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Objectives: To evaluate the effects of two ceramic overlay preparation designs and preheating of two restorative 
composite resins, Clearfil AP-X and Filtek Z250, on cementation force and cement thickness.
Materials and Methods: A total of 112 mandibular first molar resin dies for ceramic overlays were prepared, 
using either a retentive MOD design (n = 56) or a non-retentive anatomical design (n = 56). Overlays were milled 
from IPS e.max CAD. Specimens were divided into two groups (n = 28) for cementation force and cement 
thickness measurements. Each group was further subdivided by luting material (Clearfil AP-X or Filtek Z250), 
used at room temperature or after preheating to 68 °C for 5 minutes using a Calset device. Restorations were 
mounted perpendicular to the load axis on a universal testing machine. For thickness measurement, a constant 
vertical load of 50 N was applied, and the resulting cement thickness was measured. Cementation force was 
recorded as the load required to achieve a 50 µm cement thickness. Data were analyzed using three-way 
ANOVA followed by Tukey HSD test at a 0.05 significance level.
Results: The non-retentive design with preheated Clearfil AP-X demonstrated the lowest cement thickness  
(49.46 ± 12.92 µm), which was statistically significantly lower than those of the other groups (p<0.05), while 
other groups showed cement thicknesses ranging from 79 to 97 µm. Cementation forces ranged from 44 N to 
74 N. The preheated Clearfil AP-X group, in both retentive (49.73 ± 7.74 N) and non-retentive (44.45 ± 6.92 N) 
designs, showed significantly lower cementation forces (p<0.05) compared to other groups.
Conclusions: Preparation design, composite type, and preheating significantly influenced cementation.  
The non-retentive design with preheated Clearfil AP-X showed the lowest cement thickness, approaching the 
50 µm ISO threshold, and lower cementation force, highlighting the importance of material and preparation 
design in achieving thin film thickness and efficient seating for indirect restorations.
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Introduction

	 The performance of indirect restorations  
is critically influenced by the characteristics of  
the luting agents and the cementation procedures. 
As the weakest component within the bonded 
complex comprising the restoration, cement,  

and tooth structure, the luting agent plays a pivotal 
role in determining the overall durability of  
the restoration. Current best practices for 
cementing indirect restorations recommend the 
use of resin-based cements, combined with 
adhesive protocols, to ensure a strong and  
durable bond between the restoration material 
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and the tooth structure [1, 2]. In 1995, Besek et al. 
proposed the use of restorative composite resins 
as luting agents for ceramic inlays [3]. The key 
difference between resin cements and restorative 
composite resins lies in the ratio of inorganic fillers 
to organic matrix, which enhances the mechanical 
properties of the latter. Thus, restorative composite 
resins may be considered as luting agents for  
their improved strength, wider shade options, 
reduced polymerization shrinkage, and better 
wear resistance due to higher filler content. 
However, the higher molecular weight monomers 
and increased inorganic filler content in restorative 
composite resins result in higher viscosity 
compared to resin cements [4]. The high viscosity 
of restorative composite resins can increase film 
thickness and hinder proper seating of the 
restoration, potentially causing issues such as 
occlusal interference, loss of contact with adjacent 
teeth, food impaction, secondary caries, and 
periodontal disease. Thus, alternative methods, 
such as preheating composite resin before 
cementation, have been suggested to improve 
flowability and reduce film thickness [5]. Preheating 
significantly reduces their viscosity, although  
they often remain more viscous and exceed  
the 50 µm thickness limit of the ISO 4049 [6].  
Many in vitro studies have recommended specific 
restorative composite resins for luting indirect 
restorations. Politano et al. [7] suggested Clearfil 
AP-X for i ts near- ideal viscosity at room 
temperature, while Magne et al. [8] used Filtek 
Z100, emphasizing its optimized viscosity for 
cementation. However, predicting the thickness  
of a heated composite resin f i lm remains 
challenging, regardless of brand, filler shape, or 
filler content. This study aimed to investigate  
the effect of preheating restorative composite 
resins, used as luting agents, on cement thickness 
and cementation force in ceramic overlays  
with two distinct preparation designs. The first null 

hypothesis of the study was that the preparation 
design, type of restorative composite resins,  
and preheating conditions do not affect cement 
thickness. The second null hypothesis of the study 
was that the preparation design, type of restorative 
composite resins, and preheating conditions  
do not affect cementation force.

