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Abstract 
Background: Compared to high modulus repair materials such as zirconia and alumina, hybrid polymer-ceramic 
materials have lower stress concentrations in the tooth structure and bonding interface. The aim of this study is to 
evaluate viable cementation protocols through an integrative review and meta-analysis. 
Materal and Methods: This systematic review was based on the PRISMA criteria. An electronic search was carried 
out in seven databases: Web of Science, Embase, PubMed, Clinical Trials, Scopus, Cochrane, Periodicals of Ca-
pes. The following inclusion criteria were used: hybrid ceramics, surface treatment protocol and which union test 
was presented, discarding duplicate articles and studies that did not meet the inclusion criteria. The articles were 
analyzed and selected through the RayYan platform. 
Results: Of the 160 articles identified, 24 studies were included in this review. The materials used by the authors 
were the hybrid ceramics: Vita ENAMIC, LAVA ULTIMATE, Cerasmart, Shofu Block, and the possible surface 
treatment protocols presented involving the use of: HF, Alumina blasting with or without silica, Silane, Laser and 
adhesive. The tests were carried out at different times and concentrations of the analyzed materials. 
Conclusions: With the studies that were included in this review, it was possible to show that the corrosion made by 
HF continues to be the gold standard for the treatment of surfaces in hybrid ceramics.
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Introduction
Known for their excellent ability to artificially reproduce 
natural teeth, dental ceramics were introduced in dental 
applications due to their physical and mechanical cha-
racteristics, in addition to their optical qualities (1). Cli-
nically, ceramics stand out among restorative materials 
for presenting excellent properties such as translucency, 
chemical stability, durability and biocompatibility (2).
Dental ceramics can be classified into1: vitreous cera-
mics, which have a lower amount of mineral load, com-
pared to their vitreous phase, responsible for viscosity 
and thermal expansion, thus providing greater aesthetics 
and translucency; polycrystalline ceramics, which have 
a high amount of crystalline phase, giving them better 
mechanical properties such as high compressive stren-
gth compared to vitreous ones; hybrid or resin matrix 
ceramics, which were developed with the purpose of 
providing adequate hardness to withstand chewing for-
ces associated with satisfactory aesthetics, allowing for 
better stress distribution (3).
Hybrid ceramics, compared to vitreous and polycrys-
talline ceramics, have a lower degree of hardness and 
modulus of elasticity, providing low abrasive potential 
to the opposite dentition (4), which makes the use of this 
material very attractive. Hybrid ceramics are composed 
of fillers of zirconia and silica (5) nanoceramic particles 
associated with organic resin particles and polymers, 
providing resistance and aesthetics to the material. Re-
garding their manufacturing, they are made using the 
digital system Computer-aided design/Computer-aided 
manufacturing (CAD/CAM), with the main advantage 
being the precise adaptation of the restoration (4) to the 
tooth structure, as well as the speed of its manufacture.
The adhesion of hybrid ceramics to the tooth structure 
depends on adhesive cementation to provide better re-
tention and longevity. These restorations will be expo-
sed to chemical, thermal and mechanical challenges in 
the oral cavity, which may cause weakening of the ad-
hesive interface4, with the possibility of the restoration 
loosening over time. Therefore, it is essential to treat the 
internal surface of the prosthetic restoration, creating 
microporosities on its surface with the aim of expanding 
the contact area with the resin cement (3).
There are different resources to optimize the interaction 
of resin cement with hybrid ceramics. It is known that 
the use of hydrofluoric acid in concentrations of 5% or 
10% is the surface treatment of choice for glass cera-
mics (3), as it modifies the microstructure of the cera-
mic, creating microporosities, therefore being reliable 
and predictable6. Furthermore, there are other protocols 
for this purpose, such as air particle abrasion, aluminum 
oxide blasting and laser conditioning (4), all aiming to 
improve the adhesion capacity of the ceramic restoration 
to the resin cement used and the tooth structure.
However, little is the discussed in the literature about the 

surface treatment that should be carried out on restora-
tions made with hybrid ceramics, with dental surgeons 
using surface treatments similar to vitreous and poly-
crystalline ceramics.
The objective of this research was to evaluate the diffe-
rent cementation protocols for hybrid ceramics, through 
an integrative review of scientific databases, presenting 
the surface treatment effects of each method found, hi-
ghlighting the most favorable ones to obtain a better 
cement union. resinous to hybrid ceramics and tooth 
structure.

Material and Methods
To clarify concepts and identify cementation protocols 
in hybrid ceramics, the method chosen for this work was 
the scoping review.
This type of review aims to identify gaps in the existing 
literature, achieving in-depth and broad results, which 
may or may not lead to a subsequent complete systema-
tic review. A scoping study is conducted in the following 
steps: identification of the research question; identifica-
tion of relevant studies; study selection; data mapping 
and gathering, summary and reporting of results.
-Step 1 - Identification of the research question
The PCC strategy (acronym for P: population; C: con-
cept; C: context) was used, in accordance with PRISMA 
Extension for Scoping Reviews (PRISMA-ScR), publi-
shed by the Joanna Briggs Institute (JBI). Thus, in this 
work, population (Hybrid Ceramics), concept (Surface 
treatment ) and context (Efficacy of each treatment per-
formed were defined and the guiding question for study 
was then identified: “What is the most suitable surface 
treatment for cementing hybrid ceramics?”.
-Step 2 - Identification of relevant studies
To carry out the search, the databases Web of Science, 
Embase, PubMed, Clinical Trials, Scopus, Cochrane and 
Periódicos da Capes were chosen. To survey the articles, 
the descriptors “Hybrid ceramic” = “Cad/Cam Poly-
mer”, “Bond Strength” = “Cad/Cam restoration Prosthe-
tic restoration”, “Cementation” = “Adhesive Cementa-
tion” and synonyms of these descriptors were applied 
according to Medical Subject Headings (MeSH). To 
complete the search strategy used in the databases, we 
applied the Boolean operators “ OR “ between the des-
criptors and their synonyms and “ AND “ between the 
descriptors referring to cementation protocols in hybrid 
ceramics. 160 relevant studies were identified in databa-
ses and gray literature, which were archived and organi-
zed in the Rayyan reference manager. 
-Stage 3 - Selection of studies
Rayyan reference manager, two independent reviewers 
conducted a blind analysis of the titles and abstracts of 
the 160 studies identified, to define the possible studies 
eligible for inclusion.
The inclusion criteria were defined as follows: articles 
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available in full; published in Portuguese or English; 
surface-only protocols or surface treatment; union test 
used: “microtensile”, “tensile”, “microshear” or “shear”.
The exclusion criteria were: cementation protocols wi-
thout the presence of ceramic surface treatment; studies 
with other types of ceramics; other literature reviews; 
preliminary reports. At the end of this stage, 50 articles 
were selected for full text reading.
-Step 4 - Data mapping
The 50 works were read in full to select studies eligible 
for inclusion. The mapped data was entered into a form 
using the Excel database program.
To define the studies included in this work, the data ex-
tracted from the complete reading of the articles were: 
authors; year of publication; kind of study; goals; ma-
terial used; surface treatment; bonding agent; type of 
substrate; group control; experimental group; aging; 
adhesive strength test; results; manufacturer’s protocol; 
material cost. After reading the studies in full, 24 articles 
were included in this scoping review (Fig. 1).

Fig. 1: PRISMA Flow Diagram.

