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Introduction
The paramount importance of being able to perform a 

predictable assessment after endodontic therapy is gaining 
recognition. A peri-radicular infection may persist even  
after adequate root canal treatment.1 Normal function, a 
lack of clinical symptoms, and osseous regeneration signs in  
radiographs coupled with the re-establishment of a peri-
odontal ligament space are indicators of favourable healing 
of apical periodontitis.2 Assessments of periapical surgery 

are usually based on clinical and radiographic criteria.3 Two- 
dimensional (2D) radiography is commonly employed for  
the assessment of the extent of radiographic healing. The 
limitations of 2D radiography have paved the way for 
3-dimensional (3D) evaluations of the healing site through 
cone-beam computed tomography (CBCT). 

Apical surgery is performed to eradicate tissues showing 
signs of necrosis or infection. This involves apicoectomy 

(apical resection) of the tooth, with or without a retrograde 
filling.4 However, the healing of periapical tissues after 
resection is the sole indication of the success of periapical 
surgery.

Although it may seem traumatic, the assessment of peri-
apical surgery is more satisfactory than that of orthograde 
treatment. The inception of microsurgery has begun to dimi- 
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nish perceptions of conventional periapical surgery as trau-
matic. There is documented evidence of a 90% success rate 
with microsurgery.5 Follow-up after every treatment is the 
backbone of achieving a predictable treatment assessment. 
Although the histopathologic diagnosis remains the gold 
standard for evaluating the extent of healing, evidence exists  
that CBCT produces highly accurate assessments.3 

CBCT and microsurgery go hand in hand to achieve suc- 
cessful endodontic therapy. Presently, CBCT imaging is fre- 
quently used for diagnosis and treatment planning in sur-
gical endodontics.6 CBCT has enabled new possibilities 
for clinicians as compared with conventional radiographic  
methods, which replicate 3D structures as 2D images; ins- 
tead, CBCT is a 3D imaging method that offers the possi-
bility to view a specific tooth or teeth in any view.7 

The 2D healing categories proposed by Rud et al.8 and 
Molvin et al.9 may not be satisfactory for periapical assess-
ments. CBCT scans make it possible to visualise the third 
dimension because they can be rearranged and reviewed 
in all dimensions; consequently, one can assess the lesion 
to near perfection. For the purpose of assessing healing 
after apical surgery, a new guideline involving the use of 
CBCT images have been proposed. Specifically, healing 
can be assessed based on 3D imaging using the RAC/B 
indices (R = resection plane, A =apical area, C =cortical 
plate, B=bone healing overall), and the modified Penn 3D 
criteria.3,6,10 Another classification of healing criteria clas-
sification was initially described by Zetterqvist11 in 1991 
and advanced by Jesslén et al.,12 wherein software such as  
ImageJ is used to delimit defects.13

A major obstacle in 2D radiography is the overlap of ana- 
tomic structures in the area of interest, which poses chal-
lenges both for diagnosis and healing assessments. Hence, 
the purpose of this systematic review was to compare con-
ventional radiography and CBCT used for healing assess-
ments after periapical endodontic surgery.

Materials and Methods
The protocol of the systematic review was prepared 

based on the Preferred Reporting Items for Systematic Rev- 
iews and Meta-Analyses (PRISMA) checklist. The protocol  
was registered in the International Prospective Register of  
Systematic Reviews (PROSPERO) with reference acknowl- 
edgement number 183955. The population, intervention, 
comparison, and outcome (PICO) framework of a systema
tic review was used to formulate the review question, and 
the formulated question was “healing assessments of peri-
apical endodontic surgery using conventional radiography 

and cone-beam computed tomography.”

