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ABSTRACT

The discovery of the phenomenon of resistance to motor modifications targeted at
increasing personal safety during an unintentional fall raises questions about the
relationship between the cognitive-behavioral potential of adults with such properties
and the effects of learning how to safely collide with the ground due to loss of
balance. The aim of these pilot studies is to resolve the question whether multi-
month safe falling courses are a sufficient incentive for adults who are resistant
to this type of modifications not only to eliminate the errors of colliding with the
ground with distal parts of the body (it is about diagnosing the phenomenon of
susceptibility to the body injuries during the fall - symbolic abbreviation: SFI), but
also fully professionally mastered safe falling techniques. Among the 14 students
of physiotherapy and physical education who had suffered at least one body injury
in the past and at the same time committed the errors of colliding with the ground
with four parts of the body during three tasks of the susceptibility test to the body
injuries during the fall, 9 of the physiotherapy students made errors, even though
they participated in two safe fall courses - first for people with visual impairments,
then for people with limb amputations. Two of them eliminated 100% of errors
compared to the results preceding the training. The rest reduced errors from 92.31%
to 76.92%. In this fraction, three students still made errors with their legs and hands,
and four only with their hands. None of the students performed the ‘test for safe
fall’ (TSF) flawlessly. The results of the degree of error reduction by the fraction of
7 students are highly positively correlated with the TSF results. The degree of error
reduction by this fraction is highly negatively correlated with the comprehensive
health effects of fall (CHEF). Conclusion: correlations of the degree of reduction of
the SFI phenomenon in the course of teaching safe falling techniques to people who
are resistant (in the cognitive and behavioral sense) to motor modifications with the
indicators used to assess adaptation effects allow the following hypothesis to be put
forward: complete resistance to motor modifications may turn out to be the simplest
predictor of cognitive and behavioral potential. Human behavioral health and similar
knowledge would be provided by widespread research for the purpose of selective
prevention and treatment of the effects of SFI, starting from early school age.
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INTRODUCTION

The discovery of the phenomenon of resistance to motor modifications
(Gąsienica-Walczak & Kalina, 2023) at increasing personal safety during
an unintentional fall raises questions about the relationship between the
cognitive-behavioral potential of adults with such properties and the
effects of learning how to safely collide with the ground due to loss of
balance.

These motor modifications are part of the susceptibility test to body
injuries during the fall - STBIDF (Kalina, 2009). During three motor tasks
involving a simulated backward fall in laboratory conditions, the contact of
the legs and hips, hands, head at the moment of impact with the ground is
observed. Modifications are used to eliminate errors of collision of hands
and head with the ground in the second and third tasks. The first one is
pressing a typical washing sponge with the chin to the chest (the subject must
be informed that dropping it or holding it with the hand, as well as losing
control of it while lying down, is an error). The second modification consists
of continuous clapping of hands until the task is completed (clapping ends at
the ‘stop’ signal).

Additional inspiration came from the observation results based on
innovative method of diagnosing the SFI of children from 2 to 6 years (Kalina
et al., 2022). Kalina et al. (2022, p. 222) pointed out two phenomena:
‘One is the ability of a large proportion of two-year-olds, and only a few
older children, to protect the distal parts of the four body segments (lower
limbs, hips, upper limbs, head) during a collision with the ground due to
an unintentional fall, which they have not yet realized (sensory memory).
The second is to make mistakes during each fall and ground impact, which
means extreme risk of loss of life or injury in non-laboratory circumstances’.
Based on these observations and many studies using STBIDF, it was found
that some adults make the maximum or close to the maximum number of
errors during simulated falls in laboratory conditions (Gąsienica-Walczak &
Kalina, 2023).

Mroczkowski et al. (2017) studied 37 female physiotherapy students.
Their experiment consisted of conducting STBIDF twice in an interval of
two weeks. The first test was performed according to the original instruction
of the test, participants were not aware of the assessment criteria of the
test (Kalina et al., 2011). Before the second trial, all assessment criteria
were presented (on the day of the research). After that, a second test
was conducted. Knowledge of the test evaluation criteria influenced the
final results, but a significant part of participants committed errors despite
knowing how to perform the test correctly.

The aim of this pilot study is to resolve the question of whether several
months of safe falling courses are a sufficient incentive for adults who are
resistant to this type of modifications not only to eliminate the errors of
hitting the ground with distal parts of the body but also to fully professionally
master the techniques of safe falling.
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MATERIAL & METHODS

Participants

The study group consisted of 9 physiotherapy students (6 women, and
3 men). Age 21.78±0.83, body height 172.22±8.41, body weight
66.44±12.45, who had suffered at least one body injury in the past and at
the same time made errors of colliding with the ground with four body parts
during three tasks of the susceptibility test to the body injuries during the fall
(SFIindex from 100% to 78.57%).

Study Design

Students participated in two safe fall courses: the first one – for people
with visual impairments (it included teaching backward and side falls; it
consisted of 10 training and methodological sessions, each 90 minutes long,
plus 5 lectures, each 90 minutes long); the second one – for people with limb
amputations (it consisted of improving the skills of backward and side falls,
extending the teaching to include forward falls and forward falls with a roll
over the shoulder; the course structure was identical to the first one).