-Step 5 - Meeting, summary and reporting of results
It consists of gathering, summarizing and reporting the 
results, presenting an overview of all the material re-
viewed. This step corresponds to items 4 and 5 of this 
work.

Results
The articles were searched through scientific databases: 
Web of Science (20 articles), Embase (0 articles), Pub-
Med (96 articles), Clinical Trials (0 articles), Scopus (10 
articles), Cochrane (9 articles) and Periódicos da Capes 
(25 articles) (Fig. 1). With the following descriptors; ‘ce-
mentation’ and ‘hybrid ceramic’ and ‘bond strength ‘.  
A total of 160 scientific articles were found in the 
analyzed databases, during the period from 2008 to 
2024, with the following inclusion criteria: a) hybrid 
ceramics, b) surface treatment protocol and c) which 
bonding test was presented. The exclusion criteria were 
studies that did not involve hybrid ceramics (Fig. 1).
The articles were placed in the EndNote online softwa-
re, where duplicates were excluded, reaching a total of 
136 possible articles for carrying out the systematic 
review, thus the remaining articles were allocated to 
the RayYan platform, where it was possible to organize 
and analyze all articles in full. After excluding works 
that did not meet the research inclusion criteria, 24 arti-

cles remained that were used for this integrative review 
(Tables 1,2).
In this work, the following data were extracted from the 
selected articles: Year of publication, the type of study 
published, what test was carried out, its results, the type 



J Clin Exp Dent. 2024;16(9):e1138-50.                                                                                                                                                                                                                                              Hybrid Ceramics Cementation

e1141

A
ut

ho
r 

(Y
ea

r)
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

Tr
ea

tm
en

t P
ro

to
co

l (
s)

 o
f s

ur
fa

ce
 S

tu
di

ed
El

sa
ka

 (1
) (

20
14

)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

 o
f d

iff
er

en
t t

re
at

m
en

ts
 su

rf
ac

es
 in

 m
ic

ro
te

ns
ile

 a
dh

es
iv

e 
st

re
ng

th
 o

f n
ew

 
CA

D
/C

A
M

 re
st

or
at

iv
e 

m
at

er
ia

ls
 fo

r s
el

f-
ad

he
si

ve
 re

si
n 

ce
m

en
t. 

C
er

am
ic

 S
ys

te
m

: L
av

a 
U

lti
m

at
e 

an
d 

V
ita

 
En

am
ic

 S
ub

st
ra

te
: C

om
po

si
te

 re
si

n 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e,

 R
es

in
 C

em
en

t (
Bi

fix
 S

E,
 Y

O
U

 G
m

bH
) 

R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: T

he
rm

al
 (D

is
til

le
d 

w
at

er
 3

7º
C

 fo
r 3

0 
da

ys
)

1.W
ith

ou
t T

re
at

m
en

t; 
2.

 S
ila

ne
 (U

ltr
ad

en
t);

; 
3.

Ja
t. 

A
l 2 

O
 3 

(1
10

µm
); 

4.
Ja

t. 
A

l 2 
O

 3 (
11

0µ
m

) +
 

Si
la

ne
; 5

.H
F9

%
; 6

.H
F9

%
+ 

Si
la

ne
Fr

an
ke

nb
er

ge
r e

t 
al

. (
3)

 (2
01

5)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ad

he
si

ve
 b

on
di

ng
 p

er
fo

rm
an

ce
 o

f r
ec

en
tly

 in
tro

du
ce

d 
to

ot
h-

co
lo

re
d 

CA
D

/C
A

M
 

m
at

er
ia

ls
 a

ft
er

 d
iff

er
en

t p
re

tre
at

m
en

t p
ro

to
co

ls
 a

nd
 u

si
ng

 d
iff

er
en

t c
em

en
ta

tio
n 

m
at

er
ia

ls
. C

er
am

ic
 S

ys
-

te
m

: L
av

a 
U

lti
m

at
e 

an
d 

V
ita

 E
na

m
ic

Su
bs

tr
at

e:
 --

- U
ni

on
 A

ge
nt

: 1
.A

dh
es

iv
e 

R
es

in
 C

em
en

t (
C

al
ib

ra
, D

en
ts

pl
y)

 w
ith

 se
lf-

co
nd

iti
on

g 
ad

he
si

ve
; 

2.
Se

lf 
A

dh
es

iv
e 

R
es

in
 C

em
en

t (
R

el
yX

 U
ni

ce
m

, 3
M

 E
SP

E)
 R

eh
ea

rs
al

: M
ic

ro
tr

ac
tio

n 
(µ

-T
B

S)
 A

gi
ng

: T
he

r-
m

oc
yc

lin
g 

(1
0,

00
0 

cy
cl

es
 5

ºC
/5

5º
)

1.W
ith

ou
t T

re
at

m
en

t; 
2.

Si
la

ne
 S

ila
ne

 (d
oe

s n
ot

 
sp

ec
if

y)
; 3

.J
at

. A
l 2O

3(5
0µ

m
); 

4.
Ja

t. 
A

l 2 
O

 3 (
50

 
µm

) +
 S

ila
ne

; 5
.H

F5
%

; 6
.H

F 
5%

 +
 S

ila
ne

B
ot

tin
o et

 a
l. 

   
(7

) 
(2

01
5)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
ad

ap
ta

tio
n 

of
 fe

ld
sp

at
hi

c 
an

d 
po

ly
m

er
-in

fil
tr

at
ed

 c
er

am
ic

 in
la

ys
 (C

A
D

/C
A

M
) 

an
d 

th
e 

bo
nd

 st
re

ng
th

 to
 d

en
tin

 a
ft

er
 a

dh
es

iv
e 

ce
m

en
ta

tio
n.

 C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 S
ub

st
ra

te
: H

u-
m

an
 T

ee
th

 B
on

di
ng

 U
ni

on
 A

ge
nt

: A
dh

es
iv

e 
R

es
in

 C
em

en
t (

Pa
na

vi
a 

F2
.0

 K
ur

ar
ay

 M
ed

ic
al

 In
c.)

 a
ss

oc
ia

te
d 

w
ith

 E
D

 P
ri

m
er

 (K
ur

ar
ay

 M
ed

ic
al

 In
c)

 R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: T

he
rm

om
ec

ha
ni

ca
l 

(2
,0

00
,0

00
 c

yc
le

s, 
lo

ad
 2

00
 N

, 3
.8

 H
z 

(5
°C

, 3
7°

C
-5

5°
 C

)

1.
 H

F1
0%

+ 
Si

la
ne

 (M
on

ob
on

d 
S)

Pe
um

an
s et

 a
l. 

 
(1

7)
 (2

01
6)

O
bj

ec
tiv

e:
 E

va
lu

at
e 

th
e 

in
flu

en
ce

 o
f d

iff
er

en
t s

ur
fa

ce
 tr

ea
tm

en
ts

 o
f C

A
D

/C
A

M
 m

at
er

ia
ls

 o
n 

th
e 

bo
nd

 
st

re
ng

th
 o

f t
w

o 
ce

m
en

tin
g 

co
m

po
si

te
s. 

C
er

am
ic

 S
ys

te
m

: L
av

a 
U

lti
m

at
e 

an
d 

V
ita

 E
na

m
ic

 S
ub

st
ra

te
: B

lo
ck

s 
of

 th
e 

st
ud

ie
d 

ce
ra

m
ic

 sy
st

em
U

ni
on

 A
ge

nt
: A

dh
es

iv
e 

R
es

in
 C

em
en

ts
: 1

.C
le

ar
fil

 E
st

he
tic

 2
.P

an
av

ia
 S

A
 B

ot
h 

w
ith

 H
el

io
bo

nd
 a

dh
es

iv
e 

(K
ur

ar
ay

 M
ed

ic
al

 In
c.)

