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 Summary
 Background: Brain atrophy is one of the features of the dementive diseases, but also of other neurodegenerative 

disorders as well as physiological brain aging. The aim of the study was to define the relationship 
between the brain atrophy measurements and the degree of the severity of dementive process based 
on the neuropsychological tests (MMSE and Clock Drawing Test).

 Material/Methods: In 68 patients with diagnosed impairment of cognitive functions due to dementia, 
neuropsychological tests (MMSE and Clock Drawing Test) and CT studies were performed. On 
the basis of CT images we evaluated cortical and subcortical atrophy with 3 methods; visual, 
semiautomatic (volumetric) and automatic method based on fractal geometry calculations; 
the latter was characterized by very short time of measurements. The correlation between 
neuropsychological tests and brain atrophy measurements has been assessed using Pearson’s 
correlation test.

 Results: No statistical correlation was found between the results of neuropsychological tests and 
measurements of the brain atrophy (both cortical and subcortical) using all three methods 
mentioned above.

 Conclusions: Single measurement of the generalized cortical and subcortical atrophy is not correlated with 
the results of neuropsychological tests. In our opinion, these measurements might be valuable 
in follow-up of the dementive process to compare progression of the atrophic changes with the 
changes of the neuropsychological tests results, especially using very quick automatic method, 
supplemented by local atrophy measurements.
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Background

Atrophy of the brain is associated with physiological aging, 
but also with degenerative diseases of the central nervous 
system, including dementive disorders. The increasing 
average age of the societies in developed countries results 
in increased frequency of dementive diseases, which gradu-

ally become a serious social and medical problem. Therefore 
efforts are taken to improve effectiveness of diagnosing 
dementia as early as possible, and thus enable early treat-
ment [1].

Practically, the first diagnosis of dementive disorders is 
based on the results of clinical examination and neuropsy-
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chological tests of cognitive impairment such as MMSE 
(Mini Mental State Examination) and Clock Drawing Test. 
This is followed by other examinations, including computed 
tomography (CT). The aim of CT is to rule out the reversible 
causes of dementia (e.g. brain tumor, normal pressure hydro-
cephalus, extensive ischemic changes) and to assess brain 
atrophy. It is essential to define whether the brain atrophy 
detected in the patient is caused by normal aging, by demen-
tive disease or by overlapping of both processes. Therefore 
attempts are made to establish precise and reliable quantita-
tive methods, which could answer this question [2–5].

The aim of the study was to define the correlation between 
the brain atrophy measurements using three methods 
(visual, semiautomatic and automatic) and the degree of the 
severity of dementive process based on the neuropsycho-
logical tests (MMSE and Clock Drawing Test).

Material and Methods

The study included 68 patients (48 females, 20 males), aged 
45–89 yrs, in whom clinical examination and neuropsy-
chological tests confirmed cognitive impairment, compat-
ible with dementia (42 Alzheimer’s disease, 12 Vascular 
Dementia, 14 Mixed Dementia). In all patients CT with 
two-row spiral unit (Dual HiSpeed/GE Medical Systems) 
was performed.

Neuropsychological tests included Mini Mental State 
Examination (MMSE) and Clock Drawing Test [6]. The for-
mer test reflects the general level of cognitive functions 
based on orientation, memory, verbal, written and other 
tasks. The result below 24 points (maximal result is 30 
points) suggests dementive process. Clock Drawing Test, 
which evaluates visual space and abstract functions, is 
based on the task of drawing the clock showing 2:45 hours. 
In the modification of this test used in this study the maxi-
mal impairment of cognitive disorders was evaluated 5 
point, while the minimal one – 1 point.

CT studies were performed using 7 mm-thick slices (4 mm 
in posterior fossa) parallel to supraorbitomeatal line, cover-
ing the whole intracranial space.

In evaluation of the brain atrophy we applied three meth-
ods:
1. Visual assessment by an expert radiologist.
2.  Semiautomatic method, using volumetric software of CT 

unit, corrected by the radiologist.
3.  Full automatic method, using the new method of segmen-

tation, based on fractal geometry.

In all three methods the infratentorial space was excluded 
to avoid bone artifacts.

Visual assessment by the expert radiologist

CT images were first assessed visually by the experienced 
radiologist in order to evaluate roughly cortical and subcorti-
cal atrophy, taking into account the patient’s age and to rule 
out other lesions, which could explain the patient’s symp-
toms. Visual assessment was based on the analysis of the 
source images, with classification of the atrophy in 0–3 scale, 

where 0 means no atrophy (normal appearance for age), 1 – 
slight atrophy, 2 – moderate atrophy and 3 – severe atrophy.

