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The pclliclc o n perm,utt·1n enamel has been thoroughly studied. The aims uf' th is study \\'l' tT to compa re 
the chemical ,ompo,ition. rate of' formation, and ultrastructu ral appearance nf pellick fomwd on 
deciduous t·namcl in d,ildrcn "ith those 011 pcrmanclll teeth. This \\'as done hy amino ac id ana lyses, 
,\ 11gcr a naly:-ies, .111d tra11,111is!'lirn 1 dt·t tron microscopy. 'fhc an1i110 ac id co 111pnsitio 11 or 2-h pc llicl c on 
deciduous and pcnnant·11t enaincl had an overall sin1iJar pattcrn 1 but die content~ nf scri n<\ glycine-. and 
1~ rnsine \H'IT st.Hi,t i,alh· si!\'nilicantl y diffe rent. .\n initially slower pe llidc form;ition and a thinner 2-h 
l'"llide without a gloh ul.tr stnwturcd second layer was observed on deciduous enamel. The n ·sults 
indicated therefrnT cli:-.. ti1u t difkrcncl·.., in c hc111ical c01nposition , rate of fOr11wtio11. a nd ultrastructural 
.1ppcar.tmT het,\l' <' n pellidc on primary teet h and tha t on pcrmancllt teeth. O. l111i110 arid 011a{iv,: . lugn 
ana!r,,,: dn ir/11011.1 nwmd: /il'o/1•111 ad101/ilio11: lra11,111i.uio11 , lec/mn 111irro.,co/Jl' 
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The fimn at io11 of drntal plaque implies the initi al 
aclso rpt io11 of' oral bacteria to the acqu ired ena mel 
pcllidc. lt has been shmrn that the pdlicle limned on 
\'ar ious denta l filling materials a nd dental enamel \'anes 
i11 am ino acid composit io11 a nd that early plaque 
formed 011 th ese 111att-rials \'ar ics both quantitati,·cly 
a11d qualitati\'l·ly (I). It has nc\'cr been studied whethn 
i11itial microbi;tl colo11izat io n diffrrs bet\\'een , ·anous 
typt·s ol' dental hard tissues (~). The compo. itio11 of the 
i11itial 111icro llora may , ·,II')' 011 , ·anous dental hard 
tissues, such as deciduous and permanent enamel. J\ 
first step to e\'a ltt a tc this is to compare the a mino ac id 
composition of' the acquired en,tmr l pellicles 011 
ckciduous and pcr111a11<' llt e namel. Solids \\' ith similar 
chemica l compositions but with difTerent surface 
charges ha\'t' been sho\\'n to ha\T a marked inlluence 

011 the type or proteins the\' adsorb. as sho\\11 by a 1111110 

acid analvscs or th e adsorbed integ'Ulnents (3). Huma n 
d enta l e 11;1mcl. dec iduous and permanent. is kno\\'n to 
be 0 (' o\'c rall similar rhe111ic tl composi tion, a lthough 
studies by .\'a uj oks et a l. U) a nd C:utress (5) i11d icate 
\'ariations in severa l minor components, including 
carbonate. Carbonate subst itu tions in the hydroxyapa­
tite cr\'s tals arl' known to ch,mge thr surface charge and 
thC' sol 1il ii lit,· ol't hc enamel surface (6 8). This may lead 
to \'a ri at ion~ in the chemical composit ion of the pellicle, 
and hence to , ·a riatinns in the initial bactrria l adsoqJ-

tion. 
The acquired enamel pcllirle on permanent r na111el 

j11 adults h;i s bre n thoroughly studied, whereas studies 
on the amino ar id composition and rate o f formation o f' 
the acq ui rrd enamel pelliclc on d eciduous ena mel have 
not been reported. lt \\'ould therefore be of in terest to 
compare the chr mical composition . rate of formation , 

and ultras truc tural appearance o f pclliclc formed on 
deciduous enamel in children with pelliclc on perma­
nent Leeth. 

I 11 the prese rn study we used Auger electron spec tros­
copy and depth profiling to study the rate or formation 
of pcllicle on deciduous cna111el in situ , transmission 
electron mici-oscopy to study the appearance or pelliclc 
on dec iduo us ena mel in situ and amino acid a na lyses to 
study the a mino acid comp~silion of pe lli cle fon~1ed in 
,1,·o on deciduous teeth. These da ta on pdlicle 
format ion on deciduous enamel were compared with 
the present knowledge of pcllicle on permanent tee th in 
adults (9, I 0). 

