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Abstract

Purpose: The objective of this study was to evaluate the light transmittance behavior
of resin-matrix cement and zirconia onlays after cementation, subjected to two different
loading magnitudes.

Materials and Methods: Eighteen CAD-CAM fabricated 3Y-TZP zirconia onlays (1.5
mm thickness) were cemented onto zirconia disks following the APC protocol.
Specimens were divided into two groups: Z20 (20 N load) and Z60 (60 N load), each
applied for 60 seconds and analyzed in triplicate. All samples were cemented using a
73 wt% resin-matrix cement and light-cured at 900 mW/cm?. Optical transmittance was
assessed using a spectrometer with a monochromator before, during, and after
polymerization, with additional real-time irradiance data from a MiniGig device. Post-
cementation, specimens were sectioned perpendicularly and examined under optical
microscopy for structural evaluation.

Results: The highest light transmittance for uncemented zirconia onlays occurred near
300 nm, with increased transmission from 600 to 850 nm and peaks around 830-850
nm. Cemented specimens in the Z60 group exhibited higher light transmittance and
radiant power at 840 nm than those in Z20, suggesting superior polymerization
efficiency. MiniGig analysis revealed increased real-time irradiance and Rp/np ratios
in Z60, while benchtop spectrophotometry showed no significant difference before and
after curing. Both instruments provided complementary insights—absolute
transmittance and dynamic irradiance, respectively.

Conclusions: This study confirms that higher cementation loads (60 N) improve light
transmittance and polymerization efficiency through 1.5 mm 3Y-TZP zirconia onlays.
Increased pressure reduces cement layer thickness, minimizing light scattering. Both
benchtop and in situ spectrophotometry validated the optical benefits of higher loads.
Clinically, adequate cementation force is critical for optimal curing under opaque
zirconia restorations. Standardized cementation protocols are recommended to
enhance long-term restoration performance.

Keywords: onlay; zirconia; resin-matrix cement; cementation load; light transmission
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Resumo

Objetivo: Este estudo teve como objetivo avaliar a transmissédo da luz através de
onlays de zirconia de cimento a base de resina apos cimentagdo com duas forgas de
cimentacao diferentes.

Materiais e Métodos: Dezoito discos de zircdnia 3Y-TZP receberam onlays de 1,5
mm, fabricados por CAD-CAM, e foram cimentados conforme protocolo APC. As
amostras foram divididas em dois grupos: Z20 (20 N) e Z60 (60 N), com cargas
aplicadas por 60 segundos. Todas foram cimentadas com cimento resinoso contendo
73% de particulas inorganicas e fotopolimerizadas a 900 mW/cm?. A transmitancia
optica foi avaliada por espectrofotdmetro com monocromador integrado antes e apos
a polimerizagao, e durante esta, com o dispositivo MiniGig. Apds a cimentagao, os
espécimes foram seccionados e analisados por microscopia 6tica para avaliar a
interface e a morfologia do conjunto restaurador.

Resultados: Os maiores valores de transmitancia foram observados em 300 nm nas
amostras sem cimento resinoso, com aumento entre 600—-850 nm, especialmente
entre 830-850 nm. As amostras cimentadas com 60 N apresentaram maior
transmitancia e racios Rp/np aos 840 nm em comparagdao as de 20 N. O
espectrofotometro nao revelou diferengas significativas antes e apds a polimerizagao,
enquanto o MiniGig indicou maior poténcia radiante para o grupo Z60 durante a
fotopolimerizagdo. Ambos os dispositivos forneceram dados complementares: o
espectrofotometro mediu transmitancia absoluta e o MiniGig, irradidancia em tempo
real.

Conclusoées: Este estudo demonstra que forgcas de cimentagado mais elevadas (60 N)
aumentam a transmitancia de luz e a eficiéncia de polimerizagao sob onlays em
zirconia. A maior pressao reduz a espessura do cimento, diminuindo a dispersao
luminosa. Clinicamente, a aplicagao controlada de forca e a padronizagdo dos
protocolos de cimentagédo sao essenciais para otimizar o desempenho restaurador.
Palavras-chave: onlay; zircdnia; cimento resinoso; forca de cimentagao; transmissao

de luz
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1. INTRODUCTION

Recently, an increased demand for restorative materials with good esthetic and
enhanced mechanical and physical properties have arisen (1,2). Among these
materials, zirconia is one of the most used due to its great mechanical and esthetic
properties, showing a fracture toughness of 9 + 0.34 MPa and elastic modulus around
240 £ 9.5 GPa (1,3,4) and three-point bending strength of around 1200 + 130 MPa,
(1,5). Moreover, zirconia can be used for several types of chair-side restorations
including onlays when the tooth damage involves the cusps (6). Indeed, monolithic
zirconia is the most used material for indirect ceramic restorations (7,8).This material
has optimal mechanical properties such as high hardness values (around 14 GPa),
resistance to wear and does not wear when is polished. The strength of monolithic
zirconia can range from 400 to 1300 MPa depending on yttria concentration and has a
fracture toughness that can range from 2.4 to 6 MPa m'?(2,7). However, concerns
have arisen regarding the light transmittance through zirconia and the influence of
cementation load on the light transmittance.

At atmospheric pressure, pure zirconia can have three forms: a monoclinic form
from room temperature to 1170°C, a tetragonal form between 1170°C and 2370°C and
a cubic form from 2370°C to melting temperature 2700°C (2,9,10). Tetragonal zirconia
is the most resistant but needs to be stabilized with yttria to be retained at room
temperature. For instance, with 3 mol% of yttria a 3Y-TZP zirconia with 62.73% of
Zirconium and 8.03% of Yttrium (11) can be obtained. Cubic zirconia is the most
translucent zirconia since translucency increases with yttria concentration. For this
reason, zirconia containing more cubic phase (4Y-TZP or 5-TZP) are mainly used for
esthetic dentistry, while stronger and more opaque zirconia like 3Y-TZP is mainly used
for posterior restorations (7,9). Regarding density, for a 3Y-TZP zirconia, the tetragonal
phase is 6083 kg/m? and the cubic phase is 6053 kg/m3. When zirconia is sintered
above ~1400°, the concentration of cubic phase increases which leads to an increase
of translucency and decrease of flexural strength and grain size (5,9). Unlike 4Y-TZP
or 5Y-TZP zirconia, 3Y-TZP zirconia is opaquer due to the interaction of grain size

(approximately 0.4 um) with light wavelength 0.1 and 0.7 um, which leads to light



refraction instead of light transmission. As a result, 3Y-TZP zirconia has fewer surface
defects, is denser and has a better grains uniformity (11).

