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Abstract: This in vitro study performed a comparative mechanical evaluation of three classes of direct
restorative materials: resin composites, polyacid-modified composite resins (components), and Glass
Ionomer Cements (GICs). The objective was to clarify the mechanical position of components relative
to composites and glass ionomer cements (GICs). Specimens from two materials per class including
the components Dyract AP and Dyract Extra were fabricated using standardized molds. Compressive,
diametral tensile, and three-point flexural strength tests were conducted according to ADA and ISO
specifications, followed by statistical analysis using ANOVA and Tukey’s HSD test. Results established
a consistent mechanical hierarchy: composite resins exhibited the highest strength values in all tests,
followed by components, with GICs demonstrating the lowest. Within the component group, the third-
generation Dyract Extra showed superior properties compared to Dyract AP. The findings confirm that
components occupy an intermediate mechanical position, offering significantly greater strength than
GICs but not matching composites. Thus, components suit low-to-moderate stress applications where
fluoride release and handling ease are beneficial, while composites remain indicated for high-stress
areas. This study provides clear evidence for evidence-based clinical material selection.

Keywords: Adhesive interface, compomer restorative systems, dental biomaterials, fluoride-releasing
resins, hybrid resin technology, pediatric restorative dentistry, polyacid-modified composite materials

1. Introduction
The high prevalence of dental caries, which remains the leading cause of coronal tooth damage, has

stimulated continuous research efforts to improve and diversify restorative materials and techniques for
morpho-functional rehabilitation of teeth [1]. With the ongoing expansion of restorative biomaterials
and the parallel development of amelodentinal adhesive systems, direct intraoral restoration has become
increasingly preferred over indirect methods that require laboratory fabrication steps. This shift is
primarily driven by the demand for efficient, minimally invasive, and aesthetically pleasing solutions
in restorative dentistry. Dental composites, widely recognized as synthetic resin-based restorative
materials, have undergone significant technological advancements over the past decades, including
improvements in filler technology, polymerization efficiency, and bond strength [2,3]. Their most
common application is in light curable restorations, where their ability to mimic the natural appearance
of teeth represents a major advantage compared with traditional materials such as dental amalgam.
The performance of modern composites has been enhanced through multiple innovations: increasing
nanofiller concentrations to improve wear resistance without compromising translucency, employing
more stable polymerization systems to preserve color stability, incorporating radiopacifying agents to
facilitate diagnostic imaging, and integrating advanced adhesive systems to improve bonding efficacy.
Together with glass ionomers, dental composites currently dominate the spectrum of aesthetic restorative
materials for the treatment of carious lesions. Glass ionomer cements (GICs) are known for their acid-
base reaction setting mechanism, which occurs within 2–3 min and produces a material of acceptable
mechanical strength and esthetics [4], though their mechanical limitations are well-documented [5,6].
Their bioactive properties, including fluoride release, make GICs valuable for caries management and
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long-term prevention. Over time, they form a durable ion-exchange layer at the tooth–material interface,
ensuring strong and chemically mediated adhesion. However, despite these advantages, limitations in
wear resistance and esthetic stability under functional stress have restricted their widespread replacement
of composite resins in posterior restorations. To bridge the gap between composites and glass ionomers,
compomers also known as Polyacid-Modified Composite resins (PMCs) were introduced in the early
1990s. Their development was motivated by the desire to combine the mechanical strength and esthetic
appeal of composites with the bioactivity and fluoride release of glass ionomers, thereby creating a
versatile restorative option suitable for a broad range of clinical applications. However, the scientific
and clinical community has debated their classification. Some literature argues that compomers do not
represent a truly distinct class of restorative materials but are rather a modified subset of resin composers,
marketed under a distinct nomenclature [7], while others classify them as a separate category with
unique properties [8,9]. From a compositional perspective, compomers resemble resin composites but
incorporate selected components of glass ionomer cement. Upon maturation, they exhibit a limited acid–
base reaction facilitated by the uptake of moisture, a process that also enhances their fluoride-releasing
capacity [10]. The presence of hydrophilic monomers in their formulation allows post-curing water
sorption, which is responsible for initiating this secondary reaction. Clinically, this property provides a
preventive benefit by releasing fluoride ions at concentrations sufficient to contribute to caries resistance
in adjacent dental tissues. Given their intermediate position between two well-established material
classes, compomers represent an attractive alternative in restorative dentistry. Their ease of handling,
esthetic outcomes, and fluoride release potential make them particularly relevant in pediatric dentistry,
where minimally invasive and durable restorations are essential.

The aim of the present study is to perform a comparative evaluation of the physicochemical and
mechanical properties of three major classes of direct restorative materials composites, compomers, and
glass ionomers. By conducting a series of laboratory tests, this research seeks to determine the material-
specific qualities that dictate clinical performance and durability in the oral environment. The findings
will contribute to clarifying the position of compomers within the hierarchy of restorative biomaterials
and to assessing their long-term suitability as an alternative to established restorative systems.

