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Abstract
Purpose: to study the features of morphofunctional and motor characteristics of female students with body mass 

deficiency and with normal body mass.
Material: it was examined 17-21-year-old female students (n=1937). All students were in the main medical group 

according to the health condition and attended classes on discipline Physical culture. It was carried out the 
anthropometrical and physiometric examination of female students. 

Results: It was determined the low integrated criterion of physical fitness of female students with body mass deficiency. 
It was defined the dependence between the decrease in level of physical fitness and decrease in body mass 
of female students. It was determined reliable differences between the morphofunctional parameters and 
results of motor tests of female students with different body mass. 

Conclusions: The obtained data allow to correct educational process on physical training of students using integrative 
pedagogical methods and methods of training.

Keywords: physical training, female students, body mass, morphofunctional, anthropometrical.

Introduction1

The body mass of the person is the integrated criterion 
of levels of metabolic, energy, hormonal, and other 
processes in a human body [1, 2] and now it is considered 
by many researchers as one of the key parameters of 
physical development of the person [3, 4]. 

Recent researches devoted to the physical development 
of the students witness about the increase in a number of 
students with body mass deficiency or excess body mass. 
The number of students of full-time study with a deviation 
of body mass reaches 30-40% [5]. There are a few 
scientific works devoted to problems of students’ body 
mass deficiency in comparison with works concerning 
problems of excess body mass [6]. 

More than 30% students of Volga Technical Institute 
have problems with body mass: increase and decrease of 
the norm. 17,7% females and 12,5% males of this institute 
have a body mass deficiency [7]. According to the authors, 
it indicates the serious disorder of constructive metabolism 
processes in the young organism. About 18% students 
of Moscow Universities have a body mass deficiency. 
Then females have the body mass deficiency in twice 
more often than males [8]. Among students of Yaroslavl 
Medical University, females have body mass deficiency 
more often than males (25% and 17% respectively) [9]. 
It is defined that the number of students with body mass 
deficiency doubles from 15,5% in 18 years up to 30,6% 
in 23 years [10]. There is a research proved that 63,5% 
female students of Far Eastern Federal University with 
body mass deficiency have decrease in working capacity 
[11].

The considerable deviation of body mass from norm 
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influences on physical and mental activities, the somatic 
health of the person. Also, it affects negatively on 
professional activity [8], reproductive system of females 
[12, 13], complicates pregnancy and childbirth [14, 15]. 

The modern process of students’ studying becomes 
more computerized [16] and inactive [17, 18]. It is 
determined the decrease in the motivation of students to 
physical culture training [19]. A lot of researchers consider 
the following reasons of students’ body mass deviation 
from the norm:  hypodynamia [20, 21], a disorder of 
nutritional status [22], hormonal changes in the organism 
[23], the influence of psychogenic factors [24]. The 
increase of intellectual and psychoemotional loads, non-
compliance with a base of a healthy lifestyle by students 
[2, 30], interest in computer games and Internet influence 
negatively on physical [25, 26], mental [27] and somatic 
[28, 29] health of the youth. 

The body mass of the person responds to the volume, 
intensity, and regularity of physical culture and sports 
training [31, 32]. The component structure of a body is the 
level and harmony of person’s physical development. The 
component structure of a body is the criterion of health 
condition and physical activity of the person [33, 34].

It is determined that the physical fitness and physical 
development of students with body mass deficiency are 
closely connected with a muscular component of body 
structure on the basis of the analysis of correlation 
interrelations [35]. Therefore, such students demonstrate 
low results in tests of hands’ muscle strength [36, 37] and 
the general endurance [35] at physical culture training. 
There are data that students with body mass deficiency 
have hands’ muscles strength decrease almost twice [11]. 
It is determined the dependence between the content 
of muscle mass in the component structure of female 
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students’ body and the number of classes on discipline 
“Physical culture” [38].

Studying of questions concerning level’s interrelation 
of students’ physical development with physical 
activity, the comparative analysis of morphofunctional 
characteristics and physical fitness of female students 
with different body mass is relevant. 

Hypothesis. Authors presuppose that the received 
results of a research can be used during creation of 
individual and motivated motor programs for correction 
of the physical condition of female students with body 
mass deficiency. 

The purpose of the work is to study features of the 
morphofunctional and motor characteristics of the 
organism of female students’ with body mass deficiency 
in comparison with physical conditions of females with 
normal body mass.

