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Cytotoxicities of Different Resin Modified
Glass Ionomer Cements Evaluated

with MTT Test

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Re sin-mo di fi ed glass io no mer ce ments we re de ve lo ped by ad ding re sin to
con ven ti o nal glass io no mer ce ments to im pro ve its physi cal and mec ha ni cal pro per ti es. Ho we ver
this al so pro du ces ne ga ti ve pro per ti es such as po or bi o com pa ti bi lity. The po ten ti ally cyto to xic ef-
fects of re sin ce ments are pri ma rily du e to the 2-hydrox yethyl met hacr yla te con tent. The pur po se
of this study was to de ter mi ne and com pa re the cyto to xi city of thre e dif fe rent re sin-mo di fi ed glass
io no mer ce ments. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Thre e dif fe rent re sin-mo di fi ed glass io no mer ce ments;
Ad van ce (Dentsply-Ca ulk, Mil ford, USA), Vit re mer (3M Den tal Pro ducts, St. Pa ul, USA), and Pro-
tec-CEM (Vi va dent Ets., Scha an, Li ech tens te in) we re used in this study. Spe ci mens of each type we -
re pre pa red, each with 10 mm. di a me ter and 1mm. depth. The se spe ci mens we re sto red in de i o ni zed
wa ter for 10 mi nu tes, 1 ho ur, 24 ho urs and 7 days. Elu a tes we re col lec ted and se ri al di lu ti ons of the
ori gi nal (un di lu ted) elu a tes (1:2, 1:4, 1:8, 1:16) pre pa red. So lu ti ons we re pas sed thro ugh 0.22 µm
(Mil li po re) ste ri le fil ters. Cyto to xi city le vels we re de ter mi ned using the MTT met hod on L929 fi-
b rob las tic cell cul tu res in 96 well pla tes. RRee  ssuullttss:: Eva lu a ti on of the da ta with the Krus kal-Wal lis test
re ve a led sig ni fi cant dif fe ren ces bet we en the ma te ri al gro ups and di lu ti on sub gro ups we re im por -
tant (p< 0.05). Vit re mer (3M) was the most cyto to xic for all fo ur de i o ni zed wa ter sto ra ge ti mes.
Elu a tes of Ad van ce (Dentsply-Ca ulk) sho wed lo wer cyto to xic res pon se than elu a tes of Pro tec-CEM
(Vi va dent Ets) from 10 mi nu tes to 1 ho ur, (p< 0.05). CCoonncc  lluu  ssii  oonn::  Wit hin the li mi ta ti ons of this in-
ves ti ga ti on, elu a tes from thre e re sin-mo di fi ed glass io no mer ce ments (Ad van ce, Vit re mer, and Pro-
tec-CEM) we re fo und to be cyto to xic to L-929 cell cul tu res.

KKeeyy  WWoorrddss::  Cyto to xi city tests, immu no lo gic; ma te ri als tes ting 

