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INTRODUCTION 

If deep  carious  lesions  in  the  primary  dentition  are  nottreated effectively, there can be serious consequences for
the physiological and social development of  the child.1

Therefore, one of  the most challenging objectives of pedi-
atric dentistry is the preservation of the integrity of the pri-
mary arches until they naturally exfoliated.2 Therefore, it is
essential that clinicians select and implement the appropriate
treatment  for  deeply  decayed  primary  teeth.3 Although  the
main purpose of pulp  treatment  in pediatric dentistry  is  to
preserve pulp vitality, often the infectious and inflammatory
process is so advanced that it is not possible to carry out con-
servative pulp management.  In  these cases,  the  ideal  treat-
ment  is pulpectomy. Pulpectomy  in primary  teeth  involves
removing the inflamed or infected pulp root tissue, biome-
chanical cleaning of the canal, and subsequent filling with a
resorbable paste.3,4 The therapeutic purpose of pulpectomy is
to reduce or eliminate the microbial population, thus obtain-
ing a clean and healthy pulp canal; this purpose is achieved
through an appropriate bio-disinfection of the root canal sys-
tem  by means  of  mechanical  instrumentation  and  profuse
irrigation.5

Various  materials  have  been  used  to  fill  primary  root
canals: zinc oxide–eugenol (ZOE; alone or in combination),
pure  calcium hydroxide,  formaldehyde devitalizing pastes,
Kri  paste,  and  Guedes-Pinto  paste,  among  others.6,7 Cur-
rently,  a  material  often  used  in  pediatric  endodontics  is
Vitapex or Ultrapex  (a mixture of calcium hydroxide,  iod-
oform, and silicon)7; its clinical and radiological success rate
is very high and, in cases of extrusion beyond the root apex,
the material is quickly resorbed.8-10 In 1996 the lesion steril-
ization and tissue repair (LSTR) technique was introduced to
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disinfect primary dentinal, pulpal, and periapical lesions. It
employs a 3-mix paste of antibacterial drugs: metronidazole,
ciprofloxacin,  and  minocycline;  the  aim  is  to  remove  the
bacterial constituents harbored in the root canals and deep-
est dentin layers.10-13

More than 700 bacterial species or phylotypes, normally
present in the oral cavity and dental ecological niches, have
been identified and isolated, but over 50% have not yet been
cultivated.14,15 Pulp  canal  infections  are  usually  of  polymi-
crobial  nature,  involving  a  variable  number  of  bacterial
species,  mainly  obligate  anaerobes,  facultative  anaerobes,
and aerobes.16-18 According to Brook,19 endodontic lesions in
deciduous  teeth  are  primarily  or  secondarily  caused  by
infectious bacteria, and the bacteria most commonly identi-
fied in irreversibly inflamed pulps, pulp necrosis, and den-
toalveolar  abscesses  are  Prevotella, Porphyromonas,

Fusobacterium, and Peptostreptococcus spp.  Likewise,
Ledezma et al20 studied 21 primary  teeth with at  least one
necrotic pulp canal, isolating and identifying predominantly
anaerobic species (facultative and moderate anaerobes) in all
their samples. It is well-established that bacteria are the pri-
mary  cause  of  endodontic  infectious  processes  and  peri-
radicular  diseases;  some  are  asymptomatic  and  others  are
associated with serious symptoms.21,22

In this context, the purpose of this study was to evaluate
in vitro the antimicrobial effect of the 3-mix paste, modified
by the authors, and to compare this effect with that of an iod-
oform  paste  (Ultrapex)  against  anaerobic  bacteria  isolated
from root canals of infected primary teeth.

