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Abstract

ø e technique of guided umue resetw ation (GTR) hÊ bmn develom d fbr É e mgm em´ on of m dodonu l m sum- bone amuzzd naô ml teeÉ
and dental implants. The aim of this sØdy is to invmus¤Ü É e biõ Õg M abi lity M d nm tBanic behavior of a novel mineralizM m o-
hyú £xyam uw Þ llÔ ¿ Í poly (lacac m d} (d fACP L A} Þ Äê Ð " Ø GTR nm nbmne in vim - The elas´ c nmd± Ø ± ± EEmximuzzzô Øile © mgú
£f GTR Rlm mnp lm with diwe m t nHACP L A muo wm ma aued Ø get m ë m d nHACJPLA muo. I TzefTIme BViEIWMc analysis was
conductd Ø evaluate the cIWISe of the inorganic componm t in the samples during the pmcms of in vb o aging. Morphology of Ômpleg w±
checkd by using scanning elecØ n zrHemscopy- On the basis of É e above rÊ ¨ " ' it Ø n be concluded É at »Ee GTR nwnú maÊ maintaind
integ ity mÐ " w oztSind ä Òü rance ª mud mut É e l -nmnth in vim ù ins. The e mm ä ´ ve disØ h ´ ¶ MEd a posiu£" pzmm s £r crystals which
ts pmpitiØ s Ø the bone fmmation on the surface of the Þ mposite nm zbrane. The optimal d u c mLA mtio of the novel mm bmm is 04 :l . For a
longer period of bone mpair- PLA wiÉ higher molecular weight should be chosen as the SCairold h r É e GTR membmne.
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1. Introduction

Guided m sue mgen® ation (GT R) [ 1] w Ø pm posed Ø a
method º r mgenemHng neurons and later- bone and period-

onmun . Physical baEriem m the fom 10f a zm mMï m am placed
k W Ø n É e mueos inSival nap and É e bom and tÞ É sur² m s
duri ng surgery . The membrm e acu as a ban ter. I t den ects É e
gingivd tig ue aw ay h m the rÞ t m r face and cmaIÊ a
prØ ¹ " sm m ov® the deb t ô t al low s É e mm ining
periodontal l igament nbroblasts to selectively mpopu late on the
m ot sur fhce- m ese nbroblasts m thought to aØ om t fbr É e
tbrynat ion of a new flbrous attachment w hich pmvents É e

epithel ial m igmuon-
In addition to pedodonu l defects- this GT R principle h¡

£ " k m uØ d in É e um unent of bone deh cu and alvm w
ridge aug nentation- T he concept of GT R in É ese applications
is to exclude the mpid ly repair ing tissues (epithel ium and
ginSival connect ive t issue) and Ø allow the mig Ö ion of
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mgenemt ive M m cel ls h m the sum unding alvØ lE bone into
É e de¤ t [2] . v ar ious GTR mm bmnÊ have k m develom d

and us´ in É e intera ce betw m n soa t issue and mstomuon
E Ê s Ø pmvm t m a tim e invasion h m nom al t im e hm ling.
A lÉ ough var ious GT R rywmbranm have bm Ö ç and
applied clinical ly, only ² w membmnes have mached É e Ø ge
of rouHne d imeal application [3 - 5] . Rm ently, a m vel GTR

memk m e, wh ich Þ ntains mina d m d m nÕ hyd uÉ am utd
col lageWpoly ( lact ic acid) (nHA CfPL A ), hm M en biomimeti -
cal ly fabricated Ø £bu in excel lent biocompa b il ity- Mode-

SM abil ity and mechanical w µ ® t ies [6] . h É is a M y, w e
investigate the agi ng pm cess in v itro m d evolut ion of
mechanic pm pen y of the GT R membranÊ based on nHA C/

PLA composite-

2. M ater iats and methods

2.I PreÏ tration qf nHAC/PU GR membrane

SYI1dzmis of nHAC powder has M m rÕ orted previously
[7- 9]. I Vpe I collagen solutim (CELLON Comm ny) W²



aEUusted to a concentmu on of 0.67 g col lagen/ l . SOMUons of
e ac h and HF 0 4 (Cd = 16 6) w em d1en added sep± Útely by

drops. The solut ion w as gently stiÐed and HU¦ È d at mom
ô np® Bô m w MI sodium hy drox i de so lution to pH 74 . A Rer
48 h, É e nHA C deposiHon w as har vested by centr ia lsation and
ÝÊ m ¤É ied.

