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Abstract

	 Background & Study Aim:�	 The opinions on the role of physical fitness and physical on the effects of falls on health are, however, divid-
ed. The purpose of the study was the relationship between the ability to fall safely and physical fitness and 
the functional state of the motor organ. 

	 Materials & Methods: 	 Ninety-four women and men aged 19-24 were studied. The ability to fall safely was tested using Kalina’s non-
apparatus the susceptibility test to the body injuries during the fall (STBIDF, Polish: TPUCPU). Physical fitness 
was determined using the International Committee on the Standardisation of Physical Fitness Test: ICSPFT. 
The functional limitations to the motor organ were determined using the Functional Movement Screen (FMS) 
by Gray Cook and Lee Burton.

	 Results: 	 The studied the overall susceptibility to injury during falls test result (average: men 5.61-, women 4.76-; weight-
ed arithmetic mean 5.04 points) that demonstrates an high proneness to bodily injuries (SBIDF). The most er-
rors were made with an incorrect position of the head (men 1.87-, women 1.68-; weighted arithmetic mean 
1.74 points) and hands (men 1.81-, women 1.62-; weighted arithmetic mean 1.68 points). A statistically signif-
icant negative correlation was observed between the overall SBIDF Index and the FMS Index demonstrating 
that persons that made fewer errors in the STBIDF tasks achieved better results in the functional trials. No sig-
nificant correlations were noted for the SBIDF test results and the overall ICSPFT, as well as biometric data.

	 Conclusion: 	 Persons who high FMS scores made the fewest errors in the STBIDF. This might prove an interdependence 
between the motor organ functional limitations and specific motor abilities, such as the ability to self-regulate.
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INTRODUCTION

Fall prevention is a difficult task due to their com-
plex root causes. Increasing awareness of the 
consequences of falls, the importance of balance 
and physical fitness and adapting the environ-
ment in which a given person operates may con-
stitute an element of prevention. However, such 
form of prevention is unsatisfactory, although 
it helps preventing about 30-40% of falls  [1]. 
Teaching self-regulation and protecting the body 
during the fall to minimise the risk of bodily inju-
ries caused by the impact with the ground [2] or 
an vertical object [3] may constitute a solution. 
When learning to walk, upon the first attempts 
to get into an upright position, toddlers of a few 
months are able to fall safely [4]. For an adult, 
this simple motor task often presents a consid-
erable difficulty. Therefore, teaching safely falling 
should involve particular motor abilities (muscle 
strength, stamina, coordination level), mental atti-
tude and exercise goal awareness [5-8].

Most methodologies developed so far concen-
trates on risk assessment, risk factors elimina-
tion, ameliorating the functioning of organs and 
systems as well as supplementation with cal-
cium and vitamin D. Training muscle strength 
and balance are especially recommended as 
prevention [6]. These activities, however, most 
often aim at preventing falls without tackling the 
question of preventing or reducing the resulting 
bodily injuries, e.g. by learning safe falling, self-
regulating and preventing impacts. The ability to 
protect one’s own body might be the most effec-
tive method of preventing the negative conse-
quences of falls. Developing a habit of correct 
falling might, in consequence, minimise the num-
ber of bodily injuries and the resulting mortality, 
especially in the populations of senior citizens 
and people with disabilities. 

Healthy lifestyle, especially physical activity, 
helps maintaining independence and functioning. 
Physical exercises improve posture stability, bal-
ance, increase or maintain the levels of strength 

and stamina [9-13]. The opinions on the role of 
physical fitness and physical on the effects of falls 
on health are, however, divided. The purpose of 
the study was the relationship between the abil-
ity to fall safely and physical fitness and the func-
tional state of the motor organ. 

MATERIAL AND METHODS
Participants
Ninety-four women and men aged 19-24 were 
studied. Study group entrance criteria were: no 
health contraindications (diseases or motor organ 
injuries preventing to perform the functional 
tests), not doing sport.

Study design 
The ability to fall safely was tested using Kalina’s 
non-apparatus the susceptibility test to the body 
injuries during the fall (STBIDF, Polish: TPUCPU) 
– the smaller the number of body control errors 
during a simulated fall, the greater the likelihood 
that a person is able to fall safely [4, 14]. The 
test consists of three motor tasks performed on 
a gymnastic mat. 

