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Health is one of the most valuable social commodities. Every health service can derive benefit from the
introduction of IT systems for management, education, diagnosis, treatment and monitoring purposes. This
has been appreciated both by the US Congress and by the European Union (particularly Great Britain), which
have allocated substantial funds to the development of e-Health technology within the health services of their
respective countries1,2,3.
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Possible Uses of Information Technology (IT)
in Anaesthesiology, Intensive Care

and Emergency Medicine (eHealth?)
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4 J. Andres, Possible uses of Information Technology (IT)...
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ARTIFICIAL NEURAL NETWORKS (ANNS) AS A TOOL OF 
ESTIMATING RELATION BETWEEN PARAMETERS OF 

ANTI-OXIDATIVE ABILITY AND NUTRITIONAL INGREDIENTS
IN THE DIET OF PREGNANT WOMEN
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Abstract: The aim of this study was to evaluate if there is
a relation between superoxide dismutase (SOD) activity and
total anti-oxidative status measured as Ferric Reducing Abil-
ity of Plasma (FRAP) concentration in saliva and intake of
macro- and micro- nutritients in daily nutritional rations (DNR)
in the first, second and third trimester of singleton uncompli-
cated pregnancy by using artificial neural networks (ANNs).
Material and methods: Eighty women: 40 pregnant women
aged 27.1+5.4 years (examined group) and 40 healthy women
(the control group) were subjects of this study. Artificial neu-
ral networks (ANN) and clustering analysis with Ward’s group-
ing method were used for evaluation of the relationship be-
tween FRAP and SOD in saliva and intake of macronutrients,
minerals (Na, K, Ca, P, Mg, Fe, Zn, Cu, Mn), and vitamins (A,
C, E, B1, B2, B6, PP) in DNR.
Results: During pregnancy FRAP and SOD values were lower
than in the controls, but only for FRAP the differences were
highly statistically significant (p<0.001). No functional relation-
ships between FRAP and SOD and macro- and micronutrients
were identified by ANN model. For whole pregnancy period
cluster analysis identified 2 major clusters for which differenti-
ating variables were SOD and retinoids intake but different
patterns for each trimester of pregnancy were revealed.
Conclusion: ANNs and cluster analysis showed that there
were no statistical relationships between the intake of micro-
and macronutrients in DNR and SOD or FRAP level in saliva
of pregnant women.
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Introduction

Recent studies have suggested the existence of links
between oxidative stress and the depletion of protective anti-
oxidant agents, such as anti-oxidative vitamins and trace
minerals (1,2,3). However, there is no consensus if maternal
diet supports oxidant-antioxidant balance and increases the
level of ROS sweepers in tissues and blood plasma (4,5).

In order to analyze a complex and large set of data de-
rived from pregnant women examinations, Artificial neural
networks (ANNs) were chosen. ANNs are the systems num-
bered among generally recognized artificial intelligence. They
are defined as non-linear, information-processing systems
designed in a manner similar to the biological neural struc-
tures. It is expressed in the structural and the functional com-
position of ANNs. The structure of ANNs is called architec-
ture. It is usually organized in layers consisting of units, which
are sometimes called „nodes”. The nodes are artificial neu-
rons responsible for information processing. Nodes from ad-
jacent layers are usually fully interconnected by so-called
„weights” simulating synaptic connections between artificial
neurons. Such connectionist approach was proposed to simu-
late in the very simple manner cognitive functions of biologi-
cal neural systems. Although it is very rough simulation of
human brain ANNs are able to learn automatically on exam-
ples derived from data describing analyzed problem. This
ability is main advantage of ANNs use in medical data analy-
sis, since the complication of the problem and number of
analyzed variables is not important for ANNs in such extent
like for statistical methods. If there is a relationship between
analyzed variables, ANNs are ideal tools to identify it, no
matter what is the true nature of this particular relationship.

The aim of this study was to evaluate if ANNs may be
suitable for analysis of multivariate date derived from preg-
nant women for the purpose of finding relationship between
SOD activity and FRAP concentrations in saliva and intake
of macro- and micronutrients in daily nutritional rations
(DNR) in the first, second and third trimester of singleton
uncomplicated pregnancy.

Material and Methods

The subjects of the study were 80 women: 40 women of
the examined group and 40 women of the control group.
The examined group consisted of 40 pregnant women, aged
27.1 (+5.4) years (+SD). They were clinically healthy and
were pregnant for the first time. Health status during preg-
nancy was controlled by the same obstetrician. The sub-
jects of the control group were matched for age, employ-
ment and life style to the subjects of examined group.

All subjects gave informed consent prior to their recruit-
ment in the study. The Ethics Committee for Human Re-
search of the Collegium Medicum of Jagiellonian Univer-
sity approved the study.

Biochemical determinations
Saliva sampling was performed by the means of a dedi-

cated system (Salivette, Sarsted, Germany) consisting of
the tube with fitted polyethylene disposable filter and a cot-
ton plug.

Total antioxidant power was assessed by the method
described by Benzie et al. as FRAP (6). The assay is based
on measuring ferric to ferrous ions reduction by a sample
at low pH (300 mmol/l acetate buffer, pH 3.6). Coupled with
tripyridyltriazine, blue–coloured complex is measured at
593 nm.

SOD activity was determined by the adrenaline method
(according to Misra and Fridovich) based on generating free
radicals in the process of conversion adrenaline to adreno-
chrome and the protein concentration was determined (7).

Nutritional study
The evaluation of actual food consumption of each

woman was done using 24-hour nutritional recall. Recalls
covered 2 non-consecutive week days and one Sunday.
Recalls were the basis for assessing quantitative content,
composition and nutritional value of average daily nutrition
ration (DNR). The mean energy values and the levels of
basic food components (proteins, total fat, carbohydrates,
saturated fatty acids-SFA, monounsaturated fatty acids-
MUFA, polyunsaturated fatty acids-PUFA) and their share
in the daily diet of examined women were calculated. The
level of minerals (sodium, potassium, calcium, phospho-
rus, magnesium, iron, zinc, cooper, manganese) and cho-
sen vitamins (vit.A, vit.E, thiamine, riboflavin, niacin, vit.B6,
ascorbic acid) in DNR were calculated without taking into
account technological losses. All values from supplemen-
tation with mineral-vitamin formulations such as: Materna®,
Prenatal®, Feminatal® (prescribed to all pregnant women
by obstetrician) were added.

Data Analysis

At the very first stage of analysis artificial neural net-
works (ANNs) were chosen in order to create representa-
tive models for FRAP and SOD. Since there is no consist-
ent theory of FRAP and SOD dependencies on all avail-
able data, empirical modelling using ANNs seemed to be
logical choice regarding automatic mode of ANNs work. The
latter is main advantage of neural modelling, which is ex-
ploited here: the machine learning paradigm allows to iden-
tify hidden and indirect relationships in the data.

Data transformation for artificial neural network
(ANN) analysis.

ANN analysis was performed in two ways:
a) for whole pregnancy period
b) for I, II, III trimester separately

Key words: pregnancy, total antioxidant status (FRAP),
superoxide dismutase (SOD), daily nutritional rations (DNR),
cluster analysis, artificial neural networks (ANNs).
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For whole pregnancy period a table of 29x120 numbers
was collected and created, where 29 means parameters
presented in table II and number 120 was obtained from 40
woman examined in the 1-st, 2-nd and 3-rd trimester of preg-
nancy (40x3). Although each woman was assayed three
times during her pregnancy, it was not considered here,
which data record was an assay for which woman – the
dataset was treated as whole.

For particular trimester the independent dataset was
created (29 parameters x 40 women) and labeled appropri-
ately. In this case, for each one dataset associated with
particular trimester, analysis was carried out separately.

Data preprocessing was used, which was specific
scaling based on the following procedure:

                 
(1)

where:
Prepr(x

i
) – preprocessed analyzed parameter (variable);

x
i
 – original i-th parameter; i – parameter number; k – record

number; N – total number of records
Scaling was based on Euclidean normalization proce-

dure but with respect to cases (patients records) rather than
variables. Such modification allowed to achieve independ-
ence of resulting data on the units range of particular vari-
ables. The procedure of data preprocessing was unified for
both types of analyses: neural and statistical.

In case of neural modeling additional linear scaling was
applied to ensure data working range to be between 0.2
and 0.8 or –0.8 and 0.8. Such procedure allowed fitting data
to the working range of artificial neural networks, which are
based generally on sigmoid-shape functions like i.e. hyper-
bolic tangent [9].

Artificial neural networks (ANNs) analysis
The objective of ANNs analysis was to create repre-

sentative models describing FRAP and SOD dependencies
on available input variables (table 2). Neural analysis was
conducted on the native dataset as well as on the data pre-
processed according to Eq. 1.

Various ANNs were prepared and tested (9,10) in order
to create the best possible model for FRAP and SOD. One
hundred different ANN architectures were tested. 10-fold
cross-validation scheme was applied in order to ensure best
quality of neural systems in terms of their ability to general-
ize beyond known database. 10-fold cross-validation pro-
cedure was as follows:
1) selection of 10% of native dataset and exclusion of se-

lected records to the test dataset
2) the use of remaining 90% as the training dataset

10 times repetition of p. 1 and 2 with respect to each
time exclusion of different records of data. As a result of
this procedure, the whole native dataset was covered
by analysis in order to compute generalization error. It
is easy to compute that 10 times 10% of dataset gives
100% and bearing in mind that each time different data
records are included it supports claim that the generali-

zation error is be computed for the whole native dataset.
The abovementioned procedure is a standard in neural
analysis, which also allows to compare results between
various researches.
Error measure was generalization error computed as

root mean squared error (RMSE).
An attempt to reduce input vector was performed bas-

ing on the sensitivity analysis of best models (11).
All computations were performed with the use of own-

written software neuro_x working under Linux environment
and its Windows counterpart Nets2004 (12,13). As hardware
resources EGEE grid infrastructure was applied as well as 4
double CPU Pentium 1GHz workstations working locally.

Statistical analysis
Descriptive statistics: Since the most data had an

abnormal distribution, non-parametric U-Mann-Whitney test
was used for statistical evaluation of differences between
compared medians. Nevertheless, for comparative pur-
poses, in arithmetic means were also given in the tables.
The significance level was set at p� 0.05. The statistical
package “Statistics for Windows” (Statsoft, Poland, version
6.0) was used.

Cluster Analysis: Clusterization was regarded here as
model-independent approach allowing for an insight into
the relationships governing analyzed problem. It was cho-
sen in contrast to the ANNs and regression analyses which
are model-dependent types of analysis. Euclidean distance
and Ward grouping methods were applied in this type of
analysis. Clustering was performed on the data preproc-
essed with the use of previously described scaling (Eq.1).
Patients records were chosen as cases for clustering and
27 descriptive variables were the base for computations of
clusters distances. Excluded variables were TAS, SOD and
trimester description. They were treated as labels for par-
ticular cases classified to obtained clusters. In order to find
differentiating features for obtained clusters there were com-
puted average values for all variables in all obtained clus-
ters separately. A comparison between clusters was per-
formed using computed average variables. It was assumed
that the differentiating variable would be such variable, for
which the difference between average values derived from
cluster A and cluster B is found to be on the high level. The
differences between average variables were expressed as
percentages of higher of two compared values.

Results

FRAP values were significantly higher in the 3rd trimes-
ter (p<0.04) than in the 1st and 2nd trimesters, however sig-
nificantly lower than in the control group (P<0.001). The
lowest values of FRAP were observed in the second tri-
mester (Fig.1A, Tab.1).

The differences in SOD activity in pregnant women and
in the control group were not statistically significant. The
considerable differences between arithmetic means and
medians during 1st and 2nd trimester of pregnancy in com-
parison to the 3rd trimester, may be a consequence of large
variability of obtained results (Fig. 2A)
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Quantitative analysis of daily nutrition ration (DNR) is
presented in Tab. 2

The mean intake of proteins calculated from the recalls
and the amount of energy derived from proteins were in all
trimesters in the range of recommended values. Fats al-
ways provided more than 30% of energy, especially in the
first examination (35, 58% of energy) and it was due to the
excessive intake of saturated fatty acids. The percentage
of energy coming from polyunsaturated fatty acids was in
the range of the recommended values (4,5% of total en-
ergy). The high intake of fats was concomitant with too low
intake of carbohydrates.

The comparison of the content of minerals and vitamins
in the diet of pregnant women with Polish recommenda-
tions showed low daily intake of calcium, iron, copper and
riboflavin, niacin, vit. B6, especially in the first trimester.
Lower intake of these minerals and vitamins was compen-
sated by supplementation (Tab.2).

Neural analysis for whole pregnancy period
ANN modeling failed in creation of reasonable models

describing relationships between input variables and FRAP
and/or SOD.

It was revealed in RMSE errors values for 10-fold cross-
validation scheme, which were to high to classify the best

obtained model as representative. The generalization errors
were estimated as minimal RMSE for FRAP on the level 7.5
and for SOD on the level 155. A comparison with maximum
values of these two variables (Table 2) ensures that neural
models were far from being precise in generalization task

 Additional proof of this claim was provided by correla-
tion graphs between predicted and observed SOD/FRAP.
The latter showed relatively stable output value of neural
models in response to different inputs. It means that value
of FRAP was always the same no matter which patient char-
acteristics was presented to the ANN. Such behavior of
neural model was inappropriate since in real life FRAP and
SOD values were not constant for all patients as it was
shown in Table 2. Therefore, it was a proof that this model
was unable to perform its functions.

Cluster analysis for whole pregnancy period.
Since direct modeling failed in both cases for FRAP and

SOD, a simple cluster analysis was applied in order to pro-
duce data patterns. There were 2 major clusters (Fig. 2)
found as a result of cluster analysis.

Basing on the average values of parameters 6 differen-
tiating variables were identified: SOD, retinol, vitamin A,
beta-carotene, K and PUFA.

Selection of crucial variables based on the differences
between their average values for particular clusters is shown
in Table 3.

Table 3
Basing on the above results following relationships en-

coded in a manner of logical rules could be identified:
1) high SOD was associated with low intake of retinol, beta-

carotene, vit A, K and PUFA
2) low SOD was associated with high intake of retinol, beta-

carotene, vit A, K and PUFA
There were no quantitative relationships between beta

carotene, retinol, vitamin A and SOD, which could be identi-

Table 1. Values of significance levels of differences between
FRAP in pregnant women and controls.

 Control 1st 
Trimester 

2nd 
Trimester 

3rd 
Trimester 

Control X 0,001 0,001 n.s. 

1st 
Trimester 

0,001 X n.s. 0,04 

2nd 
Trimester 

0,001 n.s. X 0,04 

3rd 
Trimester 

n.s. 0,04 0,04 X 

 

 Fig. 1. Total antioxidative status (FRAP) (A) and superoxide dismutase (SOD) activity (B) in pregnant women and controls.
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Table 2. Descriptive statistics of antioxidant and nutrient parameters for whole pregnancy period.

Cluster A Cluster B Parameters 
Average CV Average CV 

Difference 

Retinol [µg] 456.93 50.11% 1537.68 332.98% 70.28% 
Vit A [µg] 1624.33 53.17% 3430.78 155.18% 52.65% 
Beta Carotene [µg] 4299.59 116.17% 8652.82 103.23% 50.31% 
SOD [U/g of protein] 157.20 196.86% 82.75 137.32% 47.36% 
PUFA [g] 8.12 49.05% 14.25 45.64% 43.04% 
K [mg] 3003.16 28.22% 5098.09 23.57% 41.09% 
Mg [mg] 251.08 23.44% 408.80 21.67% 38.58% 

Plant protein [g] 21.21 31.04% 33.56 24.88% 36.79% 

Ascorbic acid [mg] 239.52 34.03% 372.55 39.66% 35.71% 

Carbohydrates [g] 261.95 28.76% 374.83 21.30% 30.12% 

Mn [mg] 5.24 28.92% 7.40 24.14% 29.18% 

P [mg] 1131.95 33.88% 1593.85 22.81% 28.98% 

Na [mg] 1644.11 32.55% 2267.14 42.19% 27.48% 

MUFA [g] 27.53 46.64% 37.74 37.38% 27.06% 

Fats [g] 71.56 38.00% 97.12 31.43% 26.32% 

Cholesterol [mg] 327.90 54.24% 442.49 71.82% 25.90% 

Cu [mg] 2.56 8.82% 3.37 12.81% 23.99% 

Protein [g] 69.54 33.89% 90.68 22.12% 23.31% 

Vit E [mg] 28.05 11.62% 35.31 17.61% 20.58% 

SFA [g] 29.60 39.10% 37.19 35.46% 20.39% 

Niacin [mg] 33.01 19.85% 41.39 19.95% 20.25% 

Ca [mg] 974.32 46.12% 1185.38 32.25% 17.81% 

Animal protein [g] 48.28 49.58% 57.10 34.57% 15.45% 

Riboflavin [mg] 5.01 11.52% 5.92 23.61% 15.24% 

Thiamin [mg] 4.15 9.04% 4.81 10.61% 13.68% 

Fe [mg] 45.23 5.40% 51.55 12.98% 12.26% 

Zn [mg] 29.13 8.67% 32.74 9.01% 11.03% 

Vit B6 [mg] 11.65 4.98% 

 

12.95 6.06% 10.01% 

FRAP [�mol/g of protein] 13.56 56.09%  14.00 54.08% 3.17% 

 

No Parameters Average Median Min Max CV 

1 ��������	
���	���	����� 13.84 12.0 2 46 54.59% 

2 SOD (U/g of protein) 112.88 64.5 6.213 1428.6 192.15% 

3 Proteins (total) (g) 82.73 80.7 22.67 152.27 28.64% 

4 Animal proteins (g) 53.79 53.4 7.74 144.16 40.43% 

5 Plant proteins (g) 28.92 27.5 7.69 67.02 33.78% 

6 Fats (g) 87.50 84.3 30.69 183.31 36.26% 

7 Carbohydrates (g) 332.38 330.5 152.72 666.79 28.66% 

8 Na (mg) 2032.84 1869.6 429 6257.54 43.05% 

9 K (mg) 4310.25 4326.5 1291.73 9310.35 34.42% 

10 Ca (mg) 1106.00 1017.4 409.93 2240.35 37.94% 

11 P (mg)  1420.15 1395.4 475.38 2754.48 30.45% 

12 Mg (mg) 349.49 341.4 133.94 793.02 31.40% 

13 Fe (mg) 49.17 48.2 40.14 87.11 12.77% 

14 Zn (mg) 31.38 31.1 23.71 42.23 10.50% 

15 Cu (mg) 3.07 3.0 2.07 4.77 17.54% 

16 Mn (mg) 6.59 6.3 2.56 12.64 30.11% 

17 Vit A (µg) 2751.43 1781.4 740.23 39602.06 156.92% 

18 Retinol (µg) 1131.24 466.3 96.28 37404.7 359.81% 

19 Beta Carotene (µg) 7015.70 4414.8 235.55 44664.35 113.36% 

20 Vitamin E (mg) 32.58 31.1 22.96 52.5 19.52% 

21 Thiamine (mg) 4.56 4.5 3.54 6.84 12.33% 

22 Riboflavin (mg) 5.58 5.4 4.19 15.41 22.15% 

23 Niacin (mg) 38.24 36.5 23.34 70.82 22.63% 

24 Vitamin B6 (mg) 12.46 12.4 10.6 15.49 7.63% 

25 Ascorbic acid (mg) 322.52 290.7 133.03 815.96 44.07% 

26 SFA(g) 34.34 32.9 8.35 82.7 38.11% 

27 MUFA(g) 33.90 31.8 9.62 76.58 42.68% 

28 PUFA (g) 11.94 11.0 2.19 44.7 53.63% 

29 Cholesterol (mg)  399.40 309.4 101.2 1659 69.71% 

 

Table 3. Differences between values of antioxidant and nutrient parameters in two clusters obtained in the whole pregnancy period.
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fied neither in neural analysis nor in attempted linear regres-
sion. It is worth to mention that in the clusterization proce-
dure SOD, FRAP and trimester variables were excluded from
clusters’ descriptions thus treated afterwards as labels for
particular cases belonging to their clusters. Regarding this,
high intake of retinoids is generally protective in pregnancy
however no quantitative formula could be identified allowing

for assessment of how much of retinoids should be taken in
order to lower SOD level for a particular quantity.

Results for I, II, III trimester separately
Inconsistency between ANN results and classical sta-

tistical methods were the cause of following analysis con-
ducted with split datasets representing each trimester re-
spectively. Following results were obtained with the use of
preprocessed data only.

Cluster analysis for first trimester allowed to select two
main clusters showing no particular difference between vit
A, retinol and beta carotene intake, although SOD levels
remained to be differentiating variable (Table 4).

For second trimester SOD levels remained differentiat-
ing variable but there were found also large differences
between vit A, retinol and beta carotene average intake
(Table 5).

For the third trimester a tendency to more uniform distri-
bution of SOD levels but with lower average value was no-
ticed, however vit A, retinol and beta carotene were remain-
ing as differentiating factors with elevated levels of intake.

Another important feature of derived results has to be
considered. Although, in the second trimester high uptake
level of vit A, retinol and beta carotene was associated with
low SOD level (Table 5), for the third trimester this relation-
ship was shown to be completely reversed: high level of vit.
A, retinol and beta carotene was associated with high level

Table 4. Differences between values of antioxidant and nutrient parameters in two clusters obtained in the first trimester

Cluster A Cluster B Parameters 
Average CV Average CV 

Difference 

SOD  [U/g of protein] 155.46 177.90% 46.23 58.43% 70.26% 
Mg [mg] 269.97 34.70% 419.44 18.90% 35.64% 
K [mg] 3392.81 35.87% 5169.75 24.26% 34.37% 
Mn [mg] 5.51 28.10% 8.14 18.78% 32.33% 
P [mg] 1062.41 32.40% 1566.14 15.09% 32.16% 
Plant protein [g] 24.62 26.32% 36.27 25.18% 32.13% 
Carbohydrates [g] 270.99 25.54% 385.98 21.45% 29.79% 
PUFA [g] 9.74 49.35% 13.66 47.61% 28.73% 
Protein [g] 67.45 34.00% 94.58 20.53% 28.68% 
Animal protein [g] 42.81 47.92% 58.28 31.58% 26.56% 
Ca [mg] 852.35 38.23% 1105.77 23.27% 22.92% 
Ascorbic acid [mg] 281.92 38.34% 360.37 46.19% 21.77% 
Cu [mg] 2.73 13.52% 3.40 13.98% 19.71% 
Niacin [mg] 35.05 22.21% 41.53 20.09% 15.61% 
Fats [g] 85.76 43.93% 101.13 22.46% 15.20% 
Vit E [mg] 30.26 16.21% 35.54 21.24% 14.85% 
Na [mg] 1958.23 64.98% 2280.57 27.03% 14.13% 
Thiamin [mg] 4.33 10.92% 5.02 9.14% 13.85% 
Retinol [µg] 456.29 44.93% 529.50 46.23% 13.83% 
Riboflavin [mg] 4.96 10.67% 5.72 10.33% 13.37% 
FRAP [�mol/g of protein] 14.55 43.16% 12.61 71.70% 13.30% 
MUFA [g] 34.96 49.94% 40.09 26.83% 12.80% 
SFA [g] 33.88 47.00% 38.76 23.75% 12.58% 
Zn [mg] 29.41 7.86% 33.02 7.68% 10.92% 
Beta Carotene [µg]  6334.61 115.50% 7056.38 97.99% 10.23% 
Fe [mg] 46.13 5.50% 50.77 6.30% 9.13% 
Vit A [µg] 1962.60 65.54% 2155.93 53.02% 8.97% 
Vit B6 [mg]  11.87 7.13% 12.98 6.23% 8.54% 
Cholesterol [mg] 327.51 48.82% 

 

343.13 44.90% 4.55% 
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Fig. 2. Results of cluster analysis
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Cluster A Cluster B Parameters 

Average CV Average CV 
Difference 

SOD  [U/g of protein] 60.71 39.16% 277.11 167.69% 78.09% 
Retinol [µg] 1834.84 255.74% 442.10 46.97% 75.91% 
Vit A [µg] 3810.41 128.83% 1558.07 36.45% 59.11% 
Beta Carotene [µg] 9147.71 128.46% 3989.53 78.53% 56.39% 
PUFA [g] 13.20 39.18% 7.54 43.67% 42.86% 
Plant protein [g] 31.71 28.44% 18.81 31.82% 40.68% 

K [mg] 4931.99 22.37% 3172.34 27.97% 35.68% 

Mg [mg] 396.32 16.09% 259.03 16.74% 34.64% 

Carbohydrates [g] 369.86 23.53% 252.28 26.91% 31.79% 

Ascorbic acid [mg] 350.10 34.99% 239.20 37.84% 31.68% 

Mn [mg] 6.95 19.97% 4.77 24.13% 31.32% 

Na [mg] 2117.72 39.69% 1623.72 31.98% 23.33% 

Cu [mg] 3.31 12.74% 2.55 9.10% 22.86% 

P [mg] 1592.56 19.44% 1275.89 30.00% 19.88% 

Vit E [mg] 33.59 13.54% 27.37 8.86% 18.54% 

Ca [mg] 1281.63 32.17% 1078.35 48.26% 15.86% 

Niacin [mg] 41.20 20.53% 34.84 26.43% 15.45% 
MUFA [g] 33.94 38.92% 29.03 34.89% 14.46% 
FRAP [�mol/g of protein] 12.03 53.37% 13.86 71.93% 13.15% 
Riboflavin [mg] 5.96 18.11% 5.17 9.19% 13.15% 

Fats [g] 87.88 30.52% 76.62 28.96% 12.81% 

Protein [g] 87.42 16.89% 76.53 35.66% 12.46% 

Fe [mg] 51.53 16.13% 45.59 6.73% 11.52% 

Thiamin [mg] 4.58 8.64% 4.14 9.27% 9.43% 

Vit B6 [mg] 12.83 6.05% 11.78 6.41% 8.22% 

Zn [mg] 31.99 6.86% 29.62 7.56% 7.40% 

Cholesterol [mg] 440.17 69.47% 420.64 48.32% 4.44% 

Animal protein [g] 55.70 28.03% 57.68 52.83% 3.44% 
SFA [g] 34.26 33.53% 

 

33.17 28.87% 3.17% 

 

Cluster A Cluster B Variable 
Average CV Average CV 

Difference 

Retinol [µg]  2392.31 336.04% 530.59 53.29% 77.82% 
Vit A [µg] 4435.84 184.51% 1634.31 51.48% 63.16% 
Beta Carotene [µg] 9552.76 72.52% 3915.75 119.01% 59.01% 
SOD  [U/g of protein] 114.19 146.60% 62.76 52.77% 45.04% 
Ascorbic acid [mg] 415.42 41.11% 244.00 34.41% 41.26% 
K [mg] 5398.61 25.20% 3175.14 30.71% 41.19% 
Cholesterol [mg] 525.14 82.29% 318.61 69.93% 39.33% 

Mg [mg] 438.08 25.11% 266.63 25.04% 39.14% 

Plant protein [g] 35.61 21.56% 22.03 24.15% 38.15% 
PUFA [g] 15.68 53.97% 9.80 56.62% 37.47% 

Mn [mg] 8.11 25.18% 5.32 25.11% 34.38% 

P [mg] 1746.38 25.39% 1166.06 34.67% 33.23% 

Fats [g] 100.05 33.60% 68.58 48.03% 31.46% 

SFA [g] 38.54 38.38% 26.49 47.76% 31.27% 

MUFA [g] 37.02 40.72% 26.27 56.91% 29.04% 

Na [mg] 2351.91 36.08% 1672.75 37.37% 28.88% 

Carbohydrates [g] 393.83 20.58% 282.42 25.68% 28.29% 
Protein [g] 96.41 23.29% 70.45 31.86% 26.93% 
Cu [mg] 3.52 12.31% 2.62 8.89% 25.53% 
Niacin [mg] 41.97 20.25% 32.51 14.40% 22.53% 

Animal protein [g] 60.78 38.66% 48.35 43.83% 20.45% 

Riboflavin [mg] 6.25 35.37% 5.11 13.86% 18.11% 

Ca [mg] 1235.98 34.50% 1016.83 43.86% 17.73% 

Thiamin [mg] 5.00 11.96% 4.14 6.74% 17.16% 

Vit E [mg] 36.19 18.29% 30.42 22.11% 15.96% 
Zn [mg] 34.39 10.21% 28.95 9.90% 15.83% 

Fe [mg] 53.60 13.89% 45.14 4.49% 15.79% 

FRAP [�mol/g of protein] 16.25 46.23% 13.97 49.97% 14.00% 

Vit B6 [mg]  13.15 6.30% 

 

11.78 4.04% 10.39% 

 

Table 5. Differences between values of antioxidant and nutrient parameters in two clusters obtained in the second trimester.

Table 6. Differences between values of antioxidant and nutrients parameters in two clusters obtained in the third trimester.
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of SOD (Table 6). The levels of intake of K and PUFA were
changing in the similar pattern.

Discussion

The examination of obtained data showed decrease
values of FRAP in the second trimester of pregnancy. In
this period of pregnancy, women may be not fully adapted
to increased demands for anti-oxidative mechanisms. In the
third trimester increase of FRAP concentration was ob-
served, though statistical analysis showed that it was not
connected with maternal diet.

A failure of neural modeling is not a failure of the whole
research since there are other non-modelling methods which
might be used here. Main conclusion is that if there is no
reasonable ANN model found after extensive automatic
search for a such one, then maybe there is no strict, quan-
titative relationship between FRAP and patients’ character-
istics. The same is applicable to SOD. It is therefore the
conclusion of lack of particular relationship, which bases
on the ANNs features, where the failure of modeling cannot
be assigned to the problem complexity or ineffectiveness
of a priori selected equation. ANNs application helped, in
spite of direct modeling failure, to discover some true as-
pect of analyzed problem. As a consequence of ANNs re-
sults a cluster analysis was performed which provided an-
other information but this time of positive outcome.

Conclusions

1. FRAP values were the lowest in the second trimester. It
suggest that in this trimester of uncomplicated preg-
nancy women may be not fully adapted to increased
demands for anti-oxidative mechanisms.

2. ANNs and cluster analysis showed that there were no
statistical relationships between the intake of micro-and
macronutrients in daily nutritional rations and superoxide
dismutase activity or total antioxidant status (FRAP)
level in saliva of pregnant women.
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Introduction

Expert systems are used in various domains of science
and technology, but the most important usage is in medi-
cine and healthcare. Medical expert systems are designed
to deliver computer-assisted diagnosis and advisory sys-
tems (clinical guidelines). They work by using patients’ clini-
cal data as an input data for processing and the results are
presented as a clinical recommendation.

Expert systems in medicine are used also in laboratory
data analysis, data mining and automatic maintenance of
medical devices.

The most well known medical expert systems in use are:
– MYCIN – is an expert system developed in the early

1970s at the Stanford University. Its job was to diag-
nose and recommend treatment for certain blood infec-
tions. It was written in LISP and operated using a sim-
ple inference engine, and a knowledge base of ~500
rules [1].