Materials and Methods

Master die preparation
	 A mandibular right first molar Ivorine™ tooth 
(Columbia Dentoform Corp, NY, USA) was used 
for preparation using two distinct designs  
for ceramic overlay restorations. Each prepared 
tooth served as an abutment and was embedded 
in auto-polymerizing acrylic resin (Palavit G, 
Kulzer GmbH, Hanau, Germany) within a plastic 
mold, positioned 5 mm below the cementoenamel 
junction. The two preparation designs included: 
(1) In the non-retentive (NR) group, tooth 
preparation involved an anatomical occlusal 
reduction of 1.5 mm at the central groove and 
cusp t ips .  The marg ins  were  prepared  
with internally inclined walls at an angle of 
approximately 45 degrees toward the tooth  
center, resulting in a butt joint finish line,  
as previously described in the literature [7].  
(2) In the retentive (R) group, an MOD preparation 
was performed, featuring proximal boxes at half  
the intercuspal width, a 3 mm pulpal floor depth, 
1.5 mm occlusal reduction, and 1 mm rounded 
shoulder margins. Representative designs  
are illustrated in Figure 1.
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Figure 1	 Schematic illustration of the two preparation designs used in this study: non-retentive (NR) 
and retentive (R) overlays. The dimensions are as follows: a = 1.5 mm, b = 3 mm, c = 7 mm 
d = ½ c mm, e = 1 mm 

Duplication of the master die 
	 Negative replicas of the prepared master 
die were created using duplicating silicone 
material (Deguform, DeguDent, Hanau, Germany). 
These negat ive repl icas were f i l led with  
a commercial epoxy resin (EP089) and hardener 
(HP089) (Concrete Composite Co., Ltd., Bangkok, 
Thailand). A total of 56 positive replicas of each 
preparation design were created to ensure 
standardization. Specimens from each preparation 
design were divided into four subgroups based  
on two luting materials at room temperature and 
preheating conditions (n=14). To minimize 
duplication errors, a new silicone mold was used 
for every ten resin dies to prevent distortion or 
detail loss from repeated use. All dies were 
examined under ×3 magnification using a dental 
loupe to ensure replication accuracy. Inclusion 
criteria included well-defined preparation margins, 
smooth and continuous internal surfaces, and 
accurate occlusal  anatomy reproduct ion 
consistent with the master die. Dies with voids, 
surface irregularities, marginal discrepancies,  
or dimensional distortion were excluded from 
further evaluation.

Design and manufacturing of the restorations
	 All ceramic restorations were fabricated 
using a CAD/CAM system. A plastic mandibular 
first molar was scanned with an intraoral scanner 
(CEREC Omnicam, Dentsply Sirona, Bensheim, 
Germany) to generate a biogeneric reference, 
ensuring standardized morphology resembling  
the original tooth prior to preparation. Each prepared 
master die was scanned, and restorations were 
designed using CAD software (inLab SW 4.2, 
Dentsply Sirona). A uniform cement space of 
50 µm was set for the internal axial and pulpal 
surfaces, with the marginal region excluded and 
set to zero to ensure optimal marginal adaptation. 
Restorations were milled from lithium disilicate 
blocks (IPS e.max CAD, Ivoclar Vivadent AG, 
Schaan, Liechtenstein) using a milling machine 
(inLab MC X5, Dentsply Sirona). To assess 
marginal adaptation, restorations were tried in on 
their corresponding resin dies without any luting 
agent. The fit at the restoration–die interface was 
inspected circumferentially under ×3 magnification 
using a dental loupe. Specimens exhibiting visible 
gaps, rocking, or incomplete seating were 
excluded from further analysis.
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Luting agents and cementation procedures
	 This study evaluated two restorative 
composite resins: Clearfil AP-X, and Filtek Z250. 
All procedures were conducted in a laboratory 
under controlled conditions at a room temperature 
of 25 °C. The internal surfaces of the restorations 
were treated with a ceramic primer (Clearfil 
Ceramic Primer Plus, Kuraray Co. Ltd, Tokyo, 
Japan) and air-dried after 60 seconds. An adhesive 
resin (Clearfil SE Bond X, Bond, Kuraray Co. Ltd, 
Tokyo, Japan) was then applied without light 
curing. For the preheating group, the resin 
composite was heated for 5 minutes at 68°C  

using a Calset device (AdDent, Danbury, 
Connecticut, USA). A standardized 150 mg portion 
of the composite resin was dispensed from  
the syringe prior to preheating, placed on the 
heating unit using a spatula, and covered with 
aluminum foil to prevent premature curing.  
The preheated composite was applied to the 
intaglio surface of the restoration within 1 minute. 
In the room temperature group, the composite  
was applied without preheating. The composition 
and properties of the adhesive, luting materials, 
and surface treatment agents used in the study 
are detailed in Tables 1.

Table 1	 Materials used in the present study are based on manufacturers’ specifications.

