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For iiiore than n dec:itle inethyl uiethncrylnte has been used 
:IS :I dentnl filling i1i:iteri:il. This is placed into a cavity while 
still in :I p1:rstic stage undergoing polyiiierization. Thus, :is early 
;is in May 1939, Slrrc.12 filled :i cavity with iiiethyl-iiiethacrylate 
:inti described how the resin was polylrierized by :i heated plastic 
instrutnent placed right :ihove the 1n:itrix (he:it-shoclc), Slnck 

1943) 80. 
The introduction o f  this tii;iteri:il on :I large scale in clinical 

tl  en t is t r y depended, how ever, on the d eve 1 o y nie n t o f  self -c 11 ring 
resins where the principle promoting polyinerization is released 
either by fusing the inononier nnd yolyiner phase or by mixing 
the cnt:ilyst into the resin. Sii1iplific:rtion of techniques led to  
large nuinhers of teeth filled with these resins before it W:IS 

or it would inevitably be injured by penetration of the nionomer 
:is shown by Fischer (1952)5, Bloch (1952)2, Cnstngnoln (195013, 
K r n m e r  c t  McZ,etrn (1952)S, illclerrn & Krnmer (1952)10, Mneglin 
(1952 d 195:3)11q 12, Spreter uon Krerrdenstein (1952119, Micller 
~t ilInegiin (1953)15 ,  N ! j p n d  @,sfh!y (1955)17, and HedegRrd 
(1  9.56) 7, :imong others. 

fonnd t1i;it the pulp must he sufficiently protected by insul. ‘I t‘ 1011 
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V:irious new iiieaiis anti ways for protecting l h e  pulp have 
been ksteti  either in ziirio, followed hy extraction :rnd 1iistologic:il 
es:i i n  ilia t i on, o r by p u re 1 y e x pe ri in en t :i I pr  oce d u re s in iii t 1'0. I n 
esperiiiients of the latter type, atteiiipts 1i:ive been iii:ide to show 
not only how the nionoiner diffuses into the dentine hut also 
wh:it iiiethods could be used to  prevent the perietr:ition of the 
iiionoiiier into the pulp of ex t rx t ed  teeth. Thus,  S p r e t c r  i i o n  

Kreiidenstein (1952) 19 deinoiistr:rted the extenl o f  the diffusion 
by adding :I Sud:in-dye to the iiioiioiiier. He :ilso proved that 
hardened phosphate ceiiient did not give effective protection 
against the penetration of  the iiiononier into the pulp cavity, 
whereas this ceiiient exerted sufficient protection while still in 
the plastic stage. 

The rate at which the resin diffused into the pulp cavity WIS 
investigated by SprcJttJr iion Kreritlenstcin ( 1952 ) 19 :in(] S t i i h c n  
( 1952)et. The foriner conducted his esperiiiieiit in the following 
way: A class I cavity was p r e p r e d  in :I inolur. The tooth WIS 

cut 1iorizont:illy :it the level of the ceiling of the pulp cli;iiiilwr, 
and the horizontal cross-section w:is pliiceti :ibove ;I w:iter sur- 
face without touching it. One drop of iiionoiiier w i i s  pipelled into 
the floor o f  the cavity. I n  the course of :I few in inu te~ ,  lhe 
iiionoiiier penetrated froiii the floor o f  the cavity through the 
dentine and to the cross-section. I n  consequence the iiionoiiier 

(i.g. gasses froiii the latter) produced ;I decrwse in the  surface 
tension of the w:iter. The tiiiie for this change w:is registered 
by tensioiiieter-regislr~itions ( "Abreisslti irl)er-~~etlio(le"~ . 

Stuben used the so-culled "Schliereniiiethode" (shado\v-iiie- 
thod)  to follow the penetr:ition of v:irious fluids, including the 
~iiononier,  into the dentine. In this procedure the time for c o i i i -  

plete 1)enetr:ition of the iiionoiiier was registered optic:illy. 'I'hus 
:I civity was p r e p r e d  in the occlus:il surf:ice of :I tooth which 
was c u t  Iiorizorit:illy. l'he cross-section was p1:iced on the surl':icc 
o f  the water in :I sin:ill i'luslt troiisilluiiiiiinted by a strong light- 
beam pussing through an optical systeiii. After pissing through 
the water-filled fl:islc the beaiii w:is projected onto :I screen, 
where :I honiogeneous squ:ire luiiiinous spot appeared. This cor- 
responded to the fl:isk, while the tooth with its cavity w:is sil- 
houetted. A drop of iiioiioitier was pipetteti into the cavity. AYler 
hnviiig penetrated the I:iyer of  dentine : ind 1);issed into the \v:iter9 
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the  tiiolecules of the  iiionoiiier caused a change in the refraction. 
This :ippe;ii*ed on the screeii ;IS ;I local, well-defined sh:idow in  
the picture of the fl:islc ("diis Schlierenbild"). 