MATERIALS AND METHODS

An in vitro experimental assay was carried out in the post-
graduate programs of Pediatric Dentistry and Endodontics,
Facultad  de  Estomatología,  San  Luis  Potosí  University,
Mexico. The study was reviewed and approved by the Insti-
tutional  Ethics  Committee.  Two materials:  1. Modified  3-
mix  paste  and  2.  Ultrapex,  were  evaluated  by  sensitivity
tests (standard agar diffusion method), using isolated strictly
facultative  anaerobic  bacteria  previously  isolated  from
necrotic primary pulp canals.
Microbial  specimens  were  collected  from  21  primary

molars with at least 1 necrotic canal, abscess, or sinus tract,
following the standardized technique previously described.20

Prereduced thioglycolate tubes supplemented with hemin (5
mg L-1) and menadione (1 mg L-1) were used as a transport
medium. Each  treated  tooth was  cleaned with  pumice  and
isolated with a rubber dam. To disinfect the operative field,
we followed the protocol previously described.18 The carious
tissue was removed with a sterile round bur cooled with ster-
ile saline solution. A sterile cotton pellet was placed on the
floor of the chamber to prevent penetration of disinfectants
into the canals, and, with another sterile bur, the root canal
was accessed. After estimating the canal length with the pre-
operative  periapical  radiograph,  3  sterile  absorbent  paper
points  of  size  compatible  with  root  canal  diameter,  were
sequentially  placed  for  30  seconds.  The  retrieved  paper
points were immediately placed into the tube with thiogly-

colate.  In  the  laboratory,  samples  were  immediately
processed  inside an anaerobic chamber  (85% N2, 10% H2,
5%CO2). Each sample was inoculated on a 5% sheep-blood
CDC anaerobic agar plate with vitamin K and hemin, incu-
bated at 37°C, and observed every 24 hours until growth was
present. Stains isolated were Gram-stained and classified by
colony morphology, oxygen tolerance, and biochemical test.
All microorganisms were characterized using identification
kit API  20A. API Lab  software  (Biomeriéux) was  used  to
ascertain  strain  identification  on  the  basis  of  the  numeric
code generated.

Development and modification of the 3-mix paste 

In  order  to  be  manipulated  properly  and  to  add  the
radiopaque property, the paste’s original formula11 was mod-
ified, adding an inert material such as zinc oxide, but keep-
ing the minimal inhibitory and bactericidal concentration of
each  constituent  antibiotic  of  the  3-mix  paste  (metronida-
zole, ciprofloxacin, and minocycline)—these two concentra-
tions were determined previously as 0.5 mg for each drug in
a  ratio  (potency)  1:1:1.  To  create  a  paste  with  the  proper
thickness  to  impregnate  the  sensi-discs,  the  3  drugs  were
mixed with 2 g of zinc oxide powder and 1 ml of polyethyl-
ene glycol as vehicles.

Manufacture of sensi-discs. 

Ultrapex and 3-mix sensi-discs were prepared with filter
paper cut into circular pieces (6 mm in diameter) and placed
on  concave  containers,  then  each  sensi-disc  was  impreg-
nated with 0.5 mg of the respective paste and finally covered
with another disc, like a sandwich. Both sensi-discs (exper-
imental  and  control) were  placed  together  on  sterile  glass
plates.

Disc-diffusion method

This  method  was  used  in  an  anaerobic  chamber  (Coy
Laboratory Products, Grass Lake, MI, USA)  under  a  con-
trolled atmosphere (85% N2, 10% H2, and 5% CO2). First,
an inoculum was prepared extracting 100 µL from the tube
with the means of transport, containing the previously col-
lected bacteria from the necrotic pulp canals, and deposited
on  8  mL  of  fresh  culture  medium  (thioglycolate  enriched
with hemine and vitamin K). Then the inoculum was incu-
bated for 48 hours  in  the chamber,  thus obtaining a young
culture (in the logarithmic phase of anaerobic growth) with
a turbidity corresponding to McFarland’s scale of 5, which
was employed  for  the  sensibility  tests; 100 µL were  taken
from the former culture with an automatic pipette and uni-
formly distributed on 5% sheep-blood CDC anaerobic agar
plates  with  hemine  and  vitamin  K.  The  sensi-discs  were
placed on the agar surface 3 cm apart, and finally the plates
were  sealed with parafilm. The  cultures were  incubated  at
35°C for 48 hours in the anaerobic chamber. The sensibility
tests were performed in triplicate.