ÖÖZZEETT  AAmmaaçç::  Kon van si yo nel cam io no mer si man la rın fi zik sel ve me ka nik sel özel lik le ri ni ge liş tir -
mek için re zin ila ve edi le rek re zin mo di fi ye cam io no mer si man lar üre til miş tir. Bu nun la bir lik te bi -
o u yum suz luk gi bi ne ga tif özel lik ler gö rül müş tür. Ön ce ki ça lış ma lar 2-hid rok si e til me tak ri lat
içe ri ği nin ol ma sı nın si to tok sik özel li ği art tır dı ğı nı gös ter miş tir. Bu ça lış ma nın ama cı üç fark lı re -
zin mo di fi ye cam io no mer si ma nın si to tok si si te le ri nin sap ta na rak kar şı laş tı rıl ma sı dır. GGee  rreeçç  vvee
YYöönn  tteemm  lleerr:: Bu ça lış ma da 3 fark lı re zin mo di fi ye cam iyo no mer si man; Ad van ce (Denstply-Ca ulk,
Mil ford, ABD), Vit re mer (3M Den tal Pro ducts, St. Pa ul, ABD), Pro tec-CEM (Vi va dent Ets., Scha -
an, Li ech tens te in) kul la nıl mış tır. Her grup tan 10 mm ça pın da ve 1 mm de rin li ğin de ör nek ler ha -
zır lan mış tır. Bu ör nek ler de i o ni ze su da 10 da ki ka, 1 sa at, 24 sa at ve 7 gün sü re sin ce bek le til miş tir.
Her bek let me sü re si so nun da ör nek le rin bek le til di ği su dan ör nek sı vı lar alı nıp 1:1, 1:2, 1:4, 1:8, 1:16
ora nın da di lüs yon lar ha zır lan mış tır. Sey rel til miş bu so lüs yon lar 0.22 mik ro met re mi li por ste ril fil -
tre ler den ge çi ril miş tir. Ör nek le rin si to tok si si te le ri 96 ku yu cuk lu pla te ler de fib rob las tik hüc re kül -
tür le rin de (L-929) MTT tes ti kul la nı la rak de ğer len di ril miş tir. BBuull  gguu  llaarr::  El de edi len de ğer ler Krus kal
Wal lis yön te mi ile is ta tis tik sel ola rak ana liz edil miş tir. Bu na gö re bü tün grup ve alt grup lar ara sın -
da be lir gin fark bu lun muş tur (p< 0.05). 10 da ki ka, 1 sa at, 24 sa at ve 7 gün lük de ğer le rin hep sin de
Vit re mer en tok sik de ğer le re sa hip ol muş tur. Ad van ce si ma nın 10 da ki ka ve 1 sa at de ğer le ri Pro -
tec-CEM ’e gö re da ha az tok sik de ğer ler gös ter miş tir. SSoo  nnuuçç::  Bu ça lış ma nın sı nır la rı içe ri sin de kul -
la nı lan Ad van ce, Vit re mer, Pro tec-CEM re zin mo di fi ye cam iyo no mer si man lar dan el de edi len
so lüs yon la rı L-929 hüc re kül tü rü üze rin de si to tok sik et ki gös ter miş tir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Si to tok si si te test le ri, im mü no lo jik; mal ze me le rin de nen me si  
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lass-io no mer ce ments (GICs) are a type of
bi o ac ti ve den tal ma te ri al in tro du ced in the
early 70s. GICs are est he tic den tal ma te ri -

als wi dely used as res to ra ti ve, lu ting, li ning, ba s-
ing, fis su re se a lant and co re bu ild-up ma te ri als du e
to the ir ea se of ma ni pu la ti on, flu o ri de re le a se, che -
mi cal ad he si on to ena mel and den tin and the ir bi -
o com pa ti bi lity.1,2 Ho we ver; GICs ha ve se ve ral
in he rent short co mings; they ha ve short wor king
and long set ting ti mes; they show con sis tent sen-
si ti vity to dehy dra ti on, es pe ci ally be fo re ma tu ra ti -
on; they are sus cep tib le to early mo is tu re
con ta mi na ti on; and they are britt le.1, 2 To over co -
me the se di sad van ta ges of con ven ti o nal GICs, re -
sin-mo di fi ed glass io no mer ce ments (RMGICs)
we re de ve lo ped by com bi ning con ven ti o nal glass
io no mer with re sin com po si te com po nents. RMG-
ICs ha ve im pro ved physi cal and mec ha ni cal pro p-
er ti es and hand ling cha rac te ris tics yet re ta in the
ad van ta ges of con ven ti o nal GICs. RMGICs con ta -
in poly(acr ylic)acids, pho to cu ring mo no mers 2-
hydrox yethyl met hacr yla te (HE MA) or a
pho to cu ring si de cha in graf ted on to the poly(acr -
ylic)acid, and ion-le ac hing glass.3 RMGICs bond to
to oth struc tu re by both ion exc han ge re ac ti on and
mic ro-mec ha ni cal in ter loc king.4 Ho we ver, the re -
sins are known to re le a se fre e mo no mers such as 2-
hydrox yethyl met hacr yla te. The se mo no mers
dif fu se thro ugh den tin to the pulp spa ce be ca u se
of the ir hydrop hi li city and low mo le cu lar we -
ight.4,5 Such re sins ha ve di rect to xic ef fects on pul-
pal cells in vi vo and can ca u se al ler gic res pon ses in
pa ti ents and den tal wor kers.2, 6 Fi nally, pre vi o us in
vit ro stu di es ha ve shown that both flu o ri de ions or
re sin mo no mers can ex hi bit to xi city to cul tu red
cells.7 Cell cul tu re tests are fre qu ently used to eva l-
u a te the cyto to xic ef fects of den tal ma te ri als. MTT
(tet ra zo li um salt 3-[4,5-di methy lthi a zol-2-yl]-
2,5-diphn yltet ra zo li um bro mi de) as say is a go od
in di ca tor of cell vi a bi lity and was first des cri bed
by Mos mann.8 The MTT as say in vol ves the re duc -
ti on of wa ter-so lub le tet ra zo li um salt to wa ter-in -
so lub le for ma zan; af ter which for ma zan is
dis sol ved in et ha nol and qu an ti fi ed spec trop ho to -
met ri cally.9-11 The pur po se of this in vit ro study
was to eva lu a te the cyto to xi city po ten ti als of the

thre e dif fe rent re sin-mo di fi ed glass io no mer ce-
ments .