– CASNET – is an expert system for the long-term man-
agement of diseases whose mechanisms are well-known.
First was developed a Causal-ASsociational NETwork
model for describing disease processes. CASNET is an
expert-level consultation program in glaucoma [2], [3].

Abstract: This paper presents an expert system which as-
sists medical diagnosis in allergy. After entering symptoms of
a disease, the system supports the doctor in undertaking
decisions and suggests the most probable diagnosis. Next,
the system shows possible treatment and prevention for the
diagnosed allergy. The system informs the doctor about
needed examinations and may describe how a diagnostic in-
ference should proceed.
Information about allergy is necessary for planning effective
therapy and education, therefore the system is enlarged by
educational elements, which may be used as informational
materials for patients.
The expert system proposes diagnosis and treatment only;
the final decision should be performed by a physician.
The system was built in the PC-Shell programming environ-
ment. The PC-Shell is a first Polish commercial shell expert
system. It is a hybrid system, which combines different meth-
ods of solving problems and presenting results.
The project was designed in cooperation with the Department
of Clinical and Environmental Allergy at the Jagiellonian Uni-
versity, Medical College.

Key words: expert system, allergy, medical diagnosis
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– SETH – is an expert system which simulates expert rea-
soning, taking into account each toxicological class,
delay, clinical symptoms and ingested dose. It gener-
ates accurate monitoring and treatment advice, address-
ing also drug interactions and drug exceptions [4].

– VentEx – is a knowledge-based decision-support and
monitoring system applied in ventilator therapy. The
VentEx system is used both for monitoring and deci-
sion-support in patients with different kinds of imminent
and obvious ventilatory insufficiencies [5].

– GIDEON (Global Infectious Diseases and Epidemiology
Online Network) – is an easy to use, interactive and
comprehensive web based expert system that helps
overcome information overload while saving time
through quick access to a vast knowledge database.
GIDEON is used for diagnosis and reference in the fields
of tropical and infectious diseases, epidemiology, micro-
biology and antimicrobial chemotherapy [6].

Other medical expert systems in use are:
– ADE (Adverse Drug Event) Monitor
– Apache III (Acute Physiology and Chronic Health Evalu-

ation)
– CaDet (Early Cancer Detection)
– CADIAG-II (Computer-Assisted DIAGnosis)
– CHDR (Coronary Heart Disease Risk)
– CMD (Computerized Medical Diagnosis)
– FACTS (Finding Appropriate Clinical TrialS)
– HELP (Health Evaluation through Logical Processes)
– PEIRS (Pathology Expert Interpretative Reporting System)
– PEPID (Portable Emergency Physician Information

Database)
– POEMS (Post Operative Expert Medical System)
– QMR (Quick Medical Reference)
– T-IDDM Project (Telematic Management of Insulin De-

pendent Diabetes Mellitus)
– VIE-PNN (Vienna Expert System for Parenteral Nutri-

tion of Neonates)

Expert system building tools are:
– Special programming languages like LISP (LISt

Processing) or PROLOG (PROgramming in LOGic).
– Special skeletal systems, shells, or AI tools like CLIPS

(C Language Integrated Production System), MANDA-
RAX, Jess or PC-Shell. The expert systems shells are
a suite of software that allows constructing a knowledge
base and creating interaction between knowledge base
and an inference engine.

Building expert systems by using programming lan-
guages offers significant advantages: flexibility and speciali-
zation, but on other hand it is expensive and labour-inten-
sive. Expert systems shells have simplified programming.
A system can be built by entering into the shell all the nec-
essary knowledge about a task domain. In general, they
don’t help with knowledge acquisition, a task currently per-
formed by knowledge engineers. The large accumulation
of high-quality knowledge is the most important for the effi-
cacy of expert systems (“the more knowledge a system is
given, the more competent it becomes”).

Expert system consists of four principal parts (see fig. 1):
– knowledge base
– reasoning system (inference engine)
– explanation system
– knowledge acquisition system

Fig. 1. The building blocks of expert systems [7]

Material and Methods

The materials used in the project are comprised with
relations between allergic diseases and their symptoms,
diagnostic examinations and treatment & prophylactic. The
medical data was prepared in cooperation with Departament
of Clinical and Enviromental Allergollogy, Collegium
Medicum, Jagiellonian University.

The medical data is organized in four groups:
1. Symptoms
2. Allergic diseases
3. Treatment and prophylactic
4. Diagnostic examinations

Each group consists of six domains, which describe the
anatomical localization:
1. Lungs
2. Nose and perinasal sinus
3. Skin
4. Eyes
5. Intestinal tract
6. Others

The expert system design and implementation is pre-
formed in PC-Shell environment. PC-Shell is the first Polish
commercial expert system shell. It was developed as a re-
sult of earlier research on creating expert system like PC-
Expert (1985-87) and Diagnosta MC 14007 (1988). PC-
Shell was awarded on International Software Trade Fair
SOFTARG in 1994 and in 1996. It was often presented on
international conferences and seminaries in Poland and
other countries [8].
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PC-Shell is called a knowledge base language. It serves
as a formal description of domain-expert knowledge. This
type of language is generally used by knowledge engineers,
allowing them to build expert systems for a specific domain.
Knowledge is programmed in PC-Shell by rules and facts.
It is represented in the system thanks to a triad: object –
attribute – value. Object identifier and attributes are sym-
bols that begin from small letter, after which may follow any
sequence of alphanumeric signs, that includes letters, num-
bers, and also underline signs “_”.  Attributes may have
values both real numbers and strings, and can be repre-
sented by variables.

,���*	��	���	�����@	��F���	4	������"��	4	���"�	�0�W�
�����"�	 [����&�\	�(������]�����F�]���#��

��
�����"�	[����&�\	^	 6�:�"��]#�&�%�

��
�����"�	[����&�\	^	#����

In the triad, both, the object and the value, can be omit-
ted, but the attribute is necessary because it is the funda-
mental element.

 Knowledge in PC-Shell is described by five functional
modules:
– Sources
– Facets
– Rules
– Facts
– Control

At least one module of facts or rules must appear in the
system.

General structure of knowledge base description:
knowledge_base_name

sources
  source_knowledge_description
end;
facets

facets_description
end;
rules
  rules__description
end;
facts
  facrs__description
end;
control
  program
end;

end;

The PC-Shell uses blackboard architecture, therefore the
system contains a main control module, and the whole knowl-
edge must be placed in the source module. In the system at
least one module of rules, facts or control must appear.

Sources of knowledge description

The PC-Shell is a hybrid system. This means for prob-
lem solving may use many heterogenic sources of knowl-

edge. In actual PC-Shell version 4.1 we may use following
types of knowledge bases:
– kb – expert bases of knowledge
– neural_net – applications  based on neural nets
– metaphor – data bases with a metaphor explanation
– what_is – data bases with “what is?” explanation

Such a source_knowledge_description should include
at least one description that consists of:
– name of this source, which is freely established by

knowledge engineer
– specification of this source features, which consist of

expressions including system key words

A general form of source_knowledge_description:
characteristic _1 ... characteristic _n;

Type FILE determinate a file where source of knowl-
edge is stored.

Facets description

In PC-Shell, a facet is a set of declarations that relate to
chosen attributes. The facet module is a register of all at-
tributes which are used in knowledge base and also in-
cluded in knowledge sources. In the system not all attributes
must be described through facets, but all must be declared
in a facet module.

 The facets description consists of global declarations
ask and single, as well as of a set of attributes and con-
nected with them facets. The ask declaration allows to put
a question through the system to verify correctness of rules.

A general structure of facets description:
[ask {yes | no};]
[single {yes | no};]
attribute_1 [declaration_facet_1];
...
attribute_n [declaration_facet_n];

Facts and rules description

Facts module allows writing fixed information which may
be knowledge base parameters. A fundamental element that
is used in facts description is the triad OAV (object – attribute
– value). It differs however from general triad syntax OAV,
because facts here can not include variables, and the only
operator between the attribute and the value is the “=” sign.

In a PC-Shell language rules module fulfills a main role
in a point of view of expert knowledge representation. In
this language rules have a universal character that allows
encoding of the knowledge from almost each domain.
A standard rules syntax consists of conclusions and condi-
tional part, that are separated by a key word if. The condi-
tional part must contain at least one condition.

Programming in PC-Shell

In general, shell systems, comparing to programming
languages, are much more efficient tools for building do-
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main expert systems. However, it often comes at the cost
of flexibility. In PC-Shell this problem is solved, because it
is a hybrid system. It joins declarative knowledge repre-
sentation with procedural languages. Control module con-
tains all instructions used in a project. It allows separating
expert knowledge from control.

A program has two parts:
– variables declaration
– instructions set

Results

General project description

The aim of project was to create an expert system which
assists medical diagnosis in allergy. After entering the symp-
toms of a disease, the system will support the doctor in
undertaking decision and will suggest the most probable
diagnosis. Next, the system shows possible treatment and
prevention for the diagnosed allergy. The system informs
about examinations that are to be conducted and may de-
scribe how diagnostic inference should proceed.

The system is designed mainly for physicians to aid di-
agnostic decisions. However, the expert system proposes
diagnosis and treatment only, the final decision should be
done by a physician.

Information about allergy is necessary for planning ef-
fective therapy and education. Therefore the system was
enlarged by educational elements, which may be used as
informational materials for patients.

Work with the system
The system works as a consultation with a user, that

means, the system asks and eventually the user gets an
answer. The consultation begins with opening a consulta-
tion window (see fig. 2). This window shows symptoms of
allergy diseases. The system asks the user to choose symp-
toms that ail the patient.

Next, the system makes a diagnosis using rules con-
tained in knowledge source. The system shows diagnosed

Fig. 2. Consultation window

allergy in a decision window, where we are presented with
specifics of the disease, eg. photo (see fig. 3).

Verifing how the system made a diagnosis is simple. By
clicking the “How?” button (“Jak?” in Polish)  the system
shows a decision tree window where steps of the diagnosis
are presented (see fig. 4).

In this window we see the decision tree elements:

 – solution (conclusion) generated through the system

 – rule defined in the knowledge base
 – condition included in a rule

 – fact included in the knowledge base or created as a
result of question

Fig. 3. Decision window

Fig. 4. Explanation – decision tree window
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Second part of the system is educational. It allows get-
ting information about a disease, its treatment, prophylac-
tic and examinations that should be taken. It is possible by
opening another window with a question: “Which disease
was diagnosed?”.  In the next window needed information
is shown. The system then asks to choose a treatment from
the examinations list (see fig. 5).

Fig. 5. List of examinations

Structure of the system

Allergic diseases and their symptoms are the two main
groups of the system elements. A process of assisting
a diagnosis depends on relation (rules) between these two
groups. These two groups, like the diagnostic examinations
and the treatment of allergic diseases, are additional medi-
cal data that make the diagnosis deeper and propose ad-
equate treatment.

Detailed schema of medial data thanks to which the
system was created is show in fig. 6 and fig. 7.

The system implementation

All of project’s medical data included in the knowledge
source consists of two parts:
– Facets module
– Rules module

Facets module is a set of declarations relating to cho-
sen attributes. Two types of facets are used in the project:
– ask
– pictures

The facet ask determinates whether the system can put
a question concerning given attributes, e.g.:
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%/�D8���	 ��&���#��F���N�	 `���#-&�	(�%��&N�N(��%�8�#��
���(����"��	���6�N	�	`���#-&�	��D(	�	(��"�#��N�
`S%�2�	�&D��N�	`�"���ST	�&D��N�	`�#����&�	�	#��"���6�
�&D��N�N��6������N�	 `%���(&�	��"�&�%�N�	 `%���(&�
(�&�#�%&�%���2����N�
`#��#��%������	�&D����"���:�N�	 `#��#��%������	�(�FD%&�
�&�N�	`(���#���	�&�N�	`���#-&	F���	"���N�
`���#-&	����6�	�b�"�	&����N�	`����"&�N�	`�D�	��#"���N�
`(�����#���	����(��#"���N\_

The facet picture allows linking attributes with pictures
(photos), e.g.:

�������]�������#�@
���	������	 [`�����	��&�#���%�N�N�������#�	#�(�����
(-����#�&D%	(6"����N�	`�������#�	��8��	���N�	`(���(
���N�	`���(�%�	#�(�����	�&D��N�	`���#-&	��#���%�)
�"���%�	%���#��N�
`(�&�#�%&�	�	���#-&	��#���%�N�	`%�(���&	&���&��%�N�
`�������#�	#�(�����	�(�FD%�&N�	 `�������	(�&����%�N�
`������&�F�N�	 `��%��8��%�ST	�	 ��&�N\
picture {„”,””,””,””,”16.bmp”, „18.bmp”, „20.bmp”, „21.bmp”,
„”, „”, „”, „”};

Rules module fulfills a main role in a point of view of
expert knowledge representation. Rules descriptions con-
sist of a set of rules preceded with a word rules and ended
with a word end. Rules syntax consist of conclusions and a
conditional part, that are separated with a key word if.

rules
3@	�������]�������#�^N�����	��&�#���%�N	 ��
��F�%�^N�"�#�STN	Y	��F�%�^NS%��#�#2��	������N_
33@	 �������]�������#�^N�����	 ��&�#���%�N	 ��	 ��F�%�^
`S���&���	%	&�����	(������%�FN	Y	��F�%�^N&��#��N_
��_

Control module consists of two parts: variable declara-
tions and instructions. The program searches needed infor-
mation contained in the knowledge source through a function
solve:

solve (choroby_alergiczne,
„choroba_alergiczna=Choroba_alergiczna”);

Access to this knowledge is enabled by a source module:
sources
choroby_alergiczne:
type kb
file „C:\\program1\\projekt.zw”;
end;

Discussion

Allergy diseases belong to chronic diseases, and its di-
agnosis is usually long-lasting and laborious, it burdens the
patient as well as the health care system. Allergy diseases
have different base, symptoms and treatment. Therefore
we created an expert system for general diagnosis and to
help assist in choosing a therapy. The presented system
seems to be the right first step towards using AI methods in
medical practice. Introducing these advanced computer
technologies may bring significant advantages to making
better provision of healthcare services.

Advantages

The system is able to aid in physician’s diagnosis as
well as serves an educational role. It shows that this type of
applications, easy for dynamic modification and develop-
ment, may make examinations shorter, make decisions
more objective as well as reduce costs. Physician’s educa-
tion and experience is the most important diagnostic factor
that influences on effective therapy. However, an essence
of expert systems is a direct use of physicians knowledge.
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Another advantage is a separation of knowledge and con-
trol that allows simple adding new medical facts and rules.

Disadvantages
The biggest weakness of the system is not having an

option of integration with the internet, and the internet is
nowadays the largest source of information for patients.

Conclusion
Presented system has a huge possibility of development

in the future. Proposed direction of development is a change
in the programming language and the shell system into
CLIPS and adding of case-learning modules.
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Fig. 7. Schema of relation (rules) between allergic diseases and treatment and prophylactic of allergic diseases
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Abstract: The new database (library) of all smal molecules –
ligands creating complexes with protein molecules deposited
in the Protein Data Bank is provided. The library contains
complete chemical information for all ligands making possi-
ble calculations for the complex; e.g. the ground state elec-
tronic structure and partial charges, both calculated by quan-
tum-chemical methods and non-bonding parameters. These
properties of ligand molecule are important for computer simu-
lation of protein-ligand interactions. The ligand library can be
useful in designing the biochemical experiments such as iden-
tification of possible ligands for proteins or drug design in the
sense of similarity search to natural ligand for potential com-
petitive inhibitors. The server is freely available via website:
www.bioinformatics.cm-uj.krakow.pl/ligands.

Key words: protein-ligand complex, partial charges, optimal
(ground state, equilibrium) electronic structure of molecule,
quantum mechanical calculations.
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�(������	�%	�����	(�����%�%���	�D%�%���%��	���"&�"��
���&����%�	����&"6��	�����#���	&%���%�)�������#�G

Introduction

Some proteins require the presence of non-peptide
molecules for their biological activity (co-factors, co-
substrates). The ligand molecule is usually low-mass chemi-
cal compound, which complexed to protein molecule par-
ticipates in biological processes of the host-molecule. Term
“ligand” may be extended also to the substrate, which cre-
ates the specific complex with protein molecule before the
catalitic act takes place. In our terminology ligand is a non-
protein component covalently or noncovalently bound with
protein.

Computer simulation of protein-ligand interaction re-
quires the complete set of parameters e.g. equilibrium elec-
tronic structure, partial charges, force constants, non-
bonding parameters for ligand energy terms included in
particular force field. The parameters for amino acids are
available for any force field applied in different programs.
The ligands’ molecules raise problems because of their
large variability and sometimes high specificity. Presently,

such detailed chemical characteristic of ligand (substrate)
molecules is not available in the consistent form.

The Protein Data Bank (PDB) [1] contains infor-
mation about proteins’ crystallographic structures including
these in form of complexes with natural or artificial ligands.
These ligands extracted from PDB were used to construct
the library of molecules bound to proteins (natural and en-
gineered). The library described in this paper contains
chemical parameters such as ground state electronic struc-
ture together with its energy and partial charges calculated
according to the quantum chemistry methods and non-
bonding parameters for all ligands extracted from the PDB.
Therefore, the library provides the structural differences of
ligands between their optimal, ground state geometry (ob-
tained based on the quantum chemical calculations) and
geometry occurring in the ligand-protein complex (as they
appear in the PDB).

The ligand database is planned to be useful for quick
identification of natural ligands of proteins and will give ac-
cess to the set of parameters characterizing ligands mol-
ecules. The library enables also fast search of molecular
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structures similar to potential drug. It is especially useful in
molecular similarity-based drug design. The search of
ligands similar to drug metabolites is important in respect
to disease-related pathological processes. The ligand li-
brary, which can be applied for drug designing, is planed
prospectively to have application to the individual drug de-
sign for particular patients making the pharmacological
treatment more efficient and eliminating the negative reac-
tion to standard therapeutic procedures.

Computational Details

Data
The set of ligands originates from the PDB. The semi-

structural formulas of ligand molecules extracted from the
Ligand Depot website [2] are included. All ligand molecules
are described by individual ID in the library including: pro-
tein ID from the PDB, ligand ID from the PDB and the
number corresponding to the frequency of ligand’s occur-
rence in the protein. This ID is responsible also for linking
to the more detailed information of this molecule.

Methods
The ligand’s chemical properties are calculated using

quantum chemical methods. The optimal geometry of
ground state and the atomic partial charges of isolated lig-
and molecules as well as their energy are calculated using
Gaussian package [3] in the 6-31+G** extended basis set
with B3LYP exchange-correlation functional. The atomic

Figure 1: An example of the ligand database pages: (a) searching for the particular ligand (here a-D-glucose, AGC), (b) searching
for the particular protein (PDB ID: 2A0Z), (c) chemical information of the ligand and (d) the protein.

charges are calculated according to Mulliken population
analysis [4] and from the fitting of the electrostatic potential
[5]. The algorithm generating the Gaussian input file for two
ligand geometries (optimal and complexed) was also pre-
pared.

Database
The library is based on MySQL system and is operated

by PHP. The service is progressively available on the
www.bioinformatics.cm-uj.krakow.pl/ligand website.

Major features of the session

Two main queries (Fig.1a and Fig.1b) of particular lig-
and and of particular protein are implemented in the library
browser including the more detailed extended searching.
The searching parameters for ligand molecule are: ligand
ID from the PDB, chemical name, chemical formula, smile,
charge, protein ID from the PDB and some other catego-
ries called: metal ion, acid, lipid etc. The searching param-
eters for protein are: its ID from the PDB, its name, function
and ligands’ ID interacting with particular protein. More de-
tailed information about chemical properties of the ligand is
available via the ligand ID defined within the library. This
page (see Fig. 1c) contains the atomic Cartesian coordi-
nates for the ground state and for the state as it occurs in
complex, atomic partial charges calculated by Mulliken
population analysis and by fitting the electrostatic potential
and all essential computing details. Several searching cat-
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egories of proteins like: organism, tissue, cell, gene and
cellular location are also included.

The link to the PDB via ID of protein is made from differ-
ent levels of the session. The detailed information about
the particular ligand molecule is accessible via the ligand
ID in the ligand library from the protein searching result
pages. The corresponding information about protein (see
Fig. 1d) is accessible via the grey arrow (only the protein ID
from the PDB serves as the PDB link) from the ligand
searching result pages.

Future plans

The library is still being developed and, therefore, not
all necessary information has been included yet but it is
planned to be completed progressively. The quantum
chemical calculation of the electronic structure of ligand
molecules and their properties in their ground state are given
as the first data. The next step is to derive the non-bonding
interaction parameters and to calculate the torsional poten-
tial of all ligands for their optimal geometry.

The addition of three-dimensional visualization of the
ligand structure in the forms: optimal (ground state) and
complexed with protein is planned. The structures of these
both ligand forms enable the calculation of the factor de-
scribing their structural similarity (e.g. Root Mean Square
Deviation - RMSD). It is of importance due to quite large
difference between ligand’s ground state versus the one in
the complexed form (e.g. flavin-adenine dinucleotide mol-
ecule, [6]).

The enclosure of similar quantum-chemical properties
(the ground state electronic structure, partial charges ap-
plying Hirshfeld analysis [7]) computed by the Amsterdam
Density Functional (ADF) [8] is taken into consideration for
comparison.

Conclusion

The simulation of ligand-protein interaction requires
definition of the ligand parameters which are essential for
the particular force fields. It is known that determining these
ligand parameters is ambiguous [9, 10] and troublesome.
The implementation of different methods to calculate these
parameters may help to solve this problem. The main ad-
vantage of the library is that a user can choose the best
parameters for the interesting ligand molecule among all
included parameterizations.

The availability of parameters may also speed up cal-
culation of complexes, what is particularly important for
pharmacological purposes. The ligand similarity search may
be also useful for biochemical experiment design describ-
ing potential non-expected reactions or complexation be-
tween protein under consideration and chemical compound
not necessarily expected as interacting with protein limiting
the list of reagents for biochemical experiments.
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References

1. www.rcsb.org
2. http://ligand-depot.rutgers.edu
3. Gaussian 03, Revision C.02, Frisch M. J., Trucks G. W.,

Schlegel H. B., Scuseria G. E., Robb M. A., Cheeseman J.
R., Montgomery Jr. J. A., Vreven T., Kudin K. N., Burant J. C.,
Millam J. M., Iyengar S. S., Tomasi J., Barone V., Mennucci
B., Cossi M., Scalmani G., Rega N., Petersson G. A., Nakatsuji
H., Hada M., Ehara M., Toyota K., Fukuda R., Hasegawa J.,
Ishida M., Nakajima T., Honda Y., Kitao O., Nakai H., Klene
M., Li X., Knox J. E., Hratchian H. P., Cross J. B., Bakken V.,
Adamo C., Jaramillo J., Gomperts R., Stratmann R. E., Yazyev
O., Austin A. J., Cammi R., Pomelli C., Ochterski J. W., Ayala
P. Y., Morokuma K., Voth G. A., Salvador P., Dannenberg J.
J., Zakrzewski V. G., Dapprich S., Daniels A. D., Strain M. C.,
Farkas O., Malick D. K., Rabuck A. D., Raghavachari K.,
Foresman J. B., Ortiz J. V., Cui Q., Baboul A. G., Clifford S.,
Cioslowski J., Stefanov B. B., Liu G., Liashenko A., Piskorz P.,
Komaromi I., Martin R. L., Fox D. J., Keith T., Al-Laham M. A.,
Peng C. Y., Nanayakkara A., Challacombe M., Gill P. M. W.,
Johnson B., Chen W., Wong M. W., Gonzalez C., and Pople
J. A., Gaussian, Inc., Wallingford CT, 2004.

4. Mulliken R. S. (1955) Electronic Population Analysis on LCAO-
MO Molecular Wave Functions.I, J. Chem. Phys. 23, 1833-
1840; (1955) Electronic Population Analysis on LCAO-MO
Molecular Wave Functions.II. Overlap Populations, Bond Orders,
and Covalent Bond Energies. J. Chem. Phys. 23, 1841-1846.

5. Breneman C. M., Wiberg K. B., (1990) Determining Atom-
Centered Monopoles Conformational Analysis. J. Comp.
Chem. 11, 361-373.

6. Hahn J., Michel-Beyerle M. E., Rösch N. (1998) Conforma-
tion of the Flavin-Adenine Dinucleotide Cofactor FAD in DNA-
Photolyase: A Molecular Dynamics Study. J. Mol. Model. 4,
73-82

7. Hirshfeld F. L. (1977), Bonded-atom Fragments for Describing
Molecular Charge Densities. Theo. Chim. Acta 44,  129-138.

8. te Velde G., Bickelhaupt F. M., van Gisbergen S. J. A., Fonseca
Guerra C., Baerends E. J., Snijders J. G., Ziegler T. (2001)
Chemistry with ADF, J. Comput. Chem. 22, 931-967; Fonseca
Guerra C., Snijders J. G., te Velde G., and Baerends E. J.
(1998) Towards an order-N DFT method Theor. Chem.
Acc. 99, 391-403; ADF2006.01, SCM, Theoretical Chemis-
try, Vrije Universiteit, Amsterdam, The Netherlands, http://
www.scm.com.

9. Roterman I. K., Gibson K. D., Scheraga H. A., (1989) A com-
parison of the CHARMM, AMBER and ECEPP potentials for
peptides.  I.  Conformational predictions for the tandemly re-
peated peptide (Asn-Ala-Asn-Pro) 9, J. Biomolec. Structure
& Dynamics, 7, 391-419.

10. Roterman I. K., Lambert M. H., Gibson K. D., Scheraga H. A.
(1989) A comparison of the CHARMM, AMBER and ECEPP
potentials for peptides.  II.  ø-� maps for N-acetyl alanine
N’-methyl amide: comparisons, contrasts and simple experi-
mental tests, J. Biomolec. Structure & Dynamics, 7,  421-453.



E. Broniatowska at al., The ligand database server24

�
��

��
�



�

�
��

�
�

COMPUTER SCIENCE 
LIGAND DATA BASE 

 THEORETICAL CHEMISTRY 
TEST FOR QUANTUM CHEMISTRY 

MODELS 

  
 

 
 

 

BIOCHEMISTRY 
EXPERIMENTS DESIGN 

  PHARMACOLOGY 
DRUG DESIGN FOR INDIVIDUAL 

THERAPY 

 



25

�
��

��
�



�

�
��

�
�

A. Drozd et al., How specially adapted chromatographic bed material might be used

Abstract: Antibodies are the proteins that are designed bio-
logically to recognize the foreign material in the organism and
to initiate the process of its destruction and its removal. The
functional connection of these two activities linked structur-
ally to separate parts of antibody molecule is although criti-
cal, still poorly understood. The reason lies in the complexity
of the phenomenon caused mainly by the natural heteroge-
neity of active immune complexes and their insolubility mak-
ing the use of standard analytical techniques ineffective. A
special analytical technique was hence elaborated to bypass
the problem. It is based on using Congo red self-assembling
dye as an indicator of binding bivalent antibodies to antigenic
determinants fixed to the chromatographic bed selected for
this aim. This technique allows for the controlled formation of
immune complexes disclosing the dye binding effects as well
as their easy removal for analytical purposes.

Key words: immunological signal, self-assembling ligand,
immunological complex

HOW SPECIALLY ADAPTED CHROMATOGRAPHIC BED MATERIAL
MIGHT BE USED FOR THE CONTROLLED FORMATION OF IMMUNE

COMPLEXES AND STUDIES OF CONGO RED BINDING TO
BIVALENT ANTIBODIES
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The idea of intramolecular signaling in immunoglobulins
was born together with the understanding that the antigen
binding site and the site responsible for starting the com-
plement fixation are located in separate, distant parts of the
antibody molecule [1,2]. Since the very beginning, the in-
tra-molecular transduction of the signal was thought of to
be highly attractive for many purposes. The attraction of
such signaling transduced by specific structural alterations
resulted in particular from the hope of possible finding the
ligands which may fit to the new structural motifs and inter-
fere with the resulted effects. The ligands, which could in-
hibit or activate the biological function of antibodies, may

have expectedly high applicability in medical practice play-
ing the role of drugs. Unfortunately the identification of sig-
nal dependent changes seemed to be very difficult. The
reason is three-fold: 1 – the detailed structure of complete,
bivalent antibodies engaged in immune complexes and
capable to induce effector activities remains unknown mak-
ing any detailed considerations on this problem specula-
tive; 2 – the polyclonal immune complexes of high effector
activity are basically heterogeneous due to the diversity of
antibody molecules participating in the complex. The diver-
sity arises also from bivalent antibodies binding to randomly
distributed antigenic determinants, not optimal usually to
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the natural arrangement of the Fab arms. This is why the
different constraints and consequently structural changes are
generated in immunoglobulin molecules. As they are hetero-
geneous and basically insoluble, the immune complexes
escape from the most standard analytical techniques; 3 –
the structural changes generated directly by the location and
binding of antigenic determinants in the binding site and those
induced by constraints in binding of bivalent antibodies over-
lap making their differentiation highly complicated.

These difficulties became the reason of the failure of
many efforts undertaken to solve the problem and finally
raised the doubts concerning biological reality of the intra-
molecular way of signaling. It induced elaboration of alter-
native hypothesis of signal transduction which assumed the
simple gathering of antibodies as the sufficient starting motif
for complement fixation [3]. This hypothesis rejected the
idea of the signal dependent intramolecular structural
changes and consequently the hope for possible drug de-
sign which could modify the effects resulted from the anti-
gen antibody complexation.

Also the crystallographic studies of Fab-antigen com-
plexes currently available for analysis which had started
with a great hope of finding the signal specific changes,
failed to identify the expected specific alterations of com-

mon structural features in spite of complexation different
antigens [4-8]. All that weakened the research activity in
this field of studies.

The surprising comeback of the hypothesis concerning
intramolecular signaling was caused however by finding that
some self-assembling dyes, for example Congo red (Fig.1),
interact selectively as specific ligands with complete, biva-
lent antibodies engaged in complexes but not with their frag-
ments (Fab

2
 or Fab) [9,10]. These non standard protein

ligands penetrate the protein body outside the biological
binding site interacting with polypeptides in its still preserved
self-assembled form [11,12]. The specific local destabi-
lization of immunoglobulin molecules upon constraints gen-
erated by binding to the antigen makes antibodies accessi-
ble for penetration and complexation of such ligands [11,12].
The finding that only complete bivalent antibodies undergo
complexation indicates that structural changes induced di-
rectly by antigen binding and those generated by constraints
derived from bivalent antibody binding differ. While the first
are specific to the antigen structure and its direct fixation in
the binding site of the antibody, the latter are related rather
to the adjustment of bivalent antibody molecule to antigenic
determinants and are initiated by the rotation of V domains.
By affecting the biological function of antibodies in immune

Fig. 1. The dye Congo red – A - single molecule, B – its 3-D model, C – micellar – self-assembled form.
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complexes, the supramolecular ligands support the idea of
the occurrence of intra-molecular signaling [9, 10, 13-15].
Above all however, these dyes become indicators reveal-
ing the specific structural alterations in antibodies gener-
ated by the constraints which associate the fitting of the
whole complete bivalent antibody to antigenic determinants
on the antigen surface. The compounds which can recog-
nize these structural changes by specific interaction may
represent prospective drugs. Unfortunately, the understand-
ing of the mechanism of this phenomenon is still incom-
plete and needs further study which must face all those
technical barriers mentioned above. The most reliable ana-
lytical system corresponding to the expectations was based
on the formation of immune complexes in conditions allow-
ing easy observations of all standard biological effects con-
nected with the immune complexation and as well the ef-
fects of binding the ligands.

