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Abstract: Direct pulp capping is one of the most common dental practices in endodontic therapy. This systematic
review and meta-analysis aim to determine whether the effect of mineral trioxide aggregate (MTA) and calcium
hydroxide for direct pulp capping is different, as measured by the clinical and radiographic analysis. The study list
was obtained by searching PubMed, Springer Link, Scopus and Cochrane Database. Only those papers that met
the inclusion criteria were analyzed. The results indicated that four studies met the inclusion criteria. Statistically
significant difference was found between the success rates of MTA and calcium hydroxide treated teeth that needed
direct pulp capping (P=0.002). Clinical assessments of the MTA versus calcium hydroxide for direct pulp capping
suggested that MTA was superior to calcium hydroxide in direct pulp capping resulting in a lower failure rate (risk
difference 0.1 [95% CI 0.04 to 0.16]). In conclusion, MTA has a higher clinical success rate for direct pulp capping
comparing to calcium hydroxide, and might be a suitable replacement for calcium hydroxide
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Introduction

Direct pulp capping is a procedure in which the
exposed pulp is covered with a biocompatible
material. The objectives of the treatment are
formation of dentin bridges to wall off outside
stimulation and preservation of healthy pulp
tissue [1].

Calcium hydroxide has been widely used in clin-
ical for direct pulp capping. The material has
been the gold standard by which all the others
were judged. However, considerable limitations
of calcium hydroxide such as presence of tun-
nels in dentin bridge, pulp chamber oblitera-
tion, high solubility in oral fluids, poor sealing
ability and degradation over time were reported
[2, 3].

Mineral trioxide aggregate is a relatively novel
pulping capping agent. Many histological stud-
ies showed that MTA formed thicker hard tissue
barrier compared with calcium hydroxide in ani-
mals or human. However, these studies were
relatively short term observations (less than 3
months) [4-6], and the long term hard tissue

formation capacity of both MTA and calcium
hydroxide is unknown since both materials
formed thicker and more complete dentin bridg-
es with time increases. Moreover, the complete-
ness and thickness of dentin barrier are not
definitely positive correlated with clinical suc-
cess. From a clinical point view, the most impor-
tant outcome is long term pulp vitality and the
absence of clinical symptoms.

Conflicting results has been report by previous
studies when calcium hydroxide was compared
with MTA as direct pulp capping agents. MTA
was found to be as clinically successful as cal-
cium hydroxide when used for direct pulp cap-
ping in both human primary teeth and third
molars [7, 8]. Some studies showed MTA
appears to be more effective than calcium
hydroxide for maintaining pulp vitality after
direct pulp capping both clinically and histologi-
cally [4, 9, 10]. However, the evidence of these
studies is not very strong. In addition, some
clinical trial demonstrated only borderline sig-
nificance, which means the observed signifi-
cance may not be clinically significant [10].
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Table 1. PubMed search strategy and number of publications retrieved

No Search History Number of publications
1 Dental pulp capping 1235

2 Calcium hydroxide 4545

3 Mineral trioxide aggregate OR MTA cement OR aggregate ProRoot 1147

4 1 AND 2 AND 3 73

309 studies identified during database searching

sion criteria; disagreement
among authors was resolved

4 studies included

Figure 1. Flow diagram of included studies.

The systematic review and meta-analysis was
undertaken to compare the effectiveness of
MTA and calcium hydroxide regarding the clini-
cal success. Thus, solving the choice problem
the clinicians face (MTA or calcium hydroxide) in
dental practice regarding direct pulp capping
treatment for exposed pulp was the main objec-
tive of the present study.