Literature Search Strategy
The following databases were employed to conduct the 

literature search: MEDLINE/PubMed and Scopus, as well 
as a manual reverse search performed using suitable Medi- 
cal Subject Headings (MeSH; https://www.ncbi.nml.nih.
gov/mesh) terms or keywords. MeSH terms were used in 
conjunction with the Boolean operators “AND” and “OR” 
to build a set of keywords to focus the search. In PubMed 
and Scopus the following search was performed: (“end-
odontic surgery” OR “periapical surgery” OR “apicoec-
tomy” OR “periradicular surgery” OR “root end surgery” 
AND “endodontic failure” OR “periapical curettage” OR 
“periapical pathology” AND (“cone-beam computed tomo- 
graphy” [MeSH Terms] OR “cone-beam computed tomo- 
graphy” OR “healing assessment”). The collected data 
were searched manually and reverse-searched in order to 
identify and avoid duplication, and the final studies were 
selected after applying and framing using the PRISMA 
checklist (Table 1).14

Inclusion and exclusion criteria
Prior to inclusion, the abstracts and titles of all articles 

were screened and identified by electronic and manual 
searches. Articles that did not meet the criteria for inclusion 
were accordingly filtered out. All the remaining articles 
were thoroughly and independently screened.

The inclusion criteria were: a) all studies published in 
the period from 1990 to 2020, b) clinical studies published 
in the English language, c) studies with adult human pati- 
ents indicated for periapical surgery, d) studies comparing  
radiographic healing in periapical surgery cases using both  
CBCT and periapical radiographs, e) studies with follow-up  
evaluation done by CBCT, f) studies involving both peri-
apical radiographs and tomographic analysis including  
patients who underwent CBCT concurrently with periapical 
surgery, and g) studies with at least 6 months of follow-up.

The exclusion criteria were: a) studies without postopera- 
tive CBCT evaluations, b) studies of patients with root frac-
tures or iatrogenic perforations, c) studies including pati- 
ents with the presence of any systemic disease or history  
of any medication use, d) studies done on paediatric patients,  
e) studies only using CBCT, and f) studies only using peri-
apical radiographs. 

Quality assessment and data extraction
Two examiners (G.S. and A.G.) used the following para- 

meters to extract data and analyse each study: author (year)/



- 3 -

Garima Sharma et al

Ta
b

le
 1

. S
um

m
ar

y 
of

 c
lin

ic
al

ly
-b

as
ed

 p
ub

lic
at

io
ns

 a
nd

 th
ei

r c
ha

ra
ct

er
is

tic
s

A
ut

ho
r

Ty
pe

 o
f s

tu
dy

Su
bj

ec
ts

Fo
llo

w
-u

p
C

rit
er

ia
R

es
ul

t

vo
n 

A
rx

 e
t a

l. 
(2

01
6)

3
Pr

os
pe

ct
iv

e 
cl

in
ic

al
 st

ud
y

To
ta

l 5
4 

(2
5 

m
al

es
, 2

9 
fe

m
al

es
)

A
ge

: 2
4-

73
 y

ea
rs

 

1 
ye

ar
H

ea
lin

g 
cr

ite
ria

 p
re

se
nt

ed
 b

y 
R

ud
 e

t a
l.8  a

nd
 

M
ol

ve
n 

et
 a

l.9  R
at

in
g 

of
 1

: n
o 

ra
di

ol
uc

en
cy

 
pr

es
en

t, 
ra

tin
g 

of
 2

: s
ca

r-t
yp

e 
ra

di
ol

uc
en

cy
, 

ra
tin

g 
of

 3
: l

es
io

n-
ty

pe
 ra

di
ol

uc
en

cy
.

Th
e 

C
B

C
T 

ra
tin

g 
w

as
 o

n 
av

er
ag

e 
10

.4
%

 lo
w

er
 (b

et
te

r)
 a

nd
 3

0.
1%

 
hi

gh
er

 (w
or

se
) t

ha
n 

th
e 

PA
 ra

tin
g;

 
C

B
C

T 
im

ag
es

 sh
ow

ed
 in

 n
ea

rly
 

a 
th

ird
 o

f t
he

 e
va

lu
at

ed
 c

as
es

 a
 

w
or

se
 si

tu
at

io
n 

th
an

 P
A

.

C
ur

tis
 e

t a
l. 

