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ABSTRACT

Background: Periodic quality control (QC) procedures are important in order to
guarantee the image quality of radiological equipment and are also conducted using
phantoms simulating human body.

Objective: To perform (QC) measurements in intraoral imaging devices, a new
and simple phantom was manufactured. Besides, to simplify QC procedures, comput-
erized LabView-based software has been devised, enabling determination of image
quantitative parameters in real time or during post processing.

Material and Methods: In this experimental study, the novel developed
phantom consists of a Polymethyl methacrylate (PMMA) circular insert. It is able to
perform a complete QC image program of X-ray intraoral equipment and also causes
the evaluation of image uniformity, high and low contrast spatial resolution, image
linearity and artefacts, with only two exposures.

Results: Three raters analyzed the images using the LabView dedicated software
and determined the quantitative and qualitative parameters in an innovative and accu-
rate way. Statistical analysis evaluated the reliability of this study. Good accuracy of
the quantitative and qualitative measurements for the different intraoral systems was
obtained and no statistical differences were found using the inter-rater analysis.

Conclusion: The achieved results and the related statistical analysis showed the
validity of this methodology, which could be proposed as an alternative to the com-
monly adopted procedures, and suggested that the novel phantom, coupled with the
LabView based software, could be considered as an effective tool to carry out a QC
image program in a reproducible manner.
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Introduction

o ensure patients’ safety and maintain acceptable diagnostic

equipment performances, national and international guidelines

defined criteria and minimum accessibility values for all devices
used in diagnostic exams and provided information about the Quality
Assurance (QA) procedures during periodic quality controls (QC) [1-4].
Periodic QC procedures are important in order to guarantee consistent
image quality of radiological equipment. Then QCs have an important
role because they enable a complete evaluation of system status as well
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as image quality and allow the identification
of degradation concerning the image quality
itself and sources of any possible equipment
malfunction, which may reduce the ability to
detect and correctly interpret abnormal find-
ings [5, 6].

Walker et al., support the need for these pro-
cedures. In fact, since the exposure to different
types of radiation must be as low as possible
[7], these QCs cannot be done directly on pa-
tients. Moreover, if the device is not properly
working, patients may be subjected to several
risks.

Dental radiographic assessment represents
one of the most frequently undertaken radio-
logical examinations in the European Union
[8]. As a matter of fact, it provides a useful
aid in the diagnosis and treatment of oral dis-
eases [9]. In this context, several professional
groups, such as NCRP 145 and AAPM, pro-
posed QA recommendations. Initially, the QC
protocols were intended for film-based radiog-
raphy: in fact, NCRP Report 145 refers to digi-
tal radiography by acknowledging that “the re-
quired standards, apparatus and software for
dental system do not currently exist” [10]. In
2002, the American Association of Physicists
in Medicine (AAPM) task group n. 175 report,
concerning quality controls of dental image
equipment was published [11].

However, with the development in computer
technology and the introduction of digital sys-
tems, many specialists have converted from
analog (film-based radiography) to digital
imaging sensors. The latter has several advan-
tages over film radiography (e.g.: immediate
image production, interactive display and the
possibility to store DICOM file format) [12].
Based on the image acquisition process, digi-
tal radiographic devices can be categorized
as direct and indirect systems. The first ones
acquire images using solid state detectors that
are connected to a computer in order to dis-
play the image after exposure. The most used
solid state detectors are charge couple de-
vices (CCD) and complementary metal oxide

semiconductors active pixel sensors (CMOS-
APS). CCD is composed of an array of X-ray
sensitive elements or wells on a silicon chip
arranged in a rectangular matrix. In the read-
out process, resulting current is amplified,
digitized, stored and displayed as digital im-
ages [13]. CMOS-APS are similar to CCDs,
except they use an active pixel technology in
which the pixels are isolated from their neigh-
bors and directly accessed individually [14].
Indirect digital systems use photostimulable
phosphor (PSP) plates. These imaging plates
are coated with a radiation sensitive phosphor,
storing a latent image after X-ray exposure
[15]. The plate is scanned using a high-speed
laser scanner, and the resulting light emitted
by the stimulated phosphor is digitized and
converted into displayable electronic informa-
tion [16]. Today, a wide variety of intraoral
digital systems is available in the dental mar-
ket; in each case, the optimization of image
reproducibility motivates the use of acquisi-
tion protocols that use dedicated phantoms to
guarantee the maintenance of consistent im-
age quality of the diagnostic equipment over
lifetime [17].

