Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010
Volume 22

Acrylic Bone Cements Modified with Starch

Valentina Krilova,Riga Technical University, Visvaldis Vitins,Riga Technical University

Abstract: The successful result of restorative and replacemen
surgical operation depends significantly on propeties of used
bone cement. Acrylic bone cements are usually basedn
methylmethacrylate polymer, while monomer polymeriation
begins after mixing of components in mixing deviceand
terminates in living tissue. Polymerization of metlmethacrylate
is exothermic process, and temperature increase nfig cause
tissue necrosis with concomitant implant aseptic msening.
Developed non-ionogenic and containing carboxylic rgups of
acrylic acid bone cements on the base
poly(methylmethacrylate-2-ethylhexylmethacrylate)
ethylmethacrylate- triethyleneglycol dimethacrylate system have
appropriate setting parameters. The influence of pgisaccharide
nature additive introduction on main properties of developed
bone cements has been studied. Starch was used axbmpatible
and biodegradable component. The introduction of 20%starch
into solid phase of bone cements aroused the changé setting
profiles: polymerization peak temperature decreaed and
setting time increased. The mechanical properties obone
cements determined by pour-point bending and uniasil
compression tests were not worsened by starch intdaction. The
morphology of fracture of bone cements specimens wastudied
using electron microscopy. The data obtained testifghat bone
cements modification with starch additive is perspetive for
further achieving of bone tissue regeneration.
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|I. INTRODUCTION

Bone cement properties define greatly the success$ult
of bone restorative and replacement surgical ojperat

The lack of bioactivity of bone cement would be tteo
factor which causes loosening between a bone amu@ant.
P(MMA) — MMA cements do not show bone-bonding dbijli
i.e. bioactivity [4]. Therefore efforts are made develop
bioactive bone cements.

Bioactive bone cements based on a paste-pastensyste
consist of hydroxyapatite filler in a methacrylateatrix
comprising urethane dimethacrylate and triethyleygcol
dimethacrylate [5]. To improve the interface betwee
inorganic filler and organic matrix the hydroxyapaparticles
were treated using polyacrylic acid andy-
methacryloxypropyltrimethoxy silane. Polyacryliadsurface
treatment was found to be more effective in impngvihe
interface, and the cement maintained mechanicabepties
after immersion in SBF [5].

Bone cement on the base of P(MMA)-
polymethylacrylate/P(MMA) blend has been modifiedthw
resorbable biooligomer based on an amino acid #ans
hydroxy-L-proline. The results suggest the decreade
mechanical properties of modified bone cement dtamewet
conditions, while there was pores formation in thene
cement structure [6].

Biopolymers are an important source of materiakh wigh
chemical versatility and with high potential to beed in a
range of biomedical application. Many of them aeadily
available. Natural based materials are also usually
biocompatible and non-cytotoxic due to their simiijawith
living tissues [7].

Polysaccharides (starch, alginate, chitosan) haeenb
proposed for different biomedical uses. These Hiopers are
clearly biocompatible and do not lead to any infiaatory

Poly(methylmethacrylate) [P(MMA)] bone cements argqqhonse. Moreover they are totally biodegradatile |

formed by radical polymerization of methylmethaaitgl
(MMA); the process starts after mixing solid (powdend
liquid phases of cement composites. Polymerizatiakes
place together with powder dissolution in monom&he
polymerization begins in mixing device, but thetlphase of
cement formation takes place in patient’s body.

MMA polymerization is exothermic process
temperature growth. This temperature shock is @ssatwith
risk of tissue thermal necrosis which can ariselamipaseptic
loosening [1, 2]. Overall, the thermal
polymerization has considerable influence on thealfi
properties of bone cement [3].

To achieve improvement of bone cement properties ne

cement compositions have been developed and attibvad
have been introduced into cements.

In comparison with P(MMA)-MMA cements the bone

cement based on poly(ethylmethacrylate), hydroxiepa
powder and n-butylmethacrylate exhibits a lower tb&m.
The interfacial temperature is lower than the thoéd level
for thermal tissue damage [3].
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Starch microspheres have been used as drug delivery
carriers in tissue engineering applications [8]e Tdeveloped
system has potential use for loading of growth diectfor
improving bone regeneration [8].

The aim of present study is to evaluate the resiltsone
cement modification with material of polysaccharidgture.