Material Manufacturer Composition Filler load wt% (vol%)

Clearfil AP-X, shade A2
(Microhybrid composite)

Kuraray Co. Ltd, 
Tokyo, Japan

Matrix: Bis-GMA, TEGDMA
Filler: Barium glass, Silica, 
Colloidal filler (0.04-17 µm)

86 (70)

Filtek Z250, shade A2
(Microhybrid composite)

3M ESPE, 
St.Paul, MN, 
USA

Matrix: Bis-GMA, UDMA, 
Bis-EMA, and TEGDMA
Filler: Zirconia, Silica 
(0.01 - 3.5 µm)

78 (60)

Clearfil SE Bond X Bond 
(Light-curing adhesive)

Kuraray Co. Ltd, 
Tokyo, Japan

10-MDP, Bis-GMA, HEMA, 
Hydrophobic aliphatic 
dimethacrylate, 
dl-Camphorquinone, 
N,N-Diethanol-p-toluidine, 
Colloidal silica (1 - 100 nm)

n/a

Clearfil ceramic 
primer plus
(Universal prosthetic 
primer)

Kuraray Co. Ltd, 
Tokyo, Japan

3-Methacryloxypropyl 
trimethoxysilane, 
10-MDP, Ethanol

n/a

*n/a not available
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Cement thickness measurement
	 Seven specimens from each group were 
allocated for cement thickness evaluation. Prior to 
cementation, each restoration was positioned on a 
universal testing machine (ElectroPuls E3000, 
Instron, Norwood, MA, USA) using a 3 mm stainless 
steel spherical tip aligned vertically with the center 
of the occlusal concavity. The resin die was rigidly 
secured to the lower base of the machine, while 
the ceramic restoration was attached to the spherical 
tip connected to the upper crosshead. A small amount 
of adhesive was applied between the tip and the 
occlusal surface to stabilize the restoration during 
loading (Figure 2a). While full internal adaptation 
was verified under 3× magnification dental loupe, 
localized discrepancies at the intaglio surface 
could not be quantitatively assessed due to the 
non-destructive nature of the method. Nevertheless, 
consistent seating under controlled conditions reduces 
variability and allows for reliable group comparison.
	 A baseline measurement was obtained by 
seating each restoration without any luting agent, 
under no applied force, using the universal testing 
machine to ensure precise and reproducible vertical 
positioning. The crosshead was gradually lowered 
until the restoration made initial passive contact 
with the die. This contact point—just before any 
measurable force was detected on the machine 

interface—was considered the baseline position. 
Passive seating was verified under 3× magnification 
dental loupe to confirm full adaptation without visible 
gaps. It should be noted that when the restoration 
was further lowered beyond this point, the machine 
began detecting positive force values, indicating 
the onset of active loading. Therefore, the baseline 
was defined as the closest vertical position where 
full seating occurred under zero load (Figure 2b).
	 The restoration was then elevated 2 cm 
above this reference point. After surface treatment, 
either preheated or non-preheated composite resin 
was applied to the internal surface (Figure 2c). 
Cementation was performed under a constant vertical 
load of 50 N at a speed of 1 mm/min for 2 minutes. 
The vertical seating displacement was automatically 
recorded by the testing machine, defined as the 
difference between the dry-fit reference and the final 
seated position (Figure 2d). This value, expressed 
in micrometers, was used to estimate overall cement 
thickness. The same loading protocol was applied 
consistently to all specimens to ensure reproducibility. 
Alignment, seating force, and speed were standardized 
across all groups to minimize variability.
	 Although this approach does not provide localized 
cement thickness measurements, it may serve as 
a non-destructive means of approximating overall 
cement space under standardized in vitro conditions

Figure 2	 Cement thickness measurement protocol using a universal testing machine.
	 a) Specimen setup and stabilization. b) Baseline measurement. c) Restoration elevation, 

followed by surface treatment and luting agent application. d) Seating under 50 N vertical load.
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Cementation force measurement
	 The remaining specimens (n = 7 per group) 
were used to evaluate cementation force.  
The same preparation and cementation protocols 
as in the cement thickness measurement  
were followed. Each restoration was mounted  
on a universal testing machine and luted with 
either preheated or non-preheated composite 
resin. A vertical load was applied using a universal 
testing machine (ElectroPuls E3000, Instron, 
Norwood, MA, USA) in displacement-controlled 
mode at a crosshead speed of 1 mm/min.  
The machine was programmed to stop once  
the restoration reached a vertical displacement  
of 50 µm from the zero-load (dry-fit) position.  
The force required to achieve this displacement 
was automatically recorded in newtons (N) and 
defined as the cementation force.