Materials and methods
Literature research

The quantitative systematic review was per-
formed by an exhaustive research for clinical
studies that reported comparison of calcium
hydroxide and mineral trioxide aggregate for
direct pulp capping in human. The primary
sources of the reviewed studies were PubMed,
SpringerLink, Scopus and Cochrane Database.
The search of literature published through
September 2014 in PubMed database with
English language restricted was listed in Table
1. A similar search strategy was undertaken on
the other three databases as well as manual
searches. Two authors independently evaluat-
ed and selected the studies that met the inclu-
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in consensus meetings.
rejected(duplication . . .
! (n=51 ) Inclusion criteria and exclu-
sion criteria used in the analy-
268 studies retrieved Sis
Inclusion criteria: (O Rando-
rejected(met the exclusion criteria) mized controlled trial; @
252 Human teeth with exposed
16 studies retrieved pulps with or without caries
treated with a direct pulp cap-
rejected(did not met the inclusion criteria) ping procedure; @ The study
=12 : .
T compared calcium hydroxide

versus MTA; @The outcome
was evaluated by clinical
symptoms and radiographic
evidence.

Exclusion criteria: (O Not randomized con-
trolled trial; @ Only histological evaluation of
calcium hydroxide versus MTA; 3 Non-human
studies; @ Indirect pulp capping/pulptomy
procedure.

Data extraction and quality assessment

Data from studies that fulfilled the inclusion cri-
teria were processed for extraction and enter-
ing into a computerized database. The extract-
ed data included the name of the first author,
year of publication, number of cases, number
of teeth, type of teeth and number of follow-
ups. The quantitative 5-point Jadad score,
which based on randomization, blinding, and
reasons for withdrawal, was used to assess the
methodological quality of included trials. The
quality of each included investigation was eval-
uated by two of the authors. A consensus meet-
ing was conducted to confirm agreement and to
resolve disagreement between reviewers.

Meta-analysis

The meta-analysis was performed by softwa
re RevMan 5.2 provided by The Cochra-
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Table 2. The characteristics of included studies

Study/country (year) pa ri\il-(:)i ;; nts i\(‘eoefr: Ag(e;;’: ?)ge Type of teeth Lost to follow up
Benoist et al. France (2012) not mention 60 16-34 permanent 6

Hilton et al. USA (2013) 376 376 >7 primary and permanent 18

lwamato et al. USA (2006) not mention 48 18-60 permanent 1 lost without stating reasons
Tuna et al. Turkey (2008) 25 50 5-8 primary 8

Table 3. Methodological quality assessment of includ-

edstudies
Benoist Hilton Iwamato Tuna
etal. etal. etal. etal
Randomization 1 1 1 1
Blinding 1 0 1 1
Withdrawals and dropouts 1 1 0 1
Total score 3 2 2 3

ne Collaboration (http://ims.cochrane.org/rev-
man). For raw dichotomous data, relative risk
(RR) and 95% confidence interval (Cl) were cal-
culated. The heterogeneity among studies was
assessed using both the chi-squared test and
the I-squared statistic. The fixed effect model
was used to aggregate the data if homogeneity
existed among studies (P>0.1, 1°’<50%).The ran-
dom effect model was used if the assumption
of homogeneity was rejected (P<0.1, I1>>50%).
Descriptive statistics were developed when
heterogeneity was evident.

Results
Study selection and data summary

The majority of relevant studies were conduct-
ed using calcium hydroxide or MTA. Four stud-
ies comparing the two materials with a total of
501 teeth met inclusion criteria (Figure 1).

Designs of included studies

The included studies had control groups. The
experimental group was the group that received
direct pulp capping with MTA and the control
the group that received direct pulp capping with
calcium hydroxide.

Characteristics of included studies

Two studies were conducted in USA, one in
France and one in Turkey. Most studies were
conducted in a university teaching hospital
environment. Characteristics of the partici-
pants in included studies are presented in
Table 2.
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Methodological quality assessment of
included studies

Methodological quality was assessed with
the use of a scale developed and validat-
ed by Jadad et al. Based on these criteria,
study quality scores were 3 for the studies
by Benoist et al., Hilton et al. and Tuna et
al., and 2 for the study by Iwamato (Table
3).

