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. J O H G I ~ N  T i i  E I  I. i i ) r c  

The inechanisin of formation of c:ilculus on teeth is :I probleni 
for all those concerned with oral hygiene and periodont:il diseuse. 
Many of the factors promoting the :itt:iclinient of deposits to  teeth 
remain unknown. 

In studies involving the ;itt:ichiiient of dent:il calculus, :I cuti- 
cular layer was occasionally observed between the tooth surface 
and the bacterial niatrix (Znnrler, 1953; Shro/T, 1955; Mnnrlel LC- 
Levy,  1957; Vorendis c t  Znnder, 1958). The incidence of cuticular 
attachment was much higher when the calculus was 1oc:ited on 
the enamel than on the ceiiientuiii (\'oreridis c t  Znntler, 1958). 
Coinparable cuticular structures foriiied on plastic strips attached 
to tooth surfaces (Vorendis c t  Znnder, 1958; Mnndel et d., 1957; 
Hmen & Znnder, 1959; Hnzen, 1960; Tiiresky e t  al., 1961). 

Previous investigations have been conducted using opticd mi- 
croscopy. This study, conducted with the aid of the electron mi- 
croscope, reveals the presence of :I cuticle interposed between any 
deposit and :I My1:ir strip attached to teeth. 

hlBTERIAI, AND METHODS 

Pieces of .001 inch thick Mylar filmy**) were fastened on the 
lingual surfaces of the lower anterior teeth in 18 patients known 
to forin calculus. The plastic strips extended to the gingival iii:ir- 

:;) Presented ;it the Annual Meeting of the Scandinavian 0dontologic:il 
Society in Arhus, Denmark, September 1962. 

;>:k) I)upont, Wilmington, Delaware, L:.S.A. 



380 

a b C 

Fiqare 1 .  (1. - Mylar strip is suspended gingival end clown from top of  
gelatin capsule filled with  prepolymerized methacrylate. b. - Following 
final I)(ilSinerizatiorl, capsules are turned upside down and trimmed so that 
strip forms one side of block. c. - Before sectioning, thc strip is removed 
:tiid the attached dcposiit iorms edge o f  section. 

gins or slightly into the gingival crevices. At intervals of 1, 2, 9, 
14, and 28 days, the strips were detached froiii the teeth and di- 
vided vertically into two halves. These were fixed immediately in 
buffered osiiiiuiii tetroxide for four hours, washed in water, de- 
hydrated in alcohol, and infiltrated with an 8: 2 mixture of butyl 
and iiiethyl methacrylate. With the aid of :I pin inserted through 
the top of the capsule the strips were suspended vertically, gin- 
gival end down, in gelatin capsules containing prepolymerized 
iiiethacrylnte (Fig. 1 : I ) .  Fiii:il polyiiierization was carried out a t  
40’ C overnight. 

Initial atteiiipts to cut thin sections of Mylar filiiis were in- 
variably unsuccessful. The strips and frequently portions of the 
deposit were torn away from the sections. In order to circumvent 
this difficulty, the Mylar was removed prior to rutting. This was 
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:iccoiiiplished by triinniing the blocks in such :I way th:it the 
strips formed one of the h te ra l  surfaces (Fig. 1 b ) ,  :ind by sub- 
sequently peeling the Mylar filiii from the einbeddiiig (Fig. 1 c ) .  
The blocks were inounted in :I IJorter-Hlum inicrotoine so that 
the deposit appeared along one edge of the section ribbon which 
was produced. The ribbons were flattened with chloroforni u:ipor 
and mounted on grids covered with cnrbon substrates. While most 
of the sections were examined directly in :in RCA-EMU 2 electron 
microscope, soiiie were iininersed in ainylacetate for one hour 
and were subsequently shadowed with tungsten oxide. Other sec- 
tions were stained in 5 % phosphotungstic acid. Liniited :ire:r 
electron t1iffr:iction w;is carried out  routinely. 

I<ESUI,TS 

Deposits were present on a l l  strips at the end of the experi- 
meiit:il period. They were generally located at  the gingival edges. 
Most deposits consisted o f  inicroorganisiiis in a n  interiiiicrobial 
iiiatrix (Figs. 2 a, c, d, e ) .  Some deposits, originally in contact 
with the free gingivae, were coinposed predominately of epithelial 
cells with :I reiii:iinder o f  inicroorganisiiis (Fig. 2 h )  . Observn- 
tions of filainentous microorg::inisiiis, :IS determined by inorpho- 
logy, showed that these organisms were not predominant, and 
they were often absent in 1 and 2 day deposits. When present, 
they did not seeiii to be directly :issociated with attnchinent of the 
deposit to the siiiooth strip. 

A n  electron-dense ineiribrane of variable thickness was observed 
irrespective of the presence or absence of other deposits. The 
thickness of the cuticular niembr:ine rnnged froiii 0.05 to 0.4 ,u 

and appeared to he directly related to the age o f  the sample (Figs. 
2, 3 a, h ) .  