N ano-HA C/PL A membrane w as made by the fol low ing

pm dm : PLA (Chm gdu Inst itute of Organic m enus® ,
Ctunese A cademy of Scim ces) of molecular w eight 125,000 ,
l 50,Þ o and 200,000 Da w as d isso lved in dioxm e to nm l

conÊ ntmtions of 10% (m/v ). Ç Ee m MUon w m É m stiwed
gently at room Ê mpm-aô m fbr 4 - 6 h, and the nHA C pow der

W¡ added M difT® m t nH A C/PL A w eight rati o (02 :1, 0.4 :1,
06 :1, and 08 :1). TE e solution w as then ulm sonicat´ , poured
Into a mold, ó ozen at a ta np®3ô m betw een O and - 20 0C

ovem ight- and then lyophi l ized to remove d ioxane- The
inorganic phase in the membrane is carbonate-substi tuted HA
w ith low Áy su luni ty and nanometer size. PL A w as used as
scaü £ld Ø suppon the nHA C g ains. TEe th ickness of d1e GTR
membmne is 03 mm . PIEe PL A membmnes w ere pmp× ed ¿
conm H́ g DUP-

A 11 8 011ps of d1e f ilm s× nples am l isted in Table 1. The
fom d nHA C/PLA membranes w mü opalescent, m nslucent,

and f Iex ile membranes.

2.2. Mechankal pmpé qf the GTR membranes

Selm ted samples w ere made into 05 Á 5.OÁ 0.03 cnf
rectangle pim es, and the elastic modulus and ô m i le sum Øh
of É ½ ò nples were measured w ith mechanic test machine
(De s -5Þ 0, SH IM A D ZU Ca , Tokyo Japank

2.3. h vitro aging qf the GTR membranes in simulated bo³
p uid

A U smnples w ere cut into 5 Á 5 mm2 round pieces and
wem put into 37 0C simulated body fhBid - In the beginnmg

24 h, É e pH of the simu lated body thud w as 5 to m im ic the

acid env ironment m the body aR® surBery , and then the pH
w as adj usted to 7 w i th wishydroxymethy lam inomethane
(Tm ) and hydm chloric (H CL ). A ll samples w ere put into
37 0C w ater bath shaker and m i ldly shaken. Simulated body

nuid w as changed evmy 48 h to keep the stabi l ity of
concenØ tion of ions. 5 S× nplÊ of each membrane w em
taken out aner 5. 10, and 30 days, r ins´ w ith deionizd
w at® , dehyÉ Bted w i× 100% ethm ol, desiccated in 45 £c

oven, and the corresponding dry w eighÊ of each m mple
beh m and a¤ r being put into sim ulated body fhzid ( Wþ,Wt)
w em m o± ´ º r h rther analy sis. A t the same t ime, the pH

Thble l
compositm, of GTR nô nk u½

MOlmMar ì Øht of PLA MU U PLA EØØ

2Þ ,©" (, Ømp l ) 0:l 02 ;1 0.4:l e.6:1 -
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Fig. 1. ElÄ ic nmdulm of Ée GTR membm m with diÜ m t nHACPLA æ £
(m b ± g m o t of PLAz 125,à EML

vail les of the rÊ idual solution w ere measured w iú ú e pH
test paper-

Weight loss(%) = ( Wb - Wt)/ ç Á 1Þ

M0113hology of m dOInly chom sm PIes in diEm nt aÁ 18
tm e w¿ mspected widI scanning elecm n micmmopy (SEM,
JSM-6460).