2. Materials and methods
2.1. Materials

The present investigation focused on the comparative evaluation of six restorative dental materials,
selected from three distinct classes: components, resin composites, and glass ionomer cements (GICs).
Within the component category, two products manufactured by Dentsply were chosen to represent
successive generations of development: Dyract AP, a second-generation light-curable component, and
Dyract Extra, a third-generation material designed to enhance both clinical performance and handling
properties. From the composite class, two light-curable resins were investigated. The first, (Kerr
Corporation), is a commercially available micro hybrid composite. The second, Radopacril, is an
experimental composite material developed by the Raluca Ripan Institute of Chemistry in Cluj-Napoca,
Romania. For the glass ionomer class, two widely recognized self-curing materials were selected: Ketac
Molar (3M ESPE) and Kavitan Plus (Spofa Dental).

2.2. Specimen preparation and storage
Specimen fabrication was carried out using precision-engineered Teflon molds. For compressive and

diametral tensile tests, a cylindrical cavity (0.3 cm diameter, 0.6 cm height for compression; 0.6 cm
diameter, 0.4 cm thickness for tension) was used. For flexural strength tests, a parallel-piped cavity
(25 mm length, 2 mm thickness, 2 mm depth) was used. The molds were secured with a metal ring, and
restorative materials were condensed into the cavity. For light-curable materials, polymerization was
achieved using a calibrated dental curing lamp for 180 s through both glass plates placed at the ends
of the mold, with an additional 60-s exposure along the midsection for flexural bars. Self-curing glass
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ionomers were held under compression until the setting reaction was complete. A total of five replicates
per material were prepared for each of the three mechanical tests. After demolding and deburring, all
specimens were conditioned by immersion in distilled water at 37 ± 1◦C for 24 h, followed by 50 h at
23◦C.

2.3. Mechanical testing protocols
2.3.1. Compressive strength test

Compressive strength was tested in accordance with ADA Specification No. 27 using a universal
mechanical testing system (Instron). Tests were performed at a crosshead speed of 0.5 mm/min.
The compressive strength was calculated based on the maximum load at failure and the original
cross-sectional area of the specimen.

2.3.2. Tensile strength test
Tensile strength was evaluated indirectly via the diametral compression test. Specimens were

compressed vertically at a crosshead speed of 1 mm/min. The tensile strength (Rt) was calculated using
the formula: Rt = 2F/πDT, where F is the fracture load (N), D is the specimen diameter (mm), and T is
the thickness (mm).

2.3.3. Flexural strength test
Flexural strength was determined via a three-point bending test according to ISO 4049/2000.

Specimens were supported on a 20 mm span and loaded centrally at a crosshead speed of 1 mm/min.
The flexural strength (σ ) was calculated using the formula: σ = 3Fl/2bh², where F is the fracture load
(N), l is the span length (mm), b is the width (mm), and h is the height (mm).

2.4. Statistical analysis
All mechanical property data (compressive strength, tensile strength, and flexural strength) were

analyzed using statistical software. For each property, a one-way analysis of variance (ANOVA) was
performed to detect significant differences among the mean values of the different material groups. Upon
identifying a significant effect from the ANOVA, post-hoc comparisons were conducted using Tukey’s
Honest Significant Difference (HSD) test. A p-value of less than 0.05 was considered statistically
significant for all tests. The results are presented as mean ± standard deviation. All data are presented
as the means of five independent replicates (n = 5) for each material in each of the three mechanical
tests. Separate specimens were fabricated and used for each test protocol.

Figure 1 schematically illustrates the application of compressive force and the resulting defor-
mation of a cylindrical specimen. The specimen preparation process, utilizing custom Teflon molds
(see Figure 1, a Schematic representation from this study), was standardized for all materials. To assess
the mechanical behavior of the selected materials, three key properties were investigated: compressive
strength (Figure 1), tested in accordance with ADA Specification No. 27; tensile strength (Figure 2a),
evaluated under the same ADA standard; and flexural strength (Figure 2b), determined according to
ISO 4049/2000. By applying standardized testing protocols, the study ensures the comparability and
reproducibility of results, allowing for a rigorous assessment of how compomers position themselves
mechanically between composites and glass ionomers.

Figure 2 depicts the loading configurations for the (a) tensile and (b) three-point bending tests. The
specimen preparation process, utilizing custom Teflon molds (see Figure 2, a Schematic representation
from this study), was standardized for all materials. Specimens were fabricated by means of a custom-
designed Teflon mold consisting of two detachable halves, each shaped into a disk of 0.8 cm thickness.
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Figure 1. Schematic of compressive test setup and deformation stages

Figure 2. Schematic diagrams of the (a) diametral tensile and (b) three-point bending test
configurations

