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Abstract: Acrylic bone cement setting as the result of
exothermic reaction of polymerization is accompani@ by high
temperature growth. This temperature shock may causdiving
tissue necrosis with subsequent implant loosenindBioactivity
lack of bone cements on the base of poly(methylmettrylate) —
methylmethacrylate also may be the reason of implaroosening.
Developed bone cements on the base of poly(methybtmacrylate-
2-ethylhexylmetharylate) — ethylmethacrylate-triettyleneglycol
dimethacrylate as well as carboxylic groups containg cement on
that base are the cements with less expressed temgiare
increase during polymerization. Isolated from pea bans and
wheat bran dietary fibre was used as additive whichwas
introduced into bone cement solid phase. The intragttion of
20% of additive influenced bone cements setting pameters:
peak temperature decreased and setting time incread. The
mechanical properties of formed cements were deterimed from
four- point bending tests and uniaxial compressionPea beans
dietary fibre introduction did not worsen mechanicd properties
of bone cements, whereas enhancement was noticed some
results. The introduction of the same amount of whet bran
dietary fibre caused the decrease of ultimate stresof both bone
cements in bending and in compression. This additdy
introduction caused the decrease of apparent dengit of
carboxylic groups containing cement what might comensate
polymerizing mixture shrinkage. The changes probablywere
caused by difference in morphology of isolated peheans and
bran dietary fibre what was established by scanningelectron
microscopy. The data show that bone cement modifidain with
pea beans and bran dietary fibre is promising for pactivity rise
of non ionogenic bone cement and bioactivity increz of
carboxylic groups containing cement. Bran dietary ibre additive
introduction might be proper only in small amount 3-9% in solid
phase), also to diminish bone cement shrinkage.
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| INTRODUCTION

Bone cement ensures artificial implant fixationtie bone
tissue. The cement must provide a long-term stakili the
loading transfer. Also a short-term expressionhef ised bone
cement is important, because it influences thénduartesults of
implantation in great extent.

Acrylic bone cements are usually formed by
polymerization of methylmethacrylate (MMA) in theepence of
poly(methylmethacrylate) powder [P(MMA)], its disstion
process takes place simultaneously with the stértthe
polymerization. MMA polymerization itself is exotimsic
process with intensive temperature growth. Polyfoemation
increases the viscosity of polymer mixture, therethe mobility
of active polymer chains is restricted and polyaaidn
termination via active chains recombination is dased. This
causes sharp increase of polymerization rate (eag@@Eation
stage due to “gel-effect’), which is accompaniedenyperature
growth. P(MMA) powder dissolution in monomer inea the
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viscosity of polymerization mixture and
autoacceleration stage starts earlier.

The temperature increase is associated with tifiselenal
necrosis which can cause implant aseptic loosgh]ng

Bone cement shrinkage is another factor thoughbiribute
to loosening of prostheses. Shrinkage of cementep®rted
primarily as a consequence of polymerization podesvever
thermal shrinkage also occurs as a result of i@thexmic
reaction [2].

Expansion of pores can accommodate some of thetiea wf
material volume within its mass to yield lower aleshrinkage
and hence reduce stresses. It is acknowledgetbirat porosity
is desirable when crack propagation is considetenyever
continued increase in apparent density seem torteaindicated
due to its association with enhanced crack irotiaf?].

Bone cements are able to reduce the stress caatt@mtiue to
the interfacing of materials which have very difer stiffness.
The mechanical properties of commercial bone cesmesgre
investigated by means of stress relaxation and ndigna
mechanical analysis. The results showed that Jestie
properties were strongly dependent on specimenitamidg [3].

In addition to cement shrinkage, the lack of biégtwould
be one of the factors which cause the implant lioge
P(MMA) — MMA cements do not show bone-bonding #jili.e.
bioactivity [4]. Therefore the development of bithae bone
cements is an actual problem.

The introduction of a bioactive phase, such asdxy@patite,
to cement may permit a stronger implant by encaogadirect
bone apposition rather than encapsulation of thelaimh by
fibrous tissue [5].