24 . Change qf comp osition

A g u lp of the samples w ® e hea² d Ø 450 Oc . Ç Ee EØ 11lt of

thermog avimm c analysis (U niverÐ V 2.3C TA Inm mMEEt)
of these samp les prov ided the pema Itage of hydmxyapaHte
o Ï ) in these membrm s-

3. Results

3.l . Elastic
membrane

modulus and maximum tensile sö ng h qf the

Ç1e mechanical pmm± ¿ m vmy irnporu nt h r g Ò² d
bsme mgenemtion- As shomI in Figs. 1 and 2, whm d fAC/

Fig. 2. Tensile sm ngtM of ² e GI R EmmyEbmZEÊ with diÜ rm t nHACAPIA mtio
(m lm laz m 9 t of Pu = 125.m Da).
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Fig. 3. Wei® ¨ Õ £f nHAC membmne with diÜ m t nHAcmLA mtio ab Í ,
10 ¢,d 30 ² é in 37 £C SBZEBulaM M y h id- (a) Mol®ular weight of
PLA=2Þ ,©"£× , (b) molecular weight of PLA= 125, " MOIK . (a) nHACIPLA
rú £, 0:1; ò HACfPLA rauor O.2;l i tc} nHAcmLA mtio- 04 :1; (d} nHAU
PLA ratioz0.6;1i (e) nHAC/PLA mtmE0.8:1.

PL A ratios were 20% and 40% , the tensi le strength increased
Ý£m 69 M Pa Ø 10. l 2 and 13.4 M Pa, and the elastic module
increased Ëon1 462 M Pa t0 848 M Pa and 1084 M Pa,
respectively. It indicated É at HA grains can improve the

mÊ hm iu l sm ng h of PL A Elm s- How ev® , i f the nHA C/PL A
muo h d 1er incmased, the mechanical pm pem Ê began Ø
demm se, which mü " É Ù ö e content nH A C gmins w as too
much Ø dÊ tmy h PL A W UCU re- The m ults indm ü d dmt
nHA C/ PLA membmne w hich has 40% nH A CP L A ratio m ight
be a suitable GTR Ø ndidate-

32 . ² ight loss qf the nHA CXPL 4 membrane

T he general shapes of al l nH A C/PL A samp les w ere
mainu ined throughout the expertmenu l peri od. Some of ² e
pum PLA membranes show ed distort ion m the 3É day group
(g oup 3: molecular w eight of PL A = 125,000 Da) . Weight

losses of samples in tw o groups (group l : molecu lar w eight of
PLA z 200.000 Da; gm up 3: molecular w eight of PL A = l 25.000

D a) w ere show n in F ig . 3 (a) an d (b ) . T h e a gurm of gm up 2
( Eno lm zlax- w ei ght o f PL A = 150 ,0Þ D a) w as an alogous Ø É at

o f g u up 3 , the on ly d i f egÄ 1ces betw een them w ere É at É e

w eigh t lo s es o f sam p les in g u lp 2 w as a l i t t l e low er than those

in g 1311p 3 , so É e E¡ ®e o f g r ou p 2 i s n o t sh ow n m É i s mÊ c le .

Fr om F i g . 3 w e can get É e f o l low in g m u lts: É e h id E® h

m o lecu lar w eight o f t he PL A i s, the low er d1e w ei gh t lo ss o f the

s lm is . h th e end o f the i n v im ag ing pa i od, É e w eid u loss o f
g ro u p 1 (m o lecu lar w eig h t o f PL A = 200 ,000 D a) w m 7 3 3 -

89 7% , an d t hose in t he od1er tw o g oup s w ere 7 3 3 - 14 .82%

(m o lecu l ar w eight o f PL A = 150 ,OOO D a) and 8 .0 8 - 14 3 1%

(m o lecu lar w eig ht o f PL A = 12 5 ,OOO D a) .

W ith É e i ncm ase o f the nH A C /PL A rat io , the w eight loss

increased - h g ro up L at the en d o f in v iu o ag ing , the w ei O t
loss o f the nH A C :PL A m t io = 0 6 : l w as 22% h igher d Ian ² at

o f th e pum PL A - h g ou p 3 , t he w eight lo ss o f d 1e n H A C :PL A
m Ho = 0 .6 : 1 W¿ 76% h igh er than ª at o f É e pum PL A -

T here m· Sign i g can t w e igh t lØ ses in the a n t 5 day s, and

then É e rate o f w eigh t lo ss d eem sed sp i n m t ly . m m m

ev en l igh t w eigh t inc reases in th e late part o f the in v iuw ag ing

p er io d in som e s× n p les.

