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N o g e W

Abstract: In this paper, we propose to quantitatively compare the loss of human lung health under
the influence of the illness with COVID-19, based on the fractal-analysis interpretation of the chest-
pulmonary CT pictures, in the case of small datasets, which are usually encountered in medical
applications. The fractal analysis characteristics, such as fractal dimension and lacunarity measured
values, have been utilized as an effective advisor to interpretation of pulmonary CT picture texture.

Keywords: computed tomography; picture texture; fractal analysis; fractal dimension; lacunarity

1. Introduction

As per an international report, during the week of 26 December 2022 to 1 January
2023, over three million new cases and ten thousand deaths of people diagnosed with
SARS-CoV-2 infection were reported. However, in relative terms, this represents significant
reductions in weekly cases and deaths of 22% and 12%, respectively [1]. Nonetheless, it
should be acknowledged that some of the deceased had underlying health conditions.

Lung diseases are a source of great suffering for many people, encompassing a broad
range of pathologies that impede daily life. Recent research shows that 329 million people
live with chronic obstructive pulmonary disease (COPD), and over 235 million people
have asthma.

COVID-19 is an infectious disease caused by the SARS-CoV-2 virus. The majority
of people with COVID-19 experience mild or moderate symptoms and recover without
requiring special treatment. However, some individuals develop severe symptoms and
require ongoing medical care [2-5]. In this article, we focus on these patients and examine
the pulmonary complications that arise in lung-disease patients who are receiving attentive
medical care.

In this paragraph, we answer the question of what computed tomography (CT) is. In
simple terms, a CT scan is a safe, quick and painless diagnostic imaging procedure that
uses X-rays and computer technology to create detailed images of internal body structures.
CT scans produce two-dimensional images of a specific section of the body, and the data
obtained can be utilized with specialized software to construct three-dimensional images.
CT scans are particularly useful for viewing and evaluating lung diseases [6].
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One of the most common reasons for using pulmonary CT scans is to identify preinva-
sive lesions. These lesions, such as squamous cell carcinoma in situ, atypical adenomatous
hyperplasia and idiopathic diffuse lung hyperplasia with neuroendocrine cells, are clinically
characterized by the presence of mild, moderate or severe dysplasia.

During a CT scan, the patient lies on a sliding table that is attached to a circular CT
scanner. The scanner sends X-rays through the targeted body area [7,8]. Each rotation of the
scanner takes less than a second and produces a cross-sectional image of the region being
examined. The images are then saved as a group on a computer and can be post-processed
to obtain reconstructions according to any plan, which can assist the physician in making a
diagnosis. These images can also be printed on film or written to a CD.

Thoracic computed tomography provides valuable information for the diagnosis of
lung tumors, the identification of the particular stage reached by a progressive disease,
detailed descriptions of primary injuries and the detection of satellite lesions (such as metas-
tases and lymph node affections). Computed tomography can also provide information
regarding the size and location of a primary lung injury, including the specific lung segment
or lobe affected. If a lung tumor invades the mediastinum, thoracic wall or diaphragm, it
can all be diagnosed with the aid of computed tomography.

Fractal analysis involves the investigation of CT image homogeneity by calculating
the fractal dimension and lacunarity of the studied samples. This method has successfully
identified complexity changes in lung structures associated with known lung diseases [9]
and specific tumoral and non-tumoral disorders related to COVID-19 infections. Lacunarity
involves detailed quantitative analysis that can evaluate the composition and uniformity of
target particles from processed images, providing rapid and accurate information about
organized biological models and their structures [10].

2. Theoretical

In image-analysis techniques, the concept of texture is often used. This term refers to
the properties that define the structure or boundaries of an object’s image [11]. There are
several methods based on different theoretical principles, but we will focus on the approach
that utilizes fractal geometry, specifically the method known as fractal analysis [12].

2.1. Fractal Dimension

The concept of the fractal dimension was introduced by Benoit Mandelbrot, a renowned
Polish-born, French American mathematician of the 20th century. His fractal hypothesis
was proposed in an effort to accurately measure the complexity of self-similar geometric
figures using mathematical equations. The fractal dimension is a numerical value that
estimates the “intricacy” of such figures. Specifically, the fractal dimension is a statistical
parameter that measures how specific relationships within a fractal pattern/model change
depending on the scale of measurement [13].