Among organic additives which are introduced to seau
bioactivity of bone cement chitosan may be assuasethainly
investigated. The introduction of nanoparticleslofosan is not
significantly compromised the mechanical propertidsbone
cement [6].

Acrylic bone cement on the base of poly(methylmatjiate-
n-hexylacrylate) - ethylmethacrylate-triethylenegly
dimethacrylate has been modified by the introduactibchitosan
to get bioactive and biodegradable material. Th®daction of

even more

10% and 20% chitosan into solid phase of bone cemen

influenced little its mechanical parameters [7].

radical In present study the results of bone cement matiidic with

materials of polysaccharide nature (dietary fismated from pea
beans and wheat bran) have been reported. Theicatidifi has
been done using developed bone cements basedytio sgstem
poly(methylmethacrylate-2-ethylhexylmethacrylate)-
ethylmethacrylate-triethyleneglycol dimethacrylatfe(MMA-
EHMA)-EMA-TEGDMA], as well as functionalized with
carboxylic groups of acrylic acid , i.e. poly(mdthethacrylate-
2-ethylhexylmethacrylate)-ethylmethacrylate-acrylicacid -
triethyleneglycol  dimethacrylate [P(MMA-EHMA)-EMA-A-
TEGDMA].



The influence of additive introduction into cemsaotid phase
on their setting parameters, mechanical propesties apparent
density has been under consideration.

I MATERIALS AND METHODS

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

P(MMA-EHMA) copolymer was synthesized by suspensio
polymerization, the content of EHMA being 8%. Afigashing
and drying spherical beads of copolymer were siewzeu
fraction less than 100 um being collected as wgriraction.
The content of polymerization initiator benzoyl pade was 1%
in solid phase.

The content of cross-linking agent TEGDMA in ligystiase
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). The content of AA was 3 vol %linuid
phase of cement ABC-6-3A. Hydroquinone was adddidjaid
phases of both cements for stabilization duringagi Activator
N,N-dimethyl-p-toluidine content was 1%.

To prepare bone cement specimens solid and ligoésas
were mixed in proportion 2 g : 1 ml. 20% of additv(or another
amount) were introduced instead of the same amadint
copolymer powder.

Setting temperature was measured in polyethyleneldmo
using Checktemp 1 (HANNA Instruments), resolution’,
accuracy +0.%. Setting time was determined as in [1].

The mechanical tests (in bending and in compressi@ne
carried out using INSTRON 4301. Using four-poieixfiral tests
and uniaxial compression the ultimate strength atektic
modulus of material were found from stress - stralationship.
Bone cement specimens were formed as rectangutar fba
bending tests and as cylinders for tests in corajmesBefore
testing in bending specimens were stored for 6 day&01M
phosphate buffer solution containing 0.14 M Na@ having pH
7.3. Tests in compression were done after storhgamples for
24 hin dry condition [1].

Bone cement apparent density (g/ml) was measured
increase of water volume in 10 ml cylinder aftemoaitment of
specimen of known weight.

Bone cement morphology was studied using Tescd

Mira//LMU Schottky type electron microscope (SEM).

Dietary fibre was isolated from pea beans (PDF) wahdat
bran (BDF) by treatment with petrol ether, 0.5 NOkg 0.5 N
HCI solutions, and hot water. The absence of watédunble
organics was controlled by permanganate oxidafldre non-
soluble material was dried, grained and sieved. fidation size
of PDF was <90um, and of BDF - <300um.

Il RESULTS

Additives which are used in present study are lyopers of
mainly polysaccharide structure. The compositionisuiated
from pea beans and wheat bran dietary fibre (ffmlymers) is
complicate. Dietary fibre nowadays is defined amdfonaterial,
particularly plant material, that is not hydrolyzbgt enzymes
secreted by the human digestive tract but thatlmeagigested by
microflora. Dietary fibre may include non-starcHysaccharides

such as celluloses, some hemi-celluloses, gumspaciihs, as
well as lignin, resistant dextrins and resistaantcétes [8, 9].

The influence of additive introduction on settiraygmeters of
developed cements has been estimated.

