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Introduction
In dentistry, cone-beam computed tomography (CBCT) 

provides 3-dimensional images with advantages over con-
ventional tomography, such as lower radiation doses and 
easier image acquisition.1-3 The tomography is based on the 
emission of a cone-shaped X-ray beam in a 360° rotation, 
through which the entire volume of structures is obtained. 
The images are reconstructed through a computer system 
volumetrically, bi-dimensionally, and three-dimensionally.4

Thanks to its advantages, CBCT has become essential in 
dentistry and its various specialties. In implantology, linear 
measurements, of both depth and height, improve safety  

and provide new possibilities in oral rehabilitation that 
requ ire osseointegrated implants, since CBCT enables the  
accurate localization of anatomical structures and quantifi-
ca tion of the remaining bone.5

Although there are numerous advantages to CBCT images,  
limitations are encountered. The most frequently encoun-
tered problem is the formation of image artifacts.6 This 
problem occurs due to several factors, including low milli-
amperage (mA) and peak kilovoltage (kVp) used in image 
acquisition, which cause a higher amount of radiation to be 
dissipated in the presence of high-density elements, result-
ing in significant changes that compromise the image and, 
consequently, the diagnosis.2,7

An image artifact can be defined as a structure that is visu-
alized next to the image formed through the data used in the  
reconstruction, but is not present in the object in which the  
shot was taken. The artifact is caused by discrepancies  
between the mathematical format used to perform the 3- 
dimensional reconstruction and the actual physical condi-
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tions.8,9

Artifacts have different origins; they can be caused by 
factors related to the acquisition of images or by physical 
factors of the device. When caused by the patient, they are 
related to the presence of metallic materials in the exami-
nation area and the patient’s movement during image acqui - 
sition. Reconstruction artifacts, in contrast, result from  
errors in the reconstruction of the acquired sections.5,10

To facilitate understanding, artifacts can be divided accor - 
ding to the factors responsible for their origin. The main arti-
facts include motion artifacts, ring artifacts, artifacts genera- 
ted by very dense materials, scattering artifacts, noise arti-
facts, extinction artifacts, and cone-beam effect artifacts.5 
Therefore, the objective of this work was to present an inte-
grative literature review on the types of artifacts and the 
factors that influence their formation around osseointegra-
ted dental implants in CBCT.

Materials and Methods
This integrative review was carried out by collecting data 

from carefully selected articles, for which it was possible to 
scrutinize the results obtained. The research question was: 
What types of artifacts are present in CBCT exams with 
dental implants and what are the factors that influence their 
formation? All studies met the criteria established by the 
PECO strategy: the participants (P) were patients and phan-
toms with dental implants; the exposure (E) was CBCT 
exams; no control (C) was considered; and the outcomes 

(O) were types of artifacts and factors that influence their 
formation. 

To identify the studies to be included, a search strategy 
was developed based on the descriptors “cone-beam com-
puted tomography,” “dental implants,” and “artifacts,” and 
applied to the electronic databases PubMed, Embase, and 
Scopus. The articles were imported into the reference mana- 
ger EndNote Web for organizing and excluding duplicates 
from different databases (Fig. 1).

The inclusion criteria were articles in English that were 
published in the last 10 years, encompassing all types of 
clinical studies (retrospective, prospective, cross-sectional, 
etc.) or in vitro studies only with a CBCT sample, that re-

Fig. 1. Flow diagram.
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ported research on the theme of different types of artifacts 
present in CBCT exams with dental implants. The exclusion  
criteria were case reports, review articles, letters to the edi-
tor, and articles that reported the basic principles of CBCT, 
artifacts around implants in multislice computed tomo gra-
phy (MSCT), bone evaluation for dental implants, mandi-
bular positioning through CBCT, artifacts unrelated to den-
tal implants, artifact reduction, the application of CBCT in  
implantology, the radiation dose of CBCT compared to 
MSCT, and comparisons of artifacts in implants before and 
after metal artifact reduction.

The final selection of the studies and data extraction were  
carried out by 2 researchers (B.R.T. and C.G.C.), and dis-
agreements between them were resolved by a third resear-
cher (M.P.M.). The qualitative and quantitative data extrac-
ted from the selected studies were organized in a table in 
chronological order and described. A narrative synthesis of 
the data was performed (Table 1).

 

Results 
With the search strategies used in the databases, a total 

of 183 studies were identified, of which only 172 were 
published in the last 10 years. The further exclusion of 65 
duplicate articles resulted in 107 articles. Based on the title  
and abstract, 25 articles were pre-selected. Nine studies were 
excluded for not meeting the eligibility criteria. Sixteen  
studies were selected for full-text reading, after which 7 
studies were excluded because they dealt with topics related  
to artifact reduction, the evaluation of peri-implant tissue, 
and comparisons between the implant radiation dose of 
CBCT and MSCT,11-17 yielding a final total of 9 selected 
articles.18-26

Types of studies, sample size, and characteristics
The articles included in this review presented in vitro 

studies (n =7)18-21,23,25,26 and clinical studies with tomo-
graphy of patients (n =2).22,24 They were carried out in 
Brazil (n =3), Switzerland (n =2), Germany (n =1), Japan 

(n =1), Iran (n =1), and USA/Turkey (n =1). The in vitro 
studies used phantoms of different materials, such as plaster  
type IV and polymethylmethacrylate, dry human jaws, and 
bone blocks. Only 1 of the CBCT studies of patients speci-
fied the number of patients (n=22), age (23-74 years), and 
sex (7 men and 15 women). The other clinical study included  
patients of varying ages and both sexes. 

The implants were made of titanium (n =291), titanium 
grade 4 (n =1), titanium grade 5 (n =1), titanium-zirconia 

(n =6), and zirconia/zirconia dioxide (n =7), totaling 306 Ta
b

le
 1

. D
at

a 
ex

tra
ct

ed
 fr

om
 in

cl
ud

ed
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
St

ud
y

Po
pu

la
tio

n
To

m
og

ra
ph

Pr
ot

oc
ol

C
B

C
T 

im
ag

e 
ev

al
ua

tio
n

Im
pl

an
t a

nd
 re

gi
on

A
rte

fa
ct

’s
 

ty
pe

Vo
xe

l, 
FO

V,
  

im
pl

an
t m

at
er

ia
l a

nd
  

to
m

og
ra

ph
 in

flu
en

ce

Pr
ev

al
en

ce
 a

cc
or

di
ng

 to
 

im
pl

an
t l

oc
at

io
n 

an
d 

di
st

an
ce

 o
f a

rti
fa

ct
s 

in
 th

e 
an

at
om

ic
al

 re
gi

on

M
ar

tin
s 

et
 a

l. 

(2
02

0)
18

B
ra

zi
l

In
 v

itr
o

-  T
hr

ee
 c

yl
in

dr
ic

al
 

po
ly

m
et

hy
l 

m
et

ha
cr

yl
at

e 
pl

at
e 

ph
an

to
m

s 
-  F

iv
e 

bo
ne

 
cy

lin
de

rs
 w

ith
 

tra
be

cu
la

r a
nd

 
co

rti
ca

l b
on

es
 

fr
om

 a
 fr

es
h 

bo
vi

ne
 ri

b 
M

ea
su

re
m

en
ts

 
w

er
e 

m
ad

e 
ar

ou
nd

 
th

is
 ti

ss
ue

.

- O
P3

00
 M

A
X

IO
®

- P
ic

as
so

 T
rio

®
- 9

0 kV
p

- 3
.2

 m
A

- V
ox

el
: 0

.2
 m

m
-  F

O
V

 (O
P3

00
 M

A
X

IO
): 

8×
15

 cm
-  F

O
V

 (P
ic

as
so

 T
rio

): 
8.

5×
12

 cm
-  W

ith
 a

nd
 w

ith
ou

t 
ac

tiv
at

io
n 

of
 th

e 
M

A
R

 
pr

ot
oc

ol

-  I
m

ag
eJ

 (N
IH

, 
Be

th
es

da
, M

D
)

-  R
ec

on
str

uc
tio

n:
 T

he
 

tra
be

cu
la

r l
ev

el
 w

as
 

us
ed

 sa
gi

tta
lly

 to
 

m
ea

su
re

 th
e 

di
sta

nc
es

 
fro

m
 th

e 
en

do
ste

al
 

su
rfa

ce
 p

la
te

 u
nt

il 
th

e 
m

id
dl

e 
po

in
t o

f t
he

 
cy

lin
de

r (3
.2

5 m
m

). 
Fo

r c
or

tic
al

 b
on

e 
le

ve
l 

w
as

 u
se

d 
ax

ia
l, 

4.
25

 

m
m

 u
nd

er
 th

e 
m

id
dl

e 
po

in
t.

-  R
O

I: 
8 

re
gi

on
s a

ro
un

d 
th

e 
bo

ne
 (b

uc
ca

l, 
m

es
io

-b
uc

ca
l, 

m
es

ia
l, 

m
es

io
-li

ng
ua

l, 
lin

gu
al

, 
di

sto
-li

ng
ua

l, 
di

sta
l, 

an
d 

di
sto

-b
uc

ca
l)

-  T
ita

ni
um

 c
yl

in
de

rs
  

(1
4.

