J Vet Clin 24(2) : 182-191 (2007)

Journal of

J| Veterinary Clinics

Zde] A, T A, AF9] &8, vk B
Aule] 74, FEo]
2Eo] o HEHo] Jrh2). AENY X L35,

HOIM Poly-L-lactic-acid O|&{=<| MEHM D} MA|Xefdof| 25t o4

sy - AYy| - YES* - 4E

Ofs* .
AU S FESATE, wAGStE e,
w3 Sa ST
AREL: 20074 62 129)

Study of Bio-absorbability and Bio-compatibility of
Poly-L-lactic-acid Implant in Dogs

Po Young Park, Young Ki Kim, Jong Yoon Bahk*, Joung Man Park** , Phil Ok Koh, Hong Hee Chang
Hee Chun Lee, Hyo Jong Lee and Seong Chan Yeon'

Institute of Animal Medicine, College of Veterinary Medicine, Gyeongsang National University, Jinju, 660-701, Korea
*Department of Urology, Gyeongsang National University Medical School, Jinju, 660-701, Korea
**School of Materials Science & Engineering, Gyeongsang National University, Jinju, 660-701, Korea

Abstracts : Bioabsorbable devices have been utilized and experimented in many aspects of orthopaedic surgery.
Depending upon their constituent polymers, these materials can be tailored to provide sufficient rigidity to allow bone
healing, retain mechanical strength for certain period of time, and then eventually begin to undergo degradation. The
objective of this study was to estimate extent in which Poly-L-latic acid (PLLA) implants had bioabsorbability and
biocompatibility with bone and soft tissue in dogs and also to develop bioabsorbable, biocompatible materials with
the appropriate strength and degradation characteristics to allow for regular clinical use for treating orthopedic problems
in humans as well as animals. Eighteen dogs were used as experimental animals and were inserted two types of PLLA
implants. PLLA rods were inserted into subcutaneous tissue of back or the abdomen wall. And the rods were tested
for material properties including viscosity, molecular weight, melting point, melting temperature, crystallinity, flexural
strength, and flexural modulus over time. PLLA screws were inserted through cortical bone into bone marrow in the
femur of the dogs and stainless steel screw was inserted in the same femur. Radiographs were taken after surgery
to observe locations of screw. Histological variations including cortical bone response, muscular response, bone marrow
response were analyzed over the time for 62weeks. The physical properties of PLLA rods had delicate balances between
mechanical, thermal and viscoelastic factors. PLLA screws did not induce any harmful effects and clinical complications
on bone and soft tissue for degradation period. These results suggest that PLLA implants could be suitable for clinical use.

Key words : PLLA implant, bio-absorbility, bio-compatibility.
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A, E9a, EYo|E, 2= 5o FHE AR o, of So] 3sledx] $kUH(1,2,10,11,14,17,18,23,26,30,32,33,35,37).
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= 54w A§717 5 23] Ao 2= FA AA Wl 7hpisl Hof Z4tez s oia] )l FBA
I Bes He Axet FeHE FAISIL 97| Fol o2 # ¥ TCA cycle 53l olilsjerie}l B2 23jdr}.
= 8] B3l=Ee] T2 7 dofof gtk S A el o] 7N Eo=RE 2Rl 2004 David 5(8)2 ©14

& A& Al osteoconductive buffers £8H4)ol A7ksled PLLA
o] 7 dHE Ato] FAEE A8 2-3}Y polylactide
2T AEFAITRe] F7HEA] ST PLLAY 244

(=]



JMellA] Poly-L-lactic-acid ©]218<] B A2 A5 ¢+ 183
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3. AEM=o| of4
YA 2477F HAAZT F, atropine sulfate(0.02 mg/
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Fig 2. Insertion of PLLA rod into subcutaneous tissue of the dogs. (A: back, B: abdomen)
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B

PLLA screws and stainless screws (A) were inserted, and postoperative radiographs (B) of lateral view.



7Roll] Poly-L-lactic-acid ©]4]=-2] AR dz} AAIF A o] A3t I+ 185

Aze e ARATEA 34 A st AF FReo] A test methodS AM2-3}4] Cross-head speed Imm/min®.2
2&olH, iR FHY FF, 98, Wis s, 25 oksipy=

=, #l2= 3 AR 59 223 279 we g2 ZHAIAT(GPa)

TA5000, DS2910 SYS(Ta Instruments, USA)E A}-&3}od AHe] Fodol] AHaHE] §e slshe ZhS AT A=

PLLA2] f2Jdol2%=(Tg), %7‘4 (Tm), ¥2AAS} &&=, B2 HEOE e 3os Sx8480] 5 7P (stiffness)o]
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A qhEo] WstH HE3E gERRith TAS000, DS2910 & AASKATH AEAS AL ARl & tiE o) e 2~

SYS(Ta Instruments, USA)E AM&3le] 2431t} AF7F AYEY de FHe e & 1L5em HHE AG
R ()) ST AR s FEUR golo] 48A17 1A PBSOl

255 vPEA] &2 AElelA 1o IAE S3lete] HA) 2 AlHata g3lgoel] ol 4847 &3iA)Z) v THA
2 et 285 deluAE 88E@EsE)elsta & PBSE 28] Al ¢ zizse], dHEES AR
o =29 Aol Ee] AEE o B S3do] o. Microtome2 ©]-8slo] AL wHEo] HE G4 F &
Zdestez S5 oo %Z]—rﬂ w2 AL A TR dEsg.

