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Abstract
Background: Pulpotomy is an effective, vital pulp therapy procedure for caries-
affected or traumatized primary teeth. Though its efficacy is widely accepted, the 
superiority of medicaments and techniques remains debatable.
Aim: The aims of this review were to compare the success rates of various pulpot-
omy medicaments or techniques, assess the methodological quality of reviews, 
and grade the level of evidence for each comparison.
Design: This review followed the principles of evidence-based medicine and 
recommendations for the overview of systematic reviews. An a priori protocol 
was registered in the International Prospective Register of Systematic Reviews 
(PROSPERO; CRD42021244489). A comprehensive literature search was per-
formed by two reviewers, and studies were selected from various databases ac-
cording to predefined criteria. Two reviewers independently used a self-designed 
pilot-tested form to extract data from the selected studies. A quality analysis was 
performed using A MeaSurement Tool to Assess systematic Reviews-2 (AMSTAR-2) 
and the ROBIS tool. Reporting characteristics and overlap of the primary studies 
were also assessed. We used modified Köhler's criteria for evaluating the quality of 
evidence for outcomes of included systematic reviews and meta-analyses.
Results: The scrutiny of 62 full-text articles resulted in the inclusion of eight sys-
tematic reviews. The quality of four of the reviews was found to be critically low, 
and the overlap of primary studies in the meta-analyses was found to be high. 
Pulpotomy medicaments/techniques, except calcium hydroxide, had success rates 
of more than 80% for all domains and time periods. Most of the comparisons re-
vealed no differences in the clinical, radiographic, or overall success rates. Mineral 
trioxide aggregate, however, was found to have better radiographic and overall 
success rates than calcium hydroxide at periods greater than 12 and 18 months. 
It also had a greater radiographic success rate than full-strength/1:5 diluted and 
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1   |   INTRODUCTION

Pulpotomy is regarded as an effective, vital pulp therapy 
procedure for primary teeth with pulp exposure due to 
dental caries or trauma. It involves the complete removal 
of infected or inflamed coronal pulp and preservation of 
the radicular pulp by a suitable technique or placement 
of a medicament, followed by an adequate coronal seal.1 
Though the clinical and radiographic success rates of this 
procedure are well established, the comparative efficacy 
of the different pulpotomy techniques and medicaments 
remains debatable. Recent advances in the understand-
ing of pulp biology, the regeneration of the pulp–dentin 
complex, and the diverse interactions between the con-
ventional and newer biomaterials have resulted in the es-
calation of research related to the pulpotomy of primary 
teeth.2 Although the molecular signaling mechanisms are 
being deciphered, the efficacy of techniques and medica-
ments is being evaluated through prospective studies.

The American Academy of Pediatric Dentistry, in its 
guidelines for vital pulp therapy procedures, has recom-
mended mineral trioxide aggregate (MTA) and formocre-
sol (FC) as materials of choice for the pulpotomy of teeth 
expected to last for 24 months or more, with all other ma-
terials having conditional recommendations.1 In 2021, the 
International Association of Paediatric Dentistry recom-
mended MTA, Biodentine®, and FC as pulpotomy medica-
ments, along with highlighting the carcinogenic potential 
of FC.3 Recent systematic reviews (SRs) and meta-analyses 
(MAs), however, have failed to establish the superiority of 
pulpotomy techniques or materials.4,5 Overviews of SRs 
or umbrella reviews have been suggested as a method for 
evaluating the highest level of evidence and identifying 
deficiencies therein. Hence, the aims of this study were 
to: (1) compare the clinical, radiographic, and/or overall 
success rates of medicaments and techniques; (2) assess 

the methodological quality of SRs/MAs; and (3) grade the 
level of evidence for each comparison. Additionally, an at-
tempt was made to identify the sources of ambiguities and 
develop recommendations for future research.

2   |   MATERIALS AND METHODS

2.1  |  Protocol and registration

An a priori protocol based on the best practices of evidence-
based medicine6 and the Joanna Briggs Institute's rec-
ommendations for the evaluation of systematic reviews7 
was developed through an expert-group discussion and 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO; CRD42021244489). The 

full-strength formocresol at 24 months. Formocresol was found to have better over-
all success rates than calcium hydroxide at all time periods and better radiographic 
success rates at 12 months. Only 12 of the 63 comparisons had suggestive or weak 
evidence, whereas all others had either negligible evidence or insufficient data.
Conclusions: The pulpotomy medicaments/techniques, except calcium hydrox-
ide, showed success rates of more than 80%, whereas most comparisons revealed 
no differences. Mineral trioxide aggregate, however, was found to be better than 
calcium hydroxide and formocresol in several respects. This study highlights the 
lack of evidence regarding the choice of pulpotomy agents for the treatment of 
caries-affected primary teeth and elucidates the domains that require primary 
studies in the future.

K E Y W O R D S
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Why this paper is important to paediatric 
dentists
•	 This overview of systematic reviews presents 

the level of evidence in the comparisons of vari-
ous agents and techniques used for pulpotomy 
of primary teeth. This can benefit paediatric 
dentists by providing guidance for the selection 
of the most appropriate technique.

•	 This paper identifies the comparisons that have 
low-quality evidence or require future research. 
This can benefit future paediatric dental re-
searchers in generating the evidence that is cur-
rently lacking.

