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Abstract.  The presence of cariogenic bacteria adversely affects pulp 
therapy outcome by directly influencing the healing process and long-
term prognosis of treated teeth.  This study compared the antimicrobial 
efficacy of five commonly used pulp therapy materials, namely formocresol 
(FC), NeoMTA®, NeoPUTTY™, ProRoot® MTA, and zinc oxide-eugenol 
(ZOE), against four cariogenic bacteria, Actinomyces viscosus, Lactobacillus 
acidophilus, Lactobacillus rhamnosus, and Streptococcus mutans.  All five 
materials exhibited antibacterial activity against the test bacteria.  FC 
demonstrated the most potent bactericidal property, particularly against 
L. acidophilus and S. mutans, followed by ZOE, then the mineral trioxide 
aggregate (MTA)-based materials.  However, other properties, such 
as bioactivity and biocompatibility, must also be considered before 
recommending the use of these materials in pulpotomy.
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INTRODUCTION

T h e  p r i m a r y  o b j e c t i v e  o f  a 

pedia tr i c  dent i s t  i s  to  preserve 

the integrity and functionality of 

primary teeth; therefore, infected 

teeth should remain disease-free 

during endodontic treatment until 

normal exfoliation occurs (Pimenta 

e t  a l ,  2015) .   Car ies  in  pr imary 

teeth can progress to the dental 

pulp ,  expos ing  i t  to  car iogenic 

b a c t e r i a  ( B j ø r n d a l  e t  a l ,  2 0 1 9 ) .  

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

with dental caries are Actinomyces 

viscosus, Lactobacillus acidophilus, 

L a c t o b a c i l l u s  r h a m n o s u s ,  a n d 

Streptococcus mutans,  which play 

significant roles in the development 

and progression of dental decay, 

contributing to the demineralization 

of tooth structure and potentially 

leading to pulp exposure (Naushad 

e t  a l ,  2023) .   These  bacter ia  are 

present in deep carious lesions and 

release inflammatory mediators , 

which compromise the vitality and 

integrity of  human dental  pulp, 

p o t e n t i a l l y  i n d u c i n g  n e c r o s i s .  

Consequently, preventing bacterial 

infection is essential for improving 

treatment outcome in cavities with 

deep caries (Bjorndal  et  al ,  2010; 

Simancas-Pallares et al, 2010).

Primary teeth pulp therapy is 

crucial for preventing tooth loss 

and undesirable tooth movement 

fol lowing extract ion (Col l  e t  a l , 

2 0 1 7 ) .   O n e  s p e c i fi c  t r e a t m e n t , 

pulpotomy, is to maintain primary 

teeth by controlling inflammation 

and preserving the health of the 

radicular pulp (American Academy 

of Pediatric Dentistry, 2025 – could 

not be verified; see the REFERENCES 

sect ion)  corrected and l ink was 

added.  This procedure involves 

the amputation of the coronal pulp 

tissue while retaining the vitality 

and integrity of the radicular pulp, 

followed by the application of an 

appropr ia te  denta l  bac ter i c ida l 

material (Camp and Fuks, 2006).  

Therefore, enhancing the clinical 

success of vital or non-vital pulp 

therapy in primary teeth is essential, 

and this  begins with selecting a 

material  that  possesses effective 

bactericidal properties.  The ideal 

material should be biocompatible, 
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p r o m o t e  h e a l i n g ,  p r e s e r ve  t h e 

radicular pulp, be non-damaging 

to pulpal tissue, not interfere with 

the physiological process of root 

r e s o r p t i o n ,  a n d / o r  p r e s e n t  a n y 

clinical or radiographic symptoms 

(Bossù et al, 2020).

Various materials are used as 

bactericidal agents for pulpotomy, 

with Buckley’s formocresol (FC), 

introduced in 1904, being the most 

commonly used material for this 

procedure due to its ease of use and 

high clinical success rate (Patchett 

et al, 2006; Chakraborty et al, 2018).  

A n o t h e r  o p t i o n  f o r  p u l p o t o m y 

treatment,  is  calcium hydroxide 

(Ca(OH)2), since it is biocompatible 

and its alkaline property makes it 

an antimicrobial agent.  Calcium 

hydroxide stimulates the tertiary 

d e n t i n  f o r m a t i o n  ( K a t s a m a k i s 

e t  a l ,  2013;  Oliveira  e t  a l ,  2013) ; 

however,  i t  is  associated with a 

risk of inducing internal dentinal 

resorption (Oliveira et al, 2013).  Zinc 

oxide-eugenol (ZOE) is frequently 

used in primary teeth pulpotomy 

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

a n a l g e s i c  e ff e c t  a n d  p r o m o t e s 

pulpal healing (Gonzalez-Lara  et 

al ,  2016).  More recently, mineral 

trioxide aggregate (MTA) has gained 

popularity in pulpotomy due to its 

biocompatibility, excellent sealing 

properties, ability to stimulate hard 

tissue production, and high clinical 

and  rad iographic  success  ra tes 

(Güven et al, 2013).

