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Does Adhesive Luting Reinforce the Mechanical Properties
of Dental Ceramics Used as Restorative Materials?
A Systematic Review and Meta-Analysis
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Purpose: This systematic review aims to explore and compile the effect of adhesive luting on the mechanical prop-
erties of dental ceramics used as restorative materials.

Materials and Methods: The PubMed/MEDLINE, Web of Science and Scopus databases were searched on January
31st, 2021 to select laboratory studies written in English, without publishing-date restrictions, which compared the
mechanical properties of commercially available dental ceramics as restorative materials luted using adhesive vs
non-adhesive strategies. A total of 20 (out of 2039) studies were eligible and included in the analysis. Two authors
independently selected the studies, extracted the data and assessed the risk of bias. Mean differences (Rev-
Man5.1, random effects model, a = 0.05) were obtained by comparing resistance values of adhesive and non-adhe-
sive conditions (global analysis). Subgroup analyses were performed considering ceramic composition and aging.

Results: In the global analysis, adhesive luting induced higher mechanical resistance values compared to non-ad-
hesive luting (p < 0.01). The same effect was observed for glass and alumina ceramics (p < 0.01), but not for zir-
conia polycrystals (p = 0.83). Adhesive luting was favorable in both the aged and non-aged subgroup analysis
(p < 0.01). High heterogeneity was found in all meta-analyses. All analyzed studies in the systematic review scored
negatively for risk of bias in most of the factors considered.

Conclusions: Adhesive luting reinforces the mechanical properties of dental ceramics used as restorative mater-

ials, with the exception of zirconia polycrystals.
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ndirect ceramic restorations have been widely used in

dentistry, especially due to their superior esthetic and me-
chanical properties when compared to resin composites.2?
The failure of these restorations can be attributed to a se-
ries of factors, such as residual stresses, contact damage,
presence of defects as pores, microcracks, regions with
loss of bonding that may predispose stress concentration,
and crack growth during mechanical loading.1.46,79,91
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Cements which do not benefit from adhesion mechan-
isms between the ceramic and the cementation agent, such
as traditional glass-ionomer and zinc-phosphate cements,
only rely on mechanical interlocking to achieve bonding.29
Alternatively, most protocols for resin cements have adhe-
sive properties which can be considered as mechanisms
that go beyond traditional bonding based solely on the re-
tention offered by conventional acid-base cement sys-
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Table 1 Search strategy

PUBMED - 1428 results

(laboratorial) or (in lab))))

((((ceramic) or (glass-ceramics) or (porcelain) or (leucite) or (feldspathic) or (lithium disilicate) or (lithium silicate) or (polycrystalline) or
(zirconia) or (alumina) or (yttrium stabilized zirconia) or (YSZ) or (Y-TZP) or (YPSZ)) and ((cementation) or (luting)) and ((mechanical
properties) or (failure load) or (strength) or (resistance) or (compression) or (fracture) or (retention) or (tensile)) and ((in vitro) or

WEB OF SCIENCE — 563 results

(
#2 TS=(cementation or luting)
(

#4 TS=(in vitro or laboratorial or in lab)
#5 #4 AND #3 AND #2 AND #1

#1 TS=(ceramic or glass-ceramics or porcelain or leucite or feldspathic or lithium disilicate or lithium silicate)

#3 TS=(mechanical properties or failure load or strength or resistance or compression or fracture or retention or tensile)

SCOPUS - 1554 results

“tensile”) and (“in vitro” or “laboratorial” or “in lab”) and not (“review”)

(“ceramic” or “glass-ceramics” or “porcelain” or “leucite” or “feldspathic” or “lithium disilicate” or “lithium silicate”) and (“cementation” or
“luting”) and (“mechanical properties” or “failure load” or “strength” or “resistance” or “compression” or “fracture” or “retention” or

tems.29 In addition, resin cements adapt better to the res-
toration’s margins and minimize marginal leakage,34 even
though they have more sensitive application protocols
owing to multiple steps and moisture control.51

In this regard, the gold standard bonding protocol for
glass ceramics has been hydrofluoric acid etching and sub-
sequent application of a coupling agent.15.26 While the acid
selectively dissolves the glassy matrix, the silane coupling
agents (bifunctional molecules which act as a link between
the organic phase of the resin cement and the silica pres-
ent in glass ceramics) confer the chemical bonding charac-
teristic.52 This interaction generates a consistent unit that
provides great stress distribution over the restoration, im-
proving its mechanical properties.41.45.53 |n addition, the
use of adhesive materials conforms to the concepts of
minimally invasive dentistry,51 as adhesive luting interacts
with ceramic surfaces and promotes crack bridging.87 In
this situation, silane molecules inside the cracks, together
with resin cement shrinkage during polymerization, make
crack opening and spreading difficult.89

The concepts for polycrystalline ceramics are different,
since the absence of a glassy phase prevents them from
being etched by the conventionally-used acids.60 This situa-
tion requires application of a tribochemical silica coating as
a surface treatment.5.14.18,80 Thus, after applying a thin
layer of silicon oxide via air abrasion with silica-coated alu-
mina particles, the same silane coupling agent used for
glass ceramics is used here to promote chemical bond-
ing.52 Another technique used is air abrasion with alumi-
num oxide alone. This method relies on the microretentions
generated by the impact of the aluminum particles on the
ceramic surfacel856 and the chemical interaction with
10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)
present in some adhesive materials and the hydroxyl
groups present in zirconia.54.56.,59
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Despite the assumptions mentioned above, a study to
synthesize all existing data in this regard is still required to
generate high-quality scientific knowledge to corroborate the
importance of adhesive luting for reinforcing the mechanical
properties of dental ceramics. Therefore, a systematic review
that compiles all existing in vitro data about this topic and
organizes it through a meta-analysis may help to answer this
research question, and could be an important contribution
towards understanding the relation between ceramics, ce-
ments, and stress distribution in indirect restorations. Its
results would support clinical decision-making with the best
evidence-based practice. Thus, the aim of this systematic
review and meta-analysis was to explore and compile the ef-
fect of adhesive luting on the mechanical properties of den-
tal ceramics used as restorative materials.

MATERIALS AND METHODS

This systematic review was reported according to the
PRISMA 2020 statement.61

The following research question was formulated to ad-
dress the literature and outline the search strategy: Does
adhesive luting reinforce the mechanical properties of den-
tal ceramics used as restorative materials?

Registration and Selection Criteria
The protocol of this study was made available online
(https://osf.io/vtnjk/).

Inclusion criteria

We selected studies in dentistry which considered the me-
chanical properties of all dental ceramics used as restora-
tive materials that were cemented using adhesive and non-
adhesive strategies. Studies that compared the effect of at
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Fig 1 Flow diagram illustrating the
identification of studies via databases, Identification of studies via databases
and the screening steps for the selection of
studies, in accordance with the PRISMA —
2020 statement.61 _E Records identified from Records removed before
§ databases (n = 3545): screening:
& MEDLINE via Pubmed > Duplicate records
b= (1428); Web of Science removed (n = 1506)
S (563) Scopus (1554)
Records screened o Records excluded**
(n =2039) . (n = 2016)
}_:“ Reports sought for retrieval > Reports not retrieved
5 (n=27) (n=2)
2
3 v
)
Reports assessed for > Reports excluded:
eligibility (n = 25) Did not use the selected
substrate (n = 4)
Ceramics used not
v mentioned (n=1)
Studies included in review
H (n =20)
=]
=
©
=

least one adhesive luting strategy vs a non-adhesive strat-
egy were included. Two subgroups were considered: one in
which the systems classically known as adhesive (ie, resin
cements) were compared with systems classically known as
non-adhesive (ie, zinc-phosphate cement, glass-ionomer ce-
ment); and the other in which studies that used the same
system in adhesive and non-adhesive approaches were
compared (ie, substrate isolated with some agent or not),
regardless of the ceramic used (eg, feldspathic, leucite,
lithium disilicate, lithium silicate, alumina, zirconia, among
others), the processing method for ceramic manufacturing
(layering, pressing, or CAD/CAM techniques, etc), the me-
chanical property measured (strength, hardness, toughness,
etc), and regardless of the testing method (monotonic, fa-
tigue, etc). In terms of the study designs and based on the
outcomes considered, only in vitro studies were included.