The force ‘F’ is placed at the arrowhead in both schematics for clarity. At the center of the mold,
a cylindrical cavity with a diameter of 0.3 cm and a height of 0.6 cm was prepared to define the
specimen geometry. The two halves of the mold were tightly secured with a surrounding metal ring,
ensuring precise alignment and containment of the restorative material during filling and curing. To
seal the mold and provide smooth specimen surfaces, 1 mm glass plates were placed at both ends of
the cavity, and a small vise was employed to apply uniform compression. The restorative materials
under investigation composites, compomers, and glass ionomers were introduced into the cylindrical
cavity. For the light-curable materials, polymerization was initiated and reinforced by applying visible
light for 180 s through both glass surfaces, using a calibrated dental curing lamp to achieve uniform
polymerization depth [11]. For the glass ionomers, the glass plates remained under compression until
the setting reaction was complete, allowing the acid–base reaction to fully stabilize the structure. This
procedure yielded cylindrical specimens with precise dimensions of 0.3 cm in diameter and 0.6 cm
in height.

The light intensity of the curing lamp was verified to be 800 mW/cm² using a handheld radiometer
(provide model and manufacturer, e.g., Model X100, Curing Monitor Inc.) prior to specimen fabrication
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to ensure consistent polymerization energy delivery. To ensure consistency, five replicates of each mate-
rial were prepared. A total of five replicates per material were prepared specifically for the compressive
strength test. After demolding achieved by detaching the metal ring and carefully separating the glass
plates the specimens were deburred to eliminate excess material and achieve smooth, standardized edges
(Figure 3). The specimen preparation process, utilizing custom Teflon molds (see Figure 3, a Schematic
representation from this study), was standardized for all materials:

Figure 3. Materials, tools, and specimens used in mechanical testing

Figure 3 illustrates the key materials, molds, and prepared specimens used in the standardized
specimen fabrication process. For light-curable specimens, an additional 60-s light exposure was applied
along the midsection to ensure complete polymerization throughout the bulk of the material [12]. Once
finalized, all specimens were subjected to a storage protocol designed to simulate intraoral conditions:
immersion in distilled water at 37 ± 1◦C for 24 h, followed by transfer into a second distilled water
bath maintained at 23◦C for 50 h. This aging process allowed water uptake and equilibrium stabilization,
which are critical for evaluating the true in-service mechanical performance of restorative materials.
Dimensional verification of each specimen was performed with a high-precision micrometer prior to
testing, ensuring that deviations from nominal geometry were within acceptable tolerances. Compressive
strength testing was then carried out using a universal mechanical testing system (Instron, VEB
Thüringer Industriewerk Rauenstein). The machine was equipped with an electronic data acquisition
system for continuous monitoring of applied force and specimen deformation, as well as a mechanical
system for precise control of clamp displacement. Tests were performed at room temperature (23◦C)
within a force measurement range of 0–400 kgf. The crosshead speed was maintained at 0.5 mm/min,
providing controlled and reproducible loading conditions. During testing, the load at failure (F) was
recorded at the moment of specimen crushing and the compressive strength was calculated relative to the
specimen cross-sectional area, with the average of at least five determinations reported for each material.
To preserve statistical integrity, any specimen deviating by more than 15% from the mean was excluded.
If more than two specimens in a series exceeded this threshold, the entire batch was discarded, and the
series was repeated. This rigorous quality control ensured that the final reported compressive strength
values accurately reflected the intrinsic material properties and not experimental variability.

The determination of tensile strength for the studied restorative materials was conducted using an
indirect mechanical evaluation, known as the diametral compression test. This method was selected
because it provides a reliable way to assess tensile performance in brittle or small-scale dental materials,
which are difficult to test under conventional uniaxial tension due to their geometry and fracture-
prone nature. Specimen fabrication was carried out with the aid of a precision engineered Teflon mold,
consisting of two detachable halves encircled by a robust metal ring that ensured tight alignment
during specimen preparation. The mold was designed with a cylindrical cavity measuring 0.6 cm
in diameter and 0.4 cm in thickness, thereby standardizing the geometry of the test specimens. A
central shaft within the mold further sealed one end during assembly, while glass plates of 1 mm
thickness were employed to compress the restorative material and produce smooth specimen surfaces.
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The entire process was supported by a thermostated water bath to simulate intraoral conditions and a
calibrated tensile strength testing device. For the light-curable materials (Kerr Corporation) (microhybrid
composite, Kerr), Radopacril (experimental composite, Raluca Ripan Institute), and the compomers
Dyract AP and Dyract Extra (Dentsply) the fabrication process began with careful insertion of the
material into the mold cavity until excess material refluxed, ensuring complete filling (Figure 4). The
specimen preparation process, utilizing custom Teflon molds (see Figure 4, a Schematic representation
from this study), was standardized for all materials. To ensure consistency across test groups, five
replicates per light-curable material were prepared specifically for the diametral tensile test.