Several useful phantoms have been built
using different materials, such as Polymethyl
methacrylate (PMMA), water, aluminum, etc.,
to simulate human body. These phantoms al-
low the measurement of different imaging pa-
rameters. For example, Mah et al., manufac-
tured a phantom, in aluminum and PMMA to
measure dynamic range, contrast perceptibil-
ity and spatial resolution at a source-to-detec-
tor distance that was representative of the one
used in the clinical environment [18].

To study any possible source of error in in-
traoral radiographic exams, Yakoumakis et al.,
developed a phantom containing a real human
tooth at its center, three air steps of different
lengths and a background area for contrast and
optical density measurements [19].

Phantoms are also useful to make compari-
son tests between different receptor systems;
Yoshiura et al., manufactured a phantom in
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aluminum to compare film-based instrumen-
tation performances with digital ones, obtain-
ing a similar perceptibility curve in both cases
and ensuring the validity of digital instruments
as an alternative to classical diagnostic sys-
tems [20]. Dashpuntsag et al., performed an
imaging quality comparison between the im-
ages acquired with photostimulable phosphor
plates (PSPs) and the charge-coupled devices
(CCDs) ones, showing that CCDs had better
performances with respect to the PSPs, more-
over a high variability in Gray value-dose re-
lation was evaluated [21]. Furthermore, Pit-
tayapat et al., tested different portable X-ray
diagnostic systems using real human teeth as
phantoms [22].

In this context, we developed a novel PMMA
phantom to conduct image quality control of
X-ray intraoral devices, regardless the X-ray
source. This novel dedicated phantom was
tested on different, direct and indirect, digital
X-ray intraoral devices. In addition, in order to
univocally perform the measurements in real
time and/or during post processing, we also
developed a dedicated LabView based soft-
ware procedure. In fact, LabView allows easy
interaction between acquisition instrumenta-
tion and operators [23]. It realizes virtual in-
struments in form of graphical programs run-
ning on personal computers or work- stations,
which simplify the procedure for data acquisi-
tion, instrument control and/or data post-pro-
cessing [24]. LabView implements a data flow
paradigm in which the code is not written, but
rather drawn or represented graphically, simi-
larly to a flowchart diagram [25, 26].

All the images were analyzed by three rat-
ers (two experienced and one novice) and the
reliability of this study was evaluated by a de-
tailed statistical analysis, better detailed in the
following section.

Material and Methods

The focus of this experimental research re-
gards the development of a novel phantom to
conduct image quality controls on intraoral

equipments.

Phantom description

The novel dedicated phantom consists of a
PMMA circular insert, 3.5 cm in diameter. The
phantom is 1.5 cm high and a PMMA grid with
0.2 x 0.2 mm? square holes is manufactured
on the top surface. In the middle of this grid,
corresponding to the center of the phantom, a
circular hole is present. This hole is dedicated
to the measurement of High Contrast Spatial
Resolution (HCSR), when a high-density ob-
ject (i.e. an aluminum wire), 1.0 mm in diam-
eter, is inserted. It is depicted in Figure 1 (a)
and (b).

Digital imaging systems sensors

The study was conducted on five different
intraoral devices, all using digital sensors. In
particular, three direct digital systems (one
Carestream CS 2100 and two Vatech EzRay
Premium Vex S100W) and two indirect digi-
tal devices (one Orix 70 and one Kodak 2100)
with PSP technology were analyzed.

Test procedure

The novel phantom is able to perform a com-
plete QC image program of X-ray intraoral
equipment and allows the evaluation of the
following image parameters:

— Image Uniformity (IU)

— High Contrast Spatial Resolution (HCSR)

— Low Contrast Spatial Resolution (LCSR)

— Image Linearity (IL)

— Artefacts.

In order to determine all the necessary im-
aging parameters, the phantom needs to be
exposed only twice. The two different expo-
sures are shown in Figure 1. The first exposure
(Figure 1(c)) allows the evaluation of HCSR
and LCSR, IL and the possible presence of
artefacts; while the second one (Figure 1(d))
allows us to calculate the IU.

LabView developed software
The method for data processing uses a soft-
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Figure I (d)

Figure 1: The novel dedicated phantom used
for X-ray intraoral image quality controls.
Visible view: Front (1 (a)) and lateral (1 (b))
view. X-Ray view Front (1 (c)) and lateral (1

(d)).

ware for quantitative and qualitative image
measurements developed for a LabView en-
vironment. The software is compatible with
nonstandard and standard image formats (DI-
COM, BMP, TIFF, JPEG, JPEG2000, PNG,
and AIPD). In order to perform image quality
measurements, the procedure begins by open-
ing the image under investigation and, using

the developed tool, quantitative information
was obtained.

