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ABSTRACT

Purpose: The purpose of this study was to compare the outcome of primary tooth
pulpotomies using two different white mineral trioxide aggregate (MTA) cements
and calcium hydroxide (CH).

Methods: Primary molars (N=139) from three- to nine-year-old children were
randomly assigned to be treated using either ProRoot MTA (N=46), MTA Ange-
lus (N=45), or CH paste (N=48) as pulpotomy medicaments. All pulpotomized
teeth received a Class I amalgam as a final restoration. Recall examinations were
carried out at one, three, six, 12, 18, and 24 months.

Results: The 24-month cumulative clinical success rates for ProRoot MTA, MTA
Angelus, and CH were approximately 98 percent, 96 percent, and 77 percent, respec-
tively. The cumulative radiographic success rates for ProRoot MTA, MTA Angelus,
and CH were approximately 98 percent, 91 percent, and 45 percent, respectively. For
all parameters evaluated, the MTA cements showed similar clinical and radiographic
outcomes (P>.05), which were significantly better than those of CH (P<.05). The
two-year clinical and radiographic survival probabilities for ProRoot MTA and MTA
Angelus were comparable (P=.62 and P=.20, respectively) and superior to calcium
hydroxide (all P>.05).

Conclusions: ProRoot MTA and MTA Angelus showed similar and favorable success
rates as pulpotomy materials in primary molars. (J Dent Child 2013;80(3):126-32)
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cinogenicity of formaldehyde,® one of its primary com-

primary tooth pulpotomy is a widely accepted
Ailinical procedure, consisting of complete removal
f the inflamed coronal pulp tissue and healing
the radicular pulp with a suitable medicament.! Pulpo-
tomized teeth can remain asymptomatic until exfo-
liation and, thus, help maintain the integrity of the
dental arch.?’ The pulpotomy procedure is also reco-
mmended in young permanent teeth with open apices.*”
Formocresol has been used as a pulpotomy medica-
ment for decades, although concerns of toxicity and car-
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ponents, has stimulated investigations of alternative
approaches. These include glutaraldehyde” and ferric
sulphate®, and techniques such as laser’ and electro-
surgery.'’ Mineral trioxide aggregate (MTA) is a relatively
new agent that can be used in pulpotomies of primary
molar teeth.!"'? Originally developed as a root-end
filling material, the main components of MTA include
tricalcium silicate, tricalcium aluminate, tricalcium
oxide, and silicate oxide." Its popularity can be attri-
buted to several factors, including biocompatibility,'*'¢
good sealing properties,'”” antimicrobial activity,'® and
ability to set in the presence of moisture and blood."”
An increasing number of reports have documented
the favorable clinical outcome of primary tooth pulpo-
tomies utilizing MTA. 23
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Despite several clinical reports that evaluated MTA
cements against commonly used pulpotomy agents,
only two studies have compared different MTA ce-
ments (gray and white MTA) in a single trial.**?*

The purpose of this randomized, controlled trial is
to evaluate and compare two different white MTA ce-
ments as pulpotomy medicaments in human primary
teeth, ProRoot MTA and MTA Angelus. They were
chosen due to their similar composition and because
the latter is a less expensive substitute.

METHODS
SELECTION OF PARTICIPANTS

The study subjects were healthy three- to nine-year-old
children who attended the pediatric dental clinic at the
School of Dentistry, Hacettepe University, Ankara,
Turkey. In order to participate, they had to have a pul-
pally healthy primary molar with a deep occlusal carious
lesion, which presented potential risk of pulp exposure
during complete removal of carious dentin, as determined
by clinical and radiographic assessment.

Teeth that had the following clinical or radiographic
signs and symptoms were excluded: spontaneous pain,
sensitivity to percussion, pathologic mobility, carious
pulp exposure, presence of swelling or fistulae, proximal
caries, internal/external resorption, inter-radicular bone
destruction, calcific metamorphosis, and uneven/patho-
logic root resorption. Informed written consent for par-
ticipation in the study was obtained from parents after
explaining the possible outcomes of treatment. Both the
consent form and the research protocol were approved
by the Institutional Human Subject Review Committee
of Hacettepe University, Ankara, Turkey.