Is important to highlight that the ceramic thickness, zirconia microstructure and
resin-matrix cement are crucial parameters on light-curing, translucency, color of the
indirect restoration. Therefore, these parameters also play a crucial role on the degree
of monomers conversion of resin-matrix cement, that not only depends on the resin-
matrix cement, restorative thickness, indirect restorative material and light-curing

procedure (12,13).

1.1 State of the art

1.1.1 Resin cements and zirconia

Indirect dental restorations, such as onlays, are typically luted using resin-matrix
cements that require proper polymerization to ensure adequate retention and long-
term durability of the restoration (6). Currently the majority of resin-matrix cements are
dual or light cured, and it is crucial to understand the influence of the type and thickness
of resin-matrix cements under zirconia indirect restorations. Indeed, the ceramic
thickness, microstructure and the type of resin-matrix cement can impact the light
transmittance leading to a low degree of conversion (DC) and impair the outcome of
the indirect restoration (1,14). Furthermore, during cementation, a change in loading
can impact the properties of the restoration and the light transmittance, since it can
range from 12N up to 67N (6,15).

There are different alternatives for zirconia cementation like glass ionomer (Gl)
cement, resin-modified glass-ionomer (RMGI) cement, or resin-matrix cement
containing 10-methacryloyloxydecyl dihydrogen phosphate (MDP) (16). The resin-
matrix cement containing 10-MDP demonstrated higher bond strength compared to
the Gl and RMGI cement (16,17). Regarding resin-matrix cement polymerization
pathways, there are three types: light-cured, self-cured and dual-cured resin cements
(18,19,19). For zirconia with decreased light transmission, dual- or self-cured resin-
matrix cements should be used to guarantee adequate polymerization and DC (20).
Indeed, dual-cured resin-matrix cements have both light and chemical activation to

ensure a proper polymerization when there is a lower light transmission (21,22). For



dual-cured resin-matrix cements, polymerization is initiated by a chemical reaction
between benzoyl peroxide and a tertiary amine (TA) while a photoinitiator system
composed by camphorquinone (CQ) and TA (CQ/TA) is stimulated by visible light
(21,23). Dual-cured resin-matrix cements are one of the most used types of resin-
matrix cements because it allows an adequate polymerization even when light
transmission is reduced (24). Also, resin-matrix cements that have high proportion of
micro- and nano- scale inorganic fillers can lead to variation of the absorption and
refraction of light (25). Consequently, a high degree of light refraction can lead to a
decrease of light transmittance which will result in an inefficient DC of the organic
matrix of the resin-matrix cements (25). Various inorganic fillers such as glass
ceramics, ytterbium fluoride, and amorphous silica were found in the resin-matrix
cements (26). The organic matrix of resin-matrix cements typically comprises
monomers such as bisphenol A-glycidyl dimethacrylate (Bis-GMA), urethane
dimethacrylate (UDMA), and triethylene glycol dimethacrylate (TEGDMA). Most
formulations incorporate high molecular weight monomers including Bis-GMA, UDMA,
TEGDMA, and hydroxyl ethyl methacrylate (HEMA). Bis-GMA is characterized by a
relatively high molecular weight (512 g-mol™) and elevated viscosity (600—1000 Pa-s),
which imposes limitations on the loading of inorganic fillers within resin-based
composites. UDMA is commonly employed as the primary base monomer, typically
combined with TEGDMA to enhance the resin’s overall performance. Consequently,
achieving an optimal balance between the proportions of inorganic fillers and the
organic matrix is essential (26). Furthermore, self-adhesive resin-matrix cements
typically  contain  acid-functionalized @ monomers, enabling simultaneous
demineralization and adhesion to the tooth substrate (27,28). These monomers are
designed to penetrate and etch the dental substrate, creating chemical interactions
with methacrylate monomers and Ca?* ions from hydroxyapatite to partially "silanize"
the tooth surface. The gold standard functional monomer now is 10-
methacryloyloxydecyl dihydrogen thiophosphate (10-MDP), even though dental resin-
matrix cements also use other functional acidic monomers, including dipentaerythritol
penta-acrylate phosphate (PENTA), 4-methacryloxyethyl trimellitic acid (4-MET), and
4-methacryloxyethyl tri-mellitic anhydride (4-META). In addition to hydrogen bonding
with collagen molecules, this phosphoric acid-spacer-methacrylate group molecule
also produces highly strong and stable interactions with hydroxyapatite, generating 10-

MDP-Ca salts. On the other end of the spectrum, this molecule creates binds with the



carbon chain of the resin monomers. Furthermore, it has been demonstrated that
endogenous dentinal matrix-metalloproteinases that break down the hybrid layer and
shorten the durability of resin-dentin bonds are inhibited by 10-MDP and 10-MDP-Ca
salts (29,30).

resin cement

PR o ‘{‘ "‘ﬂ."

Zirconia

Zirconia to resin cement interface

Figure 1. (A) Cementation procedure, (B) Resin cement light-curing, (C) Adhesive interface. Image
adapted from (31).

1.1.2 Zirconia surface preparation

The inner surface preparation of zirconia differs, however the most used
methods are: sandblasting, the use of silane, acrylizing or using a tribochemical silica
coating on the YPSZ zirconia. All these procedures showed an initial bond which
decreased significantly over time (32,33). For this reason, there is a specific protocol
for zirconia bonding, which allows a long-lasting bond. This protocol requires an air-
particle abrasion, a ceramic primer containing 10-methacryloyloxydecyl dihydrogen
phosphate (MDP) monomer and a resin-matrix cement and is called the APC protocol.
The first step is cleaning the restoration and air-particle abrade zirconia (APC - Step
A) with alumina or silica-coated alumina particles, which is called sandblasting or
microetching. This step provides an increase of micro-mechanical retention (34). The
second step is the application of specific ceramic primer (APC - Step P), which contains
adhesive phosphate monomers, on the zirconia bonding surface. This step permits to

establish a chemical bond toward a metal oxide (34). The last step of this protocol is



using a dual- or self-cure resin-matrix cement (APC - Step C) to guarantee an adequate
polymerization and conversion through the zirconia restoration (7,20). Indeed, high-
strength ceramic restorations have shown a strong and durable bonding after being
pre-treated with air-particle abrasion and after using an adhesive containing 10-MDP.
In fact, the 10-MDP monomers allow better moisten slightly rough surfaces and provide
air-particle-abraded high-strength ceramics improved long-term bond strengths. 10-
MDP monomers are also very effective to bond to metal oxides (P-O-ZR) and can
increase the bonding ability of other cements to zirconia. This leads to a better
durability of different bonding protocols of 3Y-TZP to enamel, dentin, composite cores,
titanium abutments and bases, zirconia abutments, and lithium disilicate crowns
(20,35).

