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ABSTRACT

Purpose. Relaxing in the athlete’s training process is underutilized. Relaxation techniques, however, should be taught from
the very beginning of the footballer’s training career. The main aim of this study was to present the effect of progressive muscle
relaxation on pressure pain threshold levels and the effectiveness of the footballer’s training. Methods. A sample of 32 football
players participated in the therapeutic program consisting of 8 PMR sessions. Before and after applying a pressure therapy, the pain
threshold in the lumbar region was measured by a dolorimeter and the Cooper test was carried out to determine the footballers’
level of endurance. Results. PMR training did not increase significantly the pain threshold level in the experimental group (p > 0.05),
but it increased significantly the distance covered in the Cooper test (p = 0.04). Analysis of the Spearman rank correlation was also
carried out (p = 0.81). Conclusions. PMR does not lower pain perception threshold. PMR therapy increases the distance mea-
sured by the Cooper test. In order to determine the role of PMR in injury prevention, further research is necessary.
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Introduction

Nowadays football is the most popular team game,
played worldwide by almost 200 thousand professional
footballers and 240 million amateurs. About 80% of them
are men [1, 2]. Young adepts start their first training at
the age of 5-6 years enrolling in special football acade-
mies established by football clubs from top leagues. The
main aim of such schools is to identify new talents, whose
demand is growing rapidly due to overseas expansion of
the game. As more and more recruited adolescents un-
dergo intense training, the number of injuries among
young athletes increases dramatically. Some statistics
report that about 44% of football injuries occur at the
age of 15 years [3].

Coaches have started to put greater pressure on their
team’s results. Consequently, each player in the team is
psychically overloaded. It can lead to injuries of the joints,
muscles, tendons and fascia. The most common injuries
in football are those caused by direct contact with an
opponent [4, 5]. Most of the accidents occur in the last
15 minutes of each half when the body is considerably
overloaded. This can suggest that exercise can have sub-
stantial impact on changes in nervous and muscular sys-
tems and stabilization of the joints of the lower limbs [6].
Sporting events (including atmospherics, active partici-
pation of the spectators, as well as the sports competition
itself) exert, to a great extent, a psychological pressure on
the player. Relaxation training in the athlete’s training
process is a underutilized element. Relaxation should
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be taught from the very beginning of the footballer’s
career. The pressure to be a top player creates stress. In
many different sport disciplines already pre-schoolers
begin training. This means that the player who has
reached a championship level is often not fully emotion-
ally mature. It is not sufficient to have achieved the high
level of physical fitness, technical or tactical perfection
to reach the championship level in sports competition.
Mental preparation plays a fundamental role. The ability
to focus attention, emotional control, confidence and
quick decision-making may turn out to be key elements
of the athlete’s training.

Psychological skills training should include: stress
management, courage and decisive actions, interpersonal
communication, self-confidence, imagination, visuali-
zation, mental preparation and concentration of atten-
tion [7]. Many studies have confirmed the positive effects
of relaxation techniques in sport [8, 9]. Our test was de-
signed to assess the effect of progressive muscle relax-
ation (PMR) on pressure pain threshold levels measured
by dolorimeter and the effectiveness of training measured
by the Cooper test —a distance covered by football players
aged 15-16 years.

Material and methods

A group of 32 boys playing in the top league of ‘Sen-
ior Youth’ age category participated in the study. Their
average age was 15.68 years (+ 0.47), mean body weight
58.41 kg (+ 4.76).

The main inclusion criteria were as follows: parent/
guardian’s written consent, age of 15-16 years, member
of an association football club, no previous participation
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in relaxation sessions. The exclusion criteria included: in-
juries being treated, lack of a parent/guardian’s consent.

The athletes eligible for the experiment underwent
PMR training, measurement of pressure pain threshold
in the lumbar spine executed by dolorimeter and the
Cooper test.

Measurement of pressure pain threshold level and
the Cooper test were carried out before the first relaxa-
tion session and repeated after eight relaxation cycles
approximately at the same time of day. All measure-
ments were made by the same physiotherapist. Relaxation
sessions were carried out in a separate room, where par-
ticipants were lying in the supine position on a com-
fortable relaxation mat. Each time relaxation was per-
formed following the same procedure in accordance
with the requirements of PMR training.

