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ABSTRACT  Mechanoemission (ME) is the emission of electrons, ions, electromagnetic and 
acoustics waves, caused by mechanical activation of a substance. Autocorrelation and phase map 
analysis  of blood  mechanoemission curves show an  increase in chaotic blood ME in  patients with 
gastric cancer and inflammatory gastric mucosa, as compared with healthy individuals. This work  is 
devoted to the development of a diagnostic method for cancer of the digestive tract based on the 
analysis of patient’s blood mechanoemission curves, using mathematical/statistical theory of pattern 
recognition.  
                                                                                                                                       
1. Introduction.  Malignant tumor cells posses  
certain unique biochemical properties that have 
not been fully recognized by current methods of 
investigation.  Oncogenesis is  characterized as 
a kind of impaired non-linear fluctuation taking 
place on  different levels of biological 
organization. A characteristic property of 
oncopathology is atypical kinetics of 
concentration in biochemical components of 
tissues and biological fluids.  

Two tumors of the same kind are genetically 
non-identical. Tumor cells have structural 
atypism, which is expressed in changes of 
shape, number and size of their organelles. 
Cellular atypism is revealed in the distortion of 
cell structure forming a tumor and is extended 
to general architecture. The vessels and nervous 
structure in a tumor is also atypical. Malignant 
process is characterized by largely varied 
polymorphism in the immune system with 
tolerance, immunosuppression and, perhaps, 
immunostimulation of tumor growth. Those 
nonlinear dynamical features of a biological 
system functioning under malignant tumor 
process allow us to view oncogenesis as an 
expression of the impairments of deterministic 
chaos on various levels of the organism. 

The characteristic atypism of spatial chaos 
during malignant process at the molecular, 
cellular and organ level has been used for some 
time in medicine for  diagnostic purposes, but 
the nonlinear dynamics (chaos) of the emission 
of  blood circulating through the whole human 
organism has been little studied. However, with 

the advent of the concept of corpuscular-wave 
dualism,  the phenomenon of mechanoemission 
(ME) blood chaos of oncological patients has 
begun to be studied. МE is the property of 
emission of  electrons, ions, electromagnetic 
and acoustics waves, induced by mechanical 
activation of a substance. Autocorrelation and 
phase map analysis of blood mechanoemission 
curves shows an increase in ME chaos for 
gastric cancer patients and patients with 
inflammatory gastric mucosa in comparison 
with healthy individuals [1–3]. However, one of 
the main problems with practical realization of 
the ME method is the statistical evaluation of 
individual patient data [4]. The purpose of this 
work is to develop  methods for the diagnostic 
analysis of chaotic blood mechanoemission 
curves for detecting cancer of the digestive 
tract, using mathematical and statistical theory  
of pattern recognition. 
2.Materials and Methods. Five groups of 
patients were studied: Group K were patients 
with cancer of the esophagus (20 persons); 
group P were patients with colon cancer 
(17 persons); group B – patients with gastric 
cancer (10 persons); group V – patients with 
inflammation of gastric mucosa, i.e. chronic 
gastritis, gastric inflammation  (18 persons); 
group D – healthy individuals (21 persons). 
Cancer patients were evaluated at Stage II-IV 
with morphologic and histologic confirmation 
of diagnoses. All groups consisted of males  
45–60 years old.  Samples of bidistilled 



deionized water served as technological 
controls. 

The blood ME was registered using a 
tribogenerator unit connected to a personal 
computer. A small amount (0.02 ml) of blood 
was spread onto FN-2 chromatographic paper 
(Filtrak, Germany) and placed on the slide 
frame. A sample of whole blood dried at 45% 
relative humidity was triboelectrified, using a 
rotating electric probe at 1400 ± 50 rpm with 
enhanced mode of 1.2 N in the atmosphere of 
highly purified gaseous nitrogen, under 
excessive pressure of 1 kPa at 37 ± 0.5 °C. The 
measuring electrode for ME recording was 
located directly in the vicinity of the sample 
contact and rotating probe. Electrical signals 
entered the input of the aerial amplifier and 
after amplification in the frequency range of 
1 Hz to 100 kHz were transmitted to the 
computer for analysis  using  the "ONCO"  
software. 
3. Mathematical methods for analysis of 
mechanoemission curves. Let us consider the 
values of ME curve  x(tk) measured at discrete 
time intervals t1 = 0, t2, …, tn of 24 µsec apart, 
and define the sequence xk = x(tk) (k = 1, …, n). 
To investigate the nature of ME curves, one 
uses the theory concerning the existence of 
deterministic, stochastic (probabilistic or 
random) and chaotic processes. From the 
analysis of different samples x(1)(ti), x(2)(ti), …, 
x(k)(ti) (i = 1, …, n) of ME curves it is clear  the 
ME curve is obtained from a non-deterministic 
process, as evidenced by the mismatch and 
great distinction of numerical sequence of x(l)(ti) 
and x(m)(ti) for single patients, and different 
patients from the same  group. 