Statistical analysis
	 Statistical analysis was performed using 
IBM® SPSS® Statistics 23 (IBM SPSS Inc., Illinois, 
USA). The Shapiro–Wilk test was used to verify  
the normality of data distribution, while Levene’s 
test confirmed the homogeneity of variances.  
A three-way ANOVA was conducted to evaluate 
the effects of preparation design, resin composite 
type, and preheating on cement thickness  
and cementation force. Post hoc pairwise 
comparisons were performed using the Tukey 
HSD test. A significance level of α = 0.05  
was applied for all statistical tests.

Results

	 The means and standard deviations for 
cement thickness and cementation force are 
presented in Figures 3 and 4. Three-way ANOVA 
revealed statistically significant differences in  
both cement thickness and cementation force 
among the groups (p<0.05), with a significant 
interaction between preparation design, resin 
composite type, and preheating condition 
(p<0.05). Tukey’s HSD post hoc test was applied 
for pairwise comparisons, with statistically 
significant differences indicated by different 
letters in Figures 3 and 4.​ The non-retentive design 
cemented wi th  preheated Clear f i l  AP-X 
demonstrated the lowest cement thickness,  
which was significantly lower than that observed  
in the other groups, whereas the remaining  
groups exhibited values ranging from 79 to 97 µm. 
Within the retentive design, no significant 
differences in cement thickness were found  
across different composite types or temperatures. 
However, for the non-retentive design, only  
the preheated Clearfil AP-X group showed  
a significant reduction in cement thickness.  
As a result, the first null hypothesis is rejected. 
Cementat ion force results indicated that  
preheated Clearfil AP-X required the lowest force 
in both preparation designs, with significant 
differences compared to other groups (p<0.05). 
The remaining groups used seating forces  
ranging from 61 to 74 N, with no significant 
differences observed between design, material, 
and temperature. Consequently, the second  
null hypothesis of the study is rejected.
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Figure 3	 Mean cement thickness (µm) and standard deviations according to preparation design,  
resin composite, and preheating condition. Identical letters indicate no statistically  
significant difference (p>0.05). The dashed line indicates the ISO 4049 limit of 50 µm.

Figure 4	 Mean cementation force (N) and standard deviations according to preparation design,  
resin composite, and preheating condition. Identical letters indicate no statistically  
significant difference (p>0.05).

Discussion 

	 This study aimed to investigate the influence 
of preheating on the performance of restorative 
composite resins used as luting agents, with a focus  
on cement thickness and cementation force in 
ceramic overlays with varying preparation designs. 
Various methods have been used to measure 

cement thickness. Sectioning combined with optical 
or electron microscopy provides high-resolution 
measurements but is destructive and limited to 
selected sections. Micro-computed tomography 
(micro-CT) offers accurate, non-destructive  
three-dimensional analysis; however, it requires 
specialized equipment, is associated with high 
costs, and may introduce artifacts—particularly  
in the presence of radiopaque materials [9].  
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The present study adopted a universal testing 
machine to measure both cementation force and 
cement thickness. Notably, Magne et al. reported 
a similar approach, employing an electrodynamic 
testing system (Acumen III, MTS Systems) during 
the cementation of indirect restorations to achieve 
precise control and measurement of vertical 
seating [8]. Although this method does not yield 
detailed information on cement thickness at 
specific locations, thereby limiting a comprehensive 
evaluation of its distribution, it provides a practical, 
reproducible, and non-destructive means of 
assessment using a single device. It should be noted 
that cement thickness in this study was derived from 
overall vertical seating displacement, reflecting 
the integrated response of the restoration–die 
assembly rather than site-specific measurements. 
This inherent limitation should be considered 
when interpreting the findings.
	 In line with this simplified and focused 
methodology, surface pretreatment protocols 
were adjusted to minimize procedural variability 
and to isolate the effects of resin type, preheating 
condition, and preparation design on cement 
thickness. Although hydrofluoric acid (HF) etching 
is widely employed to enhance micromechanical 
retention by selectively dissolving the glassy 
matrix and creating surface irregularities [10], it 
was intentionally omitted in this study. The 
objective was not to evaluate bond strength, but to 
quantify cement thickness and cementation force 
under standardized surface conditions. Additionally, 
the use of HF presents substantial safety concerns 
due to its caustic and systemically toxic nature [11], 
and was impractical in this experimental setup, 
where specimens were mounted on a universal 
testing machine (UTM), limiting the ability to apply 
and rinse HF safely. To standardize chemical 
pretreatment under non-etched conditions, a ceramic 
primer and bonding agent were uniformly applied to 
all specimens to enhance surface wettability [12]. 

