) 1053_1059 Page | 28



Regenerative Orthopedics -
| EVOniK
RegenTec BAEF €

INDUSTRIES

Injectable polymer scaffold r] 3 i 58 & Wb B
« Space-filling material % ¥ %}

 Support natural bone repair processes sz
fr BRI a2

» Deliver patient’s own bone progenitor cells

et /B A B 1 e 40 i

» Controlled release of orthobiologicals

o i EM R

» Stem cell therapies

o TAIMIRTY
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Processing LZ

Injection Moldingyt: %8 & 1Y

Compression Molding#t [ ji /i

Melt Extrusion #WAE H

Each process transforms polymer resin in the form of pellets or granules to a
finished part by applying heat and mechanical force.

R 235 AT DU L B U )85 28 5 ) e ER FUAR BIOBOREAR 28 1 P e 28 ) TE 2

Polyesters are designed to degrade thus processing must be controlled to limit
loss of molecular weight!

T 2B EHE BT I e o T RS BRI, DR AR T 2 A IR 1 BB AT
B 7 7r B Ao
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Influence of Residual Monomersk &4 O EVONIK
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LRuN: N} A

O (0]
P
A o RS - 7 n/2
Ho H
[ (0] (0]

- n

equilibrium monomer concentration: ~ 1 - 5 %

PHTRARIKE: 1-5%

Impact of impurities can be loss of molecular weight during
processing and accelerated loss of mechanical strength

2R RE T B 2R o R AR, BURAHUBSR S I~ F
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Influence of Residual Monomers O EVONIK

55 B AR R I

Degradation of Poly(DL-lactide)

40

30

20

7 purified
Strength

[MPa]
10

—— | 0puUrified

0 2 4 6 8 10 12
Time [weeks]

Source: Fambri et al., 12th European Conference on Biomaterials, Porto, 1995
Medical Implants Technology Summit Shanghai September 2012 Page | 32



Processing L2 4
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Drying Curve for Equilibrium Moisture Level Polylactide Pellets,
Dryer set up: 0.25 cfm/Ib pellets; Dewpoint = -40°C)

e 2 |0°F (100°C), Crystalline PLA
v | 75°F (80°C), Crystalline PLA
=== | 40°F (60°C), Crystalline PLA
=== |20°F (50°C), Amorphous PLA

Pellet Moisture, ppm

'

ﬁ_“

*h-.._::it‘i-—.t—hﬂ —

5 6 7 8 9 I 12 I3
Drying Time, Hrs
NatureWorks® PLA Polymer 3001D
Medical Implants Technology Summit Shanghai September 2012 Injection Molding Process Guide Page | 33
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Sterilization ‘K&

v-irradiation has the disadvantage of lowering the molecular weight
of the part due to the high energy content. But it is the standard
method in the medical device industry and it is cost effective.

Y-SR B e o TR AR, e T HA R R RE R, (HiEXe
FEDSIT A B A HE ) 5k, IF Haedt.

E-beam is a new method and up to now not often used. It seems to
be more favorable due to its lower energy. The loss of molecular
weight is reported to be smaller compared to y-irradiation.

E-beamJZ MU vk, IFBRCA ORI, XROAH T H AR R
R RESE NG o WE5TRWI R G0 1 B PRGN T Y L
Gas sterilization with ethylene oxide is much gentler for the part,

but degassing may require two to three weeks. Ethylene oxide is
very toxic and can plasticize polyesters.

ISR LM A K R PR 5 50, E S 5 22 2-3 ] f I TR S A i
Eo R LHe MR, 1 HAT R R AR EH]
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Effect of Sterilization on VK& & H

Resin Molded Post y-Sterilization
LR 706 3.6 3.0 1.5
LT 706 1.4 1.4 1.1
LG 857 5.9 3.0 1.5
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Summary = 45

Resorbable polyesters have a long history of use and are very well understood
in terms of safety and toxicity

AR B BAT AR N F 7 52, Hese PR e g8 7 T 9T

The performance is determined by chemical composition, molecular weight,
monomer sequence, and end groups.

REVNERE L Ak, 015, SR H oA A Sk ] DL€ 1)

Well understood structure/property relationships makes this family of _
biomaterials useful for a variety of applications including load bearing devices,
drug delivery matrices, and tissue engineering scaffolds

XTSI RETC AR 178 73 NPT A AR N ] )2 AU e i e 2 e ll,  251%
BRFRE, M TR

Drug release profiles and rate of degradation can be adjusted to fit many
different applications

2R T itk R S 3k 58 ] U ok HGdE R 22 b oz

Thermal processing allows the production of devices as well as carriers for
active ingredients

IR T Zn] F] e A iR 224
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