To compute the fractal dimension using box-counting algorithms, the box-counting curve
was implemented in MATLAB (https:/ /www.mathworks.com/matlabcentral /fileexchange /
13063-boxcount, accessed on 7 August 2022). The box-counting procedure involves placing
boxes of varying sizes (r) over the established image and determining the number of boxes
required to fully cover the existing binary image. This process results in an estimation of the
fractal dimension for the maximum correlation amount observed. The fractal dimension (d)
is determined using a power law, but logarithmic transformation is applied to linearize the
InN expression, as shown below [14]. Thus, we have

lnN:dln<1> +Ink 1)

where k is a so-called nuisance parameter.
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2.2. Lacunarity

To compute lacunarity, we need to reevaluate the box mass as the number of local-
izations inside the box (pack/case). Additionally, we must define a step dimension “s”,
which determines the distance the boxes slide through the image. The smallest box size
is then set to s. As the boxes slide through the image, we can compute the box mass for
each and enter the obtained value into the BM(i,j) matrix. To expedite calculations, the data
can be pixelated into an MXM image, with L as the side length of the occupation zone and
M = L/s, where the pixel value is the number of confined individuals in each pixel [15].
The number of boxes for a given eis N(e) = (M —e+1).

As previously demonstrated in Tole’s 2008 article [16], lacunarity can be effectively

computed using

N(e) Ty (BM(i, )

P .. 2
(L4 BM(i )

based on the box masses, rather than creating probability distributions from the box-mass
data. This method based on lacunarity acquired as a function of a particular size “¢”,
involves placing a €?-sized box in every possible location on the image and calculating
the box mass by considering the number of subject pixels within each box. The lacunarity
value can then be calculated from the summation of the first and second moments of the
box masses [17]. Lacunarity serves as a measure of structural heterogeneity in the analyzed
image sample. The gliding box policy is theoretically the most straightforward way to

calculate lacunarity.

Ale) = @

3. Results and Discussion

The current standard diagnostic procedure for COVID-19 is using a reverse-transcription
polymerase chain reaction (RT-PCR), which can be time-consuming and has low sensitivity.
Chest X-ray radiography (CXR) is the primary imaging modality that can be used, as it
is readily available and provides immediate results. However, it is known to have lower
sensitivity than computed tomography (CT), which can be used productively in conjunction
with other diagnostic methods [18].

CT has been identified as a clinically relevant approach for the diagnosis and man-
agement of COVID-19 patients. Several studies have compared CT images of infected
patients with confirmed clinical diagnoses of COVID-19, reporting a sensitivity of 94%
and a specificity of 37% [19,20]. Low-dose chest CT with 50 mA is often used instead of
standard-dose chest CT with 150 mA because it has been shown to be just as effective at
evaluating localized lesions and assessing the likelihood of malignancy in affected tissue,
and at assessing lung damage in COVID-19 patients [19,20].

In this paper, pulmonary radiological images obtained using CT techniques were
investigated. Postero-anterior lung radiographs with macronodular opacity (<2 cm), of
costal intensity, homogeneously located in the lower half of the lung field, were analyzed
using known fractal indicators (fractal dimension and lacunarity) [21].

Several patients with a preliminary diagnosis of COVID-19 were tested using CT imag-
ing with the contrast substance OMNIPAQUE 350. The pulmonary CT images obtained for
each patient, along with their detailed fractal analysis, are presented in Figure 1, below.

3.1. Patient Code: MT

Date of performing the pulmonary investigation: 9 March 2022.

Figures 2 and 3 show the selection of the lung portion of interest for patient MT and
the same image in “Invert color” format.

Figures 4 and 5 present the defined masks for the left lung and right lung, framed in
blue borders.
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Figure 1. (a) The CT scan image of a 69-year-old patient who underwent a chest CT examination due
to suspicion of COVID-19 in the lungs. (b) A schematic representation of the pre-processing phases
of the patient’s CT image (2D), which was resampled to an isomorphic resolution. The indices 5, 14,
and 16 represent the numbers of the slices in order.

Figure 2. The selection of the portion of interest of the lungs of patient MT.
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Figure 5. Defining the mask for the right lung of the first patient.
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Gray level for each pixel

Table 1 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, dy; = 1.8781 + 0.3251, and the lacunarity, A = 0.0300; and the fractal
dimension of the right lung, d;g = 1.8817 & 0.3267, and the lacunarity, A = 0.0301.