STUDY DESIGN

This was a randomized, controlled, single-blinded
(patient) clinical trial. Operator blinding was not pos-
sible due to the color and consistency of the control
medicament (calcium hydroxide paste), which did not
match those of the MTA cements. The operator, how-
ever, was blinded to the MTA cements, since both ma-
terials had similar color and handling properties.

Eligible primary maxillary and mandibular first
and second molars were assigned to one of the following
treatment groups:

Group 1: White MTA (ProRoot, Dentsply/Tulsa
Dental, Tulsa, Okla) was mixed according to the manu-
facturer’s instructions to produce a homogenous paste.
The material was placed in the pulp chamber with a
plastic carrier. Light pressure was applied with moist
cotton pellets to enhance adaptation of the material.

Group 2: Angelus MTA (Angelus, Londrina, Parang,
Brazil) paste was prepared according to the manufac-
turer’s recommendations and applied over the pulpo-
tomy sites as in Group 1.
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Group 3: Calcium hydroxide powder (Merck,
Darmstadt, Germany) was mixed with sterile water in a
3:1 ratio to produce a homogeneous paste. The ma-
terial was placed in the pulp chamber as described for
groups 1 and 2.

Allocation of patients was made randomly using
sequentially numbered opaque-sealed envelopes pre-
pared with unrestricted (simple) randomization.?**” The
envelopes were opened by a dental auxiliary blinded
to treatment.

CLINICAL PROCEDURES

Treatment was provided by a pediatric dentist resi-
dent in the Department of Pediatric Dentistry at
the School of Dentistry, Hacettepe University, Ankara
Turkey, under supervision of a faculty member. Follo-
wing local anesthesia with 4% articaine hydro-
chloride with 1:100,000 adrenaline and rubber dami-
solation, the undermined enamel was removed
with a no. 330 carbide bur at high speed and copious
air/water spray, followed by complete removal of
carious dentin at the cavosurface margins and lateral
walls. Caries removal at the site of “risk for pulp
exposure”?® was performed with low-speed 1SO
016 or 018 carbide burs under sterile saline irrigation.
Additional teeth were excluded from the study if:
(1) there was pulp exposure during caries removal,
thus enabling the operator to perform indirect pulp
therapy and (2) complete caries removal resulted in
a class II restoration or stainless steel crown.

In teeth with mechanical pulp exposure and light
red pupal bleeding, the pulp chamber was opened
with a high-speed water-cooled carbide bur, followed
by removal of the entire coronal pulp tissue with a
sharp excavator. Thereafter, the pulp chamber was
copiously irrigated with sterile saline to clear the debris.
To control hemorrhage, light pressure was applied
on the entrance of the canals with saline-moistened
sterile cotton pellets for two to four minutes. Once
hemostasis was obtained, a pulpotomy agent was applied
according to treatment group.

In all groups, a layer of conventional glass ionomer
cement (Ketac Fil Plus, 3M/ESPE, Seefeld, Germany)
was placed before the final restoration with a non-
gamma II type amalgam (Permite, SDI, Victoria,
Australia). The amalgam was placed in small in-
crements with special care not to damage the glass
ionomer cement during condensation. After occlusal
adjustments and burnishing, the tooth-restoration
margins were etched with phosphoric acid for 30
seconds, rinsed with water for 15 seconds, dried and
sealed with a thin layer of fissure sealant (Helioseal,
Ivoclar/Vivadent, Schaan, Liechtenstein) to prevent
short-term microleakage.”
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FOLLOW-UP

Follow-up examinations were carried out by two pedi-
atric dentistry faculty members one, three, six, 12, 18,
and 24 months after treatment. The following criteria
were used for the determination of clinical and radio-
graphic success®: (1) absence of spontaneous pain and/
or sensitivity to palpation/percussion; (2) absence of
fistula, swelling, and/or abnormal mobility; (3) absence
of radiolucencies at the inter-radicular and/or periapical
regions, as determined by conventional periapical radio-
graphs taken at all control appointments; (4) absence of
pulp canal obliteration (fully obliterated canals); and
(5) absence of internal or external (pathologic) resorption
that was not compatible with a normal exfoliation process.
To evaluate a possible correlation between indirect evi-
dence of clinical microleakage® and clinical/radiographic
failure, the marginal quality of the amalgam restorations
were evaluated according to the modified United States
Public Health Service (USPHS) clinical rating system.*?
Discoloration possibly caused by the tested MTA ce-
ments was not recorded.

