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Abstract

Objectives For a conventional indirect restoration, temporary cementation inevitably contaminated collapsed dentin collagen.
The purpose of this review was to evaluate the optimal strategy for minimizing its negative effects.

Material and methods Databases such as PubMed, Web of Science, EMBASE, and the Cochrane Library were searched for
in vitro studies, involving the influence of immediate dentin sealing (IDS), different temporary cements, and their removal
strategies on dentin bond strength. The meta-analysis used the inverse variance method with effect method of the standard-
ized mean difference and statistical significance at p <0.05. The I value and the Q-test were used to assess the heterogeneity.
Results A total of 14 in vitro trials were subjected to the meta-analysis. Within the study’s limitations, we assumed that
IDS eliminated the negative effects of temporary bonding, achieving the comparable immediate bond strength with the
control (p =0.46). In contrast, under delayed dentin sealing (DDS), temporary cementation statistically decreased bond
strength (p =0.002). Compared with resin-based and non-eugenol zinc oxide cements, polycarboxylate and calcium hydrox-
ide cements performed better on bond strength with no statistical difference from the control group (p >0.05). Among the
removal methods of temporary cements, the Al,O; abrasion restored the decreased bond strength (p=0.07) and performed
better than hand instruments alone (p =0.04), while pumice removal slightly reduced the bond strength in contrast with the
control group (p=0.05, 95% Cl= —1.62 to 0).

Conclusions The choices of IDS, polycarboxylate and calcium hydroxide temporary cements, Al,O; abrasion removal method
were feasible and efficient to enhance the bond strength.

Clinical relevance It is worthwhile applying IDS technique, polycarboxylate and calcium hydroxide temporary cements
during indirect restoration. The Al,O5 abrasion of cleaning dentin can minimize the negative effects of temporary cement.

Keywords Immediate dentin sealing - Bond strength test - Dental bonding - Indirect restoration - Dental cements -
Temporary dental restoration

Introduction

With the advances in adhesive technology and prosthetic
material, the demand for indirect restoration is increasing
with the advantages of superior aesthetic and mechanical
properties over direct restoration [1]. However, during the
first visit, indirect restoration involves multiple procedural
steps including tooth preparation, impression making, and
temporary restoration [2, 3]. After an inevitable delay of
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fabricating laboratory restoration, at the second visit, the
temporary restoration and cement are removed, and the final
restoration is luted by a luting system [4]. At the moment,
this conventional technique of dentin bonding prior to final
restoration was referred to delayed dentin sealing (DDS) [5],
which could lead to bacterial leakage and dentin hypersen-
sitivity due to unsealed dentin during the temporary period
[6, 7]. Aside from the impact of the temporary period on
interface quality [5], the collapsed dentin collagen fibers
contaminated by blood and temporary cement would cause
the difficulty of subsequent adhesive penetrating and hybrid
layer forming, bringing about inferior bond strength com-
pared with freshly cut dentin [4, 8].

Based on clinical restrictions mentioned above, imme-
diate dentin sealing (IDS) has emerged to seal the freshly
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cut dentin immediately after tooth preparation, when non-
collapsed dentin collagen fibers would let the adhesive pen-
etrate easier and prepolymerize without the pollution [8].
Meta-analyses have shown that the IDS technique could
enhance the bond strength of resin-based restoration regard-
less of the adhesive strategy used [4], but lacking clinical tri-
als to prove its advantage of reducing postoperative sensitiv-
ity [9]. Therefore, IDS is promising to mitigate the negative
effects of temporary cement and temporary period on bond
strength compared with DDS, which has not been systemati-
cally analyzed yet.

In addition, various strategies for minimizing the negative
effects of temporary cement have been proposed, including
effective removal ways and optimal selection of temporary
cements, which have been shown to affect bond strength sub-
stantially [2, 5]. The contamination of blood or saliva could
be resolved by primer re-application or water rinsing [10],
but additional removal ways were required to clean tempo-
rary cement. It has been suggested that adequately removing
would not affect immediate bond strength but undermine
the bond durability [11, 12]. Therefore, taking appropriate
clinical measures was imperative but controversial [2]. In
terms of mechanical cleaning ways alone, Santos found that
Al,O; abrasion resulted in notably higher bond strength than
pumice slurry [13], while Ozcan revealed that there was no
significant difference between them [14]. Similarly, consid-
ering various temporary cements, resin-based cement was
discouraged due to its removal challenge and bond strength
decline [5, 15], whereas other scholars came to the opposite
conclusion [16]. But it was widely acknowledged that zinc
oxide cement with eugenol inhibited polymerization, regard-
less of the adhesive system and bond strength test modality
[15, 17].

As a result, aiming at drawing the suitable strategies for
minimizing the negative effects of temporary cementation,
the current study would conduct a systematic review of the
role of IDS and the influence of various temporary cements
and their removal methods on the bond strength. The null
hypothesis stated neither the adoptions of IDS nor various
temporary cements and their cleaning ways had difference
in bond strength after temporary restoration.

Material and methods

This systematic review was conducted according to the
PRISMA statement [18]. The protocol was registered in the
PROSPERO international database (CRD42022325984).
PICOS elements for a systematic review were as follows:
participant (P): dentin of healthy human permanent teeth
for indirect restoration; intervention (I): temporary cemen-
tation with temporary cement removal, applying the IDS
or DDS techniques; comparison (C): comparative studies
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with at least one control group without temporary cementa-
tion (blank control) or another method of temporary cement
removal (positive control); outcome (O): the bond strength,
including microtensile, microshear, or shear bond strength
(MTBS, MSBS, and SBS); study types (S): in vitro and
in situ laboratory studies.

The literature search was done by 2 independent review-
ers until April 8, 2022, in 4 different databases: MEDLINE
(PubMed), Web of Science, EMBASE, and the Cochrane
Library, with no restriction for language and publication
dates. Grey literature was searched in the grey source index
of greynet. Search terms were constrained in title/abstract,
except for Mesh terms. The search strategy in PubMed is
shown in Table 1. Other databases’ search strategies are
attached in supplementary material.

Inclusion and exclusion criteria

For qualitative synthesis, we only included in vitro labora-
tory studies that evaluated the effects of temporary cemen-
tation or different temporary cement removal strategies on
bond strength. Studies containing the following criteria were
excluded in this review: (1) participants were non-human
animal dentin, such as bovine dentin; (2) studies where
zinc oxide and eugenol were used as temporary cement; (3)
researches without a temporary period failed to realistically
simulate the clinical process, so they were excluded; (4)
small sample size: tooth number was less than 3 or sticks
for MTBS were less than 24 per group [19]; (5) research
subjects were various temporary sealing materials used in
endodontics, such as glass ionomer.