•	 The recommendations developed in this paper 
will help in guiding evidence-based paediatric 
endodontics.
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Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were followed in the 
reporting of this article.8

2.2  |  Search strategy

A comprehensive search strategy was developed based 
upon the PICOS system: Population (P), primary teeth indi-
cated for pulpotomy (due to caries or trauma); Intervention 
(I), pulpotomy; Comparison (C), other pulp therapies as 
permitted by study design; Outcomes (O), success rates 
(overall, clinical, and radiographic); and Study design 
(S), SR with or without MA, and elements of the research 
question. PubMed, LILACS, Web of Science, Scopus, 
Embase, and Cochrane databases were searched on April 
4, 2021, without any limitation as to language and year of 
publication. The detailed search strategy is included in 
Appendix S1. A search of the gray literature was also per-
formed in Google Scholar and OpenGrey. Two authors (NT 
and RMJ) performed the literature search independently. 
A second stage of the literature search included searching 
of reference lists of the eligible studies and the Cochrane, 
PROSPERO, and Joanna Briggs Institute's registries of SRs.

2.3  |  Inclusion and exclusion criteria

SRs (1) performed to assess the overall clinical or radio-
graphic efficacy of medicaments or techniques used for 
pulpotomy of primary teeth, (2) performed by a minimum 
of two reviewers with literature searches carried out in at 
least two databases, and (3) with quality analysis of the 
primary studies performed through a valid and/or reliable 
tool were included.9 Scoping reviews, evidence mapping, 
narrative reviews, and all forms of primary studies and re-
views with unclear methodology in terms of study selec-
tion were excluded.7

2.4  |  Study selection

Duplicates were removed by means of the EndNote ref-
erence management software (EndNote X 8.2; Clarivate 
Analytics, Philadelphia, PA, USA), and the evaluation of 
titles and abstracts was performed by two reviewers (NT 
and SG), with a high level of agreement (Cohen's kappa, 
0.93). Full-text articles were later retrieved, and articles 
from all the additional sources were compared and added 
for the final study selection. This was performed by two 
reviewers (NT and MR), as per the inclusion criteria, with 
a high level of agreement (Cohen's kappa, 0.87). Any dis-
agreement was resolved by consultation with a third re-
viewer (VM).

2.5  |  Quality assessment

The quality assessment of the included SRs was performed 
by “A MeaSurement Tool to Assess systematic Reviews-2” 
(AMSTAR-2),10 a tool that helps reviewers ascertain the 
overall confidence of each of the studies through a check-
list of 16 domains. The included SRs were assessed for 
quality in each of these domains and scored as “yes,” “par-
tially yes,” or “no.” If a SR was found to be deficient in any 
of the seven domains labeled as critical for the validity of 
its results, it was considered as “critically low” in quality. 
Similarly, SRs were also classified as low or high quality, 
depending upon their acceptability as per AMSTAR-2.10 
Further, the risk of bias (ROB) of systematic reviews was 
assessed by means of the ROBIS tool,11 which assesses 
the ROB through three sections, each evaluating the de-
ficiencies in different components. The analysis of report-
ing characteristics of these reviews was also performed 
according to the PRISMA checklist.8 The domains of 
PRISMA, which had been reported in a SR, were scored as 
1 and the missing domains as 0. Domains applicable only 
to the MAs were excluded when SRs without MAs were 
scored.9 This was performed by two reviewers (NT and SS) 
with a high level of agreement (kappa value ranged from 
0.86 to 0.94 for various sections), and any disagreement 
was resolved by consultation with a third reviewer (AOC).

2.6  |  Data extraction

The data extraction was performed independently by two 
reviewers (SG and SS) using a specially designed data ex-
traction form, which had been prepiloted in five studies. 
This form included the SR’s demographic details, review 
methods, details of the meta-analyses, and the conclu-
sions. The extracted data were discussed with the team of 
reviewers to achieve consensus.

2.7  |  Assessment of overlap of 
primary studies

The overlap of primary studies across the included SRs 
was performed by creating a citation matrix and estimat-
ing the: (1) percentage overlap (%overlap), (2) covered 
area (CA), and (3) corrected covered area (CCA).12 The 
percentage overlap of the primary studies was calculated 
by dividing the total number of studies common to at least 
two SRs by the total number of studies and multiplying by 
100. Covered area (CA) was calculated by dividing the total 
number of publications in each review (including those 
that had been counted twice) by the multiplication prod-
uct of the total number of studies and total number of SRs. 
This number was multiplied by 100 to obtain the covered 
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area (CA). Similarly, the corrected covered area (CCA) 
was calculated by subtracting the total number of studies 
(counted once) from the total number of publications in-
cluded in each review (inclusive of double counting) and 
dividing it by the number obtained by subtracting the total 
number of studies from the multiplication product of the 
total number of studies and the total number of SRs. This 
was multiplied by 100 to obtain the corrected covered area 
(CCA).12 The overlap was classified as mild (%overlap, 
<25; CA, <10; and CCA, 0–5), moderate (%overlap, 25–50; 
CA, 11–25; and CCA, 6–10), high (%overlap, 51–75; CA, 
25–40; and CCA, 11–15), or very high (%overlap, >75; CA, 
>40; and CCA, >16) and was graphically represented by 
means of a “bubble web diagram.” This was performed by 
two reviewers (SG and SS) with good agreement (Cohen's 
kappa ranging from 0.87 to 0.96).

