
CHAPTER I

INTRODUCTION

1.1 Background and rationale

T h e  d e n t a l  p u l p  m a y  b e c o m e  e x p o s e d  t o  t h e  o r a l  e n v i r o n m e n t  b y  m a n y  w a y s  

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

f r a c t u r e ,  o r  d e n t a l  o p e r a t i v e  p r o c e d u r e s  ( M j ô r ,  2 0 0 2 ) .  W h e n  t h e  p u l p  i s  m e c h a n i c a l l y  

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

e x p o s e d  p u l p  r a t h e r  t h a n  r e p l a c i n g  it w i t h  a  r o o t  c a n a l  f i l l i n g  m a t e r i a l .  T h e  m a j o r  r e a s o n  

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

s e l f - h e a l i n g  c a p a c i t y  u n l e s s  p r o p e r l y  t r e a t e d .  R e p a r a t i v e  d e n t i n  f o r m a t i o n  i s  a n  

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

c a v i t y  ( K a k e h a s h i  e t  a l . ,  1 9 6 5 ;  C v e k ,  1 9 7 8 ;  S c h r o d e r ,  1 9 8 5 ;  Y a m a m u r a ,  1 9 8 5 ;  M u r r a y  e t  

a l . ,  2 0 0 2 ;  G o l d b e r g  e t  a l . ,  2 0 0 3 ) .  U n t i l  n o w ,  t h e  m a j o r  c o n c e r n  o f  e n d o d o n t i c s  h a s  b e e n  

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

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

( T r o p e ,  2 0 0 3 ) .

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

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

p u l p  c a p p i n g ,  p a r t i a l  a n d  c o m p l e t e  p u l p o t o m y  ( R u t h e r f o r d  a n d  F i t z g e r a l d ,  1 9 9 5 ) .  T h e

o b j e c t i v e  o f  v i t a l  p u l p  t h e r a p y  i s  t o  o b t a i n  h e a l i n g  o f  a  p u l p a l  w o u n d  i n  o r d e r  t o  p r e s e r v e
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a  v i t a l  t o o t h  w i t h  a  h e a l t h y  p u l p  ( W a r d ,  2 0 0 2 ) .  T h e  o p e n e d  e x p o s u r e  h a s  t o  b e  s e a l e d  o f f  

b y  u s i n g  a n  a p p r o p r i a t e  w o u n d  d r e s s i n g  t o  p r e v e n t  b a c t e r i a l  c o n t a m i n a t i o n  a n d  

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

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

r a t e  ( K a k e h a s h i  e t  a l . ,  1 9 6 5 ;  C v e k ,  1 9 7 8 ;  B a u m e  a n d  H o l z ,  1 9 8 1 ;  M e j à r e  a n d  C v e k ,

1 9 9 3 ) .

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

d e c a d e s  ( Z a n d e r ,  1 9 3 9 ;  G l a s s  a n d  Z a n d e r ,  1 9 4 9 ;  K o z l o v  a n d  M a s s l e r ,  1 9 6 0 ;  S t a n l e y  

a n d  L u n d y ,  1 9 7 2 ;  T r o n s t a d ,  1 9 7 4 ) .  I t s  h i g h  a l k a l i n i t y  p r o v i d e s  t h e  a n t i - b a c t e r i a l  p r o p e r t y  

a n d  e n c o u r a g e s  t i s s u e  r e p a i r .  W h e n  it i s  a p p l i e d  t o  t h e  e x p o s e d  p u l p ,  it c a u t e r i z e s  

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

i r r i t a t e s  t h e  u n d e r l y i n g  t i s s u e  a n d  s t i m u l a t e  h a r d - t i s s u e  r e p a i r  ( S c h r o d e r  a n d  G r a n a t h ,  

1 9 7 1 ) .  T h e  f o r m a t i o n  o f  d e n t i n a l  b r i d g e  h a s  b e e n  b e l i e v e d  t o  b e  t h e  p r i n c i p a l  b i o l o g i c a l  

r e s u l t  f o r  a  s u c c e s s f u l  t r e a t m e n t  o f  a n  e x p o s e d  o r  a m p u t a t e d  p u l p  ( K o z l o v  a n d  M a s s l e r ,  

1 9 6 0 ;  R o w e ,  1 9 6 7 ;  S t a n l e y ,  1 9 8 9 ;  M j ô r  e t  a l . ,  1 9 9 1 ) .

