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This study aimed to evaluate the physical and mechanical properties of 
dental nanocomposite filling (Filtek™ Z350 XT) after medical radiographic 
techniques (OPG, CBCT.CT-Scan) exposure. 32 Samples of Filtek™ Z350 XT 
(3M ESPE, USA) dental filling material were prepared by placing the filling 
syringes in a composite heater and raising their temperature to 50°C. The 
material was then placed in various shaped Teflon molds according to (ISO 
4049) specifications. These samples were cured (polymerized) using light 
curing with a specialized light source for (40 sec). After sample preparation, 
their dimensions were measured, and they were placed in small, transparent 
bags, immersed in artificial saliva, and exposed to X-rays emitted from various 
medical imaging techniques (OPG, CBCT, and CT-Scan). A series of tests was 
conducted on the samples. Four samples were designated for each test. The 
FESEM results confirmed that all prepared samples exposed to the medical 
imaging techniques exhibited positive results. The samples (OPG, CBCT, CT) 
and those not exposed to radiation, have a nanostructure and fine particles 
with an average nanoparticle size ranging from (36.478 - 51.08) nm. The best 
positive radiation effect was observed in the sample exposed to CT radiation, 
followed by the sample exposed to OPG radiation. Mechanical testing revealed 
an increase in hardness values and a decrease in compressive strength values 
for all prepared samples following radiation exposure, compared to the non-
irradiated sample; however, the samples demonstrated good compressive 
strength based on the obtained values. Chemical corrosion testing indicated 
low values for all prepared samples—despite an increase relative to the non-
irradiated sample following radiation exposure—remaining at low levels (five 
orders of magnitude below zero) that raise no concern.Tests for true density, 
apparent porosity, and water absorption confirmed an increase in true density 
values, alongside a decrease in the percentage of apparent porosity and water 
absorption, across all samples following radiation exposure compared to the 
non-irradiated sample. Following an evaluation of the restorative material 
used in this study (3M™ Filtek™ Z350 XT), the material demonstrated high 
efficiency, exhibiting excellent physical and mechanical properties after medical 
radiographic techniques exposure —commonly used in dental clinics—which 
actually enhanced most of its characteristics. Consequently, the researcher 
recommends using this material for dental restorations, as patients need not 
fear any structural or property degradation resulting from exposure to medical 
radiographic techniques (OPG, CBCT, or CT scans).
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INTRODUCTION
Radiation is a natural and fundamental part of 

the universe and our daily lives; it is energy that 
travels through space or material media in the 
form of electromagnetic waves or high-speed 
particles [1]. Radiation is generally categorized into 
two main types based on its ability to alter matter. 
The first is non-ionizing radiation, which possesses 
enough low energy to move or vibrate atoms but 
not enough to strip electrons from them. This 
type surrounds us constantly and is safe under 
normal conditions. Examples include radio and 
television waves, microwaves, visible light, and 
infrared radiation [2]. The second type is ionizing 
radiation—a high-energy radiation capable of 
stripping electrons from the atoms it passes 
through; it is used with great caution in diagnosis 
and treatment. Examples include medical X-rays, 
gamma rays, and alpha and beta particles emitted 
by radioactive materials [3,4].

 Radiation technologies have become 
indispensable in diagnosing many human diseases 
[5]. X-ray imaging is utilized in various medical 
fields to diagnose a range of conditions—dentistry 
being one of them [7]. Oral health is fundamental 
to dental integrity and functional efficiency; its 
paramount importance lies in enabling effective 
chewing, which facilitates digestion and nutrient 
absorption. Furthermore, oral health plays a pivotal 
role in clear speech and effective communication, 
while also providing an appealing appearance that 
boosts an individual’s self-confidence and daily 
presence [8].

 Dental restoration is a key procedure in 
dentistry. It aims to reconstruct the natural tooth 
structure so that the treated or restored teeth 
mimic the nature and function of the original, 
unaffected teeth [9]. Dental restorative materials 
vary widely, encompassing four main categories: 
metals, polymers, ceramics, and composites. 
These categories comprise a range of options 
suitable for various therapeutic procedures [10]. 
Composite filling materials are among the most 
prominent and widely used restorative options 
in modern dentistry, with fillers constituting a 
significant portion of the composite material by 
volume or weight. The function of the filler is to 
reinforce the resin matrix, provide the appropriate 
level of translucency, and control the material’s 
volumetric shrinkage during polymerization 
[11,12]. In dentistry, composite resin is primarily 
composed of an organic polymer matrix, inorganic 

filler (filler particles), a coupling agent, reaction 
initiators and accelerators, and coloring pigments 
[13]. Intraoral resin composites are subjected to 
continuous thermal fluctuations from hot and cold 
foods and mechanical stresses, as well as potential 
exposure to diagnostic radiation—such as X-rays 
from OPG, CBCT, or CT scans—in certain medical 
situations [14,15].

