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RESULTADOS PRELIMINARES—UN NUEVO ENFOQUE A PROBLEMAS ANTIGUOS
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La optimizacién de las dosis en Tomografia Computada es tema de constante investigacion, incluyendo la bisqueda
de métricas objetivas de calidad de imagen especialmente en escenario clinico. Este trabajo evalué la capacidad de
nuevas métricas de calidad de imagen para distinguir entre protocolos de tomograffa computarizada (TC) de térax de
Baja Dosis y Diagndstico en los mismos pacientes. Se analizaron 30 estudios clinicos correspondientes a 15 pacientes
(un estudio por protocolo en cada caso). Las métricas consideradas fueron la relacién contraste-ruido en escenario
clinico (CNRc) y su promedio (CNRca), asi como la resolucién espacial clinica obtenida como ancho total a la mitad
del maximo (FWHMCc) y su valor medio por imagen (FWHMca), estimados a partir de la funcién de dispersion del
borde de estructuras anatdmicas relevantes. Los tamafios de dosis especificos (SSDE) fueron 8,8 + 1,5 mGy para
Baja Dosis y 13,5 &+ 2,9 mGy para Diagnéstico. EI CNRc y el FWHMca evidenciaron diferencias estadisticamente
significativas entre protocolos: el FWHMca vari6 de 1,40-1,97 mm en Baja Dosis frente a 0,9—1,2 mm en Diagndstico.
Estos resultados confirman que CNRc, FWHMc y, en especial, FWHMca permiten caracterizar cuantitativamente la
calidad clinica de la imagen, aunque se requieren estudios ampliados para consolidar estas observaciones.

Palabras Clave: calidad de imagen clinica, TC, métrica de calidad.

The optimization of dose in Computed Tomography is a topic of ongoing research, including the search for objective
image-quality metrics, especially in the clinical setting. This study evaluated the ability of new image-quality metrics to
discriminate between Low-Dose and Diagnostic chest CT protocols in the same patients. Thirty clinical examinations
corresponding to 15 patients were analyzed (one study per protocol for each patient). The metrics considered were the
clinical contrast-to-noise ratio (CNRc) and its mean value (CNRca), as well as the clinical spatial resolution expressed
as the full width at half maximum (FWHMCc) and its mean value per image (FWHMca), estimated from the edge-spread
function of relevant anatomical structures. Size-specific dose estimates (SSDE) were 8.8 &= 1.5 mGy for the Low-Dose
protocol and 13.5 + 2.9 mGy for the Diagnostic protocol. CNRc and FWHMca exhibited statistically significant diffe-
rences between protocols: FWHMca ranged from 1.40-1.97 mm in Low-Dose scans versus 0.9—1.2 mm in Diagnostic
scans. These results confirm that CNRc, FWHMCc and, in particular, FWHMca can quantitatively characterize clinical
image quality, although larger-scale studies are needed to consolidate these observations.
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I. INTRODUCTION According to the United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR), CT examina-
tions now account for 61.6 % of the collective effective dose
per capita, and the global volume of CT studies has risen by
roughly 80 % over the last decade [1]. Recent investigations
also highlight the cumulative radiation burden from repea-

Since Sir Godfrey Hounsfield introduced the first compu-
ted tomography (CT) scanner in 1972, both the application
and clinical value of the technique have expanded steadily.
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ted CT imaging: in many patients, the sum of doses from
diagnostic CT procedures often exceeds 100 mSv, markedly
increasing the probability of radiation-induced effects [2,
3]. This evidence demands the need to optimize exposure in
terms of reducing radiation doses without affecting the qua-
lity of the images that it should provide. The introduction
of new scientific advances in different areas ranging from
technological developments related to equipment design,
to image reconstruction and processing methods, constitute
aspects of continuous research [4-6]. The relationship bet-
ween radiation dose and image quality is complex. It cannot
always be described or evaluated using phantoms because
it depends on the clinical objective and the study subject’s
diagnostic needs and habitus. Added to this is the subjective
component of the observer-based image quality assessment,
which is radiologist-dependent as he is the ultimate arbiter
of image quality at presentation and can show significant
intra- and inter-observer variability [5, 7, 8]. For this reason,
finding image quality metrics that are adapted to the specific
clinical scenario can help to objectively assess image qua-
lity and correlate it with dose, and can facilitate data-driven
image quality and dose monitoring for the purpose of opti-
mizing [9-11]. This study is designed as a proof-of-concept
to demonstrate the clinical utility of image quality metrics
that have already shown sensitivity to protocol and dose re-
lated variations. Lépez et al. reported a statistically signi-
ficant correlation between dose indicators in 20 chest CT
examinations acquired with different protocols [12], using
as primary metrics the contrast-to-noise ratio between ad-
jacent structures (CNRc) [13]; the clinical spatial resolu-
tion expressed as the full width at half-maximum (FWHM)
derived from the anatomical edge-spread function; and the
mean FWHM value per image (FWHMca). The FWHM
defined through this methodology was introduced by Al-
mahdi et al. under phantom conditions [14] and later exten-
ded to the clinical setting by Lépez et al. [12]. Building on
this experience, the present work aims to verify by analy-
sing two chest CT studies of the same patient acquired with
protocols of different diagnostic quality whether these me-
trics can discriminate the resulting image quality differen-
ces, thereby supporting their potential routine application in
clinical practice.