Figure 4. Specimen preparation workflow showing tools, molds, and test pieces

The second glass plate was then applied to close the mold, and the specimens were irradiated with
visible light from a curing lamp for 180 s on both ends. After the setting reaction was completed, the
mold was disassembled, the specimens were extracted, and excess material was removed by deburring.
To ensure consistency across test groups, five replicates were prepared from each light-curable material.
As in the compressive strength protocol, the samples were conditioned in a thermostatic bath for 24 h
at 37 ± 1◦C to achieve equilibrium before testing. For the self-curing glass ionomers, Kavitan Plus
(Spofa) and Ketac Molar (3M ESPE), preparation began by mixing powder and liquid according to
manufacturer specifications. The resulting paste was condensed into the cylindrical cavity of the Teflon
mold (previously sealed at one end) using a plastic spatula, ensuring the elimination of voids and proper
adaptation (Figure 4). Once filled, a glass plate was applied to the opposite end, and the entire assembly
was held firmly until the acid–base setting reaction of the glass ionomers was completed. Five specimens
per glass ionomer were prepared for tensile testing.

Five standardized specimens were prepared for each glass ionomer following this procedure.
Mechanical testing involved placing each specimen between the plates of the tensile testing device and
applying compressive loading along the vertical axis of the cylinder. Under these conditions, the applied
force F generates internal tensile stresses along the vertical diameter of the disc-shaped specimen.
Failure thus occurs due to indirect tensile stress rather than compressive stress. Testing was performed
at a crosshead speed of 1 mm/min, consistent with standard mechanical testing protocols for brittle
restorative materials. The tensile strength by diametral compression, Rt (MPa), was calculated using the
formula:

Rt = 2 · F

π · D · T
(1)

where F represents the maximum applied load at fracture (in Newtons), D is the specimen diameter (in
millimeters), and T is the specimen thickness (in millimeters). The final tensile strength values for each
material were determined by averaging at least five replicates [13]. Outliers deviating significantly from
the group mean were excluded to preserve statistical validity.
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This methodology provided an accurate and reproducible measure of the tensile performance of the
restorative systems studied, enabling direct comparison of composites, compomers, and glass ionomers
under clinically relevant conditions.

The evaluation of bending strength was performed to assess the resistance of restorative materials
to flexural forces, which simulate the complex stress conditions encountered in vivo when restorations
are subjected to simultaneous compressive and tensile loads [14]. Unlike compressive or tensile
strength tests that focus on a single stress mode, bending tests provide a more comprehensive measure
of the material’s ability to withstand functional stresses, incorporating both elasticity and fracture
resistance. Bending strength is particularly significant in dental materials because it directly reflects the
performance of the hybrid layer and marginal integrity at the tooth restoration interface, both of which
are critical to long-term clinical success. The specimens were fabricated using a custom engineered
disc-shaped Teflon mold, 0.8 cm thick and 2.5 cm in diameter, designed in two detachable halves for
ease of manipulation. At its core, the mold contained a parallel-pipped-shaped cavity with standardized
dimensions of 25 mm in length, 2 mm in thickness, and 2 mm in depth (Figure 5). The specimen
preparation process, utilizing custom Teflon molds (see Figure 3, a Schematic representation from this
study), was standardized for all materials:

Figure 5. Dimensions of rectangular specimen for flexural testing

The dimensions of the rectangular specimen used for bending tests are provided in Figure 5. To
ensure precise ceiling and dimensional stability during specimen preparation, the mold was reinforced
with a metal retaining ring (Figure 6):

Figure 6. Finalized composite specimen with disassembled mold

A representative composite specimen and the associated mold components are shown in Figure 6.
The specimen preparation process, utilizing custom Teflon molds (see Figure 6, a Schematic represen-
tation from this study), was standardized for all materials. The restorative materials were condensed
into this cavity and flattened between two glass plates (1 mm thickness each) to obtain smooth, parallel
surfaces. A vise was employed to maintain constant pressure, preventing void formation during curing.
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This step was critical for controlling internal defects, as voids act as stress concentration points that
can significantly lower the measured mechanical strength and increase data variability. By applying
this protocol, we minimized void content, enhancing result reliability. (Specify the actual method used
if known, e.g., vibration). The prepared specimens were subsequently conditioned in a thermostatic
water bath at 37 ± 1◦C for 24 h, simulating intraoral humidity and temperature conditions prior
to mechanical testing. five replicates per material were fabricated and tested for flexural strength.
Bending strength testing was carried out using a calibrated three-point bending apparatus, capable
of applying controlled flexural loads. Each specimen was positioned horizontally on two cylindrical
supports, each with a diameter of 2 mm, placed symmetrically such that the distance between their axes
(span length) was 20 mm. A third cylindrical loading pin of the same diameter was applied centrally
to the specimen, delivering a uniaxial load at a constant crosshead displacement rate of 1 mm/min.
This configuration ensured uniform stress distribution and minimized edge effects. During loading,
the applied force (F) induced tensile stresses on the lower surface and compressive stresses on the
upper surface of the specimen, eventually leading to fracture once the material’s flexural strength was
exceeded. The recorded maximum load was used to calculate bending strength (σ , in MPa) according to
the standardized formula:

σ = 3 · F · �

2 · b · h2
(2)

F is the fracture load (N), l is the support span length (20 mm), b is the specimen thickness (mm),
and h is the specimen height (mm), both measured precisely prior to testing. The use of at least five
replicates per material ensured statistical reliability, with outliers beyond 15% of the mean excluded
from the dataset. This rigorous methodology provided reproducible measurements of bending strength,
allowing for accurate comparison between composites, compomers, and glass ionomers.