Statistical analysis was made using Statistica 10 pro-
gram. Test results were presented using descriptive sta-
tistics — the mean and standard deviation. As the ana-
lysed data was not normally distributed, in order to
determine the significance of differences in the tests
performed before and after the applied relaxation, the
nonparametric Wilcoxon matched pairs test was used.
To analyze the correlation between the random variables
Spearman’s rank correlation test was used. The level of
statistical significance was set at o < 0.05.

Results

The level of pressure pain threshold was measured
in six points of the lumbar spine (L1, L3, L5) on both
sides of the spine: right (R) and left (L). Analysis per-
formed using the Wilcoxon test did not show statisti-
cally significant differences for any of the segments of
the lumbar spine after eight PMR sessions (Table 1). PMR
training did not significantly increase the pain threshold
in the sample (p > 0.05).

Analysis of the data collected in the Cooper test showed
that the distances covered by athletes increased signifi-
cantly after eight PMR sessions (p = 0.04). Also Spear-
man’s rank correlation coefficient was calculated (p = 0.81).
The only strongly correlated parameters were the results
of the two Cooper tests: before and after PMR training
(Table 2).

Discussion

This study showed the efficacy of PMR training in
increasing effectiveness of football training. Also the
results of other authors point to the benefits of this type
of intervention. First at all, it leads to anxiety reduc-
tion and general relaxation, but on the other hand it
raises the pain threshold (and thus reduces tissue sen-
sitivity to painful stimuli). That should lead to an increase
in efficiency of training. This study demonstrated a sta-
tistically significant prolongation of the distance in the
Cooper test but did not prove that relaxation training
raises the pain threshold.

Williams and Andersen have shown that various
emotional states can affect the risk of injury in athletes.
According to their study, the injured athlete has a higher
level of anxiety that may reduce their ability to produce
a variety of motor tasks and overload the musculoskeletal
system [10]. Their tests were also performed on a group
of young football players. Players with a higher level
of stress overload, in comparison with their competitors
with a lower level, had a higher injury risk, directly pro-
portional to the stress level. It can be caused by a reduced
ability to respond to the peripheral nervous system [11].
Johnson and Ivarsson showed there was a relationship
between physical trauma and somatic trait anxiety. The
study was carried out on a group of young football players.
It showed that the personality of the footballer can de-
termine, to a great extent, the incidence of injuries [12].

Table 1. Measurements of pain threshold before and after PRM training

F Before After Wilcoxon
cature M ( SD) M (+ SD) 7 P

L1(R) 78.1 (+ 15.9) 78.4 (+ 16.8) 0.54 0.59
L1(L) 80.8 (+ 15.1) 80.8 (+ 14.9) 0.05 0.95
L3(R) 78.6 (= 14.2) 78.3 (+ 15.0) 0.03 0.97
L3(L) 81.7 ( 13.3) 82.0 (= 13.4) 0.41 0.68
L5(R) 77.4 (= 13.9) 77.8 (+ 14.1) 0.43 0.66
L5(L) 79.2 (+ 12.8) 79.4 (+ 12.8) 0.24 0.80

L - the lumbar spine; 1, 3, 5 — number of lumbar vertebrae; (R) — right side of the spine; (L) — left side of the spine

Table 2. The Cooper test results (metres) before and after PMR training

Before After Wilcoxon Spearman’s rank
Feature .
M (£ SD) M (+ SD) 7 p correlation
2518.12 2552.50
Cooper test ( 200.72) (+ 221.53) 2.01 0.04 0.815941
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Junge [13] said that the athlete’s emotional stress and fit-
ness level can affect injury risk. A highly annoyed athlete
perceives subsequent events as being increasingly stressful.
As a result there is an increase in negative feelings such
as anger and aggression, and it can lead to injury [13].
The athlete’s effectiveness is diminishing. Additionally,
younger players during a match are more prone to stress
than older ones, which can be the reason why the injury
incidence is more frequent among young players [14].
Therefore the study included a group of junior footballers.
A high aerobic endurance is essential as it can often de-
termine who will eventually win the match. Having much
endurance one can do a lot of thing, e.g. bypass, dribble
or evade the opposing team player. The Cooper test meas-
ures and verifies the maximal aerobic power of foot-
ballers. The parameter that determines the distance is
maximal oxygen uptake (VO,max) [15, 16].