 Digital panoramic radiography (OPG) is one of 
the most common and widely used techniques 
in dental imaging. It produces a comprehensive, 
expansive X-ray view of both the upper and lower 
jaws by rotating the X-ray tube and the image 
receptor in a semicircle around the front of the 
head, ultimately generating a single, integrated 
image of the entire mouth. It also offers the 
advantage of rapid image display, appearing 
instantly on digital screens [16,17]. Cone-
Beam Computed Tomography (CBCT) is a vital 
diagnostic tool in the medical field, particularly 
in orthodontics, dental implantology, and oral 
surgery. The CBCT scanner rotates around the 
patient’s head to gather diagnostic data; it 
captures a series of two-dimensional images 
and processes them into three-dimensional, 
volumetric data. Image accuracy and contrast 
are influenced by the scan duration—typically 
ranging from 5 to 20 seconds—and the number 
of individual images captured, which can reach 
approximately 600 [18]. Radiation doses in Cone-
Beam Computed Tomography (CBCT) systems vary 
according to the field of view (FOV) options, with 
the approximate radiation dose range spanning 
5–1073 μSv [19]. Computed Tomography (CT) 
relies on X-ray technology, wherein a series of 
X-ray beams are directed around a specific area 
of the body to generate precise, computer-
processed cross-sectional images. This technique 
surpasses conventional X-rays by providing 
detailed cross-sections free from image overlap or 
superimposition; this offers a distinct advantage 
in correlating imaging findings with the patient’s 
clinical status, enabling the highly efficient 
diagnosis of suspected conditions [20]. The 
development of dental restorative materials—
particularly aesthetic fillings (resin composites)—
stands as one of the most significant achievements 
in combining functionality with aesthetics. The 
durability of these fillings within the complex oral 
environment depends on the stability of their 
physical and mechanical properties over time 
[21]. However, these materials do not function 
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in isolation from external influences; they are 
constantly exposed to various environmental and 
radiological conditions, both within and outside 
the dental clinic. X-rays are among the most 
common forms of radiation energy in dentistry, 
with widely varying application techniques that 
encompass routine diagnostic purposes such 
as digital radiography, panoramic imaging, and 
cone-beam computed tomography (CBCT) [22]. 
Exposing dental fillings to these high-energy 
photons via various irradiation techniques raises 
fundamental questions regarding the stability 
of their polymers and chemical networks. X-rays 
have the capacity to induce ionization or alter the 
material’s molecular bonds, thereby impacting—
whether adversely or beneficially—its physical and 
mechanical properties, such as surface hardness, 
compressive strength, and others [23]. 

The research problem lies in the existing 
discrepancy within the scientific literature 
regarding the extent to which modern restorative 
filling materials are affected by radiation 
doses resulting from various X-ray techniques. 
Consequently, this research aims to examine and 
evaluate the behavior of these dental fillings when 
exposed to X-rays using different techniques, 
thereby addressing the knowledge gap in this area 
and providing recommendations to ensure the 
selection of the safest and most durable materials 
for patients undergoing radiological examinations. 

The composition of the nanocomposite resin 
material Filtek™ Z350XT (manufactured by 3M/
ESPE) consists of an organic phase—comprising 
UDMA, Bis-GMA, Bis-EMA, and TEGDMA—and an 
inorganic matrix—comprising silica (20 nm; non-
agglomerated/agglomerated), zirconia (4–11 nm; 
non-agglomerated/agglomerated), and clusters 
(agglomerated zirconia/silica particles, where 
20 nm silica particles are integrated with 4–11 
nm zirconia). The abbreviations stand for: Bis-
GMA (Bisphenol A-glycidyl methacrylate), UDMA 
(Urethane dimethacrylate), TEGDMA (Triethylene 
glycol dimethacrylate), and Bis-EMA (Bisphenol 
A-ethoxylate dimethacrylate) [24,25].