Accordingly, we compared the 

antimicrobial efficacy of commonly 

used pulp therapy materials against 

4car iogenic  bac ter ia ,  a iming  to 

evaluate  their  abi l i ty  to  inhibi t 

t h e  g r o w t h  o f  m i c r o o r g a n i s m s 

commonly associated with pulp 

in fec t ions .   Th is  compar ison  i s 

essential for identifying materials 

that can effectively reduce bacterial 

contamination, which is a critical 

factor in the healing process and 

long-term success of pulp therapy.  

T h e  fi n d i n g s  w i l l  h e l p  g u i d e 

clinicians in selecting materials that 

not only support pulpal healing but 

also effectively control infection, 

ultimately enhancing the quality 

a n d  p r e d i c t a b i l i t y  o f  p e d i a t r i c 

dental treatments.
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MATERIALS AND METHODS

Materials

Five  pulp  therapy mater ia l s 

were tested, namely FC (Genuine 

Dental Supply, Los Alamitos, CA), 

NeoMTA® (NuSmile, Houston, TX), 

NeoPUTTY™ (NuSmile, Houston, 

TX), ProRoot® MTA (Tulsa Dental 

Specialties, Tulsa, OK), and ZOE 

( D e n t s p l y  D e T r e y ,  K o n s t a n z , 

Germany).

Bacteria cultures

The cariogenic  bacteria  used 

were Actinomyces viscosus  (ATCC 

15987) ,  Lac tobac i l lus  a c idoph i lus 

(ATCC 4356), L. rhamnosus (ATCC 

53103),  and Streptococcus mutans 

( AT C C  2 5 1 7 5 ) .  A .  v i s c o s u s ,  L . 

ac idophi lus ,  L.  rhamnosus,  and S. 

m u t a n s  wa s  c u l t i va t e d  a t  3 7 ° C 

f o r  2 4  h o u r s .   A .  v i s c o s u s  wa s 

cultivated in Brain Heart Infusion 

(BHI) broth (Difco Laboratories, 

Detroit, MI), L. acidophilus and L. 

rhamnosus in de Man, Rogosa, and 

Sharpe (MRS) broth (Oxoid Ltd, 

Basingstoke,  UK),  and  S.  mutans 

in BHI broth (Difco Laboratories, 

Detroit, MI), all at 37 °C for 24 hours 

under  appropr ia te  a tmospher ic 

conditions.  Antibacterial activity 

w a s  d e t e r m i n e d  u s i n g  a  d i s c 

d i ff u s i o n  m e t h o d  a c c o r d i n g  t o 

the protocols of the Clinical and 

L a b o r a t o r y  S t a n d a r d s  I n s t i t u t e 

(CLSI,  2023) .   Three equidistant 

holes, each with a diameter of 3.5 

mm and a depth of  4  mm, were 

created in each plate, approximately 

15 mm from the edges (total of 24 

wel l s  in  8  p la tes ) .   Each  tes ted 

material was mixed with a sterile 

s p a t u l a  o n  a  s t e r i l e  g l a s s  s l a b 

according to the manufacturer’s 

instructions. Some materials used 

in this study as NeoMTA®, ProRoot® 

MTA, and ZOE were supplied in 

powder  and l iquid  components 

and prepared in accordance with 

t h e  m a n u f a c t u r e r ’ s  s p e c i fi e d 

m i x i n g  r a t i o s .  A l l  p r e p a r a t i o n 

procedures  were done based on 

their instructions., placed into the 

holes using a sterile carrier, and 

gently pressed into position.  All 

plates  were maintained at  room 

temperature for 2 hours to allow for 

the diffusion of the tested materials 
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and subsequently incubated at 37°C 

for 48 hours.  A lawn of bacteria was 

grown on brain heart infusion agar 

(Difco Laboratories, Detroit, MI).  

The inhibition zone diameter (mm) 

was measured using a caliper.  Each 

assay was carried out in triplicate, 

with saline as a negative control.

Statistical analysis

E v a l u a t i o n  o f  s t a t i s t i c a l 

significance among the inhibition 

diameters employed one-way analysis 

of  var iance  (ANOVA),  fo l lowed 

by Tukey’s  honest ly  s i g n i fi c a n t 

difference test.  A p-value <0.05 is 

considered significant.  Data were  

analyzed using the Statistical Package 

for the Social Sciences (SPSS) software, 

version 26 (IBM, Armonk, NY).

RESULTS

The ant ibacter ia l  ac t iv i ty  of 

each pulp therapy material  was 

assessed  us ing  a  d i sc  d iffus ion 

susceptibil ity assay (CLSI,  2023) 

against  the following cariogenic 

bacteria: A. viscosus, L. acidophilus, 

L. rhamnosus, and S. mutans, with 

saline as a negative control.   FC 

e x h i b i t e d  t h e  m o s t  s i g n i fi c a n t 

ant ibac ter ia l  ac t iv i ty  across  a l l 

test  cariogenic bacteria  (p-value 

<0.05) ,  with the highest  efficacy 

obtained against L. acidophilus and 

S. mutans.   The second best  was 

ZOE, which exhibited comparable 

antibacterial  act ivity against  al l 

four test bacteria.  However, both 

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

inhib i t ion  zones  than the  three 

MTA-based substances.  All three 

MTA-based materials demonstrated 

comparable antibacterial activity 

aga ins t  a l l  four  t es t  car iogenic 

bacteria (Table 1).