2.8  |  Analyses

The reported success rate of each medicament was derived 
from different comparisons. As a result, a pool of success 
rates could be created along with details of the studies that 
yielded the data. After the exclusion of the studies with 
reported high risk of bias (ROB) and removal of any du-
plicate studies, MA was performed to derive the pooled 
effect size or the success rate of each medicament at dif-
ferent time periods. To compare the efficacy of pulpotomy 
medicaments and assess the small-study effects, we used 
the data from the clinical/radiographic/overall success 
rates and the total sample size to calculate the summary 
measures and assess heterogeneity. This was performed 
by two reviewers (NT and MG) using Stata 16.0. The level 
of evidence for any comparison was graded according to 
the criteria adapted from Köhler et al13 and modified to 
suit the present review, through an expert-group discus-
sion.14 The categories were Convincing Evidence (Class 
I), Highly Suggestive Evidence (Class II), Suggestive 
Evidence (Class III), Weak Evidence (Class IV), and 
Negligible Evidence (Class V), and the assessments were 
done on the basis of sample size, significance of summary 
associations, evidence of small-study effects, heterogene-
ity, and risk of bias in the included primary studies.15,16 
The risk of bias of the primary studies and sample sizes of 
more than 100 cases were the modifications to the original 
criteria (Appendix S2). This was assessed by two reviewers 
(NT and SS) with good agreement (Cohen's kappa ranging 
from 0.84 to 0.92). Finally, a summary-of-evidence heat-
map was created to assess the strength of evidence for the 
interpretations of a domain (insufficient data/superiority 
of one material to other/no difference). This was based on 
the level of evidence measured by the abovementioned 

Köhler criteria and quality of the source based on the 
AMSTAR-2 rating of a SR.

3   |   RESULTS

The search conducted in the databases resulted in 452 re-
cords (Figure 1). After the removal of duplicates, the re-
maining 255 titles and abstracts were evaluated. Sixteen 
records were added from other sources, and 62 articles 
were downloaded for full-text assessment. Finally, eight 
SRs were included for qualitative synthesis. The details of 
excluded papers and reasons for exclusion are presented 
in Figure 1 and Appendix S3.

3.1  |  Included studies

The included SRs were performed between 2012 and 
2020, with only four having a registered a priori proto-
col (Table 1). The description of the research question of 
all the reviews revealed a concurrence in their “popula-
tion” element, along with the inclusion of primary teeth 
with extensive decay. The “intervention” was variable, 
with two of them focused on diode lasers (DL) and one 
each on MTA, ferric sulfate (FS), formocresol (FC), and 
Biodentine® (BD). Coll et al included all types of vital 
pulp therapies, whereas Smaïl-Faugeron et al analyzed 
all the medicaments used for pulpotomy.4,5 The details of 
the comparators and outcomes are presented in Table 1. 
The total number of teeth evaluated in any group ranged 
from 136 to 161 in the study by Marghalani et al,17 com-
pared with 28 to 361 teeth in Coll et al4, 20 to 518 teeth in 
Smaïl-Faugeron et al5, 60 to 65 teeth in Nematolahi et al,18 
64 to 248 teeth in Junior et al19, and 114 to 186 teeth in 
Jayaraman et al20 (Appendix S8).

3.2  |  Quality assessment

The quality of four of the reviews as per AMSTAR-2 was 
found to be critically low,17–19,21 due to the absence of an a 
priori protocol and lack of assessment of publication bias 
(Figure 2, Appendix S4). In one review, only the publica-
tion bias was not assessed, and it was rated low in con-
fidence.5 Three of the included SRs were found to have 
high confidence4,20,22 (Figure  2, Appendix  S4). As per 
ROBIS, the risk of bias was found to be high in five and 
low in three of SRs. The major deficiencies were related 
to the interpretation of findings addressing the concerns 
and confounding factors, whereas other aspects had been 
better addressed (Appendix S9). Reporting characteristics 
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were found to be good (>75%) in all the reviews except by 
Stringhini Junior et al19 (Figure 2, Appendix S5), which 
had deficiencies in 14 areas expected as per PRISMA. 
These included lack of search strategy details, details of 
synthesis methods, reporting bias, details of the excluded 
studies, a priori protocol, and sources of support. The de-
tails of the search methods, inclusion and exclusion crite-
ria, and ROB analysis of the included SRs are summarized 
in Table 2.

3.3  |  Overlap of the primary studies

The overlap of primary studies is diagrammatically repre-
sented in Figure 2, with the maximum number of overlaps 
(n = 29) seen between the reviews by Coll et al and Smaïl-
Faugeron et al4,5 (Figure 2). The quantitative assessment 
revealed an overall moderate overlap (%overlap, 45.73%; 
CA, 1.22%; and CCA, 9.97%).12 This was found to be high 
as per the CA and CCA in the studies included in the MAs 
(Figure 2, Appendix S6).