Two calibrated operators, blinded to group assign-
ment and treatment, performed all clinical and radio-
graphic recall examinations and restoration margin
assessments. A consensus was reached when disagreement
arose.

STATISTICAL ANALYSIS

Comparative evaluations between groups regarding
clinical and radiographic findings were done using
the log-rank test, followed by multiple comparison
tests. The cumulative survival rate was calculated using
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the Kaplan-Meier method. Descriptive statistics and
statistical analysis were performed using SPSS 11.5
(SPSS Inc, Chicago, Ill.) The results were considered
statistically significant at P<.05.

RESULTS

A CONSORT diagram showing the flow of patients
and pulpotomized teeth up to 24 months of follow-
up is presented in Figure 1. A total of 139 molars
were pulpotomized in 75 children (female to male
ratio:1.25). There were dropouts (3 ProRoot MTA, 1
MTA Angelus, and 1 calcium hydroxide) throughout
the follow-up period.

At 24 months, clinical evaluations using the
USPHS criteria showed that approximately two per-
cent of the teeth in the ProRoot MTA group, two per-
cent in the MTA Angelus group and four percent in
the calcium hydroxide group had amalgam restora-
tions with ditched margins and had at least one sign
of radiographic failure. No significant relationship was
found, however, between marginal integrity failure and
radiographic pathologies (P<.12).

Kaplan-Meier analysis showed that the 24-month
cumulative clinical survival probabilities of the Pro-
Root MTA, MTA Angelus, and calcium hydroxide
groups were 0.973, 0.953, and 0.752, respectively (Figure
2A). Comparisons using the log-rank test showed that
the clinical survival probabilities of ProRoot MTA and
MTA Angelus were similar (P>.62), and were signi-
ficantly greater than that of the calcium hydroxide
group (P=.008 and P=.004, respectively). Throughout
the follow-up period, 1 tooth in the ProRoot MTA
group, two teeth in the MTA Angelus group, and seven
teeth in the calcium hydroxide group presented with a
fistula and were extracted (Table 1).

The 24-month cumulative radiographic survival
probabilities of the ProRoot MTA, MTA Angelus, and
calcium hydroxide groups were 0.974, 0.908, and
0.446, respectively (Figure 2B). The survival probabili-
ties of ProRoot MTA and MTA Angelus were similar
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Figure 1. Flow of participants and pulpotomized teeth up to
24 months.
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Figure 2. (A) Clinical and (B) radiographic survival probabilities
of the treatment groups (Kaplan-Meier analysis).
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(P>.20, log-rank test), and were significantly greater
than that of the calcium hydroxide group (both P<.001,
log-rank test). Most radiographic failures were asso-
ciated with internal resorption, which was observed in
23 teeth in the calcium hydroxide group, compared
to none in the ProRoot MTA and three in the MTA
Angelus groups (P<.001). Pulp canal obliteration was
observed in two mandibular molars, one in each of
the MTA groups. Typical examples of radiographic
findings are presented in Figure 3.

DISCUSSION

This study evaluated the clinical and radiographic success
rates of primary molar pulpotomies using 2 white MTA
cements. Calcium hydroxide was selected as the control
medicament both for its capability of promoting pulp
repair and healing,” and because it is believed that MTA
has an action similar to that of calcium hydroxide, since
after hardening, the calcium oxide within MTA reacts
with tissue fluids to form calcium hydroxide.” Further-
more, calcium hydroxide is a safe alternative to formo-
cresol, which has been traditionally utilized in clinical
studies as both the test and control medicament."® Both
calcium hydroxide and formocresol have produced less
favorable responses than MTA in pulpotomized pri-
mary molars.!>?*?! Although better clinical and radio-
graphic outcomes might be expected with formocresol
than with calcium hydroxide as a control medicament,?
a decision was made in favor of the latter, since the con-
cerns of toxicity and mutagenicity associated with formo-

