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Abstract

 Background & Study Aims:  Control of pain by athletes and the quest for control over pain is an integral part of sports, but is also one of 
the most important skills in combat sports and large part of martial arts (direct contact with the opponent). 
Due to systematic exposure to brief periods of intense pain during training or competition, athletes need to 
learn how to effectively deal with these experiences. The aim of our research was the perception of pain in a 
group of martial arts athletes and non-athletes using different diagnostic methods involving thermal stimuli 
and mechanical, and the equivalence of these tests.

 Material & Methods:  The study involved 321 healthy men, aged 18 to 28 years. The martial arts group consisted of 140 athletes aged 
18 to 28 years. The control group consisted of 181 students of the Faculty of Physical Culture, University of 
Szczecin, not involved in any sport at a professional level, aged between 18 and 26 years. Measurement of the 
pain threshold and pain tolerance was performed using Cold Pressor Test (CPT) and Pressure Pain Test (PPT).

 Results:   The study showed that the martial arts athletes had a different sensitivity to pain compared to non-athletes. 
This was reflected by both significantly higher tolerances to harmful cold and mechanical stimulation as well 
as a significantly higher mechanical pain threshold (p < 0.001).

 Conclusions:  It seems that both tools and methods, CPT and PPT, can be accepted as adequate and equivalent in relation 
to the evaluation of tolerance to pain, but not for the pain threshold. The discrepancies in pain threshold re-
sults between these tests indicate the need for a few more tests.
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IntroductIon

Nowadays, an increasing number of sports disci-
plines, characterized by so-called high risk degree 
gains increasing acceptance mainly among young 
people. Especially combat sports belong to this 
group because the essence of rivalry is the direct 
confrontation of two competing sportsmen [1]. 
The necessity of doing enormous training work as 
well as the character of discipline, which imposes 
the direct contact with the opponent, causes 
sports injures and pain affliction.

In athletes, pain has diverse functions and a com-
plex aetiology. Its role is not limited to indicating 
the limits of the body, especially in areas that are 
exposed to maximal forces and stresses and con-
sequently vulnerable to damage or injury. Pain 
is also a unavoidable part of the sport experi-
ence, regardless of whether the discipline involves 
contact with other athletes or not. In addition, 
changes in the intensity of pain from an injury 
may be used in the  assessment of the effective-
ness of applied therapies [2]. 

In theory and clinical practice physical activity 
is considered as one of the important elements 
of prevention and treatment of pain. Numerous 
studies indicate the reduction in intensity of pain 
in people doing regular exercise [3-5]. However, 
at the same time pain may be an obstacle in the 
process of regeneration and rehabilitation [6].

Studies on athletes show an increase in the pain 
threshold and a higher tolerance to pain compared 
to physically inactive people [7-9]. This reduced 
sensitivity to pain among athletes can be consid-
ered a factor that increases the chance of achiev-
ing success in sport, but at the same time it can 
pose a potential threat to health, and in extreme 
cases, even to an athlete’s life. 

Research on pain in sport when approached only 
in terms of pain sensation and clinical evaluations 
of its consequences does not deal with the objec-
tive circumstances nor the complexity of pain. In 
addition, despite a recent significant growth in the 
number of studies on the physiological and psycho-
logical aspects of pain among athletes, research on 
pain in sport mostly focuses on the assessment of 
pain experienced by players or non-sporting indi-
viduals during physical activity or intense exercise.

For example, one of the important motives and 
effects of long-term practising of martial arts is 

aiming for complete possibility of action, and 
more effective copying with different weaknesses 
and limitations. For combat sports athletes, one of 
the potential barriers during trainings and fight-
ing is the feeling of ailments and pain [10, 11].

