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Abstract. Introduction. The relevance of the work is due to the need to develop ambidexterity as a manual skill of 
future surgeons in order to speed up the performance of operations and minimize trauma to the specialist, as well as 
reduce the risk of blood-borne infections. Ambidexterity can be developed by performing special exercises at home, 
and an objective assessment of changes in the state of the neuromuscular apparatus can be carried out using surface 
electromyography. The aim of the study is to develop an effective version of exercises for the development of fine motor 
skills using EMG assessment of the dynamics of the functional state of the motor units of the muscles of the forearms of 
the non-dominant hand. Materials and methods. The ten-day experiment involved 10 people aged 18–23 years, who 
were evenly divided into two groups, which once a day performed exercises to develop fine motor skills of the fingers, 
and the second group additionally performed exercises to develop interhemispheric connections. EMG registration was 
carried out by electromyograph Biopac Student LAB Basic Systems. The reliability of differences in dependent samples 
was determined using the nonparametric Mann–Whitney criterion; for dependent samples, the Wilcoxon criterion was used. 
Results. Performing fine motor skills training in combination with exercises that activate the work of both hemispheres 
of the brain more effectively contributes to the development of motor skills of the non-working hand. The formation of 
interhemispheric interactions increases the number of involved motor units and the degree of their synchronization. 
Conclusion. The development of interhemispheric connections allows for more effective mastery of manipulations with 
the non-working hand due to the involvement of a larger number of motor units in the process of muscle contraction.
Keywords: ambidexterity, electromyography, fi ne motor skills
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Резюме. Введение. Актуальность работы обусловлена потребностью формирования амбидекстрии как 
мануального навыка будущих хирургов для ускорения выполнения операций, минимизации травматизации 
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специалиста, а также снижения риска заболевания гемоконтактными инфекциями. Амбидекстрию можно раз-
вивать с помощью выполнения специальных упражнений дома, а объективную оценку изменений состояния 
нервно-мышечного аппарата проводить с помощью поверхностной электромиографии (ЭМГ). Цель иссле-
дования — разработка эффективного варианта упражнений для развития мелкой моторики с применением 
ЭМГ-оценки динамики функционального состояния двигательных единиц мышц предплечий неведущей руки. 
Материалы и методы. В десятидневном эксперименте участвовали 20 человек в возрасте 18–23 лет, кото-
рые были равномерно разделены на две группы, обе из которых один раз в сутки выполняли упражнения для 
развития мелкой моторики пальцев рук, вторая группа при этом дополнительно выполняла упражнения для 
развития межполушарных связей. Регистрация ЭМГ осуществлялась при помощи электромиографа Biopac 
Student LAB Basic Systems. Достоверность различий зависимых выборок определяли с помощью непараме-
трического критерия Манна–Уитни, для зависимых выборок применяли критерий Уилкоксона. Результаты. 
Выполнение тренинга по развитию мелкой моторики в сочетании с упражнениями, активирующими работу 
двух полушарий головного мозга, более эффективно способствует развитию моторики нерабочей руки. 
Формирование межполушарных взаимодействий увеличивает количество вовлеченных двигательных еди-
ниц и степень их синхронизации. Выводы. Развитие межполушарных связей позволяет более эффективно 
осваивать манипуляции нерабочей рукой за счет вовлечения в процесс сокращения мышц большего числа 
двигательных единиц.
Ключевые слова: амбидекстрия, электромиография, мелкая моторика

of motor units of muscles of the forearms of non-dominant 
hand.

MATERIALS AND METHODS

The ten-day experiment involved 20 people aged 18 to 
23 years, who were evenly divided into two groups. Both groups 
performed exercises once a day to develop fine motor skills of 
the fingers, used in rehabilitation of patients after upper limb in-
juries [11]. The second group additionally performed exer cises 
aimed at developing interhemispheric connections [12]. 

The changes in the state of MU of the non-dominant 
hand were assessed using surface EMG (recorded using 
BIOPAC STUDENT LAB BASIC SYSTEMS electromyo-
graph). Statistical analysis of the data was performed using 
the STATISTICA program, version 6.0. The reliability of dif-
ferences in dependent samples was determined using the 
nonparametric Mann–Whitney criterion; for dependent sam-
ples, the Wilcoxon criterion was used.  

RESULTS

After a week of the experiment, the time of completing 
tasks with non-dominant hand (Table 1) decreased in both 
groups. Moreover, the students in the second group showed 
more significant progress compared to those in the first group. 

The results of the dynamics of amplitude and fre-
quency of the total bioelectrical activity of muscles of 
non-dominant hand of students in the first and second 
groups before the study and after a week of performing 
the exercises are presented in Tables 2 and 3. 

INTRODUCTION

Formation of manual skills is one of the elements of trai-
ning surgeons in higher medical educational institutions [1]. 
Using not only the right but also the left hand — ambidex-
terity — allows not to transfer instruments from one hand to 
the other during surgeries, thereby having the ability to per-
form surgical manipulations with the non-dominant hand [2]. 
Ambidexterity also contributes to the more productive lear-
ning process, reduces the overall level of emotional stress 
and mental strain [3, 4]. The ability to use non-dominant 
hand minimizes trauma to the specialist, reduces the risk 
of various blood-borne infections. Ambidexterity in surgeons 
lowers the level of the patient’s discomfort, increases speed 
and quality of the procedure, helping to reduce indicators of 
surgical stress and patient’s rapid recovery [5].