The developed software consists of the
Front Panel, which represents the visual in-
terface, and the block diagram, that represents
the main core of the software.

Image measurements

Three raters, two medical physicists, P1 and
P2, and one dentistry, D, performed the QC on
the X-ray acquired images. The digital images
were acquired with the manufacturers’ propri-
etary software and they were stored in TIFF
format in order to avoid information loss. In
post processing, the raters, using the devel-
oped LabView software, analyzed the stored
images. The radiographic parameters set in or-
der to image the phantom is reported in Table
1.

Image Uniformity (IU) refers to the ability of
the X-ray system to produce a constant signal
response throughout the acquired object, im-
aged homogenous [27].

The IU measurement is performed using the
dedicated section of the novel phantom de-
picted in Figure 1 (d). Three circular regions
of interest (ROI) of diameter about 10% of
the linear width of the phantom are drawn: the
first one at the center of the phantom image,
and the others on its left and right, respec-
tively. For each ROI, a measurement of mean
values of gray number is performed. The mea-
surements are conducted using the LabView
based software purposely developed. It opens

Table 1: Radiographic parameters set on different intraoral devices to acquire the images.

Device Tube Voltage (kV) Tube Current (mA) Exposure Time (ms)
Kodak 210 60 7 200
Orix 70 70 8 100
Carestream CS 2100 60 7 100
Vatech EzRay Premium Vex
60 7 120
S100W (1)
Vatech EzRay Premium Vex
60 7 120
S100W (2)
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the radiographic image, previously acquired,
and measures the mean value of the gray num-
bers inside the ROI and its standard deviation
(Figure 2 (a)). At acceptance, the difference
between the central Gray number (G,c) and
the peripheral Gray numbers (G,p) must not
exceed 20 Gray Unit (GU).

|G.c-G, p|<20 (1)

We chose the 20 GU difference value be-
cause it corresponds to about the 10% of the
whole gray scale (i.e. 256 GU).

High Contrast Spatial Resolution (HCSR)
measures the system’s ability to resolve high
contrast objects. It is often determined having
a large signal to noise ratio [28]. The HCSR
measurement is performed using the dedicated

£
»[@][®[n]

section of the novel phantom depicted in Fig-
ure 1 (c¢) and the developed LabView based
software procedure is used. A similar proce-
dure was developed and validated in a previ-
ous study to determine the slice thickness in
Computed Tomography (CT) and Magnetic
Resonance (MR) devices [29]. For the evalua-
tion of the HCSR, the procedure uses the “Line
Profile” tool, which draws a line, along which
gets the pixel values and intensities, on the
opened image. Figure 2 (b) shows the “Front
Panel” of the developed software, which al-
lows opening the image, previously acquired,
and drawing the “Line Profile”. In the same
panel, the result of the line profile appears in
real time as intensity vs. pixel number plot and
the obtained curve is similar to an edge func-
tion.
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Figure 2: The Front Panel of the developed software during Image Uniformity (IU) (2 (a)) and
High Contrast Spatial Resolution (HCSR) (2 (b)) measurements.
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The HCSR is obtained using the equation 2:

HGW:%% ©)

Where D is the phantom diameter in mm, L
represents the distance, expressed in pixels,
between the minimum and the maximum of
the path of rapid change in image intensity,
and P is the total pixels number calculated by
the LabView software.

Low Contrast Spatial Resolution (LCSR)
measures the system’s ability to resolve low
contrast objects of small sizes. It measures the
capability of an imaging system to distinguish
objects when there is no significant noise con-
tribution [27]. The LCSR is performed using
the dedicated section of the novel phantom de-
picted in Figure 1 (c), consisting of a grid with
0.2 x 0.2 mm? square holes. This PMMA grid
has minimal differences (if converted to gray
scale) from background. Different quantitative
methods have been proposed. However, the
most widely accepted [27] requires an observ-
er that subjectively detects the objects (i.e. in
this study the grid holes), as distinct. The grid
with 0.2 x 0.2 mm? square holes was chosen
to augment the differences (in the gray scale
representation) between the phantom and the
background.