Meta-analysis

The outcome measure was based on binary
data success/failure, dentin bridge formation/
absence of dentin bridge formation). The four
studies were homogeneous according to x? sta-
tistic and I? (P=0.17, 1>=39%). A graphical infor-
mal test (Forest plot) also confirmed the homo-
geneity (Figure 2). Thus, fixed effect methods
for combining study estimates were used, and
overall estimate was produced. After synthesiz-
ing the results, we found that the rate of clinical
success of the two interventions had significant
difference (risk difference-0.1 [95% CI-0.04 to
0.16]; P=0.002). Based on these data, the dif-
ference in clinical success between the two
treatment regimens was statistically signifi-
cant.

Discussion

Dental pulp, an un-mineralized oral tissue, pos-
sesses a number of important functions includ-
ing dentin induction and formation, nutrition,
defense and sensation [1]. Thus ensuring den-
tal pulp vitality is of great significant to maintain
the normal functions of tooth. Both accidental
mechanical pulp exposure and caries caused
exposure may bring irreversible damage to den-
tal pulp if not treated properly.

Direct pulp capping has been showed to be an
effective way for maintaining pulpal vitality and
health. The operation is considered successful
if the tooth remains vital and a bridge is formed
within 75-90 days [11]. Various materials have
been used as pulp-capping agents, including
bonding agents, cements, resin, calcium
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calcium hydroxide MTA Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed, 95% CI
Benoist 2012 4 26 A 28 108% 0.12[0.04,0.27) % P
Hilton 2013 43 175 25 183 T1.5% 0.11[0.03,0.19) B
Iwamato 2006 2 24 0 23 94% 0.08[-0.05 021] bl B
Tuna 2008 0 20 0 22 8.4% 0.00[0.09,0.09 7 o
Total (95% CI) 245 256 100.0%  0.10[0.04, 0.16] L
Total events 49 26
Heterogeneity: Chi*= 4.96, df= 3 (P= 0.17); F= 39% I t '

Testfor overall effect Z=3.11 (P =0.002)

4 -05 0
calcium hydroxide MTA

Figure 2. lllustration of the homogeneity confirmed by graphical informal test (Forest plot).

hydroxide, and many others [12]. Currently the
most promising materials are calcium hydrox-
ide and MTA, since both materials have the
capacity to induce bridging of the pulp surface
with reparative dentin.

MTA is a new and biocompatible biomaterial
used for dental practice. It has been proved to
be an excellent material for repairing of root
perforations, apexification, root-end filling,
repairing of root resorption and pulp capping.
As to pulp capping, various in vivo studies have
showed that MTA can form a thicker dentin
bridge compared with traditional gold standard
pulp capping material calcium hydroxide histo-
logically [13, 14]. However, long time observa-
tion showed that no statistically significant dif-
ference was found in the dentine thickness
between MTA and calcium hydroxide in human
[7, 15]. In addition, there is no evidence to
prove that the dentin thickness is related with
clinical success of maintaining dental pulp
vitality. Many clinical studies have showed that
MTA is superior to calcium hydroxide as a direct
pulp material. However, most of these studies
are not randomized controlled trials (RCTs).
Many confounding factors, such as type of pulp
exposure, site of pulp exposure and tooth loca-
tion etc, can influence the treatment outcome,
thus the results are not very convincing.
Moreover, some studies showed that calcium
hydroxide performed as well as MTA [7, 8].
Furthermore, the cost of calcium hydroxide is
much cheaper than MTA. The question whether
MTA is better than calcium hydroxide clinically
is still open to doubt.

Meta-analysis is an optional way to provide a
reliable and suggestion for dental practice. We
selected RCTs since the results of these stud-
ies are most convincing. Four RCTs were includ-
ed in this meta-analysis [7, 8, 15, 16]. The prog-
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nosis of direct pulp capping of MTA and calcium
hydroxide was evaluated both clinically and
radiographicaly. The meta-analysis showed
there is statistically significant difference in
success rate between two treatment regi-
mens.