This restorative material features a true 
nanocomposite structure that ensures wear 
resistance and long-lasting luster. It offers a wide 
color range—available in 36 shades across four 
levels of translucency (Dentin, Body, Enamel, 
and Translucent)—to achieve highly natural and 
aesthetic results. Its handling characteristics make 
it highly sculptable and resistant to slumping. It is 

available in syringes and capsules, color-coded by 
translucency for quick identification in the dental 
clinic. Its high radiopacity ensures clear visibility 
on dental X-rays. It is suitable for direct anterior 
and posterior restorations, indirect restorations 
(inlays, onlays, and veneers), core build-ups, and 
cementation [26,27].

MATERIALS AND METHODS
Materials Used in Sample Preparation

In this study composite restoration material 
was used 3M Filtek™ Z350XT universal restorative 
(ENAMEL A2) (3M ESPE, USA) and the Fig. 1 shows 
the filling syringes used. 

This filling is multi-purpose, light-activated 
nanocomposite material and used in both direct 
and indirect dental restoration procedures. 
utilizing advanced nanotechnology,it possesses a 
truly nanocomposite structure that ensures wear 
resistance and long-lasting shine, in addition to its 
high x-ray transparency that makes the material is 
clearly visible in dental x-ray images. The ease of 
use of this product makes it highly moldable and 
resistant to sagging.

Samples Preparation 
The samples were prepared according to (ISO 

4049) specifications, using dental filling material 
(3M Filtek™ Z350XT), this material is a paste-like 
resin packaged in syringes, as shown in Fig. 1. 
These syringes are placed in a composite heater, 
the composite heater used is from (3M, USA), 
designed to raise the temperature of composite 
resin fillings. It has openings specifically designed 
for inserting composite syringes or capsules, 
along with a digital display that allows accurate 
temperature control. The material syringes are 
heated to 50°C to reduce viscosity and make the 
material more flexible and flowable. This facilitates 
its conformation within the mold and reduces the 
possibility of voids [28]. A quantity of this resin was 
injected into a Teflon mold with dimensions of 3 
mm in thickness and 2 mm in diameter (according 
to ISO 4049 specifications) [29], at a temperature 
of 37°C and under yellow illumination to prevent 
curing. The bottom layer was pressed into the 
mold against a glass slab covered with celluloid 
tape. Once the top layer was in place, its surface 
was covered with celluloid tape and then with a 
glass slab to provide a flat, smooth surface and to 
remove excess material. Transparent. 

A (3M™, Elipar Deep Cure-L LED, USA) curing 
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light was used to cure (polymerize) these 
samples. This process is essential to ensure the 
polymerization of the filling and to guarantee its 
strength, durability, and longevity. The samples 
were exposed to this light for 40 seconds. The 
dimensions of the samples were then measured, 
and they were placed in small, transparent bags 
and labeled. After preparation, a quantity of 
artificial saliva was added to cover the sample, 
ensuring an environment close to that of the 
mouth. The sample was then exposed to radiation 
emitted from specialized medical radiography 
techniques used in dental clinics. Three types of 
dental radiography techniques were used: OPG, 
CBCT, and CT-Scan The type of radiation used in all 
these techniques is X-rays, but the radiation doses 
used in each technique vary from one technique 
to another depending on the function that these 
techniques perform.

After exposing the samples to the radiation 
used in these three techniques, the samples 
are removed from the bags, dried of saliva, and 
stored for 24 hours after being immersed in 
distilled water to prevent drying and to simulate 
the oral environment. After that, they are dried, 

placed in other bags, and labeled to be ready 
for examination. (4) samples were selected to 
be tested for each radiographic technique. The 
first sample A represents the prepared dental 
filling that was immersed in saliva for the same 
duration as its counterparts but was not exposed 
to radiation. this sample was then compared with 
the other samples that were exposed to radiation. 
The second sample B represents the prepared 
dental filling that was immersed in saliva and 
exposed to Orthopantomogram (OPG) radiation. 
The third sample C represents the prepared dental 
filling that was immersed in saliva and exposed 
to cone beam computed tomography (CBCT) 
radiation. The fourth sample D represents the 
prepared dental filling that was immersed in saliva 
and exposed to computed tomography (CT-Scan) 
radiation. Table 1 shows the codes of the samples 
prepared in the current study.

Techniques used in exposing samples to radiation
Orthopantomogram Technology (OPG)

The OPG device (OP 3D, KaVo dental, Biberach, 
Germany) was used. After operating the device 
and adjusting the settings with the same settings 

 

 

 

 

 

 

 

  

 

Fig. 1. Dental filling (syringes)of 3M Filtek™ Z350XT universal restorative.