 R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: T

he
rm

al
 (D

is
til

le
d 

w
at

er
 a

t 3
7º

C
 fo

r 7
 

da
ys

M
ec

ha
ni

c:
 1

.W
ith

ou
t T

re
at

m
en

t; 
2.

Ja
t. 

A
l2

O
3 

(5
0µ

m
); 

3.
Ja

t. 
A

l2
O

3 
(5

0µ
m

) +
 si

lic
a 

pa
rt

ic
le

s 
(3

M
 C

oJ
et

 E
SP

E)
;

C
he

m
ic

al
: 1

.H
F5

%
; 2

.S
ila

ne
 (M

on
ob

on
d 

Pl
us

); 
3.

H
F5

%
 +

 S
ila

ne

C
am

po
s e

t a
l. 

(8
) 

(2
01

6)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

 o
f d

iff
er

en
t t

re
at

m
en

ts
 su

rf
ac

es
 in

 re
si

st
an

ce
 to

 m
ic

ro
tr

ac
tio

n 
be

tw
ee

n 
re

si
n 

ce
m

en
t a

nd
 a

 h
yb

rid
 c

er
am

ic
. C

er
am

ic
 S

ys
te

m
: V

ita
 E

na
m

ic
 S

ub
st

ra
te

: C
om

po
si

te
 re

si
n 

U
ni

on
 A

ge
nt

: 
A

dh
es

iv
e 

R
es

in
 C

em
en

t P
an

av
ia

 S
A

 (K
ur

ar
ay

 M
ed

ic
al

 In
c)

 R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: 

Th
er

m
oc

yc
lin

g 
(6

,0
00

 c
yc

le
s /

5°
C

/5
5°

C
) +

 6
0 

da
ys

 o
f i

m
m

er
si

on
 (d

is
til

le
d 

w
at

er
 3

7°
C

)

1.W
ith

ou
t T

re
at

m
en

t; 
2.

 P
ho

sp
ho

ric
 a

ci
d 

37
%

 
+ 

Si
la

ne
 (C

le
ar

fil
 - 

Pr
im

er
 a

nd
 A

ct
iv

at
or

) 3
. 

H
F1

0%
 +

Si
la

ne
; 4

. J
at

. A
l 2 

O
 3 

(3
0µ

m
) +

 si
lic

a 
pa

rt
ic

le
s (

C
oJ

et
)

Te
kç

e et
 a

l. 
(1

0)
 

(2
01

8)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

 o
f b

la
st

in
g 

pr
ol

on
ge

d 
re

si
st

an
ce

 to
 a

dh
es

iv
e 

re
si

n 
ce

m
en

t b
on

d 
du

al
 in

 
hy

br
id

 C
A

D
/C

A
M

 c
er

am
ic

s. 
C

er
am

ic
 S

ys
te

m
: L

av
a 

U
lti

m
at

e 
an

d 
V

ita
 E

na
m

ic
 S

ub
st

ra
te

: B
lo

ck
s o

f t
he

 
st

ud
ie

d 
ce

ra
m

ic
 sy

st
em

 U
ni

on
 A

ge
nt

: S
el

f-A
dh

es
iv

e 
R

es
in

 C
em

en
t R

el
yX

 U
lti

m
at

e 
(3

M
 E

SP
E)

 R
eh

ea
rs

al
: 

M
ic

ro
tr

ac
tio

n 
(µ

-T
B

S)
 A

gi
ng

: T
he

rm
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.
 Ja

t. 
A

l 2 
O

3 
/1

5 
se

c.
 +

 S
ila

ne
; 2

. J
at

. A
l 2 

O
3 
/ 

30
 se

c.+
 S

ila
ne

; 3
. J

at
. A

l 2 
O

3 
/ 6

0 
se

c 
+ 

Si
la

ne
 

* 
A

l 2 
O

3 
(5

0µ
m

)*
Si

la
ne

 =
 C

le
ar

fil
 (P

ri
m

er
 a

nd
 

A
ct

iv
at

or
)

Ç
el

ik
 e

t a
l. 

(1
6)

 

(2
01

8)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

s o
f d

iff
er

en
t t

re
at

m
en

ts
 su

rf
ac

es
 in

 re
si

st
an

ce
 to

 sh
ea

r o
f a

 c
em

en
t r

es
in

ou
s 

bo
nd

ed
 to

 v
ar

io
us

 c
er

am
ic

 re
si

n 
m

at
ric

es
. C

er
am

ic
 S

ys
te

m
: L

av
a 

U
lti

m
at

e,
 C

er
aS

m
ar

t a
nd

 V
ita

 E
na

m
ic

 
Su

bs
tr

at
e:

 C
om

po
si

te
 re

si
n

U
ni

on
 A

ge
nt

: -
--

 R
eh

ea
rs

al
: S

he
ar

 (S
B

S)
 A

gi
ng

: T
he

rm
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.W
ith

ou
t T

re
at

m
en

t; 
2.

Ja
t. 

A
l 2 

O
 3 (

50
µm

) +
 

si
lic

a 
pa

rt
ic

le
s (

C
oJ

et
 3

M
 E

SP
E)

 +
 P

ri
m

er
 +

 
St

ic
ke

r U
ni

ve
rs

al
; 3

.N
d:

Y
A

G
 la

se
r +

 P
ri

m
er

 +
 

St
ic

ke
r U

ni
ve

rs
al

 *A
dh

es
iv

e 
U

ni
ve

rs
al

 =
 S

in
gl

e 
B

on
d 

U
ni

ve
rs

al

Ta
bl

e 
1:

 G
en

er
al

 d
at

a 
of

 th
e 

st
ud

ie
s i

nc
lu

de
d 

in
 th

e 
re

vi
ew

 (P
ar

t 1
).



J Clin Exp Dent. 2024;16(9):e1138-50.                                                                                                                                                                                                                                              Hybrid Ceramics Cementation

e1142

B
ay

az
ıt (2

) (
20

19
)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
ef

fe
ct

s o
f d

iff
er

en
t c

om
bi

na
tio

ns
 o

f s
el

f-
ad

he
si

ve
 re

si
n 

ce
m

en
ts

 a
nd

 su
rf

ac
e 

tre
at

m
en

ts
 o

n 
th

e 
m

ic
ro

te
ns

ile
 a

dh
es

iv
e 

st
re

ng
th

 o
f d

iff
er

en
t C

A
D

/C
A

M
 re

si
n 

m
at

ri
x 

ce
ra

m
ic

s. 
C

er
am

ic
 

Sy
st

em
: L

av
a 

U
lti

m
at

e 
an

d 
V

ita
 E

na
m

ic
 S

ub
st

ra
te

: -
--

 U
ni

on
 A

ge
nt

: S
el

f-A
dh

es
iv

e 
R

es
in

 C
em

en
t 1

.R
el

yX
 

U
20

0 
(3

M
 E

SP
E)

; 2
.S

ET
 P

P 
(S

D
I D

en
ta

l L
td

) R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: -

--

1.W
ith

ou
t T

re
at

m
en

t; 
2.