A special technique was hence elaborated to study the
complexation of supramolecular dyes (represented by
Congo red) to antibodies in immune complexes. The tech-
nique was based on using the insoluble bed of low absorp-
tion property for Congo red, cross-linked to antigen deter-
minants by easily split linkers. It allows for the removal of
the whole immune complex together with the bound Congo
red. CM-Sephadex A50 was chosen for this bed. TNP (tri-
nitro-phenol) was attached as the antigen to react in the
used model system with suitable polyclonal rabbit anti-TNP
antibodies. The adsorption property of this antigenic bed to
antibodies and Congo red, in the conditions studied ap-
peared to be unsatisfactorily low. Such weak absorption
property for Congo red, ensuring non-specific binding as

negligible, is necessary for the reliable analysis. The TNP
used as an antigen was fixed to the bed by the cystamine
spacer (Fig.2.). It allows for the easy removal of antigens
as well as antibodies engaged in the immune complex by
gentle reduction or sulphitholysis. Congo red used for
complexation may also be removed together with antibod-
ies and then the ratio of dye and antibodies may be easily
measured by spectrophotometric techniques.

In general, such a bed seems suitable for the search
and testing of proper supramolecular compounds which
may be used as drugs.

Using the bed substituted by antibodies, the comple-
ment fixation phenomenon may also be studied. This could
be done by measuring the percent of the remained comple-
ment activity after its passing through the bed containing
immune complexes versus the initial activity. The loss of
complement activity is equal in this system to the number
of antibodies which are capable of binding C

1, 
pooling it out

from the complement proteins.
Although the constructed antigenic bed may be used to

study the effect of many different reagents interfering with
the biological function of antibodies, its original design and
present use concern supramolecular systems in particular.
Its usage helps to overcome the essential problems of stud-
ies. The complexation of supramolecular ligands seems to
be, at the moment, the only test disclosing the structural
changes in antibodies generated specifically in bivalent
antibody molecules and which probably represents the
signaling phenomenon. The understanding of the nature of
supramolecular ligand complexation introduces the practi-
cal aspects to these studies.

Fig. 2. The schematic model representing the binding of bivalent antibody to antigenic bed.
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DOCKER ANALYZER: PROGRAM FOR COMPARISON OF
DOCKING RESULTS
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Abstract: Vast amount of docking algorithms and scoring
functions available encourage development of methods aimed
to adjust functionality of docking tools. A certain level of scor-
ing functions precision is needed to recognize complexes of
specific intermolecular interactions. Having this kind of model
more detailed blind prediction of molecular complexes would
be possible. To enhance specificity of docking results tools
unifying application of many scoring functions should be de-
veloped.
A program for assessment of molecular docking: Docker
Analyzer is presented as preliminary approach. Complex cal-
culation of over ten scoring functions and its simultaneous
use (multiple consensus scoring) is possible to improve de-
fault selection of best hits after standard molecular docking
procedure.

Key words: docking procedue, protein-ligand complex, drug
design
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Introduction

Molecular docking methods aim at searching for func-
tionally optimal protein – ligand spatial relation and has
many successful applications1,2,3,4. The optimal protein – lig-
and complex should reflect properties of natural systems
verified by experimental methods (e.g. measured Inhibition
Constant). It is considered that structures found in crystal
form to some extend represents conditions characteristic
for its natural activity. Protein structures obtained by X-ray
or NMR techniques reveal protein – ligand contacts crucial
for its function. These contacts give insight not only into
arrangement of the protein binding site but also allow to
distinguish specific parts in the ligand structure and define
pharmacophore – set of structural elements crucial for given
activity. This allows efficient analysis of many functionally
related complexes to search for leading structure modifica-

tions (resulting with enhanced pharmacological properties)
and ligand libraries construction5.

Molecular docking calculations are used in the case
when structure of the complex is not known and aim on
reproducing best fit of ligand and macromolecule: intra-
molecular contacts between aminoacid residues and lig-
and. This can be described on detailed atomic scale as
a specific unique exemplification of molecular recognition
phenomena but also on more rigid (and therefore more use-
ful way) as mapping of specific pharmacophore on related
binding site pattern.  Both attempts require some basic
knowledge of potential binding site – and function related
protein cavity. In other case binding-site needs to be
predefined. For some proteins this search may be homol-
ogy based: proteins with similar AA sequences have in most
cases similar structures and therefore function or structure
based. Beyond homology search for functional sites in-
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cludes molecular libraries searches, geometrical analysis
of protein surface, solvent accessibility, and analysis of
hydrophobicity distribution6,7,8.

Proper description of ligand structure is also of high
importance. On the basis of defined intermolecular degrees
of freedom, random conformations are created producing
data for further assessment. Thus the initial ligand prepa-
ration (ligand ground state, atomic parameters derivation)
is a basic step in any docking algorithm.

FlexX9, Autodock10, Dock11 and Schroedinger12  may be
mentioned as representatives among many presently ac-
cessible molecular docking tools. They represent differ-
ent attempts in search of conformational space, represen-
tation of molecules and interactions in system. However,
basically, procedure of docking can be divided into follow-
ing steps:
1) Creation of large sets of complexes for efficient search

of conformational space (stochastic algorithms: Monte
Carlo, genetics algorithms)

2) Selections of complexes according to some defined
rules (scoring functions)

3) Final selection and ranking of structures (scoring func-
tions)
In most cases final results require consecutive repeti-

tions of first two steps followed by only once performed fi-
nal scoring.

Molecular Docking may be used either for analysis of
small number of complexes or for massive Virtual Screen-
ing procedures. In both cases automation o docking pro-
cedure is required to maintain high efficiency of calcula-
tions. Since present processor speed enables in-depth
search of conformational space, the next milestone to be
reached is fast and reliable assessment of produced pro-
tein – ligand complexes. Large number of currently ac-
cessible scoring functions needs to be compared and as-
sessed. Currently they are some attempts to compare
scoring functions basing on selected complexes produced
by chosen docking tools13. These analyses to some ex-
tend shade a light on given scoring functions and reliabil-
ity of its use in particular cases. What should be a matter
of further discussions is the development of universal tool
focused on scoring problem: allowing multiple scoring and
choice of specific molecular function/properties related
assessment method. One possible solution addressing
this problem could be implementation of wide range of
scoring functions representing different assessment meth-
odologies (statistics based, experimentally parameterized,
force field based). These functions when mutually used
and tested on certain amount of specific molecular com-
plexes with the help of classification methodology could
be then used to create consensus functions focusing on
relations between molecular function and recognition in
molecular docking procedure.

This paper presents the Docker Analyzer: a multiplat-
form application for scoring and assessing results of pro-
tein-ligand docking simulations. Even though program is
in early phase of development, it can be helpful in selec-
tion energetically stable and functionally favored com-
plexes.

Implementation

Docker Analyzer was written in Python14,15,16, an open
source language with usage of GTK17,18 and OpenGL19,20,21

libraries. Considered as language which offers efficient I/O
and files handling system, Python was chosen to process
various formats of inputs necessary for determination of
scoring functions. Python delivers object such as lists and
tulps and also a dictionary with large amount of useful meth-
ods used in implementation of main modules. Furthermore
Python excellently collaborates with third-party external li-
braries (e.g. GTK, OpenGL) what significantly improves
application functionality.

Scoring functions were implemented basing on litera-
ture describing given software or methods used. In fact,
there are no direct instructions of implementations for func-
tions mentioned. Quite rarely, formulas describing scoring
function in question are written explicitly. In most cases
authors just more or less clearly introduce to the philoso-
phy of given scoring function without taking necessary care
for exhaustive explanation of used algorithms.

First version of presented software calculates scoring
functions widely described in the literature: LUDI22,23,
ChemScore24, PLP25, LigScore26,27, F-Score28, D-Score29,
G-Score30,Autodock31, PMF32, DrugScore33 and HP-Score34

for once prepared set of docked data. All functions men-
tioned are parameterized basing on the specific, quite nar-
row subset of protein – ligand complexes chosen from Pro-
tein Data Bank35. Implementation of given function was
treated as successful either if the score results have the
same (or proportional) values or if the rank obtained has
the same order. Information regarding formulas describing
each scoring function in question (in the form used in this
paper) is given on the web-site of the project36. Some scal-
ing factors used for standardization of obtained values are
also in use. Main objective of each given scale is to repro-
duce correct ranking of hits yielded in docking procedure.

Program functions

Program is controlled by simple graphics interface (Fig-
ure 1.). Besides I/O options it enables direct choice of scor-
ing function, tools (molecule visualization, parameters con-
figuration), and calculation launching. First objective to point
out is I/O data processing. Accepted input formats are: PDB
and MOL2 as the most popular structure formats used by
docking software. This step requires good flexibility because
of large amount of different data stored in files produced by
docking tools (Autodock, DOCK, FlexX and LUDI) by which
scoring functions were calculated originally.

The advanced configuration module enables definition
of dictionaries with experimental data, weighting factors
etc. and it does not require any user intervention with third-
party scripts and parsers to prepare data for calculations.
Scoring functions in question utilizes a large number
of different parameters (e.g. hydrophobicity, H-bonds in-
volved atom types, charges, rotamers) which are also free
to configure.
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Fig. 1. Main window of Docker Analyzer after software initializa-
tion. Graphic interface enables access all program functionalities
by main upper menu and side-panel with buttons launching 11
given scoring functions.

Important Docker Analyzer option is the possibility of
re-ranking analyzed sets of complexes basing on chosen
set of scoring functions and accompanying weighting fac-
tors (consensus scoring). In present version calculation of
normalized or non-normalized weighted mean is available.

Results may be saved as text files for further analysis
(e.g. using statistics tools). Application maintains native
project format keeping all inputs and originally used con-
figuration files. This allows future work on changed con-
figuration or set of scoring functions and further compari-
sons.

Both macromolecule and ligands may be displayed in
visualization module: Docker 3D. This module enables ba-
sic display in window integrated with main module and con-
venient switch between consecutive docked conformations.
Because of very simple display style this module does not
replace full-featured visualization programs but is gives
opportunity of fast preview of results and structure – score
identification.

Additional features includes: parameters restore system
(e.g. after accidental deletion of configuration files), errors
and warnings notification (input data errors, lack of diction-
ary data, improper use of the software), system logs etc.

Example of use

Docker Analyzer compilations on MS Windows and
UNIX/Linux platforms were tested on chosen Autodock 3.0
and FlexX (Sybyl based version) results. In presented at-
tempt results obtained by Autodock 3.0 and FlexX software
were re-used and re-ranked for testing purposes within
Docker Analyzer tool. Final scores calculated using this
implementation was compared with those brought by origi-
nal programs. One should mark, that scoring function cal-
culated within Docker Analyzer and by original programs
may differ for the reason already mentioned.

As a test case a sildelafil (Viagra) molecule was docked
to the Phosphodiesterase 5 enzyme (PDB: 1UDT) with us-
age of Autodock 3.0.5 program.

Fig. 4. Two conformation of docking protein-ligand structure inside
docking pocked. Colors: red – 1UDT, green – main carbon a chain
of 1UTD, blue – Viagra crystal form, yellow – Viagra run3_22 (hit
with the best RMSD). Visualization created by using Docker 3D.

Fig. 3. Two conformation of docking protein-ligand structure out-
side docking pocked. Colors: red – 1UDT, green – main carbon
a chain of 1UTD, blue – Viagra crystal form, yellow – Viagra
run3_30 (the worst place in consensus scoring ranking). Visuali-
zation created by using Docker 3D.

Fig. 2. Two conformation of docking protein-ligand structure inside
docking pocked. Colors: red – 1UDT, green – main carbon a chain
of 1UTD, blue – Viagra crystal form, yellow – Viagra run3_19 (the
best place in consensus scoring ranking) . Visualization created
by using Docker 3D.
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Table 1. Ranking of 1UDT-viagra docking results, based on first (rigid) docking run. 50 best hits shown. First column gives names of
conformations. Next 11 columns contain ranking position of given scoring function. Cons1 is average of all scoring functions. Table
was sorted in relation to the column named Cons2 containing consensus scoring function created on base on 5 scoring function
implemented in Docker Analyzer: Autodock, PLP, PMF, D-Score and HPScore. The last column contains RMSD factor calculated
without hydrogen atoms for crystal form and docking hits.

Conformation AutoDock LigScore PLP PMF LUDI F-Score G-Score D-Score ChemScore DrugScore HPScore Cons1 Cons2 RMSD 

1UDT-r1_3 1 45 18 10 39 43 49 2 44 49 9 5,1535 1,5306 9,303 

1UDT-r1_4 12 51 9 8 33 23 11 10 24 43 1 4,4358 1,6913 8,454 

Sildenafil 3 41 1 15 48 51 51 5 48 40 14 5,8508 1,9144 0,000 

1UDT-r1_14 8 21 28 1 35 4 4 9 41 45 6 3,8446 1,9557 8,456 

1UDT-r1_17 4 37 31 11 51 32 43 1 51 42 19 5,6123 2,4537 8,112 

1UDT-r1_1 9 49 25 6 47 31 42 8 49 46 12 5,6088 2,4781 9,039 

1UDT-r1_19 6 10 38 7 29 9 16 6 30 41 3 4,1722 2,5354 9,763 

1UDT-r1_24 2 36 27 12 50 48 50 3 50 47 25 6,0147 2,7246 9,090 

1UDT-r1_8 7 20 29 5 37 22 28 7 42 48 20 4,9098 2,7922 8,659 

1UDT-r1_9 10 4 46 2 31 6 10 11 47 51 8 4,2357 2,8542 9,964 

1UDT-r1_18 5 15 39 9 20 13 20 4 18 38 15 4,2793 3,0694 9,862 

1UDT-r1_5 17 28 34 14 36 14 38 18 33 44 2 5,0421 3,2843 4,371 

1UDT-r1_16 19 46 16 13 42 19 35 21 29 50 7 5,4380 3,2874 5,572 

1UDT-r1_27 15 35 5 17 44 39 17 14 19 12 5 4,4537 3,3216 10,507 

1UDT-r1_47 14 44 6 20 43 42 41 12 31 29 26 5,3740 4,1437 10,326 

1UDT-r1_15 13 3 51 3 41 3 3 16 43 37 17 4,1689 4,2217 9,388 

1UDT-r1_23 11 14 50 4 40 25 22 13 46 39 29 5,5091 4,3447 9,161 

1UDT-r1_36 22 50 2 32 17 29 34 20 22 10 13 5,0371 4,3556 10,888 

1UDT-r1_49 16 48 4 36 46 27 46 15 34 21 28 5,5227 4,4679 11,842 

1UDT-r1_7 23 38 13 29 13 12 13 25 35 22 4 4,6221 4,4739 11,295 

1UDT-r1_50 18 43 3 44 26 46 39 17 26 31 32 5,6200 5,1133 12,031 

1UDT-r1_48 25 24 33 33 19 34 48 22 7 33 11 5,1946 5,2182 18,710 

1UDT-r1_6 32 25 26 23 8 11 5 39 9 19 10 4,2906 5,3042 11,497 

1UDT-r1_26 21 33 10 22 30 33 47 23 32 36 36 5,7475 5,3994 11,554 

1UDT-r1_43 35 42 8 34 15 20 44 36 21 34 21 5,4956 5,5735 10,203 

1UDT-r1_33 20 39 11 38 49 45 33 19 37 23 37 6,0028 5,5806 12,997 

1UDT-r1_40 31 23 30 42 22 28 19 32 27 32 16 5,3844 5,8960 14,159 

1UDT-r1_12 47 47 7 31 25 26 40 47 12 27 23 5,7932 6,0045 9,967 

1UDT-r1_37 26 12 21 40 6 8 23 27 8 4 33 4,5878 6,0132 16,276 

1UDT-r1_21 42 30 15 43 4 16 30 44 6 15 27 4,7356 6,0780 15,158 

1UDT-r1_10 28 8 14 37 2 15 6 30 1 13 42 3,8880 6,1222 14,375 

1UDT-r1_13 49 40 12 24 38 47 36 50 28 30 24 6,2189 6,2537 9,793 

1UDT-r1_42 45 31 24 49 21 44 9 45 13 20 18 5,5075 6,2981 14,217 

1UDT-r1_22 34 17 17 39 34 35 25 33 10 2 45 5,5056 6,4003 16,708 

1UDT-r1_41 27 18 35 45 24 38 12 26 25 6 35 5,5118 6,4940 15,618 

1UDT-r1_39 36 29 23 41 32 40 27 34 36 14 39 5,9966 6,5171 14,299 

1UDT-r1_30 44 22 36 19 18 37 26 42 16 18 34 5,6502 6,5683 17,997 

1UDT-r1_34 39 5 37 21 12 17 8 43 14 24 30 4,7949 6,6405 18,430 

1UDT-r1_32 33 27 32 46 23 41 29 29 17 11 44 5,8050 6,6628 14,964 

1UDT-r1_35 30 9 44 28 14 18 14 28 15 28 41 5,2058 6,7315 17,451 

1UDT-r1_2 41 16 40 16 28 21 24 41 38 26 40 5,8158 6,7381 18,612 

1UDT-r1_46 37 34 20 48 5 30 45 38 5 17 46 5,5789 6,7397 15,247 

1UDT-r1_11 46 1 42 25 10 5 7 46 11 16 22 4,4713 6,7844 18,082 

1UDT-r1_45 38 32 22 50 9 36 37 37 3 9 48 5,5982 6,8815 16,378 

1UDT-r1_44 29 13 47 35 11 7 18 31 39 25 43 5,4815 6,9619 19,909 

1UDT-r1_28 43 19 19 47 27 49 32 40 20 8 50 6,0151 7,0142 16,908 

1UDT-r1_25 40 26 43 26 45 50 31 35 40 3 47 6,4598 7,1400 16,617 

1UDT-r1_38 24 6 49 30 1 2 2 24 2 7 49 3,6137 7,2241 19,710 

1UDT-r1_20 48 2 48 18 7 1 1 48 45 35 31 4,5936 7,3329 17,563 

1UDT-r1_31 50 11 41 27 16 24 21 49 23 5 51 6,0177 8,0260 16,489 

1UDT-r1_29 51 7 45 51 3 10 15 51 4 1 38 5,3625 8,9682 16,603 
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Conformation AutoDock LigScore PLP PMF LUDI F-Score G-Score D-Score ChemScore DrugScore HPScore Cons1 Cons2 RMSD 

1UDT-r3_19 17 44 6 25 32 13 25 12 37 27 1 4,846 2,062 7,931 

Sildenafil 3 39 1 26 49 51 51 8 50 29 17 6,041 2,140 0,000 

1UDT-r3_13 4 48 11 21 41 43 50 4 40 48 9 5,842 2,274 8,871 

1UDT-r3_22 21 38 4 24 24 41 16 21 20 45 2 5,166 2,374 3,705 

1UDT-r3_14 2 43 18 18 47 42 49 2 41 50 12 5,862 2,397 9,069 

1UDT-r3_11 6 46 14 11 38 30 41 6 38 38 16 5,593 2,572 8,801 

1UDT-r3_16 7 49 12 19 36 45 46 5 33 41 19 5,859 2,696 8,830 

1UDT-r3_8 9 37 21 13 23 26 37 9 39 44 13 5,481 2,761 8,894 

1UDT-r3_15 5 40 20 12 45 31 44 3 43 51 29 5,848 2,799 8,952 

1UDT-r3_12 12 47 16 10 37 35 35 14 31 35 14 5,685 2,844 8,819 

1UDT-r3_18 13 45 15 15 43 32 43 11 46 33 15 5,843 2,871 9,115 

1UDT-r3_10 8 41 23 16 28 24 39 7 34 46 18 5,598 2,878 8,905 

1UDT-r3_28 19 26 10 22 11 16 27 20 8 32 11 4,543 2,902 7,946 

1UDT-r3_9 10 42 17 14 50 38 48 10 51 47 27 6,077 2,914 8,978 

1UDT-r3_21 25 35 9 23 44 18 13 23 27 31 6 5,270 2,961 6,622 

1UDT-r3_20 1 24 47 5 26 39 47 1 48 36 40 5,706 3,038 9,926 

1UDT-r3_1 22 23 37 8 12 4 8 22 14 40 7 4,681 3,230 9,006 

1UDT-r3_5 20 34 25 9 48 50 42 16 42 39 20 6,163 3,286 9,100 

1UDT-r3_2 14 33 30 7 25 40 36 19 36 37 28 5,829 3,389 9,233 

1UDT-r3_4 23 21 38 3 31 11 3 24 26 30 10 4,860 3,393 8,999 

1UDT-r3_7 18 27 45 1 30 28 28 17 45 34 26 5,681 3,572 9,815 

1UDT-r3_23 11 22 40 17 10 15 33 13 16 42 32 5,085 3,655 8,910 

1UDT-r3_6 15 14 44 4 17 23 30 15 44 49 30 5,483 3,728 9,551 

1UDT-r3_3 27 5 41 2 40 3 1 27 47 26 8 4,676 3,915 8,970 

1UDT-r3_17 16 15 48 6 33 14 22 18 28 28 36 5,354 4,162 9,994 

1UDT-r3_24 30 50 3 28 42 47 9 30 30 15 4 5,561 4,177 9,625 

1UDT-r3_32 24 18 50 20 46 44 40 25 49 43 33 6,536 4,877 9,675 

1UDT-r3_47 29 51 2 36 51 48 29 28 21 11 23 6,086 5,069 12,171 

1UDT-r3_38 26 20 26 32 13 7 26 26 18 24 37 5,227 5,534 18,569 

1UDT-r3_50 34 36 7 39 22 10 23 34 15 16 22 5,595 5,758 10,694 

1UDT-r3_31 36 16 19 46 5 17 15 36 23 8 5 5,125 5,897 16,105 

1UDT-r3_37 33 28 8 37 21 36 18 31 24 19 39 5,882 6,014 12,311 

1UDT-r3_44 31 29 13 40 9 34 45 33 19 14 31 5,969 6,195 21,195 

1UDT-r3_27 32 25 29 31 29 25 24 32 35 20 42 6,100 6,350 19,094 

1UDT-r3_33 28 31 42 33 7 5 14 29 17 22 38 5,571 6,376 19,512 

1UDT-r3_45 35 32 28 27 39 49 34 35 22 25 43 6,650 6,496 18,961 

1UDT-r3_34 37 30 5 38 35 29 31 37 32 13 45 6,303 6,508 12,721 

1UDT-r3_29 38 19 24 29 34 33 21 39 25 23 34 6,165 6,638 16,468 

1UDT-r3_25 40 1 51 30 1 1 2 40 10 17 3 3,888 6,650 19,959 

1UDT-r3_36 41 10 31 34 18 37 19 41 9 21 21 5,855 6,855 19,446 

1UDT-r3_40 43 3 33 43 19 6 4 42 11 3 24 5,193 7,284 14,253 

1UDT-r3_41 44 9 22 41 6 22 7 44 4 1 25 5,226 7,365 14,350 

1UDT-r3_43 47 7 36 47 2 2 6 48 2 4 35 4,939 8,174 14,652 

1UDT-r3_35 39 12 39 50 15 8 10 38 12 10 50 6,022 8,195 14,876 

1UDT-r3_42 48 13 27 45 20 46 12 49 5 5 41 6,170 8,250 14,503 

1UDT-r3_39 50 4 32 44 4 19 20 46 3 9 44 5,598 8,343 14,898 

1UDT-r3_26 45 6 34 48 8 20 5 45 6 7 47 5,833 8,485 14,139 

1UDT-r3_48 46 11 35 51 14 27 38 47 7 6 46 6,394 8,537 14,771 

1UDT-r3_49 42 17 43 42 27 21 32 43 29 18 51 7,012 8,723 14,805 

1UDT-r3_46 49 2 46 49 3 9 17 50 1 2 48 5,390 9,355 15,017 

1UDT-r3_30 51 8 49 35 16 12 11 51 13 12 49 6,706 9,561 15,063 

 

Table 2. Ranking of 1UDT-viagra docking results, based on second (fine) docking run.  50 best hits shown. First column gives names
of conformations. Next 11 columns contain ranking position of given scoring function.  “Cons1” is average of all scoring functions.
Table was sorted in relation to the last column named “Cons2”containing consensus scoring function created on base on 5 scoring
function implemented in Docker Analyzer 1.1: Autodock, PLP, PMF, D-Score and HPScore. The last column contains RMSD factor
calculated without hydrogen atoms for crystal form and docking hits.
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Final ranking was created within Docker Analyzer v.1.1
with default configuration parameters and default diction-
aries files. Table 1 show results obtained after first, rigid
run of docking protocol. Calculations were not limited to
any specified binding site and covered most part of pro-
tein chain. Table 2 contains consecutive run with strict re-
strictions of docking space. Both tables are accessible as
supplementary materials on journal homepage. Files con-
taining detailed results of these calculations for 50 best
docked conformations can be downloaded from project
home page36.

The first column shows given conformation number. The
next eleven represents results of calculated scoring func-
tions. “Cons1” is average of all scoring functions. Ranking
was sorted out in relation to the last column (marked as
“Cons2”) witch contains consensus scoring function cre-
ated on base of 5 scoring functions: Autodock, PLP, PMF,
D-Score and HPScore. In both Cons1 and Cons2 equal
weights were used. The last column contains RMSD calcu-
lated directly without molecular fit (without hydrogen atoms),
for crystal form and docking hits and was used to chose
best conformation in this comparison (on top of Table 1
and Table 2). The worst results were filtered out as ener-
getically unfavorable (data not shown).

When analyzing all the complexes obtained, two possi-
ble binding sites may be selected: correct one – character-
ized by crystal form (Fig. 2) and incorrect one (non native
but energetically favored) with ligand bound in place dis-
tant from the native functional site (Fig. 3).

Conformations recognized as with the best agreement
with the experiment (crystal structure marked as “Viagra”)
are: 1UDT-r3_13, 1UDT-r3_19 and 1UDT-r3_22. Autodock
built-in scoring function qualified the first one as the best
solution with the highest binding energy as well as the low-
est internal energy.

Also other functions select this conformation as ener-
getically acceptable. In created consensus solution rank-
ing (normalized means of 5 selected scoring functions) it
may be found on third place. Comparison of this conforma-
tion to crystal form gives also satisfactory results. Residues
in enzyme active site having contact with ligand molecule
in these two cases were nearly the same.

Visualization of 1UDT (red color) together with 1UDT-
r3_13 and crystal form of the ligand bound (color yellow
and blue respectively), are shown in Figure 2 and depicts
relatively small difference between locations of these two
molecules in the proteins active site and relatively small
RMSD value (8,871). The best geometrical agreement is
found for model 1UDT-r3_22 and expressed by the lowest
RMSD: 3.705. In fact, as it is seen in Figure 4, this mol-
ecule is located inside the native binding site and in correct
spatial arrangement. Although, this conformation is not cor-
rectly assessed by Autodock scoring function (21st posi-
tion in ranking) it is well ranked on 4th place by “Cons2”
consensus scoring. This exemplifies discrepancy which may
occur between the given native scoring function and ex-
perimental data.

Perspectives

This paper presents preliminary version of Docker
Analyzer. Followed changes are planned to be introduced
in coming upgrades:
1. Supervised learning for automatic calculations of

weights for consensus scoring function.
2. Implementation of other chosen scoring functions,

among them those introduced in new version of Dock
program.

3. Improvement of ligand display and manipulation. More
flexible switching between conformations and enrich-
ment of molecular display styles (e.g. sticks, bonds and
surfaces).
Presented program will be also tested on a group of pro-

tein – ligand complexes, which structures were derived ex-
perimentally (taken from PDB). For each given class of com-
plexes specific weighting factors will be derived to better re-
rank correct structures in each given class. This work is al-
ready under preparation and results will be published soon.
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Abstract: In order to answer the question if electromagnetic
fields of 50 Hz are harmful for living systems examinations in
vivo and in vitro, laboratory tests and epidemiological studies
are carried out. The exact estimation of exposure should be
known by such the investigations. The paper contains the
analysis of problems related to exposure in electric and mag-
netic fields of 50 Hz in various conditions. The methods of
estimation of exposure for some cases are presented.

Keywords: electric field, magnetic field, power transmission
line, biological effect, exposure.
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1. Introduction

Electromagnetic fields of extremely low frequency (the
most popular frequency is 50 Hz) influence natural envi-
ronment and occupational environment. For these frequen-
cies the quasi-stationary condition is fulfilled. Therefore both
of components can be analyzed separately. Electric field
(EF) exists between object with different potentials, while
magnetic fields (MF) exists near circuits with electric cur-
rents. Lines of EF intensities and MF intensities have very
often complicated geometrical shapes. Besides r.m.s val-
ues of intensities show big time variability (especially MF
intensity).

The problem of harmfulness of these fields has been
analyzed for many years. Four kinds of investigations re-
ferring to biological effects and harmfulness are carried
out [1]:

– in vitro,
– in vivo,
– laboratory with exposed organisms,
– epidemiological.
In order to draw correct conclusions it is necessary to

know exact value of exposure of examined living objects or
whole population. Investigations in vivo, in vitro and labora-
tory create easier conditions for exact determination of ex-
posure. During epidemiological investigations as the ex-
posed populations the whole groups of workers of substa-

tions or inhabitants living near power transmission lines are
analyzed without designation the intensities of fields and
time of exposure [1]. There are classifications on electrical
and non-electrical professions. When there is  more infor-
mation about the time and field intensity, exposure is di-
vided into “high”, “medium” and “low”. Drawing conclusions
about dependence between biological effects and value of
exposure is embarrassing especially during epidemiologi-
cal investigations. The paper presents the problems with
estimation of exposure in electric and magnetic fields of
extremely low frequency for different conditions and situa-
tions. The results are compared with the existing regula-
tions [2, 3].

2. Classifications of field sources

Sources of EF and MF are very heterogeneous. Many
different criterions of classifications can be introduced. With
regard to possibility of mathematical modeling it can be rec-
ognized:
– Sources with simple geometry, for instance: power trans-

mission lines,
– Sources with irregular geometry for instance: switching

devices, household devices.
According to constant geometry there are:
– Sources with constant geometry in time,
– Sources with time varying geometry.
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Taking into consideration variability of effective value
there are:
– Sources with constant effective value,
– Sources with time varying effective value.

According to value of voltage and current:
– Sources with high intensities,
– Sources with low intensities.