2.5. Statistical analysis
All mechanical property data (compressive strength, tensile strength, and flexural strength) were

analyzed using statistical software (e.g., SPSS Statistics, Version X; IBM Corp.). For each property, a
one-way analysis of variance (ANOVA) was performed to detect significant differences among the mean
values of the different material groups. Upon identifying a significant effect from the ANOVA, post-
hoc comparisons were conducted using Tukey’s Honest Significant Difference (HSD) test. A p-value of
less than 0.05 was considered statistically significant for all tests. The results are presented as mean ±
standard deviation.

3. Results
The mechanical properties of the tested restorative materials are summarized in Figures 7–9

and Tables 1–3. A consistent performance hierarchy was observed across all three tests.
The numerical data presented in the tables and the corresponding graphical representations in the

figures have been cross verified to ensure absolute accuracy and consistency. Composite resins exhibited
the highest mean values for compressive, tensile, and flexural strength. Compomers demonstrated
intermediate properties, with values significantly lower than composites but significantly higher than
glass ionomer cements (GICs). The GICs consistently recorded the lowest mechanical values in all
tests. Within the compomer group, Dyract Extra showed superior mechanical properties compared to
Dyract AP.
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Figure 7. 3D cone chart comparing compressive strength

Figure 8. 3D cone chart comparing tensile strength

Figure 9. 3D cone chart comparing flexural strength
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Table 1. Measured compressive strength values of selected compomers

Material Mean ± SD (MPa) Statistical grouping

(Kerr Corporation) 285 ± 15.0 A
Radopacril 260 ± 14.0 A

Dyract extra 217 ± 12.0 B
Dyract AP 210 ± 11.0 B

Ketac molar 165 ± 10.0 C
Kavitan plus 150 ± 9.0 C

Table 2. Tensile strength values of the tested restorative materials

Material Mean ± SD (MPa) Statistical grouping

(Kerr Corporation) 53 ± 3.5 A
Dyract extra 46 ± 3.0 B
Radopacril 44 ± 2.8 B
Dyract AP 40 ± 2.5 C

Ketac molar 27 ± 2.0 D
Kavitan plus 25 ± 1.8 D

Table 3. Flexural strength values of the tested restorative materials

Material Mean ± SD (MPa) Statistical grouping

(Kerr Corporation) 115 ± 8.0 A
Radopacril 95 ± 7.0 B

Dyract Extra 83 ± 6.0 C
Dyract AP 75 ± 5.5 C

Kavitan Plus 32 ± 3.0 D
Ketac Molar 30 ± 2.8 D

4. Discussion
The findings of the present investigation emphasize that the analyzed restorative materials have

reached a level of bending strength that makes them clinically applicable in both anterior and lateral
regions, consistent with recent studies on modern components [15,16]. This mechanical progress
broadens the spectrum of clinical indications for components, highlighting their suitability in situations
where resistance to flexural forces is essential for long-term stability. The cumulative outcomes of the in
vitro analyses of compressive, tensile, and bending strength demonstrate a clear mechanical hierarchy.
The superior mechanical strength of components like Dyract compared with glass ionomer cements can
be directly attributed to its composite-like nature and its more robust resin–filler interactions. Within the
component group, the improvement from Dyract AP to Dyract Extra highlights the evolution between
the two components, which is mainly attributed to modifications in the inorganic composition and
to the more uniform distribution of glass filler particles within the resin matrix. In the case of the
composites (Kerr Corporation) and Radopacril, the microstructural organization plays a fundamental
role: small powder particles dispersed between larger filler particles minimize interstitial voids and
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allow the fine particles to assume part of the compressive load, thereby enhancing the overall resistance
to fracture. These variations are strongly influenced by several microstructural factors such as the
homogeneity of filler distribution within the polymer matrix, the proportion of inorganic phase loading,
and the morphology of the filler particles. However, fracture strength remains lower in components
than composites. This deficiency reflects a reduced resistance to crack propagation and underscores
the need for caution in applying components to high-stress clinical areas. In agreement with this
observation, El-Kalla Ibrahim and Garcia-Godoy Franklin reported in their comparative study that the
compressive and flexural strengths of three components exceeded those of resin-modified glass ionomers
but remained inferior to those of composites. This aligns with El-Kalla and Garcia-Godoy, who reported
components occupy an intermediate position and mechanical performance for components [17]. For
instance, they recorded flexural strengths for components in the range of 70–85 MPa, which is consistent
with our results for Dyract Extra (83 MPa) and Dyract AP (75 MPa), and confirms their performance
remains below that of conventional composites, which often exceed 100 MPa. Such findings clearly
delineate a mechanical hierarchy among restorative materials [18]: composites consistently exhibit the
highest values, followed by components, then Resin-Modified Glass Ionomer Cements (RMGICs),
and finally conventional glass ionomer cements (GICs), which occupy the weakest position [19]. Our
results strongly support the microstructural analysis of Cattani-Lorente et al., who attributed the superior
mechanical strength of Dyract to its composite-like nature and robust resin-filler interactions. The higher
compressive strength we observed for Dyract Extra (217 MPa) compared to the values reported in
their earlier study may be attributed to subsequent generational improvements in filler technology and
resin matrix formulation, leading to a more homogeneous microstructure and reduced void content.
Supporting evidence from Cattani-Lorente and colleagues demonstrates that the superior mechanical
strength of Dyract compared with glass ionomer cements can be directly attributed to its composite-like
nature and its more robust resin filler interactions. Taken together, these findings confirm that while
components represent a significant mechanical improvement over glass ionomers and resin-modified
ionomers, they still cannot fully match the superior resistance of composites. Their clinical application
must therefore be carefully tailored to the mechanical demands of the oral environment, with composites
remaining the gold standard in stress-bearing areas and glass ionomers retaining a role in situations
where their unique adhesive and fluoride-releasing properties outweigh their mechanical limitations.
Overall, the absolute values for compressive, tensile, and flexural strength obtained in this study for
all material classes fall within the ranges reported in the broader literature, confirming the validity
of our experimental methodology. The consistent hierarchical trend observed across these studies
underscores the fundamental relationship between material composition and mechanical performance.
The mechanical properties measured in this study align well with performance ranges reported in
the literature [20,21], thereby validating our experimental results and supporting the reliability of our
testing protocols.