EEHA CIPL A
Eatho

¤ (b}
. (cµ
. {d}

33 . Change qf inoFZanic composum mdj

1TIe change of the w eight pemenu ge of d1e HA is show n in
Fig. 4. Ç 1e peEæeEItage of the inorganic Þ mponent chm ged
w ith aging t ime. h the od gmal membmnes, the higher the
d Ï C/PLA m os am, É e higher É e weight perm tages of HA
in the m embmnes are. Dur ing the pm cess of in v itro aging, the
samp les w iÉ higher nHA C/PL A mtio sti l l have dEe Mgh®

mOØ amc component percentage. h the an t l O days, the HA
P® cm u se of É e mmplm incmased sl ightly, and then h m l o
t0 30 day s, the w eight m rcentage of HA inÁ m sed ± a higher
mte. A t the end of the in v iÜ£ aging, the incrm se of w eight
pemenu ge of HA in the IYlembmnes w ith dif mw lt nHA CJPLA

¤ (c)
. (d)
ú (e)

Fig. 4. Change of inofP EE-c Ø mõ ô Et 04A) in digbmt d fAU PLA mm
znemb¦ ,es ah r 5. lO md m dap in 37 £c smMm d  dy a M (m lmd g
weight of PLAE150,¹ MD h }; « ) ± Ï CJPLA mm E02 :1; (b) EEHACPIA
m iOEO-4:1; (c) nHACJPLA mtmz 06 :l i (d) nHACPLA ḿ OEO-8:1.



Fig. 5. SEM picu m of the nHAC/PLA membrane (molmlalar weidzt of
PLA= l 50.́ MOh ± ' ACfPLA mm =04 ;1, in vim Ôing m e; 5day). CEysu l
deÁ sitions m aru md md na r the nHAC gmins in the mmnbram- m; nHAC
g Ì m in th ETEemMmei d: CºYSEal deposition on ¤ e membmne.

ratio mnged h m 2 89% t0 8.82%. The h igher the nH A CP L A
ratios g e, the higher the incmases of w eight pereef1ô ges of

inorBanic component in the membmnes am .

3.4. 7øe pH value

WemÊ SUESd the pH value at the point j ust befom mplacing the
old simulated body f lu id w ith the new one dur ing the 304 ay
pertod- Ç 1e pH value remained Ø nstant at 7.0 (ex Þ pt the amt 24

h in w hich period the pH value w as 5.0). Ç 1e m idØ l m lution
showed no disUm t changes in eiÉ er color or Uï 1spamncy.

33. Membrane mmpholou

Under the SEM , membranes in diü erent stage were
insm d ed. Them m 6 mam characteristics of dEe morphology
of difTeTent membmne.

W ith nH A CP L A mt ios inu m · Ò the d f A C obm vd in
membrane irBemased.
The longer the aging time, the mom dq msi ts of cry stals on
É e s® Ê ce of membrane (Figs. 6 and 7) .
Ç ze azeas of czy stal deposi ts w ere on or am und ² e nHA C

g ains m the membrane (Fig. 5) .
Them m· mom deposi ts of crystals on the membmnes w ith
higher nHA C/PL A rati os.
TEem am m me rules of É e deposit ion of cry stals on the
membmnÊ . l n the beginning (5 days), the cq stal dµ osiÊ on
É e membmnes w ere d ispem ve (Fig. 7Ê , and the d imensi on
of thÊ e crystals w as about 1.O Á 0 2 Á 02 Ì m . U nder d1e
SEM , theÊ crystals can be d ist inguished h m one Ø m other
(Fig. 7a). Sometimes, there can be tw o or sever3l club-shaped

Þ m ec± togd 1® w iú ú e nH A c m the membmne Ò ig. 5) -
W ith h aging time incm sd ( 1O day s and 30 days), ² e
number of u ystals on the sura ce of membmne incmØ ed
remarkably - The cry stals deposi ted on the sur face of
membrane began to Þ m eet w ith each other, and f om ed
cons lornemuon- Layers of depositi ons of Á p u ls could be
obsew ed (Figs. 6 and 7) . Them w em holÊ m the bulks of
Á ys´ deposi¥ , and the holes could be connectd w i th each

5.