Sample Description Sample Name 

Dental filling prepared without exposure to any technique (Control sample) A 

Dental filling prepared and exposed to the technique OPG B 

Dental filling prepared and exposed to the technique CBCT C 

Dental filling prepared and exposed to the technique CT-Scan D 

 
 

Table 1. Sample codes prepared in this study.
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as the patient’s radiographic imaging to capture 
an OPG image to provide the same conditions, the 
sample was placed inside small transparent plastic 
bags and immersed with artificial saliva. The bags 
were placed in the device’s designated area, and 
the sample was exposed to the X-rays emitted by 
this technique with an energy of 66 kV, a radiation 
dose of 62 mGy cm², a current of 7.1 mA, and an 
exposure time of 9.0 sec.

Cone beam computed tomography technology 
(CBCT)

The CBCT device (OP 3D, KaVo dental, Biberach, 
Germany) was used. After operating the device and 
adjusting the settings with the same radiographic 
imaging settings to capture a CBCT image of 
the patient to provide the same conditions, the 
sample was placed inside transparent plastic bags 
and immersed in artificial saliva. The bags were 
placed in the device’s designated location, and the 
sample was exposed to the X-rays emitted by this 
technology, with an energy of 95 KV, a radiation 
dose of 662 mGy cm², a current of (8.0 mA), and 
an exposure time of 3.6 sec.

Computed tomography technology (CT- scan)
A 128-slice CT-Scan device (PHILIPS, 

Netherlands) was used. After operating the 
device and adjusting the settings with the same 
radiographic settings for taking a CT-Scan image of 
the patient’s head to provide the same conditions, 
the sample was placed inside transparent plastic 
bags and immersed with artificial saliva. The bags 
were placed in the device’s designated location, 
and the sample was exposed to the X-rays emitted 
by this technique, which had an energy of 120 KV, 
a radiation dose of 1552.5 mGy cm², a current of 
120 mA, and an exposure time of 12.3 sec.

Field Emission Scanning Electron Microscopy 
(FESEM)testing

The FESEM test was performed, and the device 
used was a MODEL INSPECT F50 from THERMO 
FISHER SCIENTIFIC. 

Hardness Test
A Shore D hardness tester (Check-line DD-100), 

of U.S. origin, was used.

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 2. FESEM images of samples (A, B, C and D). 
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Compressive strength
A Chinese-made LARYEE device was used for 

the compressive strength test.

RESULT AND DISCUSSION
Field Emission Scanning Electron Microscopy 
(FESEM)

Through this technique, the surface shapes 
of the granular particles comprising the 
prepared samples were studied. Fig. 2 shows the 
FESEM analysis of the samples A, B, C, D with 
measurements of 500nm. Sample A (Control 
sample) shows a nanostructure with fine grains 
ranging in size 43.78 - 59.98 nm, with an average 
nano- grain size of 51.08 nm. This nanoscale 
size increases the total surface area, which can 
positively influence chemical properties such as 

adhesion and interaction with the oral medium. 
Sample B shows the FESEM analysis of sample 

B exposed to OPG radiation, at 500 nm. It shows 
the particles with very small and close sizes, with 
high compactness indicating a relatively regular 
distribution and fine grains with grain sizes ranging 
from 32.40 - 45.17 nm and an average nano-grain 
size of 38.755 nm, which is smaller than the 
particle size in sample A and more homogeneous. 
This indicates that exposure to the X-rays emitted 
from the OPG caused partial recrystallization 
or stimulation of particle condensation and 
structural rearrangement or slight dissociation 
of the material, which reduced the particle size 
as a result of the energy absorbed from the OPG 
radiation [30,31]. 

Sample C shows the FESEM analysis of sample 

 

 

 

 

 

 

 

 

 

 

 

  

 
Average Hardness Sample Name 

80.50 A 

81.75 B 

85.50 C 

84.75 D 
 
 

Fig. 3. Nanoscale particle size distribution of the samples (A, B, C and D).