5 m
m

×
5.

5 m
m

)  

(S
.I.

N
. I

m
pl

an
te

s, 
Sã

o 
Pa

ul
o,

 B
ra

zi
l)

- I
m

pl
an

t r
eg

io
ns

 p
ro

to
co

l: 
1)

 C
on

tro
l: 

A
R

, n
o 

m
et

al
2)

  A
: 1

 p
os

te
rio

r o
n 

th
e 

op
po

si
te

 si
de

 o
f t

he
 A

R
3)

  B
: 2

 p
os

te
rio

r o
n 

th
e 

op
po

si
te

 si
de

 o
f t

he
 A

R
4)

  C
: 2

 p
os

te
rio

r a
nd

 1
 

an
te

rio
r o

n 
th

e 
 

op
po

si
te

 si
de

 o
f t

he
 A

R
5)

  D
: 1

 p
os

te
rio

r o
n 

th
e 

ad
ja

ce
nt

 si
de

 o
f t

he
 A

R
6)

  E
: 2

 p
os

te
rio

r o
n 

th
e 

ad
ja

ce
nt

 si
de

 o
f t

he
 A

R
7)

  F
: 2

 p
os

te
rio

r a
nd

 1
 

an
te

rio
r o

n 
th

e 
ad

ja
ce

nt
 

si
de

 o
f t

he
 A

R

B
ea

m
-

ha
rd

en
in

g
-  P

ic
as

so
 T

rio
 

ex
pr

es
se

d 
m

or
e 

ar
tif

ac
ts

 th
an

 O
P3

00
 

M
A

X
IO

, r
eg

ar
dl

es
s 

of
 th

e 
pr

ot
oc

ol

-  T
he

 e
xp

re
ss

io
n 

of
 a

rti
fa

ct
s 

w
as

 g
re

at
er

 in
 th

e 
co

rti
ca

l 
bo

ne
, i

n 
bo

th
 to

m
og

ra
ph

s.
-  I

n 
th

e 
pr

es
en

ce
 o

f 3
 

im
pl

an
ts 

ad
ja

ce
nt

 to
 th

e 
bo

ne
 c

yl
in

de
r (2

 d
ist

al
 

an
d 

1 
m

es
ia

l),
 th

er
e 

w
er

e 
m

or
e 

ar
tif

ac
ts 

th
an

 in
 o

th
er

 
pr

ot
oc

ol
s.



Cone-beam computed tomography artifacts in the presence of dental implants and associated factors: An integrative review

- 96 -

Ta
b

le
 1

. D
at

a 
ex

tra
ct

ed
 fr

om
 in

cl
ud

ed
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
St

ud
y

Po
pu

la
tio

n
To

m
og

ra
ph

Pr
ot

oc
ol

C
B

C
T 

im
ag

e 
ev

al
ua

tio
n

Im
pl

an
t a

nd
 re

gi
on

A
rte

fa
ct

’s
 

ty
pe

Vo
xe

l, 
FO

V,
  

im
pl

an
t m

at
er

ia
l a

nd
  

to
m

og
ra

ph
 in

flu
en

ce

Pr
ev

al
en

ce
 a

cc
or

di
ng

 to
 

im
pl

an
t l

oc
at

io
n 

an
d 

di
st

an
ce

 o
f a

rti
fa

ct
s 

in
 th

e 
an

at
om

ic
al

 re
gi

on

D
em

irt
ur

k 
K

oc
as

ar
a 

et
 a

l. 

(2
01

9)
19

U
SA

 a
nd

 
Tu

rk
ey

In
 v

itr
o

-  T
hr

ee
 p

ha
nt

om
s 

w
ith

 z
irc

on
iu

m
, 

tit
an

iu
m

 a
nd

 
tit

an
iu

m
-

zi
rc

on
iu

m
 

im
pl

an
ts

 
em

be
dd

ed
 in

 th
e 

ul
tra

so
un

d 
ge

l

-  i
-C

AT
 3

-D
 

Im
ag

in
g 

Sy
st

em
®

- 1
20

 kV
p

- 2
0.

27
 m

A
s

- F
O

V:
 1

6×
13

 cm
-  V

ox
el

: 0
.2

 m
m

, 0
.2

5 

m
m

, 0
.3

 m
m

, 0
.4

 m
m

-  S
ca

n 
tim

e:
 1

4.
7 s  

(v
ox

el
: 0

.2
 m

m
 a

nd
 

0.
25

 m
m

) a
nd

 4
.8

 s 

(v
ox

el
: 0

.3
 m

m
 a

nd
  

0.
4 m

m
)

-  I
m

ag
e 

J (N
IH

, 
B

et
he

sd
a,

 M
D

)
-  R

ec
on

st
ru

ct
io

n:
 

A
xi

al

- Z
irc

on
iu

m
 im

pl
an

t
- T

ita
ni

um
 g

ra
de

 4
 im

pl
an

t
- T

ita
ni

um
 g

ra
de

 5
 im

pl
an

t
-  T

ita
ni

um
-z

irc
on

iu
m

 
im

pl
an

t

St
re

ak
in

g 
an

d 
be

am
-

ha
rd

en
in

g

-  T
he

 z
irc

on
iu

m
 

im
pl

an
t p

re
se

nt
ed

 
m

or
e 

ar
tif

ac
ts

, 
fo

llo
w

ed
 b

y 
th

e 
tit

an
iu

m
 g

ra
de

 4
 

im
pl

an
t, 

tit
an

iu
m

-
zi

rc
on

iu
m

 im
pl

an
t 

an
d 

tit
an

iu
m

  
gr

ad
e 

5 
im

pl
an

ts
. 

-  T
he

 0
.2

-m
m

 v
ox

el
s 

sh
ow

ed
 m

or
e 

ar
tif

ac
ts

, f
ol

lo
w

ed
 

by
 th

e 
0.

25
-m

m
 

vo
xe

ls
.

-  T
he

 0
.3

-m
m

 a
nd

  
0.

4-
m

m
 v

ox
el

s  
w

er
e 

si
m

ila
r. 

 

-

Sh
ok

ri 
et

 a
l. 

(2
01

9)
20

Ir
an

Ex
pe

rim
en

ta
l 

- i
n 

vi
tro

-  F
re

sh
 b

ov
in

e 
bo

ne
 

w
ith

 4
 b

lo
ck

s:
    D

1:
 c

om
pl

et
el

y 
co

rti
ca

l b
on

e
    D

2 
an

d 
D

3:
 

co
rti

ca
l a

nd
 

ca
nc

el
lo

us
 b

on
e

    D
4:

 c
an

ce
llo

us
 

bo
ne

-  H
ei

gh
t a

nd
 

m
es

io
di

st
al

 w
id

th
 

of
 1

0 m
m

 a
nd

 
th

ic
kn

es
s o

f 6
.5

 

m
m

-  S
of

t t
is

su
e 

si
m

ul
at

io
n:

 re
d 

w
ax

-  M
an

di
bu

la
r w

ax
 

m
od

el
 w

as
 u

se
d 

in
 

th
e 

la
rg

e 
FO

V

-  C
ra

ne
x 

3D
®

 

(S
or

ed
ex

, 
Tu

us
ul

a,
 

Fi
nl

an
d)

.

C
B

C
T 

pr
ot

oc
ol

s:
-  F

O
V:

 4
×

6 cm
2 : 4

 T:
 

6.
1 s k

V
p:

 9
0,

  
R

ot
at

io
n 

tim
e:

 1
0 s;

 
vo

xe
l 0

.1
36

 m
m

 
-  F

O
V:

 4
×

6 cm
2 : 1

0 T:
 

6.
1 s k

V
p:

 9
0,

  
R

ot
at

io
n 

tim
e:

 1
0 s;

 
vo

xe
l 0

.1
36

 m
m

-  F
O

V:
 6

×
8 cm

2 : 4
 T:

  
12

.6
 s k

V
p:

 9
0,

 
R

ot
at

io
n 

tim
e:

 2
0 s;

 
vo

xe
l 0

.2
 m

m
-  F

O
V:

 6
×

8 cm
2 : 1

0 T:
  

12
.6

 s k
V

p:
 9

0,
 

R
ot

at
io

n 
tim

e:
 2

0 s;
 

vo
xe

l 0
.2

 m
m

-  O
nD

em
an

d 
3D

 
D

en
ta

l s
of

tw
ar

e 

(C
yb

er
m

ed
, S

eo
ul

, 
K

or
ea

)
-  R

ec
on

st
ru

ct
io

n:
 

Cr
os

s-
se

ct
io

n 
se

ct
io

ns
 

di
sp

la
ce

d,
 th

e 
m

id
dl

e 
ar

ea
 o

f e
ac

h 
bo

ne
 w

as
 

us
ed

 to
 d

et
er

m
in

e 
th

e 
m

ea
n 

G
V.