Table 1. Treatment Outcomes According to the
Material Used for Pulpotomy*
Treatment ProRoot MTA  MTA Angelus CH
outcomes (N=43) (N=44) (N=47)
N (%) N (%) N (%)
Spontaneous pain 0 (0) 1(2) 1(2)
Sensitivity to 0 (0) 2(5) 3 (6)
percussion
S Fistula 1(2) 2 (5) 7 (15)
£ Swelling 0 (0) 0(0) 1)
© Abnormal mobility 0 (0) 0 (0) 0 (0)
Teeth with 21 signs 1(2) 2 (5) 11 (23)
of failure
Periradicular RL 0 (0) 0 (0) 11 (23)
Inter-radicular RL 0 (0) 1(2) 16 (34)
Loss of lamina dura 0 (0) 0 (0) 14 (30)
% Pathologic root 0 (0) 0 (0) 1(2)
‘5) resorption
;g PCO 1(2) 1) 0 (0)
51
& Internal/external RR 0 (0) 3(7) 23 (49)
Teeth with 21 signs 1(2) 4(9) 26 (55)

of failure

* CH=calcium hydroxide; RL=radiolucency; PCO= pulp canal oblitera-
tion; RR=root resorption.
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cresol in children outweighed its potential clinical
efficacy.®

In randomized clinical trials (RCTs), both the re-
searchers and participants should ideally be blinded
to the treatment group assignment. When the double-
blind study model is applied to endodontic or restor-
ative interventions, however, it quickly becomes
apparent that the clinician, who is inevitably familiar
with one or more the medicaments/materials being
used, will not be able to adhere to a strict double-
blind model.** For this reason, RCTs designed to eva-
luate the efficacy of such treatments are often single-
blind, with only the subjects being unaware of their
assignment to the study or control group.’ To pre-
serve the credibility of such trials, blinded evaluation
protocols appear to be a valid and well-accepted ap-
proach, especially when different medicaments/
materials are administered with the same type of inter-
vention (ie, pulpotomy).

In the present study, the operator was blinded to
the type of MTA cement, but could not be blinded to
calcium hydroxide (control), since it differed from
the near-identical MTA cements in color and consis-
tency. Since calcium hydroxide had a similar radio-
graphic appearance as the MTA cements, however, the
radiographic assessments could be easily carried out
in a strictly blinded fashion. Likewise, the existence of
Class I amalgam restorations over the pulpotomy
medicaments enabled treatment concealment during
clinical evaluations.

To our knowledge, no previous study has compared
different white MTA cements in a RCT of primary
tooth pulpotomies. There was no significant difference
between the clinical and radiographic outcome of pul-
potomies done with the MTA cements. Both materials
showed high and similar clinical and radiographic
success rates, with only two teeth from the Angelus
MTA group and one tooth from the ProRoot MTA
group showing clinical failure at 24 months.

Figure 3. Examples of radiographic failures: (A) internal
resorption and inter-radicular radiolucency (calcium
hydroxide/24 months); (B) external and pathologic
root resorption (calcium hydroxide/24 months); (C)
external root resorption and inter-radicular radiolu-
cency (calcium hydroxide/24 months); (D) pulp canal
obliteration (ProRoot MTA/24 months).

Celik etal 129



Pulp canal obliteration (PCO) has been reported at
varying degrees and frequencies in primary teeth pul-
potomized with formocresol, ferric sulphate, and
MTA.12425353¢ According to previous reports, PCO
is less frequently seen in pulpotomized teeth treated
with white MTA than those treated with gray MTA.>%
In the present study, the frequency of PCO was ap-
proximately two percent in both MTA groups. This
finding agrees with Agamy et al.,”* who demonstrated
a PCO rate of only five percent with white MTA com-
pared to 58 percent with gray MTA, which is no longer
available. Cardoso-Silva et al.”® also reported that gray
MTA induced a higher percentage of pulp canal stenosis,
without a statistically significant difference. In their
study, grey MTA induced a higher percentage of
PCO with statistically significant differences (P<.05).
PCO indicates that the presence of pulp vitality in-
creases over time and does not affect the clinical and
radiographic outcome of MTA pulpotomies in the long
term. 1,22,25,35