Semiautomatic method

In the semiautomatic source images of the brain were 
transferred to the workstation of a CT unit. The radiologists 
selected range of density in Hounsfield units (HU), close to 
the density of cerebrospinal fluid (CSF) for the regions of 
interest in the supratentorial space. The authors chose the 
range from –5 to +20 HU. In the next stage the radiologist 
corrected the areas found by computer by manual outlin-
ing the borders of the anatomic structures. Correction must 
be performed on each section, separately for extracerebral 
areas of CSF (cortical atrophy) and intraventricular space 
(subcortical atrophy). In the last stage, after confirming 
the labeled regions of interest the volume of both spaces 
(taking into account the thickness of slice) is calculated by 
volumetric program in ccm.

Fractal method

The method is fully automatic and it is performed in two 
stages: in the first one every image of a CT axial slice is 
treated as a bitmap in the gray scale. A special algorithm of 
segmentation is applied to find the cerebrospinal fluid area. 
This algorithm is based on the hue and placement pixels 
in the original image. The result of the first stage of the 
method is a two-coloured image where the only object on is 
the cerebrospinal fluid. The goal of the second stage of this 
method is to find the best measure of this object shape.

The fact that the brain, like other organisms and real-world 
phenomena, exhibits fractal properties, can often be use-
ful for calculating the fractal dimension of a set of sampled 
data [7]. The fractal dimension measures cannot be derived 
exactly but must be estimated as the fractal characteristic, 
which is the real number and defines the level of the object 
complexity as well as other properties of the space such as 
area or volume.

In this study we used the most popular and universal 
method - box-counting dimension known as Minkowski-
Bouligand dimension [8]. It is useful even for nonfractal 
objects. We cover the plane with the regular grid of the size 
S. N(S) denotes number of boxes in which there is any piece 
of the fractal. Then we scale down the size of the grid and 
again calculate N(Snext).

The box-counting dimension is:

D=(log(N(Sn+1))-log(N(Sn)))/(log(1/Sn+1)-log(1/Sn))

Where N(S) – the number of boxes with fractal for the grid 
size S,

Sn+1 – the next grid of size Sn+1 <Sn

The performing the fractal method lasted few minutes and 
was much shorter than in semiautomatic method.

The schematic presentation of the design of our research is 
shown on the Figure 1
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Results

In our experiment we obtained a set of data for every 
patient. Evaluation of atrophy with clinical results of func-
tionality was compared separately for cortical and subcor-
tical atrophy. The aim of the comparison was to check the 
correlation of the degree of brain atrophy with the results 
of MMSE and Clock Drawing Tests.

In evaluated group of patients the result of the MMSE test 
ranged from 0 to 23 and Clock Drawing Test from 1 to 4.

The expert classification of the atrophy was in 0–3 scale.

The volumetric values were real numbers in the range 
{0.7–20.3} and represented the values of the cortical and 

subcortical regions of interest containing CSF, referred to 
the volume of the intracranial supratentorial space.

Fractal dimension calculated for the interesting areas was a 
real number in the range {1.1–1.8}.

To make the comparison easier, all the values have been 
normalized to the range {0–1}.

We checked an assumption that measurement of cortical and 
subcortical atrophy by either method is correlated with neu-
ropsychological tests. On the scatter plot drawings (Figures 
2–5) every couple of values as Cartesian coordinates is a 
point in the plane. The pattern of the points allows to esti-
mate the function between the values. The function is calcu-
lated by the least square method and shown on the plot. For 
example the plots below show relationships between various 
evaluations of cortical brain atrophy and results of the func-
tional tests (MMSE and Clock Drawing Test (Figures 2–5).

A measure of force of matching the two elements in the cou-
ple is correlation coefficient r, and its estimation from the 
sample of population r is determined as Pearson coefficient.

The correlation coefficients for the couples of characteris-
tics are presented in the Table 1. The results are based on 
the research of 68 patients and are presented separately for 
the cortical and subcortical atrophy (Table 1).

Patient

CT Images

Volumetric
Method

Fractal
Dimension

Method

Visual
Expert

Evaluation

MMSE
test

Clock
test

Clinical Tests

Figure 1. Schema of the experiment.

Figure 2.  The scatter plot shows relationship between evaluation of 
cerebral atrophy by volumetric method and results of the 
MMSE test.

Figure 3.  The scatter plot shows relationship between fractal 
dimension of cerebral atrophy and results of the MMSE test.

Figure 4.  The scatter plot shows relationship between evaluation of 
cerebral atrophy by volumetric method and results of the 
normalized Clock Drawing Test.

Figure 5.  The scatter plot shows relationship between fractal 
dimension of cerebral atrophy and results of the normalized 
Clock Drawing Test.
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On the significance level of 0.05, sample size of 68, the crit-
ical value r0.05;66 is equal to 0.250. Because |r| <ra,v there 
are no significant statistic relations between cortical and 
subcortical atrophy evaluated by any of presented methods 
and any of presented neuropsychological tests.