II. METHODS

A Retrospective Case Series Study [15] was conducted
from September 2021 to October 2022, selecting 30 studies,
from 15 adult oncologic patients who underwent two stu-
dies under different acquisition and processing protocols:
one Low Dose with localization and attenuation correction
purposes and one for Diagnostic purposes. To introduce and
evaluate those quantitative parameters to objectively study
the quality of the chest CT image, 30 studies were analysed.
The studies were stored in the National Institute of Onco-
logy and Radiobiology (INOR) dataset, Havana, Cuba, and
were performed over a maximum of 6 months between pro-
tocols. The equipment used was the PET/CT Philips Gemini
64TF hybrid equipment [16]. Table 1 describes the patients’
general characteristics and both protocols.

The CaDICT tool developed in MATLAB 2008b was
used for image analysis and processing [12, 17]. The rela-

ted dosimetry parameters were obtained, which in this case
were volumetric CT dose index (CTDIvol in mGy) [18] and
Size-Specific Dose Estimates (SSDE, in mGy) [19].

The quality metrics evaluated were the CNRc and its ave-
rage value CNRca, according to expression (1); the clinical
spatial resolution by pairs of structures FWHMc, obtained
from the edge spread function between important anatomi-
cal structures of the thorax such as the heart (C), liver (H),
left and right lung (PI and PD), right and left muscle of
the back (MDE and MIE), right muscle and left muscle of
the chest (MDP and MIP); using expression (2) [9, 13, 20].
The rationale for using various tissues is related to descri-
bing the clinical problem with the selected metrics, closely
related to the clinical scenario. The average value of this pa-
rameter per image (FWHMca) was also obtained as a way
to characterize the clinical spatial resolution globally [12].
See an example of how these edge profiles were obtained in
Figure 1.

Parameter Male (40 %) Female (60 %)
Average + SD* Range* Average + SD* Range*

Age (years) 63+16 37-79 62+11 47-78

Body weight 73+18 51-93 6749 54-85

(kg)

Height (m) 1.8+0.1 1.6-1.9 1.6+£0.1 1.6-1.7

Low dose Diagnostic

kV 120 120+5 120-140

Nominal mAs 100 230+43 148-290

mAs 100 15+£38 97-229

Slice thickness 5 3

(mm)

Pitch 0.9+0.1 0.8-1.12 1.1+0.1 1.0-1.2

Convolution B 3C1YB 11B

kernel

*Expressed when it is possible

TABLA 1: General characteristics of the patients and CT proto-
cols.

The contrast to noise ratio (CNRc) of tissues or organs is
obtained under the expression:

(M P Vorgan —MP Vbackgraund )

SD(%}’gll)l +SD2
2

CNRc = (D

background

Where:

MPVean: mean value per pixel of CT number determi-
ned from a Region of Interest (ROI) performed on the organ
or tissue of interest.

M PVyackgrouna: mean value per pixel of the number of CT
found from an ROI performed on the tissue or organ su-
rrounding the structure.

SD: Standard deviation of the number of CT correspon-
ding to the ROI performed on the structure/organ and the
background.

The edge spread function (ESF) is obtained by fitting the
obtained profiles to the following equation 12,14:

1 1
ESF = -+ —tan™ " (A(x—xo)) (2)
2 =
Where: A and x¢ are the adjustment parameters, and the
FWHMc= 2/A expressed in mm.