1.1.3 Relation between zirconia thickness and polymerization of resin-matrix cements

Various factors can influence the polymerization and the DC of monomers like
irradiation time, light irradiance, light transmission, light-curing protocols, and type,
thickness, and shade of the restorative materials. It was shown that restorative
materials over 1.5 mm reduce light transmittance and that their color may change over
time. Thus, an increase of the zirconia thickness can negatively affect the light
transmittance to the resin-matrix cement. This may lead to a decrease of the DC of
resin-matrix cement monomers resulting in low chemical stability and low
microhardness values (1,21,25,36,37). Another important point in light transmission is
zirconia microstructure. It can differ based on chemical composition and sintering
process by different manufacturers (1). Also, dual-curing polymerization combines the
greater DC of light-curing polymerization and the overtime curing of the self-curing

polymerization (36,38).

Optimizing light-curing parameters is critical and must be tailored to the specific
thickness and microstructural features of zirconia, as these factors significantly
influence light transmission and, consequently, the polymerization efficacy of resin-
based materials. (1). For example, thicker and more opaque zirconia requires higher
light-curing intensity during a longer time. (1) Regarding light cure efficiency,
40s/surface leads to an optimal resin-matrix cement curing (7). Moreover, during

cementation, a change in cementation load can affect the uniformity of the cement film



thickness, light transmittance during polymerization process and can affect the
durability of the restoration (15). It is crucial to guarantee a minimum film thickness,
between 50 and 100um (39,40). Indeed, a higher loading during cementation can

promote a most adequate resin-matrix cement layer thickness at the onlay interface

(6).

The main objective of the present study was to assess the optical transmittance
through resin-matrix cement and zirconia onlay after cementation on two different
loading magnitudes. It was hypothesized that the resin-matrix cement layer varies at
the onlay to dentin interfaces depending on the loading magnitude used for

cementation and, as a result, light transmittance values will be different;
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2. MATERIALS AND METHODS

2.1 Preparation of specimens

Samples of 3Y-TZP zirconia powders (TOSOH - Zpex) were prepared in collaboration
with University of Pennsylvania. Approximately 2.1 grams of 3Y-TZP zirconia powder
were measured using an analytical balance (Mettler Toledo, Columbus, OH, USA).
The powders were uniaxially pressed in a hardened steel die using a 1-tonne Carver
Manual Bench Top Pellet Press (Wabash, IN, USA) for 5 minutes (Figure 2). The green
body samples were then vacuum-packed in preparation for Cold Isostatic Pressing
(CIP) using a YLJ-CIP-20b Cold Isostatic Press (YLJ, China), pressed at 250 MPa to
produce disc-shaped specimens (Figure 3). After pre-sintering, the samples were
manually polished using 280-grit sandpaper from Buehler (Buehler, lllinois, USA). The
polishing was performed in a figure-eight motion for approximately 15 s on each side
until the samples reached a thickness of 1.9 mm + 0.01 mm. Finally, the polished
samples were subjected to the full conventional sintering process at 1500°C for 120
minutes with a heating and cooling rate of 5°C/min and prepared for shipment to the
Faculty of Dental Medicine of Portuguese Catholic University in, Viseu Portugal for

further testing (Figure 4).

Figure 2. Carver Press Machine for Zirconia Green body Preparation. The image shows the machine
with a zirconia powder in the mold, where it is subjected to a pressing force of 1 ton for 5 min.
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Figure 4. Prepared Zirconia Samples.

After sintered specimens of CAD/CAM zirconia 3Y-TZP disks had the following
dimensions: -15 mm diameter and -1.5mm thickness. Indeed, the conventional
thickness usually used for posterior onlay restoration is between 1.5mm and 2mm (41).
The chemical composition and general features of the material are described in Table
1. Eighteen zirconia samples were analysed. The inner surfaces of specimens were
polished with 320 mesh SIC paper after presinter and sintered after polished. Before
tests, specimens were ultrasonically rinsed in isopropyl alcohol for 10 min and then in
distilled water for 10 min. The inner surfaces of the onlays were conditioned with a
silane compound (Ceramic bond™, VOCO GmbH, Cuxhaven, Germany) over a period
of 60 s, then gently oil-free air dried for 5 s following the manufacturer’s instructions.
Before bonding, zirconia needs a mechanical and chemical pre-treatment in order to
follow the APC protocol, this acronym stands for Air-borne particle abrasion, Primer,
and resin-matrix Cement (7)(42). The mechanical pre-treatment involves air-borne
particle abrasion with 50 um aluminium oxide (Al2O3) particles, under 2.5 bar pressure

for 10 s at a 10 mm standoff distance. The chemical pre-treatment involves a ceramic
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primer that contains silane and a 10-methacryloyloxydecyl dihydrogen phosphate (10-
MDP) monomer Ceramic bond ™, VOCO, GmbH, Cuxhaven, Germany (7).

On the cementation, a dual-cured resin-matrix cement was used (Bifix QM,

transparent, VOCO GmbH, Cuxhaven, Germany, Table 1).

Table 1. Details of the materials used in this study.

Material Type Organic Matrix Fillers Fillers Filler Type Elastic
(Brand, %o (wWiw) %(vIv) Modulus
Manufacturer) (GPa)
Silane (Ceramic Acetone,3- ND ND ND ND
bond™, VOCO methacryloxypropyltrimethoxysilane,
GmbH, Cuxhaven, methacrylated phosphoric acid ester
Germany)
Dual-curing, Bi-functional methacrylate, acid 71-73% 61% Glass fillers, amorphous 6-7.5
adhesive resin- methacrylate, Bis-GMA, benzoyl silica; (size~2.9 ym)
matrix cement (Bifix  peroxide, amines and BHT, Gly-DMA,
QMTM, VOCO UDMA, phosphate monomers (30
GmbH, Cuxhaven, wt%)
Germany)
Adhesive Ethanol, Bis-GMA, HEMA, H-20, 71-73% 61% Micro-scale barium- 5.44 £0.52
(Futurabond, VOCO, HEDMA, methacrylate phophoric acid aluminium-borosilicate glass
Germany) ester, methacrylate-modified ceramic and nano-scale
polyacid, UDMA, initiators, stabilisers amorphous silica fillers
Zirconia 3Y-TZP ND ND ND Functionalized nano-scale 240+ 9.5

SiO; particles (20nm)

Furthermore, a 20 N axial loading and a 60 N axial loading using respectively a 2 kg

weight and 6 kg weight the materials were applied using a device developed for the

present study for 60 seconds, following standardized application protocols, as seen in

Figure 5 (6).The excessive cement layer was avoided using a microbrush (6,43).
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Figure 5. Assessment of light transmittance under two different loading magnitudes.

Finally, the luting materials were light-cured under visible light in the 400-500 nm
wavelength range using a Light Emitting Diode (LED) curing unit (SmartLite Focus™,
Dentsply Sirona, Charlotte, NC, USA) operating at an intensity of 900 mW/cm?, that
was verified by a MiniGig radiometer, Ultradent/GigaHertz Optik Turkenfeld Germanyto
avoid low irradiance of the LCU. The tip of the LCU was applied directly on the zirconia-
resin cement-glass complex to ensure a systematic irradiance distance (25). The

polymerization time was standardized for 60 s per segment (6,7).