(2
01

8)
2

R
et

ro
sp

ec
tiv

e 
cl

in
ic

al
 st

ud
y

To
ta

l 9
7 

(5
4 

m
al

es
, 4

3 
fe

m
al

es
)

A
ge

: 1
9-

86
 y

ea
rs

23
 m

on
th

s
H

ea
lin

g 
w

as
 d

et
er

m
in

ed
 b

y 
pr

eo
pe

ra
tiv

e 
an

d 
po

st
op

er
at

iv
e 

PA
R

L 
vo

lu
m

es
, t

he
 p

er
ce

nt
 

ch
an

ge
 in

 v
ol

um
e,

 a
nd

 th
e 

m
ea

n 
vo

lu
m

e 
ch

an
ge

 
in

 E
M

S.

Po
st

op
er

at
iv

e 
C

B
C

T 
im

ag
in

g 
w

as
 m

or
e 

se
ns

iti
ve

 a
nd

 sp
ec

ifi
c 

th
an

 P
A

 ra
di

og
ra

ph
y 

in
 a

ss
es

si
ng

 
PA

R
L 

an
d 

ha
s d

em
on

st
ra

bl
e 

us
ef

ul
ne

ss
 in

 a
ss

es
sm

en
ts

.

K
ru

se
 e

t a
l. 

(2
01

8)
20

Pr
os

pe
ct

iv
e 

fo
llo

w
-u

p 
st

ud
y

To
ta

l 7
4 

te
et

h 
fr

om
 6

6 
pa

tie
nt

s 
(3

2 
m

al
es

 o
f 3

9-
90

 y
ea

rs
, 

42
 fe

m
al

es
 o

f 3
4-

85
 y

ea
rs

)

B
et

w
ee

n 
20

12
 a

nd
 

20
16

 fo
r p

at
ie

nt
s w

ho
 

re
ce

iv
ed

 tr
ea

tm
en

t 
be

tw
ee

n 
20

04
 a

nd
 2

01
0

H
ea

lin
g 

cr
ite

ria
 p

re
se

nt
ed

 b
y 

R
ud

 e
t a

l.8  a
nd

 
M

ol
ve

n 
et

 a
l.9 : 1

) c
om

pl
et

e 
he

al
in

g,
 

2)
 in

co
m

pl
et

e 
he

al
in

g,
 3

) u
nc

er
ta

in
 h

ea
lin

g,
 o

r 
4)

 u
ns

at
is

fa
ct

or
y 

he
al

in
g.

Th
e 

ad
di

tio
na

l u
se

 o
f C

B
C

T 
fo

r l
on

g-
te

rm
 fo

llo
w

-u
p 

ex
am

in
at

io
ns

 a
fte

r S
ER

 le
d 

to
 

m
or

e 
te

et
h 

di
ag

no
se

d

K
ru

se
 e

t a
l. 

(2
01

7)
4

C
lin

ic
al

 
fo

llo
w

-u
p 

st
ud

y
To

ta
l 6

6 
(3

9 
m

al
es

 o
f 3

9-
90

 y
ea

rs
, 

31
 fe

m
al

es
 o

f 3
1-

82
 y

ea
rs

)

7 
ye

ar
s

H
ea

lin
g 

cr
ite

ria
 p

re
se

nt
ed

 b
y 

R
ud

 e
t a

l.8  a
nd

 
M

ol
ve

n 
et

 a
l.9 : 1

) c
om

pl
et

e 
he

al
in

g,
 

2)
 in

co
m

pl
et

e 
he

al
in

g,
 3

) u
nc

er
ta

in
 h

ea
lin

g,
 o

r 
4)

 u
ns

at
is

fa
ct

or
y 

he
al

in
g.

N
ot

 a
ll 

le
si

on
s o

bs
er

ve
d 

in
 

C
B

C
T 

re
pr

es
en

te
d 

pe
ria

pi
ca

l 
in

fla
m

m
at

or
y 

le
si

on
s.

