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Abstract
Background: A comprehensive effort  to evaluate outcomes of primary root canal 
therapy (RCT) between 1966 and 2002 was published by Ng et al. (2007, International 
Endodontic Journal, 40, 921; 2008, International Endodontic Journal, 41, 6). Changes 
in  endodontic  materials  and  treatment  methods  warrant  an  updated  analysis  of 
outcomes.
Objectives: This study aimed to (1) quantify the success rates of primary RCT pub-
lished between 2003 and 2020; and (2) investigate the influence of some characteris-
tics known/suspected to be associated with treatment outcomes.
Methods: An electronic  search was performed  in  the  following databases  (01- 01- 
2003  to  12- 31- 2020):  Pubmed,  Embase,  CINHAL,  Cochrane  and  Web  of  Science. 
Included study designs were  longitudinal clinical  studies  (randomized control  tri-
als, cohort studies, retrospective observational studies). Studies with at least twelve- 
months of post- operative review and success rates based on clinical and radiographic 
criteria were analysed. The terms ‘strict’ (complete resolution of periapical  lesion) 
or ‘loose’ (reduction in size of existing periapical lesion) were used to describe the 
outcome criteria. Weighted, pooled  success  rates were calculated. Random effects 
meta- regression  models  were  used  to  investigate  potential  sources  of  statistical 
heterogeneity.  The  Grading  of  Recommendations,  Assessment,  Development  and 
Evaluation (GRADE) approach was used to evaluate  for quality assessment of  the 
included studies.
Results: Forty- two studies were included in the review. Meta- analyses showed that 
the weighted pooled success rates were estimated to be 92.6% (95% CI: 90.5%– 94.8%) 
under  ‘loose  criteria’  and  82.0%  (95%  CI:  79.3%– 84.8%)  under  ‘strict’  criteria.  The 
most significant areas of study heterogeneity were year of publication and qualifica-
tion of operator. The majority (64.29%) of studies were considered to be of low qual-
ity of evidence.
Discussion: Biological factors continue to have the most significant impact on RCT 
outcomes. The  technological method of  instrumentation had no significant effect. 
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INTRODUCTION

The  goal  of  root  canal  therapy,  the  prevention  or  elimi-
nation  of  apical  periodontitis  of  endodontic  origin,  is 
closely  coupled  with  the  interest  to  quantify  endodon-
tic  treatment  success.  Several  endodontic  scholars  have 
sought to summarize the outcomes of primary root canal 
therapy, including but not limited to Lewsey et. al (2001), 
Basmadjian- Charels et al. (2002), Friedman (2002), Chugal 
et  al.  (2001)  and  Sathorn  et  al.  (2005).  One  of  the  most 
comprehensive,  systematic  efforts  to  evaluate  the  out-
comes of primary root canal treatment, the effect of study 
characteristics and the  influence of  treatment  factors on 
the probability of success was published  in  two parts by 
Ng et al. (2007, 2008). As a result of her group's evaluation 
of 63 longitudinal clinical studies, published between 1922 
and 2002,  the estimated pooled success  rates of primary 
root canal treatment with at least 1 year follow- up, ranged 
between 68% and 85% (Ng et al., 2007). When applying a 
‘strict’  success  criterion,  that  required  complete  healing 
of periapical pathology, 40 analysed studies indicated an 
overall success rate of 74.7% (Ng et al., 2007). Evaluations 
using a ‘loose’ criterion of success, where reduction in the 
size  of  radiolucency  was  also  considered  successful,  the 
success increased to 85.2%, based on 36 studies (Ng et al., 
2007).

The systematic reviews by Ng et al. have been influen-
tial in changing the landscape of outcome studies in end-
odontics (Ng et al., 2007, 2008). Noting that the quality of 
evidence for treatment factors affecting primary root canal 
treatment outcomes was suboptimal,  the  findings of her 
group's work called for standardization in the aspects of 
study design, data recording and presentation of outcome 
data. This included: (1) mandatory reporting of the defini-
tion for the criteria for success as part of the methodology, 
preferably stratified by  loose and strict outcome criteria; 
(2) the good practice of having at least two pre- calibrated 
observers,  reporting  intra  and  inter  observer  agreement 
rates by kappa score to reduce variability in radiographic 
assessment;  (3)  standardization  of  the  duration  of  fol-
low- up for all patients or, at least, the inclusion of the du-
ration as a covariate into the statistical model to account 

for  variations  in  the  success  rate  based  on  different  fol-
low- up times; (4) the use of survival analysis techniques 
to  analyse  the  time  to  healing  (success),  understanding 
that  this  method  would  require  regular  follow- up  of  all 
patients; (5) A minimum follow- up period of 1 year and 
preferably,  at  least  three  years  after  completion  of  treat-
ment (Ng et al., 2007, 2008).

Aware that root canal treatment consists of a cumula-
tive series of interdependent steps, several researchers in-
cluding Strindberg (Strindberg, 1956) and Ng's group (Ng 
et al., 2007, 2008) have acknowledged that the probability 
of treatment factors interacting and therefore influencing 
treatment  outcomes  is  extremely  high.  They  found  that 
the statistical methods used for analysing the association 
between potential influencing factors and treatment out-
comes  did  not  account  for  all  of  the  effects  of  potential 
confounders.  The  findings  of  Ng's  group,  in  agreement 
with other outcome studies (Ng et al., 2007; Sjogren et al., 
1990),  concluded  that  the  following  conditions  signifi-
cantly influenced the outcome of primary root canal treat-
ment: (1) pre- operative presence of periapical  lesion; (2) 
apical extent of root canal filling; (3) quality of root canal 
filling; (4) post- treatment restorative status.

Guided by the methodology of Ng et al. (2007) the aims 
of this study were: (1) to conduct an updated systematic 
review of the literature on the outcome of primary (initial 
or first time) root canal treatment published between 2003 
and  2020;  (2)  to  investigate  the  influence  of  some  char-
acteristics known or suspected to significantly impact the 
outcome  of  primary  root  canal  treatment:  year  of  treat-
ment,  length  of  follow- up,  geographic  location  of  treat-
ment,  qualification  of  operators,  pre- operative  presence 
of periapical lesion and method of instrumentation.

METHODS

A  detailed  protocol  of  this  systematic  review  and  meta- 
analysis was defined and agreed to by all authors,  in ac-
cordance  with  the  guidelines  of  the  Preferred  Reporting 
Items for Systematic Reviews and Meta- Analyses Protocols 
statement (PRISMA- P; Page et al., 2021; Shamseer et al., 

The quality of evidence was based primarily on study design and only randomized 
control trials were considered to be ‘high’ quality of evidence.
Conclusions: The reported success rates show improvement over time. Weighted 
success  rates  for  studies  with  a  minimum  of  four- years  follow- up  had  better  out-
comes, compared to those with less than four years, when ‘strict criteria’ were used.
Registration: PROSPERO database (CRD42021226311).

K E Y W O R D S
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2015).  This  protocol  of  the  review  was  registered  in  the 
international prospective register of systematic previews: 
PROSPERO  database  (CRD42021226311).  The  PRISMA 
checklist is included as Table S1.

Literature search

Longitudinal clinical studies investigating the outcome of 
primary root canal treatment published between January 
1, 2003 and December 31, 2020 were identified using elec-
tronic  databases:  Pubmed,  Embase,  CINHAL,  Cochrane 
CCTR and Web of Science (Figure 1). There were no lan-
guage  restrictions  applied.  Electronic  database  searches 
were  supplemented  by  hand  searching  the  last  10  years 
of  the Journal of Endodontics, International Endodontic 
Journal, Oral Surgery, Oral Medicine, Oral Pathology and 
Oral Radiology, and Dental Traumatology. Keywords and 
search strategies identified by Ng et al. (2007) were used 

to  develop  the  search  strategy  for  this  study  (Table  S2). 
For  duplicate  removal  and  further  analysis,  all  records 
were imported into Covidence systematic review software 
(Veritas Health  Innovation, Melbourne, Australia; avail-
able at: www.covid ence.org).

Inclusion criteria

Clinical studies (randomized control trials (RCT), cohort 
studies, retrospective observational studies) were selected 
based  on  modifications  to  the  inclusion  criteria  used  by 
Ng et al. (2007): 

1.  Data  allowed  for  tooth- level  outcome  assessment.
2.  Stratified analysis of primary root canal therapy avail-

able, if other treatment types had been included.
3.  Sample size provided.
4.  At least 12- months post- operative review.

