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Introduction

Falls can occur at all ages, but children and elderly persons 
are the most vulnerable to them. Other groups at risk for falling 
are persons with disabilities, especially those with visual and 
locomotor deficits. Injuries resulting from falls often lead to per-
manent traumata, and even to death [1, 2, 3]. It is estimated that 
among persons who are over 65 years of age about 40% are sub-
ject to falling at least once a year, and this percentage increases 
with age [4].

The methods of preventing falls researched so far mostly fo-
cus on the evaluation of the risk of falling, elimination of risk 
factors, improvement of the functioning of various organs and 
systems, and supplementation with calcium and vitamin D. 
In addition, strength and balance training is recommended as 
prophylaxis [5]. Although much attention is paid to activities 
aimed at preventing falls, seldom do researchers address the 
problem of preventing or minimising the harmful effects of col-
lapsing by teaching people how to fall safely and avoid colli-
sions. Falls cannot be completely eliminated, but the ability to 
protect one's body during an unexpected fall could be the most 
efficient method of preventing its negative consequences. There-
fore, developing the habit of falling down in a safe way could 
help considerably diminish the severity of the resulting injuries 
and the number of deaths, especially in the population of elderly 
persons or those with disabilities [6, 7, 8].

Preventing falls is difficult due to the complexity of their 
causes. Sometimes one person may have many risk factors [5, 9, 
10], in which case the risk of collapsing, and sustaining injuries, 
is increased, and it is more difficult to establish what caused the 
fall. Undoubtedly, however, having a healthy lifestyle, and par-
ticularly doing physical activity, can help maintain one's inde-
pendence and functional capacity. Physical activity improves 
posture stability and balance; it also makes it possible to in-
crease or maintain the level of muscle strength and endurance 
[11, 12, 13].

Certain traits of the ability to fall safely can be observed 
in several-month-old children. If they lose their balance, they 
most frequently sit down near their heels (the only available 
point of support at that moment), inclining the trunk forward, 
extending the hands forward and protecting the head [14]. With 
age, however, these habits disappear if they are not practised. 
Therefore exercises in falling safely could be one of elements 
of fall prevention programmes [7]. One technique of safe falling 
is ukemi, which is one of the basic elements of martial arts train-
ing, for example in judo [15, 16, 17].

The aim of the study was to compare the ability to fall safely, 
on the back, in women practising combat sports and martial arts 
(judo, taekwondo WTF and karate Shotokan) and those not prac-
tising them (both physically active and inactive women).
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Results

The female combat sports and martial arts competitors had 
considerably lower results in the Test of Susceptibility to Injur-
ies During Falls (p<0.001), which means that they committed 
fewer errors when performing the motor tasks. The mean TSIDF 
result was 2.48 for the study group and 6.08 for the control one. 
Statistically significant differences (p<0.001) between the 
groups were found for all types of errors. The majority of the 
errors in both groups were due to an incorrect position of the up-
per limbs (fig. 1). Out of the three tasks which were performed 
in the test, the third activity, which was theoretically the most 
difficult one, was performed the most poorly. The fewest irregu-
larities were observed for the second task. These tendencies 
were found in both groups. The differences between the groups 
in their performance of all of the tasks were statistically signific-
ant (p<0.001) (fig. 2).

The lowest mean TSIDF result (1.47), which was character-
ised by the lowest number of errors, was observed in the female 
judokas. The female karate competitors performed slightly more 

Material and methods

The study involved a group of 120 women, who had been di-
vided into two groups. Group 1 (the study group) comprised 45 
female competitors who trained combat sports and martial arts. 
The conditions that the participants had to meet in order to be 
classified into the group were having a minimum of two years' 

nd thtraining and, in addition, having a 2  kyū in judo, 4  kyū in kar-
thate or 4  kup in taekwondo. Group 2 (the control group) con-

sisted of 75 persons who did not practise sport professionally 
(tab. 1). The participants of the study were additionally divided 
into subgroups. Those in group 1 were divided according to the 
discipline of sport trained, which were judo (n=19), taekwondo 
WTF (n=14) and karate Shotokan (n=12). Group 2 was divided 
based on the subjects' participation in recreational sport activit-
ies or its lack. Those who had been taking part in organised mo-
tor activities at least twice a week for a minimum of two years 
were classified as physically active (tab. 2).

The Test of Susceptibility to Injuries During Falls (TSIDF) de-
signed by Kalina was used as a research tool [18]. The test con-
sisted in performing three motor tasks. The first motor task was 
moving from the basic position to lying down on the back (on 
a mattress). In the second task, the subjects held a small sandbag 
pressed between the chin and the sternum while clapping their 
hands. In the third task, the subjects had to perform a jump be-
fore proceeding to lying down on the back. The subjects were not 
informed how to perform the tasks correctly. Each attempt was 
evaluated for errors, that is deviations from the correct model of 
falling safely. The results were recorded in the observation sheet. 
The sum of errors for particular parts of the body (the legs, hips, 
hands and head) collected for all three tasks served as the Test of 
Susceptibility to Injury During Falls Index (TSIDFI). The higher 
the participant's result, the greater their proneness to injuries 
was. According to the classification established, 0 points stands 
for a low level, 1 to 3 points for a medium level, 4 to 8 points for 
a high level, and 9 to 14 points for a very high level of susceptib-
ility [18]. The subjects additionally filled in a specially designed 
questionnaire.