Task 1 is to move from vertical (upright) position 
(posture) to horizontal posture (lying on the back) 
on the mat as fast as possible, so that the lower 
limbs, buttocks, the back, upper limbs and the 
head hold to the ground. 

Task 2 is a modification of task one, to move from 
vertical to horizontal posture, additionally holding 
a gymnastic pouch with the chin to the sternum 
and clapping hands while performing the task. 

Task 3 is a modification of task 2, while transit-
ing into the horizontal posture is preceded by the 
highest possible jump up.

The assessment criterion is protecting the body 
parts that are the most prone to injury (legs, hips, 
hands and head). All errors (an incorrect contact 

Non-apparatus test – that 
motoric test (exercise endurance 
test) of the required reliability 
(accurate and reliable), which 
use does not require even the 
simplest instruments [40].

Quasi-apparatus test – can 
be conducted with simple 
instruments (a stopwatch, a ruler, 
a measuring tape, etc.) [39].

Balance – the ability 
maintaining an upright body 
posture (position), i.e in 
equilibrium.

Balance – noun 1. the act 
of staying upright and in 
a controlled position, not 
stumbling or falling 2. a state 
of emotional and mental 
stability in which somebody is 
calm and able to make rational 
decisions and judgments 3. the 
proportions of substances in a 
mixture, e.g. In the diet [40].

Calcium – noun a metallic 
chemical element that is a 
major component of bones 
and teeth and is essential 
for various bodily processes, 
e.g. blood clotting (note: the 
chemical symbol is ca.) [40].

Vitamin D – noun a vitamin 
which is soluble in fat, and is 
found in butter, eggs and fish 
(NOTE: It is also produced 
by the skin when exposed to 
sunlight. Vitamin D helps in 
the formation of bones, and 
lack of it causes rickets in 
children) [40].

Preventive – adjective used 
for describing an action taken 
to stop something happening, 
especially to stop a disease or 
infection from spreading [41].

Muscle strength – essential and 
basic physical capacity in combat 
sports by which the body 
moving status is modified [42].

Stamina – noun enduring 
physical or mental energy and 
strength that allows somebody 
to do something for a long 
time [41].

Coordination – noun the 
ability to use two or more 
parts of the body at the same 
time to carry out a movement 
or task [41].

Disability – noun a condition 
in which part of the body does 
not function in the usual way 
and makes some activities 
difficult or impossible.=> 
learning disability [41].

Group Number of 
people [n]

Age 
[years] Body mass [kg] Body height [cm] BMI 

[kg/m2]

Women 63 20.92 ±1.09 59.29 ±7.78 167.16 ±5.96 21.22 ±2.49

Men 31 21.34 ±1.56 77.29 ±8.18 180.48 ±5.05 23.75 ±2.52

Table 1. Characteristics of research group.
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of a given body part with the ground) are noted in 
SBIDF observation sheet as one point. The sum 
of points acquired during the three motor tasks 
expresses a general indicator of the susceptibility 
to bodily injuries during the fall (SBIDF Index). A 
conventional classification of proneness to bodily 
injuries was used: 0 low, 1-3 average, 4-8 high, 
9-14 very high. Relatively for particular body parts 
(SBPIDF): low (0), average (1), high (2-6) [4, 14].

The Test of Physical Fitness (development by the 
International Committee on the Standardisation 
of Physical Fitness Test: ICSPFT – based mainly 
on quasi-apparatus motoric trials) was used in the 
study [15]. It consists of eight tests: of stamina 
(an 800 m run for women and 1000 m for men), 
pace (a 50 m run), agility (4 × 10 m shuttle run), 
jumping (long jump from standing position), arm 
muscle strength and stamina (active hang on bar 
for women and pull-ups on a bar for men), palm 
strength (dynamometer squeeze), abdominal mus-
cles strength (upper body crunches from horizon-
tal position) and flexibility (a bend forward). Results 
of particular tests are recalculated into points. An 
overall result determines a global level of the sub-
ject’s physical fitness (ICSPFT Index) [15].