F I G U R E  1  Prisma 2020 Flow Diagram

Records identified from:

Pubmed (n = 1856)
EMBASE (n = 899)
CINAHL (n = 626)
Cochrane (n = 350)
Web of Science (n = 217)

Records removed before 
screening:

Duplicate records removed  
(n = 1334)
Records marked as ineligible 
by automation tools (n = 0)
Records removed for other 
reasons (n =0)

Records screened
(n = 2614) Records excluded**

(n = 2491)

Reports sought for retrieval
(n = 132)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 132) Reports excluded: 90

1. Not a clinical study on primary root 
canal therapy (n = 7)

2. Stratified analysis of primary root canal 
therapy not available (re-treatment 
cases included) (n = 9) 

3. Sample Size not clearly provided (n = 1)
4. At least 12 months post-operative 

review not included (n = 11)
5. Success not based on clinical and/or 

radiographic criteria (n = 24)
6. Overall success rate was not given or 

could be not be calculated from the raw 
data at the tooth level (n = 15)

7. Other Reasons, see Supp. Table 3 (n = 
23)

New studies included in review
(n = 42)
Reports of new included studies
(n = 0)

Identification of new studies via databases and registers
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Total studies included in review
(n = 42)
Reports of total included studies
(n = 0)

Studies included in 
previous version of 
review (n = 0)

Reports of studies 
included in previous 
version of review (n = 0)

Previous studies

http://www.covidence.org
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5.  Success determined based on clinical and radiographic 
criteria. 
a. Clinical success was defined as the absence of clini-

cal symptoms, as defined by the individual study.
b. Radiographic  success  was  characterized  by  either 

‘strict’ or ‘loose’ criteria. 
 (i) ‘Strict’  radiographic  criteria  of  success:  the 

absence  of  apical  radiolucency  at  follow- up 
examination

    (ii)  ‘Loose’  radiographic  criteria  of  success: 
 reduction  in  the  size  of  apical  radiolucency  at 
 follow- up examination

6.  Overall success rate given or could be calculated from 
the raw data provided.

7.  Other reasons specified: authors could translate study 
to  English;  clinical  protocol  was  described;  data  was 
not already reported in a previously included study; ap-
propriate study quality

Study selection and data extraction

Title  and  abstract  screening  were  performed  indepen-
dently by 2 reviewers (LEB, and either RA, or JK). A third 
reviewer (AS) was consulted to resolve any conflicts. Two 
reviewers (LEB and JK) independently evaluated the full- 
texts of the studies that passed the title and abstract screen-
ing and extracted relevant data from the included studies 
utilizing a custom- designed data collection form in RedCap 
(Harris et al., 2009). The data extracted included: general 
information  (author, year,  title,  journal,  geographic  loca-
tion); study design (years of treatment, treatment setting, 
qualification  of  operators,  sample  size,  follow- up  period, 
outcome  criteria  and  assessment);  noted  medical  condi-
tions of patients; and pre- , intra-  and postoperative factors.

Quality of evidence

The  quality  of  evidence  for  each  study  was  appraised 
with  guidance  from  the  Grading  of  Recommendations, 
Assessment,  Development  and  Evaluation  (GRADE) 
Handbook (Schünemann et al., 2013). In the GRADE ap-
proach to quality of evidence, randomized trials without 
important limitations provide ‘high’ quality evidence and 
observational  studies  without  special  strengths  or  im-
portant  limitations provide  ‘low’ quality evidence. Thus, 
the  determined  quality  of  the  evidence  of  the  studies  in 
this  review  was  predominately  driven  by  study  design. 
According to GRADE, factors that can reduce the quality 
of the evidence (1 or 2 levels) include the following: limi-
tations in study design or execution (risk of bias); incon-
sistency of results; indirectness of evidence; imprecision; 

publication  bias.  An  assessment  of  factors  that  may  im-
pact the quality of evidence for the included studies were 
guided by  the  findings of Ng et al.  (2007) and Wu et al. 
(2009).  The  following  were  considered  to  be  study  limi-
tations: a single radiographic observer (risk of bias); cali-
bration of radiographic observers not documented (risk of 
bias);  re- examination  rates  under  50%  (risk  of  bias)  and 
inconsistencies,  indirectness,  imprecision  or  publica-
tion bias in the reporting of outcomes. The overall qual-
ity  of  evidence  level  was  adjusted  when  more  than  one 
factor  considered  to  have  a  negative  impact  on  quality 
of evidence was identified. GRADE’s quality of evidence 
levels  include:  ‘high’,  ‘moderate’,  ‘low’  and  ‘very  low’ 
(Schünemann et al., 2013).

Data synthesis and statistical analysis

All statistical analyses were performed in R version 4.0.3 
for Windows  (R Core Team, 2020). Un- weighted pooled 
success  rates  by  each  factor  were  calculated  by  dividing 
the total number of successful units with the total number 
of units (excluding uncertain units) within the respective 
category according to Hepworth and Friedman (Hepworth 
&  Friedman,  1997).  The  weighted  pooled  success  rates 
were estimated using random effects meta- analysis with 
DerSimonian and Larid's methods (DerSimonian & Laird, 
1986). Statistical heterogeneity across different subgroups 
of the studies was assessed by Cochran's (Q) test (Cochran, 
1954).

The weighted effect of pre- operative periapical  lesion 
on success rate was estimated and expressed as odds ratios 
(OR)  for  the  dichotomous  outcomes  (success  or  failure) 
using a random- effect meta- analysis. This analysis was re-
stricted  to  studies  providing  partitioned  data  on  success 
rates,  enabling  direct  comparison  of  sub- categories  of 
characteristics investigated in the same study.

Meta regression models (Thompson & Higgins, 2002) 
were used to investigate the potential sources of statistical 
heterogeneity.  The  following  study  characteristics  were 
considered in the meta- regression analyses as covariates: 
year of publication (2003– 2010 and 2011– 2020), geograph-
ical location (USA or Canada, Asia, Europe, South/Central 
America, and Other), qualification of operators  (general 
dentist,  endodontist,  dental  students,  post- graduate  stu-
dent,  mixed),  treatment  setting  (private  practice,  aca-
demic  and  hospital),  tooth  type  (single  rooted,  multiple 
rooted, both), method of instrument (hand, rotary, both), 
presence  of  pre- operative  periapical  lesion  (present  or 
absent),  number  of  observers  and  observer  calibration. 
Studies  with  any  missing  data  on  these  covariates  were 
excluded from meta- regression analyses. Different aspects 
of  data  were  missing  from  different  studies;  thus,  when 
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individual factors’ effect on the success rates across stud-
ies was assessed, the pool of studies could vary. When in-
vestigating potential sources of heterogeneity, only studies 
with no missing covariates were included in the analysis. 
Covariates were considered as a potential  source of het-
erogeneity  if:  (1)  the estimated proportion of  total varia-
tion due to heterogeneity across studies (I2) was reduced 
substantially (>10%) when a covariate was included into 
the  model  or  (2)  the  estimated  between- study  variance 
(�2 ) from the meta- regression model without any covari-
ate in the model was reduced substantially (>10%) when a 
covariate was included into the model.

RESULTS

The  electronic  searches  produced  3948  results:  Pubmed 
(1856),  Embase  (899)  and  CINAHL  (626),  Cochrane 
CCTR  (350)  and  Web  of  Science  (217).  One  article  was 
added from hand searching the last 10 years of the Journal 
of  Endodontics,  International  Endodontic  Journal, 
Oral  Surgery,  Oral  Medicine,  Oral  Pathology  and  Oral 
Radiology,  and  Dental  Traumatology.  After  duplicates 
were  removed  2614  abstracts  remained.  After  abstract 
screening, 132 studies were  selected  for  full  text  review. 
After  full  text  review,  90  studies  were  excluded  for  the 
reasons given in Table S3. Forty- two studies fulfilled the 
inclusion criteria for this review and underwent statistical 
analysis. The search and review processes are outlined in 
Figure 1. The years of publication of the selected studies 
ranged  from 2003  to 2020, 69% were published between 
2011 and 2020 (Table 1).

Methodological characteristics of 
included studies

Of  the  42  included  studies,  15  (35.7%)  were  RCTs,  14 
(33.3%)  were  prospective  cohort  studies  and  13  (31%) 
were retrospective studies (Table 1). Although five studies 
(Chybowski et al., 2018; Cotton et al., 2008; Imura et al., 
2007; Pirani et al., 2015; Prati et al., 2018) included other 
treatment  procedures  in  their  protocols,  they  provided 
stratified  analysis  for  primary  root  canal  therapy.  Teeth 
were used as the unit of evaluation and the reported sam-
ple sizes ranged from 27 to 1376 teeth with a median of 
107 teeth. Re- examination rates were reported for 36 stud-
ies, at either  the  tooth or patient  level, and ranged from 
23% to 100% with a median of 76%.