Zirconia onlay specimens were also bonded to human dentin to establish an interface
suitable for microscopic analysis. Twenty extracted third molars, obtained from human
donors, were initially immersed in distilled water for 10 minutes, followed by treatment
in a 2% sodium hypochlorite (NaOCI) solution for an additional 10 minutes.
Subsequently, the teeth were preserved in a 10% formalin solution for one week. Prior
to cementation, the samples were rehydrated by storing them in a 0.9% NaCl solution
for seven days. The cementation process was performed in accordance with ISO
4882:2015 standards (25). The management of extracted third molars was approved
by the Human Research Ethics Committee at the University Institute of Health
Sciences, reference number 13/CE-IUCS/- CESPU/2022, that is in agreement with the
Helsinki declaration of 1964 and submitted to Catholica ethics committee for approval.
The participants signed the informed consent prior to inclusion in the project since the
objective of the project was described. The participants did not suffer from any
systemic disease and therefore they showed worthy oral health, free of antibiotic

therapy over the last 24 weeks.
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During the tooth preparation phase, both the coronal and root segments were
sectioned, and all enamel was entirely removed from the surfaces using a tapered
diamond bur (1.2 mm in diameter). Dentin slices were then prepared and refined using
a cylindrical diamond bur with a 1.5 mm diameter. The exposed dentin surfaces were
etched with 37% phosphoric acid (Kerr Orange, USA) for 15 seconds, rinsed
thoroughly with distilled water for 30 seconds, and gently dried using cotton pellets.
Prior to cementation, a universal adhesive was applied to the conditioned dentin
surfaces, which had been mounted in a custom acrylic or glass mold. The luting
materials were applied to the surfaces of 3YZPT onlay specimens, which were
subsequently seated onto the prepared dentin surfaces. A static load of either 20 N or
60 N was applied vertically onto the onlays using an apparatus specifically developed
for the present study (44,45), Figure 6. Following cementation, The specimens were
embedded in an autopolymerizing polyether-modified resin (Technovit 400; Kulzer
GmbH, Wehrheim, Germany) using a polyvinyl chloride (PVC) mold to ensure
stabilization. Cross-sectional slices were obtained orthogonally (at a 90° angle) to the
central area of the restoration’s pulpal floor. Sectioning was conducted through low-
speed wet grinding utilizing a standard metallographic apparatus (Struers, Cleveland,
OH, USA), employing silicon carbide (SiC) abrasive papers with grit sizes ranging from
120 to 400 mesh. Subsequently, the exposed surfaces were subjected to ultrasonic
cleaning in isopropyl alcohol for five minutes, followed by air-drying at room

temperature (6).
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Figure 6. Specimens preparation steps: A- Ultrasonic specimens cleaning: 10 min in isopropyl alcohol
and 10 min in distilled water / B- Preparations of inner surfaces: Air-borne particle abrasion with 50 um
aluminium oxide (Al203) particles / C- Preparations of inner surfaces: Primer (Ceramic bond™, VOCO
GmbH, Cuxhaven, Germany) with silane and 10-MDP during 60 sec and dry 5 sec / D- Application of

the Universal Adhesive (Futurabond, VOCO, Germany) on the microbrush / E- Universal Adhesive
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during 20 s / F- Cementation with resin-matrix cement (Bifix QU™, VOCO GmbH, Cuxhaven, Germany)

/ G- Cementation under 20 N and 60 N / H- Photopolymerization during 60 s.

2.2 Light transmittance analysis

The resin-matrix cement Bifix QM™, transparent, VOCO GmbH, Cuxhaven, Germany
which is a dual cured resin-matrix cement was used as cementation material. To
evaluate the light transmittance of the resin-matrix cement layer, specimen’s groups
will be divided concerning loading on 20N (3 samples) and 60N (3 samples) for 60s
and analysed in triplicate. Light transmittance assays will be performed using a hand-
held spectrometer during light-curing procedures.

Light transmittance measurements were conducted across a spectral range of 350 to
850 nm, employing a measurement integration time of 10 milliseconds. These
assessments were carried out using a benchtop spectrophotometric system equipped
with an integrated monochromator (AvaSpec-ULS2048XL EVO™, Avantes, NS
Apeldoorn, The Netherlands). The experimental setup included a 200 W quartz
tungsten-halogen light source (Model 66,881, Oriel Newport, USA), fiber-optic probes
for light transmission, and a metallic specimen holder to ensure consistent positioning
during analysis. (3,4) .

The MiniGig, Ultradent (Gigahertz Optik, Turkenfeld, Germany), consists of a compact
integrating sphere coupled to the input apperture of the MSC-15 radiometer. This
portable, laboratory-grade spectroradiometer is designed to output -calibrated
measurements of spectral radiant power, total optical power, and irradiance. The MSC-
15 is calibrated in accordance with ISO/IEC 17025 standards, ensuring the accuracy
and reliability of spectral irradiance data (48) . Three specimens from each group (Z0,
Z20, and Z60) were measured in triplicate. The MiniGig device facilitates the
quantification of irradiance (mW/cm?) at the tip of the light-curing unit (LCU), a
parameter also referred to as radiant exitance or radiant emittance. This value is
derived by dividing the radiant flux (power in watts) emitted by the LCU by the surface
area of its light-emitting tip (cm?). In the present study the tip of LCU measured was 8
mm, SmartLite Focus™, Dentsply Sirona, Chalotte, NC, USA. The tip of LCU was
placed at 0 mm distance from the device. For the light measurement a blocking

material was used to avoid light interference for the exterior.
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2.3 Chemical and microscopic assays

The resin-matrix cement interface microstructure and thickness were inspected by
optical microscopy and scanning electron microscopy.

The cross-sectioned specimens were analyzed via optical microscopy at
magnifications ranging from x50 to x1000. Detailed microstructural characterization of
the cement layer interface was conducted across multiple regions using a Leica DM
2500 M™ transmitted light microscope (Leica Microsystems, Wetzlar, Germany).
Image capture and analysis were facilitated through a computer-integrated system
utilizing the Leica Application Suite™ software (Leica Microsystems, Wetzlar,

Germany), Figure 7.

Figure 7. Optical microscopy at the cementation interface with a x50 magnification.

Black-and-white images were analyzed using Adobe Photoshop™ (Adobe Systems
Software, San Jose, CA, USA), where dark regions corresponded to the organic matrix
and light regions to the inorganic fillers. The dimensions of inorganic filler particles

were assessed both parallel and perpendicular to their longitudinal axis.