DISCUSSION

T h e  s t u d y  e v a l u a t e d  t h e 

a n t i b a c t e r i a l  e ffi c a c y  o f  fi v e 

d e n t a l  p u l p  t h e r a p y  m a t e r i a l s 

( F C ,  N e o M TA ®,  N e o P U T T Y ™ , 

ProRoot® MTA, and ZOE) against 

four cariogenic bacteria (A. viscosus, 

L. acidophilus, L. rhamnosus, and S. 

mutans) .   All materials exhibited 

antibacterial activity based on the 

disc diffusion susceptibility assay.
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In  agreement  wi th  prev ious 

s t u d i e s ,  F C  d e m o n s t r a t e d  t h e 

most potent bactericidal property, 

identifying it as the gold standard 

in pulpotomy (Noorollahian, 2008).  

FC efficacy is due to the presence 

of  formaldehyde,  which is  well-

known for its protein-denaturing 

and cytotoxic effects (Noorollahian, 

2008) .   However ,  recent  s tudies 

reporting adverse outcomes, such 

as internal resorption and chronic 

inflammation resulting from pulp 

i r r i ta t ion,  have  ra ised concerns 

r e g a r d i n g  i t s  c y t o t o x i c  a n d 

potentially carcinogenic properties, 

resulting in its limited clinical use 

(Noorol lahian,  2008;  Basir  e t  a l , 

2019).

ZOE demonstrated significant 

antibacterial properties, though less 

potent than FC.  The antimicrobial 

e ff e c t  o f  Z O E  i s  a tt r i b u t e d 

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

bac ter ia l  ce l l  wal l s  and  inh ib i t 

enzymatic  act ivity,  contributing 

to its antimicrobial effects (Basir 

et al, 2019).  However, ZOE use is 

associated with pulp inflammation 

and internal resorption due to the 

release of  free eugenol ,  causing 

moderate to severe inflammatory 

r e s p o n s e s  ( G o d h i  e t  a l ,  2 0 1 1 ; 

Singh et al, 2016; Basir et al, 2019).  

A l t h o u g h  F C  a n d  Z O E  e x h i b i t 

superior antimicrobial properties, 

their cytotoxic effects l imit their 

suitability for vital pulp therapy 

(Noorollahian, 2008; Chotvorrarak 

et al, 2017). 

Only  moderate  ant ibacter ia l 

effects were observed with the test 

MTA-based materials .   Previous 

research has  suggested that  the 

advantages of such materials in pulp 

therapy lie in their biocompatibility 

and sealing properties rather than 

ant imicrobia l  ac t iv i ty  (P imenta 

et al,  2015; Shin et al,  2018).  The 

a n t i b a c t e r i a l  p r o p e r t y  o f  M TA 

is  main ly  due  to  the  re lease  o f 

calcium hydroxide upon hydration, 

creating an alkaline environment 

that inhibits the bacterial growth 

of non- cariogenic microorganisms 

such as Enterococcus faecal is  and 

Staphylococcus aureus (Noorollahian, 

2008; Pimenta et al, 2015).  However, 

its antibacterial efficacy is generally 

considered less potent compared 



630

SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

Vol 56  No.6  November  2025

t o  m a t e r i a l s  l i k e  F C  a n d  Z O E 

(Mohammadi et al, 2012).  Despite 

their weaker antimicrobial action 

compared to FC and ZOE, MTA-

based materials remain a preferred 

pulp therapy due to their bioactivity, 

compatibility with pulp tissues and 

ability to promote the formation of 

hard tissues (Noorollahian, 2008; 

Basir et al, 2019).

I n  c o n c l u s i o n ,  t h i s  s t u d y 

demonstrated the superior  anti -

c a r i o g e n i c  b a c t e r i a l  e ffi c a c y  o f 

Buckley’s formocresol (FC) and zinc 

ox ide-eugenol  (ZOE)  compared 

to the mineral trioxide aggregate 

(MTA)-based dental  pulp fil lers 

N e o M T A ® ,  N e o P U T T Y ™  a n d 

ProRoot ® MTA.   These  findings 

highlight the trade-off between anti-

cariogenic  bacterial  efficacy and 

biocompatibility/sealing property/

hard tissue development properties 

of therapeutic substances used in 

pulpotomy.  MTA-based materials 

o ff e r  a  b a l a n c e d  a p p r o a c h  b y 

combining moderate antibacterial 

a c t i v i t y  w i t h  b i o a c t i v i t y  a n d 

biocompat ibi l i ty  in  dental  pulp 

therapy.
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