3.4  |  Analyses of the 
qualitative outcomes

In only two of the included SRs were MAs not per-
formed.21,22 De Coster et al (2012) found DL to be less 
successful than conventional pulpotomy techniques 
and highlighted the paucity of good-quality studies.21 
Six years later, Nematollahi et al showed comparable 
clinical and radiographic success rates of this technique 
with other conventional pulpotomy medicaments.18 
Marghalani et al observed the equal efficacy of MTA 
or FC (Table  1).17 Similarly, Coll et al stated that the 
highest level of success with the best-quality evidence 
supported MTA and FC as pulpotomy agents for the 
treatment of deep caries in primary teeth.4 Nuvvula 
et al stated that FS was an effective alternative to other 
pulpotomy medicaments in primary molars, though 
high-quality studies were limited.22 A Cochrane review 
carried out by Smaïl-Faugeron et al highlighted that 
MTA may be the most efficacious medicament for pul-
potomy, with limited evidence to confirm the efficacy of 

F I G U R E  1   PRISMA chart showing 
the details of search results and the 
number of excluded studies along with 
the reasons for exclusion
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other medicaments such as BD, enamel matrix deriva-
tive (EMD), DL, and Ankaferd Blood Stopper (ABS) as 
acceptable second choices.5 Similar findings were also 
reported in the recent SRs by Stringhini Junior et al and 
Jayaraman et al, which did not find one material to be 
superior to the other (Table 1).19,20

3.5  |  Analyses of the 
quantitative outcomes

This review attempted to analyze 151 MAs, which had 
been presented in the included studies. All the au-
thors had used random-effects models for assessing 
the clinical/radiographic/overall success rates, except 
Smaïl-Faugeron et al, who used a fixed-effects model 
and compared the failures.5 The risk ratio (RR) was the 
preferred summary measure used by the authors except 
for Nematollahi et al, who used odds ratios (ORs) for 
presenting the comparisons between clinical and radio-
graphic success rates at 6–30  months (Appendix  S7).18 
To ensure the uniformity of comparisons, we utilized 
the data from primary studies included in all the MAs 
for calculating the summary measures, along with the 
heterogeneity, 95% confidence intervals of the measures, 

and the small-study effect (funnel plot with Egger's test) 
(Appendix S7).

The maximum number of primary studies (n  =  13) 
and the highest sample size were seen in the comparison 
of MTA vs full-strength/1:5-dilution FC for their clinical 
success rates at 6 months (MTA, 518; FC, 530), whereas 
the lowest (n  =  25/group) was seen in comparisons of 
electrosurgery (ES) vs DL and ES vs FS.5 The data from 
only one study were used for comparing MTA with DL 
(clinical success rate at 6–30 months), BD with DL (clin-
ical and radiographic success rates at 6–30 months), and 
CH with DL (radiographic success rate at 6–30 months).18 
Fifty meta-analyses were based on the data from two 
studies each.4,5,18 Further, it was observed that 95 MAs in-
cluded one or more studies with high ROB,5,17–20 whereas 
51 included studies with moderate/unclear ROB.4,5,18 
Only five of the comparisons utilized the data exclusively 
from studies with low ROB (Appendix S7).

The success rates of the pulpotomy medicaments/
techniques were also assessed in 82 MAs of data pooled 
from the studies with unclear or low ROB. Clinical suc-
cess rates were found to be above 90% after six months in 
all the medicaments except CH (89.4%) and ES (88.7%) 
(Figure 3, Appendix S8). This trend continued for clinical 
success rates at 12 months, with CH showing the lowest 

F I G U R E  2   Bubble web diagram showing the overlap of primary studies along with the quality of systematic reviews as per AMSTAR-2, 
reporting characteristics as per PRISMA. The size of the bubble corresponds to the number of included studies. Color denotes the protocol 
registration, with a number identifying the individual review (1—De Coster et al; 2—Marghalani et al; 3—Coll et al; 4—Nematollahi et al; 
5—Nuvvula et al; 6—Smaïl-Faugeron et al; 7—Stringhini Junior et al; and 8—Jayaraman et al)



836  |      TEWARI et al.

T
A

B
L

E
 2

 
D

et
ai

ls
 o

f t
he

 in
cl

ud
ed

 sy
st

em
at

ic
 re

vi
ew

s w
ith

 ty
pe

 o
f s

tu
dy

 in
cl

ud
ed

, e
xc

lu
si

on
 c

ri
te

ri
a,

 d
at

ab
as

es
 se

ar
ch

ed
, l

im
ita

tio
ns

 in
 se

ar
ch

, g
ra

y 
lit

er
at

ur
e 

an
d 

re
fe

re
nc

e 
se

ar
ch

in
g,

 to
ol

 
us

ed
 fo

r r
is

k-
of

-b
ia

s a
na

ly
si

s, 
an

d 
G

R
A

D
E 

of
 e

vi
de

nc
e

A
ut

ho
r 

(f
ir

st
 

au
th

or
)

Y
ea

r

T
yp

e 
of

 s
tu

dy
 in

cl
ud

ed
/

cr
it

er
ia

 d
ef

in
ed

 a
nd

 e
xc

lu
si

on
 

cr
it

er
ia

D
at

ab
as

es
 s

ea
rc

he
d

Li
m

it
at

io
ns

 in
 

se
ar

ch

G
ra

y 
Li

te
ra

tu
re

 
an

d 
re

fe
re

nc
e 

se
ar

ch
in

g

T
oo

l u
se

d 
fo

r 
ri

sk
-o

f-
bi

as
 

an
al

ys
is

G
R

A
D

E
 o

f e
vi

de
nc

e

D
e 

C
os

te
r 

et
 a

l
20

12
R

an
do

m
iz

ed
 c

on
tr

ol
le

d 
tr

ia
ls

 
(R

C
T)

, c
as

e–
co

nt
ro

l s
tu

di
es

, 
or

 c
as

e 
se

ri
es

 (C
S)

 in
vo

lv
in

g 
at

 le
as

t t
en

 te
et

h.
Bo

th
 c

lin
ic

al
 a

nd
 ra

di
og

ra
ph

ic
 

ou
tc

om
e 

m
ea

su
re

s.
A

t l
ea

st
 6

-m
on

th
 fo

llo
w

-u
p.