Before and after completing the training cycle (both courses), students
performed the ‘Rotational Test’ – RT (Kalina et al., 2013) – which measures
body balance disturbance tolerance skills (BBDTS) – and the susceptibility
test to body injuries during the fall – STBIDF (Kalina, 2009). To make the
scientific analysis of the phenomenon under study of the susceptibility of
the body injuries during a fall more accessible, the three-part neologism
“susceptibility fall injuries” – SFI was proposed (Gąsienica-Walczak &
Kalina, 2021).

Students performed RT in two versions. Before the beginning of the
courses, without restrictions, and after the completion of the courses,
the version without restrictions and the version with eyes blindfolded.
For comparative analysis of RT results, the raw results of this test were
transformed into the T scale (Table 1).

Table 1. T-scale points in relation to raw RT scores.

Raw results RT 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Points on T scale 100 94 89 83 78 72 67 61 56 50 44 39 33 28 22 17 11 6 0

Before starting the first course, students completed an author’s survey that
included information concerning their physical activity, the number of falls,
and the number and types of injuries they had experienced due to falling
(Gąsienica-Walczak, 2017). Based on this survey, the health effects were
calculated by calculating the CHEF (comprehensive health effects of fall)
index for the surveyed students (Gąsienica-Walczak & Kalina, 2023).

After completing the second course, to assess whether the participants had
fully professionally mastered the techniques of safe falling, the ‘test for safe
fall’ - TSF was conducted (Kalina et al., 2003).
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Statistical Analysis

The estimation of the results is based on the following indicators: frequency
(N, n); arithmetic mean (M); minimum (Min); maximum (Max); standard
deviation (SD or ±); skewness (g1); kurtosis (g2); significance level,
probability (p). The Pearson correlation coefficient between pairs of specified
variables was calculated. In the studies, the level of at least p<0.05 and higher
was shown as statistically significant differences.

RESULTS

Two students (22.22%) eliminated 100% of errors compared to the results
before the training (SFIindex 0 points). The rest reduced errors from 92.31%
to 76.92% (Table 2). In this fraction (n = 7), three students still made errors
with their legs and hands, and four only with their hands (Table 3). None of
the students performed the ‘test for safe fall’ without errors – results from
95% to 85% (Table 2).

Table 2. Results of physiotherapy students (n = 9).
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PS1 16 100 0 0 100 1.4 77.78 90 90 6 14.3 67 11 13.7 39 6 11.93 67 

PS2 15 93.75 2 12.5 86.67 3 78.95 95 95 4 13.9 78 1 12.7 94 7 12.87 61 

PS3 15 93.75 2 12.5 86.67 1.4 77.78 90 90 3 14.9 83 8 12.7 56 11 24.01 39 

PS4 15 93.75 0 0 100 1.6 88.89 95 95 5 12.8 72 7 10.9 61 11 20.54 39 

PS5 14 87.5 2 12.5 85.71 3 78.95 95 95 6 12.1 67 5 12.1 72 10 16.47 44 

PS6 14 87.5 3 18.75 78.57 3.8 100 85 85 11 12.8 39 4 11.1 78 5 14.25 72 

PS7 13 81.25 1 6.25 92.31 1 55.56 95 95 9 17.2 50 5 11.4 72 8 14.07 56 

PS8 13 81.25 3 18.75 76.92 1.4 77.78 85 85 10 13.3 44 8 12.8 56 9 14.41 50 

PS9 13 81.25 3 18.75 76.92 1.6 88.89 90 90 6 13.41 67 9 13.94 50 9 19.93 50 

x 14.22 88.89 1.78 11.11 87.09 2.02 80.51 91.11 91.11 6.67 13.86 63.00 6.44 12.37 64.22 8.44 16.50 53.11 

SD 1.09 6.83 1.20 7.51 8.96 0.98 12.09 4.17 4.17 2.74 1.51 15.25 3.00 1.09 16.51 2.13 4.09 11.84 

Min 13 81.25 0 0 76.92 1 55.56 85 85 3 12.1 39 1 10.9 39 5 11.93 39 

Ma

x 
16 100 3 18.75 100 3.8 100 95 95 11 17.2 83 11 13.94 94 11 24.01 72 

g1 
0.19 0.19 −0.57 −0.57 0.39 0.96 −0.64 −0.50 −0.50 0.45 1.42 −0.48 −0.37 0.02 0.35 −0.35 0.83 0.34 

g2 
−1.23 −1.23 −1.10 −1.10 −1.12 −0.62 2.21 −1.28 −1.28 −1.02 2.51 −1.06 0.06 −1.21 0.06 −1.01 −0.48 −1.09 

PS – physiotherapy student, x – mean, SD – standard deviation, Min – minimum, Max – maximum,
q1 – skewness, q2 - kurtosis
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Table 3. Body control errors (expressed in points) detected during STBIDF performance
before and after safe falling courses.