Material and methods. 
Participants. it was examined female students of junior 

courses (n=1937, 17-21-year-old) of Irkutsk National 
Research Technical University. All students were in the 
main medical group according to the health condition and 
attended classes on discipline Physical culture. 2 times a 
week. The performed work doesn’t prejudice the rights 
and doesn’t endanger the wellbeing of female students 
according to ethical standards [39].

Organization of a research. The anthropometrical 
and physiometric examination of female students was 
conducted using standard techniques [40]. The females 
were divided into three groups: with the normal body 
mass “N”; with body mass deficiency “D”; excess body 
mass “E”. The sample of examined females was divided 
into 5 sigma classes (gradations) according to the body 
mass parameter value: М±0,67 σ – is “average” value of 
body mass parameter for sample. If the value of parameter 
was within the range from М±0,67 σ to М±1,34 σ, the 
body mass value was estimated as “above average” or 
“below average”. If the value of an parameter was beyond 
of М±1,34 σ, the gradation was estimated as “high” or 
“low”. 

For the characteristic of morphofunctional parameters 
was measured:

– body length, cm;
– body mass, kg;
– chest circumference (CC), cm;
– circumference of body parts, cm;
– skinfold thickness (caliperometry), mm;
– heart beat rate before load (HBR), beats/10 sec;
- heart beat rate after 20 squats in 30 sec (HBR), 

beats/10 sec;
-    heart beat rate recovery time after 20 squats, min;
-    systolic arterial blood pressure (ABPS), mm Hg; 
-    diastolic arterial blood pressure (ABPD), mm Hg.;
-    vital lung capacity (VLC), l;
-    dynamometry of both hands, kg.
It was estimated: mass-growth Quetelet index II [41] 

(BMI= body mass index / body length², kg/m²); Robinson 

Index [42] (IRob = HBRхABPS: 100, c.u.); vital index 
(VI = VLC/body mass [43], ml/kg); strength index (SI 
= hand muscle strength /body mass x100%) [44]. The 
average value of absolute and percentage content of fatty 
and muscular tissue in body was estimated according 
Ya. Mateyko formulas [45]. The BMI was measured 
according to the WHO classification (1999) [46]: body 
mass deficiency, when BMI is less than 18,5 kg/m2; norm, 
when BMI is within 18,5-24,99 kg/m2; at the excess body 
mass BMI=25-30 kg/m2; BMI is higher than 30 kg/m2 – 
obesity of different degrees.

The motor qualities of female students were measured 
using the range of tests. It was used the following tests: 
20 m run (sec); 10x5 m shuttle run (sec); 5 min run (m); 
hung (sec); sit-up (times); trunk flexion (cm);  standing 
long jump, trunk flexion (cm) [47, 48].

Statistical analysis. It was used programs “Microsoft 
Excel”, “StatSoft Statistica 6.1” and the author’s complex 
“Analysis of Physical Health Data of Population” (state 
registration of the program ECM №2010612275, from 
3/26/2010). It was defined the arithmetic average value of 
parameters (M), mean square deviation (σ) and standard 
error (SE). The reliability of distinctions of average values 
of independent samples was estimated by parametrical 
methods by means of Student t-test. Statistically 
significant were considered differences between values of 
parameters at level р<0,05. 

Results. 
The examined female students (n=1937) were divided 

into three groups according to the body mass parameter 
value. Group “N” (n=1010, females with normal body 
mass – 52,14%) in which the value of parameter is within 
interval of sigma deviation M=±0,67 σ (tab. 1); group “D” 
(n=526, females with body mass deficiency – 27,15%); 
group “E” (n=401, females with excess body mass – 
20,7%). Females of group “E” didn’t participate in further 
work.

It was determined the decrease of BMI parameter 
value by 14,9% in females of group “D” in comparison 
with females of the group “N”. 

Females of groups “N” have better somatometrics 
and physiometrics parameters, than all females with 
body mass deficiency (р<0,05). Females of groups “D” 
with gradation “below average” have lower value of 
parameters of flexibility and trunk muscle strength tests 
(tab. 2). In this group muscle strength of shoulder girdle 
were higher, than in females of groups “N” (р<0,05).

Females of group “D” with gradation “low” of body 
mass have the lowest parameters in four of seven physical 
fitness tests (shuttle run, 20 m run, 5 min run, sit-up). 
Strength parameter in the test “hung” was higher, than in 
females of groups “N”. 

Results of research of body structure component 
(fig. 1) shown the difference of quantitative content of 
muscular (MM) and fatty (FM) mass between females 
with body mass deficiency and female students with  
normal body mass (р<0,05).