In fact, the ME curve x(t) is a nonstationary 
random process. The average values based on 
the 3s-rule  for sample volumes 10 and 204 
thousands for all patients differed significantly 
from one another, so the mean value of x(t) 
could not be determined. The hypothesis that 
ME is a nonstationary process  

x(t) = m(t) + y(t), t∈[0, T] (1) 
where m(t) is the trend (variable determined 
component) and y(t) is random noise 
(m[y(t)] = 0), is  contradicted by the obtained 
data. So it is most likely that the ME curves are 
chaotic. As is well known, chaotic processes 
occur frequently in non-linear dynamics in the 
analysis of nonlinear primitive integrals (the so-
called strange attractors). The instability of 

probability characteristics (the mean value, the 
dispersion, the correlation function etc.) is 
typical for these curves. Hence, the statistics of 
random processes is not fully acceptable for 
analysis of chaotic processes. Nevertheless, it is  
likely  that some numerical characteristics of 
chaotic processes x(t) may be stochastic and 
that statistic methods may be useful for their 
analysis. 

The condensation density of phase map 
attractor is one of the important parameters of 
ME curves. Let us consider the set  

Φ = {(x, y)| x = x(tk), y = y(tk+1), 
k = 1, …, n – 1}, (2) 

in the (X, Y) plane, where x(t) is  ME curve and  
Φ is the phase map of ME curve. First, we find 
the point (x0, y0) of maximal condensation of 
the phase map points. Then, the sequence of 
squares with centers at the point of maximal 
condensation (x0, y0) and side εk, k = 1, 2, …, is 
constructed, and the parameter 

2

( )K( ) k
k

N
k
ε

ε = , (3) 

is calculated, where N(εk) is the number of 
phase map points belonging to the square with 
side  εk. Next, we analyze the dependence of 
K(εk) on εk using the logarithmic scale with 
values of ln(εk) on the abscissa and values of 
ln(K(εk)+1) on the ordinate axis. Thus, we 
obtain a function of a discrete argument which 
we call the condensation density of phase map 
of ME curve or, briefly, the condensation 
density (CD). The value εk is taken so that 
abscissa changed with the step 0.01: 

ln(εk) = ln(0.5) + 0.01k, k = 1, …, s, (4) 
where the square with side εs is the minimal 
square containing all the points of the phase 
map. The side of the first square is 0.5; this 
square contains the point (x0, y0) of the attractor 
only. 

The condensation density (CD) is 
approximated by piecewise-linear spline with  
one transition point:  

1 1

2 2 0

1 0 1 2 0 2

, 0
( ) ,

a x b if x x
y x a x b if x x

a x b a x b

0+ ≤ <
= + ≥
 + = +

, (5) 

where a1, b1, a2, b2 are unknown coefficients of 
regression and x0 is the transition point. The 
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accuracy of spline model (5) is determined by 
residual sum of squares Q, defined as 

( )2

1
( )

s

k k
k

Q y y x
=

= −∑ , (6) 

where yk = ln(K(εk)+1), xk = ln(εk), k = 1, …, s 
is a value of the spline  (5) at the points xk. The 
statistics Q indicates whether the theoretical 
regression model (9) is in  good correspondence 
with  experimental data.  