Exclusion criteria

We excluded studies in dentistry that did not compare ad-
hesive vs non-adhesive luting strategies/systems, did not
use a tooth substrate (human or animal) or a validated
tooth analogue, were not written in English, and did not use
a commercially available ceramic.

Search

The search was last performed on January 31st, 2021, in
three databases: MEDLINE via PubMed, Web of Science, and

doi: 10.3290/j.jad.b2916469

Scopus, limited to articles written in English, without publish-
ing-date restrictions. The search strategy (Table 1) was based
on MESH terms and free-text specific terms of PubMed,
which were adapted for the other databases, if necessary.

Screening

The search was initially undertaken using Rayyan QCRI, an
online platform for systematic reviews.58 Two researchers
independently identified the articles by first analyzing titles
and abstracts for the presence of the eligibility criteria. Re-
trieved records were classified as include, exclude, or un-
certain. The full-text articles of the included and uncertain
records were selected for further eligibility screening inde-
pendently by the same 2 reviewers. Discrepancies in
screening of titles/abstracts and full text articles were re-
solved through discussion. In case of disagreement, the
opinion of a third reviewer was solicited.

Data Extraction

Two researchers independently extracted the data to a form
using Excel. After extraction, the results were checked by
both researchers to be certain of the data. Any disagree-
ment was solved by discussion until a consensus was
reached.59 Then, two reviewers independently extracted the
data and another checked it. The following data were col-
lected: study design; characteristics of ceramic material
used; luting system and cementation method; type of sub-
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Table 2 Characteristics of included studies

n=10

Study Study design Ceramic material used Luting system and cementation method
Jensen et al, Anterior and posterior crowns luted with GIC or filled Porcelain Crowns: Etched (not specified).
1989 luting resin. n=5 Enamel etched with orthophosphoric acid for 1 min.
Glass ionomer: Ketac Bond.
Dentin etched with 10% polyacrylic acid. Apply
cement.
Resin bonding
Crown: silane
Teeth: bonding agent (Scotchbond 2 layers, Gluma 1
layer). Apply filled luting resin.
Dietschi et al, Vitadur N/compisite resin cement; Vitadur N/GIC; Vitadur N: feldspathic powder/liquid ceramic Dicor: chemical and light-curing composite resin
1990 Ceramco IlI/compisite resin cement; Ceramco Il/GIC. Ceramco llI: feldspathic powder/liquid ceramic (inlays: 40% HF 3 min; tooth: 37% H3PO4 60 s)

Aqua-Cem: glass-ionomer luting cement

McCormick et

Hi-Ceram Biomer; Hi-Ceram ZnPOg4, Hi-Ceram Ketak-

Hi-Ceram: alumina-reinforced felspathic ceramic

Zinc-phosphate cement (Fleck’s, Mizzy), glass-ionomer

bonding procedures, resin composite cement
Group 2: ceramic not etched and silanized, dentinal
bonding procedures, resin composite cement
Group 3: ceramic etched and silanized, no dentinal
bonding procedures, resin composite cement
Group 4: ceramic not etched and silanized, not
dentinal bonding procedures, phosphate cement
n=10

ceramic

al, 1993 Cem; Dicor Biomer; Dicor ZnPQg4, Dicor Ketak-Cem; Dicor: glass ceramic cement (Ketac-Cem, 3M Oral Care), autopolymerizing
natural teeth. n= 10 composite resin cement (Biomer, Caulk/Dentsply)
Burke, 1995 Group 1: ceramic etched and silanized, dentinal Mirage fiber porcelain: feldspathic powder/liquid Mirage ABC/FLC kits: tooth conditioning and primer

application. Dual-curing. Light for 40 s.
Zinc oxyphosphate cement: conventional application

Scherrer et al,
1996

Comparative groups of intact extracted molar and
three types of crowns: feldspathic porcelain (luted with
zinc-phosphate and luted with resin cement), glass-
ceramic (resin cement), and glass-infiltrated alumina
(resin cement). n=10.

Feldspathic porcelain (Ceramco conventional: powder
and liquid), glass-ceramic (Dicor), and glass-infiltrated
alumina (In-Ceram)

Zinc-phosphate cement (without previous treatment).
Resin cement (Dicor light-activation kit, Dentsply). Acid
etching and silanization of ceramic, dentin pretreated
using a primer and adhesive (Prisma Universal Bond,
De Trey/Dentsply)

Leevailoj et al,
1998

In-Ceram (Fuji I; Fuji Plus; Vitremer; Advance; Panavia
21)

Feldspathic (Fuji I; Fuji Plus; Vitremer; Advance;
Panavia 21)

stored in NaCl unitl 2 months. After, the survivors
were tested for fracture strength. n= 10

In-Ceram 0.5 mm core + Vitadur Alpha (powder/liquid
feldspathic) 1.5 mm

Vitadur Alpha 0.5 mm core (porcelain) + Vitadur Alpha
1.5 mm

Fuji I: conventional glass-ionomer cement

Fuji Plus: resin-modified glass-ionomer cement. Fuji
Plus conditioner on tooth for 20s

Vitremer: resin-modified glass-ionomer cement
Advance: fluoride-releasing resin cement. PENTA
primer on tooth

Panavia 21: resin cement. Apply ED primer A and B on
tooth. Panavia etching agent 5s + Clearfil

New on crowns.

Behr et al, Carrara/Variolink 1l; Carrara/Fuji Plus; Carrara/Temp Carrara press - Leucite-reinforced ceramic (press) Variolink II: low viscosity, dual-curing/light-curing resin
2003 Bond. n=8 based dental luting material; 35% H3POg4, primer 15 s,
adhesive 15 s, cement
Fuji Plus: radiopaque reinforced glass-ionomer luting
cement, liquid/powder self-curing material; citric acid,
cement
Temp Bond: zinc oxide-eugenol cement +A1:M4nt -
self-curing material; cement
Okutan et al, ZrSi04 crowns cemented with KetacCem or Panavia KaVo Everest HPC ZrSi04 CAD/CAM ceramic The inner surfaces of all of the crowns were
2006 21EX. n= 16 sandblasted before cementation was performed.
Glass-ionomer cement: KetacCem conventional GIC
Autopolymerizing composite cement (containing
10-MDP): Panavia 21EX: etching agent and ED Primer
on tooth + cement
Attia et al, Ceramic (Vita Mark Il) and millable composite resin CAD/CAM feldspathic ceramic (Vita Mark Il) All crowns were etched using 4.9% HF for 1 min
2006 crowns (MZ100 Block) were fabricated using a CAD/ Group 1: RelyX ARC (dual-polymerizing resin cement).
CAM system and cemented with 3 luting agents: RelyX Prepare teeth with 37% H3PO4 and Single Bond
ARC (RX), GC Fuji CEM (FC), and zinc-phosphate Group 2: GC Fuji CEM, prepare teeth with conditioner
cement (ZP). n=16 Group 3: zinc-phosphate cement
Blatz et al, Zinc-phosphate cement without any pretreatment; Procera Alumina: CAD/CAM with aluminum oxide Zinc-phosphate conventional cement; mix and apply
2008 universal adhesive resin cement without any coping + Nobelrondo Alumina: feldspathic porcelain RelyX Unicem: hybrid (adhesive resin cement without
pretreatment; composite resin containing adhesive powder/liquid tooth pretreatment); mix and apply
phosphate monomers after pretreatment of the tooth Panavia F 2.0: adhesive bonding (composite resin and
and the crown. n= 8 pretreatment of tooth and crown); Tooth: ED Primer
A+B; Crown: Airborne-particle abrasion Al203, primer
and porcelain bond activator; cement: mix and apply
Al-Wahadni et IPS Empress 2/GIC; In-Ceram/GIC; IPS Empress 2/ IPS Empress 2: pressable lithium disilicate GIC (Universal Glass lonomer): p/I 1:2
al, 2009 resin cement; In-Ceram/resin cement. n= 10 In-Ceram resin cement (lllusion Universal Cementation System):

tooth: H3PO4 32%, 15 s. Bonding agent: two coats,
light curing per surface. Crown: sandblasting with
Al»03 + 4% HF, 4 min + silane, 30 s + light-cured
paste, light curing 60 s