Table 1. Fractal indicators for the first patient.

1. MT Date 9 March 2022 Fractal Dimension  Standard Deviation Lacunarity
Left lung 1.8781 +0.3251 0.0300
Right lung 1.8817 +0.3267 0.0301

The fractal analysis indicators, namely, the fractal dimension and the lacunarity, were
calculated using programs developed for the first time for the analysis of data contained in
neurological MRI images [22,23].

Figure 6 shows the 3D graphical representation of voxels contained in patient MT’s
CT lung image.

Voxels representation

200

150

100

Number of pixels on X axis

MNumber of pixels on Y axis

Figure 6. Three-dimensional graphical representation of voxels in the first patient’s CT lung image.

Note. We have not presented the complete chest CT radiograph images of suspected
COVID-19-infected lungs for the following patients. This decision was due to space con-
straints in this article and the limited relevance of the information contained in these images.

3.2. Patient Code: EF

Date of performing the pulmonary investigation: 22 November 2022.

Figures 7 and 8 show the selection of the lung portion of interest for the patient EF
and the same image in “Invert color” format.

Figures 9 and 10 present the defined masks for the left lung and right lung, framed in
blue borders.

Table 2 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, d;; = 1.9286 & 0.2480, and the lacunarity A = 0.0165; and the fractal
dimension of the right lung, djg = 1.9263 % 0.2624, and the lacunarity, A = 0.0185.
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Figure 7. Selecting the portion of interest of the lungs of patient EF.

Figure 8. The image from Figure 7 in “Invert color” format.

Figure 9. Defining the mask for the left lung of the second patient.
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Figure 10. Defining the mask for the right lung of the second patient.

Table 2. Fractal indicators for the second patient.

2. EF Date 22 December 2022 Fractal Dimension  Standard Deviation Lacunarity
Left lung 1.9286 +0.2480 0.0165
Right lung 1.9263 +0.2625 0.0185

Figure 11 depicts the 3D graphical representation of the voxels present in the CT lung
image of patient 2. EF. A voxel is a 3D pixel model that, unlike a simple square, is a perfect
cube. This modeling technique is theoretically perfect for replicating reality on a large
scale. Voxels are currently used in science to accurately and rapidly highlight volumetric
data [24,25]. In voxel-based morphometry, concentration differences in pulmonary tissue
can be compared using voxels, as shown in Figure 11.

Voxels representation
250

Gray level for each pixel

Number of pixels on X axis

Number of pixels on Y axis

Figure 11. Three-dimensional graphical representation of voxels in the second patient’s CT lung image.
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3.3. Patient Code: VU

Date of performing the pulmonary investigation: 26 February 2021.

Figures 12 and 13 show the selection of lung portion of interest for patient 3 (VU) and
the same image in “Invert color” format.

Figures 14 and 15 present the defined masks for the left lung and right lung, framed in
blue borders.

Table 3 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, d;; = 1.8836 £ 0.3148m, and the lacunarity, A = 0.0279; and the
fractal dimension of the right lung, d;g = 1.8772 &+ 0.3204, and the lacunarity, A = 0.0291.

Figure 16 shows the 3D graphical representation of voxels contained in patient VU’s
CT lung image.

Table 3. Fractal indicators for the third patient.

3. VU Date 26 February 2021 Fractal Dimension  Standard Deviation Lacunarity
Left lung 1.8836 +0.3148 0.0279
Right lung 1.8772 +0.3204 0.0291

Figure 13. The image from Figure 12 in “Invert color” format.
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Figure 15. Defining the mask for the right lung of the third patient.

Voxels representation
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Figure 16. Three-dimensional graphical representation of voxels in the third patient’s CT lung image.
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3.4. Patient Code: VM

Date of performing the pulmonary investigation: 21 December 2021.
Figures 17 and 18 show the selection of lung portion of interest for patient 4, VM, and
the same image in “Invert color” format.

Figure 18. The image from Figure 17 in “Invert color” format.

Figures 19 and 20 present the defined masks for left lung and right lung, framed in
blue borders.

Figure 19. Defining the mask for the left lung of the fourth patient.
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Gray level for each pixel

Figure 20. Defining the mask for the right lung of the fourth patient.