H
F9

.5
%

+ 
St

ic
ke

r 
U

ni
ve

rs
al

; 3
.J

at
. A

l 2 
O

 3 (
50

µm
) +

 A
dh

es
iv

e 
U

ni
ve

rs
al

* 
Si

la
no

 =
 S

in
gl

e 
U

ni
ve

rs
al

 B
on

d
M

ot
ev

as
se

lia
n 

et
 

al
. (4

) (
20

19
)

O
bj

ec
tiv

e:
 E

va
lu

at
e 

th
e 

ef
fe

ct
 o

f d
iff

er
en

t s
ur

fa
ce

 tr
ea

tm
en

ts
 o

f a
 h

yb
rid

 c
er

am
ic

, V
ita

 E
na

m
ic

, o
n 

th
e 

m
ic

ro
te

ns
ile

 b
on

d 
st

re
ng

th
 to

 re
si

n 
ce

m
en

t. 
C

er
am

ic
 S

ys
te

m
: V

ita
 E

na
m

ic
 S

ub
st

ra
te

: B
lo

ck
s o

f t
he

 st
ud

ie
d 

ce
ra

m
ic

 sy
st

em
 U

ni
on

 A
ge

nt
: A

dh
es

iv
e 

R
es

in
 C

em
en

t D
uo

-li
nk

 U
ni

ve
rs

al
 (B

is
co

 In
c.)

 R
eh

ea
rs

al
: M

ic
ro

-
tr

ac
tio

n 
(µ

-T
B

S)
 A

gi
ng

: -
--

1.
Ph

os
ph

or
ic

 a
ci

d 
35

%
; 2

.J
at

. A
l 2 

O
 3 (

50
µm

) 
+ 

Si
la

ne
 (B

is
Sl

in
e 

Bi
sc

o)
; 3

.H
F9

.5
%

+ 
Si

la
ne

; 
4.

La
se

r 2
W

/E
r:Y

A
G

; 5
.L

as
er

 3
W

/E
r:Y

A
G

B
ar

ut
ci

gi
l e

t a
l. 

(1
4)

 (2
01

9)
O

bj
ec

tiv
e:

 T
o 

ev
al

ua
te

 th
e 

ef
fe

ct
s o

f v
ar

io
us

 su
rf

ac
e 

tre
at

m
en

t m
et

ho
ds

 o
n 

th
e 

sh
ea

r s
tre

ng
th

 o
f s

el
f-

ad
he

-
si

ve
 re

si
n 

ce
m

en
t t

o 
a 

ne
w

 C
A

D
/C

A
M

 h
yb

rid
 c

er
am

ic
 m

at
er

ia
l. 

C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 S
ub

st
ra

te
: 

--
- U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t R
el

yX
 U

20
0 

(3
M

 E
SP

E)
 R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: -

--

1.W
ith

ou
t T

re
at

m
en

t; 
2.

Ja
t. 

A
l 2 

O
 3 (

30
µm

) +
 

si
lic

a 
pa

rt
ic

le
s (

C
oJ

et
 E

M
 E

SP
E)

; 3
.J

at
. A

l 2 
O

 3 
(5

0µ
m

); 
4.

H
F1

0%
; 5

.S
tic

ke
r U

ni
ve

rs
al

; 6
.L

as
er

 
2W

/ E
r,C

r:Y
SG

G
*S

ila
no

 =
 S

in
gl

e 
U

ni
ve

rs
al

 B
on

d
A

w
ad

 e
t a

l. (1
8)

 
(2

01
9)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
ef

fe
ct

 o
f u

ni
ve

rs
al

 a
dh

es
iv

es
 a

nd
 si

la
ne

 o
n 

th
e 

m
ic

ro
te

ns
ile

 a
dh

es
iv

e 
st

re
ng

th
 

of
 re

si
n 

ce
m

en
t t

o 
a 

V
ita

 E
na

m
ic

 h
yb

rid
 c

er
am

ic
. C

er
am

ic
 S

ys
te

m
: V

ita
 E

na
m

ic
 S

ub
st

ra
te

: B
lo

ck
s o

f t
he

 
st

ud
ie

d 
ce

ra
m

ic
 sy

st
em

 U
ni

on
 A

ge
nt

: A
dh

es
iv

e 
R

es
in

 C
em

en
t V

ar
io

lin
k 

A
es

th
et

ic
 D

C
 (I

vo
cl

ar
 V

iv
ad

en
t) 

R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
-T

B
S)

 A
gi

ng
: T

he
rm

oc
yc

lin
g 

(5
,0

00
 c

yc
le

s /
 5

°C
/5

5°
C

)

1.
H

F4
.6

%
+ 

Si
la

ne
 (P

ul
pd

en
t);

 2
.S

tic
ke

r U
ni

-
ve

rs
al

 /C
le

ar
fil

 P
ri

m
er

 a
nd

 A
ct

iv
at

or
; 3

.S
tic

ke
r 

U
ni

ve
rs

al
/T

et
ric

N
B

on
d 

U
ni

ve
rs

al

C
as

tro
 e

t a
l. (1

9)
 

(2
02

0)
O

bj
ec

tiv
e:

 T
o 

ev
al

ua
te

 th
e 

ef
fe

ct
 o

f 1
 y

ea
r o

f w
at

er
 st

or
ag

e 
an

d 
su

rf
ac

e 
tre

at
m

en
ts

 o
n 

th
e 

sh
ea

r s
tre

ng
th

 o
f 

tw
o 

m
ix

ed
 c

em
en

ts
 a

dh
er

ed
 to

 C
A

D
/C

A
M

 re
si

n 
m

at
ri

x 
ce

ra
m

ic
s (

C
M

R
s)

 a
nd

 m
ec

ha
ni

ca
l p

ro
pe

rt
ie

s o
f 

C
M

R
s. 

C
er

am
ic

 S
ys

te
m

: L
av

a 
U

lti
m

at
e,

 V
ita

 E
na

m
ic

, C
er

aS
m

ar
t a

nd
 IL

C
 E

pr
ic

or
d 

Su
bs

tr
at

e:
 --

- U
ni

on
 

A
ge

nt
: 1

C
im

en
to

 R
es

in
os

o 
A

de
si

vo
 P

an
av

ia
 V

5 
(K

ur
ar

ay
 N

or
ita

ke
 D

en
ta

l) 
2.

 C
im

en
to

 R
es

in
os

o 
A

ut
oa

de
-

si
vo

 R
el

yX
 U

lti
m

at
e 

(3
M

 E
SP

E)
 R

eh
ea

rs
al

: S
he

ar
 A

gi
ng

: T
he

rm
al

 (D
is

til
le

d 
w

at
er

 a
t 3

7º
C

 fo
r 1

 y
ea

r)

G
ro

up
 A

 / 
Pa

na
vi

a
1.

 M
an

uf
ac

tu
re

r’s
 P

ro
to

co
l; 

2.
 P

la
sm

a;
 3

. P
la

s-
m

a 
+ 

Si
la

ne
 (C

le
ar

fil
 fo

r L
av

a 
U

lti
m

at
e 

an
d 

V
ita

 E
na

m
ic

; C
er

am
ic

 P
ri

m
er

 II
 G

C
 fo

r C
er

aS
-

m
ar

t)
G

ro
up

 B
 / 

R
el

yX
 U

lti
m

at
e

1.
 M

an
uf

ac
tu

re
r’s

 P
ro

to
co

l; 
2.

