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Medical Practice:

•diagnosis
•Therapeutical process
•monitoring

Medical and
Pharmaceutical

Means

Medical Practice

PatientDoctor

••Improvement of citizen quality of Improvement of citizen quality of 
lifelife

RESULTRESULT

••Without any technical or Without any technical or 
geographical constraingeographical constrain

Main TargetMain Target
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•Artificial Intelligence (Computational Intelligence)

•Biological Neuron

•Biological Neural Network

•Artificial Neuron

•Artificial Neural Networks

•Learning

•Applications

TOPICS

What is Intelligence

Η γενική ικανότητα που εκφράζεται µέσα από τις
διαδικασίες υπολογισµών, λογικής, διακρίβωσης, 
µάθησης, γλώσσας, και εξοικείωσης σε νέο
περιβάλλον.

Intelligence is the general mental ability involved in 
processes such as calculating, reasoning, classifying, learning,
the use of language, and adjusting to new situations.

Difficult to Define. 
It is roughly:
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Computational Intelligence

Tools and Means

• Artificial Neural Networks
• Artificial Life
• Genetic Algorithms
• Fuzzy Logic
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Biological Neuron

General Description

ΜΕΜΒΡΑΝΗ
Membrane
Thickness ≈ 5 to 10 nm = 0.000005 to 0.00001 mm
Capacitance ≈ 0.944 µF/cm2

Field intensity ≈ 12000000 V/m = 120 kV/cm

ΝΕΥΡΙΤΗΣ
Αxon of sending neuron

ΣΥΝΑΨΗ
Synapse

ΝΕΥΡΙΤΗΣ ή ΝΕΥΡΟΑΞΩΝΑΣ
Αxon or nerve fiber
Diameter:  0.5 - 22 µm in vertebrate

500 - 1000 µm in the squid giant axon

ΣΩΜΑ ή ΠΕΡΙΚΑΡΥΟ
Cell body soma
Internal voltage ≈ - 60 to - 80 mV

NODE OF 
RANVIER

ΠΕΡΙΒΛΗΜΑ
Μyelin sheath

INITIAL SEGMENT
TRIGGER ZONE

ΠΥΡΗΝΑΣ
Nucleus

DENDRITE OF RECEIVING NEURON

∆ενδρίτης
Dendrite of receiving neuron

ΕΚΦΥΤΙΚΟΣ ΚΩΝΟΣ
AXON HILLOCK

Biological
Neuron
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The typical neuron of a vertebrate animal can 
carry time impulses for a considerable distance. 
The neuron depicted here, with its various parts 
drawn to scale, is enlarged 250 times. The nerve 
impulses originate in the cell body, and are 
propagated along the axon, which may have one or 
more branches. This axon, which is folded for 
diagrammatic purposes, would be a centimeter 
long at actual size. Some axons are more than a 
meter long. The axon’s terminal branches form 
synapses with as many as 1,000 other neurons. 
Most synapses join the axon terminals of one 
neuron with the dendrites forming a "tree' around 
the cell body of another neuron. Thus the 
dendrites surrounding the neuron in the diagram 
might receive incoming signals from tens, 
hundreds, or even thousands of other neurons. 
Many axons, such as this one are insulated by a 
myelin sheath interrupted at intervals by the 
regions known as nodes of Ranvier. 

[Caption and figure from C. F. Stevens 1979, "The 
neuron,- The Brain”, Scientific American]

NEURON

Synapse

Diameter ≈ 1 µm = 0.001mm
Gap ≈20 to 40 nm = 0.00002 to 0.00004 mm
Diameter/Gap ratio ≈ 100

Delay in the transmission of the pre-
synaptic potential to a post-synaptic 
potential ≈ 0.3 to 1.0 ms

Velocity ≈ 0.2 cm/minute
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Synapse

Artificial Neuron

•Software simulation

•Electronic or Biological construction
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General form of a single-neuron model

SUBSYSTEM OF 
FEEDFORWARDS AND 

FEEDBACKS
h()

POST-ACCUMULATOR
PROCESSING

(Subsystem of functional 
and dynamical 

processors) , p2()

PRE-ACCUMULATOR
PROCESSING

(Subsystem of functional 
and dynamical 

processors)
(including cross-
correlations), p1()

D
IS

T
R

IB
U

T
O

R

MAIN

ACCUMULATOR

SUBSYSTEM CONTROLLING 
THE ADAPTATION
OF PARAMETERS

Input from the environment or  from  other 
neurons

Output to the environment or to other neurons

Artificial neural network

TN 5TN 4

SYSTEM     
INPUT

SYSTEM
OUTPUT

TN 3TN 2TN1

TN 8TN 7TN 6

Processing element

Signal flow

Artificial neural network



06/07/2007

9

Which are the main topics

To understand how humans conceive, 
think and decide

To build machine that simulate this 
human functioning and especially decision 
making under uncertainty and missing 
data



06/07/2007

10



06/07/2007

11



06/07/2007

12



06/07/2007

13



06/07/2007

14



06/07/2007

15



06/07/2007

16



06/07/2007

17



06/07/2007

18



06/07/2007

19



06/07/2007

20



06/07/2007

21



06/07/2007

22

Bibliography

• C.S. Pattichis, C.N. Schizas, L. Middleton, Neural Network 
Models in Classifying Motor Unit Potential Parameters, IEEE 
Transactions on Biomedical Engineering, Vol. 42, No. 5, pp. 
486-496, 1995.