”55”01 °"‘°}‘3]~ olulelH, 4= HSHH‘{: ol A=

2 &85A7F gasit wef % A7} o= FETHA] A 1}
”7‘] BoH A=A AEECl FHE FAE &8U4=T}
FEa AEFS GEI] oA GEolA whg- T8 I 1. 4ol HE
e AAE AMEEHI YTh TA5000, DS2910 SYS(Ta A7 H3joll 4Y3 PLLA RTojr A7) 324
Instruments, USAYE AH8-ste] 24 8kdtt. w2t HE(m), EAFMY), §8(Tm), 82 (H), 2Hs=
44. 3 (%), BI7F=(MPa), Z2ZEARAF(GPayE 238k, 243k
7% (MPa) < A tiTable 1). ©] £ EAH(molecular weight), ==
U L£xF A|HS 35 AS AMHoZRE WA ZY=(flexural strength), A3} = (crystallinity)2] H3l= |
© o] FeE wIth 2= MNEE A = =2 JepIAckFig 6, 7, 8).
Hg A&l ojA -:—3}7} E‘] o FhekA] %v Hdl [, B4, €3, §8EL Ako] Aol wet Za
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T2 & <= 9t} Universal Testing Machine 4201(Instron, 7 ZVAIEEACl FEAEE 162058714 2717k 90% &

USAYS AHE3l] ASTM D790 ®oll w2} 3-point flexural Eﬂ W SRS 205 o| TR A Aasie] 623

Table 1. Physical properties of PLLA rod inserted in hypodermal

Weeks  n Diameter  Viscosity M(_)lecular Melting Melting Crystallinity ~ Flexural Flexural
mm [n] weight Mv point Tm  temperature AH % strength MPa modulus GPa
0 4 3.46 4.36 350,000 186 50.7 54 263 6.8
4 6 3.44 2.70 180,000 187 56.6 61 248 6.1
8 6 3.47 2.47 160,000 186 60.3 65 245 6.5
12 4 3.46 1.99 120,000 185 66.7 72 239 6.6
20 4 3.45 1.26 63,000 186 61.9 67 210 6.4
39 2 3.41 0.51 16,000 174 64 69 57 4.8
62 3 3.40 0.19 4,000 174 62.7 67 0 0
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Fig 6. Change of Molecular weight of PLLA rod inserted in
suncutaneous, bone marrow and periosteum as time progresses.
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Fig 7. Change of Flexural strength of PLLA rod inserted in
hypodermal as time progresses.
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Fig 8. Change of crystallinity of PLLA rod inserted in
hypodermal, bone marrow and periosteum as time progresses.
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2087 27188 90%E FASITT 245 o] FHE 2
Y st 5650 348 PAE Ho|HA] 625 o2
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weeks in control groups. M indicates bone matrix and arrow
shows bone trabecula. (H-E stain, x 40)
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Fig 10. Histological findings at 2 (A), 6 (B), 10 (C), and 24 (D)
weeks in periosteum regions in PLLA screw implanted groups.
W indicates woven (new) bone and arrow shows screw scraps.
(H-E stain, x 40)
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7V 2715k A GAME 7R B
STHFig 8).

o= AoZ e}

2. ZE& Ha)

AEZe) =2l AU PLLA 23F0A A7k &
o W AHF v, FFke, 2SS 2R eR ‘/}
R ATHFig 9, 10, 11, 12).

ZEQlEA 23FE ARIEH 2R 2AME 2 6, 10,
245 BF A9 2/1AR F857 B A CKFg 9).