2.4 Statistical analysis

Statistical analyses were conducted using the Statistical Package for the Social
Sciences (SPSS™) Version 29.0 (IBM Corp., Armonk, NY, USA). Tests of normality
were performed under the assumption of no significant associations or differences
among variables. The Kolmogorov—Smirnov and Shapiro—Wilk tests were employed to
assess whether the sample distributions conformed to a normal distribution. To
enhance the robustness of the Kolmogorov—Smirnov test under conditions of
normality, Levene’s test was applied as a correction for homogeneity of variances.

However, the data failed to meet the assumption of normal distribution based on the
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outcomes of both the Kolmogorov—Smirnov and Levene’s tests, with the significance
threshold set at p < 0.05. Consequently, non-parametric statistical methods were used

to evaluate differences in optical transmittance between experimental groups.
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3. RESULTS

3.1 Microstructural aspects

Figure 8 shows the polycrystalline zirconia microstructure and the interfaces between
3YTZP, resin-matrix cement reinforced with 73 wt% of inorganic particles and dentin.
Inorganic filler particles were observed on the resin-matrix cement that varied in size,
between 1-6 ym and shape along the resin-matrix cement interface.

A B

Zirconia
Zirconia

Resin-matrix cement I
i

Resin-matrix interface

Rrntin Dentin

C D

Zirconia

Resin-matrix interface

Resin-matrix interface Matrix e e :
Inorganic filler particles Inorganic filler particles

Matrix

Figure 8. Optical microscopy (OM) images acquired at x50 magnification (A) Depict the interfacial
regions of restorations luted with a dual-curing, adhesive resin-matrix cement containing 73 wt%
inorganic filler content. Higher magnification images at x100 (B) provide a more detailed visualization of
the same restorative interfaces, further illustrating the morphological characteristics and continuity of
the cement layer.. (C) Resin-matrix cement layer at x200, (D) Resin-matrix cement microstructure at
x500 magnification.

3.2 Optical transmittance results

At first, preliminary optical transmittance assays were performed to evaluate the light
transmittance through the 3Y-TZP specimens in the absence of resin-matrix cement
(Z0). The 3Y-TZP specimens were produced at a 1.5 mm thickness. The optical

transmittance spectra for the specimens free of luting agent are shown in Figure 9.
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Figure 9. ADC count of the 3Y-TZP specimens with 1.5 mm thickness without resin-matrix cement

(Z0) in the wavelength range from 290 up to 850 nm.

For the 1.5 mm-thick 3Y-TZP specimens without the application of resin-matrix
cement, the findings indicate that only a limited amount of light was able to transmit
through the onlay structures, especially in the 600-850 nm range. The highest light
transmission is achieved at 300 nm with a value around 0.3 a.u.

Figure 10 shows that a small amount of light is still transmitted through the onlays in
the 600-850 nm range through the specimens towards the luting material the resin-

matrix cement with 73 wt% inorganic filler particles.
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Figure 10. ADC count of the of the polymerized and non-polymerized 1.5 mm specimens with (A) 20N
and (B) 60N magnitudes on 3Y-TZP specimens of 1.5 mm thickness cemented to resin-matrix cement

before and after light curing for 60 s in the wavelength range from 290 up to 850 nm at light irradiance.

The transmitted light decreases at approximately 300 nm for both zirconia specimens
cemented with a load of 20 (Z20) and 60 N (Z60).

The transmittance spectra of the pre-polymerized and post-polymerized specimens
were largely superimposed across the measured wavelength range, indicating that
polymerization did not produce a significant change in light transmittance. The highest
values of light transmittance were recorded between 290 and 300 nm. It was verified
a decrease in light transmittance above 390 nm, that reached values of almost 0 from
390 up to 800 nm. Meaning that for the interval of 390 up to 800 nm almost no light
was transmitted. In Figure 10A and B, the optical transmittance values for the Z20 and
Z60 groups remained similar before and after 60 seconds of light-curing, indicating no
significant change in transmittance following polymerization. That means light-curing
does not influence light transmittance considering the 3Y-TZP onlay thickness and
light-curing set. For the 3Y-TZP specimens Z20 and Z60 groups demonstrated
statistically significant differences (p < 0.001) in optical transmittance at 840 nm when
compared to their respective measurements prior to polymerization., as seen in Table
2.

Table 2. Analysis of variance of the transmittance results at 834 nm for the Z20 and Z60 cemented
with resin-matrix cement with a load of 20 N and 60N. Each data point represents an individual

specimen measurement.

Group t df Mean Difference 95% Confidence Interval of the p-value
difference lower
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220 19.268 17 1052.8 937.5 < 0.001

9055554 22342
Z60 6.353 17 934.,287733 610,6186709 < 0.001
0000002 19291

At 840 nm for 3Y-TZP onlays cemented to the resin-matrix cement reinforced with 73
wt% inorganic fillers, the average ratio (Rp/np) between the polymerized and non-
polymerized specimens at the same wavelength is the lowest for the Z20 specimens
Figure 10C and D. From 690 nm, Z60 (p<0.05) shows a better Rp/np than Z20
(p<0.05). In Figure 10D, the highest ratio value for Z60 is almost 1.35, whereas in
Figure 10C, the highest ratio value is approximately 1.20. For the ratio the test groups
revealed statistically differences (p < 0.001) for optical transmittance at 840 nm, as

seen in Table 3.

Table 3. Analysis of variance of the Rp/np results at 834 nm for the Z20 and Z60 onlays bonded to

resin-matrix cements with a load of 20 N and 60N. Each measurement corresponds to an individual

sample.
Group t df Mean Difference 95% Confidence Interval of the p-value
difference lower
220 4135 17 280.05951199 137.1709404 <0.05
68889 56025
260 3.330 17 280.2098000 94.99943417 <0.05
234167 5341

Figure 11 shows the light transmittance ratio detail in a wavelength range from 830 to
850 nm. This interval reveals that Z60 samples which were submitted to a higher
magnitude during cementation, allow a better light transmittance through the 3Y-TZP

onlay.
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Figure 11. Transmittance ratio (arbitrary units, a.u.) comparing polymerized to non-polymerized
(Rp/np) 1.5 mm thick 3Y-TZP onlay specimens subjected to (A) 20 N and (B) 60 N loading conditions,

measured within the 830 to 850 nm wavelength range under light irradiation.

In Figure 12, the average Rp/np of the light transmittance between the polymerized

and non-polymerized 3Y-TZP specimens are shown regarding an 834 nm wavelength.
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Figure 12. Rp/np of all samples, measured at 834 nm.

At 834 nm, Z20 and Z60 show similar values, with a ratio around 1.2, indicating efficient

polymerization in both cases. The error bars are small, suggesting good reproducibility
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and little variability, especially for the Z60 group. Therefore, there is no notable

difference in the polymerization ratio between the two groups.