MATERIAL AND METHODS

SAMP LE PRE PA RA TI ON

Cylin dri cal samp les of the thre e dif fe rent re sin-mo -
di fi ed glass io no mer ce ments, Ad van ce (Dentsply-
Ca ulk, Mil ford, USA), Vit re mer (3M Den tal
Pro ducts, St. Pa ul, USA), and Pro tec- CEM (Vi va -
dent Ets., Scha an, Li ech tens te in ) we re pre pa red in
a spe ci al jig (10X1mm), al lo wing the pre pa ra ti on of
stan dard samp les. The pow der/li qu id ra ti o of each
ma te ri al was as fol lows (ac cor ding to the ma nu fac -
tu rers’ di rec ti ons): Pro tec-CEM 2/6, Vit re mer 1/1,
and Ad van ce 1/3. Each samp le was then pla ced in
a test tu bes con ta i ning 5 ml. of de-io ni zed do ub le
dis til led wa ter and sto red for 10 mi nu tes, 1 ho ur,
24 ho urs and 7 days. Elu a tes we re col lec ted at the
end of each ti me in ter val and se ri al di lu ti ons of the
ori gi nal (un di lu ted) elu a tes (1:2, 1:4, 1:8, 1:16) we -
re pre pa red and ste ri le-fil te red (Mil li po re 0,22 µm).
The test gro ups are sum ma ri zed in Tab le I.

CELL PRO LI FE RA TI ON

The cells used for the ex pe ri ment we re L929 mo u -
se fib rob las tic cell cul tu re. The se we re grown as
mo no la yer cul tu res in 25T-flasks (Cor ning, Lo well,
MA, USA) in Dul bec co’s Mo di fi ed Eag le’s Me di -
um/F12 (DMEM/F12) (Sig ma Che mi cal Co. St. Lo -
u is, MO, USA) con ta i ning 10% fe tal calf se rum
(Bi oc hrom AG, Ber lin, Ger many) in a hu mi di fi ed
at mosp he re of 95% air and 5% CO2 at 37ºC. Af ter
the se cond pas sa ge, the L929 fib rob las tic cell li ne
was pla ted in 96-well cul tu re pla tes at an ini ti al
den sity of 30000 cells/ml and in cu ba ted in the sa me
me di um and the sa me hu mi di fi ed at mosp he re. Cells
cul tu red wit ho ut test ma te ri al we re used as a con-
trol gro up. One samp le was used for each well. At
the end of each pe ri od, the cul tu re me di um was re-
mo ved, and the cells we re col lec ted from the sur fa -
ce of the cul tu re dish using 0.25% trypsin-ED TA
(Sig ma Che mi cal Co., St. Lo u is, MO, USA). L929
cells we re co un ted with trypan blu e (Sig ma Che m-
i cal Co., St. Lo u is, MO, USA) and exa mi ned un der
a light mic ros co pe. Each ex pe ri ment was re pe a ted
thre e ti mes for each test ma te ri al and con trol gro up.
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CYTO TO XI CITY (MTT AS SAY)

L929 fib rob las tic cell li ne was pla ted in 96-well cul-
tu re pla tes at an ini ti al den sity of 30.000 cells/ml
with test ma te ri als and in cu ba ted in Dul bec co’s
Mo di fi ed Eag le’s Me di um/F12 (DMEM/F12) (Sig -
ma Che mi cal Co., St. Lo u is, MO, USA) con ta i ning
10% fe tal calf se rum (Bi oc hrom AG, Ber lin, Ger-
many) in a hu mi di fi ed at mosp he re of 95% air and
5% CO2 at 37º. Af ter 24 ho urs, the me di um was re-
mo ved from the wells and equ al vo lu mes of elu a te
we re ad ded. Cells cul tu red wit ho ut the test ma te -
ri al we re used as the con trol gro up. The cul tu re
me di um was re mo ved from the wells and 100 µl
RPMI-1640 wit ho ut phe nol red (Sig ma Che mi cal
Co. St. Lo u is, MO, USA) con ta i ning 12.5 µl MTT
(tet ra zo li um salt 3-[4,5-di methy lthi a zol-2-yl]-
2,5-diphn yltet ra zo li um bro mi de) was fil te red thro -
ugh a 0.22 µm fil ter and we re ad ded to each well.
Cul tu re pla tes we re co ve red with alu mi num fo il
and the cells we re in cu ba ted in dark ness for fo ur
ho urs at 37ºC in a CO2 in cu ba tor. The MTT so lu ti -
on was then re mo ved from the wells and 100 µl di-
methyl sul fo xi de (DMSO) was ad ded to each well.
Suc ci nic dehy dro ge na se ac ti vity was me a su red as
ab sor ban ce at 540 na no me ter using an Ul tra Vi o let
vi sib le spec trop ho to me ter. 