Ex
cl

us
io

n 
cr

ite
ri

a 
no

t m
en

tio
ne

d.

M
ED

LI
N

E,
 W

eb
 o

f S
ci

en
ce

, a
nd

 
C

oc
hr

an
e

N
on

e
Ye

s/
Ye

s
D

ut
ch

 C
oc

hr
an

e 
C

ol
la

bo
ra

tio
n 

ri
sk

-o
f-b

ia
s 

as
se

ss
m

en
t t

oo
l

O
xf

or
d 

C
en

tr
e 

fo
r 

Ev
id

en
ce

-B
as

ed
 

M
ed

ic
in

e 
gu

id
el

in
es

M
ar

gh
al

an
i 

et
 a

l
20

14
N

M
M

ED
LI

N
E,

 W
eb

 o
f S

ci
en

ce
, a

nd
 

C
oc

hr
an

e
C

en
tr

al
 R

eg
is

te
r o

f C
on

tr
ol

le
d 

Tr
ia

ls

Ja
nu

ar
y 

1,
 

19
90

, 
th

ro
ug

h 
M

ay
 9

, 2
01

3

N
o

C
oc

hr
an

e 
C

ol
la

bo
ra

tio
n'

s 
ri

sk
-o

f-b
ia

s 
as

se
ss

m
en

t t
oo

l

N
o

C
ol

l e
t a

l
20

17
St

ud
ie

s w
ith

 a
 m

in
im

um
 o

f 
12

 m
on

th
s’ 

fo
llo

w
-u

p.
 T

ho
se

 
w

ith
 n

on
-c

ar
io

us
 p

ul
p 

ex
po

su
re

 w
er

e 
ex

cl
ud

ed
.

M
ED

LI
N

E,
 E

m
ba

se
, C

oc
hr

an
e 

C
en

tr
al

 R
eg

is
te

r o
f C

on
tr

ol
le

d 
Tr

ia
ls

 (C
EN

TR
A

L)
, E

BS
C

O
—


D

en
tis

tr
y 

an
d 

O
ra

l S
ci

en
ce

s 
So

ur
ce

, I
C

TR
P 

(t
ri

al
s 

da
ta

ba
se

)

N
on

e
Ye

s/
Ye

s
C

oc
hr

an
e 

C
ol

la
bo

ra
tio

n'
s 

ri
sk

-o
f-b

ia
s 

as
se

ss
m

en
t t

oo
l

G
R

A
D

E

N
em

at
ol

la
hi

 
et

 a
l

20
18

O
ri

gi
na

l c
lin

ic
al

 tr
ia

ls
 (o

nl
y 

fo
r 

m
et

a-
an

al
ys

is
) a

nd
 a

t l
ea

st
 

6 
m

on
th

s o
f f

ol
lo

w
-u

p 
(o

nl
y 

fo
r m

et
a-

an
al

ys
is

); 
ex

cl
us

io
n 

cr
ite

ri
a,

 N
M

Pu
bM

ed
, S

co
pu

s, 
EM

BA
SE

, 
C

oc
hr

an
e,

 a
nd

 IS
I W

eb
 o

f 
K

no
w

le
dg

e

N
on

e
N

o
Ja

da
d 

et
 a

l (
19

96
)

N
M

N
uv

vu
la

 e
t a

l
20

18
R

an
do

m
iz

ed
 c

lin
ic

al
 tr

ia
ls

, 
fo

llo
w

-u
p 

tim
e 

of
 a

t l
ea

st
 

6 
m

on
th

s. 
Bo

th
 c

lin
ic

al
 

an
d 

ra
di

og
ra

ph
ic

 c
ri

te
ri

a.
 

A
ni

m
al

 st
ud

ie
s, 

ca
se

 re
po

rt
s, 

ob
se

rv
at

io
na

l s
tu

di
es

, a
nd

 
si

ng
le

-a
rm

 c
lin

ic
al

 tr
ia

ls
. 

R
ev

ie
w

 a
rt

ic
le

s e
xc

lu
de

d.

Pu
bM

ed
, E

BS
C

O
ho

st
, C

oc
hr

an
e 

Li
br

ar
y,

 a
nd

 P
ro

Q
ue

st
N

ov
em

be
r 1

99
1 

to
 Ja

nu
ar

y 
20

17
, 

En
gl

is
h 

la
ng

ua
ge

N
o/

Ye
s

Fu
ks

 a
nd

 
Pa

pa
gi

an
no

ul
is

 
(2

00
6)

N
M



      |  837TEWARI et al.

A
ut

ho
r 

(f
ir

st
 

au
th

or
)