Another light transmittance analysis was performed during polymerization reaction with
MiniGig, Ultradent (Gigahertz Optik, Turkenfeld, Germany). The device measurements
were obtained for intervals of wavelength, 385-425nm, 400-450nm, 385-515 nm, 425-
515nm, 600-650 nm, 650-700nm, 380-540nm and 360-830 nm. The measurement
reference used was the wavelength interval from 360 up to 830 nm. Figure 13 shows
the results for the irradiance and radiant power for the LCU. For an LCU aperture of 8
mm and a distance of 0 mm from the LCU tip to the device. Figure 14 shows the plots
of radiant power and Irradiance of LCU, SmartLite Focus™, Dentsply Sirona, Chalotte,
NC, USA. Two indicators are represented: radiant power and irradiance, showing that
for a LCU tip point of 8mm the values of radiant power, 503.5 mW are lower when

compared with irradiance, 999.7 mW/cm?

@1 8. 00mm |17

Radiant Power: --- W
Dental band (385-515) nm

Blue Power ;
{425-515) nn: ———
Uiolet Power
(385-425) nn: ——- W

Irradiance: === W/cm®
pental band (385-515) nm

aperture: 8,00 mm

Figure 13. LCU irradiance, radiant power results from MiniGig. (A) Before measurements (B) Radiant
power values, 502.5 mW from 360 up to 830 nm and (C) Irradiance values of 999.7 mW/cm2 from 360
up to 830 nm.

The values of radiant power and irradiance without 3Y-TZP specimens are represented
on Figure 14. These data showed that the value of radiant power was lower than the
irradiance values, once the irradiance values are approximated values of a possible

LCU tip area of 10 mm.
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Figure 14. (A) Radiant power and (B) Irradiance of LCU graphs extracted from MiniGig.

Regarding the zirconia specimens without resin-matrix cement (Z0), zirconia
specimens cemented with a load of 20N (Z20) and zirconia specimens cemented with
a load of 60N (Z60) three specimens of each were produced and analyzed in triplicate.
The Z0 mean radiant power was 188 mW, comparatively higher than Z20, that showed
a mean radiant power approximately of 168 mW (p < 0.001). Meaning that less light
reached the zirconia cemented with 73 wt% resin-matrix cement with a load of 20N.
Comparatively the Z60 sample demonstrated mean values approximately of 178 mW,
with more light transmitted to resin-matrix cement (p< 0.001), The results revealed
highly statistically significant with p values < 0.001 both for Z20 and Z60
measurements, Table 4. The polymerization ratio values were higher for Z60 when
compared to the ratio for Z20, Figure 15. Also, the statistical analysis demonstrated

statistically significant results with p values < 0.05, Table 5.
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Figure 15. Z0, Z20 and Z60 Radiant power results measured by MiniGig between a wavelength of
360-830 nm.
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Table 4. Analysis of variance of the Radiant Power in MiniGig for Z20 and Z60 onlays bonded to resin-

matrix cements with a load of 20 N and 60N. Each measurement corresponds to an individual sample.

Group t df Mean Difference 95% Confidence Interval of the p-value
difference lower
220 56.914 17 178.53333333 171.9150345 < 0.001
33333 30070
260 100.074 17 183.50000000 179.63136548 < 0.001

00000 8748

In Figure 16, the polymerization ratios of 3Y-TZP zirconia onlay samples Z20 and Z60
are analyzed with a Minigig. The bar for Z20 is slightly lower than that of Z60, but both
have very close Rp/np values, around 0.9 to 1.0. Error bars are present, indicating
some variability in the measurements, but they are very small, suggesting good

reproducibility.
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Figure 16. Rp/np from all samples using MiniGig device.

Table 5. Analysis of variance of the Radiant Power in MiniGig for Z20 and Z60 onlays bonded to resin-

matrix cements with a load of 20 N and 60N. Each measurement corresponds to an individual sample.

Group t df Mean Difference 95% Confidence Interval of the p-value
difference lower
220 4.161 17 94.91174795 46.79276476 <0.05
26667 9165
260 4.164 17 94.93922857 46.83430767 <0.05
20000 0979
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4. DISCUSSION

The primary objective of this study was to evaluate the light transmittance properties
of resin-matrix cement and zirconia onlays following cementation under two distinct
loading conditions. Several studies investigated the cementation magnitude, which can
range between 12 and 67 N, and cement layer thickness influence the strength bond
of the restoration (6,15,49-51).

Indeed, at 830 to 850 nm wavelength range, there is a statistical difference between
the light transmittance of the 3Y-TZP samples cemented with a 20 N and 60 N
magnitude, where the 60 N samples allowed higher light transmission. Consequently,
the hypothesis proposing that variations in the resin-matrix cement layer at the onlay-
to-dentin interface are influenced by the magnitude of the applied cementation load,
leading to corresponding differences in light transmittance values, was confirmed.

In this study, 1.5 mm thickness 3Y-TZP zirconia onlays were cemented to an adhesive
resin-matrix cement reinforced with 73 wt% inorganic filler particles.

Partially yttrium-stabilized zirconia, more precisely 3Y-TZP (3 mol% Yttria-stabilized
Tetragonal Zirconia Polycrystals), is a ceramic whose microstructure is carefully
controlled to optimize its mechanical performance. It is composed mainly of
homogeneous, submicron-sized metastable tetragonal zirconia grains (generally
between 0.2 and 0.5 um), giving the material excellent transformation toughness. This
toughness results from the stress-induced martensitic transformation of the tetragonal
phase into the monoclinic phase, accompanied by a volume change (~4%) that
generates compressive stresses around the cracks, slowing their propagation. Indeed,
it exists three different phases: monoclinic phase, tetragonal phase and cubic phase.
The monoclinic phase is stable at room temperature in pure zirconia and is
characterized by low crystalline symmetry. The tetragonal phase is stabilized at room
temperature by the addition of a compound such as yttrium oxide (Y,03). In 3Y-TZP
materials, it is the predominant phase. It can transform into the monoclinic phase under
mechanical stress. The cubic phase is present at high temperatures or with higher
yttrium concentration.

Moreover, the role of yttrium is crucial, thus it partially stabilizes the tetragonal phase
at room temperature, while allowing some reversibility under mechanical stress
(1,2,52,53).
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Various studies showed that a thickness above 3 mm could negatively impact light
transmission and DC of the resin-matrix cement (1,39,54—56). The thickness of indirect
restorations requires meticulous control, as restorative materials may absorb, reflect,
or refract incident light, potentially diminishing the light intensity that reaches the
underlying luting agents and thereby impairing their polymerization efficacy. The
observed Rp/np ratio, along with the reduced optical transmittance following
polymerization, supports the recommendation of using dual-cure resin-matrix cements
for restorative materials exceeding 3 mm in thickness, in accordance with existing
literature (1,37,39,54).In addition to the thickness of zirconia, its chemical composition
and intrinsic color have been demonstrated to significantly impact both light
transmittance and DC (57). Furthermore, the shade of the resin-matrix cement also
influences the translucency of zirconia, consequently impacting the overall propagation
of light through the material. (58).