The  majority,  (38,  90.5%)  of  studies  determined  the 
treatment  outcome  by  clinical  and  radiographic  assess-
ment.  Four  studies  additionally  used  CBCT  evaluation 
in their outcome assessment (Tables 1 and 2). The terms 

‘strict’ (complete resolution of peri- apical lesion) or ‘loose’ 
(reduction in the size of existing peri- apical lesion) were 
used to describe the outcome criteria. For 18 studies, out-
comes could be calculated using both the ‘strict’ and ‘loose’ 
criteria. It was noted that at least two observers conducted 
radiographic  assessment  outcome  in  36  (85.7%)  studies 
(Table 2). The radiographic observers were reported to be 
calibrated  and/or  inter- observer  reliability  calculations 
were performed in 33 (78.6%) studies (Table 2).

The  reported  success  rates  from  the  included  studies 
ranged  from  73.3%  to  100%  based  on  ‘loose’  criteria  and 
from 29.8% to 97.3% based on ‘strict’ criteria. The weighted 
pooled  success  rates  from  studies  using  ‘strict’  criteria 
(data  available  from  39  studies)  were  about  10%  lower 
than that from studies using ‘loose’ criteria (data available 
from 21 studies). Meta- analyses showed that the weighted 
pooled  success  rates  were  estimated  to  be  92.6%  (95% 
CI: 90.5%– 94.8%) under  ‘loose’  criteria and 82%  (95% CI: 
79.3%– 84.4%) under  ‘strict’ criteria. Figures 2 and 3 pres-
ent estimated success rates by individual studies as well as 
the weighted pooled success rates by the two radiographic 
criteria, respectively. The weighted success rates of the sub-
groups differed substantially (Cochran's (Q) test: p < .001) 
in the mixed- effect model. Therefore, statistical analyses of 
potential source of heterogeneity caused by individual fac-
tors were conducted separately for data based on the use of 
‘strict’ or ‘loose’ criteria. Table 2 reports unweighted pooled 
success rates and weighted pooled success rates by study 
characteristics and outcome criteria.

Success rates by study characteristics

Year of publication

The  weighted  pooled  success  rates  based  on  ‘loose’  out-
come  criteria  were  90.9%  for  studies  published  between 
2003  and  2010  compared  to  93.1%  for  studies  published 
between 2011 and 2020. The weighted success rates based 
on  ‘strict’  outcome  criteria  were  82.6%  for  studies  pub-
lished between 2003 and 2010 compared to 81.5% for stud-
ies published between 2011 and 2020.

Years of treatment

Whilst  the  years  of  publication  of  the  selected  studies 
ranged  from 2003  to 2020,  the  treatment periods ranged 
from 1971 to 2019. Years of treatment were not reported 
by  12  studies  (Angerame  et  al.,  2017;  Arya  et  al.,  2017; 
Demirci & Çalışkan, 2016; Dorasani et al., 2013; Molander 
et al.,  2007; Verma et al.,  2019, 2020; Wong et al.,  2015; 
Zavattini  et  al.,  2020).  When  evaluated  as  a  categorical 



   | 719BURNS et al.

T
A

B
L

E
 1

 
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

A
ut

ho
r 

(y
ea

r)
Lo

ca
ti

on
St

ud
y 

de
si

gn
a

R
ee

xa
m

 
ra

te
≥4

 y
ea

r 
fo

llo
w

- u
p

Y
ea

r 
of

 
tr

ea
tm

en
t

Sa
m

pl
e 

si
ze

O
ut

co
m

e 
as

se
ss

m
en

tb

R
ad

io
gr

ap
hi

c 
 

cr
it

er
ia

 o
f  

su
cc

es
sc

O
pe

ra
to

r
T

re
at

m
en

t 
Se

tt
in

g
T

oo
th

 ty
pe

M
et

ho
d 

of
 

in
st

ru
m

en
td

N
um

be
r 

of
 

ob
se

rv
er

s
C

al
ib

ra
ti

on

Pr
e-

 op
 

pu
lp

al
 

di
ag

no
si

s
Pr

e-
 op

 
PA

R
Le

Pr
es

en
ce

 o
f 

re
st

or
at

io
n 

at
 

fo
llo

w
-u

p 
no

te
d

A
ng

er
am

e 
et

 a
l. 

(2
01

7)
Eu

ro
pe

R
C

T
10

0%
N

o
M

is
si

ng
M

is
si

ng
C

 &
 R

S/
L

M
is

si
ng

M
is

si
ng

Si
ng

le
 

ro
ot

ed
R

2
M

is
si

ng
N

on
- V

ita
l

Y-
 A

ll
N

o

A
qr

ab
aw

i 
(2

00
6)

O
th

er
  (J
or

da
n)

R
M

is
si

ng
Ye

s
Be

fo
re

 2
00

0
34

0
C

 &
 R

S
En

do
do

nt
is

t
A

ca
de

m
ic

Bo
th

H
1

Ye
s

M
is

si
ng

Y-
 A

ll
N

o

A
ry

a 
et

 a
l. 

(2
01

7)
A

si
a

P
77

%
N

o
M

is
si

ng
60

C
 &

 R
S/

L
M

is
si

ng
A

ca
de

m
ic

M
ul

tip
le

 
ro

ot
ed

R
2

Ye
s

N
on

- V
ita

l
Y-

  A
ll

N
o

C
hu

 e
t a

l. 
(2

00
5)

A
si

a
P

84
%

Ye
s

Be
fo

re
 2

00
0

85
C

 &
 R

S
G

en
er

al
 

D
en

tis
t

A
ca

de
m

ic
Bo

th
H

1
Ye

s
Bo

th
Y+

N
Ye

s

C
hy

bo
w

sk
i 

et
 a

l. 
(2

01
8)

U
SA

 o
r 

C
an

ad
a

P
M

is
si

ng
N

o
A

fte
r 2

00
0

23
5

C
 &

 R
S/

L
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
Bo

th
R

2
Ye

s
Bo

th
M

is
si

ng
Ye

s

C
ot

to
n 

et
 a

l. 
(2

00
8)

U
SA

 o
r 

C
an

ad
a

R
42

%
N

o
A

fte
r 2

00
0

67
C

 &
 R

S
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
Bo

th
R

2
Ye

s
Bo

th
Y+

N
Ye

s

C
ra

ve
ir

o 
et

 a
l. 

(2
01

5)
So

ut
h/

 
C

en
tr

al
 

A
m

er
ic

a

P
23

%
Ye

s
A

fte
r 2

00
0

52
3

C
 &

 R
S

En
do

do
nt

is
t

H
os

pi
ta

l
Bo

th
Bo

th
1

Ye
s

N
on

- V
ita

l
Y+

N
Ye

s

de
 C

he
vi

gn
y 

et
 a

l. 
(2

00
8)

U
SA

 o
r 

C
an

ad
a

P
24

%
Ye

s
C

ro
ss

 2
00

0
58

2
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
R

1
Ye

s
Bo

th
Y+

N
Ye

s

de
- F

ig
ue

ir
ed

o 
et

 a
l. 

(2
02

0)
So

ut
h/

 
C

en
tr

al
 

A
m

er
ic

a

R
C

T
73

%
N

o
A

fte
r 2

00
0

12
0

C
 &

 R
S/

L
En

do
do

nt
is

t
H

os
pi

ta
l

Si
ng

le
 

ro
ot

ed
Bo

th
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

D
em

ir
ci

 a
nd

 
Ç

al
ış

ka
n 

(2
01

6)

O
th

er
  (T
ur

ke
y)

R
C

T
93

%
N

o
M

is
si

ng
12

0
C

 &
 R

S
En

do
do

nt
is

t
M

is
si

ng
Si

ng
le

 
ro

ot
ed

H
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

D
or

as
an

i e
t a

l. 
(2

01
3)

A
si

a
P

69
%

N
o

M
is

si
ng

64
C

 &
 R

S/
L

M
is

si
ng

M
is

si
ng

Si
ng

le
 

ro
ot

ed
R

M
is

si
ng

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

Ey
ub

og
lu

 e
t a

l. 
(2

02
0)

O
th

er
  (T
ur

ke
y)

R
66

%
Ye

s
A

fte
r 2

00
0

13
7

C
 &

 R
S

En
do

do
nt

is
t

A
ca

de
m

ic
Bo

th
R

2
Ye

s
N

on
- V

ita
l

Y+
N

Ye
s

Fa
rz

an
eh

 e
t a

l. 
(2

00
4)

U
SA

 o
r 

C
an

ad
a

P
35

%
Ye

s
Be

fo
re

 2
00

0
44

2
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
H

1
Ye

s
Bo

th
Y+

N
Ye

s

Fr
ie

dm
an

 e
t a

l. 
(2

00
3)

U
SA

 o
r 

C
an

ad
a

P
35

%
Ye

s
Be

fo
re

 2
00

0
40

5
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
H

2
Ye

s
Bo

th
Y+

N
Ye

s

G
al

an
i e

t a
l. 