 P
la

sm
a;

 3
. P

la
s-

m
a 

+ 
Si

la
ne

 (S
co

tc
hb

on
d 

fo
r L

av
a 

U
lti

m
at

e 
an

d 
V

ita
 E

na
m

ic
; C

er
am

ic
 P

ri
m

er
 II

 G
C

 fo
r 

C
er

aS
m

ar
t)

Ta
bl

e 
1:

 C
on

t.



J Clin Exp Dent. 2024;16(9):e1138-50.                                                                                                                                                                                                                                              Hybrid Ceramics Cementation

e1143

A
ut

ho
r 

(Y
ea

r)
St

ud
y 

ch
ar

ac
te

ri
st

ic
s

Tr
ea

tm
en

t P
ro

to
co

l (
s)

 o
f s

ur
fa

ce
 S

tu
di

ed
D

on
m

ez
 

et
 a

l. 
(1

) (
20

20
)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
in

flu
en

ce
 o

f d
iff

er
en

t c
on

ce
nt

ra
tio

ns
 a

nd
 d

ur
at

io
ns

 o
f h

yd
ro

flu
or

ic
 

ac
id

 (H
F)

 a
nd

 M
on

ob
on

d 
Et

ch
 &

 P
ri

m
e 

(M
EP

) c
on

di
tio

ni
ng

 o
n 

th
e 

su
rf

ac
e 

ro
ug

hn
es

s (
R

um
) o

f 
di

ff
er

en
t C

A
D

/C
A

M
 m

at
er

ia
ls

 a
nd

 th
e 

sh
ea

r s
tre

ng
th

 (S
B

S)
 b

et
w

ee
n 

th
es

e 
m

at
er

ia
ls

 a
t a

 se
lf-

a-
dh

es
iv

e 
re

si
n 

ce
m

en
t. 

C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 S
ub

st
ra

te
: -

--
 U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t R
el

yX
 U

20
0 

(3
M

 E
SP

E)
 R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: T

he
rm

oc
yc

lin
g 

(5
,0

00
 

cy
cl

es
 / 

5°
C

/5
5°

C
)

1.
N

o 
tre

at
m

en
t; 

2.
Se

lf-
Et

ch
in

g 
Pr

im
er

 6
0 

se
c.

; 3
.S

el
f-E

-
tc

hi
ng

 P
ri

m
er

 1
20

 se
c.

; 4
.H

F5
%

 6
0 

se
c 

+ 
Si

la
ne

 (M
on

o-
bo

nd
 P

lu
s /

 Iv
oc

la
r V

iv
ad

en
t);

 5
.H

F5
%

 1
20

 se
c 

+ 
Si

la
ne

; 
6.

H
F9

.5
%

 6
0 

se
c.

 +
 S

ila
ne

; 7
. H

F9
.5

%
 1

20
 se

c.
 +

 S
ila

ne
 

*P
ri

m
er

 S
el

f-
et

ch
in

g 
= 

M
on

ob
on

d 
Et

ch
 &

 P
ri

m
e 

/ I
vo

cl
ar

 
V

iv
ad

en
t.

U
st

un
 &

 A
ya

z 

(6
) (

20
21

)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

 o
f 3

 d
iff

er
en

t c
em

en
tin

g 
sy

st
em

s a
ft

er
 th

er
m

al
 a

gi
ng

 o
n 

th
e 

sh
ea

r s
tre

ng
th

 o
f d

iff
er

en
t C

A
D

/C
A

M
 m

at
er

ia
ls

. C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 a
nd

 C
er

aS
-

m
ar

t S
ub

st
ra

te
: H

um
an

 to
ot

h 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t R
el

yX
 U

lti
m

at
e 

(3
M

 
ES

PE
); 

2.
 R

el
yX

 U
20

0 
(3

M
 E

SP
E)

 R
eh

ea
rs

al
: S

he
ar

 (S
B

S)
 A

gi
ng

: T
he

rm
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s 

/ 5
°C

/5
5°

C
)

1.
 H

F5
%

 +
 S

ila
ne

 (U
ltr

ad
en

t S
ila

ne
 P

or
ce

la
in

) +
 S

tic
ke

r 
U

ni
ve

rs
al

 (3
M

 E
SP

E)

D
he

si
 e

t a
l. (2

0)
 

(2
02

1)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
th

e 
ef

fe
ct

 o
f c

em
en

tin
g 

tit
an

iu
m

 in
fr

as
tr

uc
tu

re
s t

o 
di

ff
er

en
t t

yp
es

 o
f c

er
a-

m
ic

s a
nd

 h
yb

rid
 m

at
er

ia
ls

, w
ith

 a
 v

ar
ie

ty
 o

f c
em

en
ts

, a
s w

el
l a

s t
he

 e
ff

ec
t o

f a
dh

es
iv

e 
ag

en
ts

. 
C

er
am

ic
 S

ys
te

m
: L

av
a 

U
lti

m
at

e 
an

d 
V

ita
 E

na
m

ic
 S

ub
st

ra
te

: T
ita

ni
um

 U
ni

on
 A

ge
nt

: S
el

f-A
-

dh
es

iv
e 

R
es

in
 C

em
en

t 1
.M

ul
til

in
k 

hy
br

id
 a

bu
tm

en
t (

Iv
oc

la
r V

iv
ad

en
t);

 2
.T

he
ra

C
em

 (B
is

co
) 

A
dh

es
iv

e 
R

es
in

 C
em

en
t P

an
av

ia
 V

5 
(K

ur
ar

ay
 N

or
ita

ke
 D

en
ta

l) 
R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: 

Th
er

m
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.
H

F4
.5

%
+ 

N
eu

tr
al

iz
in

g 
+ 

Si
la

ne
(M

on
ob

on
d 

Pl
us

 /I
vo

cl
ar

 V
iv

ad
en

t)
C

er
am

ic
s E

tc
hi

ng
 G

el
 IP

S 
C

er
am

ic
s

N
eu

tr
al

iz
in

g 
Po

w
de

r /
 Iv

oc
la

r V
iv

ad
en

t

El
-

D
am

an
ho

ur
y 

et
 

al
. (1

2)
 (2

02
1)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
ef

fe
ct

 o
f l

as
er

 o
n 

ro
ug

hn
es

s, 
su

rf
ac

e 
to

po
gr

ap
hy

 a
nd

 b
on

d 
st

re
ng

th
 

to
 re

si
n 

ce
m

en
t c

om
pa

re
d 

to
 o

th
er

 c
he

m
ic

al
 a

nd
 m

ic
ro

ab
ra

si
on

 p
re

tre
at

m
en

ts
 o

f d
iff

er
en

t c
om

-
pu

te
r-a

id
ed

 m
an

uf
ac

tu
ri

ng
 m

at
er

ia
ls

. C
er

am
ic

 S
ys

te
m

: L
av

a 
U

lti
m

at
e,

 V
ita

 E
na

m
ic

, C
er

aS
m

ar
t 

an
d 

Sh
of

u 
Bl

oc
k 

H
C

 S
ub

st
ra

te
: C

om
po

si
te

 re
si

n 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t 
M

ul
til

in
kN

 (I
vo

cl
ar

 V
iv

ad
en

t) 
R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: T

he
rm

oc
yc

lin
g 

(5
,0

00
 c

yc
le

s /
 

5°
C

/5
5°

C
)

1.
Si

la
ne

; 2
;E

r:Y
A

G
; 3

.H
F4

.5
%

+ 
Si

la
ne

; 4
.S

ila
ne

; 5
.J

at
. A

l 2 
O

 3 (
50

µm
) +

 S
ila

ne
*S

ila
ne

 =
 M

on
ob

on
d 

Pl
us

Tr
ib

is
t e

t a
l. (9

) 
(2

02
1)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
ef

fe
ct

 o
f a

ct
iv

e 
ap

pl
ic

at
io

n 
of

 a
 se

lf-
et

ch
in

g 
pr

im
er

 o
n 

th
e 

bo
nd

 st
re

n-
gt

h 
of

 d
iff

er
en

t d
en

ta
l C

A
D

/C
A

M
 m

at
er

ia
ls

. C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 S
ub

st
ra

te
: -

--
 U

ni
on

 
A

ge
nt

: A
dh

es
iv

e 
R

es
in

 C
em

en
t V

ar
io

lin
kN

 (I
vo

cl
ar

 V
iv

ad
en

t) 
R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: 

Th
er

m
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.
Pr

im
er

 S
el

f c
on

di
tio

ni
ng

 2
0 

se
c 

(a
ct

iv
e 

ap
pl

ic
at

io
n)

 +
 

A
ct

io
n 

Ti
m

e 
40

 se
c.