Rosentritt et al,
2011

Zirconia (Ceramill; Vita YZ Cube; Cercon); glass-
infiltrated zirconia (Vita zirconia) X adhesive bonding;
conventional cementation. n= 8

Zirconia (Ceramill; Vita YZ Cube; Cercon); glass-
infiltrated zirconia (Vita zirconia)

Dual-curing composite, Variolink Il; zinc oxide—
phosphate cement
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Type of
substrate

Restoration
geometry

Aging

Mechanical
property
measured

Testing method

Sound and fresh
extracted teeth

Anatomic anterior and
posterior crowns

Thermal cycles: 500 times between 5°C 55°C, 30 s
in each water bath

Fracture resistance
(Kef)

Load applied parallel to the long axis of the tooth
with a 3-mm diameter hemisphere at 0.05 cm/min
until catastrophic failure

Human teeth Inlay/ Veneer Absent Fracture load (kgf) Compression; 2-mm-diameter ball; 1 mm/min

Human teeth Anatomic crown Absent Fracture load (kgf) Compression with a 4-mm steel ball at 0.5 mm/
min until fracture.

Human teeth Anatomic crown Absent Fracture load (N) Compression with a 4-mm ball; 1 mm/min

Human teeth Simplified anatomy Absent Fracture resistance (N) Compression; 12.7 mm in diameter ball contacted

crown

the crown at three distinct points at a crosshead
speed of 0.5 mm/min

Human teeth

Simplified crown

37°C in 0.8% NaCl solution at 1 h, 6 h, 24 h, 2 days,
3 days, 1 week, 2 weeks, 3 weeks, 1 month, and
2 months

Fracture load (N)

Compression; 3.2-mm-diameter ball; 0.5 mm/min

Human teeth

Anatomic crown

1,200,000 cycles; 1.66 Hz; 50 N; no piston reported

+ 6000 thermal cycles

Fracture load (N)

Compression; 4-mm-diameter ball; 1 mm/min

Human teeth

Anatomic crowns

1,200,000 cycles; 1.3 Hz; 49 N; 6-mm diameter
ceramic antagonist ball; thermocycling 5°C-55°C for
60 s each

Fracture load (N)

Compression load was applied to the occlusal
surface of samples at 2 mm/min.

Human teeth

Anatomic crowns

Half of the specimens in each subgroup (n=8) were
“fatigued” in a masticatory simulator (600,000

masticatory cycles and 3500 thermal cycles). 1.2 Hz,

maximum load 49 N, minimum load O N, and lateral
component 0.3 mm. Steatite ceramic balls (4-mm
diameter) were used as antagonistic surfaces to
simulate the antagonist teeth

Fracture load (N)

Compression; 4-mm-diameter ball; 1 mm/min

Human teeth

Anatomic crown

1.2 million cycles; 1.6 Hz; 50 N; 8-mm diameter
ceramic ball piston; wet.

Fracture load (N)

Compression; no piston reported; 1 mm/min

Human teeth

Anatomic crown

Absent

Fracture load (N)

Compression; 3 mm-diameter ball applied at 45° at
10 mm/min

Human teeth

Anatomic bridge

1,200,000 mechanical loading cycles of 50 N and
6000 thermocycles for 2 min with distilled water
between 5°C and 55°C)

Fracture load (N)

Compression with a 12-mm steel ball at 1 mm/min
until fracture

doi: 10.3290/j.jad.b2916469
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Table 2 Characteristics of included studies continued

Study Study design

Ceramic material used

Luting system and cementation method

May et al, 2012 Bonded (50, 100, 300, 500 um), not bonded (50,

100, 300, 500 pm). n=6

Feldspathic porcelain (Vita Mark Il blocks)

9% hydorfluoridric acid for 60 s. Primer A and B
(Ivoclar Vivadent). Bonded Group silanized (ultradent).
For non-bonded groups, poly(dimethylsiloxane) (PDMS).
The goups were cemented with Multilink Automix
(Ivoclar Vivadent) resin cement

Rungruanganun
and Kelly, 2012

Panavia/ Zn phosphate; as finished/sandblasted;
stored for 14 days. n= 15

Panavia/ Zn phosphate; as finished/sandblasted;
stored for 180 days. n= 20

In-Ceram alumina tabs + veneering porcelain: VM7
window porcelain

Half of the tabs (n = 70) were sandblasted with 50-um
Al»03 at 2.5 bar pressure (14 s) at a distance of

10 mm. The other half stayed as finished.
Zinc-phosphate cement

Schmitter et al, Teeth restored with alumina coping and different

Milled alumina

The teeth were treated with 34.5% phosphoric acid,

2013 cements. n=24 Solobond-Plusprimer, and Solobond-Plus-adhesive, the
cores were built up with a self-curing composite. Then
the teeth were prepared and the copings were milled.
The inner surface of copings was airborne-particle
abraded (50-pm aluminum oxide). The ferrule design
area of the teeth was etched with 34.5% phosphoric
acid for 5 s. 3 cements: a classical glass-ionomer
cement (Ketac-Cem), a self-adhesive resin cement
(RelyX Unicem) and a conventional resin cement
(Panavia F2.0)

Preis et al, (LDS/ ZLS) Syntac classic/Variolink Il Zirconia-reinforced lithium silicate (Celtra Duo): CAD/ 5% HF 20s (LDS) and 30s (ZLS)

2015 (ZLS) Smart Cem 2 CAM block, n= 32 (LDS/ ZLS) Syntac classic/Variolink II: adhesive.

(ZLS) Aqua Cem Lithium disilicate (IPS e.max CAD): CAD/CAM block, Silane 60 s on crown + Syntac Classic on tooth +
(ZLS) Ketac Cem n= 8 (control) cement application.
n=8 (ZLS) Smart Cem 2: self-adhesive cement
(ZLS) Aqua Cem/Ketac Cem: GIC
(ZLS) Ketac Cem: GIC
Campos et al, Group ZP: no zirconia surface treatment + zinc- Zirconia blocks - Vita InCeram 2000 YZ Zinc-phosphate cement
2016 phosphate cement. Preparations: ultrasonically cleaned in distilled water
Group PN: no zirconia surface treatment + resin for 5 min + cement application
cement. Dual-activated resin cement (Panavia F)
Group AL: air abrasion with alumina particles Preparations: 9% HF 1 min, ultrasonically cleaned in
(125 pm) + resin cement. distilled water for 5 min + silane (Clearfil Porcelain
Group CJ: air abrasion with alumina coated with silica Bond Activator p Clearfil SE Bond Primer) + adhesive
particles (30 pm) + silane + resin cement. system (ED primer) + air stream 60 s + cement
Group GL: application of a glaze layer + etching with application
hydrofluoric acid + silane + resin cement.
n=15
de Kok et al, POLISHED SURFACE (Bonding (static test/ Fatigue), Lithium disilicate: IPS-Emax-CAD (lvoclar Vivadent) Bonding procedure: Substrates were air abraded with
2017 simulated (static/fatigue test), Control (static/fatigue 50pm aluminum oxide for 10 s, 38% phosphoric acid
test); ROUGH SURFACE (bonding (static test/ fatigue), conditioning for 20 s. Scotch Bond Universal adhesive
simulated (static/fatigue test), control (static/fatigue (3M Oral Care) was applied. Ceramic was etched with
test). Static test n=10. Fatigue test n=20 9.5% hydrofluoric acid for 20 s, primer (Clearfield
Ceramic Primer). No bonding procedure: after all
bonding treatments, a thin layer of paraffin oil was
applied over the epoxy resin, aiming to avoid bonding
between ceramic and substrate, followed by cement
application, following all steps previously described.