(2
01

7)
A

si
a

R
C

T
89

%
N

o
A

fte
r 2

00
0

27
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
M

ul
tip

le
 

ro
ot

ed
R

2
Ye

s
V

ita
l

N
Ye

s

G
ill

 e
t a

l. 
(2

01
6)

A
si

a
P

74
%

N
o

A
fte

r 2
00

0
81

C
 &

 R
S/

L
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Si

ng
le

 
ro

ot
ed

H
M

or
e 

th
an

 
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

H
al

e 
et

 a
l. 

(2
01

2)
U

SA
 o

r 
C

an
ad

a
R

M
is

si
ng

N
o

A
fte

r 2
00

0
71

C
 &

 R
L

de
nt

al
 

st
ud

en
t

A
ca

de
m

ic
Bo

th
R

2
M

is
si

ng
Bo

th
Y+

N
Ye

s



720 |   UPDATED OUTCOMES OF PRIMARY RCT

A
ut

ho
r 

(y
ea

r)
Lo

ca
ti

on
St

ud
y 

de
si

gn
a

R
ee

xa
m

 
ra

te
≥4

 y
ea

r 
fo

llo
w

- u
p

Y
ea

r 
of

 
tr

ea
tm

en
t

Sa
m

pl
e 

si
ze

O
ut

co
m

e 
as

se
ss

m
en

tb

R
ad

io
gr

ap
hi

c 
 

cr
it

er
ia

 o
f  

su
cc

es
sc

O
pe

ra
to

r
T

re
at

m
en

t 
Se

tt
in

g
T

oo
th

 ty
pe

M
et

ho
d 

of
 

in
st

ru
m

en
td

N
um

be
r 

of
 

ob
se

rv
er

s
C

al
ib

ra
ti

on

Pr
e-

 op
 

pu
lp

al
 

di
ag

no
si

s
Pr

e-
 op

 
PA

R
Le

Pr
es

en
ce

 o
f 

re
st

or
at

io
n 

at
 

fo
llo

w
-u

p 
no

te
d

Im
ur

a 
et

 a
l. 

(2
00

7)
So

ut
h/

 
C

en
tr

al
 

A
m

er
ic

a

R
M

is
si

ng
Ye

s
Be

fo
re

 2
00

0
13

76
C

 &
 R

S
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
Bo

th
H

2
N

o
Bo

th
M

is
si

ng
Ye

s

K
is

t e
t a

l. 
(2

01
7)

Eu
ro

pe
R

C
T

72
%

N
o

A
fte

r 2
00

0
60

C
 &

 R
S/

L
G

en
er

al
 

D
en

tis
t

A
ca

de
m

ic
Bo

th
R

2
Ye

s
N

on
- V

ita
l

Y-
 A

ll
Ye

s

K
ni

gh
t e

t a
l. 

(2
02

0)
Eu

ro
pe

P
74

%
N

o
A

fte
r 2

00
0

88
C

 &
 R

 &
 

C
BC

T
S/

L
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
R

2
Ye

s
Bo

th
Y+

N
Ye

s

K
um

ar
 e

t a
l. 

(2
02

0)
A

si
a

R
C

T
92

%
N

o
A

fte
r 2

00
0

12
0

C
 &

 R
S

M
is

si
ng

A
ca

de
m

ic
M

ul
tip

le
 

ro
ot

ed
R

2
M

is
si

ng
N

on
- V

ita
l

Y-
 A

ll
Ye

s

Ll
en

a 
et

 a
l. 

(2
02

0)
Eu

ro
pe

R
71

%
Ye

s
A

fte
r 2

00
0

82
0

C
 &

 R
S/

L
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
Bo

th
2

M
is

si
ng

Bo
th

Y+
N

Ye
s

M
ar

qu
is

 e
t a

l. 
(2

00
6)

U
SA

 o
r 

C
an

ad
a

P
27

%
Ye

s
Be

fo
re

 2
00

0
53

2
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
R

2
Ye

s
Bo

th
Y+

N
Ye

s

M
ol

an
de

r e
t a

l. 
(2

00
7)

Eu
ro

pe
R

C
T

88
%

N
o

M
is

si
ng

10
1

C
 &

 R
S/

L
En

do
do

nt
is

t
H

os
pi

ta
l

Bo
th

R
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

O
ze

r a
nd

 
A

kt
en

er
 

(2
00

9)

O
th

er
  (T
ur

ke
y)

R
C

T
82

%
N

o
A

fte
r 2

00
0

98
C

 &
 R

S
M

is
si

ng
A

ca
de

m
ic

M
ul

tip
le

 
ro

ot
ed

R
2

M
is

si
ng

N
on

- V
ita

l
Y-

 A
ll

N
o

Pa
re

de
s-

 V
ie

yr
a 

an
d 

En
ri

qu
ez

 
(2

01
2)

So
ut

h/
 

C
en

tr
al

 
A

m
er

ic
a

R
C

T
94

%
N

o
A

fte
r 2

00
0

30
0

C
 &

 R
S/

L
En

do
do

nt
is

t
A

ca
de

m
ic

Bo
th

R
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

Pe
ne

si
s e

t a
l. 

(2
00

8)
U

SA
 o

r 
C

an
ad

a
R

C
T

68
%

N
o

A
fte

r 2
00

0
97

C
 &

 R
S/

L
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
Bo

th
R

M
or

e 
th

an
 

2
Ye

s
N

on
- V

ita
l

Y-
 A

ll
N

o

Pi
ra

ni
 e

t a
l. 

(2
01

5)
Eu

ro
pe

R
70

%
Ye

s
Be

fo
re

 2
00

0
20

9
C

 &
 R

S
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
Bo

th
H

2
Ye

s
Bo

th
Y+

N
Ye

s

Pr
at

i e
t a

l. 
(2

01
8)

Eu
ro

pe
R

55
%

Ye
s

Be
fo

re
 2

00
0

17
3

C
 &

 R
S

En
do

do
nt

is
t

Pr
iv

at
e 

pr
ac

tic
e

Bo
th

H
2

Ye
s

Bo
th

Y+
N

Ye
s

R
es

tr
ep

o-
 

R
es

tr
ep

o 
et

 a
l. 

(2
01

9)

So
ut

h/
 

C
en

tr
al

 
A

m
er

ic
a

R
75

%
Ye

s
A

fte
r 2

00
0

16
6

C
 &

 R
 &

 
C

BC
T

S/
L

Po
st

- g
ra

du
at

e 
st

ud
en

t
A

ca
de

m
ic

Bo
th

M
is

si
ng

2
Ye

s
N

on
- V

ita
l

Y-
 A

ll
Ye

s

R
ic

uc
ci

 e
t a

l. 
(2

01
1)

Eu
ro

pe
P

60
%

Ye
s

A
fte

r 2
00

0
M

is
si

ng
C

 &
 R

S
G

en
er

al
 

D
en

tis
t

Pr
iv

at
e 

pr
ac

tic
e

Bo
th

H
2

Ye
s

Bo
th

M
is

si
ng

Ye
s

Sa
in

i e
t a

l. 
(2

01
2)

A
si

a
R

C
T

78
%

N
o

A
fte

r 2
00

0
16

7
C

 &
 R

S
Po

st
- g

ra
du

at
e 

st
ud

en
t

A
ca

de
m

ic
M

ul
tip

le
 

ro
ot

ed
H

M
or

e 
th

an
 

2
Ye

s
N

on
- V

ita
l

Y-
 A

ll
Ye

s

Sa
ri

n 
et

 a
l. 

(2
01

6)
A

si
a

R
M

is
si

ng
N

o
A

fte
r 2

00
0

14
6

C
 &

 R
S

En
do

do
nt

is
t

A
ca

de
m

ic
Bo

th
M

is
si

ng
2

N
o

N
on

- V
ita

l
M

is
si

ng
N

o

T
A

B
L

E
 1

 
(C

on
tin

ue
d)



   | 721BURNS et al.