Standard statistical tools such as the mean and standard de-
viation were used. The distribution of the data was tested for 
normality using the Kolmogorov-Smirnov test and the differ-
ences between the data were assessed by means of Student's 
t-test. A value of p<0.05 was set as the minimum level of signi-
ficance.

Table 2. Characteristics the study and control groups divided into subgroups
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n Age (years) Body mass [kg] Body height [cm] Training experience [years]

55.26 ± 4.87

56.86 ± 5.02

58.83 ± 8.81

59.71 ± 7.28

60.7 ± 11.74

Groups Subgroups

Judo

Taekwondo

Karate

Active

Non-active

20.73 ± 5.16

25.42 ± 7.44

19.75 ± 6.96

22.93 ± 2.01

22.67 ± 2.07

161.74 ± 4.88

164.14 ± 5.02

167.25 ± 7.65

168.61 ± 4.89

166.45 ± 5.55

9.84 ± 3.89

4.64 ± 3.24

4.68 ± 4.74

4.19 ± 3.59

-

Group 1 (study)

Group 2 (control)
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Figure 1. Results of the SIDF test for different types of errors
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poorly (2.67) and the taekwondo competitors performed the 
most poorly in the study group (3.71). The difference between 
the results for women practising judo and those practising 
taekwondo was statistically significant (tab. 3). Persons from the 
control group (in both subgroups) committed a significantly 
greater number of errors than the female combat sports and mar-
tial arts competitors. Significant differences (p<0.01) in the 
TSIDF index were also observed between the women who were 
physically active and inactive (tab. 3).

The female judokas made the fewest errors in each motor task 
in the TSIDF. The results for the tasks performed by the taek-
wondo and karate competitors were similar (p>0.05). The wo-
men from the control group performed all the tasks in the test 
more poorly (tab. 4). However, fewer errors were observed in 
physically active persons, and the differences between the active 
and inactive women were statistically significant (p<0.01). Us-
ing the support of hands was the most frequent error in all of the 
subgroups. The physically inactive women committed most of 
their errors due to arranging the head incorrectly (1.71), and the 
active ones made theirs by arranging the head (1.36) and hips 
(1.36) in an improper way. Among the subjects who practised 
combat sports and martial arts the fewest errors had to do with 
the lower limbs (judo: 0.21; karate: 0.25) and the head (judo: 
0.21; taekwondo: 0.43) (tab. 4).

The Test of Susceptibility to Injuries During Falls was per-
formed flawlessly by 7 female judokas, 2 taekwondo competitors 
and 4 karate competitors, but not by a single woman from the 
control group. None of the persons practising judo and taek-
wondo obtained a result above 9 points, standing for very high 
susceptibility to injuries during falls, whereas two karate com-
petitors and 11 persons from the control group were classified 
in this category. Most of the women from the control group (22 
physically active and 32 inactive ones) were characterised by 
a high level of proneness to injuries during falls (tab. 5).

Discussion

Since combat sports and martial arts allow for general devel-
opment and include a large variety of exercises, their elements 
can be practised at every age, and those who do them tend to 
have not only a higher level of strength and endurance, but also 
better motor co-ordination (balance and agility), and flexibility 
[19, 20, 21, 22].

Posture stability (balance) is very important in the prophy-
laxis of falls. Bączkowicz noticed a dependence between dimin-
ished posture stability and a greater number of falls in the eld-
erly [23]. The research by Famuła et al. and Mraz et al. confirmed 
the beneficial influence of the physical activity of older persons 
on the stability of their posture [24, 25]. Tai Chi training in par-
ticular is highly recommended for elderly people [26, 27]. 

Combat sports and martial arts are often qualified as “high 
risk sports”. They are universally considered to be dangerous for 
one's health because of the high rate of injuries sustained during 
training. However, the research conducted at the University Hos-

judo

0.004

0.159

0.000

0.000

taekwondo

0.272

0.038

0.000

karate

0.005

0.000

active

0.009 non-active

Table 3. Differences between subgroups in the SIDF test [p]