Taking into consideration ranges of influence the fol-
lowing fields can be defined:
– Sources of fields with big ranges including much more

bigger area than dimensions of human organism (power
transmission lines),

– Sources of local fields changing considerably value of
intensity in area comparable to dimensions of human
organism (household devices, low voltage substations).
In consideration of accessibility there are:

– Sources in generally accessible areas (under power
lines),

– Sources in prohibited (not for staff) areas (substations).
Besides sources can be movable or immovable or ex-

posed objects can be movable or not.

3. Definition of exposure dose

Value of field intensity K in any point of area near n
sources of fields can be expressed as the functional:

(1)

where: qk(t) - source number k, while xk(t), yk(t), zk(t) – coor-
dinates of this source.

Exposure dose (ED) can be defined as the following
relationship:

(2)

where: Kk-average intensity of field in time period tk.
Usually p=2, what shows the energetistic effect. It is con-
formable to polish regulations [3].

ED can have deterministic or random character. It de-
pends on character of field and exposed object. ED can be
analyzed as the deterministic only in one case, when field
and object are deterministic. Fig. 1 presents deterministic
and random characters of ED.

Fig. 1. Deterministic and random characters of dose

In case of deterministic analysis the most unprofitable
conditions are assumed and the ED is determined by equa-
tion (2). But for the estimation the real ED the random at-
tributes should be taken into consideration. The random
attributes of ED are very important during long term obser-
vations in changeable fields.

4. Methods of estimation of exposure
doses

Generally the following methods of estimation of expo-
sure doses can be distinguished: measurement, calcula-
tion and combination both of them.

4.1. Measurement method
In order to estimate  ED it is necessary to equip the

exposed person with recorder of field intensity K. The aver-
age value of field intensity should be estimated for each
time period t. As the result daily chart, month chart or year
chart are obtained. This chart can be base for estimation
the value of ED in agreement with equation (2). Recorder
can calculate the current value of equation (2) and signal
the overpassing value of ED in agreement with standards
[2, 3], or signal only overpassing of a permissible value of
field intensity in agreement with standards [2, 3].

Such the measurement is easy for MF, because living
organism does not deform it. Therefore measured intensities
of MF are the same like without presence of exposed per-
son.

The situation is much more complicated for EF, because
living organism deforms EF, mainly near sharp conductive
edge (limbs, head, feelers), where EF intensity is much more
higher, than primary homogenous field. In this case depend-
ing on principle of operation recorders notice different value
than (1) and (2). Therefore it is difficult to compare the re-
sults of exposition to values of standards from regulations
[2, 3], which refer to undeformed fields.

There is possibility to introduce some special coefficients
of correction for K and ED, depending on position of the
organism. On the other hand ED defined according to [3]
does not reflect real effect of field on living organism, espe-
cially local effect in places, where there are congestion of
EF lines, for example near head.

The above mentioned principles refer to field of big
range, which are homogenous in area comparable to di-
mensions of human organism.

Measurements should be local for local fields. Although
according to standards [3] the local exposure is mentioned
only for MF and refers to limbs. In this case the permissible
values of fields are five time higher and values of ED can
be 25 time higher.

4.2. Calculation methods

Calculation methods base on analytical or numerical
estimation of field intensity according to (1) and ED accord-
ing to (2). These relations should take into consideration
properties of fields mentioned in point 2 and showed in fig. 1.
For the fields with simple geometry it is possible to create
the analytical relationships for K and ED.
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The most popular sources of EF and MF in natural en-
vironment are power transmission lines. There are many
algorithms for calculation EF and MF intensities near lines
[4, 5, 6].

Table 1 presents parameters of typical polish line 400
kV on the pylon Y52.

Table 1. Parameters of line 400 kV on pylon Y52

The highest value of voltage for 400 kV line was as-
sumed: 420 kV. Height of suspension was assumed ac-
cording to polish old standard [7]: 5+Un/150. Using old
standard is quite justifiable, because all polish lines were
built according to old regulation [7].

EF intensity under line is complicated function of dis-
tance from axis of line. This complication is connected with
presence of vertical and horizontal components of vector of
EF intensity and with fact, that both components have dif-
ferent time displacement.

Fig. 2 presents EF intensity under 400 kV line on pylon
Y52.

EF distribution under power line with the symmetrical
flat formation of wire  can be approximated by polynomial
of the 6th degree and in some distance from axis of line by
the power function:

(3)

where: x – distance from axis of line, xg – boundary value
between polynomial and power function. Boundary value
xg occurs under extreme wires. In fig. 2: Ea – results of
exact calculations [4], W – results of approximation.

Fig. 2. EF intensity under line 400 kV on pylon Y 52.
Ea – results of exact calculations [4], W – results of 

approximation

EF distribution under 400 kV line can be approximated
by following functions:

 (4)

In point of view of protection of natural environment the
range is interesting where EF intensity exceeds 1 kV/m. In
this area error does not exceed 46%, but in majority of area
error does not exceed 20%. For other line 220 kV and 110
kV results are similar.

In point of view of protection of occupational environ-
ment the area is interesting where EF intensity exceeds
5 kV/m. In this area the error does not exceed 21%.

The same can be done for MF. Distribution of MF under
power transmission line can be calculated using law of Biot-
Savarte and superposition method [4]. Obtained relation-
ships are complicated too. But they can be approximated
by polynomial of 4th degree and power function.

Fig.3 presents distribution of MF under power line 400
kV on pylon Y 52. In fig. 3: Ha – result of calculation, W –
result of approximation:

 (5)

Error of approximation does not exceed 10%.
MF under power line shows big time variability because

of variability of current (from 0 A to maximal current capac-
ity). Values of MF intensity in fig. 3 were calculated for I =
1000 A.

Fig. 3. Distribution of MF intensity under 400 kV line on pylon Y
52 for I = 1000 A

In order to obtain MF intensity for other current Irob, the
results from fig 3 should multiplied by coefficient k:

(6)

For some assumptions ED can be calculated using (2).
If the man goes with the constant velocity v in direction per-
pendicular to axis of line from „minus side”, then his coordi-
nate can be expressed by simple formula:

Wire Cross-
section 
[mm2] 

Bundle 
 

[m] 

Distance 
from axis 

[m] 

Height of 
suspension 

[m] 
L1 2×525 0,4 - 10,3  7,7 
L2 2×525 0,4 0  7,7 
L3 2×525 0,4 10,3  7,7 
O1 70 - -8,2 13,7 
O2 70 - 8,2 13,7 
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(7)

where x
lm

 is the place, where the essential values of field
intensity begin, for example: 1 kV/m for EF and 1 A/m for
MF. Formula (7) can be conversed assuming, that move-
ment performs in both direction from axis of line and the
time in”minus direction” has the sign “-“:

(8)

Taking into account (8) in (3):

(9)

where: A
v
, B

v
, C

v
…new coefficients obtained by multiplying

A, B, C … by adequate powers of v. Expression (9) enables
to estimate value of ED under power transmission line:

(10)

where:

(11)

When the distribution of field is nonsymmetrical (for ex-
ample: 110 kV line on pylon P), then ED can be obtained
from formula:

(12)

where: tml and tmp – moments, when man is in points, where
field intensity reaches essential value.

Calculation of integral (10) is very simple.

4.3. Combination of methods

Combination of methods is based on measurements of
field intensities in each point of analyzed area. Knowing
values of field intensities in each point and knowing ways
or time and place of stay it is possible to calculation ED
using expression (2).

5. Polish standards

There are special safety rules of protection against elec-
tromagnetic fields of 50 Hz frequency. There are so called
environmental rules [2] and occupational ones [3].

The permissible value of EF intensity in natural envi-
ronment must not exceed 10 kV/m [2]. The permissible value
of magnetic field intensity in natural environment is equal to
60 A/m. But in places appropriated for the public building
the highest value of electric field intensity must not be higher
than 1 kV/m and magnetic field intensity 60 A/m.

In compliance with the occupational  standards the area
of field interaction has been divided into four zones: the
dangerous, hazardous, intermediate and safe. In the dan-
gerous zone staying the workers is prohibited. In hazard-
ous zone staying is permissible when the doses (ED

E
=E2t,

EDH=H2t, where t8 h) do not exceed the permissible values
(EDEp=800(kV/m)2h, EDHp= 0,32(kA/m)2h). During the whole
shift workers can stay in intermediate zone. Safe zone is
the area beyond remaining, where there is no limit. There
are three limiting values for electric field E0, E1, E2 and for
magnetic field H

0
, H

1
, H

2
:

E0 and H0  limiting values between safe zone and inter-
mediate one,

E
1
 and H

1
  limiting values between intermediate zone

and hazardous one,
E2 and H2  limiting values between hazardous zone and

dangerous one.
For 50 Hz there are following values: E0 = 5 kV/m, E1 =

10 kV/m, E2 = 20 kV/m i H0 = 66 A/m, H1 = 200 A/m, H2 =
2000 A/m.

In hazardous zone ED should fulfill following relation-
ships:

ED
E 
 ED

Ep
,

EDH�
 EDHp,

WE  1,
where: ED

E
 – real dose of EF, ED

H
 – real dose of MF, ED

Ep
,

EDHp – permissible values of ED for EF and MF, WE – indi-
cator of exposure:

(13)

There is some disagreement between regulation [2] and
[3]. If EF intensity is below 5 kV/m, there is safe zone and it
is no limits according to [3]. According to [2] there is no
limits, if EF intensity is below 1 kV/m. There is some pro-
posal of changing regulation in order to equalize the per-
missible value of natural environmental exposition with the
value of safe zone [8].

6. Examples of exposure

EF intensity under polish transmission lines is equal to
a few kV/m. Only under 400 kV line in unfavorable condi-
tions EF intensity exceeds 10 kV/m. MF intensity does not
exceed generally 30¸40 A/m. Only under double circuit line
MF intensity exceeds 60 A/m.

On order to compare exposure under lines to permissi-
ble values the relationships (10) or (12) can be used. For
example the person walking perpendicular to axis of 400
kV line with speed 1 m/s is exposed to dose of EF 0,648
(kV/m)2h, and to dose of MF 5×10-6 (kA/m)2h. Indicator of
exposure WE = 0,0008<<1.

The highest values of EF intensity are in substations.
As an example can be area of bay in substation 400 kV
(fig.4).

There are many other possibilities to stay in EF and MF.
But fortunately the values of EF intensities near household
devices are below 1 kV/m. But values of MF intensities near
household devices are comparable to values under power
lines. Values of MF intensity are presented in table 3.

Ships are very interesting objects, because of low volt-
age installation (3440/3220 V) with relatively high power
(a few MW). For example tubular rudder has nominal power
590 kW. Therefore there are relatively high values of MF
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Fig. 4. Electric field intensity in the bay of substation  400 kV

intensity, especially in control room, where there is
switchgear. Watch engineer has behind him switchgear.
Fig. 5. presents plan of control room.

The highest values of MF intensity occur near switch-
bays 8, 9, 11 (generators) and near switch-bay 12 (supply
of tubular rudder). Watch engineer is exposed to MF 1 A/m
to 5 A/m. Exposed dose  can exceed during 8 hours 0,0002
(kA/m)2h. The highest value of MF intensity on the height
1,8 m obtains 80 A/m during work of tubular rudder 590
kW. During 1 hour the ED of MF obtains 0,006 (kA/m)2h.
Some area in control room is intermediate zone.

7. Conclusions

Basing on measurements carried out in many different
places the following conclusions can be drawn:
– According to polish regulations only near high voltage

installations there is necessity to control exposure dose
of electric field,

– Exposure dose of  magnetic field should be controlled
near installations with high currents: generators,
busbars,

Fig. 5. Plan of control room

Device H [A/m]  
case 

H [A/m] 
in distance 10 cm 

Mixer 180 W 32,7 2,0 

Safety razor 30,0 2,0 

Monitor 150 W 21,1 9,1 

Micro. stove 2,5 kW 15,0 10,2 

Vacuum cleaner  500 W 15,0 2,1 

Iron 1,2kW 8,2 1,2 

TV set 70 W 3,5 1,5 

TV set 80 W 3,0 1,2 

Hairdryer 250 W 2,8 <0,2 

Kettle 2 kW 2,4 <0,2 

Compact lamp 18W 2,2 0,4 

Heater 750 W 1,4 <0,2 

Toaster 750 W 1,2  <0,2 

Electric oven 1 kW 1,1 0,3 

Radio set 7 VA 0,9 <0,2 

Table 3. MF intensity near household devices
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– Presented methods can be used for estimation of expo-
sure during investigations referring to biological effects
and harmfulness of electromagnetic fields and to esti-
mation of risk for general population or workers,

– Approximated formulas enable in easy way to estimate
the exposure near power transmission lines.
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Abstract: Visual examination of the early stages of the
melanocytic skin cancer (melanoma) may often lead to a false
diagnosis. Only the resection and then histologic examina-
tion of the lesion can fully detect malignant transformations
of the skin. This is the reason why development of non-inva-
sive methods for dermatological diagnosis, like dermatoscopy,
is of key importance. We build a MLP-based binary classifier
for discriminating melanoma from dysplastic nevus utilizing
textural information contained in the skin lesion images taken
in dermatoscopic examinations. Our analysis is based on the
multiresolution wavelet-based decomposition of the images.
Significant features of both classes are found by means of
the Ridge regression models. Discriminating melanoma from
dysplastic nevus with this method yields a sensitivity and
specificity of  89.5% and 90%, respectively.

Key words: melanoma, dermatoscopy, wavelet transform,
machine learning, automatic diagnosis
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Introduction

Epidemiologists report that incidence of melanoma has
grown all over the world [1]. Although the non-melanocytic
types of the skin cancer are more common, melanoma is
the most malignant human cancer and its mortality is very
high [2]. Early detection and mass screening is the key of
effective treatment of melanoma [3].

Melanoma is caused by malignant transformations of
melanocytes (pigment cells) in the epidermis. The following
degrees of this progress are possible: benign melanocytic
nevus, dysplastic nevus which reveals some geometrical and
cytologic atypia and then some phases of malignant
melanoma. The latter are the radial growth phase where the
lesion expands horizontally within the epidermis and the ver-
tical growth phase where the cells expand to the dermis [4].

There are some measures that describe and help diag-
nose skin lesions. The measures can be divided into de-
scriptive ones which are based on a visual examination and
some laboratory-based variables.

Descriptive systems include the ABCD(E) rule and the
7-Point Checklist to mention the most common. The
ABCD(E) rule [5,6] is a semi-quantitative analysis of five
criteria: (A)symmetry, (B)order, (C)olors and (D)ifferential
Structural Components found in the lesion. As an additional
factor to the traditional ABCD classification, (E)volutionary
change of the lesion is also taken into account. Each crite-
rion is weighted to contribute to the total dermatoscopic
score (TDS) classifying the lesion into three fuzzy catego-
ries: benign, suspicious and melanoma-like lesion.

Another system of visual classification of the pigmented
lesions is the 7-Point Checklist [7]. The lesions are evalu-
ated according to three major (atypical pigment network,
gray-blue areas, atypical vascular pattern) and four minor
(radial streaming, irregular pigmentation/blotches, dots and
globules, regression pattern) criteria where each major
(minor) criterion receives two (one) points. The total score
greater than three is a distinctive feature of melanoma. The
sensitivity and specificity of the descriptive rules is subject
to research and discussions [8].
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Laboratory tests, on the other hand, assume resection
of the lesion, its preparation and view under the microscope.
It should be emphasized that biopsy is the only fully reliable
method to identify nevi and melanoma lesions. For
melanoma two main staging schemes have been proposed
based on histologic criteria: the Clark’s level and the
Breslow’s depth.

The Clark’s level (I-V) differentiates the degree of tumor
penetration quantitatively while the Breslow’s depth is an
actual micrometer measurement of the lesion depth i.e. its
vertical spread to the dermis. The latter is grouped into four
categories (<0.75mm, 0.75-1.5 mm, 1.5-4.0mm and
>4.0mm) which determine the prognosis of the case.

Invasive treatment of all suspicious skin lesions is not
feasible and development of non-invasive methods for der-
matological diagnosis is of key importance [9]. Epilumines-
cence Microscopy (ELM) (=surface microscopy, dermatos-
copy) is a non-invasive technique  that has been devel-
oped for decades. Dermatoscopy consists in visual exami-
nation of skin lesions that are optically enlarged and
illuminated by halogen light. In order to get rid of the light
reflections through the air gap immersion oil is used on the
skin. The magnified field of the lesion can be digitally pho-
tographed (plain dermatoscopy) or displayed on a compu-
ter screen on-line (videodermatoscopy) for analyses of its
surface structure. The most common (video)dermatoscopy
systems nowadays are Dermogenius and Molemax II [12].
Some dedicated instruments [13] allow not only for the sur-
face illumination (perpendicular to the skin surface) but also
for trans-illumination or a combination of both. In the trans-
illumination mode the light is directed into the skin at an
angle of 450 making it possible to penetrate deeper layers
of the skin and thus attempting to reveal its 3D structure.

Digital imaging has a great advantage to record how
lesions develop in time. Computer acquisition systems in-
tegrated with conventional dermatoscopy (=DELM, Digital
ELM) can store, retrieve and transmit dermatoscopic im-
ages. This approach can improve monitoring changes in
pictures of the same lesion and introduce remote diagnos-
ing by experienced specialists, which can generally increase
accuracy of the diagnosis [14,15]. Telemedicine is future
for mass screening of the skin cancer and some national
tele-diagnostic centers for dermatoscopy have been estab-
lished by now [16].

It is reported [10,11] that sensitivity and specificity of
the descriptive rules for melanoma detection is generally
enhanced by means of dermatoscopy. However the early
detection of cutaneous neoplasmas with high accuracy is
still unsatisfactory. In the earliest stages of malignancy even
experienced specialists cannot distinguish between benign
and malignant lesions which is the necessary condition of
successful treatment and can be a life-saving factor [17].

New identification methods based on spatial and fre-
quency information found in the skin texture have been pro-
posed. They assume that some neighborhood properties
of pixels in dermatoscopic images can be a sensitive probe
of different pigmented skin atypia and the melanoma pro-
gression. The most promising methods are those decom-
posing different frequency scales of the texture. Such multi-

resolution analysis is well suited to determine distinctive
signals characterizing the class of the image [18,19].

Wavelet transforms have been widely studied as tools
for a  multi-scale pattern recognition analysis. Wavelets are
functions well localized both in space and frequency. The
wavelet theory is closely related to the theory of digital fil-
tering [21,22] so the properties of the decomposition filters
(the choice of the basis, degree of regularity, the sub-bands
of interest) play an important role in texture characteriza-
tion.

Performance of the wavelet analysis of images depends
on various factors [26]. i) For feature extraction it is impor-
tant to choose between recursive decomposition of the low-
frequency branch [22] (the pyramidal algorithm) and, on the
other hand, a more selective tree-structured analysis where
the further decomposition is applied to the output of any
channel [19,20]. The latter is advocated by observations
that the significant sub-bands of the pigmented skin texture
are those in the middle frequency range [18, 19]. ii) The
order of the wavelets is another important property. The
decomposition should be performed over an optimal finite
range of resolutions [20, 22]. iii) Different wavelet bases
have diverse impact on the texture classification [21,25].
They have certain constraints and should, in principle, be
orthonormal (energy preserving, non-redundant). Biorthogo-
nal (near orthogonal) bases can produce, on the other hand,
more compact and symmetric wavelets and the requirement
for orthogonality is not superior [22].

iv) Images are two-dimensional signals so separable or
non-separable sampling is possible. In the former case a
one-dimensional decomposition algorithm is applied to the
rows and to the columns of the image [27]. The resulting
signal is a tensor product of the separate 1D filters. The
non-separable case, on the contrary, is based on lattice
sampling [23,24]. Both representations have advantages
and disadvantages.

In the following sections we present our direct motiva-
tion for the wavelet based classification of dermatoscopy
images, describe all the steps of the analysis and present
the results.

Motivation

We have briefly explained the overall motivation for the
melanoma screening program. Now we present our objec-
tives for this work.

Our working hypothesis is that dermatoscopic images
can be efficiently classified in a computer manner. For the
case of skin textures i.e. signals consisting mainly of  mid-
dle frequency bands it has been shown that the most ad-
equate approach to the wavelet-based multiresolution
analysis is the concept of wavelet packets [20]. In this ap-
proach an image is decomposed along dominant frequency
channels forming a parent-child structure of a tree. A cer-
tain path of the tree is chosen according to the average
energy content of the channel referenced to the highest
energy of a channel on the same decomposition level. The
determined subbands form a feature set for classification.
This general idea has been recently developed. The main
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bias of the method in [20] is the threshold value of the chan-
nel energy that triggers subsequent decompositions. Since
features used for selection of melanoma and dysplastic le-
sions are clustered into rough sets, the structure of the tree
may be effected by an arbitrary choice of the threshold. In
the adaptive wavelet-based tree structure analysis (ADWAT)
[18,19] decision about the further decomposition of the
channel is taken by statistical analysis of average energy,
maximum energy ratio and fractional energy ratio among
all the features at each level of decomposition. The result-
ing tree structured models of melanoma and dysplastic
nevus are patterns for semantic comparison with unknown
skin lesion images. The sensitivity and specificity of this
method is further improved by introducing Gaussian and
Bell shaped fuzzy clustering of the features [18].

Our approach is based on the idea presented in [19] to
perform a tree-like selective wavelet analysis of the skin
lesion images. Unlike in [19] our feature set is built from all
of the analyzed channels and  the decision to include a given
branch of the tree does not come from ADWAT. Instead, all
the wavelet based features are input to the Ridge classifi-
cation model [31], which determines a minimum–bias opti-
mal vector of features. Those selected features are used to
teach a three-layer back-propagated neural network. Taught
from examples the neural network serves as a binary clas-
sifier of the dermatoscopy images with melanoma and dys-
plastic nevus lesions. It should be stressed that this research
aims at developing an aid to the physician and not any di-
agnosing system all alone.

Procedure

Now we explain the tasks we have performed to build
the binary classifier discriminating melanoma and dysplas-
tic lesions.

Our database of dermatoscopic images consisted of 19
cases of melanoma and 20 cases of dysplastic nevi. The
selection was done on the grounds of biopsy and histopatho-
logic examination. The data set was collected using
a Minolta Dimage Z5 digital camera equipped with an
epiluminescence lense with white halogen lighting. The
working resolution was set to 2272x1704 pixels and the
quantization depth to RGB-8 (24bits). The images were
selected to two categories: melanoma (label=1) and dys-
plastic nevus (label=0). The actual representation was sub-
ject to some geometrical transformations. Since the wave-

let decomposition downscales the input image by a factor
of 2 in rows or columns every iteration,  the width and length
had to be powers of 2, so the source images were filled
with black pixels in due number of rows and columns.

In order to apply any transform on the picture, the com-
pressed image (JPG) has to be changed into a 2D matrix of
numbers. Three ways of extracting the numerical values of
pixels are possible:

(normal): binary values of the three channels R, G, B
are put together (in this order) to compose one 24-bit long
binary integer.  This value is subtracted from the 24-bit long
all-‘1’ binary number yielding a negative integer.

(average): an average value of  R, G and B is calcu-
lated and stored as a floating point number.

(RGB): value of  R, G, and B is stored independently in
separate matrices. This approach assumes independent
processing of the three channels.

The 2D=1Dx1D wavelet transform was applied to the
values of pixels extracted from the discussed dermatoscopic
images. The class of the filter was Daubechies 3 [28] and
its efficient algorithm was taken from [29]. The choice for
the filter was made concerning simplicity, performance and
possible comparisons with [19].

One iteration of the wavelet algorithm produces 4
subimages which can be considered as LL, LH, HL and HH
filters, where L and H denote the respective low-pass and
high-pass filters. One subimage is a product of the wavelet
transform acting on each raw and then on each column of
the parent image. Each iteration reduces half of the rows
and half of the columns from the parent image. This proce-
dure is depicted in Fig.2.

Fig. 2. Pattern for the image decomposition. In each iteration four
filters out of one input image are produced. One iteration is com-
posed of two steps: row-wise and column-wise decomposition
and 2:1 reduction

The algorithm presented in [29] is a pyramidal one i.e. it
decomposes the image along the LL band in each iteration.
An example of the decomposition process with 3 iterations
is shown in Fig.3. Here the smooth and the detail part re-
sulting from any iteration can be easily recognized.

According to the idea presented in the motivation of this
work, we adapted the pyramidal algorithm to a selective
analysis of any subband of the parent image. Altogether 3
iterations were calculated. The proper sequence of filters
in that decomposition is shown in Fig.4. Following the origi-
nal idea [20] and its extended applications [18,19] a feature
set at a given level of decomposition was built. One itera-
tion (resulting in 4 subimages) produced 11 coefficients
calculated from the energy of the pixels (e1, e2, e3, e4), the
maximum energy ratio (e

i
/e

max
, i=any three out of four ex-Fig. 1. Cropped and enlarged texture of an analyzed anonymous

skin lesion
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cept the subimage with the maximum energy) and the frac-
tional energy ratio (e1/(e2+e3+e4) + its three permutations).
Energy means here the sum of the absolute values of the
pixels, where M and N denote the actual dimensions of the
subimage:

Since the algorithm was applied to the image recursively,
the number of coefficients amounts to (1+4+16)x11=231.
1, 4 and 16 mean here the number of subimages to filter in
each iteration.

Fig. 4. Recursive structure of the decomposition process. Every
iteration has the same arrangement of filters with (sub)labels de-
noting 1=low-low, 2=low-high, 3=high-low and 4=high-high subband

In the approaches presented in [18,19] the calculated
features were discriminated according to their distributions
within a particular channel. Only features that generated
bimodal distributions separating melanoma and dysplastic
images were kept in the feature set. All other were rejected.
In our case the features were not used to control the devel-
opment of the tree structure signatures. Instead, all 231
coefficients were accepted as potentially significant discrimi-
nating signals. Since the number of dermatoscopy images
taken to our analysis was limited to only 39 (19 cases of
melanoma + 20 cases of dysplastic nevus), and the 231
coefficients affect the classification in a different way, we

tried to pre-select the coefficients by their importance. The
selection was twofold and was done in a Matlab toolbox
ENTOOL [31]. This toolbox is a statistical learning package
that has diverse tools for classification and regression
analysis.

First one Ridge regression model with 40 penalty vec-
tors was used to determine an optimal representation of
the images in a numeric form. As we remember three ways
of extraction from the raster were possible. Ridge regres-
sion constructs a linear model 0ˆ �� �� Xy  (X-data matrix,
y-vector of categories), but instead of minimizing the sum
of  squared residuals � � � �00 ���� ���� XX yy T , it mini-
mizes the regularized loss function (Tikhonov regulariza-
tion):

The additional penalty βλβ T  shrinks the regression
coefficients β̂  towards zero, thereby moderately increas-
ing bias while considerably decreasing variance of the con-
structed models. The penalty parameter 0≥λ  controls the
amount of shrinkage and can be used to fine tune the bias-
variance tradeoff. For this study, the optimal ridge penalty
λ is automatically determined by Leave-One-Out Cross Vali-
dation on each training fold individually. To apply ridge re-
gression to a binary  classification problem, training out-
puts were coded as 1=y  (melanoma), 0=y  (dysplastic)
and a threshold of 0.5 was applied to discriminate between
both classes when doing predictions. Prior to the model
construction, input variables were normalized by removing
the mean and dividing by the standard deviation for each
variable separately.

Once we had chosen the best representation of data
(measured in terms of the classification performance) we
applied an ensamble of one hundred Ridge models with 60
penalty vectors each, to select the most significant features.

The generalization step of our classification system was
done in a MLP neural network The neural network consisted
of three layers. The input layer was composed of ten linear-
output neurons with constant unity weights. The hidden layer
made of ten neurons and an output layer formed by one
neuron had logistic-like activation functions. The topology
of the network was subject to tests to determine an optimal
configuration for maximizing its performance (both quality
of the classifier and minimal training time). At the beginning
the weights were set to values randomly chosen from the
range of [-1,1] and then modified in the learning process.
Evaluation of the features according to their rank was cru-
cial in effective teaching of the neural network. There al-
ways is a concern that small statistics of individuals plus
too many coefficients (weights) of a single individual could
lead to the network overtraining effect. i.e. the perceptron
almost memorizes the training set but the generalization
error is quite large.

To teach the neural network 17 images of melanoma
and 18 images of dysplastic nevus were used each time.
The remaining set of two melanomas and two dysplastic
nevi were used for testing. There were ten such repartitions

Fig. 3. Multi-band image i.e. a set of images of the same mole from
its different frequency segments. Here recursive decomposition of
the low-pass band takes place. For the sequence of the pyramid
see Fig. 4. Note that the luminosity of this summary image is offset
otherwise it would be too dark for a presentation

��
� �

�
M

m

N

n

nmf
MN

e
1 1

|),(|
1

( ) ( ) βλβββββ TT yy ++−+−= 00pen.RSS XX



47G. Surówka, Wavelet based classification of skin lesion images

�
�
��

�


�
�


�
�
�

�
�
��

��
�

so 10-fold cross validation was applied to test the accuracy
on the training set. In one training cycle some 150 000 it-
erations were performed until the network could classify the
input with a defined precision.

Results

Accuracy of the Ridge regression and that of the classi-
fication model was graphically presented by means of the
Receiver Operating Characteristics (ROC) [30]. ROC shows
the sensitivity i.e. ratio of correctly identified melanoma le-
sions in relation to the specificity i.e. ratio of correctly iden-
tified dysplastic nevi. Area under ROC (AUC) is a numeri-
cal measure of the performance.

At the very first step we determined the optimal proce-
dure of extracting numerical values of pixels from the raster.
The criterion was to maximize the classification perform-
ance of 20 most significant features. The following values
of AUC were obtained: (normal)=85%, (average)=90.8%
and (RGB)=93.2%. The RGB model appeared to be the
most specific, which suggests that the other two represen-
tations reduce the information content relevant for construct-
ing the feature set. This observation allowed us to concen-
trate on the (RGB)-based feature set. Separate wavelet
processing of R, G, B color channels produced three differ-
ent values of the channel energy. They had to be summed
up before the 11 (per itaration) coefficients were calculated.

Table 1. Ten most significant features of the (RGB)-representa-
tion. They were obtained from a statistical analysis in ENTOOL
[31]. Indices denote the subchannels of the three different de-

composition levels

The second step was limited to the analysis of the most
efficient representation. We applied an ensamble of 100
Ridge models with 60 penalty vectors each to the full (RGB)
data. Now the number of features was reduced to only ten
(out of 231) most discriminating. Those features are pre-
sented in Tab.1. For that feature set AUC was increased to
97.4%. ROC is shown in Fig.5.