WithThe introduction of starch additive has been don® i

developed bone cements:

- on the base of poly(methylmethacrylate-2-
ethylhexylmethacrylate)-ethylmethacrylate-
triethyleneglycol dimethacrylate [P(MMA-EHMA)-
EMA-TEGDMA],
functionalized with carboxylic groups, i.e., oreth
base of (methylmethacrylate-2-
ethylhexylmethacrylate)-ethylmethacrylate-acrylic
acid -triethyleneglycol dimethacrylate [P(MMA-
EHMA)-EMA-AA-TEGDMA].

The influence of additive introduction into cemerstslid
phase on their setting parameters, mechanical grepeand
water absorption has been under consideration.
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Il. MATERIALS AND METHODS

EMA and AA were purified by vacuum distillation; MAJ
TEGDMA, EHMA (all ALDRICH) and other reagents were
used as received.

P(MMA-EHMA) copolymer was synthesized by suspensior]
polymerization. EHMA content in P(MMA-EHMA) was 8%.

The content of cross-linking agent TEGDMA in liquithase

was 8% for P(MMA-EHMA)-EMA-TEGDMA bone cement

(ABC-8) and 6% for P(MMA-EHMA)-EMA-AA-TEGDMA

cement (ABC-6-3A). Spherical beads of copolymer ewner

washed, dried and sieved, and fraction less th@nutd being
collected as working fraction. Mean diameter of agmer
beads was ~ 60 um.

The content of initiator of polymerization benzggroxide
was 1% in solid phase.

The content of activator N,N-dimethyl-p-toluidineasv1%
in liquid phase. Hydroquinone was added to liquichge for
stabilization during storage.

To prepare bone cement specimens solid and licldcgs
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Fig. 1. Setting profiles of modified with starch damon-modified bone
cements on the base of P(MMA-EHMA)-EMA-TEGDMA (AB&)- and
P(MMA-EHMA)-EMA-AA-TEGDMA (ABC-6-3A)

were mixed in proportion 2g:1ml. 20% of starch was

introduced into solid phase instead of the same uamof
copolymer powder. Potatoes starch powder was usdmbwy
treatment.

The introduction of AA into monomer mixture geneeht
the increased polymerization peak temperature amel t
decreased setting time (Fig.1). Experiments shothat the

Setting parameters were measured in polyethyleneldno introduction of only 3 percents of AA led to intéitation of

using Checktemp 1 (HANNA Instruments), resolutiad’G,

polymerization process. This phenomenon might lpositive

accuracy +0.%. Setting time was defined as time€fféct on the degree of monomer(s) conversion.

corresponding to temperaturgF (T maxt Tamp/2, where Trax—
polymerization peak temperaturégC; ambient
temperature’C [1].

The mechanical tests (in bending and in compresiene
carried out using INSTRON 4301. Using four-poirgxiliral
tests and uniaxial compression the ultimate strengnd
elastic modulus of material were found from stresstrain
relationship. Bone cement specimens were formed
rectangular bars for bending tests and as cylinfiergests in
compression. Before testing in bending specimens s®red
during 6 days in 0.01M phosphate buffer solutiontaming
0.14 M NaCl and having pH 7.3. Tests in compressiene
done after storing samples for 24 h in dry condifil].

Tamb -

Bone cement modification with starch may be favtedbr
the cement biocompatibility increase as well as ffather
additive biodegradation and substitution with btissue.

Substitution of 20% of P(MMA-EHMA) dispersion blet
same amount of starch caused the change of bonentem
setting profiles (Fig.1). Polymerization peak temagtere of
modified cement ABC-8 was lower but setting timeswa
langer in comparison with non modified cement (rand
11min, accordingly).

The additive introduction into P(MMA-EHMA)-EMA-AA-
TEGDMA cement aroused the change in setting pfile
analogous to change in P(MMA-EHMA)-EMA-TEGDMA
cement (Fig.1), namely peak temperature decreasaetting

Bone cement morphology in fracture was studied gJSintime increase (5 min and 8 min, accordingly). Nedicsetting

Tescan Mira//[LMU Schottky type electron microsc¢S&M).

Ill. RESULTS

Polymerization reaction of acrylic monomers is é&omic
process with expressed auto acceleration stagegfthne
acrylic bone cement setting is accompanied by teatpes
growth, the level of which depends not only on pudyization
enthalpy but also on heat capacity of the systemring
cement setting heat dissipation into surroundingiom takes
place, also heat absorption by polymerizing mixtitself is
consequential factor. Setting process of acryinebcement
on the base of P(MMA-EHMA)-EMA-TEGDMA s
accompanied by less temperature growth as compaitkd
P(MMA)-MMA cements, despite the presence of craskihg
agent TEGDMA.