• C.N. Schizas, C.S. Pattichis, C.A. Bonsett, Medical Diagnostic 
Systems: A Case for Neural Networks, Technology and 
Health Care, Vol. 2, pp. 1-18, 1994.

• C.S. Pattichis, and C.N. Schizas, Genetics-Based Machine 
Learning Models for the Diagnosis of Certain Neuromuscular 
Disorders, IEEE Transactions on Neural Networks, Vol. 7, 
No. 2, pp. 427-439, 1996.



06/07/2007

23

The Terms
Hybrid SystemHybrid System and
Integrated SystemIntegrated System

Like it is in a medical 
environment

Hybrid SystemHybrid System::

A case is examined by many specialists of 
the same specialization 

A Medical Council is called for reaching 
final conclusion



06/07/2007

24

Integrated SystemIntegrated System::
A case is examined by many specialists of 

different, but relevant specializations.
(e.g. a subject that is suspected of a neuromuscular disorder is examined
separately by a clinical neurologist, a histopathologist, and a geneticist)

A Medical Council is called for reaching final 
conclusion.

Hybrid System, Hybrid System, for the diagnosis of neuromuscular for the diagnosis of neuromuscular 
disordersdisorders
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Integrated System,              Integrated System,              for the diagnosis of for the diagnosis of 
neuromuscular disordersneuromuscular disorders
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Test 1: Muscle Disease

Test Grade

• Weakness is present and volume of one or more muscles is increased or
myotonia is demonstrated.

10

• Weakness is bilateral and affects one or both girdles primarily. 8
• Weakness is present together with loss of muscle stretch reflexes in a general

bilaterally symmetric distribution.
6

• Muscle weakness is present but no tonic change is detected with joint
manipulation.

4

• No weakness is present. 1

Clinical Examination Protocol

Muscle biopsy of a DMD subject. Staining 
with H&E, showing variation in fibre size,
increase in connective tissue.

Muscle biopsy of a MND subject. Staining for 
NADH, showing dark colored angular fibres
among light colored normal polygonal fibres.

Muscle biopsy of a SMA subject. Staining 
with Gomoris Trichrome, showing 
hypertrophic fibers surrounded by a large
group of atrophic fibres.
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Test 4: Muscle Biopsy

Test Grade

• Angular fibres, obvious grouping, large group atrophy. 5
• Rare angular fibres, small group atrophy, tenedency of grouping. 4
• Round hypertrophic fibres, necrotic and regenerating fibres, splitting fibres. 3
• Rare round fibres, splitting fibres, rare central nuclei, with increased

connective tissue.
2

• Polygonal fibres, normal presence of connective tissue, normal fibre
distribution, absence of inflammation.

1

Laboratory Examination Protocol

5 5 5 5 5 5 5 5 1 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 1 1 1 1 1 3 3 1 1 1 1 1 1 1 1 1 1
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5 5 5 5 5 5 5 5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
5 5 5 5 5 5 5 4 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2
5 5 5 5 5 5 5 4 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2
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5 5 5 5 5 5 5 5 5 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2
5 5 5 5 5 5 5 5 5 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2
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5 5 5 5 5 5 5 5 5 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2

1:DMD   2:MG   3:SMA    4:ALS    5:NOR
Self  Organizing Feature MapSelf  Organizing Feature Map

T. Kohonen
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Breast Cancer
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Manual, semi–quantitative, immunohistochemical score

% of Cells
Positive

Score Staining
Intensity

Score Total
Score

Diagnosti
c

Index

0 0 Negative 0 0 0

0 – 25 % 1 Weak 1 1 – 4 1+

26 – 50 % 2 Moderate 2 5 – 8 2+

51 – 75 % 3 Strong 3 9 – 12 3+

≥ 76 % 4 Very
Strong

4 > 13 4+

ΠοσοτικήΠοσοτική αξιολόγησηαξιολόγηση τωντων προγνωστικώνπρογνωστικών παραγόντωνπαραγόντων τουτου καρκίνουκαρκίνου
τουτου µαστούµαστού

EPILOGEEPILOGE

•Historical challenge

- Constructive use of technology
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““To make predictions is difficultTo make predictions is difficult, , 
especially for the futureespecially for the future””

NielsNiels BohrBohr

Thank you for your attentionThank you for your attention