The selected feature set was used to teach a three-layer
back-propagated neural network. The cross validation set
of 2 melanoma and 2 dysplastic nevi was shifted between
the training runs. The MLP classification result is presented
in Fig.6. As we can see, correctly identified lesions are those
distributed around 1 on the ordinate for the first 19 indices
(images) and around 0 for the other ones. On average two

dysplastic nevi and two melanoma images were misclas-
sified yielding the sensivity (true positive fraction) of 89.2%
and specificity (1-false positive fraction) of 90%. Apparent
loss in quality between the performance of the feature set
and that of MLP is a price for generalization.

Fig. 7. Distribution of the recognized image classes. Iput tags on
the abscissa are: 1=melanoma, 0=dysplastic

Bimodal distribution of the MLP-classified lesions from
Fig. 6 is displayed in Fig. 7. Lack of full separability of the
two categories exhibits, as the major factor, the generaliza-
tion error. Yet the inherent fuzzy nature of both feature sets
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Fig. 5. Ordinate of ROC is sensitivity, the abscissa is
1-specificity and the threshold values are taken between two suc-
cessive data vectors. This ROC presents the classification per-
formance of 10 most significant features derived with help of 100
Ridge regression models. AUC is 97.4%

Fig. 6. MLP binary classification of the lesions. The abscissa is
the image number (1-19 melanoma, 20-39 dysplastic nevus), the
ordinate shows the classification result (iput tags are:
1=melanoma, 0=dysplastic nevus)
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also plays a role. The magnitude of both effects can be
estimated by comparing appropriate performance factors
above.

Due to statistics of our database (39 images) we de-
cided to perform an experimentation with the oversampling
technique. The (RGB) images limited to the pigmented spot
of the mole (background-free) were divided into 64x64
blocks of pixels. Each block was decomposed with the
Daubechies-3 wavelets for all possible subbands of fre-
quency (3 iterations). When the blocks were treated as in-
dividual images the accuracy of the feature set was esti-
mated by AUC=87.8%. Segments grouped to their parent
images yielded AUC=92.4%. This method appeared not to
significantly improve the accuracy of the classifier and was
a burden for our computational resources.

The present accuracy of the classifier is a promising
factor for further research in the field. It must be stressed,
that dislike in [18] we do not take advantage of specialized
instruments and the lesion images are taken in white light.
The constructed model of features for melanoma and dys-
plastic lesions can evolve, after some improvements, to
a computer-aided diagnostic system.

Conclusions and Outlook

19 (20) dermatoscopy images of the melanoma (dys-
plastic) lesions, all confirmed by histologic examinations,
were classified using a tree-structured wavelet-based set
of features. Discriminant power of those features were deter-
mined by the Ridge regression models and generalized in
a three-layer back-propagated neural network. The sensi-
tivity and specificity of the classifier amounts to 89.5 and
90%, respectively.

The method presented here and the significance of the
results is provided for improvements. The following steps
are expected:

i) Our work is based on a database of anonymous im-
ages of the pigmented skin lesions. It is crucial to have
a much better statistics for the learning phase sample.

ii) Since the features of melanoma and dysplastic nevus
form two joint sets, it would be reasonable (as in [18]) to
study soft membership functions to categorize the mem-
bers of classification.

iii) Within the class melanoma a few subsets of different
morphology can be considered. It is not clear now how treat-
ing them as separate categories affects the classification
process.

iv) Fine tuning of the Ridge regression models and prob-
ing the performance of the neural network classifier is pos-
sible. All other machine learning methods can be easily
tested for the classification performance. Especially the
SVM technique is well suited to search for an optimal fea-
ture set by maximizing the margin between  the classes.

v) Probing different bases of the wavelet decomposi-
tion should explain the role of the basis for optimal selec-
tion of the feature set.

vi) Evaluation of the method on different sources of skin
lesion images should cast a light on the role of image ac-
quisition and quality.

Experimentations on issues addressed above will be
reported in other publications.
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Abstract: In this paper a video annotation system is pre-
sented, called DSS-MEDA, used for describing medical vid-
eos. The aim of this framework is to provide physicians with a
tool for annotating video recordings of medical procedures
destined for e-learning. The system manages media files,
which are streamed by the Darwin Streaming Server. DSS-
MEDA enables controlled access to video resources depend-
ing on roles assigned to users. The annotations can be of
two kinds: single lined subtitles or complex, hierarchical de-
scriptions in HTML format. The long-term goal of this study is
to create a large multimedia database of medical videos.

Keywords: medical video annotation, content-based video
retrieval, e-learning
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1. Introduction

The amount of data sent and received by an average
user of the Internet has multiplied several times in the last
few years. Increasing Internet bandwidth and the availabil-
ity of many network friendly multimedia codecs made it pos-
sible to develop new techniques of multimedia content dis-
tribution. High speed connections enable users to receive
all kinds of multimedia data: text, images, sound and even
high resolution video in a reasonable time. Additionally, a
shorter transmission time needed for good quality multime-
dia data is obtained due to improved compression algo-
rithms.

It is believed that the percent of understanding and
memorizing information is better for materials in which mul-
timedia is skillfully used, in comparison to approaches based
on pure text only. The combination of network technolo-
gies, multimedia, and appropriate learning strategies may
significantly contribute to better learning results. In order
for multimedia e-learning systems to be successful, easy to
use authoring tools are needed. This article describes one
of such tools, named DSS-MEDA (Darwin Streaming Server

Medical Application), which facilities the annotation of vid-
eos for medical e-learning purposes. Combined with the
Darwin Streaming Server and the MySQL database, DSS-
MEDA forms a framework for storing, describing and pre-
senting multimedia files on the Internet. The paper is or-
ganized as follows: Section 2 introduces the technical back-
ground of this work, including a short overview of the avail-
able streaming and annotation technologies. In section 3
we discuss the possible application of annotation technolo-
gies in medicine. Section 4 presents the architecture of the
DSS-MEDA system. Section 5 contains a brief discussion.
We conclude in section 6.

2. Background

Multimedia streaming technologies
The term streaming refers to the transmission of multi-

media data like audio, video and any multimedia add-ons,
by using a specialized server program, which prepares data
by encapsulating it into a data stream, sends the stream in
real-time to the recipient and controls the transmission proc-
ess. Streaming technology is used in two modes: on-de-
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mand and webcast. On-demand means, that the user gains
access to pre-recorded and stored data. This method is use-
ful for the distribution of archive data. Webcast is a different
approach in which data is streamed while the recording is
taking place. The clients connected to the server receive the
streamed data simultaneously. A simple analogy of this tech-
nology is TV broadcasting. Before sending multimedia to the
network (webcast), the data needs to be processed. A slight
delay between real-time events and creation of a data stream
is required in which the data is compressed, packetized and
buffered. After a while, which usually takes a few seconds
(depending on the processing power of the compression sys-
tem), the data is ready to be sent. For the purpose of the
streaming technology specialized communication protocols
were created. The most popular and widespread are: RTSP
- Real Time Streaming Protocol (control, analyze of link state)
[16][18] and RTP [17] - Real Time Transport Protocol (trans-
port of data). The transportation layer of these protocols can
be based upon TCP or UDP.

The provision of streamed data may occur in three differ-
ent ways, depending on the number of recipients and techni-
cal conditions. The first type is called unicast and is a separate
logical link creation from the data sender to the recipient.
The advantage of this solution is its simplicity. The disadvan-
tage is that each connection is treated as a separate one,
and finally all connections summarize to the bandwidth of
the network, which may impact on limited number of simulta-
neous clients. The latter mentioned limitation does not refer
to multicast – the second type of data transmission. Multicast
means sending the same data simultaneously to many re-
cipients. There is only one stream of data, but each of the
connected clients receives a copy of the data stream. This
type of connection is also called point-to-multipoint. The third
type of data distribution is broadcast in which the streamed
data will be received by every device on the network. This
method is not commonly used, because this kind of traffic is
blocked by broadcast domains set by routers.

The term architecture of streaming multimedia system
applies to a set of elements e.g. servers, clients, codecs,
that combined create a multimedia providing solution. At
the present moment, four main solutions are available on
the market. These are: Real Media (Real Networks)[14],
Windows Media (Microsoft)[21], Flash Media (Adobe/
Macromedia) [11] and Quick Time (Apple Computers) [10].

The media server of the Real Media architecture is
named Helix. It is available as a commercial or free ver-
sion. Other products in the Real Media suite are e.g. Real
One Player, and Helix Producer. The RealMedia format can
store multimedia data in good quality with only 160 kbit/s,
which is twice as compressed as MPEG-4.

The Windows Media (WM) architecture was developed
by Microsoft. It consists of WM Encoder, WM Rights Man-
ager, WM Services and WM Player. The transmission re-
ceivers can be end points (Players) or transit servers. The
second option can be used as proxy server and data store.
The streaming data can be prepared with different Microsoft
tools, like Microsoft Producer for PowerPoint or Windows
Movie Maker. The WM server is included in some versions
of Microsoft Windows operating system: 2003 Std. Ed, En-

terprise Ed., DataCenter Ed. The supported protocols of
data exchange include RTSP and native Microsoft MMST,
MMSU, MSBD.

Flash Media Server 2 is the main product offered by
Macromedia to support multimedia streaming. The server
enables users to develop new types of services e.g. multi-
media chat, video blogs. The player for flash media is dis-
tributed as a plug-in for web browsers. The advantage of
this solution is the platform independence. It also contrib-
utes to constant appearance of the player.

The Quick Time (QT) architecture originates from the
Apple Macintosh computers, but it is now also available on
other platforms (including PC). It consists of QT Player or
QT Player Pro, QT Server, Darwin Streaming Server (DSS)
and other software as e.g. the QT Broadcaster. The QT
Server is a commercial product, developed for Mac OS X,
whereas the Darwin Streaming Server is a multiplatform
and open source solution. The main difference between the
commercial and the free version is the presence of a mod-
ule for administration of served data in the first one.

Video annotation technologies

The main reason of video annotations is to facilitate
multimedia database searches. Automatic methods of con-
tent-based video data retrieval are not very successful be-
cause of the semantic gap problem. Even if the computer
algorithms are able to automatically recognize a shape in
a video, it is hard if not impossible, to decide without hu-
man intervention about the meaning of this object. There-
fore manual data annotations are required which provide
the missing semantics. The metadata (i.e. data about data)
can consist of keywords from controlled vocabularies or free
text descriptions. Keyword annotations combined with
a proper ontology (i.e. formal model of the knowledge do-
main) enable the integration of artificial intelligence meth-
ods into search algorithms [7]. The use of free text compli-
cates the search algorithms, but on the other hand, this
method is often more convenient for those who are in charge
of describing the multimedia resources. This kind of de-
scription is suitable for users who have no precise query
concepts in mind and intend only to browse the database [3].

Several annotation specifications for creating metadata
of multimedia files are already available. Among them are
Dublin Core [19], RDF [15] and MPEG-7 [8][9]. Examples
of systems using these standards can be found in [2][4][6].
Unfortunately, despite their great potential, the application
of these technologies is still in experimental stages and is
not very widespread.

3. Using video annotations in medical
e-learning

Video annotations are used in many different areas. An
important field of application is for instance linguistics where
annotations are used in creating multimedia corpora (i.e.
collections of written and spoken language stored for lan-
guage research) [1][5].
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Medicine is also an area which can benefit much from
annotation technologies. The most obvious application ex-
ample is medical e-learning. Students of medicine are al-
ways willing to learn on real world cases. Unfortunately, the
great number of students makes it impossible for them to
participate in all medical procedures. The sterility and pri-
vacy requirements and other (e.g. psychological) reasons
were always a big barrier for students in accessing diag-
nostic or operation rooms. Video recordings of medical pro-
cedures have the potential to remedy this situation. After
obtaining permission of the physician and patient to use
the recording for educational purposes, the material should
be made anonymous and then stored in a video database.
Since uncommented videos are not very informative, the
recordings could be annotated by physicians. Access to
such content would be granted only to authorized students
to avoid malpractices. Students gain by that a very attrac-
tive learning resource, which could be accessed almost
everywhere and every time. In order to realize the outlined
scenario a proper IT infrastructure is needed.

4. DSS-MEDA

The aim of the DSS-MEDA system is to provide physi-
cians with a tool for annotating video recordings of medical
procedures destined for e-learning and the students with
a mean of browsing these materials. In the following sec-
tion we outline the general architecture of the DSS-MEDA
system and present some more detailed insights into its
selected components.

Architecture
The architecture of the DSS-MEDA framework is pre-

sented in Fig.1. The system is composed of three main com-
ponents: streaming server, database server and web appli-
cation.

It has been decided to use the Darwin Streaming Server
(DSS) for the role of the streaming server due to its open-
ness, multi-platform availability, good performance results
and stability. The shortcomings of DSS in comparison to its
commercial counterpart QT Streaming Server (e.g. the
missing user management tool) are to some extend com-
pensated by features built into the DSS-MEDA web appli-
cation.

Fig. 1. DSS-MEDA Architecture

The role of the second architectural element is to store
user data, access rights and video annotations. For this
function we has been chosen the MySql database. The ra-
tionale for this decision is the servers’ popularity, user-friend-
liness and its performance which is sufficient for our needs.

The center of the system is the third architectural ele-
ment – the DSS-MEDA web application. The application
has been implemented it in Java technology because of
its portability, good performance results (in comparison to
e.g. CGI scripts), and large choice of additional open-
source libraries and tools. The server side of the applica-
tion was implemented in the JSP (Java Server Page) tech-
nology and deployed on the Apache Tomcat servlet con-
tainer. The client side requires a JavaScript enabled web
browser with installed QuickTime plug-in.

User rights and roles

Three types of user roles have been distinguished: ad-
ministrator, developer and user. A role grants specific rights
to manage, annotate and perform media files.

Administrators can insert, update and delete informa-
tion about users and videos in the database. This role al-
lows setting access rights to media files. The administra-
tor’s functions are executed from within an administration
panel (Fig.2.).

Fig. 2. DSS-MEDA Administrator’s Panel
– Adding a movie to the database

Developers can divide video clips into segments and de-
scribe them using the developer’s panel (Fig. 3-4, the thora-
coscopy video used in the example was taken from [20]).
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Fig. 3. DSS-MEDA Developer’s Panel – Adding subtitles

Fig. 4. DSS-MEDA Developer’s Panel – Adding hierarchical
annotations in HTML format

Owners of the role User can browse and play movies
(Fig.5).

Fig. 5. DSS-MEDA User’s Panel - Browsing video database

The roles may cumulate – i.e. a single user may have
three types of privileges at the same time. Users with the
developer role gain automatically user rights. The develop-
er’s and user’s rights refer only to a single record in the
database. It means that to create descriptions for other vid-
eos, proper access privileges must be granted.

Creating annotations

Video annotations in DSS-MEDA are of two kinds: short
text subtitles linked to individual seconds in the movie
(Fig. 3) and larger descriptions in HTML format referring to
video segments (Fig. 4). The video segments are arranged
in a 3 level hierarchy. The first level elements are called
sequences, the following accordingly scenes and frames.
Segments from different levels must be properly nested (e.g.
if a sequence lasts from the 1. to the 45. second a nested

scene is limited by the segment’s time interval and cannot
intersect its boundaries).

Subtitles are entered by a plain text field. The content of
this field is synchronized with the video playback by a
JavaScript function using the QuickTime’s JavaScript API
[13]. HTML descriptions may be entered through a text form
or using the Ekit editor [12]. Ekit is a simple open source
HTML editor embedded into web pages as a Java applet
(Fig. 6). It provides the user with basic commands like text
editing, images insertion, table creation and list enumera-
tion. It works in the WYSIWYG mode which means that the
content of the editor during editing is similar to the final re-
sult.

Fig. 6. Ekit HTML editor

Once the edition is finished, the applet generates a HTML
page and encodes it in BASE64 coding. Afterwards the coded
information is stored in the database. It is also possible to
insert images into the description. The images are uploaded
by a servlet (Fig. 7). Users may browse the uploaded files.
To minimize the download time of full images while brows-
ing, their miniatures are created on the fly.

Fig. 7. Uploading images to the server

It has been decided to store the descriptions directly
into the database without formatting it in a dedicated anno-
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tation standard as e.g. RDF or MPEG-7. However, if there
is a need to exchange the annotated data with another sys-
tem it is intended to implement an appropriate export
mechanism.

5. Discussion

The system has not been deployed under real condi-
tions yet, therefore we are not able to report any user expe-
riences in using it. Nevertheless we are aware that the user
interface needs some refinements to become more intui-
tive. Some of the flaws in the application ergonomics stem
from the limitations of web applications in general. How-
ever, thanks to new emerging technologies – like AJAX –
we hope to improve. We are willing to collaborate with phy-
sicians who are interested in publishing their videos in the
way it has been described in the paper.

6. Summary

It is hoped that the presented system will contribute in
building up the medical e-learning infrastructure. By DSS-
MEDA we offer the physicians a tool for annotation of medi-
cal videos stored in a multimedia database. Students may
learn by browsing these resources. The advantages of our
solution are low runtime requirements (only a JavaScript
enabled web browser with QuickTime plug-in installed), flex-
ible user access control mechanisms, diverse annotation
types and very low cost, since the system has been based
our system on free components only.
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Abstract: This paper presents some aspects of the informatics
implementation of the Neonatology Database, which was cre-
ated in the Department of Bioinformatics and Telemedicine
Collegium Medicum Jagiellonian Univ. in association with The
Neonatology Clinic. The significance of this database for inter-
disciplinary collaboration is presented.
The database is mainly utilized to gather hospital data in form
of accessing and processing. The main assumptions of im-
plementation are: universal code to use it by other clinics’
databases, a centralized location of the database server and
minimize client computer required. Programming languages
(PHP), system server (Linux) and projects (Apache, MySQL,
openSSL) are on GNU GPL license
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Introduction

The database systems for any clinic have been produced
in our Department of Bioinformatics and Telemedicine. Our
intention is to create a universal environment (framework)
for database creation and management.

Typical client-server architecture of computer networks
has been implemented. This system is applicable for many
clients’ personal computers with internet browsers and cen-
tralized servers with WWW service. The only task for the
client is to enter his or her patients’ clinical data in a unified
form. The database then becomes ready for permanent stor-
age. The tasks for the client and the sever are distinct. The
access to the database can be sheared among many us-
ers. We applied Apache server2  with openSSL module3   as
WWW service with HTTPS protocol, PHP language4  to
dynamic controls content of WWW and database MySQL5

– appropriate for our application. Data storage formats is
SQL. We are responsible to ensure proper security stand-
ard. Figure 1 presents the view of user database interface.

Fig. 1. Web front-end database system – example
‘Neonatology database’
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Implementation focus

Database Modeling
The term Data Modeling means a method mapping the

database concepts of tables and relationships. This method
is different from a basic design model (like data normaliza-
tion6  – is the process of restructuring the logical data model
of a database to eliminate redundancy, organize data effi-
ciently, and reduce the potential for anomalies during data
operations). Data Modeling allows analysis of the client’s
requirements and models database keys, triggers, con-
straints, referential integrity (RI) and other relational data-
base features. The purpose of data modeling is to develop
an accurate model, or graphical representation.

The steps in application development are:
1. to gather information and resources to determine the

shape and form of the information to be processed
2. to utilize the Conceptual Data Model (CDM) : an entity-

relationship model, Conceptual Data Model
3. Physical Data Model (PDM)

a) primary keys
b) foreign keys
c) unique columns
d) types of data

To create Data Modeling with so called entity-relation-
ship (ER) we obtain Conceptual Data Model. ER model,
originally proposed by Chen7 , it consists of:
– entities that represent real-world objects
–  relationships that capture associations among entities
– attributes that represent union properties of entities and

relationships
– the degree of the relationship that means the number of

entities
There are some diagrams noting the entity-relationship.

One of them is the Merise8 notation  (MERISE = Méthode
d’Études et de Réalisation Informatique des. Systèmes
d’Entreprises). Figure 2 presents part of the Conceptual
Data Model of our database system.

Fig. 2. Part of entity-relationship diagram Neonatology
database

The Physician Data Model was applied on the basis of
a preview model utilizing table 1. Figure 3 presents that

result. The next figure (fig. 4) presents view of structure
database.

Tab. 1. Conversion CDM to PDM

A dynamic front-end web
A dynamic front-end web is generated by parser PHP

language. PHP 5 has been implemented, which offers plenty
of Objected Oriented capabilities. PHP 5 introduces the
Standard PHP Library (SPL), which provides a number of
ready-made classes and interfaces. For this reason PHP 5
can be compared with Java, the most popular OO language.
PHP as a hybrid language can use objects or revert to pro-
cedural programming that was the dominant method in
PHP 4.

We configured PHP with PHP Data Objects (PDO)9 which
provides a data-access abstraction layer, which also means
that, regardless of which database is used, you use the same
functions to issue queries and fetch data. Moreover we use
part of PEAR’a library10: Spreadsheet_Excel_Writer. A dy-
namic front-end web offers:
– configuration (setup) of own access to database
– input, edit, update of  patient records
– review of patients records
- download stored data in .xls format file
- generated reports (RTF format)  Cart clinical treatment

An architecture for building applications the most popu-
lar Model View Controler (MVC)11  allows to separate the
data (model) form user interface (view) and the processing
(controller) form. We realize we do not have such strict ar-
chitecture in our project, because the degree of advancing
did not require that. The exception relates to the realizing
of HTML form and their contents which are processed in
the same steps.

Relationships entity A entity B 

(1)1:n (0..n) PRIMARY KEY – FOREIGN KEY xxx 
REFERENCES entity 
A(PRIMARY KEY) 

– xxx NOT NULL 

(0,1)1:n (0..n) PRIMARY KEY �� FOREIGN KEY xxx 
REFERENCES entity 
A(PRIMARY KEY) 

�� xxx NULL 

 entity A_B  n:m 

PRIMARY KEY �� PRIMARY KEY (xxx, 
yyy) 

�� FOREIGN KEY xxx 
REFERENCES entity 
A(PRIMARY KEY) 

�� FOREIGN KEY yyy 
REFERENCES entity 
B(PRIMARY KEY) 

PRIMARY KEY 

(1)1:1(1) PRIMARY KEY – FOREIGN KEY xxx 
REFERENCES entity 
A(PRIMARY KEY) 

– xxx NOT NULL 
– UNIQUE KEY xxx 

(0,1)1:1(0,1) PRIMARY KEY – FOREIGN KEY xxx 
REFERENCES entity 
A(PRIMARY KEY) 

– xxx NULL 
– UNIQUE KEY xxx 

 

users 
 
user 
password 
function 
 

session 
 
id 
user 
time 
data 
 

bases 
 
user 
base 
grants 
mask 

 

 

session 

privilege 
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Fig. 3. Part of database system – physical model

Fig. 4. Database structure
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Figure 5 presents a necessary diagram (Activity dia-
gram ‘Patient Module’) to realize interface with OOP lan-
guage. An activity diagram is one method of specifying dy-
namic behavior of a model. It presents activities which are
carried out by humans and the path of transitions between
activities. It allows us to know the conditions and relation-
ship of moving to another activity.

Authentication and authorisation system

A web browser and a web server are localized in the
global computer network – Internet. For this reason the
paper will focus on the security system of the data transfer
process and the collection of medical data. Public Key In-
frastructure (PKI)12  and his standard X.50913  which de-

Fig. 5. Activity diagram – Patient Module

scribes providing and managing authentication using asym-
metric cryptographic were applied. X.509 assumes a strict
hierarchical system of certificate authorities (CAs) for issu-
ing the certificates. This contrasts with a web of trust mod-
els, like PGP, where anyone (not just special CAs) may sign,
and thus attest to the validity of others’ key certificates.
A web browser and server with SSL provide two X.509
based authentication mechanisms:
– Client Authentication, where a client application is au-

thenticated by a server itself.
– Server Authentication, where the identity of a server is

authenticated by a client.
A client application, specifically a web browser, man-

ages a database of ‘Trusted Root Certification Authorities’



61K. Sarapata et al., Clinical Database – Neonatology

�
�
��

�
�
�
��

��
�

and ‘Personal Certification’. An organization’s trusted root
certificates can be distributed to all employees so that they
can use the company PKI system. Browsers such as Mozilla
Firefox, Internet Explorer, Opera and others come with root
certificates pre-installed, so SSL certificates from larger ven-
dors who have paid for the privilege of being pre-installed
will work instantly; in effect the browsers’ owners determine
which CAs are trusted third parties for the browsers’ users.
Although these root certificates can be removed or disabled,
users rarely do so. In our case, a file in PKCS#12 format
allows our CA place in correct store except during personal
key installation process. Each of them obtain PKCS file with
full need components (private and public key, certificate CA)
and can install it in the web browser.

Polish law regulations (for electronic signatures by the
Act of 18 September, 2001 on Electronic Signature) were
introduced on August 16, 2002. We were also determined
to create our own CAroot for internal use. Our CA is given
below: Part of user certificate (.pem file)

Certificate:
     Data:
           Signature Algorithm: md5WithRSAEncryption
           Issuer: C=PL, ST=Malopolska, L=Cracow, O=Jagiellonian
Univ., OU=Department of Telemedicine, CN=Department of
Telemedicine CA/emailAddress=mysarapa@cyf-kr.edu.pl
           Validity
              Not Before: Dec 13 06:57:02 2006 GMT
              Not After : Dec 16 06:57:02 2006 GMT
           Subject: C=PL, ST=Malopolska, L=Cracow, O=JUMC,
OU=ZBiT, CN=Example/emailAddress=xxx@xxx.xx
           Subject Public Key Info:
              Public Key Algorithm: rsaEncryption
              RSA Public Key: (1024 bit)

Part of CA certificate (.pem file):
     
Data:
           Signature Algorithm: md5WithRSAEncryption
           Issuer: C=PL, ST=Malopolska, L=Cracow, O=Jagiellonian
Univ., OU=Department of Telemedicine, CN=Department of
Telemedicine CA/emailAddress=mysarapa@cyf-kr.edu.pl
           Validity
              Not Before: Feb  4 00:25:17 2006 GMT
              Not After : Feb  4 00:25:17 2007 GMT
           Subject: C=PL, ST=Malopolska, L=Cracow, O=Jagiellonian
Univ., OU=Department of Telemedicine, CN=*.xxx.cm-
uj.krakow.pl/emailAddress=mysarapa@cyf-kr.edu.pl

The user’s authorization based on record in table
‘users.bases’.

Fig. 6. Structure table users.bases

There are specifications in ‘grants’ column which set
general user’s privileges and ‘mask’ allows the application
of particular constraints within just one database.

Independently, the user is informed to register obliga-
tory14 .

Semantic controls
A lot of input variables from HTML form and their com-

plexity links was a motivator to find a universal tool to real-
ize semantic controls data in base. The syntactic controls
data was simply accomplished using regular expression
engine and using same automatic operations checking data
on the level of their comparison (quantity or quality, equal-
ity-inequality like: less than, more then, etc.). Semantic con-
trols and links are able to be described by any self created
language in PHP and next parse them. The specification of
this language is simple. It controls the specific data and
checks condition for corrected value of data:

$uniques=array(«pacjent_id data_morfologia», «pacjent_id
data_jonogram», «pacjent_id data_bilirubina», «pacjent_id
data_pr_watrobowe»);

$conditions[«doba_tamponada»]=(«powiklania=
tamponada_osierdzia»);

To realize semantic control, a so-called parser genera-
tor was needed (primitive in our implementation). A parser
generator reads strings from a file and includes a descrip-
tion of semantic control variables and then analyzes them
and by eval() function returns the result to the program.

SQL allows on the levels database to control specificity
of any data by use UNIQUE KEY() on columns. Moreover
in MySQL 5 Stored Procedure15  was implemented that in-
cludes data validation, integrated into the database struc-
ture. Stored procedures used for this purpose are often
called triggers.

Fig. 7. Data controls level

Figure 7 shows that the PHP level gives the best con-
trols entered data. It’s with its association with PHP that the
server’s language offers the biggest possibility of verifying
data by its logical limitations, the possibility to access the
database or integrate the data if necessary16  via connec-
tion and uses other dictionaries or data sources of other
localization. Data integration is the problem of combining
data residing at different sources and tries to create a uni-
fied view of these data.
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Simultaneous database connection
Parallel access is a basic feature of databases. At the

database level are some mechanism of resolving prob-
lems with simultaneous access and updating of records
in tables. LOCK TABLE 17  one is problematic to use be-
cause it locks base tables (but not views) for the current
thread. The second one - transactions - are useful in the
case of realizing a sequence SQL queries that must be
treated as one indivisible unit. (In MySQL 4 Innodb type of
database is supported for transactional processing). We
use transactions when an UPDATE of a patient’s record is
made on some (no one) tables. The primary problem is
solved by editing the same record by the same users. We
have to lock the record when another user tries to open it
for editing. If the record was already opened by one user,
it would tell the second user trying to access the same
record that it was already being edited. To realize it, each
table has a lock time column, where a timestamp is given.
The global parameter ‘locktime’ (in /config/parameters.php
file) determines the length of time for a user’s edition of
a particular record. Users distinction is relayed on ses-
sion id (the same user cannot edit the same record on
some client platform). All of those mechanisms were ap-
plied in PHP language.

The utilization in scientific methods

The clinical databases are a source of information for
formal research hypotheses and science verification tools.
The database is a form of informatics implementation to
utilize: storing, gathering and reading data which are in elec-
tronic forms. The data is in symbolic form to write specific
relationships physics property or natural phenomenon.

The database has a specific structure (it’s distinguish
hierarchic, web, relation, object and other structures of da-
tabase), that is choose as the best model of data and rela-
tion among them. The databases in clinical activity meet
two goals: pragmatic for health centre functionality and sci-
ence to define science problems.

A practical diagram in scientific methods
Medical dissertations always include a statistical study

of clinical data during creation or verification of scientific
hypothesis. If it is not included it is theoretical, comparative
or methodology work. The data for the statistical procedure
originates from database as text (value, description) data,
sound data, image (picture, video) data in the correct for-
mat file representation of collections of data (Fig. 8.).

 The blue color of boxes means region of utility data-
base (e.g. clinical database) in the scientific procedure.
‘Gather information and resources’ exposed practice and
experience of physician and based on clinical database.
The verification of hypothesis – ‘Perform experiment and
collected data’ region is realized by e.g. blind experiment
can use clinical data.

Neonatology database case study
The creators and designers have a difficult problem with

the proper collection of data that will be gathered and stored.

The database gathering all possible clinical data and rela-
tions among them is impossible to realize. The obstacles
are the large quantity of variables, their changeability in time
domain (as e.g. periodical cycle) or any reason domain. As
a result of having so many variables, a lot of measure val-
ues for each of them (frequently measured) are obtained.
To make matters more complicated, as a rule, almost all of
them are obtained by through statistical procedures.

The scientific experience allows reduction of number of
positions in the record and their proper collection. The se-
lection of variables is a compromise between objectivity –
respect all data and subjectivity only them tail.

There is no technical constraint on the number of vari-
ables, the number of records, or data formats. Actual com-
puters systems are scaleable and realize simultaneous
database connections. There is no problem with the band-
width network during transfer of AV files. Fundamental
causes are much work to input data into database realized
by hospital staff.