To get a composite with carboxylic groups, theddtrction
of acrylic acid into liquid phase of bone cemens Hzeen
done. This might provide bioactivity of bone cemelne to
possibility to attach polar surroundings.

process change may be connected with retention of
polymerization process as well as with heat capatiange in
the system caused by starch introduction.

Bone cement setting process practically leads tbera
heterogenic structure formation.

Non solvated (co)polymer beads and some pores lysual
exist in all specimens. Additive introduction inases
heterogeneity of bone cement fracture (Fig.2, Fig®espite
of smooth surface of starch grains the contact &etw
additive and polymer material is rather close.

Surface properties and the nature of additive erfae their
interconnection with copolymer material of formeeneent.
All these define mechanical properties of formedngies.
Mechanical tests in bending and in compression shkotlat
starch introduction had insignificant influence attimate
stresses of materials, but modulus of elasticitydased about
1.4 times in compression and practically was ungkdnin
bending (Table 1).
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Fig.2. SEM image of bone cements fracture: 1-ABQ-8BC-8-starch
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Fig.3. SEM image of bone cements fracture: 1-AB8AS 2-ABC-6-3A-starch

TABLE 1
MECHANICAL PROPERTIES OF BONE CEMENTS FROM BENDING AND CEGRESSION TESTS

Flexural tests Uniaxial pressure
pone cement Ultimate stress, MPg ela’\sﬁt?c?tl;/l’g*? I?/IfPa UItimsItS; ress ela’\sllt?cc:tuylf*? &fPa
ABC-8 54.99+10.61 1670+189 75.16£1.53 877417
ABC-8 -starch 49.90+2.05 1888+176 83.63+11.27 1199+
ABC-6-3A 56.85+2.10 16124500 106.01+1.00 800+298
ABC-6-3A-starch 62.03+10.12 1575+13 104.30£3.20 2B

*-mean = STD
**. petween stresses (10-20) Mpa

One of bone cement properties dealing with
biocompatibility is the cement hydrophility. Biodeglation of
additives and bone tissue formation cannot takeeplaithout
the close contact with fluids. Starch from potateestains
highly hydrophilic amilose and amilopectin compotsen
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uptake by bone cements (Fig.4).
Polysaccharide nature additive (starch) has beteadinced
into bone cement P(MMA-EHMA)-EMA-TEGDMA and

having

carboxylic

groups

its The introduction of starch led to essential inceeawater

P(MMA-EHMA)-EMA-AA-

TEGDMA cement. The introduction of 20% of this addi
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Fig.4. Water uptake by bone cements

IV CONCLUSIONS

e s . Valentina Krilova, Dr.chem, leadingresearcher,
The modification of developed bone cements withicsta Riga Technical University, Institute of Biomatesand Biomechanics.

did not worsen mechanical parameters of the cememigdress: Azenes st. 14/24, Riga, LV-1048, Latvia.
determined by four-point bending tests and uniaxigi-mail:v.krilova@inbox.lv

compression.
H pd hilit f b t . d ith th Visvaldis Vitins, Dr.sc.ing., leading researcher,
ydrophility 0 oné cements Increased Wi iga Technical University, Institute of Biomatesi@nd Biomechanics.

introduction of starch additive. Address: Azenes st. 14/24, Riga, LV-1048, Latvia.
The data show that bone cement modification witE-mail:Visvaldis.Vitins@rtu.lv

biocompatible and biodegradable starch is promising

procedure for developing cements with tendencyasiebcells

ingrowth.

Valentina Krilova, Visvaldis VitinS. Ar cieti modificietie akrila kaulu cementi.