Image Linearity (IL) (or geometrical distor-
tion) refers to the ability of the system to re-
produce the dimensions of an object [30]. The
IL measurement is performed using the dedi-
cated section of the novel phantom depicted in
Figure 1 (c) using the LabView software. The
LabView software opens the previously ac-
quired X-ray image and four diameter values
are measured. The IL is defined by the equa-
tion 3: D D

T M

IL(%) = 5
T

3)
Where D, is the physical diameter of the
novel phantom and D,, is the mean value of
the distances measured in the image, using the
LabView’s ruler tool. At the acceptance, the
maximum IL (%) must not differ from 5%.

Artefacts are features that appear in an im-
age but not in the original imaged object. The
identification of imaging artefacts depends on
the rater’s ability, being often based on subjec-
tive criteria [31].

Statistical analysis

A further validation of the proposed method-
ology was the statistical analysis conducted on
the resulting data set. A Lilliefors test was con-
ducted [using the MATLAB ‘lillietest’ func-
tion, MATLAB® (MathWorks Inc., Natick,
MA) ver. R2018b] on every set and each rater
to ensure that the collected datasets follow a
normal distribution [32].

In order to confirm the validity of the ob-
tained results, three different statistical meth-
ods were performed: a one-way analysis of
variance (ANOVA) for quantitative, normal
distributed parameters, a post-hoc Tukey’s test
for multiple comparison of different datasets,
and an analysis with the Fleiss’ Kappa coef-
ficient for the qualitative LCSR parameter,
always using MATLAB® (MathWorks Inc.,
Natick, MA) ver. R2018b.

The one-way ANOVA is a statistical model,
which allows comparing different and inde-
pendent datasets of the same variable to as-
sume whether they are generated by the same
distribution; this is the null hypothesis” on
which the test is based [33].

It can be seen as a special case of linear mod-
el, described by the equation 4:

Y=Y, t&; 4)

Where y, is the i measure of the j* group, y,
is the population mean of the j group, and g
is the random error, independent and normal-
ly distributed, with zero mean and constant
variance. Therefore, the “anoval” MATLAB
function is used; if the p-value returned by the
function is higher than 0.05, the test fails to re-
ject the null hypothesis that indicates the two
datasets refer to the same distribution, with a
probability proportional to the p-value [34].

The post-hoc Tukey’s test is a single-step
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multiple comparison test used to compare all
possible pairs of means in a group of different
datasets and to find which ones of them statis-
tically differ from the others [35]. The ‘mult-

compare’ MATLAB function is used [36].
The Fleiss’ Kappa coefficient is an inter-
rater statistical coefficient, which measures
the reliability of different sets of measures by
different raters. It is an “extension” of Cohen’s
Kappa coefficient that is valid for two raters
only. It can be calculated from a matrix and
Fleiss’ Kappa can be computed from this ma-
trix to show the degree of agreement between
the psychiatrists above the level of agreement
expected by chance [37]. The expression for
the Fleiss’ Kappa is (eq. 5):

r-p

=

()

Where P is the relative observed agreement
among raters, given by the equation 6:

== Z (6)

With P, rater-rater pair agreement for subject
i, while P, is the hypothetical probability of
chance agreement, given by the equation 7:

P=Y p (7)

With p,_proportion of judgements for class k.

In this case, a self-made MATLAB script is
used to calculate the Fleiss’ Kappa coefficient
(reported in supplementary material section).

Results

Quantitative and qualitative results are fol-
lowing. In Table 2, IU and HCSR measure-
ments conducted on the Vatech EzRay Premi-
um Vex S100W (1) are reported. In particular,
for IU measurements, the differences of the
peripheral ROIs compared to the central one
are highlighted. Two different measurements
were performed by each rater and, in all cases,
both the differences are less than 20 GU. For
each evaluated difference, the error is calculat-
ed by using the method of quadratic sum and
its value is also reported. In Table 2, the re-
sults of the HCSR measurements, carried out
by the three raters, using the LabView dedi-
cated software, are shown, and an error of 5%,
obtained from software development param-
eters, for each measurement, was considered.
Each rater performed four measurements and
the obtained mean value + standard deviation
(SD) is also calculated.

The Lilliefors test, performed on HCSR re-
sults, assured that all the datasets had a normal
distribution (p>0.05 in all datasets, 0.19 for
P1, 0.19 for P2, and 0.13 for D). The results of
the ANOVA test showed no statistical differ-

Table 2: Image Uniformity (IU) and High Contrast Spatial Resolution (HCSR) measurements con-
ducted on Vatech EzRay Premium Vex S100W (1) device.