Table 4 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, d;; = 1.8378 & 0.3362, and the lacunarity A = 0.0335; and the fractal
dimension of the right lung, djg = 1.8551 & 0.3371, and the lacunarity, A = 0.0331.

Table 4. Calculation of the fractal indicators for patient 4.

4. VM Date 21 December 2021  Fractal Dimension  Standard Deviation Lacunarity
Left lung 1.8378 +0.3362 0.0335
Right lung 1.8551 +0.3374 0.0331

Figure 21 shows the 3D graphical representation of voxels contained in patient VM’s
CT lung image.

Voxels representation
250

200

150

100

Number of pixels on X axis

MNumber of pixels on Y axis

Figure 21. Three-dimensional graphical representation of voxels in the fourth patient’s CT lung image.

3.5. Patient Code: AG
Date of performing the pulmonary investigation: 25 May 2021.
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Figures 22 and 23 show the selection of the lung portion of interest for patient AG and
the same image in “Invert color” format.

Figure 22. Selecting the portion of interest of the lung for patient AG.

Figure 23. The image from Figure 22 in “Invert color” format.

Figures 24 and 25 present the defined masks for the left lung and right lung, framed in
blue borders.

Figure 25. Defining the mask for the right lung of the fifth patient.
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Table 5 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, d;;, = 1.7661 £ 0.3108, and the lacunarity, A = 0.0310; and the fractal
dimension of the right lung, d;gr = 1.7661 & 0.3136, and the lacunarity A = 0.0315.

Table 5. Fractal indicators for the fifth patient.

5. AG Date 25 May 2021 Fractal Dimension  Standard Deviation Lacunarity
Left lung 1.7661 +0.3108 0.0310
Right lung 1.7665 +0.3136 0.0315

Figure 26 displays the 3D graphical representation of the voxels present in the CT lung
image of patient 5. In addition to the high-quality imaging provided by CT procedures,
picture evaluation also provides quantitative information regarding various structural
features, such as the fractal dimension (left lung and right lung) and lacunarity, the latter of
which depicts the measurable heterogeneity of the samples.

Voxels representation
- 240

4 220

160

L L L LS

160

Gray level for each pixel
@
o

MNumber of pixels on X axis

Number of pixels on Y axis
Figure 26. Three-dimensional graphical representation of voxels in the fifth patient’s CT lung image.

3.6. Full Presentation of the Results

Table 6 below presents the calculated values for both the fractal dimension and lacu-
narity of the CT image evaluations for all investigated patients.

Figure 27 displays the fractal dimension values for the investigated COVID-19 patient
group, indicating no significant differences in values between the left and right lung.
Additionally, we observed no apparent major differences in fractal dimension values
between the left and right lung in any CT imaging controls for the sick patients.

As seen in Figure 28, the lacunarity values in the investigated COVID-19-patient group
showed no significant differences between the left and right lungs. Similarly, we found no
major differences between the lacunarity values of the lungs in any CT images of controls
or sick patients.
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Table 6. Fractal indicators of all five investigated patients.

1. MT Date 9 March 2022 Fractal Dimension Standard Deviation Lacunarity
Left lung 1.8781 +0.3251 0.0300
Right lung 1.8817 +0.3267 0.0301

2. EF Date 22 November 2022 Fractal dimension Standard Deviation Lacunarity
Left lung 1.9286 +0.2480 0.0165
Right lung 1.9263 +0.2625 0.0185

3. VU Date 26 February 2021 Fractal dimension Standard Deviation Lacunarity
Left lung 1.8836 +0.3148 0.0279
Right lung 1.8772 +0.3204 0.0291

4. VM Date 21 December 2021 Fractal dimension Standard Deviation Lacunarity
Left lung 1.8378 +0.3362 0.0335
Right lung 1.8551 +0.3374 0.0331

5. AG Date 25 May 2021 Fractal Dimension Standard Deviation Lacunarity
Left lung 1.7661 +0.3108 0.0310
Right lung 1.7665 +0.3136 0.0315