Atjaunojodis un aizvietojods kirurgiskas opedicijas sekngs rezulits liela méra atkafigs no kaulu cementgpadbam. Parasti akrila kaulu
cementu pamatir metilmetakriita polingrs. Monongra polimerizcija sskas samaisot komponentus mgéhas iace un nostdzas dwajos
audos. Metilmetakrilta polimerizcija ir ekzotermisks process, un temp&ra$ paaugstiSana var izrais audu nekrozi aratako implanta
fiksacijas atsibinaSanu. lzs@idatiem nejonognam un akrilskbes karboksilgrupu saturoSam kaulu cementiem uinpetilmetakribta-2-
etilheksilmetakriita) — etilmetakriita-trietilenglikoldimetakribta tizes pierit apmierinoSi saciéfanas parametri. l2fita biosadagas un
biodegradjamas piedevas (cietes) ietekme uz &dio kaulu cementu pampadbam. 20% cietes ievaslana kaulu cementu ciefaze izraisa
izmainas saci€Sanas profil: polimeriZicijas maksiralas temperairas samazisanu un sacie$anas laika palieli$anu. Kaulu cementu
mefaniskas ipa3dbas nepasliktiis ar cietes piedevas ievadnu. Mehniskas ipadbas tika noteiktas néetrpunktu lieces un vienass spiedes
testiem. Cementu paraugu morfgija pétita lietojot elektronu mikroskopiju. l&tie dati liecina par kaulu cementu modifilijas
perspektivitti, lietojot ka piedevu cieti ar naku veicirat talaku kaulaudu rgeneéciju.

Banentuna Kpouiosa, BeicBanance Burbinbm. MoanguuyupoBaHHbie KpaxMaaoM aKpHIOBble KOCTHbIE IIEMEHTBHI.

VYceneumnslii pe3ynbTaT BOCCTAHOBUTENIBHOW M 3aMellalollel XUPYPru4ecKol ONepaluyd B 3HAYMTEIbHOM CTENEHH ONPEAEISIOT CBOMCTBA
KOCTHOTO I[EMEHTA. AKPUIIOBbIE KOCTHBIE HEMEHTBHI OOBIYHO MPEICTaBISIOT COOON MOIMMEpP METWIIMETaKpHiaTa, MPUIEM MOIMMEPH3AIHs
MOHOMEpa HAYMHAETCA NpPHU CMEUIEHHMH KOMIIOHEHTOB B CMECHTEIBHOM YCTPOWCTBE, a 3aKaHUMBACTCSl B KMBOM TKaHH. [lommmepusarms
METUIMETAKpUIIaTa — JK30TCPMHUYCCKUH IPOLECC, U IOBBILICHUE TEMIIEPATypbl MOMKET IPUBECTH K HEKPO3Yy TKaHM C HOCIEAYIOIIUM
ocnabneHreM (GUKcalMi UMIUIAHTa. Pa3paboTaHHBIC KOCTHBIC LIEMEHTBHI - HEHMOHOTCHHBIH Ha OCHOBE CHCTEMbI MOJIH(METHIMETAKpHIIaT-2-
STUITEKCHIMETAKPUIIAT) — STUIIMETaKPHIAT-TPUITHICHIVIMKOJIBAUMETAKPIIIAT, & TAKXKE  COJACPXKALIMil KapOOKCHIIBHBIC TPYIIITBI aKPUIIOBOIT
KHCIIOTBI B OTOH CHCTEME — HMEIOT IpHeMJIEMBIe IIapaMeTphl 3aTBepACBaHUA. [I3ydeHO BIMSIHHE BBEIECHHS  OHOCOBMECTHMOH M
OuozerpaxupyeMoi 100aBKH Kpaxmajla Ha OCHOBHbIE CBOWCTBA pa3pabOTaHHBIX KOCTHBIX LieMeHTOB. BBenenue 20% kpaxmaina B TBEPIYIO
a3y KOCTHBIX LIEMEHTOB BBI3BIBAET HM3MEHEHME INpoduieil 3aTBepAeBaHMA. CHIDKEHHE MaKCHMAlbHOW TeMmIepaTypsl MOIMMEPH3AlMU U
BO3pacTaHUE BPEeMEHH 3aTBepeBaHusl. MexaHn4ecKue CBOMCTBA KOCTHBIX LIEMEHTOB, ONpeaeaEHHBIEC B TECTaX HA YETBIPEXTOUCUHBIH HM3THO U
OJIHOOCHOE CXKaTHe, He yXYAIIAIOTCs MPU BBEACHUU N0OaBKH Kpaxmana. Mopdonorus pa3nioMoB 00pa3loB [IEMEHTOB H3y4YeHa C MOMOIIBIO
NEKTPOHHON MUKpocKonuu. IloydeHHbIE NaHHBIE CBHAETEIHCTBYIOT O IIEPCIEKTHBHOCTH MOAMGHKAMU KOCTHBIX LEMEHTOB J00aBKOH
Kpaxmajia ¢ LieJIbl0 JOCTHKEHUS OCIEAYIOIEel pereHepalul KOCTHOW TKaHU.
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