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FUNCTIONAL EFFICIENCY OF ATHLETES 
IN MIDDLE DISTANCE RUNNING
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ABSTRACT
Modern athletics is developing with incredible dynamics. In sports science and practice 

there are a number of proven methodological approaches that are related to the diagnosis of the 
training effects. One of the tasks of functional diagnostics in sports is researching and tracing 
the body changes related to energy supply in a certain training activity. 

The aim of the research is to increase the effectiveness of the mid-distance training exercise 
through the creation of criteria for assessing the adaptation effects of the workloads. The subject 
of the study is the adaptation changes in the level of HR, VO2max and La in the conditions of the 
training activity. The research was done among 27 male middle distance competitors. The test 
was performed on the athletics track with the use of a special K4 set which recorded the pulse 
frequency and oxygen consumption dynamics. The concentration of lactate in capillary blood 
was recorded immediately after the run. 

The results show that the speed of recovery of the pulse frequency in the phases of the short
ened rest is the correct adaptation marker for the determination of the individual tolerance in 
running loads and the level of athletes’ training. 

The recommended quantitative values of the respiratory and metabolic adaptation markers 
and their associated running speed are as follows: aerobic threshold - 2 mmol/l at a running 
speed of less than 4.10 m/sec. and a heart rate up to 157 HR.; anaerobic threshold - 4 mmol/l 
at a running speed between 4.10 and 5.13 m/s and a pulse limit of 157-178 HR - an effective 
aerobic zone (economic zone); over 178 HR and the running speed over 5.13 m/s.

INTRODUCTION
Modern athletics is developing with in-

credible dynamics. In sports science and prac-
tice there are a number of proven methodologi-
cal approaches that are related to the diagnosis 
of the training effects (Bonov, 2003; Dasheva, 
2002; Dick, 2002; Furnadjiev, 2005; Neikov, 
2017). A lot of authors constantly try to es-
tablish standards in training exercises (Bonov, 
2003; Neikov, Dasheva, 2017; Lazarov, 1978). 
These are largely determined by the individual 
structure of competitors’ adaptive potential. In 
this sense, finding objective methods for as-
sessment of the effects of the applied work-
loads can alleviate coaches’ work and prevent 

them from making inadequate decisions.
One of the tasks of functional diagnostics 

in sports is researching and tracing the body 
changes related to energy supply in a certain 
training activity. While the cardiovascular and 
respiratory systems transport oxygen and nu-
trients to the working muscles, the metabolic 
processes provide the energy required for their 
functioning. Therefore, the changes in the con-
centration of metabolites related to the energy-
supplying processes of the muscular work are 
of great value for the assessment of physical 
capacity. Lactic acid is such a metabolic and it 
is given special attention in the modern func-
tional diagnostics (Astrand, 1986; Bauckaert, 
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1999; Grancharov, 1997).
The rise in blood lactate concentration is 

an indicator of a change in the nature of the 
energy supply of muscle work - from aero-
bic to anaerobic. If the changes in lactic acid 
concentration in arterial blood coincide with 
those of ventilation, there is optimal breathing 
effectiveness, defined as „Threshold of An-
aerobic Exchange”. One of the major aims of 
modern training methodology improvement is 
determining the anaerobic threshold and this is 
in the basis of all sports-functional diagnostic 
tests (Bauckaert, 1999; Grancharov, 1997).

Such complex studies of cardiovascular 
system activity and metabolic reactions to 
physical exercise have been made only in labo-
ratory conditions. The conducted study allows 
to compare the results of the laboratory and 
field research and thus to improve the regula-
tory systems for control and evaluation of the 
adaptation processes that characterize the ef-
fectiveness of the training process (Mirzaei, 
Shadmehr, 2016).

The aim of the research is to increase the 
effectiveness of the mid-distance training ex-
ercise through the creation of criteria for as-
sessing the adaptation effects of the workloads.

