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ABSTRACT

Functional Movement Screening (FMS) consists of seven tests that provide a simple yet reliable assessment of mobility,
stability, and overall musculoskeletal function. The study included 40 girls aged 9 to 12 years, who were divided into
two groups according to the sport they practiced karate and artistic gymnastics. The karate group consisted of
members of Karate Club Konjuh, while the gymnastics group included members of Gymnastics Club Salto. All
participants were healthy and had not sustained any injuries in the previous six months, which enabled an accurate
assessment of their functional status. The aim of the study was to examine whether there were differences in the
quality of fundamental movement patterns between the athletes. The tests enabled the identification of potential
asymmetries or weaknesses that may arise as a result of sport-specific training loads. The data were analyzed using
descriptive statistics within the SPSS 26 software package. Levene’s test was used to assess the homogeneity of
variances between the groups, while an independent samples t-test was applied to determine differences between
the groups. The results revealed statistically significant differences in the Active Straight Leg Raise (ASLR) and Rotary
Stability (ROT) tests. The findings suggest that tailored and individualized training programs may play an important
role in improving functional movement patterns and reducing the risk of injury in young athletes.
Keywords: FMS, mobility, stability, Levene’s test, T-test

INTRODUCTION AND AIM

In contemporary sports, young female athletes are
increasingly exposed to demands that require a
high level of physical preparedness and efficient
movement control. Athletic success depends not
only on strength and endurance, but also on
proper posture, balance, flexibility, and the ability
to perform movements safely and efficiently.
Mobility refers to the capacity to execute
movements through a full range of joint motion,
whereas stability represents the body’s ability to
maintain control over movement and muscular
force, which is particularly important for reducing
the risk of injury and enhancing athletic
performance (Džeko & Milanović, 2010). The
Functional Movement Screen (FMS) system,
developed by Gray Cook, is widely used as a
practical tool for assessing fundamental
movement patterns through seven simple and
standardized tests. Its application enables the
identification of potential weaknesses, limitations,
and movement asymmetries, thereby providing a
clearer understanding of the quality of motor
control in female athletes (Cook et al., 2006a).

Previous research has demonstrated that FMS can
reveal differences in functional movement
patterns among young athletes participating in
various sports disciplines, such as karate and
gymnastics. The implementation of FMS
assessment during the early stages of the training
process or throughout rehabilitation contributes to
the gradual and safer development of athletic
abilities, while simultaneously reducing the risk of
injury. These analyses have identified potential
deficits in functional movement and have enabled
athletes to optimize their training in order to
improve performance and minimize injury risk
(Boyle, 2004; Bonazza et al., 2017). Accordingly,
the FMS system represents an important tool in
the development of young athletes, as it provides
a comprehensive approach to improving their
motor abilities. In line with this, the aim of the
present study was to examine differences in
functional movement patterns between female
karate athletes and female gymnasts using FMS
testing.
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RESEARCH METHODOLOGY

Sample of Participants

The sample consisted of 40 young female athletes
aged between 9 and 12 years, including 20
participants from karate and 20 participants from
gymnastics, all of whom had been actively
involved in the training process for at least one
competitive season (minimum three training
sessions per week). The selected participants were
free from health-related issues, and only those

who had not sustained an injury within the
previous six months that would have prevented
them from participating in training or
competitions for a minimum period of three
weeks were included in the study. The sample of
variables consisted of seven tests from the
Functional Movement Screen (FMS) protocol:
hurdle step (HS), inline lunge (IL), shoulder
mobility test (SM), active straight leg raise (ASLR),
rotary stability (RS), trunk stability push-up (TSPU),
and deep squat (DS).

Sample of Variables

The sample of variables consisted of seven tests
from the Functional Movement Screen (FMS)
protocol: hurdle step (HS), inline lunge (IL),
shoulder mobility test (SM), active straight leg
raise (ASLR), rotary stability (RS), trunk stability
push-up (TSPU), and deep squat (DS). FMS tests
assess various components of functional
movement. The deep squat (DS) evaluates overall
mobility and stability of the entire body,
particularly the hips, knees, and ankle joints. The
hurdle step (HS) and inline lunge (IL) assess
movement control, balance, and lower extremity
stability. The shoulder mobility test (SM) evaluates
the mobility of the shoulder girdle, while the
active straight leg raise (ASLR) primarily measures

hamstring flexibility and hip mobility. Rotary
stability (RS) assesses the ability to stabilize the
trunk during rotational movements, whereas the
trunk stability push-up (TSPU) evaluates core
stability and upper-body strength. Each test is
scored on a scale from 0 to 3, where a score of 3
indicates correct performance without
compensatory movements, a score of 2 indicates
performance with minor compensations, and a
score of 1 indicates inability to perform the
movement pattern. A score of 0 is assigned in
cases of pain during the movement or inability to
perform the task due to pain. The total FMS score
represents the sum of all individual test scores,
with a maximum possible score of 21 points. In
the present study, the achieved scores ranged
from 14 to 20 points.