Risk of bias

After searching in the database, we exported the articles to
remove duplicate articles. Based on the titles and abstracts,
we carried out an initial screening of the retrieved studies.
We reassessed the remaining full texts and only included

Table 1 Search strategy used in PubMed (MEDLINE)

Search terms

#1: Bonding OR bond OR bonding efficacy OR dental bonding OR
bond strength OR bonding effectiveness OR bonding performance
OR bond performance OR adhesive properties OR micro-tensile
strength OR microtensile strength OR microtensile bond strength
OR bonding properties OR microshear bond strength OR shear
bond strength

#2: Dentin* OR dentin [MESH]
#3: Provisional cement* OR temporary cement* OR interim cement™®

OR temporary restoration* OR provisional restoration* OR interim
restoration*®

#4: #1 and #2 and #3
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Fig. 1 PRISMA flowchart of
study selection

443 records identified from
databases search

Studies identified by database:
Pubmed: 85
Web of science: 249

1

The Cochrane library: 22

Identification

188 duplicates removed

Embase: 85
Grey literature: 2

_ !

255 records screened

211 records excluded on the
basis of title or abstract:
Clinical studies: 18

Reviews: 7
Irrelevant PICOS: 186

Screening

44 full-text articles

22 reports excluded:
About various temporary materials: 2
d for Bovine teeth: 1

eligibility

Without provisional period: 5

Without blank control groups: 3

Small sample size: 2

About experimental provisional cements: 1

v

Only with eugenol temporary cement: 4
Unconventional bond strength test: 1
Surface treatment of material: 1
Veneers only involved enamel bond: 1
Unable to find full-text: 1

22 studies included in qualitative
synthesis

1 report excluded:

Included

|

No original data of bond strength

14 studies included in
quantitative synthesis

those that met inclusion criteria. To assess the reliability
of the findings, we used the parameters shown in Table 2.
If the authors mentioned the parameter, the study received
a “YES” for that specific parameter. In contrast, it gained
a “NO.” The risk of bias was classified based on the sum
of “YES” responses: 1 to 3 indicated a high risk, 4 to 6
indicated a medium risk, and 7 to 9 indicated a low risk [4].

Statistical analysis

Relevant data from the studies were extracted using Micro-
soft Word 2010 sheets. To retrieve the absent information,
we contacted the authors of the included studies by e-mail.
If they did not respond, we excluded the information [20].
Review Manager 5.4.1 (RevMan) was used to calculate
the continuous data with the inverse variance method and
effect method of the standardized mean difference. Statisti-
cal significance was measured using the Z-test (p <0.05).
The statistical heterogeneity was assessed by the Cochran
O-test with I>>50% considered as a suggestion of low-to-
moderate heterogeneity transition. When I> >50% existed
among groups, the random-effects model was used; other-
wise, we chose the fixed-effects model.

Results
We found a total of 443 articles, where we screened 255,

removing 188 duplicates. After we read the titles and
abstracts, leaving 44 studies assessed for full text, we
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systematically reviewed 22 articles meeting the criteria and
excluded 1 article because we failed to have access to the
full text (Fig. 1). The risk of bias is shown in Table 2. All
articles used English and human molars as samples. The
comparisons with blank controls are shown in Table 3, and
other comparisons among removal ways without blank con-
trols are displayed in Table 4.

For the meta-analysis, we only had immediate bond
strength (<48 h) as the outputs. To meet clinical needs,
the temporary period time of less than 15-day groups was
assessed, which meant 4-month groups were excluded [26].
We analyzed mechanical removal ways, ignoring different
parameters applied. We excluded articles of high risk [25,
31]. The sample size input was the number of teeth.

Data from 14 articles underwent meta-analysis. The
results of the meta-analysis are shown in Figs. 2, 3, 4, and
5. In Fig. 2, temporary cementation negatively affected the
immediate bond strength (Z-test p=0.004) by —0.45 MPa
(95% CI= -0.75 to—0.14). However, the negative effect
could be mitigated by the IDS strategy so that the tempo-
rary cementation had no significant impact on bond strength
(Z-test p=0.46, 95% CI= —0.55 to 0.25). In contrast, under
DDS, temporary cementation statistically decreased bond
strength (Z-test p=0.002) by — 0.69 MPa (95% CI= —1.13
to—0.26). The heterogeneity of IDS was acceptable
(I>=38%), while DDS was moderate (I*=69%).

In Fig. 3, four temporary cements were considered,
non-eugenol zinc oxide cement, resin cement, polycar-
boxylate cement, and calcium hydroxide cement. The last
three groups indicated no statistically significant impact



19

Clinical Oral Investigations (2023) 27:15-30

[o1uod Yue[g
uorseIqe Ire aurok[3 wrl ¢z
uorseiqe e £Qy wrl g
Io[eds pueH
Quouow[-q
JO JUDAJOS [eoTwayd pmbr
(Teq §° ‘ww O *s O7)
uoIseIqe Ire aurok[3 wrl ¢g

(Teq §°Z “Ww O *s O7)
uorseiqe e £Qy wirl g

Y 4 10} JoJep) Io[eds pueH
[o1u0d ue[g
Y 4 10J 101 A\ JIOJBABOXD pUBY]

[0nuod Yuerqg
ysniq Surystoq
[0nuod Yuerqg

SA[9AD (O] X ¢ J0F Ur/saokd
06 1240 N 81T JO PeO[ 124D ysniq Surgstod
[onuood yue|qg
Inq puowel(

(Wwo (g *s 01 “18q 16°C)
Sunsejqpues {01y wrl (¢

(wo (g '8 01 “req [G°G) Sul
-ise[qpues *QDHEN wi 001

Y 84 JOJ IOJeA\ 9]39IN0 [BIUOPOLID

QUON QUON
(1]
‘res[) puogdway) jueSe
roqe Sy [euorstro1d poseq-ursay]
(1193
‘N puogdwia],) Juawad
yz 9PIX0-OUIZ [OU23NA-UON
QUON QUON
Paseq-opIX0IpAY wnIoe))
(9213-T0u93N09)
qyg JUSWIAD PISLq-IPIXO dUTZ
QUON QUON
Yoom | 1193 ‘gN puogdwag,
QUON QUON
(119y]
‘N puogdwa]) Juawad
Yoom | 9PIX0-OUIZ [OUIZNI-UON
QUON QUON
(N € ‘aN
dwa], XA[OY) Juowad ursar
Yoom | 9PIX0-OUIZ [OUASNA-UON