Sta tis ti cal analy sis

The da ta we re analy zed with the SPSS 10.0 sta tis -
tics prog ram for Win dows. The me an, me di an, mi -
ni mum, ma xi mum and stan dard de vi a ti ons we re
cal cu la ted. Re sults we re analy zed by Krus kal-Wal -
lis test. The dif fe ren ces bet we en the gro ups and the

di lu ti ons we re sig ni fi cant (p< 0.05). The re sults of
Dun can’s test we re al so sta tis ti cally sig ni fi cant (p<
0.05).

RESULTS
The re sults of the MTT as say sho wed that re sin-
mo di fi ed glass io no mer ce ments are cyto to xic to L
929 cell cul tu res. Elu a tes from thre e re sin-mo di fi -
ed glass io no mer ce ments we re cyto to xic to L 929
cell cul tu res when disks we re col lec ted from elu a -
tes af ter 10 mi nu tes, 1 ho ur, 24 ho urs and 7 days
ex po su re ti mes (p< 0.05). Vit re mer was the most
cyto to xic for all fo ur ex po su re ti mes (p< 0.05). Elu-
a tes of Ad van ce sho wed a lo wer cyto to xic res pon -
se than Pro tec-CEM af ter 10 mi nu tes and 1 ho ur

TABLE 1: Glass ionomer cements used in the study.

Material

Advance

Vitremer

Protec-Cem

Chemical Composition

Powder: Strontium alumino flurosilicate glass

Liquid:oxiethyl methacrylate acid monomer

Powder: Fluroalumino silicate glass

Liquid: Methacrylate modified Policarboxylate acid,

hydroxyethyl methacrylate

Powder: Ba-Al-Fluorosilicate glass, Ytterbium trifluoride,

highly dispersed silicon dioxide, pigments

Liquid: Deionized water, hydroxyethyl methacrylate, Di-

methylacrylate, Methacrylate modified Polyacrylic acid

Type

Resin modified glass-

ionomer cement

Resin modified glass-

ionomer cement

Resin modified glass-

ionomer cement

Clinical Application

Luting

Luting

Luting

Manufacturer

Denstply-Caulk Milford, U.S.A.

3M Dental Pruducts,

St. Paul ,U.S.A.

Vivadent Ets, Schaan,

Liechtenstein

FIGURE 1: The biocompatibility of materials at different time intervals (let-
ters show statistical differences between groups).
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ex po su re ti mes (p< 0.05). The le ac hing of to xic sub-
s tan ces was mar kedly di mi nis hed in the 24-ho ur
ex po su re con di ti ons. In ge ne ral, the rank or der
with res pect to cyto to xi city at 7 days was as fol-
lows: Vit re mer, Ad van ce, Pro tec-CEM. The re sult
sho wed that elu a tes from disks of Vit re mer pro du -
ced a sig ni fi cantly gre a ter dec re a se in vi ab le cell
num bers than ot her elu a tes from 10 mi nu tes to 7
days (p< 0.05) (Fi gu re 1).

