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Abstract
Purpose: The aim of the study was to investigate the effect of stretching before intense exercise on hematologic 

parameters and cell injury. 
Material: The subjects of the present study were 12 adolescent members of the Kurdistan Province futsal team (age: 

14.83 ± 0.38 years, height: 173.92 ± 5.90 cm, weight: 63.50 ± 7.94 kg, peak power: 459.42 ± 95.94 watts). 
The RAST test was used to estimate the anaerobic power and to create the training load. Indexes of blood 
including white and red blood cells, hemoglobin, hematocrit, platelet and the levels of CK and LDH enzyme 
activities were measured. 

Results: The results of the pre and the post tests showed that among hematological parameters and cell damage 
indexes, the red blood cell and hemoglobin in both groups and the level of LDH in the training group were 
not significantly changed (p>0.05). Other parameters in the pre-test and post-test measures were statistically 
changed (p<0.05). 

Conclusions: Based on the results of the present study, it seems that stretching before intense training decreases the cell 
damage and side effects of exercise training on the hematological factors.
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Introduction1

Stretching before physical activities is considered 
as an important principle in all kinds of sports and is 
more important than the other daily activities. Stretching 
is recommended by scientists, physiotherapists and 
coaches. Flexibility is an intrinsic property of tissues that 
determines the achievable range of motion without injury 
at a joint or a group of joints [1]. In discussing the oxygen 
carrying capacity of blood, RBC count, hemoglobin 
and hematocrit are essential elements that contribute to 
decrease or increase in the oxygen carrying capacity of 
blood to the tissues and carbon dioxide desorption [2, 3]. 
Many studies have shown that blood factors are changed 
due to physical activities. Increase in blood factors have 
been reported in some of these studies [4, 5], while other 
studies have not reported significant changes [6, 7]. Also in 
these studies there is no general consensus on the changes 
in blood factors. It means that some of them have reported 
increase and some of them have reported decrease in blood 
factors, while in other studies this factors have been fixed 
and in contrast, other factors have been changed. It is well 
known that stretching before exercise activities reduces 
musculoskeletal injury. However the effect of stretching 
before exercise on blood factors and intracellular injuries 
associated with physical activity has not been studied yet. 
Therefore, the aim of present study was to investigate the 
effects of stretching before intense physical activities on 
hematologic and cellular injury indices. 
© Lotfi N., Mohamadi S., Mirzaei-Takmil M., 2018 
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Material and methods 
Participants: 12 adolescent members of the Kurdistan 

Province football team (Age: 14.83 ±0.38 years, height: 
173.92 ±5.90 cm, Weight: 63.50 ± 7.94 kg and maximum 
power: 459.42± 95.94W) participated in this study. All 
of them have been practicing football training programs 
for at latest 4 years. The study was conducted in three 
sessions. In the first session, individual characteristics 
of the subjects were recorded and the test method was 
illustrated. In the second session, all the participants took 
part in the RAST test. Then, based on the first session 
results, participants were divided into two groups: control 
group (1) and the experimental group (2). The two groups 
were almost identical in terms of maximal aerobic power. 

Testing procedures
In the third session which was performed 72 hours 

after the second session, the participants were asked to 
stay in a rest position for 20 minutes. Then blood sampling 
was done from their brachial arteries. Then group 1 
performed general warm up for 10 minutes before the test 
and the second group performed stretching exercises for 
5 minutes in addition to the general warm up (for a period 
of 10 second per a movement). Then all the participants 
performed the RAST test. Blood sampling was done again 
after the test was conducted. The RAST test was used in 
order to estimate the anaerobic power and the exercise 
load. Two lines were identified at a distance of 35 meters 
from each other. Prior to the testing, subjects’ weights 
were measured using Beurer PS06 digital. First subject 
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stood behind the start line in a ready position and after 
hearing the command “Go” each person ran a distance 
of 35 meters with his maximum power and the time 
spent was recorded by a portable Hanhart Stopwatches 
made in Germany. In order to increase the accuracy and 
reduce the measurement error, four testers were used 
simultaneously and the average of three close times was 
considered as subject record. Then subject again started 
to run a distance of 35 meters with their maximum 
power hearing the command Go (this was measured by 
someone else). This was repeated for six times and it was 
recorded for each time. Then maximal anaerobic power of 
participant was calculated by the following formula [8].