I3y eiiiploying this tnethod StiihPn was able to prove that  
iiioiioiiier tiietliyl-iiieth:icryl:ite ("1'nl:ivit-FliissigI~eit" ) could p i -  

etrute a layer of dentine 1 i i i i i i  thick in 1 y~ tiiinutes. He WIS 

d s o  nhle to  confiriii the rcsults obtained hy Spre ter  uon Rwzrtlen- 
stein with h:irdened p1iosl)h;rte ceiiienl. However, in t h e  case oi' 
u n ha rde lied ce i i i  en  t , the  ob se r v:i t ion s c o u 1 d o t i  1 y he s t utI ie d 
briefly; that  is, the acid froii i  the phosphate cement 1)enetr:itetl 
the dentine in 4 t o  X iiiiiiules to produce :I shadow ("Schlieren") 
which prevented t1eteriiiin:itioii of "Schliereii" c:iused by the 
iiionoiiier. 

Cert:iin obiections c;iii he rnisetl to the iiiethods described for 
determining the extent :is well ;is t h e  rate a t  which the iiionoiiier 

peiietrutes the dentine. Thus, the iiiolecular size of a n y  Sudiin-dye 
being larger then that  of the tiionotiier, the  diffusion of :I dye- 
iiionoiiier complex iiiay not he the siiiiie :is that  of  the  iiionoiiier 

alone. On the  other hnntl, the coiiiplicated light-trniisiiiissioii 
a p p i r a t i i s  devised hy S f i i h p r i  iiinltes reproduction difficult. 

It seeined logic:il, therefore, to ascertain diffusion o f  the 
iiionoiiier into the tlentine without adding cheiiiicals. Sever:il 
pilot experiiiients were iii:ide with ;I iiiethyl-tiiethucryl~ite con- 
taining the r:idio:ictive isotope 0 4 .  At the saiiie tiiiie the effec- 
tiveiiess of different "c:ivity-liners" w:is ev:iluuted. This seeills 
to he the f i rs t  investigation ot  the pcnetr:itioii of r:dio:ictive 
~iiethyl-iiietli:icryl:ite inlo the dentine ( 4 %  1. 1~ 2;3). 

11.4'1 EI{IAl,  AND 211.:1'IIOI)S 

The radioactive iiiethy1-ineth:icryl~ite was iiixle of r:idio:ictivc 
iiiethyl:ilcoliol :iccording to the reaction : 

(methacrylic acid) (melhylalcohol) (methyl-niethacrylate) 
c* -- (;I4 

The conversion W:IS m i d e  using 7.4 iiil iiiethyl:ilcohol coiitaiii- 
ing 1 iiiillicurie of C14. Wheii the tiiethyliilcohol was converted 
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to metliyl-iiieth:icryl~ite, :ipproxiiii:itely 2 nil cont:iining 0.,5 niilli- 
curie of ( 3 4  were left th:it could he used for experiiiients.+: 

1nt:ic t l)icuspids, newly extr:icted for ortliodontic re;isons, were 
used. A cavity was cut on :I f;ici:il surf:ice (Fig. 1 ) .  Next, :I inesio- 
t1ist:il section (SS') o f  the tooth was made f r o i n  the occliis;il 
surface s o  that  the faciul p r t  o f  the tooth, where the ciivity W I \  

l)rep:iretl, was released froin the rest of the tooth. The s l o l ~  ol' 
the cross-section in relation to the :ixi:il aspect o f  the cavity 
1)rep:ired showed th:r t t he  dist:ince iiiensured fro in  the floor ol' 
the cavity to the cross-section WIS longcst (1  .$)-2.O i i i i i i )  in the 
occlus:il portion of the cavity and shortest (0.S-0.4 mm) in  the 
gingival par t  (cfr. Fig. 1 ) .  130th the slope of the cross-section in 
relation to the axial aspect o f  the c:ivity :rnd the iiic:isuws t i c -  
scribed were kept :IS siiiiilar :IS possiible. 