K
ur

t e
t a

l. 
(2

01
4)

18
Pr

os
pe

ct
iv

e,
 

ra
nd

om
iz

ed
, 

co
nt

ro
lle

d,
 

cl
in

ic
al

 st
ud

y 

To
ta

l 3
9

A
ge

: >
18

 y
ea

rs
12

 m
on

th
s

Th
e 

he
al

in
g 

cr
ite

ria
 c

la
ss

ifi
ca

tio
n 

de
sc

rib
ed

 b
y 

Ze
tte

rq
vi

st
11

 a
nd

 d
ev

el
op

ed
 b

y 
Je

ss
lé

n 
et

 a
l.12

Pr
eo

pe
ra

tiv
e 

C
B

C
T 

ex
am

in
at

io
n 

de
m

on
st

ra
te

d 
po

si
tiv

e 
co

nt
rib

ut
io

ns
 to

 th
e 

tre
at

m
en

t 
as

se
ss

m
en

ts
.

Pa
rm

ar
 e

t a
l. 

(2
01

9)
17

R
an

do
m

iz
ed

 
co

nt
ro

lle
d 

tri
al

To
ta

l 3
0

A
ge

: ≥
16

 y
ea

rs
12

 m
on

th
s

R
ad

io
gr

ap
hi

c 
he

al
in

g 
in

 2
D

 im
ag

es
 (P

A
 X

-r
ay

 fi
lm

s)
 

w
as

 a
ss

es
se

d 
ac

co
rd

in
g 

to
 M

ol
ve

n’
s c

rit
er

ia
.9  

1)
 c

om
pl

et
e 

he
al

in
g,

 2
) i

nc
om

pl
et

e 
he

al
in

g,
 

3)
 u

nc
er

ta
in

 h
ea

lin
g,

 o
r 4

) u
ns

at
is

fa
ct

or
y 

he
al

in
g.

 
Th

e 
m

od
ifi

ed
 P

en
n 

3D
 c

rit
er

ia
 w

er
e 

us
ed

 to
 a

ss
es

s 
th

e 
3D

 h
ea

lin
g 

in
 C

B
C

T 
sc

an
s, 

di
ch

ot
om

iz
ed

 a
s 

su
cc

es
sf

ul
 o

r u
ns

uc
ce

ss
fu

l. 
Fo

r a
dd

iti
on

al
 a

na
ly

si
s 

R
A

C
 in

di
ce

s a
nd

 th
e 

B
 in

de
x 

w
er

e 
al

so
 a

ss
es

se
d.

B
ot

h 
C

B
C

T 
an

d 
PA

 a
llo

w
ed

 
si

m
ila

r a
ss

es
sm

en
ts

 o
f h

ea
lin

g 
af

te
r p

er
ia

pi
ca

l s
ur

ge
ry

.

Sa
fi 

et
 a

l. 
(2

01
9)

21
R

an
do

m
iz

ed
co

nt
ro

lle
d 

tri
al

To
ta

l 1
20

 te
et

h
A

ge
: ≥

18
 y

ea
rs

 
15

 m
on

th
s

Tw
o-

di
m

en
si

on
al

 h
ea

lin
g 

on
 P

A
 ra

di
og

ra
ph

y 
w

as
 

de
te

rm
in

ed
 a

cc
or

di
ng

 to
 th

e 
cr

ite
ria

 e
st

ab
lis

he
d 

by
 

R
ud

 e
t a

l.8  a
nd

 M
ol

ve
n 

et
 a

l.9  T
he

 m
od

ifi
ed

 P
en

n 
3D

 c
rit

er
ia

 w
er

e 
us

ed
 to

 a
ss

es
s t

he
 3

D
 h

ea
lin

g.
 

Th
e 

ov
er

al
l s

uc
ce

ss
 ra

te
, 

PA
: 9

3.
3%

, C
B

C
T:

 8
5%

.



Comparison of healing assessments of periapical endodontic surgery using conventional radiography and cone-beam computed...

- 4 -

Ta
b

le
 1

. S
um

m
ar

y 
of

 c
lin

ic
al

ly
-b

as
ed

 p
ub

lic
at

io
ns

 a
nd

 th
ei

r c
ha

ra
ct

er
is

tic
s

A
ut

ho
r

Ty
pe

 o
f s

tu
dy

Su
bj

ec
ts

Fo
llo

w
-u

p
C

rit
er

ia
R

es
ul

t

Sc
hl

os
s e

t a
l. 