Table 2. Shore D hardness values for the prepared samples.
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C exposed to CBCT radiation at 500 nm. It shows 
a nanostructure with particle sizes ranging 
approximately from 37.70 to 66.28 nm and an 
average grain size of 50.045 nm. The particles 
exhibit an irregular distribution, appearing coarser 
compared to control sample A, with some clearly 
visible clumping. This may indicate changes in 
surface structure and a significant increase in 
the size of some particles due to CBCT radiation 
exposure. CBCT radiation uses a higher radiation 
dose, a broader energy spectrum, and a longer 
exposure time than OPG, which increases the 
effect on the particles (due to the stimulated 
electromagnetic energy). This caused slight 
electronic and thermal excitation that affected 
the filler structure, leading to an increased rate 
of atomic rearrangement on the surface and the 
potential for nanoparticle growth or adhesion. 
This may explain the presence of larger particles. 
Compared to the control sample A [32,33].

Sample D shows the FESEM analysis of sample 

D exposed to CT radiation at 500 nm. It reveals 
a relatively homogeneous nanostructure with 
nearly spherical and closely spaced particles, 
indicating good distribution without significant 
agglomeration. The particle sizes range from 26.82 
to 45.63 nm, with an average particle size of 36.478 
nm, which is smaller than the other samples. Since 
smaller particle size implies a larger surface area, 
the mechanical properties or tooth adhesion may 
be improved. CT radiation exposure appears to 
have smoothed the surface structure and reduced 
particle size, resulting in a more homogeneous 
sample compared to the OPG and CBCT samples B 
and C. This may be due to changes in the chemical 
composition or the rearrangement of bonds within 
the material under the influence of radiation. 
This sample can be considered the best in terms 
of nanostructure, which may positively impact 
its clinical performance [34,35]. Fig. 3 shows the 
nano-scale particle size distribution of the samples 
A, B, C and D.

 

 

 

 

 

 

 

 

  

 

Fig. 4. Plot of hardness values for all the prepared samples.

δ = F/A (Pa) 
or (N/m2) 

)2N/mm( Young's modulus 
(Stress/Strain) Strain Fpc Stress(F) 

N Load Time 
sec Sample 

9.691 62.53 2.464 154.088 2.45 4.253 A 

6.744 46.18 2.322 107.233 1.76 11.641 B 

5.102 40.76 1.990 81.132 1.29 11.522 C 

5.616 44.16 2.022 89.308 1.42 8.148 D 
 
 

Table 3. Compressive strength, Young’s modulus, maximum stress and strain values for all prepared samples.
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Mechanical Properties
Hardness

Four standardized samples of the restorative 
material were prepared for this test, featuring 
precise circular dimensions 4mm in diameter and 
2mm in thickness. Shore D hardness testing was 
performed on the prepared dental filling samples 
A, B, C, and D following exposure to various types 
of radiation (OPG, CBCT, and CT) and compared 
against a non-irradiated control sample A. Four 
readings were taken at different locations on the 
surface of each sample, and the mean value of 

these readings was calculated; Table 2 presents 
the hardness values for the prepared samples. 
Exposure of samples B, C, and D to radiation 
from OPG, CBCT, and CT techniques, respectively, 
resulted in a notable increase in hardness 
compared to the non-irradiated control sample A. 
Upon exposure to radiation, the photo-initiators 
within the resin begin to absorb energy and 
generate free radicals. These radicals induce the 
carbon double bonds in the monomers to form 
single bonds, linking the small molecules together 
to form long polymer chains. As irradiation 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 5. Plot of compressive strength values for all the prepared samples.

 
 

Corr. Rate(mm/a) Q(Colum/cm) )2Current (Amp/cm Potential 
(V) Sample name 

5-0.94 x10 4-0.02.888x10- 9-2.7812x10- -0.09 A 

5-6.7x10 4-0.3038x10- 9-11.838x10- -0.19306 B 

5-115.14X10 4-5.0877x10- 9-8.5618x10- -0.17353 C 

5-31.122X10 4-1.3267x10- 9-18.156x10- -0.17566 D 

Table 4. Basic values derived from the chemical corrosion test.
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increases up to a certain point, the proportion 
of monomers that have been converted into 
polymers increases, making the material more 
cohesive and rigid. The molecules do not simply 
form linear chains; radiation exposure also creates 
cross-links between these chains. These cross-
links act as bridges, restricting the movement 
of the polymer chains. The denser this rigid 
network is, the greater the material’s resistance to 
penetration or distortion [36,37]. Fig. 4 shows Plot 
of hardness values for the prepared samples.

Compressive strength
Four uniform samples of the filling material—

cylindrical in shape, with a diameter of 4 mm and a 
height of 9 mm—were prepared for this test. Table 
3 shows the values of the compressive strength for 
the four prepared dental filling samples A, B, C, and 

D used in this examination, under the influence of 
different types of radiation (OPG, CBCT, and CT) 
which were derived from the data provided by the 
device after the examination.

