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Ilens. V3zyuenue PpuU3MOIOTUYECKON ILIEHBI pe3ysbTara ILeJeHANpaBICHHONW NeSTEIbHOCTH
YeNloBeKa Ha MOJIENU SHIOXUPYPTUYECKOro TpeHuHra. Mamepuanwvt u memoosi. B padore npu-
HSUIM ydacTtue 87 My>K4uH B Bo3pacte 18-24 net. McmbiTyeMbIM Ipeaiaraioch BBITOIHUTE Pl
YIPAKHEHUH 10 cucteMe «ba3oBblil SHIOXUPYPrUYECKUN CUMYJISILIMOHHBIM TPEHUHI W aTTECTa-
sty (BOCTA) ¢ ucnonb3oBaHueM KopobouHoro TpeHaxepa 15 Large RM na mpotsokenun 10
©KETHEBHBIX TPEHUPOBOK Mo 30 MuH Kaxkaas. OUKCUPOBAIM YHCIO JOMYIICHHBIX OIMUOOK M
BpeMsl BBIIIOJIHEHUS MaHUNYJIAIU. Bo BpeMsi TpeHUPOBOK PEruCTPUPOBATIHN SJIEKTPOMUOTPAMMY
Ha armapare BIOPAC MP 36. Peructpanuto u 06pabotky snekrpokapanorpammsl (OKI') mposo-
JWUIA 10 U TIOCJIe TPEHHPOBOK C HCIOJIb30BaHHMEM Komiulekca «Bapukapa 2.51». Ilpu ouenke
nanHbix DKI' rcnonb3oBaiu CpeqHIO pa3HUIly XapaKTePUCTHK CHEKTPAaTbHOTO aHajin3a BapHa-
OETBLHOCTH CEpACYHOTO PUTMA J0 U Tocie TpeHuHra. Pezynsmamut. 11okazaHo, 94TO BBICOKOpe-
3y/bTAaTUBHBIE UHAMBHUBI XapaKTEPU3YyIOTCS MEHbBIIMMHU dHEpro3aTpaTaMH Ha COBEpPILEHUE BU-
raTeixbHON paboThI B MpOIecce LEICHANPABICHHON AeaTenbHOCTH. He3aBucuMo oT pe3ynbTaTHB-
HOCTH, LI€JICHANPABICHHOE MOBEICHNE B YCIOBHIX MCUXO03MOIIMOHAIBHOIO CTPECCa COMTPOBOXK/Ia-
€TCs UCTOIIEeHNEeM (YHKIIMOHABHBIX PEe3epBOB OpraHmnzMa. Hu3kope3ynbTaTHBHBIE HCIIBITyEMBbIC
JIEMOHCTPHUPYIOT OoJsiee BhIpaXkeHHOE ocaallieHne mapacuMnaTHyeckux (B Hayajie HaOMI0JeHU) 1
CHUMITaTHYECKUX (B KOHIIE WCCIICJOBAaHUS) BIUSHUA Ha (YHKIMOHAJIBHYIO aKTUBHOCTH CEp/la.
3aknrouenue. BrpigBieHbl 0COOEHHOCTH (DU3MOJIOTHYECKOTO OOECleUeHus IIeJIeHANPaBIeHHOTO
TIOBEJICHHS y JIIOJICH C pa3sHOM pe3yIbTaTUBHOCTBHIO JIEATEIFHOCTH HAa MOJIENN SHIOXHPYprUve-
CKOro TpeHHHra. JIoCTHXeHHe JTy4lllero pe3yabTara B JMHAMHUKE 1I€JI€HAPaBICHHOMN AeaTeNnbHO-
CTH Ha yKa3aHHOU Mojenu odecrieunBaeTcs 0oJbiiei pu3noaorndeckoi HeHom.