727S-x : Pan d al. / Mau n-als SUience and Engô ± ,Êng C 26 Ñ ´ Î 724- 729

£É er (Fig. 6)- We show a typical pm cess of crystal deposition

on dIe nHA C membmne in Fi g. 7.
6. Them w ere no ev ident perforations or breakage on the

membrane in 3 aging stages. But w i th the aging time
inu eased, them w ere mom nH A C g ains expoa m on É e
surface of membmne.

4. Discussion

The aim of our study w as Ø get a novel GTR membrane
w hich has beÇer bone Þ ndud v ity MId t issue bioÞ mpaUbiliw
by adding nHA C into PL A - It is consideÉ that the addition of

d fA C hm dIe follow ing adv antages:

1. d fAC Ø n be mlØ md h m the GTR membmne to give the
local environm ent higher Ca, P ion concenm tion w hich Ê
propitious to the bone formation .

Fig. 6. SEM pim m of nHACP LA umnh me wiÉ EEEolm dar weight of
PLA=2Ø ," MOh a¤ Ù 10 × " md (b) 30 ² yB m vim agng m simulatd
M y h id, m F d vely. {ð I K cq zñ 15É ÁÄ " d on the sE au of membrzne
begin Ø Þ mm t wiú " Í Í eRmzd ¤ m Þ ngh nmm m . m mt am holes in
uhe UË s of cq za l agup p timu, and a e holm a n k Þ EEZº ± wi× ± ch
£Éet (b) L® m of dq½ im ns of czyEUls ¹ E k ú mwe4
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Fig. 7. m epm a sof cµ Ä l ú " sium on Éemza m of MU U PLA Ømm itemm k azm (m ô ular weiÏ t of PLA=2Þ ,¢ ¢ . (± M IVÐ Äl cryzuls on the
mm Mme o d® B). (bJ G ysu ls cØmmuon (IO dayz). {C} Cq  ls Þ nglonô , um ( l O dan k Ý Laé " £f dqô im m of ÁyÞ 10 0 ú " ).

2. Ç 1e addit ion of nH A C Þ mposm cm give the membmne a
mom sui table mechanical character istic than the pw e PL A
membmne. It cm be used mom easi ly in cl inic and the space
for the new bone tissue cm be maintained for a longer t ime

under the protection of the membrane.

4. l . The op timal content 4 FZHA C in the membr ane

M em bm m Ø ´ º r G ÓTE m u st un dergo a ser ies o f ph y sica l

m an ipu lat ion s. T hey am cu t , shap ed , an d som et i m es a x ed in

p lace w i ² ¢ ¢ m s or scr ew s. C l in ical m anas m b i l i t y o f a G T R

m em bm m is d eterm i n ed lM Bely by th e ease o f su rg ic al

m an ipu lat io n . O p t im al m em b m e desig I m u i m m i n im al

d i m cu lt y in opem tiv e han d l in g to a11ow d1e c l i n ic i an to ach iev e

proper m em bran e p lacem m t [ 11 So th e add it ion o f th e nH A C

in to t he m a n brane m ust no t i m p ai r the m ech an ical su m gth o f

the m em bm n e. In th e m echan ical tÊ t , w e ad d d i fTem nt am om t

o f nH A C into the PL A , and w e f bu nd ú ´ w h en d ze d f A C /

PL A r at io w as 0 .4 : 1, t he elast i c m od u lu s and m ax im u m tensi le

sm ng th o f the m em b ran e w ere the h ighÊ t i n al l t he sm p les

tested - So the m t io 0 4 : l i s É e opu m al m t io f o r É i s q pe o f

G T R m em b rane . I f w e add m om nH A C in to th e a lm É m É e

op t im al m t io , É e a lm w i l l b e tÞ h g i ie to be m ed .