21. IAIE

T FUFHY 2SN Mg 25 & 2 7Y =

7| °ﬂ AR ZE9 T8 (periosteal bone formation)©]
HEE I

67 67 Folle A FEso] FAE E4E
o] A= W (woven bone)’} THE wZ ] WE Ao
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107 103 Foli= A74o] S AR go] A
AT FHFY AAR7 27FEE AuME o) gaE
Ao, dEAlEe %ﬂr 2 Ut

247 247 Folle FRF 237 24E F04 A
A 3zol| ojgh 27 %O] %101‘/}1 AeH, 4
HZE3 A fAkebA A= AThFig 10).
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A5 BrEYon 2afst AR FHe W] U9

o1}, FHFole o8] AWAES EAET AT
22250

FFAE A Wyt gle
FRF] 23 Fe] R 1 7\7 } 5 AEEAE, o] F&
H71E UIAAE7E A8 e Bgoldh

671 67 F TR SRS 23Fe FEY vt
HsF IRAL FHR] BwH A 23F 2AE (3
ol WAy ol igse 2zhoz Azbge] w27
ofsff Seie] A3, tre] BSAEEC] B8 ggo] B
Hout. ol& AEe dill BT, AdEAF, 5572 ©]
Foiz] glom, ol 2AF FHES o)EFE FHFsld ©
2al7] 93l Bele Aoz wddd.

105 107 F- =7 2379 FAFE 3] dof A
vk Wb A3F 27te] FHNOA gt gl el 7
< GAES Ao BRER] 45 A TPk e W
7L o] BEEH AU

245 247 & F59 —EL% %«‘:‘%‘—b o8] St
2 54 )dHPﬂ AR FRHFAN Z85F7F AEEA
o, A9 A Jl*rﬂa* i&izﬂq(ﬂg 11).

4057 407 THEE 2355 AU FHzzEoe] A
o] B Z2A /A BEFEHAL, Fe] a7 AR
= -2 BslEe] ¥E7ie] ® = #EEdh

oMe 205l thre] MM ETE BEEglon,
PLLA 275 B43l3 Qe ti2A 2] o] BT,
HAEES SR e tAAIEE 405 Fol= BAE A
605 S0l PLLA 27 oJ73] #E=th(Fig 12).
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Fig 11. Hlstologwal ﬁndlngs at 2 (A), 6 (B), 10 (C), and 24 (D)
weeks in bone marrow regions in PLLA rod implanted groups.

Arrows indicate megaketocyte and arrowheads show screw
scraps (H-E stain, x 200).

Fig 12. Histological findings at 20 (A and B), 40 (C), and 60
(D) weeks in muscular regions in PPLA screw implanted
groups. Arrows indicate macrophages. Many infiltrated macro-
phage showed phagocyted PLLA particles (H-E stain, A, C,
D, x 400 : B, x 100).
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st FFsgth 2= PLLA X Fatl A4
3L, 23 F FEle PLLARAE ZEHAN FF=
ATt o] 3ol 2=FEe e B4 Wl
THE Fo #EINL, AR AAe 24
sl e T3 BB 2 Yol FUHR) dFeR
PLLA 2= I570e] IM B FEZ 4gste] 12571
TG on, Zudl FHAAN 1657404 627714 239

Halel 249 WslE #ABIGTE IdYEHOE AFst
4+ PLLAZRI ] X718 o2 2-83t7]d ARl
I AAAEA HollA AgerrE At o] A+
o] Exo] it

3ol A" Z=dejo] PLLARA = A7k Aol o}
2t MAjs] BallEo] BRI Ax, §4, A=, 2I949A
Fe s, 887 AAslee T FU12
A 2=, 73U oHA AN E FR= TEAR ¥
=8 Bisle] S B Algke] AHFstel wet BAle
AeFE FAP Tashe sEAE BHEAR, 2=
= 1672 e 27133 & Aol glo] fA=t 205
0|8 FAsH ANt E3 FFEAAIF (Modulus)E
SHAES zhaol we} vt Y sEEAS e
UAT Y= HT Avtet TG Bt ofH g
Hole olf& PLLA 2=E Hslof 4Flstd 71-Es)
o3l RAR EAH 7t AddEo] A% daE 2715
B AsiR|A| R, EAR7E AeEdoets d4 2 A st
g wFdee AY IR {7 & I
A adshe AR FAY £ Ut o) Algte] 4
Hholl we} AAstErE &% FrIAY 27133 A &
AR 3 Zhe HoME ZR1 7Fesith g AlZE Ao
2} PLLA 2=9] 273Wsb7E A gl7] wjie] o277k
T Aeusglel] mE FRZ e 2EHAE A Qs
Ao FHHEC wpx o] Y Ade 7Ee d7dn
(1,17,18,19,21,22,23,25,26,31,33,35,37,38)8} AX|5& Ao=
et}

PLLAE Ao EAlshe 24te] FHAZA AS &2
o|2E 9] shtelt}t. PLLAS Awsld 28EA &Aje] A
7h e FARE ZEA A A A= SRR A
Z el EAlel7|x ity Z Awky mEA el
UE, A, dE9E5Y 8872 (melt processing)
HAHOE 7hy TFol e & £k Ado] EAly
of B 24k vt HFAR] A=rt A3t 2 4 ot
olgi3t 7hgte] FANE e SHORE EAe] 1
A A, I8 R SAlske S0, 984 2 ETE
o] AAe} Tetr)o] blocking I8 59 FX] THL E3
o A7 FAHMEPE MNAE £ A olE A 9
dlo] 2o A7) skl $2r1H3,7,8,23,38). AMEY IoHA
e ERElE do & Y 298 AATGo 2N JhsE
dl, €E3lE AA ke WHoE aghe Fukshe Herhe
Hol qlom 2 fiFAQ] e s f4EH (hydrostatic
extrusion)(23,38), 22/4EH (solid-state extrusion)(1,38), T}

