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Summary

Disorders of postural resistance are widespread among
the patients treated for cancer. The question of the mech-
anism of this phenomenon is under the study. The aim
of our retrospective study was to clarify the relationship
of postural instability in cancer patients with oculomo-
tor muscle dysfunction.

Patients and methods

The study involved 291 children 5-18 years old who had
cancer and were in remission state or stable clinical con-
dition. The control group included 182 healthy children.
The quality of postural balance was evaluated by sta-
bilometric method using a computer-assisted stabilizer
(Stabilan 01-2 model). The eye movements were record-
ed by videoculography using the Arrington eye-tracker.
Regression analysis was used to assess relationships of
the analyzed parameters. For explicit asymmetric distri-
butions, we used conversion of initial values to logarith-
mic form and the Box-Cox transformation.

Introduction

Disturbed postural resistance is a common finding among
the patients treated for cancer doseases, regardless of their
exact nosological forms. Researchers describe imbalanc-
es in children treated for brain tumors [1, 2] and leukemia
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Results

The main stabilometric indicators in the position with
open eyes confirmed impaired postural balance in the
children who survived cancer. We have substantiated
a high probability of correlation between the postural
imbalance and disease factor. Improvement in stabilo-
metric indexes with eyes closed was detected for both
groups. However, this phenomenon proved to be signif-
icant and was more common among the children who
survived cancer.

Conclusion

A stable relationship was found between the postural in-
stability and altered functioning of oculomotor muscles.

Keywords

Childhood cancer, postural control, anticancer therapy,
toxic effects, oculomotor muscles.

[3], in adult people treated for lung cancer [4], breast can-
cer [5], leukemia, lymphomas and other solid tumors [6],
etc. According to evidence-based studies meta-analyses, the
percentage of leukemia survivors with disturbed postural
equilibrium ranged from 27% to 69% during the treatment,
being 7% to 65% at later observation terms (over 5 years)
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following the cytostatic therapy [6]. For children treated for
medulloblastoma, the development of posterior cranial fossa
syndrome is characteristic which may manifest with acute
postural imbalance.

Damage of brain by the growing malignancy and surgical
intervention are considered to be a cause of this phenom-
enon in the patients with tumors located at the posterior
cranial fossa. However, imbalance signs in pediatric cancer
patients without evident brain lesions suggest some other
possible causes of postural instability. A number of research-
ers attribute postural imbalance to the late toxic effects of
radiation therapy [6], or consequences of chemotherapy [7].
In the literature, we have encountered only a few studies on
the mechanisms of impaired postural stability in the cancer
patients. In particular, Gilchrist L.S. and Tanner L.R. (2018)
examined the relationships of imbalance with manifestations
of peripheral neuropathy [3].

In another study of adult cancer survivors treated in their
childhood, it was shown that both the disease and treatment
cause long-term disturbances of postural resistance in the
position with open eyes. At the same time, the authors found
a similar reaction of cancer survivors and healthy subjects
to closing their eyes, which allowed them to confirm a pre-
served role of vision for postural resistance [8]. R. Leight and
D. Zee (2015) showed that the brain tumors, including cere-
bellum, lead to serious oculomotor disturbances, in particu-
lar, saccadic dysmetry, occurence of disruptive micro- and
macrosaccades, that may affect the body equilibrium [9].
Einarsson E.J. et al. (2016) showed sufficient oculomotor
disorders in patients with oncological diseases which did not
directly affect the central nervous system [10]. In their opin-
ion, these disorders may be caused by toxic effects chemo-
therapeutic cytostatic drugs upon brain tissues after crossing
the blood-brain barrier. In 2019, the same authors described
increased visual dependence in people who survived child-
hood cancer under the age of 12 years, which is thought to
explain the visual dizziness in adults who previously received
chemotherapy.

30-

number of children, person
)
1

age

The aim of our retrospective study was to clarify a relation-
ship between the postural stability disorders in children
treated for cancer, and oculomotor muscle dysfunction.