In the present study, calcium hydroxide performed
significantly worse than the MTA cements, but not
primarily due to internal resorption, as had been sug-
gested.”?” The clinical evidence of fistula was regarded
as a true failure, and three out of seven teeth extracted
for that reason had no radiographic sign of internal re-
sorption. As with the present study, internal resorption
has been regarded as a sign of radiographic failure,” since
it occurs as a consequence of osteoclastic activity in
inflamed pulp.”#* Although a considerable number of
internal resorption lesions become arrested and remain
unchanged over time without interfering with physio-
logic root resorption, they may be accepted as failure
if accompanied by other clinical signs of failure.
Finally, the clinical failure rate of calcium hydroxide
pulpotomies observed herein appear to be lower than
those reported previously.”* In line with the present
results, other studies have reported favorable clinical
outcomes in more than 80 percent of cases.*"*

In the present study, the pulpotomized teeth were
restored with I-surface (occlusal) amalgam. Although
pulpally treated primary teeth should be ideally re-
stored with stainless steel crowns to ensure an ad-
equate coronal seal, placement of amalgam as a final
restoration may be necessary in pediatric patients. The
American Academy of Pediatric Dentistry guideline
on pulp therapy states that a tooth receiving a pulpo-
tomy should be restored to minimize microleakage.*
An occlusal amalgam that is sealed will accomplish
such results.

Holan et al.** showed that pulpotomized primary
molars restored with one-surface amalgam had similar
success rates to those restored with stainless steel
crowns. In an attempt to delay the effects of inevitable
postoperative microleakage, especially during the cri-
tical period of pulpal healing,” the study protocol sti-
pulated confinement of the cavities to the occlusal
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surface (Class I). Furthermore, all margins were sur-
rounded by sound enamel and sealed with a fissure
sealant due to the inferior resistance of amalgam to
microleakage in the short term.* Guelmann et al.”’
showed that new amalgam restorations sealed with an
unfilled sealant demonstrated significantly less mi-
croleakage than those that were not sealed after sto-
rage in an acid environment, which conformed to our
primary aim of preventing microleakage in the short
term. Marginal integrity assessments of sealed-over
amalgam restorations were done to evaluate a possible
correlation between indirect evidence of clinical mi-
croleakage and clinical/radiographic failure. Based on
our results, the loss of marginal integritcy—character-
ized by either loss of the sealant alone or loss of the
sealant and ditched amalgam margins—did not corre-
late with the clinical and/or radiographic outcome over
24 months.

In line with these results, a recent 24-month clinical
trial of MTA and Portland cements as pulpotomy
medicaments failed to establish a correlation between
restoration failure and treatment outcome.” Interestingly,
that study utilized resin-modified glass ionomer cement
as a final restoration (including proximally involved
molars), which may not be expected to offer better seal-
ing efficiency than full-crown coverage in primary teeth.

CONCLUSIONS

Based on the results of this study, the following con-
clusions can be made:

1. ProRoot MTA and MTA Angelus showed high cli-
nical and radiographic success rates as pulpotomy
agents in primary molars.

2. Calcium hydroxide showed considerably less clinical
and radiographic success than the MTA cements.

REFERENCES

1. Holan G, Eidelman E, Fuks AB. Long-term evalu-
ation of pulpotomy in primary molars using min-
eral trioxide aggregate or formocresol. Pediatr Dent
2005;15:129-36.

2. Ranly DM, Garcia-Godoy F. Current and potential
pulp therapies for primary and young permanent
teeth. ] Dent 2000;28:153-61.

3. Fuks AB. Current concepts in vital primary pulp
therapy. Eur J Paediatr Dent 2003;3:115-20.

4. Camp JH. Pediatric Endodontic Treatment. In:
Cohen S, Burns RC. Pathways of the Pulp. 6th
ed. London: CV Mosby Co; 1994: 633-71.

5. Witherspoon DE, Small JC, Harris GZ. Mineral
trioxide aggregate pulpotomies: A case series out-
comes assessment. ] Am Dent Assoc 2006;137:
610-8.