Y
ea

r

T
yp

e 
of

 s
tu

dy
 in

cl
ud

ed
/

cr
it

er
ia

 d
ef

in
ed

 a
nd

 e
xc

lu
si

on
 

cr
it

er
ia

D
at

ab
as

es
 s

ea
rc

he
d

Li
m

it
at

io
ns

 in
 

se
ar

ch

G
ra

y 
Li

te
ra

tu
re

 
an

d 
re

fe
re

nc
e 

se
ar

ch
in

g

T
oo

l u
se

d 
fo

r 
ri

sk
-o

f-
bi

as
 

an
al

ys
is

G
R

A
D

E
 o

f e
vi

de
nc

e

Sm
aï

l-
Fa

ug
er

on
 

et
 a

l

20
18

R
C

T,
 E

ng
lis

h-
la

ng
ua

ge
 fo

llo
w

-u
p 

pe
ri

od
 o

f a
t l

ea
st

 6
 m

on
th

s. 
N

on
-R

C
T,

 a
bs

tr
ac

ts
 o

nl
y,

 
in

su
ffi

ci
en

t i
nf

or
m

at
io

n,
 

an
d 

at
te

m
pt

s t
o 

co
nt

ac
t t

he
 

au
th

or
s w

er
e 

un
su

cc
es

sf
ul

, 
st

ud
ie

s w
ith

ou
t c

om
pa

ri
so

n 
of

 b
io

m
at

er
ia

ls
, a

ni
m

al
 

st
ud

ie
s, 

in
 v

itr
o 

st
ud

ie
s, 

re
vi

ew
s, 

du
pl

ic
at

es
, 

re
st

or
at

iv
e 

de
nt

is
tr

y,
 o

ng
oi

ng
 

tr
ia

ls
 te

rm
in

at
ed

 b
ec

au
se

 th
e 

us
e 

of
 o

ne
 o

f t
he

 m
at

er
ia

ls
 

w
as

 d
is

co
nt

in
ue

d,
 c

as
e 

re
po

rt
s e

xc
lu

de
d

C
oc

hr
an

e 
O

ra
l H

ea
lth

's 
Tr

ia
ls

 
R

eg
is

te
r, 

C
oc

hr
an

e 
C

en
tr

al
 

R
eg

is
te

r o
f C

on
tr

ol
le

d 
Tr

ia
ls

, 
M

ED
LI

N
E,

 E
m

ba
se

, a
nd

 W
eb

 
of

 S
ci

en
ce

N
on

e
Ye

s/
Ye

s
C

oc
hr

an
e 

C
ol

la
bo

ra
tio

n'
s 

ri
sk

-o
f-b

ia
s 

as
se

ss
m

en
t t

oo
l

G
R

A
D

E

St
ri

ng
hi

ni
 

Ju
ni

or
 

et
 a

l

20
19

C
lin

ic
al

 st
ud

ie
s w

ith
 a

 m
in

im
um

 
of

 6
 m

on
th

s’ 
fo

llo
w

-u
p.

 C
as

e 
re

po
rt

s, 
re

vi
ew

s, 
in

 v
itr

o 
st

ud
ie

s, 
an

d 
th

e 
st

ud
ie

s t
ha

t 
di

d 
no

t f
oc

us
 o

n 
Bi

od
en

tin
e 

or
 M

TA
 w

er
e 

ex
cl

ud
ed

.

Pu
bM

ed
, L

ila
cs

, C
oc

hr
an

e,
 

Em
ba

se
, S

co
pu

s, 
W

eb
 o

f 
Sc

ie
nc

e,
 C

IN
A

H
L,

 E
BS

C
O

, 
an

d 
cl

in
ic

al
 tr

ia
ls

N
on

e
N

o/
Ye

s
C

oc
hr

an
e 

C
ol

la
bo

ra
tio

n'
s 

ri
sk

-o
f-b

ia
s 

as
se

ss
m

en
t t

oo
l

N
M

Ja
ya

ra
m

an
 

et
 a

l
20

20
R

an
do

m
iz

ed
 c

lin
ic

al
 tr

ia
ls

 
w

ith
 m

or
e 

th
an

 6
 m

on
th

s’ 
fo

llo
w

-u
p 

w
er

e 
in

cl
ud

ed
. 

N
on

-r
an

do
m

iz
ed

 c
lin

ic
al

 
tr

ia
ls

, c
as

e 
re

po
rt

s, 
ca

se
 

se
ri

es
, a

nd
 re

vi
ew

s w
er

e 
ex

cl
ud

ed
.

Pu
bM

ed
, S

co
pu

s, 
an

d 
EB

SC
O

ho
st

En
gl

is
h 

la
ng

ua
ge

N
o/

Ye
s

C
oc

hr
an

e 
C

ol
la

bo
ra

tio
n'

s 
ri

sk
-o

f-b
ia

s 
as

se
ss

m
en

t t
oo

l

G
R

A
D

E

A
bb

re
vi

at
io

n:
 N

M
, n

ot
 m

en
tio

ne
d.

T
A

B
L

E
 2

 
(C

on
tin

ue
d)



838  |      TEWARI et al.

rate (85.3%). The 24-month data were available for only 
five medicaments (MTA, Full/Dil FC, Dil FC, CH, and FS), 
with FS showing the least clinical success (80.4%). The ra-
diographic success rate was found to be above 95% for MTA 
at 6, 12, and 24 months, whereas the lowest was seen with 
CH at 12 months (57.9%). The overall success rates of all of 
these at the three time periods were observed to be above 
80%, with the highest seen in MTA (6, 12, and 24 months) 
and the lowest in CH (6 months, 63.2%; 12 months, 64.7%; 
and 24  months, 43%). The long-term evaluations (12, 
24 months) were found to be limited for several medica-
ments, due to either the lack of data or the paucity of low/
unclear risk studies (Figure 3, Appendix S8).