Table 3 shows a decrease in compressive 
strength as the radiation dose increases, 
compared to the unexposed reference sample. 
This can be attributed to three factors: initially, 
radiation increases the density of intermolecular 
bonds, thereby raising the modulus of elasticity. 
This renders the material stiffer and more resistant 
to compression; however, it simultaneously loses 
ductility and becomes more prone to sudden 
fracture. This is further supported by the decrease 
in the load required to cause fracture—as the 
radiation dose increases—shown in the Table 3 
[38].

A second reason is that compressive strength 

 

 

 

 

 

 

 

 

 

  

 

Fig. 6. Plot of corrosion rate values for all the prepared samples.

 
 

)3(g/cm Density 
( ρ) = W1

W3−W2
∗ D 

W3 
gm 

W2 
gm 

W1 
gm 

 
Sample 
Name 

1.234 0.082 0.018 0.079 A 

1.863 0.084 0.040 0.082 B 

1.528 0.083 0.030 0.081 C 

1.385 0.080 0.023 0.079 D 

Table 5. True density values of the prepared samples.
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depends primarily on the efficiency of load 
transfer from the matrix to the fillers. Radiation 
can specifically target this interface, initiate the 
breakdown of chemical bonds and causing the 
onset of microscopic separation between the 
resin and the solid components; consequently, 
even if the fillers remain strong, the failure of the 
bond causes the material to collapse under lower 
pressure, as the components no longer function 
as a unified mass. This is further supported by the 
data in the Table 3, which shows a decrease in the 
load required to cause failure as the radiation dose 
increases [39].

The third reason is that the presence of the 
material in a moist environment (saliva) during 
radiation exposure accelerates the hydrolysis 
process; as the radiation dose increases, 
compressive strength decreases significantly 
[40]. Fig. 5 presents a plot of the compressive 
strength values for all prepared samples. Despite 

the reduction in compressive strength values 
associated with increased radiation doses, the 
samples exhibit good compressive strength 
relative to the values obtained in Table 3, there 
was no significant deterioration in the values, but 
rather a decrease within normal limits.

Chemical Corrosion Resistance 
Chemical corrosion testing was conducted 

in accordance with ASTM standards. This test 
evaluates the sample’s resistance to chemical 
corrosion, reflecting its behavior within the 
laboratory medium (artificial saliva) in which it 
was placed. Table 4 presents the key data derived 
from the chemical corrosion analysis, detailing the 
results for the four prepared dental filling samples 
A, B, C, and D under exposure to various types of 
radiation (OPG, CBCT, and CT). Sample A ranks 
first (performing the best overall), as it exhibits 
the highest corrosion potential (the least negative 

 

 

 

 

 

 

 

 

 

  

 

Fig. 7. Plot of true density values for the prepared samples (A, B, C and D).

 
 
 
 
 
 
 
 
  
 

(A. P)% 
 

W3 
gm 

W2 
gm 

W1 
gm 

Sample 
name 

4.68 % 0.082 0.018 0.079 A 

4.54 % 0.084 0.040 0.082 B 

3.77 % 0.083 0.030 0.081 C 

1.75 % 0.080 0.023 0.079 D 

Table 6. Apparent porosity percentages for the prepared samples (A, 
B, C, D).
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value), the lowest corrosion current density, and 
the lowest charge density and corrosion rate. This 
indicates that Sample A is the most chemically 
stable and demonstrates excellent protective 
behavior compared to the other samples. Sample 
B ranks second; although it has the most negative 
corrosion potential, its corrosion current and 
corrosion rate remained notably low compared 
to Samples C and D, placing it second in terms of 
actual corrosion resistance [41]. 

The general behavior of the sample indicates 
that OPG radiation affected the surface structure or 
chemical bonds, thereby increasing surface activity 
and resulting in a slight rise in chemical corrosion 
activity compared to Sample A. Sample D ranks 
third, exhibiting a relatively moderate corrosion 

rate and corrosion current—indicating moderate 
corrosion resistance—which places it in a better 
state than Sample C but inferior to Samples A and 
B. The sample rapidly evolved toward a stable state 
(passivation); the absence of sharp oscillations 
or significant voltage fluctuations indicates the 
formation of a stable surface layer that inhibits 
or reduces corrosion. Although conventional CT 
involves a relatively high radiation dose, it utilizes 
a fan-shaped beam that rotates around the 
sample, capturing images as slices; the scanner 
requires multiple rotations to cover the area of 
interest. This explains the superior corrosion 
resistance of Sample D compared to Sample C, 
which was exposed to CBCT radiation. Sample C 
ranks fourth and exhibits the lowest corrosion 

 

 

 

 

 

 

 

 

 

  

 

Fig. 8. Chart of apparent porosity percentages for the prepared samples (A, B, C, D).