~ faterials and methods 

Pl'l!idr collection and amino acid ana(yses 

Fi\'e ch ildre n with mixed dernitions, age 9- 10 years, 
, ·oluntecrcd for the study. Pelli clc materi al from 
deciduous teeth was collected from the d eciduo us 
molars and , if prcscrn, the deciduo us canines . Pcllicle 
material from th e permanent teeth was collec ted from 
the perma11enl i11ciso rs a nd th e perma nem first molars. 
After the buccal surfaces of the tee th ha d been pumiced 
a nd rinsed with wa ter , pellicle was a llowed to form for 
2 h , during wh ich the study subject. refrained from 
ea ting and drinking . Refore collection of the 2-h pdlicle, 
the surfaces were rinsed with water , a ir-dried , and 
i o la tcd with couon wool rolls. The pclliclc material \\'as 
coll ected 011 a polyvinylidenc diflu oricle (PVDF) mcm­
bram· by scraping the coronal t\\'O-thirds of the buccal 
surfaces with a n enamel ha tche t (Black 83. Ash , 
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Fig. I. Amino acid profiles of pelliclc: ma terial collcn<" d in vi,·o a ft er 2 h; mean of three ,.1111pl<'s from <"ad , 
indi,idual from dec iduous a nd pcrmanclll teeth. 

England) and wiping off the collected material on the 
PVDF membrane. T he samples we re froze n until 
analyzed. Pelliclc material was collected in three sittings 
from each individual and was taken from the primary 
a nd the permanent teeth in the same sitting. The 
pclliclc material collected from each type of tooth and 
from each sitt ing was analyzed separately. The amino 
acid analyses were performed on an Amino Acid 
Analyze r (App lied Biosystems, model 42 1) connected 
to a n Apple Macin tosh computer. 

Auger electron spectroscopic analyses 

T o study the rate of formatio n of pell icle on 
deciduous teeth, cleaned enamel p ieces were worn by 
three children, age 8- 1 I years, in situ fo r 5, l 0, 15, 20, 
30 45 50 70 and 120 min. Two of the chil dren a lso 
pa;·tici;Jated in' the pel liclc collection fo r the amino acid 
a nalyses. 

fmmcdiatelv after removal from the mouth , the 
enamel pieces· were rinsed gently in wate r before they 
were air-dried. The adsorbed protein film was subjected 
to Auger electron spectro copy (AES) and depth 
profiling by a rgon ion sputtering as described by 
Skj0rland e t a l. ( l 0). The sequentia l sputtering time 
was 1120th min, using an argon ion beam with 3 kV 
energy and I 00 µA/ cm2 ion current density. _The 
detection of nitrogen and oxygen on the enamel pieces 
was taken as an indication of the presence of organic 

material. /\. sudden change lo low levels of nitrogen 
concomitant with a sudden increase in calcium was 
taken as the beginning of the enamel surface. 

Transmission electron microscopy 

To study the ultrastruCLural appearance of' the 
salivary pc llicle a t various formation times, pumiced 
deciduous enamel pieces were carried in the buccal 
sulcus of the mouth by one child (age I I years) fo r 30 
sec and I, 15, 30, 60, 90, and 120 min. The child 
participa ting in this part of the sllttly a l ·o participated in 
the other two parts of the study. After removal from the 
mouth , the enamel pieces we re gently rinsed in a 
phospha te bufler solution (p H 7.4) and fo,ed for 2 h in 
2.5% glutaraldchydc. Post fL'<a tio11 was perfo rmed in 2% 
osmium tetroxidc fo r 2 h. Specimens were then 
de hydrated in an ascending series of ethanol and 
embedded in Araldite M. Dccalcification of the samples 
was clone in 4% ethylcnediaminetetraacetic acid 
(EDTA), p H 7.2 , after which the samples were re­
embecldcd. Ultra thin sections from all specimens were 
cut on an ultramicrotomc (ultracul E, Reichert, 
Germany) equipped wi th a diamond knife (l\ licrostar 
55 °, J\,f ikro technik, Germany). Serial ultrathin sections 
were mounted on Piloform-r-coatcd copper grids 
(vVackcr-Chcmie, Germany) and contrasted with uranyl 
ace ta te a nd lead citra te. Examinat ions we re performed 
in a transmission electron microscope (TEM 20 I, 
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Fig. 2. R illl' ofpdlick fonna1io11 rn1 dt'ciduous cnanwl (Dec) worn b~ 
ihrn· t'11ildrl'11 and compared ,, ith the pcllirlc !i,rm,nion rail' 011 
pcrn1a11en1 ('ll,llllcl (Penn) \\'Ofll h\ three ,\du!t,. Thl', pdlirk 
fr,nna1io11 r,,t,· i, prl'Sl'll!Cd as a lunn1on of oral ,·xposrnT llllll' a11cl 
tinw tH'n·ss.1n to n.·1110\T thc- inlrgurrn: nl hy argon ion sputtering. 
Spulll'ri11c: tin.H· indiratinc; pclliclc thickiH''< on the ordi11a1e. 