Patients and methods

The study was carried out during their rehabilitation course
at the Medical Rehabilitation Research Center Russian Field.
The study involved 291 children 5-18 years old who were
previously treated for a brain tumor localized in the poste-
rior cranial fossa: medulloblastoma - 58.11%, piloid astro-
cytoma — 22.50%, anaplastic ependymoma - 6.25%, diffuse
stem tumors — 4.36%, anaplastic astrocytoma - 2.25% gan-
glioglioma — 2.25% and others with a frequency of <1% and
were in remission (82.3%) or stabilization (17.7%). In the
vast majority of cases, the disease was diagnosed at an early
age: up to 6 years, in 63.9% of girls and 53.7% of boys, from
7 to 11 years — in 26.9% of girls and 34.2% of boys (Fig. 1).

79% of the examined children underwent radiation therapy,
75% chemotherapy, 64% received complex therapy, includ-
ing surgical treatment, chemotherapy and radiation therapy.

According to the duration of remission at the time of exami-
nation, the patients were distributed as follows: up to 1 year -
15.6%, from 1 year to 3 years — 37.8%, from 4 to 7 years -
31.1%, over 8 years — 15.6%.

The control group included 182 children 6-18 years old, who
were in the medical rehabilitation scientific center "Russian
Field" with their siblings, and healthy children who were en-
gaged in the group of general physical training for the first
year.

The quality of the postural balance was evaluated by a sta-
bilometric method using the computer-assisted Stabi-
lan 01-2 device (manufacturing firm OKB RITM Russia).
A stabilometric study is based on recording the parameters
of the oscillations of the projection of the conditional center
of mass of the person being examined on the plane of the
stable platform.
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Figure 1. Distribution of the children with malignancies by their gender and age of onset. Abscissa, age of the disease

onset, years; ordinate, number of cases
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Each individual test consisted of sequential trials with open
and closed eyes (Romberg test) in a European installation
(in heel position together, socks divorced at an angle of 30
degrees), the duration of each trial was 30 seconds [11]. The
mark was stuck on the wall in front of the child. The subject
should fix his eyes on it throughout the testing. We analyzed
the stabilometric indicators of the displacement and disper-
sion of the center of human pressure in the area of support
(on the reference plane, the lengths of the trajectories of the
pressure center in the frontal and sagittal planes, the linear
velocities of the movement of the pressure center on the ref-
erence plane, and the size of the area of the confidence ellipse
of the statokinesiogram).

The center of a person’s pressure on the area of support is
the projection of the general center of pressure of a person’s
body on a horizontal plane. Displacements from the center
of pressure are recorded as a statokinesiogram. The area of
statokinesiogram forms an ellipse, which includes 95 percent
of the fixed points, is called the area of the confidence ellipse.
Figure 2 shows an example of a statokinesiogram with a con-
fidence ellipse.
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Figure 2. An example of a graphic image of a statokine-
siogram. Actually, the statokinesiogram is the trajec-
tory of pressure center oscillations during the study.
The circle (a special case of an ellipse) represents a
95% confidence interval for the position of the pres-
sure center

The patient’s data were compared with gender- and age-
matched children from the control group. Postural balance
indexes were registered in the Romberg test with open eyes.
A test for fixing the gaze on a stimulus was used to evalu-
ate the work of the saccadic system of eye movements [12],
which allows one to characterize the degree of work of the
oculomotor muscles, since the physiological fixation process
requires establishing and maintaining fovea in one position.
The required duration of fixation in the test (20 seconds) on
each stimulus was selected, to prevent a sufficient loading of
the oculomotor muscles. The test evaluates the spread and
density of the gaze when fixing the patient on the stimulus.

The patient was sitting comfortably on the chair in front the
monitor in the calm room for neurophysiological investi-
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gations. Eye movements were recorded by videoculography
using an Arrington 60 Hz eye-tracker glasses. Patient's head
was fixed by a frontal chin support to minimize head move-
ments. Functioning of the oculomotor muscles was eval-
uated by the gaze fixation test on the stimulus (Danilov et
al,, 2015) [12]. The stimulus were presented on a Samsung
23-inch screen (with a resolution of 1920x1080 pixels) at
a distance of 60 cm from the subjects' eyes, while occupied
about 45° horizontally and 26° vertically of their visual field.
The stimulating object (a green dot on the screen) had a
size of ~1°, having been sequentially moved in the left/right
positions by 15°, and at the top/bottom direction, by 8° for
20 s for each position. Dispersion and density of the gaze
fixation points on the every stimulus were evaluated. Raw
dispersions of gaze fixation points were filtered in +20 of co-
ordinates' distribution and fitted by ellipse Matlab function
"fit_ellipse". Then the squares of the obtained ellipses were
counted in deg?. Densities of the gaze fixation points were
counted as a ratio of the number of fixation points to the
ellipse square. The larger squares of the ellipses and the lower
densities of the points reveal the more unstable gaze fixation.