In order to fulfill the aim of the research we 
set the following tasks:
1. To explore athletes’ functional capabilities 

in mid-distance running;
2. To analyze the changes in heart rate, VO-

2max and La at intervals with progressive 
increase of intensity;

3. To establish   adaptation markers quantitative 
values of respiratory and metabolic activities.

METHODOLOGY
We studied the adaptation changes in the 

level of HR, VO2max and La in the conditions 
of the training activity. The research was done 
among 27 male middle distance competitors 
with results in 800m from 1:47.14 to 1:54.75 

min. The testing was done during training ses-
sions: 5 x 1000 meter load over a 3-minute 
passive pause with progressive time reduc-
tion (speed increasing) for each segment as 
follows: 1 - 4:00 min (4.17m/s), 2 - 3:40 min 
(4.54 m/s), 3 - 3:15 min (5.13 m/s), 4 - 3.00 
min (5.55 m/s), 5 - 2:50 min (5.88 m/s). The 
test was performed on a standard running track 
(400m). The pace of the running was regulated 
with a special automatic pacemaker. A telem-
etry computer equipment „K4” was used to 
measure the following indicators of activity of 
the cardiorespiratory system:
• Dynamics of the pulse frequency in the 

phases of load and rest;
• Dynamics of oxygen consumption (maxi-

mum and relative) in the operating and re-
covery phases
In addition, the lactate concentration in ca-

pi llary blood was measured as follows:
• For the first minute after completion of the 

running from the inner clamshell - a lactate 
analyzer that automatically reports the lac-
tate content was used;

• After the last blood test the procedure was 
repeated for 6 and 12 minutes, taking into 
account the current elimination time (im-
mediate recovery)

RESULTS AND ANALYSIS
The middle-distance running is character-

ized by extremely high demands on all sys-
tems in an athlete’s body. The 800 and 1500m 
competitors reach 100% of their current aero-
bic power. Table 1 shows the results from the 
variance analysis of the researched functional 
marks and Table 2 – the correlations between 
marks, which confirms the thesis. At the same 
time, although the body works at similar level, 
the amount of oxygen that the systems provide 
is inadequate and the body falls into a state 
of deep acidosis. Trainings that develop resis-
tance to such conditions require precise deter-
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mination of the critical levels in the work of 
the body’s main systems, and in particular the 

cardio respiratory system.

N=27 n Xmin Xmax R X S V As Ex
VO2max 27 59.6 77.8 18.2 67.2 4.31 7.7 1.89 0.67

vVO2max 27 4.2 5.9 1.7 5.12 0.53 10.7 -0.93 0.12

vAnT 27 3.52 4.85 1.33 4.22 0.34 4.17 -0.67 0.31

vAeT 27 3.69 4.52 0.83 4.12 0.18 5.78 2.31 1.76

vrdst 27 4.3 6.8 2.5 5.7 0.55 10.2 1.92 -0.61

htrVo2max 27 186 212 26 200 5.87 2.98 0.65 0.91

htrAnT 27 172 197 25 187 7.86 4.08 0.18 0.54

htrAeT 27 143 177 34 158 7.69 4.62 -0.34 0.17

Table 2. Correlations between the researched marks
VO2max vVO2max vAnT vAeT vrdst htrVO2max htrAnT htrAeT

VO2max 1 0.52 0.15 -0.11 0.15 -0.83 -0.61 -0.59

vVO2max 1 0.63 0.61 0.85 -0.57 -0.78 -0.81

vAnT 1 0.63 -0.21 -0.24 -0.28

vAeT 1 0.79 0.11 0.14 0.21

vrdst 1 -0.14 -0.31 -0.35

htrVO2max 1 0.79 0.82

htrAnT 1 0.61

htrAeT 1

Figure 1 shows the dynamics of the test re-
sults for VO2max in running with the progres-
sive increase in speed. It is clear that it is ex-
tremely dependent on the individual qualities 
of the different competitors. At the same time, 
the theoretical trend is described by a parabolic 
dependence that follows the logical trend of 
increase in the intensity and the amount of 
oxygen required for the muscle energy supply.

VO2max/kg shows the importance of body 
weight in determining the exact amount of 

oxygen that the body absorbs in the energy 
supply of a motor activity. The data from this 
analysis are presented in Figure 2. Comparing 
the trends in the graphs (Figure 1 and Figure 
2), we see they are much more similar to those 
describing the dynamics of total oxygen con-
sumption during rest. This confirms the claim 
that individual body weight has a significant 
effect on the functional efficiency of energy 
supply at different speeds.

Table 1. Variance analysis of functional mark: VO2max-maximum oxygen consumption, 
vVO2max-speed of running in maximum oxygen consumption, vAnT-speed of anaerobic 
threshold, vAeT- speed of aerobic threshold, htrVO2max-heart rate in maximum oxygen 
consumption, htrAnT-heart rate in threshold of anaerobic possibilities
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Figure 1. Dependence between VO2max and speed of running (work and rest).
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Figure 2. VO2max/kg in work phases.