S - %8 - ojFR (o|EF - IR
o] d4l(die drawing)(19) ¥ A7Fd3k(self-reinforcing) *H
(34,11,12,17,18,21,22,23,32,35,37) B°] Ut} o] AdIMEe
SENOE AR oK EE AMESIHen o] W &
A olste] ellM EEeEN BAE ZAE 2Y 5 A

3 g7kl Bis B e dA43] 2ard 571 3l
o] A& A= EY F Je Ao E AgAa et
20019 Rubel 525y 4o tiEFo] SR-PLLA H3}
Kirschner #tolo]E Aigh £ 7 717 ElQle] HE AAs)
=8 8= A= (pullout strengthyS H]w3led SR-
PLLAYIA O £& A34E BUor, 2002 Norstrém &
(22)2 HENA 4ZE dE3ol dIES AN F 7 7}
SR-PLLAS} SR-PGA #log 743 F sHIe] J3ky 7}
EE &gk A3 SR-PGA o]XEL sHEZS B+ SR-
PLLA o|A&2 dZ9] d842 dIed 34 o #
£3thy B3k o] Yo% SR-PLLAY Ealdot &
AL B3 B7M42,10,18) SR-PLLAS ThE AJE3)A4
23 vy B43 B34 (1733,37), SR-PLLA 235¢]
A 2PE-e- @2lste] ¥ w3k B A (23)y5o)4 SR-PLLAZ}
A og Agaprld uEASd 20 2 Y ¥
7ol 35 & Aol 289 3/394E (solid-state extrusion)
S AlZE PLLA o4& BluiAshs dT% T35
o & Rog wohdr)
23F AY A¥84%=

2, 6, 10, 24, 40, 60l Z}Z+

BHEGE, 107 S 2559 FYR7h 28R 3
T & F gl MTlE 23R 2R 9

A3 Fa=A] 949k, e TR 2A4ES AR 9
8 sl B4Ea A Aol A o= A
ETEE0] 2459 o228 A AYHeR EFHAve 4
35yt Ao Eohd, Fo] EFEE 7)7F T &3
F7F JoRIAL, Fo] Bt AEE AAd ol28A =
23579 FRET B ARt A3t IX¢0H22,26,29.33).
Kilicoglu 5-(10)°] wl=H, Yol PLLA 2372 A4}
Idh (patellar tendon)E 2§ A} 670 23AF}e] HE
Holl A} dojyitiy BiER o, B dAFoe
229 FAMINEE AFE ¢ YU IR GSA =L
o 2E3 T 20043 Tuomo F(35) =S AES|A
o|AER WA FEo] BAYHM Aol A A
dHe A5 Baadled), 19956 Goh (52 24| 3
o] difjsk= F83% 82108 FIURE FUL FLwrt
Z7VE A7 (fixation strengthy’t Z7HIRE 74 &
oA FAE olg3sld #xe] FEUEE Fol= A
k= Aol vl saL st & AgoXe 23T A¢
b HAEEA] dskont, HAl YR om Hedo & o &
HASH At dasteet A4

FEoA PLLAZA|S] o] EE Fsll] AYsAU3ES) =
e 3 ARgEt] RS vt A3E Byvhks v
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AEE TR R Agste] dAH R uighA e A3
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520y PLLA AS54A osteosynthesis 22 FHE bilateral
sagittal split osteotomy?] Aol Ab&3le] SHPAS A|FH s}
Hoo F& F A= (chewing force)e] wl$ Fg o]}
3 B TE 2001 Stendel $(31)2 Poly-70L/30D, L-
lactide® AR 23AFE VA Y} F&r ZH(bone
flapys AGSh=H] ARESld oA ARNRo] Qe 8% 4
5 AR 2002'F Serlo (292 36M12] FAdolA &3
5 QFHE Ad] A7 AT Gtk SHCEE
AR5} pariental bone split grafi® AAJg A3 1@ F
¢ AFH A3E AUk 2001d Laaksovirta S(12)
Fa T AgA T2 o = BAY oS s A=
self-reinforced lactic and glycolic acid copolymer(ratio
80:20) prostatic spiral stent®] BAE3} AENIS AN
A}t PAETe} WAEO] stentE ARl ZAGAIN 7N ZF
el wge] wiE FHHR Qlele] dEHE §E2 s
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