Most authors ignore the impact of pain on the 
structure and features of the nociceptive system, 
suggested by papers showing significantly lower 
sensitivity to pain or lack of that sensitivity in 
physically active persons compared to inactive 
individuals [12, 13]. However, a thorough anal-
ysis of available data in literature in the field of 
pain perception in athletes shows some consid-
erable inconsistencies [14, 15]. These differences 
can be traced back to the type and method of 
applicating noxious (nociceptive) stimuli and the 
heterogeneity of the studied groups of athletes 
representing endurance sports, team games, as 
well as martial arts. There is also a lack of con-
clusive data on differences between the sexes, 
despite some evidence that men may have a 
higher pain threshold and tolerance to cold com-
pared to women [16].

Control of pain by athletes and the quest for con-
trol over pain is an integral part of sports, but is 
also one of the most important skills in combat 
sports and large part of martial arts (direct contact 
with the opponent).Due to systematic exposure 
to brief periods of intense pain during training or 
competition, players need to learn how to effec-
tively deal with these experiences. 

Individual sensitivity to pain and predicting pain 
processes, including chronic pain, can be mea-
sured by sensory tests, based on mechanical 
(touch, pressure, vibration), thermal (heat, cold) 
and other stimuli (chemical, electro). The tests 
allow us to evaluate responses to pain, includ-
ing the pain threshold (the minimum value of 
the stimulus resulting in the sensation of pain), 
supra threshold (rating discrete pulses of pain), 
and tolerance to pain (the maximum intensity of 
the stimulus that the subject is able to tolerate). 
A major limitation in quantifying pain, both in 
terms of quantity and quality, is the difficulty 
of performing necessary procedures, expensive 
instruments and the long duration of study.

Therefore, developing effective and unambigu-
ous methods for assessing pain perception by ath-
letes, as well as establishing individual profiles, 
appears to be an important issue at all stages of 

Combat sport – noun a sport in 
which one person fights another, 
e.g. wrestling, boxing and the 
martial arts [34].

Martial arts – plural noun any of 
various systems of combat and 
self-defence, e.g. judo or karate, 
developed especially in Japan and 
Korea and now usually practised 
as a sport [34].

Main relationship between 
combat sport and martial arts – 
every combat sport is martial arts 
but not vice versa [1].

Cold Pressor Test (CPT) – a 
widely used experimental pain 
procedure to determine a person’s 
pain threshold and pain tolerance, 
defined as the elapsed time until 
voluntary withdrawal of the hand.

Pressure Pain Test (PPT) – a tool 
of method to determine person’s 
pain threshold using a pressure 
algometer.

Pressure algometer – a calibrated 
device that can apply painful 
stimuli of graded intensities 
used to evaluate deep tissue pain 
threshold.

Pain threshold – an entirely 
subjective phenomenon followed 
an increasing perception of a 
stimulus at which pain begins 
to be felt. 

Pain tolerance – the maximum 
stimulus intensity, or the 
maximum time of continuous 
painful stimulation that a subject 
is willing to endure. 
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a sports career for the sake of prevention, reha-
bilitation regeneration and medical treatment in 
sport [17, 18]. 

Accordingly, the aim of our research was the per-
ception of pain in a group of martial arts athletes 
and non-athletes using different diagnostic meth-
ods involving thermal stimuli and mechanical, and 
the equivalence of these tests.

MaterIal and Methods

Participants 
The study involved 321 healthy men, aged 18 to 
28 years. The martial arts group consisted of 140 
athletes aged 18 to 28 years (21.1 ±2.4) with at 
least five year long experience, including: boxing 
(n = 81), karate (n = 31) to a minimum level 1 
KYU and different martial arts (n = 28). The con-
trol group consisted of 181 students of the Faculty 
of Physical Culture, University of Szczecin, not 
involved in any sport at a professional level, aged 
between 18 and 26 years (21.1 ±1.8). 

For all subjects, body height was measured on an 
anthropometer and weight on electronic scales 
(Radwag, Poland), to an accuracy of 1 cm and 
0.1 kg respectively. They showed no statistically 
significant differences between the two groups 
using the criteria of age, body weight and body 
mass index (BMI). Only the height of the mar-
tial arts athletes was slightly but significantly lower 
than the non-athletes 2.5 cm on average) (Table 1).