The contour o f  the cuticular surfaces varied, depending upon 
the nature of the adjacent inaterial. The surface contiguous to 
the deposit was serrated, while that in contact with the Mylar 
was siiiooth (Fig. 3 :I). Occasionally, interruptions in the con- 
tinuity of the cuticle were noted. A t  these sites the margins ap- 
peared notched with the spaces devoid of embedding iiiediuin. In 
:I few instances, the cuticle w:is locxted ;it :I distance froiii the 
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edge of the section and iiiicroorg:iiiisnis were found on both sides. 
Mineralization of the c:ilculus nintris was noted occasionally 

in the 2 day old speciinen :ind :ilways in the 9 day or older saiii- 

ples. In a11 cases, the first crystals were seen in areas which con- 
tained iiiicroorgnnisnis rather th:in epithelial cells. The cuticle 
usually reiimined free of crystals until ~niner:ilization of the hac- 
terial deposit was well advanced (Fig. 3 c ) ,  whereupon it mineral- 
ized also (Fig. 3 d ) .  

I)ISCL,'SSION 

'l'he attachment of the ~nicroorg:inisiiis to the smooth surface 
of the Mylar strip appeared to be mediated by :I cuticular layer 
which separated the cellular elements froiii the strip even at  the 
earliest stages. 

Organic coverings on natural tooth surfaces as well as  on ar- 
tificial hard structures inserted in the oral cavity have been de- 
scribed (Vallotton, 1945 a, b, c ;  Turner,  1958 n, b; Klees  & Klees,  
1958; ilfeckef, 1961; Wertheimer LC. Frrllmer, 1962; Schiile, 1961, 
1962). A comparison of the electron dense iiieiiibriine seen in the 
present study with those previously mentioned is difficult be- 
cause of the different methods used for obtaining nnd tlenionstrnt- 
ing them. The cuticle studied herein niust be classed a s  a n  nc- 
cpiired film, however, since i t  forms supragingivally on an arti- 
ficial surf:ice. 

The acquired cuticles have been presumed to be composed of - 
Figure  2 a. Section f rom a 1 day  specimen. A th in  electron-dense membrane  
lines the space previously occupied by the  strip. A fern microorganisms in 
:in intermicrohinl mat r ix  are attachcd to  the memhrane. X 8,000. 
A l l  t he  i l lustrations in  Figs. 2 and  3 :ire oriented in such :I way  that the  por- 
t ion o f  the  deposit whicli was against  the  strip is facing downwards.  

Fiyzire 2 0.  Section from a 1 day spccimen showing an  cpithclial cell w i th  
microorganisms on either side. A thin electron-dense mc~mhrane is seeti 
benenth the  entire deposit. x 4,000. 

Figure 2 c and d. Two clay old specimens stained wi th  phosphotungstic acid. 
1 he cuticular membrane beneath the  deposit stains intensely as  do the  cell 
walls of most of thc  microorganisms. x 28,000. 

Figtrrr 2 P.  Shadowed section f rom ii 9 day old specimen. Numerous elosely 
packed microorg n n isms in an  i n t e rni ic roll i d  mat r ix  ii ppeii r :I t t ached t o  a 
t h in  electron-tlcnse mcmbrane. x 16,000. 
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iiiucins froiii s d i w  \‘riZZotton, 1045 c ; Ctrinpnignc &2 Fostlick, 
1038; McclzcZ, 1 9 6 1  ),  1)rodLicts o f  specific epitheli:il cell :ictivity 
(i’orcndis 6 Z m z d ~ r ,  1!)5N), or  the result of t):tcteri:il activity 
(Chcrsc, 1 OX 1 .  The  present experiiiient did not elicit inforii1:itiori 
regarding the origin of  the  :icquired cuticle. However, if the 
cuticle originates froiii one :inti the s;iiiie source irrespective o f  
whether i t  is the only deposit present or it is covered hy cellul:~~. 
mntcri:il, s;iIiw seems to he the tuost likely coritrihutor. 

s I’ h1 Bl 

A n  electron iiiicroscopic study was cwnducted on deposits which 
foriiied on plastic strips th:it had heen pl:iced :iround the 1ingu:il 
surfaces o f  lower anterior teeth. 1)eposits were exaiiiinetl after 
they hati foriiied for 1,  2, 9, 14, :rnd 28 days. Usunlly, the deposits 
consisted o f  iiiicroorganisiiis in :in interinicrobi:iI matrix, a1 though 
desq~i:iiii:ilctl epitheli:il cells were soriietiiiics foi ind i n  sites which 
contacted the gingival in:irgin during l’orii1:ition of  the deposits. 
An electron-dense cuticle t1i:it r:inged in thickness froiii 0.05 to 
0.4 p was interposed hetween the Mylar strip :ind any  del)osit. 
The oinni1)resent cuticle :it this 1oc:ilion suggests th:it it fosters 
or iiiedi:itcs the :ilt:iclirii<~nt o f  clel)osits. 

.4Cl<NO\~’I , l~l)( i  Ehl IZN‘I’S 
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