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CHAPTER I 

INTRODUCTION 

R e c e n t l y , t h e concept o f a i r - a b r a s i o n , a phenomenon 

o r i g i n a l l y i n v e s t i g a t e d i n t h e 1950's, has been r e i n t r o d u c e d 

t o t h e d e n t a l p r o f e s s i o n w i t h t h e KCP 2000 (American D e n t a l 

T e c h n o l o g i e s , Inc.), t h e MicroPrep ( S u n r i s e T e c h n o l o g y ) , and 

t h e KV-1 ( K r e a t i v , I n c . ) - A i r - a b r a s i o n c a v i t y p r e p a r a t i o n 

systems use a stream o f p u r i f i e d aluminum o x i d e p a r t i c l e s 

p r o p e l l e d by a i r p r e s s u r e . They can be used t o excavate 

decay, c u t t i n g t h r o u g h enamel and d e n t i n , t o abrade o r roughen 

a t o o t h s u r f a c e . T h i s t y p e o f c a v i t y p r e p a r a t i o n system i s 

i d e a l f o r use w i t h composite r e s i n s , w h i c h r e q u i r e m i n i m a l 

t o o t h p r e p a r a t i o n and l e s s r i g i d c l a s s i c c a v i t y d e s i g n t h a n 

does amalgam. T h e r e f o r e , t h e p o t e n t i a l b e n e f i t s o f t h i s 

concept have i n c r e a s e d d r a m a t i c a l l y s i n c e t h e 1950's w i t h t h e 

advancement i n composite r e s i n m a t e r i a l s . The KCP 2000 i s 

h i g h l y t o u t e d by t h e m a n u f a c t u r e r as an a l t e r n a t i v e t o a c i d 

e t c h i n g p r i o r t o t h e placement o f s e a l a n t s o r bon d i n g a g e n t s . 

However, a t t h e o n s e t o f t h i s s t u d y , no c l i n i c a l o r l a b o r a t o r y 

s t u d i e s have examined t h e amount o f m i c r o l e a k a g e t h a t o c c u r s 

a t t h e sealant-enamel i n t e r f a c e when t h e KCP 2000 i s used t o 

c o n d i t i o n t e e t h p r i o r t o s e a l a n t placement. 
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M i c r o l e a k a g e a t t h e t o o t h - r e s t o r a t i o n i n t e r f a c e o f 

composite r e s i n s may l e a d t o s t a i n i n g , r e c u r r e n t c a r i e s , 

p o s t o p e r a t i v e s e n s i t i v i t y , adverse p u l p a l response, o r l o s s o f 

t h e r e s t o r a t i o n . Because p i t and f i s s u r e s e a l a n t s r e l y on an 

i n t i m a t e bond between r e s i n and enamel f o r r e t e n t i o n , e v i d e n c e 

o f m i c r o l e a k a g e under a s e a l a n t i s an i n d i c a t o r o f p o t e n t i a l 

f a i l u r e . T h e r e f o r e , any t e c h n i q u e used t o c o n d i t i o n t e e t h 

p r i o r t o s e a l a n t placement s h o u l d be examined f o r i t s a b i l i t y 

t o promote an adequate s e a l o f t h e i n t e r f a c e . 

M i c r o l e a k a g e a t t h e sealant-enamel i n t e r f a c e o f t e e t h 

c o n d i t i o n e d w i t h t h e KCP 2000 i s an unknown f a c t o r . I f t h e 

m i c r o l e a k a g e i s s i g n i f i c a n t , t h e s e a l a n t s may u l t i m a t e l y f a i l 

and be l o s t (Fuks e t a l . , 1984). I f , however, t h e 

m i c r o l e a k a g e i s n o t s i g n i f i c a n t , t h e use o f t h e KCP 2000 i n 

c o n d i t i o n i n g t e e t h f o r s e a l a n t placement may s i g n i f i c a n t l y 

improve t h e d e l i v e r y o f t h i s v a l u a b l e p r e v e n t i v e t e c h n i q u e . 

The purpose o f t h i s i n v i t r o s t u d y i s t o compare t h e e x t e n t o f 

m i c r o l e a k a g e a t t h e sealant-enamel i n t e r f a c e o f human molar 

t e e t h c o n d i t i o n e d w i t h e i t h e r t h e KCP 2000 o r 37% p h o s p h o r i c 



CHAPTER I I 

LITERATURE REVIEW: 

I n t r o d u c t i o n 

The p r e s e n t i n v e s t i g a t i o n examines t h e m i c r o l e a k a g e o f 

p i t and f i s s u r e s e a l a n t s o f t e e t h c o n d i t i o n e d w i t h e i t h e r a i r -

a b r a s i o n or 37% p h o s p h o r i c a c i d . To b e t t e r u n d e r s t a n d t h e 

s i g n i f i c a n c e o f t h i s work t h e l i t e r a t u r e was r e v i e w e d w i t h 

r e g a r d t o t h e f o l l o w i n g t o p i c s : a) r a t i o n a l e f o r p i t and 

f i s s u r e s e a l a n t s ; b) s e a l a n t s : p a s t and p r e s e n t ; c) t h e a c i d 

e t c h t e c h n i q u e ; d) c l i n i c a l e f f e c t i v e n e s s o f s e a l a n t s ; e) 

m i c r o l e a k a g e ; and f ) a i r - a b r a s i o n . 

R a t i o n a l e f o r P i t and F i s s u r e S e a l a n t s 

The o c c l u s a l s u r f a c e anatomy o f p o s t e r i o r t e e t h , 

s p e c i f i c a l l y t h e p i t s and f i s s u r e s , makes t h e s e s u r f a c e s 

p a r t i c u l a r l y s u s c e p t i b l e t o d e n t a l c a r i e s . O c c l u s a l s u r f a c e s 

account f o r almost 60% o f t h e c a r i o u s c o n d i t i o n s o f c h i l d r e n 

and a d o l e s c e n t s a c c o r d i n g t o t h e 1987 N a t i o n a l D e n t a l C a r i e s 

Prevalence Study (NIDR, 1989). Even more r e c e n t l y . H i c k s and 

F l a i t z (1993) r e p o r t e d t h a t over 85% o f t h e l e s i o n s i n t h e 

permanent d e n t i t i o n i n v o l v e s u r f a c e s w i t h p i t s and f i s s u r e s . 
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4 
A c c o r d i n g t o t h e most r e c e n t n a t i o n a l s u r v e y s , t h e 

i n c i d e n c e o f smooth s u r f a c e c a r i e s has decreased d r a m a t i c a l l y 

over t h e p a s t two decades (NCHS, 1971; NCHS, 1974; NIDR, 1981; 

NIDR, 1989). T h i s decrease can be a t t r i b u t e d t o a number o f 

f a c t o r s , b u t p l a y i n g a major r o l e i n t h i s decrease i s t h e 

usage o f sy s t e m i c and t o p i c a l f l u o r i d e s ( H i c k s e t a l . , 1985). 

A c c o r d i n g t o a 1987 NIDR s t u d y , i n t e r p r o x i m a l c a r i e s decreased 

by 60% i n f l u o r i d a t e d coramunities compared t o o n l y 10% f o r p i t 

and f i s s u r e c a r i e s (NIDR, 1989). 

The morphology o f p i t s and f i s s u r e s , s p e c i f i c a l l y t h e i r 

f o r m and d e p t h , i s what makes thera so s u s c e p t i b l e t o d e n t a l 

c a r i e s (Rohr e t a l . , 1991). Many of t h e p i t s and f i s s u r e s 

p r e s e n t on b u c c a l , l i n g u a l , and o c c l u s a l s u r f a c e s a r e so 

narrow and/or deep t h a t t h e y are d i f f i c u l t t o d e b r i d e t h r o u g h 

d a i l y hygiene p r a c t i c e s o r p r o f e s s i o n a l p r o p h y l a x i s . T h i s 

l e a v e s these s u r f a c e s s u s c e p t i b l e t o t h e c o l l e c t i o n o f pl a q u e 

c o n t a i n i n g microorganisms ( G a l i l , 1975). 

Another f a c t o r c o n t r i b u t i n g t o t h e s u s c e p t i b i l i t y f o r 

decay o f o c c l u s a l s u r f a c e s i s t h e i r c l o s e p r o x i m i t y t o t h e DEJ 

as compared t o smooth s u r f a c e s . When t h e o c c l u s a l enamel 

becoraes c a r i o u s t h e u n d e r l y i n g d e n t i n can become r a p i d l y 

i n v o l v e d . T h i s r e n d e r s t h e o c c l u s a l s u r f a c e raore s u s c e p t i b l e 

t o t h e advancement o f decay ( S i l v e r s t o n e , 1984). I t has been 

p o s t u l a t e d t h a t t h i s i s t h e reason s y s t e m i c and t o p i c a l 

f l u o r i d e s a re l e s s e f f e c t i v e i n p r e v e n t i n g p i t and f i s s u r e 
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c a r i e s as compared t o smooth s u r f a c e c a r i e s ( H i c k s e t a l . , 

1986) . 

A number o f f a c t o r s make t h e d e t e c t i o n and r e s t o r a t i o n o f 

p i t and f i s s u r e c a r i e s d i f f i c u l t , p a r t i c u l a r l y i n c h i l d r e n and 

a d o l e s c e n t s . Houpt e t a l . (1985) showed t h a t c l i n i c a l exam 

f o r d e t e r m i n i n g p i t and f i s s u r e c a r i e s i s q u i t e v a r i a b l e f r o m 

one p r a c t i t i o n e r t o a n o t h e r , r e s u l t i n g f r o m v a r i a t i o n s i n t h e 

examiner judgement, s i z e and shape o f t h e e x p l o r e r t i p , and 

t h e f o r c e a p p l i e d . P r e v i o u s r e s e a r c h has i n d i c a t e d t h a t 

r i g o r o u s p r o b i n g o f p i t s and f i s s u r e s s h o u l d be a v o i d e d as i t 

may produce t r a u m a t i c d e f e c t s o f t h e enamel s u r f a c e , t h u s 

making t h e f i s s u r e s more s u s c e p t i b l e t o l e s i o n p r o g r e s s i o n 

( E k s t r a n d e t a l . , 1987). Recent s t u d i e s have shown t h a t t h e 

use o f e x p l o r e r p r o b i n g m i g h t n o t improve t h e v a l i d i t y o f 

d i a g n o s i s o f f i s s u r e c a r i e s as compared t o v i s u a l i n s p e c t i o n 

a l o n e ( L u s s i , 1991; Van Amerongen, 1992). The use o f 

m i c r o b i a l t e s t s t o screen p r e s c h o o l c h i l d r e n f o r S t r e p t o c o c c u s 

mutans has been suggested ( E d e l s t e i n and T i n a n o f f , 1989). 

C u r r e n t r e s e a r c h has shown t h a t t h e use o f r a d i o g r a p h i c exam 

t o d e t e c t o c c l u s a l c a r i e s i s u n r e l i a b l e ( F l a i t z e t a l . , 1986; 

McKnight-Hanes e t a l . , 1990). A d d i t i o n a l l y , t h e p o t e n t i a l 

l a c k o f c o o p e r a t i o n o f t h i s p a t i e n t p o p u l a t i o n f u r t h e r 

c o m p l i c a t e s t h e d e t e c t i o n and r e s t o r a t i o n o f p i t and f i s s u r e 

c a r i e s . As i s e v i d e n t , t h e r e a l c h a l l e n g e f a c i n g t h e d e n t a l 

p r o f e s s i o n i s t h e p r e v e n t i o n o f p i t and f i s s u r e c a r i e s . 
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S e a l a n t s : Past and Present 

P r i o r t o t h e advent o f s e a l a n t s , numerous a t t e m p t s were 

made t o p r o v i d e an adequate t e c h n i q u e t o p r e v e n t p i t and 

f i s s u r e c a r i e s . H y a t t (1923) proposed t h e usage o f 

p r o p h y l a c t i c , c o n s e r v a t i v e Class I r e s t o r a t i o n s o f amalgam t o 

p r e v e n t f u t u r e , more a g g r e s s i v e c a r i e s . Bodecker (1929) 

i n t r o d u c e d t h e concept o f p l a c i n g cement i n t o t h e p i t s and 

f i s s u r e s i n an a t t e m p t t o s e a l them. L a t e r , he i n t r o d u c e d t h e 

p r o p h y l a c t i c odontotomy, which i n v o l v e d w i d e n i n g t h e f i s s u r e s 

i n an a t t e m p t t o make them more c l e a n a b l e . 

The r e a l b r e a k t h r o u g h i n p r e v e n t i n g p i t and f i s s u r e 

c a r i e s came when Buonocore (1955) i n t r o d u c e d a method f o r 

mechanical bonding o f r e s t o r a t i v e r e s i n t o enamel. He used an 

85% p h o s p h o r i c a c i d s o l u t i o n and a c o n d i t i o n i n g t i m e o f 30 

seconds i n v i v o t o a l t e r t h e e x i s t i n g enamel and i n c r e a s e t h e 

r e t e n t i o n o f a c r y l i c f i l l i n g m a t e r i a l s 1 0 0 - f o l d v e r s u s non-

t r e a t e d c o n t r o l s . 

D u r i n g t h e 1960's a number o f d i f f e r e n t r e s i n m a t e r i a l s 

were t e s t e d u s i n g t h e a c i d e t c h t e c h n i q u e developed by 

Buonocore. The f i r s t c l i n i c a l t r i a l s used p i t and f i s s u r e 

s e a l a n t s composed o f a c y a n o a c r y l a t e substance (Cueto and 

Buonocore, 1967). These r e s i n s proved i n a d e q u a t e due t o 

b a c t e r i a l d e g r a d a t i o n over t i m e i n t h e o r a l e n v i ronment (Ripa 

and Cole, 1970). Among t h e d i f f e r e n t r e s i n s b e i n g t e s t e d a t 

th e t i m e was a d i m e t h a c r y l a t e , which was formed by r e a c t i n g 

b i s p h e n o l A w i t h g l y c i d y l m e t h a c r y l a t e . T h i s h y b r i d monomer 
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resembled an epoxy r e s i n except t h a t t h e epoxy groups were 

r e p l a c e d w i t h m e t h a c r y l a t e groups (Bowen, 1962; Bowen, 1963). 

T h i s t y p e o f d i m e t h a c r y l a t e r e s i n has become commonly r e f e r r e d 

t o as BIS-GMA (Bowen, 1982). R e c o g n i z i n g t h i s m a t e r i a l ' s 

a b i l i t y t o s e a l p i t s and f i s s u r e s , t h e ADA g r a n t e d p r o v i s i o n a l 

acceptance t o t h e f i r s t s e a l a n t i n t h e 1972 ( C o u n c i l on D e n t a l 

M a t e r i a l s and Devices, 1972). Today, most commercial s e a l a n t s 

are BIS-GMA d i m e t h a c r y l a t e o r uret h a n e d i m e t h a c r y l a t e based 

p r o d u c t s ( R i p a , 1993). More r e c e n t i n v e s t i g a t i o n s have 

focused on t h e usage o f f l u o r i d e c o n t a i n i n g g l a s s ionomer 

m a t e r i a l s as p i t and f i s s u r e s e a l a n t s . However, c l i n i c a l 

s t u d i e s have r e s u l t e d i n poor r e t e n t i o n r a t e s f o r t h e g l a s s 

ionomer s e a l a n t s , and a d d i t i o n a l r e s e a r c h i s necessary i n t h i s 

area (Boksman e t a l . , 1987; Forss e t a l . , 1994). 