Cold Pressor Test (CPT)
The Cold Pressor Test is a tool of method popu-
lar in science labs in order to determine pain and 
pain endurance limitations. It is highly reproduc-
ible and uses a natural stimulus to induce pain. 
Furthermore, CPT works well in the evalu-
ation of perception of pain supra threshold or 
pain tolerance [19]. While testing, the partici-
pants submerged their right hand below the wrist 
into a container with water at 37°C agitated by 

a pump for 2 min to acclimatize the skin [20]. 
Subsequently, the participants then relocated 
their hand into a glass container with a freezing-
cold water mixture between 0°C to 0.5°C, with 
an installed thermometer to observe the temper-
ature. The hand was kept in the ice-water until 
they were not able to withstand the pain any lon-
ger. The participants were asked to say “pain” 
when they faced the first physical sensation of 
pain in the hand. There were required to specify 
the sensation of pain as it began (pain threshold) 
and again when the pain began to be unbearable 
(pain tolerance threshold/pain endurance limita-
tions). The upper limit of time during which the 
hand could be left in the container was 120 sec-
onds, but the participants had not been informed 
about the cut-off moment. The tolerance of pain 
was calculated in seconds. 

Pressure Pain Test (PPT)
Measurement of the sensitivity of tissues to com-
pression was performed using an algometer man-
ufactured by Quirumed (Spain). The device is a 
force gauge, ranging from 0 to 10 kg, fitted with 
a disc-shape rubber tip bearing a surface of exactly 
1cm2. The results obtained by the individuals were 
qualified to one of the two measurement intervals, 
i.e. below or above 10 kg. 

Before the measurement of sensitivity to com-
pression, each participant was in the same man-
ner informed about the purpose and course of the 
study and received guidance on behaviour during 
the test. Before the actual measurement three test 
measurements were carried out so that the par-
ticipant could test the compression and pain, and 
be able to react in a timely manner and complete 
the measurement of pressure.

The test was conducted in a sitting position, with 
the right upper limb, bent at the elbow, being 
placed on the table. The measurement was made 
on the back of the hand between the thumb and 
forefinger. The researcher evaluated the point of 

Table 1. Demographic and anthropometric data of the martial arts athletes and non-athletes.

Variables Martial arts athletes (n = 140)
M ±SD

Non-athletes (n = 181)
M  ± SD p-value

Age (years) 21.1    ±2.4 21.1    ±1.8 0.53

Height (cm) 179.1    ±7.2 181.6    ±7.4 0.01

Body Mass (kg) 76.5    ±12.9 77.7     ±9.6 0.22

BMI (kg/m2) 23.9    ±3.0 23.5     ±2.1 0.46
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contact by palpation, then applied the pressure 
head at an angle of 90˚ and compressed it against 
the body with an increasing force, at the rate of 
100 g/s. The measurement results were visible 
only to the person conducting the test.

When pain was felt by the participant, they said 
‘stop’, and the person performing the experiment 
recorded the pressure level as the pain threshold. 
The test was continued until the subject could not 
stand the strength of the stimulus, signalled the 
end of the measurement, which was then classi-
fied as tolerance to pain.

Statistical inference was used to determine the 
distribution of the pain thresholds and tolerance 
to pain in both the martial arts group of athletes 
and in the control group. Due to the limitations 
of the measuring instruments and the simplified 
methods, the results of the pain threshold test 
were assigned to two intervals, i.e. below or equal 
to 10 kg/cm2 (limit value in the algometer scale) 
and measurements greater than 10 kg/cm2.

All measurements were performed by the same 
investigator, in the morning hours and under 
the same conditions. All participants gave writ-
ten informed consent to participate in the 
research. The study was approved by the Bioethics 
Committee of the Regional Medical Chamber in 
Szczecin, Poland (No. 09/KB/V/2013).