Sahin et al, A1l (bioactive cement), B1 (resin cement), C1 (glass- Preformed pediatric zirconia crown NuSmile Bioactive cement, NuSmile. Apply on crown and put in

2018 ionomer cement), and D1 (resin-modified GIC) were position.

subjected to a chewing simulation test with G-CEM LinkForce: dual-curing adhesive resin cement.

thermocycling and mechanical loading (CSTTML). G-Premio BOND on tooth + cement

Groups A2 (bioactive cement), B2 (resin cement), C2 Fuji One: GIC

(GIC), and D2 (resin-modified GIC) were not subjected Fujicem 2: resin-modified GIC

to CSTTML.

n=15
Vohra et al, Dentin bonded all-ceramic crowns luted with Bioactive,  Lithium disilicate: IPS-Emax-CAD (lvoclar Vivadent). 9.5% hydrofluoric acid for 30 s. Single application of
2020 resin and glass-ionomer cements. n=10 Milled silane (Monobond S, Ivoclar Vivadent). Group 1

(n=20): Bioactive (Activa Bioactive cement, ACTIVA,
Pulpdent); Group 2 (n=20): resin (positive control)
(Nexus 3, Third Generation, Kerr); Group 3 (n=20):
glass-ionomer cement (negative control) (GIC Ketac
Cem Maxicap, 3M Oral Care)

Risk of Bias Assessment

strate; restoration geometry (anatomic crown, simplified
crown, simplified restoration); aging characteristics; me-
chanical property measured (outcomes) and the results
(mean and standard deviation), testing method; and main
findings of the study.

214

The risk of bias assessment was performed independently
by two researchers, based on and adapted from a previous
study.”? After checking the assessment made by each re-
searcher, any disagreement was solved by discussion until
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Type of
substrate

Restoration
geometry

Aging

Mechanical
property
measured

Testing method

Glass-fiber—filled epoxy
resin

Simplified crowns

96-h water storage at room temperature

Fracture load (N)

Woven glass-fiber—filled
epoxy; NEMA G10

Simplified restorations

14 or 180 days water storage

Fatigue test under
cyclic loading (N)
Staircase

Disks were centrally loaded using a 3-mm diameter
piston. A sheet of polyethylene (0.1 mm thick) was
placed between the piston and disk. At a frequency
of 20 Hz, from 10 N to the target load, for 500,000
cycles. The staircase sensitivity method was
chosen for the work. Step size was set at 25 N.

Human teeth

Anatomic crowns

Thermal cycles: 10,000 cycles from 6.5 to 60°C
(dwell time 90 s, intermediate pause 4 s). Mechanical
aging: chewing simulator (1.2 million cycles,maximum
force magnitude Fmax=64 N; water storage)

Load to failure (N)

Universal testing machine (crosshead speed of

0.5 mm/min) Universal Pruef Maschine, Z005;
Zwick, Ulm, Germany). Loads were applied to the
standardized occlusal area (2 mm high, 2 mm wide)
at an angle of 45° toward the buccal side of the
tooth

Human teeth

Anatomic crowns

1,200,000 cycles; 1.66 Hz; 50 N; human molar
antagonists + 3000 thermal cycles

Fracture load (kgf)

Compression; 12-mm-diameter ball; 1 mm/min

Glass-fiber—filled epoxy
resin

Simplified posterior full
crowns

Absent

Stepwise stress fatigue
test (N)

Stepwise stress fatigue test. In each step of
10,000 cycles, a load of 600 to 1400 N (200-N
increments) was applied, with a frequency of 1.4
Hz, in an aqueous environment. The load was
applied by means of a stainless-steel piston ball
40 mm in diameter

Glass fiber—filled epoxy
resin

Simplified restorations

Absent

Step stress fatigue
test (N)

Compression; 4.9-mm-diameter ball; 1 mm/min

Primary molars with
enamel caries and an
intact crown

Preformed pediatric
crown

250,000 cycles of chewing simulation; 50 N; 5-mm
stainless-steel ball + 250,000 thermocycles

Fracture load (N)

Compression; piston dimensions not stated;
0.5 mm/min

Human teeth

Anatomic crowns

One half: none

The other half of the samples in each cement group
were thermocycled (50,000 cycles) between 5°C and
55°C water baths (dwell time 30 s)

Failure load (N)

Compression with a round-head stainless steel
probe contacting both lingual and buccal cusp
slopes at a crosshead speed of 1 mm/min until
failure

consensus was attained. The following parameters for the
study’s quality assessment were considered: sample size
estimation, randomization of ceramic specimen, sintering/
crystallization cycle used according to the manufacturer’s
instructions, specimen preparation clearly stated and exe-

doi: 10.3290/j.jad.b2916469

cuted in a standardized and reproducible manner, test de-
sign and outcome in accordance with international standard
rules (ie, 1SO, ASTM, and others), cementation protocol
clearly specified, test executed by a single blinded operator,
and the presence of fractographic/failure analysis. Graphics
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were performed in the Review Manager 5.1 software pro-
gram (Nordic Cochrane Center, Cochrane Collaboration; Co-
penhagen, Denmark).

Data Analysis

A descriptive analysis was performed considering the col-
lected main characteristics of the studies. A meta-analysis
was conducted in the Review Manager 5.1 software pro-
gram (Cochrane Collaboration) using a random effect model
considering the evaluated outcomes (mechanical proper-
ties). Pooled effect estimates were obtained by comparing
raw mean differences among conditions for each outcome
and sub-grouped by ceramic type, cementation methods,
and aging. Negative estimates favored adhesive luting.
p<0.05 was considered statistically significant (Z test).
Statistical heterogeneity among studies was assessed via
the Cochran Q test, with a threshold p-value of 0.1, and the
inconsistency test 12, in which values higher than 50% were
considered indicative of high heterogeneity.

RESULTS

Descriptive Analysis

We analyzed 25 studies, four of which did not use the se-
lected substrates.25.62,75.88 One did not mention the ce-
ramics used,20 and we could not obtain the information
from the author. Thus, these five studies were excluded,
and the remaining 20 studies were considered (Fig 1).

Characteristics of the studies are summarized in
Table 2. Regarding the restorative materials, most of the
articles (11) used glass ceramics,49:17.30,37,41,42,53,55,66,85 gjx
used alumina,412.42,55,69,72 gnd four used zirconia.19,57,68,70
All studies that worked with zirconia used it with a mono-
lithic design. Some studies investigated more than one ce-
ramic type. The majority of the studies1® used human teeth,
and four studies used glass-fiberfilled epoxy resin as den-
tin analogue. In terms of restorations designs, fourteen
used anatomic crowns, three used simplified crowns, two
used simplified restorations, one used inlays, and one used
full anatomic three-element bridges. Only two studies used
a resin cement applied with prior substrate isolation to cre-
ate a non-bonding scenario, while the majority of the stud-
ies18 compared conventional cementation systems to adhe-
sive cements.

Regarding the tests performed, two studies used the
step-stress fatigue approach, while the majorityl8 con-
ducted load-to-failure monotonic tests. Furthermore, twelve
articles employed an aging strategy, among which most
used thermocycling, mechanical fatigue, or a combination of
the two.