S e a l a n t s may d i f f e r i n a number o f p h y s i c a l p r o p e r t i e s , 

i n c l u d i n g t h e i r method o f p o l y m e r i z a t i o n . The two methods 

c u r r e n t l y employed a r e a u t o p o l y m e r i z a t i o n , o r c h e m i c a l l y c u r e d 

systems, and p h o t o a c t i v a t i o n , o r v i s i b l e l i g h t - c u r e d systems. 

A u t o p o l y m e r i z a t i o n systems mix a base r e s i n and a c a t a l y s t 

r e s i n . P h o t o a c t i v a t i o n w i t h a v i s i b l e l i g h t s o u r c e , w h i c h has 

r e p l a c e d t h e use o f u l t r a v i o l e t l i g h t , i s t h e most p o p u l a r 

method used t o d a y . A d d i t i o n a l l y , t h e l a s e r - c u r i n g o f v i s i b l e 

l i g h t - a c t i v a t e d r e s i n m a t e r i a l s has been i n v e s t i g a t e d r e c e n t l y 

w i t h f a v o r a b l e r e s u l t s (Blankenau e t a l . , 1991; Westerman e t 

a l . , 1991). F u r t h e r r e s e a r c h i s ongoing i n t h i s a r e a . 
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The A c i d Etch Technique 

The use o f an a c i d s o l u t i o n t o e t c h t h e enamel s u r f a c e i s 

an e s s e n t i a l p r e r e q u i s i t e f o r t h e s u c c e s s f u l b o n d i n g o f r e s i n s 

t o t o o t h s t r u c t u r e . Since Buonocore 7s work u s i n g 85% 

p h o s p h o r i c a c i d t o e t c h enamel, a number o f o t h e r m a t e r i a l s 

have been s t u d i e d as p o t e n t i a l e t c h i n g a g e n t s . P y r u v i c 

( R e t i e f e t a l . , 1976), l a c t i c (Oshawa, 1972), and c i t r i c a c i d s 

( B r u e r and T e r m i n i , 1972) have a l s o been used t o e t c h enamel 

p r i o r t o t h e placement o f a r e s i n . A l t h o u g h e t c h i n g o f enamel 

was ac h i e v e d w i t h t h e s e a c i d s o l u t i o n s , t h e bond s t r e n g t h s o f 

r e s i n t o enamel were a l l i n f e r i o r as compared t o t h o s e 

a c h i e v e d w i t h p h o s p h o r i c a c i d . 

S i l v e r s t o n e e t a l . (1975b) have demonstrated t h r e e b a s i c 

e t c h i n g p a t t e r n s t h a t a r e produced by t h e placement o f an a c i d 

on enamel s u r f a c e s . Type I e t c h i n g p a t t e r n shows a 

p r e f e r e n t i a l d e m i n e r a l i z a t i o n o f t h e p r i s m c o r e s ; Type I I 

e t c h i n g p a t t e r n demonstrates t h e r e v e r s e e f f e c t i n w h i c h t h e 

p r i s m p e r i p h e r i e s are removed p r e f e r e n t i a l l y ; and i n t h e Type 

I I I p a t t e r n , t h e s u r f a c e shows no m o r p h o l o g i c a l e v i d e n c e o f a 

p r i s m p a t t e r n . A l l t h r e e p a t t e r n s may be f o u n d t o occur on a 

s i n g l e t o o t h s u r f a c e f r o m a s i n g l e e t c h . A d d i t i o n a l l y , a 

s t r o n g bond w i l l occur between r e s i n and enamel w i t h a l l t h r e e 

p a t t e r n s . 

When a s e a l a n t i s a p p l i e d t o e t c h e d enamel s u r f a c e s , 

r e s i n monomer i n f i l t r a t e s t h e mi c r o p o r e s t o f o r m a mechanical 

l o c k upon p o l y m e r i z a t i o n . The e a r l y s t u d i e s on t h e depths o f 
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t h e s e m i c r o p o r e s were c o n f l i c t i n g . I n v i t r o s t u d i e s by 

G w i n n e t t and Buonocore (1965) r e p o r t e d an average t a g l e n g t h 

o f 10 m i c r o n s . An i n v i v o s t u d y by G w i n n e t t and Ripa (1973) 

produced an average t a g l e n g t h o f 25 m i c r o n s . S i l v e r s t o n e , 

however, showed average t a g depths t o be 50 m i c r o n s 

( S i l v e r s t o n e , 1974). S i l v e r s t o n e (1975a) addressed t h e s e 

d i s c r e p a n c i e s when he d e s c r i b e d t h r e e m i c r o s c o p i c l e v e l s a t 

which e t c h e d enamel i s a f f e c t e d . The f i r s t i s an e t c h e d zone 

o f enamel a p p r o x i m a t e l y 10 microns i n d e p t h . T h i s zone 

r e s u l t s i n a more r e a c t i v e s u r f a c e , an i n c r e a s e i n s u r f a c e 

a r e a , and a reduced s u r f a c e t e n s i o n . The second zone i s t h e 

q u a l i t a t i v e porous zone c o n s i s t i n g o f l a r g e p o r o s i t i e s 

r e a c h i n g 20 microns i n d e p t h . I n c o m b i n a t i o n , t h e f i r s t two 

zones re a c h about 30 microns i n d e p t h . The deeper t h i r d zone, 

t h e q u a n t i t a t i v e porous zone, c o n t a i n s s m a l l p o r o s i t i e s 

i d e n t i f i e d by q u a n t i t a t i v e methods u s i n g p o l a r i z e d l i g h t . 

T h i s t h i r d zone a l l o w s p e n e t r a t i o n up t o 50 m i c r o n s and had 

n o t been i d e n t i f i e d p r i o r t o t h i s s t u d y . S i l v e r s t o n e used 

t h i s f i n d i n g t o e x p l a i n t h e r e p o r t e d v a r i a b i l i t y i n p o r o s i t y 

d e p t h . 

Conlon and S i l v e r s t o n e (1982) examined t h e e f f e c t o f 

e t c h i n g v a r i o u s t o o t h s u r f a c e s by p e r f o r m i n g an i n v i v o and i n 

v i t r o s t u d y i n which a l l f i v e t o o t h s u r f a c e s i n a s i n g l e t o o t h 

were et c h e d . The r e s u l t s showed a more d i s t i n c t e t c h f o u n d on 

t h e smooth s u r f a c e s as compared t o t h e o c c l u s a l s u r f a c e . 
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Numerous s t u d i e s over t h e l a s t few decades have f o c u s e d 

on t h e a p p r o p r i a t e c o n c e n t r a t i o n , e t c h i n g t i m e , and r i n s i n g 

t i m e t o produce optimum r e s u l t s w i t h minimum l o s s o f t o o t h 

s t r u c t u r e . W i t h r e g a r d t o t h e optimum c o n c e n t r a t i o n o f 

p h o s p h o r i c a c i d , Manson-Rahamtulla e t a l . (1984) used 

c o n c e n t r a t i o n s o f p h o s p h o r i c a c i d r a n g i n g f r o m 10 t o 70% i n 

10% i n c r e m e n t s t o d e t e r m i n e t h e amount o f c a l c i u m removed and 

t h e d e p t h o f e t c h . The r e s u l t s showed t h e t o t a l amount o f 

c a l c i u m d i s s o l v e d and t h e d e p t h o f e t c h i n c r e a s e d w i t h an 

i n c r e a s e i n a c i d c o n c e n t r a t i o n and reached a maximum a t 40%. 

A f u r t h e r i n c r e a s e i n a c i d c o n c e n t r a t i o n r e s u l t e d i n a 

decrease i n t h e de p t h o f e t c h and t o t a l c a l c i u m d i s s o l v e d . 

W hile comparing e t c h i n g c h a r a c t e r i s t i c s o f v a r i o u s a g e n t s , 

S i l v e r s t o n e (1974) concluded t h a t an u n b u f f e r e d s o l u t i o n o f 

30% p h o s p h o r i c a c i d produced t h e most even d i s t r i b u t i o n o f 

etch e d enamel. Gross e t a l . (1984) examined t h e m i c r o l e a k a g e 

o f c l a s s V composite r e s i n s u s i n g p h o s p h o r i c a c i d s o l u t i o n s 

r a n g i n g from 10 t o 70% i n in c r e m e n t s o f 10%. The r e s u l t s 

showed e t c h i n g w i t h 10 t o 60% p h o s p h o r i c a c i d reduced m a r g i n a l 

leakage s i g n i f i c a n t l y as compared t o an unetched c o n t r o l . 

E t c h i n g w i t h a 70% s o l u t i o n d i d n o t s i g n i f i c a n t l y reduce t h e 

m i c r o l e a k a g e . I n an i n v i t r o s t u d y , G o t t l i e b e t a l . (1982) 

demonstrated t h a t t h e t e n s i l e bond s t r e n g t h s o f composite 

r e s i n bonded t o enamel s u r f a c e s etched w i t h 10 t o 60% 

p h o s p h o r i c a c i d were n o t s i g n i f i c a n t l y d i f f e r e n t . However, 
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e t c h i n g w i t h 70% p h o s p h o r i c a c i d r e s u l t e d i n s i g n i f i c a n t l y 

l o w e r t e n s i l e bond s t r e n g t h s . 

For many yea r s m a n u f a c t u r e r s recommended an a c i d e t c h 

a p p l i c a t i o n o f 60 seconds, b u t t h e r e have been numerous 

c h a l l e n g e s r e c e n t l y t o t h i s once w i d e l y accepted 60 second 

c o n d i t i o n i n g t i m e . T e n s i l e bond s t r e n g t h s o f an o r t h o d o n t i c 

r e s i n cement were compared f o r 15, 30, 60, 90, o r 120 second 

e t c h i n g t i m e s w i t h 37% p h o s p h o r i c a c i d on t h e enamel o f young 

permanent t e e t h (Wang and Lu, 1991). The r e s u l t s showed no 

s t a t i s t i c a l d i f f e r e n c e s between t h e 15, 30, 60, o r 90 second 

e t c h i n g t i m e s , and a s i g n i f i c a n t decrease i n t e n s i l e bond 

s t r e n g t h f o r t h e 120 second e t c h i n g t i m e . These r e s u l t s a r e 

i n g e n e r a l agreement w i t h t h e f i n d i n g s o f Tandon e t a l . 

( 1 9 8 9 ) , who found no s t a t i s t i c a l d i f f e r e n c e s i n t h e bond 

s t r e n g t h o f s e a l a n t s and on t h e e t c h p a t t e r n o f permanent 

enamel o f 15, 30, 60, and 120 second 37% p h o s p h o r i c a c i d e t c h . 

Stephen e t a l . (1982) showed a 100% two y ear r e t e n t i o n r a t e 

f o r s e a l a n t s on f i r s t molars u s i n g a 20 second a c i d e t c h i n g 

t i m e . Eidelman e t a l . (1988) demonstrated comparable r e s u l t s 

i n r e t e n t i o n r a t e s o f s e a l a n t s a f t e r t h r e e y e a r s u s i n g 20 

second e t c h i n g t i m e s i n comparison t o 60 seconds. R e p o r t s 

have a l s o demonstrated s a t i s f a c t o r y m a r g i n a l s e a l i n g can be 

a c h i e v e d w i t h reduced enamel e t c h i n g t i r a e s (Crira and Shay, 

1987; Fuks e t a l . , 1984). Barkraeier e t a l . (1985, 1986) used 

s c a n n i n g e l e c t r o n microscopy t o show no d i f f e r e n c e i n t h e t y p e 

o f e t c h p a t t e r n s between a 15 o r 60 second a c i d c o n d i t i o n i n g 
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t i m e . C u r r e n t l y , based on t h e s t u d i e s , a 20 second e t c h i s 

w i d e l y viewed as a c c e p t a b l e f o r bonding p r o c e d u r e s . 

D i f f e r i n g o p i n i o n s a l s o e x i s t w i t h r e g a r d t o t h e o p t i m a l 

r i n s i n g t i m e o f a c i d e t c h e d s u r f a c e s . S c h u l e i n e t a l . (1986) 

used shear bond s t r e n g t h s o f composite r e s i n s t o a c i d e t c h e d 

enamel t o show no s t a t i s t i c a l d i f f e r e n c e between 20 o r 40 

second r i n s e t i m e s . Summit e t a l . (1992) f o u n d no s i g n i f i c a n t 

d i f f e r e n c e s i n shear bond s t r e n g t h o f composite r e s i n bonded 

t o e t c h e d , f l a t t e n e d enamel between groups r i n s e d w i t h e i t h e r 

w a t e r o r a i r / w a t e r spray f o r 1, 2, 3 , 5 o r 20 seconds 

f o l l o w i n g 20 second e t c h w i t h 37% p h o s p h o r i c a c i d g e l . T h i s 

s t u d y suggested t h a t one t o f i v e second r i n s e t i m e s per t o o t h 

s u r f a c e w i t h e i t h e r a stream o f w a t er o r an a i r / w a t e r s p r a y 

s h o u l d a d e q u a t e l y remove t h e e t c h i n g g e l f r o m t h e e t c h e d 

enamel s u r f a c e t o p r o v i d e adequate bonding o f composite r e s i n . 

C l i n i c a l E f f e c t i v e n e s s o f S e a l a n t s 

S e a l a n t s a c t as a p h y s i c a l b a r r i e r , p r e v e n t i n g o r a l 

b a c t e r i a and o t h e r n u t r i e n t s from c o l l e c t i n g w i t h i n t h e 

f i s s u r e s and from p r o d u c i n g t h e a c i d i c c o n d i t i o n s necessary 

f o r c a r i e s i n i t i a t i o n ( R i p a , 1973). Numerous s t u d i e s over t h e 

p a s t two decades have a t t e m p t e d t o e v a l u a t e i m p o r t a n t f a c t o r s 

i n f l u e n c i n g t h e c l i n i c a l e f f e c t i v e n e s s o f s e a l a n t s , i n c l u d i n g 

c a r i e s i n c i d e n c e and r e t e n t i o n r a t e s . S e a l a n t e f f e c t i v e n e s s 

was o r i g i n a l l y s t u d i e d by comparing t h e c a r i e s i n h i b i t i o n o f 

s e a l a n t - t r e a t e d t e e t h t o t e e t h i n t h e same mouth t h a t were n o t 



t r e a t e d . These t y p e s o f s t u d i e s may have i n t r o d u c e d an 

u n i n t e n t i o n a l b i a s on t h e p a r t o f t h e examiner i n t o t h e 

r e s u l t s (Stephen and S t r a n g , 1985). A number o f problems 

e x i s t e d w i t h t h e e a r l y s e a l a n t s t u d i e s which had a s i g n i f i c a n t 

i n f l u e n c e on t h e v a r i e d r e s u l t s which were o b t a i n e d , A number 

o f v a r i a b l e s , i n c l u d i n g t h e t y p e o f s e a l a n t t e s t e d , t h e 

p o s i t i o n o f t h e t e e t h i n t h e mouth, t h e c l i n i c a l s k i l l s o f t h e 

o p e r a t o r , and t h e age o f t h e c h i l d , u n d o u b t e d l y i n f l u e n c e d t h e 

r e s u l t s o b t a i n e d ( R i p a , 1980). I n a d d i t i o n , t h e m a j o r i t y o f 

c l i n i c a l s t u d i e s used a s i n g l e a p p l i c a t i o n o f s e a l a n t f o l l o w e d 

by p e r i o d i c e v a l u a t i o n s w i t h o u t any a t t e m p t s t o r e p a i r t h e 

s e a l a n t s . Yet a n o t h e r f a c t o r i n f l u e n c i n g t h e r e s u l t s o f e a r l y 

s e a l a n t s t u d i e s was t h e d i s c o v e r y o f i n a d e q u a t e e a r l y l i g h t s 

and m a t e r i a l s t o ensure complete p o l y m e r i z a t i o n o f t h e 

m a t e r i a l (Young e t a l . , 1977, 1978). A d d i t i o n a l l y , t h e 

i m p o rtance o f e t c h t i m e , r i n s i n g , and d r y i n g weren't 

c o m p l e t e l y u n d e r s t o o d . For t hese reasons, mixed r e s u l t s were 

o b t a i n e d i n t h e e a r l y c l i n i c a l t r i a l s e x a m i n i n g s e a l a n t 

e f f e c t i v e n e s s . 