Measurement of inhibitory halos

After  the incubation period,  the diameters of  the inhibi-
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tion halos were measured in mm with a vernier, in triplicate.
Each measurement was  done  by  a  precalibrated  and  inde-
pendent  observer  and  corroborated  under  a  stereoscopic
microscope.  In  addition,  a  classification  of  the  inhibition
halos’ diameters was developed, based on a previous study,23

consisting  in  4  different-diameter  categories  (or  ranks)—
null: 0 mm, low: 0.1–13.4 mm, medium: 13.5–26.8 mm, and
high:  26.9–45  mm.  Finally,  to  identify  potential  resistant
strains, Gram staining was carried out and an additional sub-
culture was done for each of these strains.

Statistical analysis 

Means  and  standard  deviations  were  calculated  for  the
measured diameters of the inhibition halos; because the sam-
ple did not show a normal distribution, a Wilcoxon signed
rank,  nonparametric  test  was  performed.  For  the  halos’
diameter  classification  (null,  low, medium,  and  high),  fre-
quencies  in  each  category  were  obtained  for  each  single
microorganism and for each polymicrobial sample and ana-
lyzed using Fisher’s exact test. The significance value of α
for both tests was established at 0.05.

RESULTS

In  all,  21  micobiological  samples  were  obtained  from
necrotic primary pulp canals; 15 consisted of polymicrobial
cultures and 6 were monomicrobial; 19 different anaerobic
microorganisms could be isolated and identified. The most-
frequently  found  microorganisms  were  Bifidobacterium

spp2 (23), Streptococcus intermedium (6), Actinomyces

israelii (4), and Bifidobacterium 1 (4). 
Means and standard deviations were calculated from the

measurements  in  triplicate of  the  inhibition halos, for each
identified  microorganism  (Table  1).  Microorganisms
exhibiting  the  largest  mean  diameters  of  inhibition  halos
when they were exposed to the 3-mix paste were: Propioni-

bacterium acnes (43 mm ± 1.25), Gemella morbillorum (36
mm ± 0), Prevotella melaninogenica (35.33 mm ± 1.15), and
Bacteroides ovatus thetaiotaomicron (30.25 mm ± 1.75). For
Ultrapex,  the  microorganisms  showing  the  largest  mean
diameters were P melaninogenica (9.66 mm ± 0.57), Actin-

omyces naeslundii (4 mm ± 6.9), and Bifidobacterium spp2

(3 mm ± 4.7) and spp1 (2.6 mm ± 4.6). When the results of
both study groups were statistically compared, it was deter-
mined  that  a  significant  difference  existed  between  the
means of the inhibition halos of the 2 materials investigated
(p < 0.05) in favor of the modified 3-mix paste group, for all
the single microorganisms except Clostridium ramosum and
Candida albicans;  both  microorganisms  evidenced  resis-
tance (no inhibition halo) against the 2 pastes. 
Regarding the classification of the inhibition halo diame-

ters  in 4 different  ranks,  the Ultrapex group exhibited  low
inhibition against P melaninogenica oralis, Bifidobacterium

spp2, Bifidobacterium spp1, A naeslundii and S inter-

medium; all other inhibition halos belonged to the null cate-
gory, while  there were no cases of  this group found  in  the
medium  and  high  categories.  In  the modified  3-mix  paste