Philips, :'\cthcrlands) a t 80 k\ '. Reprcsentati\'c micro­
graphs were obtained at a magnification of x30.000. 

S/atistiml me/hod 
The data from the amino acid analyses were 

stat istically evalua ted using l\Iinitab tatistical software. 
The paired t test was used to evaluate differences in 
amino acid composition between pclli clc material from 
deciduous and permanent enamel. 

R esults 

The comparison of the mean amino ac id compositions 
of 2-h pclliclc on deciduous and permanent teeth is 
shown in Fig. I. 

Pellicle co llected from deciduous tee th showed 
significarnl y more se rinc (P < 0.05) and glycine (P < 
0.02) than the 2-h pclltclc collected from permanent 
tee th. The pcllicle from permanent teeth also had 
signi ficantly more tyrosine (P < 0.02) than the pcl liclc 
from dec iduous tee th. 

The pell iclc formation on the deciduous enamel 
samples showed a slow rate and is presented together 
.,,,,ith pre\iously published results for permanent teeth 
( I 0) in Fig. 2. The amounts of protein in~reased from 5 
rnin and seemed to reach a steady level a lter about 30 to 
45 min . The rate of pclliclc formatio n of the three 
subjects tested in this study fo llowed the same general 
pattern, with only small variations. 
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The TEI\ 1 pictures of pcll icle on deciduous enamel at 
\'arious times arc shmn1 in Fig. 3. In all pictures a 
relati\'eh· dense protein layer can be obsern·d. The 
protein layer increased somewhat in thickness \,·ith time. 
showing relatively homogeneous structures throughout 
the pelliclc thickness. 

Discussion 

Se\'cral studies ha\'e contribu ted to the present knowl­
edge of the amino acid composition. rate of formation. 
and ultrastructural appearance of the acquired pclliclc . 
. \II studies. ho\\'C\'er, have been orp<'llicle on permanent 
cnarncl in adults (9 14). 

In this study a comparison of the amino acid 
composition of pcllicle collected from deciduous enamel 
with that or pellicle collected from permanent enamel in 
the same mouth was done, using statistical evaluation. 
An overall similar pattern of the relative amounts of the 
am ino acids could be seen, but the am ino acids scrinc, 
glycine, and t')Tosine were presem in stat istically signifi­
cantly different amounts in the t\\·o types of pcll icle 
investigated. Statistical e\'aluation of the amounts of 
amino ac ids in various pclliclc materials has been used 
in an earlier study ( 15), although no conclusio ns were 
a ttempted because four indi\'iduals were considered to 
be insuflicient for tat istical evaluation. In the present 
study variations in the amount of serine may be caused 
by disiutegration during acid hydrolysis of the pellicle 
sample, a lthough the same time or hydrolysis was used 
fo r all pcllicle samples and therefo re should result in a 
comparable degradation of scrinc. Acid hydrolysis will 
also disintegrate tryptophan, cystinc/ cysteinc, and me­
thion ine to various degrees ( I 6, I 7) . The hydrolysis will 
not cause disintegration of tyrosine and glycine, and 
disintegration therefore cannot explain the variations 
found in this study. The results of the statistical evalu­
a tion may therefore present a difference in protein 
composition of the pclliclcs. Statistical evaluation may 
result in not showing significant differences, as large 
variations caused by method and apparatus arc added 
to the biologic variations. The number of individuals in 
this study limits the conclusion. A generalizing conclu­
sion would need a larger study group. In other studies 
comparisons of amino acid compositions of pelliclc are 
clone by visually comparing graphs and profiles ( 11 , 13). 
Smaller differences arc difficult to detect by this 
method. 