A
ut

ho
r 

(y
ea

r)
Lo

ca
ti

on
St

ud
y 

de
si

gn
a

R
ee

xa
m

 
ra

te
≥4

 y
ea

r 
fo

llo
w

- u
p

Y
ea

r 
of

 
tr

ea
tm

en
t

Sa
m

pl
e 

si
ze

O
ut

co
m

e 
as

se
ss

m
en

tb

R
ad

io
gr

ap
hi

c 
 

cr
it

er
ia

 o
f  

su
cc

es
sc

O
pe

ra
to

r
T

re
at

m
en

t 
Se

tt
in

g
T

oo
th

 ty
pe

M
et

ho
d 

of
 

in
st

ru
m

en
td

N
um

be
r 

of
 

ob
se

rv
er

s
C

al
ib

ra
ti

on

Pr
e-

 op
 

pu
lp

al
 

di
ag

no
si

s
Pr

e-
 op

 
PA

R
Le

Pr
es

en
ce

 o
f 

re
st

or
at

io
n 

at
 

fo
llo

w
-u

p 
no

te
d

Si
gu

rd
ss

on
 e

t a
l. 

(2
01

6)
U

SA
 o

r 
C

an
ad

a
P

84
%

N
o

A
fte

r 2
00

0
89

C
 &

 R
S/

L
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
M

ul
tip

le
 

ro
ot

ed
R

2
Ye

s
Bo

th
M

is
si

ng
Ye

s

Si
gu

rd
ss

on
 e

t a
l. 

(2
01

8)
U

SA
 o

r 
C

an
ad

a
P

98
%

N
o

A
fte

r 2
00

0
45

C
 &

 R
S/

L
En

do
do

nt
is

t
Pr

iv
at

e 
pr

ac
tic

e
M

ul
tip

le
 

ro
ot

ed
R

2
Ye

s
N

on
- V

ita
l

Y-
 A

ll
N

o

Si
qu

ei
ra

 e
t a

l. 
(2

00
8)

So
ut

h/
 

C
en

tr
al

 
A

m
er

ic
a

P
33

%
N

o
C

ro
ss

 2
00

0
30

7
C

 &
 R

S/
L

de
nt

al
 

st
ud

en
t

A
ca

de
m

ic
Bo

th
Bo

th
M

or
e 

th
an

 
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

Ye
s

Ta
ng

 e
t a

l. 
(2

01
5)

A
si

a
R

C
T

10
0%

N
o

A
fte

r 2
00

0
36

0
C

 &
 R

S
En

do
do

nt
is

t
H

os
pi

ta
l

Bo
th

R
2

Ye
s

N
on

- V
ita

l
Y-

 A
ll

N
o

V
er

m
a 

et
 a

l. 
(2

01
9)

A
si

a
R

C
T

86
%

N
o

M
is

si
ng

10
0

C
 &

 R
S/

L
M

is
si

ng
A

ca
de

m
ic

M
ul

tip
le

 
ro

ot
ed

R
2

M
is

si
ng

N
on

- V
ita

l
Y-

 A
ll

Ye
s

V
er

m
a 

et
 a

l. 
(2

02
0)

A
si

a
R

C
T

83
%

N
o

M
is

si
ng

69
Cl

in
ic

al
 +

 
CB

CT
S/

L
M

is
si

ng
A

ca
de

m
ic

Si
ng

le
 

ro
ot

ed
R

2
M

is
si

ng
N

on
- V

ita
l

Y-
 A

ll
Ye

s

W
on

g 
et

 a
l. 

(2
01

5)
A

si
a

R
C

T
86

%
N

o
M

is
si

ng
25

6
C

 &
 R

S
G

en
er

al
 

D
en

tis
t

A
ca

de
m

ic
Bo

th
R

2
Ye

s
Bo

th
M

is
si

ng
Ye

s

Za
va

tti
ni

 e
t a

l. 
(2

02
0)

Eu
ro

pe
P

83
%

N
o

M
is

si
ng

12
5

C
 &

 R
 &

 
C

BC
T

L
m

ix
ed

H
os

pi
ta

l
Bo

th
R

2
Ye

s
Bo

th
M

is
si

ng
Ye

s

Zm
en

er
 a

nd
 

Pa
m

ei
je

r 
(2

00
4)

So
ut

h/
 

C
en

tr
al

 
A

m
er

ic
a

R
81

%
N

o
A

fte
r 2

00
0

18
0

C
 &

 R
L

En
do

do
nt

is
t

Pr
iv

at
e 

pr
ac

tic
e

Bo
th

H
2

Ye
s

Bo
th

Y+
N

N
o

a R
, r

et
ro

sp
ec

tiv
e 

co
ho

rt
 st

ud
y 

or
 re

tr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l; 
C

, p
ro

sp
ec

tiv
e 

co
ho

rt
 st

ud
y;

 R
C

T,
 ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l.
b C

&
R

, c
om

bi
ne

d 
cl

in
ic

al
 a

nd
 ra

di
og

ra
ph

ic
 e

xa
m

in
at

io
n.

c S,
 st

ri
ct

 c
ri

te
ri

a;
 L

, l
oo

se
 c

ri
te

ri
a.

d H
, h

an
d 

in
st

ru
m

en
ta

tio
n;

 R
, R

ot
ar

y 
in

st
ru

m
en

ta
tio

n.
e Y,

 y
es

; N
, n

o.

T
A

B
L

E
 1

 
(C

on
tin

ue
d)



722 |   UPDATED OUTCOMES OF PRIMARY RCT

variable,  studies  with  treatment  periods  before  the  year 
2000  (8  studies)  were  compared  to  studies  with  treat-
ment years in 2000 (23 studies) or later. Two studies (De 
Chevigny et al., 2008; Siqueira et al., 2008) were excluded 
from  the  comparison  because  years  of  treatment  in  this 
study occurred both before and after 2000). The weighted 
success  rates  based  on  ‘strict’  outcome  criteria  for  treat-
ment  conducted  before  2000  was  82.1%,  compared  to 
84.1% for treatment performed after 2000.

Length of follow- up

Follow- up  after  completion  of  treatment  ranged  from 
12- months to 19 years. Fourteen studies reported at least 
48  months  of  follow- up.  Outcomes  for  studies  with  a 
minimum  of  four- year  follow- up  period  had  a  weighted 
success rate of 83.5% when ‘strict’ criteria were used, com-
pared to 80.8% for studies that followed- up all of the cases 
for less than 4 years.

Geographic location of study

Published  studies  were  conducted  globally:  10  (23.8%) 
were  conducted  in  the  United  States  or  Canada;  12 
(28.6%)  were  conducted  in  Asia;  9  (21.4%)  were  con-
ducted  in  Europe;  7  (16.7%)  were  conducted  in  Central 
or South America. The rest of  the studies (4, 9.5%) were 
conducted in the countries Jordan and Turkey. Weighted 
success rates varied by geographic region: 91.2% USA or 
Canada,  90.6%  Asia,  92.2%  Europe,  94.1%  in  Central  or 
South America when ‘loose’ evaluation criteria were used; 
85.9% USA or Canada, 76.5% Asia, 80.7% Central or South 
America, 81.9% Europe and 89.5% other countries when 
‘strict’ evaluation criteria were used.

Qualification of operators (undergraduate, 
postgraduate, general practitioner and 
specialist)

The  reviewed  studies  classified  operator  qualification  as 
(Table  2):  undergraduate  students  (2  studies),  general 
dentist (4 studies), post- graduate student (11 studies) and 
endodontist (17 studies). In Zavattini et al.  (2020),  treat-
ment was performed by a mixed group of operators and 
7 studies did not provide this information. There was only 
1 study (Siqueira et al., 2008) reporting the use of under-
graduates as operators under ‘strict’ outcome criteria and 
only 1 study (Kist et al. 2016) reporting the use of general 
dentists as operators under ‘loose’ outcome criteria. Meta- 
regression analyses showed that qualification of operators 

had  no  significant  effect  on  the  success  rates  (p  =  .135 
under loose criteria and p = .256 under strict criteria, by 
the Cochran's (Q) test).

Effects of clinical characteristics on 
success rates

Presence of pre- operative periapical lesion

Eleven studies provided outcome data stratified by pres-
ence of pre- operative periapical lesion. The weighted suc-
cess  rates  for  teeth  with  pre- operative  periapical  lesions 
were  lower  than  that  for  teeth  without  pre- operative 
periapical lesions, regardless of the use of ‘loose’ or ‘strict’ 
criteria (Table 3). This was consistent with the pooled es-
timate of effect of pre- operative presence of periapical le-
sion on the odds of success (OR = 2.75; 95% CI: 1.73, 4.41, 
Table 3). Teeth with pre- operative periapical lesions were 
used as the reference group.

Method of instrumentation

This  study  evaluated  the  effect  of  the  method  of  instru-
mentation  (hand  vs.  rotary)  on  study  outcomes.  Rotary 
instrumentation  was  used  in  24  (57.1%)  of  studies,  hand 
instrumentation was used in 12 (28.6%) of studies, 4 studies 
(9.5%) used both hand and rotary instrumentation methods 
and 2 studies (4.8%) did not report their method of instru-
mentation. There was no statistically significant difference 
in outcomes across studies by method of instrumentation 
(p = .133  for  ‘loose’ criteria outcome, p = .924 for  ‘strict’ 
criteria outcome, by the Cochran's (Q) test).