Knroueeswvie cnosa: yenenanpasiennas 0esameibHOCMb; NPAKMUYECKAS IHOOXUPYPSUYECKASL
Nn0020MOBKA; 6apuadebHOCHb CePOeUHO20 PUMMA; DIeKMPOMUOSPADUsL.
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Aim. The work was designed to study the physiological ‘cost’ of purposeful behavior on the
model of endosurgical training. Materials and Methods. The research was implemented on 87
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men of 18-24 years of age. The volunteers per formed a number of exercises 30 minutes each ac-
cording to the Basic Endosurgical Simulation Training and Attestation System (BESTA system)
on a T5 Large RM box-trainer within 10 consecutive days. The total time and the number of mis-
takes were recorded. During the training sessions an electromyogram was recorded on a BIOPAC
MP 36 device. ECG was recorded and processed using a Varicard 2.51 device before and after the
training sessions. ECG was analyzed by evaluation of the average differences of spectral analysis
of heart rate variability before and after training. Results. It was shown that high-performance in-
dividuals were characterized by less energy spent on motor work in purposeful activity. Irrespec-
tive of the effectiveness of training, the purposeful behavior in conditions of psychoemotional
stress was characterized by depletion of functional reserves of an organism. Low-performance
subjects demonstrated a more evident weakening of parasympathetic (start of observations) and of
sympathetic influences (end of observations) on the functional activity of the heart. Conclusion.
Specific features of physiological ‘cost’ of purposeful behavior in individuals with different effec-
tiveness of the activity were revealed on the model of endosurgical training. Better results in the
dynamics of purposeful activity were achieved on this model at a higher physiological ‘cost’.

Keywords: purposeful behavior; practical endosurgical training; heart rate variability;
electromyography.

According to modern scientific views, Nowadays, researchers pay special at-
the basis of systemic organization of purpose- tention to assessment of physiological ‘cost’
ful behavior is motivation arising from the of purposeful behavior in psychoemotional
dominating need [1,2]. It is absolutely evident stress [7,8]. It seems important to study pecu-
that effectiveness of purposeful activity (PA) liarities of physiological provision of behav-
may vary within a wide range depending on ior of individuals with different success of PA
different factors. The effectiveness of the ac- in conditions of stress using complicated ex-
tivity is understood as a physiological ‘cost’ perimental models.
of a unit of the activity result [3,4]. Aim. To study the physiological ‘cost’

Despite a considerable contribution of re- of the result of purposeful activity on the
searchers to understanding of regulation and model of endosurgical training. To determine
physiological provision of PA, the results changes in the parameters of heart rate varia-
achieved in this field, are controversial in many bility and in electromyogram of individuals
aspects. According to some authors, purposeful with different effectiveness of the purposeful
activity is accompanied by activation of stress- activity in the dynamics of observations in the
realizing systems of an organism, to a larger ex- mentioned experimental conditions.
tent in high-performance individuals [5]. Other Materials and Methods
authors believe that high results of PA are Observations were conducted on 87
achieved by individuals with predominating in- men aged 18-24 years studying in A.l. Ev-
fluence of parasympathetic division of the nerv- dokimov Moscow State University of Medi-
ous system on the functional activity of the heart cine and Dentistry. The study was conducted
[6]. It should be emphasized that the overwhelm- in compliance with the principles of Declara-
ing majority of observations were conducted on tion of Helsinki. The main criterion for in-
experimental models with a single record of clusion into the study was absence of experi-
physiological parameters and parameters of the ence of working with endosurgical instru-
achieved result of PA. There exists not that much ments and also absence of diseases of
information about variation of the mentioned musculo-skeletal apparatus and of the nerv-
characteristics in the dynamics of behavior ous system, and normal acuity of vision. On
and in achieving the plateau of the result. the stage of assessment of the functional
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condition, individuals with deviations from
the reference range of age-related norms
were excluded.

Before the 1% day of training the partic-
ipants were demonstrated the basic techniques
of working with endosurgical instruments.
Every day the participants were performing
on an endosimulator 3 basic exercises select-
ed from modern simulation endosurgical
training programs: Objective Structured Clin-
ical Examination, (OSCE) [9], Global Opera-
tive Assessment of Laparoscopic Skills
(GOALS) [10], Basic Endosurgical Simulation
Training and Attestation (BESTA) [11,12].

All participants passed 10 trainings on
box simulator T5 Large RM (3-DMed,
USA). The training day included 3 tasks,
with 5 minutes given for each. Task Nel con-
sisted in transportation of 4 foam balls (d=3
mm) from the initial position to the tops of
posters using an endoclamp (h=20 mm, d=2
mm). The task was performed by the right
and left hand in turn.

Task Ne2 consisted in bimanual translo-
cation of 6 hollow foam cylinders (h=20 mm,
d=6 mm, d;=4 mm), placed on plastic posters
(h=20 mm, d=2 mm), to posters of the same
dimensions positioned at 40-80 mm from the
initial ones. The participants raised a cylinder
with an endoclamp in the dominating hand,
passed it to the endoclamp in the other hand
without touching the surface of the working
area, and placed it on a free poster.

Task Ne3 consisted in bimanual cutting of
a circle with 10 cm circumference out of paper
tissue. Endoscissors were in the dominating
hand, and an endoclamp — in the other hand.