P1 P2 D
|G,c-G,r| (GU) (1) 6.53 + 4.68] 8.86 + 4.86] [11.10 £ 4.90|
IU measurements |G,c-G,r| (GU) (2) 6.79 £ 4.72 |7.96 + 4.86| [10.42 + 4.89]
|G,c-Gl| (GU) (1% 3.24 + 4.56] [1.24 £ 4.58] [1.45 £ 4.53|
|G,c-G,l| (GU) (2v) [2.66 + 4.57| [2.10  4.65| [1.94 + 4.58]
1st measure (10" mm) 1.30 £ 0.07 1.30 £ 0.07 1.20 £ 0.06
2" measure (10" mm) 1.20 £ 0.06 1.20 £ 0.06 1.20 £ 0.06
HCSR measurements 3 measure (10" mm) 1.20 £ 0.06 1.30£0.07 1.10 £ 0.06
4™ measure (10" mm) 1.30 £0.07 1.20 £ 0.06 1.40 £ 0.07
Mean + SD (10" mm) 1.25+0.05 1.25+0.02 1.23+0.11

IU: Image Uniformity, HCSR: High Contrast Spatial Resolution
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ence across datasets (p-value: 0.89) (Figure 3
(a)). In Table 3, the results of the D,, measure-
ments, conducted on the Vatech EzRay Pre-
mium Vex S100W(1) and carried out by the
three raters using the LabView software, are
shown. In this case, an error of 5%, obtained
from software development parameters, for
each measurement was considered. Each
rater performed four measurements and, in
Table 3, the IL value, obtained using equation.
3, is also calculated. The IL error is calculated
using the standard propagation of errors and
reported on Table 3.

The Lilliefors test identified that all the da-
tasets had a normal distribution (p>0.05 in all
datasets, 0.19 for P1, 0.19 for P2, and 0.50 for
D). The ANOVA test provided, for the ma-
trix containing the three datasets, a p-value of

HCSR Data Boxplot (Vatech (1))

@ -

aaaaaaaaaaa

0.50 (p > 0.05). In Figure 3 (b), the plot of
the ANOVA test is reported. In this case, it is
highlighted that no statistical differences are
present.

In Table 4, the results of the image QC con-
ducted on all the considered X-ray devices and
the evaluation of each rater are reported. For
the IU, the maximum difference values are
considered for each device. In addition, the
ROI mean values strictly depend on the Win-
dow Gray Level, set on the X-ray dental ac-
quired images.

For each device, in order to compare the da-
taset of every physical parameter, the ANOVA
test was performed. The obtained p-values are
< 0.001 (IU and HCSR) and 0.39 (IL): it is
possible to notice that the values for IU and
HCSR do not follow the same distribution.

D,, Data Boxpiot for IL calculation (Vatech (1))

(b)

7.995]

Figure 3: Box Plot of High Contrast Spatial Resolution (HCSR) (3 (a)) and Image Linearity (IL)
(3(b)) values. The central mark represents the median of the observables and the edges of the
box are the 25" and 75" percentiles. The whiskers extend to the most extreme data points that

are not considered outliers.

Table 3: Image Linearity (IL) measurements conducted on Vatech EzRay Premium Vex S100W(1)

equipment.
P1 P2 D
1% measure of D, (mm) 7.99+0.40 8.00 £ 0.40 7.99+£0.40
2" measure of D, (mm) 8.00 £ 0.40 7.99 £ 0.40 7.99 £0.40
3 measure of D, (mm) 8.00 £ 0.40 8.00+£0.40 8.00 £ 0.40
4" measure of D, (mm) 7.99+0.40 7.99 +0.40 7.98 £0.40
Image Linearity (%) 0.06 +0.01 0.06 £ 0.01 0.13+0.01
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Table 4: Quantitative quality control (QC) measurements conducted on all considered devices.

Device Rater IU (GU) HCSR (10" mm) L (%)
P1  [17.79+7.41] 0.83+£0.05 0.07 £ 0.01
Kodak 210 P2  |14.62 +6.27| 0.83 £0.06 0.07 £ 0.01
D  [15.38 +6.25| 0.90 £0.05 0.08 £ 0.01
P1  [18.07 £7.62| 0.85+0.10 0.05+0.01
Orix 70 P2  |18.52 +7.83] 0.70 £0.08 0.05+0.01
D |16.35+6.84] 0.86 £ 0.07 0.05+0.01
P1 5.58 + 4.23| 1.40 + 0.06 0.06 £ 0.01
Carestream CS 2100 P2 |4.94 £ 3.54| 1.43 £ 0.06 0.06 +0.01
D 5.24 + 3.76| 1.30 £ 0.05 0.08 £ 0.01
P1 6.79 £ 4.72| 1.25+0.05 0.06 £ 0.01
Vatech EzRay Premium Vex S100W (1) P2  |8.86 + 4.86| 1.25+0.02 0.06 £ 0.01
D [11.10 £4.90| 1.23+0.11 0.13+0.01
P1 |7.42 + 4.07| 1.20 £ 0.05 0.07 £ 0.01
Vatech EzRay Premium Vex S100W (2) P2 |8.96 + 4.64| 1.30 £ 0.05 0.09£0.01
D |8.64 +4.18] 1.30 £ 0.03 0.06 £ 0.01