Iw- 
1 oreh:ind, was to avoid cont:iinin:itioii with r:idio:ictive sulwt:iiice. 
'I'his could not h:ive k e n  done s:ifely hnd tlie section Iwen 11i:idc 

(cfter the cavities were filled with r:idioactive 1iionoiiier which 
prob:ibly h:id diffused into the tooth. Since cle:iv:ige of :I tooth 
in ;I plane ( S S ' )  did not give :I surf:ice sufficiently level f o r  
:iiitorndiogr:rpliy, it wiis necessary to grind it to the sinoothncss 
required. 

A s  iiientioneti hefore, the slope hetween the ;ixi:il :ispcct o f  the 
cavity in relation to the outor:idiogrnpliic section ( SS')  iiialtes 
the thickness of  the tlentin:il layer vary between the floor of the 
c:ivity and the s u r f x e  to be :iutor:idiogr:iphed. 'I'his shoultf give 
:in opportunity of deteriiiiriing the iiiiport:ince of the I:iyer of 
dentine :IS :I harrier to the diffusion of the iiioiioiiier lwtween 
the floor o f  the cnvity and the pulp cavity. 

After prepar:ition o f  the cuvities :ind grinding of  thc teeth, 
the c:ivities were lined in various w:iys. One cavity was lined 
with the material described hy Znnder,  Glenn c t  Nelson (1950)2', 
mother  was iinpregn:itetl with zinc ferrocy:inide ant1 silver 
nitrate [ G o f t l i e b ,  R(rrron c t  (;rO<)li ( 1956 )';I. 1iiipregn:ition of the 
dentin:il tuhuli with zinc ferrocynnide :is :I barrier against thc 

The reason for innking the ciwss-section (SS' on Fig. 1 



231 

1)enelr:ition of  the iiionoiiier into the dentine has been recoiii- 
inended by sever:il authors ( I ! ) ,  1-1, 21. f ) ) ,  though this 111elhod can 
cndiinger Ilie pulp :is indicated by studies by SchmicJI~rriiser 
(1952)18. A third c:ivity w:is lined with a thin layer of phos- 
phate ceinent which hardened, and :I fourth with :I re:ictor-liner 
of the Swedon-Ultra type. A fifth cavity was lined with :I thin 

l ' ~ X l ~ ' l ' l ~ A ' l ' 1 0 N  0 1 '  M I i ' ~ I I ~ I , - M I ~ ' ~ I I ~ ~ ~ I ~ ~ I , ~ ~ ' I ' I i  I N I ' O  I)liN'I'Ih'li 

1:iyer of silver aiwlgaiii which hardened. Two c:iuities \yere not 
lined :it all. One o f  these was p r e p r e d  24 hours before the ex- 
perillleiit :ind kept dry in contrnst to  the others which were 
1)rep:ired just before the experinient to  avoid de1iydr:ition. 111 

:ictdition, :I cavity was prepared in a carious tooth where trans- 
1);irent dentine in the floor of the c:ivity was c1e:irly to be seen 
:ifter excnvntion. 'I'his cavity was not lined at  all. Finally, :I tooth 
was prepnred in exxt ly  the s:iiiie wuy :IS the others with the 
exception that its cavity was not filled with radioactive sub- 
stance. This tooth served a s  n control. 
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Since t h e 111 on o iii e r WI s ext re I ii e 1 y vol :it i le , t he  prepi  red t r e  t 11, 
the equipiiieiit iiecessiiry for  :ill filling procedures, :ind rudio- 
active tiioiioiiler were pl:rced in :I closed box to prevent itih:il:i- 
tion of r:idio:ictive v:ipoiIrs or cotit:iiiliii:itioli of the  1:ihor:itory. 
All fillings were iii:ide i n  this g h s s  box (Fig. 2 ) .  A iiiicro-pil)ette 
w i s  used to flood the  floors of the cavities with the rntlionctive 
iiionoiiier, after which :I thin h y e r  of polyiiier powder W:IS 

sprinkled in such ; I  tiiaiitier tha t  the floot~s of the cavities were 
covered with 1;iyers of self-curing ;iriylics : i . i i i .  Neulon ( 1  952)11;. 
After 24 hours when  cotiil)lete I)olviiierizatioii should h:i\e oc- 
curred, the teeth were i~eiiioved i'roin the closed ~ i s e .  All ratlio- 
active iii:iterial \+:is cnrcfully grouiiti out of the c:ivities untlcr 
running w:iter. Aiitot.adiogr:i1'hs were made hy plncing the teeth 
with the poli4ietl suri':icc (SS' )  down on 1iucle:ir track p1:itcs:':. 
The  exposure times were 7, 14, and 21 (lays respectively, which 
g:we hl:icltenings satisfactory for iiiicroscopic ex:iinination. 