Identified microorganisms
ULTRAPEX MODIFIED 3-MIX PASTE

N Rank Mean ± SD Rank Mean ± SD p

Lactobacillus acidophylus 1 0 0 ± 0 24 – 25 24.6 ± 0.8 < .05

Prevotella melaninogenica oralis 1 9-10 9.6 ± 0.6 34 – 36 35.3 ± 1.1 < .05

Bifidobacterium spp2 20 0-13.8 3 ± 4.7 12.5 – 35 28.7 ± 6.7 < .05

Bifidobacterium spp1 4 0-14 2.6 ± 4.6 14 – 39 20.3 ± 4.2 < .05

Actinomyces naeslundii 2 0-12 4 ± 6.9 20 – 27 23.8 ± 4.1 < .05

Actinomyces israelii 4 0 0 ± 0 24 – 37 27.7 ± 6.9 < .05

Streptococcus intermedium 6 0-9 0.3 ± 2.3 16 – 39 27.2 ± 7.6 < .05

Propionibacterium propinicus 1 0 0 ± 0 28 28 ± 0 < .05

Propionibacterium acnes 1 0 0 ± 0 42.5 – 45 43.6 ± 1.2 < .05

Clostridium beijerinckii  / butyricum 2 0 0 ± 0 29 – 35 30.8 ± 2.5 < .05

Clostridium spp 2 0 0 ± 0 19 – 30 24.7 ± 5.7 < .05

Clostridium tentium 1 0 0 ± 0 15 – 28 21.5 ± 6.7 < .05

Clostridium ramosum 1 0 0 ± 0 0 0 ± 0 1.0

Gemella morbillorum 1 0 0 36 36 ± 0 < .05

Collinsella aerofaciens 1 0 0 18.5 – 26 22.5 ± 3.7 < .05

Veillonella parvula 1 0 0 20 20 ± 0 < .05

Veillonella atipica 1 0 0 21 21 ± 0 < .05

Candida albicans 3 0 0 0 0 ± 0 1.0

Bacteroides ovatus theralotaomicron 1 0 0 28.5 – 32 30 ± 1.7 < .05

Table 1. Inhibition halos in mm (diameter) of each isolated microorganism (data expressed in means, standard deviations, and ranks).
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group only C ramosum and C albicans exhibited null inhibi-
tion halos, no cases showed low inhibition, and the remain-
ing 16 were located in the medium and high categories. For
the  polymicrobial  samples,  the  same  classification  was
employed, and when frequencies were counted in each cate-
gory, it was observed that in the Ultrapex group, 15 of these
strains belonged to the null category and 6 to the low cate-
gory;  no  cases  were  present  in  the  medium  or  high  cate-
gories.  In  the  modified  3-mix  paste,  there  were  2  strains
located in the null category, 1 in the low category, 11 in the
medium  category,  and  7  in  the  high  category.  Statistical
comparison  between  the  inhibition  halos  in  both  study
groups showed a statistically significant difference in favor
of the modified 3-mix paste (p < 0.05).

DISCUSSION

Pulpectomy in primary teeth is still considered a controver-
sial procedure due to, among other things, the complex canal
system  characteristic  of  these  teeth,  specially  in  primary
molars; however, there has been a growing tendency to con-
serve  and  maintain  primary  teeth  as  functional  anatomic
units  in  their  dental  arches  until  the  time  of  their  natural
exfoliation;  this  treatment  is  therefore considered a special
procedure in pediatric dentistry.1,5,24 

Success  in endodontic  treatment depends  largely on  the
eradication of bacteria  through proper  instrumentation  and
debridement  of  the  pulp  canals,  irrigation  with  antiseptic
solutions,25-27 and employment of root canal filling materials
having  antibacterial  properties.1,28-30 Cox  et al2 studied  the
bactericidal and bacteriostatic effects of several endodontic
compounds (ZOE and 8 other materials added to ZOE, Sar-
genti’s N-2 paste, and a control); based on their results, they
concluded that ZOE with zinc acetate inhibits gram positive
and  gram  negative  bacteria  from  growing,  except  E coli, 

S aureus, and  S viridans. Furthermore,  they  suggest  that
addition of such highly cytotoxic chemicals as formocresol
or  paraformaldehyde  is  not  necessary  to  ensure  treatment
success. Tchaou et al24 compared the inhibitory effectiveness
of  10  different  filling  materials  based  on  chemical  com-
pounds  like  calcium  hydroxide,  ZOE,  Kri  paste,  Vitapex,
and Vaseline on 13 infected deciduous teeth, employing the
agar diffusion technique. As in the present study, they mea-
sured the diameters of the inhibition halos obtaining means,
standard deviations, and ranks; they concluded that Vitapex
and  calcium  hydroxide  mixed  with  water  had  minimal
antibacterial effects; their best results were exhibited by cal-
cium hydroxide with CPC, ZE + CPC and ZOE + formocre-
sol.  However,  the  authors  did  not  clearly  specify  which
microorganisms were employed, unlike our study in which
identified anaerobic bacteria were tested. Pabla et al28 evalu-
ated the antimicrobial efficacy of ZOE, iodoform, Kri paste,
Maisto paste, and Vitapex over aerobic and anaerobic bacte-
ria (S aureus, S viridans, S faecalis, B melaninogenicus and
polymicrobial  samples  isolated  from  nonvital  deciduous
teeth, using the agar diffusion technique to show that Maisto
paste was the best material, followed by iodoform, ZOE, and