-  R
O

I: 
bu

cc
al

 su
rf

ac
e,

 
3 

to
 7

 m
m

 a
pi

ca
lly

 to
 

th
e 

im
pl

an
t s

ho
ul

de
r

-  G
V:

 su
bt

ra
ct

in
g 

be
fo

re
 a

nd
 a

fte
r 

im
pl

an
t p

la
ce

m
en

t f
or

 
ar

tif
ac

t c
al

cu
la

tio
n

-  N
in

e 
im

pl
an

ts
: D

IO
  

(C
en

tu
m

 se
o-

ro
, 

H
ae

un
da

e-
gu

, B
us

an
, 

K
or

ea
), 

 
PS

I t
yp

e 
w

ith
 a

 3
.5

-m
m

 
di

am
et

er
 a

nd
 1

0-
m

m
 

le
ng

th
-  I

m
pl

an
t r

eg
io

n:
 ra

nd
om

ly
 

pl
ac

ed
 in

 e
ac

h 
m

ol
d

B
ea

m
-

ha
rd

en
in

g
-  T

he
 m

ea
n 

G
V:

  
La

rg
e 

FO
V,

 4
 m

A
 

sh
ow

s m
or

e 
ar

tif
ac

ts,
 

fo
llo

w
ed

 b
y 

 
la

rg
e 

FO
V,

  
10

 m
A

, s
m

al
l F

O
V,

  
4 m

A
 a

nd
 sm

al
l 

FO
V,

 1
0 m

A
 sh

ow
ed

 
le

ss
 a

rti
fa

ct
s. 

-  C
an

ce
llo

us
 b

on
e 

ha
d 

m
or

e 
ar

tif
ac

ts
, 

fo
llo

w
ed

 b
y 

co
rti

ca
l 

an
d 

ca
nc

el
lo

us
 b

on
e,

 
an

d 
le

ss
 a

rti
fa

ct
s 

w
er

e 
fo

un
d 

in
 

co
rti

ca
l b

on
e.

 
-  C

an
ce

llo
us

 b
on

e 
ha

d 
si

gn
ifi

ca
nt

ly
 h

ig
he

r 
am

ou
nt

 o
f a

rti
fa

ct
s 

th
an

 o
th

er
 g

ro
up

s 

(P
<

0.
05

).
-  I

nc
re

as
in

g 
th

e 
m

A
 

di
d 

no
t d

ec
re

as
e 

th
e 

m
et

al
 a

rti
fa

ct
s.

-

Ta
b

le
 1

. C
on

tin
ue

d



- 97 -

Bianca Rodrigues Terrabuio et al

Ta
b

le
 1

. D
at

a 
ex

tra
ct

ed
 fr

om
 in

cl
ud

ed
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
St

ud
y

Po
pu

la
tio

n
To

m
og

ra
ph

Pr
ot

oc
ol

C
B

C
T 

im
ag

e 
ev

al
ua

tio
n

Im
pl

an
t a

nd
 re

gi
on

A
rte

fa
ct

’s
 

ty
pe

Vo
xe

l, 
FO

V,
  

im
pl

an
t m

at
er

ia
l a

nd
  

to
m

og
ra

ph
 in

flu
en

ce

Pr
ev

al
en

ce
 a

cc
or

di
ng

 to
 

im
pl

an
t l

oc
at

io
n 

an
d 

di
st

an
ce

 o
f a

rti
fa

ct
s 

in
 th

e 
an

at
om

ic
al

 re
gi

on

Fo
nt

en
el

e 
et

 a
l. 

(2
01

8)
21

B
ra

zi
l

In
 v

itr
o

-  T
w

o 
dr

y 
hu

m
an

 
m

an
di

bl
es

-  S
of

t t
is

su
e 

si
m

ul
at

io
n 

w
as

 u
se

d 
in

 a
 

cy
lin

dr
ic

al
 w

at
er

 
co

nt
ai

ne
r  

(1
6 cm

 d
ia

m
et

er
).

- P
ic

as
so

 T
rio

 3
D

®

- P
ro

M
ax

 3
D

®

-  3
D

 A
cc

ui
to

m
o 

80
®

- 8
0 kV

p
- 5

 m
A

-  F
O

V
 (P

ic
as

so
 T

rio
 a

nd
 

Pr
oM

ax
): 

8×
5 cm

-  F
O

V
 (A

cc
ui

to
m

o)
: 

8×
8 cm

- V
ox

el
: 0

.2
 m

m
-  S

ca
n 

tim
e:

  
24

 s (P
ic

as
so

 T
rio

), 
 

17
.5

 s (A
cc

ui
to

m
o)

  
an

d 
12

 s (P
ro

M
ax

)
-  F

ra
m

es
: 7

20
 (P

ic
as

so
 

Tr
io

), 
64

0 (A
cc

ui
to

m
o)

 
an

d 
25

1 (P
ro

M
ax

)

-  I
m

ag
e 

J (N
IH

, 
B

et
he

sd
a,

 M
D

)
- R

ec
on

st
ru

ct
io

n:
 a

xi
al

 
-  R

O
I: 

11
 re

gi
on

s  
N

o 
re

gi
on

 w
as

 
ad

ja
ce

nt
 to

 th
e 

im
pl

an
t, 

bu
t t

he
 

re
gi

on
 c

or
re

sp
on

di
ng

 
to

 th
e 

bu
cc

al
 fl

oo
r 

w
as

 su
pe

rim
po

se
d.

-  T
ita

ni
um

 im
pl

an
ts

  
4×

11
 m

m
  

(T
ita

m
ax

, N
eo

de
nt

, B
ra

zi
l)

-  Z
irc

on
iu

m
 o

xi
de

 im
pl

an
ts

 
4×

11
 m

m
 (Z

-L
oo

k3
, 

Z-
sy

st
em

s, 
Sw

itz
er

la
nd

)
-  I

m
pl

an
t r

eg
io

n:
 e

de
nt

ul
ou

s 
re

gi
on

 o
f t

oo
th

 4
6

B
ea

m
-

ha
rd

en
in

g
-  Z

irc
on

iu
m

 o
xi

de
 

im
pl

an
ts

 h
ad

 a
 

gr
ea

te
r a

m
ou

nt
 

of
 a

rti
fa

ct
s t

ha
n 

tit
an

iu
m

 im
pl

an
ts

.
-  T

om
og

ra
ph

s:
 fo

r 
tit

an
iu

m
 im

pl
an

ts
, 

A
cc

ui
to

m
o 

pr
es

en
te

d 
m

or
e 

ar
tif

ac
ts

 th
an

 
Pr

oM
ax

 a
nd

 P
ic

as
so

 
Tr

io
, w

hi
ch

 h
ad

 
si

m
ila

r r
es

ul
ts

.
-  F

or
 z

irc
on

iu
m

 
im

pl
an

ts
, A

cc
ui

to
m

o 
pr

es
en

te
d 

m
or

e 
ar

tif
ac

ts
, f

ol
lo

w
ed

 
by

 P
ro

M
ax

 a
nd

 
Pi

ca
ss

o 
Tr

io
.

-  T
he

 g
re

at
er

 th
e 

di
st

an
ce

 
fr

om
 th

e 
ev

al
ua

te
d 

ar
ea

 o
f 

th
e 

im
pl

an
t, 

th
e 

sm
al

le
r t

he
 

am
ou

nt
 o

f a
rti

fa
ct

s.
-  T

he
 a

rti
fa

ct
s r

ea
ch

ed
 u

p 
to

 3
.5

 cm
 fr

om
 th

e 
ob

je
ct

 
ge

ne
ra

tin
g 

th
e 

ar
tif

ac
t.

M
ac

ha
do

 
et

 a
l. 

(2
01

8)
22

B
ra

zi
l

Re
tro

 sp
ec

tiv
e

-  2
00

 im
pl

an
ts

 w
er

e 
di

vi
de

d 
ac

co
rd

in
g 

to
 th

ei
r l

oc
at

io
n:

 
an

te
rio

r m
ax

ill
a,

 
po

st
er

io
r m

ax
ill

a,
 

an
te

rio
r m

an
di

bl
e,

 
an

d 
po

st
er

io
r 

m
an

di
bl

e.
-  T

he
 se

le
ct

io
n 

of
 

th
e 

sa
m

pl
e 

w
as

 
de

fin
ed

 a
t r

an
do

m
, 

un
til

 e
ac

h 
gr

ou
p 

ha
d 

50
 im

pl
an

ts
.

  

-  i
-C

at
 N

ex
t 

G
en

er
at

io
n®

- 1
20

 kV
- 8

 m
A

- 2
6.

9 s r
ot

at
io

n
- V

ox
el

: 0
.2

5 m
m

-  F
O

V
 b

et
w

ee
n 

6×
16

 
an

d 
8×

16
 cm

-  R
ad

ia
nt

 D
IC

O
M

 
so

ftw
ar

e (M
ed

ix
an

t, 
Po

zn
an

, P
ol

an
d)

-  R
ec

on
st

ru
ct

io
n:

  
3 

ax
ia

l f
or

 e
ac

h 
im

pl
an

t
-  R

O
I: 

in
 th

e 
ap

ic
al

, 
m

id
dl

e 
an

d 
ce

rv
ic

al
 

th
ird

. C
irc

ul
ar

 R
O

I, 
10

 m
m

 d
ia

m
et

er
-  A

rti
fa

ct
 a

na
ly

si
s:

 
Im

ag
eJ

 so
ftw

ar
e  

(U
S 

N
at

io
na

l 
In

st
itu

te
s o

f H
ea

lth
, 

B
et

he
sd

a,
 M

D
).