I n t h e p a s t decade, however, more c o n s i s t e n t p o s i t i v e 

r e s u l t s have been o b t a i n e d . Simonsen (1987) r e p o r t e d t h a t 78% 

o f t r e a t e d f i s s u r e s were e i t h e r c o m p l e t e l y (57%) o r p a r t i a l l y 

c o vered (21%) 10 y ears a f t e r a s i n g l e s e a l a n t a p p l i c a t i o n . 

T h i s s t u d y used c h e m i c a l l y p o l y m e r i z e d s e a l a n t s t o t r e a t f i r s t 

permanent m o l a r s . Even a f t e r 15 y e a r s , Simonsen (1991) 
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r e p o r t e d 63% o f t h e t r e a t e d f i s s u r e s were e i t h e r c o m p l e t e l y 

(28%) o r p a r t i a l l y covered ( 3 5 % ) . 

Recent c l i n i c a l s t u d i e s i n which s e a l a n t s were r e a p p l i e d 

when t h e y were l o s t have had more i m p r e s s i v e r e s u l t s 

(Charbeneau, 1982; S t r a f f o n and Dennison, 1988). R e t e n t i o n 

r a t e s r a n g i n g f r o m 88-96% have been r e p o r t e d a t each annual 

e v a l u a t i o n . Even more i m p r e s s i v e i s t h e f a c t t h a t t h i s t y p e 

o f r e a p p l i c a t i o n p r o t o c o l was found t o be 100% e f f e c t i v e i n 

p r e v e n t i n g p i t and f i s s u r e c a r i e s . 

Ripa (1993) summarized 14 c l i n i c a l s t u d i e s w h i c h compared 

r e t e n t i o n r a t e s o f v i s i b l e l i g h t a c t i v a t e d s e a l a n t s t o e i t h e r 

c h e m i c a l o r u l t r a v i o l e t a c t i v a t e d s e a l a n t s . The r e s u l t s o f 

t h i s comparison showed t h e performance l e v e l f o r v i s i b l e l i g h t 

a c t i v a t e d s e a l a n t s t o be s i m i l a r t o c h e m i c a l p o l y m e r i z e d 

s e a l a n t s and b e t t e r t h a n u l t r a v i o l e t p o l y m e r i z e d s e a l a n t s w i t h 

an o b s e r v a t i o n p e r i o d up t o 5 y e a r s . 

M i c r o l e a k a g e 

M i c r o l e a k a g e i s d e f i n e d as t h e i n g r e s s o f f l u i d s and/or 

microorganisms i n t o t h e space between t o o t h s t r u c t u r e and 

r e s t o r a t i v e m a t e r i a l s ( T r o w b r i d g e , 1987). Because o f t h e 

d i f f e r e n t c o e f f i c i e n t s o f t h e r m a l expansion o f r e s t o r a t i v e 

m a t e r i a l and t o o t h s t r u c t u r e , p r o l o n g e d and r e p e a t e d e x p a n s i o n 

and c o n t r a c t i o n o f m a t e r i a l due t o t h e r m a l changes may l e a d t o 

an i n c r e a s e i n leakage as t h e two m a t e r i a l s s e p a r a t e . The 

success o f a s e a l a n t i s d i r e c t l y r e l a t e d t o i t s a b i l i t y t o a c t 
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as a p h y s i c a l b a r r i e r between o r a l f l u i d s and b a c t e r i a and t h e 

p i t s and f i s s u r e s o f o c c l u s a l s u r f a c e s . The r e t e n t i o n r a t e o f 

a s e a l a n t i s d i r e c t l y r e l a t e d t o an i n t i m a t e m i c r o m e c h a n i c a l 

bond between r e s i n and enamel. T h e r e f o r e , t h e performance o f 

a s e a l a n t w i l l be a f f e c t e d by t h e amount o f m i c r o l e a k a g e t h a t 

o c c u r s (Houpt and Shey, 1983; Simonsen, 1980; Simonsen, 1981). 

A number o f d i f f e r e n t methods have been employed t o s t u d y 

t h e phenomenon o f m i c r o l e a k a g e . I n v i t r o methods have 

i n c l u d e d r a d i o a c t i v e t r a c e r s , dye p e n e t r a t i o n , b a c t e r i a l 

p e n e t r a t i o n , e l e c t r o c h e m i c a l a n a l y s i s , s i l v e r n i t r a t e 

s t a i n i n g , s c a n n i n g e l e c t r o n microscopy, and f l u o r o m e t r i c assay 

(Barnes e t a l . , 1993). Two o f t h e more commonly used methods 

employed t o d e t e c t m i c r o l e a k a g e are t h e immersion o f specimens 

i n s o l u t i o n s o f dye o r r a d i o i s o t o p e s . Crim e t a l . (1985) 

showed t h a t t h e use o f a dye o r an i s o t o p e was e q u a l l y 

e f f e c t i v e and p e n e t r a t e d t h e t o o t h - r e s t o r a t i o n i n t e r f a c e t o a 

s i m i l a r degree. S i l v e r n i t r a t e i s c u r r e n t l y t h e most commonly 

used s t a i n i n g t e c h n i q u e f o r m i c r o l e a k a g e and i s s t a b l e , 

r e a d i l y a v a i l a b l e , and r e l a t i v e l y i n e x p e n s i v e (Barnes e t a l . , 

1993) . 

The t h e r m a l changes o f t h e o r a l e n v i ronment t h a t 

r e s t o r a t i o n s are s u b j e c t e d t o a r e s i m u l a t e d by a t h e r m o c y c l i n g 

p rocedure t h a t exposes t h e r e s t o r a t i o n s t o a l t e r n a t i n g 

t e m p e r a t u r e extremes over s e l e c t e d t i m e i n t e r v a l s . Crim e t 

a l . (1985) compared t h e e f f e c t o f d w e l l t i m e and t i m i n g o f dye 

immersion u s i n g b a s i c f u c h s i n dye and Ca++ i s o t o p e t r a c e r . 
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The r e s u l t s showed t h e d e p t h o f m i c r o l e a k a g e was independent 

o f t h e d w e l l t i m e i n t h e t h e r m a l b a t h s . They a l s o showed no 

d i f f e r e n c e i n t h e d e p t h o f t r a c e r p e n e t r a t i o n between 

specimens p l a c e d i n t h e t r a c e r d u r i n g t h e r m o c y c l i n g and t h o s e 

immersed i n t h e t r a c e r a f t e r t h e r m o c y c l i n g . 

Crim (1987) a l s o examined how t h e s t o r a g e t i m e o f t h e 

t e e t h b e f o r e t h e r m o c y c l i n g and t h e l e n g t h o f t h e t h e r m o c y c l i n g 

p r o t o c o l may a f f e c t t h e r e s u l t s o f m i c r o l e a k a g e s t u d i e s . 

R e s u l t s o f t h e s t u d y i n d i c a t e d t h a t t h e degree o f b a s i c 

f u c h s i n dye p e n e t r a t i o n t h a t o c c u r r e d i n specimens c y c l e d 

i m m e d i a t e l y a f t e r f i n i s h i n g t h e r e s t o r a t i o n s and t h o s e s t o r e d 

f o r 24 hours i n water b e f o r e t e s t i n g was n o t s i g n i f i c a n t l y 

d i f f e r e n t . The r e s u l t s a l s o r e v e a l e d t h a t t h e degree o f dye 

p e n e t r a t i o n was n o t s i g n i f i c a n t l y d i f f e r e n t r e g a r d l e s s o f t h e 

number o f t h e r m a l c y c l e s t o which t h e specimens were 

s u b j e c t e d . 

Barnes e t a l . (1993) compared t h e m i c r o l e a k a g e o f i n 

v i t r o and i n v i v o Class V composite r e s t o r a t i o n s . The i n v i v o 

samples were e x t r a c t e d a p p r o x i m a t e l y 6 weeks a f t e r placement 

o f t h e composites, and t h e i n v i t r o samples were t h e r m o c y c l e d 

540 t i m e s . A l l r e s t o r a t i o n s were s t a i n e d w i t h s i l v e r n i t r a t e . 

The i n v i t r o samples showed s t a t i s t i c a l l y more m i c r o l e a k a g e 

t h a n t h e i n v i v o samples. L i t k o w s k i e t a l . (1989) co n c l u d e d 

t h a t t h e r m o c y c l i n g a c t u a l l y i n c r e a s e s t h e amount o f leakage o f 

composite r e s i n r e s t o r a t i o n s and may e x a g g e r a t e t h e c l i n i c a l 
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s i g n i f i c a n c e o f t h e r e s u l t s . I t appears t h a t t h e r m o c y c l i n g 

may p r o v i d e a " w o r s t case" amount o f leakage. 

S t u d i e s have used t h e m i c r o l e a k a g e c o n c e p t t o i n v e s t i g a t e 

t h e e f f e c t o f v a r i o u s f a c t o r s , such as e t c h t i m e (Fuks e t a l . , 

1984) and e t c h c o n c e n t r a t i o n (Gross e t a l . , 1984), on t h e 

e n a m e l - r e s i n i n t e r f a c e . 

A i r A b r a s i o n 

I n 1945, Robert Black (1945) d e s c r i b e d a t e c h n i q u e f o r 

t h e nonmechanical p r e p a r a t i o n o f t e e t h . He d e s c r i b e d t h e 

phenomenon o f a i r - a b r a s i o n as a process t h a t employed f o r i t s 

a c t i o n a v e r y f i n e stream o f compressed a i r i n t o w h i c h a 

s u i t a b l e , f i n e l y d i v i d e d a b r a s i v e agent was i n t r o d u c e d . B l a c k 

went on t o d e s c r i b e t h e f e a t u r e s o f t h e A i r d e n t (SS W h i t e ) , an 

a i r - a b r a s i o n system, which was composed p r i m a r i l y o f a u n i t 

and a handpiece. The u n i t c o n t a i n e d a s m a l l , s i l e n t motor, a 

compressor, an a b r a s i v e v e s s e l , a means o f c o n t r o l l i n g t h e 

m i x t u r e o f a b r a s i v e w i t h a i r , and a vacuum r e c o v e r y r e c e p t a c l e 

w i t h f i l t e r , which s t o r e d t h e a b r a s i v e . 

The suggested c l i n i c a l a p p l i c a t i o n s o f t h e A i r d e n t 

i n c l u d e d e x t r i n s i c s t a i n removal, p r o p h y l a c t i c odontotomy and 

t o o t h p r e p a r a t i o n , and removal o f f a u l t y amalgam. The 

a b r a s i v e used i n t h e u n i t was aluminum o x i d e , w h i c h was 

d e s c r i b e d by B l a c k as h a v i n g t h e f o l l o w i n g f a v o r a b l e 

c h a r a c t e r i s t i c s : c h e m i c a l l y s t a b l e , n o n - t o x i c , r e a d i l y 

a v a i l a b l e , i n e x p e n s i v e , and b e i n g o f a n e u t r a l c o l o r . B l a c k 
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d e s c r i b e d t h e two major drawbacks o f t h i s u n i t t o be t h e 

r e t r i e v a l o f a b r a s i v e from t h e mouth and t h e m i x i n g a p p a r a t u s 

f o r i n c o r p o r a t i n g t h e a b r a s i v e w i t h a i r . 

By January 1951, a p p r o x i m a t e l y 20 d e n t a l s c h o o l s had 

s t a r t e d a p o s t g r a d u a t e course i n t h e a i r - a b r a s i o n t e c h n i q u e 

( M o r r i s o n and Berman, 1953). A survey o f 143 d e n t i s t s who had 

completed a course a t New York U n i v e r s i t y r e v e a l e d t h a t i f 

p r i c e were n o t a c o n s i d e r a t i o n , 100% o f t h e re s p o n d e n t s would 

have had an A i r d e n t u n i t i n t h e i r o f f i c e . The resp o n d e n t s 

r e p o r t e d t h r e e major advances w i t h t h i s u n i t o ver t h e 

handpieces a v a i l a b l e a t t h e t i m e were t h e r e d u c t i o n i n : a) 

n o i s e ; b) v i b r a t i o n ; and c) t h e use o f l o c a l a n e s t h e t i c . I n 

1955, B l a c k (1955) r e e v a l u a t e d t h e A i r d e n t u n i t based on 10 

years e x p e r i e n c e g a i n e d i n over 8,000 p r o c e d u r e s . He n o t e d 

a d d i t i o n a l advantages t o t h e ones a l r e a d y s t a t e d t o be 

decreased f a t i g u e f o r t h e o p e r a t o r , r a p i d removal o f t o o t h 

s t r u c t u r e , and decreased danger o f i n j u r y t o t h e s o f t t i s s u e . 

I n s p i t e o f t h e p o s i t i v e r e s u l t s o b t a i n e d f r o m some o f 

t h e e a r l y work w i t h a i r - a b r a s i o n , i t v i r t u a l l y d i s a p p e a r e d 

from t h e d e n t a l environment i n t h e l a t e 1960's and t h e 1970's. 

C o n t r i b u t i n g f a c t o r s t o t h e disappearance o f a i r - a b r a s i o n were 

t h e c o s t o f t h e u n i t and t h e need f o r r o t a r y i n s t r u m e n t a t i o n 

as an a d j u n c t i n many procedures ( M o r r i s o n and Berman, 1953). 

The concept o f a i r - a b r a s i o n has r e c e n t l y been r e v i s i t e d w i t h 

t h e development o f t h e KCP 2000 K i n e t i c C a v i t y P r e p a r a t i o n 

system by American D e n t a l Technologies ( P l a t e 1) and o t h e r 
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s i m i l a r u n i t s . Since t h e i n t r o d u c t i o n o f t h e f i r s t k i n e t i c 

c a v i t y p r e p a r a t i o n system i n 1945, t h e r e have been major 

advances i n t h e area o f d e n t a l m a t e r i a l s t h a t have made t h e 

usage o f t h i s concept more a p p l i c a b l e . 