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

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

t i s s u e  b r i d g e  i s  o f t e n  i r r e g u l a r ,  w i t h  c e l l u l a r  i n c l u s i o n s  a n d  t u n n e l  d e f e c t s .  T h u s ,  it o f t e n  

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

p u l p a l  i n f e c t i o n  f r o m  p o s s i b l e  s u r f a c e  s e a l  b r e a k d o w n  ( C o x  e t  a l . ,  1 9 9 6 ) .  T h e  s o f t e n i n g

a n d  d i s i n t e g r a t i o n  p h e n o m e n o n  o f  c a l c i u m  h y d r o x i d e  h a s  b e e n  d e m o n s t r a t e d .  I t s
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u n s t a b l e  p h y s i c a l  p r o p e r t i e s  m a y  a l l o w  m a t e r i a l  p a r t i c l e s  t o  m i g r a t e  i n t o  p u l p  t i s s u e  a n d  

c a u s e  i n f l a m m a t o r y  r e s p o n s e  ( M c C o m b ,  1 9 8 3 ;  H w a s  a n d  S a n d r i k ,  1 9 8 4 ) .  M o s t  c a l c i u m  

h y d r o x i d e  m e d i c a m e n t s  h a v e  b e e n  r e p o r t e d  t o  d i s i n t e g r a t e  a n d  w a s h  o u t  a f t e r  6  

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

i n f e c t i o n  ( C o x  e t  a t . ,  1 9 9 6 ) .  It i s  a l s o  d i s i n t e g r a t e d  b y  p h o s p h o r i c  a c i d - e t c h i n g  a g e n t s  

( P h i l l i p s  e t  a l . ,  1 9 8 4 )  a n d  a l l o w s  l o n g - t e r m  s o f t e n i n g  o f  t h e  a d j a c e n t  c o m p o s i t e  r e s i n  

( C o x  a n d  S u z u k i ,  1 9 9 4 ) .

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

w i t h  c a l c i u m  h y d r o x i d e ,  t h e r e  h a v e  b e e n  v a r i o u s  a t t e m p t s  t o  u s e  o t h e r  m a t e r i a l s  s u c h  a s  

a d h e s i v e  m a t e r i a l s  ( H e i t m a n n  a n d  U n t e r b r i n k ,  1 9 9 5 ;  O l m e z  e t  a l . ,  1 9 9 8 ;  T a r i m  e t  a l . ,  

1 9 9 8 ;  K i t a s a k o  e t  a l . ,  2 0 0 2 ;  S c a r a n o  e t  a l .,  2 0 0 3 ) ,  h y d r o x y a p a t i t e  ( J a b e r  e t  a l .,  1 9 9 1 ;  

S u b a y  a n d  A s c i ,  1 9 9 3 ) ,  t r i c a l c i u m  p h o s p h a t e  ( C h o h a y e b  e t  a l . ,  1 9 9 1 )  a n d  m i n e r a i  

t r i o x i d e  a g g r e g a t e  ( F o r d  e t  a l . ,  1 9 9 6 ;  T z i a f a s  e t  a l . ,  2 0 0 2 ) .  T h e  r e c e n t  l i t e r a t u r e s  h a v e  

b e e n  i n t e r e s t e d  i n  a  n u m b e r  o f  b i o l o g i c  m o l e c u l e s  a s  a n  a l t e r n a t i v e  w a y  t o  s t i m u l a t e  

p u l p a l  r e g e n e r a t i o n  ( R u t h e r f o r d  e t  a l . ,  1 9 9 3 ;  R u t h e r f o r d  a n d  F i t z g e r a l d ,  1 9 9 5 ;  G o l d b e r g  

e t  a l . ,  2 0 0 3 ;  T z i a f a s ,  2 0 0 4 ) .  A l t h o u g h  t h e  n e w  e f f e c t i v e  c a p p i n g  m a t e r i a l s  h a v e  b e e n  

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

m a t e r i a l  p r i m a r i l y  d u e  t o  s o l i d  c l i n i c a l  d o c u m e n t a t i o n  ( H a s k e l l  e t  a l . ,  1 9 7 8 ;  B a u m e  a n d  

H o l z ,  1 9 8 1 ;  F i t z g e r a l d  a n d  H e y s ,  1 9 9 1 ) .

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

p r o v i d e  c l i n i c i a n s  w i t h  a d d i t i o n a l  o p t i o n s  f o r  t r e a t m e n t  o f  e x p o s e d  v i t a l  p u l p s .  T h e  a g e n t
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used in vital pulp therapy should ideally be non-toxic, possess anti-microbial and anti

inflammatory activities in order to control pre-existing inflammatory states of the exposed 

pulp and operative-induced inflammation (Ward, 2002). The principal objective of 

capping procedure is to obtain pulp tissue healing. Therefore, an anti-inflammatory 

agent, such as corticosteroids, might be considered as a candidate for this purpose.

Topical corticosteroid is glucocorticoid hormone that uses topically in treatment 

of various dermatologic disorders such as itching, redness, dryness, crusting, scaling, 

inflammation, and discomfort of many skin conditions (Maibach and Stoughton, 1973; 

Sneddon, 1976; Pariser, 1991). They are also being used in various types of oral 

diseases: minor and major aphthous ulceration, herpes simplex, lichen planus, erythema 

multiforme, mucous membrane pemphigoid, epidermolysis bullosa, pemphigus vulgaris, 

bullous pemphigoid, dermatitis herpetiformis, lupus erythematosus (Kay, 1976).