Discussion

We evaluated the correlation of brain atrophy in CT studies 
with the severity of dementia measured in neuropsycho-
logical tests using visual assessment and two quantitative 
methods.

The first, volumetric method, requires the great part of 
expert radiologist knowledge at every stage of performing: 
•  Preliminary defining of the range of density in HU to 

label the region of interest using the volumetric software.
•  Visual assessment of the compatibility of the areas 

labeled by computer program with the borders of the 
anatomical borders in CT study.

•  Correction of the borders labeled by the program by 
manual outlining the structures or widening the range 
of density on each section to fit the labeled areas to the 
anatomical structures.

•  Calculation of the volume of labeled areas by the com-
puter program (separately for subcortical and cortical 
atrophy).

The process described above is very time consuming (up to 
2.5 hours) which hampers its application in clinical prac-
tice.

The second, fractal method is very quick, needs no human 
interference and relies on automatic implementation algo-
rithms:
•  Preprocessing of the CT images depends on authors’ algo-

rithms of segmentation such spaces as cerebrospinal fluid 
(CSF)

•  Calculation of fractal dimension the objects finding into 
previous stage. It is box-counting dimension which is 
presented in the previous paragraph.

•  Calculation of the mean value of fractal dimension for 
the all axis slices of the patient.

Both visual assessment and the volumetric and fractal 
measurements did not show significant correlation with 
the results of MMSE and Clock tests. However it should be 
stressed that in both volumetric and fractal methods gen-
eralized cortical and subcortical atrophy was evaluated, 
while, as it is suggested by many authors, the local neu-
rodegenerative changes, e.g. in medial temporal lobes are 
responsible for cognitive disturbance [9,10].

The lack of correlations mentioned above may support the 
thesis that cognitive impairment results rather from func-
tional than structural disturbance. The correlation between 
functional examinations and MMSE test has been described 
in the studies based on single photon emission computed 
tomography (SPECT), positron emission tomography (PET), 
magnetic resonance spectroscopy (MRS) as well as perfu-
sion computed tomography (pCT) [11–14].

The other explanation of our results is a possible overlap-
ping of the cortical and subcortical atrophy associated with 
normal aging and caused by degenerative process [15]. On 
the other hand the obtained results might be caused by 
heterogenity of the analazed groups (patient with differ-
ent types of dementia). However the aim of the study was 
to evaluate correlation between the degree of atrophy and 
severity of cognitive functions disturbance, regardless of 
the dementia type.

Lack of significant correlations could be also caused by the 
fact that we analyzed general cerebral atrophy (cortical and 
subcortical) and not the local atrophy in specific locations.. 
It resulted from the limited possibilities of the method we 
have used.

The follow-up evaluation of the degree of atrophy could be 
possibly more reliable in the assessment of the severity of 
dementia. As it was already noticed in one of the first long-
term studies based on CT measurements [16] the initial 
volume of the ventricular system did not predict cognitive 
deterioration and enlargement of the ventricular volume, 
which was revealed during follow-up.

We believe that long-term prospective studies which 
enable monitoring of the CSF and brain volumes in indi-
vidual patient for many years, will be better correlated 
with severity of dementia, including neuropsychological 
tests. Introduction of fully automatic, fractal method of the 
evaluation of brain atrophy would allow to perform such 
prospective studies and to assess the correlation between 
the progression of the atrophic changes and worsening the 
results of the neuropsychological tests. The quick, easy to 
repeat fractal method could be also used to assess the effec-
tiveness of therapy, i.e. whether it influences only neuro-
psychological tests or inhibits the progression of brain atro-
phy as well.

Conclusions

1.  There is no correlation between the degree of generalized 
cortical and subcortical brain atrophy and the results of 
neuropsychological tests in patients with dementia.

Visual expert evaluation Fractal dimension Volumetric coeffi  cient

Cortical
atrophy

Subcortical 
atrophy

Cortical
atrophy

Subcortical 
atrophy

Cortical
atrophy

Subcortical 
atrophy

MMSE test  –0.07265  0.007422  –0.19378  0.044799  –0.04337  0.044714

Clock test  0.073215  –0.00395  0.19774  0.091977  0.090238  0.116869

Table 1.  The correlation coeffi  cients for the cortical and subcortical atrophy between the clinical diagnosis.
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2.  Supplementation of the analyzed methods by possibility 
of measuring local atrophy should be considered to verify 
the above conclusion.

3  Short time of evaluation of cortical and subcortical atro-
phy is a great advantage of the automatic fractal method, 
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