Restoration at follow- up

Data  were  collected  regarding  the  type  of  restoration 
placed  at  the  completion  of  treatment:  permanent  res-
torations  in  19  studies  (45.2%),  temporary  restorations 
in  12  studies  (28.6%),  a  combination  of  permanent  and 
temporary restorations in 4 studies (9.5%). Seven studies 
(16.7%) did not report the type of restoration placed at the 
completion  of  endodontic  treatment.  In  studies  where 
temporary restorations were placed after the completion 
of primary RCT, 62.5% confirmed presence of permanent 
restorations at follow- up visits. Although the majority of 
studies did make note of the type of restoration placed at 
the completion of treatment and the presence of a perma-
nent  restoration  at  follow- up,  the  reporting  was  varied. 
For example, for studies that placed a temporary restora-
tion after completion of root canal treatment, some placed 
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T A B L E  2   Estimated success rates by study characteristics

Categories

Loose radiographic criteria Strict radiographic criteria

No. 
studies

No. 
teeth

Pooled success rates

No. 
studies

No. 
teeth

Pooled success rates

Un- weighted 
success rates 
(%)a

Weighted 
success ratesb

Un- weighted 
success rate 
(%)a

Weighted 
success rateb

Total 21 2466 92 92.6 (90.5- 94.8) 39 7432 85.4 82.0 (79.3- 84.8)

Outcome criteria

Clinical + Radiographic 17 2115 92 93.1 (90.7- 95.5) 36 7185 86.5 84.4 (82.1- 86.7)

Clinical + CBCT 1 57 93 93 (86.4- 99.6) 1 57 29.8 29.8 (17.9- 41.7)

Clinical + CBCT + 
Radiographic

3 294 90 89.5 (86- 93) 2 190 59.5 61.8 (45- 78.6)

At least 4 years follow- up

No 19 1756 92 92.9 (90.6- 95.2) 25 2684 82.5 80.8 (76.6- 84.9)

Yes 2 710 92 91.5 (88.9- 94.1) 14 4748 87 83.5 (79.6- 87.4)

Year of publication

2003– 2010 4 397 90 90.9 (86.7- 95) 12 2697 87.8 82.6 (77.6- 87.7)

2011– 2020 17 2069 92 93.1 (90.7- 95.5) 27 4735 84 81.5 (78- 85.1)

Year of treatment

Before 2000 0 NA NA NA 8 2543 87.4 82.1 (75.2- 89)

After 2000 13 1880 92 91.9 (89.1- 94.7) 21 3938 85.4 84.1 (81- 87.2)

Location

USA or Canada 5 488 90 91.2 (85.8- 96.7) 9 995 85.4 85.9 (82.6- 89.2)

Asia 5 293 90 90.6 (82.9- 98.3) 12 1353 79.7 76.5 (69.7- 83.2)

Europe 6 946 91.9 92.2 (90.5- 93.9) 8 1969 85 81.9 (76.4- 87.4)

Central South America 5 739 94.5 94.1 (90.6- 97.7) 6 2493 88.6 80.7 (73.2- 88.2)

Other 0 NA NA NA 4 622 86 89.5 (80.7- 98.4)

Treatment settings

Private practice 4 499 92 94.2 (90.4- 98) 8 2924 89.1 85.7 (80.8- 90.6)

Academic 12 1583 92 92.2 (89.1- 95.3) 24 3233 82.6 80 (75.8- 84.1)

Hospital 3 280 91 92.1 (88- 96.2) 4 1059 82.6 80.4 (75.1- 85.7)

Qualification of operators

General Dentist 1 43 95 95.3 (89.1- 100) 4 1079 87.9 88 (86.1- 90)

Endodontist 7 957 94 94.7 (91.9- 97.5) 16 4208 87.1 85.2 (81.5- 89)

Dental student 2 171 90 89 (76- 100) 1 100 76 76 (67.6- 84.4)

Post- graduate student 5 898 90 87.3 (82.1- 92.4) 11 1562 82.7 79.8 (73.8- 85.9)

Mixed 1 104 89 89.4 (83.5- 95.3) 0 NA NA NA

Tooth types

Single rooted 5 308 89 89.8 (83.5- 96) 6 420 78.3 75.6 (59.6- 91.5)

Multiple rooted 4 251 98 98.8 (97- 100) 8 594 81.5 82.1 (75.9- 88.3)

Both 12 1907 92 91.3 (88.5- 94.1) 25 6418 86.2 83.1 (80.1- 86)

Pre- operative pulpal diagnosis

Vital 0 NA NA NA 1 24 87.5 87.5 (74.3- 100)

Non- Vital 14 1186 93 93.5 (91- 96.1) 22 2736 81.1 78.8 (73.8- 83.7)

Both 7 1280 91 91.5 (88.9- 94.2) 15 4332 88.5 85.6 (82.5- 88.7)

Method of instrument

Hand 2 205 86 82.9 (65.7- 100) 11 3457 87.5 83.7 (79- 88.4)
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composite  orifice  barriers,  and  a  variety  of  temporary 
materials  were  used.  Additionally,  time  to  final  restora-
tion could not be accounted for in these cases. Due to the 
variations in reporting, we were unable to reliably analyse 
the influence of coronal restorations on the treatment out-
comes at the level of meta- analysis.

Sources of heterogeneity

Meta  regression  models  (Thompson  &  Higgins,  2002) 
were  used  to  investigate  the  potential  sources  of  statis-
tical  heterogeneity.  The  following  study  characteristics 
were  considered  in  the  meta- regression  analyses  as  co-
variates: year of publication (2003– 2010 and 2011– 2018), 
geographical location (USA or Canada, Asia and Other), 
qualification  of  operators  (general  dentist,  endodontist, 
dental  students,  post- graduate  student,  mixed),  treat-
ment  setting  (private  practice,  academic  and  hospital), 
tooth type (single rooted, multiple rooted, both), method 
of  instrumentation  (hand,  rotary,  both),  pre- operative 
pulpal  diagnosis  (vital,  non- vital  and  both),  number  of 
observers  and  observer  calibration.  The  analytic  sam-
ple  for  the  meta- regression  analysis  included  17  stud-
ies  under  ‘loose’  criteria  and  27  studies  under  ‘strict’ 
criteria.  Thirteen  studies  were  excluded  due  missing 
data on the analysed co- variates (Angerame et al., 2017; 

Aqrabawi et al. 2006; Arya et al.,  2017; Dorasani et al., 
2013; Demirci & Çalışkan, 2016; Hale et al., 2012; Kumar 
et  al.,  2020;  Llena  et  al.,  2020;  Ozer  &  Aktener,  2009; 
Restrepo- Restrepo et al., 2019; Sarin et al., 2016; Verma 
et al., 2019; Verma et al., 2020). Table 4 presents results 
of the meta- regression analysis to account for sources of 
heterogeneity. For success rates based on ‘loose’ criteria, 
potential sources of heterogeneity were geographical lo-
cation  and  qualification  of  operators.  For  success  rates 
based on ‘strict’ criteria, none had significant effects on 
the success rates reported by the studies or could account 
for the heterogeneity (Table 4).

Quality of evidence

The quality of evidence, guided by the GRADE approach 
(Schünemann  et  al.,  2013),  of  the  42  clinical  studies  in-
cluded  in  this  review  are  presented  in  Table  S4.  Fifteen 
(35.71%) studies, randomized control trials, were consid-
ered  to  be  ‘high’  quality  of  evidence.  They  investigated 
different  aspects  of  root  canal  treatment  procedures  on 
treatment outcomes,  including  the effects of:  single- visit 
versus  multiple- visit  root  canal  treatment  (Molander 
et  al.,  2007;  Paredes- Vieyra  &  Enriquez,  2012;  Penesis 
et  al.,  2008;  Wong  et  al.,  2015);  partial  versus  complete 
pulpal  tissue  removal  (Galani  et  al.,  2017);  different 

Categories

Loose radiographic criteria Strict radiographic criteria

No. 
studies

No. 
teeth

Pooled success rates

No. 
studies

No. 
teeth

Pooled success rates

Un- weighted 
success rates 
(%)a

Weighted 
success ratesb

Un- weighted 
success rate 
(%)a

Weighted 
success rateb

Rotart 15 1364 93 93.4 (90.9- 95.9) 22 2409 84 82.1 (78- 86.3)

Both 3 772 93 93.4 (91.3- 95.6) 4 1295 86.3 83.2 (77.1- 89.3)

Restoration at follow up

Yes 11 1546 92 92.8 (89.7- 95.9) 25 5619 86.3 82.3 (78.9- 85.7)

No 10 920 92 92.1 (88.5- 95.6) 14 1813 82.7 81.2 (76.1- 86.4)

Number of observers

1 0 NA NA NA 5 1193 84 84.4 (81.4- 87.4)

2 17 2199 93 93.7 (91.6- 95.8) 29 5843 86.4 82.6 (79.4- 85.8)

More than 2 3 223 86 84.4 (71.1- 97.6) 4 352 75.9 76.6 (70.5- 82.6)

Observer calibration

No 0 NA NA NA 2 1522 92.4 86.4 (70.8- 100)

Yes 16 1607 92 92.3 (89.8- 94.8) 31 4932 83.2 82.1 (79.1- 85.1)

Abbreviations: USA, United States; CBCT, cone- beam computed tomography; NA, not applicable.
aUn- weighted pooled success rates were estimated based on the Hepworth and Friedman (1997)’s approach.
bWeighted pooled success rates were estimated using random effects meta- analysis (where there was only one study, its reported success rate and confident 
intervals were presented).