During 5 minutes of performing the
exercise the number of mistakes and uncom-
pleted elements were recorded. In the 1* and
2" tasks a mistake was considered to be a
loss of an object out of the endoclamp or its
contact with the surface. On expiry of the
time given for the task, all non-transported
objects were considered mistakes. In the 3¢
task the quantitative parameter of a mistake
was the sum of the lengths of incorrectly cut
out circle with crossing of its contour (cm)
and the length of a circle that remained non-

cut out after expiry of the preset time inter-
val (cm). Individual achievements of each
participant were recorded in a check-list. In
the subsequent analysis the overall time
spent on completion of all tasks was calcu-
lated, and also the overall number of mis-
takes per each training day. The participants
were arranged into groups on the basis of the
obtained results.

During each training session an electro-
myogram (EMG) was recorded using a surface
method on BIOPACMP 36 device (BIOPAC®
Systems, Inc., USA) in the 5-500 Hz range.
Electrodes were fixed on the inner surface of
both forearms. Assessment was based on the
area of the curve wave (mW?) calculated using
BIOPAC Student Lab PRO program.

Every day before the training a partici-
pant stayed in the condition of operative rest
within 1 h. 5 Min before and after each train-
ing session, ECG was taken in a sitting posi-
tion (the time interval between taking ECG
and start/end of the training did not exceed
30s). Record and processing of ECG with
subsequent calculation of heart rate variabi-
lity was performed on Varicard 2.51 com-
plex (OO0 IVSTCRAMENA, Russia). HRV
was analyzed according to recommendations
of International Standard [13-15]. In assess-
ment of ECG, HRV parameters were used:
total spectral power — TP (ms?), spectral
power in high-frequency range — HF (ms?),
spectral power in low-frequency range— LF
(ms?). Besides, the mean difference between
characteristics of spectral analysis of HRV
before and after training was also deter-
mined: between total spectral power — ATP
(ms?), spectral power in the high-frequency
range AHF (ms®), spectral power in the low-
frequency range (ms?).

On the basis of the parameters of effec-
tiveness of the training activity, participants
were divided to the stated below groups.

Classification by speed of fulfillment of
the tasks:

e |-B group — subjects with high speed of
fulfillment of the tasks (n=22; 25.29%), | sam-
ple quartile, median of the 1% day of training —
515 s (interquartile range, IQR, 480-525 s), me-
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dian of the 10™ day — 240 s (IQR 232-251 s);

e II-B group — a group of average values
(‘background’; n=43; 49.42%), II-11l sample
quartile, median of the 1% day of trainin% 624
s (IQR 584-652 sec, ), median of the 10" day
of training — 625 s (IQR 308-345 s);

e [11-B group — subjects with low speed
of fulfillments of the tasks (n=22; 25.29%),
IV sample quartile, median of the 1% day of
training — 777 s (IQR 741-802 sec), median of
the 10™ day of training — 405 s (IQR 391-426 s).

Classification by the quantity of mis-
takes:

¢l-O group — subjects with a small
number of mistakes (n=22; 25.29%), | sample
quartile, median of the 1% day of training —
6.1 (IQR 3.3-7.2), median of the 10" day of
training — 1.3 (IQR 1-1.5);

¢ 11-O group — a group of medium val-
ues (‘background’; n=43; 49.42%), -1l
sample quartile, median of the 1% day of train-
ing — 11.6 (IQR 9.6-13.4), median of the 10"
day of training — 3.55 (IQR 2.7-4.2);

¢[1I-O group — subjects with a large
number of mistakes (n=22; 25.29%), IV sam-
ple quartile, median of the 1% day of trainin%
— 20.9 (IQR 17.1-24.4), median of the 10"
day of training — 6.3 (IQR 5.75-7.15).

In line with the general aim of the study,
further analysis of physiological parameters in
the dynamics of endosurgical training was
conducted on the participants with the extreme

parameters of effectiveness of PA included
into | and IV quartiles of samples.

Statistical processing of the data was
performed using Statistica 10.0 program
(Stat Soft Inc., USA). Assessment of the data
for normalcy of distribution was performed
using  Kolmogorov-Smirnov  test and
Shapiro-Wilk test. In assessment of all the
data, methods of non-parametric statistics
were used. Statistical significance of differ-
ences was evaluated by Mann-Whitney and
Wilcoxon tests. Correlation analysis was car-
ried out using Spearman’s correlation coeffi-
cient. Statistically significant were consid-
ered parameters at p<0.05.