Most comparisons did not exhibit superiority of any one 
medicament/technique. MTA, however, was found to be su-
perior to full-strength/1:5-dilution FC and full-strength FC 
in terms of the radiographic success rate at 24 months (RR, 
1.05, 95% CI = 1.00–1.10, p < .05; and RR, 1.09, 95% CI = 
1.03–1.15, p = .003, respectively)5 (Appendix S7). Similarly, 
MTA was also found to be better than CH in terms of its 

radiographic and overall success rates at 12 months (radio-
graphic: RR, 1.44, 95% CI = 1.20–1.71, p < .00015; overall: RR, 
1.50, 95% CI = 1.28–1.76, p < .00001)4 and 24 months (radio-
graphic: RR, 1.73, 95% CI = 1.29–2.31, p = .00025; overall: 
RR, 1.96, 95% CI = 1.52–2.53, p < .00001,4 and RR, 1.37, 95% 
CI = 1.04–1.81, p = .03)5 (Appendix S7). Other comparisons 
that showed differences were FC vs CH for radiographic suc-
cess rates at 12 months (RR, 0.70, 95% CI, 0.49–1, p < .05)5 
and overall success rates at 12 months (CH vs FC: RR, 1.43, 
95% CI, 1.14–1.79, p  = .002),4 18  months (CH vs FC: RR, 
1.25, 95% CI, 1.02–1.53, p = .03),4 and 24 months (FC vs CH: 
RR, 0.77, 95% CI, 0.64–0.93, p = .008)5; CH vs FC (RR, 1.76, 
95% CI, 1.40–2.23, p < .00001)4; CH vs FS for overall success 
at 24 months (RR, 1.57, 95% CI, 1.19–2.06, p <.001)4; and 
sodium hypochlorite (NaOCl) vs FC for overall success at 
18 months (RR, 0.83, 95% CI, 0.72–0.96, p <.01).4 The het-
erogeneity in the majority of comparisons (I2 values) was 
low (≤25%) (n = 107).4,5,17–20 The small-study effect was ab-
sent in all comparisons except MTA vs FS for overall success 
rate at 6 months5 and 12 months (Appendix S8).4

F I G U R E  3   Details of the clinical, 
radiographic, and overall success rates 
of different medicaments/techniques 
(MTA—mineral trioxide aggregate; 
Full/Dil FC—full-strength/1:5 diluted 
formocresol; Full FC—full-strength 
formocresol; Dil FC—diluted formocresol; 
CH—calcium hydroxide; BD—
Biodentine; FS—ferric sulfate; NaOCl—
sodium hypochlorite; DL—diode laser; 
ES—electrosurgery; ABS—Ankaferd 
Blood Stopper; and EMD—enamel matrix 
derivative)
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3.6  |  Summary of evidence

The summary-of-evidence heatmap represented 63 do-
mains and 189 interpretations. Among these, 12 showed 
a clear superiority of one medicament to the other. MTA 
showed superiority to full-strength/1:5-dilution and full-
strength FC with weak evidence and a low-quality SR 
source. It also showed better radiographic and overall suc-
cess rates than CH at 12 and 24 months. The quality of evi-
dence was weak, and the quality of the SR source was low 
for radiographic success, whereas the overall success rate 
at both time periods showed suggestive evidence and high-
quality SR sources. The other medicaments that showed 
significant superiority in comparisons were FC and FS. FC 
was found to be better than CH for radiographic success rate 
at 12 months, with weak evidence and low-quality sources, 
along with the overall success rates at 6 and 12  months 
with weak evidence and high-quality sources. Similar find-
ings were also observed for FC’s significant overall success 
rates over NaOCl and superior overall success rates of FS 
over CH at 24  months. The interpretation of FC’s better 
success rate in the overall domain at 24 months exhibited 
suggestive evidence and high-quality sources (Figure  4, 
Appendix S7). There were 25 domains (39.7%) of 6 months, 
21 (33.3%) of 12 months, and 30 (47.6%) of periods greater 
than 18 months, which showed gaps in the data.

4   |   DISCUSSION

Overviews of SRs are regarded as an excellent source of 
evidence analysis and knowledge bases for any domain of 
a specialty.7,14,23 They also serve as an exercise for identi-
fying the gaps in both primary and secondary researches, 
which can ultimately guide future research toward high-
quality evidence and its analysis.23–25 This overview was 
successful in presenting the success rates and summariz-
ing the available comparisons for medicaments and tech-
niques used for pulpotomy of primary teeth with pulp 
exposure. By most of the materials/techniques, pulpot-
omy showed success rates above 80% in all comparisons, 
making it a very effective, vital pulp therapy procedure 
for primary teeth. CH showed considerably lower success 
rates in all categories, which is a concern. Hence, its use 
must be discouraged and replaced by other alternatives 
identified in this review. Further, we could identify only 
12 of 189 comparisons (6.35%) that could show a definitive 
superiority of a medicament or technique. Lack of data 
was higher in the periods greater than 18 months and was 
related to the newer medicaments and techniques.

In 2018, Wormland and Evans stated that SRs and MAs, 
though considered as the highest level of evidence, can con-
vey only the findings that the primary studies report, and 

hence, their conclusions depend largely on the heterogeneity 
of study designs and their reporting.26 Quality of the majority 
of primary studies reported in the included SRs was poor or 
moderate/unclear. This was more evident in the MAs, 62.9% 
of which had included the data from one or more studies with 
high ROB. The best summaries can be derived from the ad-
equate number of homogenous primary studies.25 This was 
another lack observed in the included MAs, because three of 
them had been based on one and 31% had been based upon 
only two primary studies. The lack of primary studies in an 
area is also an opportunity for researchers to add to the exist-
ing knowledge through well-designed studies.