All this gives us reason to make the fol-
lowing conclusions about the oxygen con-
sumption that determines the quantitative 
characteristics of adaptation markers of aero-
bic performance of elite athletes in medium 
distance running: aerobic threshold <50 ml/
kg/min; effective aerobic zone 50-55 ml/kg/
min; anaerobic threshold of 55 ml/kg/min; 
anaerobic zone 55-65 ml/kg/min; high acido-
sis>65 ml/kg/min.

Figure 3 presents trends that character-
ize the dependence between the power of the 
breathing processes and La in the capillary 
blood. Comparing the dynamics and the posi-
tion of these curves, we can outline two “criti-

cal” (inflation) points of adaptation changes in 
the energy metabolism: 2 mmol/l, provided by 
an oxygen supply of 50 ml/kg of body weight 
per minute; 4 mmol/l, provided by an oxygen 
supply of 58 ml/kg of body weight.

The presented results establish the follow-
ing two “thresholds” of the energetic metabo-
lism of physical performance: “aerobic” and 
“anaerobic”. Identifying the intensity of mus-
cle work that provokes transitions from one 
area to another is basic for functional training 
not only in middle and long distance runs but 
also in sport as a whole. The study confirms 
that the interdependence between the dynam-
ics of metabolic acidosis and the progressive
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Figure 3. Correlation between VO2max/kg and La. 
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Figure 3. Correlation between VO2max/kg and La.

increase in the intensity of muscular work is 
exponential.

The adaptive markers defined by this depen-
dence are: Running speed in effective aerobic 
mode from 4.10 m/s to 5.13 m/s. Continuous 
running aimed at improving the functionalities 
should be conducted at a running speed within 

that range. The values   given are valid mainly 
for competitors with similar results. In addi-
tion to the control of the functional effect of 
the applied running loads, the results from the 
analysis of the pulse changes in the respective 
metabolic zones are also provided.

 

 

2.5
3.4

4.2

6.1

9.8

0

2

4

6

8

10

12

4 . 1 7 4 . 5 4 5 . 1 3 5 . 5 5 5 . 8 8

LA
C

TA
TE

 M
M

O
L/

L

SPEED M/S

Figure 4. Dependence between running speed and La.

Figure 5 shows the dynamics of metabol-
ic acidosis processes during the load. This 
dependence repeats the previously described 
trends defining the quantitative parameters of 
the respective adaptation markers. The first 
critical point is 2.2 mmol/l of lactate associ-
ated with a heart rate of 157 beats/min. The 
second critical point - 4 mmol/l lactate at a 
pulse rate of 178 beats/min. Here, however, 
we find a third critical point that corresponds 

to 6 mmol/l. And heart rate 185 beats/min. 
These values   complement the informa-

tion about the effective aerobic work area 
of   muscle work, which in the present case 
is limited - the pulse ranges from 157 to 178 
beats/min. At the same time, one of the most 
often used indicators of functional proper-
ness is the pulse rate dynamics in restorative 
pauses.
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Figure 5. Dependence between heart rate and La.

Figure 6 shows the dependence of the 
pulse on the lactate accumulation in the rest 
periods. We see that the areas of low, medium 
and high intensity are clearly outlined, as well 
as the quantitative data reflecting the degree 
of training and adaptability to the applied run-
ning loads. This phenomenon is extremely im-

portant in the implementation of operational 
control and regulation of running loads. The 
quantitative limits of metabolic processes re-
veal wide possibilities for improvement of 
the individual exercise training in functional 
sports.
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Figure 6. Dependence between heart rate and La in the phases of rest.

CONCLUSIONS
1. The speed of recovery of the pulse fre-

quency in the phases of the shortened rest 
is the correct adaptation marker for the de-
termination of the individual tolerance in 
running loads and athletes’ level of train-
ing.

2. The recommended quantitative values   of 
the respiratory and metabolic adaptation 

markers and their associated running speed 
are as follows:

• aerobic threshold - 2 mmol/l at a running 
speed of less than 4.10 m/s and a heart rate 
up to 157 beats/min. (zone stabilizing the 
capacity of the aerobic metabolic mecha-
nism);

• anaerobic threshold - 4 mmol/l at a running 
speed between 4.10 and 5.13 m/s and a 
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pulse limit of 157-178 beats/min - an effec-
tive aerobic zone;

• over 178 beats/min and the running speed 
over 5.13 m/s - a zone developing maxi-
mum breathing processes).

3. The pulse frequency in the rest phase char-
acterizes the adaptation processes as fol-
lows: unrestricted adaptation from 105 to 
115 beats/min; limited adaptation 115-135 
beats/min; impaired adaptation over 135 
beats/min.
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