The functional limitations to the motor 
organ were determined using the Functional 
Movement Screen (FMS) by Gray Cook and Lee 
Burton [16, 17]. It was developed to provide an 
objective analysis of the human motor patterns in 
relation to functional performance and to predict 
and prevent injuries in athletes. Thanks to a tri-
dimensional movement analysis, it is possible to 
detect anomalies in kinetic chains, as well as to 
have a comprehensive assessment pointing out 
the asymmetry and important functional limita-
tions, which are a result of incorrect mobility and 
motor system stability FMS is comprised of seven 
exercises that test basic movement patterns: 
1. Deep squat, 2. Hurdle step, 3. In-line lounge, 
4. Shoulder mobility, 5. ASLR – active straight leg 
raise, 6. Trunk stability push up, 7. Rotation sta-
bility. Performing each of the seven aforemen-
tioned tests is evaluated on a 4-point scale, in 
accordance with the set assessment criteria. For 
each movement pattern, once can be granted 
from 0 to 3 points (3 points are granted to a per-
son that performed the movement pattern cor-
rectly, 2 points to a person that performed the 
movement pattern with compensation, 1 point to 
a person that is not able to perform a movement 

pattern, 0 to persons who experience pain while 
performing the pattern or during a provocation 
test). On the whole, a studied person can score 
21 points (FMS Index) [16, 17].

The studied subjects also filled in an original sur-
vey, providing information about, among others, 
the number of falls and the type of bodily injuries 
caused by the fall. 

Statistical analysis 
The data were processed using standard methods 
of statistical analysis, arithmetical means ( x ) or 
weighted arithmetic mean, including standardised 
deviations (SD or ±). Dependencies between par-
ticular variables were described with Pearson’s 
correlation. The reliability of differences between 
women and men was evaluated with the Mann–
Whitney U test. The minimal reliability level was 
adopted at p<0.05. The results were calculated in 
MS Excel and Statistica 10 computer packages, 
with license owned by Warsaw Medical University.

RESULTS

The studied subjects the overall result (average 
SBIDF: men 5.61-, women 4.76 points) that dem-
onstrates an high proneness to bodily injuries. 
The most errors of SBPIDF were made with an 
incorrect position of the head (men 1.87-, women 
1.68-; weighted arithmetic mean 1.74 points) and 
hands (men 1.81-, women 1.62-; weighted arith-
metic mean 1.68 points). No significant differ-
ences were observed between men and women 
in each error category (Table 2). 

Among the following points of ICSPFT trials, the 
highest score (recalculated into points) was noted 
for the palm strength test on average: women 62.27 
±10.08 points; men 58.86 ±18.52 points), and the 
lowest in the stamina run (on average: men 38.94 
±11.38 points; women 43.81 ±9.83 points). Women 
are characterized by significantly higher scores in all 
three tasks, assessing stamina, agility and flexibility. 
No significant differences were noted between the 
result of the remaining tests and the overall result 
obtained by women and men (Table 3).

The average overall Functional Movement Screen 
result for all (15.98 points) obtained by the stud-
ied persons demonstrate an average proneness 
to bodily injuries. The highest result was noted in 

Learning disability – noun a 
condition that either prevents 
or significantly finders 
someone from learning basic 
skills or information at the 
same rate as most people of 
the same age [41].

Physical activity – noun 
exercise and general movement 
that a person carries out as 
part of their day [41].

Dystonia – noun a neurological 
disorder that causes 
involuntary muscle spasms and 
twisting of the limbs [41].
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task 4 (shoulder mobility) and the lowest, in the 7th 
(rotation stability). Women obtained a significantly 
higher score in the active straight leg raise test, and 
men, in the trunk stability push up. The remaining 
results did not differ significantly (Table 4). 

A statistically significant negative correlation was 
observed between the overall results of STBIDF 
and FMS (SBIDF Index and the FMS Index) tests, 
demonstrating that persons that made fewer 
errors in the SBIDF tasks achieved better results 
in the functional tests (Figure 1). A significant pos-
itive correlation was noted for the STBIDF results 

and the number of bodily injuries (Figure 2). No 
significant correlations were noted for the STBIDF 
results (SBIDF Index and trials) and the overall 
ICSPFT Index and trials, as well as biometric data.

Taking into consideration the particular FMS tests 
(exercises), significant negative correlations were 
noted between the SBIDF Index and the deep 
squat scores and push up for women and in-line 
lounge for men (Table 5). The only ICSPFT trial 
that had significant correlations with the SBIDF 
Index was the palm strength test (hand grip trial) 
for women and for the entire group (Table 6).