6. Hunter ML, Hunter B. Vital pulpotomy in the pri-
mary dentition: Actitudes and practices of special-

ists in pediatric dentistry practicing in the United
Kingdom. Int J Paediatr Dent 2003;13:246-50.

Journal of Dentistry for Children-80:3, 2013


http://www.ingentaconnect.com/content/external-references?article=0960-7439(2003)13L.246[aid=8627564]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2000)28L.153[aid=5354246]
http://www.ingentaconnect.com/content/external-references?article=0002-8177(2006)137L.610[aid=8626874]
http://www.ingentaconnect.com/content/external-references?article=0002-8177(2006)137L.610[aid=8626874]

7. Shumayrikh NM, Adenubi JO. Clinical evaluation
of glutaraldehyde with calcium hydroxide and
glutaraldehyde with zinc oxide eugenol in pulp-
otomy of primary molars. Endod Dent Traumatol
1999;15:259-64.

8. Ibricevic H, Al-Jame Q. Ferric sulphate and formo-
cresol in pulpotomy of primary molars: Long
term follow-up study. Eur J Paediatr Dent 2003;4:
28-32.

9. Huth KC, Paschos E, Hajek-Al-Khatar N, et al. Ef-
fectiveness of 4 pulpotomy techniques: Randomized
controlled trial. ] Dent Res 2005;84:1144-8.

10. Dean JA, Mack RB, Fulkerson BT, Sanders BJ.
Comparison of electrosurgical and formocresol
pulpotomy procedures in children. Int J Paediatr
Dent 2002;12:177-82.

11.Peng L, Ye L, Tan H, Zhou X. Evaluation of for-
mocresol versus mineral trioxide aggregate primary
molar pulpotomy: A meta-analysis. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2006;102:
40-4.

12. Innes N. Better outcomes in pulpotomies on pri-
mary molars with MTA. Evid Based Dent 2007;
8:11-2.

13. Torabinejad M, Chivian N. Clinical applications
of mineral trioxide aggregate. ] Endod 1999;25:
197-205.

14. Mitchell PJ, Pitt Ford TR, Torabinejad M, Mc-
Donald E Osteoblast biocompatibility of mineral
trioxide aggregate. Biomaterials 1999;20:167-73.

15. Oviir T, Pagoria D, Ibarra G, Geurtsen W. Effects
of gray and white mineral trioxide aggregate on the
proliferation of oral keratinocytes and cemento-
blasts. ] Endod 2006;32:210-3.

16. Guven G, Cehreli ZC, Ural A, Serdar MA, Basak
E Effect of mineral trioxide aggregate cements on
transforming growth factor betal and bone mor-
phogenetic protein production by human fibro-
blasts in vitro. ] Endod 2007;33:447-50.

17. Al-Kahtani A, Shostad S, Schifferle R, Bhambhani S.
In vitro evaluation of microleakage of an orthograde
apical plug of mineral trioxide aggregate in perma-
nent teeth with simulated immature apices. ] Endod
2005;31:117-9.

18. Zhang H, Pappen FG, Haapasalo M. Dentin enhances
the antibacterial effect of mineral trioxide aggregate
and bioaggregate. ] Endod 2009;35:221-4.

19. Vanderweele RA, Schwartz SA, Beeson TJ. Effect of
blood contamination on retention characteristics of
MTA when mixed with different liquids. J Endod
2006;32:21-4.

20. Acinehchi M, Dadvand S, Fayazi S, Bayat-Movahed
S. Randomized controlled trial of mineral trioxide
aggregate and formocresol for pulpotomy in pri-
mary molar teeth. Int Endod J 2007;40:261-7.

21. Moretti AB, Sakai VT, Oliveira TM, et al. The ef-

fectiveness of mineral trioxide aggregate, calcium

Journal of Dentistry for Children-80:3, 2013

Randomized trial of white MTA pulpotomies

hydroxide and formocresol for pulpotomies in pri-
mary teeth. Int Endod ] 2008;41:547-55.

22. Sakai VT, Moretti AB, Oliveira TM, et al. Pulpotomy
of human primary molars with MTA and Portland
cement: A randomized controlled trial. Brit Dent ]
2009;207:128-9.