I n comparison t o t h e 1950's models, t h e KCP 2000 i s a 

more compact and p o r t a b l e u n i t . I t s components i n c l u d e a 

c o n s o l e t h a t c o n t a i n s t h e i n t e r n a l components, a h i g h p r e s s u r e 

d e l i v e r y system and handpiece assembly, an e v a c u a t i o n hose and 

handpiece, an a i r i n p u t l i n e and compressor c o n n e c t o r , and a 

two-stage f o o t s w i t c h . I m p o r t a n t t o t h i s u n i t i s a h i g h -

volume a i r e v a c u a t o r t o combat t h e problem o f c o l l e c t i o n o f 

a b r a s i v e p a r t i c l e s and t o o t h d e b r i s . The c o n t r o l f o r t h e u n i t 

f e a t u r e s a power t o u c h pad, t h r e e t o u c h pads t o s e l e c t c u t t i n g 

speed, two t o u c h pads t o s e l e c t p a r t i c l e s i z e , and an o p e r a t e 

t o u c h pad t o a l l o w t h e e v a c u a t i o n system t o o p e r a t e 

i n d e p e n d e n t l y . The c u t t i n g speed o p t i o n s a r e : h i g h (160 p s i ) , 

medium (120 p s i ) , and slow (80 p s i ) speeds. The h i g h speed 

a l l o w s f o r f a s t e r c u t t i n g a c t i o n , w h i l e t h e slow speed a l l o w s 

f o r more p r e c i s e shaping and c u t t i n g . The a b r a s i v e p a r t i c l e s 

are aluminum o x i d e , which a r e s u p p l i e d as 2 s i z e s , 50 m i c r o n s 

and 2 7 m i c r o n s . 

By u t i l i z i n g an a i r d r i v e n a b r a s i v e , t h e KCP 2000, as d i d 

t h e A i r d e n t , c o n v e r t s t h e mechanical energy o f t h e motor i n t o 

t h e k i n e t i c energy o f t h e p a r t i c l e s as t h e y pass t h r o u g h t h e 

handpiece t o promote t h e c u t t i n g a c t i o n . The KCP i s d e s i g n e d 

so t h e c u t t i n g a c t i o n i s accomplished w i t h o u t p h y s i c a l c o n t a c t 
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between t h e handpiece and t h e t o o t h . The d i s t a n c e between t h e 

n o z z l e and t h e t o o t h a f f e c t s t h e c u t t i n g speed. To maximize 

t h e c u t t i n g speed, t h e m a n u f a c t u r e r recommends h o l d i n g t h e 

n o z z l e 1-2 mm from t h e t a r g e t . I n c r e a s i n g t h e d i s t a n c e 

decreases t h e c u t t i n g speed. Other v a r i a b l e s a f f e c t i n g t h e 

c u t t i n g speed i n c l u d e t h e v e l o c i t y chosen ( p r e s s u r e ) , t h e 

p a r t i c l e s i z e used, t h e f l o w r a t e o f t h e p a r t i c l e s , and t h e 

t y p e o f t i s s u e b e i n g c u t , w i t h h a r d t i s s u e b e i n g removed a t a 

f a s t e r r a t e t h a n s o f t t i s s u e . 

The m a n u f a c t u r e r c l a i m s t h e KCP 2000 may be used i n p l a c e 

o f t h e c o n v e n t i o n a l d e n t a l armamentarium f o r c e r t a i n 

procedures and as an a d j u n c t i n o t h e r s . The KCP 2000 can 

e f f e c t i v e l y p e n e t r a t e and excavate d e n t i n and enamel, and i s 

most u s e f u l i n p r e p a r i n g Class I c a v i t y p r e p a r a t i o n s , and when 

access a l l o w s . Class I I , I I I , I V , and V p r e p a r a t i o n s . Other 

uses recommended by t h e m a n u f a c t u r e r i n c l u d e p i t and f i s s u r e 

s e a l a n t t o o t h c o n d i t i o n i n g , removal and r e p a i r o f c omposite 

m a t e r i a l s , veneer p r e p a r a t i o n s , r e p a i r o f f r a c t u r e d p o r c e l a i n 

and f a c i n g s , and e t c h i n g t h e i n n e r s u r f a c e o f crowns f o r added 

r e t e n t i o n . 

There are s p e c i f i c s a f e t y p r e c a u t i o n s o u t l i n e d by t h e 

m a n u f a c t u r e r r e g a r d i n g eye p r o t e c t i o n , b a r r i e r m a t e r i a l s , t h e 

e v a c u a t i o n system, and t h e use o f a mouth m i r r o r . There a r e 

a l s o s p e c i f i c c o n t r a i n d i c a t i o n s , which i n c l u d e e n d o d o n t i c and 

s o f t t i s s u e p rocedures. 
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Because t h e KCP 2000 has o n l y r e c e n t l y been i n t r o d u c e d , 

t h e r e i s l i m i t e d i n f o r m a t i o n i n t h e d e n t a l l i t e r a t u r e w i t h 

r e g a r d t o i t s e f f e c t i v e n e s s and u t i l i z a t i o n . However, t h e 

m a t e r i a l a v a i l a b l e f o r r e v i e w has been p r o m i s i n g i n r e g a r d t o 

bond s t r e n g t h , d e n t i n p e r m e a b i l i t y , p u l p a l e f f e c t s , and d e p t h 

o f e t c h . 

The p u l p a l e f f e c t s o f a i r - a b r a s i o n c a v i t y p r e p a r a t i o n i n 

dogs were i n v e s t i g a t e d by L a u r e l l e t a l . (1993b). The s t u d y 

examined t h e h i s t o l o g i c a l e f f e c t s o f a i r - a b r a s i o n a t 80 and 

160 p s i , u s i n g 27 and 50 m i c r o n p a r t i c l e s i z e . These e f f e c t s 

were compared t o t h e h i s t o l o g i c a l e f f e c t s o f h i g h speed bur 

p r e p a r a t i o n . Class V p r e p a r a t i o n s t o v a r i o u s depths were 

p r e p a r e d i n t h e pre m o l a r s and molars o f dogs. The r e s u l t s 

i n d i c a t e d t h a t t h e use o f a i r - a b r a s i o n f o r t h e p r e p a r a t i o n o f 

t e e t h i s comparable t o , o r may even have fewer p o t e n t i a l l y 

damaging e f f e c t s on t h e p u l p t h a n c o n v e n t i o n a l h i g h speed 

p r e p a r a t i o n u s i n g copious water sp r a y . 

The p u l p a l e f f e c t s o f composite and amalgam removal w i t h 

a i r - a b r a s i o n was a l s o i n v e s t i g a t e d by L a u r e l l e t a l . ( 1 9 9 4 b ) . 

T h i s s t u d y l o o k e d a t t h e h i s t o l o g i c a l e f f e c t s o f a i r - a b r a s i o n 

f o r t h e removal o f composite and amalgam i n dogs. One t e s t 

group served as a c o n t r o l and r e c e i v e d no t r e a t m e n t , w h i l e 4 

r e c e i v e d c l a s s V amalgams and 4 r e c e i v e d c l a s s V c o m p o s i t e s . 

The r e s t o r a t i o n s were t h e n removed from 6 t e s t groups u s i n g 

e i t h e r h i g h speed w i t h w a t e r s p r a y , a i r - a b r a s i o n a t 80 p s i o r 

a t 160 p s i . F i f t y m i c r o n s i z e p a r t i c l e s were used. Samples 



22 
were e v a l u a t e d f o r t h e e x t e n t o f d i s p l a c e m e n t , d i s r u p t i o n , 

i n f l a m m a t i o n , and n e c r o s i s o f p u l p a l s t r u c t u r e . There were no 

s i g n i f i c a n t d i f f e r e n c e s found between t h e groups when 

comparing composite removal. However, t h e r e were 

s i g n i f i c a n t l y more adverse p u l p a l e f f e c t s i n t h e d i s r u p t i o n 

and i n f l a m m a t i o n c a t e g o r i e s f o r a i r - a b r a s i o n removal o f 

amalgam a t 80 p s i t h a n h i g h speed removal o f amalgam. 

Eakle e t a l . (1994) examined t h e e f f e c t o f a i r - a b r a s i o n 

on d e n t i n p e r m e a b i l i t y and bond s t r e n g t h . The r e s u l t s o f t h i s 

s t u d y showed t h a t t h e h i g h e s t shear bond s t r e n g t h o f composite 

t o d e n t i n was a c h i e v e d w i t h 50 m i c r o n s i z e p a r t i c l e s and h i g h 

c u t t i n g speed as compared t o low speed and t o 27 m i c r o n s i z e 

p a r t i c l e s and h i g h and low speeds. D e n t i n p e r m e a b i l i t y was 

a l s o shown t o i n c r e a s e w i t h 50 m i c r o n s i z e p a r t i c l e s and h i g h 

c u t t i n g speed. 

L a u r e l l e t a l . (1994a) a l s o examined t h e a i r - a b r a s i o n 

e f f e c t s on d e n t i n p e r m e a b i l i t y . T h e i r r e s u l t s showed no 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e s i n p e r m e a b i l i t y between 

a i r - a b r a s i o n and h i g h speed bur t r e a t e d t e e t h . A s i g n i f i c a n t 

decrease i n d e n t i n p e r m e a b i l i t y was n o t e d w i t h 27 m i c r o n s i z e 

p a r t i c l e compared t o a 50 m i c r o n s i z e p a r t i c l e . 

An SEM s t u d y r e c e n t l y completed by Doty e t a l . (1994) 

i n v e s t i g a t e d t h e depth o f bonding agent p e n e t r a t i o n i n t o 

enamel between a c i d e t c h and KCP 2000 p r e p a r e d t e e t h . Teeth 

were p r e p a r e d u s i n g t h e 27 m i c r o n and t h e 50 m i c r o n s i z e 

p a r t i c l e s a t 160 and 80 p s i . The c o n t r o l t e e t h were p r e p a r e d 
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u s i n g 37% p h o s p h o r i c a c i d . The prepared s i t e s were c o a t e d w i t h 

l i g h t c u r e d bonding agent. The enamel was t h e n d e c a l c i f i e d 

w i t h d i l u t e n i t r i c a c i d , l e a v i n g t h e r e s i n t a g s t o be 

examined. The c o n t r o l group e x h i b i t e d a c h a r a c t e r i s t i c 

honeycomb appearance w i t h average t a g d e p t h o f 6 m i c r o n s . The 

KCP p r e p a r e d t e e t h e x h i b i t e d average depths r a n g i n g f r o m 4 t o 

15 m i c r o n s , a l t h o u g h t h e p a t t e r n was d e s c r i b e d as i r r e g u l a r . 

The r e s e a r c h e r s concluded t h e KCP 2000 has t h e p o t e n t i a l t o 

p r e p a r e enamel bonding s u r f a c e s equal t o t h o s e o b t a i n e d f r o m 

a c i d e t c h i n g . 

L a u r e l l e t a l . (1993a) s t u d i e d t h e e f f e c t o f a i r - a b r a s i o n 

on t h e shear bond s t r e n g t h o f composite r e s i n t o enamel and 

d e n t i n i n v i t r o . I n t h i s s t u d y , a 50 m i c r o n s i z e p a r t i c l e and 

v a r i o u s c u t t i n g speeds were used. For some specimens, t h e 

enamel was p r e p a r e d u s i n g e i t h e r an a c i d e t c h a l o n e , a i r -

a b r a s i o n a t v a r i o u s c u t t i n g speeds, o r e t c h and a i r - a b r a s i o n 

i n c o m b i n a t i o n . The t e e t h used i n t h e d e n t i n bonding p o r t i o n 

o f t h e s t u d y were p r e p a r e d u s i n g d e n t i n p r i m e r a l o n e , KCP 

a l o n e , o r KCP and d e n t i n p r i m e r . The t e e t h were r e s t o r e d w i t h 

d e n t i n bonding agent and r e s i n c y l i n d e r s . The r e s u l t s showed 

t h e r e was no s i g n i f i c a n t d i f f e r e n c e i n t h e shear bond s t r e n g t h 

t o enamel between an a c i d e t c h e d and a KCP t r e a t e d s u r f a c e a t 

160 p s i . The examiners a l s o found t h a t KCP t r e a t m e n t o f 

d e n t i n s i g n i f i c a n t l y i n c r e a s e d t h e shear bond s t r e n g t h whether 

o r n o t a d e n t i n p r i m e r was used. 
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The shear bond s t r e n g t h s o f composite t o enamel, d e n t i n , 

and composite were e v a l u a t e d by Keen e t a l . ( 1 9 9 4 ) . 

Phosphoric a c i d and a i r - a b r a s i o n (KCP 2000) s u r f a c e 

p r e p a r a t i o n were e v a l u a t e d . I n t h i s s t u d y t h e KCP 2000 u n i t 

produced enamel, d e n t i n , and composite t o composite bond 

s t r e n g t h s equal t o o r s u p e r i o r t o a c i d e t c h i n g . 

Roeder e t a l . (1994) r e p o r t e d on t h e t e n s i l e bond 

s t r e n g t h o f composite t o a i r - a b r a d e d enamel and d e n t i n . T h i s 

i n v i t r o s t u d y used 50 and 27 m i c r o n s i z e p a r t i c l e s and t h r e e 

t r e a t m e n t c o m b i n a t i o n s f o r enamel and d e n t i n . A group a c t i n g 

as a c o n t r o l was p r e p a r e d w i t h o u t a i r - a b r a s i o n . The s t u d y 

groups r e c e i v e d l i g h t c u r e d composite r e s i n c y l i n d e r s w i t h o r 

w i t h o u t t h e use o f bonding agent. P a r t i c l e s i z e d i d n o t 

a f f e c t t h e bond s t r e n g t h o f composite t o enamel o r d e n t i n . 

A i r abraded enamel s u r f a c e s had h i g h e s t bond s t r e n g t h s when 

t h e y were a l s o e t c h e d . A i r abraded d e n t i n had t h e h i g h e s t 

bond s t r e n g t h s when t h e bonding agent w i t h p r i m e r was used. 

Surfaces t h a t were a i r abraded alone had t h e l o w e s t bond 

s t r e n g t h s . Roeder concluded t h e p r e p a r a t i o n o f t o o t h 

s t r u c t u r e by a i r - a b r a s i o n d i d n o t a l l e v i a t e t h e need f o r 

c o n d i t i o n i n g o f t h e t o o t h p r i o r t o bonding. 

Bonding o f h y b r i d ionomer t o a i r abraded enamel and 

d e n t i n was i n v e s t i g a t e d ( B e r r y e t a l . , 1994). I n v i t r o 

t e n s i l e bond s t r e n g t h s o f a h y b r i d ionomer t o human enamel and 

d e n t i n were t e s t e d u s i n g t h r e e c u t t i n g speeds (80, 120, and 

160) w i t h 27 m i c r o n s i z e p a r t i c l e s i n t h e KCP 2000. S e l e c t e d 
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c o n d i t i o n e d w i t h 10% p o l y a c r y l i c a c i d and o t h e r s were n o t . 

A f t e r t r e a t m e n t , a h y b r i d ionomer was bonded. R e s u l t s showed 

c o n d i t i o n i n g enamel and d e n t i n w i t h p o l y a c r y l i c a c i d 

s i g n i f i c a n t l y improved bond s t r e n g t h compared t o n o t 

c o n d i t i o n i n g . Bond s t r e n g t h t o enamel o n l y was improved by 

a i r - a b r a s i o n a t p r e s s u r e s o f 120 and 160 p s i . The r e s e a r c h e r s 

concluded t h a t a i r - a b r a s i o n does n o t r e p l a c e t h e need f o r 

c o n d i t i o n i n g o f t e e t h w i t h p o l y a c r y l i c a c i d b e f o r e bonding 

w i t h a h y b r i d ionomer. 