(2
01

7)
10

C
lin

ic
al

 st
ud

y
To

ta
l 4

4 
(1

8 
m

al
es

, 2
6 

fe
m

al
es

)
A

ge
: m

ea
n 

45
.9

 y
ea

rs
)

1 
ye

ar
M

ol
ve

n’
s c

rit
er

ia
,9  a

s c
om

pl
et

e,
 in

co
m

pl
et

e,
 

un
ce

rta
in

, o
r u

ns
at

is
fa

ct
or

y 
he

al
in

g,
 w

er
e 

us
ed

 fo
r 

th
e 

2D
 h

ea
lin

g 
as

se
ss

m
en

t. 
D

ef
ec

ts
 w

er
e 

ex
pr

es
se

d 
in

 p
er

ce
nt

ag
es

. T
he

 m
od

ifi
ed

 P
en

n 
3D

 c
rit

er
ia

 
w

er
e 

us
ed

 to
 e

va
lu

at
e 

su
rg

ic
al

 e
nd

od
on

tic
 h

ea
lin

g 
by

 C
B

C
T 

im
ag

in
g.

 D
ef

ec
t a

re
a 

ca
lc

ul
at

io
n 

w
as

 
pe

rf
or

m
ed

 u
si

ng
 v

ol
um

es
 a

t t
he

 h
ig

he
st

 re
so

lu
tio

n.

C
B

C
T 

an
al

ys
is

 a
llo

w
ed

 a
 m

or
e 

pr
ec

is
e 

ev
al

ua
tio

n 
of

 p
er

ia
pi

ca
l 

le
si

on
s a

nd
 h

ea
lin

g 
of

 e
nd

od
on

tic
 

m
ic

ro
su

rg
er

y 
th

an
 p

er
ia

pi
ca

l 
fil

m
s.

M
es

ch
i e

t a
l. 

(2
02

0)
1

R
an

do
m

iz
ed

 
co

nt
ro

lle
d

cl
in

ic
al

 tr
ia

l

To
ta

l 4
4

1 
ye

ar
Fo

r t
he

 P
A

 q
ua

lit
at

iv
e 

an
al

ys
is

, t
he

 sc
or

in
g 

cr
ite

ria
 

of
 M

ol
ve

n 
et

 a
l.9  fo

r e
va

lu
at

io
n 

of
 a

ss
es

sm
en

t a
fte

r 
R

ES
 w

er
e 

ap
pl

ie
d.

 F
or

 th
e 

qu
al

ita
tiv

e 
an

al
ys

is
 o

f 
th

e 
C

B
C

Ts
 R

A
C

/B
 in

di
ce

s w
er

e 
ev

al
ua

te
d.

Th
e 

qu
al

ita
tiv

e 
C

B
C

T 
as

se
ss

m
en

t 
fo

r a
pi

ca
l a

re
a 

si
gn

ifi
ca

nt
ly

 
hi

gh
er

 th
an

 p
er

ia
pi

ca
l r

ad
io

gr
ap

h.

Ta
no

m
ar

u-
Fi

lh
o 

et
 a

l. 
(2

01
5)

13

C
lin

ic
al

 st
ud

y
To

ta
l 1

1
48

 h
ou

rs
, 4

 m
on

th
s, 

an
d 

8 
m

on
th

s
In

 p
er

ia
pi

ca
l r

ad
io

gr
ap

hi
c 

an
al

ys
is

, t
he

 Im
ag

eJ
 

so
ftw

ar
e 

w
as

 u
se

d 
to

 d
el

im
it 

th
e 

ou
tli

ne
 o

f t
he

 
pe

ria
pi

ca
l l

es
io

ns
 o

n 
a 

co
m

pu
te

r m
on

ito
r. 