23. Ansari G, Ranjpour M. Mineral trioxide aggregate
and formocresol pulpotomy of primary teeth: A 2-
year follow-up. Int Endod ] 2010;43:413-8.

24. Agamy HA, Bakry NS, Mounir MM, Avery DR.
Comparison of mineral trioxide aggregate and for-
mocresol as pulp-capping agents in pulpotomized
primary teeth. Pediatr Dent 2004;26:302-9.

25. Cardoso-Silva C, Barberfa E, Maroto M, Garcia-
Godoy E Clinical study of mineral trioxide aggregate
in primary molars: Comparison between grey and
white MTA—a long term follow-up (84 months). J
Dent 2011;39:187-93.

26. Altman DG, Schulz KE Statistics notes: Conceal-
ing treatment allocation in randomized trials. BMJ
2001;32:446-7.

27. Doig GS, Simpson F. Randomization and alloca-
tion concealment: A practical guide for researchers.
J Crit Care 2005;20:187-91.

28. Falster CA, Araujo FB, Straffon LH, Nér JE. In-
direct pulp treatment: In vivo outcomes of an ad-
hesive resin system vs calcium hydroxide for pro-
tection of the dentin-pulp complex. Pediatr Dent
2002;24:241-8.

29. Guelmann M, Bonnin S, Primosch RE, Séderholm
KJ. Microleakage and wall adaptation of conser-
vative restorations. Am | Dent 2002;15:407-11.

30. Biiyiikgiiral B, Cehreli ZC. Effect of different ad-
hesive protocols vs calcium hydroxide on primary
tooth pulp with different remaining dentin thick-
nesses: 24-month results. Clin Oral Investig 2008;
12:91-6.

31. Van Meerbeek B, Peumans M, Gladys S, Braem
M, Lambrechts B, Vanherle G. Three-year clinical
effectiveness of four total-etch dentinal adhesive
systems in cervical lesions. Quintessence Int 1996;
27:775-84.

32. Cvar JE Ryge G. Criteria for the Clinical Evalua-
tion of Dental Restorative Materials. US Depart-
ment of Health Education and Welfare publi-
cation no. 7902244. San Francisco, Calif:
Government Printing Office; 1971.

33. Faraco IM Jr, Holland R. Response of the pulp of
dogs to capping with mineral trioxide aggregate
or a calcium hydroxide cement. Dent Traumatol
2001;17:163-6.

34. Licciardone JC, Russo DI Blinding protocols, treat-
ment credibility, and expectancy: Methodologic
issues in clinical trials of osteopathic manipula-
tive treatment. ] Am Osteopath Assoc 2006;106:
457-63.

Celiketal 131


http://www.ingentaconnect.com/content/external-references?article=0098-6151(2006)106L.457[aid=9122964]
http://www.ingentaconnect.com/content/external-references?article=0098-6151(2006)106L.457[aid=9122964]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.241[aid=8553899]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.241[aid=8553899]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2004)26L.302[aid=8626046]
http://www.ingentaconnect.com/content/external-references?article=0143-2885(2008)41L.547[aid=9285165]
http://www.ingentaconnect.com/content/external-references?article=0143-2885(2007)40L.261[aid=9107800]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1996)27L.775[aid=8265076]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1996)27L.775[aid=8265076]
http://www.ingentaconnect.com/content/external-references?article=0143-2885(2010)43L.413[aid=9993350]
http://www.ingentaconnect.com/content/external-references?article=0099-2399(2005)31L.117[aid=7716383]
http://www.ingentaconnect.com/content/external-references?article=0099-2399(2005)31L.117[aid=7716383]
http://www.ingentaconnect.com/content/external-references?article=0142-9612(1999)20L.167[aid=8626886]
http://www.ingentaconnect.com/content/external-references?article=0099-2399(1999)25L.197[aid=7716367]
http://www.ingentaconnect.com/content/external-references?article=0099-2399(1999)25L.197[aid=7716367]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2002)12L.177[aid=8625948]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2002)12L.177[aid=8625948]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2005)84L.1144[aid=8625947]
http://www.ingentaconnect.com/content/external-references?article=1591-996x(2003)4L.28[aid=8627572]
http://www.ingentaconnect.com/content/external-references?article=1591-996x(2003)4L.28[aid=8627572]
http://www.ingentaconnect.com/content/external-references?article=0109-2502(1999)15L.259[aid=8626053]
http://www.ingentaconnect.com/content/external-references?article=0109-2502(1999)15L.259[aid=8626053]

35. Fuks AB, Holan G, Davis JM, Eidelman E. Ferric
sulfate versus dilute formocresol in pulpotomized
primary molars: Long-term follow-up. Pediatr Dent
1997;19:327-30.