Bone cement setting parameters define exploitgdfoperties
of formed cement in great extent. Polymerization
thermodynamics is decisive for the reaction rediie value of
polymerization peak temperature, which accomparties
exothermic process of acrylic monomer polymerizgtis the
@xpression of the process thermodynamics. Polyatiniz peak
temperature depends greatly on heat capacity ofewdystem,
including polymerizing mixture itself and surroungimedium.

Bone cement modification with additives influenckeat
capacity of a system and, therefore, may infludraee cement
setting process. Really, the introduction of 209°bBf and BDF
into cement solid phase instead of the same anwdUPEMMA-
EHMA) dispersion caused the change of bone cesettihg
profiles. Polymerization peak temperature of medifcements
was lower but setting time was longer in comparigith non-
modified cement for both ABC-8 (Fig.1) and ABC-6-8&ments

(Fig.2).
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Bone cement formation is known to be accompanied tsfress of ABC-6-3A bone cement similarly to inflaenon

shrinkage of polymerized material. Specific densitgrease
might be compensated
formation during polymerization. This, in its turmay
alternate mechanical properties of the material.

In frames of the used measuring method, apparamitge
of bone cements with PDF additives was found téediittle
from density of plane bone cements, but BDF intobidun
aroused large decrease of this parameter whenntoard of
additives was equal (20% in solid phase) (Fig.3)p#ent
density decrease was noticed when the amount fdinted
BDF was only 3% in solid phase.

ABC-8 cement. The decrease of ultimate stress vedisaul

in some extend by microporesdien only 3 % of BDF was introduced into solid phad

ABC-6-3A cement. Modulus of elasticity in compressi
increased with BDF introduction.

As it emerged from dietary fibre definition, it cgists of
biocompatible and biodegradable components. Theretfwe
use of this additive may facilitate bone cells fatimon instead
of biodegraded material. All biological processes known to
take place in presence of water solution. Therefeoene
increase of water uptake by bone cement might nsidered
as desirable phenomenon. Hydrophilic

The used native additives differ essentially in irtheintroduction into bone cements increased their wafgake
(Fig.7). The influence of BDF introduction on wateptake
was less noticeable. Moreover, as it was showrieeaPDF
and BDF contain carboxylic groups in their struet{t0, 11]
which may be responsible for bioactivity rise in @8 bone
cement and bioactivity increase in ABC-6-3A cement.

morphology and size of grains (Fig.4).
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Fig.3. Apparent density of non-modified and modified ceteekBC-8 and
ABC-6-3A

From the SEM images of used additives follows Bf-
grains are compacter than BDF grains. The last lmaaay
voids which probably were not filled with polymeurihg
bone cement setting. This fact leads to decreaseewient

apparent density. On the other hand highly exptessgss

heterogeneity of BDF grains facilitates close iotemection
between the two materials — polymer and polysaddéar

The influence of polysaccharide containing addgiven
morphology of cement ABC-8 (Fig.5) and ABC-6-3A{H)
fracture was adequate to their surface property.

The largest change of cement fracture morphologlylteen
noticed when cement was modified with BDF.
mentioned that the grain size of PDF and BDF wésrdint.

Mechanical tests showed that introduction of 20%-RRo
cement solid phase practically did not influencexdiral
properties of bone cement ABC-8. Mechanical paramein
pressure had larger values in the case of sampbskfied
with this additive: ultimate stress increased 1lides but
modulus of elasticity 1.5 times. On the contrarje t
introduction of 20% BDF caused the decrease of aichl
strength of bone cement ABC-8, particularly in begd

The results showed the increase of flexural ultensitess in
the case of ABC-6-3A cement modification with 20®HRPin
solid phase. Ultimate stress in compression walsianted
little. 20% BDF introduction caused the decreaseltmate
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Fig.4. SEM images of PDF (1) and BDF (2) grains
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ABC-6-3A-PDF
Fig.6. SEM images of ABC-6-3A fractures
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Fig. 7. Water uptake of bone cements with and without BBdfitive