(14 puogndo)
QATSIYpPE ISULI-pUB-YdI sdrl SASIN
SQUON sada Sds
QUON saa
(mor] sq Kisoley
[y1e9[D) aysodwod 9[qe
-mop + (3o1nQ) puog [es
~IOATU() [JTeS]D) SUO-UI-[[Y Nt SAdLIN
(esodind
-DINA PUoquIedg 1adpy)
WRISAS 9suLI-pue-yo)g Neit SALIN

L10T

(uowoads) 01 =N
() ¢=N

[¢2] nsn3ny

0102
(1031 01 =N
[zz] soruny-1101g

610
() ST =N
[11] ysedey

1coc
(o) 6=N
[12] 1or0BN

poyjow

ssoooxd Furdy  [eaowar yuowrad Arerodwag,

o porrd

Krezoduray, juowrad Arerodway,

JA1soype Jurpuoq unudq (SAJ 10 SAI ASojopoyioN

az1s o1dweg Joyny

S[OX) U0 ue[q Y)im paredwiod SAIpNnIs oY) JO SONSLIAJOBIRYD) € d|qel

pringer

a's



Clinical Oral Investigations (2023) 27:15-30

20

[onuo0d Juerqg QUON QUON
urw | Joy anq urued[) (OO ‘e
RI0[dx9 [BIUS  QAOQE SV puogdwia],) JUAWID UISRY
urw | Joy Iinq urued[) (1eokQ)
110C
1010[dX0 [BIU(  QAOQE SY  JUSWAD IPIXOIPAY wnIoe)) (uowoads) o] =/
uru | 1oy mq Surued) (xeABD) (Y91 G=N
Y ¢ 10J JoJeA\ J2101dx9 [BIUR yoom | JUSWID UTSAT J1J-[ouadnyg QUON sada sgs [€] sewunyy
[onuo0d Jyuerqg QUON QUON
(S Q1) ysnig-o1orur e yprm
pajense+(s O1) dAIN Pim
JOUBI[O + (S ()7) Io[RIS Iy
(s 09)
OIDEN + (5 07) Sutsutr
191eM + (s 07) proe otroyd
-soyd + (s I91B0S a1
qd+ (s 07) 191 v 0202
(500) (uowroads) g =N
syjuow 9 1oyeM UMM YSTuq SuneIoy (ANO9-AH) (Uay) 9=N
10 ‘uuowt [ ‘Y g 10 19BN\ (5 07) 1o70s a1y Aoom | Juewoed ajeAx0qreok[od QUON. sada S4LN [v2] VL
[01uood Yueq QUON QUON
I0JeAROXH (1103 <00z
(W ¢ Je ireq 4) ‘N puogdwa]) Judwad (uowtoads) O =N
Y $/¢ 10 1Jep\  uoIseIiqe-Ire eurwnge wii (¢ Yoom | 9PIX0-OUIZ [OUFNA-UON QUON sada sds [0Z] TewRH-0QY
[onuod yuerg QUON QUON
(s 1 ‘wdr 0pg 1) ysniq
Sursn A1In[s 191em-ooruing
(s 1 ‘wdr 0pg 1) ysniq
Sursn 9)sed srxejAydorg
(w1
s G teq ¢°¢) O1s wirl o¢
(w01
's ¢ ireq 7) ‘ors wirl g
(wrw o1 S10T
$¢Gt €) Q¢ ul
§ G ireq ¢'¢) *O“Iv wrl g (uowmads) 71 =N
(w1 (DD ‘Tousdeory) Juourad (14 puogndo) (o) ¢=N
Y $77 10J 1916\ ‘s gtreq ) S0y wil og q 4z 9PIXO JUIZ 921j-[ouadnyg QAISAUPE 9SULI-PUB-Yo)g el SASIN [1] ueozQ
poyrowr  own porrad
ssaooxd SurSy  [eaowar juowrad Arerodwa],  Arerodwaj, juowad Arerodway, QATSaYpe Surpuoq unua( (SAJ 10 SAI ASo[opoyloN az1s opdwreg 10Ny

(ponunuoo) ¢ 3jqey

pringer

Qs



21

Clinical Oral Investigations (2023) 27:15-30

g
80
g
I
[01nuod Yuelg QUON QUON &
Syoom 7 &l
(9013 L10T (4199) 0T=N
Y ¢ 1oy Aypruny %001 19[eds pueH J09M | -[0Ua3ND) JUSWAD APIXO OUTZ QUON sada SdS [8Z] eanyd
[01uood Yueq QUON QUON 1002
A1Im[s 19yem-901 JUSWIAD (q1991) §=N
4 $¢ 10] 109jeAN  -wund 4 19[BOS druosen[n uy Yoom [ Qa1j-[ouadnag dye[Ax0qIedk[od QUON sada sds [Lz] dex
[01u0d Yue[q QUON QUON
syuou 4
vVd+0Vv PC
syuou 4
vd PC (N € ‘AN
SPUOW ¢ duugy, }A[Y) 1USWD UIsat (LN puog
ov PC 9PIX0-OUIZ [OUISN-UON 29 QW) 9SULI pue yorg
[01u0d yuerg QUON QUON
Vd+(uog
SO1 g [gg) fohy WUy
wrl ()G +107eABOXD V] + OV PC
(S G1) 191BM
/e +(s g1) poeouoyd - SHUOW Y
-soyd 95/ ¢ +I0jeABOXD 1Y ] PC
syuou
(5 01) 1oreMm/ITe + (WD T (N € ‘aN 600¢
01 Ieq [6°6) OV duwa], XA[oy]) Juawad ursax (¢ puog (o) ¢=N
4 {77 I0J BAI[ES [RIOYTIY wirl )G + J0JBABIXD :QV PC 9PIX0-0UIZ [0UdINA-UON Q[3uI§ Jodpy) 9sull pue yojg sdl SAIIN [97] Smquaig
[01u0d yue[g QUON QUON
JAOQR Sy QAOQE SY JA0QE Sy QUON saa
(1193 J Joury 810¢
Io)em ‘N puogdwa]) udwed 199)014 JO IoAe[ + (g puog (Y1e1) 01 =N
Y $7 10J BAI[ES [RIOYNIY i dorwnd + 1o101dxyg Syoom 7 9PIX0-OUIZ [0U23NA-UON S [yIes[D) Suryore-jos Yeil SALIN [21] eyeuony
[01uod Yuelg QUON QUON
JAOQe SY  9AOQE SY dA0QE Sy QUON saa
(doys auo
. DUV XAPY) poseq-utsay
[eom [ 10f 1jeM+1, 66 (N € ‘AN L00T
pue D, G U2IMI9q SI[OAD I0JeM M dway, XAoY) Juawad uIsax (puog (1e) 01 =N
0001 X SuroAoowray], 2omund 991j-9pLIONy + I9[€dS Yoom | 9PIX0-JUIZ [OUIFNI-UON 9[3uIg) juoSe Surpuog el sgs [cz] g