36. Maroto M, Barberia E, Vera V, Garcia-Godoy E
Dentin bridge formation after white mineral trio-
xide aggregate (white MTA) pulpotomies in pri-
mary molars. Am ] Dent 2006;19:75-9.

37. Schréder U. A 2-year follow-up of primary molars
pulpotomized with a gentle technique and capped
with calcium hydroxide. Scand J Dent Res 1978;
86:273-8.

38. Waterhouse PJ, Nunn JH, Whitworth JM, Soames
JV. Primary molar pulp therapy: Histological
evaluation of failure. Int J Paediatr Dent 2000;
10:313-21.

39. Rood H, Waterhouse P, Fuks A, Fayle S, Moffat
M. Pulp therapy for primary molars. Int J Paediatr
Dent 2006;16:15-23.

40. Waterhouse PJ, Nunn JH, Whitworth JM. An
investigation of the relative efficacy of Buckley’s
formocresol and calcium hydroxide in primary
molar vital pulp therapy. Br Dent J 2000;188:32-6.

41.

42.

43.

44.

45.

46.

Heilig J, Yates J, Siskin M, McKnight J, Turner J.
Calcium hydroxide pulpotomy for primary teeth:
A clinical study. ] Am Dent Assoc 1984;108:775-8.
Gruythuysen R]J, Weerheijm KL. Calcium hydro-
xide pulpotomy with a light-cured cavity-sealing
material after two years. ] Dent Child 1997;64:
251-3.

American Academy of Pediatric Dentistry. Guide-
line on pulp therapy for primary and immature
permanent teeth. Reference Manual 2012-13.
Pediatr Dent 2012;34(special issue):222-9.

Holan G, Fuks AB, Ketlz N. Success rate of for-
mocresol pulpotomy in primary molars restored
with stainless steel crown vs amalgam. Pediatr Dent
2002;24:212-6.

Murray PE, About I, Franquin JC, Remusat M,
Smith AJ. Restorative pulpal and repair responses.
J Am Dent Assoc 2001;132:482-91.

Osborne JW. Creep as a mechanism for sealing
amalgams. Oper Dent 2006;31:161-4.

132 Celik et al Randomized trial of white MTA pulpotomies Journal of Dentistry for Children-80:3, 2013


http://www.ingentaconnect.com/content/external-references?article=0002-8177(2001)132L.482[aid=2986148]
http://www.ingentaconnect.com/content/external-references?article=0002-8177(2001)132L.482[aid=2986148]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.212[aid=7755276]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.212[aid=7755276]
http://www.ingentaconnect.com/content/external-references?article=0022-0353(1997)64L.251[aid=8626050]
http://www.ingentaconnect.com/content/external-references?article=0022-0353(1997)64L.251[aid=8626050]
http://www.ingentaconnect.com/content/external-references?article=0002-8177(1984)108L.775[aid=7705245]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2006)16L.15[aid=8627282]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2006)16L.15[aid=8627282]
http://www.ingentaconnect.com/content/external-references?article=0029-845x(1978)86L.273[aid=8626051]
http://www.ingentaconnect.com/content/external-references?article=0029-845x(1978)86L.273[aid=8626051]
http://www.ingentaconnect.com/content/external-references?article=0007-0610(2000)188L.32[aid=8626065]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2000)10L.313[aid=8627005]
http://www.ingentaconnect.com/content/external-references?article=0960-7439(2000)10L.313[aid=8627005]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(1997)19L.327[aid=8626048]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(1997)19L.327[aid=8626048]

Copyright of Journal of Dentistry for Children is the property of American Academy of
Pediatric Dentistry and its content may not be copied or emailed to multiple sites or posted to
alistserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