In
 th

e 
to

m
og

ra
ph

ic
 a

na
ly

si
s, 

an
 a

na
ly

si
s o

f t
he

 im
ag

es
 

pr
ov

id
ed

 b
y 

C
B

C
T 

w
as

 p
er

fo
rm

ed
 d

ire
ct

ly
 o

n 
th

e 
co

m
pu

te
r m

on
ito

r s
cr

ee
n 

by
 m

ea
ns

 o
f a

 so
ftw

ar
e 

pr
og

ra
m

. 

C
B

C
T 

is
 m

or
e 

ca
pa

bl
e 

of
 

de
te

rm
in

in
g 

th
e 

ab
se

nc
e 

of
 

pe
ria

pi
ca

l b
on

e 
re

pa
ir 

th
an

 
co

nv
en

tio
na

l 2
-d

im
en

si
on

al
 

ra
di

og
ra

ph
s. 

C
hr

is
tia

ns
en

 
et

 a
l. 

(2
00

9)
19

C
lin

ic
al

 st
ud

y
To

ta
l 5

0 
(2

4 
m

al
es

, 2
6 

fe
m

al
es

)
1 

w
ee

k 
an

d 
12

 m
on

th
s

B
on

e 
de

fe
ct

s o
n 

th
e 

pe
ria

pi
ca

l r
ad

io
gr

ap
hs

 w
er

e 
m

ea
su

re
d 

as
 th

e 
m

ax
im

um
 v

er
tic

al
 d

is
ta

nc
e 

fr
om

 
th

e 
re

se
ct

io
n 

su
rf

ac
e 

at
 th

e 
ce

nt
ra

l p
oi

nt
 o

f t
he

 ro
ot

 
fil

lin
g 

to
 th

e 
m

os
t a

pi
ca

l p
ar

t o
f t

he
 d

ef
ec

t. 
Th

e 
C

B
C

T 
im

ag
es

 w
er

e 
in

di
vi

du
al

ly
 re

co
ns

tru
ct

ed
 a

nd
 

im
ag

es
 w

er
e 

se
ct

io
ne

d 
in

 th
e 

co
ro

na
l a

nd
 sa

gi
tta

l 
pl

an
es

.

It 
w

as
 fo

un
d 

th
at

 6
7%

 m
or

e 
de

fe
ct

s w
er

e 
de

te
ct

ed
 o

n 
C

B
C

T.

C
B

C
T:

 c
on

e-
be

am
 c

om
pu

te
d 

to
m

og
ra

ph
y,

 P
A

R
L:

 p
er

ia
pi

ca
l r

ad
io

lu
ce

nc
y,

 E
M

S:
 e

nd
od

on
tic

 m
ic

ro
su

rg
er

y,
 S

ER
: s

ur
gi

ca
l e

nd
od

on
tic

 re
tre

at
m

en
t, 

2D
: 2

-d
im

en
si

on
al

, 3
D

: 3
-d

im
en

si
on

al
, P

A
: p

er
ia

pi
ca

l r
ad

io
gr

ap
h

Ta
b

le
 1

. C
on

tin
ue

d



- 5 -

Garima Sharma et al

country, name of the journal, language of the study, diag-
nostic criteria, endodontic surgery healing assessment, age 
group, study design, and sample size, determined as per the 
guidelines issued by the NHS National Services Scotland.15 
Disagreements between the 2 authors were resolved by 
a third author. Risk of bias was evaluated using the 2014 
Joanna Briggs Institute checklist.16 The examiners inde-
pendently evaluated the risk of bias for each study, which 
was followed by a discussion of every point. 

Results
The search strategy employed is presented in Figure 1. By 

undertaking a search of electronic databases and a manual  
search, 372 articles were identified as relevant. After exclud- 
ing duplicate articles, 215 articles were screened and inclu
ded for abstract evaluation. Finally, 11 articles satisfying the  
inclusion criteria were included in the systematic review. 