poyrew

ssoooxd Surdy  [eaowar yuswrad Arerodwag,

ouwn porrad
Krezoduwrag,

juowad Arerodway,

JAIsaype urpuoq unuaq

¢Saqd 1o sq1 A3o[opoyleN

az1s o1dweg Joyny

(ponunuoo) ¢ 3jqey



Clinical Oral Investigations (2023) 27:15-30

22

[onuod yuerg QUON QuON
JUSWNNSUT [RJUS(  9AOQE Sy Jr0qe Sy QUON saa
Vd +juswnnsut [ejuaq (puog
JUSWNNSUL [RJUS(  9AOQE Sy JA0qE Sy AS [yIes[D) Suryore-jos
(vd) proe otroyd
-soyd + juswnnsur [eyuR(q 00T
(DD ‘[ouadoN) 1uowdd (1N puog (Weay) 01 =N
Y {7 10] Ioyepp JUQWINISUT [IUS(] PL OPIXO OUIZ [OUASNO-UON 29 QWILIJ) 9SULI pue yoyg sdarl SASIN [1€] ene
[onuod Yuerg QuON QUON
(dwoIA0I]) UMD UISIY 1107 (uourvads) 71 =N
Y 47 10§ (N €‘dAN  (esodmdnpuy puoqy2)odg (o) 9=N
JuawuoIAUS ANIprny %001 19[eds pueH pL  dwap XA[oy) 1uowed uIsay JIodpy/) asulLl pue yorg Nl SASIN [91] VINI'T
[o1u0d Yue[g JuoN QUON
(1193 “gN puog 110T (499) S=N
Y {7 I0J IoJep) JIOJeAROXH Yoom | -dwaT) JUWad 9PIXO dUIZ QUON saa SALIN [og] siSeg
[onuod Yuerg QUON QUON
(s 07) weans 1em + (s 09)
Tojem-ootumnd + e[n (N € ‘aN dua], XA[oy) Y107 (o) §=N
U ¢ 10J Jo1ep\ -jeds [99)s ssourelg yoom | JUSWAD UISAI [OUATNO-UON SuoN saa SALIN [62] oyreare)
poylow  ow porred
ssaooxd SurSy  [eaowar juowrad Arerodwa],  Arerodwaj, juowad Arerodway, QATSaYpe Surpuoq unua( (SAJ 10 SAI ASo[opoyloN az1s opdwreg 10Ny

(ponunuoo) ¢ 3jqey

pringer

Qs



23

Clinical Oral Investigations (2023) 27:15-30

[0nu0d yuerg
(uonIpuod Jom) (s93139p (6
‘w7 ‘s ) uorseIqe Ire £9De)
(uonIpuood Jom) (s23139p ()6
‘wo 7 ‘S G) UOISBIqR ITe QUIIA[D)

(uonipuod
K1p) (S92139p ()6 ‘WO 7 ¢S G)
uorseIqe Ie EQLy pajeodI[Is

(s ¢ ‘wdr poOT)
Y {7 10} uonnjos aures Jsed oorwund do13-oprionyj
(s 01) Armps sotng

juage Surpdnoo aueis + £ QY
payeodryis wil ()¢ + oorung
(s 01) Aungs orung

juade 3urdnoo oue[s + (Jeq ¢
‘$92139p G 9[Sue ‘ww (T)
£y pareodtis wrl o¢ +9omung

Do 5§
pue D, G uoamIoq
5310£9 00001 X Surpd

-KoowroyJ, (s 01) Axmps otwung

(ww of

5506 18 S 07 ‘Ieq G'7) uoiseiqe
are 19pmod ourok[3 + J0jeABOXH

(ww o1

*006 18 'S (0T “Teq G'7) uols
-eIqe Jre {Q)HEeN + J0jeArdoxyg

(wwor

5,06 18 S ()7 Ieq G 7) uoIseiqe
Ie 0oy wil (o6 + J0jeAROXY

(s 01) ysniq
s 9)sed aorwind + 10jeABIXH

(ww s Qn)
OSULI IOJeM—ITE + JOJBABOXH
(woZsQ1
‘req 9) sopnred EQfTy wr og
(s 01) Aumngs orwung

P 06 10} 1072M

(s o1) proe drjkroedjod %08

(son
9JeUOON[SIP AUIPIXIYIONYD %710

[ $ I0J 1918pM\ (S Q1) I01BABIXH

anoqe sy anoqe Sy

(1Y “AN @GO@QEO,HV

NOOM | JUSWD 9PIXO-OUIZ [OUITNI-UON

A0qE SY A0QR SY

anoqe Sy anoqe sy

(1193 ‘AN puogdway)

SYOOM 7 JUQWAD IPIXO-OUIZ [OUITNO-UON

(A € ‘AN dwa], XA[Y) Juswad
pPSI UISQI 9PIX0-0UIZ [OUSTNI-UON]

(1103 ‘AN puogduway)

Noom | JUSWIAD 9PIXO0-OUIZ [OUITNI-UON

QUON saa

(FSPUPY) dAISAYPE FUIYOR-J[98 sar
auoN saa

SoI39)eNS € UM

(1 puogndQ) asurr-pue-yorg

so13o)ens ¢ yim
(puog FS 1yTea[D) Suryore-yjog sar

QUON sada

QUON sada

pringer

a's

¥10¢
(Wea) 11=N
SIS, IOWWESU L]

610¢
(ea) 01 =N
sgs B Cl1s SN |

610¢
(pean) g=N
sgs ZOHEnuer

110¢
(uowoads) g1 =N

sds ¢ SONES

poyiow

ssaoo1d Suidy [eAourar Juauwrad Arerodwa],

o porrad

Krezodway, Juowad Arerodway,

QATSaUpe Surpuoq unud(q (SAJ IO SAI  A3ojopoyleN

az1s o[dwreg
oyny

sjonuod aanisod yim paredwod sAIpnys Y} Jo SONSLIAORIEYD) ¢ d|qel



Clinical Oral Investigations (2023) 27:15-30

24
w1
172}
L
Q
o)
-
a.
on
£
&
<
—_
<
>
]
g
[0}
-
=
=
Q
g
[0}
o
e
=
-
88
g =
DQ
=
>‘d.)
g
g.z
a3
E.v—(
S 3
= e
-
=]
Q
g
5]
Q
>
s
-
g
5
Sl
o
>
2
72}
Q
<
kS|
<
on
=
£
=
9]
O
=
g
=
5]
[a)
~
1%}
[a)
[a)
)
5)
172}
[a)
o
>
on
]
<2
S)
3
]
<
=
S
-
Ee)
Q
=
=
g
g o
S N
K/ =
<+ | 52
v E%E
S |EE
© 2 3
- | <®xn

