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Abstract—Chronic Obstructive Pulmonary Disease (COPD)
refers to a group of lung diseases that block airflow and make it
increasingly difficult for you to breathe. Emphysema and chronic
bronchitis are the two main conditions that make up COPD, but
COPD can also refer to damage caused by chronic asthmatic
bronchitis. Pulmonary emphysema is defined as a lung disease
characterized by “abnormal enlargement of the air spaces distal
to the terminal, non-respiratory bronchiole, accompanied by
destructive changes of the alveolar walls”. These lung
parenchymal changes are pathognomonic for emphysema.
Chronic bronchitis is a form of bronchitis characterized by
excess production of sputum leading to a chronic cough and
obstruction of air flow. In all cases, damage to your airways
eventually interferes with the exchange of oxygen and carbon
dioxide in your lungs. Habitual techniques of emphysema’s
diagnosis are based on indirect features, such as clinical
examination; Pulmonary Function Tests (PFT) and subjective
visual evaluation of CT scans. These tests are of limited value in
assessing mild to moderate emphysema.

Keyword- Digital image treatments, air density distribution and
emphysema characterizations.

I. INTRODUCTION

Quantitative image analysis (QIA) goes beyond subjective
visual assessment to provide computer measurements of the
image content, typically following image segmentation to
identify anatomical Regions of Interest (ROIs). Damage in lung
airways eventually interferes with the exchange of oxygen and
carbon dioxide in your lungs [1], and for the purpose of quantitatively
characterizing different types of emphysema; we chose the
classification of Weder [2] as the basis for our work. Commercially
available picture archiving and communication systems focus
on storage of image data. They are not well suited to efficient
storage and mining of new types of quantitative data [3].
Image processing techniques allow a large and complex set of
quantitative measures to be derived from images, particularly
in a research setting. Commercially available Picture
Archiving and Communication Systems (PACS) focus on
storage of image data. They are not designed for efficient
storage and mining of new types of quantitative data [3].

Examples of quantitative imaging can be found in lung
cancer screening and assessment of emphysema lung disease.
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Lung cancer screening involves imaging of high-risk patients,
such as long-time smokers, to search for lung nodules
(tumors) that may indicate the presence of lung cancer [3-5].
Emphysema is another lung disease often associated with
smoking, and imaging can be used to assess the extent and
severity of the lung destruction, [6, 7]. The gray level energy
of encoded image indicates how the gray levels are
distributed. This quantitative statistical measure represents the
gray level energy with 256 bins and its (PDF) refers to the
Probability Distribution Functions, which contains image’s
histogram counts [8]. The mean of a sample of data is called
the sample mean. When the Probability Distribution Function
(PDF) of the data has a normal distribution, then as we collect
more data, the sample means approach a limiting value that
identified as the "right" value of the average, and is called the
population mean. To apply the Mean Lung Density Method
and the classical statistics, the intended system has to be
devised in parts to be analyses individually to avoid many
complicated result and in the most case many analogical
results too. We have to make a tremendous effort to find or to
choose the suitable statistical entries in order to segment the
analyzed system; the CT image slices, as far as this review is
concerned. The term segmentation appears usually as we make
this kind of treatments [8, 9]. Given the advances in imaging
modalities and image-analysis technology, radiologists are
able to ask new clinical questions involving quantitative image
data. For example, quantitative of emphysema done by using
volume of gas per gram of lung tissue [7, 8] and changes in
disease severity are being measured during evaluation of novel
therapies [10, 11].

II. EMPHYSEMA CHARACTERIZATIONS

Generally, the diagnosis of emphysema is based on indirect
features, such as clinical examination, pulmonary function
tests, and subjective visual evaluation of computed
tomography (CT) scans. These tests are of limited value in
assessing mild to moderate emphysema [12]. Pulmonary
emphysema is characterized by some pathognomonic changes
in the affected lung; abnormal enlargement of the air spaces
distal to the terminal, non-respiratory bronchiole,
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accompanied by destructive changes of the alveolar walls.

As the detection of such changes during life, however, is
difficult, so early and accurate diagnosis of emphysema is
important for smoking cessation advice, evaluating the natural
history of the disease, and disease phenotype as we improve
our understanding of disease processes and therapeutic
interventions [12].

IIT DETECTING AND QUANTIFYING EMPHYSEMA

To detecting and quantifying emphysema from CT scans
have been used. One approach involves assigning a grade or a
rating to assess the presence of emphysema by visual
examination of the hard copy scans [6, 7, 12, 13, 14]. In this
approach, the visual assessments are compared with the
subsequent pathological examination for emphysema, and the
results have demonstrated a good correlation. However, such
visual evaluations are time-consuming and limited by a wide
range of interobserver variability and lack of sensitivity to
early disease. The second approach directly analyzes digital
data obtained from the CT scan [8, 12, 15-19].