The constraints of statistical tools and statistical analy-
sis, aren’t crucial. There is a possibility to analyze ‘ever’
amount data records.

Preterm born infants accounts for about 7% of all live
births. The percentage of newborns born with extremely
low birth weight (<1250 g) amounts to 5%. About 160
newborns from the above mentioned group were born in
the Neonatology Clinic in Krakow during last year.

Fig. 8. Scientific procedure18
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These patients require hospitalization at the neonatal
intensive care unit (NICU), and what is more, they are the
most demanding group. This is caused by specificity of dis-
eases characteristic during this particular period of life.
There exist numerous causes of preterm labour, risk fac-
tors of prematurity, clinical conditions which correlate with
low birth weight. The interpretation of clinical data following
EBM rules might be troublesome. Furthermore, the assess-
ment of effectiveness of therapy is difficult, as the group
has a low number of patients. That is the reason why col-
lecting information should involve other clinics encounter-
ing similar problems. It is necessary to analyse results and
data in cooperation, which is enabled when the form of gath-
ering and exchanging information is unified.

Until we decided to create a proper system of collecting
data that would function in the internet, the Neonatal Clinic
had no safe electronic files.

While defining the range of data included into the files we
wanted to keep a clear structure. The information connected
with patients was grouped with the cause and effect relation.
We also estimated the frequency of particular clinical events.
To identify and register patients we used a unique personal
date, such as the number of their clinic file, name and sur-
name and date of birth. Other factors, such as sex, birth
weight, week of gestation, prenatal condition may group pa-
tients in following analyses and statistical operation.

Crucial, and most difficult in drawing up the structure
was the multitude and interrelation of different medical con-
ditions. Schematically we divided information about dis-
eases and grouped them in connection with particular or-
gans and physiological systems. Therapeutic interventions,
drugs used and prophylaxis were assigned to their proper
folder. Some laboratory tests and measurements are multi-
ple and to differentiate we labelled them by the date of col-
lection. There are also specific filtering systems for protect-
ing data against mistakes. Creating reports gives a helpful
possibility of recording medical documents.

We test and verify clinical hypotheses connected with
the effects of cure by the usage of the base.

Summary
We consider develop system database to improve same

mechanism e.g. error handling, utilize locale19 to obtain mul-
tilingual version (The gettext functions implement an NLS
(Native Language Support) API which can be used to inter-
nationalize your PHP applications). We intend to make an
attempt at using ready framework like SMARTY (Template/
Presentation Framework)20 or even move the system data-
base into an environment operating system like eyeOS21.

The other development direction is to facilitate realiza-
tion of a statistical operation on stored data. Our aspiration
is to join option ‘statistics’ in the next step (including in con-
tent web front-end). It should be a simple SQL generator to
receive a specification data form database as a substitute
e.g. MySQL Workbench 22. It can enable the carrying out of
Data Mining23.

The development of software adequate to the problem
makes easy implementation a difficult procedure. For in-
stance new version MySQL 5 entry useful features: Stored

procedures, Views, Cursors, XA transactions, foreign keys
(implemented in 3.23 for InnoDB), Triggers, Partitioning,
Pluggable Storage Engine API, Row-Based Replication
which should be taken into consideration. Typical uses for
stored procedures include data validation, integrated into
the database structure. Stored procedures are frequent,
but not always, used as a method for executing SQL que-
ries on the database objects in a way abstracted from a
client application.

We should also remember that projects that are too
grandiose might never have been finished.
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Introduction

Project’s requirement was to design and build a system
geared towards information exchange and data organiza-
tion for the department of Bioinformatics and Telemedicine
of the Medical College of the Jagiellonian University. It helps
to organize publications, articles, books, research, grant
proposals, news, presentations, and personal notes. Main
benefits include remote access through the internet as well
as helpful and easy to use interface. The multilayered
permissions and security ensure high integrity of the sys-
tem.

ADVANCED SYSTEM FOR ORGANIZATION OF WORK
AND SCIENTIFIC DATA EXCHANGE
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Each of the involved departments yearly publishes doz-
ens of articles. Projects vary in multiple ways from funding
(personal, grant based) to involvement from other staff
members, international cooperation and other third parties.
Information on this work should be available to every per-
son within the department, although not to the same extent
to everyone.

Taken into the account were the following parameters:
– varied scientific directions in the departments
– interdisciplinary – working on the cutting edge of sci-

ence and technology

Abstract: The purpose of this project was to create a system
that would help in organizational and scientific data exchange.
The system has been put into production at the Department
of Bioinformatics and Telemedicine of the Medical College of
Jagiellonian University.
The system is designed for the university staff, doctors, ex-
perts, students as well as anyone interested. The system
helps to maintain fast and efficient data exchange of both
administrative and scientific kind, particularly directed towards
the medical and related fields such as biostatistics, bioinfor-
matics and telemedicine.
This paper shows in detail: the design of the system, technol-
ogy involved, functionality of the system, data flow, database
structure, and security system, all matching the requirements
of the project. The conclusion contains a discussion on the
system’s future growth for which the project is prepared for
as well as direct examples of some of the possible new fea-
tures.

Keywords: content management system, hashing, phonetic
string matching, trust management
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– varied cooperation
– large count of the courses and exercises
– physical separation between departments, lacking di-

rect staff contact
The above factors heavily weighted into creating a sin-

gle and cohesive system that was to be secure while at the
same time to help the staff coordinate their work.

Requirements of the System

During the design of the system there were a series of
requirements that needed to be fulfilled. These came from
the analysis of workflow within the department. The main
requirements were:
– remote access to the system
– integration to other systems within the department
– helpful and easy interface
– advanced methods for searching data
– archival of data
– verification of data
– hierarchic security
– time based restriction/granting of access
– ability to define actions allowed on a data set
– ability to manually add data
– ability to track comments and file attachments
– creating of data sets for specific users or groups of users

After further analysis of work being performed by the
staff within departments it became apparent that the sys-
tem could also track additional data, not just articles and
publications, but also presentations (both: of student and
conference origins), student works (bachelors and masters),
as well as PhD dissertations. All the above requirements
have been met, and the implementation specifics show origi-
nality in work. Thanks to elastic and adjustable framework
it is easy to have the system change the way it works.

Users and Groups

Generally the staff members are split into groups based
on the departments that they are in. Each faculty member
(user of the system) is a member of a specific department,
although it is possible for a staff member to coexist in a few
departments. A member of one department can have ac-
cess to data from another department. For example, a staff
member of the Bioinformatics department can, but does not

necessarily have to, have special access of the work of stu-
dents from the Telemedicine department.

Different type of a group of users is represented by the
students, understood here as people working with the de-
partment. Such users would have higher access than some
anonymous internet guests; however, they would not have
as much access as a staff member. Some students, due to
cooperating work with a staff member, for a specific con-
tent area, might have escalated privileges. The least ac-
cess would be given to the anonymous internet guest. Such
user would have most limited access. For example, instead
of having access to an article, they could only access its
summary. Anonymous internet guest does not have to reg-
ister to access content.

The system allows creation of an elastic user profile.
Any user and/or group can be assigned to any data with
any of the available permissions, and even that further can
be limited by a time constraint.

Table 1. Groups based on departments and access levels

Privileges
Users of the system are split into hierarchic groups. The

structure has 4 levels of permission groups:
– administrators – people controlling the well being of the

entire system
– staff members – the administrators and users within

a department
– students and registered users
– anonymous internet guests

Further, the right to content is assigned per groups, but
also can also be fine grained and assigned individually.

Data Categories
Another major aspect of the system is the ability to cat-

egorize data. Depending on data type tracked it is impor-
tant have additional field to track on that content. In case of
books this would be an ISBN number.

Biocybernetics Bioinformatics Biostatistics Telemedicine 

Administrator 

Staff Staff Staff  Staff 

Student Student Student Student 

Anonymous Internet Guest 

Publicatios Projects News Work Staff 

1. Books 
2. Book Chapters 
3. Book Synopsis 
4. Scripts 
5. Scripts 

Chapters 
6. Conferences 
7. Summary of 

Conferences 
8. Conference 

News 
9. Other 

10. Grants 
11. Status 

Research 
12. Private 

Research 
13. Coordinated 

Research 
14. E-Learning 
15. Web Pages 
16. Other 

17. News 
18. Courses 
19. Corespondece 
20. Other 

21. Didactical 
Materials 

22. Presentations 
23. Student 

Projects 
24. Master Thesis 
25. Doctorate 

Dissertations 
26. Habilitations 
27. Other 

28. Own Work 
29. Projects 
30. Other 

 

Table 2.  Data categories
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No matter what category data resides in, it has to have
ability to link and be linked to from data from any other cat-
egory. An article can refer to other articles (through key-
words and explicitly) but also it can refer to books or con-
ferences. Those on the other hand could link to picture gal-
leries or other related articles. These links should operate
between internal content, as well as external (for example
to http://pubmed.org)

Implementation of the System

One of the postulates of the system was easy of use,
both from the user perspective as well as maintenance.
Choosing technology for the system required taking into
account usefulness as well as longevity and price.

Technology
The technology was chosen that all the departments

were most comfortable with. Both bioinformatics, biostatis-
tics and telemedicine departments relied on PHP and
MySQL hence these tools were chosen for this system.
UTF8 font encoding was chosen to avoid future issues with
various accented characters as well as to maintain back-
ward compatibility with ASCII tools.

Describing Data
Any data that is sent has to be described. Filename usu-

ally tells us what to expect inside a file. Title of an article
tells us what to expect within the article. The system was
built to rely on various methods to describe data. Some
descriptions human made, like titles or summaries, while
others to help software deal with the data.

Line and Paragraph Descriptions
In articles, line description could be equalled to the title

of the article, while the paragraph description would be-
come article’s summary, its synopsis. Article to which a user
might have limited access might only see the summary, not
the whole content. In the database they are defined:

  , article_title   varchar (128)  not null
  , article_summary   varchar (1024) not null

Data Transfer: Errors and Security
When transferring data it could become that the desti-

nation does not receive what source was sending. This
could occur due to an error during the transfer, or because
it was done deliberately. To recognize that transfer did not
happen as intended a naïve solution would be to send it
over again. By comparing the first copy to the second copy
we could hope to spot if an error has occurred. However, if
some third party deliberately changed the data once, there
is nothing stopping them from doing so again during the
second transfer. Even if we do detect an error, then we will
not know which of the two versions on our hands is proper.
After all, the error could have occurred during the second
transfer, not the first. Sending same data for the third time
would solve this problem, but then we would be wasteful on
the resources, both bandwidth and storage.

Better solution, that does not rely on triplicate data trans-
fers, is to write short algorithmic descriptions of the sent
over data. The first such simple method relied on checking
the parity. If the right number of bits set to one were sent.
For example:

data transferred ‘0101 1111’ has even parity as there are 6
ones sent
data transferred ‘0101 1101’ has odd parity as there are 5
ones sent

In this example we can see how an error can be de-
tected. Once we know there is an error, we can send data
again and verify it again, if it was proper this time. No need
to send data three times. However, it quickly became ap-
parent that a lot depends on the type and amount of errors
occurring. Notice two errors occurring at the same time:

data transferred ‘0101 1111’ has even parity as there are 6
ones sent
data transferred ‘0111 1101’ has even parity as there are 6
ones sent

We will not notice the error occurring. Many algorithms
have evolved to help detect various errors. Some are geared
for speed; others for error correction, or to stop and slow
down a third party from tampering with the data. Our sys-
tem relies on three popular hashing methods: CRC32, MD5
and SHA1 in the following way:

sprintf(«%08X», crc32(file_get_contents( $file )));
md5_file  ( $file );
sha1_file ( $file );

Any user of the system, either when sending or receiv-
ing, can ensure that the codes provided by the system for
their files are same as on their own machines.

Keywords
Sometimes we need to treat similar data as if they were

the same.  For example, when user misspells a word, we
might want to try to figure what was really meant.

There are few of different models of comparing words
and finding how similar to each other they are. One such
method is the Levenshtein string distance. It takes two
strings and reports how many changes are required to trans-
form one string to the other.  The fewer the changes the
more similar the words are. Another method is the Oliver
[93] probability where we get a probability of how two words
are similar to each other. In both of these methods there is
a performance problem. To verify if two words are an exact
match we need O(m) operations, while Levenshtein dis-
tance requires O(m*n) operations, and Oliver[93] probabil-
ity requires O(m*m*m), where m is the length of the larger
string, while n is the length of the other string.

At the beginning of the 20th century, long before first
computers were being constructed, people noticed the need
to find similar words. In United States, with large immigra-
tion influx, it was needed to track families, where it was
known the pronunciation of a name, but not necessarily its
spelling. For this purpose an algorithm titled soundex was
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created, that would convert string/words into special codes.
Words that had similar pronunciation then would often share
same soundex code, designating them as similar to each
other.

For the last hundred years alternatives have also sprung
up. One of such alternatives is metaphone and its younger
brother double-metaphone.

Table 3. Misspelled words and their phonetic hashes

Quite problematic for Polish purposes is the lack of sup-
port of polish pronunciation rules of written words. There
exists a version of soundex that takes into account Slavic
phonetics, and it has been dubbed ‘slavic soundex’, al-
though its official name is based on the designers, Daitch-
Mokotoff soundex. Unfortunately, it treats words on their
phonetics rules, and not grammatically. Hence two words
‘(�#�(��6’ and ‘�(�ST’ would be considered as two different
words, although both are created from the base word ‘(�ST’.
Other systems also work on the synonyms of words, their
meaning similarity. For example, words ‘good’ and ‘better’
and ‘well’ are related, yet neither in writing, nor spelling, are
they similar to each other.

The system has been designed to rely on soundex and
metaphone algorithms.

Nodes
The main information container in the system has been

dubbed a node. It is the elementary container that other
related information refers to.

The Reason Behind
The system that is built includes varied types of con-

tent: articles, publications, dissertations, Masters Theses,
news, conference presentations, all having some of the data

in common. A possible, naïve, solution would be to store
each information type in its container. (Fig 1)

Since every piece of information can relate to another.
A published article can be linked to news or linked to Mas-
ters Theses. We notice that the number of pairings we get
is related to the combination choose two: C(n,2). (Fig 2)

This further is complicated as each content type can
have additional data attached, such as comments, or files.
(Fig 3)

Creation of a Node
Keeping all data in own specialized containers creates

problems with tracking the links. Alternatively, if common
data was centralized it would make life simpler. After all,
articles, news, Masters Theses, conferences, publications
and presentations have common fields tracked: the author,
creation date, title, and synopsis. This means, instead of
creating a container for articles and another for news, we
create a single table that has common data, named Node.

Now, when we want to attach comments it is just a sin-
gle table as opposed to a whole set of them. For example:
a node with additional tables like comments, attachments,
ranking and keywords.

Referring to Nodes
Single unique object within a database needs to be

tracked in a unique way. This is generally done through the
use of sequence numbers, dubbed ‘identity’ or ‘auto’ num-
bers. The idea is that every new entry in the database gets
its own serial number. That way, it is fairly easy to refer to
each specific item.  However, this often exposes information
about the system. Knowing a serial number of 321 we can
safely assume that 320 exists or has existed at one point in
time, and have a good probability that 322 also exists.

UUIDs – Universally Unique IDentifiers (sometimes
found under the name GUID – Global Unique IDentifier)
tries to avoid predictability. Instead of providing numbers in
sequence, serial numbers, an algorithm generates always
random numbers. Since the number generated is huge (128
bits, allowing for 3.4*1038), the probability of guessing UUID
of an existing node is infinitesimal. With a million of nodes,
probability is one to 3.4*1032. However, the length of UUIDs,
32digits in hexadecimal format, is not friendly for writing
down or memorizing.

Popular systems found online use alternative tracking

Word soundex metaphone double- 
-metaphone 

Daitch- 
-Mokotoff 
soundex 

Rzeka R220 RSK RSK, RTSK 450000, 
945000 

Zeka Z200 SK SK 450000 

Rzka R200 RSK RSK, RTSK 450000, 
945000 

Druk D620 TRK TRK 395000 

Drok D620 TRK TRK 395000 

Adam A350 ATM ATM 036000 

Aton A350 ATN ATN 036000 

 

Fig. 1. Data categorized in own tables
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methods. They have one method of tracking of content in-
ternally, while to the user, another method is presented, for
example, by date and node’s serial number of the day it
was created in.

node/[year]/[month]/[day]/

Further, the internal handling of the system and param-
eters can be hidden, obfuscated, thanks to the use of URL
rewriters, such as Apache’s mod_rewrite. In Apache’s con-
figuration file, the following would then need to be written:

�ewriteEngine on
RewriteRule ^node/(...)/(..)/(..)/(.*).html$

node.php?year=$1&month=$2&day=$3&serial=$4

Keywords
It is a tedious job to define manually which node is re-

lated to another node, not without benefits. Such linking is as
good as a human can be, but if some of the work can be
automated then the important time is saved on doing actual
research, or to attend students, instead of just linking data
manually within the system. The solution is to define descrip-

Fig. 2. Pairings of data being categorized in own tables

Fig. 3. Attaching comments functionality to data that is categorized in own tables
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tions that computer can use and try to find best relations within
the system. One such description relies on keywords. User
enters words that are critical and define data the best, and
then the system can search for other nodes with same or
similar keywords. Not only can the system find related data,
but also try to sort based on relation. (Fig. 4)

Common Keywords
If a node A has three keywords x, y and z then only

other nodes, also with either keywords x, y and z are re-
lated. Some node that has all three keywords is more re-
lated to node A than another node that only matches one
keyword. A node that has no common keywords can be
assumed as totally unrelated. The SQL code can then look
the following:

SELECT nodes.id
, COUNT ( nodes_keywords.keyword_id ) AS common

FROM nodes
INNER JOIN nodes_keywords ON

nodes.id = nodes_keywords.node_id
AND nodes_keywords.keyword_id IN ( x , y , z )

GROUP BY nodes.node_id
ORDER BY COUNT (nodes_keywords.keyword_id ) DESC

Keyword Popularity
An important aspect of a keyword is the similarity met-

ric. How important is some word in relation to another word.
For example, if we have a node A with keywords x, y and z,
we match two related nodes to it, a node B through key-
word x and node C through keyword y, then, which of the
two matched nodes, B or C, is a closer match to node A? It
depends on how popular are the keywords. If matching by
keyword x is less likely event than matching by keyword y,
then node B, through keyword x, should be promoted. In
SQL we could do this through:

SELECT nodes.id
, SUM ( 1000 / popTab.popWord ) AS weight

FROM nodes
INNER JOIN nodes_keywords ON

nodes.id = nodes_keywords.node_id
AND nodes_keywords.keyword_id IN ( x , y , z )

LEFT JOIN (
SELECT keyword_id , count(*) as popWord
FROM nodes_keywords
WHERE nodes_keywords.keyword_id IN ( x , y , z )
GROUP BY keyword_id ) AS popTab

ON popTab.keyword_id= nodes_keywords.keyword_id
GROUP BY nodes.id
ORDER BY SUM ( 1000 / popTab.popWord ) DESC

This way, we assign a weight to keyword match. A key-
word that exists in the system 500 times will give a weight
of 2, while a keyword that matches only 10 times will pro-
vide a weight of 100. We then sum the weight for all key-
words of a matched node to get total weight of a matched
node. In the end, the results are sorted descendingly by the
total weight of the matched node.

Node Keyword Count
System could however become abused. A node could

be defined with a copious amount of keywords making it a
related match with virtually every other node. The system
needs to promote nodes that match, while having few key-
words, over nodes that match to anything.

For example, node A has three keywords, x, y and z.
There are two related nodes, B and C, both matched by
same keyword y. Which of the two matched nodes is a bet-
ter match? If we look into how many keywords has in total
node B and node C, we can promote the node that has less
keywords over the one that has more. If node B has 10
keywords, while node C has only 2, then node C is more
important match than node B.  The reason is twofold. Node
C, having less keywords, is less likely to be found in the
system, hence it should be promoted higher in the results if
it does actually match something. Secondly, node B having
10 keywords implies that each keyword, by itself, does not
explain it well, while node C, with only two keywords, tells
us that each keyword by itself would probably describe half
of the node. In SQL the example solution is:
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Fig. 4. Implemented keywords structure
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Similar Keywords
Words sometimes can be misspelled. People not always

remember proper spelling of a word; it could be something
overheard. The system takes this into account and also tries
to find a match based on soundex and metaphone algo-
rithms. In the SQL we can see the additional subselect re-
quired to pull data through another indirection:

SELECT nodes.id
, COUNT ( nodes_keywords.keyword_id ) AS common

FROM nodes
INNER JOIN nodes_keywords ON
�	
���
� )� �	
��&'�(�	�
��	
�&�

AND nodes_keywords.keyword_id IN IN (

SELECT id
FROM keywords
WHERE soundex IN (

SELECT soundex
FROM keywords
WHERE id IN ( x , y , z )

)
)

GROUP BY nodes.node_id
ORDER BY COUNT (nodes_keywords.keyword_id ) DESC

Final Keywords Search
It is possible, that some related word is related through

only one algorithm, either soundex or metaphone. Such
word then needs to have a lower weight than if it is found to
be related through both algorithms.

In the end, all the methods need to be combined to give
user not only many matches, but also the best matches at
the top. This means that we promote what has many words
in common as it’s a better match than something that has
less. On the other hand, we want also to promote nodes
that are rarely matched, as it is significant when such
a match occurs.

Linking Related Nodes
A node can refer to any other node. A mapping table is

required to accomplish this. This table would store refer-
ences to any pair of nodes.

create table nodes_relationship (
  node_id_parent integer not null
, node_id_child  integer not null
, title          varchar ( 80 )
, author_id          integer        not null
, creation_date    timestamp not null DEFAULT

CURRENT_TIMESTAMP
, primary key ( node_id_parent  , node_id_child )
, foreign key ( node_id_praent  ) references nodes ( id )
, foreign key ( node_id_child   ) references nodes ( id )
, foreign key ( author_id ) references users ( id )

) type=InnoDB CHARACTER SET utf8;

Security System
The security of every system is always a critical issue,

however, often overly trivialized. Software should be cre-

ated in mind that some users could abuse weakness of
a system, either for fun, or for more sinister goals. No mat-
ter what is the reason, such actions should always be cur-
tailed and limited.  The project was designed to be a non
trusting, closed system as there is content that not every-
one should have access to.

Logging In, Passwords
The first step in making a project secure is to ensure

that there are doors with locks. A guest in a house will be
welcomed only in the general entrance hall, but will not en-
ter any of the rooms. The combination of username and
password creates an access key that opens doors to sec-
tions that non privileged people don’t have access to. Some
doors could be accessed by many keys, while other would
work only for one person.

Unfortunately, the passwords are problematic. If the
password is overly long and complex it becomes very easy
to forget. On the other hand, if the password is trivial and
predictable then it is not secure. When the system gener-
ated a password it has to be both, secure yet simple to
remember.

The problem is further complicated since users often
prefer to remember one or two passwords. This means that
there are many systems that a single username/password
combination would grant access. If any of these systems is
compromised, and the attacker gains user’s passwords,
then he could, with these passwords, try to compromise
the other systems. How to build a system that is both se-
cure but does not know user’s passwords?  How to verify
a password without knowing it? The solution is to not store
the password, but store a value derived from the password.
For example, we could try to store SHA1 hash of the pass-
word. That way, when user enters the password the first
thing the system performs is a hash of the password, and
then compares the hash of the just entered password with
the hash stored in the database. If at any time the system is
successfully penetrated by a hacker then nothing but the
hashed passwords is exposed. There is no easy way for
the hacker to reverse the hash back to original password,
hence other systems, that were secured with the same
password, stay secure. The system relies on SHA1 to keep
hashes secure.

User Access
The system, in initial state, assumes that no one has

access to any node. The rights are gradually being granted.
Even the anonymous internet guest has to be granted ac-
cess to even see that a specific node exists. Although gen-
erally nodes are assigned with permissions to groups,
sometimes, to avoid need of one person groups, users too
can be assigned permissions to nodes.

User Groups, Departments
Assigning permissions to every user to every node

would require Cartesian product of the m*n amount of
permissions, where m represents number of users, while n
the number of nodes. With 40 users and 80 nodes we end
up with 3200 pairings. To minimize the amount of manage-
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ment of permissions it is much easier to group users and
assign permissions to the groups.

Some such groupings would follow the physical depart-
ment setup: Bioinformatics, Biostatistics and Telemedicine,
however, other user grouping can occur, such us hierarchy
based: administrator, staff-member or student. The groups
are created independently. We can assume that groups are
built like a directed graph, where each group is a node, and
the group directional pairing defines which group is supe-
rior to the previous.  This elasticity allows for creation of
new hierarchal levels and new, even independent, group-
ings. (Fig. 5)

Security – Gradient
As it was mentioned previously, by default no one has

access to any content. The permissions are slowly granted.
Slowly there is a set of permissions assigned to the node.

The system, when it comes to node, recognizes the follow-
ing permissions gradient hierarchy:
– no rights
– limited read access
– full read access right
– editor access
– administrator access

For example:
– anonymous internet guest has limited read access
– group a (users i, j, x and y) have full read access
– group b (users j, k, y and z) have editorial access
– users v, x, y and z have administrator access

With the above permission setup some users end up
with multiple accesses to the system. The system grants
the highest granted permission to the user.

Fig. 5. Managing access to groups

Fig. 6. Screenshot from the system of the gradient based permissions
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Fig. 7. Gradient based permissions

sions mutually exclusive. For example, one group to have
ability to attach files, but not comments, while another group
vice-versa, ability to add comments, but not files.

Security – Actions
Sometimes there is a need to assigns permissions

based on actions and not hierarchies. In gradient/hierarchy
system, the higher the permission level the more access
user is granted, however, this does not permit mutually ex-
clusive actions. For example, let assume that on gradient
level 20 the user is granted file attachment ability. If at level
40 we grant comment ability we end up with 3 types of us-
ers: below level 20 with nothing granted, between 20 and
40 with file attachment, and above 40 with comments and
file attachment. There is no possible gradient level that
would grant comments, but not file attachments.  The solu-
tion is to track user’s access based on actions he is granted.
Can user attach file? Can user comment?

For example:
Group A (with users i, and j) can attach files
Group B (with users j, and k) can comment
(Fig. 8)

We end up with following action permission resolution
table:

Table 5. Resolution process of action based permissions

 Guest Group A Group B Explicit Final 

Guest Limited    Limited 

H Limited    Limited 

I Limited Full   Full 

J Limited Full Editorial  Editorial 

K Limited  Editorial  Editorial 

V Limited   Admin Admin 

X Limited Full  Admin Admin 

Y Limited Full Editorial Admin Admin 

Z Limited  Editorial Admin Admin 

 

Table 4. Resolution process of action based permissions

The final permission that any user receives is the high-
est permission. For example, we can analyze how user j
ends up with his editorial permission.
– since lowest permission assigned is to guest, user j at

minimum gets anonymous internet guest permission,
meaning limited read access

– however, user j is also a member of group A. Between
the limited read access granted to anonymous internet
guest and the group A’s full read access, user j ends up
with the full read access

– however, user j is also a member of group B. Between
the full read access granted to group A and the group
B’s editorial access, user j ends up with the editorial
access

Of the three possible permissions that user j has, the
highest is granted. (Fig. 7)

In the database, the gradient permission is represented
by an integer. The highest gradient to a node that can be
traced to a user is used as user’s access. However, gradi-
ent assumes that the higher access includes all permissions
of a lower access. User with gradient at value 60 can do
anything that users with lower accesses can do. This causes
problems if we want to have two groups that have permis-

 Guest Grupa A Grupa B Final 

Guest Access   Acces 

I Access File Attachment  Access 
File Attachment 

J Access File Attachment Comment Access 
File Attachment 
Comment 

K Access  Comment Access 
Comment 

L Access   Access 
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Fig. 9. Complete database diagram

Fig. 8.  Screenshot from the system of the action based permissions
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Through assigning permissions to specific actions the
permissions it is now possible to setup users who have
permissions that are mutually exclusive. We have user i that
can only do file attachments, user k that can only comment,
user j that can do both, and l that can do neither.

Actions, such as commenting and attaching files, are
not related; however, some actions can easily be depend-
ant upon each other. For example we could build a system
with two actions one for reading comments and another for
writing new ones. In that case, adding new comments has
little sense if user cannot read comments. Such actions are
then dependant upon each other. This is where gradient
comes in handy. We can define that one action is a gradi-
ent based. Where commenting action could be then de-
fined as a gradient action, with levels: read comments, add
comments and edit comments.

The Database
The final database ERD (Fig. 9).

Interface

The interface is generally a compromise between easy,
familiar and understandable form that fits the user’s needs,
while trying to give a multitude of options and complex ad-
vanced functions. It is not an easy task to be at the same
time complex and easy. The more choices the user is pre-
sented the more advanced the tool becomes, and becomes
less understandable. Besides this problem with ease and
complexity, aspects of physical display as well as hardware
and software limitations need to be taken into account. The
lower the requirements are set on the user the more likely
that the user will end up using and relying on the system.

Fig. 10. Screenshot from the system

Since the most critical in the system is the actual data,
the node, then the largest part of the screen is dedicated
for it. Generally in such systems left side of the screen is
dedicated towards system menu. On the top we remind
users where they are.

Depending on granted permissions there might be a set
of actions that can be performed on a node. These actions,
not to be confused with system actions, are added in the
node section of the screen, in the top right corner.

The figure nr 19 shows the actual screenshot taken from
the system. The screenshot presents us with a node. On the
left side of the screen we have the system menu that con-
tains various categories that nodes are in. The node has a title
and author and creation date present. In the top right corner
of the node section we see additional menu of actions that
can be performed on this particular node. (Fig. 10.)

Discussion

The ongoing changes and evolution of the departments
(biostatistics, bioinformatics and telemedicine) as well as
the interdisciplinary character of the work will force, in the
future, changes upon the system. With this expected con-
tinuation of growth the project has been designed and im-
plemented, welcoming any oncoming changes as opposed
to fearing them. The elastic framework makes the system
ready for adoption for new needs and requirements.

Elastic Framework
Deliberate extra effort was put in the design of the pro-

gramming libraries. Such libraries, often referred to as
framework, are a collection of code snippets that can be
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used easily in many places for many purposes. For exam-
ple: instead of writing HTML code to handle text fields and
all of its related data (such as its description, sizes, etc); we
could have a function that does the job for us:

showTextField ( $desc , $name , $value , $readonly , $size
, $maxsize )

Current implementation of the function uses the param-
eters to generate legend for the input field. When the field
is defined as read only then the user is not presented with
an input field, but an unchangeable text.

Since the function returns a text string, as opposed to
sending it straight to the output buffer, the string can be
used for other purposes. For example, the input field can
be used to generate a download file, or sent through email.