Some advantages of topical corticosteroids have been reported such as anti

inflammatory action (Rapoport and Abramson, 1958; Ulmansky et al., 1971; Fachin and 

Zaki, 1991), pain reduction or pain relief (Fry et al., 1960; Schroeder and Triadan, 1962), 

do not inhibit dentin bridge formation (Schneider, 1968; Barker and Ehrmann, 1969; 

Barker et at., 1972). However, possible adverse effects are also reported such as 

adrenal suppression, Cushing’s syndrome, striae, allergic contact dermatitis (Maibach 

and Stoughton, 1973), inhibition of the cellular response to an irritant that may increase

risk of infection and bacteremia (Sinkford and Harris, 1964; Klotz et al., 1965),
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suppression of fibroblastic mitosis (Taylor et al., 1989), and collagen biosynthesis (Uitto 

et al., 1972).

Topical glucocorticoids have been of interest by many researchers for pulpal 

treatment. Hydrocortisone acetate was the first glucocorticoid which successfully used 

in treatment of human vital pulp (Rapoport and Abramson, 1958). Triamcinolone 

acetonide is a major constituent in Ledermix®, which is the first corticosteroid-antibiotic 

agent used in vital pulp and endodontic therapy (Schroeder and Triadan, 1962; Barker 

and Ehrmann, 1969; Ulmansky et al., 1971 ; Barker e t al., 1972; Paterson, 1981).

There was a case report that pulpal obliterations are observed in patients treated 

with long-term systemic corticosteroids. It was proposed that glucocorticoid therapy 

may induce excessive dentin formation (Symons and Symons, 1994). From a recent 

laboratory study; dexamethasone was able to stimulate osteogenic differentiation in 

human dental pulp cell cultures, strongly stimulate alkaline phosphatase activity, and 

induce the expression of dentin sialophosphoprotein (Alliot-Licht e t al., 2005).

Fluocinolone acetonide has provided distinct advantages in topical therapy. It 

has been frequently used as topical medicament in treatment of various oral 

vesibuloerosive lesions and available at the Faculty of Dentistry, Chulalongkorn 

University, Bangkok, Thailand. There is an evidence supported that it has transient 

stimulatory effect on cell proliferation and multiplication in cultured human skin 

fibroblasts (Kirk and Mittwoch, 1977). However, the effect on pulpal healing or repair 

process is unknown. The research interest is focused on fluocinolone acetonide whether

พ0สบ ุดกลๅ4 ส ่ ๅ ป ั ก ท tทารั พยากî
ห-, îjy,ยๅ£0
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it could promote pulpal healing and could be developed as a new effective pulp 

capping agent. The benefits of successful pulp capping procedures would reduce the 

need for complex treatments, endodontic and restorative procedures. The basic 

knowledge from this study would encourage further research programs to develop and, 

finally, industrialize to a domestic commercial product.

1.2 R e s e a rc h  q u e s tio n

Are there any effects of fluocinolone acetonide on type I collagen synthesis and 

in vitro calcification in human dental pulp cells?

1.3 R e s e a rc h  o b je c tiv e s

1. To investigate the effect of fluocinolone acetonide on type I collagen synthesis in 

human cultured pulp cells.

2. To investigate the effect of fluocinolone acetonide on in v itro  calcification in human 

cultured pulp cells.

1.4 H y p o th e s is

1. Null hypothesis H0: fluocinolone acetonide has no effect on cultured human dental 

pulp cells with respect to the level of type I collagen synthesis.

Alternative hypothesis H,: fluocinolone acetonide affects the cultured human dental pulp

cells with respect to type I collagen synthesis.
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Alternative hypothesis H,: Fluocinolone acetonide affects the cultured human dental 

pulp cells with respect to in v itro  calcification.

1.5 E x p e rim en ta l d e s ig n

- Colorimetric assay for cell proliferation

- Type I collagen synthesis: Western blot analysis and reverse transcription 

polymerase chain reaction

- เท vitro  calcification

1.6 K ey w o rd s

Dental pulp, healing, collagen, calcification, fluocinolone acetonide

1.7 R e s e a rc h  d e s ig n

Laboratory experimental research

1.8 L im ita tions o f r e s e a rc h

- The experimental design is an in vitro study using human cultured pulp cells. 

Effects of the interventions in this experiment cannot be completely judged to the

2. N u ll h y p o th e s is  H 0: f lu o c in o lo n e  a c e to n id e  has  no e ffe c t o n  c u ltu re d  h u m a n  d e n ta l

p u lp  c e lls  w ith  re s p e c t to  i n  v i t r o  c a lc if ic a tio n .

populations.
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- The results from the experiment cannot be used to explain the whole 

mechanism of pulp healing from the interventions. The mechanisms of pulpal healing in 

vivo are more complex, involving both cellular and extracellular events. Therefore, 

further experiments have to be investigated.

1.9 B en efits

1. To reveal the effect of fluocinolone acetonide on type I collagen synthesis and 

in v itro  calcification เท human cultured pulp cells.

2. To evaluate the possibility of fluocinolone acetonide whether it can be used as 

a new pulp capping material.

3. To obtain basic knowledge for further studies in the development of a new 

pulp capping material or use of topical corticosteroids เท another applications.

1 .10  E th ical c o n s id e ra tio n

There was no ethical problem because human teeth were obtained from caries- 

free impacted molars which extracted for orthodontic reason with patient’s informed 

consent at the department of oral surgery, Faculty of Dentistry, Chulalongkom

University.
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