Nevertheless, omitting HF etching constitutes  
a methodological l imitat ion. HF is widely 
recognized for its ability to increase the surface 
energy of silica-based ceramics, thereby improving 
wettability and promoting resin infiltration [13, 14]. 
In its absence, reduced surface energy may 
compromise the resin’s ability to spread and adapt 
uniformly, potentially affecting the thickness and 
integrity of the cement layer. Although this approach 
minimized procedural variability and aligned with 
the primary aim of the study, it may not fully replicate 
clinical conditions where HF etching is routinely 
performed to optimize bonding performance. 
Furthermore, the use of HF in the cementation of 
resin cement to all-ceramic restorations under 
safety precautions due to its corrosive nature has 
been proposed as it has clinically relevant for 
achieving strong, durable bonds, which is critical 
to the success of these restorations [15].
	 The results of this study highlight the 
significant influence of preparation design, resin 
composite type, and preheating on both cement 
thickness and cementation force. Two restorative 
composite resins, Clearfil AP-X and Filtek Z250, 
both suggested for cementation of indirect 
restorations, were selected as luting agents in this 
study [7, 8]. The findings reveal that preheating 
the Clearfil AP-X composite significantly reduced 
cement thickness in the non-retentive design, 
achieving a value within the ISO 4049 threshold of 
50 µm [16]. This effect was not observed in the 
retentive design or with the other tested groups 
(Figure 3). Preheating significantly enhanced the 
flowability of Clearfil AP-X, leading to lower 
cementation forces across both preparation 
designs. The cementation force for preheated 
Clearfil AP-X was notably lower than in the other 
groups (Figure 4). This reduction in cement 
thickness and force can be attributed to the 
increased flowability of the preheated composite, 
which facilitates seating and promotes a more 
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uniform cement layer [17]. High molecular weight, 
extensive hydrogen bonding, and increased chain 
branching in restorative composite resins typically 
hinder flow by causing polymer chain entanglement 
[18]. Preheating, however, provides sufficient 
thermal energy to disrupt these intermolecular 
interactions, improving molecular mobility and 
enhancing the flow during the cementation [19].
	 The lack of significant differences in cement 
thickness and cementation force among the 
groups using Filtek Z250, regardless of preheating, 
suggests that the material's inherent viscosity is 
less affected by temperature changes compared 
to Clearfil AP-X. This observation is consistent with 
previous studies reporting variability in the 
viscosity and flowability of composite resins upon 
preheating, with certain materials exhibiting 
greater sensitivity to temperature fluctuations [6, 
17]. According to manufacturer data, Clearfil AP-X 
contains filler particles ranging from 0.04 to 17 µm, 
whereas Filtek Z250 incorporates smaller fillers 
ranging from 0.01 to 3.5 µm (Table 1). However, 
the relationship between filler characteristics and 
cementation outcomes remains inconclusive. 
Magne et al. reported that materials such as 
Simplishade, despite containing ultrafine filler 
particles (0.005–0.4 µm), exhibited relatively thick 
cement films (102.4 µm), suggesting that filler size 
alone is not a reliable predictor of film thickness 
[20]. Furthermore, the extent of film thickness 
reduction did not appear to depend on composite 
classification but varied among brands [19]. 
Nonetheless, conflicting findings have also been 
reported, suggesting that preheated Clearfil AP-X 
and Filtek Z250 may result in similarly minimal 
cement thicknesses and comparable spreading 
behavior under standardized loading conditions [20].
	 The materials exhibited distinct responses 
to preheating, highlighting differences in thermal 
sensitivity and handling characteristics. Preheating 
Clearfil AP-X resulted in significant reductions in 