Group
Results of SBPIDF SBIDF Index

[total points]legs hips hands head

Women
(n = 63 ) 0.63 ±0.76 0.83 ±1.06 1.62 ±1.66 1.68 ±1.11 4.76 ±3.01

Men
(n = 31 ) 0.84 ±0.89 1.10 ±1.08 1.81 ±1.47 1.87 ±0.92 5.61 ±2.54

Weighted 
arithmetic mean 0.70 0.92 1.68 1.74 5.04

Table 2. Results (in points) of susceptibility to particular body parts injuries during fall (SBPIDF).

Group

Results of ICSPFT trials
ICSPFT Index

 [total 
points]800/1000 

m run
50 m 

sprint
long 
jump

30 s sit-
ups

4 x 10 m 
shuttle 

run
hand 
grip

bent arm 
hang/

pull-ups
trunk 

flexion

Women
(n = 63 )

43.81 
±9.83

50.22 
±8.94

49.50 
±10.82

57.44 
±9.69

52.36 
±7.85

62.27 
±10.08

40.55 
±22.32

57.29 
±9.15 406.45 ±62.93

Men
(n = 31 ) 

38.94 
±11.38

50.39 
±8.06

46.90 
±11.99

58.11 
±11.06

48.73 
±7.89

58.86 
±18.52

48.31 
±22.39

51.93 
±9.49 381.68 ±88.92

Differences 0.048 0.043 0.014

Table 3. Results (in points) of ICSPFT.

Group

Results of FMS tests (exercises)
FMS Index 

[total 
points]deep 

squat
hurdle 

step
in-line 
lunge

shoulder 
mobility ASLR

trunk 
stability 
– push-

up

trunk 
rotation 
stability

All 
(n = 94) 2.02 ±0.59 2.27 ±0.55 2.51 ±0.62 2.72 ±0.56 2.50 ±0.68 1.98 ±0.86 1.99 ±0.43 15.98 ±1.97

Women
(n = 63) 1.98 ±0.61 2.27 ±0.54 2.52 ±0.62 2.76 ±0.56 2.63 ±0.63 1.75 ±0.84 1.94 ±0.35 15.86 ±1.75

Men
(n = 31) 2.10 ±0.59 2.23 ±0.57 2.45 ±0.63 2.65 ±0.55 2.23 ±0.72 2.45 ±0.72 2.10 ±0.54 16.19 ±2.38

Differences 0.009 0.000

Table 4. Results of Functional Movement Screen.
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DISCUSSION

Falls can happen at every period of life, yet chil-
dren and elderly people are the most at risk. 
Risk groups also include people with disabilities, 
especially those with vision [18] and locomotor 
apparatus impairment. Injuries that result from 
falls may lead to permanent incapacity, or even 
death [19-21]. It is estimated that among people 
aged 65 or older, around 40% fall at least once a 
year. This percentage grows with age [22]. Falls 
happen three times as often to persons who are 
weak and undertake minimal physical activity 
than to those active and physically fit [23, 24]. 
Most often, falls are a result of dysfunctions of 
many organs and systems, as well as external 

factors. Most people have at least two health 
reasons, accompanied by an environmental fac-
tor [19]. The main health factors include, among 
others, balance disorders, restriction of joint 
movement, muscle strength weakening, walking 
disorders, vision disorders, memory disorders, 
weakening of cognitive functions, decreased daily 
activity, orthostatic fainting, age over 80 [25-28].

Fall prevention is difficult, mostly due to their 
complex root causes. Physical activity, rec-
reation and rehabilitation may play an impor-
tant role in preventing falls. Nevertheless, 
research conducted by Sterkowicz et al.  [29] 
and Syska and Bógdał [30] prove that the ability 

A statistically significant negative correlation was observed between the overall results of 
STBIDF and FMS (SBIDF Index and the FMS Index) tests, demonstrating that persons that 
made fewer errors in the SBIDF tasks achieved better results in the functional tests (Figure 1). 
A significant positive correlation was noted for the STBIDF results and the number of bodily 
injuries (Figure 2). No significant correlations were noted for the STBIDF results (SBIDF Index 
and trials) and the overall ICSPFT Index and trials, as well as biometric data. 

 
Figure 1. Correlation between results of STBIDF (individual SBIDF Index) and individual 
FMS Index.  