Statistical Analysis
Results were presented as means standard devi-
ation (±). Comparisons of variables between the 

martial arts and control groups were performed 
using Fisher’s exact test for quantitative variables 
and Mann-Whitney U test for qualitative vari-
ables. Differences with p < 0.05 were considered 
statistically significant.

results

Much higher pain threshold was observed in the 
experimental group of martial arts athletes, where 
values above 10 kg/cm2 were obtained by as many 
as 17.14% of these athletes, while only by 1.11% 
of the group of non-athletic controls. The pain 
tolerance values obtained by the martial arts group 
of martial arts athletes also differed significantly 
(p < 0.001) from the non-athletic controls, with 
pain tolerances > 10 kg/cm2 found in 91.43%  and 
57.46% in the non-athletic group (Table 2).

The martial arts group had  similar values of pain 
threshold compared to the control group (27.7 vs. 
26.2 s, p < 0.95). Statistically significant differ-
ences (p = 0.0002)  were found for pain tolerance, 
where the martial arts and control group means 
were 99.5 and 86.0 s, respectively (Table 3).

dIscussIon

Tolerance to pain
Our experiment showed that martial arts athletes 
had a higher tolerance to pain compared to non-
athletes, for the first time in such a large group 
of subjects. Martial arts athletes showed a signif-
icantly higher tolerance to pain both during CPT 
(Cold Pressure Pain test) and PPT (Pressure Pain 

Table 2. Pain threshold and tolerance to pain in the martial arts athletes and non-athletes , with the use of an algometer.

Subject 
Pain tolerance

p-value
≤ 10.0 kg/cm2 > 10.0 kg/cm2

Martial arts athletes 
Non-athletes

12 (8.57%)
77 (42.54%)

128 (91.43%)
104 (57.46%) < 0.00001

Pain threshold

≤ 10.0 kg/cm2 > 10.0 kg/cm2

Martial arts athletes 
Non-athletes

116 (82.86%)
179 (98.89%)

24 (17.14%)
2 (1.11%) <  0.0001

Table 3. Pain threshold and tolerance to pain in martial arts athletes and non-athletes, using CPT.

Variable Martial arts athletes (n= 140)
M ± SD

Non-athletes (n= 181)
M  ± SD p-value

Pain threshold (s)
Pain tolerance (s)

27.74    ±28.71
99.51    ±30.75

26.20     ±3.83
86.03     ±34.82

0.95
0.00020
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Test), compared to the control group consisting of 
non-sporting students. There are only a few stud-
ies that evaluate the sensitivity of pain in martial 
arts athletes at rest. 

CPT was used to measure tolerance to pain in 
26 dancers [9], 36 runners [21] and 50 combat 
sports athletes [22]. Thus obtained results indi-
cated that athletes tolerated significantly more 
pain than normally active persons. 

Subjective assessment of pain on numerical scales 
or in questionnaires describing pain confirms that 
tolerance to pain is strongly modulated by psycho-
logical and psychosocial factors [23, 24]. It can be 
assumed that skilful coping with stress increases 
pain control, and experience in pain management 
reduces athletes’ sensitivity to pain compared to 
physically inactive people [14]. According to 
Azavedo et al. [25], athletes who have developed 
successful strategies for coping with stress can 
tolerate much higher levels of pain compared to 
non-athletes. 

In our study, the selected group of martial arts 
athletes had a significantly higher tolerance to 
pain compared to non-athletes (CPT p = 0.0002; 
PPT p < 0.00001). That higher tolerance to pain 
among athletes demonstrated better adaptation 
and perhaps more efficient protective reactions, 
not only during the “murderous” sport activities 
but also at rest. As a consequence, increased tol-
erance to pain among athletes predisposes them to 
greater physical endurance and better results, but 
on the other hand may not reflect the real con-
sequences of injury. It can also be an important 
factor limiting the regeneration of damaged tis-
sue, leading to permanent physical overload [19] 
which in turn can lead to much more serious 
injuries and even dysfunction of the musculo-
skeletal system.