Another example of the easy use of the system from
the programmers point is the security. For the purpose of
the example, let us assume we want to add ability to track
who can delete files from a node. First we add to the
permissions table new column for deleting files, so:

ALTER TABLE nodes ADD COLUMN
access_delete_file bit;

ALTER TABLE nodes_accessby_groups ADD 
COLUMN access_delete_file bit;

ALTER TABLE nodes_accessby_users ADD
COLUMN access_delete_file bit;

This is enough for the system to start tracking the rights
to delete files for groups and users. The interface for as-

signing permissions detects automatically the new tracked
actions, so there is no need to change the administrative
functions.

The only thing left is to add actual code that deletes the
file in question, and verifies that user actually has the rights
to do so:

if (canI(«nodes»,’id’,’##nodeID’,’delete_file’))
     unlink ( fileID2filename ( «##file» ) ) ;

The code calls ‘canI’ function. The function takes 4 pa-
rameters, the first two help it work with the database, first
defines table name, the second the primary column name.
Third parameter is the node number in question. The last
parameter is the action we want to perform on the node.

If the function confirms our inquiry, that we have the
right to delete a file attached to that particular node, then it
returns a value of true (in case of gradients, it returns the
highest gradient value). This allows us very easy checking
for actions and gradients, whether user should be allowed
or not with his actions.

The canI function implicitly takes user’s identifier from
within the session, hence avoiding extra parameter.

The look of the system is defined through CSS (Cas-
cading Style Sheets).  CSS is a set of instructions that tell
to the browser how to display content. The CSS also allows
defining additional instructions as how to handle the con-
tent on other mediums. For example, a page could have
one look on screen, but different on printout. Further, there
are options for the visually impaired and also mobile de-
vices that have constrained display screens.

Fig. 11. Expected growth of the keywords section of the database structure
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Keywords Database Growth
Although the system was designed with keywords and

similar search capabilities, they are not complete, nor fast-
est. The current design is generating the statistics dynami-
cally, as seen through the subselects and various aggregates.
Since these statistics rarely change they could be cached as
columns in the database. The trade off requires ensuring that
statistics are always up to date, so any changes to node’s
keywords would involve changing related statistics.

Currently the system relies on soundex and metaphone
codes. However, double-metaphone and Daitch-Mokotoff
soundex algorithms are also planned. These two methods
are different in that they can return more than one hashed
code for a keyword. This causes another set of indirection
during lookup of a word to a keyword.

With the above changes the database would then start
to look in the following way (Fig. 11):

The Future Perspectives
The described advanced system for data exchange is

the culmination of many months of work. The needs and
requirements were provided by the staff members of the
Bioinformatics, Biostatistics and Telemedicine departments.
After all they are the intended users of the system. Alas,
there exist a lot of possibilities for growth. Some of it was
noticed during the design and implementation stages, some
during the testing phase when the staff members got the
first hands on experience. Here is a list of features that are
planned to be added in a near future:
– expanded commenting system: threaded / nested com-

menting system
– more statistics and searches with the administrator in mind
– calendar functionality (to show upcoming conferences /

presentations)
– picture galleries
– video files
– expansion of what can be done through the user’s pro-

files (such as private messages or user settings)

It is worthwhile to emphasize that already, in the current
state, after the tests, the project has been not only accepted
but welcomed by the department staff. This gives a good
indication that the project has reached its goals and fulfilled
the needs and requirements.

References

Internet sources

1. MD4 - http://www.ietf.org/rfc/rfc1320.txt
2. MD5 – http://tools.ietf.org/html/rfc1321
3. SHA1 – http://tools.ietf.org/html/rfc3174
4. CSS – http://www.w3.org/TR/CSS21/
5. HTML – http://www.w3.org/TR/html4/
6. Wikipedia – http://pl.wikipedia.org/wiki/

– http://en.wikipedia.org/wiki/
7. MySQL – http://www.mysql.com/
8. PEAR – PHP Extension and Application Repository

– http://pear.php.net/
9. PHP: Hypertext Preprocessor – http://www.php.net/
10. Apache HTTP Server Project – http://httpd.apache.org/
11. Apache module mod_rewrite – http://httpd.apache.org/docs/

1.3/mod/mod_rewrite.html

Paper sources

1. P. DuBois. MySQL Cookbook. O’Reilly Media Inc., 2006.
2. N. A. Good, A. Kent. Foundations of PEAR: Rapid PHP De-

velopment (Foundations). Apress, 2006.
3. S. Schmidt, S. Stoyan, A. Wormus, C. Lucke. .PHP Program-

ming with PEAR. Packt Publishing, 2006.
4. A. Trachtenberg, D. Sklar. PHP Cookbook. O’Reilly Media,

Inc., 2006.
5. Mark Arnold, Jeff D. Almeida, Clint Miller. Apache admini-

stracja serwera. Wydawnictwo RM, Warszawa 2002.
6. R. Stones, N. Matthew. Bazy danych I MySQL. Helion, 2003.
7. H. Garcia-Molina, J.D. Ullman, J. Widom. Implementacja sys-

temów baz danych; Wydawnictwo Naukowo-Techniczne.
Warszawa, 2003.



�
�
��

�
�
�
��

��
�



WEB – BASED SYSTEM FOR TESTING OF STUDENTS KNOWLEDGES

���������	
����������������
�������������������


�=�d�'<�;	=P,�'+0�	�10;	=P�WP'
��������	
��������
��	
������

Ternopil State Economic University
��������	
	�����������������������������
����

BIO-ALGORITHMS AND MED-SYSTEMS
JOURNAL EDITED BY MEDICAL COLLEGE – JAGIELLONIAN UNIVERSITY
Vol. 2, No. 4, 2006, pp. 79-82

1. At the traditional form of studies basic role in organiza-
tion of educational process is taken to the teachers but in the
systems of electronic education management of educational
process is distributed evenly between a teacher and students,
or it is fully subordinate to the latter. It allows the students to
study independently in convenient time and place remote
from a teacher. But efficiency of independent studies, in a
greater measure than at a traditional form, depends on the
methods of presentation of educational materials and on the
control of students work from the side of teachers and fre-
quency of contact with a teacher. Therefore for combining
the advantages of traditional studies with the possibilities,
given by the introduction of the newest information technolo-
gies and facilities of communication the Web - based system
for testing knowledge of students has been developed at
Ternopil State Economic University (http://www.tane.edu.ua).
The primary objective for creating the system is approbation
and introduction the computer educational systems and soft-
ware products, electronic editions of the educational materi-
als placed in an electronic library into the educational pro-
cess with remote access. Most attention in using Web –
based system for testing knowledge of students was devoted
to its integration into the ordinary forms of studies and into
the computer multimedia systems of studies.

2. As economic effect of the introduction of the systems
of electronic studies in great extent depends on the quan-
tity and level of  students’ preparation. the system of testing
the students’ knowledge was developed and firstly appro-
bated at the  Faculty of Finances of Ternopil  State Eco-
nomic University in teaching „Informatics and computer
technologies”. The intensive use of new achievements of
information technologies in a finance and bank sphere cre-
ated favourable conditions for preparation of specialists of
financial business with wide introduction of methods and
systems of electronic studies via Internet. It  provides the
students with considerable increase of efficiency of stud-
ies, and also mastering skills necessary for subsequent in-
crease of level of professional preparation [1].
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The characteristic peculiarity of the developed Web–
based system of testing the students’ knowledge is that it is
aimed at the students interested in the effective obtaining
of knowledge, conscientious implementation of the duties,
in the complete use of those informative possibilities, which
are given to them by the  system for self-perfection, expo-
sure to persistence, good organization, ability to work inde-
pendently and have skills of work with a computer and tele-
communication facilities. The system helps students to re-
alize that success of their studies, level of knowledge, their
use in future depends only on them. However there are
some objective factors which make the process of using
the system specific. For example, it was discovered that
the students of senior courses were more active, and more
regular participants of the process of self testing in com-
parison with their junior colleagues.

3. Using Web – based system of testing knowledge in
teaching  „Informatics and computer technologies” allows
the students to understand managing principles, peculiari-
ties, rules and criteria of modern educational technologies
better. Besides for the providing of comprehensive analy-
sis of the level of preparation and estimation of knowledge,
the system allows  the teachers to better adapt the educa-
tional programs to the base level of preparation of students.
In particular, the system includes computer complexes with
program facilities of the educational purpose, which allow
the students:
� to provide self-control and correction of educational and

cognitive activity;
� to form experience of making optimum decisions in the

conditions of limited time;
� to obtain modern methods of e-education and to in-

crease  interest to the process of studies;
the teachers:
� to individualize the approach and differentiate the proc-

ess of studies;
� to control the level of mastering the  material, with diag-

nosis of mistakes and reverse link with lecture material;
� to conduct laboratory and practical classes, to do ex-

periments and investigations in the conditions of virtual
reality;

� to shorten time for labour-intensive and long-term cal-
culations of  statistical results of carried out laboratory
and practical tasks.
The Possibilities of Web - based system of testing

knowledges substantially simplify the task of conducting
laboratory and  practical classes by using multimedia tech-
nology, imitation design, Internet technologies. The system
allows to realize educational methods which are  very diffi-
cult or  sometimes impossible to apply in ordinary condi-
tions. The developed tests are well adjusted for self-control
and very useful for individual classes.

The peculiarity of compiling test is their modularity which
gives teachers the possibility to form educational plans from
a set of independent educational courses - modules which
correspond to the necessities of the individual or group
needs of students (Fig.1). By using Internet technologies
the system allows to conduct the operative questioning of
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students’ knowledge and to make up a protocol in which
the date, time and results of the conducted testing, that
shows the level of mastering of new material during  practi-
cal seminars, laboratory classes and during independent
preparation is stated (fixed) (Fig.2).

The developed system can be used  for the current and
final control of results of mastering material and  for control
of preparation for laboratory and practical classes, conduct-
ing of test papers, self-control of students’ knowledge,  final
analysis, determination of rating.

4. At the development of Web – based system for testing
knowledge of students the experience of introduction of the
e-education systems  in Centers of electronic studies at  the
universities of the USA was used, the level of development
of e-education in the countries of Western Europe and  Aus-
tralia was studied. Very interesting and useful was acquain-
tance with the First Russian Center of Computer Studies at
Moscow State Technical University (www.specialist.ru). The
peculiarity of this Center is the possibility of payment for
studies via Internet which is provided by CyberPlat, the
universal integrated system of payments. In relation to
Ukraine we can state that such electronic systems of educa-
tion have not taken deserving place in education yet. Histori-
cally in major cases electronic education in Ukraine is used
as a mean of delivery of the printed matters by e-mail to the
students, which fulfill the task and instructions which are con-
tained in these materials [2]. Only some time ago the e-edu-
cation via Internet was introduced in Ukraine. The examples
are the Center of distance learning in Ivano-Frankivsk (teach-
ing is conducted by the Ukrainian-Canadian business-cen-
ter – http//www.sbedif.if.ua.), and also the UniNet Center, set
up at Kyiv National University (www.uninet.kiev.ua). One of
the aims of these Centers is to coordinate actions of the in-
terested organization, physical and legal bodies in the devel-
opment of e-education. Basic Centers of distance learning in
Ukraine are represented on the web-page of Ministry of Edu-
cation and science of Ukraine (http://www.mon.gov.ua):
� udec.ntu-kpi.kiev.ua – Ukrainian Center for Distance

Learning;
� www.udl.org.ua – Ukrainian System for Distance Stud-

ies;

Fig. 1. Web-page of a choice of a teacher and a module for testing.
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Fig. 2. Web-page with the protocol of some results of testing.
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� www.uapa-dlc.org.ua – World Bank Center for Distance
Studies;

� http://iuf.ntu-kpi.kiev.ua – Distance Learning Courses at
International University of Finances.
The electronic educational  systems of these Centers

are developed on the basis of Internet technology and al-
low the students of all forms of studies to promote efficiency
of individual preparation. The use of Internet by these Cen-
ters allows to create virtual classes for students which are
in different regions of Ukraine.

Conclusions

For the creation of systems of electronic studies, it is
necessary to attract specialists with experience in technol-
ogy and in educational methods which are well-informed
with new education facilities of informative technologies.
Such approach allows to solve problems of adaptation of
the methods of studies, which is the primary task in the
process of introduction of the systems of electronic studies.

The systems of electronic studies provide realization of
the newst and the most effective forms of studies from the
economic point of view. An economic effect from introduc-
tion of such systems  shows up in better usage of experi-
ence of teaching staff, educational areas, technical and pro-
gram facilities.

Reference:

1. Danylchenko M, Lytvyn I. Technologies of electronic distance
learning  of specialists in financial business via Internet. Pa-
pers to the international scientific and methodological confer-
ence “Experience and ways of improving scientific and meth-
odological providing of the process of preparation of special-
ists in financial and bank business and in taxation” Svalyava
2004.

2. Lytvyn I.  Methods and means of teaching informational soci-
ety. Collection of papers to scientific Conference “Informa-
tion technologies in economy, management and business ”,
Kiev: European University 2005.

5���)�!��)��
 ��)��
 ����!�
M)��)�+�
3)���
UniNet
(www.uninet.kiev.uaH2
 ����.1
 &
 ��")�
 �#�%�
3)���*
.$*&%��/)�� 
���
&���+��")��-
��%���&���'�
1�������-
��

��&����-
 �!�02
�!�����
3)����
 ��!��������'
 �!����

5+��'��
(�)�!���")��
��
��������
web,!�������
F���!�)�,

!���
�!����
�
��*+�
5+��'��
GVKKWDXXUUU2YZJ2[Z\2]THD

� udec.ntu-kpi.kiev.ua
,
5+��'�!#+��
�)���
��!��������'
�!����

� www.udl.org.ua - 5+��'�!#+�
��!�)��
��!��������%�
������� 

� www.uapa-dlc.org.ua - 3)���
��!��������%�
������� 
�������%�
O��+*

� http://udec.ntu-kpi.kiev.ua/- ��55
=��>
� http://iuf.ntu-kpi.kiev.ua- 3)���
��!��������%�
���,

���� 
��/�������%�
�����!���%�
*���)�!��)�*.
�")+������
�����"#��
 !�!�)��
��- 3)�����
��&��0,

")��
��
�!���� �)-��"�%�' Internet �
��&��" 1�#
!�*�)����
*!�-
����
 ������� 
 (����;���
 )�)+�����!�#
 ����,

���*�"#��'
(��%����+�2
��+���!���� 
3)�����
 &�
��(�,

��%�1
�)�)/�
 Internet
��&��" .
!����1����
����*�"#��
+"�!�
�" 
!�*�)�����
;�
&��-�� �#! 
�
��&��-
�)%����-

5+��'��-�
(�+�&�"�
'-
��!�+*
)�)+�����!�#
��
�������!�#�2


�������

�" 
 !����)�� 
 )")+������-
 !�!�)�
 ������� �

�)�0-����
&�"*����
��-�����
&
��!�����
��0���
 +
*
%�,

"*&�
�!�����-
�)����+
��+
�
�0�&����-
&
������
&�!�0���

������������-
�)-��"�%�'2
��+��
(��-��
��&��" .
����4*,

����
(��0")��
���(����'
�)����+
������� �
;�
.
()�,

4��)�%����
&������ �
*
(���)!�
�(�����/)�� 
)")+,

������-
!�!�)�
������� 2

��!�)��
)")+������%�
������� 
&�0)&()�*1�#
�)�,

"�&���1
����������4�-
 �
 ���0�"#4
)�)+�����-
 &
 )+�,

�������'
���+�
&��*
����
������� 2
�+���������
)�)+�

���
�(�����/)�� 
��+�-
!�!�)�
 (�� �" .�#! 
*
+��;��*
��+���!����� ��!���*
��+"����#+�%�
!+"��*�
�����"#��-
("�;�
�)-�����-
��
(��%�����-
&�!�0��2

 !"#$%"&$%

1. ����"#�)�+�
F2�2�
 ������
 2�2
 �)-��"�%�'
 )")+������%�

��!��������%�
������� 
  ��-�����
 �&
�����!���'
 !(����

�)�)&
�)�)/*
 ^JK7IJ7K2
F��)���"�
��/�������'
��*+���,

�)�������'
 +���)�)���'
 _��!���
 �
4" -�
���!+���")�� 

��*+���%�
 ��
�)�������%�
 &�0)&()�)�� 
(���)!*
(��%�,

���+�
��-�����
 �&
�����!���'�
0��+��!#+�'
 !(����
��
�(�,

���+*���� 
>
�2
���" ���
L``a�.
L2 ������
 2�2
F)����
 �
 &�!�0�
������� 
 ������������%�

!*!(�"#!���2
C0����+
(���#
��*+���'
+���)�)���'
 _����,

�������
�)-��"�%�'
�
)+��������
�)�)�/�)���
�
0�&�)!�>�
��'�D,

N���()�!#+��
5���)�!��)�2
 ,L``b2



DECISION SUPPORT SYSTEM FOR DIFFERENTIAL DIAGNOSIS OF
LOCAL EDEMA AND URTICARIA WITH ALLERGIC BACKGROUND

�.���-�#�/"-%8%� %�*��.�' �#�* %8�"��.���!:2� �"#�'
"1!�)(��- �'��"#�8"� �"1!�)("�/"(!�.#( 

"�/"*0"2��%,�!8 ���.-

www.hae.org.pl

1;>�10;>	�0;Q9,+�ZZ�	��0�;	5�=��+�Z�	�=E9����	5�;<�� ZZZ�	+;P,�P'�	09�
.05��>ZZ

* Department of Bioinformatics and Telemedicine, Collegium Medicum – Jagiellonian University,
Kopernika 17, 31-501 Krakow, Poland

** Departament of Clinical and Enviromental Allergollogy, Collegium Medicum – Jagiellonian University,
st. Sniadeckich 10, 31-531 Krakow, Poland

*** Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University,
Reymonta 4, 30-060 Krakow, Poland

BIO-ALGORITHMS AND MED-SYSTEMS
JOURNAL EDITED BY MEDICAL COLLEGE – JAGIELLONIAN UNIVERSITY
Vol. 2, No. 4, 2006, pp. 83-90

Introduction

Decision support system (DSS) is defined broadly as
“a computer-based system that aids the process of deci-
sion making”. DSS is a computerized system for helping to
make decisions, which it is usually a choice between alter-
native decisions based on estimates of the values of those
alternatives. A DSS can take many different forms, because
the concept of decision-making is very broad and there is a
wide range of domains in which decisions are made. In prac-
tice, DSS refers to computer applications that perform such
a supporting role.

DSS is extensively used in clinical decision support sys-
tems for medical diagnosis. Clinical or practice guidelines
are “user-friendly statements that bring together the best
external evidence and other knowledge necessary for de-
cision-making about a specific health problem” [1]. Good
guidelines as “quality-improving strategies” come from Evi-

Abstract: This paper presents a web-based decision sup-
port system (DSS) for differential diagnosis of local edema
and urticaria with allergic background. This decision support
system is a simply Clinical Practice Guidelines Online (CPGO)
which refers to the Evidence Based Medicine (EBM) method-
ology. The system is integrated with Polish Association for
Helping People with Angioedema website in the e-learning
materials section.

Key words: decision support system (DSS), clinical guide-
lines, allergy, local edema, urticaria
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dence-Based Medicine (EBM), which is the explicit and
conscientious use of current best evidence in making deci-
sions about the care of individual patients.

The five steps of EBM are [2]:
1. convert clinical information needs into answerable ques-

tions
2. track down the best evidence with which to answer them
3. critically appraise that evidence for its validity and use-

fulness
4. apply the results of this appraisal in clinical practice
5. evaluate your clinical performance

In the project were proposed advisory guidelines for di-
agnostic and therapeutic decisions, which are for optimal
management, respecting situations of individual patients
with edema and/or urticaria. It should be emphasized that
this system based on inserted data, depicts suggestions of
proceeding. However final decision depends on a patient’s
physician.
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Project description

The advisory system for differential diagnosis of local
edema and urticaria with allergic background was created
based on web technologies. An access to the system is
possible through web site and can be linked to medical por-
tals. Actually it is integrated with the Polish Association for
Helping People with Angioedema web site (www.hae.org.pl)
(fig. 1). This site contains educational materials about
angioedema in Polish and Ukrainian (fig. 2):
– clinical symptoms
– classification and pathogenesis
– diagnosis of C1-inhibitor deficiency
– treatment
– patients initiatives

The system has an open structure. It means that be-
cause of built-in editor any advisory path to a particular
medical issue can be created. A physician, without help of
a computer scientist, is able to manage with creating new
advisory systems (fig. 3). The system was programmed with
PHP script language and XML.

Medical background

Located edema and urticaria are common causes of
suffering, one of the most frequently observed pathological
symptoms. They afflict at least once in life of about 20% of
general population (i.e. millions of people). These symp-
toms meet each physician in everyday practice, and its di-
agnosis is usually long-lasting and laborious. It loads the
patient as well as the health care system. In the 1997 a cost

Fig 1. Screenshot from the system web page Fig 2. Screenshot from the Ukrainian language web page

Fig 3. Screenshot from the system of the guideline editor
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4. Does a face edema appear?

YES � Go to the question 4a

NO � Go to the question 6

4a. Does the edema kept at least one week?

YES � Consider:
– Vena cava superior syndrome (chest X-ray: tumor and/

or lesion in mediastinum)
– Occlusion in duct of parotid salivary gland

NO � Go to the question 5

SECOND STEP: Typical etiological factors

5. Does urticaria or itch accompanies the edema?

YES � Go to the question 6

NO � Consider:

Hereditary angioedema – HAE (inherited C1-inhibitor de-
ficiency):

– Clinical features:
� self-limiting,
� non-inflammatory subcutaneous angioedema,
� recurrent and usually lasting more than 12 hrs
� abdominal pain without clear organic etiology,
� recurrent and usually lasting more than 6 hrs
� recurrent laryngeal edema

– Laboratory features:
� C1 inhibitor antigenic level <50% of normal in ba-

sal conditions (two separate determinations with
patients > 1 years old)

� C1 inhibitor functional level <50% of normal in ba-
sal conditions (two separate determinations with
patients > 1 years old)

� at least 2 of 3 clinical features and one laboratory
features are need to diagnose HAE

of its treatment in out-patient clinics was valued in seven
European countries (Belgium, France, GB, Greece, Italy,
Spain and Portugal) at 936 mln EUR (with 6,5 mln of visits
and treatment expenses). Within the confines of the project
arose the system designed for the edema and urticaria dif-
ferential diagnosis based on anamnesis, physical exami-
nation, and additional laboratory examinational results.

Localized (local) edema – increase in soft tissue capac-
ity, because of higher vascular permeability; not associated
with too many body regions, but to specific organ or subcu-
taneous tissue.

Primal eruptions urticaria and angioedema (in connec-
tive tissue – especially lips, tongue, periorbital region,
hands, scrotum) (see fig. 4).

Fig. 4. Pictures present samples of urticaria and angioedema
on hands, eyelid and lips.

Table 1. Advisory path of the differential diagnosis of local edema and urticaria

FIRST STEP: Exclude of causes not connected with im-
munological system response.

1. Does a bilateral edema of lower limbs is appearing?

YES � This is not a local edema, consider:
– Heart failure (worsening of symptoms after a few hours

in stand position, usually accompanying short of breath
after exertion, hypertension)

– Occlusion of vena cave inferior (symptoms of tumor in
abdominal cavity, ascites)

– Liver cirrhosis (decrease in albumin level in plasma,
ascites, alcoholism in history)

– Hypothyreosis

NO � Go to the question 2

2. Does a bilateral, periorbital edema is appearing (espe-
cially in the morning)?

YES � This is not a local edema, consider:
– Kidney disease

3. Does appeared an edema of one lower or upper limb?

YES � Go to the question 3a

NO � Go to the question 6

3a. Does the edema kept at least one week?

YES � Consider:
– Thrombosis of profound veins (typically: pain in calf

or thigh, local edema and pain at pressure, risk fac-
tors: surgery, pregnancy, immobilization, neoplastic
disease, increase in blood clotting)

– Lymphatic edema (primary, occlusion by tumor, at limb
paralysis, after mastectomy; typically: long-lasting,
painless, large)

– Local / mechanical impairment
– Rheumatological disease (symptoms in regions of ar-

ticulations)

NO � Go to the question 5
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– Treatment of acute HAE attack:
� C1-INH concentrate (Berinert P), fresh frozen

plasma (when C1-INH concentrate is unavailable)

– Long-term prophylaxis:
� attenuated androgens (ie. Danazol) and anti-

fibrinolytic agents
� avoidance of exogenous estrogens and ACE-in-

hibitors
– More information at http://www.haei.org/

Aquired angioedema

– Symptoms, C1 inhibitor antigenic and functional level
similar as in HAE, but low level of C1q

– Further diagnostics:
� lymphoproliferative diseases (from benign gamma-

paty to malignant lymphomas)
� neoplastic disease or chronic infections

Others causes � Go to the question 6

6. Does appeared an urticarial eruptions / keeping in the
same place for 24h and localized mostly at lower limbs?

YES � Consider a diagnosis in urticaria vasculitis direction:
– Other symptoms are possible: pain in joints, slightly

higher body temperature
– Elevated level of Sedimentation Rate and/or CRP

(C-reactive protein)
– Lower level of C1q and/or CH50 is possible � indica-

tion to diagnostics of systemic disease
– Skin lesion biopsy: infiltration of multinuclear leuko-

cytes in blood vessels wall
Management:
– Treatment: antihistaminic, anti-inflammatory (corticos-

teroids, colchicin, dapson et al.)
– Additional examination of kidneys, gastrointestinal

tract, eyes for systemic disease detection

NO � Go to the set of questions 7 (detailed anamnesis)

7. Detailed anamnesis is crucial because of high number
of etiologic factors in edema and anamnesis

7.1. Does the symptoms of edema and/or anamnesis ap-
peared after an insect sting or bite (by bee, wasp, and
mosquito)?

YES � Consider additional diagnostics:
– Skin prick tests
– Specific IgE

After the diagnosis confirmation:
– protection of a patient with antihistamines drug and if

need be self-administered adrenalin
– in particular cases specific immunotherapy is possible

Check also � 7.2

NO � Go to the question 7.2

7.2. Does the symptoms of edema and/or anamnesis ap-
peared after touch same substances or things (i.e. veg-

etables, fruits or drugs in ointments like neomycin, cos-
metics, and products containing latex)?

YES � Consider additional diagnostics:
– Skin prick tests,
– Specific IgE
– Patch tests

After the diagnosis’ confirmation:
– Protection of the patient with antihistamines
– Avoiding an exposition to harmful factors

Check also –> 7.3

NO � Go to the question 7.3

7.3. Do the edema and/or urticaria appear in parts sub-
jected to pressure (as: after carrying a shopping bag,
a backpack, screw driving, on knees at long kneeling ones,
on foots at wearing tight shoes ones)?

YES � Consider additional diagnostics:
– Dermographism
– Pressure skin tests

This type of physical edema and urticaria appear usually at
age of about 40, was not characterized at children.

Eruptions may appear directly or few hours after a stimuli ef-
fect (delayed pressure urticaria) and last a dozen hours or so.

After the diagnosis’ confirmation:
– Protection of the patient with antihistamines
– In patients with delayed symptoms NSAIDs are used

Check also � 7.4

NO � Go to the question 7.4

4.5. Do the edema and/or urticaria symptoms appear dur-
ing an exercises or when the person is sweated?

YES � Consider supplement diagnostic:
– An exercise test causing new eruptions
– A bath in water of 42 degrees C through 15 minutes

Cholinergic urticaria and edema appear mainly at young men,
much seldom at women.
Eruptions: small wheals (diameter about 1-3 mm) with red
round border may initially appear on the sides of fingers on
hands.

After the diagnosis’ confirmation:
– Protection of the patient with antihistamines
– As additionally are sometimes used neuroleptics
– Caution: the symptoms appearance is possible only

after food intake or drugs causing allergy preceding
exercises.

Check also � 7.5

NO � Go to the question 7.5

7.5. Do the edema and/or urticaria appear after a cooling
of the skin?

YES � Consider supplement diagnostics:
– Putting an ice cubs in plastic bag on skin or immers-



87

�
��
�
�


�
��

�

7��0��'$ ���������� Decision support system for differential diagnosis...

ing forehand in water of about 20 C degrees for 10
minutes

– Wheals began to appear after the stimuli remove, while
the skin is warming up.

– Negative provocation test does not exclude cold urti-
caria and edema, because at some patients larger
parts need to be cooled to evoke the symptoms.

This type of urticaria characterized at children.

Eruptions might be caused by, i.e.:
– Leaving a home in winter
– A bath in cold water
– Eating ice-creams
– Strong cool wind

After the diagnosis confirmation:
– Protection of the patient with antihistamines (cypro-

heptadin – first choose drug)
– Possible tolerability development to cold can be pro-

duce (immersing in turn lower and upper limbs in cool
water)

Check also � 7.6

NO � Go to the question 7.6

7.6. Do the symptoms of edema and/or urticaris appear
after intake of NSAIDs (non-steroids anti-inflammatory
drugs)?

YES � Consider supplement diagnostics:
– Oral provocation test
– Diagnostic elimination diet

So called “aspirin urticaria” can be connected with aspirin triad
(bronchial asthma, nasal polyps, aspirin hypersensitivity).
Eruptions may appear after different drugs of NLPZ (cross-
hypersensitivity).

After the diagnosis confirmation:
– Protection of the patient with antihistamines
– Low-salicylic diet (if the symptoms appear after food

intake as well)
– Not administer NSAIDs (but paracetamol is allowed)

in particular cases desensitization is possible
– Caution: NSAIDs can only exacerbate previous skin

lesions

Check also � 7.7

NO � Go to the question 7.7

7.7. Do the symptoms of edema and/or urticaris appear
after intake of ACE-I (angiotensin convertase inhibitors)?

YES � Consider supplement diagnostics:
– Remission after withdrawal ACE-I
– Oral provocation test

Urticaria and edema eruptions appear after different drugs of
ACE-I (cross-hypersensitivity).
Occurrence 0,1-0,5% patients treated with drugs of this group,
usually at head and neck, more often in Afro-Americans, re-
curring irregularly.

After the diagnosis confirmation:
– Withdrawal ACE-I (even after e few years of intake) –

after withdrawal symptoms can persist a few weeks
– Caution: first edema attack can occurs from a few

hours to 8 years (sic!) after first ACE-I intake (after
non-symptomatic period, without any adverse events)

– It is supposed that angiotensin II receptor blockers
i.e. losartan can be used instead of ACE-I, because
they do not elevate bradikinin level

Check also � 7.8

NO � Go to the question 7.8

7.8. Does appear symptoms of edema and/or urticaris de-
pend on estrogens exogenous intake or endogenous pro-
duction at women?