I1 IrS L~L'I'S 

To ex1)ress the icpt:ilte of the iiiotioiiier t i i e t l i ~ I - t i i e t h ~ i ~ t ~ ~ l n t e  
i n  the dentine, the following teriiis mere used to describe thc 
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different degrees of blackening in the autoradioigrnphs : none, 
m q i i e ,  and distinct. The different degrees of blackening and the 
corresponding exposure-times for the nuclear track plates are  
listed in Table 1 .  Tahk 1 shows that  of the liners tested only 
Zcrnder’s provided a safe barrier against penetration of the  
inonoiner. In  this tooth (cavity no. 3 )  the nutoradiograph was 

Table 1 

I 
~ Time of 1 Blacltening on 1 Cavity Liner , Euposure Antoradiograph 

1 . i  

, I  

plioslil~ate cement 
(hardened) I 

~~ ~ ~- 
I 

vague i i n c  fcrrocyanide 
1 21‘l + silver nitrate 1 

si l \er  amalgam ~ lqd  I distinct 

~ 

I I 

I 8 ) none* 21‘1 distinct 
I 

I 
>> I __ 

control** 1 licl none 12 ~ -~ - _-- 

* Tra II spa re11 t d e  II t i  11 e from caries 

** (:;I\ ity not  tilled v i t h  radioacti\e moiiomcr. 

negnlive after 14 d:iys of exposure. Zinc ferrocy:inide plus silver 
nitrate did not coinpletely prevent the pass:ige of the  iiiononier 
into the dent ind  tubuli (cavity no. 6 ) .  The catalyst-lined cavity 
( 110. 5) prevented the penetration of the radioactive inonomer 
to  soiiie degree. This result inighl be relaled to the  iiiiiiiediate 
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polyiiierization of  the  iuet1iyl-iiieth:icryl:ite in the presence o f  
the catalyst which reduces the aiiiount of free n ~ ) n o ~ i i e r .  

Hardened phosphate cement did not give any effective pro- 
tection :ig:iinst the penetration of the iiionoiiier (cavity no. 4 ) ,  
which is in :igreeinent with the findings reported hy S p r v t e r  r~on 

h'rerrtlrnstr~in :ind S t i i b ( > n .  A thin I:iyer o f  silver :iiiialg:itii \\:I\ 

d s o  tested :I$ ii cavity liner, hut in  ow ex1)eriliient the layer of 
silver :i~ii~ilg:irii was no longer 1)l:islic : i n t i  was no1 proteclivc 
(cavity no. 7 ) .  

I n  the  unlined c:ivities (nos. 1 ,  2, :inti 8 )  Ihe 1)enelr;ilion ol' 
the iiionoiiier w:is c1e:irly seen. The thickness of the den1in:il 
1:iyer seeiiietl to exert soiiie influence on the :iiiiount o f  iiionoiiier 

1)enetrating Lhe dentine, ;IS shown in Fig. 3. Here l h e  overex- 
posed nutor:idiogrnph (which is not l o  be used a s  :I h s i s  for 
comparisons) showed :I inuch darker zone that  corresponded 
to the very thin layer of dentine hetween the  floor of the c:ivity 



:ind the cross-section. I n  the upper p r t  of this cross-sectioii 
the bl:icltening is :I little less pronounced :ind decreases gr:itlti- 

:illy with the thickening layer of dentine between the cavity 
and the cross-section ~1utoradiogr:iphed. Tr:uisp:irent dentine 
derived from caries does not offer any protection (cavity no. 8 ) .  

The object of this pilot experiiiient \V:IS to find :I way ot' dc- 
t er iii  in ing t ti e diffuse 1) e 11 e t ra t i o n of t ti e iii on o i i i  er iii et 11 y I - I i i  c t h - 
:icryl:ite into the dentine without using coiiiplicated appiratiis 
or adding substances such : i s  dyes or stains, since the results 
obtained by these dye-nionoiiier coiiiplexes can he questioned. 
'L'he problem w:is :itt:iclted by using CI~-labelled methyl-ineth- 
x r y l a t e  inonoiiier. The :idv:intuge o f  the C14-nionoiiier u x s  its 
slow decay which is pr:wtic:illy infinite ( T i  is ahoul 5570 
ye:irs ) .  In H:indbooli no. 48 of the National Uureiiu of Stand:irds 
C11 has been described : i s  "inoder:itely d:rngerous". Thus, t h e  
volatility of the iiionoiner iii:ide it necess:rry to adiiiiiiister t h e  
r:idio:ictive niethyl-iiiethncrylnte in ;I closed c:ise which liinits 
the types of c:ivity liners that can he i~ivestignted. I1 \V:IS i i n -  
~)ossible to ev:ilunte the effectiveness of pIiosp1i:ite ceiiient which 
1i:itl not set. Nor could thin I:iyers of 1)lustic silver :iiii:iig:iiil he 
:1ssessed. 