Statistical evaluation of the results was performed with a
modification of the Student t-test (Welch test), which sug-
gests that the variances of the compared populations are
not equal. To model relationships between of the analyzed
indexes, regression analysis was used, which allowed us to
analytically present the relationship models between appro-
priate indexes, and to quantify relative influence for distinct
factors. In the course of statistical modeling of explicit asym-
metric distributions, we used conversion of initial values to
logarithmic form and the Box-Cox transformation.

Results

To assess the postural balance in patients treated for tumors
of the posterior cranial fossa, we analyzed the stabilometric
indicators of the displacement and dispersion of the fixa-
tion points of the pressure center on the reference plane, the
length of the trajectories of the pressure center in the frontal
and sagittal planes, the linear velocities of the pressure center
on the reference plane and the magnitude areas of the con-
fiding ellipse of the statokinesiogram. The results were com-
pared with homologous children from the control group.
Indicators of postural balance were recorded in the Romberg
test with open eyes. The results are presented in Table 1.

In our study, the average size of the estimated ellipse area in
children of the main group in the position with open eyes
was 673+1201.1 mm?, thus being significantly differed from
the average values in the control group (258.9+162.5 mm?).
To confirm the hypothesis about the relationship between
the postural balance and the disease, a nonlinear (exponen-
tial) regression model was constructed for the Ellipse Area
indicator:

log(Ells)=6.7 — 0.059full.year + 0.104gender — 0.57grp,
R*=0.103, p<0,05.

where log (Ells) is the logarithm (natural) of the area of
the ellipse.

gender = 1 - boys, 0 - girls
grp = 1 - healthy controls; 0, treated patients.
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Table 1. Indexes of postural balance in children treated for brain tumor, and in healthy children using Romberg test

with open eyes

Parameters Main group (n=283) Control group (n=39) Significance levels,
Mean Std. dev. Mean Std. dev. p values
Center of pressure frontal displacement, mm -0.1 B4 -0.2 76 0.9027
Center of pressure sagittal displacement, mm -55.8 2.1 -64.2 18.4 0.0223
Center of pressure frontal dispersion, mm 5.7 3.8 36 13 <0.0000
Center of pressure saggittal dispersion, mm 65 3.7 417 16 <0.0000
The average speed of center of pressure 20.1 15.2 145 44 <0.0000
movement, mm/sec.
Confidence ellipse area, mm? 6731 12011 2589 162.5 <0.0000
Movement Estimation, conditional unit 515 15.7 56.8 13.2 0.02696
The quality of the equilibrium function, % 53.6 221 63.8 141 0.0003
Linear average speed, mm/sec. 204 15.4 145 44 <0.0000

Age of children (full_years), and disease state (grp) proved
to be the statistically significant factors in this model. Ac-
cording to the model, the logarithm of ellipse area in healthy
children was lower by 0.57 (p<0.000).

In order to study potential contribution of altered vision in
the postural control, we analyzed the change in the Rom-
berg test parameters when the patient changes the position
with open eyes (EO) to the pose with closed eyes (EC). For
analysis, the relative dynamics of indexes were calculated by
the formula:

_Xpp=Xps *100% A :XXEO_XXEC *100%

percent
ro XEO

percent

where

Ajecn — the percentage changes of stabilometric indexes
when closing the eyes;

X0 - the value of the index in EO position;

X, - the value of the index in EC position.

When evaluating the following indices: Assessment of move-
ment and Quality of the equilibrium function, a minus sign
was introduced before the formula, due to their special cal-
culation modes:

=~ X=X 4100y

ro

percent

As a result, we have calculated the factors characterizing
changes of stabilometric indexes when turning off the vision.
The values of the coefficient equal to "0" and higher denot-
ed the improvement of stabilometric values when closing
the eyes, whereas a negative value meant their impairment
(Table 2).

More often, the shutdown of vision led to a positive change
in the mentioned indexes. Assessment of movement and
Displacement of the center of pressure along the sagittal axis
(68.5%/61.1% of pediatric patients, and 30.8%/33.3% in the

control group, respectively), as seen from Table 3.