For the statistical analysis of the results, the IBM SPSS
Statistics 20 program (User’s Manual) was used21. The
numerical variables studied (CNRc, CNRca, FWHMCc,

A. Lopez et al. / Anales AFA Vol. 37 Nro. 1 (Marzo 2026 - Junio 2026) 6 - 12 7



Porfil del ESF

Mumaros de CT

TABLA 2: Dosimetry parameters per patient.

[=]
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CTDlIvol (mGy) SSDE (mGy)

Patients Low Dose Diag. Low Dose Diag.
P1 59 10.6 8.9 15.4
P2 59 10.5 8.3 13.9
P3 59 11.5 6.8 12.2
P4 59 154 7.9 20.4
P5 59 7.4 9.8 13.8
P6 59 10.1 9.7 17.2
P7 59 6.7 11.7 11.1
P8 59 6.8 7.6 10.2
P9 59 8.8 94 13.9
P10 59 5.7 9.3 8.9
P11 59 6.6 8.7 10.3
P12 59 9.9 6.9 12.5
P13 59 9.9 10.0 15.0
P14 59 9.0 10.0 14.5
P15 59 11.9 6.5 13.6
Average 5.9 9.4 8.8 13.5
Median 59 9.6 8.8 13.7
SD 0.00 2.5 1.5 29
p 0.001 0.005

SD- Standard deviation, Diag.-Diagnostic

TABLA 3: Description of CNRc per type of study and the Average
Contrast to Noise Ratio (CNRca).

distancel mem

FIG. 1: Example that illustrates the process of obtaining the edge
spread functions (ESF), a) Example of edge profiles drawn on the
image, b) Example of one profile.

FWHMca, CTDIvol, SSDE) were analysed using the Wil-
coxon signed-rank test (nonparametric, paired) with 95 %
confidence level and p<0.05 statistical significance.

The Pearson correlation test was used with a 95% con-
fidence level and p<0.05 of statistical significance to study
the possible relationship of the image quality metrics with
the dosimetry parameters.

III. RESULTS

The results of the dosimetry parameters per patient for
each protocol are summarised in Table 2, including the
mean values, median, standard deviation, and the statistical
significance of their comparison.

Table 3 shows the average, maximum, and minimum va-
lues of the CNRc per type of study in each of the selected
structures, the statistical significance (p) between protocols,
and the average Contrast to Noise Ratio (CNRca) for each
study.

Figure 2 presents the CNRc absolute differences between
Low Dose and Diagnostic protocols in different pairs of or-
gans, per patient, meanwhile, Figure 3 shows the average
values of the edge spread function (FWHMCca) per patient
for each protocol.

Table 4 shows the average FWHMCc values per structure
for the low-dose and diagnostic studies, as well as the p-
values found during their statistical comparison

CNRc
H-PD MDE-PD
Low Dose  Diagnostic Low Dose  Diagnostic
P 0.003 0.003
Maximum  29.7 47.8 29 50.0
Minimum 8.2 11.8 8.3 11.7
CNRca 14.2 29.3 13.6 29.0
SDca 5.5 13.9 5.3 14.8
SD (%) 38.7 47.4 39.1 51.0
CNRc
H-PD MDE-PD
Low Dose  Diagnostic Low Dose  Diagnostic
p 0.015 0.023
Maximum  58.5 116.2 75.2 136.5
Minimum 12.2 18.6 12.3 21.8
CNRca 35.5 59.8 42.0 65.4
SDca 13.9 239 18.3 27.6
SD (%) 39.2 40.0 43.5 422

IV. DISCUSSION

According to Table 2, CTDIvol values ranged from 5.7
to 15.4 mGy, showing average values of 9.4+2.6mGy for
Diagnostic protocol, while for Low Dose studies it was 5.9
mGy, showing significant differences (p=0.001). The values
obtained for the SSDE range from 6.5 to 11.7mGy with an
average of 8.84+1.5 mGy for the Low Dose studies. For the
Diagnostic studies the average values are 13.5+2.9 mGy,
and the same values are in the range 8.9-20.4mGy, showing
significant differences between both protocols (p=0.001).
The differences obtained between SSDE and CTDIvol we-
re significant (p=0.001), in all cases SSDE was higher than
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FIG. 2: Absolute Differences in CNRc between Low Dose and
Diagnostic protocols, for different pairs of organs, per patient.
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FIG. 3: FWHMCcp values per patient for each protocol

CTDIvol, resulting in a higher patient dose than the estima-
ted reference, consistent with other authors’ findings [12,
21, 22] . In both cases, the average values of the dosimetry
magnitudes were comparable to diagnostic reference values
reported for those study types [23, 24].