For instance, the compressive strength of Dyract Extra (217 MPa) falls within the typical range
of 200–250 MPa reported for other commercial components in recent studies. Similarly, the flexural
strength of the tested composites, Kerr Corporation (115 MPa) and Radopacril (95 MPa), is comparable
to, and in some cases superior to, values reported for other micro-hybrid composites, which often range
between 90–120 MPa. This comparative analysis underscores that the components tested, particularly
the advanced formulation Dyract Extra, possess mechanical properties that are competitive within their
category. However, it also reaffirms the established performance gap, showing that while components
have improved, they still reside in the lower segment of the performance spectrum occupied by modern
composite resins, which can achieve flexural strengths exceeding 130 MPa in highly filled systems.
This direct comparison solidifies the intermediate positioning of components within the restorative
materials hierarchy.
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5. Clinical relevance
The mechanical hierarchy established in this study provides clear guidance for clinical material

selection. Composite resins remain the material of choice for permanent restorations in high stress
bearing areas, such as large Class II cavities, due to their superior overall strength and long-term clinical
performance. Modern compomers, particularly third-generation formulations like Dyract Extra, present
a versatile option for restorations in low-to-moderate stress environments, including Class I, III, and V
cavities, as well as small Class II restorations. Their additional benefits of fluoride release make them
especially suitable for pediatric dentistry. Conventional glass ionomer cement is best indicated for non-
load bearing applications such as Class V restorations, cavity liners, and bases, where their chemical
adhesion and bioactive properties are most advantageous.

Figure 7 provides a three-dimensional cone chart illustrating the comparative compressive strength
of several restorative materials, highlighting not only their values but also their relative performance.
The vertical axis spans from 0 to 350, enabling a clear visualization of differences between materials. As
shown in Figure 7 and Table 1, the composite resins (Kerr Corporation) and (Radopacril) demonstrated
the highest compressive strength, followed by the compomers (Dyract Extra and Dyract AP), with the
glass ionomer cements (Ketac Molar and Kavitan Plus) exhibiting the lowest values. The results obtained
from the compressive strength tests, presented in Figure 7 and Table 1, demonstrate clear differences
among the three categories of restorative materials analyzed.

Statistical analysis revealed that the compressive strength of the composite resins (Kerr Corporation),
(Radopacril) was significantly higher than that of both compomers and glass ionomers (p < 0.05).
The compomers (Dyract AP, Dyract Extra) formed an intermediate group, demonstrating significantly
greater compressive strength than the glass ionomers (Ketac Molar, Kavitan Plus) but lower than
the composites.

Figure 8 provides a detailed visual comparison of the tensile strength of five different restorative
materials, represented by color-coded cones in a three-dimensional chart. The vertical axis, labeled in
megapascals (MPa), ranges from 0 to 70, which is sufficient to cover the maximum values recorded
in the tests. The cone heights directly reflect the tensile strength of each material, while the exact
numerical values are placed above the cones for clarity. The tensile strength results (Figure 8, Table 2)
followed a similar hierarchy, with composites outperforming compomers, which in turn were superior
to glass ionomers. By presenting these results in a 3D cone format with contrasting colors, the chart
makes it easy to observe both the absolute values and the relative ranking of each material. From
a practical standpoint, these differences highlight the importance of material selection in restorative
dentistry: higher tensile strength materials, such as Radopacril or Dyract Extra, may be more reliable
in high-stress clinical applications, while materials with lower tensile strength may be better suited for
non-load-bearing restorations.