Table 4. Results of the SIDF test (for the three tasks)

task 1

hips hands head
judo

taekwondo

karate

active

non-active

0.11 ± 0.31

0.21 ± 0.42

0.08 ± 0.28

0.45 ± 0.51

0.45 ± 0.50

0.37 ± 0.76

0.86 ± 0.95

0.17 ± 0.39

1.15 ± 1.01

1.55 ± 0.83

0.16 ± 0.37

0.36 ± 0.49

0.17 ± 0.39

0.45 ± 0.51

0.60 ± 0.49

task 2

task 3

SUM

hips

hips

hips

hands

hands

hands

head

head

head

judo

taekwondo

karate

active

non-active

judo

taekwondo

karate

active

non-active

judo

taekwondo

karate

active

non-active

0.05 ± 0.23

0.29 ± 0.47

0.17 ± 0.39

0.45 ± 0.51

0.48 ± 0.49

0.11 ± 0.31

0.21 ± 0.42

0.42 ± 0.52

0.45 ± 0.51

0.33 ± 0.47

0.26 ± 0.73

0.71 ± 0.99

0.67 ± 0.65

1.36 ± 1.08

1.26 ± 1.03

0.21 ± 0.42

0.36 ± 0.74

0.33 ± 0.49

0.09 ± 0.38

0.40 ± 0.58

0.21 ± 0.53

0.36 ± 0.74

0.42 ± 0.51

0.15 ± 0.37

0.33 ± 0.52

0.79 ± 1.03

1.57 ± 1.34

0.92 ± 1.16

1.39 ± 1.19

2.29 ± 1.19

0.00 ± 0.00

0.07 ± 0.27

0.33 ± 0.49

0.33 ± 0.48

0.60 ± 0.49

0.05 ± 0.21

0.00 ± 0.00

0.33 ± 0.49

0.58 ± 0.50

0.52 ± 0.51

0.21 ± 0.42

0.43 ± 0.65

0.83 ± 1.03

1.36 ± 0.93

1.71 ± 0.99

legs

legs

0.21 ± 0.63

1.00 ± 1.01

0.25 ± 0.45

1.15 ± 1.01

1.45 ± 0.89

0.21 ± 0.63

1.00 ± 1.01

0.25 ± 0.45

1.15 ± 1.01

1.45 ± 0.89

Table 5. Number of participants with low, medium, high and very 
high susceptibility to injury during falls

judo

taekwondo

karate

active

non-active

9

4

5

9

1

3

8

1

22

32

0

0

2

2

9

medium high very highlow

7

2

4

0

0
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pital of Groningen among persons training football, volleyball, 
gymnastics and combat sports showed that those training com-
bat sports sustained injuries the least frequently [28]. Wilkerson 
mentions the following types of injuries as the most frequent 
among competitors of combat sports: minor soft tissue damage, 
hematomas and flesh wounds, and, more seldom, fractures 
(mostly of the phalanges of hands and legs) [29]. Moreover, the 
majority (68%) of injuries resulted from the combat and occurred 
in highly qualified competitors [30, 31, 32, 33, 34, 35]. As Wood-
ward claims, combat sports and martial arts are relatively safe in 
comparison to other disciplines, and most competitors sustain 
few injuries, particularly on the initial and intermediate levels 
[36, 37].

The results obtained in the present study show that the parti-
cipants who practised combat sports and martial arts performed 
the motor tasks significantly better. The habit of falling safely, 
which is one of the basic elements of training in Far Eastern mar-
tial arts, already on the initial level of instruction, can explain 
these findings [15, 38, 39]. Leavitt hypothesised that learning 
safe falling could prevent injuries resulting from falls in a later 
period in life, although practising falling correctly can cause in-
juries as well [40]. However, according to Kalina, the techniques 
of learning safe falling based on judo are safe, even for the eld-
erly; his research revealed that out of thousands of persons in-
troduced to safe falling (based on judo criteria) only in a few 
cases were any injuries sustained, and not a single one by a per-
son over 40 years old [41]. Research carried out by Weerdesteyn 
[42] on a group of elderly people proved that, even after a short 
period of training, being familiar with the techniques of falling 
based on martial arts reduces the risk of sustaining hip joint in-
juries during falls, also in persons with osteoporosis [42, 43].

Moreover, it cannot be excluded that greater physical fitness 
has an influence on the skill of safe falling. It was proven that the 
level of physical fitness could reduce the risk of the occurrence 
of dangerous falls [2, 26, 27, 44]. Similar observations were made 
in this study.

The sedentary lifestyle that tends to dominate in developed 
countries nowadays is not conducive to physical activity. Their 
citizens work mostly in a sitting position, have no time for any 
type of physical activity and are often obese, which makes them 
weaker, less physically fit and, therefore, more subject to falling. 
With the population ageing, the problem of falling will become 
increasingly pressing. That is why it is so important to devise 
efficient programmes for preventing falls and their harmful con-
sequences, whose major element could be teaching people how 
to fall safely using techniques from martial arts training.

Conclusions

1. The female combat sports and martial arts competitors 
performed the motor tasks consisting in the simulation of 
falling backwards more effectively, which can be seen as 
evidence that they would be able to adapt to an unexpec-
ted fall, owing to the training they had done.

2. The fewest errors in the TSIDF were recorded for the fe-
male judokas. Judo training – already on the initial phase 
of instruction – includes the learning and improvement 
of ukemi, the model of safe falling. 

3. The ability to protect oneself among the women practising 
combat sports and martial arts was proven particularly 
by the significantly lower number of errors concerning 
the head, the part of the body whose protection is critical 
during falls, made by this group in the motor tasks. 

4. The results of the research conducted prove that it would 
be advisable to promote exercises in safe falling in differ-
ent groups of people (children, adults and the elderly) as 
a form of preventing falls. 
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