Note. Pulmonary COVID-19 may be divided into four main morphological stages,
including the following: (1) an initial stage (day 1) with edema, incipient epithelial dam-
age and capillaritis/endothelialitis; (2) the stage of exudative diffuse alveolar damage
(days 1-7); (3) the organizational stage of infection (from a week to several weeks); and
(4) the fibrotic stage of diffuse alveolar damage (from weeks to months). Undoubtedly,
apparent stadial evolution indicates a systematic progression through some distinct stages.
The last fibrotic stage is usually associated with long-standing severe and strong disease.
Taking into account that in the various stages, the diffuse alveolar damage manifesta-
tions frequently coexist side by side, it is markedly observed that stage two represents
major spatial homogeneity of lung morphology, and stage four is a reflection of a spatial
and temporal heterogeneity specific to COVID-19 [10,11,17]. According to the morpho-
logical observations confirmed by the pulmonary CT images, which marked high visual
homogeneity at the pixel level as well, highlighted by the values of the fractal parameters
obtained (fractal dimension and lacunarity), the clinical investigations, including lung CT,
were performed on the first or second day from the onset of disease symptoms in patients
infected with COVID-19. Practically, it is a confirmation of the classical studies on the type
2 lung morphology that is present between the first and the seventh day after the onset of
the disease, being the stage of exudative diffuse alveolar damage, which is reflected by a
major spatial homogeneity of lung morphology. This was demonstrated through numerical
experiments—more precisely, through the numerical evaluation of the fractal parameters
and the values established for the fractal dimension and lacunarity.

It is important to note that the novel coronavirus, known as COVID-19, has had a
devastating impact on global health, affecting over 200 countries and tens of millions of
people since its emergence at the end of 2019. This highly infectious disease can spread
rapidly, and if not detected and treated promptly, can quickly overwhelm even the most
advanced healthcare systems.

While the reverse-transcription polymerase chain reaction (RT-PCR) is the standard di-
agnostic option, it is known for its lengthy turnaround time and poor sensitivity. The chest
radiograph (CXR) method, on the other hand, is the first choice for obtaining compliant
images and is widely used due to its ease of availability and quick results. However, com-
puted tomography is undoubtedly the most effective alternative, offering high sensitivity
and maximal accuracy for establishing a precise diagnosis.
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Figure 27. The fractal dimension (FD) values (SEM) of CT images of the left lungs and right lungs
of affected patients for a comparison with pulmonary controls.
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Figure 28. Lacunarity values of CT images of the left lungs and right lungs of affected patients to
compare them with those of pulmonary controls.

3.7. Results of Healthy Patients—A Final Comparison Using Control Data

In this subsection, we present and discuss the pulmonary CT scan of healthy lungs,
which were not affected by the presence of SARS-CoV-2.

The chest radiograph of healthy lungs on which the fractal analysis was performed
is shown in Figure 29a. Aside from the high-quality imaging provided by CT procedures
(Figure 29a,b), the picture evaluation assured quantitative information regarding various
structural features, such as the fractal dimension and lacunarity.
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(b) () (d)
Figure 29. (a) Healthy lung image, (b) binary version, (c) mask for the left lung, (d) mask for the
right lung.

Figure 30 shows the 2D box-counting algorithm with the local fractal dimension calcu-
lation for the healthy-lung CT image. Figure 31 displays the 3D graphical representation of
the voxels present in the CT lung image of healthy patient. Table 7 presents the calculated
values for the fractal dimension and the lacunarity of the CT image evaluations for the
healthy patient.

2D box-count

-dInn/dlInr, local dimension

10° 10! 10% 10°
r, box size

Figure 30. Two-dimensional box-count algorithm for the local fractal dimension.

Vol reprasantation
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Figure 31. Three-dimensional graphical representation of voxels.
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Table 7. Calculation of fractal indicators for the healthy lung patient (HLP).

1. HLP Date 7 May 2022 Fractal Dimension Standard Deviation Lacunarity
Left lung 1.6410 +0.3577 0.0475
Right lung 1.6318 +0.3598 0.0486

Table 7 shows the known fractal indicators, such as the fractal dimension of the CT
image of the left lung, dy; = 1.6410 = 0.3577, and lacunarity A = 0.0475; and the fractal
dimension of the right lung, dyr = 1.6318 +£ 0.3598, and lacunarity, A = 0.0486.

Bodduluri et al. (2018) reported that the mean fractal dimension in 105 healthy
lifelong nonsmokers was D = 1.56 [26], which was verified and cited in the paper [27].
In a study published in 2018, Nichita M. and Paun V.-P,, two of the authors of the cur-
rent article, performed the first fractal analysis of lung images from their publishing
career [21]. The box-counting algorithm was used to determine fractal properties of the
picture. Thus, the adjusted procedures provided the fractal dimension of the following
value: D = 1.5661 + 0.0116.