cement thickness and cementation force, most 
notably in non-retentive preparations, whereas 
Filtek Z250 showed minimal changes under similar 
conditions. This contrast may be attributed to 
differences in composition and rheological 
behavior, as Clearfil AP-X appeared more 
responsive to thermal modulation [21, 22]. 
Although Filtek Z250 contains finer filler particles, 
typically associated with enhanced flow, its 
viscosity remained relatively stable, suggesting 
lower sensitivity to thermal changes [22]. These 
findings underscore that restorative composite 
resin can vary significantly in their clinical handling 
when used as luting agents, and such differences 
should be carefully considered during material 
selection and protocol planning [6, 17].
	 The divergent behavior between materials 
may reflect underlying variations in resin matrix 
composition and filler characteristics. According 
to Lee et al. [23], viscosity can differ substantially 
even among composites of the same class, 
influenced not only by filler content but also by 
filler–matrix interaction. These factors affect how 
the material responds to heat; preheating enhances 
polymer chain mobility within the matrix and 
reduces filler–matrix interlocking, leading to lower 
viscosity and improved flow under pressure. However, 
due to the proprietary nature of commercial products, 
detailed formulation data are often unavailable. 
Future studies using experimental composites with 
defined chemical profiles would help clarify the 
specific roles of monomer type and filler properties 
in thermal responsiveness and flow behavior.
	 Although conventional resin cements were not 
included in the present study, their clinical relevance 
warrants contextual comparison. Traditional resin 
cements generally exhibit lower viscosity and produce 
thinner film thicknesses than restorative composites, 
even when the latter are preheated. Marcondes  
et al. [6] found that all preheated restorative 
composites exceeded the ISO 4049 threshold of 
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50 µm, while flowable materials and resin cements 
typically remained below this limit. Another study 
reported that preheated composites generated 
luting films approximately 4.5 times thicker than 
those produced by dual-cure resin cements under 
identical conditions [24]. Similarly, Falacho et al. [5] 
demonstrated that resin cement consistently resulted  
in significantly thinner films than all tested composite 
resins, regardless of preheating or ultrasonic 
vibration. Only one group, which used a preheated 
and ultrasonically vibrated resin composite, 
produced a film thickness close to that of the resin 
cement. These findings underscore the differences 
in viscosity and film thickness between restorative 
composites and conventional resin cements, 
highlighting the need to adapt luting protocols 
accordingly. Additionally, it has been shown that 
achieving an optimal film thickness using preheated 
composites may be more technique-sensitive than 
when using conventional resin cements. A recent study 
demonstrated that clinically acceptable results 
with preheated composites required a higher level 
of operator experience, while dual-cure resin 
cements showed less variation between experienced 
and novice users [25]. This suggests that, although 
preheated composites can be effective, their 
clinical reliability may depend more heavily on the 
practitioner’s skill, which further differentiates them 
from traditional resin cements in routine practice.
	 From a clinical perspective, cementation 
force influences film thickness, seating accuracy, 
and marginal adaptation. Finger pressure applied 
during manual cementation typically ranges from 
8 to 88 N, with high variability among operators 
[26, 27]. In this study, a standardized load of 50 N, 
which falls within the clinically relevant range, was 
applied using a universal testing machine, 
consistent with previous in vitro protocols [28, 29]. 
The recorded forces across all groups ranged 
from 44 to 74 N, indicating that none exceeded 
typical manual application. Specimens cemented 

with preheated composite resin generally required 
lower seating forces, with some groups achieving 
values below the 50 N threshold. Although these 
differences were not statistically significant, non-
retentive preparations exhibited a trend toward 
lower seating forces. This may be attributed to 
their simplified geometry, which facilitates 
smoother insertion and material flow. Previous 
studies have also demonstrated that less complex 
preparation designs are associated with improved 
marginal adaptation, reduced cement thickness, 
and better seating outcomes [8, 30]. Therefore, 
the present findings support the notion that both 
preparation design and material flowability, 
particularly when improved through preheating, 
may influence seating resistance and marginal fit 
during cementation.
	 Nevertheless, the literature lacks clear 
evidence of a definitive threshold for luting film 
thickness in indirect restorations, and no universal 
consensus has been reached regarding clinically 
acceptable values [31, 32]. Although ISO 4049 
specifies 50 µm as a laboratory reference limit for 
resin-based luting agents, this criterion is primarily 
used for screening purposes and its clinical 
relevance remains debated. In this study, only the 
non-retentive group cemented with preheated 
Clearfil AP-X achieved a mean value approaching 
the ISO threshold. However, due to the observed 
standard deviation, it is likely that not all specimens 
within this group met the 50 µm limit. Indeed, 
71.4% (5 out of 7) of the specimens in this group 
exhibited values at or below the threshold. Therefore, 
the clinical relevance of this finding should be 
interpreted with caution, as high variability may 
affect the consistency of seating and marginal 
adaptation. However, previous studies have 
suggested that cement thicknesses up to 100 µm 
may still be considered clinically acceptable [2, 31]. 
In this context, all experimental groups in the 
current study exhibited film thicknesses within  
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this broader range, suggesting potential clinical 
acceptability despite exceeding the ISO-defined 
standard. These findings indicate that preheated 
restorative composite resins, particularly Clearfil 
AP-X, may be beneficial in minimally invasive  
non-retentive preparations, where achieving a thin 
cement layer is advantageous. Although slight 
deviations from the ISO threshold may be acceptable 
in clinical settings, clinicians should strive to 
minimize cement thickness whenever possible, as 
thinner layers are generally associated with improved 
adaptation and mechanical performance [20].

Conclusion

	 This study demonstrated that preheating 
restorative composite resins can reduce cement 
thickness and cementation force in ceramic 
overlays, with the most pronounced effects observed  
in non-retentive preparations. These findings suggest 
that preheating may enhance material flow and 
improve seating. However, due to differences in 
composition and thermal responsiveness, careful 
selection of composite resins remains essential 
when using them as luting agents.