; 2
.P

ri
m

er
 S

el
f-

co
nd

iti
on

in
g 

an
d 

60
 se

c 
(p

as
si

ve
 a

pp
lic

at
io

n)
 *

 P
ri

m
er

 S
el

f-
et

ch
in

g 
= 

M
on

ob
on

d 
Et

ch
 &

 P
ri

m
e 

/ I
vo

cl
ar

 V
iv

ad
en

t,
B

ey
ab

an
ak

i
et

 a
l. (2

1)
 (2

02
2)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
bo

nd
 st

re
ng

th
 o

f t
hr

ee
 m

on
ol

ith
ic

 h
yb

rid
 n

an
oc

er
am

ic
s/

re
si

ns
 a

nd
 

a 
lit

hi
um

 si
lic

at
e 

re
in

fo
rc

ed
 w

ith
 z

irc
on

ia
 to

 re
si

n 
ce

m
en

t a
ft

er
 th

er
m

oc
yc

lin
g.

 C
er

am
ic

 S
ys

-
te

m
: U

lti
m

at
e 

an
d 

En
am

ic
 U

ltr
a 

Su
bs

tr
at

e:
 --

- U
ni

on
 A

ge
nt

: A
dh

es
iv

e 
R

es
in

 C
em

en
t P

an
av

ia
 

F2
 (K

ur
ar

ay
 N

or
ita

ke
 R

eh
ea

rs
al

: M
ic

ro
 sh

ea
r (

µS
B

S)
 A

gi
ng

: T
he

rm
oc

yc
lin

g 
(2

,0
00

 c
yc

le
s 

/5
°C

/5
5°

C
)

La
va

 U
lti

m
at

e 
an

d 
C

ry
st

al
 U

ltr
a:

 1
. J

at
. A

l 2 
O

 3 (
50

µm
) +

 
Pr

im
er

C
er

am
ic

 V
ita

 E
na

m
ic

: 1
. H

F1
0%

+ 
C

er
am

ic
 P

ri
m

er
 (C

le
ar

-
fil

 C
er

am
ic

 P
ri

m
er

 P
lu

s/
 K

ur
ar

ay
)

A
vr

am
 e

t a
l. (1

3)
 

(2
02

2)
O

bj
ec

tiv
e:

 T
o 

ev
al

ua
te

 th
e 

in
flu

en
ce

 o
f h

yd
ro

flu
or

ic
 a

ci
d 

(H
F)

 a
nd

 c
on

di
tio

ni
ng

 ti
m

e 
on

 m
i-

cr
os

he
ar

 st
re

ng
th

 (µ
SB

S)
 b

et
w

ee
n 

do
ub

le
-c

ur
in

g 
re

si
n 

ce
m

en
t a

nd
 g

la
ss

-c
er

am
ic

 m
at

er
ia

ls
, 

le
uc

ite
-r

ei
nf

or
ce

d 
ce

ra
m

ic
s a

nd
 h

yb
rid

 c
er

am
ic

s. 
C

er
am

ic
 S

ys
te

m
: V

ita
 E

na
m

ic
 S

ub
st

ra
te

: -
--

 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t R
el

yX
 U

lti
m

at
e 

(3
M

 E
SP

E)
 R

eh
ea

rs
al

: M
ic

ro
 sh

ea
r 

(µ
SB

S)
 A

gi
ng

: -
--

1.
 H

F9
.5

%
 3

0 
se

c.+
 U

ni
ve

rs
al

 A
dh

es
iv

e 
Si

ng
le

 B
on

d 
U

ni
-

ve
rs

al
 (3

M
 E

SP
E)

; 2
. H

F9
.5

%
 6

0 
se

c.
 +

 U
ni

ve
rs

al
 A

dh
es

i-
ve

; 3
. H

F9
.5

%
 9

0 
se

c.
 +

 S
tic

ke
r U

ni
ve

rs
al

Ta
bl

e 
2:

 G
en

er
al

 d
at

a 
of

 th
e 

st
ud

ie
s i

nc
lu

de
d 

in
 th

e 
re

vi
ew

 (P
ar

t 2
).



J Clin Exp Dent. 2024;16(9):e1138-50.                                                                                                                                                                                                                                              Hybrid Ceramics Cementation

e1144

Fa
th

y 
et

 a
l. (1

5)
 

(2
02

2)
O

bj
ec

tiv
e:

 T
o 

ev
al

ua
te

 th
e 

ef
fe

ct
 o

f d
iff

er
en

t s
ur

fa
ce

 tr
ea

tm
en

t m
et

ho
ds

 o
n 

th
e 

m
ic

ro
te

ns
ile

 
st

re
ng

th
 (µ

TB
S)

 o
f t

w
o 

di
ff

er
en

t c
om

pu
te

r-a
id

ed
 h

yb
rid

 c
er

am
ic

s (
CA

D
/C

A
M

). 
C

er
am

ic
 S

ys
-

te
m

: L
av

a 
U

lti
m

at
e 

an
d 

V
ita

 E
na

m
ic

 S
ub

st
ra

te
: H

um
an

 to
ot

h 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 

C
em

en
t R

el
yX

 U
20

0 
(3

M
 E

SP
E)

 R
eh

ea
rs

al
: M

ic
ro

tr
ac

tio
n 

(µ
T

B
S)

 A
gi

ng
: -

--

1.W
ith

ou
t T

re
at

m
en

t; 
2.

Ja
t. 