-  G
V:

 A
cc

or
di

ng
 to

 
Pa

uw
el

s e
t a

l. (2
01

3)
 

m
et

ho
ds

. 

-  T
ita

ni
um

 im
pl

an
ts

,  
ex

te
rn

al
 h

ex
ag

on
 w

ith
 

le
ng

th
s o

f 4
 to

 1
3 m

m
  

an
d 

di
am

et
er

s o
f  

3.
5 

to
 4

 m
m

B
ea

m
-

ha
rd

en
in

g
-

-  T
he

 m
an

di
bl

e 
sh

ow
ed

 
hi

gh
er

 a
rti

fa
ct

s i
n 

th
e 

ap
ic

al
 (1

7.
69

) a
nd

 m
id

dl
e 

(1
8.

48
) i

m
ag

es
 th

an
 in

 th
e 

m
ax

ill
a (P
<

0.
05

).
-  T

he
 a

nt
er

io
r r

eg
io

n 
im

pl
an

ts
 sh

ow
ed

 h
ig

he
r 

ar
tfa

ct
s i

n 
th

e 
ap

ic
al

 (1
7.

48
) 

an
d 

m
id

dl
e (1

7.
93

) i
m

ag
es

 
th

an
 in

 th
e 

po
st

er
io

r r
eg

io
n 

(P
<

0.
05

).
-  A

dj
ac

en
t i

m
pl

an
ts

 sh
ow

ed
 

hi
gh

er
 a

rti
fa

ct
s t

ha
n 

is
ol

at
ed

 im
pl

an
ts

 in
 th

e 
ap

ic
al

 a
nd

 m
id

dl
e 

th
ird

.
-  C

om
pa

rin
g 

th
e 

im
ag

es
, 

hi
gh

er
 a

rti
fa

ct
s w

er
e 

al
w

ay
s o

bs
er

ve
d 

in
 th

e 
ce

rv
ic

al
 th

ird
.

Ta
b

le
 1

. C
on

tin
ue

d



Cone-beam computed tomography artifacts in the presence of dental implants and associated factors: An integrative review

- 98 -

Ta
b

le
 1

. D
at

a 
ex

tra
ct

ed
 fr

om
 in

cl
ud

ed
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
St

ud
y

Po
pu

la
tio

n
To

m
og

ra
ph

Pr
ot

oc
ol

C
B

C
T 

im
ag

e 
ev

al
ua

tio
n

Im
pl

an
t a

nd
 re

gi
on

A
rte

fa
ct

’s
 

ty
pe

Vo
xe

l, 
FO

V,
  

im
pl

an
t m

at
er

ia
l a

nd
  

to
m

og
ra

ph
 in

flu
en

ce

Pr
ev

al
en

ce
 a

cc
or

di
ng

 to
 

im
pl

an
t l

oc
at

io
n 

an
d 

di
st

an
ce

 o
f a

rti
fa

ct
s 

in
 th

e 
an

at
om

ic
al

 re
gi

on

Sa
nc

ho
-

Pu
ch

ad
es

, 
H

am
m

er
le

, 
B

en
ic

. 

(2
01

4)
23

Sw
itz

er
la

nd
Ex

pe
rim

en
ta

l 
- i

n 
vi

tro
-  T

w
en

ty
 te

st
 

m
an

di
bl

e 
m

od
el

s 

(u
si

ng
 ty

pe
 IV

 
de

nt
al

 st
on

e)

-  i
-C

AT
  

N
ex

t-G
en

er
at

io
n 

sc
an

ne
r®

-  1
20

 kV
 a

cc
el

er
at

io
n 

vo
lta

ge
- 5

 m
A

 b
ea

m
 c

ur
re

nt
-  F

O
V:

 d
ia

m
et

er
 o

f 1
6 

cm
, F

O
V

 h
ei

gh
t o

f 6
 

cm
, 6

00
 p

ro
je

ct
io

ns
, 

36
0°

 ro
ta

tio
n

- V
ox

el
: 0

.2
5 m

m
- S

ca
n 

tim
e:

 2
6 s

-  e
X

am
 V

is
io

n 
im

ag
in

g 
so

ftw
ar

e (K
aV

o 
D

en
ta

l G
m

bH
)

- R
ec

on
st

ru
ct

io
n:

 a
xi

al
-  R

O
I: 

8 
re

gi
on

s (0
.2

5 

m
m

×
0.

25
 m

m
) i

n 
th

e 
ax

ia
l p

la
ne

 a
nd

 
4 m

m
 in

 th
e 

im
pl

an
t 

lo
ng

 a
xi

s. 
A

lo
ng

 th
e 

im
pl

an
t a

xi
s, 

R
O

Is
 

w
er

e 
se

t f
ro

m
 3

 to
 7

 

m
m

 a
pi

ca
lly

 to
 th

e 
im

pl
an

t s
ho

ul
de

r.
-  X

-r
ay

 a
tte

nu
at

io
n:

 
G

V,
 c

on
ve

rs
io

n 
to

 
U

C
LA

 (c
ol

or
-lo

ok
up

-
ta

bl
e)

, u
si

ng
 O

si
riX

 
3.

7 
im

ag
in

g 
so

ftw
ar

e 

(O
si

riX
 F

ou
nd

at
io

n,
 

G
en

ev
a,

 S
w

itz
er

la
nd

)

Ti
ta

ni
um

 im
pl

an
ts

: 
St

ra
um

an
n®

 S
ta

nd
ar

d 
Pl

us
, 

R
eg

ul
ar

 N
ec

k;
 In

st
itu

t 
St

ra
um

an
n 

A
G

, B
as

el
, 

Sw
itz

er
la

nd
-  C

yl
in

dr
ic

al
 4

.1
 m

m
×

 
4.

8 m
m

 d
ia

m
et

er
×

10
 m

m
 

le
ng

th
 (T

i4
.1

)
-  C

yl
in

dr
ic

al
 3

.3
 m

m
×

 
4.

8 m
m

 d
ia

m
et

er
×

10
 m

m
 

le
ng

th
 (T

i3
.3

)
-  T

ita
ni

um
-z

irc
on

iu
m

: 
cy

lin
dr

ic
al

 3
.3

 m
m

×
 

4.
8 m

m
 d

ia
m

et
er

×
10

 m
m

 
le

ng
th

 (T
iZ

r3
.3

)
-  Z

irc
on

iu
m

 d
io

xi
de

 
m

on
ot

yp
e 

im
pl

an
ts

: 
co

ni
ca

l 3
.5

-4
.5

 m
m

×
 

4.
5 m

m
 d

ia
m

et
er

×
10

 

m
m

 le
ng

th
 (Z

rO
3.

5-
4.

5)
 

(V
IT

A
 Z

ah
nf

ab
rik

, B
ad

 
Sä

ck
in

ge
n,

 G
er

m
an

y)
-  I

m
pl

an
t r

eg
io

n:
 th

e 
si

ng
le

-
to

ot
h 

ga
p 

45

B
ea

m
-

ha
rd

en
in

g
-  T

he
 Z

rO
3.

5-
4.

5 
sh

ow
ed

 h
ig

he
st

 
ar

tif
ac

ts
 (r

an
ge

: 
-

15
6%

 to
 2

69
%

), 
fo

llo
w

ed
 b

y 
Ti

Zr
3.

3 

(r
an

ge
: -

55
%

 to
 

87
%

), 
Ti

4.
1 (r

an
ge

: 
-

46
%

 to
 9

8%
) 

an
d 

Ti
3.

3 
im

pl
an

ts
 

(r
an

ge
: -

11
%

 to
 

84
%

) (P
≤

0.
01

67
).

-  M
or

e 
ar

tif
ac

ts
 w

er
e 

sh
ow

n 
bu

cc
al

ly
, m

es
io

-b
uc

ca
lly

, 
lin

gu
al

ly
, a

nd
 d

is
to

-
lin

gu
al

ly
 th

an
 m

es
ia

lly
 a

nd
 

di
st

al
ly

. 
-  T

he
 G

V
 re

du
ce

d 
w

ith
 th

e 
in

cr
ea

si
ng

 d
is

ta
nc

e 
fr

om
 

th
e 

im
pl

an
t s

ur
fa

ce
.

N
ai

to
h 

et
 a

l. 

(2
01

3)
24

Ja
pa

n
Pr

os
pe

ct
iv

e
-  T

w
en

ty
-tw

o 
pa

tie
nt

s (7
 m

en
 

an
d 

15
 w

om
en

) 
w

ith
 a

 m
ea

n 
ag

e 
of

 
56

.3
 y

ea
rs

  

(2
3-

74
 y

ea
rs

).
-  A

 to
ta

l o
f 6

1 
im

pl
an

ts
 w

er
e 

as
se

ss
ed

.