This investigation employed a dual-cured resin-matrix cement, a commonly utilized
luting agent due to its capacity to achieve adequate polymerization even in situations
where light transmission is limited (24). However, the presence of a high concentration
of micro- and nanoscale inorganic fillers within the resin-matrix cement can alter light
absorption and refraction properties, potentially reducing light transmittance. Such a
decrease in transmittance may adversely affect the DC of the resin’s organic matrix.
(25). The results indicated that a reduced content of inorganic particles diminishes light
scattering, a phenomenon typically associated with interfaces containing a high
proportion of inorganic fillers. Previously published studies confirmed the importance
of reducing refractive index and particle size of the silica filler in order to increase the
rate of polymerization and DC (26,59,60).

In the present investigation, the 3Y-TZP specimens with a thickness of 1.5 mm and
without resin-matrix cement (Z0) exhibited limited light transmittance, particularly in the
range of 600—-850 nm. The maximal recorded light transmittance occurred at

approximately 300 nm, reaching a value near 0.3 arbitrary units (a.u.).

In this study, the Ilight transmittance was measured before and after
photopolymerization with a top-bench spectrophotometer. The optical transmittance
spectra recorded in this study demonstrated an increasing trend beyond 600 nm,
reaching peak values at 850 nm through the zirconia onlays, consistent with previously
published data. (61-64).
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Also, no statistical difference was shown for the light transmittance, before and after
photopolymerization. Highest light transmission was measured between 830-850 nm
wavelength range and showed a statistical difference (< 0.001), which means a 60 N
cementation magnitude enables a better light transmission than a 20 N cementation.
Indeed, various published studies refer that a higher cementation load allow a thinner
layer cement thickness and a better light transmittance (6,15,25,50).

These findings are consistent with previous studies that have reported a significant
attenuation of light transmission through zirconia ceramics, especially those with
higher crystalline content and greater thickness. The light transmission through
zirconia decreases as thickness of the material increases, and materials such as 3Y-
TZP, known for their high opacity, transmit only minimal amounts of light beyond 1 mm
thickness. Specifically, at 1.5 mm, light attenuation is pronounced due to the high
refractive index and scattering of tetragonal zirconia grains (65).

Moreover, some studies evaluated the spectral transmission of zirconia and confirmed
that the optical transmission efficiency is wavelength-dependent, with better
transmission in the ultraviolet (UV) and lower visible range compared to the near-
infrared spectrum (66). Additionally, it was demonstrated that 3Y-TZP shows extremely
low transmittance in the visible and near-infrared regions, largely due to its dense

microstructure and lack of glassy phase (67).

The optical behaviour of zirconia-based restorations, especially when combined with
resin-matrix cements, is of critical importance for ensuring adequate polymerization of
the underlying luting agents. In this study, the light transmittance ratio between
polymerized (Rp) and non-polymerized (np) samples at 840 nm was analysed for 3Y-
TZP onlays cemented with two different loads: 20 N (Z20) and 60 N (Z60). The results
demonstrate that Z20 specimens exhibited the lowest Rp/np values, with a maximum
ratio around 1.20, whereas Z60 specimens achieved higher values up to approximately
1.35. Statistically significant differences were observed between the groups (p <
0.001), with Z60 consistently showing improved light transmittance ratios from 690 nm
onwards.

These findings are aligned with studies highlighting that increased cementation load
improves the adaptation of the luting agent and reduces interface thickness, thereby
decreasing the number of light-scattering interfaces and enhancing transmittance.

Some studies confirmed that increased seating pressure during cementation
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significantly reduces film thickness of resin cements, promoting better optical continuity
and thus improved light transmission (25,50,68).

In the present study, the resin-matrix cement contained 73 wt% inorganic fillers, which
can substantially influence light propagation. Although higher filler content can reduce
light transmission due to increased scattering. A uniform and thin cement layer under
higher load (Z60) minimizes such effects by reducing thickness and improving filler-
matrix packing. The higher Rp/np ratio observed in Z60 also suggests more efficient
polymerization under higher compressive force during cementation. Efficient
polymerization improves the refractive index between the matrix and fillers, resulting
in reduced internal light scattering post-cure. This contributes to the improved light
transmission seen in the Z60 group, particularly at 840 nm, where polymerization-

induced changes in optical properties are more distinguishable (1,14,26).

Another device, which is a Minigig, was used to measure the light transmission during
photopolymerization. A Minigig is a spectrophotometer with a small integrating sphere.
This instrument is a portable spectroradiometer capable of outputting calibrated
measurements of spectral radiant power, total radiant power, and irradiance. Radiant
power (W) refers to the radiant energy emitted per unit time, whereas irradiance
(mW/cm?) denotes the radiant power incident upon a surface of defined dimensions,
representing an average value across the entire surface area (69). In this study, the tip
of LCU was 8 mm and for the irradiance, the light quantity are approximated values of
a possible LCU tip area of 10 mm. For this reason, the radiant power values were used
as the reference.

The SmartLite Focus™ LCU used in this study showed an irradiance of 999.7 mW/cm?
and a radiant power of 503.5 mW at 0 mm distance with an 8 mm aperture. These
values are in line with expected performance for high-intensity LCUs and align with the
literature showing that total radiant exposure (product of irradiance and exposure time)
is more predictive of adequate polymerization than irradiance alone (70).

Importantly, for a wavelength range of 360-830 nm, the radiant power values recorded
after transmission through zirconia specimens varied significantly: Z0 (no cement)
showed the highest radiant power (188 mW), followed by Z60 (178 mW) and Z20 (168
mW), with statistically significant differences (p < 0.001). These data confirm that the
presence of resin-matrix cement, especially when applied under lower pressure (Z20),

introduces additional light attenuation, reducing the transmitted radiant power

34



necessary for adequate polymerization, which means that an increased load
magnitude during cementation permits a higher light transmittance during
photopolymerization.

Polymerization ratio values (Rp/np), obtained via MiniGig analysis, show the influence
of cementation load. Although the values for Z20 and Z60 are close (ranging between
0.9 and 1.0), the slightly higher values observed in the Z60 group indicate improved
light activation and potentially a higher degree of conversion. The presence of low error
bars confirms the reproducibility and reliability of the data.

These findings are corroborated by several studies who emphasized that deeper layers
of resin cement under ceramic restorations can only polymerize adequately when
exposed to sufficient radiant energy. Furthermore, the combination of radiant power
losses and filler-induced scattering within high-filled resin-matrix cements (73 wt% in
this study) makes light propagation highly sensitive to interfacial and mechanical

factors such as seating force (71,72).