References 

1. Manso AP, Silva NR, Bonfante EA, Pegoraro TA,  
Dias RA, Carvalho RM. Cements and adhesives  
for all-ceramic restorations. Dent Clin North Am.  
2011 Apr;55(2):311–332, ix. doi:10.1016/j.cden. 
2011.01.012.

2.	 Krämer N, Lohbauer U, Frankenberger R. Adhesive 
luting of indirect restorations. Am J Dent. 2000 
Nov;13(Spec No):60D–76D.

3.	 Besek M, Mörmann WH, Persi C, Lutz F. Die 
aushärtung von komposit unter cerec-inlays  
[The curing of composites under Cerec inlays]. 
Schweiz Monatsschr Zahnmed. 1995 Sep;105(9): 
1123–1128.

4.	 Barbon FJ, Isolan CP, Soares LD, Bona AD, de 
Oliveira da Rosa WL, Boscato N. A systematic  
review and meta-analysis on using preheated resin 
composites as luting agents for indirect restorations. 
Clin Oral Investig. 2022 Apr;26(4):3383–3393. 
doi:10.1007/s00784-022-04406-z.

5.	 Falacho RI, Marques JA, Palma PJ, Roseiro L, 
Caramelo F, Ramos JC, et al. Luting indirect 
restorations with resin cements versus composite 
resins: Effects of preheating and ultrasound energy 
on film thickness. J Esthet Restor Dent. 2022 
Jun;34(4):641–649. doi:10.1111/jerd.12851.

6.	 Marcondes RL, Lima VP, Barbon FJ, Isolan CP, 
Carvalho MA, Salvador MV, et al. Viscosity and 
thermal kinetics of 10 preheated restorative resin 
composites and effect of ultrasound energy on film 
thickness. Dent Mater. 2020 Oct;36(10):1356–1364. 
doi:10.1016/j.dental.2020.08.004.

7.	 Pol i tano G, Van Meerbeek B,  Peumans M. 
Nonretentive bonded ceramic partial crowns: 
Concept and simplified protocol for long-lasting 
den ta l  res to ra t ions .  J  Adhes  Den t .  2018 
Dec;20(6):495–510. doi:10.3290/j.jad.a41630.

8.	 Magne P, Razaghy M, Carvalho MA, Soares LM. 
Luting of inlays, onlays, and overlays with preheated 
restorative composite resin does not prevent seating 
accuracy. Int J Esthet Dent. 2018;13(3):318–332.

9.	 Peng CC, Chung KH, Ramos V Jr. Assessment of  
the adaptation of interim crowns using different 
measurement techniques. J Prosthodont. 2020 
Jan;29(1):87–93. doi:10.1111/jopr.13122.

10.	 Ramakrishnaiah R, Alkheraif AA, Divakar DD, 
Matinlinna JP, Vallittu PK. The effect of hydrofluoric 
acid etching duration on the surface micromorphology, 
roughness, and wettability of dental ceramics. Int J 
Mol Sci. 2016 May;17(6):822. doi:10.3390/ijms17060822.

11.	 Bajraktarova-Valjakova E, Korunoska-Stevkovska V, 
Georgieva S, Ivanovski K, Bajraktarova-Misevska C, 
Mijoska A, et al. Hydrofluoric acid: Burns and 
systemic toxicity, protective measures, immediate 
and hospital medical treatment. Open Access Maced 
J Med Sci. 2018 Nov;6(11):2257–2269. doi:10.3889/
oamjms.2018.429.

12.	 Lung CY, Matinlinna JP. Aspects of silane coupling 
agents and surface conditioning in dentistry:  
an overview. Dent Mater. 2012 May;28(5):467–477. 
doi:10.1016/j.dental.2012.02.009.



Cholada Vitoon, et al

S56   M Dent J 2025 June; 45 (Suppl): S45-S56

13.	 Torres SM, Borges GA, Spohr AM, Cury AA, Yadav S, 
Platt JA. The effect of surface treatments on the 
micro-shear bond strength of a resin luting agent  
and four all-ceramic systems. Oper Dent. 2009  
Jul-Aug;34(4):399–407. doi:10.2341/08-87.

14.	 Matinlinna JP, Lung CYK, Tsoi JKH. Silane adhesion 
mechanism in dental applications and surface 
treatments: A review. Dent Mater. 2018 Jan;34(1): 
13–28. doi:10.1016/j.dental.2017.09.002.

15.	 Souza JCM, Raffaele-Esposito A, Carvalho O, Silva F, 
Özcan M, Henriques B. Surface modification of 
zirconia or lithium disilicate-reinforced glass ceramic 
by laser texturing to increase the adhesion of 
prosthetic surfaces to resin cements: an integrative 
review. Clin Oral Investig. 2023 Jul;27(7):3331–3345. 
doi:10.1007/s00784-023-05016-z.