@ Springer

Thermocycling x 5000

Dental explorer

2d

Eugenol-free resin cement

DDS None

SBS

Zortuk??

cycles; between 5 °C

and 55 °C

(Cavex)

9 (teeth)

2012

N

Pumice under water (1 min;

5000 rpm)
Bur (1 min; 5000 rpm)

With an Er:YAG laser under
an air water spray at 200 mJ,
20 Hz, tip diameter of 800 nm,

a working distance of 0.5 mm

on immediate bond strength (Z-test p > 0.05), while non-
eugenol zinc oxide cement lowered the bond strength com-
pared with the control group (Z-test p=0.02) by —0.58 MPa
(95% CI= —1.05 to—0.11). The first two groups’ intragroup
heterogeneity was higher, whereas that of polycarboxylate
(#=0) and calcium hydroxide cements (>=40%) was lower.

In Fig. 4, the Al,O; abrasion and pumice were compared
with the control group. The pumice strategy involved was
a mixture of flour pumice and water (pumice slurry). Both
comparisons were homogeneous (I>=0%). The Al,O; abra-
sion restored the bond strength that decreased after tempo-
rary cement contamination (Z-test p =0.07), while the bond
strength of pumice removal slightly decreased in contrast
with the control group (95% CI= —1.62 to 0).

In Fig. 5, the hand instruments included periodontal
curette [21], hand scaler [23], or excavator [13], which were
applied until the dentin surfaces were visually clean. Com-
pared with hand instruments, Al,O; abrasion significantly
enhanced immediate bond strength (Z-test p=0.04) by
0.67 MPa (95% CI=0.03 to 1.31). However, Al,O; abra-
sion was not superior to pumice on cleaning cements (Z-test
p=0.39). Their heterogeneity was acceptable (I <50%).

We removed each article’s findings to assess the sensi-
tivity. In the DDS subgroup, after removing Fiori-Jinior
[22], the overall I? decreased to 51%. In the resin tempo-
rary cement subgroup, after omitting Lima [16], there was a
decline in intragroup heterogeneity (/> from 68 to 56%) and
swift of effect (Z-test p from 0.11 to 0.007), leading to an 8%
drop of overall /2. The altered result was that resin tempo-
rary cement lowered the bond strength by —0.73 MPa (95%
CI= —1.26 to —0.2). The overall effect and heterogeneity
were stable by removing others.

Discussion

The main objective of this review was to assess the influ-
ence of IDS or DDS, temporary cement types, and cleaning
methods on immediate bond strength. For a conventional
indirect restoration, the temporary cement inevitably con-
taminated collapsed dentin collagen [32], making it difficult
to completely remove, especially when it penetrated deeply
[30], complying with this finding that the bond strength
under DDS significantly declined after temporary cementa-
tion. In sensitivity analysis, the study by Fiori-Junior greatly
increased heterogeneity because of its anomalous conclusion
that the combination of zinc oxide cement and etch-and-
rinse adhesive obtained higher bond strength than the non-
contaminated group [22].

On the contrary, IDS eliminated the negative effect of tem-
porary bonding with low heterogeneity, regardless of distinct
luting systems and removal ways, which was supported by
Augusti [23] and Mine [33]. The success of IDS was that it
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Provisional cementation Control
r Mean I_Mean D igh
1.1.1 Immediate dentin sealing
Augusti2017 19.1 5.3 3 216 6.6 3 1.8%
Augusti2017 17.8 2.2 3 216 6.6 3 1.7%
Augusti2017 20.7 4.6 3 216 6.6 3 1.9%
Augusti2017 15.8 3 3 18 3 3 1.8%
Augusti2017 16 2.4 3 18 3 3 1.8%
Augusti2017 19.4 2.9 3 18 3 3 1.8%
Augusti2017 20.1 6.6 3 216 6.6 3 1.9%
Dillenburg2009 23.8 5.92 3 416 6.91 3 1.0%
Dillenburg2009 28.5 6.57 3 416 6.91 3 1.3%
Dillenburg2009 449 10.5 3 416 6.91 3 1.8%
Dillenburg2009 19.1 5.48 3 402 104 3 1.1%
Dillenburg2009 30.6 10.1 3 402 104 3 1.7%
Dillenburg2009 a7.2 10.1 3 402 104 3 1.8%
Lima2017 20.43 1.3 6 17.96 1.65 6 2.2%
Lima2017 33.75 a.72 6 17.96 1.65 6 1.2%
Maciel2021 39.93 4.9 9 33.74 6.3 9 2.7%
Maciel2021 32.53 7.4 9 33.74 6.3 £ 2.8%
Maciel2021 35.93 7.5 9 33.74 6.3 9 2.8%
Maciel2021 29.04 6.4 9 33.74 6.3 9 2.8%
Szcan2015 6.7 2.4 3 8 2.3 3 1.8%
Ozcan2015 5.8 1.1 3 8 2.3 3 1.6%
Szcan2015 5.3 1 3 8 2.3 3 1.5%
Szcan2015 5.2 1 3 8 2.3 3 1.4%
Szcan2015 6.9 2 3 8 2.3 3 1.8%
Szcan2015 6.5 2.1 3 8 2.3 3 1.8%
Subtotal (95% CI) 105 105 45.8%
Heterogeneity: Tau? = 0.36; Chi? = 38.67, df = 24 (P = 0.03); I = 38%
Test for overall effect: Z = 0.73 (P = 0.46)
1.1.2 Delayed dentin sealing
Altintas2011 10 1.5 5 118 1.6 5 2.2%
Altintas2011 11.7 2.3 5 118 1.6 5 2.4%
Altintas2011 6.2 2 5 118 1.6 5 1.5%
Altintas2011 8.2 1.5 5 118 1.6 5 1.7%
Altintas2011 9.7 2.1 5 11.8 1.6 5 2.2%
Altintas2011 5.9 2.4 5 118 1.6 5 1.5%
Bagis 2011 19.69 2.61 5 26.57 6.92 5 2.1%
Bagis 2011 16.67 2.98 5 32.05 9.16 5 1.8%
Bagis 2011 14.49 5.28 5 16.56 5.93 5 2.3%
CARVALHO2014 13.5 a4 5 328 4.4 5 1.0%
CARVALHO2014 12.2 5.3 5 149 6.1 5 2.3%
Chiluka2017 20.319 2.84 20 236 1.95 20 3.2%
Chiluka2017 19.57 3.45 20 236 1.95 20 3.2%
FIORI-JUNIOR2010 5.24 2.297 10 3.8 1.481 10 2.9%
FIORI-JUNIOR2010 6.98 1.885 10 3.8 1.481 10 2.6%
FIORI-JUNIOR2010 4.a8 1.705 10 5.22 2465 10 2.9%
FIORI-JUNIOR2010 6.29 2.28 10 5.22 2.465 10 2.9%
Hironaka2018 17 6 10  23.1 7.1 10 2.8%
12 8.3 6 126 5.4 6 2.5%
12.8 9.7 6 126 5.4 6 2.5%
13.9 4.8 6 126 5.4 6 2.5%
7 7.1 6 126 5.4 6 2.4%
yap2001 15.35 4.83 8 2258 7.61 8 2.6%
Subtotal (95% CI) 177 177 54.2%
Heterogeneity: Tau? = 0.73; Chi? = 71.15, df = 22 (P < 0.00001); I = 69%
Test for overall effect: Z = 3.12 (P = 0.002)
Total (95% CI) 282 282 100.0%