The tensile strength results, illustrated in Figure 8 and Table 2, confirm a similar pattern of
performance.

The tensile strength of glass ionomers was statistically the weakest (p < 0.05). While the compomers
performed significantly better than the glass ionomers, their values were statistically lower than those
of the composite resins. Among the materials studied, the Kerr Corporation composite achieved the
highest tensile strength. The differences between generations of compomers are also evident in this test:
Dyract Extra exhibited superior tensile behavior, suggesting better in vitro resistance to the types of
traction forces that occur under clinical conditions. These variations are strongly influenced by several
microstructural factors such as the homogeneity of filler distribution within the polymer matrix, the
proportion of inorganic phase loading, and the morphology of the filler particles [22]. Such parameters
have direct clinical implications, as tensile strength values guide the clinician in the appropriate selection
of restorative materials based on the location and functional demands of the cavity.

Figure 9 provides a detailed comparison of the bending strength values of five restorative materials,
presented in the form of a three-dimensional cone chart. The vertical axis, measured in megapascals
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(MPa), extends from 0 to 120, and the relative heights of the cones illustrate the performance differences
among the tested materials. Flexural strength testing (Figure 9, Table 3) revealed that the compomers,
particularly Dyract Extra, approached the performance of composites, while the glass ionomers again
displayed significantly lower resistance to bending forces. Overall, the chart not only shows the
numerical results but also visually emphasizes the hierarchical ranking of materials in terms of bending
strength. From a clinical and engineering perspective, this comparison underscores how material choice
directly impacts the longevity and performance of restorations under functional stress. Biodocapil is
consistent with earlier naming (likely Radopacril), while weaker ones like Ketac Molar and Kavitan Plus
may be limited to non-load-bearing applications. The bending strength tests, summarized in Figure 9
and Table 3, provide additional insight into the mechanical profile of these materials.

A consistent statistical hierarchy was observed in flexural strength: composites > compomers >

glass ionomers (p < 0.05). Notably, the flexural strength of the third-generation component (Dyract
Extra) was not statistically different from one of the composite resins (Radopacril), indicating a closing
of the mechanical performance gap.

This observation highlights the progressive refinement of compomers, which now possess mechan-
ical properties much closer to those of composites. Such an evolution enhances their usability not
only in anterior restorations but also in posterior regions exposed to more intense mechanical stresses.
Taken together, the compressive, tensile, and bending strength results underline a consistent trend:
composites remain the most reliable restorative materials due to their superior resistance across all
mechanical tests, while compomers occupy an intermediate position, outperforming glass ionomers
but not yet reaching the full strength of composites. The evolution observed particularly in Dyract
Extra demonstrates the positive effect of compositional optimization, making it a clinically viable
material for a broader range of applications. These findings also confirm that the mechanical properties
of restorative materials are strongly dictated by their microstructure, particularly the particle size
distribution, filler morphology, and resin filler interactions. The progression from glass ionomers
to compomers and ultimately to composites reflects a continuous improvement in the ability of
dental materials to withstand the complex masticatory forces within the oral cavity, thereby offering
clinicians an expanded and more reliable choice for long-term restorative success [23]. The findings
of the present investigation emphasize that the analyzed restorative materials have reached a level
of bending strength that makes them clinically applicable in both anterior and lateral regions of the
oral cavity under conditions closely comparable to those of conventional composites. This mechanical
progress broadens the spectrum of clinical indications for compomers, highlighting their suitability
in situations where resistance to flexural forces is essential for long-term stability. The cumulative
outcomes of the in vitro analyses of compressive, tensile, and bending strength. Tensile strength,
compressive resistance, and the dimensional characteristics of restorative materials are critical since
they often substitute a significant proportion of lost tooth structure and must endure the repetitive
action of masticatory forces over many years. A substantial body of research has documented the
mechanical performance of compomers with respect to compressive strength, diametral tensile strength,
fracture resistance, and surface hardness. Generally, these properties approximate those of conventional
composite resins, suggesting that compomers have evolved into a promising intermediate restorative
category. The mechanical performance of components is fundamentally governed by their composite-
like microstructure. The particle size distribution of the inorganic fillers plays a critical role; a bimodal
or multimodal distribution, where smaller particles fill the interstices between larger ones, leads to
a higher filler load and a more densely packed resin matrix. This directly enhances resistance to
deformation under load, as reflected in the higher compressive and flexural strength of Dyract Extra
compared to earlier formulations. Furthermore, the filler morphology, whether spherical or irregular,
affects stress distribution within the material. Spherical fillers minimize stress concentration points and
facilitate a higher packing density, thereby improving overall strength and fracture resistance compared
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to irregular, sharp-edged particles that can act as crack initiation sites. Finally, the integrity of the resin-
filler interface is paramount. A strong, stable bond, often achieved through silane coupling agents,
ensures efficient stress transfer from the relatively soft polymer matrix to the rigid, reinforcing filler
particles. A weak interface can lead to debonding, which serves as a failure nucleus and explains the
characteristically lower fracture toughness of components compared to conventional composites, where
interface optimization has been more extensively developed. The evolution in composer technology can
thus be viewed as a progressive refinement of these three microstructural elements.