This approach is objective and, therefore, not subject to
interpreter bias. There are at least two computerized methods
of identifying emphysema currently in use. Low Attenuation
Areas (LAA) considered as a characteristic of emphysema.
One technique identifies arias of low attenuation based on a
single density index threshold or a range of density indices.
Here, all areas having densities lower than the threshold (e.g.,
910 Hounsfield Units (HU) or the lowest fifth percentile of the
histogram) or falling within a given range of densities are
considered to be emphysematous. The lowest fifth percentile
of the histograms of emphysematous subjects has been shown
to correlate well with the surface area of walls of distal air
spaces per unit lung volume [8, 12].

The second method computes the mean lung density as a
defining characteristic of emphysema. These studies have
reported good correlation with some pulmonary function tests
[12].

IV. INCOMPLETELY CLINICAL JUDGMENT PROBLEM

The diagnosis of COPD should be considered in any patient
who has the following: symptoms of cough; sputum
production; or dyspnoea; or history of exposure to risk factors
for the disease [20]. Although COPD affects the lungs, it also
produces significant systemic consequences. COPD is a
preventable and treatable disease state characterized by
airflow limitation that is not fully reversible. The airflow
limitation is usually progressive and is associated with an
abnormal inflammatory response of the lungs to noxious
particles or gases, primarily caused by cigarette smoking [20].
Spirometry should be obtained in all persons with the
following  history: exposure to cigarettes; and/or
environmental or occupational pollutants; and/or presence of
cough, sputum production or dyspnoea.

465

The diagnosis of COPD requires spirometry; a post-
bronchodilator forced expiratory volume in one second
(FEV1) ! /Forced Vital Capacity (FVC)< 0.7 confirms the
presence of airflow limitation that is not fully reversible [20].
It is intended to be applicable to populations [21] and not to
substitute clinical judgment in the evaluation of the severity of
disease in individual patients. It is accepted that a single
measurement of FEV1 incompletely represents the complex
clinical consequences of COPD.

V. MACROSCOPIC AND MICROSCOPIC LUNG LEVELS

The notion of "fractal dimension" provides a way to
measure how rough fractal curves are. We normally consider
lines to have a dimension of 1, surfaces a dimension of 2 and
volumes a dimension of 3. However, a rough curve (say)
wanders around on a surface; in the extreme it may be so
rough that it effectively fills the surface on which it lies. Very
convoluted surfaces, such as a tree's foliage or the internal
surfaces of lungs may effectively be three- dimensional
structures. We can therefore think of roughness as a decrease.

Whilst the topological dimension of a line is always 1 and
that of a surface always 2, the fractal dimension may be any
real number between 1 and 2. The fractal dimension D is most
commonly estimated from the regression slope of a log-log
power law plot. However, the definition of 'independent' and
'dependent' variables (required in least squares or regression
analysis model) is not straightforward in such applications
[22]. Fractal properties of the pulmonary vascular tree have
been described in the adult lung [23-26]. Such mathematical
properties permit the lung to be considered not only as a single
compartment but also enable complex models of flow
distribution in the pulmonary arterial tree to be performed, in
order to better understand the effect of fractal arterial design
on pulmonary vascular input impedance [27, 28].

Such models have led to a better understanding of the
structure—function relationship in the pulmonary vascular tree
[29-31]. Based on the self similarity of fractal structures, the
mathematical relationship between dimensions of mother and
daughter branches is relatively constant. Thus, complex fractal
structures can be described by relatively simple mathematical
rules. Recently there has been increasing interest in infant
pulmonary circulation and its birth-related changes (e.g.
Levine et al. study [32]). It is known that the increase in
airway size in the parental period is linear and continuous with
antenatal growth but slows after the first year of life [33].
Based on measurements taken from bronchograms airway
growth during childhood seems to be proportional throughout
the lung [34]. There is evidence that pulmonary arteries and
airways grow and branch together resulting in a balance in the
number of terminal arteries and alveoli [34-40].

In the same effort that has been done in this approach of
analysis a study of U. Frey et al. [41] has shown that the infant

1 . .
Forced Expiratory Volume in a second.
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pulmonary arterial tree showed relatively constant branching
ratios, consistent with a fractal structure. Also, it has done
mathematical evidence that proportionality of a growing
fractal arterial structure remains constant. This simple
mathematical rule of the arterial tree may be a very basic
principle of this vascular structure [41].

The term fractal is a geometric concept related to, but not
synonymous with, chaos, [42, 43]. A fractal is an object
composed of subunits (and sub-subunits) that resemble the
larger scale structure, a property known as self similarity.
Mechanistically, these self-similar structures all serve a
common physiological function: rapid and efficient transport
over a complex, spatially distributed system. Various other
organ systems contain fractal structures that serve functions
related to information distribution (nervous system), nutrient
absorption (bowel), as well as collection and transport (binary
duct system, renal calyces).