In body component structure of females of group “D” 
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Table 1. Morphofunctional characteristics (М±m) of females with a different gradation of body mass parameter value

Parameters

Normal body mass 
(group «N») 

Body mass deficiency (group «D»)

Gradation 
Average
(М=±0,67 σ),
n=1010

Below average
 (from М= –0,67 σ to 
М= –1,34 σ), n=412

Low 
(less 
М= –1,34 σ), n=114

Somatometrics
body length, cm; 165,2±0,15 163,0± 0,21* 160,2± 0,49*#

body mass, kg; 55,5±0,08 48,7± 0,05* 44,7± 0,11*#

chest circumference, cm 86,7±0,11 84,2± 0,18* 81,8± 0,29*#

Physiometrics
VLC, ml 2700,0±1,10 2650,0±1,0* 2530,0± 4,0*#

dynamometry of right hand, kg 24,4±0,17 23,9± 0,23 22,2± 0,49*#

dynamometry  of left hand, kg 23,4±0,16 22,7± 0,22* 21,6± 0,44*#

HBR at rest, beats/10 sec 11,2±0,02 11,8±0,04* 12,9±0,07*#

HBR after 20 squats in 30 sec, beats/10 
sec 20,9±0,08 21,1± 0,12 20,2 ± 0,28 #

HBR recovery time after 20 squats in 30 
sec, min 1,43±0,01 1,46± 0,03 1,59 ± 0,06*#

ABPS, mm Hg. 104,4±0,28 105,3±0,46 105,5±0,81
ABPD, mm Hg. 68,8±0,17 69,1±0,32 69,0±0,49
Indexes
Body mass index, kg/m2 20,2±0,07 18,07±0,09* 17,19±0,12*#

Robinson Index, c.u. 70,2±0,22 74,5±0,39* 81,6±0,52*#

Vital index, ml/kg 48,6±0,12 54,4±0,27* 56,5±0,44*#

Strength index of right hand, % 43,9±0,11 49,1±0,22 * 49,6±0,38 *
Strength index of left hand, % 42,1±0,10 46,6±0,20* 48,3±0,35*#

Note:  * – reliable differences between parameters of “N” and “D” groups (Р<0,05)

# – reliable differences of parameters in group “D” (Р<0,05)

Table 2. Results of motor tests (М±m) of females with different gradation of body mass parameter value

Tests

Normal body mass 
(group «N»)

Body mass deficiency
(group «D»)

Gradation 
Average
(М=±0,67 σ),
n=1010

Below average
 (from М= –0,67 σ to 
М= –1,34 σ), n=412

Low (less 
М= –1,34 σ), n=114

20 m run, sec 3,93±0,05 3,95±0,07 4,37±0,20*#
10x5 m shuttle run, sec 21,10±0,06 21,16±0,09 22,64±0,17*#
5 min run, m 909,7±6,06 902,2±7,82 834,6±23,1*#
hung, sec 9,93±0,17 11,0±0,27 * 11,6±0,59 *
sit-up (times) 23,6±0,22 22,2±0,38 * 21,1±0,66*
trunk flexions, cm 15,8±0,22 14,05±0,34 * 14,4±0,78
standing long jump, cm 153,6±0,54 152,2±0,87 151,4±1,39
integral criterion of physical condition, 
points

3,4±0,01 2,97±0,01 * 2,68±0,29 *

Note: * - reliable differences between parameters of “N” and “D” groups (Р<0,05) 

# - reliable differences of parameters in group “D” (Р<0,05)
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with gradation of body mass “below average” content 
of muscular (in 9,3%) and fatty (in 12,3%) mass is less, 
than in females of group “N” with gradation “average”. 
Females of groups “D” with gradation of body mass 
“low” have less content of muscular (in 14,8%) and fatty 
(in 27,2%) mass in body component structure, than in 
female students of group “N” with norm body mass.

Discussion 
Body mass characterizes level of metabolic, energy, 

plastic and other processes in a human body [1, 49]. 
According to the WHO classification, the body mass index 
parameter value <18,5 kg/m2 is considered as chronic 
energy insufficiency or body mass deficiency [46]. Study 
of the body mass deficiency distribution among youth, 
especially females as future mothers, is relevant [12, 50]. 
According to our data, approximately 27,15% of females 
students of Baikal Technical University have body mass 
deficiency. This parameter is within the sigma deviation 
from M = –0,67 σ to M = –1,34 σ and below that will 
comport with results of other researchers in various 
regions of Russia [9, 10].