Kri paste. Vitapex exhibited the lowest efficacy, as occurred
in our research.
Among the various filling materials available for primary

teeth  at  present,  and  for  the  purposes  of  this  research, we
decided  to  use  Ultrapex,  constituted  mainly  by  calcium
hydroxide  and  iodoform,  as  the  control  group  due  to  its
reported  therapeutic  advantages.6,7 In  reference  to  the
antibacterial activity of iodoform pastes (Vitapex, Ultrapex),
Nurko and García Godoy8 have reported that to compensate
for  the  incomplete  pulp  canal  debridement  caused  by  the
complex  anatomy,  it  is  necessary  to  destroy  the  remnant
microorganisms  in  the pulp  canal  and provide  an  environ-
ment unsuitable for bacterial growth; however, according to
the results of the present study, Ultrapex did not exhibit any
antimicrobial  potential  against  the  anaerobic  bacteria  iso-
lated from the necrotic primary root canals. These findings
are  similar  to  those  of Tchaou  et al,24,30 who  reported  that
these pastes exhibited a minimal antibacterial effect, exert-
ing  activity  only  against  P buccae, P intermedia, P

melaninogenica and,  although weakly,  against S morbillo-

rum. Their results coincide with ours only with respect to P
melaninogenica. 
Similarly, Reddy and Ramakrishna23 studied  the antimi-

crobial efficacy of several filling materials, evaluating their
bactericidal ability through the halos of inhibition, and con-
cluded that the tested iodoform paste (Metapex) was effec-
tive  only  over  S aureus and  P micros.  In  our  study,  we
employed  the  same  category  classification,  although  our
results  were  different:  only  A naeslundii and  Bifidobac-

terium showed  low  susceptibility,  and  for  the  remaining
microorganisms were null; 12 out of 15 polymicrobial sam-
ples  studied were  classified  under  the  null  category  and  3
under low. Our investigation employed these polymicrobial
samples since pulpal infection has been attributed to multi-
ple types of microorganisms.5,10,12,24

Bacterial samples used in this study were collected from
necrotic  primary  teeth  and  handled  under  strict  anaerobic
conditions in a special chamber, with controlled atmosphere
and temperature, also taking into account those precautions
necessary for avoiding contamination.20 Similar studies23,28,31

used  different  handling  and  control methods,  such  as Gen
Bag and Gas Pak Systems. Likewise, we worked with bac-
teria  extracted  directly  from  pulp  canals,  unlike  other
researchers who employed preserved or reference microor-
ganisms,  as  did Cox  et al2 and Barkhordar  et al.31 On  the
other hand, Tchaou et al24,30 first extracted the primary teeth,
stored them in the chamber, then collected the bacterial con-
tent from their apices. It is important to collect microorgan-
isms  directly  from  the  root  canals  so  as  to  reproduce  the
actual  conditions  in  which  anaerobic  bacteria  grow,  thus
obtaining conditions closer to those existing in the ecologi-
cal  sites  inside  the  necrotic  teeth.  Brook19  concluded  that
some  microbiological  studies  have  been  carried  out  on
microbiota from necrotic primary teeth; however, the quality
can vary because the anaerobic techniques employed are not
always optimal.
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The  agar  diffusion method  used  in  this  study  is  one  of 
the  most  often  used  methods  for  antimicrobial  activity
assessment. This method has been used  in endodontics  for
evaluate antibacterial effect of sealers, pastes and root canal
irrigating solutions. Also, facultative anaerobic and aerobic
microorganism have been used to assess different materials
with antibacterial activity using this method.32-40

An alternative to the before-mentioned materials for pri-
mary  pulp  canal  treatment  is  the  LSTR  technique.  This
method  is  based  on  the  principle  of  bacterial  reduction  or
removal through the employment of a mixture of 3 antibac-
terial  agents,  ciprofloxacine,  metronidazole,  and  minocy-
cline, which are especially indicated for sterilizing infected
primary root canals; therefore, repair of the damaged tissues
can be expected if those lesions are disinfected. The mixture
has been tested, obtaining high clinical success rates (>90%)
on infected primary root canals having periradicular lesions,
with  or without  physiological  root  resorption. The  authors
placed the drug mixture directly on the previously enlarged
canal  orifice,  without  mechanical  canal  preparation,  and
with  a  mean  follow-up  period  of  680  days.11 Sato  et al,
Hoshino et al, and Takushige et al consider the bactericidal
properties of the mixture as the main factor in achieving dis-
infection  of  the  dentin,  canal,  and  alveolar  bone  lesions,
even in the case of large periradicular infections.11-13