Heterogeneity: Tau? = 0.63; Chi* = 116.75, df = 47 (P < 0.00001); I = &!
Test for overall effect: Z = 2.87 (P = 0.004)
Test for subarouo differences: Chi? = 3.26. df = 1 (P = 0.07). I? = 69.3%

0%

Fig.2 Forest plot of global and subgroups (immediate or delayed dentin
with and without temporary cementation (experiment and control groups)

pre-cured dentin adhesive immediately after tooth preparation
and formed a hybrid layer better without contamination from
temporary cements or blood [34-36], which was verified by its
thick and continuous interfacial zone [12]. By micro-Raman
spectroscopy, the particular interface peak (1330 cm™!) of
IDS revealed a chemical interaction of resin cement and den-
tin [12]. What is more, the polymerized IDS layer prevented
the hybrid layer from degrading and kept it stable over time
[26, 32, 37]. The IDS layer, in addition to acting as a stress
breaker for external forces [11, 38], also released the stress of
polymerization shrinkage, leading to higher fracture resistance
and greater survival of veneer [39, 40].

This analysis only targeted immediate bond strength, but
some other experiments with various aging processes have
also validated the critical role of IDS [11, 25, 32]. Through
the Weibull values, the failure predictability and bond
durability of IDS outperformed DDS after aging [11]. By
simulating over 14-month cyclic loading, though the IDS
restored the bond strength after temporary cementation, its
Weibull values decreased, suggesting contamination of the
first pre-cured IDS layer might have a long-term negative
impact on the bond strength [11, 17]. A thicker IDS layer
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sealing) meta-analyses. The immediate (<48 h) dentin bond strength

was recommended, considering the effect that Al,O; abra-
sion might weaken the surface of IDS layer [26, 41]. In con-
clusion, the IDS technique could reduce the negative effects
of temporary bonding in the short or long term compared
with DDS.

Since temporary cement residue could impede the wet-
ting and infiltrating ability of luting cements [30], cleaning
them was required before proceeding to the next step [11].
This analysis concluded that resin-based, polycarboxylate,
and calcium hydroxide cements had no significant effect on
the immediate bond strength, except for non-eugenol zinc
oxide cements that had an adverse impact. The subgroup
difference showed no heterogeneity (/*=0), supporting the
pooled results, whereas the heterogeneity of polycarboxylate
and calcium hydroxide cements subgroups was acceptable
(I* <50), but only 2 articles were included. The polycar-
boxylate cement was chemically bonded to dentin via an
ion-exchange mechanism, making it difficult to remove. To
adequately remove it, the applications of phosphoric acid
(PA) plus NaClO or a cleaner containing 10-methacryloy-
loxydecyl dihydrogen phosphate (MDP) were more suitable
and effective [24].