Table 2. Increases in the indicators of the postural balance of children treated for cancer and their healthy peers in
the Romberg test when moving from the Open eyes to the Closed eyes position

Average growth of indexes Significance levels,
Parameters

Main group Control group p values
Center of pressure frontal displacement, mm -0.336 -1.125 0.4987
Center of pressure sagittal displacement, mm -0.007 0.021 0.3857
Center of pressure frontal dispersion, mm -0.084 -0.045 0.5629
(Center of pressure sagittal dispersion, mm -0.043 -0.043 0.9904
The average speed of center of pressure movement, mm/sec. -0.173 -0.115 0.1970
Confidence ellipse area, mm? -0.132 -0.130 0.9825
Movement Estimation, conditional unit 0.170 0.100 0.0652
The quality of the equilibrium function, % -0.067 -0.050 0.6204
Linear average speed, mm/sec. -0.182 -0.114 0.1469
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Table 3. Frequencies of “atypical” reactions in the Romberg position with closed eyes, %

Percentage of children with o
Parameters |m;frovement IS)lg:IlIIl;:nce levels,

Main group Control group
(Center of pressure frontal displacement, mm 55.0% 17.9% <0.0000
(Center of pressure sagittal displacement, mm 61.1% 333% 0.0014
Center of pressure frontal dispersion, mm 419% 231% 0.0016
Center of pressure saggittal dispersion, mm 45.7% 15.4% <0.0000
The average speed of center of pressure movement, mm/sec. | 27.9% 11% 0.0002
Confidence ellipse area, mm? 432% 20.5% 0.0026
Movement Estimation, conditional unit 68.5% 30.8% <0.0000
The quality of the equilibrium function, % 213% 11% 0.0003
Linear average speed, mm/sec. 27.0% 17% 0.0003

In the main group, the area of the confidence ellipse de-
creased in 43.2% of children by an average of 33.4%. Similar
dynamics was noted in 20.5% of the examined children, the
average decrease in area was 29.6% (Fig. 3). Moreover, the
Romberg coefficient averaged 113% both in the main group
and in the control group.

To test the hypothesis about the relationship between postur-
al control and oculomotor activity, we analyzed the results of
examination of children treated for tumors of the posterior
cranial fossa, on an i-tracking. The oculomotor muscles per-
form fast saccadic eye movements necessary for fixing the
gaze on the object, a point in space, etc., due to which the
brain receives visual information. The saccadic system is a
complex hierarchical system in which many brain structures
are involved [19]. The variable measured in the i-tracking is
the area of ellipses (deg?), in terms of the content and type of
the calculation, it is related to the stabilometric parameter -
the ellipse of the statokinesiogram. The larger is the area of
the ellipse, the less stable the gaze is kept. Vice versa, the gaze
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fixation of the gaze is impaired due to various involuntary
saccadic movements (disruptive, intrusive macro- and mi-
cro-amplitude involuntary saccades) and nystagmus. The
second variable density of gaze fixation, with 95% of points
fitting the ellipse area within a definite time period. It char-
acterizes the presence or absence of large-amplitude move-
ments, since with large-amplitude movements, the area of
the ellipse increases when the gaze is fixed, and the density
of the gaze positions, on the contrary, decreases.

We did not find any correlations between the absolute sta-
bilometric indexes and saccadic activity. At the same time,
we found a connection between saccadic activity indexes and
increased stabilometry indexes in the Romberg test upon
transition from open to closed eyes. Indicators of saccadic
activity showed asymmetric distribution. Therefore, a pow-
er-law transformation of initial data by the Box-Cox method
was performed, in order to identify their relationships with
stabilometry indexes.

' '
-100 0 100

% change in the area of the ellipse in the position EO-EC

Figure 3. The allocation of growth rates of the indicator Ellipse area increments in the Romberg test during the
transition from open to closed eyes in children of the main group
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The simulation results showed that the mode of relationships
between the saccadic activity indicators and incrementing
stabilometric indices corresponded to linear regression. A
moderate correlation between the conventional elliptic area
during gaze fixation and increased stabilometry indices was
shown by means of this model; the multiple correlation co-
efficient is in the range between 0.35 and 0.62. The contribu-
tion of explained variance (R?) was in the range of 13.2% to
38.0%.

The moderate correlation between the density of points in
the ellipse during gaze fixation and the growth of stabilom-
etry indicators was also demonstrable, with multiple corre-
lation coeflicients of 0.38 to 0.59. The impact of explained
variance (R?) is in the range of 14.4-34.5%. The correlation
coeflicients of individual indicators are shown in Table 4.