Meta-Analysis

A meta-analysis was performed with 21 data sets, although
20 studies were included in the analysis, because one
study presented one data set for anterior crowns and one
for posterior crowns.37 A total of 63 comparison sets were
considered in the overall analysis, as a large number of

216

studies had multiple interest groups within the data set,
such as different ceramics, cements, and aging conditions.

Considering the overall analysis, dental ceramics that
used adhesive luting presented superior in vitro mechanical
properties (mean difference of 211.55N Cl 95% -277.288,
-14582; p < 0.01). Glass ceramics showed favorable re-
sults with adhesive luting in the subgroup analysis (Fig 2)
considering the ceramic structures (p < 0.01). The alumina
subgroup also showed favorable results towards adhesive
luting (p < 0.01). The zirconia subgroup showed no differ-
ence between adhesive and non-adhesive luting (p = 0.83).
In the subgroup analysis considering aging (Fig 3), both
aged and non-aged groups presented higher values for ad-
hesive luting (p < 0.01).

Risk of Bias

The results are described in Fig 4 according to the param-
eters considered in the analysis. All analyzed studies
scored negatively for most of the verified bias items. No
item received positive scores from all studies.

DISCUSSION

Adhesive luting improves the mechanical properties of ce-
ramic restorations, except for those made of zirconia. De-
spite the undeniable importance of adhesion on the funda-
mentals of restorative dentistry today, the present
systematic review and meta-analysis is the first to assem-
ble in vitro data about adhesive luting as reinforcement for
restorative dental ceramic mechanical properties. This is an
important work which furthers understanding the relation
between ceramic, cement, and stress distribution in indirect
restorations, thus lending support to clinical decision-mak-
ing with the best evidence-based practice.

Based on the meta-analysis results (Figs 2 and 3), it can
be inferred that adhesive luting reinforces the mechanical
properties of dental ceramics used as restorative mater-
ials. This can be explained by the differences in cement
composition and how they interact with the restoration and
the substrate. The non-adhesive materials used were zinc-
phosphate (ZP) and glass-ionomer (Gl) cements. The first
consists in an amorphous matrix of zinc aluminophosphate
filled with unreacted zinc oxide particles and does not
chemically bond to either dental tissues or restoration; its
“bonding effect” is strictly based on mechanical interlock-
ing.6.35 The second is a combination of undissolved glass
particles coated with silica gel embedded in an amorphous
matrix of hydrated calcium and aluminum polysalts contain-
ing fluoride.® GI cement is known for its chemical adhesion
to the calcium present in dental tissues; however, it also
relies on mechanical principles when it comes to restor-
ation retention.29.90 |t must be mentioned that this kind of
cement may vary its properties depending on the
powder:liquid ratio, temperature, and moisture during the
mixing procedure.35 Excess moisture during cementation
leads to higher cement solubility, especially at the restor-
ation margins, while a dry condition leads to microcracks.3®
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HNon-adhesive Adhesive
Study or Subgroup Mean S0 Total Mean S0
3.1.1 Glass ceramics
A-Wahadni 2009 (GIC IPS Emp x RC PS Emp) 24535 B2BY 10 26969 1033
Alia 2008 (GIC Aged x RC Aged) THA 1415 B8 7527 908
Aflla 2008 (GIC Baseling ¥ RC Basaling) 9238 1535 2 9291 1485
Arlla 2006 (2P Agad x RC Agad) sM.5 1179 8 7527 906
Atia 2006 (ZP Baseline x RC Baseline) W3 1T 8 9231 1485
Burke 1335 (ZP x RC » Denfin bond) 390 8 10 760 240
Burke 1995 (ZP x RC + Elch = Sip 390 a0 10 550 160
Burke 1995 (ZP xRC + Eith + Sil + Dantin Bond) 390 a0 10 770 70
de Kok 2017 (Sim. bonding polish x Bonding polish) 3859 1183 10 18323 2258
de Kok 2017 (Sim. bonding polish x Bonding rough) W59 1183 10 15591 2532
de Kok 2017 (Sim. bonding rough x Bonding polish) 2371 464 10 16323 2258
de Kok 2017 (Sim. bonding rough x Bonding rough) 2371 461 10 15501 2432
Digtschi 1890 (GIC Coramco llx RC Ceramco I 1455 2014 10 1,865 60
Digtschi 1990 (GIC Vitadur N X RC Vitadur N) 1582 1331 10 2062 196
Jensen 1989 (GIC x Gluma) Antertor teeth 90 126 5 178 96
Jensen 1989 (GIC x Gluma) Posterior teath 08 148 5 606 58
Jensen 1889 (3IC x Scolchbond) Anterior teeth 3900 1261 5 538 74
Jengen 1830 (GIC x Scolchbond) Posterior leeth 3081 1481 5 608 193
Laawallo) 1983 (GIC Pore x RC MOP Pore) 1,105 0 10 1022 2315
Leawalloj 1993 (GIC Porc x RMGIC Il Port) 1.105 201 10 866 1035
Leevailoj 1988 (GIC Pore x RMGIC Porch 1105 201 10 951 784
May 2012 (Non-banded 100 ym x Bonded 100 ym) 34T 5753 6 6354 4165
May 2012 (Nan-bonded 300 ym x Bonded 300 pm) 32379 2745 6 44508 7536
May 2012 (Nan-banded 50 pm x Bonded 50 pm) 30825 pes 6 EB7353 8941
May 2012 (Non-bandad 500 pm x Bondad S00 pm) 23327 49 6 320063 4157
MeCormick 1993 Dicor {BIC x RC) 6994 1579 10 8351 1297
McCormick 1993 Dicor (ZP x RC) 699 1465 10 8352 1298
Preis 2015 (ZLS GIC 1 x ZLS RC) 1501 593 8 1612 853
Preis 2015 (ZLS GIC lx ZLS selfadhesive RC) 1,801 583 g 1903 438
Prals 2015 (ZLS GIC 1 ILS RC) 1848 B36 g 2612 853
Preis 2015 (ZLS GIC 1 ILS sel-adhesive RC) 1848 B36 8 1903 438
‘ohra 2020 (GIC Aged x BioacCem Aged) 24316 4903 10 49442 6043
Wohra 2020 (GIC Aged x Resin Aged) 24316 4903 10 58233 9595
Viohra 2020 (GIC Baseline x BioacCem Bageling) 30751 4529 10 4803 4728
Viohra 2020 (GIC Bageline x Ragin Baseling) 30751 45320 10 68813 8941
Subtotal {95% C1) 298
Heterogeneity: Tau® = 68865.22 Chit = 101581, df = 34 (P < 0.00001);, F=97%
Test for overall effect Z= 880 (P < 0.00001)
3.1.2 Mumina
M-Wahatni 2009 (GIC In-Ceram x RC In-Ceram) 39048 6703 10 41836 2624
Blatz 2008 (ZP x RC) 1,788 242 8 2,782 418
EBlatz 2008 (ZP x RC no tooth bonding) 1,768 242 8 1,960 @
Leevailoj 1993 (GIC In-Ceram x RC In-Ceram) 1319 1303 2 1319 2308
Lesvallo) 1993 (GIC In-Ceram x RC MDP In-Ceram) 1,328 2303 g 1432 1968
Leavallo) 1988 (GIC In-Ceram x RMGIC Il In-Caram) 13218 2303 ] 1,356 190.8
Leevailoj 1998 {(GIC In-Ceram x RMGIC In-Ceram) 13289 2303 9 1541 197
McCormick 1993 Hi-Ceram (GIC x RC) 4454 1388 10 47 9848
McCormick 1993 Hi-Ceram (ZP xRC) 3708 166 10 rd4s 981
Rungruanganunt 2012 As inished (IP ¥ RC) 758 56 15 1128 141
R ganunt 2012 {ZPERC) 402 14 15 4mn ar
Sehrnitter 2013 (GIC modp cavx RC modp ¢ M43 276 3 JE6E 814
Schrnitter 2013 (GIC modp cavx SA RC modp cav) 43 WH 3 u78 8
Subtotal (95% C1) 118
Hetarogeneity. Tau®= 20030.56, Chi" = 117.00, df= 12 (P < 0.00001), "= 90%
Test for owerall efect 2= 2.53 (P= 0.01)
3.1.3 Zirconka
Campos 2017 (ZP x Alx0s + RC) 706 17834 15 1026 18409
Campos 2017 (ZP x glaze + HF + silane + RC) 08 12834 15 1,200 1313
Campog 2017 (ZP xRC) OB 12834 15 1028 18284
Carmpos 2017 (2P x SI0: Ay + sllang « RC) 706 12834 15 1013 15992
Okutan 2006 (GIC £ RC) 1622 433 16 1857 806
Rosentritt 2011 @F Ceramill x RC Ceramill) 13113 3183 12 13586 1764
Rosentritt 2011 (ZP Cercon Base x RC Cercon Base) 1,131 404 12 10723 5187
Rosaentin 2011 (ZP Vita YZx RC VitavZ)y 1260 74 12 12738 3876
Rosentritt 2011 (2P V2leconia x RC V Areonia) §02 1327 12 M4 e
Sahin 2018 (GIC Aged x BioacCem Aged) 11022 30468 15 72067 16935
Sahin 2018 (GIC Aged x RC Aged) 11022 30469 15 116685 27519
Sahin 2018 (GIC Aged x RMOIC Aged) 11022 30469 15 77242 20998
Sahin 2018 (GIC Baseline x BioacCem Baseling) 1,051.56 30784 15 £42.52 18305
Eahin 2018 (GIC Baseling X RC Baseling) 1,051.56 30764 15 110847 30753
Sahin 2018 (GIC Baseline x RMGIC Baseline) 1.051.56 397564 15 68099 19497
Subtotal (95% C1) 214