42 . In vitm aging qf the membrane

In the 36 d ay aging experiments in v Í £, the nH A C/PL A
composm membm es maintaind integr ity and the original
app´ mnØ 61roughout the w hole exped menu l peri od w hi le
some of the pmys PL A membmnes show ed di ston ion in dIe
3Od ay g DUp. TYmir w ei ght loss w as about 6 - 9% in gmup l
(molm ul M w eight of PLA = 2Þ ,0Þ D a) and 8 - 15% in

ä'

g £ u p s 2 an d 3 (m o lecu lar w eigh t o f PL A z 150 ,000 D a an d

125 ,Þ O D a) . h É e beg i nn in g , 5 day s, ² m w eze m p id

w eigh t lo sses, and th en , h m 5 Ø 30 day s, the m te o f w eigh t

lo ss slow ed dow n . T hem w e± n o m ore si gn ia Ø n t w eigh t

lo sses in É i s p ed od . I n the g É311p o f 3O day s, there w m· ev en

sl i gh t dec reases in w eig ht lo ss i n m any sam p les. A s w e a11

h ow , P L A i s hy d m pho b ic . H y br id im u on w iÉ co l lag en o r
m i n em l ized co l lagen im p m v ed m w eu ab i l i ty p - 11] . B ñ ause

o f d1e beU® w eu ab i Hty o f d Ie d f A C , the m p id incm ase in

w eight lo ss happ ened m the a m t a w day s- A no ther m ason fo r

t he m p i d w ei gh t lo ss i n th e b eg i n n i ng i s t h e ac i d i c

env i ro nm en t o f the sim u lated body f Iu i d in the Emt 24 h i

d f A C m d PL A hav e a h i gh er m t io o f d isso lu t ion in the
ac id ic m v iz-onm m t

B u t w hy × Ä w m sl i gh t dm reases in É e w ei© t loss m the

304 ay g oup in m m y u m p lÊ ? F im t ly , w e h ow that PL A is a

k in d o f iner t su b stance w h ich m ay bm ak dow n slow ly in d 1e in

v im env i ro nm ent , so É em w as n o sig zi a cant w eight loss in

the end o f t he i n v i» £ ag ng Hm e. TE is i s the m ain m ason f br

the q uest i on . s eØ nd ly , 6 13m SEM p icô Ø , w e É 1d ² at an ®

ag ing in the Sin n »la± d bod y f hAid t hem w ere CEn tal depo si ts on

the su r f hce o f É e m em bm n es, and the nu m ber and sin o f the

cry stal part i c les inc re ased ¿ t im e w ent on . So w e d1ink d1at É e

cry stal s w h ich co n tai n C a and P i ons depo si ted on t he

m em bm n es m an o ther m Ê on f or the dm r ease o f w ei gh t l oss

in th e 304 ay g o up . Sim u lated bod y f Iu i d i s m instab le

so lu t io n sy stem , w hen th e co n cen wat io n o f C a, P i on s

ap pm ach es É e É ø sho ld o f dep osit i on , t he C a, P Þ m posi te

w i l l d ep o si t on h sur fæce o f th e m ater ial s. M IMPI1y W L h ad
tm t´ the PL G A ; h e f bu n d É at th em w as bon e- l ik e ap aUte

depos ited on t he m ater i als [ l 2 ] . k asuga T and L ad m n de
G u ev am - Fern an dez al so hav e É e m e m Ê [ 11 14 ] . U m ´ ,



É e pm ü " £f aging of PL A is a k ind of bulk decomposit ion
[ 1È , OEIIy w hen É e Enolm tAlar w eight of É e polm ® dm m sm
Ø a u im l vd ue, À É e dq m k d pm dw tion k m lm ´ . w e