Also, radiant power was measured without sample in order to obtain the amount of
light transmitted. Radiant power was also measured with a 3Y-TZP zirconia sample
with and without resin-matrix cement with the aim of knowing if a variation of light
transmittance would come from the sample of 3Y-TZP zirconia or from the resin-matrix
cement.

Since the top-bench spectrophotometer measures the light transmittance before and
after photopolymerization and the Minigig measures during the photopolymerization,
these two devices can be complementary methods for the analysis of the light

transmittance.

The spectrophotometer top-bench results showed that highest light transmission
occurred at around 300 nm (0.3 a.u.) through 1.5 mm 3Y-TZP onlays and that the
presence of resin-matrix cement (especially with 73 wt% fillers) further reduced light
transmittance, with significant differences between Z20 and Z60 at 840 nm (Z60
showing higher Rp/np). While MiniGig results showed a measured irradiance and
radiant power between 360 and 830 nm. MiniGig also detected slightly higher radiant
power values for Z60 (around 178 mW) than for Z20 (around 168 mW), with
polymerization ratios (Rp/np) close to 1.0 for Z60 and slightly lower for Z20. Benchtop
spectrophotometers, especially with integrating spheres, are superior for absolute
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transmittance measurements due to controlled conditions and better collimation of light
beams. Whereas portable devices like the MiniGig, although less precise in absolute
spectral transmission, are effective for real-time irradiance and polymerization
monitoring, which is clinically relevant. Moreover, top-bench spectrophotometer
measured pre- and post-polymerization transmittance, showing no major increase in
light transmittance post-polymerization, while the MiniGig directly evaluated irradiance
during polymerization, offering a clinical approximation of how much light reaches the
luting agent layer (73-76).

In this study, several limitations can be mentioned. Indeed, only two loading
magnitudes were assessed, and intermediate values could provide a more
comprehensive understanding between cementation force and light transmittance.
Also, only one zirconia thickness was used, and the results cannot be extrapolated to
other zirconia types, since light transmittance is thickness-dependent. In addition, only
a 73 wt% inorganic fillers resin-matrix cement was used, which didn’t allow any
comparison with other types of resin-matrix cements. Also, light transmittance and
polymerization were measured under controlled laboratory conditions and didn’t took
in consideration the intraoral variables. Moreover, both spectrophotometers have
inherent limitations, the bench-top spectrophotometer doesn’t reflect clinical conditions
and the Minigig has a lower precision and sensitivity. Finally, variables such as
angulation or light curing distance weren’t assessed.

Despite the limitations of the present study, the findings hold clinical relevance,
particularly regarding the potential insufficiency of light irradiance and energy received
by light-cured resin-matrix composites for polymerization through thick restorative
zirconia onlays, which can compromise long-terms success 3Y-TZP zirconia indirect
restorations. The present study also brings relevant data for clinicians once a proper
cementation load is crucial for the light-curing of resin-cement when the adhesive
protocols for zirconia cementation are followed.

Further studies are needed to develop a clinical methodology to ensure that a proper

cementation load is accomplished.
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5. CONCLUSIONS

This study demonstrated that the magnitude of cementation load significantly
influences light transmittance through 3Y-TZP zirconia onlays cemented with resin-
matrix cement. Specifically, a higher load (60 N) led to thinner cement layers, resulting
in reduced light scattering and improved light transmission, particularly in the 830—-850
nm wavelength range. These findings validate the hypothesis that cementation
pressure affects the optical behavior at the zirconia—cement—dentin interface,
ultimately influencing the polymerization efficiency of resin cements.

The use of a 1.5 mm thick 3Y-TZP onlay, which is a highly opaque ceramic with dense
microstructure, was shown to significantly attenuate light, particularly when combined
with a high-filler (73 wt%) resin-matrix cement. However, higher cementation forces
mitigated this attenuation by promoting a more uniform, thinner luting layer.
Spectrophotometric analysis, both benchtop and in situ (MiniGig), confirmed that
higher pressure during cementation increases radiant power transmission and
improves polymerization ratios (Rp/np), enhancing the degree of conversion of the
resin-matrix cement.

Clinically, these findings highlight the necessity of applying adequate cementation
pressure during the luting procedure of zirconia restorations to optimize light curing of
the resin-matrix cement. Insufficient pressure may result in suboptimal polymerization,
potentially compromising the mechanical properties and longevity of the adhesive
interface. Therefore, ensuring appropriate pressure not only enhances the DC but also
contributes to the overall durability and clinical success of the restoration. This is
particularly critical when using dual-cure systems under zirconia restorations, where
light attenuation is already a limiting factor. The complementary use of top-bench
spectrophotometers and real-time irradiance monitoring devices, such as the MiniGig,
provides valuable insights into both laboratory and clinical aspects of resin cement
polymerization.

Ultimately, this study highlights the need for standardized cementation protocols,
especially in terms of applied load, to improve the long-term clinical performance of
zirconia-based indirect restorations. Further research should focus on establishing
practical guidelines to ensure consistent and effective light-curing outcomes in routine

dental practice.
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OBJECTIVE:

The main aim of this study was to perform a literature review on the
resin cement thickness at zirconia to implant restorative interfaces.

RESULTS

Results revealed that thick resin cement layers ranging from 50 up to
400 pm in function of the cementation loading magnitude. Also, the

type of resin cement affected the thickness of the adhesive interface.
Micro- and nano-scale inorganic fillers were identified by scanning
electron microscopy. The size and content of the inorganic fillers
influenced the viscosity of the resin cement that resulted in the
variation in the cement thickness. Resin cement layer thickness of 50-
150 um did not affect shear bond strength, however layer thicknesses
higher than 200 pym led to decrease of shear bond strength.
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Figure 1 - Adhesive interface
between the abutment, resin
cement and zirconia crown
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METHODS

An electronic search was performed on PubMed using a combination
of the following search items: zirconia, thickness, degree of
conversion, resin cement, light curing and polymerization. Articles
published in English language, up to July 2020, were included
regarding the influence of resin cement thickness through zirconia.

3000%

Figure 3 - Representative SEM interface analyses (1000 x and
3000 x magnification) illustrate the interface among the dentin
analogue-resin cement-ceramic and reveal the presence of
elongated depression in the ceramic/cement layer, pointed out
by black arrows; the resin cement layer is described as RC.

CONCLUSIONS

Chair-side cementation procedures involve an intrinsic and sensitive
technique leading to an irregular layer of resin cement. The variation in
thickness cementation layer is highly important since that can affect the
long-term success of the prostheses.
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Figure 2 - (A) Cementation procedure, (B)
Resin cement light-curing, (C) Adhesive

interface
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