Heterogeneity: Tau®= 100178.67; Chit= 237.53, df= 14 (P < 0.00001), P= 94%
Tes! for owerall eMect 2= 0.21 (P= 0.83)

Tolal (95% CI) 630
Heterogeneity: Tau? = 61295 69, Chit= 1485.10, df=62 (P < 0.00001);, F= 96%
Tes! for overall effect Z= 631 (P < 0.00001)

Tes! for subaroup diferences: Chi®= 14.69, df= 2 (P = 0.0006), "= B6.4%

Mean Difference Mean Difference
Tolal Wei IV, Random, 95% C1 v, Random, 95% CI
10 1.8% ~34,34 [75.99, 27 31) -T
8 17% -31.60 151,51, 88.31) e
g 1% 550 15350, 142.50) b
8 17% 181,20 [-288.15,-74.29] e
8 17% -156.80 [-285.73,-17.87) =]
10 1.7% -370.00 F526.80,-213.20) —
10 1.7% -160.00 [-270.87,-49.13) e
10 18%  -380.00 F554.54,-205.48) —_—
10 1.7% -1246.4011404.39,-1088.41) ¢
10 186% 117320 [1346.42,-999.98) ¢
10 1.7% -1395.201530.04,-1252.36) ¢
100 1.7% -1322.00F1481.51,-116249) ¢
10 1.7%  -240.00 F370.25,-109.75) —
10 1.7% -480.00 F621.25,-338.75) e
5 17% +388.00 1526.85,-249.15) T
§ 1.7% 298,00 k43733, -150 67) =
5 14% ~147.90 F412.28, 116.48) —_—
5 15% 200,00 [-613.14, -86.66] —_—
10 1.8% £3.00 [107.02, 272.02) S —
10 1.7% 239.00 [98.88, 379.12) —
10 1.7% 154.00 [2017, 287 83) —
6 18% =313931371.23,-256.63 T
8 18% 12219 [-186.28,-58.10] —_
6 18%  -365.28}471.37,-250.19) —_
B 18% -67.36 [-118.78,-15.94) by
10 1.7% ~135.70 [ 262.35,-9.05 -
10 1.7% -136.20 [257.51,-14.89] —r—
4 06% ~721.00 [-1440.89,-1.11] &
4 08% -12.00 522.86, 499.96) —)
3 05% -T64.00 F1501.64,6364) ¥
8 07% -55.00 [709.00, 539.00

10 18%  -251.26F299.49,-203.03) i
10 18% -339.17 F405.95,-272.39) ——

10 1.8%  -17270}213.38,-132.23) —
10 18%  -38162}44374,-21950) —

208 S555%  .322.84[.41587,.229.81] -
10 18% +27.88 -72.49,16.73) 1
8 12%  -994.00 [1329.29,-650.71) +—
8 14% -192.00 1443.25, 59.25) —r
7 15% 0.00 [-232.88, 232.86) I —
10 16% -103.00 }206.73, 90.73) o -
10 16% <2700 218.37, 164.37) .
9 15% ~212.00 F410.00,-14.00) —
10 18% 13070 [25.07, 236.33) —
10 1.7% 55,80 F83.71,175.31) o
15 18%  -370.00 446.78,.293.23) —
15 18% -60.00 [-124.96,-13.14)
g 18% -12230 -186.78,-57.82) =
4 18% -3.50 [-88.80. 81.80) T
124 214% -113.27-201.00, -25.54] >

15 1.7% -32000 F43357,-206.43] R—
15 1.8% -484.00 p586.92,-401.08) -_—

15 1.7% ~320.00 F432.99,-207.04] =
19 18% +307.00 F410.77,-203.23 I
16 1.0% -335.00 F783.31,113.31) —

12 16% 4730 F253.20, 156.60) B m
17 1.3% 159.20 F214.04, 532.44) —
12 14% -4.80 - 279.39, 270.19) it
12 18% 250,60 [151.99, 249.21) —
15 16% 381.53 [205.12, 557.94]
15 16% 6465 F27242,14312) —_—
15 186% 320.78 [142.52, 517.04)
15 15% 200.04 [14.85, 432.73) e
15 14% +56.91 [-311.30, 197.48) —_—
15 15% IT0.57 [146.45, 594.69]
214 23% 18,36 [-188.11, 151.39] -
636 1000%  -211.55[.277.28,.145.82] »
1000 -500 500 1000

Favours [Adhesive] Favours [Non-adhesive]

Fig 2 Meta-analysis illustrating the ceramic composition subgroup.

Resin-modified glass-ionomer cements consist of an aque-
ous solution containing polyacrylic acid, hydroxyethylmethac-
rylate (HEMA), and a methacrylate modified polyacrylic acid,
as well as a powder containing fluoroaluminosilicate glass,