As p r e v i o u s l y mentioned. Black i d e n t i f i e d some v e r y 

i m p o r t a n t p o t e n t i a l advantages t o t h e use o f k i n e t i c c a v i t y 

p r e p a r a t i o n ( B l a c k , 1945). The a i r - a b r a s i o n p r i n c i p l e 

p o t e n t i a l l y decreases t h e amount o f h e a t , v i b r a t i o n , l o c a l 

a n e s t h e t i c , p r e s s u r e and u n p l e a s a n t n o i s e a s s o c i a t e d w i t h 

t o o t h p r e p a r a t i o n . Many o f these f a c t o r s a r e a s s o c i a t e d w i t h 

t h e f e a r o f t h e d e n t i s t t h a t e x i s t s f o r many p a t i e n t s and can 

be a s i g n i f i c a n t d e t e r r e n t t o keep a p a t i e n t f r o m s e e k i n g 

d e n t a l care ( M i l g r o m and W e i n s t e i n , 1993). I f t h e s e f e a r 

p r o d u c i n g f a c t o r s can be m i n i m i z e d , t h e KCP may o f f e r an 

a l t e r n a t i v e f o r p a t i e n t s who a v o i d t h e d e n t i s t because o f 

d i s p r o p o r t i o n a t e f e a r . A d d i t i o n a l l y , when used i n t h e 

p e d i a t r i c p o p u l a t i o n t o c o n d i t i o n t e e t h f o r s e a l a n t placement, 

t h e KCP 2000 may mean decreased c h a i r t i m e and o p e r a t o r t i m e 

f o r t h i s p a t i e n t p o p u l a t i o n . 

A f t e r r e v i e w i n g t h e l i t e r a t u r e , i t i s e v i d e n t t h a t t h e 

p r e v e n t i o n o f p i t and f i s s u r e c a r i e s remains b o t h a n e c e s s i t y 
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and a c h a l l e n g e . S e a l a n t s are v e r y e f f e c t i v e i n p r e v e n t i n g 

decay when f u l l y r e t a i n e d on t h e t e e t h . Loss o f s e a l a n t s are 

o f t e n a r e s u l t o f leakage between t h e r e s i n and enamel. 

Measuring t h i s m i c r o l e a k a g e i s an e f f e c t i v e means o f 

a n t i c i p a t i n g s u c c e s s f u l r e t e n t i o n . E t c h i n g t h e enamel w i t h 

p h o s p h o r i c a c i d has been t h e s t a n d a r d t e c h n i q u e used t o 

c o n d i t i o n t e e t h p r i o r t o s e a l a n t placement f o r decades. A i r -

a b r a s i o n i s a p r o m i s i n g new t e c h n i q u e w i t h some p o t e n t i a l 

c l i n i c a l advantages. The KCP 2000 i s t o u t e d by t h e 

ma n u f a c t u r e r as a s u b s t i t u t e f o r a c i d e t c h as a t o o t h 

c o n d i t i o n e r . However, t h e mi c r o l e a k a g e t h a t o c c u r s w i t h t e e t h 

c o n d i t i o n e d w i t h t h e KCP 2000 i s u n t e s t e d . T h e r e f o r e , t h e 

purpose o f t h i s s t u d y i s t o compare t h e e x t e n t o f m i c r o l e a k a g e 

a t t h e sealant-enamel i n t e r f a c e o f human molar t e e t h 

c o n d i t i o n e d w i t h e i t h e r t h e KCP 2000 o r 37% p h o s p h o r i c a c i d . 



CHAPTER I I I 

METHODS AND MATERIALS 

F o r t y e x t r a c t e d human, n o n - c a r i o u s , permanent m o l a r s 

w h i c h were s t o r e d i n p h y s i o l o g i c a l s a l i n e p r i o r t o 

e x p e r i m e n t a t i o n were d i s i n f e c t e d by p l a c i n g them i n a 50% 

s o l u t i o n o f sodium h y p o c h l o r i t e f o r f i v e m i n u t e s . The t e e t h 

were p l a c e d i n a j a r , shaken up, and t h e n randomly a s s i g n e d 

t o one o f f o u r groups o f 10 t e e t h each. 

The o c c l u s a l s u r f a c e s o f t h e t e e t h were p r o t e c t e d f r o m 

c o n t a m i n a t i o n d u r i n g t h e mounting process by c o v e r i n g them 

w i t h a l g i n a t e . Each t o o t h was mounted i n epoxy r e s i n u s i n g 

one i n c h mold cups which were l i n e d w i t h v a s e l i n e . The 

t e e t h were suspended i n t o t h e cups i n an u p r i g h t p o s i t i o n , 

around which epoxy r e s i n l i q u i d was poured, c o v e r i n g t h e 

r o o t s and g i n g i v a l 3/4 o f t h e crown t o w i t h i n 2-3 mm o f t h e 

o c c l u s a l s u r f a c e ( P l a t e s 2 and 3 ) . 

A s i n g l e o p e r a t o r performed a l l o f the e x p e r i m e n t a l 

p r o c e d u r e s . The o c c l u s a l s u r f a c e s were c l e a n e d t h o r o u g h l y 

w i t h a s l u r r y o f coarse pumice and a r u b b e r cup mounted on a 

slow speed handpiece. The t e e t h were r i n s e d c o p i o u s l y w i t h 

w a t e r and d r i e d t h o r o u g h l y w i t h compressed a i r . 
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The o c c l u s a l s u r f a c e o f each t o o t h was t r e a t e d as f o l l o w s 
f o r each group: 

Group A ( C o n t r o l Group): No c o n d i t i o n i n g was per f o r m e d t o t h e 

t o o t h s u r f a c e a f t e r t h e p r o p h y l a x i s . 

Group B ( E t c h Group): The o c c l u s a l s u r f a c e s were e t c h e d w i t h 

37% p h o s p h o r i c a c i d g e l f o r 20 seconds. The s u r f a c e s were 

t h e n r i n s e d c o p i o u s l y w i t h water f o r 20 seconds and d r i e d 

t h o r o u g h l y w i t h a i r . The t e e t h were v i s u a l l y i n s p e c t e d t o 

demonstrate a u n i f o r m , f r o s t y appearance. 

Group C (KCP 160 Group) : The t e e t h were p r e p a r e d u s i n g t h e 

K i n e t i c C a v i t y P r e p a r a t i o n System (KCP 2000) as per t h e 

m a n u f a c t u r e r ' s recommendations as f o l l o w s : u s i n g t h e 50 m i c r o n 

s i z e p a r t i c l e s and a speed s e t t i n g o f " h i g h " (160 p s i ) , t h e 

t e e t h were pr e p a r e d h o l d i n g t h e n o z z l e t i p 2-3 mm f r o m t h e 

t o o t h s u r f a c e and s l i g h t l y o f f s e t from p e r p e n d i c u l a r . The 

o p e r a t o r used a q u i c k , s t e a d y , sweeping m o t i o n a l o n g t h e 

anatomy o f t h e o c c l u s a l s u r f a c e t o achi e v e a u n i f o r m , f r o s t y 

appearance. The excess p a r t i c l e s were blown o f f w i t h a i r and 

t h e s u r f a c e was n o t r i n s e d . 

Group D (KCP 120 Group) : These t e e t h were t r e a t e d e x a c t l y as 

t h o s e i n group C except t h e c u t t i n g speed was s e t a t 120 p s i 

i n s t e a d o f 160 p s i . 
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An u n f i l l e d , l i g h t c u r e d p i t and f i s s u r e s e a l a n t ( D e l t o n 

Opaque l i g h t c u r i n g p i t and f i s s u r e s e a l a n t . Ash D e n t a l ) was 

a p p l i e d t o a l l o c c l u s a l s u r f a c e s u s i n g t h e m a n u f a c t u r e r ' s 

s u p p l i e d a p p l i c a t o r handle and d i s p o s a b l e c a r t r i d g e s ( P l a t e 

4 ) . By d e p r e s s i n g t h e l e v e r s l o w l y on t h e a p p l i c a t o r and 

moving t h e c a r t r i d g e t i p a l o n g a l l o c c l u s a l p i t s and f i s s u r e s , 

t h e s e a l a n t was a p p l i e d . The s e a l a n t s were t h e n p o l y m e r i z e d 

w i t h a v i s i b l e l i g h t source (Model 106 Caulk D e n t s p l y ) f o r 20 

seconds as per t h e m a n u f a c t u r e r ' s recommendations. 

Next, t h e t e e t h were t h e r m o c y c l e d 750 t i m e s between two 

w a t e r b a t h s o f 5 and 55 degrees C e l s i u s w i t h a 60 second d w e l l 

t i m e ( P l a t e 5 ) . F o l l o w i n g t h e r m o c y c l i n g t h e p r e p a r e d t e e t h 

were immersed i n 50% s i l v e r n i t r a t e dye f o r two hours i n a 

dark environment, and t h e n p l a c e d i n t o r a d i o g r a p h i c d e v e l o p e r 

s o l u t i o n f o r e i g h t hours under f l u o r e s c e n t l i g h t . A f t e r 

removal from t h e d e v e l o p i n g s o l u t i o n t h e t e e t h were washed i n 

w a t e r t o remove t h e s u r f a c e dye. 

Next, t h r e e b u c c o l i n g u a l s e c t i o n s were o b t a i n e d by 

s e c t i o n i n g t h e t e e t h t h r o u g h t h e o c c l u s a l s u r f a c e w i t h a f i v e 

i n c h diamond c u t t i n g b l a d e (Leco Corp.) on a v a r i - c u t 

s e c t i o n i n g machine (Leco Corp., S t . Joseph, M I ) . 

One examiner, b l i n d e d t o group i d e n t i t y , measured t h e 

amount o f dye p e n e t r a t i o n under t h e s e a l a n t o f two s e p a r a t e 

s e c t i o n s per t o o t h chosen randomly from t h e t h r e e s e c t i o n s 

produced by t h e s e c t i o n i n g p r o c e d u r e . The s e c t i o n s were 

randomly numbered 1-80 by a n o t h e r i n v e s t i g a t o r independent o f 
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t h e examiner, and t h e key t o t h i s i d e n t i f i c a t i o n system was 

r e c o r d e d i n a p r i v a t e l o g . Each s e c t i o n was examined f o r 

leakage u s i n g a d i g i t a l image a n a l y z e r system ( F r y a r Co., 

C i n c i n a t i , OH) ( P l a t e 6 ) . T h i s system u t i l i z e s a l i g h t 

microscope (Ni k o n SMZ-2T, M e l v i l l e , N.Y.) t o view t h e s e c t i o n s 

a t m a g n i f i c a t i o n s up t o 60x. The microscope i s l i n k e d t o a PC 

486 Express IBM c o m p a t i b l e computer v i a a v i d e o camera ( u l t r a 

c h i p h i g h r e s o l u t i o n CCD, J a v e l i n Corp., Los Angelos, CA) . 

The c a p t u r e board housed i n t h e computer a l l o w s t h e examiner 

t o c a p t u r e an image o f each s e c t i o n on t h e computer s c r e e n . 

The images were c a p t u r e d a t e i t h e r lOx o r 20x t o a l l o w t h e 

examiner t o v i e w t h e e n t i r e s e c t i o n . I f necessary, a f t e r t h e 

images were c a p t u r e d , t h e examiner f u r t h e r assessed t h e 

m i c r o l e a k a g e on t h e l i g h t microscope up t o m a g n i f i c a t i o n s o f 

60x. The c u r v i l i n e a r d e p t h o f dye p e n e t r a t i o n was assessed 

and measured i n p i x e l s u s i n g t h e Image Pro P l u s s o f t w a r e 

program (Media C y b e r n e t i c s , Westchester, PA), and l a t e r 

c o n v e r t e d t o m i l l i m e t e r s . The r i g h t and l e f t s e a l a n t - e n a m e l 

i n c l i n e i n t e r f a c e o f each s e c t i o n f r o m t h e p e r i p h e r y t o t h e 

c e n t r a l f i s s u r e were measured and a s s i g n e d an independent 

s c o r e . I f dye p e n e t r a t i o n was i n t e r r u p t e d , t h e measurement 

as s i g n e d was f r o m t h e p e r i p h e r y t o t h e p o i n t o f i n i t i a l 

i n t e r r u p t i o n ( P l a t e 7 ) . The leakage f o r each s e c t i o n was 

r e c o r d e d as a percentage o f dye p e n e t r a t i o n as r e l a t e d t o t h e 

t o t a l l e n g t h o f t h e s e a l a n t f r o m margin t o d e p t h o f t h e 

f i s s u r e . 



A one-way a n a l y s i s o f v a r i a n c e (ANOVA) s t a t i s t i c a l t e s t 

was performed (p<.001) t o examine f o r a d i f f e r e n c e i n p e r c e n t 

dye p e n e t r a t i o n between groups, and a S c h e f f e post-hoc 

a n a l y s i s was done t o i d e n t i f y which group o r groups were 

d i f f e r e n t . 

To t e s t i n t r a - e x a m i n e r r e l i a b i l i t y 10 random s e c t i o n s 

were sco r e d t w i c e w i t h a t l e a s t a 24 hour s e p a r a t i o n between 

e v a l u a t i o n s . A Pearson Product Moment C o r r e l a t i o n C o e f f i c i e n t 

was used t o d e t e r m i n e t h e degree o f a s s o c i a t i o n between t h e 

two measurements. 



CHAPTER IV 

RESULTS 

A one-way ANOVA i n d i c a t e d t h a t t h e r e was a s i g n i f i c a n t 

d i f f e r e n c e i n t h e p e r c e n t dye p e n e t r a t i o n (F = 99.03, d f = 3, 

p<.001) as a f u n c t i o n o f group. A S c h e f f e post-hoc a n a l y s i s 

i n d i c a t e d t h a t Group B ( e t c h ) had s i g n i f i c a n t l y l e s s p e r c e n t 

p e n e t r a t i o n t h a n any o t h e r group. No o t h e r groups were 

s i g n i f i c a n t l y d i f f e r e n t f rom one a n o t h e r . The r a n k i n g o f mean 

p e r c e n t p e n e t r a t i o n from most t o l e a s t was KCP 120 ( 9 6 % ) , KCP 

160 ( 8 1 % ) , c o n t r o l ( 8 0 % ) , and e t c h ( 1 0 % ) , r e s p e c t i v e l y ( F i g u r e 

1 ) . The mean and s t a n d a r d d e v i a t i o n o f t h e p e r c e n t dye 

p e n e t r a t i o n and dye p e n e t r a t i o n i n m i l l i m e t e r s f o r each group 

are shown i n Table 1. Table 2 shows t h e r e s u l t s o f t h e one­

way ANOVA and t h e post-hoc s t a t i s t i c a l t e s t s . F i g u r e 1 

demonstrates t h e mean p e r c e n t p e n e t r a t i o n as a f u n c t i o n o f 

o c c l u s a l c o n d i t i o n i n g . 

A t w o - f a c t o r ANOVA was done t o de t e r m i n e i f t h e r e was any 

s i g n i f i c a n t e f f e c t on p e r c e n t p e n e t r a t i o n as a f u n c t i o n o f 

s i d e o f s e a l a n t e v a l u a t e d ( r i g h t v e rsus l e f t ) and groups. 