The unknown coefficients a1, b1, a2, b2 and 
the transition point x0 in the spline regression 
model are calculated by using the method of 
minimization of residual sum of squares Q.    If 
the point x0 coincides with one of the points xk, 
k = 1, …, s: x0 = xk, then we determine the 
regression coefficients a , , ,  
using the standard method of least squares (in 
this case the non-linear model (5) coincides 
with the classic model of linear regression). Let 
us denote by Q
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let us determine the values of the regression 
coefficients and transition point, and also the 
accuracy of the model .  Thus, an analysis 
of condensation density of ME attractor is 
reduced to the analysis of five-dimensional 
vectors, uniquely defined by the equation (5) of 
piecewise-linear regression, the set of ME 
curves of patients from certain nosolologic unit 
(i.e. certain  pathology) and some set of  vectors 
(points) in  five-dimensional space R

0kQ

5. 
The pattern recognition method used in the 

present work for cancer diagnosis by ME 
curves is the modified nearest neighbor method,  
which can be described as follows. Let 

, nM N R⊂% %  be two finite sets of  in 
n-dimensional space, and  1{ , , }lN y y= %K

z M N∈ ∪% %

N⊂  
be their subsets, which we define as training 
samples. Consider any element  
from the union of sets M% , N%  and find the 
element (the point) u from the trining samples 

M, N with Euclidian norm u , which differs  
least from the norm of  z: 

{ }
1
1

min ,i j
i k
j l

z u z x z y
≤ ≤
≤ ≤

− = − − .
(9) 

Because u∈M ∪ N  the element u may 
belong to either  M or N; in the case u∈M the 
element z is considered to be an element from 
M% , in the case u∈N the element z is identified 
as an element from  N% . In the unlikely case 
that the element u  ("the nearest neighbour" to 
element z w.r.t. the norm)  belongs to both  M 
and N  (for training samples M and N from 
universal population with continuous 
distribution this probability is equal to zero), no 
decision concerning z is made. 

The methods of construction of confidence 
intervals for the bulk of general population and 
unknown mathematical expectation with 5% 
significance level on the basis of sample 
obtained by simple sampling are very important 
for diagnosis of oncological diseases. Consider 
these methods and their justifications. Let 
x1, x2, …, xn be samples obtained by simple 
sampling from population G with continuous 
but unknown distribution F(u) and 
x(1) ≤ x(2) ≤ … ≤ x(n) be a variational series 
constructed on x1, x2, …, xn. Denote by x = xn+1 
a sample value taken from G, then 

( )( ) ( )( , )
1i j

j ip x x x
n
−

∈ =
+

 (10) 

[5], therefore the significance level of the 
confidence interval for the bulk of the G 
population, constructed with the help of order 

statistics x(i), x(j), is equal to 
1

j i
n
−
+

. In particular, 

if  i = 1, j = n, then the significance level of the 
confidence interval induced by minimal and 

maximal order statistics equals  2
1n +

 and, if 

n ≥ 39, the significance level does not exceed 
0.05 (note that in biology and medicine a 5% 
significance level is generally considered 
acceptable  in statistical computations). 

The other method for the construction of  
confidence intervals mentioned above is based 
on the Gauss inequality for unimodal 
distributions. The Gauss-Vysochansky-Petunin 
inequality for unimodal distribution has the 
following form 
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p x m x k x
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if 8
3
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(11) 

In particular, this inequality implies that when 
k = 3 (so called "3σ rule") the significance level 
of the confidence interval (m(x) − 3σ(x), 
m(x) + 3σ(x)) does not exceed 0.05. In practice, 
m(x) and σ(x) are unknown, that is why they are 
replaced by the following estimates:  

1

1( )
n

k
k

m x x x
n =

≈ = ∑ , 

2 2

1

1( ) ( ) ( )
1

n

k
k

2x s x x x
n =
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(12) 

xIf  x is a sample mean , then )()( xmxm = , 

and 1D( ) D( )x x
n

= , that is why ( )( ) xx
n

σ
σ =  

and  the estimate  for 2
1s )(xσ  is given by the 

formula 1( ) ( )s x
n

s x = . It is easy to see, that the 

confidence interval for unknown mathematical 
expectation m(x) is given by formula 

( )1 13 ( ), 3 ( )x s x x s x− + , (13) 

and its significance level does not exceed 0.05. 
It has been observed that the exact statistical 

tests (for example, the tests based on the 3s1-
rule) are too conservative and their significance 
level is overestimated [6]. Indeed, according to 
the central limit theorem the distribution of the 
sample mean in some sense is close to normal, 
and for the normal distribution the significance 
level of a more narrow confidence interval 
( )1 12 ( ), 2 ( )x s x x s x− +  than (13) does not 
exceed 0.05 . Thus, when n is sufficiently large 
we can use a narrower confidence interval for 
m(x) applying the "2s1 rule". With the help of 
computer simulation we can determine the 
sample size allowing "2s1 rule". The 
computations show that this size is equal to 10. 