A
l 2 

O
 3; 

2.
(5

0µ
m

) +
 A

dh
es

iv
e 

U
ni

ve
rs

al
 (S

in
gl

e 
B

on
d 

U
ni

ve
rs

al
 (3

M
 E

SP
E)

; 3
.J

at
. A

l 2 
O

 3 (
50

µm
) +

 S
ila

ne
 (B

is
Si

la
ne

 B
is

co
); 

4.
H

F9
.5

%
 S

tic
ke

r 
U

ni
ve

rs
al

; 5
. H

F9
.5

%
 S

ila
ne

Ja
ss

im
 &

 M
aj

ee
d 

(2
2)

 (2
02

3)
O

bj
ec

tiv
e:

 E
va

lu
at

e 
an

d 
co

m
pa

re
 th

e 
ef

fe
ct

 o
f p

la
sm

a 
tre

at
m

en
t v

er
su

s c
on

ve
nt

io
na

l t
re

at
m

en
t 

on
 m

ic
ro

sh
ea

r s
tre

ng
th

 (µ
SB

S)
, s

ur
fa

ce
 ro

ug
hn

es
s a

nd
 w

et
ta

bi
lit

y 
of

 th
re

e 
di

ff
er

en
t C

A
D

/C
A

M
 

m
at

er
ia

ls
. C

er
am

ic
 S

ys
te

m
: C

er
aS

m
ar

t
Su

bs
tr

at
e:

 --
- U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t G
-C

EM
 O

ne
, (

G
C

 C
or

po
ra

te
) R

eh
ea

r-
sa

l: 
M

ic
ro

 sh
ea

r (
µS

B
S)

 A
gi

ng
: -

--

1.
Pr

im
er

 U
ni

ve
rs

al
 (G

M
ul

ti 
Pr

im
er

 (G
C

 c
or

po
ra

tio
n)

; 2
.H

F 
< 

5%
 +

 U
ni

ve
rs

al
 P

ri
m

er
; 3

.H
F 

< 
5%

 +
 P

la
sm

a 
+ 

Pr
im

er
 

U
ni

ve
rs

al

Pi
em

ja
i &

 
D

on
pi

np
ra

i (5
) 

(2
02

3)

O
bj

ec
tiv

e:
 T

o 
ev

al
ua

te
 th

e 
te

ns
ile

 st
re

ng
th

 (T
B

S)
 o

f d
en

ta
l v

en
ee

rs
 m

an
uf

ac
tu

re
d 

fr
om

 e
xp

e-
ri

m
en

ta
l b

io
po

ly
m

er
s a

nd
 c

om
m

er
ci

al
 h

yb
rid

 m
at

er
ia

ls
 b

on
de

d 
to

 e
na

m
el

 u
si

ng
 tw

o 
di

ff
er

en
t 

ce
m

en
tin

g 
ad

he
si

ve
s. 

C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

, S
ho

fu
 B

lo
ck

 H
C

 a
nd

 K
at

an
a 

A
ve

nc
ia

 
Su

bs
tr

at
e:

 b
ov

in
e 

to
ot

h 
U

ni
on

 A
ge

nt
: S

el
f-A

dh
es

iv
e 

R
es

in
 C

em
en

t 1
.S

up
er

B
on

d 
B

&
C

 (S
un

 
M

ed
ic

al
); 

2.
R

el
yX

 U
20

0 
(3

M
 E

SP
E)

 R
eh

ea
rs

al
: T

ra
ct

io
n 

(T
B

S)
 A

gi
ng

: -
--

1.
 H

F5
%

+ 
Sh

of
u 

Bl
oc

k 
H

C
 a

nd
 K

at
an

a 
A

ve
nc

ia
 C

er
am

ic
 

Pr
im

er
 2

. J
et

. A
l 2

 O
 3

 (5
0µ

m
) +

 U
ni

ve
rs

al
 C

er
am

ic
 P

ri
m

er
 

A
dh

es
iv

e 
= 

U
ni

ve
rs

al
 C

er
am

ic
 P

ri
m

er
 C

 (S
un

 M
ed

ic
al

) 
w

he
n 

us
in

g 
Su

pe
rB

on
d 

B
&

C
 re

si
n 

ce
m

en
t C

 (S
un

 M
ed

i-
ca

l) 
R

el
yX

 C
er

am
ic

 P
ri

m
er

 (3
M

 E
SP

E)
 w

he
n 

us
in

g 
R

el
yX

 
U

20
0 

re
si

n 
ce

m
en

t (
3M

 E
SP

E)
D

og
an

 &
 K

ar
a-

m
an

 (2
3)

 (2
02

4)
O

bj
ec

tiv
e:

 E
va

lu
at

ed
 d

iff
er

en
t s

ur
fa

ce
 tr

ea
tm

en
t m

et
ho

ds
 a

nd
 d

iff
er

en
t u

ni
ve

rs
al

 a
dh

es
iv

es
 w

ith
 

or
 w

ith
ou

t s
ila

ne
 a

nd
 th

e 
bo

nd
in

g 
re

pa
ir 

st
re

ng
th

 o
f C

A
D

/C
A

M
 h

yb
rid

 c
er

am
ic

 re
st

or
at

io
ns

. 
C

er
am

ic
 S

ys
te

m
: C

er
aS

m
ar

t S
ub

st
ra

te
: C

om
po

si
te

 re
si

n
U

ni
on

 A
ge

nt
: S

in
gl

e 
B

on
d 

U
ni

ve
rs

al
 3

M
 E

sp
e 

Fu
tu

ra
bo

nd
 M

+ 
V

O
C

O
 C

le
ar

fil
 U

ni
ve

rs
al

 B
on

d 
Q

ui
ck

 K
ur

ar
ay

 T
ok

uy
am

a 
U

ni
ve

rs
al

 B
on

d 
To

ku
ya

m
a 

D
en

ta
l R

eh
ea

rs
al

: S
he

ar
 (S

B
S)

 A
gi

ng
: 

Th
er

m
oc

yc
lin

g 
(5

,0
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.
 W

ith
ou

t T
re

at
m

en
t; 

2.
D

ia
m

on
d 

bu
r (

D
B)

; 3
.H

yd
ro

flu
or

ic
 

ac
id

 (H
F)

; 4
.T

rib
oc

he
m

ic
al

 si
lic

a 
co

at
in

g 
(T

B
C

)

N
afi

si
fa

rd
 e

t.a
l. 

(2
4)

 (2
02

4)
O

bj
ec

tiv
e:

 It
 e

va
lu

at
ed

 th
e 

ef
fe

ct
 o

f t
he

 a
dd

iti
on

 o
f 4

 M
ET

A
 a

t c
on

ce
nt

ra
tio

ns
 o

f 0
%

, 2
.5

%
, 

5%
 a

nd
 1

0%
 to

 si
la

ne
 o

n 
th

e 
ad

he
si

ve
 st

re
ng

th
 to

 m
ic

ro
te

ns
ile

 st
re

ng
th

 o
f l

ig
ht

-c
ur

ed
 a

nd
 d

ou
-

bl
e-

cu
re

d 
re

si
n 

ce
m

en
t t

o 
ce

ra
m

ic
s. 

C
er

am
ic

 S
ys

te
m

: V
ita

 E
na

m
ic

 a
nd

 C
el

tr
a 

D
uo

 S
ub

st
ra

te
: 

--
- U

ni
on

 A
ge

nt
: 1

. A
m

be
r A

PS
 (F

G
M

, J
oi

nv
ill

e,
 S

C
, B

ra
zi

l) 
bo

nd
in

g 
ag

en
t; 

2.
 A

llc
em

 V
en

ee
r 

lig
ht

cu
re

 c
em

en
t R

eh
ea

rs
al

: S
he

ar
  A

gi
ng

: T
he

rm
oc

yc
lin

g 
(2

,5
00

 c
yc

le
s /

 5
°C

/5
5°

C
)

1.
 Á

ci
do

 H
F 

a 
5%

 (3
0 

s p
ar

a 
C

el
tr

a 
D

uo
 e

 6
0 

s p
ar

a 
bl

oc
os

 
En

am
ic

); 
2.

 S
ila

no
 c

om
 4

 M
ET

A
 (0

%
) -

1 
m

in
 e

 se
co

 c
om

 
sp

ra
y 

de
 a

r p
or

 1
5 

s.

Ta
bl

e 
2:

 C
on

t.