Comparative Discussion

By comparatively looking at the results obtained for the healthy lung and those
obtained for the lungs of some patients infected with the COVID-19 virus [28,29], we notice
that the values of the fractal dimensions for the healthy lungs are limited to low values,
1.5-1.6, whereas those of the already infected/diseased lungs (in the first day of disease
manifestation) are much higher—between the values of 1.7661 and 1.9263. In addition,
lacunarity can be at minimum 0.0486 for a healthy lung, and maximally, 0.0335 for an
infected lung. Lacunarity is an efficient measure, especially when it is used to quantify the
lack of translational invariance present in fractal and multifractal systems. The determined
values are also often used to describe various aspects of mass distribution in such systems.
Generally, its value decreases as the system becomes more homogeneous. While lacunarity
may be used to distinguish objects with similar fractal dimensions but whose structures
fill the space differently, it can also be used independently as a general tool for describing
spatial patterns.

3.8. Fractal Analysis Advantages

The advantages of the present paper compared to other works published on the same
topic, found in the bibliography of this study [2,3,5,8,28,30,31], are obvious. More pre-
cisely, our results are detailed, numerical and complete. We performed a quantitative
investigation of pulmonary CT images, based on fractal analysis and the calculation of
fractal parameters—fractal dimension and lacunarity. An accurate, correct and unemotional
diagnosis can thus be offered, i.e., a non-empirical, scientifically accurate diagnosis of the
lung disease due to SARS-CoV-2 infection and its evolution over time, until the patient is
cured. The time required for obtaining the diagnosis is short, being under 5 min, by using
the software developed by us, as technical support. In short, the entire management of the
patients’ illness and hospitalization is changing. Thus, the fractal analysis of pulmonary
CT could lead to the establishment of a diagnostic standard at a high level by consulting
a pulmonologist who uses this superior practice developed here. This may prevent un-
necessary prescription of other clinical investigations and reduce harm to patients and the
health system.

4. Conclusions

The current article presents an efficient interpretation of a CT imaging dataset using
fractal analysis to investigate and diagnose COVID-19 community cases. This approach
has enormous potential to facilitate medical research related to this subject.
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The fractal analysis features, such as the fractal dimension and lacunarity values, have
been utilized to interpret pulmonary-CT pictures’ textures. This study highlights the need
to combine fractal dimension with lacunarity for discriminating between various lung CT
image textures, particularly as a reliable method for rapid determination of COVID-19
infection in patients.

The visual aspects of the two lungs appear to be relatively regular; the images were
quasi-identical, suggesting that SARS-CoV-2 affects the lungs uniformly and has a homoge-
neous distribution over their entire inner surface. We thus have confirmation of the classical
studies on type 2 lung morphology, showing that between the first and the seventh day
after the onset of the disease is the stage of exudative diffuse alveolar damage, which is
reflected by a spatial (3D) major homogeneity of lung morphology.

The calculations performed revealed fractal dimension values higher than 1.7661 and
lower than 1.9263 for patients infected by SARS-CoV-2. The perfectly healthy patient had
the lowest value for the average fractal dimension of the lung CT image. More precisely,
for the CT image of the left lung, it was 1.6410 £ 0.3577, and A = 0.0475; and the fractal
dimension of the right lung was 1.6318 £ 0.3598, and A = 0.0486.

Regarding the lacunarity value for patients sick with COVID-19, it ranged from a
minimum of 0.0165 to a maximum of 0.0335. Lacunarity serves as a measure of structural
heterogeneity in the assessed sample. Additionally, it is used to distinguish objects with
similar fractal dimensions but whose structures fill the space differently.

The use of software, together with the stages of image preparation, fractal analysis,
and calculation of fractal indicators, takes less than 5 min, making it the fastest way
to establish the quantitative diagnosis of COVID-19 infection in the lungs. The fractal
analysis of pulmonary CT may lead to the establishment of a diagnostic guideline at a high
level by consulting a pulmonologist who uses this superior practice developed here, and
may prevent unnecessary prescription of other clinical investigations and reduce harm to
patients and the health system.
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