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Abstract

The analysis of efficiency of a method of the automated differential diagnostics of pathology of the
person’s musculoskeletal system with a possibility of the analysis of multicomponent data of the human
statogram is carried out. By means of the device of neural networks the method of a functional estimation of
a condition of musculoskeletal system of the person according to statographic researches, namely
geometrical and power parameters of statograms at two-support and one-support standing is offered.
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Despite the rich choice of research methods and constant improvement of technical means, as
noted by many researchers, objective and differentiated diagnosis of the musculoskeletal system
(ORS) is hampered by the presence of a wide range of compensatory-adaptive reactions [1, 2]. To
provide vertical support when standing and walking, the patient seeks to intuitively adapt to
changes in his ORS [1, 3]. A large number of methods of compensatory processes eliminate the
deformation and make it difficult to quantify [4, 5, 6]. Therefore, there is a need to create devices
that not only allow to detect pathology and the degree of its compensation, but also to quantify it
[7].

The aim of the study was to substantiate the method of automated differentiated diagnosis of
human ORS pathology with the possibility of analyzing multicomponent data of the human
statogram.

The data of statographic research of 15 patients with osteochondrosis of the lumbar spine were
analyzed; 15 patients with bilateral coxarthrosis stage Il-11l and 10 healthy volunteers. The
parameters of the statograms were analyzed: energy strength of the statogram at two-support and
one-support standing, the area of spots in these positions, the ratio of spots of single-support
standing to the area of two-support standing, the ratio of spots of the statogram to the total area of
the statogram.

More than 10 geometric parameters of statograms were developed for the study of statograms,
which describe the parameters of the area of statogram spots, the magnitude of the scatter of the
centers of statogram spots and their boundaries in the frontal and sagittal planes, asymmetry
coefficients of geometric and angular spots. Particular attention is paid to the spectral
characteristics of statograms. In the course of statistical researches the big dispersion of parameters
of statograms which can testify to existence of this or that pathology is revealed. Based on the
obtained data, it was found that in the diagnosis of a possible pathological condition, the parameters
of statograms should be analyzed not separately, but in combination, using multidimensional
classification algorithms.

The strongest method of statistical classification is discriminant analysis, but it requires the
presence of dichotomous quantities as a classification argument, and if there are more than 3 levels,
the results of the analysis are very difficult to interpret the verification of classification equations.



Therefore, we chose modern methods of classification analysis, namely neural networks.

20 parameters of spectral and geometric characteristics of the statogram were selected as input
arguments of the neural network. Several models of neural networks were analyzed and the one
with the highest probability of predicting the correct result was selected. The neural network has 2
hidden layers, the neurons of which activate the function of the hyperbolic tangent, ie the nonlinear
dependence of the pairs of neurons. The network has 3 output neurons by the number of levels of
the classification argument. The work of the neural network consists of three stages: training of the
network on a special sample with the established diagnosis (training sample), checking the network
model on the control sample and the stage of checking the model on a random sample. During the
learning phase, the neural network learns to return a specific output signal for a specific input
signal, this is done through continuous learning on a set of learning data. During the execution
phase, the neural network returns the output signals based on the input data.

The algorithm for performing direct propagation functions is as follows: the input data is fed to
the input layer of the network and distributed throughout all layers of the network until it reaches
the output layer, where the result is returned. During training, the neural model on the input and
output data set is configured to obtain the same values at the outputs as in the training sample.
When determining the size of the neural model, it is necessary to take into account the size of the
training sample. The number of scales to be adjusted must be less than the number of input images,
otherwise the network will “remember” the images and lose the ability to classify, on the other
hand, the more scales of the network to be adjusted, the more accurate the adjustment. The sample
used was relatively small, and each image contains the results of energy analysis of the statogram
and 17 parameters of the geometric data of the statogram (a total of 20 input parameters).

In some cases, the neural network gave ambiguous results. This can be explained by the fact
that, as a rule, diseases of the hip joint develop first on one side and are accompanied by lameness,
pain, shortening of the limb. Constant asymmetric load on the hip joints leads to an increase and
change in the load on the lumbar spine, over time it leads to the development of degenerative
diseases - osteochondrosis, spondyloarthritis and others. In the future, even greater asymmetry of
the load on the joints, exacerbated by degenerative diseases of the spine, leads to the symmetrical
development of the disease of the second hip joint. These circumstances explain the low
differentiation of diseases in patients, especially the elderly. The highest probability of correctly
predicted results occurred in the group of patients with coxarthrosis (96.5%), less in the group of
patients with osteochondrosis (67.3%) and in the control group (69.7%).

The constructed neural network showed a fairly high result in the diagnosis. The neural network
has the highest sensitivity and specificity for the detection of coxarthrosis, less sensitivity and
specificity - for the detection of osteochondrosis.

Modern instrumental research methods give the researcher a large number of parameters that
require modern processing methods. The automated process of building neural networks allows the
researcher without special knowledge in the field of programming to create sufficiently effective
classification models. The created neural model allowed to identify with rather high probability in
orthopedic patients the prevailing orthopedic pathology.
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ABTOMATHU30BAHA JIATHOCTHUKA IMATOJIOI'TI OTIOPHO-PYXOBOI
CUCTEMM JIIOJUHU HA OCHOBI CTATOITPA®IYHUX JOCJIIKEHD

AHoTalisa

Ilpogedero ananiz egpekmugnocmi Memooy asmomamu306anoi oughepeHyilinoi OiacHOCMUKY NAmMoao2ii
ONOPHO-PYX080T cucmemu JTOOUHU 3 MONCTUBICIIO AHATIZY 0A2AMOKOMNOHEHMHUX OAHUX CMAMOSpamu
JOOUHU. 3a 00NOMO2010 anapamy HelupoOHHUX MepedxC 3anponoHO8aHULl Memoo QYHKYIOHATbHOI OYIHKU
CMamy ONOPHO-PYyxX060i cucmemu JOOUHU 3a OAHUMU CINAMOZPAPDTUHUX OOCTIONHCEHD, A CAME 2eOMEeMPUUHUX
I eHepeemuyHUX napamempie cmamospam npu 080XONOPHOMY U OOHOONOPHOMY CTNOSHHI.

Karouosi cJoBa: aBTOMAaTH30BaHA [IarHOCTHKA, OIOPHO-PYXOBHI amapar, crarorpadidsi
JTOCITIOKEHHS.
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