Power = Weight × Distance ² ÷ Time ³  
Power = Weight × 1225 ÷ Time ³

To measure blood parameters, blood samples were 
collected in the relevant tubes and immediately were 
transferred to the laboratory. Then blood parameters 
including white blood cells (WBC), red blood cells 
(RBC), hemoglobin (Hgb), hematocrit (Hct) and platelet 
(Plt) were measured using cell counter machine model 
(Sysmex K-1000. IVB=15.20, Japan). Also enzyme 
activity of CK and LDH was measured using auto analyzer 
system (Cobas Mira Plus; Roche, Basel, Switzerland).

Statistical analysis
To describe the general characteristics of the subjects, 

descriptive statistics (mean and standard deviation) were 
used. Also, Kolmogorov-Smirnov test was used to assess 
data distribution, independent t was used to compare 
two groups and dependent t test was used to compare 
intragroup results. All the statistical tests were analyzed 
using SPSS Software 23 and at the significant level (p 
≤0/05).

Results 
Individual characteristics of subjects (height, age 

and weight) and maximum anaerobic power groups are 
presented in Table 1. Results of pre-test and post-test 
exercise and control groups (Table 2 and 3) showed that 
except for the red cell count and hemoglobin in both 
groups, other hematologic indices in the experimental and 
control groups did not change significantly (p> 0.05).

Also, CK enzyme has been increased significantly 
in both groups (p≤0.05). But the levels of LDH showed 
significant increase in only the control group (p≤0.05). 
Also there is no difference between the changes of two 
groups (p>0.05).

Table1. Individual features and maximum anaerobic power of the two groups

Maximal power(W)Weight(kg)Height( cm)Age(years)nGroup

442.33±74.4962.50±4.89173.50±6.3414.83±0.406Control group

459.42±95.9464.50±5.10174.33±5.9814.83±0.406Experimental group

Table 2: Comparison of pre-test and post-test in experimental group

SigDifference between the testsPost- testPre-testVariable

0.9459.16±70.19448.33±85.51379.17±51.8LDH

0.03*62.00±29.11432.67±122.25370.67±123.79CK

0.001*3.56±1.1410.36±2.436.8±1.33WBC

0.062*0.11±0.145.13±0.885.04±0.86RBC

0.01*0.28±0.2914.73±1.714.45±1.72Hgb

0.002*3.56±1.4148.71±2.9645.16±3.55Hct

0.002*46.33±18.35262.17±40.51215.83±27.34Plt

*Significance between the pre-test and post-test 

Table 3. Comparison of the pre-test and post-test in the control group 

SigDifference between the testsPre-testPre-testVariable
0.009*67.00±39.11481.33±42.08414.33±41.03LDH
0.03*88.83±72.58414.5±139.87325.67±122.89CK
0.00*3.65±0.789.73±1.456.08±0.84WBC
0.0530.14±0.175.03±0.234.89±0.26RBC
0.012*0.23±0.4615.45±0.6715.21±0.81Hgb
0.006*3.85±2.0348.76±2.2544.91±1.76Hct
0.001*60.50±21.19247.67±52.27214.17±33.91Plt

*Significance between the pre-test and post-test 
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Discussion
The present study has tried to examine the effect 

of stretching before exercise on some of the cell injury 
and hematological indexes. Lactate dehydrogenase 
enzyme (LDH) exists in different tissues of body and 
its concentration is high in liver, kidney, skeletal muscle 
and other tissues. When the muscle cell is injured due 
to physical activity, LDH concentration is increased [9]. 
Muscle cell membrane permeability is increased due to 
muscle activity or maybe the muscle cell is completely 
ruptured. Therefore, the relevant enzymes enter the 
blood circulation [10]. Based on the results, it seems 
that stretching before intense exercise may reduce the 
probability of cell injury associated with the physical 
activity. Significant increase in LDH enzyme level in the 
control group is consistent with Ferri et al (2006) [11].

Also, the results showed that in both groups, CK 
enzyme increased significantly. However, the increase 
was lower in the experimental group compared to control 
group. Measuring CK level in the blood, is another criterion 
to measure muscle injury [12, 13]. Normally, CK can be 
seen in the muscles, but when the muscles are injured, it 
enters the blood circulation .After exercise, those athletes 
who have more CK in their circulation, experience greater 
muscle pain [9, 12]. According to the results of the present 
study, although, changes in CK levels in both groups was 
significant, but experimental group showed less changes 
compared to the control group. So, it seems that stretching 
before severe exercise reduces cell injury.