Discussion

The physical status of children who survived cancer, has be-
come the subject of an active study in connection with the
successes of modern medicine. The end of anti-cancer treat-
ment does not mean complete recovery of the patient. More-
over, aggressive anti-cancer treatment leads to the develop-
ment of multiple complications that worsen the quality of life
and reduce the predicted life expectancy [13, 14, 7]. The data
obtained by researchers indicate the need for physical activ-
ity programs aimed specifically at approaches to minimizing
physical limitations. One of these limitations is a violation of
the postural balance.

Imbalances in the body in works on children who have
survived cancer, are usually detected by the Bruninks-Oz-
eretsky test, which allows you to study the whole range of
motor qualities [8, 5, 1]. According to Gilchrist LS, Tanner
LR (2018), 78% of children receiving chemotherapy courses
for cancer showed reduced balance on treatment, 6 months
after the end of treatment, the percentage of children with
reduced rates decreased to 53% [3]. This means that more
than half of the children still had difficulty holding their pos-
ture. In studies of Piscione PJ, Bouffet E et al. (2014), con-
ducted with the participation of children with tumors of the
posterior cranial fossa (cerebellar astrocytoma 43.3% and
medulloblastoma 40%), a significant decrease in balance in-
dicators was recorded in 70% of the examined [1].

We applied the method of stabilometry to assess the postur-
al balance in children 5-18 years old. Differences between
the indicators of children of the main and control groups
reached the level of statistical significance, excluding the in-
dicator, i.e., displacement length of the center of pressure in
frontal plane. But at the same time, the difference in almost
all parameters did not reach the level of physiological signif-
icance, since in both groups the spread of the numbers was
very large.

Einarsson E-J, Patel M, et al. (2016) also described the ab-
sence of a significant difference between people who sur-
vived childhood cancer and healthy control in a calm stance
[10]. But at the same time they found that former patients
spend significantly more energy than healthy people to
maintain vertical balance. In our further analysis, we plan to
study the features of energy consumption for maintaining a
vertical posture in children.

The area of confidence ellipse proved to be the most sensitive
parameter in our study, since the average size of the area of
the ellipse in children of the main group in the position with
open eyes was 673+1201.1 mm?, and in the control group
258.9+162.5 mm? The constructed model of nonlinear (ex-
ponential) regression for the Ellipse area indicator allowed
us to confirm the relationship between the ellipse area and
the disease. Consequently, a combination of not very physio-
logically significant deviations in the stabilometry indicators
confirms the presence of postural disorders.

The leading role of vision in postural control in cancer sur-
vivors is confirmed by Einarsson E-J, Patel M, et al. (2016).
According to them, vision significantly increased postural
stability in both former patients and the control group. Both
of them spent less energy on maintaining the posture in the
position with open eyes. The authors found no evidence of
dependence on chemotherapy [10].

The data given indicate that in the position with the eyes
closed we are entitled to expect a significant deterioration
in the main indicators of stabilometry. Perhaps even more
significant than in healthy children. It is generally accepted
that a healthy person has a normal reaction from the body
balance control system to turning off the visual analyzer - an
increase in the fluctuation of the center of pressure [15].

Table 4. Matrix of paired correlation coefficients between the increment of stabilometry indicators and parameters

of saccadic activity after the Box-Cox transformation

Relative changes:

The ellipse area upon fization of gaze,
relative correlation quotients ellipse

Density of points of gaze positions in an

Left Up

Right Down Left Up Right Down

frontal center of pressure

; ; 0.51* 0.406*
dispersion, mm

0.468* 0.363*

-0.483* | -0.410* | -0.476* | -0380*

sagittal center of pressure

. . -0.027 0.107
dispersion, mm

0.061 0.047 -0.103 -0.124 -0.089

the average speed of the center

0.444* 0373*
of pressure movement mm/sec.

0.415* 0.296

-0.434* | -0320 -0.415* | -0.289

confidence ellipse area, mm? 0325 0.362*

0.417* 0324 -0.301 -0353* | -0.418*

-0.354*

Note: *, correlation quotients are statistically significant at p <0.05
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In our studies, we often encountered the opposite reaction -
the postural balance in the position with the eyes closed im-
proved.