TABLE 1

MECHANICAL PROPERTIES OF BONE CEMENTS ON THE BASE OF
P(MMA-EHMA)-EMA-TEGDMA AND P(MMA-EHMA)-EMA-AA-TEGDMA

Flexural tests Uniaxial pressure
Bone cement Ultimate stress, Modulus of Ultimate stress, Modulus of
MPa elasticity**, MPa MPa elasticity**, MPa
ABC-8 54.99+10.61 1670+189 75.16+1.53 877£17
ABC-8-PDF 54.89+10.92 19544221 90.43+13.55 13244304
ABC-8-BDF 34+1.11 1298477 68.16+0.39 858+20
ABC-6-3A 56.85+2.10 16124500 106+1.00 800+298
ABC-6-3A-PDF 70.22+25.49 17474527 90.02+10.07 13688
ABC-6-3A-BDF 38.09+3.05 1412421 81.19+1.75 1375469
ABC-6-3A-BDF-9 % 50.6249.35 1671+411 73.88+7.73 26145
ABC-6-3A-BDF-3 % 50.64+8.05 1647451 78.5549.32 16680

*- meantSTD; **- between stresses 10-20MPa
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Valentina Krilova, Visvaldis VitinS. Kaulu cementi ar kiedrvielu piedevu.

Kaulu cementu saci&anu metilmetakrita ekzotermisks polimeriacijas rezulitai pavada namigs temperdiras paaugstijums. Sids
temperairas Soks var izrais dzvo audu nekrozi arataku implanta atabinaSanu. Bioaktiviites toikums, kas piefh kaulu cementiem uz
poli(metilmetakriita) - metilmetakriita kizes ar var kit par iemeslu implanta fisijas atsibinaSanai. Izstidastam cementam uz
poli(metilmetakrihita-2-etilheksilmetakriita) — etilmetakriita-trietilenglikoldimetakrifta kizes, K an akrilskabes karboksilgrupu saturoSam
cementam piethzenika temperdiras pacelSana sad@ganas laik Izdaitie no zinu pupham un kvieSu kligm iedrvielas tika ievaii cementu
cieti faze. Doto piedevu ievadana cementu cietfazé 20% daudzum izraigja sacietSanas maksiatas temperaras pazemifisanu un
sacietSanas laika palielisanu. Cementu mahiskas ipa3bas noteiktas g cetrpunktu lieces un vienass spiedes testienmuZiiedrvielas
piedevas ievadana neizraisa kaulu cementu améko ipa3bu pasliktiaSars, turpretim, nosrojama dazu rathju izlaboSana. idzga
daudzuma Kliju Eedrvielas ievatbana izraifa abu cementu graujp$prieguma samazifanu & uz lieci, & af uz spiedi. Karboksilgrupu
saturoSa kaulu cementa modifiena ar kliju Kiedrvielu pieveda pie cementawalma samazianas, kas var kompehsementa polimergo&s
masas sarukumu. lzréiss izmapas saigtas atmredzot ar piedevu morfalgas atkirtbam, konstattam pec skemjosas elektronu mikroskopijas.
Akrila kaulu cementu modiféSana ar ziru un kliju &iedrvielam var uzskat par perspekto ar nerki pielikt bioakivitati nejongenam cementam
un to palielint karboksilgrupu saturoSam cementam. Kligiedrvielas ievatana vat it pamatota tikai nelielos daudzumos (3-9%j,kaulu
cementa sarukuma sama&anai.

Baaentuna Kpouiosa, BeicBasauc Burbinbi. KocTHbIbIe HeMEHTBI € 100aBKOI KJIeTYATKH.