 

 
Figure 2. Correlation between results of STBIDF (individual SBIDF Index) and number of 
injuries. 
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to self-regulate and positioning the body cor-
rectly during a fall is not related to the level of 
overall physical fitness, therefore, even very 
fit people may not be capable of absorbing 
the impact of their own body with obstacles 
or the ground, and therefore are vulnerable to 
bodily injuries. Czerwiński et al. [6] and Tinetti 
et al. [31], in turn, demonstrate that physical 
activity should be the basis of fall prevention 
as it leads to bone mass increase, ameliorated 
cardiopulmonary system functioning, as well as 
increased movement scope in joints and mus-
cle mass. Therefore, thanks to the activity, their 
level of fitness increases, thus minimising the 
risk of falls and bodily injuries they provoke [6, 
31, 32]. Analysis of the study results within this 
paper leads to similar conclusions. Although no 
correlation was proven between the proneness 
to bodily injuries on falls and physical fitness, 
but the degree of functional limitations to the 
motor organ may have an effect on the ability 
to fall safely. It was also proven that an appro-
priately led sports and health training may have 
a positive effect on the functional state of the 

motor organ (lack of prominent asymmetries and 
muscular dystonia, physiological scope of move-
ment in joints) [33-35]. 

Combat sports and martial arts seem the most 
appropriate form of activity, as they enable the 
practitioner in a string of abilities and movement 
habits helpful in fall prevention and moreover, 
they support balanced motor skills development 
and minimising the functional limitations of the 
motor organ [36-38].

Apart from teaching self-regulation and protect-
ing the body during the fall, functional training 
might be one of the methods supporting fall pre-
vention. Developing a habit of correct falling and 
maintain a high level of functional fitness might 
decrease the number of bodily injuries, mostly in 
elderly people and those more physically vulnera-
ble (the sick, persons with disabilities), where the 
risk of falls is much higher [26, 27, 39].

Sedentary lifestyle and a low level of physical 
activity in a large part of the society will make falls 

Group 

Indicators of FMS 

FMS Indexdeep 
squat

hurdle 
step

in-line 
lunge

shoulder 
mobility ASLR

trunk 
stability – 

push-up

trunk 
rotation 
stability

All
(n = 63 ) −0.235* −0.190 −0.266* 0.095 −0.022 −0.146 −0.157 −0.287**

Women
(n = 63 ) −0.266* −0.166 −0.226 0.119 0.030 −0.266* −0.166 −0.337**

Men
(n = 31 ) −0.216 −0.249 −0.361* 0.089 −0.005 −0.083 −0.240 −0.270

Table 5. Correlation between results of STBIDF (SBIDF Index ) and indicators of FMS.

*p<0.05, **p<0.01

Group

Indicators of ICSPFT (trials)
ICSPFT 
Index800/1000 

m run
50 m 

sprint
long 
jump

30 s sit-
ups

4 x 10 m 
shuttle 

run
hand 
grip

bent arm 
hang/pull-

ups
trunk 

flexion

All 
(n = 94) −0.056 −0.167 0.033 −0.103 −0.117 −0.279** −0.012 0.077 −0.059

Women
(n = 63 ) 0.106 −0.173 0.072 −0.125 −0.092 –0.274* 0.006 0.077 −0.031

Men
(n = 31 ) −0.296 −0.160 0.001 −0.076 −0.101 −0.302 −0.159 0.227 −0.055

Table 6. Correlation between results of SBIDF Index and Indicators of ICSPFT.

* p<0.05, ** p<0.01
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a more and more prominent issue, This is why it is 
very important to create an effective programme 
of preventing falls and their consequences, and 
the safe falling learning programme based on func-
tional training and combat sports and martial arts 
training might constitute an important part of it. 

CONCLUSIONS

Persons who achieved high Functional Movement 
Screen scores made the fewest errors in the 
STBIDF. This might prove an interdependence 

between the motor organ functional limitations 
and specific motor abilities, such as the ability to 
self-regulate.

Proneness to bodily injuries on falls measured with 
the STBIDF was higher the more bodily injuries a 
given person sustained. It might prove that incor-
rect motor habits revealed in a dangerous situa-
tion might be one of the causes of bodily injuries. 

The results obtained may constitute a cause for 
further randomised prospective studies on larger 
groups, using advanced research appliances. 
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