 

(W. P)% W3 
gm 

W2 
gm 

W1 
gm 

Sample 
Name 

3.7974 0.082 0.018 0.079 A 

2.4390 0.084 0.040 0.082 B 

2.4691 0.083 0.030 0.081 C 

1.2658 0.080 0.023 0.079 D 

Table 7. Water absorption percentages for all the prepared samples.
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resistance, showing the highest corrosion rate 
compared to the other samples. Although the 
corrosion potential indicates a moderate tendency 
for corrosion, the corrosion current density and 
charge loss density are higher than those of the 
other samples. The relatively high corrosion rate 
demonstrates that the material was adversely 
affected by irradiation; this is attributed to the 
fact that exposure to CBCT radiation altered the 
chemical or microstructural composition of the 
filling such as the breaking of polymer bonds or an 
increase in surface impurities, thereby relatively 
impairing the sample’s corrosion resistance [42, 
43].

This reduction in chemical stability increases 
the interaction between the filling and the 
surrounding medium (saliva), thereby increasing 
corrosion. Although this sample exhibited the 
highest corrosion rate compared to the others, 
the value 0.0011514 mm/a remains low and is not 
a cause for concern, given that the corrosion rate 
is measured in millimeters per year. Fig. 6 Plot of 
corrosion rate values for the prepared samples.

True Density
The true density was calculated based on Eq. 1.

ρt =  W1
W3 −W2

× D 

 
                                                      

(1)

where: ρt = True density g/cm³, D = Density 
of distilled water g/cm³, W1 = weight of the 
dry sample g, W2 = weight of the sample when 
immersed in water g, W3 = weight of the sample 
after water saturation g [44].

 Four samples of the filling material were 
systematically prepared with precise circular 
dimensions: a diameter of 3 mm and a thickness 
of 2 mm. Table 5 The true density values of the 
samples. It can be observed from the table that 
the true density of the samples increases with the 
radiation dose. This is explained by the fact that the 
dental filling material consists of composite resins; 
upon exposure to radiation, the absorbed energy 
breaks residual double bonds that did not react 
during the initial light-curing process. This leads 
to the formation of additional cross-links between 
polymer chains and a reduction in intermolecular 
spacing, resulting in a more compact structure 
and, consequently, an increase in the sample’s 
density [45,46]. Fig. 7 Plot of true density values 
for the prepared samples A, B, C and D. 

However, this explanation applies only up 
to a certain radiation dosage; if the material is 
exposed to higher doses—beyond its optimal 
limits—high-energy photons collide with its long 
molecular chains, causing covalent bonds to 
break. Microscopic voids or micro-cracks may form 
within the material’s internal structure, thereby 
increasing porosity, reducing shrinkage, and 

 

Fig. 9. Plot of water absorption percentages for all the prepared samples. 
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lowering density. This accounts for the observed 
decrease in density as radiation exposure 
increases in CBCT and CT samples compared to 
OPG samples. Fig. 6 Plot of true density values for 
the prepared samples A, B, C, D

Apparent Porosity (A.P)
The Apparent Porosity was calculated based on 

Eq. 2. 

(A. P) % = W3−W1
W3−W2

× 100%    

 
                                     

(2)

where: A.P = Apparent Porosity, W1 = weight of 
the dry sample g, W2 = weight of the sample when 
immersed in water g, W3 = weight of the sample 
after water saturation g [47].