Higher levels of tissue sensitivity to pain may be asso-
ciated with the accumulation of tension at one point
of the muscle. Benson’s [17] study showed a beneficial
analgesic effect of PMR. It is believed that when the
skeletal muscle afferent endings diminish, the activity
of the sympathetic nervous system is reduced [17]. Re-
duction in pain affliction, according to McGuigan, is
associated with a decrease in the neuromuscular activity
related to pain perception [18]. In their research, Emery
et al. [19] also confirmed that PMR is an effective form
of pain reduction. The tests were performed on an objec-
tive scale. They consisted in changing the threshold of
pain in spinal reflex when a stimulus was applied to the
foot [19]. The measurement points (3 cm to the right or
left of the spinous processes of the lumbar spine indi-
vidual segments L1, L3, L5) used in this experiment are
selected in many tests. Also Fisher [20] studied pain thresh-
old. He exerted axial pressure on the muscles and liga-
ments using a dolorimeter. This research was designed
to test a subjective sensation of pain. Fisher [20] said that
the minimum pressure which causes discomfort or pain
in the test expresses the degree of sensitivity of nerve fi-
bres stimulated by some irritating factors. The critical
value of oppression was assessed at the level of 4 kg/cm?.
Feelings associated with a smaller value may be associ-
ated with pathologies within the muscle or ligament.
According to Fisher [20], trigger points were responsible
for the areas where the most intense muscle pain was per-
ceived. He described them as hypersensitive areas within
the belly muscle or muscle fascia. Trigger points may re-
sult from: microtraumas, stress, trauma, or even fatigue.
Also post-operative system disorders and muscle ineffi-
ciency are the cause of the formation of these points [20].

In the present study, the average value of pressure
pain threshold was about 7.5 kg/cm?* and that implies the
participants did not have hypersensitive pain areas. Per-
haps this fact explains the lack of a rise in pain threshold
in young footballers under the influence of PMR. The
pain threshold in this sample was already at a very good
level, and it was impossible to improve something that

objectively was already very good. Probably this can be
accounted for by the young age of the athletes. The ef-
fectiveness of football training depends highly on the
athlete’s oxygen uptake and physical fitness. Vempati
and Telles showed the effect of PMR training on the
lungs [21]. Another important element is the cardio-
vascular fitness. Lehrer et al. [22] said that biofeedback
can have a huge impact on heart rate changes. This inter-
relationship can improve lung function and the whole
respiratory tract. The parasympathetic nervous system
is better controlled by the human. Breathing becomes
smoother, quieter and more prominent, and as a conse-
quence the body gets more oxygen [22].

It is thought that such factors as anxiety or other
emotional states can result in making bad decisions by
the player. Such situations can lead to a decrease in the
efficiency of athletes [23-25]. Other studies confirmed
the usefulness of full PMR used in training football
players. Due to the fact that nowadays more and more
people are involved in competitive sport, the competition
increases. Fierce competition imposes longer training
sessions thereby increasing injury risk [26]. PMR effec-
tiveness test could be carried out on a larger sample of
footballers playing in the top leagues. In addition, it would
be important to increase the duration of PMR and in-
clude it as a permanent element of the football training
program. Since the number of scientific publications on
the possibility of using PMR in this sport is small, there
is an extreme need to further research. It seems that
the PMR method can reduce the number of injuries in
sport and enable individual players to perform at their
maximum potential. This technique contributes to re-
duce perceived stress, which reinforces the feeling of a
greater internal control. This may result from better coping
with stress and calming the body. It allows players to
make a better decision and execute accurately the in-
tended movement. It would be advisable to carry out
a similar study on a larger sample and compare to a con-
trol group. This would allow for an assessment of the ef-
fectiveness of PMR in injury risk. Also the assessment
of new variables, the level of anxiety and perceived
stress, should be included. In the future, the proposed
therapy could also be combined with massage as, accord-
ing to recent reports, massage therapy quickened recovery
and improved post-exercise muscle efficiency and may
serve as an effective treatment of muscle soreness. The anal-
gesic effect of massage suggests it should be widely applied
in sport, physical therapy and rehabilitation [27].

Conclusions

1. PMR does not reduce perceived pain threshold in
young footballers.

2. PMR therapy increases the distance measured by
the Cooper test.

3. To assess the role of PMR in the prevention of in-
jury risk, further research is necessary.
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