Though 87.5% of SRs had been reported as per the 
recommended PRISMA guidelines, their quality was 
low or critically low, and ROB was high in five of the 
eight SRs (62.5%). This can be attributed to certain com-
mon methodological limitations such as the lack of an 
a priori protocol, lack of assessment of publication bias, 
and interpretation of findings addressing concerns and 
confounding factors. If we evaluate the conclusions of 
SRs on the basis of their confidence, only the recommen-
dations of Coll et al for MTA and FC, Nuvvula et al for 
FS being comparable with other agents, and Jayaraman 
et al for comparable success of FC and FS can be viewed 
with high confidence. In the presence of the quantita-
tive data, however, the results of meta-analyses are more 
reliable. Apart from the summary measures, the sam-
ple size, heterogeneity reflected by I2, the p-value of the 
comparison, and the 95% confidence interval and small-
study effects of the summary measure are all contrib-
utory to the final assertions.4,18,19 The evidence in the 
outcomes was graded as per the criteria given by Köhler 
et al After suitable modification, its content and face va-
lidity were also established.11 On the basis of these cri-
teria, only 12 comparisons showed suggestive or weak 
evidence. The lack of evidence in recommendations re-
garding the choice of pulpotomy agents is a major lim-
itation identified by our review.

This overview is one of the very few works that have as-
sessed the overlap of primary studies in the included SR and 
MAs. In 2021, Solmi et al stated that the overviews of SRs 
have an overlap that may result in the exaggeration of the 
qualitative conclusions and outcomes of meta-synthesis, if 
performed.27 In 2014, Pieper et al suggested that the over-
lap of the studies in an overview can be evaluated by three 
methods via the creation of a citation matrix.12 The sim-
plest method is to calculate the %overlap by counting the 
total number of overlaps and dividing them by the total 
number of studies. The more reliable methods are covered 
area and corrected covered area, which are based upon the 
rows and columns of the citation matrix and the overlaps 
observed.12 This was calculated in the present study so that 
the overlap between the included SRs and MAs could be 
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F I G U R E  4   Summary-of-evidence diagram showing the interpretations of the meta-analyses related to comparisons of different 
medicaments/techniques for various domains and time periods, exhibiting their level of evidence and the quality of the source systematic 
review as per AMSTAR-2
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assessed. It was found to be moderate for SRs, whereas MAs 
exhibited a high grade of overlap. The graphical represen-
tation of this characteristic also reflected a more mesh net-
work of overlaps between SRs. Since six of these reviews 
had been done within a span of three years (2017–2020), 
and four had not been registered and had similar research 
questions, the overlap was understandable.

The limitations of this overview of SRs include the 
moderate to high grade of overlap of primary studies be-
tween the included reviews and subjectivity in the nature 
of the literature search, inclusion, quality analysis, and 
analysis of the results. The possibilities of bias in these 
steps were minimized by having a diverse and experienced 
research group, development of the a priori protocol and 
search strategy through expert-group discussion, having 
two experienced reviewers with good agreement (mea-
sured by Cohen's kappa) for each step, and assessment of 
the quality of evidence through multiple parameters.6,7,26

Pulp biology is an evolving science and will undoubt-
edly undergo numerous innovations for better success 
rates of vital pulp therapies and pulpotomy.2 Clinical re-
search and the resulting evidence syntheses will require 
the following recommendations to overcome the existing 
gaps in knowledge:

1.	 Uniformity of study designs and their high qual-
ity: Future studies must be designed as randomized 
control trials and be uniform in their design in terms 
of sampling, case selection, treatment protocol, outcome 
assessment, the follow-up protocol, and reporting. This 
can overcome several of the biases prevalent in non-
randomized studies. The recommendations for case se-
lection for pulpotomy and the clinical procedures play 
an important role in treatment success and must be 
ensured by prior training and calibration of the operators.

2.	 Identification of future focus areas: The areas or 
comparisons identified as lacking evidence or based 
upon fewer or lower-quality primary studies must be pri-
oritized by the primary and EBM researchers. This will 
lead to the development of a better knowledge base, es-
pecially with newer materials and extended time periods, 
and increase the reliability of future SRs in this area.9

3.	 Improving the quality of SRs and MAs: Future sys-
tematic reviews must be based upon the recommenda-
tions of the Cochrane Handbook and PRISMA.6,8 This 
requires an a priori registration in the SR registries 
such as PROSPERO, JBI, Cochrane, and Open Science 
Framework. Additionally, the reporting of publication 
bias must be performed for each comparison so that the 
small-study effect can be assessed. The analysis of the 
requirements of the quality analysis tools of SRs, such 
as AMSTAR-2, also helps reviewers address critical 
areas and improve quality.10

The pulpotomy medicaments/techniques, except 
CH, had success rates of more than 80% for all domains 
and time periods. Most comparisons did not report any 
differences in clinical, radiographic, or overall success 
rates. MTA, however, was found to have better radio-
graphic and overall success rates than CH at periods 
greater than 12 and 18 months. It also had greater ra-
diographic success than full-strength/1:5 diluted and 
full-strength FC at 24  months. FC was found to have 
better overall success rates than CH at all time periods 
and better radiographic success rates at 12 months. FS 
was also found to be better than CH after 18  months. 
Four of the included SRs were found to be critically low, 
whereas one was low in confidence. The analysis of 
the evidence could establish only 12 comparisons with 
suggestive or weak evidence, whereas all others had ei-
ther negligible evidence or insufficient data. This study 
highlights the lack of evidence regarding the choice of 
pulpotomy agents for caries-affected primary teeth and 
elucidates the domains that require primary studies in 
the future.
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