Table 3 shows that CNRc results for the selected adjacent
structures showed a wide range of variation between struc-
tures and protocols. It ranged for low doses between 8.6 and
42, while for Diagnostic they ranged between 29.3 and 65.
Mainly, the Diagnostic protocols showed higher CNRc va-
lues for the same structures as shown in Figure 3. The CNRc
of the Liver-Right Lung and Back Muscle-Right Lung, yiel-
ded mean values lower than 15 (14.2 and 13.6) for Low Do-
se and lower than 30 (29.3 and 29.0) for Diagnostic studies,
while the rest of the CNRc showed higher values. The dif-
ferences observed between both protocols for each CNRc
were significant (p < 0.023). This task-oriented indicator
(CNRec) is calculated using different equations in the litera-
ture, and therefore, varies widely in magnitude [25]. It was
originally defined in quality control phantoms (where the
background is of uniform material and usually a single re-
gion), and for its application to clinical tasks, some authors
report a definition of noise associated with a single anato-
mical structure, which varies with each author’s report, as
well as their results [26-28].

Heart (C), liver (HB), left and right lung (PI and PD),
right and left muscle of the back (MDE and MIE), right

TABLA 4: FWHM, average, minimum, and maximum values per
study type

Aorta-PI MIE-Soft tissue
LD Diag. LD Diag.
p 0.002 0.001
Maximum 2.2 1.3 2.7 1.5
Minimum 0.9 0.7 1.0 0.7
Average 1.4 0.9 1.7 1.1
SD 0.4 0.2 04 0.2
SD (%) 26.7 209 258 19.7
MIE-PI C-P1
LD Diag. LD Diag.
p 0.001 0.001
Maximum 2.4 1.4 2.6 1.5
Minimum 1.1 0.8 1.1 0.8
Average 1.7 1.0 1.7 1.0
SD 0.4 0.2 0.5 0.2
SD (%) 21.1  16.6 28.6 20.5

muscle and left muscle of the chest (MDP and MIP). Diag-
Diagnostic, LD-Low Dose

In the previous study developed by this author, low CNRc
values were reported for non-contiguous structures, Aor-
ta/Soft Tissue 2.9 (1.0-5.5) and Heart/Soft Tissue 2.8 (0.9-
5.3). In contiguous structures CNRc showed high values
of noise contrast ratio (CNRc>5), and it was concluded
that CNRc were more representative taking structures that
are visually related to each other12. Lenga L et al. agree
with this criterion for estimating CNR13 but used a fixed
structure to assess noise, reporting variations in contrast-
to-noise ratio between different high-resolution diagnostic
protocols acquired with various techniques for lung structu-
re between 64.7 and 97.6. Agadakos E et al., report CNRc
in lung region for chest studies with significant variation
between diagnostic (average effective dose 1.5mSv, range
1.2-2.3mSv) and low dose protocol (average effective do-
se 0.71 mSyv, range 0.7-0.8mSv) from 8.0 (6.7-9.9) and 7.0
(5.4-8.8) respectively, using a fixed background ROI in fat
tissue [29]; but the same authors explain that the resulting
differences became non-significant when the discrepancies
between the two groups of population studies were conside-
red. Steiniger B et al. use similar criteria to calculate CNRc
in different abdominal arteries, using a fixed ROI in fat tis-
sue to characterize the noise, reporting values between 3.6
and 89.5 for one patient [30].

There is no apparent significant correlation between the
dosimetry parameters CTDIvol and SSDE with the CNRc
of the different structures (-0.273<Correlation coefficient
<0.03; p<0.05), a situation that perhaps describes the com-
plex dependence between dose, noise, and contrast to noise
ratio of the resulting images, also found by other authors [6,
20, 27, 29, 31].

According to Table 3, the CNRca per patient for each
protocol ranged from 15.4 to 39.0; while for Diagnostic its
minimum was 18.5 and its maximum was 70.5. The diffe-
rences between both protocols were between -20.2 and 55.1
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approximately and were statistically significant (p=0.005),
13/15 patients showed higher values in the diagnostic do-
ses than in the corresponding Low Dose protocol. Patients
4 and 10 showed a decrease in CNRca with the diagnos-
tic protocol. Patient 4 underwent a diagnostic study with
different parameters than the rest, so the analysis does not
provide valid comparative information. In the case of pa-
tient 10, the automatic dose-saving system (DoseRight ACS
and X-Z-DOM) generated a significant dose reduction fac-
tor producing an exposure of 97mAs, meanwhile, the low-
dose system provided 100mAs, resulting in a higher CNR-
ca. This situation shows the sensitivity of this quantitative
parameter to variations in the real “exposure and dose” re-
ceived by the patient. This parameter has only one known
bibliographic reference; which reported that CNRca in ROI
painted on similar anatomical structures like abdominal ar-
teries was 62.6 % for one patient31, comparable to our re-
sults with a CT protocol for high resolution (300 mAs).