The fractal concept can be applied not only to irregular
geometric or anatomical forms that lack a characteristic
(single) scale of length, but also to complex processes that
lack a single time scale. Fractal (scale-invariant) processes
generate irregular fluctuations on multiple time scales,
analogous to fractal objects that have a wrinkly structure on
different length scales.

Although both airway wall thickening and emphysema
LAA correlated with measurements of lung function, stepwise
multiple regression analysis showed that the combination of
airway and emphysema measurements improved the estimate
of Pulmonary Function Test (PFT) abnormalities [44].

Although the CT measurement of LAA correlates well with
diffusing capacity, the relationship to measurements of airflow
obstruction is less significant [45, 46] presumably because
airflow obstruction is related to both loss of recoil and
inflammatory narrowing of the airways.

As we seek to build a normative reference of the human and
animal lungs for the purpose of detecting and quantitatively
following disease [47, 48], there is a growing interest in
subject-specific models of the pulmonary airway and vascular
trees.

COPD is characterized by the presence of airflow
obstruction caused by emphysema or airway narrowing, or
both [49]. Low Attenuation Areas (LAA) on CT scans in vivo
have been shown to represent macroscopic or microscopic
emphysematous changes in the lungs of patients [50-52].

VI. METHOD AND DATABASE DESCRIPTION

The traditional methods which using the geometric feature
based on the Euclidean space mathematical model and the
gray level feature can hardly meet the requirement for the
property of invariance in space when the random
environments where the reality scene locate are more complex
and irregular than that can be described by the conventional

model [53].
In order to make a classification of emphysema
heterogeneity, emphysema severity was calculated by
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developed software as the Ratio of Emphysema’s Areas
(REA) in the proceeded CT’s image. Computerized
Tomography examinations of 67 patients with emphysema
were performed and the used software accurately assesses the
extent of emphysema of a CT image.

Patients between January 2007 and May 2009, 67 patients
underwent radiological preoperative evaluation of emphysema
at the Marie-Lannelongue Hospital, “Le Plessis Robinson”,
France. The patients were referred with a clinical suspicion of
emphysema and to determine whether they were suitable
COPD candidates for LVRS. The median age was 62 years
(34 to 79 years), and there were 38 women and 29 men.

All gathered examinations were taken from the internal
system of medical images archive of the hospital in format
JPEG %. The number of images/slices included in the
measurements for this study differed between patients from 5
to 15 images/slices. This number depended on the number of
all images/slices that have been taken of the lung and the final
slice’s area that decrease with increasing of number of its
slice.

Computerized Tomography (CT) source images of lung are
subjected by two phases of treatment in order to produce a
fractal dimension of the air densities distribution. In the first
phase, raw pixel values from source images, corresponding to
all possible air densities, are processed by a presented
program, developed in order to; construct an image which
came from: a pre-processing analysis step of the source image.
The produced image identifies values of air density within the
airways tree, while eliminating all non-air-density values.
During the second phase, in an iterative manner, a process of
Resolution Diminution Iterations (RDI) takes place. In his
phase every resolution reduction produces a new resultant
histogram. A resultant histogram is composed of a number of
peaks, each of which corresponding to a cluster of air
densities. A curve is plotted for each resolution reduction
versus the number of peaks counted at this particular
resolution. It permits the calculation of the fractal dimension
from the regression slope of log-log power law plot.

VII. RESULTS OF COMPUTATIONAL TECHNIQUES

Some preliminary studies have shown that image-analysis
software that automatically searches CT images for lung
nodules can be used to increase a radiologist’s sensitivity in
the detection of small lung nodules at an early stage when they
may be more effectively treated [4, 54]. Systems can be used
in the process of measuring nodule characteristics to assist in
the diagnostic process [4], [55, 56]. Knowledge of the
relationship between the structure and function [31-35] of the
normal pulmonary arterial tree [27-30] is necessary to
understand both normal pulmonary hemodynamics and the
functional consequences of the vascular remodelling that

% Joint Photographic Experts Group is a group of experts on graphics and
photography who developed a standard for compressing photographic data.
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accompanies a pulmonary vascular disease. Presented tool
tries to exhibit asymmetry and multi-fractal properties of the
airways paths in the treated images. Fractals usually possess
what is called self similarity across scales. That is, as one
zooms in or out the geometry / image has a similar (sometimes
exact) appearance. Applying the fractal analysis approach on
the whole ROI data could be considered as a useful technique
to obtain the fractal coefficient that reflects the degree of
disorder in the whole of lung structure.

Attempted developed a method for make a classification of
emphysema heterogeneity that offers a possibility to evaluate
and assess emphysema’s severity accurately and relatively in
short time than the classical method.