YES � Urticaria and/or edema:
– After contraceptive drug intake or hormonal replace-

ment therapy
– Related to periodic hormonal fluctuations
– During pregnancy (symptoms 14-21 day after concep-

tion)

After the diagnosis confirmation:
– Limit estrogen intake
– Caution: family angioedema in women was described

(inherited estrogen-dependent angioedema)
– Estrogens can be found in meat

Check also � 7.9

NO � Go to the question 7.9

7.9. Do the symptoms of edema and/or urticaris appear
after intake other drugs than ACE-I, NLPZ, estrogens?

YES � Consider supplement diagnostics:
– Remission after withdrawal ACE-I
– Oral provocation test
– Skin tests

Urticaria and angioedema eruptions related to drug evoke
more often:

– Antibiotics, mostly beta-lactams, sulfonamides
– Amiodaron, drugs other than ACE-I administered in

hypertension (i.e.: calcium channel blockers)
– Psychotropic
– Direct degranulation caused by opiats and contrast

media

After the diagnosis confirmation:
– Drug withdrawal
– Protection of the patient with antihistamines
– Caution: antibiotics can be found in meat

Check also � 7.10

NO � Go to the question 7.10

7.10. Do the symptoms of edema and/or urticaris appear
after eat specific food?

YES � Consider supplement diagnostics:
– Skin tests with food commercial and native allergens
– Specific IgE determination
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– Elimination some products or groups of food sus-
pected to be causative agents for 14 day – observa-
tion of symptoms

– Rice diet and introducing new groups of food every
week

– diary

After the diagnosis confirmation:
– Elimination of allergen
– Protection of the patient with antihistamines
– Caution: most common cross-hypersensitivity be-

tween food and pollen (i.e.: celery – birch)
� OAS oral allergy syndrome: after consumption al-

lergic food – itch, erythema and edema of oral
cavity, pharynx, lips, sometimes larynx, urticaria,
rhinitis and bronchial asthma attack

Check also � 7.11

NO � Go to the question 7.11

7.11. Do the symptoms of edema and/or urticaris appear
after eat nonspecific food (as food additives)?

YES � Consider supplement diagnostics:
– Remission during diet not-containing food additives

and exacerbation
– Oral provocation tests
– Diary

Urticaria and angioedema eruptions related to food evoke:
– Sulphites
– Glutaminiane sodium
– Benzoate acid and benzoates (wide used antifungal

and antibacterial chemical agents)

After the diagnosis confirmation:
– Avoiding an exposition to the products contain harm-

ful substances
– Protection of the patient with antihistamines
– Caution: some food evoke symptoms because high

level of histamine or histamine-release activity

Check also � 7.12

NO � Go to the question 7.12

7.12. Do the symptoms of edema and/or urticaris appear
with coexisting infection?

YES � Consider supplement diagnostics:
– Viral
– Bacterial
– Fungal
– Parasitic infection

Urticaria and angioedema eruptions related to infections:
– Mononucleosis
– Hepatitis A, B, C
– Viral infections of respiratory tract
– Helicobacter pylori infection
– Chronic bacterial infection (i.e.: sinusitis, cholecysti-

tis) fungal infections (especially foot) chronic parasitic
infection of gastrointestinal tract

After the diagnosis confirmation:

– Specific treatment
– acute urticaria in children evoke adenovirus, enterovi-

rus, EBV more often

Check also � 8

NO � Go to the question 8

THIRD STEP: Additional anamnesis and deep diagnostic

8. Does the physical examination (including lymph node)
and routine laboratory results (blood cell count, erythro-
cyte sedimentation reaction, urine analysis, and liver func-
tion tests) indicate any abnormalities suggesting etiologic
factor of edema and/or urticaria?

YES � Treatment depend of diagnosed abnormalities and �
Go to the question 10

NO � Go to the question 9

9. Do urticaria and/or edema occur shorter then 6 weeks?

YES � Recommend symptomatic treatment of urticaria and/
or edema:

– antihistamines
– II generation (i.e.: loratadine, ceterizine, fexofenadine)
– If is no complete remission use I generation or II gen-

eration hydroxizine on demand or max. therapeutic
doses

– If optimal dose H1-blockers don’t give a appropriate
control may use tricyclic antidepresant (i.e.: doxepin)

– combination of antihistamines (questionable from
pharmacological point of view)
� I generation drug
� II generation drug
� II generation drug morning + I generation drug

evening
� Doxepin + I or II generation drug
� H1-blocker + H2-blocker

– If no change for the better - corticosteroids (in minimal
effective doses i.e.: 3 days 40mg of prednisone orally)

– adrenalin – in emergency

Fix the term of control visit and when symptoms last
� See point 10

NO � Go to the point 10

10.a. Conduct next detailed anamnesis and physical ex-
amination regarding to rare diseases that can cause urti-
caria and/or angioedema:

– Limphoprolipherative diseases (lymph nodes swollen,
spleen or liver enlargement, loss in weight)

– Chronic inflammatory diseases (abnormalities in joints,
kidneys, central nervous system, skin)

– Sarcoidosis, amyloidosis
– Hypoparathyreoidismus
– Systemic or skin mastocytosis
– Chronic hepatitis

10.b. Conduct:
– Intradermal test with autologous plasma (positive re-

sult suggests autoantibodies against IgE or IgE
receptor presence)
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– Antibodies against thyroid peroxidase determination
(presence of them without hyperthyreoidismus sug-
gests autoimmunologic etiology of urticaria)

– (i.e.: marrow or skin biopsy, computer tomography, cal-
cium and parathormone level in blood)

If diagnosis is established
– Specific therapy (i.e.: thyroid hormones in autoim-

munologic thyroid diseases can cause urticaria remis-
sion)

– Symptomatic treatment (see point 9)

If no recognized causes � Go to the point 11

11. If no recognized causes of edema and/or urticaria on
the basis of diagnostic steps it’s necessary to:

– Accept this is an idiopathic edema and/or urticaria
– Periodically conduct new anamnesis
– Inform patient than in some number of ill (5-20%) is

possible find cause of chronic edema and/or urticaria

Conclusion

In spite of its implementation and simplicity, the created
advisory system meets requirements well. Particularly sig-
nificant element of the system is an editor designed for easy
creation of medical advisory paths of various types. Physi-
cians with the web-based editor might create future advi-
sory systems and clinical guidelines as the needs come.

The example of such system, that answers physicians`
real needs, is the created one:  differential diagnosis of lo-
cal edema and urticaria with allergic background. It is avail-
able on educational and e-learning site devoted to heredi-
tary angioedema (HAE). This site is a first in Polish (and
Ukrainian) language source of HAE most aspects. The sys-
tem, being available on Internet and thanks to easy crea-
tion of proceedings paths and advisory systems, fills in a gap
in Polish medical e-learning sites.
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Abstract
OBJECTIVE: Rheumatoid arthritis (RA) is a chronic, inflam-
matory disease of skeleto-muscular system, leading to a pro-
gressive disability. People all over the world are affected by
rheumatoid arthritis. In Poland it is more common in women
than in men (1:3). The level of disability depends on many
factors like: age, sex, duration of disease, intensity of pain,
activity of the inflammation process, grade of joint destruc-
tion, psychical condition, economical and social conditions.
Like in other diseases process and peculiarity are individual
and very varied. Progress of rheumatoid arthritis is gradual.
Functional restriction affects all aspects of patient’s life like:
work, free time, relations in the family, physiology, isolation
and progressive depression. From the social aspect rheuma-
toid arthritis and other joint inflammatory diseases are a con-
stant burden for health protection budget. Long-term high
activity of inflammatory process, especially in the first years
of disease duration, can strongly deteriorate life quality. With
the time progress in joint destruction begins to play dominant
role in the disability development. Rehabilitation combined of
pharmacotherapy, kinesitherapy and physiotherapy plays a
key role in rheumatoid arthritis treatment. The aims of reha-
bilitation are: reduction of the subjective pain assessment,
increasement of the joint movement range and muscle
strength, improvement of patient’s functionality and stopping
or regression of disease progress by pharmacotherapy. Phar-
macotherapy and surgical therapy, which are started in a most
suitable moment, are also very important in RA treatment.
METHODS: The aim of our study is estimation of rheumatoid
arthritis patient’s rehabilitation progress at the rheumatology
department at Provincial Hospital No. 2 in Rzeszów. Hypoth-
esis of our study that we undertook is: “Complex treatment of
patients with rheumatoid arthritis affects the improvement of
their functionality level”. This hypothesis was tested on a group
of a 70 patients with a diagnosed rheumatoid arthritis and
hospitalized at rheumatology department at Provincial Hos-
pital No. 2 in Rzeszów. Patients were tested for such factors
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as: the movement range of joints in lower limbs, muscle
strength in muscle groups in lower limbs, subjective paint
assessment, disease stage and functionality grade.
RESULTS: After ending the research a significant decrease
of subjective pain assessment was noticed, also unimportant
improvement of the joint movement range and muscle
strength were noticed. Disease stage and functionality grade
practically did not change.
CONCLUSIONS: On the basis of the carried out research we
can say that subjective assessment of the complex treatment
and rehabilitation was overestimated by the patients as the
objective researches show that, for example: the range of
joints movement or the muscle strength improvement were
unimportant. This might be a result of an enormous decrease
of patient’s pain assessment, which in patient’s estimation
was a confirmation of an effective complex treatment.

Key words: rheumatoid arthritis, pain, rehabilitation, physi-
otherapy, movement range, functionality, efficiency.
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1.1 Definition of rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic, progressive in-
flammatory and systemic disease, which is characterized
mainly by joints involvement. The inflammation of the syno-
vial membrane leads to destruction of bones and cartilages.
Inflammatory process develops also in structures near the
joint like ligaments and fascias where it causes damages.
Besides the joints type of RA (which is the most common)
there are other types of RA which affect subcutaneous tis-
sue (rheumatoid nodes), vessels, nervous system, heart
and kidneys [6,12].

1.2 Epidemiology of rheumatoid arthritis

Rheumatoid arthritis is one of the most common sys-
temic disease of connective tissue. Morbidity rate in Po-
land is estimated at 1% of grown up population (there are
about 400.000 people affected). Incidence of disease is 2-
4 cases per 10.000 people, so it is about 8-16 thousand
new ill patients in Poland a year. This disease is more com-
mon in women than in men (3-4:1), it might begin at ran-
dom age, but the top of its occurrence is between the ages
of 30 and 60. RA can have a chronic or periodic character
with periods of exacerbation and remission. In some cases
there might be a possibility of a spontaneous remission in a
very early phase of disease. There is also a severe, pro-
gressive form of the disease which within a few years leads
to invalidism and progress of this form is impossible to
modify despite the medical treatment. This form occurs in
about 20-30% of patients. Within 20 years a high grade of
invalidism is observed. It is at a level of 80% in hospitalized
patients and about 20% in people’s population [6,12].

1.3 Diagnosis and diagnostic criteria of rheuma-
toid arthritis

The criteria are as follows:
1) morning stiffness in and around joints lasting at least 1

hour before maximal improvement;

2) soft tissue swelling (arthritis) of 3 or more joint areas
observed by a physician;

3) swelling (arthritis) of the proximal interphalangeal, meta-
carpophalangeal, or wrist joints;

4) symmetric swelling (arthritis);
5) rheumatoid nodules;
6) the presence of rheumatoid factor; and
7) radiographic erosions and/or periarticular osteopenia in

hand and/or wrist joints.
Criteria 1 through 4 must have been present for at least

6 weeks. Rheumatoid arthritis is defined by the presence of
4 or more criteria, and no further qualifications (classic,
definite, or probable) or list of exclusions are required [2].

1.4 The aim of the study, research problem and
hypothesis

1.4.1 Aim, research issues and hypothesis
For our study we took the assumption that aim is a

wanted state of things that the individual wants to achieve
in his action.

The aim of the research: the estimation of improvement
progress in patients with rheumatoid arthritis made during
hospitalization on rheumatoid ward in provincial hospital
no. 2 in Rzeszów

The main research problem: What influence does com-
plex rehabilitation have on the hospitalization on rheuma-
toid ward of patients with rheumatoid arthritis?

Detailed research problems:
– If complex rehabilitation increased mobility range of

main joints in lower limbs?
– How did patients pain perception change?
– If the complex rehabilitation increased the strength of

main muscle groups in lower limbs?

The main research hypothesis [16]:
– Complex rehabilitation of people with rheumatoid arthri-

tis causes improvement of functional state.
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The detailed research hypothesis [16]:
– The complex treatment has the influence on mobility

range of main joints of lover limbs making patients with
RA functioning better.

– The complex treatment has the influence on pain per-
ception.

– Kinesitherapy has the influence on muscle strength
increasement

2.0 Material and method

2.1 Material – research group characteristic

The research group was composed of 70 patients with
confirmed rheumatoid arthritis hospitalized in the provincial
hospital no. 2 rheumatology ward in Rzeszów. There were
16 men, what was 23% of the group and 54 women, what
made 77% of the group.

Fig. 1. The research group percentage distribution

The age average of the research group is 64 years –
the average age of men is 68 years and women – 63 years.

Fig. 2. Histogram of the research group age

The initial assessment of the disease advance stadium
and functional state with the use of the HAQ Disability Score
questionnaire showed that:
– The average value of disease advance stadium for the

whole research group is 2, for men is 2 and also for
women it is 2.
There are 9 patients in the research group in the 1st

stadium of disease what is 13% of the whole research group.
The amount of men in the 1st stadium of disease is 2 what is

22% of the 1st stadium group. In that group there are also 7
women in the 1st stadium what is 78% of this group.

There are 33 patients in the research group in the 2nd

stadium of disease what is 47% of the whole research group.
The amount of men in the 2nd stadium of disease is 9 what
is 27% of the 2nd stadium group. In that group there are also
24 women what is 73% of this group.

There are 28 patients in the research group in the 3rd

stadium of disease what is 40% of the whole research group.
The amount of men in the 3rd stadium of disease is 5 what
is 14% of the 3rd stadium group. In that group there are also
23 women what is 86% of this group.

Fig. 3. The patent disease stadium percentage distribution

2.2 Methods, techniques and research tools

In the subjective examination of the group there were
used:
– the goniometric examination of joint mobility range (hips,

knees and jarrets)
– the muscle strength examination – the Lovett’s test
– the pain level estimation with the use of the ten gradual

Likert’s test
– the HAQ Disability Score questionnaire

Examination of joint mobility range was carried out ac-
cording to rules given by Zembaty’s [24].

Muscle strength examination was carried out according
to modified Lovett’s test. Lovett’s test scale [24]:
– 1 – no tension in active movement attempt – the muscle

is totally paralyzed
– 2 – tonus can be felt in palpation, no active movement

is possible - the muscle is functionally defective
– 3 – the muscle in a proper position counteracts the grav-

ity forces of the limb – the muscle is functionally effi-
cient.

– 4 – the muscle overcomes the resistance of the limb or
a part of the limb with the indefinite external resistance

– 5 – the muscle can overcome the resistance of the limb
or a part of the limb with the sizeable external resist-
ance
Likert’s scale – visual Likert’s scale is used when there

is a need to have patient’s estimation of pain, health or dis-
ease activity. This scale is presented in a form of a ruler on
which patient points a spot. This spot is an estimation of the

AAj

7�j

O����� ����

�

 

��

� 

��

�� ��!�  �!�  �!� ��! ��!� "�!� "�!# ��
���

�
��
�
�
�
�
�
�

3�j

CAj

CKj

	3��	�����"�	��	������� 7�	�����"�	��	�������

���	�����"�	��	�������



94

�
�
�
��

��
�

8��)���������	��(��9$������%����  �  ������������$����������!�����  ���

pain level. On the ruler the 0cm point means insignificant
pain intensification and the 10cm point – maximal pain in-
tensification. The higher value of centimeter indicated by
the patient, the higher is pain intensification.

The HAQ Disability Score questionnaire – it was elabo-
rated in 1978 by J. Fries and his collaborators from Stanford
University. HAQ Disability Index is the most common used
part of the questionnaire in the clinical practice. It estimates
in a standardized way the disability level of physical fitness
in patients with rheumatoid arthritis. The complete ques-
tionnaire includes additionally analogue pain estimation and
disease activity scale, questions concerning the out of joint
aliments, coexistence of other diseases, previous treatment
and its side effects and questions about treatment costs.

The HAQ Disability Index questionnaire is divided into
eight sections concerning different everyday activity spheres
such as:
1) washing and getting dressed
2) morning getting up
3) eating
4) walking
5) personal hygiene
6) lifting
7) grabbing
8) other activities

The ill person estimates different activities from those
sections in the four gradual scale deciding how much diffi-
culties they have during those activities.

The questionnaire grading scale:
– no difficulties  - 0 points
– with little difficulties – 1 point
– with big difficulties – 2 points
– can not do the activity – 3 points

The highest note in the given section is taken into con-
sideration. In the questionnaire there are also questions veri-
fying if the patients needs additionally special devices or
help of another person during activities that were mentioned
in the questionnaire. If such kind of help is needed then the
section mentioning that activity scores 2 points (if that sec-
tion has already 3 points, then the highest score is taken
into consideration). You need to verify if the device is used
only in one activity or is it used in many, for example walk-
ing stick can be used in walking (walking section), but might
be also used in getting up from a chair (getting up section).
On the other side the patient may use walking stick only
because he feels safer with it although he has little problem
with walking. To get the final questionnaire result all points
from all eight sections should be added and then divided
into 8. The received result is between 0 and 3 points [3].

The patients during their hospitalization on rheumato-
logic ward underwent the complex physiotherapy, kinesi-
therapy and also an individually selected pharmaco-
therapy. Kinesitherapy was composed of morning gym-
nastics, allevated activities and individual activities pre-
formed in the remission period by a therapist. The
approximate time of kinesitherapy during the day was
about 1,5 hour. The physiotherapy was composed of
kryotherapy, lasertherapy, hydromassages and ultra-
sounds. Both kinesitherapy and physiotherapy were ad-

justed to individual patients because of intolerance of some
kinds of therapy by some patients [6,8].

2.3 The research course organisation

Before we began our researches in the group of pa-
tients we had adopted the following research organisation
plan on the purpose of our work:
– the researches were carried out in the provincial hospi-

tal no. 2 in Rzeszów on the rheumatology ward, with
the acceptance of the head of the department and every
patient

– each patient was examined twice with the use of those
same methods and tests – the first examination was
carried out in the first or second day of the hospitalisa-
tion in the morning hours, the second examination was
carried out in the last day of hospitalisation (also in the
morning hours), to capture the changes that could have
a significant influence on the rehabilitation process of
patients with rheumatoid arthritis.
The planned time of examination of a single patient was

about 40 minutes [18].

3.0 The research results presentation
based on own researches

In the research group the investigations were carried
out which were supposed to estimate the progress of reha-
bilitation of patients with rheumatoid arthritis hospitalised in
the provincial hospital no.2 in Rzeszów. The investigations
were carried out in the research group twice: once in the
first or second day of hospitalisation, twice in the last day of
hospitalisation. The investigation was composed of:
goniometric mobility range examination and muscle strength
examination – the Lovett’s test of the bigger joints, HAQ
Disability Score questionnaire with was elaborated in inter-
nal medicine teaching hospital and rheumatology WIM CSK
MON in Warsaw based on Health Assessment Question-
naire by Stanford University School of Medicine, Division of
Immunology and Rheumatology and also a pain level esti-
mation with the use of the Likert’s test.

Fig. 4. Confrontation of the initial and final examination of internal
rotation in the hip joint for men and women (movement rage).

Abbreviations:
LLL – left lower limb
RLL – right lower limb
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M – male
F – female

Fig. 5. Confrontation of the initial and final examination of external
rotation in the hip joint for men and women (movement rage).

Description like in fig. 4

Fig. 6. Confrontation of the initial and final examination of flexion
in the hip joint for men and women (movement rage).

Description like in fig. 4

Fig. 7. Confrontation of the initial and final examination of the
muscle strength for flexion in the hip joint for men and women.

Description like in fig. 4

Fig. 8. Confrontation of the initial and final examination of
extension in the hip joint for men and women (movement rage
and muscle strength).

Abbreviations:
MST – muscle strength
Other like in fig. 4

Fig. 9. Confrontation of the initial and final examination of abduc-
tion in the hip joint for men and women (movement rage).

Description like in fig. 4

Fig. 10. Confrontation of the initial and final examination of the
muscle strength for abduction in the hip joint for men and women.

Description like in fig. 4
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Fig. 11. Confrontation of the initial and final examination of
adduction in the hip joint for men and women (movement rage).

Description like in fig. 4

Fig. 12. Confrontation of the initial and final examination of the
muscle strength for adduction in the hip joint for men and women.

Description like in fig. 4

– knee joints:

Fig. 13. Confrontation of the initial and final examination of flexion
in the knee joint for men and women (movement rage).

Description like in fig. 4

Fig. 14. Confrontation of the initial and final examination muscle
strength for flexion in the knee joint for men and women.

Description like in fig. 4

3.4 Likert’s scale of pain estimation

The initial Likert’s test pain estimation showed that:
– the average value of pain  for the research group is 6,5,

for men is 6 and for women it is 6,5.

Fig. 15. The initial examination pain estimation histogram (Likert’s
scale)

The final Likert’s test pain estimation showed that:
– the average value of pain for the research group is 4,

for men is 4 and for women it is 4,5.

Fig. 16. Final examination pain estimation histogram (Likert’s
scale)

After the confrontation of the received results from the
research group initial and final examination we can observe
some changes between those examinations which present
in a following way.
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The difference between initial and final Likert’s test pain
estimation showed that:
– the average value of pain that diminished during the reha-

bilitation was 2 for the research group, men and women.

Fig. 17. Confrontation of the pain estimation in the initial and final
examination (Likert’s scale)

3.5 The functional state and disease stadium
assessment with the use of HAQ Disability
Score questionnaire

Fig. 18. The disease stadium advance assessment and functional
state with the use of the HAQ Disability Score questionnaire his-
togram in the initial examination.

The final assessment of the disease advance stadium
and functional state with the use of the HAQ Disability Score
questionnaire showed that:
– The average value of disease advance stadium for the

whole research group is 1,5, for men is 1,5 and also for
women it is 1,5.

Fig. 19. The disease stadium advance assessment and functional
state with the use of the HAQ Disability Score questionnaire his-
togram in the final examination.

After the confrontation of the received results from the
research group initial and final examination  we can ob-
serve some changes between those examinations which
present in a following way.

The difference between initial and final assessment of
the disease advance stadium and functional state with the
use of the HAQ Disability Score questionnaire that:
– the average value of disease advance level that dimin-

ished during the rehabilitation was 0,3 for the research
group and women, for men it is 0,2.

Fig. 20. Confrontation of the assessment of the disease advance
stadium and functional state with the use of the HAQ Disability
Score questionnaire in the initial and final examination

4.0 Discussion

Goniometric examination of joint mobility range in the
lower limb – the analysis of the research result in a group of
patients with rheumatoid arthritis show a insignificant
increasement of joint mobility range in the lower limb. This
increasement is a result of a complex therapy composed of
pharmacotherapy, kinesitherapy and physiotherapy. The
main aim of the pharmacotherapy is slowing down the de-
velopment of the disease and also diminishing the pain what
had a significant influence on the increasing the joint mobil-
ity range during the passive and active exercises in the ki-
nesitherapy. This result does not fully confirm the detailed
research hypothesis, however it supports it. The biggest
increasement of mobility range was observed in the knee –
the average increasement was 6° in the research group,
for men it was 4,5° and women group was characterised by
a 6,5°. The smallest increasement of mobility range was
observed in abduction and extension of the hip joint. For
the abduction the average increasement in the research
group was 1,2°, for men it was 0,5° and women group was
characterised by a 1,3°. For the extension the average
increasement in the research group was 1,5°, for men it
was 1,1° and women group was characterised by a 1,5°.
Very often patients minimalise the movement to avoid the
pain that accompanies the wider range of movement. This
fact had influence on the final research result. However in
the research group there was a small group of patients
which made an evident improvement of mobility range even
up to 50°. In the research group there was also a group of
patients where a decreasement of mobility range was ob-
served even up to 28°. This might be a result of an exacer-
bation of the disease during the hospitalisation. This refers
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especially to pain which is the most important factor in rheu-
matoid arthritis that restricts the movement. The joint move-
ment rage is 20-30% smaller in the group of men than
women. This might be caused by a psychical attitude to-
wards disease and a smaller commitment in the active re-
habilitation especially kinesitherapy. Women can better cope
with the disease symptoms and complaints and are more
active in the rehabilitation. .

Muscle strength examination in the lower limb muscle
groups – the analysis of the research result in a group of
patients with rheumatoid arthritis show an increasement of
muscle strength in the lower limb muscles groups. It is a
result of a complex therapy mainly composed of kinesi-
therapy supported by physiotherapy and pharmacotherapy.
The  biggest increasement of muscle strength was observed
in the group of muscles that is responsible for extention of
hip joint – the average increasement was 0,3 in the research
group, for men it was 0,6 and women group was character-
ised only by a 0,2. The smallest increasement of muscle
strength was observed in the group of muscles that are re-
sponsible for abduction in the hip joint. The average
increasement in the research group was 0,1, for men it was
0,2 and women group was characterised by the value lower
than 0,1. The second examination also brings an insignifi-
cant increasement. This might be caused by a high aver-
age age in the research group what has a significant influ-
ence on development and increasement of muscle strength.
This dependence can be described by following rule: the
oldest the organism is, the slower and smaller are his abili-
ties to develop and strengthen the muscle tissue. If the time
of the hospitalisation was longer we could observe a bigger
increasement of the muscle strength. With the two week
hospitalisation, the small amount of physical exercises and
disease exacerbation in some cases which is contraindica-
tion for intensive kinesitherapy and physiotherapy the re-
ceived results are satisfactory. This fact is very significant
in modulation the muscle strength parameters. However in
the research group there is a small group of patients which
characterises with a significant increasement of some mus-
cle groups even up to 2,5. There were also patients with a
decreasement of muscle strength in some muscles groups
up to 3,5. But the biggest part of the research group showed
no changes between initial and final examination of the
muscle strength. This decreasement or lack of changes
might be caused by disease exacerbation or a subjective
increasement of pain. In the direct result comparison be-
tween men and women no significant domination of one
group can be observed. In the particular muscle groups
better results were achieved by men and in other groups
women.

 Pain level estimation with the use of the Likert’s test –
the analysis of the research result in a group patients with
rheumatoid arthritis show a decreasement of subjectively
felt pain by the patients. The main factor that modified the
pain during the hospitalization was pharmacotherapy cor-
rectly adjusted to physiotherapeutic analgesic procedures
like kryotherapy. The average diminision of the pain in the
research group and men was 2 points in the Likert’s scale
and for women it was 2,1. Among the whole research group

there were patients with pain decreasement of 4,7. Pursu-
ant to those results we can observe the enormous effects
of pharmacotherapy which by reducing the pain had also
influence on the life quality improvement including the im-
provement of psychical attitude towards disease and tasks.
This is a very significant aspect of rheumatoid arthritis treat-
ment because it allows by diminishing the pain to carry out
more intensive kinesitherapy which gives better effects in
increasing the joint mobility range and muscle strength of
all muscle groups.

Three gradual assessment of the disease advance sta-
dium and functional state with the use of the HAQ Disability
Score questionnaire – on the base of carried out researches
we can observe a very slight changes in the assessment of
the disease stadium. Those results are caused by a chronic
character of the rheumatoid arthritis and long periods of
remission and exacerbation when the changes in the de-
velopment of the disease are hard to observe or are very
rapid. The HAQ Disability Index questionnaire is divided
into eight sections concerning different everyday activity
zones like:

Patient assesses different kind of activities that are
mentioned in those sections in the four gradual scale de-
scribing the level of difficulties with achieving those activi-
ties. The changes in walking with the use of walking de-
vices (for example patient before the hospitalisation used a
walking stick or crutches to walk) during two or three week
hospitalisation are not in most cases observed. The reason
of this phenomenon is that teaching the patient walking with-
out the walking stick or crutches is a very long process es-
pecially when patient has a huge restrictions in the joint
mobility range and has huge weakness of many muscle
groups.  This problem also concerns other everyday activi-
ties like morning getting up, grabbing or activities connected
with going out of the house or flat. The negligence of regu-
lar limb exercises that some of the patients showed had a
huge influence on those different kinds of everyday activi-
ties. The reason of this negligence was the age of the pa-
tients or feeling a severe pain during exercise attempt. In
the research group there were only few patients who on
their own hand exercised regularly what had a good reflec-
tion in the examination results. Those patients were char-
acterised by a wider  mobility range of majority of joints in
lower limb. Also the muscle strength could have achieved
bigger values and the patients would not complain about
pain so often. The HAQ Disability Index questionnaire was
supposed to define the patients disease stadium and check
what influence had the complex rehabilitation on the rheu-
matology ward on the disease development.

The carried out examinations confirm the main research
hypothesis. However the detailed research hypothesis was
not confirmed due to the insignificant increasement of joints
mobility range and muscle strength. The small improvement
achieved is smaller than the expected one.

The achieved results indicate the insignificant improve-
ment of lower limb dexterity in the joint mobility range and
significant improvement of the muscle strength, quality of
life and functioning of the patients with rheumatoid arthritis.
The majority of patients were characterized by long time
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disease experience so the hospitalization was a continu-
ance of the long term treatment of RA. The smallest changes
during the complex rehabilitation gave the mobility range in
the joints of lower limbs. The result could be better but the
short time of hospitalization, the occurrence of disease ex-
acerbation and lack of commitment in rehabilitation of some
patients could have a significant influence on achieving such
small improvement. Also the subjective character of exami-
nations does not give the optimal picture of changes that
occurred during complex treatment of the rheumatoid ar-
thritis patients. The best results were achieved in changing
the pain sense. It confirms the effectiveness of pharmaco-
therapy and the adjusted physiotherapy. The decreasement
of pain had a huge influence on patient’s mood and subjec-
tive assessment of the complex treatment. The majority of
the patients during the final examination said that they were
feeling better and were convinced that each part of the com-
plex treatment was effective. They said that in their subjec-
tive opinion their joint mobility range in lower limb and mus-
cle strength improved significantly. Some patients with the
help of analgesics achieved a little movement in some
planes in which there was no movement observed in the
first days of hospitalization due to the pain. All this data
confirm the importance of analgesics in the pharmaco-
therapy used with the appropriate drug that slower or con-
trol the development of the rheumatoid arthritis.

Some of the articles found in medic database like
Pubmed and Cochrane, confirm our results, that complex
rehabilitation has influence on improvement of functional
condition of patients with rheumatoid arthritis. Ann Readapt
in her work “Reconditioning in patients with rheumatoid ar-
thritis” writes that: “dynamic and aerobic exercises do not
aggravate joint inflammation and do not accelerate joint
damage in such patients. The important goal of recondi-
tioning patients with RA is the prevention of functional de-
cline. RA patients need to be persuaded about the effec-
tiveness and safety of moderate and even high-intensity
exercise.” Also in Bartels EM, Lund H and Danneskiold-
Samsøe B. work “Pool exercise therapy of rheumatoid ar-
thritis” it is mentioned that “pool therapy shows positive ef-
fects as part of the treatment of rheumatoid arthritis pa-
tients…” [1,5].

5.0 Conclusions

1. Complex treatment including rehabilitation has influence
on improvement of functional condition of patients with
rheumatoid arthritis.

2. The decreasement of pain allows to keep the joint mo-
bility range and muscle strength on the same level.
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