T A B L E  2   (Continued)
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obturation  techniques  (Ozer  &  Aktener,  2009);  different 
apical preparation sizes (Saini et al., 2012); irrigation acti-
vation (Verma et al., 2020); types of irrigation (Kist et al., 
2017; Tang et al., 2015); root filling materials (Demirci & 

Çalışkan,  2016);  instrumentation  type  (Angerame  et  al., 
2017; de- Figueiredo et al., 2020); concentration of irriga-
tion  solutions  (Verma  et  al.,  2019);  intraorifice  barrier 
(Kumar et al., 2020). Eighteen (42.86%) studies were ‘low’ 

F I G U R E  2  Estimated rates of success 
by study, based on strict radiographic 
criteria

F I G U R E  3  Estimated rates of success 
by study, based on loose radiographic 
criteria
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quality  of  evidence,  and  9  (21.43%)  studies  were  con-
sidered  as  ‘very  low’  quality  of  evidence.  Twenty- seven 
(64.28%) studies had identified study limitations: 14 stud-
ies had limitations in either the number or calibration of 
the radiographic observers; 6 studies had re- examination 
rates  lower  than 50%; 18 studies had determined  limita-
tions in their reporting of treatment outcomes (Table S4). 
There were 15 (35.71%) studies in which none of the con-
sidered areas of limitation were identified: 7 RCTs and 8 
observational studies.

DISCUSSION

In this systematic review and meta- analysis,  the authors 
attempted to determine updated weighted, pooled success 
rates of primary root canal therapy based on longitudinal 
clinical outcome studies published between 2003 and 2020 
and explore the effects of several study characteristics and 
clinical factors on treatment outcomes.

Previous  systematic  reviews by Paik et al.  (2004) and 
Ng et al. (2007) highlighted the varying levels of evidence 
of  endodontic  outcomes  studies  as  well  as  the  limited 
number of high- quality studies in the outcome literature. 
Further,  in  Outcome of Primary Root Canal Treatment: 
Systematic Review of the Literature  (Ng et al., 2007),  it  is 
noted  that  the quality of evidence  for  specific  treatment 
factors affecting primary root canal therapy was subopti-
mal, and that there was substantial variation in study de-
sign. Calls for increased standardization in study design, 
data  recording  and  the  presentation  format  of  outcome 
data followed.

The findings of the quality of evidence assessment in 
this  systematic  review, guided by  the GRADE approach, 
suggests that the majority of outcomes studies on primary 
root canal therapy continue to be of low level of evidence. 

In  this  systematic  review,  15  (35.71%)  studies  were  ran-
domized control trials, all considered to be of ‘high’ level 
of evidence. This can be compared to Ng et al.’s 2007 sys-
tematic  review,  in  which  only  6  (9.52%)  of  the  included 
studies were RCTs. It should be noted that in both system-
atic  reviews,  the  determination  of  level  of  evidence  was 
based primarily on study design (RCT vs. cohort/observa-
tional). When assessing the quality of evidence in the end-
odontic  literature,  it should be considered that RCTs are 
not always the most appropriate study design for outcome 
studies in endodontics. In this review, particular focus was 
placed on evaluating the included studies for the presence 

T A B L E  3   Effect of preoperative Periapical Radiolucency

Loose Strict

Pooled success rates Pooled success rates

Categories
No. 
studies

No. 
teeth

Un- weighted 
success rates (%)

Weighted 
success rates

No. 
studies

No. 
teeth

Un- weighted 
success rate 
(%)

Weighted 
success rate

Preop PARL

No 3 156 91.7 92.1 [87.8, 96.4] 8 1098 90.5 90.3 [85, 95.6]

Yes 3 125 86.4 87.3 [81.1, 93.5] 8 1126 80.6 80.3 [73.4, 87.1]

Comparisons (test versus 
reference categories) No. studies Odds ratio 95% CI Heterogeneity Q p- value

Preop PARL
No vs. Yes (ref) 11 2.75 1.73, 4.41 21.44 (df = 10) .018

T A B L E  4   Results of meta- regression analysis to account for the 
source of heterogeneity

Covariate included

Loose (N = 13) Strict (N = 27)

I2
�
2 I2

�
2

No. covariate included 78.3% 0.0017 88.5% 0.0039

Year of publication 76.1% 0.0015 87.2% 0.0043

Geographical location 66.7% 0.0001 87.6% 0.0038

Qualification of operator 74.8% 0.0012 87.3% 0.0039

Treatment setting 78.6% 0.0021 86.9% 0.004

Tooth type 80.5% 0.0021 88.8% 0.0039

Method of instrument 77.1% 0.0016 88% 0.0045

Pre- op Pulpal Diagnosis 75.3% 0.0016 88.7% 0.0043

Number of observers 77.2% 0.0016 86.6% 0.0034

Calibration of observers NA NA 82.9% 0.0074

Note: I2, proportion of total variation due to heterogeneity across studies; �2, 
estimate of between- study variance (if the I2 and �2 values were reduced by 10% 
after including a covariate in the regression model as compared with the 
values estimated without any covariates entered, the respective covariate 
was considered to be a potential source of heterogeneity (indicated in gray 
shade).
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of  limitations related to standardization of study design. 
Based on the review of the included studies, it is clear that 
previous calls for study design standardization were heard 
throughout  the  endodontic  community,  at  least  to  some 
extent.

Ng et al. (2007) suggested that it should be mandatory 
to state the criteria for success as part of the study method-
ology. In this updated systematic review, almost all of the 
studies reported their criteria of success but many studies 
did not clearly state if outcomes were based on ‘loose’ or 
‘strict’ criteria, as suggested. Determining the outcomes by 
‘strict’ and ‘loose’ criteria often took careful analysis of the 
reported results to see how they compared to the reported 
outcome criteria and occasionally required re- calculations 
to determine stratified success rates.

Another  methodological  conclusion  made  by  Ng's 
group  (Ng  et  al.,  2007)  was  that  studies  had  significant 
variability in radiographic assessment, resulting from not 
having at  least two pre- calibrated observers. In the pres-
ent systematic review, 83% of studies reported having two 
or  more  observers  with  83%  of  studies  reporting  some 
method of observer calibration.

Further Ng's group (Ng et al., 2007) suggested standard-
ization of the duration of follow- up for all patients or, at 
least, the inclusion of the duration as a covariate into the 
statistical model  to account  for variations  in  the success 
rate  based  on  different  follow- up  times.  In  this  updated 
systematic  review,  duration  of  follow- up  after  treatment 
was not standardized in the outcome reporting for many 
studies,  thus  variations  in  the  success  rates  because  of 
different  follow- up  times  were  not  well  accounted  for. 
Further, several studies included cases evaluated during a 
range of follow- up times (e.g. 1– 4 years) and failed to heed 
previous calls to include the follow- up times as a covariate 
in the statistical model to account for resulting variations 
in the success rate.

It would be remiss not  to note the  limitations of pre-
viously published systematic reviews evaluating  the out-
come  of  endodontic  treatment  identified  by  Wu  et  al. 
(2009)  that may contribute  to  the overestimation of suc-
cessful  outcomes  after  root  canal  treatment:  the  use  of 
two- dimensional periapical radiography to assess the out-
come of root canal treatment; clinical studies that under 
record extractions and re- treatments as failures, and stud-
ies with re- examination rates lower than 50%.