The differences in amino acid composition indicate 
that there may be different amounts of some proteins or 
that the re are different proteins in the acquired pclJicle 
on deciduous enamel compared with that on permanent 
enamel. This may be a result of variat ions in the surface 
charge (3) and may eventually lead to varia tions in the 
initi<1l microfiora that adsorbs to the pellicle ( I). 

In our study and in a similar sLUdy ( I 0) in which 
Auger analyses were used to evaluate the thickness of 
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Fig. 3. T ransmiss ion electron microscopic pi rtu rrs showing the ultrastruc1ural appearance o f acquired pellid es ic,rnwd 0 11 deciduous cu;i rncl in 
situ a lter a) 30 sec, b) '.{0 min , c) 90 min , and cl) '2 h. Arrows indicate pdlidc towards the enamel. (~ lag-nifica tion. x30.000.) 

the acq uired pcllicle, some limitations of the method 
should be borne in mind. The density of the material 
will , a t least to some ex tclll, influence the sputtering 
tim <.: that is, the time the Argon beam needs to remove 
the o rganic layer. The method does no t give an exact 
value that can be rela ted to a continuous measurement 
of thickn<.:ss but is depcncl<.:nt on estimations of the 
quantity and quality of the ions that arc sputtered off. 

In our study and in the study of pellicle formatio n on 
perman<.: nt tee th ( I 0) the same instrument and sim ilar 
setting of the instrument were used . The two main 
d ifferences observed a re a slm,·e r initial build-up and a 
lcveli ng- out of the adsorption process at a thickness 
corresponding to one-third that of the pellicle on 
permanent enamel. The enamel pieces in the experi­
ments of Skjorlancl et a l. ( 10) were ca rri ed for 2 h in an 
appliance on the buccal surface of the tee th . If shearing 
fo rces inOucnce the fo rmation of the pclliclc, they 
should have ac ted just as strongly on the enamel pieces 
worn in an appliance as they do on the enamel pieces 
placed in the buccal sulcus. 

The TEl'vl p ictures of pellicle at various formation 
times co rroborate the results of the Auge r analyses (Fig. 
3). The proteins a rc initia lly rapidly adsorbed to the 
enamel surface, but the format ion seems to level off and 
results in a homogeneous dense layer a fter 2 h. 
Compared with the ultrast ructural appearance known 
from TEl'vI pictures of pellicle on permanent enamel, 
the second globula r layer of the pellicle is not formed 
(9). This is in contrast lo observations on permanent 
tee th in adults, where the pdlicle has been described lo 
consist mainly of globules ( 18). Lie ( 12) first described 
the ult ras tructural appearance of the 2-h peUiclc fo rmed 
on hydroxyapatite splints in individua ls with permanent 

dentition. The TE [ pictures showed a predominantly 
globular pel li cle , wi th globules ,·arying between 25 and 
125 nm in diameter. The initial pelliclc was described as 
a rel at ively even coating with a homogeneous granula r 
structure vvithout any signs of globular components but 
with ma terial r<.:scmbling small buds ( 12). Lie's descrip­
tion or the initiall y formed pcllicle ( 12) is in acco rdance 
with our obse rva tions of the ultrastructurc of pellicle 
fornt<.:d on dec iduous enamel. In o ther studies conce rn­
ing the aggregates or th <.: globula r pan or the pclliclc 
sec retions wit h various protein contents have been used. 
\ Vith increasing protein content, the density of globular 
particles (micf' II P- li ke structures) increases ( 19). The 
prote in content of whole saliva has been shown to 
increase with increasing age (20). It may therefore be 
possible tha t sa liva from the children in this study docs 
not contain enough protein to support the lo rmation of 
aggregates (globules) making up the globu la r part of the 
2-h pclliclc. 

Th<.: resul t. o f this study indica te tha t there are 
distinct differences between pclliclc on primary teeth 
and pclli clc on permanent teeth . 
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