16.	 International Organization for Standardization. 
Dentistry - Polymer-based restorative materials. ISO 
4049:2019. Geneva: ISO; 2019.

17.	 Coelho NF, Barbon FJ, Machado RG, Boscato N, 
Moraes RR. Response of composite resins to 
preheating and the resulting strengthening of  
luted feldspar ceramic. Dent Mater. 2019 Oct;35(10): 
1430–1438. doi:10.1016/j.dental.2019.07.021.

18.	 Shobha HK, Sankarapandian M, Kalachandra S, 
Taylor DF, McGrath JE. Structure property relationship 
among novel dental composite matrix resins. J Mater 
Sci Mater Med. 1997 Jun;8(6):385–389. doi:10.1023/ 
a:1018541102275.

19.	 Dionysopoulos D,  Tol id is K,  Gerasimou P,  
Koliniotou-Koumpia E. Effect of preheating on the  
f i lm th ickness of  contemporary composi te  
restorative materials. J Dent Sci. 2014 Dec;9(4): 
313–319. doi:10.1016/j.jds.2014.03.006.

20.	 Magne P, Al-Rafee M, Magne M, Carvalho MA,  
Milani T. Comparison of film thickness of restorative 
composites considered for thermo-modif ied 
cementation. J Esthet Restor Dent. 2025 Jan;37(1): 
28-38. doi: 10.1111/jerd.13363.

21.	 Blalock JS, Holmes RG, Rueggeberg FA. Effect of 
temperature on unpolymerized composite resin  
film thickness. J Prosthet Dent. 2006 Dec;96(6): 
424–432. doi:10.1016/j.prosdent.2006.09.022.

22.	 Elbishari H, Satterthwaite J, Silikas N. Effect of  
filler size and temperature on packing stress  
and viscosity of resin-composites. Int J Mol Sci. 2011 
Aug;12(8):5330–5338. doi:10.3390/ijms12085330.

23.	 Lee JH, Um CM, Lee IB. Rheological properties of 
resin composites according to variations in monomer 
and filler composition. Dent Mater. 2006 Jun;22(6): 
515–526. doi:10.1016/j.dental.2005.05.008.

24.	 Sartori N, Peruchi LD, Phark JH, Duarte S Jr.  
The influence of intrinsic water permeation on  
different dentin bonded interfaces formation. J Dent. 
2016 May;48:46–54. doi:10.1016/j.jdent.2016.03.005.

25.	 Teyagirwa PF, Aquin C, Kharouf N, Roman T,  
Senger B, Reitzer F, et al. Operator versus material 
influence on film thickness using adhesive resin cement  
or pre-heated resin composite. J Esthet Restor Dent. 
2023 Apr;35(3):517–524. doi:10.1111/jerd.12988.

26.	 Almustafa N, Ricketts D, Chadwick G, Sauders W. 
Force applied by dentists during cementation of  
all zirconia three unit bridges and its impact on 
seating. Int J Dent Sci Res. 2020;8(4):112–118. 
doi:10.12691/ijdsr-8-4-7.

27.	 Zortuk M, Bolpaca P, Kilic K, Ozdemir E, Aguloglu S. 
Effects of finger pressure applied by dentists during 
cementation of all-ceramic crowns. Eur J Dent. 2010 
Oct;4(4):383–388.

28.	 Licurci CAA, Lins L, Garbossa M, Canabarro A. A 
comparative study between replica and cementation 
techniques in the evaluation of internal and marginal 
misfits of single crowns. J Prosthet Dent. 2022 
Apr;127(4):609–616. doi:10.1016/j.prosdent.2020. 
11.004.

29.	 Pinto C, Silva L, Licurci C, Canabarro A. Effect of 
clinical and laboratory techniques of cementation  
on the assessment of marginal and internal fit of 
prosthetic elements. Braz J Oral Sci. 2024;23:e240950. 
doi:10.20396/bjos.v23i00.8670950.

30.	 Falahchai M, Babaee Hemmati Y, Neshandar Asli H, 
Neshandar Asl i  M.  Marginal  adaptat ion of  
zirconia-reinforced lithium silicate overlays with 
different preparation designs. J Esthet Restor Dent. 
2020 Dec;32(8):823–830. doi:10.1111/jerd.12642.

31.	 McLean JW, von Fraunhofer JA. The estimation of 
cement film thickness by an in vivo technique.  
Br Dent J. 1971 Aug;131(3):107–111. doi: 10.1038/
sj.bdj.4802708.

32.	 Komine F, Iwai T, Kobayashi K, Matsumura H. 
Marginal and internal adaptation of zirconium  
dioxide ceramic copings and crowns with different 
finish line designs. Dent Mater J. 2007 Sep;26(5): 
659–664. doi:10.4012/dmj.26.659.