Manual skills are usually developed using special simu-
lators [6]. However, ambidexterity can be effectively devel-
oped by performing special exercises at home [7]. Electro-
myography (EMG) is used in biomechanics, ergonomics and 
sports research to objectively assess changes in the state of 
motor units (MU) [7,8]. EMG is a suitable method for asses-
sing physiological processes occurring in the neuromuscular 
system during the development of special motor skills of non-
dominant hand [9].

AIM

The aim of the study is to develop effective version of 
exercises for the development of fine motor skills using 
EMG — assessment of the dynamics of functional state 
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Table 1
Time of completing tasks to assess fine motor skills of the non-dominant hand before 

and after completing a set of exercises in the first and second experimental groups
Таблица 1

Время выполнения заданий для оценки мелкой моторики неведущей рукой до и после выполнения 
комплекса упражнений в первой и второй экспериментальных группах

Выполняемое задание / Task to be performed

Общая выборка 
до выполнения 
комплекса, с / 

Total sample before 
the execution of the 

complex, sec

1-я группа после 
выполнения комп-

лекса, с / 1st group after 
completing 

the complex, sec

2-я группа после 
выполнения 

комплекса, с / 
2nd group after 
completing the 
complex, sec

Застегнуть пуговицы / Button up 43 22 18
Продеть нитку в иголку / Thread a needle 25 17 13

Вставить стержень в отверстие пуговицы (бусины) и поднять ее / 
Insert the rod into the hole of the button (bead) and lift it up

17 12 8

Достать спичку из коробка и зажечь ее / 
Take a match out of the box and light it

12 9 7

Собрать монеты с плоской поверхности, положить 
их в кошелек / Collect coins from a fl at surface 

and put them in a wallet

15 10 6

Стереть ластиком предварительно нарисованные крестики / 
Erase the previously drawn crosses with an eraser

9 5 3

Отвинтить гайку рукой / Unscrew the nut by hand 9 5 3
Намотать нитку на катушку / Wind the thread onto the spool 8 4 3

Table 2
Maximum amplitude of oscillations on the electromyogram of the non-working hand 

before and after performing a set of exercises
Таблица 2

Максимальная амплитуда осцилляций на электромиограмме нерабочей руки 
до и после выполнения комплекса упражнений

Группа / Group

До эксперимента / Before the experiment После эксперимента / After the experiment
момент максимального 

сокращения, мкВ / 
moment of maximum 

contraction, μV

момент максимального 
расслабления, мкВ / 
moment of maximum 

relaxation, μV

момент максимального 
сокращения, мкВ / 

moment of maximum 
contraction, μV

момент максимального 
расслабления, мкВ / 
moment of maximum 

relaxation, μV
1 783±362 250±167 844±366 104±37,9
2 792±38,1 180±8,3 1052±43,7* 81±2,6*

* p ≤0.05, statistically signifi cant differences, Mann–Whitney test.
* p ≤0,05, статистически значимые отличия, критерий Манна–Уитни.

The mean amplitude and frequency of EMG oscilla-
tions in both groups before the study did not differ statis-
tically significantly. After exercises, the amplitude in both 
groups changed in a similar way: during maximum con-
traction it became higher, and at the moment of relaxa-
tion it was lower than before the experiment. In students 
of the second group, the changes were statistically sig-
nificantly different from the data before the experiment. 

The frequency of EMG oscillations after a week of training 
changed in a similar way. In this case, students of the first 
group showed a significant decrease in the frequency of oscil-

lations only under conditions of maximum relaxation relative 
to the background. Meanwhile, in individuals of the second 
group, statistical differences in the frequency of oscillations 
on the EMG were significant both against the background of 
maximum contraction and with maximum relaxation.

DISCUSSION

We have shown that the motor skills of non-dominant 
hand of a healthy person can be significantly improved as a 
result of a week of training, if the exercises are performed 
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once a day every day. Not only the time of completing test 
tasks to assess fine motor skills improves, but the electrical 
activity of the forearm MU also changes: amplitude and fre-
quency of oscillations during contraction increase. Students 
in the second group showed higher values of the maximum 
amplitude and frequency of contraction on the EMG. This 
means that as a result of the development of interhemi-
spheric interactions, a larger number of neuromotor units 
were recruited, and their impulse activity increased [13].

It is shown that bimanual hand movements are asso-
ciated with a symmetric facilitation of neural activity medi-
ated by both increased intrahemispheric connectivity and 
enhanced transcallosal coupling of SMA and M1. The sup-
plementary motor area is a key structure that stimulates or 
suppresses activity in the motor cortical network controlling 
uni- and bilateral hand movements [14].

The frequency and amplitude of EMG oscillations during 
maximum relaxation, which mainly reflect the activity of the 
end plates of muscle, were also lower in students of the se-
cond group. This indicates a more pronounced decrease in 
the tonic impulses of MU as a result of fatigue [15].  It has 
been previously established that the proportion of the am-
plitude of low- and high-frequency ranges significantly cor-
relates with relative levels of phosphate, which may be a con-
sequence of depletion of energy reserves in myocytes [16].

CONCLUSION

1. Exercises aimed at developing interhemispheric con-
nections allow mastering manipulations with non-dominant 
hand more effectively.

2. Transcallosal coupling contributes to the involvement 
of a larger number of MU in contraction. 

3. As a result of more effective contraction, fatigue develops 
in the muscles, leading to a decrease in neuronal impulses.
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