Radiographic  images  represent  a  two- dimensional 
aspect  of  a  three- dimensional  anatomical  structure 
(Huumonen  et  al.,  2003).  Three- dimensional  represen-
tation  of  cone- beam  computed  tomography  (CBCT)  has 
been  reported  to  have  increased  sensitivity  compared  to 
radiography in the detection of apical periodontitis (Patel 
et al., 2015). This increased sensitivity can result in the de-
tection of apical periodontitis in cases where radiographic 

examination  suggests  complete  resolution  (strict  criteria 
of success) or reveal enlarged lesions in cases where the 
reduction of the size of radiographic radiolucency (loose 
criteria of success) is considered. Despite Wu et al.’s call in 
2009 for increased outcome reporting using CBCT imag-
ing, in this updated review, only 4 of the 42 included stud-
ies used CBCT imaging for follow- up evaluation (Knight 
et  al.,  2020;  Restrepo- Restrepo  et  al.,  2019; Verma  et  al., 
2020;  Zavattini  et  al.,  2020).  For  consistency,  when  both 
radiographic  and  CBCT  outcomes  were  reported,  only 
the outcomes based on radiographic evaluation were  in-
cluded for analysis in this review. Radiographic and CBCT 
outcomes were reported for 2 studies (Knight et al., 2020; 
Zavattini et al., 2020). For those studies, the success rates 
of CBCT analysis were lower than those reported after ra-
diographic evaluation. When discussing the use of CBCT 
imaging in outcome studies, it is relevant to note that not 
all  studies  have  confirmed  the  accuracy  of  CBCT  when 
used  for  diagnosis  of  apical  periodontitis  (Kruse  et  al., 
2019).  Kruse  et  al.  (2019)  found  in  a  cadaver  study  that 
the  diagnosis  of  apical  periodontitis  was  dependent  on 
the treatment status of the tooth: for non- endodontically 
treated teeth, the diagnostic accuracy of CBCT was high, 
however, the diagnostic accuracy was lower for teeth with 
endodontic  fillings.  Their  findings  indicated  that  CBCT 
evaluation  was  less  accurate  for  the  diagnosis  of  apical 
periodontitis in endodontically treated teeth.

It is understood that in studies with large percentages 
of  patients  lost  to  follow- up,  the  reported  success  rate 
may be an overestimation. Wu et al. (2009) suggested that 
‘recall’  rates  lower  than  50%  could  further  contribute  to 
this overestimation. In Ng et al. (2007) study, only 62% of 
included studies reported rates of re- examination, with a 
median of 52.7%. In this review, 85.7% of studies reported 
re- examination  rates,  ranging  from  23%  to  100%,  with 
6 studies reporting rates <50%.

The  unclear  categorization  of  extractions  and  retreat-
ment as failures is another limitation Wu et al. (2009) noted 
of  previous  systematic  reviews  on  the  outcome  of  end-
odontic treatment. In this review, outcomes were recorded 
as they were reported in the study; however, it was noted 
that 18 studies (Aqrabawi, 2006; Arya et al., 2017; Cotton 
et al., 2008; Craveiro et al., 2015; de Chevigny et al., 2008; 
Dorasani et al., 2013; Farzaneh et al., 2004; Friedman et al., 
2003;  Gill  et  al.,  2016;  Llena  et  al.,  2020;  Marquis  et  al., 
2006; Molander et al., 2007; Penesis et al., 2008; Pirani et al., 
2015; Ricucci et al., 2011; Saini et al., 2012; Siqueira et al., 
2008;  Zavanitti  et  al.,  2020)  excluded  teeth  from  analysis 
that  were  extracted  or  required  further  endodontic  treat-
ment before  the study endpoint,  indicating  that outcome 
rates reported in this review may be overestimated.

One  of  the  criticisms  of  Ng's  work  (Ng  et  al.,  2007, 
2008) is that it includes data ranging over more than 5 or 
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6 decades (Setzer & Kim, 2014). This criticism notes that 
the  focus of outcomes  studies  should be on  the modern 
advances  and  techniques  in  the  field.  Whilst  this  crit-
icism  can  be  countered  by  the  fact  that  Ng  did  not  find 
improved success rates by year of publications, this study 
sought to update the pooled success rates on primary root 
canal therapy to reflect advancements in treatment made 
over the last 15 years. Ng et al. (2007) found that pooled 
success rates of  treatment completed at  least 1 year pre-
viously  for  studies  published  between  1922  and  2002, 
ranged  between  68%  and  85%  when  strict  criteria  were 
used, with a mean strict success rate of 74.7% (based on 
40 studies) and a mean loose success rate of 85.3% (based 
on 36 studies). In the present systematic review of studies 
published between 2003 and 2020, weighted, pooled suc-
cess  rates of primary  root canal  treatments with at  least 
1 year of follow- up were 82% (based on 39 studies) when 
‘strict’ criteria were applied and 92.6% (based on 21 stud-
ies) when ‘loose’ criteria were applied. It  is  important to 
note, that whilst included studies were published between 
2003 and 2020, they included treatment years dated back 
to 1971 and 19% of studies included treatment performed 
before the year 2000. When analysing success rates by year 
of treatment the weighted, pooled success rates based on 
‘strict’  outcome  criteria  were  similar  for  treatment  con-
ducted before and after the year 2000.

Despite best efforts, this systematic review is not with-
out limitations. The major limitation is that some clinical 
characteristics that have been considered to significantly 
impact the outcomes of root canal therapy were not eval-
uated in this systematic review: apical extent of root canal 
filling; quality of root canal filling; post- treatment restor-
ative  status.  Similar  to  the  findings  of  Ng's  group,  data 
heterogeneity related to these clinical characteristics and 
others was substantial between studies. Thus, analytic ef-
forts were  focused on conditions  that were more consis-
tently  reported  across  the  studies  reviewed.  Further,  the 
generalizability of the reported treatment outcomes may 
be limited as most of the studies were conducted in educa-
tional/hospital settings.

Of  the  evaluated  clinical  characteristics  in  this  sys-
tematic review and meta- analysis, the pre- operative pres-
ence of a periapical lesion had the strongest effect on the 
outcome of primary  root canal  therapy with a  reported 
odds  ratio  2.75.  Further,  one  of  the  modern  advance-
ments in endodontics, the advent of ‘rotary’ instrumen-
tation was not found to be a statistically significant factor 
effecting treatment outcomes when compared to  ‘hand’ 
instrumentation. This can be viewed as a positive result, 
as technological aims to increase the efficiency and stan-
dardization of endodontic treatment have not sacrificed 
biologically  measured  outcomes.  Meta- regression  anal-
yses  showed  that  the  qualification  of  operators  had  no 

significant effect on the success rates. However, this anal-
ysis was limited as 82% of the studies available for evalu-
ation on this study characteristic reported post- graduate 
students and endodontists as operators. Regardless, it is 
relevant to note that the case selection of those special-
izing  in  endodontics  is  likely  more  complex  compared 
to  cases  treated  by  general  dentists  and  undergraduate 
dental  students. This  potential  selection  bias  should  be 
considered in any reporting of outcomes based on quali-
fication of operators.

Outcome studies  in endodontics have  improved  their 
standardization of study design and reporting of outcomes, 
but further standardization is needed. Research assessing 
the outcomes of root canal therapy should be required to 
report outcomes stratified by both ‘loose’ and ‘strict’ out-
come criteria and standardize the follow- up period for all 
patients. Furthermore, there should a consensual protocol 
for placement of restorations after the completion of end-
odontic treatment in outcome studies so that this data can 
be more reliably analysed. Lastly, as many studies report 
‘uncertain’ or ‘healing’ cases in their outcome assessment, 
the authors echo previous calls to analyse time to healing 
through the implementation of survival analyses statisti-
cal techniques. This effort will increase the ability of the 
specialty to compare the cumulative success rates of our 
endodontic procedures both over time and to other treat-
ment modalities.

CONCLUSIONS

In  conclusion,  outcomes  of  primary  root  canal  therapy 
remain  high  and  endodontic  treatment  is,  overall,  a  re-
liable  and  successful  method  of  preserving  the  natural 
dentition no matter the outcome criteria used. Biological 
factors, such as the presence of a pre- operative periapical 
radiolucency, continue to be the most significant factors 
influencing  the  outcome  of  primary  root  canal  therapy. 
Additionally,  the  findings  of  this  research  suggest  that 
technological  advancements  in  root  canal  instrumenta-
tion, such as nickel- titanium rotary instruments, aimed at 
increasing the efficiency and reproducibility of endodon-
tic treatment, have not impacted treatment success rates. 
The results of  the quality assessment highlight  that ran-
domized control  trials are an  infrequently utilized study 
design  in  the outcome assessment of primary root canal 
therapy  and  thus  the  level  of  evidence  for  these  studies 
remain low, by GRADE standards.
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