The analysis of the coefficients of growth indicators obtained
by us when closing the eyes showed that a positive reaction
of the postural balance to turning off the vision occurs both
among children treated for tumors of the posterior cranial
fossa and among their healthy peers. In the group of treat-
ed children, this phenomenon occurred reliably and signif-
icantly more often. But at the same time, the values of the
average coeflicients of the indicators were comparable, their
differences did not reach the level of statistical significance.

The most sensitive to eye closure were the indicators Assess-
ment of movement and Displacement of the center of pres-
sure along the sagittal. These results are consistent with the
data of Andrea Berensci et al. (2005) [16] that the amplitudes
of postural vibrations are greater when stimuli are presented
for central vision than for peripheral vision conditions. Our
study did not include children with clinically expressed cen-
tral vision problems, as this was an exclusion criterion. Nev-
ertheless, it cannot be ruled out that one of the reasons for
improving the postural balance is subclinical visual acuity.

The indicator Assessment of movement should not be asso-
ciated with the acuity of central vision, since it is calculated
as the ratio of the indicators "Curve Length" and "Average
Dispersion" and reflects the spread of fluctuations (tremor).

Earlier, a number of authors showed that patho-biomechan-
ical changes in the structures richest in proprioreceptors
(neck muscles, oculomotor muscles, chewing muscles) cause
a mismatch between the real and perceived CNS position of
the body parts [8, 16]. We tested the hypothesis about the
role of oculomotor muscle dysfunction in disturbing postur-
al balance in children treated for tumors of the posterior cra-
nial fossa. Absolute indicators of stabilometry in an upright
posture with open eyes were not associated with indicators of
saccadic activity. At the same time, the relationship between
the coefficients of change in the indicators of stabilometry
when closing the eyes with the area of the ellipse of the fixa-
tion points of the gaze corresponded to linear regression and
was stable in average. The share of the explained variance
reached 38.0%. Equally expressed and stable was the rela-
tionship between the coefficients of change in the indicators
of stabilometry and the density of the points of fixation of the
gaze in the ellipse.

Since when closing the eyes there is not only a shutdown of
visual afferentation, but also a decrease in the activity of the
oculomotor muscles, the latter may explain the improvement
in postural balance when closing the eyes. The validity of this
conclusion is indirectly confirmed by a number of works.

Einarsson E-J, Patel M, et al. (2016) studied oculomotor
activity in adults who received chemotherapy in childhood
for a solid cancerous tumor that did not affect the central
nervous system. According to them, the temporal control
of smooth tracking speed (speed accuracy) was noticeably
worse (p<0.001), and saccades had a disproportionately low-
er amplitude in survivors of childhood cancer compared with
healthy subjects [10]. Patients treated before 12 years old had
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a more expressed oculomotor deficiency. Patients who sur-
vived childhood cancer experienced subjective symptoms
of visual impairment (70%), sensations that things around
them revolved or moved (87%). Several subjective symptoms
were largely associated with a deficiency of oculomotor char-
acteristics.

In our study, the phenomena of saccadic dysmetry, regard-
less of the direction of gaze, were associated with coefficients
reflecting the change in the indicators of movement of the
fixation points of the center of pressure of the body on the
surface in the frontal plane and their derivatives, which is
consistent with the statement of Andrea Berensci et al. [17]
on the role of peripheral vision in postural stability. Changes
in indicators in the sagittal plane were either not connected
at all, or with a small number of variables, which indicates
the absence of influence of central vision.

Conclusion

We have confirmed that, already early after the end of cyto-
static treatment, the children who survived cancer develop
postural balance disorders associated with the disease factor.
We have revealed an improvement of postural control when
closing eyes and its connection with saccadic dysmetria, thus
allowing to consider this phenomenon to be a result of dam-
age to oculomotor muscles and offering new tools and meth-
ods for rehabilitation of cancer patients.
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«(eHCOpHbIN KOHPMNKT» KaK BO3MOXHAsA NPUUYMHA Hapy-
LeHNa NoCcTypanbHON YCTOMUYNBOCTHN [eTeu, nevymBLumnxcs

OT OHKO0rnyecKunx 3aboneBaHuii

Cepaduma M. Yeuenbunuxkas, Braguvup H. Kacarkun, Mapuna A. lllypynosa, Vipuna [I. Bopoguna, ¥0pnit B. Capaiikus,
Anexcangp ®@. Kapemnn, Jmurpuit B. CkBopuos, Anekcanapa B. baep6ax, [lappa B. JKyk, Bnagucnas A. Hukynnx