OtBepeBaHNe aKpUIOBBIX KOCTHBIX LIEMEHTOB B pe3yJbTaTe dK30TEPMUUYECKON peakluy MOJIMMEpPHU3aliid METHIMETaKpHUilaTa COIPOBOXKIIACTCS
BBICOKUM MOEEMOM TeMIepaTyphl. Takoi TeMIepaTypHbIid IIIOK MOKET BBI3BaTh HEKPO3 )KUBOM TKAHHU C ITOCIICAYIONIAM OCIa0JICHHEM KOHTAKTa
HMIUIAHTA ¥ KOCTHOHM TKaHu. OTCYTCTBHE OMOAKTHBHOCTH KOCTHBIX IIEMEHTOB Ha OCHOBE MOJIM(METHIMETAKPUIIAT) - METHIIMETAKPHIIAT TaKkKe
MOXET SBJIATBCA NPHYMHOM OciabieHust (UKCAMKM WMIUIaHTAa. Pa3pabOTaHHBI I[IEMEHT Ha OCHOBE MOJH(METHIMETAKpHIIAT-2-
STHIITEKCHJIMETAKPHIIAT) - STHIMETAKPHIAT-TPHAITHICHIIMKOJIBIMMETAKPIIIATA, & TAKKE COIACPIKALIMHA KapOOKCHIIbHBIC TPYMIBI aKPHJIOBOM
KUCJIOTBI B CBOEM COCTaBe, OTJIMYAIOTCA MEHBIIUM MOABEMOM TEMIIEpaTyphl B Ipoliecce OTBEpAeBaHUs. BBeneHne 100aBOK PacTUTEIBHOTO
MPOUCXOXKICHUST —BBIICICHHOI KJIETYaTKM TOpoXa U IMILISHHYHBIX OTpYyOei — B cocTaB TBEPIOI (a3bl KOCTHBIX IieMeHTOB B komudectBe 20%
BBI3BAJIO CHIKEHHE MAaKCHUMaJbHOW TeMIeparypbl M yBEIMYEHHE BPEMEHH 3aTBEpAEBaHMsS KOCTHBIX LEMEHTOB. MexaHM4YecKue CBOMCTBa
LIEMEHTOB OTIPEEIICHBI 110 YeTHIPEXTOYCTHOMY U3THOY M OJHOOCHOMY CXKaTHr0. BBeieHre 100aBKH KIIETUYATKU TOPOXa HE BBI3BIBACT YXY/IIICHUSI
MEXaHHYECKAX CBOMCTB KOCTHBIX IIEMCHTOB, a IO OTICIBHBIM IOKa3aTeIsIM HaOIIOMacTCs Naxe YiydlleHue. BBeleHne TOro ke KOoJIMuecTBa
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KJIeTYaTKH OTPYOeH BBI3BAJIO CHIDKEHHE Pa3pyIIAIOIIEro HANpPSHKEHHs 00OMX IIEMEHTOB Kak Ha M3THO, Tak M Ha cxarue. MoanduimposaHue
KJICTHaTKOH OTpYOeH NPHBEIO TAKKe K CHIDKCHHIO KaKYIIEHCs IUIOTHOCTH KOCTHOTO LIEMEHTa, COJAEPIKAIIero KapOOKCHIIBHBIC IPYIIIBI, YTO
MOJKET KOMIICHCUPOBATh YCAJIKy IOJIUMEPU3YIOIIEHCS [IeMEeHTHOI Macchl. BbI3BaHHbIC M3MEHEHHS! 00YCIIOBIICHB], O-BUANMOMY, Da3IN4YMsAMH B
MOp(OSIOrUN  BBIAETICHHOM KJIETYaTKM Topoxa W OTpyOeH, BBIABICHHBIMH C IIOMOLIBIO CKAHMPYIOIIEH BJIEKTPOHHOH MHKPOCKOIIHH.
MoaudunupoBanue akpuJIOBBIX KOCTHBIX IIEMEHTOB KJIETHYATKOH ropoxa M OTpyOeH IpencTaBiseTcsi NEPCHEKTUBHBIM C LEJIbIO IPUIAHUS
OMOAKTUBHOCTH HEHOHOTCHHOMY KOCTHOMY IIEMEHTY WM €€ MOBBIIICHHIO y I[EMEHTa, COAEp)Kalero KapOOKCHIIBHBIE TPYMITBI AKPHIOBOH
KUCJIOTBI. [IpM 3TOM BBEICHHE KIIETYATKU OTpyOeH MOXKET ObITh 00OCHOBAHHBIM — TOJIBKO B HEOONBLINX KojnuecTBax (3-9%), Tarke W Ui
YMEHBIIECHHS YCAIKH KOCTHOTO IEMEHTA.
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