Results and Discussion

The total area of the EMG curve recorded
both in the initial condition and at the end of
observations was found to be smaller in I-B
group than in 111-B group (Table 1). The differ-
ence of the parameter between the groups on
the 1% day of training was 41.51 mW? (79.91%;
p<0.0001), and on the 10™ day it decreased
down to 23.22 mW? (83.91%; p<0.0001). Simi-
lar results were obtained in groups formed ac-
cording to the number of mistakes. The total
area of the curve wave for the mentioned days
of training was smaller in I-O group than in I11-
O group (Table 1). The intergroup difference of
this parameter on the 1% day was 39.34 mW?
(69.13%; p<0.02), on the 10™ day it decreased
down to 7.94 mW? (24.5%; p>0.05).

Table 1
Area of Wave of EMG Curve in Different Groups of Participants

Day of Group Group Group Group Group Group
Observation I-B (MW?) 11-B (mW?) 111-B (MW?) 1-0 (MW?) -0 (MW?) | 111-0 (mW?)

1 51.94 62.73 93.45 56.91 61.21 96.25
(42.05-62.34)*" | (50.3-87.91)* | (68.45-140.21) | (42.36-72.27)" | (51.62-88.2)" | (65.78-136.97)

100 27.67 (gi'gi_ 50.89 32.41 35.37 40.35
(23.46-34.06)*" 43 67)* (42.63-60.15) | (28.34-40.65)" | (27.84-48.67)" | (32.21-60.14)

Note:*p<0.05 in comparison with individuals of group 111-B on the respective day of trai-
ning; *p<0.05 in comparison with individuals of group 11-B on the respective day of training;
*p<0.05 in comparison with individuals of group I11-O on the respective day of training: median
and interquartile interval 25 and 75%.
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In comparison of HRV parameters in
people with different effectiveness of the train-

ing activity all groups showed reduction of the
total power of HRV spectrum (Table 2).

Table 2
Parameters of HRV Dynamics in all Groups
Day of Group ATP(ms?) AHF(ms?) ALF(ms?)
Observation
Group I-B -253 (-1221-890) -38 (-241-104)* -133 (-364-367)
1% Group 11-B -49 (-814-462) -31 (-209-82) 64 (-249-385)
Group I1I-B 249 (-367-845) -113 (-329—(-26)) 15 (-162-499)
Group I-B -101 (-1637-2051) -190 (-452-161) -15 (-381-1238)*
10" Group II-B -113 (-1054-1909) 1 (-544-362) -70 (-558-926)*
Group I11-B -1005 (-1925—(-271)) -110 (-412-313) -505 (-1252-44)
Group 1-O 159 (-275-854) -18 (-131-112)" 341 (-86-688)"
1% Group 11-O -49 (-784-612) -25 (-209-65) -9 (-251-288)
Group 111-O -265 (-1121-490) -113 (-351-(-49)) -126 (-495-101)
Group I-O -476 (-1880-2051) -38 (-306-384) -442 (-1111-1278)
10" Group 11-O -395 (-1426-1806) -132 (-542-213) -15 (-202-825)
Group 111-O -340 (-953-1452) -29 (-625-446) -111 (-555-970)

Note: *p<0.05 in comparison with individuals of group I11-B on the respective day of trai-
ning; *p<0.05 in comparison with individuals of group I11-O on the respective day of training:

median and interquartile interval 25 and 75%.

On the first day of training the power of
HF-component of HRV spectrum decreased
in test subjects of all the groups, to a lesser
extent in high-performance subjects. The dif-
ference between I-B and I11-B groups was 75
ms® (p=0.04), and between 1-O and I1I-O
groups — 95 ms? (p>0.05). By the end of
training the tendency to reduction of HF-
component of HRV spectrum in purposeful
activity persisted, however, the intergroup
difference of this parameter became statisti-
cally insignificant.

On the first day of observation, LF-
component of HRV spectrum increased in
group 1-O, but decreased in group Il1-O.
Thus, the intergroup difference of the studied
parameter made 467 ms® (p<0.05). By the
10" day of training, LF HRV parameter de-
creased in all groups. These changes were
most expressed in individuals with low speed
of performing the tasks and also in individu-
als with a lesser quantity of mistakes. The dif-
ference between I-B and I1I-B groups made
490 ms? (p=0.04), and between 1-O and Ill-
Ogroups — 331 ms? (p>0.05).