Code STBIDF Before STBIDF After

Legs Hips Hands Head Legs Hips Hands Head

PS1 4 3 6 3 0 0 0 0
PS2 3 3 6 3 0 0 2 0
PS3 3 3 6 3 0 0 2 0
PS4 3 3 6 3 0 0 0 0
PS5 4 3 4 3 0 0 2 0
PS6 3 3 5 3 1 0 2 0
PS7 3 3 4 3 0 0 1 0
PS8 3 3 4 3 1 0 2 0
PS9 3 3 4 3 1 0 2 0

PS – physiotherapy student

The results of the degree of error reduction by the fraction of 7 students
are highly positively correlated (r = 0.802, p<0.05, and with a one-sided test
p<0.025) with the TSF results. The degree of error reduction by this fraction
is highly negatively correlated (r = −0.769, p<0.05) with the comprehensive
health effects of fall (CHEF). The relationships of these indicators are not as
clear with the results of the body balance disturbance tolerance skills study
(before the courses r = 0.363, after the courses r = 0.430).

Table 4. Correlation matrix of indicators of the fraction of physiotherapy students
(n = 7) who made errors in STBIDF after the courses.

Variable 1 2 3 4 5

1 SFI% (degree of reduction) x
2 CHEF% -0.769* x
3 RT before 0.363 -0.111 x
4 RT after 0.430 -0.028 0.021 x
5 RT after (eyes covered) -0.169 0.358 -0.572 0.621 x
6 TSF% 0.802* -0.606 0.553 0.430 -0.238

*p<0.05

DISCUSSION

The phenomenon of resistance to motor modifications of some adults
educated at a higher level, who should reduce the errors of collisions with the
ground of distal parts of the body without the need for verbal explanations, is
important from the point of view of personal safety (Kalina & Kalina, 2020).
In extreme circumstances of an unintentional fall, it is the distal parts of the
body that are subject to various damages.

The surveyed students indicated injuries of varying severity in the surveys
conducted before the start of the fall safety courses. The most serious effects
of an unintentional fall were: concussion, posterior cruciate ligament rupture,
and metatarsal fracture. The majority of the surveyed declared sprains or
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dislocations in the joints, contusions, bruises, and abrasions. Unfortunately,
the survey did not include a question about the circumstances of the fall. Only
one surveyed person indicated that she had fallen from a horse several times.
However, she did not provide detailed information on the consequences of
these falls. Therefore, in the future, before performing STBIDF (regardless of
the version used), instead of a written declaration, a detailed interview with
the surveyed person (or their legal guardian) should be conducted. The CHEF
index was developed based on the survey. The degree of error reduction by the
fraction of 7 students is highly negatively correlated with the comprehensive
health effects of fall.

The authors of this paper have found that people who have suffered serious
bodily injuries in the past as a result of a fall tend to protect their injured body
parts in an unprofessional manner during subsequent falls. Such behavior can
cause serious damage to other parts of the body.

One way to reduce fall-related injuries is to combine fall prevention
programs (Wolf et al., 1993, Tinetti et al., 1994, Sattin et al., 1998, Roberson
et al., 2002, Clemson et al., 2004, Skelton et al., 2005, Shier et al., 2016, Hill
et al., 2018) with programs aimed at preventing the effects of falls (Kalina
et al., 2008, Dobosz et al., 2018, Kubacki et al., 2020). One of the most
effective programs is teaching safe falling, which has been promoted for
many years by the “Polish School of Safe Falling” (this is the name used
by Iermakov et al., 2022). Teaching safe falling is also one of the three
methods of prevention and therapy of “Innovative Agonology” (Kalina &
Kalina 2020, Kalina & Kruszewski 2023).

In the study, none of the students performed TSF without errors. Four
students achieved 95% of the highest possible assessment of this motor
competence, three 90%, and two 85%. These results justify the conclusion
that during an unintentional fall, these students will safely control the distal
parts of the body and minimize the effects of this event. The results of the
degree of error reduction by the fraction of 7 students are highly positively
correlated with TSF assessments. This means that people who reduced errors
also mastered safe fall techniques at a high level.

One of the important coordination competencies is the ability to tolerate
disturbances in body balance. This is important from the point of view of
preventing falls because any event of this type is initiated by a loss of balance
(apart from successfully performed throws by a competitor in combat sports
or by an aggressor). This applies to people of all ages, but most of all to older
people. Therefore, in this work, one of the correlated indicators was precisely
this coordination ability - body balance disturbance tolerance skill measured
by RT. The results of this test did not correlate highly with other indicators
of phenomena measured during these studies. The correlations of the degree
of error reduction by the fraction of 7 students with RT (before and after
courses) are not as clear as in the case of TSF.

CONCLUSION

The correlations between the degree of reduction of the SFI phenomenon
during teaching safe falling techniques to people resistant (in the cognitive
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and behavioral sense) to motor modifications and the applied indicators of
the assessment of adaptive effects allow us to put forward the following
hypothesis: complete resistance to motor modifications may turn out
to be the simplest predictor of cognitive-behavioral potential possible in
applications in prevention and therapy, starting from diagnosing people
from the early school period during common studies of the phenomenon of
susceptibility to the body injuries during the fall.
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