Pain threshold
Examination of the pain threshold at rest on a 
manual algometer showed that the martial arts 
athletes had a significantly higher pain threshold 
compared to non-athletes. The same characteris-
tic during CPT showed no statistically significant 
difference. The examined martial arts athletes and 
students of the control group, informed about the 
pain in their hand almost at the same time. The 
observed differences between the CPT and PPT 
were probably due to the type of stimulus. These 
findings indicate the need for allowing for the 

specificity of tests when planning research in the 
area of pain in athletes.

Reports on pain threshold in athletes are not con-
clusive [8, 12, 13, 26]. Most studies using CPT 
or PPT to determine pain threshold assessed the 
sensitivity to pain during physical exercise or ten 
minutes after completion. Those data cannot be 
used directly to establish differences in the per-
ception of pain between physically active and 
inactive subjects [21, 27, 28]. 

Studies similar to our experiment (resting val-
ues), Tesarz et al. [15] did not show significant 
differences between endurance athletes and non-
athletes in the PPT and CPT. The study by Tayet-
Foxell [9] showed athletes achieving higher pain 
thresholds during CPT compared to the con-
trol group. Significantly higher pain threshold in 
the PPT was found in athletes when compared 
with the control group in the study by van der 
Heijden et al.[29], which is consistent with our 
own findings.

In our study the pain threshold was similar for 
martial arts athletes and non-athletes in the CPT, 
despite the fact that the control group comprised 
of students are usually subjected to much lower 
stress loads, and hence less exposure to noxious 
stimuli. This suggests that in each of the partic-
ipants (athletes and physical education students) 
the activation of thermoreceptors in the upper 
limb, results in similar activation of brain cen-
tres, devoid of modulation effects generated under 
conditions of anxiety, fear or threat. Furthermore, 
contact with cold water is known and encoded 
in the minds of participants as harmless, and 
sometimes even positive (e.g. when overheated), 
especially in comparison to other experimental 
stimuli, such as electrical stimulation or ischemia 
caused by an elastic band. 

The perception of the pain threshold and toler-
ance to pain in an extremity involves both objec-
tive and subjective processes. The processing of 
information taking place from nociceptor stim-
ulation to the sensation of pain generally indi-
cates the lack of a simple relationship between the 
degree of nociceptor stimulation and the intensity 
of pain, particularly under load or stress [30]. We 
must not forget that the actions of various stimuli 
lead to the activation of various nociceptive inner-
vated structures. Thermal and electrical stim-
uli selectively activate skin nociception whereas 
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pressure stimuli target both skin and deep tis-
sue nociceptors with a relative preponderance of 
the latter [31, 32]. Also information from deep 
tissue nociceptors is processed differently in the 
spinal cord than the information from superfi-
cial tissue nociceptors. Moreover, the informa-
tion from nociceptors of deep tissues is subjected 
to a stronger inhibitory effect than the skin noci-
ceptors [33].

The results obtained in a large population of sub-
jects by one researcher shows clearly that the per-
ception of pain was modified by physical activity. 
An elevated threshold of tolerance to noxious 
stimuli may result in a situation where repeated 
injuries, especially those suffered by martial arts 
athletes, may be perceived as increasingly weaker 
and less troublesome. As a consequence, it might 
cause a potential health hazard and in extreme sit-
uations it may even pose a life threat. The mod-
ulation of pain threshold and tolerance to pain 
is also of great importance in the application of 
non-invasive methods in rehabilitation, regener-
ation, assessment of the effectiveness of therapy, 
not only for athletes but also people with certain 
medical conditions.

conclusIons

The study showed that the martial arts athletes 
had a different sensitivity to pain compared to 
non-athletes. This was reflected by both sig-
nificantly higher tolerances to harmful cold and 
mechanical stimulation as well as a significantly 
higher mechanical pain threshold (p < 0.001). 
However, the athletes and non-athletes did not 
differ in terms of cold-induced pain threshold. 

It seems that both methods, CPT and PPT, can 
be accepted as adequate and equivalent in rela-
tion to the evaluation of tolerance to pain, but not 
for the pain threshold. The discrepancies in pain 
threshold results between these tests indicate the 
need for a few more tests to objectify pain thresh-
old in the tested subjects.
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