There was no s i g n i f i c a n t e f f e c t a t t r i b u t a b l e t o t h e s i d e 

e v a l u a t e d (F = 0.193, d f = 1, p = 0.661), b u t a g a i n , t h e 

e f f e c t o f group was s i g n i f i c a n t (F = 96.7, d f = 3, p< 0.001). 
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There was no i n t e r a c t i v e e f f e c t o f group and s i d e o f t o o t h 

e v a l u a t e d . These r e s u l t s can be seen i n Table 3. 

To d e t e r m i n e i n t r a - e x a m i n e r r e l i a b i l i t y i n measuring t h e 

leakage, a random sample o f 10 s e c t i o n s were e v a l u a t e d on two 

d i f f e r e n t o c c a s i o n s s e p a r a t e d by a t l e a s t 24 h o u r s . The amount 

o f leakage i n m i l l i m e t e r s f o r each o f t h e 10 s e c t i o n s was 

measured on each o c c a s i o n . A Pearson P r o d u c t Moment 

C o r r e l a t i o n C o e f f i c i e n t was used t o d e t e r m i n e t h e degree o f 

a s s o c i a t i o n between t h e amount o f leakage f o r each r i g h t and 

l e f t measurement f o r t h e two o c c a s i o n s . The c o r r e l a t i o n 

c o e f f i c i e n t i n d i c a t e d a h i g h l y s i g n i f i c a n t a s s o c i a t i o n i n t h e 

c o n s i s t e n c y o f e v a l u a t i n g t h e s e c t i o n s f o r leakage ( r = .999, 

N = 20, p < 0.001) ( F i g u r e 2 ) . 

R e p r e s e n t a t i v e s e c t i o n s from each group a r e shown i n 

P l a t e s 8-15, d e m o n s t r a t i n g v a r i o u s depths o f m i c r o l e a k a g e 

measured i n t h e groups. 



CHAPTER V 

DISCUSSION 

The m a n u f a c t u r e r o f t h e KCP 2000 c l a i m s t h a t t h e use o f 

t h e KCP 2000 t o c o n d i t i o n enamel p r i o r t o s e a l a n t placement 

w i l l a l l e v i a t e t h e need f o r a c i d e t c h i n g and t h e r e b y reduce 

s e a l a n t placement t i m e . However, t h e r e s u l t s o f t h i s s t u d y 

demonstrate t h a t t h e p e r c e n t o f dye p e n e t r a t i o n t h a t o c c u r r e d 

i n t e e t h c o n d i t i o n e d w i t h t h e KCP 2000 p r i o r t o s e a l a n t 

placement was s i g n i f i c a n t l y g r e a t e r t h a n t h o s e c o n d i t i o n e d 

w i t h 37% p h o s p h o r i c a c i d (p < .001). There was no 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e i n m i c r o l e a k a g e between 

t h e KCP 2000 groups and t h e u n t r e a t e d c o n t r o l . A d d i t i o n a l l y , 

t h e KCP 2000 groups d i s p l a y e d s i g n i f i c a n t leakage r e g a r d l e s s 

o f t h e c u t t i n g speed used. The amount o f m i c r o l e a k a g e f o u n d 

w i t h t h e KCP 2000 i s u n a c c e p t a b l e f o r s u c c e s s f u l l o n g t e r m 

s e a l a n t r e t e n t i o n . 

A 20 second e t c h w i t h 37% p h o s p h o r i c a c i d p r i o r t o 

s e a l a n t placement has been shown p r e v i o u s l y t o d e m o n s t r a t e 

l i t t l e o r no leakage (Fuks e t a l . , 1984). The r e s u l t s i n t h i s 

s t u d y f o r t h e a c i d e t c h group were c o n s i s t e n t w i t h t h e s e 

p r e v i o u s f i n d i n g s . T h i r t y t h r e e p e r c e n t o f t h e s e c t i o n s i n 

t h e a c i d e t c h group d i s p l a y e d no leakage a t a l l , and t h o s e 
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s e c t i o n s t h a t d i d e x h i b i t m i c r o l e a k a g e demonstrated m i n i m a l 

leakage, o n l y a p p r o x i m a t e l y 10% o f t h e t o t a l s e a l a n t - e n a m e l 

i n t e r f a c e . I n c o n t r a s t , 99% o f t h e KCP 2000 s e c t i o n s 

demonstrated m i c r o l e a k a g e and t h e mean p e r c e n t dye p e n e t r a t i o n 

was 96% f o r t h e KCP 120 group and 8 1 % f o r t h e KCP 160 group. 

S t u d i e s t h a t have u t i l i z e d a non-etched c o n t r o l group 

(Crim and Shay, 1987; Fuks e t a l . , 1984) have de m o n s t r a t e d 

s i g n i f i c a n t leakage i n th e s e t e e t h . These r e s u l t s were 

d u p l i c a t e d i n t h i s s t u d y , w i t h 98% o f t h e u n t r e a t e d c o n t r o l 

s e c t i o n s d e m o n s t r a t i n g leakage and a mean p e r c e n t p e n e t r a t i o n 

o f 80%. 

I n t h e l i m i t e d r e s e a r c h p u b l i s h e d p r i o r t o t h e o n s e t o f 

t h i s s t u d y r e g a r d i n g t h e KCP 2000, t h e r e had been no a t t e m p t s 

t o e v a l u a t e t h e e x t e n t o f m i c r o l e a k a g e t h a t o c c u r s a t t h e 

t o o t h - s e a l a n t i n t e r f a c e . I t was a n t i c i p a t e d t h a t t h e 

mi c r o l e a k a g e t h a t would be found f o r t h e KCP 2000 c o n d i t i o n e d 

t e e t h would be comparable t o a c i d e t c h c o n d i t i o n e d t e e t h 

because p r e v i o u s s t u d i e s had shown KCP 2000 t r e a t e d t e e t h t o 

have enamel prisms a f f e c t e d t o t h e same d e p t h as a c i d 

c o n d i t i o n e d t e e t h (Doty, 1994) and a l s o t o have shear bond 

s t r e n g t h s t h a t were s i m i l a r ( L a u r e l l e t a l . , 1993a; Keen e t 

a l . , 1994). However, t h i s was n o t t h e case. S i g n i f i c a n t l y 

more leakage was found i n t h e KCP 2000 p r e p a r e d t e e t h t h a n i n 

t h e a c i d e t c h e d t e e t h . The r e s u l t s o f t h i s s t u d y r e v e a l a 

mean p e r c e n t dye p e n e t r a t i o n f o r t h e KCP 2000 group p r e p a r e d 



36 
a t 160 p s i o f 8 1 % and a mean p e r c e n t leakage f o r t h e 120 p s i 

group o f 96% compared t o t h e 10% leakage o f a c i d e t c h e d t e e t h . 

Since t h e i n i t i a t i o n o f t h e p r e s e n t s t u d y , t h e r e has been 

one o t h e r r e p o r t i n t h e l i t e r a t u r e w i t h r e g a r d t o m i c r o l e a k a g e 

w i t h t h e KCP 2000 and s e a l a n t s (Eakle e t a l . , 1995). The 

r e s u l t s o f t h e p r e s e n t s t u d y are s i m i l a r t o t h e s e r e c e n t l y 

r e p o r t e d r e s u l t s . I n t h a t s t u d y w h i c h compared t h e 

m i c r o l e a k a g e under f i s s u r e s e a l a n t s and Class I composite 

r e s t o r a t i o n s c o n d i t i o n e d w i t h e i t h e r t h e KCP 2000 o r a c i d 

e t c h , a l l o f t h e s e a l a n t s c o n d i t i o n e d w i t h t h e KCP 2000 

l e a k e d . The leakage was severe f o r 80% o f t h e KCP 2000 

c o n d i t i o n e d s e a l a n t s . I n c o n t r a s t , 13 a c i d e t c h e d s e a l a n t s 

e x h i b i t e d no m i c r o l e a k a g e , and o n l y two had m i n i m a l leakage. 

I n a d d i t i o n , a l l Class I composite r e s t o r a t i o n s p r e p a r e d w i t h 

t h e KCP 2000 l e a k e d t o o r o n t o t h e p u l p a l f l o o r . T h i s was 

s i g n i f i c a n t l y g r e a t e r leakage t h a n t h e r e s t o r a t i o n s t h a t were 

a c i d e t c h e d . 

Another r e c e n t r e p o r t by Keen e t a l . (1995) compared t h e 

m i c r o l e a k a g e o f a i r abraded (KCP 2000) and b u r - p r e p a r e d Class 

I and Class V composite r e s t o r a t i o n s . The b u r - p r e p a r e d t e e t h 

were etc h e d f o r 30 seconds w i t h 37% p h o s p h o r i c a c i d p r i o r t o 

r e s i n placement. A l l t e e t h were t h e r m o c y c l e d 100 t i m e s and 

immersed i n b a s i c f u c h s i n dye f o r 24 h o u r s . S t a t i s t i c a l 

a n a l y s i s showed t h a t Class I and V r e s t o r a t i o n s w h i c h were a i r 

abraded o r b u r - p r e p a r e d and a c i d e t c h e d e x p e r i e n c e d s i m i l a r 

m i n i m a l m i c r o l e a k a g e . T h e i r r e s u l t s were d i f f e r e n t f rom Eakle 
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e t a l . and t h e p r e s e n t s t u d y because t h e y f o u n d m i c r o l e a k a g e 

t o be m i n i m a l i n t h e Class I and Class V composite 

r e s t o r a t i o n s p r e p a r e d w i t h t h e KCP 2000. Because t h i s r e p o r t 

e x i s t s o n l y i n a b s t r a c t form a t t h e p r e s e n t t i m e , i t i s 

d i f f i c u l t t o i d e n t i f y where d i f f e r e n c e s i n t h e methodology may 

have l e a d t o c o n f l i c t i n g r e s u l t s . 

Since t h e i n i t i a t i o n o f t h e p r e s e n t s t u d y , two s t u d i e s 

have reexamined t h e p r e v i o u s l y p r o m i s i n g r e s u l t s w i t h r e g a r d 

t o t h e KCP 2000 and bond s t r e n g t h o f composite r e s i n s . The 

r e s u l t s o f t h e s e new s t u d i e s have n o t been s u p p o r t i v e o f t h e 

KCP 2000's replacement o f a c i d e t c h p r i o r t o r e s i n placement. 

A r e c e n t l y p u b l i s h e d a b s t r a c t by Horgesheimer e t a l . (1995) 

examined t h e shear bond s t r e n g t h o f composite t o a i r abraded 

enamel. Three groups r e c e i v e d t h e f o l l o w i n g d i f f e r e n t 

t r e a t m e n t p r i o r t o bonding procedures: Group 1- a c i d e t c h w i t h 

37% p h o s p h o r i c a c i d f o r 30 seconds; Group 2- a i r - a b r a s i o n w i t h 

t h e KCP 2000 u s i n g 50 m i c r o n p a r t i c l e s i z e and 160 p s i ; Group 

3 - a i r - a b r a s i o n (50 m i c r o n s , 160 p s i ) f o l l o w e d by a c i d e t c h 

f o r 30 seconds. Composite c y l i n d e r s were a p p l i e d t o t h e 

p r e p a r e d s u r f a c e s and a l l r e s t o r a t i o n s t h e r m o c y c l e d . Shear 

bond s t r e n g t h s were measured and t h e r e s u l t s showed t h e shear 

bond s t r e n g t h t o enamel s u r f a c e s p r e p a r e d w i t h a c i d e t c h ( w i t h 

or w i t h o u t a i r - a b r a s i o n ) was s t a t i s t i c a l l y g r e a t e r t h a n t h a t 

o b t a i n e d w i t h a i r - a b r a s i o n a l o n e . 

R e s u l t s r e g a r d i n g t h e e f f e c t o f a i r - a b r a s i o n on b onding 

composite r e s i n t o d e n t i n were r e c e n t l y r e p o r t e d (Rainey and 



38 
B a r g h i , 1995). T h i s i n v i t r o s t u d y examined human m o l a r s 

d i v i d e d i n t o two groups. The t e e t h were f l a t t e n e d i n t o d e n t i n 

and t r e a t e d as f o l l o w s : Group 1 - A i r abraded (KCP 2000, ADT) 

w i t h 27 m i c r o n s i z e p a r t i c l e s and 120 p s i p r e s s u r e ; Group 2 -

n o t s u b j e c t t o a i r - a b r a s i o n . Teeth i n b o t h groups were a c i d 

e t c h e d f o r an u n r e p o r t e d l e n g t h o f t i m e and had composite 

r e s i n c y l i n d e r s p l a c e d . The t e e t h were s t o r e d i n 37 degrees 

c e l s i u s w a t er f o r two weeks and s u b j e c t e d t o shear bond 

s t r e n g t h t e s t i n g . The r e s u l t s i n d i c a t e d t h a t t h e use o f t h e 

KCP 2000 d i d n o t improve t h e shear bond s t r e n g t h o f composite 

r e s i n t o d e n t i n . 

The dye p e n e t r a t i o n method t o s t u d y m i c r o l e a k a g e was 

chosen f o r t h i s p r o j e c t . T h i s method has been shown t o be 

v e r y i n f o r m a t i v e and r e l i a b l e (Jensen e t a l . , 1978; P o w e l l e t 

a l . , 1977; Rudolph e t a l . , 1974). S i l v e r n i t r a t e , t h e most 

commonly used dye, i s s t a b l e , i n e x p e n s i v e , and r e a d i l y 

a v a i l a b l e (Barnes e t a l . , 1993). 

T h e r m o c y c l i n g i s commonly used t o s i m u l a t e t h e t h e r m a l 

changes t h a t t a k e p l a c e i n t h e o r a l c a v i t y o v e r t i m e . 

However, a few s t u d i e s i n d i c a t e t h a t i n v i t r o t h e r m o c y c l i n g 

compromises t h e bond between r e s t o r a t i v e m a t e r i a l and t o o t h 

s t r u c t u r e , t h u s c r e a t i n g a p o t e n t i a l f o r m i c r o l e a k a g e t h a t i s 

even more s i g n i f i c a n t t h a n t h e o r a l t h e r m a l changes i t 

a t t e m p t s t o mimic ( L i t k o w s k i e t a l . , 1989; Crim e t a l . , 1985). 

L i t k o w s k i e t a l . (1989) have r e p o r t e d t h a t t h e r m o c y c l i n g 

i n c r e a s e s t h e amount o f m i c r o l e a k a g e t h a t o c c u r s i n composite 



r e s t o r a t i o n s . Barnes e t a l . (1993) demonstrated i n a 

comparison o f m i c r o l e a k a g e o f i n v i v o and i n v i t r o Class V 

composite r e s i n r e s t o r a t i o n s t h a t t h e r e s t o r a t i o n s 

t h e r m o c y c l e d i n v i t r o had s i g n i f i c a n t l y more leakage t h a n 

r e s t o r a t i o n s p l a c e d i n v i v o . A l t h o u g h f u t u r e r e s e a r c h may be 

necessary t o f i n d a d e s i g n t h a t i s more r e p r e s e n t a t i v e o f t h e 

o r a l environment, t h e t h e r m o c y c l i n g t e c h n i q u e i s v e r y commonly 

u t i l i z e d and i s t h e b e s t method a v a i l a b l e a t t h i s t i m e . 