All four studies specified the concrete proce-
dure of dental pulp capping. Clinical signs and
radiography results are combined to determine
the success or failure of the treatment.
However, the clinical standard of the four stud-
ies are not complete the same. In addition,
some studies did not specify the standard
clearly. Benoist et al. and Iwamoto et al. also
compared the dentin formation capacity of
these two materials. Both studies showed no
significant difference in histological findings
between MTA and calcium hydroxide. The follow
up time of four studies are various (Benoist et
al. =6 months, Iwamoto et al. =136+24 days,
Tuna et al. =24 months, Hilton et al. =24
months). Even though all studies stressed radi-
ography results were important standard to
evaluate the success or failure of dental pulp
capping, only Tuna et al. mentioned the perfor-
mance of radiography results. The other three
studies did not mention the radiography results
even about the failure cases. All studies report-
ed that concrete number of cases that lost to
follow up.

Due to the effectiveness of minimizing con-
founders and maximizing control over the trial
environment, RCTs are regarded as the most
reliable and accurate method for experimental
design. In addition, RCTs are high in the hierar-
chy of quality of evidence and can establish the
most convincing causal relationship in compari-
son with other clinical studies such as cohort,
cross-sectional, or case control studies. All the
included studies were described as random-
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ized. Hilton et al. used the Sample function of R
Version 2.15 method for randomization.
However, all the other three studies failed to
describe their way of randomization clearly.
Ensuring the evaluator is blind to treatment
variables when assessing outcomes is impor-
tant. lIwamoto et al., Tuna et al. and Benoist et
al. stated that evaluators are blind to treatment
method. It seems difficult to blind the practitio-
ners to the materials when they are performing
the dental pulp capping operations, because
the characteristics two materials are quite dis-
similar. As to the sample size, only two of the
papers reported rationale for the sample size.
In addition, the reasons Benoist et al. given for
the sample size may be not plausible. The
importance of sample size calculation cannot
be overemphasized. A small sample size will
lead to a lower power of test and lack of ade-
quate evidence, whereas a larger one will cause
the difficulties of follow-up control and waste of
unnecessary resources such as labor, money
and time.

The meta-analysis showed statistically signifi-
cant difference in success rate between the
two treatment regimens. However, there were
still some limitations that affect the final degree
of reliability of literature review and meta-anal-
ysis which could not be neglected. The four
studies were performed in teaching hospital
schools, which make extrapolation for general
practitioners difficult. In addition, bias of publi-
cation was not calculated, because of the num-
ber of included studies. The relatively small
sample is also a limitation; a larger sample size
would definitely be desirable with longer follow-
up to firmly establish the effect of this treat-
ment in the dental pulp.

In conclusion, based on available information
at present, the results of this meta-analysis
demonstrated that MTA performs superior to
calcium hydroxide as a direct pulp-capping
material. However, larger, blind, randomized
controlled trials are needed to be conducted to
provide more reliable clinical evidence.

Disclosure of conflict of interest
None.
Address correspondence to: Dr. Rong Ni, Research

Center, Zhejiang Provincial Health Information
Center, 216 Qingchun Road, Hangzhou 310006,

17059

Zhejiang, P. R. China. Tel: +86-571-87709212; Fax:
+86-571-87709202; E-mail: nihongdr@sina.com

References

[1] Swarup SJ, Rao A, Boaz K, Srikant N, Shenoy R.
Pulpal response to nano hydroxyapatite, min-
eral trioxide aggregate and calcium hydroxide
when used as a direct pulp capping agent: an
in vivo study. J Clin Pediatr Dent 2014; 38:
201-206.

[2] Cox CF, Subay RK, Ostro E, Suzuki S, Suzuki
SH. Tunnel defects in dentin bridges: their for-
mation following direct pulp capping. Oper
Dent 1996; 21: 4-11.