@ Springer
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Provisional cementation Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean Total Mean SD Total 1V, 95% CI 1V, 95% Cl1
1.2.1 Non-eugenol zinc oxide cement
Augustizo17 20.1 6.6 3 216 6.6 3 1.9% -0.18 [-1.79, 1.43] ——
Augustiz017 19.1 5.3 3 216 6.6 3 1.8% -0.33 [-1.97, 1.30] —
Augusti2017 17.8 2.2 3 21.6 6.6 3 1.7% -0.62 [-2.33, 1.09] —
Augustiz017 20.7 4.6 3 216 6.6 3 1.9% -0.13 [-1.73, 1.48] —
Bagis 2011 19.69 2.61 5 26.57 6.92 5 2.1% -1.19 [-2.60, 0.22] [~
Bagis 2011 16.67 2.98 5 32.05 9.16 5 1.8% -2.04 [-3.73, -0.35]
Bagis 2011 14.49 5.28 5 16.56 5.93 5 2.3% -0.33 [-1.59, 0.92] e
Chiluka2017 20.319 2.84 20 23.6 1.95 20 3.2% -1.32 [-2.01, -0.63] -
Chiluka2017 19.57 3.45 20 23.6 1.95 20 3.2% -1.41 [-2.11, -0.71] -
FIORI-JUNIOR2010 6.98 1.885 10 3.8 1.481 10 2.6% 1.80 [0.72, 2.87]
FIORI-JUNIOR2010 6.29 2.28 10 5.22 2.465 10 2.9% 0.43 [-0.46, 1.32] R
Hironaka2018 17 6 10 23.1 7.1 10 2.8% -0.89 [-1.82, 0.04]
Szcan2015 6.7 2.4 3 8 2.3 3 1.8% -0.44 [-2.10, 1.21] I
Szcan2015 5.8 1.1 3 8 2.3 3 1.6% -0.98 [-2.83, 0.88] —
Szcan2015 5.3 1 3 8 2.3 3 1.5% -1.22 [-3.20, 0.77] I
Szcan2015 5.2 1 3 8 2.3 3 1.4% -1.26 [-3.28, 0.75] —
Szcan2015 6.9 2 3 8 2.3 3 1.8% -0.41 [-2.06, 1.24] —
Szcan2015 6.5 2.1 3 8 2.3 3 1.8% -0.54 [-2.23, 1.14] ——
Subtotal (95% CI) 115 115 38.3% -0.58 [-1.05, -0.11] .
Heterogeneity: Tau? = 0.52; Chi® = 39.23, df = 17 (P = 0.002); I = 57%
Test for overall effect: Z = 2.43 (P = 0.02)
1.2.2 Resin cement
Altintas2011 10 1.5 5 118 1.6 s 2.2% -1.05 [-2.42, 0.32] —
Altintas2011 8.2 1.5 5 11.8 1.6 5 1.7% -2.10 [-3.81, -0.39]
Altintas2011 6.2 2 5 11.8 1.6 5 1.5% -2.79 [-4.80, -0.79]
Altintas2011 5.9 2.4 5 118 1.6 s 1.5% -2.61 [-4.54, -0.69]
Augusti2017 19.4 29 3 18 3 3 1.8% 0.38 [-1.26, 2.02] —
Augustizo17 15.8 3 3 18 3 3 1.8% -0.59 [-2.28, 1.11] ——
Augustiz017 16 2.4 3 18 3 3 1.8% -0.59 [-2.29, 1.11] —
CARVALHO2014 13.5 a4 5 32.8 4.4 5 1.0% -4.15 [-6.79, -1.50] —
CARVALHO2014 12.2 5.3 5 14.9 6.1 5 2.3% -0.43 [-1.69, 0.84] —
Dillenburg2009 19.1 5.48 3 402 104 3 1.1% -2.03 [-4.56, 0.50]
Dillenburg2009 30.6 10.1 3 40.2 10.4 3 1.7% -0.75 [-2.51, 1.01] I
Nnburg2009 a7.2 10.1 3 40.2 10.4 3 1.8% 0.55 [-1.14, 2.23] ]
Dillenburg2009 23.8 5.92 3 41.6 6.91 3 1.0% -2.21 [-4.88, 0.46]
Dillenburg2009 28.5 6.57 3 41.6 6.91 3 1.3% -1.55 [-3.75, 0.64] I
Dillenburg2009 4a.9 10.5 3 416 6.91 3 1.8% 0.30 [-1.33, 1.92] I
Lima2017 33.75 a4.72 6 17.96 1.65 6 1.2% 4.12 [1.81, 6.43] —_—
Lima2017 20.43 1.3 6 17.96 1.65 6 2.2% 1.53 [0.18, 2.89]
Maciel2021 29.04 6.4 o 33.74 6.3 o 2.8% -0.70 [-1.66, 0.26] -
Maciel2021 39.93 4.9 9 33.74 6.3 o 2.7% 1.04 [0.04, 2.05]
Maciel2021 32.53 7.4 9 33.74 6.3 o 2.8% -0.17 [-1.09, 0.76] - 1
Maciel2021 35.93 7.5 o 33.74 6.3 o 2.8% 0.30 [-0.63, 1.23] —
Subtotal (95% CI) 105 105 38.8% -0.49 [-1.09, 0.10] -
Heterogeneity: Tau? = 1.22; Chi* = 63.07, df = 20 (P < 0.00001); I = 68%
Test for overall effect: Z = 1.62 (P = 0.11)
y %
12.8 °.7 6 126 5.4 6 2.5% 0.02 [-1.11, 1.16] S
13.9 4.8 6 12.6 5.4 6 2.5% 0.23 [-0.90, 1.37] -
7 7.1 6 126 5.4 6 2.4% -0.82 [-2.02, 0.38] —
Tajiri-Yamada2020 12 8.3 6 12.6 54 6 2.5% -0.08 [-1.21, 1.05] -1
yap2001 15.35 4.83 8 22.58 7.61 8 2.6% -1.07 [-2.14, -0.00]
Subtotal (95% CI) 32 32 12.6% -0.35 [-0.86, 0.16] -
Heterogeneity: Tau? = 0.00; Chiz = 4.00, df = 4 (P = 0.41); 12 = 0%
Test for overall effect: Z = 1.36 (P = 0.17)
1.2.4 Calcium hydroxide cement
Altintas2011 11.7 2.3 5 11.8 1.6 5 2.4% -0.05 [-1.29, 1.19] -1
Altintas2011 °.7 2.1 5 118 1.6 s 2.2% -1.02 [-2.38, 0.35] —
FIORI-JUNIOR2010 4.48 1.705 10 5.22 2.465 10 2.9% -0.33 [-1.22, 0.55] - 1
FIORI-JUNIOR2010 5.24 2.297 10 3.8 1.481 10 2.9% 0.71 [-0.20, 1.62] 1
Subtotal (95% CI) 30 30 10.3% -0.08 [-0.78, 0.61] ——
Heterogeneity: Tau? = 0.20; Chi* = 5.02, df = 3 (P = 0.17); I = 40%
Test for overall effect: Z = 0.24 (P = 0.81)
Total (95% CI) 282 282 100.0% -0.45 [-0.75, -0.14] >
Heterogeneity: Tau? = 0.63; Chiz = 116.75, df = 47 (P < 0.00001); Iz = 60%

Test for overall effect: Z = 2.87 (P = 0.004)
Test for subaroun differences: Chiz = 1.48. df = 3 (P = 0.69). I = 0%

- 2
Favours [experimental]l Favours [control]

Fig.3 Forest plot of global and subgroups among four temporary cements. The immediate (<48 h) dentin bond strength with and without tem-

porary cementation (experiment and control groups)

The intragroup heterogeneity of non-eugenol zinc oxide
cement was higher, owing to IDS or DDS selection and
inconsistent final luting systems. The acidic primer of self-
etching adhesive exacerbated the adverse impact of zinc
oxide cement [30], because they might react with each
other, impeding resin penetration [25]. The finding was in
accordance with another study that the negative effect of
self-etching system was stronger than etch-and-rinse pro-
cedure after temporary cementation [20]. Conversely, self-
adhesive cement attained comparable bond strength before
and after zinc oxide cement [30]. After all, when choosing
zinc oxide cement, be aware that its performance with self-
etching cement was undesirable.

Previous articles have advised against using resin-based
temporary cement because of its high risk of bonding
sealed dentin [5, 15], making it difficult to remove even
by sandblasting [23]. Resin temporary cement would plug
the dentinal tubules, interfering with subsequent adhesive
penetration [3, 25]. However, this article concluded that
the resin-based temporary cement had no significant effect
on bond strength with moderate intragroup heterogeneity,
most likely due to the exceptional research by Lima [16].

@ Springer

Abnormally, Lima indicated that the resin cement acquired
significantly higher bond strength than the control group,
possibly because the acrylate-based temporary cement inter-
acted with unreacted monomers in oxygen-inhibited layer
and promoted adhesion. After omitting this research, we
concluded the opposite result that resin temporary cement
was harmful to bond strength under most conditions. When
followed by an etch-and-rinse system, resin temporary
cement did not significantly undermine the immediate bond
strength [14, 21, 23]. But we should avoid it due to its nega-
tive effects in most situations.