Penetration of the rut1io:ictive iiiono11ier into the dentine WIS 
cle:irly deiiionstrnted. I h e  to the liiiiited iiiaterial a t  their tlis- 
posat, however, the present writes 1iesit:ite to dr:iw coiicludings 
regurding the actual effectiveness of the liners tested :IS harriers 
to the penetration of niethyl-inetliacrylate into the dentine. 

Using :I (Y~-i:ibeiied iiionoiiier of  iiietli3'1-iiielli:icr~~l~ile, tlic 
writers were able to deiuonstr:ite the diffuse 1)enetr:ition of  thc 
~iionoiiier into the dentine by :iutorndiogr:iphy. A s  it is obvious 
f'roiii these 1)ilot experiments that the iiietliotl is fe:isible : t i i d  

convenient, it is hoped that further experiments 11i:iy be con- 
ducted d o n g  these lines. 



1)IFFUSION DANS LA DENTINE D’UN Ml?rACRYIJA’rE DE MBTHYLE 

MARQUB AU cI4 

U t il is:iii t u i i  iiioiioiiibre de 1iii.t ncry 1 :it e de mi. thy le i i i  ;irqui. :it1 

(7.2, les auteurs  ont pu, A I’aide d’outor:\diogr:iphies, iiiettre en 
evidence 1 :I ti i f f u sion h i  s I :I dent in e tl’u 11 i i i  ono in <.re r : ~  di oac t i  f . 
Gr:ice h cettc iiiC.lhode, ils on t  cii ou t re  pu 6tudier I’efl‘ic:icit6 tlc 
tliff6rents prorPtl6s tl’isoleiiient tle I:I c:ivitc‘. tlestiiiCs ii :irrPter 
1’infiltr:ition de ce iiionoiiiCre r:itlio:ictif d:ins I:i dentine, iii:iis, eii 
raison de la ( p i n t i t i .  1iiniti.e de iii:itii.re\ r:idiooctives dont ils 
disposaient, ils n’oiit pu en ce ( p i  roncerne cette p r t i e  tlrs 
recherche s :i 1.) out  i r 

II :ipp:ir:iit cependant rietteiiient clue cette iiiktliodc est p r f a i t c -  
iiieiit approprii‘e ct les auteurs  o i i t  I’espoir clue des rerherclies 
comi)li.iiient:iires pourront PLre effcctuces suivant les principes 
indiqui‘s ici. 

d e s c oiic 1 u sio 11 s d i. fin i t ive s . 

Z“S.4RIXllrNI. AsS“N(; 

DAS EINDRINGEN VON C14 -MARKIERTEM METHYL-METAKRYLAT 
IN DENTIN 

Mit Hilfc voii Autor:idiogr:i~)liie is1 es  deli \’crF:issern gelungen, 
(!:IS Eindiffuntlieren voii hloiioiiier in Dentin zu zeigen, indeiii 
s ie (114- iii :I r It ie r t e s M 011 o i i i  e r d e s Met 11 y 1 - i i i  e t :i 1; ry I :t t s ve rwe 11 d e- 
ten. 

\Vei t e r li i 11 w LI r tl e 111 it g I ci c her hT e t hod e d ie \I’ i r1t u 11 g ver s ch ic- 
de tier I<:! vi 1% t sisol ieru iig\iii i t t e 1 tinter such t, ii  i i i  d :I s Ein d ri nge 11 

(1 ieses r:i (1 ioaL t ivc n Mono iiiers i 11 I k  t i  t in z ~ i  verhinderii. Aher 
: iuf  Grund tier rerht begrenzten Merige des zur \‘erfiiguIig stehen- 
tlcn r:idioalttiveii R1:iteri:iles Itiinnen : ius dieseiii Teil tier Unter-  
suchung lteitie entigiiltigen Srhliisse gczogeii werden. 
Es hat  sich ,jetloch deutlich gezeigt, dnss es  eiiie :iusselortlent- 

lich greignete Rfethode ist. M:rn hoff‘t d:iher, rechl b:ild weiterr 
U 11 t e rsuch ungen nnch deli hie r :I iigegelw n I’ri iizi pi e i i  d LI r c h- 
fiihren LU Itiinnen. 
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