Table 4 shows that FWHMc values obtained through the
ESF ranged between 0.9 and 2.7mm in the Low Dose pro-
tocols, and between 0.7 and 1.7 mm in the Diagnostic pro-
tocols. As a trend, the Diagnostic protocols showed lower
values, only 2/90 FWHMc had a different behavior. The
p-values found during their statistical comparison yielded
significant differences for all structures (p<0.002). Conver-
sely, the low root means square errors (<0,05) obtained from
the fitting function expressed the parameter capabilities to
reflect the overall contrast-spatial resolution properties of
the clinical image. The FWHMc values obtained through
the ESF are higher than those found in the physical phan-
tom by Almahadi (2018) which ranged from 0.1-0.2mm14.
However, they were lower than those reported in the initial
work developed by this author, where it took values bet-
ween 0.7-3.5mm 12, probably because of greater variation
of clinical protocols, including attenuation correction stu-
dies in myocardial perfusion studies (in this only 2 types
of protocols were used). In the detailed analysis by struc-
ture, it was observed that the range of variation of the esti-
mated FWHMCc for the same edge structure showed a sig-
nificant difference between the two protocols (p <0.002).
These results confirmed that the anatomical variables make
the quality analysis more complex, beyond the spatial reso-
lution and contrast to noise defined in a phantom to speci-
fic protocols; with a strong patient-specific character; in a
multifactorial way; strengthening the potential of FWHMc
as a descriptor metric. Also, table 4 showed that FWHM-
ca per patient for the Low Dose protocol ranged from 1.4 to
1.9mm (SD =+ 0.1) and for the Diagnostic protocol they ran-
ged from 0.9 to 1.2 mm (SD =+ 0.1), finding a significant dif-
ference between them(p=0.001). Better mean clinical spa-
tial resolution values were achieved in the high-dose stu-
dies (see Figure 2). The correlation between the dosimetry
parameter SSDE and the average FWHMca for each study
was significant with a Pearson correlation index of -0.63
(p=0.011) in the case of the Low Dose protocol, this implies
that the spatial resolution improves to some extent with in-
creasing dose, and does so in a complex and patient-specific
manner. This protocol handles fixed mAs, so the discre-
pancies between patients (Patient Specific Thickness) mark

differences between quality parameters such as FWHMca.
This situation is not valid for the diagnostic protocol, where
there is no correlation with the SSDE (p=0.127), probably a
consequence of the dose modulation systems, which vary in
a patient-specific way the mAs and the resulting CTDIvol,
to sustain the image quality. This hypothesis is supported
by the fact that no correlation was found between CNRca
and SSDE.

FWHMca using this approach has no known biblio-
graphic references, except for the previous study developed
by the author 12. Sanders J. et al, 2016; evaluated MTF on
Fourier space using skin/air of clinical image, they found
this edge approach was not enough to characterize the spa-
tial resolution properties of the image33. In some cases,
when adaptive filtration is used, different edges in the image
can be treated differently; showing that one interface would
not provide a complete characterization of the image reso-
lution. In this work, it was found a significant correlation
between SSDE and FWHMca (Pearson correlation index
of -0.45, p = 0.045), showing that in varied protocols the
spatial resolution improves to some extent with increasing
dose, and does so in a complex and patient-specific man-
ner. Despite the limitations of the short sample size of the
study, only 15 patients and one equipment, the particulari-
ties shown by these new metrics suggest their further com-
prehensive study as an integral descriptor of image quality
closely related to clinical contrast and spatial resolution,
leading to better agreement between subjective and objecti-
ve quality assessments.

V. CONCLUSIONS

The metrics studied satisfactorily detected differences in
image quality between the two protocols, showing the po-
tential to describe important patient image attributes closely
related to the detectability of structures and organs. Further
work using these metrics should focus on their quantitati-
ve value in different scenarios and their relationship to the
observer/evaluator.
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