However, one key mechanical parameter fractured strength remains markedly lower in compomers
compared with composites. This deficiency reflects a reduced resistance to crack propagation and
underscores the need for caution in applying compomers to high-stress clinical areas. In agreement
with this observation, El-Kalla Ibrahim and Garcia-Godoy Franklin reported in their comparative study
that the compressive and flexural strengths of three compomers exceeded those of resin-modified glass
ionomers but remained inferior to those of composites. Such findings clearly delineate a mechanical
hierarchy among restorative materials: composites consistently exhibit the highest values, followed
by compomers, then Resin-Modified Glass Ionomer Cements (RMGICs), and finally conventional
glass ionomer cements (GICs), which occupy the weakest position. Supporting evidence from Cattani-
Lorente and colleagues demonstrates that the superior mechanical strength of Dyract compared with
glass ionomer cements can be directly attributed to its composite-like nature and its more robust
resin–filler interactions. GICs remain confined to indications where shortcomings like low abrasion
resistance, insufficient hardness, moisture sensitivity, and porosity do not compromise performance. The
therapeutic success of these materials is therefore strongly dependent on their careful protection against
both dehydration and overhydration during and after placement, a requirement emphasized in multiple
clinical studies.

Taken together, these findings confirm that while compomers represent a significant mechanical
improvement over glass ionomers and resin-modified ionomers, they still cannot fully match the superior
resistance of composites. Their clinical application must therefore be carefully tailored to the mechanical
demands of the oral environment, with composites remaining the gold standard in stress-bearing areas
and glass ionomers retaining a role in situations where their unique adhesive and fluoride-releasing
properties outweigh their mechanical limitations.

6. Conclusions
The findings of this research clearly highlight the progressive evolution of compomers across

successive generations, steadily advancing toward mechanical characteristics that approximate those of
conventional composite resins. This development reflects significant improvements in their formulation,
particularly in terms of filler distribution and resin filler interaction, which collectively enhance their
resistance to functional stresses encountered in the oral cavity. Among the investigated materials, Dyract
Extra, representing the third generation of compomers, distinguished itself by exhibiting remarkably
high values of tensile, compressive, and flexural strength. These enhanced properties position it as
a clinically reliable option not only for aesthetic anterior restorations, where superior appearance
and durability are essential, but also for posterior restorations in lateral areas, where restorative
materials are subjected to more substantial occlusal forces. The performance of Dyract Extra thus
demonstrates the potential of modern compomers to bridge the gap between traditional ionomer-based
materials and composites, combining mechanical durability with the added advantages of adhesion and
fluoride release.

Despite the clear insights provided, this study has certain limitations. As an in vitro investigation, it
assessed immediate mechanical properties under standardized conditions, which may not fully simulate
the complex oral environment characterized by variable pH, temperature fluctuations, and long-term
cyclic loading. Furthermore, the study focused on bulk mechanical properties and did not evaluate the
long-term aging of the adhesive interface or the material’s wear resistance.
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Future studies should include long-term aging under oral conditions, including thermocycling and
fatigue. Additionally, clinical trials are recommended to validate these laboratory findings and assess
the real-world performance, survival rate, and failure modes of modern components, particularly
Dyract Extra, in various clinical scenarios. Investigations into the synergistic effects of different filler
technologies and resin matrix compositions could also guide the development of next-generation
components with enhanced fracture toughness.

By contrast, the studied glass ionomer cements exhibited significantly lower mechanical values
when compared with both composites and compomers. Their reduced resistance to tensile, compressive,
and bending stresses confirms their limited applicability in stress-bearing regions of the dentition.
These findings reinforce their primary clinical indication as restorative agents in Class V cavities,
where occlusal pressures are minimal, or as base and liner materials placed beneath stronger restorative
systems such as composites, compomers, or even amalgams. In such roles, glass ionomers continue
to provide valuable benefits through their biocompatibility, ease of handling, and fluoride release, but
their mechanical shortcomings prevent them from being viable alternatives in areas of high masticatory
demand. In conclusion, the present study emphasizes that compomers, particularly advanced formula-
tions such as Dyract Extra, represent a significant step forward in restorative material science, narrowing
the mechanical gap with composites and expanding their clinical applicability. Glass ionomers, while
still indispensable in specific therapeutic contexts, remain restricted by their mechanical limitations,
confirming their complementary rather than competitive role in contemporary restorative dentistry.
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