The results showed that white blood cell count (WBC) 
has been increased significantly in both the experimental 
and control groups. However, the increase in white blood 
count in experimental group was lower than that of the 
control group. Different studies have shown that white 
blood cells increase significantly after exercise and this is 
called leukocytosis [14]. Leukocytosis is one of the clear 
changes appear after severe or moderate physical activities 
and white blood  cell level remain high for several hours 
during these activities [3]. The results are consistent 
with the study by Simonson et al (2001) and Anseli et 
al (2007) [6, 7]. In contrast, the study is not consistent 
with that of Arazi et al (2011) in which they reported no 
significant increase in white blood cell levels [3]. Since, 
leukocytosis level is directly related to the severity of the 
exercise; it seems that this disagreement is related to the 
exercise protocol. Although, no significant difference has 
been found in both groups, but because white blood cell 
increase was lower in experimental group compared to 
the control group, it seems that stretching before intense 
physical activity reduces the stress on immune system and 
in turn reduces immune system reaction to the stress.

The results of the study showed that red blood cells 
count and hemoglobin level have not changed significantly 
in both experimental and control groups. Two possible 
mechanisms have been discussed in different studies on 
the changes in red blood cell count. First, some studies 
have shown that blood factors are reduced during intense 
physical activities (Hemoglobinuria). Second, other 
studies have reported that during exercise, due to the 

released stored erythrocytes from spleen, erythrocytes and 
hemoglobin are increased in the blood [18-20]. This study 
shows that changes in hemoglobin and erythrocytes may 
depend on equivalency between the two mechanisms. 
Schumacher et al (2002) and Choudhary et al (2011) 
reported that hemoglobin level remains close to the 
standard level in people who have exercised and increase 
in the release of erythrocytes from spleen may be seen 
in those subjects who have not exercised [21, 22]. Since 
the subjects of present study were athletes, our result is 
in agreement with this study and this accounts for the 
disagreement with results of the present study and those 
of Arazi et al (2011), Brown et al (2002) and Nazarali 
et al (2012) who have reported increase in the level of 
erythrocytes and hemoglobin [3, 23, 24].

The results of our study show that hematocrit have 
increased significantly in both experimental and control 
groups. Since hematocrit is defined as the amount of RBC 
in certain volume of blood, on the one hand, it is related 
to RBC volume and on the other hand, it is related to 
plasma volume [3, 17]. Therefore, given that the number 
of RBC and hemoglobin didn’t change significantly in 
this study, the observed increase in hematocrit will be 
due to decrease in plasma volume. It has been reported 
that during intense exercise temporarily plasma volume 
decreases by as much as 6 to 20 percent [25, 26]. Three 
mechanisms are assumed to account for initial decrease in 
plasma volume: first, increase in arterial blood pressure 
and muscle contraction increased capillary hydrostatic 
pressure. This drives the fluid into the extravascular 
space. Second, lactic acid and other metabolites produced 
by contraction of muscles during intense exercising drives 
blood fluid into the extravascular space (osmosis). Finally, 
increase in intangible excretion and sweating is influenced 
by net decrease in intravascular plasma volume in critical 
conditions 27, 28]. This factor reduces plasma volume 
and in turn increases hematocrit.

Also this study indicates that platelet levels have 
been increased significantly in both the control and the 
experimental groups. Increase of the platelet number was 
due to the release of new platelet from the spleen vascular 
bed, marrow and other platelet storage in the body [3]. 
The exercise protocol used in this study leads to increase 
of platelet production (thrombotic factor) because it 
causes small possible injuries. However, Siscovick et al 
reported that initial cardiac arrest risk will be increased 
temporarily during physical activity. Therefore, it appears 
that on the one hand, physical activity prevents from 
cardiovascular disease and on the other hand it leads to 
sudden cardiac death [29]. This may leads to thrombosis 
in coronary circulation and increases the risk of cardiac 
arrest [30]. The results of the present study show that 
number of platelet have been increased significantly 
in both control and experimental groups. This increase 
was lower in the experimental group that had performed 
stretching exercises. Therefore, it seems that stretching 
before intense exercises reduces platelet changes and its 
effects. 
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Conclusions
Based on the results of present study, it appears that 

stretching before intense physical activities decreases cell 
injury and its adverse effects on blood factors. However, 
it is suggested that further studies investigate the effect of 
stretching on other factors including anaerobic exercises.
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