Jleue6HO-peabuInTaLMOHHBIT HayuHbII HeHTp «Pycckoe nose», HaljmoHaIbHbII MEAMUIMHCKIUI CCIE[OBATE/IbCKII LIEHTP
IeTCKOJ reMaTOoIOT Y, OHKOJIOTMM ¥ MMMYHomoruy M. JImutpus Porauea, Mocksa, Poccusa

p OcHOBHBIE TIOKa3aTey CTAOV/IOMETPUM B II03€ C OT-
esiome KPBITBIMJ I71a3aMJ IIOATBEPAVIIN HAPYLIEHNUs IIOCTY-
panbHOrO Oajanca y meTeil, epeXXVBIINX pak. Mare-
Marndecky 6pUra 0O60CHOBaHA BBICOKAsI BEPOSTHOCTD
cBA3Y pucbamaHca ¢ pakTopoM 3aboneBaHVA. YIyd-
IIeHVIe [TOKA3aTeseil CTabyIIOMET P TPV 3aKPBIBAHNI
I71a3 BBISIB/IEHO B 00€X IPyIIIax, HO CPefy ieTelt, epe-
JKMBIINUX PaK, 3TOT ()eHOMEH BBLIBILSUICS JOCTOBEPHO 1
3HaunMo gante. OOHapy>KeHa YCTONYMBAs CBSI3b MEX/Y
[IOCTYPAIbHOI HECTAOVMIBHOCTBIO VI HAPYLIEHVEM pa-
OOTBI [71a30/{BUTATE/IbHBIX MBIIIIII,

Hapymenus mnocTypanbHOM yCTOMYMBOCTM IIMPOKO
PacIpoOCTpaHEHO Cpefy MaleHTOB, JE€YMBUINXCA OT
OHKOJIOTMYECKMX 3ab0meBaHMit. Bormpoc o MexaHM3Max
3TOrO SAB/IEHN:A HAXOOUTCsA Ha cTafyy usydenns. Lenpro
IIPOBEJIEHHOTO HaMM PETPOCHEKTMBHOTO MCCIEN0Ba-
HIISA OBIZIO YTOYHEHNE CBA3Y IOCTYPaIbHO HeCTaOMIIb-
HOCTU OHKOJIOTMYECKVX MAIVIEHTOB C AUCQYHKIVEN
I71a30/IBUTATENbHBIX MBI, B MccienoBanuy NpyHAIN
yuyacTrie 291 pebeHOK 5-18 jieT, mepeHeCIX OHKOJIO-
rmdecKoe 3abojIeBaHye ¥ HaXONAIIMXCA B CTafuM pe-

MUCCUN WIN CTa6I/ITII/ISaI.lI/[I/[. B KOHTPOJIbHYIO I'DYIITY I{” I'O LI e B bl e cn 0 Ba

BoLUIM 182 3M0pOBBIX pebeHKa.
Pax y pereli, HOCTypanbHBINI KOHTPOJIb, MPOTUBOOITY-

KauecTBO IIoCcTypanbHOrO 6amaHca OLeHNBAI0Ch METO- XOJIeBasi Tepamsi, TOKcudeckre 3G deKThl, I/1a30/Bura-
[OM CTaOMIOMETPUM HA KOMITBIOTEPHOM CTaOMIOaHa- TeJIbHbIE MBIIIIIIBI.
m3arope «Crabwman 01-2». Perycrpanus ABVOKeHMI

I71a3 [POM3BOAMIACH METOZOM BUAEOKyIOrpaduu

IIOMOIIBIO aiiTpekepa Arrington. s MomennpoBaHus

B3aMMOCBA3Y aHA/IM3MPYEMbIX ITOKa3aTeeil MCII0NIb30-

BaJICA pereCCVIOHHbIﬂ AaHa/IN3, 014 ABHO BpraX(eHHbIX

aCYMMETPUYHBIX paclpeeNieHnii TPUMEHANOCh IIpe-

o6pa30BaHI/Ie JVICXOIOHBIX 3HAYEHUI B BUJIE norapM(bMM-

pOBaHMsI 1 CTeNeHHOTO mpeobpasoBanue bokca-Kokca

(Box-Cox transformation).
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