-  A
lp

ha
rd

 V
EG

A
®

 

(A
sa

hi
 R

oe
nt

ge
n 

In
d.

, C
o.

, K
yo

to
, 

Ja
pa

n)

- 8
0 kV

- 5
 m

A
-  F

O
V:

 1
02

 m
m

 in
 

di
am

et
er

 a
nd

 6
0 

or
  

10
2 

m
m

 in
 h

ei
gh

t
-  V

ox
el

 si
ze

: 
0.

2×
0.

2×
0.

2 m
m

-  O
si

riX
 Im

ag
in

g 
So

ftw
ar

e;
 T

he
 O

si
riX

 
Fo

un
da

tio
n,

 G
en

ev
a,

 
Sw

itz
er

la
nd

 
-  R

ec
on

st
ru

ct
io

n:
  

a 
lo

ng
itu

di
na

l  
2D

 im
ag

e
-  R

O
I: 

be
tw

ee
n 

de
nt

al
 im

pl
an

ts
 

(n
=

33
), 

be
tw

ee
n 

de
nt

al
 im

pl
an

ts
 a

nd
 

ne
ig

hb
or

in
g 

te
et

h 

(n
=

36
), 

po
st

er
io

r 
to

 d
en

ta
l i

m
pl

an
ts

 

(n
=

21
), 

an
d 

be
tw

ee
n 

ne
ig

hb
or

in
g 

te
et

h 

(n
=

29
)

-  A
rti

fa
ct

 e
va

lu
at

io
n:

 
th

e 
m

ea
n 

pi
xe

l v
al

ue
 

in
 R

O
Is

Ti
ta

ni
um

 im
pl

an
ts

: 
 - 

 R
ep

la
ce

 T
ap

er
ed

 im
pl

an
t 

sy
st

em
, n

=
57

 - 
 B

rå
ne

m
ar

k 
im

pl
an

t 
sy

st
em

, n
=

4
B

ot
h:

 N
ob

el
bi

oc
ar

e,
 

G
ot

eb
or

g,
 S

w
ed

en
Th

e 
le

ng
th

 w
as

 1
0 m

m
 

(n
=

38
) a

nd
 1

3 m
m

 (n
=

23
).

Th
e 

di
am

et
er

 o
f i

m
pl

an
ts

 
w

as
 a

 re
gu

la
r p

la
tfo

rm
 

(n
=

55
), 

a 
na

rr
ow

 p
la

tfo
rm

 

(n
=

1)
, a

nd
 a

 w
id

e 
pl

at
fo

rm
 

(n
=

5)
.

-  I
m

pl
an

t r
eg

io
n:

 m
an

di
bu

la
r 

po
st

er
io

r. 
 

M
ea

n 
fo

llo
w

-u
p:

 2
5.

0 
m

on
th

s (S
D

, 1
4.

7 
m

on
th

s)

B
an

d-
lik

e 
ra

di
ol

uc
en

t 
ar

ea
s

-
-  T

he
re

 w
as

 m
or

e 
ar

tif
ac

ts
 

be
tw

ee
n 

de
nt

al
 im

pl
an

ts
 

(-
97

, S
D

 2
85

), 
fo

llo
w

ed
 

by
 p

os
te

rio
r t

o 
de

nt
al

 
im

pl
an

ts
 (1

63
, S

D
 2

34
), 

be
tw

ee
n 

de
nt

al
 im

pl
an

ts
 

an
d 

ne
ig

hb
or

in
g 

te
et

h 

(4
11

, S
D

 2
41

) a
nd

 b
et

w
ee

n 
ne

ig
hb

or
in

g 
te

et
h (6

00
, S

D
 

23
1)

.

Ta
b

le
 1

. C
on

tin
ue

d



- 99 -

Bianca Rodrigues Terrabuio et al

Ta
b

le
 1

. D
at

a 
ex

tra
ct

ed
 fr

om
 in

cl
ud

ed
 st

ud
ie

s

A
ut

ho
r 

(y
ea

r)
C

ou
nt

ry
St

ud
y

Po
pu

la
tio

n
To

m
og

ra
ph

Pr
ot

oc
ol

C
B

C
T 

im
ag

e 
ev

al
ua

tio
n

Im
pl

an
t a

nd
 re

gi
on

A
rte

fa
ct

’s
 

ty
pe

Vo
xe

l, 
FO

V,
  

im
pl

an
t m

at
er

ia
l a

nd
  

to
m

og
ra

ph
 in

flu
en

ce

Pr
ev

al
en

ce
 a

cc
or

di
ng

 to
 

im
pl

an
t l

oc
at

io
n 

an
d 

di
st

an
ce

 o
f a

rti
fa

ct
s 

in
 th

e 
an

at
om

ic
al

 re
gi

on

B
en

ic
 

et
 a

l. 

(2
01

2)
25

Sw
itz

er
la

nd
In

 v
itr

o
-  T

en
 te

st
 m

an
di

bl
e 

m
od

el
s

-  M
at

er
ia

l: 
ty

pe
 

IV
 d

en
ta

l s
to

ne
 

(N
or

ita
ke

 S
up

er
 

R
oc

k;
 N

or
ita

ke
 

C
o.

, N
ag

oy
a,

 
Ja

pa
n)

-  C
on

tro
l: 

3 
te

st
 

m
an

di
bl

e 
m

od
el

s 
w

ith
ou

t i
m

pl
an

ts

-  3
D

 eX
am

 C
BC

T®
 

- 1
20

 kV
- 5

 m
A

- F
O

V
 d

ia
m

et
er

: 1
6 cm

- F
O

V
 h

ei
gh

t: 
6 cm

- P
ro

je
ct

io
ns

: 6
00

- R
ot

at
io

n:
 3

60
°

- V
ox

el
: 0

.2
5 m

m
- S

ca
n 

tim
e:

 2
6 s

-  e
X

am
 V

is
io

n 
im

ag
in

g 
so

ftw
ar

e (K
aV

o 
D

en
ta

l G
m

bH
, 

B
ib

er
ac

h,
 G

er
m

an
y)

-  R
ec

on
st

ru
ct

io
n:

  
ax

ia
l

-  R
O

I: 
8 

re
gi

on
s  

(0
.2

5 m
m

×
0.

25
 m

m
) 

in
 th

e 
ax

ia
l p

la
ne

 a
nd

 
4 m

m
 in

 th
e 

im
pl

an
t 

lo
ng

 a
xi

s. 
A

lo
ng

 th
e 

im
pl

an
t a

xi
s, 

R
O

Is
 

w
er

e 
se

t f
ro

m
 3

 to
 7

 

m
m

 a
pi

ca
lly

 to
 th

e 
im

pl
an

t s
ho

ul
de

r.
-  X

-r
ay

 a
tte

nu
at

io
n:

 
G

V,
 c

on
ve

rs
io

n 
to

 
U

C
LA

 (c
ol

or
-lo

ok
up

-
ta

bl
e)

, u
si

ng
 O

si
riX

 
3.

7 
im

ag
in

g 
so

ftw
ar

e 

(O
si

riX
 F

ou
nd

at
io

n,
 

G
en

ev
a,

 S
w

itz
er

la
nd

)

-  T
ita

ni
um

 im
pl

an
ts

: 4
.1

 

m
m

×
10

 m
m

 (S
tra

um
an

n®
 

D
en

ta
l I

m
pl

an
t S

ys
te

m
; 

St
ra

um
an

n 
A

G
, B

as
el

, 
Sw

itz
er

la
nd

)
-  I

m
pl

an
t r

eg
io

n:
 e

de
nt

ul
ou

s 
re

gi
on

s o
f t

ee
th

 3
7,

 3
6,

 3
4,

 
33

, 3
1,

 4
1,

 4
3,

 4
4,

 4
6 

an
d 

47

B
ea

m
-

ha
rd

en
in

g
-

-  A
rti

fa
ct

s w
er

e 
al

w
ay

s 
pr

es
en

t i
n 

th
e 

vi
ci

ni
ty

 
of

 ti
ta

ni
um

 im
pl

an
ts

, 
re

ga
rd

le
ss

 o
f t

he
 p

os
iti

on
 

of
 th

e 
im

pl
an

t.
-  T

he
re

 w
er

e 
m

or
e 

ar
tif

ac
ts

 
in

 th
e 

bu
cc

al
 a

nd
 li

ng
ua

l 
re

gi
on

 o
f a

ny
 im

pl
an

t 
lo

ca
tio

n 
an

d 
le

ss
 a

rti
fa

ct
s 

in
 th

e 
m

es
ia

l a
nd

 d
is

ta
l 

m
ol

ar
s, 

pr
em

ol
ar

s a
nd

 
ca

ni
ne

s.
-  T

he
 m

es
io

-b
uc

ca
l, 

m
es

io
-

lin
gu

al
, d

is
to

-b
uc

ca
l, 

an
d 

di
st

o-
lin

gu
al

 in
ci

so
rs

 h
ad

 
le

ss
 a

rti
fa

ct
s. 

-  A
n 

in
cr

ea
se

 in
 d

is
ta

nc
e 

ca
us

ed
 a

 si
gn

ifi
ca

nt
 

de
cr

ea
se

 in
 th

e 
in

te
ns

ity
 o

f 
th

e 
ar

tif
ac

t.