The analysis of our results showed the difference 
between somatometric and physiometric parameters of 
females with normal body mass and body mass deficiency. 
Females of groups “N” have better somatometric 
parameters (length and body mass, CC) and physiometric 
parameters (VLC, dynamometry of hands’ muscle 
strength, HBR at rest and HBR recovery time after 20 
squats, Robinson’s Index), than all females of groups “D” 
(р<0,05). Among females of group “D” higher results of 
somatometric and physiometric parameters have females 
with gradation “below average”, than females with 
gradation “low” (р<0,05; except the characteristic of HBR 
after 20 squats in 30 sec). Results of our researches are 
confirmed by scientific works concerning the interrelation 
between body mass deficiency, a disharmony of physical 
development and low physical working capacity among 

students of Far Eastern Federal University [11] and Ural 
Federal District of Russia [51]. 

According our data all females with body mass 
deficiency have reliable low parameter of cardiovascular 
system condition (HBR at rest and HBR recovery time 
after 20 squats), than females with normal body mass 
(р<0,05). It will comport with results of research of 
cardiorespiratory system in students of Volga Institute 
[36].

According to some authors [11] one of the reasons 
of low physical efficiency of females with body mass 
deficiency is the insufficient efficiency of cardiovascular 
system. Decrease in overall performance of cardiovascular 
system of an organism of females of group “D” is confirmed 
by increase in 13,9% of Robinson Index parameter value 
in comparison with value of this parameter in females of 
group “N” (81,6±0,52 and 70,2±0,22 c.u. respectively), 
р<0,05. Our data will comport with researches concerning 
the definition of Robinson Index in women of the first 
mature age with normal body mass index [52].  

According to our data, the physical fitness of females 
with body mass deficiency is much lower in comparison 
with test results of students with normal body mass. It is 
confirmed by researches of other authors [7, 11]. We have 
found dependence between decrease in level of physical 
fitness and decrease of female students’ body mass. 
Females of group “D” with gradation of body mass “below 
average” have lower values of motor tests parameters (sit-
up, trunk flexion), than females of group “N”. Females of 
group “D” with gradation of body mass “low” have rather 
lower parameters in tests of physical fitness (shuttle run, 
20 m run, 5 min run, sit-up), than females of group “N” 
(р<0,05).

The mean score of integral criterion of physical fitness 
(fig. 2) of females of group “D” with gradation of mass 
“below average” and “low” is 2,97±0,01 and 2,68±0,23 
points respectively. It is lower in 13,4% and in 21,8% of 
mean score of students with a normal body mass (р<0,05).

Fig. 1. Muscular and fatty body structure (kg) of females with different gradation of body mass parameter value	

20,2

21,5

23,7

11,2

13,5

15,4

0 5 10 15 20 25

low

below	average

average

Fatty	mass

Muscle	mass

gradation



2018

02

67

We presuppose that low characteristics of physical 
condition of females with body mass deficiency are 
caused by weak work of myocardium and small content 
of muscular tissue in body structure. It will comport with 
the results of other researchers [31, 38]. The insufficient 
content of muscular component in females of group “D” 
leads to decrease in results in motor tests of strength, 
high-speed and general endurance. These results were 
lower, than in students with a normal body mass. The 
muscle mass deficiency doesn’t significantly influence 
on working capacity in the static mode of shoulder girdle 
muscles [7]. It explains rather high values of parameters in 
all females with body mass deficiency in the test “hung”, 
in comparison with parameters of students with a normal 
body mass. 

Teachers of physical culture at the universities are 
recommended to use the individual differentiated approach 
to the choice of aerobic physical exercises of average 
intensity for the females with body mass deficiency. It 
should be used the exercises on the basis of sports and 
game technologies for the development of speed, strength 
and dexterity. It adapts the females’ cardiovascular system 

to physical activities. It also will increase high-speed 
and general endurance of female students. The further 
comprehensive study of questions concerning physical 
fitness of females with body mass deficiency will increase 
in efficiency of physical training.

Conclusions 
1. 17-21 year-old females with body mass deficiency 

have rather lower somatometric and functional 
characteristics of organism (the content of muscle and 
fatty mass, motor qualities), than in females with a normal 
body mass (р<0,05). It is determined the less body mass 
of females, the lower is the level of their physical fitness. 

2. The obtained data concerning features and 
interrelations of the morphofunctional characteristics and 
motor qualities of females with different body mass allow 
to correct educational process on physical training with 
use of integrative pedagogical methods and methods of 
training.  
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