doi: 10.3290/j.jad.b2916469

similar to traditional GI cement, together with photo- and
chemical initiators.42 The polymerization process is impor-
tant for the initial setting and lowers the solubility of the ma-
terial compared to conventional Gl cement; however, the acid-
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Mk ; Al
Study o Subgioup Mean S0 Total Mean S0
1.1.1 Aged
Atfia 2006 (GIC Aged x RC Aged) M1 115 ] 757 935
Atlia 2006 (ZF Aged x RC Aged) 515 MN79 g T52.7 9.8
Elatz 2008 (ZF ¥ RC) 1,788 242 g8 2,782 419
Blatz 2008 {ZF x RC no tooth bonding) 1,788 242 8 1,830 piii]
Jensen 1989 (GI1C x Gluma) Anterior teeth 380 126 5 i7e 95
Jensen 1984 (GIC x Gluma) Postenior teeth 308 148 5 06 58
Jensen 1988 (GIC x Scolchbond) Anterior teeth 3301 1261 3 538 74
Jensen 1930 (GIC x Scolchbond) Posiedor leelh 3081 1483 5 608 183
Leavallo] 1983 (GIC In-Caram x RC InCeram) 1,320 2303 9 1,329 2399
Leevallo) 1958 (GIC in-Ceram x RC MDP In-Ceram) 1329 1303 9 1,432 1949
Leevailo 1998 (GIC In-Ceram x RMOIC Il In-Ceram) 1319 2303 9 1,356 1908
Leavailo) 1993 (GIC In-Ceram x RMOIC In-Ceram) 1,319 1303 a9 1,541 197
Leavailoj 1983 (GIC Pore x RC MDP Pore) 1,105 m 10 1,022 INS
Laavallo] 1983 (GIC Pare x RMGIC 1l Port) 1,105 m 10 BGE 1035
Leavallo) 1988 {GIC Porc x RMGIC Port) 1,105 m 10 851 139
Okutan 2006 (GIC x RC) 1622 433 16 1,857 806
Preis 2015 (ZLS 0IC I x ZLS RC) 1891 583 B 2612 853
Prels 2015 (ZLS GIC Il » ZLS sel-adhesie RC) 1,801 503 & 1,803 438
Prels 2015 (ZLS GIC 1x ZLS RC) 1,848 338 3 2,812 853
Prels 2015 (ZLE GIC | x ILS selfadhesive RC) 1,848 836 8 1,803 438
Rosentritt 2011 (ZP Ceramill x RC Ceramill 13113 383 12 13506 1764
Rosentritt 2011 (ZP Cercon Base x RC Cercon Base) 12115 4101 12 10723 5167
Rosentritt 2011 (ZP Vita YZ x RC Vita YZ) 1,289 3174 12 12736 3678
Rosentrin 2011 (ZP v 2irconia ¥ RC V Zrconia) 592 1337 12 M4 118
Sahin 2018 (GIC Aged x BloatCem Aged) 10022 30489 15 72067 169,35
Sahin 2018 (GIC Aged x RC Aged) 11022 30469 15 116685 27519
Sahin 2018 (GIC Aged x RMGIC Aged) 10022 30469 15 77241 20996
Schmitter 2013 (GIC modp cavx RC modp cay) 2443 1786 3 306.6 B1.4
Schrmitter 2013 (GIC modp cav x SARC modp cav) 2443 276 3 2478 B1
Wiohra 2020 (GIC Aged x BioacCeam Aged) 24316 48.03 10 48442 6043
‘ohra 2020 (GIC Aped x Resin Aged) 24316 4903 10 58233 9595
Subtotal (95% CI) 285

Heterogeneity: Tau™= 42180.25, Chi*= 20542, df= 30 (P = 0.00001), F= 90%
Testfor overall effect Z= 213 (P=003)

1.1.2 Nolaged

A-Wahadni 2009 (GIC In-Ceram xRC In-Ceram) 39048 6703 10 41836 2624
Al-Wahadni 2009 (GIC IPS Empx RC IPS Emp) 14535 8269 10 26969 1033
Aflla 2008 (GIC Baseline x RC Baseling) 82386 1535 3 6261 1485
Allla 2006 (ZP Baseling x RC Baseling) FIZ3 1347 B 9201 1435
Burke 1995 (ZP x RC + Dentin bond) 390 B0 10 T80 240
Burke 1995 (ZP x RC « Efch + 5il) 390 g 10 550 160
Burke 1995 (ZP x R « Eich = 5il » Dentin Bond) 380 80 10 770 270
Campos 2017 (ZP x Al:03 + RC) TOB 12634 15 1,026 18409
Campos 2017 (ZF xglaze + HF + sllang + RC) 706 12834 15 1,013 15083
Campos 2017 (ZP XRC) 706 12834 15 1,026 19264
Campos 2017 (ZP x 8i0z AlzO» ¢ silane + RC) 706 12834 15 1,200 1313
de Kok 2017 (Sim. bonding polish x Bonding polish) 3859 1183 10 16323 2358
de Kok 2017 (Sim. bonding polish x Bonding rough) 3859 1183 10 1,5581 2532
de Kok 2017 (Sim. bonding rough x Bonding polish) 7IT1 461 10 16323 2158
de Kok 2017 (Sim. bonding rough x Bonding rough) 211 461 10 15581 3532
Digtschi 1990 (GIC Ceramco Il x RC Cerameo i) 1455 14 10 1,695 B0
Dietschi 1990 {GIC Vitadur M x RC Vitadur My 1582 1331 10 2062 185
May 2012 (Non-bonded 100 ym x Bonded 100 pm) INAT 5753 B B354 4285
May 2012 (Non-bonded 300 ym x Bonded 300 pm) 32378 2795 B 44538 7538
May 2012 (Non-bondad 50 um x Bonded 50 pm) 30825 9881 6 67343 384
May 2012 (Mon-bonded 500 ym x Bonded 500 um) 30 49 B 30063 4157
MecCormack 1993 Dicor (GIC x RC) B994 1579 10 8351 1297
McCormick 1993 Dicor (ZP x RC) 693 14865 10 8352 1298
MecCormick 1893 Hi-Ceram (GIC xRC) 4454 1383 10 347 639
MeCormick 1893 Hi-Ceram (ZP x RC) 3706 166 10 EAL R 831
Rungruanganunt 2012 As finished (IP x RC) 58 56 15 1,128 14
Rungruanganunt 2012 Sandblasted (ZP x RC) 402 104 15 an ¥
Sahin 2018 (GIC Baseline x BipacCem Baseline) 105156 39784 15 84252 19305
Sahin 2018 (GIC Baseline x RC Baseling) 105156 39764 15 1,10947 30753
Sahin 2018 (GIC Baseling x RMGIC Baseling) 105156 39764 15 68099 19407
Vohra 2020 (3IC Baseling x BloacCem Baseling) 30751 4529 10 480.3 47.26
Vohra 2020 (GIC Baseling x Resin Baseling) 0751 4529 10 6913 AS4
Subtotal (95% CI) 345

Helerogeneity: Tau™= 70236.72, Chi*= 1159.23, df= 31 P < 0.00001), P=97%
Tes! for overall effect Z= 6.36 (F < 0.00001)

Total (95% C1) 630
Heterogeneity: Tau®= 6120569 Chi*= 148510, df= 62 (P < 0.00001) P= 95%
Tesi for overall effect Z=6.31 (P < 0.00001)

Tesl for subaroup diferences: Chi*=11.23, di=1 (P = 0.0008), P= 91.1%

Mean Difference Mean Difference
Tolal Weight IV, Random, 95% C1 IV, Random, 95% CI
B 17% -31.60 [-151.51, 88.31] —
B 17% -181.20 [ 238.15,-74.25) —_—
B 12% .004.00}1329.20,-658.71]
B 4% 192,00 [-443.25, §9.25) —
5§ 1.7%  -300.00(-52605,-249.15) R
5 1% -296.00 [-437.33, -156.67) L
5 14% 147,90 1412.28,116.48] ——
5 15% -209.90 [-513.14, -86.66] S
T 15% 0.00 232.86, 232.86) 1
10 16% ~103.00 [-296.73, 90.73) S i
0 16% =27.00 F218.37,164.37) e
8  16% =212.00 [-410,00,-14.00] ==
10 16% 83.00 1107.02,273.02] T———
10 1.7% 230.00 (9288, 370.12) A
10 1.7% 154.00 (2017, 267.83) =
16 10% -335.00 F783.31,113.31) —_—
8 06% 721,00 144089, -1.11] ¥——————
£ 09% -12.00 52286, 498 86) —
B 05% .764.00 }1501.64, 3.64) +————————
8 0% +55.00 |-709.00, $99.00]
12 165% -47.30 F253.20,158.60) e R
12 12% 159,20 214,08, 532.44) e
12 14% -4.60 F279.39, 270.19] —
12 18% 250,80 [151.99, 340.21) —_—
15 16% 381,53 [205.12, 557.94)
15 16% 5465 F2T2.42,143.12) e
15 16% 329.76 [142.52, 517.04)
B 18% -122.30 186,78, -57.82] -
4 18% ~3.50 }88.80, 81.80] —
10 18%  -251.26(-299.48,.203.03] ==
10 18% =339.17 [-405.95,-272.39) —
291 45.1% +90.94 |-174.78,.7.10] -
0 18% -27088 7249, 16.73) o
10 18% ~24.34 17599, 27.31) i
B 17% -5.50 |153.50,142.50] pr——
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Fig 3 Meta-analysis illustrating the aging condition subgroup.