The confidence intervals 
(

13 1 13 ( ), 3 ( )x
sI x s x x s x= − + )  and 

(
12 12 ( ), 2 ( )x

sI x s x x s x= − + )1 , constructed by 
3s1 rule (for small samples) and 2s1 (for large 
samples), allow us to formulate the test of 
significant difference between mathematical 
expectations (means) of two random values x, y. 

To do this it is necessary that at least one mean 
value  x  (or y ) of some random value does 
not belong to the confidence interval 

13
y
sI  (or 

13
x
sI ) for mathematical expectations of other 

random value 
13

y
sx I∉  (or x

sIy
13∉ ). 

For large samples the interval 
13sI

12

 can be 
replaced by a more narrow interval sI , whose 
significance level is approximately  0.05. 

 
4. Diagnostic algorithms for oncological 
diseases based on mechanoemission curves. 
The confidence interval for the means (the 
result of averaging of 204,000 values of ME 
curve), induced by the minimal and maximal 
order statistics, is very useful for differential 
diagnosis between the group of blood-donors 
(BD group) and patients suffering from colon 
cancer (CC group). The confidence interval for 
the mean value of the BD group is 
I = (45.229; 96.525). Note, that the mean value 
(averaged on 204,000 values) for patient  p85 
from the CC group equals  44.694. This value 
does not belong to the interval I, therefore this 
patient cannot be considered as a member of 
BD group. Based on the above results we can 
state the following test for the diagnosis of 
colon cancer. 

1) First, for a patient with unknown 
diagnosis we test the effect of decreasing the 
power of mechanoemission oscillations (MO) 
in time. If this effect is not observed, then the 
hypothesis H (the colon cancer) is rejected and  
the alternative hypothesis H′ (the patient does 
not suffer from CC) is not rejected. 

2) If the effect of decreasing the power of 
mechanoemission oscillation is detected, then 
we  apply the algorithm based on the nearest 
neighbor to the vector α = (x0, a1, b1, a2, b2), 
containing the knot and coefficients of 
piecewise linear spline regression. If the nearest 
neighbor is a member of CC-group then we do 
not reject the hypothesis H (colon cancer), 
otherwise we go to the next point. 

3) At the final stage we test whether the 
mean x  computed on 204,000 values of ME 
curve belongs to  interval I = (45.229; 96.525). 
If x  belongs to I we do not reject the 
alternative hypothesis H′ about the absence of 
CC. If x  does not belong to I we do not reject 
the hypothesis H (colon cancer). 

The error of the first kind in the combined 
test is equal to 1/17 < 0,06 = 6%, and the error 
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of the second kind equals 1/21 < 0,05 = 5%. 
Thus, the sensitivity of this test is equal to 94%, 
and specificity is equal to 95%. 

 5

Consider the diagnosis of cancer of the 
esophagus on the basis of mechanoemission 
curve. It consists of two tests: 

α) the diagnosis on the basis of the modified 
nearest neighbor method; the neighbor is 
considered to be nearest if the norm of the 
vector  (consisting of the parameters of 
spline regression constructed for the density 
function of concentration of the attractor of the 
phase diagram of ME curve) is closest to the 
norm of the corresponding vector α of patient 
under investigation; 

0kα

β) the diagnosis on the basis of classical 
method of nearest neighbor when the neighbor 

 with vector  is considered as the nearest 
to the patient k

0kx
0kα

0 with vector α from the group 
G = {x1, x2, …, xn} if  

knkk α−α=α−α
≤≤1

min
0

, (14) 

where α is a vector of the spline regression 
parameters of the patient x. 

The combined test has the following form: 
 1) If both tests α and β produce the same 

result, H (CC) or H′ (not CC), then we make the 
respective diagnosis: H or H′. 

2) If the tests α and β produce contradictory 
results, then we do not make any decision and 
the analysis must be repeated. 

Analysis of the training samples shows that 
for the combined test the error of the first kind 
equals  3/20 = 15%, and the sensitivity of the 
method equals  85%. The probability of non-
accepting the decision when the main 
hypothesis H (CC) is true equals 7/20 = 35%; 
the error of the second kind is equal to 
3/21 ≈ 14.2%, therefore the specificity of the 
test equals to 85.8%, and the probability of non-
accepting of decision when the alternative 
hypothesis H′ equals to 8/21 ≈ 38%. 
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