Sc
hu

lz
e,

 
B

er
nd

t, 
d’

H
oe

dt
. 

(2
01

0)
26

G
er

m
an

y 
Ex

pe
rim

en
ta

l 
- i

n 
vi

tro
-  P

ha
nt

om
 

co
ns

is
tin

g 
of

 
a 

de
nt

al
 st

on
e 

pl
as

te
r

-  F
or

 h
ar

d 
an

d 
so

ft 
tis

su
e 

si
m

ul
at

io
n,

 
an

 a
cr

yl
ic

 w
at

er
 

ta
nk

 w
as

 u
se

d 

(d
ia

m
et

er
: 9

5 m
m

, 
he

ig
ht

: 4
0 m

m
).

- 3
D

 A
cc

ui
to

m
o®

-  N
ex

t G
en

er
at

io
n 

i-C
AT

®

-  A
cc

ui
to

m
o:

 8
0 kV

  
an

d 
90

 kV
 4

 m
A

;  
FO

V
 6

 cm
;  

vo
xe

l s
iz

e 
0.

12
5 m

m
-  i

-C
AT

: 1
20

 kV
; 4

 m
A

; 
FO

V
 6

 cm
;  

vo
xe

l s
iz

e 
0.

25
0 m

m

-  I
m

ag
eJ

 so
ftw

ar
e 

(v
er

si
on

 1
33

u)
- R

ec
on

st
ru

ct
io

n:
 a

xi
al

 
-  R

O
Is

:  
1:

 a
dj

ac
en

t t
o 

th
e 

fir
st

 
im

pl
an

t i
m

ag
e;

 
2:

 a
dj

ac
en

t t
o 

th
e 

se
co

nd
 im

pl
an

t 
im

ag
e;

  
3:

 c
en

tra
l a

re
a 

be
tw

ee
n 

im
pl

an
ts

; 
4:

 a
nt

er
io

r r
eg

io
n 

to
 

R
O

I 3
 

-  G
V:

 d
et

er
m

in
ed

 b
y 

pi
xe

l s
iz

e:
 A

cc
ui

to
m

o 

(2
0×

20
); 

i-C
AT

 

(1
0×

10
)

-  S
im

ul
at

ed
 d

en
ta

l i
m

pl
an

ts
: 

tit
an

iu
m

 c
yl

in
de

rs
 

(4
 m

m
 d

ia
m

et
er

 a
nd

 
ap

pr
ox

im
at

el
y 

12
 m

m
 

le
ng

th
), 

TI
C

O
, T

ita
n 

C
on

ce
pt

, B
er

lin
, G

er
m

an
y

-  I
m

pl
an

t r
eg

io
n:

 p
re

m
ol

ar
 

an
d 

m
ol

ar
 re

gi
on

 in
 th

e 
m

an
di

bl
e 

Th
e 

di
st

an
ce

 b
et

w
ee

n 
im

pl
an

ts
 w

as
 2

2 m
m

.

B
ea

m
-

ha
rd

en
in

g
-  I

n 
R

O
I 1

+
2:

 
Th

e A
cc

ui
to

m
o 

(8
0 kV

) h
ad

 m
or

e 
ar

tif
ac

ts
 th

an
 

A
cc

ui
to

m
o (9

0 kV
) 

an
d 

i-C
AT

 (1
20

 k
V

).
-  I

n 
R

O
I 3

 a
nd

 4
: 

Th
e A

cc
ui

to
m

o 

(9
0 kV

) h
ad

 m
or

e 
ar

tif
ac

ts
 th

an
 

A
cc

ui
to

m
o (8

0 kV
) 

an
d 

i-C
AT

 (1
20

 kV
).

-  T
he

re
 w

er
e 

m
or

e 
ar

tif
ac

ts
 

in
 R

O
I 1

+
2,

 fo
llo

w
ed

 b
y 

R
O

I 3
 a

nd
 R

O
I 4

. T
hi

s 
re

su
lt 

w
as

 in
de

pe
nd

en
t o

f 
th

e 
C

B
C

T 
pr

ot
oc

ol
 u

se
d,

 
A

cc
ui

to
m

o (8
0 kV

 a
nd

 9
0 

kV
) o

r i
-C

AT
 (1

20
 kV

). 

FO
V:

 fi
el

d 
of

 v
ie

w,
 M

A
R

: m
et

al
 a

rti
fa

ct
 re

du
ct

io
n,

 A
R

: a
na

ly
si

s r
eg

io
n,

 G
V:

 g
ra

y 
va

lu
e,

 R
O

I: 
re

gi
on

 o
f i

nt
er

es
t, 

SD
: s

ta
nd

ar
d 

de
vi

at
io

n

Ta
b

le
 1

. C
on

tin
ue

d



Cone-beam computed tomography artifacts in the presence of dental implants and associated factors: An integrative review

- 100 -

implants. In 2 studies, 5 titanium cylinders were used as an 
implant simulator.18,26 Soft tissue was simulated in 3 studies,  
using gel, water, and wax.19-21

Gray values
The gray values show the degree of attenuation of X-rays 

and represent the density of the tissue.27 A numerical value 
of gray, according to the attenuation of the structures, is 
expressed in each voxel. These values vary due to the cha-
racteristics of the technique, such as energy principles, the 
presence of artifacts, and geometric shape.28-30 Gray values 
were calculated in different ways in the studies selected in 
this review.

Naitoh et al.24 used the average of the pixel values. In the 
studies by Martins et al.,18 Fontenele et al.,21 Machado et 
al.,22 and Schulze et al.,26 the standard deviations (SDs) of 
the mean gray values were obtained to express the expres-
sion of artifacts. A higher SD of the mean gray value indi-
cated a greater amount of artifacts and worse image quality.

Shokri et al.20 obtained tomographic images before and 
after implant insertion. The mean gray values were obtained  
by analyzing the images with and without implants, and 
by sub tracting these values, the expression of artifacts was  
obtained.

The average difference in gray values between test and 
control models as a percentage in each volume of interest 
was calculated by Benic et al.25 and Sancho-Puchades et 
al.23 Positive values represented the largest formation of 

artifacts, while negative values represented the least forma-
tion. 

Types of artifacts
Most studies evaluated the presence of beam-hardening  

artifacts,18-23,25,26 and Demirturk Kocasara et al.19 also eva-
luated the presence of streaking artifacts. A clinical study 
eval uated the presence of band-like radiolucent areas around  
dental implants (Fig. 2).24 

Presence of artifacts in clinical studies
The clinical studies evaluated beam-hardening artifacts 

and band-like radiolucent areas around implants, calculated 
using gray values and the values of pixels, respectively.22,24

In the retrospective study, the amount of artifacts in the 
maxilla and mandible, anterior and posterior region, and 
isolated and adjacent implants was evaluated.22  The highest  
median gray value represented the greatest amount of arti-
facts. In the mandible, more artifacts were observed in the  
apical (17.69) and middle (18.48) regions than in the maxilla  

(P=0.0024; P<0.0001, respectively). In the anterior region 
of the jaws, the apical (17.48) and middle (17.93) regions 
had more artifacts than the posterior region (P =0.0105;  
P =0.0316, respectively). No significant difference was 
found between isolated and adjacent implants in any of the 
3 regions evaluated (apical: P=0.8880; middle: P=0.3981;  
cervical: P=0.7553).

In the prospective study, the highest mean pixel value  

Fig. 2. Parasagittal reconstruction (A) and axial reconstruction (B) cone-beam computed tomographic images show artifacts around a tita-
nium dental implant. The arrows show artifacts (streaking artifacts) and the arrowhead shows a beam-hardening artifact. Tomography mod-
el: Accuitomo. Acquisition protocol: voxel size: 0.125 mm; field of view: 6 cm; 90 kV; 7 mA; 30.8 s.

A B
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was observed in the region between dental implants (P< 
0.0001), followed by the region posterior to dental implants 

(P<0.0001), between dental implants and neighboring 
teeth (P=0.0016), and between neighboring teeth.24

Presence of artifacts in in vitro studies

Influence of dental implant materials on the 
production of artifacts

A total of 306 implants were used in the studies, in-
cluding titanium (Ti), zirconia (Zr), and titanium-zirconia 

(TiZr) implants. The Zr implants showed more artifacts 
than the Ti and TiZr implants.