Samp les we re in ves ti ga ted un der light mic ros -
co pe. For the Ad van ce ce ment, elu a tes ex po sed for
10 mi nu tes and 7 days at 0.5 di lu ti on, and elu a tes
ex po sed for 1 ho ur and 24 ho urs at 0.25 di lu ti on
had a to xic ef fect on cell cul tu re. For the Vit re mer
ce ment, elu a tes ex po sed for 10 mi nu tes, 1 ho ur, and
7 days at 0.5 di lu ti on and elu a tes ex po sed for 24 ho -
urs at 0.25 di lu ti on sho wed to xic ef fect on cell cul-
tu re. For the Pro tec-CEM, the gre a test to xic ef fect
was ob ser ved from elu a tes ex po sed for 7 days, in
which even a 0.0626 di lu ti on had a to xic ef fect on
cell cul tu res. Elu a tes ex po sed for 10 mi nu tes at
0.125 di lu ti on, for 24 ho urs at 0.25 di lu ti on, and for
1 ho ur at 0.5 di lu ti on sho wed to xic ef fects on cell
cul tu re. For the ne ga ti ve con trol gro up, even di lu -
ti on of 0.00048828 had no to xic ef fect on cell cul-
tu res. 

DIS CUS SI ON
RMGICs ha ve de mons tra ted re du ced mo is tu re sen-
si ti vity, im pro ved mec ha ni cal strength, ex ten ded
wor king ti me, and ea se of cli ni cal hand ling; ho we -
ver, tho se RMGICs con ta i ning low mo le cu lar we -
ight subs tan ces such as HE MA, ha ve be en fo und
mo re cyto to xic than GIC.12, 13 Re sin-ba sed res to ra -
ti ve ma te ri als can cons tantly re le a se subs tan ces 
af ter ex ten ded ex po su re to an aqu e o u os en vi ron -
ment, pos sibly ca u sing mo de ra te cyto to xic re ac ti -
ons and con tri bu ting to pul pal ir ri ta ti on. Ho we ver,
the cyto to xi city of re sin-ba sed res to ra ti ve ma te ri als
de pends on the pro duct tes ted, es pe ci ally on the
qu a lity of le ac hab le com po nents. The re fo re, op ti -
mum poly me ri za ti on is ne ces sary for tho se ma te -
ri als. Furt her mo re, the ex trac tab le amo unts of
le ac hab le com po nents sho uld be re du ced.14 HE MA
is a ne ces sary com po nent in RMGIC for mu la ti on
as it en han ces wa ter so lu bi lity. HE MA re le a se from
RMGICs can dif fu se den ti nal tu bu les and ex hi bit

cyto to xic ef fects on den tal pulp tis su e and os te ob -
lasts and ca u se cell de ath by in du cing apop to sis in
cul tu red fib rob lasts.2,15

The cur rent study was de sig ned to as sess the
pos si bi lity that le ac hab le com po nents from re sin-
mo di fi ed glass io no mer ce ments might dif fu se
thro ugh den tin and ca u se cyto to xic ef fects on pul-
pal cells. Alt ho ugh the dyna mics of pul po den ti nal
comp lex can not be rep ro du ced un der in vit ro con-
di ti ons, it is pro bab le that re sults from the in di rect
tech ni qu e bet ter ref lect the risk for pul pal ir ri ta ti -
on when re sin-mo di fi ed glass io no mer ce ments are
used.16

The re are a va ri ety of dif fe ren ces bet we en in
vit ro test mo dels for the scre e ning of bi o ma te ri als
for cyto to xi city. In di rect con tact tests, the bi o ma -
te ri al con tacts the cell system di rectly, wit ho ut bar-
ri ers; in in di rect con tact tests, the re is a bar ri er
bet we en the bi o ma te ri al and the cell system; whi -
le, in ex tract tests, elu a tes from ma te ri als are ex po -
sed to the cells.17

Dif fe ren ces in to xi city pat terns at the va ri o us
elu ti on ti mes may de pend upon the deg re e of set-
ting. This wo uld be ref lec ted in the ra te of com po -
nent le ac hing. Thus, the me a su re ment of ex tracts
ta ken af ter dif fe rent ex po su re ti mes co uld help to
de ter mi ne the long-term cyto to xi city of re sin-mo -
di fi ed glass io no mer ce ments.14 In this study, the
cyto to xi city of thre e re sin-mo di fi ed glass io no mer
ce ments was eva lu a ted by MTT as say using ex tracts
in L929 fib rob las tic cell cul tu re. The MTT as say has
se ve ral ad van ta ges; it is op ti mi zed in the 96-well
for mat, comp le te do se res pon se cur ves and gre a ter
samp le com pa ri sons can be ma de ra pidly, and the
met hod is eco no mi cal in ti me and cost. Furt her -
mo re, the MTT met hod is ba sed on in tra cel lu lar bi -
oc he mi cal chan ges, me a su ring cell vi a bi lity rat her
than cell mor bi dity. This as say me a su red the re duc-
ti on of MTT by tho se cells that re ma i ned vi ab le af -
ter ex po su re and in cu ba ti on with a test che mi cal
or de vi ce.9,18