Four samples of the filling material were 
prepared with precise circular dimensions—3 
mm in diameter and 2 mm in thickness. The Table 
6 shows that the percentage of pores within 
the samples decreases as the irradiation dose 
increases, relative to the reference sample A. This 
is attributed to the fact that irradiating polymeric 
materials or composite resins causes the breaking 
of weak chemical bonds and the formation of 
active free radicals. These radicals subsequently 
form new covalent bonds between molecular 
chains—a process known as cross-linking. This 
cross-linking causes the chains to draw closer 
together and reduces interstitial voids (pores), 
thereby rendering the material’s internal structure 
more compact and denser. Furthermore, increasing 
the irradiation dose leads to an overall shrinkage 
in the material’s volume—a result of heightened 
attractive forces between the cross-linked 
molecules. Since apparent porosity is determined 
by the ratio of void volume to total volume, the 
reduction of these voids due to the new bonding 
forces inevitably leads to a decrease in the porosity 
percentage. This can also be explained in terms of 
density and mass: increasing the radiation dose 
within the material’s optimal limits raises its true 
density. Given the inverse relationship between 
density and porosity, a decrease in porosity is 
the natural outcome, a finding that corroborates 
the results obtained from true density testing. It 
should be noted that this relationship holds true 
only up to a certain point (the optimal dose). If 
the radiation dose exceeds this limit, material 
degradation may occur, leading to chain scission 
and the formation of new pores or cracks as a 

result of radiation damage [48,49]. Fig. 8 is a plot 
showing the apparent porosity percentages for 
the prepared samples A, B, C and D.

Water Absorbance (W.A%)
The Water Absorbance was calculated based on 

Eq. 3. 

(W. A) % =  W3 −W1
W1

× 100%     
 

                                
(3)

where: W.A = Water Absorbance, W1 = weight 
of the dry sample g, W2 = weight of the sample 
when immersed in water g, W3 = weight of the 
sample after water saturation g [50].

Four samples of the filling material were 
prepared with precise circular dimensions—3 mm 
in diameter and 2 mm in thickness. The Table 7 
shows that the percentage of water absorption 
in the samples decreases as the irradiation dose 
increases, compared to the control sample A. 
This is attributed to the fact that irradiation acts 
as a catalyst for the chemical reaction in materials 
that cure via polymerization such as resin-based 
fillings; increasing the dose raises the proportion 
of monomers converted into polymers. Since 
unreacted monomers are typically hydrophilic, 
reducing their content necessarily leads to lower 
water absorption. The table also shows a close 
similarity in the percentage of water absorption 
between the OPG and CBCT samples; this may be 
attributed to the fact that the exposure time for 
the CBCT sample is significantly shorter than that 
for the OPG sample, in addition to differences in 
the beam geometry of the two techniques [51,52]. 
Fig. 9 is a chart illustrating the water absorption 
percentages for the prepared samples A, B, C and 
D.

Recommendation
Based on the evaluation of the restorative 

material used in this study 3M™ Filtek™ Z350 
XT Universal, the results demonstrate its high 
efficiency and excellent physical and mechanical 
properties following exposure to medical 
radiographic techniques—commonly used in 
dental clinics. In fact, this exposure actually 
enhanced most of the material’s properties, as 
it did not compromise the material’s structural 
integrity. Consequently, the researcher 
recommends using this restorative material for 
dental restorations, assuring patients that there 
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is no need for concern regarding structural failure 
or property degradation following exposure to 
medical radiographic techniques (OPG, CBCT, CT-
Scan) exposure.

CONCLUSION
This study demonstrates that exposure 

of Filtek™ Z350XT nanocomposite resin to 
diagnostic X-ray modalities produces measurable 
microstructural and physicochemical changes 
that depend on irradiation type and dose. FESEM 
findings showed that OPG and CT exposure 
generally reduced particle size and improved 
surface homogeneity, whereas CBCT produced 
a comparatively coarser and more irregular 
surface. Mechanically, irradiation increased Shore 
D hardness, indicating enhanced post-curing and 
greater cross-link density within the resin matrix. 
In contrast, compressive strength showed a 
gradual decrease with increasing radiation dose, 
suggesting that although the material became 
stiffer, it also became relatively less tolerant to 
fracture due to interfacial weakening and reduced 
ductility. Corrosion analysis confirmed that 
the non-irradiated control remained the most 
chemically stable, while irradiated groups still 
exhibited low corrosion rates overall, with CBCT 
showing the greatest susceptibility. In addition, 
true density increased and both apparent porosity 
and water absorption decreased after irradiation, 
reflecting a more compact internal structure and 
reduced hydrophilicity. Collectively, these findings 
indicate that routine diagnostic radiation does not 
cause catastrophic degradation of Filtek™ Z350XT, 
but rather induces a balance of beneficial and 
adverse effects. Clinically, the material appears to 
retain acceptable performance after radiographic 
exposure, although higher-dose techniques may 
slightly compromise some properties. Further 
studies are recommended to evaluate long-term 
aging behavior under repeated clinical irradiation 
conditions.
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