The Zr implants (3.5-4.5 mm × 10 mm) had higher mean 
gray values (range: -156% to 269%), than the TiZr (3.3 

mm × 10 mm; range: -55% to 87%), Ti (4.1 mm × 10 

mm; range: -46% to 98%), and Ti (3.3 mm × 10 mm; 
range: -11% to 84%) (P = 0.0167) implants, correspond-
ing to the greatest amount of artifacts.23 At different voxel 
sizes (0.2, 0.25, 0.3 and 0.4 mm), the highest mean gray 
values were found in Zr implants (229.5, 173.0, 153.5, and  
101.5, respectively), followed by Ti grade 4 (62.0, 60.5, 
34.5, and 29.0, respectively), Ti grade 5 (34.0, 32.0, 21.0, 
and 30.0, respectively) and TiZr (54.1, 45.5, 29.5, and 
28.5, respectively).19 When evaluated using different CT 
scanners (Picasso Trio®; Vatech, Hwaseong, Korea, Pro-
Max3D®; Planmeca Oy, Helsinki, Finland, and 3D Accu-
itomo 80®; Morita, Kyoto, Japan), the mean gray values 
for Zr implants (61.81, 80.86, and 117.88, respectively) 
showed a greater amount of artifacts than for Ti implants 

(56.90, 58.80, and 110.66, respectively) and the control 
group (55.63, 56.39, and 105.29, respectively).21

Influence of bone type on the production of artifacts

Two studies evaluated the formation of artifacts in differ-
ent types of bones. The first study removed bone cylinders 
containing cortical and spongy bone from a fresh bovine 
rib,18 and the second study collected a cortical bone block 
from a fresh bovine femur and 2 blocks from a fresh bovine  
rib, one containing only spongy bone and the other with 
cortical/spongy bone.20

Martins et al.18 inserted a bone cylinder in the left lower 
first premolar region (analysis region) in a phantom model, 
and titanium cylinders were then gradually inserted into 
holes in the model, starting on the opposite side of where the  
bone was in the arch, followed by the adjacent side, accor-
ding to established protocols. The average gray value in the 
8 regions of interest (ROIs), around the cortical and spongy 
bone, were calculated. When analyzing the formation of  

artifacts in different bone types, it was observed that cortical  
bone presented a greater amount of artifacts in general com-
pared to cancellous bone (P<0.0001). 

In the study conducted by Shokri et al.,20 Ti implants were  
inserted into the center of the bone blocks, with wax around 
them to simulate soft tissue. The spongy bone block (mean 
gray value: 468.58) showed significantly more artifacts  
than the block with cortical/spongy bone (mean gray value: 
322.63; P =0.035) and the block with only cortical bone 

(mean gray value: 277.47; P=0.007).

Influence of regions close to the implant with  
a greater amount of artifacts

The regions close to the implant that presented the great-
est amount of artifacts were buccal, mesio-buccal, lingual, 
and disto-lingual in the region of the lower right premo-
lars,23 as well as buccal and lingual in the incisor, canine, 
premolar, and molar regions.25 In general, all buccal and 
lingual regions of the implants showed a greater amount of 
artifacts. In implants in the regions of the second molars, 
first molars, premolars, and canines, the mesial regions 

(mean SD: second molars, -50±8; first molars, -55±8;  
premolars, -32±4; and canines, -9±7) and distal regions 

(mean SD: second molars, -46±14; first molars, -48± 
13; premolars, -40±10; and canines, -17±15) were 
those with the highest negative gray values. In the region of 
the incisors, the regions with the lowest formation of arti-
facts were mesio-buccal (mean SD: -6±11), mesio-lingual  

(mean SD: -15±7), disto-buccal (mean SD: -6±11) and  
disto-lingual (mean SD: -21±6).25 

In another study, 2 implants were installed. Adjacent re-
gions (mesial to one implant and distal to another) (Accu-
itomo® 80 kV: 637.97; Accuitomo® 90 kV: 665; 3DExam® 
[KaVo Dental GmbH, Biberach, Germany] 120 kV: 973.09) 
presented a greater amount of artifacts, followed by the 
region between the implants (Accuitomo® 80 kV: 924.51;  
Accuitomo® 90 kV: 877.99; 3DExam® 120 kV: 1454.07) 
and the buccal region between implants (Accuitomo® 80 

kV: 1303.50; Accuitomo® 90 kV: 1222.09; 3DExam® 120 

kV: 2153.44).26 One study evaluated the lingual region of 
the implant at different angles; regions ranging from 65º, 
90º, 115º and 140º around the implant presented higher 
mean gray values in the range of 65º to 115º.21

Influence of distance on artifact formation

The relationship between the distance from the generat-
ing object and artifact expression was evaluated in 4 stud-
ies, all of which found that artifact intensity decreased as 
the distance from the implant surface increased.18,21,23,25
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The ROIs in the studies by Benic et al.25 and Sancho- 
Puchades et al.23 were the same, but the implants were 
placed in different locations. The first study evaluated gray 
values at 3 distances, and found more artifacts at a distance 
of 0.5 mm (mean gray value: 45±10), followed by 1 mm 

(mean gray value: 28±14) and 2 mm (mean gray value: 
14±7) from the implant surface. Sancho-Puchades et al.23 
placed the implants only in the edentulous region of tooth 
45 and observed a greater amount of artifacts at a distance 
of 0.5 mm, followed by 1 mm and 2 mm. Fontenele et al.21 
evaluated 11 ROIs. In general, ROIs closer to the implant 
had greater amounts of artifacts, which managed to reach 
up to 3.5 cm from the generating object. In the study by 
Martins et al.,18 it was possible to observe through the gray 
value averages that in the presence of the implant cylinder, 
there were more artifacts when they were in proximity to 
the analyzed region (protocol E; mean gray value: 53 for 
OP300 Maxio® [Instrumentarium Dental, Tuusula, Finland] 
and 71 for Picasso Trio®) (protocol F; mean gray value: 
136 for OP300 Maxio® and 200 for Picasso Trio®) than on 
the opposite and posterior side of the analyzed region (pro-
tocol A; mean gray value: 37 for OP300 Maxio® and 45 for 
Picasso Trio®).

Influence of tomography on the formation of  
the artifact

Two studies compared 3D Accuitomo (J Morita®) with 
other CBCT devices. Schulze et al.26 used different kV val-
ues in the protocols for image acquisition. In the Accuitomo® 
scanner, the values were 80 kV and 90 kV, and in the i-CAT® 

(Imaging Sciences International, Hatfield, PA, USA), it was 
120 kV. In the analysis of the images, it was observed that 
the kV value influenced the formation of arti facts. The ima-
ges obtained in the Accuitomo® with 80 kV showed more 
artifacts in adjacent regions (mesial to one implant and distal  
to another) than the images obtained using the 90 kV and 
i-CAT® protocols. Among the implants and buccal to this 
region, the 90 kV images expressed more arti facts than 
those obtained using other protocols. The acquisition proto-
cols used by Fontenele et al.21 differ between the 3 CBCT  
machines in FOV, scan time, and frame. Accuitomo® showed  
a greater amount of artifacts (mean gray value: 111.28) than 
ProMax 3D- Planmeca® (mean gray value: 65.35) or Picasso  
Trio® (mean gray value: 58.11).

Martins et al.18 used 2 CBCT machines, including Picasso  
Trio® and OP300 Maxio®, and their protocols differed only  
in the size of the FOV (8.5×12 cm and 8×15 cm, respec-
tively); however, the Picasso Trio® showed a greater amount  
of artifacts (mean gray value: 72.57) in their images, regard - 

less of the implant region protocol, than the OP300 Maxio® 

(mean gray value: 55.57) (P<0.0001).

Influence of FOV and mA on the production of 
artifacts

The FOV was found to influence the average gray value, 
which was used to assess the production of artifacts. When 
analyzing larger (6×8 cm2) and smaller (4×6 cm2) FOVs, 
it was found that the size of the FOV was directly propor-
tional to the amount of artifacts; therefore, a larger FOV 
produced a greater amount of artifacts. In contrast, the mA 
setting (4 mA vs. 10 mA) did not influence the amount of 
artifacts around dental implants.20

Influence of voxel size on the production of artifacts

Demirturk Kocasara et al.19 used 4 different voxel sizes to  
acquire CBCT images: 0.2 mm, 0.25 mm, 0.3 mm, and 0.4 

mm. The images with smaller voxel sizes showed a greater  
amount of artifacts, with the 0.2-mm voxels (mean gray 
value: 94.9) having the most artifact formation, followed by 
the 0.25-mm voxels (mean gray value: 77.75). The 0.3-mm  
voxels (mean gray value: 59.63) and 0.4-mm voxels (mean 
gray value: 47.25) presented a smaller and similar amount 
of artifacts.

Discussion
The production of artifacts in CBCT images is a detri-

mental factor for the interpretation of the examination and 
diagnosis. It is necessary to be familiar with the various 
types of artifacts and their causes to minimize them.