Study characteristics
In the final analysis, 11 studies were included, all of 

which were related to periapical radiography and CBCT 
used for endodontic surgery healing assessments. Table 1  

shows a summary of the main features of the included stud-
ies. The interpretation of the 11 studies showed that they  
used both types of radiographic assessments (periapical  
radiography and CBCT) that were deemed relevant for this 
systematic review. All the studies were clinical, and the 
maximum follow-up duration was 1 year.1,3,10,17-19 The stud-
ies conducted periapical surgery irrespective of the material 
used.

The criteria used by each individual study for postsurgi-
cal healing assessment with 2D and 3D imaging were pre-
sented in detail. The results of healing were reported using 
inconsistent units, such as percentages,2,3,17,18,20,21 cubic 
millimetres,4,10,13,19 and results in the form of true positives 
and true negatives. Studies applied the criteria of Rud et al. 

(1972)8 and Molven et al. (1987)9 to classify outcomes into 
1) complete healing, 2) incomplete healing, 3) uncertain 
healing, or 4) unsatisfactory healing.1,3,4,10,17,20,21 The modi- 
fied Penn 3D criteria were also used to assess 3D healing 
using CBCT scans.10,17,21 

Risk of bias 
The risk-of-bias assessment was done on 10 studies using  

the Joanna Briggs Institute Critical Appraisal Checklist. 

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. 
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Four of these 10 studies were randomized controlled tri-
als,1,17,18,21 which had a low to moderate risk of bias (Fig. 2). 
Only one study had a low risk of bias,21 with an evidence 
level of 1 + . The remaining 6 studies were nonrandom-
ized clinical studies (Fig. 3),3,4,10,13,19,20 which had a low to 
moderate risk of bias and an evidence level of 2+ . For all 
studies, the evidence level was determined following the 
guidelines given by the NHS National Services Scotland.15

Discussion
The aim of this systematic review was to analyse studies 

comparing healing assessments as evaluated using 2D and 
3D radiographic methods - irrespective of the retrograde 

filling material, membrane used, site, or case - in terms of 
the new CBCT-based criteria for radiographic assessment.

Complete periapical repair and regeneration are markers 
of successful endodontic therapy.22 Pursuant to the intro-
duction of microsurgical principles, periapical surgery has 
become a highly significant treatment option in the field of 
modern endodontics.

Periapical surgical procedures entail the removal of infec- 
ted and/or necrotic tissues; apicoectomy involves resection  
of the apical part of the tooth and preparation of the apical  
cavity for the insertion of a retrograde filling material.23  
The established protocol for apical surgery involves full- 
thickness mucoperiosteal flap reflection, osteotomy prepa-
ration, and root-end resection, along with ultrasonic prepa-

Fig. 2. Risk of bias assessment in clinical studies.
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ration and root-end fillings.2 Most original studies applied 
Molven’s criteria for assessing healing after endodontic sur- 
gery, including the criteria of periapical radiographs show-
ing potential clinical symptoms and radiographic healing, 
whereas evaluations of surgical endodontic healing based on  
CBCT imaging were conducted according to the modified 

Penn 3D criteria.10

The introduction of CBCT in endodontic has made it 
possible to assess the periapical region with much greater 
accuracy.17 Introduced in 1996, maxillofacial CBCT - cre-
ated through the pioneering efforts of users of conventional 
computed tomography (CT) and micro-CT - provided the 

Fig. 3. Risk of bias assessment in clinical studies.
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first clinically practical technology that envisaged 3D ima- 
ging for endodontic considerations.24 CBCT is a highly ac-
curate 3D imaging technique, in addition to being one of 
the foremost diagnostic tools enabling the assessment of 
regenerated tissue. There is a high correlation between pre-
dictions based on CBCT and those based on histologic evi- 
dence, indicating that CBCT is an effective, non-invasive 
tool for the diagnosis of periapical lesions.23,25 

Studies have demonstrated that the radiographic assess-
ment of periapical healing differs between conventional peri- 
apical radiographs and CBCT imaging.6 Many clinical stud- 
ies have shown that 3D imaging provides a superior assess-
ment of postoperative healing after periapical surgery than 
2D imaging,17 and more recent studies have confirmed that  
in cases where CBCT is employed for posttreatment radio- 
graphic follow-up, the rate of detection of persisting or non- 
healing periapical lesions after surgical endodontic retreat-
ment is higher.20