A measurement s c a l e u t i l i z i n g p e rcentage was chosen by 

t h i s examiner. Two commonly used measurement s c a l e s f o r 

m i c r o l e a k a g e a r e : 1) an a b s o l u t e d i s t a n c e measure o f dye 

p e n e t r a t i o n ( i n m i l l i m e t e r s ) o r , 2) an o r d i n a l s c a l e as 

f o l l o w s : 

0 - n o dye p e n e t r a t i o n 

1 - dye p e n e t r a t i o n l i m i t e d t o t h e o u t e r 1/2 o f t h e 

s e a l a n t 

2 - dye p e n e t r a t i o n e x t e n d i n g t o t h e i n n e r 1/2 o f t h e 

s e a l a n t b u t s h o r t o f t h e c e n t r a l f i s s u r e 

3 - p e n e t r a t i o n f r o m t h e p e r i p h e r y t o t h e c e n t r a l 

f i s s u r e . 

A t h i r d measurement s c a l e , and t h e one chosen f o r t h i s s t u d y , 

u t i l i z e s a percentage measure o f t h e m i c r o l e a k a g e . T h i s 

examiner f e l t t h a t percentage was a more r e l i a b l e and 

s e n s i t i v e measurement. Use o f t h i s r a t i o measurement s c a l e 

a l l o w e d f o r u t i l i z a t i o n o f p o w e r f u l p a r a m e t r i c s t a t i s t i c a l 

t e s t s t o analyze t h e d a t a . I n a d d i t i o n , i t a l l o w s a more 
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r e l i a b l e and a c c u r a t e d e s c r i p t i o n o f t h e e x t e n t o f dye 

p e n e t r a t i o n . M i s r e p r e s e n t i n g t h e m i c r o l e a k a g e was a v o i d e d by 

r e p o r t i n g t h e dye p e n e t r a t i o n as a percentage o f t h e t o t a l 

l e n g t h o f t h e s e a l a n t i n a s i t u a t i o n where two s e p a r a t e 

s e c t i o n s each demonstrated two m i l l i m e t e r s o f m i c r o l e a k a g e , 

b u t one s e c t i o n ( s e c t i o n A) had a t o t a l l e n g t h o f s i x 

m i l l i m e t e r s and t h e o t h e r s e c t i o n ( s e c t i o n B) had a t o t a l 

l e n g t h o f two m i l l i m e t e r s . I n s e c t i o n A, t h e s e a l a n t - e n a m e l 

i n t e r f a c e i s s i x m i l l i m e t e r s i n l e n g t h and m i c r o l e a k a g e o c c u r s 

t h a t p e n e t r a t e s two m i l l i m e t e r s a l o n g t h e i n t e r f a c e . T h i s 

demonstrates a 33% p e n e t r a t i o n t o w a r d t h e f i s s u r e . S e c t i o n B 

demonstrates a sealant-enamel i n t e r f a c e o f two m i l l i m e t e r s i n 

l e n g t h and dye p e n e t r a t i o n o f two m i l l i m e t e r s which i n t h i s 

case r e p r e s e n t s 100% p e n e t r a t i o n . I n t h i s s i t u a t i o n , a 

d i s t a n c e measurement o f t h e m i c r o l e a k a g e would r e p o r t an e q u a l 

score o f two m i l l i m e t e r s f o r s e c t i o n s A and B. However, a 

more a c c u r a t e d e s c r i p t i o n o f t h e m i c r o l e a k a g e would be 3 3% f o r 

s e c t i o n A and 100% f o r s e c t i o n B. For t h e s e reasons, a r a t i o 

s c a l e o f p e r c e n t dye p e n e t r a t i o n was used f o r t h i s s t u d y . 

A p i l o t s t u d y was conducted p r i o r t o t h i s p r o j e c t t o 

f a m i l i a r i z e t h e examiner w i t h t h e mounting p r o c e s s , use o f t h e 

dye, t h e s e c t i o n i n g t e c h n i q u e , t h e measurement t e c h n i q u e , and 

t o a l l o w t h e p r a c t i t i o n e r t o become e x p e r i e n c e d w i t h t h e KCP 

2000. I n a d d i t i o n t o t h e e x p e r i e n c e g a i n e d t h r o u g h t h e p i l o t 

s t u d y , t h e p r a c t i t i o n e r p r e p a r e d s e v e r a l t e e t h w i t h t h e KCP 

2000 j u s t p r i o r t o c o n d u c t i n g t h i s s t u d y . As a r e s u l t o f t h e 
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p i l o t s t u d y changes were made i n t h e methodology, such as 

u s i n g s i l v e r n i t r a t e dye i n p l a c e o f b a s i c f u c h s i n dye, and 

e x p e r i e n c e was g a i n e d t h a t added t o t h e s t r e n g t h and v a l i d i t y 

o f t h i s p r o j e c t . 

The examiner a t t e m p t e d t o c o n t r o l as many v a r i a b l e s 

p r e s e n t i n t h i s s t u d y as was p o s s i b l e w i t h t h e e x c e p t i o n o f 

t h e t e s t v a r i a b l e o f t o o t h c o n d i t i o n i n g . A s i n g l e 

p r a c t i t i o n e r c o n d i t i o n e d and s e a l e d a l l o f t h e t e e t h u s i n g a 

second-hand c l o c k t o c a r e f u l l y m o n i t o r e t c h t i m e , r i n s e t i m e , 

and p o l y m e r i z a t i o n t i m e . A l l o f t h e t e e t h were p r e p a r e d i n 

t h e same l a b d u r i n g t h e same t i m e p e r i o d . The e v a l u a t o r was 

b l i n d e d and i n t r a e x a m i n e r r e l i a b i l i t y was e s t a b l i s h e d . 

O c c a s i o n a l l y , s e c t i o n s were seen t h a t showed m i c r o l e a k a g e 

e x t e n d i n g t o w a r d t h e dep t h o f t h e f i s s u r e and a l s o i n t h e 

c e n t e r o f t h e f i s s u r e , b u t w i t h an area i n between t h a t 

demonstrated no m i c r o l e a k a g e . The d e c i s i o n was made t o s c o r e 

t h e i n t e r r u p t e d d i s p l a y o f dye p e n e t r a t i o n f r o m t h e p e r i p h e r y 

o f t h e s e a l a n t t o t h e p o i n t o f i n i t i a l i n t e r r u p t i o n ( P l a t e 7 ) . 

The s e c t i o n s o b t a i n e d f o r o b s e r v a t i o n i n t h i s s t u d y were a two 

d i m e n s i o n a l r e p r e s e n t a t i o n o f a t h r e e d i m e n s i o n a l o b j e c t . The 

examiner viewed t h e secondary dye p e n e t r a t i o n as b e i n g 

p o t e n t i a l l y c o n t r i b u t e d from t h e m e s i a l o r d i s t a l d i r e c t i o n as 

opposed t o t h e b u c c a l o r l i n g u a l p e r i p h e r y o f t h e s e a l a n t . 

The number o f s e c t i o n s d i s p l a y i n g an i r r e g u l a r p a t t e r n were 

m i n i m a l and d i d n o t have an i n f l u e n c e on t h e s i g n i f i c a n c e o f 

t h e r e s u l t s . 
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T h i s p r o j e c t was designed t o examine t h e t e s t groups f o r 

a d i f f e r e n c e i n p e r c e n t dye p e n e t r a t i o n , and n o t t o i d e n t i f y 

t h e cause o f t h e s e d i f f e r e n c e s . However, s e v e r a l p o t e n t i a l 

e x p l a n a t i o n s can be o f f e r e d f o r t h e r e s u l t s o b t a i n e d . As 

w e l l , f u t u r e r e s e a r c h p r o j e c t s can be proposed t h a t may h e l p 

t o e x p l a i n t h e s e r e s u l t s and f u r t h e r examine t h e u s e f u l n e s s o f 

t h e KCP 2000. 

A c o n t r i b u t i n g f a c t o r t o t h e r e s u l t s o b t a i n e d i n t h i s 

s t u d y may be t h e p a t t e r n o r q u a l i t y o f e t c h produced by t h e 

KCP 2000. A l t h o u g h t h e depth o f p e n e t r a t i o n o f b o n d i n g agent 

i n t o enamel o f t e e t h c o n d i t i o n e d w i t h a c i d and t h e KCP 2000 

has been shown t o be comparable (Doty e t a l . , 1994), t h e 

a u t h o r s d i d r e p o r t an i r r e g u l a r e t c h p a t t e r n f o r t h e KCP 2000. 

I t i s p o s s i b l e t h a t t h e KCP 2000 may produce an e t c h w i t h 

enough m i c r o p o r e s o f adequate d e p t h t o r e t a i n a r e s i n w i t h 

adequate bond s t r e n g t h . However, t h e i r r e g u l a r e t c h p a t t e r n 

may l e a v e areas w i t h poor r e s i n - e n a m e l i n t e r f a c e and t h u s 

avenues f o r m i c r o l e a k a g e . A s c a n n i n g e l e c t r o n microscope 

s t u d y which examines t h e t y p e and t h e c h a r a c t e r i s t i c s o f 

enamel c o n d i t i o n e d by t h e KCP 2000 would h e l p t o address t h i s 

i s s u e . 

Another f a c t o r t o c o n s i d e r i s t h e p o s s i b i l i t y o f a h i g h l y 

r e a c t i v e s u r f a c e l e f t by t h e a c i d e t c h t h a t i s n o t d u p l i c a t e d 

by t h e KCP 2000 e t c h . T h i s i d e a was s e t f o r t h as e a r l y as 

Buonocore's o r i g i n a l work w i t h p h o s p h o r i c a c i d (Buonocore, 

1955). He h y p o t h e s i z e d t h a t h i g h l y p o l a r groups were p r e s e n t 
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on t h e enamel s u r f a c e as a r e s u l t o f a c i d e t c h i n g and t h a t 

t h i s c o u l d r e s u l t i n a p o l a r bond t o t h e r e s i n . I f t h i s i s 

indeed a c c u r a t e , i t i s p o s s i b l e t h a t t h e KCP 2000 e t c h f a i l s 

t o r e s u l t i n such a charged s u r f a c e , t h u s compromising t h e 

i n t i m a c y o f t h e r e s i n - e n a m e l i n t e r f a c e . T h i s t h e o r y would be 

d i f f i c u l t t o s t u d y . 

Another f a c t o r which c o u l d have i n f l u e n c e d t h e outcome o f 

t h i s s t u d y i s t h e p r a c t i t i o n e r ' s e x p e r i e n c e w i t h t h e KCP 2000. 

However, t o m i n i m i z e t h i s p o s s i b i l i t y , a s i n g l e p r a c t i t i o n e r , 

who was t r a i n e d on t h e KCP 2000 and g a i n e d e x p e r i e n c e t h r o u g h 

m u l t i p l e p r a c t i c e s e s s i o n s i n c l u d i n g a p i l o t s t u d y , p r e p a r e d 

a l l t h e t e e t h . The p r a c t i t i o n e r c a r e f u l l y f o l l o w e d t h e 

m a n u f a c t u r e r ' s recommendations f o r c o n d i t i o n i n g . The 

m a n u f a c t u r e r c l a i m s t h e u n i t i s easy t o use and t h e 

i n v e s t i g a t o r found t h a t i t t o o k m i n i m a l p r a c t i c e t o a c h i e v e 

c o n s i s t e n t r e s u l t s . The e f f e c t o f p r a c t i t i o n e r e x p e r i e n c e 

w i t h t h e KCP 2000 as a v a r i a b l e c o u l d be examined by r e p e a t i n g 

t h e c u r r e n t s t u d y u s i n g t h r e e KCP 2000 o p e r a t o r s w i t h v a r y i n g 

e x p e r i e n c e l e v e l s t o r e p l a c e t h e one o p e r a t o r as used i n t h i s 

s t u d y . The t h r e e d i f f e r e n t o p e r a t o r s w i t h v a r y i n g e x p e r i e n c e 

l e v e l s would be (1) a b e g i n n e r w i t h no e x p e r i e n c e , (2) an 

i n t e r m e d i a t e w i t h t r a i n i n g and l i m i t e d e x p e r i e n c e , and (3) an 

" e x p e r t " w i t h e x t e n s i v e e x p e r i e n c e . 

Another f a c t o r which can c o n t r i b u t e t o s i g n i f i c a n t 

m i c r o l e a k a g e i s c o n t a m i n a t i o n o f t h e c o n d i t i o n e d t o o t h p r i o r 

t o s e a l a n t placement. Numerous s t u d i e s have shown t h a t 
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m o i s t u r e c o n t a m i n a t i o n o f et c h e d enamel w i l l a l t e r t h e e t c h e d 

s u r f a c e p a t t e r n and d i s r u p t t h e i n t i m a t e bond o f r e s i n and 

t o o t h , t h u s p r o m o t i n g m i c r o l e a k a g e ( H o r m a t i e t a l . , 1980; Wood 

and Barkmeier, 1979). However, i n t h i s s t u d y t h e same a i r -

water s y r i n g e and t i p was u t i l i z e d f o r a l l f o u r s t u d y groups. 

I f m o i s t u r e c o n t a m i n a t i o n was a f a c t o r i n t h i s s t u d y , t h e a c i d 

e t c h group would have demonstrated t h e same s i g n i f i c a n t 

m i c r o l e a k a g e as demonstrated i n t h e KCP 2000 gr o u p s . But i n 

t h i s s t u d y , t h e e t c h group d i s p l a y e d s i g n i f i c a n t l y l e s s 

m i c r o l e a k a g e t h a n t h e KCP 2000 groups o r u n t r e a t e d c o n t r o l 

group, l e a d i n g t o t h e c o n c l u s i o n t h a t m o i s t u r e c o n t a m i n a t i o n 

was n o t a f a c t o r . 

The s e c t i o n s were e v a l u a t e d b l i n d l y by one examiner w i t h 

r e s p e c t t o t h e t y p e o f s u r f a c e t r e a t m e n t . I n t r a e x a m i n e r 

r e l i a b i l i t y was shown t o be v e r y h i g h t h r o u g h r e p e a t e d 

measures 24 hours a p a r t ( F i g u r e 2 ) . 

No a t t e m p t was made i n t h i s s t u d y t o examine m u l t i p l e 

s e a l a n t m a t e r i a l s . F u t u r e s t u d i e s c o u l d f o c u s on t h i s i s s u e . 

The v i s c o s i t y o f d i f f e r e n t s e a l a n t m a t e r i a l s w i l l v a r y . The 

p e n e t r a t i o n c o e f f i c i e n t i s a measure o f a m a t e r i a l ' s a b i l i t y 

t o f l o w over a s u r f a c e and i s i n v e r s e l y p r o p o r t i o n a l t o t h e 

m a t e r i a l ' s v i s c o s i t y . Perhaps examining m u l t i p l e s e a l a n t s 

w i t h v a r y i n g p e n e t r a t i o n c o e f f i c i e n t s may i d e n t i f y c e r t a i n 

m a t e r i a l s which b e s t p e n e t r a t e t h e m i c r o p o r e s produced by t h e 

KCP 2000 and b e t t e r p r e v e n t m a r g i n a l leakage t h a n t h e s e a l a n t 

used i n t h e p r e s e n t s t u d y ( B a l l , 1986; O'Brien e t a l . , 1978; 
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W r i g h t and R e t i e f , 1984). However, because t h e s e a l a n t used i n 

t h i s s t u d y i s u n f i l l e d and o f low v i s c o s i t y , i t ought t o 

demonstrate as good p e n e t r a t i o n as any s e a l a n t marketed. 