An image artifact is a structure that is not present in the 
tomography object, but is visualized next to the image 
formed by the data used in the reconstruction. Its origin may  
be due to physical factors of the device or related to image 
acquisition.9,26

The beam-hardening effect can be explained by the fact 
that high-density X-rays are partially absorbed by implants. 
Because they are made of very dense materials, only the 
most intense X-rays penetrate dental implants, generating 
artifacts related to beam hardening. The result is the pre-
sence of shiny bands, as the implant area in the final image 
has greater intensity than the other structures. In the region 
between 2 implants, there may be another type of artifact 
related to beam hardening, which causes dark bands be-
tween the implants.8,26

In dentistry, materials such as amalgam (Hg, with an 
atomic number [Z] of 80; Ag, Z=47) produce artifacts on  
CBCT.23,26 The production of artifacts is related to the 
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atomic number and the density of the materials, and the  
enamel structures (Z =15.6; r =2.94 g/cm3), dentin (Z =  
13.7; r=2.42 g/cm3) and cortical bone (Z=13.2; r=1.9 g/
cm3), have an atomic number and density lower than that 
of Ti (Z=22).31,32 The beam-hardening artifact is the most 
commonly reported artifact in implantology. Since a metal-
lic object inside the FOV has a similar action to a filter,  
artifacts are generated in proportion to the atomic number  
of the metal.26 In the studies in this review, Zr (ZrO2) imp-
lants showed a greater amount of artifacts than Ti and TiZr 
implants. The production of artifacts is related to the radio-
pacity of the material used, which is also directly related to  
its atomic number (Z). Therefore, the difference in the 
amount of artifacts in CBCT between Ti, TiZr, and Zr im-
plants reflects the differences in the atomic numbers of Ti 

(Z=22), Zr (Z=40), and O2
 (Z=8).19,21,23 The greater the 

atomic number, the greater the radiopacity and consequen-
tly, the greater production of artifacts; these relationships 
explain the difference in the amount of artifacts between 
the different types of dental implant materials.

A higher FOV and a lower kVp resulted in greater pro-
duction of beam-hardening artifacts in CBCTs in the pre-
sence of dental implants. Other factors, such as the thickness 
of the tissue in the maxilla and mandible and the geo metry 
of the cone-shaped X-ray beam in different anatomical 
sites, can alter the pattern of scattered radiation and affect  
the production of beam hardening.33 Higher kVp values 
can reduce the production of artifacts due to the difference  
between low- and high-energy beams in attenuation by high- 
density objects;26 however, the devices that allow this change 
have a range of 60 to 90 kVp, while in CBCT, the kVp values  
are mostly between 80 and 120 kVp.34

Some factors can influence gray value variability, which 
may explain differences in results between similar studies. 
Gray values can vary within the same image if the region 
evaluated within the FOV is more central or peripheral.30,35 
Fontenele et al.21 evaluated gray values in ROIs in 4 angula-
tions in the lingual region of the arch, perhaps the area with  
the greatest amount of artifacts, did not coincide with the 
ROI. Even with this methodology, artifacts were still pre-
sent at a distance of 3.5 cm.

Other factors that can influence gray values are endo- 
mass and the presence of exo-mass. Defined as structures 
that are beyond the FOV limit,36 a smaller FOV has more 
exo-mass.29 According to the study by Oliveira et al.29 which 
used a thin layer of water as an exo-mass, the gray value  
variability was reduced in its presence. The use of water and  
air as an endo-mass showed a larger variation in gray values  
in the presence of air than in the presence of water.37 These 

factors could explain the differences between the results of 
studies that simulated the presence of soft tissue and those 
that did not. 

Gray values can also vary depending on the material of 
the phantom. According to Oliveira et al.,29 a higher the 
concentration of the material leads to a greater the predis-
position to the beam-hardening effect, thereby reducing the 
image quality.

The clinical study by Machado et al.22 measured the 
amount of artifacts according to the difference between the 
maximum and minimum gray values of the same CBCT 
scan, and they did not find a statistically significant differ-
ence between the amount of artifacts in the regions of iso-
lated and adjacent implants. These findings can be explained 
by the size of the ROI evaluated (10 ×10 mm), which  
exerted little or no effects on neighboring implants. Their 
study reported a greater amount of artifacts in the cervical 
third of the dental implant, probably due to the presence of  
the prosthesis on the implant, since the atomic numbers 
of prosthetic alloy materials, such as cobalt-chromium, 
are higher than that of Ti. More severe artifacts were also 
obser ved in the mandibular and anterior region (incisors and 
canines), and it was found that the variety in gray values  
was affected by the location and adjacent anatomical struc-
tures, consistent with Oliveira et al.33 who demonstrated that 
the same object could present varying gray values according  
to the anatomical location. Valizadeh et al.38 found that the 
location of the object in the FOV affects the gray values 
through the interactions of X-rays and adjacent structures. 
The effect of the exo-mass (i.e., the entire craniofacial area 
outside the FOV) can also explain the variation of artifacts 
according to the anatomical area. Thus, structures such as 
the skull and spine affect the measurements of gray values 
in the maxilla and mandible.23,39 

Artifacts are evaluated using pixel values; thus, the great-
est amount of artifacts was found in the region between 
dental implants in CBCT images, probably due to the higher  
density in the presence of metallic implants.24 A lack of 
specificity of the ROI was observed in terms of its size and 
location, as well as the level of evaluation in axial images. 
The values of Hounsfield units are absolute,40-42 and cannot 
be used to evaluate metal artifacts, because pixel values are 
not absolute in CBCT.43 

The artifacts caused by the presence of implants change 
the visibility of the bone, making them difficult to assess.44 
The studies in this review evaluated the formation of arti -
facts in cortical and spongy bone. Despite having the same 
basic histological structure, cortical bone differs in being 
more compact and mineralized, while spongy bone has in-
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tercommunicating cavities that decrease its density.45 Mar-
tins et al.18 observed a greater amount of artifacts in corti-
cal bone, while Shokri et al.20 observed this result for can-
cellous bone. The presence of a greater amount of artifacts  
in cortical bone is explained by its high mineral density, 
which makes the effect of beam-hardening artifacts more 
pronounced.18,46 However, Shokri et al.20 considered that 
greater bone density around the implant has the same effect 
as an increase in kVp, following the results of Schulze et 
al.,26 since low-energy photons are absorbed by high-den-
sity bone and fewer photons, with greater energy, reach the  
implant. Thus, the amount of artifacts in denser bone is lower,  
while in trabecular bone, with less density, it is greater. The  
first study used a polymethyl methacrylate phantom and 
placed a bone cylinder in the anterior region and implants 
in other positions of the arch to evaluate artifacts, while the 
second used a bone block with an implant inside and a sur-
rounding wax model, simulating soft tissues. These differ-
ences in methodology may be responsible for the divergent  
results, since wax better simulates clinical conditions, with 
appropriate heterogeneity, and affects the gray value mea-
surements in the evaluated region, whereas polymethyl 
methacrylate is homogeneous.

In general, the buccal and lingual regions of the implant 
showed a greater amount of artifacts,23,25 as well as the adja-
cent regions, mesial to one implant and distal to another.26  
Sancho-Puchades et al.23 and Benic et al.25 used the same 
parameters for ROI in the mandible. Fontenele et al.21 used 
different angulations in the lingual region outside the bone 
area from the implant in the mandible. Schulze et al.26 used  
the parameter from the insertion of 2 implants in the mandi-
ble, which caused a disparity between their results and those  
of the other studies. The intensity of the artifacts decreased 
as the implant distance increased, corroborating other stud-
ies.18,21,23,25  The artifacts can reach a distance of up to 3.5 cm  
from the implant, depending on the CBCT device.21

According to Pauwels et al.,30 it would be ideal to use 
more than 1 tomography model in research, because the 
technical differences between devices mean that the conclu-
sions of a study using a certain model may not be applied  
to other CBCT devices without an experimental check. 
Three of the studies included in this review used more than 
1 tomography model in their experiments.18,21,26

In the 2 studies that evaluated Accuitomo®, it presented 
more artifacts than the other CT scanners (i-CAT®, Picasso  
Trio®, and ProMax 3D®).21, 26 Martins et al.18 showed that 
the OP300 Maxio® had fewer artifacts than the Picasso 
Trio®. Through these data, we can conclude that when con-
sidering grayscale measurements, the CT scanner that pre-

sented the fewest artifacts in the presence of implants would  
be the OP300 Maxio®, followed by ProMax 3D®, Pica sso 
Trio®, and Accuitomo®. The i-CAT® (120 kVp) showed 
fewer artifacts than the Accuitomo® (80 and 90 kVp).

Higher-resolution images show greater artifact forma-
tion than lower-resolution images due to the smaller voxel  
size because fewer X-ray photons are detected. Using larger  
voxels enables higher image quality and fewer artifacts, and  
therefore less radiation exposure.19 However, the size of the 
FOV must be considered, since it influences the radiation 
dose of the exam. Paulwels et al.34 reported no improvement 
in the amount of artifacts in high-dose protocols, although  
some devices showed improvement with a high exposure 
and large FOV, unlike Shokri et al.,20 who reported that a 
larger FOV resulted in an increase in artifacts; however, 
changes in mA did not influence the amount of metal arti-
facts.

The beam-hardening artifact is the most commonly repor-
ted artifact around dental implants in CBCT exams. Some 
factors such as the implant material (Zr), larger FOVs,  
tomography model (Accuitomo®), lower kV, and smaller 
voxels favor the formation of these artifacts. Although in-
evitable, there are fewer artifacts with titanium implants 
and the artifacts can be minimized in protocols with smaller  
FOVs, larger voxels, and higher kV, which favor the reduc-
tion of artifacts generated by dental implants, and, conse-
quently, improve image quality. The presence of artifacts 
can lead to misdiagnoses, so the clinical examination and 
complementary radiographs are essential for proper diag-
noses in implantology. 
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