ü n d m sm the m ush surfhce of nH A C/PL A IItembmne in d1e
10¤ and 304 ay p ups. h ² is " ± ´ , ² e w eight loss w as not

siÁ ia cm L M ca ó e of É e deF m uon of inm Ban ic Á y ô h , ² e
weight of h m mk m m evm sl ightly incm sd . h h a , ² e
decomposiHm of the Elm contintld under dze cq stal dä msi² .
From d1e mm b of the them ograv imetr ic analysis (F ig. 4), we
Ø n ah o sm É at É e percentage of inOEBanic Þ mpom nu in d1e
nHAC/PL A Ø mö site mmnMï Ee izm Ä sd m dze end of dEe in

VIUo agmg pm m .
Fmm the weight loss a¼m s Ò ig. È , w e also found É at É e

higher the nHA C/PL A mtio, the mom w eight loss in d1e
membranÊ . m em w as mw e weight loss in the membm m w i th
hid ô EEHA C/PLA ratio because É m w em m o-HA pan iclÊ

mlm sed 813m É e membranÊ w idEthe aging of the nH A C/PL A
composite membmnes. A nother obv ious result w e got Ý£m the
exm d ment is that the com posite membrane w ith h igher
molm Òlaz w eight of PLA has a low er as ing mte. In oml bone
deh ct ½ tomuon and oml implanto logy- it nÊ ds mom É az1 6

monÉ s Ø gd a su ble new host bone fbm muon am und É e
implant [ 16. l 7] . So w e should choose PL A w i¤ high®

nmlm uiar w d ght Ø h 18 1l É is reqmmment .

4.3. SEM maÓ ts

SEM m ulu of the membm Ê also gave us some important
argunEm u - In the stage of 5 days, them m crystal deposi ts on
É e a z a ce of the membrane. Ç 1e forYYEaUon of the Á y gtal

deposi ts w as near the nH A C grams in the composi te
membmne, MEd ú Ø· is much b s crystals in the am as betwm n
the nHA C gmins- In the su ge of 1O days and 3O days, them am
mom MM1 IYmm cry stals on the memk m e. The reason for this
phm omm on maybe that É e nH A C in É e Ø mm site mï n-

bmne wm mleased h m the nw mbmne, and im mased É e
concentration of ô Cah , po r in the local am . The

formation of the cq su l deposits on the membmne may
bÃ £me õ Sô and mom mpid m m ch m env im nment Ç us
is ah o fhvÊ able for É e bone fbnnation m É e clinical paHm u .
It is m ev ident advantage for ² e new composite membmne
compared w ith other degmdable GTR membmnes.

In the SEM of d1e ITEembm m m the 10 days and 30 days,
them am bulks of Á y Öal dÕ osiUom , m d dzeze m holes m dze
bulks of deposiHons, and the holm can be Þ m ecô d w iú ´ ch

£É er. Ç 1ese holes should be very suitable fbr É e ingm wÉ of
É e sum unding t iÊ ue, and cm help the integ Btion of É e
membmne with É e surrounding tis m - This Ø n mSUIt in a

SJK Pm a at. / MaUHd z SÎ ô v a d Eª " Ä ¨ Ø C M f2¢ ¢ 724- 7n ?"

more mechm ical ly stab le (m d É emº m pmdicu ble) wound
healing env im nrEBent [ l ] .

D® mg É e w hole period, the pH value of h m idual
sm d atd MMdy a zid mnmmed Á msUæ æ 7.0 (© © " ² e ú st

day on w hich we Ð just É e pH of É e simulau d h ® y a nd Ø
5.0 Ø mim ic the acid env imnment in the humm body aaer
S® Bmy ). Ä is may mSUIt h m É e neum lization eü m t of ² e
nHA C Þ ¤ e acid ic da ¶ mposd pnØm u of PL A -

Conclusion5.

NHA C/PLA Ø mposiô membmnes nmintamed integ tty and
É e origi nal appeamnce thm uO out the l -month in v itro aging.

Them is active di · £lution m d deposiUon pk Mm s of u yÊah
whid is pm piuom Ø É e bom º m a ion on h ® ¤ e of d1e
Ø np osiÇ mmnbrane. The opHIZEal d f A CfPLA mt io of the
novel membrane is 04 :1. For a longer m d od of bone mpair,
PL A w iÉ higher molecular w eight should be chomn ¡ the
scaEold fbr the GT R mem bmne.
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