[3] Hilton TJ. Keys to clinical success with pulp
capping: a review of the literature. Oper Dent
2009; 34: 615-625.

[4] Dammaschke T, Stratmann U, Wolff P, Sagheri
D, Schéfer E. Direct pulp capping with mineral
trioxide aggregate: an immunohistologic com-
parison with calcium hydroxide in rodents. J
Endod 2010; 36: 814-819.

[5] Nair PN, Duncan HF, Pitt Ford TR, Luder HU.
Histological, ultrastructural and quantitative
investigations on the response of healthy hu-
man pulps to experimental capping with min-
eral trioxide aggregate: a randomized con-
trolled trial. Int Endod J 2008; 41: 128-150.

[6] Shayegan A, Petein M, Vanden Abbeele A. The
use of beta-tricalcium phosphate, white MTA,
white Portland cement and calcium hydroxide
for direct pulp capping of primary pig teeth.
Dent Traumatol 2009; 25: 413-419.

[71 Iwamoto CE, Adachi E, Pameijer CH, Barnes D,
Romberg EE and Jefferies S. Clinical and histo-
logical evaluation of white ProRoot MTA in di-
rect pulp capping. Am J Dent 2006; 19: 85-90.

[8] Tuna D, Olmez A. Clinical long-term evaluation
of MTA as a direct pulp capping material in pri-
mary teeth. Int Endod J 2008; 41: 273-278.

[91 Mente J, Hufnagel S, Leo M, Michel A, Gehrig
H, Panagidis D, Saure D, Pfefferle T. Treatment
outcome of mineral trioxide aggregate or cal-
cium hydroxide direct pulp capping: long-term
results. J Endod 2014; 40: 1746-1751.

[10] Mente J, Geletneky B, Ohle M, Koch MJ,
Friedrich Ding PG, Wolff D, Dreyhaupt J, Martin
N, Staehle HJ, Pfefferle T. Mineral trioxide ag-
gregate or calcium hydroxide direct pulp cap-
ping: an analysis of the clinical treatment out-
come. J Endod 2010; 36: 806-813.

[11] Pameijer CH, Stanley HR. The disastrous ef-
fects of the “Total Etch” technique in vital pulp
capping in primates. Am J Dent 1998; 11:
S45-S54.

[12] Olsson H, Petersson K, Rohlin M. Formation of
a hard tissue barrier after pulp cappings in hu-
mans. A systematic review. Int Endod J 2006;
39:429-42.

Int J Clin Exp Med 2015;8(10):17055-17060


mailto:nihongdr@sina.com

[13]

(14]

MTA and calcium hydroxide for direct pulp capping

Sawicki L, Pameijer CH, Emerich K, Adamowicz-
Klepalska B. Histological evaluation of mineral
trioxide aggregate and calcium hydroxide in
direct pulp capping of human immature per-
manent teeth. Am J Dent 2008; 21: 262-266.
Dammaschke T, Wolff P, Sagheri D, Stratmann
U, Schéfer E. Mineral trioxide aggregate for di-
rect pulp capping: a histologic comparison with
calcium hydroxide in rat molars. Quintessence
Int 2010; 41: e20-30.

17060

(15]

(16]

Leye Benoist F, Gaye Ndiaye F, Kane AW,
Benoist HM, Farge P. Evaluation of mineral tri-
oxide aggregate (MTA) versus calcium hydrox-
ide cement (Dycal(®) ) in the formation of a
dentine bridge: a randomised controlled trial.
Int Dent J 2012; 62: 33-39.

Hilton TJ, Ferracane JL, Mancl L. Comparison
of CaOH with MTA for direct pulp capping: a
PBRN randomized clinical trial. J Dent Res
2013; 92: 16S-22S.

Int J Clin Exp Med 2015;8(10):17055-17060