There are a  few reports about  the antibacterial effect of
the  3-mix  paste  against  anaerobic microorganisms  specifi-
cally isolated from primary canals. Sato et al11 measured the
antibacterial  effect  of  the paste  only  against E coli, which
was  deposited  into  small  cavities  prepared  parallel  to  the
root  canal walls  in 9  teeth;  no bacteria were  recovered 48
hours after application of the drug mixture. It is important to
note that, in our work, such microorganisms were not iden-
tified  in  the  samples  obtained  from  the  selected  necrotic
teeth. Another study by Hoshino et al12 showed the antimi-
crobial effect of the 3-mix paste (with and without the addi-
tion of rifampicin); they isolated pathogenic microorganisms
from the  infected  root canal’s dentin walls, carious dentin,
and  infected  pulps,  and  evaluated  in  vitro  the  bactericidal
efficacy by measuring bacterial recovery, a different method
than the one employed in the present work. Takushige et al13

assessed  the clinical efficacy of  the LSTR technique as an
endodontic  treatment  in  primary  teeth  without  making  a
microbiological  analysis,  obtaining  highly  successful
results. They report  the 3-mix paste  in a ratio (potency) of
1:3:3 prepared on the two ways: using a mixure of macrogol
and propylene glycol and using a canal sealer. In the present
study we modified the mixure using a 3-mix paste in a ratio
of 1:1:1 with propylene glycol and zinc oxide as vehicles.
We carried out tests on both polymicrobial and monomicro-
bial  cultures,  observing  that,  according  to  the  Reddy  and
Ramakrishna  classification,23 12  out  of  15  polymicrobial
samples  showed  an  inhibition  halo  in  the  presence  of  the
modified 3-mix paste in the medium and high categories; the
other  3  showed  no  inhibition  halo  (null  category). When
tested on single microorganisms, it was found that P acnes,

G morbillorum, P melaninogenica, and  B ovatus ther-

alotaomicron exhibited  the  largest  inhibition  zones  (high
category);  on  the  other  hand, C albicans and C ramosum

showed  no  bactericidal  activity.  Some  bacteria,  such  as
 Bifidobacterium spp, Bifidobacterium spp 1, S intermedius,

A viscosus, and Clostridium spp, exhibited heteroresistance.
An interesting finding in our research was the detection

and  isolation of C albicans from the necrotic primary root
canals,  which  was  previously  reported  only  by  Tchaou  et

al,30 who  also  mentioned  that  Vitapex  did  not  show  any
antibacterial effect against this fungus. In our study, C albi-

cans did not exhibit, as expected, an inhibition halo when it
was  tested  with  either  paste,  coinciding  with  the  findings
previously reported on the minocycline effects over the fun-
gus.41 However,  more  studies  are  required  to  confirm  the
presence of C albicans in necrotic primary root canals and
justify the addition of an antifungal agent to the modified 3-
mix paste. 
In this study, the microorganism most commonly isolated

was  Bifidobacterium spp2;  furthermore,  this  bacterium
exhibited resistance to bactericidal activity when both stud-
ied  materials  were  tested.  Nevertheless,  Bifidobacterium

spp2 has  not  been  previously  identified  and  evaluated  in
other antimicrobial efficacy studies of canal filling materials
on primary teeth.1,6,7,19,31,41,42

Although more clinical  controlled  studies are necessary
to  confirm  the  efficacy  of  the  modified  3-mix  paste,  the
results exhibited both in vitro and in vivo by this antibiotic
mixture are highly promising as a feasible alternative in the
pulp  treatment  of  irreversibly  infected  or  necrotic  primary
teeth.

CONCLUSION

The bactericidal effect of modified 3-mix paste was superior
to Ultrapex, with a significant statistical difference, against
anaerobic microorganisms isolated from infected root canals
of primary teeth.
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