The severity of emphysema was defined as an emphysema
ratio (REA). The REA in this study was defined as the relative
area of the lung tissue in each CT slice that was occupied by
pixels which compose the first 5% in the extracted ROI. The
images were analyzed using developed software. This
software automatically recognizes the lungs, traces lung
airways, and presents histogram of these attenuation values
relatively to the all detected pixel values of the lung area
occupied by pixels.

To design a model for computer-based classification of
emphysema heterogeneity corresponding to the three types of
emphysema distribution depicted in figure (1), the distribution
of the REA in different parts of each lung was illustrated in a
diagram with the position in the lung (from cranial to caudal)
on the x-axis and the REA on the y-axis.

Diagram Illustrating REA for Each image/slice: The
variation of REA between different parts of the lung was
graphically illustrated in diagrams; Figures (2 - 5). The REAs
for each lung were distributed along a straight line, which was
determined by the least-square fit toolbox in MATLAB
program.

As a simple measure of the variation of REA within each
lung, we calculated the REA difference as the highest REA
minus the lowest REA for each lung. To separate different
types of emphysema we presumed that (1) a low value of REA
difference represents homogeneous emphysema; (2) a high
value of REA difference in combination with a low slope of
the trend line represents intermediately heterogeneous
emphysema; and (3) a high value of REA difference with a
steep slope of the trend line represents markedly
heterogeneous emphysema (either upper-lobe or lower-lobe
dominance; Figures (2 - 5).

The slope of the fitted line was calculated, as a measure of
the variation of the REA within each lung, the REA difference
was calculated. A diagram was constructed with the absolute
value of slope, on the x-axis and REA difference on the y-axis.
This resulted in a diagram differentiating markedly
heterogeneous, intermediately heterogeneous, and
homogeneous emphysema. According to the criteria that gave
mentioned above there are twenty one (21 patients) fulfilled
the criteria of bilateral markedly heterogeneous emphysema,
four (4 patients) patients fulfilled the criteria of bilateral
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intermediately heterogeneous emphysema, and sixteen
patients (16 patients) fulfilled the criteria of bilateral
homogeneous emphysema.

Upper lobe and
apical segment
(lower lop)

Lower lobe

Upper lobe

(a) Markedly Heterogeneous

Anatomically indistinct Anatomically distinct

(b) Intermediately Heterogeneous

Completely

With patchy areas homogeneous

(c) Homogeneous

Fig. 1. Three major types of emphysema distribution: markedly heterogeneous
(a), intermediately heterogeneous (b), and homogeneous (c) [2].

From the total number of the selected patients for this study
(67 patients), there are twenty-six (26) patients have different
types of emphysema in the right and left lung, Table I, which
represent one of the most important output results of the
developed tool based on the fractal analysis approach. It
obviously shown that its powerfulness in assigning this huge
percentage of patient whom will be suspected in different
treatment or LVRS for each lung, although their two lungs
were affected by emphysema. The presented method can make
such classification of emphysema heterogeneity to help in
choosing the proper treatment, curing process, or LVRS.

TABLE I
NUMBER OF DETECTED TYPES OF EMPHYSEMA
IN RIGHT (RL) AND LEFT LUNG (LL)

RL-MHE 21
LL-MHE RL-THE 3
RL-HE 3
RL- MHE 3
LL-IHE RL- IHE 4
RL- HE 2
RL- MHE 7
LL-HE RL- IHE 8
RL- HE 16
- Markedly Heterogeneous Emphysema (MHE)
- Intermediately Heterogeneous emphysema (IHE)
- Homogeneous Emphysema (HE)
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VIII. CONCLUSIONS

During the last few years, LVRS has received much interest
as a palliative treatment in selected patients with severe
pulmonary emphysema. The question “What is heterogeneous
distribution of pulmonary emphysema?” was pointed out in an
editorial by Austin [57].

This study presents a new accompaniment approach and
image processing techniques to reveal the underlying fractal
structure of airways tree paths of lung.

The present work is to investigate the powerful micro-level
of fractal texture analysis that can assist in the diagnostic and
interpretation of perfusion lung scans.

This method is based on fractal analysis, for describing
emphysema by CT images. This technique allows for a
surgically oriented classification into the categories that are;
markedly heterogeneous, intermediately heterogeneous, and
homogeneous emphysema.

The present study, enables separating the right and left
lungs as well as the upper and lower lobes with predominant
emphysema.

REA %

CT Image Number

Fig. 2. Markedly heterogeneous emphysema
with upper lobe predominance

REA %

5

CTimage Number

Fig. 3. Markedly heterogeneous emphysema
with lower lobe predominance

REA %

CT Image Number

Fig. 4. Intermediately heterogeneous emphysema
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REA %

1 2 3 4 5 6 7 8

CTimage Number

Fig. 5. Homogeneous emphysema
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