Therefore, the use of CBCT prior to periradicular surgery 
can ensure accurate treatment planning.18 Further, CBCT 
imaging shows a higher level of sensitivity in identifying 
periapical lesions than digital radiography.2

While periapical radiography is an integral part of end-
odontics used in both diagnosis and treatment, it also has 
some widely acknowledged limitations. Although periapical  
radiographs provide considerable important information 
about factors such as the progression, regression, and con- 
tinuity of apical periodontitis, in some instances the peri- 
radicular region cannot be correctly evaluated using periapi-
cal radiographs. Pathologic bone loss in the apical region,  
unless in the late stages of its development, is usually unde- 
tectable on periapical radiographs. Furthermore, even if 
such pathologic bone loss presents on a periapical radio-
graph, its true dimensions are likely to be underrepresented.  
The superior capabilities of CBCT free the observer from 
the need to account for the issue of superimposition of struc- 
tures in multiple planes, which is the primary issue with 
periapical radiography as an imaging modality. Multiple 
factors including the thickness of the cortical bone, the 
angle of incidence of X-rays, the extent and location of a  
lesion, and the existence of neighbouring anatomical struc-
tures may influence the 2D radiographic evaluation of peri- 
apical lesions. In contrast, the results obtained from the 3D 
measurement and evaluation of periapical lesions using 
CBCT images are usually considerably more reliable than 
the results obtained using 2D radiographs.26 Grimard et al.27 
compared the measurements obtained from periapical radio-
graphs and CBCT images, with the measurements recorded  
directly during periodontal surgery; the results showed that  

the measurements from CBCT imaging had strong correla-
tions with the actual measurements obtained during sur-
gery, whereas periapical radiographs correlated less favour- 
ably. Another study implied that with the aid of CBCT, peri-
apical radiolucencies as small as 0.5-1.0 mm in diameter  
could be detected and measured.24 Further studies have also 
demonstrated the superiority of CBCT imaging over peri-
apical radiographs in the detection and diagnosis of apical 
periodontitis.9 

Several authors have studied correlations between the 
dimensions of postoperative bone defects and the assess-
ments of endodontic microsurgery. Von Arx et al.28 reported  
that the mesiodistal dimension of the bony crypt had a 
strong correlation with postoperative healing at follow-up 
examinations. Song et al.29 concluded that the height of the 
remaining buccal bone plate was a significant indicator of 
surgical outcomes.5 Molven’s criteria were used to assess 
radiographic healing in 2D images (periapical X-ray films) 
as complete healing, incomplete healing, uncertain healing, 
and unsatisfactory healing.9 The modified Penn 3D crite-
ria were employed in the assessment of 3D healing using 
CBCT scans.10 While 2D radiographic measurements only 
show the mesiodistal and apico-coronal extension, assess-
ments based on 3D CBCT scans also measure and provide 
the depth of lesions.17

A review of the relevant literature showed that CBCT de-
tects more periapical lesions than periapical radiography.4 
While there may be limitations in the use of CBCT imaging 
to represent smaller defects in an accurate manner, digital 
periapical radiography has been demonstrated to be even 
less accurate than CBCT imaging in this regard. The limita-
tions of the study include the fact that results were inconsis-
tently presented as cubic millimetres, volume, or percent- 
ages. Regular follow-up is required after endodontic surgery  
to evaluate the healing process. Few studies have compared 
postoperative healing assessed using periapical radiography  
versus CBCT with a follow-up period of 1 year.21

An advantage of this systematic review is that it included  
clinical studies and randomized control trials with a low risk  
of bias and a high grade of evidence (levels of 2 + /1 + ). 
This review could conclude that many studies have shown 
insubstantial differences in healing assessments after peri-
apical endodontic surgery using CBCT and conventional 
radiography, although some studies have shown that 3D 
radiography enables an overall better assessment of heal-
ing, which is imperative for correct diagnosis and treatment 
planning.
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