J Clin Exp Dent. 2024;16(9):e1138-50.                                                                                                                                                                                                                                              Hybrid Ceramics Cementation

e1145

of material and its adhesion system used together with 
the surface treatment carried out on the prosthetic part. 

Data presented by the authors themselves, whether in ta-
bles or in the text (Tables 3,4).
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We can highlight the most used ceramics on the market 
and in the research used in this study, such as:
• Lava Ultimate (3M ESPE) – nanoceramic resin (80% - 
zirconia and silica and 20% - polymer); Bonding agent: 
Silane or universal Single bond
• Vita Enamic (VITA) - hybrid ceramic infiltrated by 
polymer (86%- ceramics and 14%- polymer); Bonding 
agent: HF 5% for 60s + silane
• Mazic Duro (Vericom) - nanoceramic resin (80% - zir-
conia and silica and 20% - polymer); Bonding agent: 
Alumina blasting + HF 20s + silane
• Cerasmat (GC) - flexible hybrid ceramic (71%- cera-
mic 29%- polymer); Bonding agent: Alumina + silane 
blasting
• Shofu block HC (Shofu - nanoceramic resin (61% cera-
mic and 39% - polymer); Bonding agent: Blasting with 
10s alumina + cleaning the blasted surface with alcohol 
and drying in air free of water and oil + silane
• Katana Avencia (Kuraray) - nanoceramic resin (62% 
ceramic and 38% - polymer); Bonding agent: Alumina 
+ silane blasting
• Crystal Ultra (DigitalDental) - nanoceramic resin (70% 
ceramic and 30% - polymer); Bonding agent: Protocol 
not specified by the manufacturer
We can observe that they all have a greater amount of 
ceramic in their composition in relation to their polyme-
ric portion.

Discussion
This integrative review sought to evaluate the diffe-
rent existing protocols for cementing hybrid ceramics, 
showing which materials are most efficient for treating 
their surface, whether mechanically or chemically, crea-
ting adequate roughness in the microstructure of the 
ceramic, thus promoting better adhesion results. to the 
cement used.
As it is a relatively recent material in dentistry, there is 
still no consensus on the ideal methodology for the most 
favorable surface treatment to strengthen the union be-
tween resin cement and hybrid ceramics to be followed, 
being modified depending on the material used, the ma-
nufacturer and the physical/chemical characteristics of 
each material (7).
The use of silane as a bonding agent between hybrid ce-
ramics and resin cement is important in several studies 
presented in table (8), the Tribst study (9) shows that 
for a durable bond strength with silane, we must per-
form 20s of active application followed by 40 seconds 
of waiting time, which is enough to not require the use 
of HF. Another work that does not use HF as a surfa-
ce treatment is the Tekce study (10), which shows the 
application of alumina blasting, a promising treatment 
for hybrid ceramics, being used for 30 seconds on its 
surface, creating the desired roughness for joining to the 
surface. cement, however, it warns that prolonged use of 

blasting reduces the values of microtensile bond streng-
th. To evaluate the influence of HF as a surface treatment 
on hybrid ceramics, the study of Dmonmez (11) shows 
us tests carried out at different concentrations of HF (5% 
and 10%) at different exposure times of the product (30s, 
60s and 90s), thus we observe that we were able to ob-
tain the appropriate change in the surface using the pro-
duct at a concentration of 5% with 30s in contact with 
the ceramic being the most appropriate treatment option 
for this type of material, and can be considered the gold 
standard treatment protocol for hybrid ceramics, works 
by other authors such as Motevasselian4, Campos8 and 
El-Damanhoury (12) share the same ideas showing that 
HF can improve bond strength to resin cement. On the 
other hand, Avram (13) show that from a statistical point 
of view, the conditioning time with HF and its concen-
tration do not affect the change in the microstructure of 
the hybrid ceramic, and can be used in different ways 
and still obtain the results desired by HF.
In studies by Barutcigil (14), they show that the absen-
ce of some type of surface treatment drastically reduces 
the bond strength of hybrid ceramics to resin cement, 
and changing the microstructure of the ceramic, whe-
ther with HF, sand blasting or alumina, should always be 
used. which aims for good results in the union of mate-
rials and reinforces that the use of HF 5% for 60s is the 
most suitable for adhesion of the characterization layer 
to the hybrid ceramic.
Regarding the microtensile bond strength in the repair 
of a hybrid ceramic using composite resin, the authors 
Bayazit (2) and Fathy (15) show that it is extremely ne-
cessary to pre-treat the ceramic before applying the uni-
versal adhesive, and the use of HF and silane may be the 
best strategies to optimize bond strength.
Hybrid ceramics, when pre-treated as recommended by 
their manufacturers, show encouraging adhesion perfor-
mance for adhesive cementation, as shown by studies by 
Frankenberger (3), where they show us that when selec-
ting their recommended surface treatment together with 
the most suitable bonding agent for each material, it will 
increase bond strength leading to the desired clinical 
success. Thus, it was seen that Vita ENAMIC presented 
greater bond strength when compared to Lava Ultima-
te in the protocols recommended by the manufacturers, 
however in the Penumans8 article, the use of HF, sila-
ne or HF+silane as surface treatment in Lava Ultimate, 
were obtained the highest bond bonds when compared 
to Vita Enamic.
The possible use of Er:YAG laser as a form of surface 
treatment in hybrid ceramics is highlighted in studies by 
Celik16 and El-Damanhoury (12), where they point out 
its questionable use in hybrid ceramics, as its use can 
cause a layer damaged by heat, which may be poorly 
adhered to the internal surface of the substrate, leading 
to fragmentation of the ceramic crystals, weakening the 
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bond to the resin cement and evidence that chemical co-
rrosion carried out by HF 5% for 60s is the most effecti-
ve surface treatment for hybrid ceramics.
Other selected studies have obtained significant respon-
ses: in studies by Peumans (17), surface mechanical 
treatment significantly influenced the bond strength of 
Lava Ultimate; for Awad (18), the application of sila-
ne-based primer increased tensile strength after 24 h 
and after thermocycling compared to the universal si-
lane-containing adhesive and the universal silane-free 
adhesive; according to Castro (19), Cerasmart had the 
lowest modulus of elasticity averages and the highest 
flexural strength averages in relation to Vita Enamic; 
Dhesi’s studies (20) point out that when ceramics are 
bonded to titanium bases, the type of ceramic and cement 
influences the bond strengths, along with the substrate 
protocols. As for the material, Beyabanaki (21) shows 
that Crystal Ultra showed higher adhesive strength in re-
lation to the materials studied. According to Jassim (22), 
conventional treatment increased surface roughness 
compared to plasma treatment for all materials, and the 
contact angle decreased after plasma treatment. Finally, 
Dogan’s study (23) shows that TBC surface treatment 
produced better repair results for aged hybrid ceramics 
and additional silane application did not increase the sig-
nificant values for the groups tested.  Nafisifard (24), on 
the other hand, evaluated that the addition of 4 META 
at all concentrations significantly improved the μTBS to 
the enamic ceramic in the use of double-curing and pho-
tocurable cement.

Conclusions
Despite the different surface treatment protocols for 
hybrid ceramics existing in the scientific literature, HF 
corrosion remains the gold standard for the treatment of 
hybrid ceramics, improving considerably the adhesion 
strength, its absence drastically reduced the microshear 
bond strength between the ceramic and the bonding 
agent. Etching with 5% hydrofluoric acid for 60 s is the 
most suitable treatment for adhesion of the characteriza-
tion layer to the hybrid ceramic. 
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