base reaction is still its main setting mechanism.3% On the
other hand, the presence of resin monomers, even in small
portions, enables this material to have some interaction with
the silane applied on glass ceramics, indicating some level
of adhesion,52 although HEMA is a highly hydrophilic mono-
mer with a reduced degree of conversion and mechanical
properties.3 In the present meta-analysis, this cement was
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considered as an adhesive, and by that it is important to
note that its use enhances the ceramic restoration’s proper-
ties in comparison to non-adhesive cements (ZP and Gl).
Alternatively, the most common “adhesive” cementation
is based on the use of resin cements, which share the
same basic composition, but may differ in application mode
(with or without adhesives and etching, depending on the
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strategy and restorative material).13,23,38,64,76 The struc-
ture of resin cements is quite similar to that of the resin
composites,?+8,:21,31,32,36,78 glong with the inclusion of fill-
ers, such as ceramic particles and colloidal silica, ranging
from 40% to 60% by weight.3 Some resin cements contain
organophosphates such as 10-methacryloyloxydecameth-
ylene phosphoric acid (10-MDP). The viscosity of the resin
cements is mainly related to its filler portion, which also
influences the elastic modulus and hardness.32 These prop-
erties are crucial for the restoration’s mechanical behavior,
as cements with higher elastic moduli foster better stress
transfer from the restoration to the teeth.63.74 The filler
content is also responsible for the cement viscosity, which
is responsible for filling the gaps generated due to surface
treatments.10,77 Such aspects (variations in composition,
viscosity, elastic moduli, etc) were not scrutinized in the
present meta-analysis. Thus, future studies may help to ex-

plore such differences and determine whether these char- i
acteristics will impact the mechanical properties of the set. S
In relation to microstructure, dental ceramics can be di- Blatz 2008
vided into two main classes: glass and polycrystalline ce- Burke 1995
ramics. Adhesion to glass ceramics has been widely studied Campos 2016
over the years;%0 its classic protocol consists of acid etching e WAt

with 5%-10% hydrofluoric acid (HF) and subsequent coupling
. . . . . Dietschi 1990

agent application, with silane in the form of 3-methacryloxy-
Jensen 1989

propyltrimethoxysilane (MPS) being the most commonly uti-
lized.13,26,48 HF acid acts by partially dissolving the glassy
matrix of the ceramic, generating irregularities, and providing
a greater area for adhesion,67.82,84 while silane acts as a
link, bonding the ceramic’s silica network to the cement’s
organic molecules via siloxane bonds.52 The resin cement
penetrates into the retentions provided by the HF together
with the silane coupling agent, providing enhanced stability
of the bonded prosthesis and filling cracks which would con-
centrate stresses in the restoration.15,65,67,83

In contrast, the adhesive luting approach in polycrystal-
line ceramics, especially zirconia, differs from that of glassy
ceramics.67.82,84 Ajr abrasion with aluminum oxide is used
for this class of ceramics to create irregularities for subse-
quent cement penetration,18 but it is important to note that
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this procedure may also damage the ceramic surface, po-
tentially initiating cracks.86 In this case, silane is not an
agent to be used directly on the treated ceramic, as there is
no silica available to which this substance can bond.52.80
Some techniques use air abrasion with silica-coated alumi-
num oxide as a surface treatment for polycrystalline ceram-
ics; this results in silica deposition on the ceramic, which
allows subsequent use of silane for the adhesion of a resin
cement.14.18 The use of 10-MDP primers is especially indi-
cated for zirconia ceramics, since this substance is able to
chemically bond to zirconia via ionic interactions and hydro-
gen bonding.56 The use of 10-MDP materials appears to
provide strong, stable adhesion between this class of ce-
ramic and resin cements.27.43,47,54 Nevertheless, the ma-
jority of studies that investigated zirconia ceramics did not
find significant differences between adhesive and non-adhe-
sive luting;57.68,70 it is noteworthy that only a few published
studies exist in this context. There are also contradictory
findings depending on the method used to test such stud-
ies. Although two studies using monotonic tests showed an
absence of a mechanical effect using zirconia and a 10-
MDP containing bonding agent,57.68 one study, using a fa-
tigue approach, resulted in superior mechanical proper-
ties.19 Thus, more studies are required, especially using
methodologies that promote degradation of the interface
between restoration and substrate (ie, aging and fatigue).

Regarding aging, the main method used by the studies
included in this review was thermocycling, which usually
cycles the specimen between 5°C and 55°C in water and is
considered a clinically relevant method for aging.4°® In addi-
tion to the effect of the temperature, the presence of hydro-
philic monomers in resin cements promotes hydrolytic deg-
radation at the interfaces.16 Water sorption by resin-based
materials may lead to an increase in the modulus of elasti-
city,16 which causes an unfavorable tension distribution in
the restoration; more similar moduli of elasticity between
cement and restoration lead to better stress distribution,
strength, and performance.2:28 Self-adhesive resin cements
contain a higher quantity of hydrophilic monomers than do
other resin cements, being more susceptible to hydrolytic
degradation.3344 Even with these issues, resin cements
are less prone to degradation in water than conventional
acid-base cements, and are able to maintain their proper-
ties for longer periods of time.11 Thus, these observations
point to the necessity of including aging in future pertinent
sutides, in order to characterize the long-term performance
of the tooth-restoration unit.

The present systematic review has some limitations. The
studies included in this review presented an [2=96%, indi-
cating high heterogeneity among the reports. It is a chal-
lenge to perform a systematic review based on a large vari-
ety of cements and ceramics which have been introduced
over the years. This review analyzed articles from 1989 to
2020, during which the luting agents changed, as well as
the way their modes of application; the methods employed
to test mechanical properties have also evolved. Another
important limitation concerns the risk of bias analysis,
which presented high negative scores for the majority of
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items, indicating a lack of compliance with fundamental re-
search principles, greatly impacting the validity/reliability of
the data.24.73 We emphasize the need for greater attention
to methodological rigor when conducting and reporting stud-
ies, as well as the need for more studies that focus on
aging and fatigue methods in this context. In addition, the
search was limited to English, but we believe the number of
new studies in other languages would be minimal and
would not change our findings.

The present systematic review analyzed in vitro studies;
its implications for the clinical context should be carefully
considered, since laboratory environments differ from the
complex environment in the mouth. On the other hand, the
authors emphasize that laboratory research is very well
suited to isolating the factors focussed on and providing
results which can predict the behavior of restorative mater-
ials in clinical practice.3® It is important for authors to use
those methods which more closely simulate clinical reality
to provide more clinically relevant information. This would
include fatigue approaches4° and aging protocols, which
are indispensable for the adhesive context.81 More studies
should be conducted on zirconia substrates, as their me-
chanical enhancement mechanisms are not yet fully ex-
plored, such as the role of progressive loss of adhesion.

CONCLUSIONS

The in vitro literature indicates that adhesive luting re-
inforces the mechanical properties of dental ceramics used
as restorative materials. The exception is zirconia, for which
studies on this theme are scarce.
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