The conducted correlation analysis
showed positive correlation of the time pa-
rameter with the area of the wave of EMG
curve in the initial condition (r=0.48,
p<0.001). By the end of observation this in-
terrelation strengthened (r=0.56, p<0.0001).
Besides, at this stage of observation the re-
verse dependence between the time parameter
and ALF was found (r=-0.24, p<0.05). It is
important that at the beginning of the study
the quantity of mistakes positively correlated
with the area of the wave of EMG curve
(r=0.36, p=0.01), but negatively correlated
with  ATP parameters (r=-0.22, p<0.05)
andALF (r=-0.25, p<0.03). However, by the
end of observations the sign of correlation
between the number of mistakes and ALF
changed to positive (r=0.21, p<0.05).

The presented results demonstrate pecu-
liarities of physiological basis of purposeful
behavior on the model of endosurgical train-
ing in the individuals with different effective-
ness of the activity.

It was found that irrespective of the stage
of observation, the lesser area of the wave of
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EMG curve calculated in the course of training
was characteristic of high-performance individ-
uals. This first of all referred to subjects with a
high speed of fulfillment of tasks. A similar
level of this parameter in high-performance
subjects of different groups was probably due to
a common tactics used by these individuals to
achieve the result. Lower expenditures of ener-
gy on muscle work in a more successful test
subjects observed by the end of observations
were likely to be associated with formation of
specific motor stereotypes. To note, individuals
with a different quantity of mistakes made in
endosurgical training were characterized by a
smaller area of the wave of myogram curve,
and, consequently, by a lower muscle activity.
This may be attributed to lower physical ex-
penditures on correction of inaccuracies in ful-
fillment of the tasks.

The total power of HRV spectrum is con-
sidered to reflect ‘the total reserve of forces’
that can be mobilized by an organism to cope
with stress load [14,15]. Reduction of the total
power of HRV spectrum in subjects with differ-
ent effectivity in the dynamics of PA that was
found in our study, evidences depletion of func-
tional reserves of an organism incase of exces-
sive activation of regulatory mechanisms of the
hypothalamo-pituitary system [16].

Spectral power in HF range is one of re-
liable criteria for assessment of realization of
parasympathetic influences on the cardiac ac-
tivity [14]. It was found by us that at the be-
ginning of observation the most evident re-
duction of power of the high-frequency com-
ponent of HRV spectrum in purposeful activi-
ty was seen in individuals with lower effecti-
vity. This shows weakening of parasympa-
thetic influences on the functional activity of
the heart which may be a consequence of re-
duction of adaptation resources in the men-
tioned conditions. The obtained results add to
the earlier published data. In particular, a
study of T.D. Dzhebrailova, et al. showed that
in the course of cognitive activity, high-
performance individuals are characterized by
dominating influence of parasympathetic
nervous system on the work of the heart [6].

Low-frequency oscillations of HRV are

known to be associated with the predominant
influence of sympathetic division of the auto-
nomic nervous system [14-16]. In our obser-
vations, increase in the power of LF compo-
nent of HRV spectrum was found to be typi-
cal of individuals who made the least mis-
takes on the 1% day of training. The highest
stability of power of the lower-frequency
component of HRV spectrum in purposeful
activity was observed in individuals with a
lesser time of fulfillment of the tasks on the
10" day of research. Low-performance indi-
viduals were characterized by a statistically
significant reduction of LF-component of
HRV spectrum both at the beginning and at
the end of the training process which demon-
strated weakening of sympathetic influences
on the cardiac activity at all the studied stages
of purposeful behavior. The described regu-
larities generally agree with the existing data
on physiological ‘cost’ of the result of the
mental activity of a human [5].

The results of our study significantly
extend understanding of formation of basic
manual skills in the surgical practice [17].
The obtained data contribute to understanding
of systemic mechanisms of regulation of
physiological functions of a human in realiza-
tion of different forms of PA.

Conclusion

It was shown that physiological provi-
sion of the purposeful behavior on the model
of endosurgical training was different in indi-
viduals with different effectiveness of the ac-
tivity. High-performance individuals were
characterized by lower energy expenditures
on fulfillment of motor work in purposeful
activity. Irrespective of the results, purposeful
behavior in the conditions of psychoemo-
tional stress was associated with depletion of
the functional reserves of an organism. Low-
performance individuals demonstrated a more
pronounced weakening of parasympathetic (at
the beginning of observations) and of sympa-
thetic (at the end of the study) influences on
the functional activity of the heart. Better re-
sult in the dynamics of purposeful activity
were achieved on the model of endosurgical
training at a higher physiological ‘cost’.
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