F u t u r e r e s e a r c h m i g h t a l s o examine t h e a d d i t i v e e f f e c t 

on m i c r o l e a k a g e o f w i d e n i n g t h e f i s s u r e s and removing 

i n c i p i e n t decay w i t h t h e KCP 2000 and t h e n c o n d i t i o n i n g t h e 

s u r f a c e w i t h p h o s p h o r i c a c i d p r i o r t o s e a l a n t placement. I t 

i s p o s s i b l e t h a t t h i s may produce a r e s i n - t o o t h i n t e r f a c e more 

r e s i s t a n t t o leakage t h a n e i t h e r t e c h n i q u e a l o n e because o f a 

deeper, more u n i f o r m e t c h e d s u r f a c e w i t h an i n c r e a s e i n 

s u r f a c e area. As w e l l , i t may i n d i c a t e an even g r e a t e r 

r e d u c t i o n i n a c i d e t c h t i m e i s a c c e p t a b l e f o l l o w i n g 

p r e p a r a t i o n w i t h t h e KCP 2000, which would have a s i g n i f i c a n t 

c l i n i c a l e f f e c t . 

The r e s u l t s o f t h i s s t u d y have i m p o r t a n t c l i n i c a l 

i m p l i c a t i o n s . The s i g n i f i c a n t d i f f e r e n c e i n dye p e n e t r a t i o n 

between t h e e t c h group and t h e KCP 2000 groups i n t h i s s t u d y 

suggests a poor m a r g i n a l s e a l o f KCP 2000 t r e a t e d enamel. 

M a r g i n a l areas have been i d e n t i f i e d as dynamic m i c r o c r e v i c e s 

which c o n t a i n a busy f l o w o f b a c t e r i a , i o n s , and m o l e c u l e s , 

and s i g n i f i c a n t m i c r o l e a k a g e under s e a l a n t s w i l l l e a d t o t h e i r 

f a i l u r e (Myers, 1966). The KCP 2000 i s h i g h l y t o u t e d by t h e 

m a n u f a c t u r e r as an a l t e r n a t i v e o r s u b s t i t u t e t o a c i d e t c h i n g 

p r i o r t o s e a l a n t placement. The m a n u f a c t u r e r i d e n t i f i e s t h i s 

as a major c l i n i c a l b e n e f i t o f t h e u n i t , c l a i m i n g a s e a l a n t 

can be p l a c e d i n l e s s t h a n 60 seconds u s i n g t h i s t e c h n i q u e . 
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However, no s t u d y p r i o r t o t h e onset o f t h i s s t u d y had 

examined t h e i m p o r t a n t concept o f m i c r o l e a k a g e t h a t may t a k e 

p l a c e a t t h e s e a l a n t - r e s i n i n t e r f a c e when t h i s t e c h n i q u e i s 

used. 

M i c r o l e a k a g e a t t h e t o o t h - r e s t o r a t i o n i n t e r f a c e o f 

composite r e s i n s may l e a d t o s t a i n i n g , p o s t o p e r a t i v e 

s e n s i t i v i t y , adverse p u l p a l response, l o s s o f t h e r e s t o r a t i o n , 

o r r e c u r r e n t c a r i e s , which c o u l d u l t i m a t e l y r e s u l t i n f a i l u r e 

o f t h e r e s t o r a t i o n . T h e r e f o r e , any t e c h n i q u e used t o 

c o n d i t i o n a t o o t h s u r f a c e p r i o r t o r e s i n placement s h o u l d be 

examined as t o i t s e f f e c t i v e n e s s i n c r e a t i n g an adequate 

m a r g i n a l s e a l . 

The r e s u l t s o f t h i s s t u d y i n d i c a t e t h a t t h e use o f t h e 

KCP 2000 as an a l t e r n a t i v e method o f t o o t h c o n d i t i o n i n g t o 

r e p l a c e a c i d e t c h i n g p r i o r t o placement o f a s e a l a n t can n o t 

be recommended due t o t h e s i g n i f i c a n t m a r g i n a l leakage 

demonstrated. F u r t h e r r e s e a r c h i s necessary i n t h e area o f 

a i r - a b r a s i o n t o h e l p e x p l a i n t h e s e m i c r o l e a k a g e r e s u l t s . The 

usage o f t h e KCP 2000 t o d e t e c t and remove decay, remove 

s t a i n , and widen grooves p r i o r t o s e a l a n t placement remain 

advantages t o t h e c l i n i c i a n . However, a t t h i s t i m e , a c i d 

e t c h i n g p r i o r t o r e s i n placement remains a v i t a l s t e p i n t h e 

p r o c e d u r e , even w i t h t h e use o f t h e KCP 2000. 



CHAPTER V I 

CONCLUSIONS 

- The m i c r o l e a k a g e o f t e e t h c o n d i t i o n e d s o l e l y w i t h a i r -

a b r a s i o n (KCP 2000) i s s i g n i f i c a n t l y g r e a t e r t h a n t h e 

mic r o l e a k a g e seen w i t h enamel c o n d i t i o n e d w i t h 37% p h o s p h o r i c 

a c i d . 

- The m i c r o l e a k a g e o f t e e t h c o n d i t i o n e d w i t h a i r - a b r a s i o n (KCP 

2000) i s n o t s i g n i f i c a n t l y d i f f e r e n t f r o m t h e m i c r o l e a k a g e 

seen w i t h t h e u n t r e a t e d c o n t r o l s . 

- Based on t h e r e s u l t s o f t h i s i n v e s t i g a t i o n t h e use o f a i r -

a b r a s i o n (KCP 2000) as a s u b s t i t u t e f o r a c i d e t c h as a t o o t h 

c o n d i t i o n e r p r i o r t o s e a l a n t placement cannot be recommended. 
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APPENDIX B 

65 



66 



o o 

o o 
(X) 

o o in 

•H 
(0 
•H 
rH 
0) 

u o c 
•H 

e 
rc 
X 
W I 
n3 
U 
+J 
c o o 1̂-

o o 

o o 
C\l 

o o 

o 

o 

c 
•H 
+J 
rO 
S-i 
+J 
CQ 
C o e 
0) Q 

(C 
en 

4-) •p 
rC 
U 
w 

o o o O o O O O o o o O o O O CD LO -t CN 
0) U 

-H 



APPENDIX C 

68 



Table 1. Mean % P e n e t r a t i o n and Leakage i n 
M i l l i m e t e r s E v a l u a t e d as a F u n c t i o n o f Group 

Group % P e n e t r a t i o n Leak i n mm 
E t c h 10.4 ± 15.2 0.28 ± 0.4 
C o n t r o l 80.4 ± 30.5 1.72 ± 0.9 
KCP 160 81.0 ± 32.9 2.50 ± 1.5 
KCP 120 96.0 ± 11.8 2.22 ± 1.2 



Table 2. One-Way ANOVA f o r % P e n e t r a t i o n 
and Leakage i n M i l l i m e t e r s as a F u n c t i o n o f Group. 

V a r i a b l e F d . f . P 
% P e n e t r a t i o n 99.03 3 0.001 
Leakage i n MM 31.2 3 0.001 



Table 3. A 2-Factor ANOVA o f t h e % 
P e n e t r a t i o n as a F u n c t i o n o f R i g h t and L e f t 
Slope and Groups. 

V a r i a b l e F d . f . p 
Group 96.78 3 0 .001 
Slope 0.193 1 0 .611 
Grp X Slope I n t e r a c t i o n 0.103 3 0 .958 
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RAW DATA 

OUP SECTION % PENETRATION 
1 5R 100 
1 5L 84 
1 6R 100 
1 6L 100 
1 14R 91 
1 14L 18 
1 17R 1 0 0 ( l o s t ) 
1 17L l O O ( l o s t ) 
1 21R 100 
1 21L 100 
1 23R l O O ( l o s t ) 
1 23L l O O ( l o s t ) 
1 28R 100 
1 28L 72 
1 32R 10 
1 32L 9 
1 36R 71 
1 36L 80 
1 38R 78 
1 38L 74 
1 41R 88 
1 41L 84 
1 45R 100 
1 45L 100 
1 49R 100 
1 49L 100 
1 52R 47 
1 52L 68 
1 56R 81 
1 56L 100 
1 58R 0 
1 58L 13 
1 60R 100 
1 60L 100 
1 67R 78 
1 67L 100 
1 72R 100 
1 72L 100 
1 75R 100 
1 75L 100 
2 2R 23 
2 2L 6 
2 4R 6 
2 4L 24 
2 9R 5 
2 9L 0 
2 13R 7 



2 13L 0 
2 15R 5 
2 15L 0 
2 20R 13 
2 20L 6 
2 26R 0 
2 26L 0 
2 29R 6 
2 29L 35 
2 31R 9 
2 31L 0 
2 39R 8 
2 39L 0 
2 42R 14 
2 42L 20 
2 44R 15 
2 44L 0 
2 46R 42 
2 46L 8 
2 51R 4 
2 51L 0 
2 62R 0 
2 62L 5 
2 63R 9 
2 63L 36 
2 65R 0 
2 65L 6 
2 70R 11 
2 70L 0 
2 74R 10 
2 74L 78 
2 77R 7 
2 77L 0 
3 IR 100 
3 I L 84 
3 8R 100 
3 8L 25 
3 11R 100 
3 I I L 81 
3 18R 2 
3 18L 100 
3 22R 100 
3 22L 100 
3 25R 100 
3 25L 100 
3 27R 17 
3 27L 100 
3 30R 100 
3 30L 100 
3 34R 100 
3 34L 14 
3 35R 100 



3 35L IOO 
3 47R 0 
3 47L 8 
3 SOR 100 
3 SOL 44 
3 S4R 9S 
3 S4L 82 
3 S7R 100 
3 S7L 100 
3 59R 76 
3 S9L 100 
3 66R 100 
3 66L 100 
3 68R 100 
3 68L 100 
3 71R 64 
3 71L 100 
3 73R 100 
3 73L 100 
3 78R 49 
3 78L 100 
4 3R 100 
4 3L 100 
4 7R 100 
4 7L 93 
4 IOR 100 
4 10L 100 
4 12R 43 
4 12L 91 
4 16R 100 
4 16L 100 
4 19R 64 
4 19L 100 
4 24R 100 
4 24L 100 
4 33R 100 
4 33L 100 
4 37R 100 
4 37L 100 
4 4 OR 100 
4 40L 100 
4 43R 100 
4 43L 100 
4 48R 100 
4 48L 84 
4 S3R 100 
4 SSL 100 
4 SSR 100 
4 SSL 100 
4 61R 66 
4 61L 100 
4 64R 100 



4 64L IOO 
4 69R 100 
4 69L 100 
4 76R 100 
4 76L 100 
4 79R l O O ( l o s t ) 
4 79L l O O ( l o s t ) 
4 SOR l O O ( l o s t ) 
4 SOL l O O ( l o s t ) 
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Table 1. Mean % P e n e t r a t i o n and Leakage i n 
M i l l i m e t e r s E v a l u a t e d as a F u n c t i o n o f Group 

Group % P e n e t r a t i o n Leak i n mm 
Etch 10.4 ± 15.2 0.28 ± 0.4 
C o n t r o l 80.4 ± 30.5 1.72 ± 0.9 
KCP 160 81.0 ± 32.9 2.50 ± 1.5 
KCP 120 96.0 ± 11.8 2.22 ± 1.2 



Table 2. One-Way ANOVA f o r % P e n e t r a t i o n 
and Leakage i n M i l l i m e t e r s as a F u n c t i o n o f Group. 

V a r i a b l e F d . f . P 
% P e n e t r a t i o n 99.03 3 0.001 
Leakage i n MM 31.2 3 0.001 



Table 3. A 2-Factor ANOVA o f t h e % 
P e n e t r a t i o n as a F u n c t i o n o f R i g h t and L e f t 
Slope and Groups. 

V a r i a b l e F d . f . P 
Group 96.78 3 0 .001 
Slope 0.193 1 0 .611 
Grp X Slope I n t e r a c t i o n 0.103 3 0 .958 
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RAW DATA 

GROUP SECTION % PENETRATION 
1 5R 100 
1 5L 84 
1 6R 100 
1 6L 100 
1 14R 91 
1 14L 18 
1 17R l O O ( l o s t ) 
1 17L 1 0 0 ( l o s t ) 
1 21R 100 
1 21L 100 
1 23R l O O ( l o s t ) 
1 23L 1 0 0 ( l o s t ) 
1 28R 100 
1 28L 72 
1 3 2R 10 
1 32L 9 
1 36R 71 
1 36L 80 
1 38R 78 
1 38L 74 
1 41R 88 
1 41L 84 
1 45R 100 
1 45L 100 
1 49R 100 
1 49L 100 
1 52R 47 
1 52L 68 
1 56R 81 
1 56L 100 
1 58R 0 
1 58L 13 
1 60R 100 
1 60L 100 
1 67R 78 
1 67L 100 
1 72R 100 
1 72L 100 
1 75R 100 
1 75L 100 
2 2R 23 
2 2L 6 
2 4R 6 
2 4L 24 
2 9R 5 
2 9L 0 
2 13R 7 



2 13L 0 
2 15R 5 
2 15L 0 
2 2 OR 13 
2 20L 6 
2 26R 0 
2 26L 0 
2 29R 6 
2 29L 35 
2 31R 9 
2 31L 0 
2 39R 8 
2 39L 0 
2 42R 14 
2 42L 20 
2 44R 15 
2 44L 0 
2 46R 42 
2 46L 8 
2 51R 4 
2 51L 0 
2 62R 0 
2 62L 5 
2 63R 9 
2 63L 36 
2 65R 0 
2 65L 6 
2 70R 11 
2 70L 0 
2 74R 10 
2 74L 78 
2 77R 7 
2 77L 0 
3 IR 100 
3 I L 84 
3 8R 100 
3 BL 25 
3 11R 100 
3 I I L 81 
3 18R 2 
3 18L 100 
3 22R 100 
3 22L 100 
3 25R 100 
3 25L 100 
3 27R 17 
3 27L 100 
3 30R 100 
3 30L 100 
3 34R 100 
3 34L 14 
3 35R 100 



3 35L IOO 
3 47R 0 
3 47L 8 
3 SOR 100 
3 SOL 44 
3 S4R 9S 
3 54L 82 
3 57R 100 
3 57L 100 
3 S9R 76 
3 S9L 100 
3 66R 100 
3 66L 100 
3 68R 100 
3 68L 100 
3 71R 64 
3 71L 100 
3 73R 100 
3 73L 100 
3 78R 49 
3 78L 100 
4 3R 100 
4 3L 100 
4 7R 100 
4 7L 93 
4 IOR 100 
4 10L 100 
4 12R 43 
4 12L 91 
4 16R 100 
4 16L 100 
4 19R 64 
4 19L 100 
4 24R 100 
4 24L 100 
4 33R 100 
4 33L 100 
4 3 7R 100 
4 37L 100 
4 40R 100 
4 40L 100 
4 43R 100 
4 43L 100 
4 48R 100 
4 48L 84 
4 S3R 100 
4 S3L 100 
4 SSR 100 
4 SSL 100 
4 61R 66 
4 61L 100 
4 64R 100 



4 64L IOO 
4 69R 100 
4 69L 100 
4 76R 100 
4 76L 100 
4 79R 1 0 0 ( l o s t ) 
4 79L 1 0 0 ( l o s t ) 
4 SOR 1 0 0 ( l o s t ) 
4 SOL 1 0 0 ( l o s t ) 
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