IU: Image Uniformity, HCSR: High Contrast Spatial Resolution, IL: Image Linearity

Then we performed a post-hoc multiple com-
parison using the Tukey’s test, and we found
statistical differences only between indirect
digital devices and direct digital devices (p <
0.001 for all the comparisons), while we did
not find statistical differences between devices
of the same type.

IU Data Boxplot (All Devices)

Gray Units

Vatech (2)
eeeee

In Figure 4, the box plots of IU (4 (a)) and
HCSR (4(b)) are reported. In the Figure 4, it is
possible to notice how devices with the same
receptor technology are statistically correlat-
ed.

Statistical analysis of the LCSR qualitative
parameter was conducted using the Fleiss’

HCSR Data Boxplot (All Devices)

08

]
i

[
(43 -

Kodak Orix Carestream  Vatech (1) Vatech (2)
Device

Figure 4: Tukey’s test results that put in evidence how only devices of the same type (direct or
indirect systems) are statistical correlated. (a) is referred to Image Uniformity (IU), while (b) is
about High Contrast Spatial Resolution (HCSR).
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Kappa coefficient. The three raters were able
to distinguish the visible square grid, except
for the Orix 70 X-ray images, in which one
rater was not able to clearly distinguish the
grid. Therefore, we used a matrix with two
columns (the two classes “grid” and “not grid”)
and ten rows (two rows for every image ob-
tained with a specific device, one row for the
grid region and the other for the non-grid re-
gion) in order to calculate the Fleiss” Kappa
coefficient. The Fleiss’ Kappa resulting from
this matrix is 0.86: this means that there is a
high grade of agreement among raters. The
three raters did not detect artefacts among the
acquired images; for this reason no statistical
analysis was conducted on this parameter.

Discussion

In this study, a novel phantom was devel-
oped to conduct a complete image QC pro-
gram on intraoral devices. The reliability of
this novel phantom was evaluated on five
intraoral devices different in receptor tech-
nology. The developed phantom allows us to
obtain information about the following image
parameters: Image Uniformity, High Contrast
Spatial Resolution, Low Contrast Spatial Res-
olution, Image Linearity and Artifacts. In this
way, a complete QC program could be car-
ried out with only two exposures. Moreover,
the novel phantom is coupled with a dedicated
LabView software, which provides an innova-
tive, accurate and automated determination of
the quantitative parameters, in real time and/
or during post processing, with an intuitive
visual programming language. The great ad-
vantage of the LabView software is that it is
adaptable and modifiable according to the op-
erator’s needs together with providing a huge
free documentation. Thus, no dedicated soft-
ware and phantom, distributed by manufactur-
ers, are necessary.

Conclusion
QCs represent an important instrument to
monitor the image quality and verify the main-

tenance of several physical characteristics of
the medical imaging devices. Due to the im-
possibility of performing QCs directly on pa-
tients for safety issues, a sort of replacement is
needed: for this reason, phantoms are realized
in order to simulate human body or parts of it,
observing the standard criteria defined by the
various protocols for any application. Usually
commercial QC phantoms are expensive and
often suitable for evaluating just a few param-
eters during image quality test. Therefore, sev-
eral dedicated phantoms are necessary in order
to perform a complete image QC program.

With this research, we tried successfully to
realize a phantom able to unify all the neces-
sary characteristics for a complete image QC
program. We obtained a good accuracy of both
quantitative and qualitative measurements for
all of the different systems, and no statistical
differences were found between the raters with
the inter-rater analysis, suggesting that a sin-
gle phantom can be used to evaluate the per-
formance of the X-ray intraoral devices.

The obtained results and the related statisti-
cal analysis showed the validity of this meth-
odology and suggested that the novel phantom
could be considered as an effective tool that
allows an immediate determination of the im-
age parameters interested in the image QC
program; furthermore, it is easy to be used and
could represent a reproducible instrument for
routinely QC programs.
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