Ex po su re ti me may sig ni fi cantly inf lu en ce the
bi o com pa ti bi lity of den tal re sins. In this study, a va-
ri ety of ex tract con cen tra ti ons of L929 mo u se fib -
rob lasts we re ex po sed for dif fe rent pe ri ods of ti me.
It has be en de mons tra ted in la bo ra tory si tu a ti ons
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that le ac hing is es sen ti ally comp le te af ter 24 ho urs.
Ho we ver, whi le ini ti al le ac hing may oc cur qu ickly,
slo wer con ti nu ed re le a se is pos sib le.19 As ot her in-
ves ti ga ti ons ha ve de ter mi ned the qu an ti ti es of le ac -
hed mo no mers un der spe ci fic in vit ro ex pe ri men tal
con di ti ons with dif fe rent elu te types, samp le si zes,
and pre pa ra ti ons, using dif fe rent cyto to xicty test
met hods, an in vit ro com pa ri son bet we en the cyto -
to xi city fin dings for RMGICs is not pos sib le.

Ne vert he less, alt ho ugh the cell systems, ma te -
ri als, and met hods ha ve dif fe red, the cyto to xic na-
tu re of the se ma te ri als was cle arly shown.

Pre vi o us stu di es ha ve shown that RMGICs are
mo re cyto to xic than GICs.20-22 Lan et al.22 ha ve fo -
und Pro tec-CEM, Com pog lass, and Fu ji II LC the
most to xic to den tal pulp cells. Kan et al.1 fo und one
RMGIC (Vit re mer) highly cyto to xic, whi le a con-
ven ti o nal GIC sho wed in ter me di a te le vels of to xi -
city and a se cond RMGIC (Fu ji II LC) and a re sin
com po si te we re not cyto to xic.1 Pre vi o us stu di es fo -
und that re sin-mo di fi ed glass io no mers cyto to xic
to cul tu red cells.13 The re sults of this study we re in
ag re e ment with pre vi o us stu di es, sho wing that
RMGICs are cyto to xic to L929 fib rob las tic cell cul-
tu re. Elu a tes from thre e re sin-mo di fi ed glass io no -
mer ce ments we re cyto to xic to L-929 cell cul tu res
when col lec ted in disks from elu a tes at 10 mi nu tes,
1 ho ur, 24 ho urs and 7 days ti me pe ri ods (p< 0.05).
Vit re mer was the most cyto to xic at 10 mi nu tes, 1
ho ur, 24 ho urs and 7 days.

Ho we ver, the for mu la ti on of RMGICs usu ally
inc lu des a vinyl-mo di fi ed pol yal ce no ic acid wa -
ter-so lub le me tacr yla te, such as hydrox yethyl
met hacr yla te, an ion-le ac hing glass, and wa ter.
HE MA may be a ma jor con tri bu tor to pulp to xi -
city. HE MA can dif fu se thro ugh the den tin, es pe -
ci ally if it is thin or acid-tre a ted and this may be
re le vant to the risk of ad ver se pulp re ac ti -
ons.10,21,23

In vit ro scre e ning tests are very help ful in as-
sa ying the bi o lo gic ef fects of den tal ma te ri als but
may be li mi ted in the ir abi lity to si mu la te cli ni cal
con di ti ons. RMGICs co uld cons tantly re le a se sub-
s tan ce af ter ex po su re to an aqu e o us en vi ron ment
for ex ten ded pe ri ods, pos sibly ca u sing cyto to xic re-
ac ti ons and con tri bu ting to pul pal ir ri ta ti on. Ho w-
e ver, the cyto to xi city of RMGICs va ri es de pen ding
on the pro duct tes ted and the types of le ac hab le
com po nents. Op ti mum poly me ri za ti on is ne ces sary
for tho se ma te ri als to re du ce the ex trac tab le amo -
unts of the se com po nents.

CONCLUSION
Wit hin the li mi ta ti ons of this in ves ti ga ti on, elu a -
tes from thre e re sin-mo di fi ed glass io no mer ce-
ments we re cyto to xic to L 929 cell cul tu res when
col lec ted from elu a tes at 10 mi nu tes, 1 ho ur, 24
ho urs and 7 days ti me pe ri ods. Vit re mer was the
most cyto to xic at 10 mi nu tes, 1 ho ur, 24 ho urs and
7 days.
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