To enhance bond performance between the contaminated
dentin and luting cement, we required to clean effectively
[30], which primarily served two purposes: the adequate
cleaning of residual cement and the roughening of den-
tin surface [23], thus promoting the wettability of adhe-
sive. Merely manual instruments (hand scaler, periodontal
curette, and excavator) were inefficient procedures to micro-
scopically remove cements [23, 30, 42, 43], especially for
resin-based cement [3, 23], so they were often the first step
to remove cement, combining with other mechanical or
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AI203 abrasion Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% Cl
Augusti2017 201 66 3 216 66 3 135%  -0.18[1.79,143] —
Augusti2017 58 3 3 18 3 3 122%  -059[-2.28,1.11] - T
Dillenburg2009 238 592 3 416691 3 49%  -2.21[-4.88,046]
Dillenburg2009 191 548 3 402 104 3 55%  -2.03[4.56,0.50] I
Maciel2021 253 74 93374 63 9 409%  -0.17[-1.09,0.76] —a—
Ozcan2015 67 24 3 8 23 3 128%  -044[-210,1.21] - T
Ozcan2015 58 1.1 3 8 23 3 102%  -0.98[-2.83,0.88] -
Total (95% Cl) 27 27 100.0%  -0.54[-1.13,0.08] L 4
Heterogeneity: Chit = 3.8, df = 6 (P = 0.69); = 0% 4 2 i 2 4
Test for overall effect: 2= 1.79 (P = 0.07) Favours [experimental] Favours [control]

Pumice Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% Cl IV, Fixed, 95% Cl
Hironaka2018 17 6 10 23171 10 76.7% -0.89[-1.82, 0.04] [
0z¢an2015 6521 3 8§23 3 233% -0.54[-2.23, 1.14] "
Total (95% Cl) 13 13 100.0%  -0.81[-1.62,0.00] ‘

| | l l

Heterogeneity: Chi?=0.12, df =1 (P=0.73); 2= 0%
Test for overall effect: Z = 1.95 (P = 0.05)

-2 -1 0 1
Favours [experimental] - Favours [control]

Fig.4 Forest plots of subgroups of two mechanical removal ways (Al,O5 abrasion, pumice) on immediate (<48 h) dentin bond strength with and

without temporary cementation (experiment and control groups)

chemical removal ways to prevent the reduction of bond
strength [12, 26].

Airborne particle abrasion of Al,O; or glycine [13, 21,
23, 42] and Al,O; abrasion plus PA produced the highest

bond strength values [26]. The present analysis showed that

Std. Mean Difference

Std. Mean Difference

IV, Random, 95% Cl IV, Random, 95% Cl

Fig.5 Forest plots of subgroups AlZO3 abrasion Pumice
of mechanical removal way Study or Subgroup Mean  SD Total Mean SD Total Weight
comparisons (AL,O; abrasion Ozcan2015 67 24 3 65 21 3 309%
vs. pumice, Al,Oj abrasion vs. Oacan20t5 58 11 3 65 21 3 N
lgjﬁ%lﬁ)stdrzﬂfnnﬁgnoé‘s‘tr“g:geg:a“’ Santos 2011 13 17 7 1R 285 T R%
with temporary cementation

Total (95% C) 13 13 100.0%

Heterogeneity: Tau? = 0.58; Chi2=4.02, df =2 (P = 0.13); I*= 50%
Test for overall effect: Z = 0.86 (P = 0.39)
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Al,O; abrasion outperformed hand instruments on bond
strength and achieved the comparable immediate bond
strength to the control group. Januario also revealed that
Al,O; abrasion performed best after a 90-day period of water
storage [42]. The probable reason for its advantage was that
it created an irregular and rough dentin surface without
residual cement, which improved wettability [13, 21, 42],
similar to the mechanism of glycine powder [42]. Besides,
since silicoated Al,O; modified the surface by depositing
silica particles, resulting in chemical interaction between
silane and resin luting cement, it was applied with silane
coupling agent, but which failed to have an advantage over
pumice alone [32, 37]. For particle mentioned above, there
was no analysis of which particle performed best due to a
lack of comparisons. Conversely, abrasions of NaHCO; or
CaCO; particles were ineffective in enhancing bond strength
[42, 44]. Because NaHCOj; abrasion left smear layer and its
residue increased superficial pH, the reaction between PA
and acidic monomer was interfered [42, 45, 46].

Another popular cleaning method was to apply pumice
slurry or fluoride-free pumice paste with a rotary instrument to
remove plaque and surface debris, particularly for unfilled adhe-
sives [16, 42, 44]. In this meta-analysis, cleaning with pumice
failed to achieve bond strength comparable to the control group,
but there was no discernible difference between Al,O; abra-
sion and pumice. Despite this, the application of pumice was
discouraged owing to its less reliability than Al,O; abrasion
[14]. The possible reason was that partial dentin tubules were
occluded by particle remnants by the force of rotation [13, 14],
leading to less wettability and roughness [42, 44].

As to chemical removal ways, the additional use of
PA might lower the bond strength [31], which could be
improved by adding NaClO with its deproteination func-
tion, dissolving the exposed collagen fibers and allowing
the resin to penetrate further [47]. Others also found that
the combination or a new cleaner containing MDP did not
differ significantly from the control even after 6-month water
storage. Not only did hydrophilic and hydrophobic groups
of MDP act as a surfactant to clean, but also its remaining
phosphoric group could interact with apatite and copolymer-
ize with resin monomers [24]. The combination of PA and
NaClO and a cleaner containing MDP were worth develop-
ing in terms of removal effectiveness and bond durability.

The limitation of the study was that we only analyzed
immediate bond strength (<48 h) because of the lacking
and heterogeneous aging procedures. Second, we compared
mechanically cleaning ways based on various parameters
that might affect bond strength [48, 49]. Third, the number
of similar literature included (only two) was insufficient for
four comparisons. In future studies, aging processes and
pulpal pressure need to be considered to simulate the oral
environment [50, 51]. Further researches are required to
determine which specific parameters of removal ways have
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optimal cleaning effects. Additionally, CAD/CAM tech-
nique was prospective for development, making it possible
to eradicate negative effects of temporary cementation by
fabricating restorations on the same day. Consequently, the
null hypothesis in this research was rejected.

Conclusions

Within the limitations of this analysis, the following conclu-
sions were drawn. (1) IDS was extremely effective in elimi-
nating the negative effects of temporary bonding in the short
or long term, regardless of the luting systems and removal
methods. (2) Compared with resin-based and non-eugenol
zinc oxide cements, polycarboxylate and calcium hydroxide
temporary cements led to higher bond strength. Self-etching
adhesive would exacerbate the adverse impact of tempo-
rary cement. (3) Pumice and hand instrument removal ways
failed to clean effectively and reliably, whereas Al,O; abra-
sion achieved the comparable bond strength with the control
group and outperformed hand instruments.
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