Data Processing Methods

Due to the nature of this study, the following
statistical methods were applied for data
processing and analysis. Descriptive statistical
procedures were used to analyze the basic
statistical indicators and the distribution of results.
The following parameters were calculated using
IBM SPSS Statistics version 26:

 range
 arithmetic mean

 standard error of the mean
 standard deviation
 variance
 skewness
 kurtosis

To test the proposed hypotheses, an independent
samples t-test for small samples was applied, with
the level of statistical significance set at p < 0.05.

RESULTS AND DISCUSSION

Table 1. presents the basic descriptive parameters
of the variables used for the assessment of
functional movement patterns in female karate
athletes, evaluated through the following
Functional Movement Screen (FMS) tests: hurdle
step (HS), inline lunge (IL), shoulder mobility test

(SM), active straight leg raise (ASLR), rotary
stability (RS), deep squat (DS), and trunk stability
push-up (TSPU). The total FMS score for the
examined group of female karate athletes was
17.15, with results ranging from a minimum of 14
to a maximum of 20 points. According to the
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established FMS classification, the obtained
average score places the participants within the
“very good” category. The minimum value
recorded in individual tests was 1, whereas the
maximum value was 3. The greatest range
between minimum and maximum scores was
observed in the variables active straight leg raise
(ASLR), deep squat (DS), and trunk stability push-
up (TSPU), while the remaining variables
demonstrated a relatively uniform range of results.
The analysis of mean values indicated that the
highest scores were achieved in the hurdle step
(HS), with a mean value of 2.90, and in the
shoulder mobility test (SM), with a mean score of
2.70. Slightly lower average results were observed
in the inline lunge (IL) and active straight leg raise
(ASLR), both with mean values of 2.55, as well as
in the deep squat (DS), with an average score of
2.50. The lowest mean values were recorded in
the trunk stability push-up (TSPU), with a score of
2.20, and particularly in rotary stability (RS), with a
mean value of 1.75. Although range represents
the simplest measure of dispersion, it is also
considered the least precise (Perić, 2006).
Therefore, greater attention in the further
interpretation of results was directed toward
measures of symmetry and homogeneity of
distribution. The lowest performance was
observed in the rotary stability (RS) test, which
may be attributed to insufficiently developed
balance abilities in female karate athletes aged 9
to 12 years, consistent with the developmental
characteristics of this age period. Based on the
measure of distribution symmetry (Skewness), it
may be concluded that all seven variables
demonstrated a hypokurtic tendency, as skewness
values were below zero. This finding indicates a

slight negative skewness of the distribution.
Accordingly, the achieved results in tests assessing
dynamic stability may be associated with the
specific training contents and exercises
characteristic of karate practice. Nevertheless,
these values do not indicate substantial deviation
from normal distribution, given that skewness
coefficients for all variables were relatively close to
zero and may therefore be considered acceptable.
The analysis of distribution homogeneity,
expressed through the measure of kurtosis,
revealed that six out of the seven variables
exhibited minor to moderate deviations from a
mesokurtic distribution (Kurtosis = 0). The
variables inline lunge (IL), shoulder mobility test
(SM), active straight leg raise (ASLR), rotary
stability (RS), deep squat (DS), and trunk stability
push-up (TSPU) demonstrated a platykurtic
distribution, with kurtosis values lower than 3. An
exception was observed in the hurdle step (HS),
where the kurtosis value reached 7.037, indicating
a leptokurtic distribution. Such a result may be
explained by the characteristics of the
discontinuous measurement scale, as well as by
the specific characteristics of the sample, which
demonstrated a high degree of homogeneity in
this particular test. According to George Mallery
and Paul George (2010), skewness and kurtosis
values within the range of −2 to +2 are
considered acceptable for the assumption of
normal univariate distribution. Furthermore,
Joseph F. Hair and colleagues (2010), as well as
Erich Schmider et al. (2010) and Barbara Byrne
(2010), emphasize that data may be considered
normally distributed when skewness values fall
within the range of −2 to +2 and kurtosis values
within the range of −7 to +7.
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Table 1. Basic descriptive parameters of the analyzed variables of functional movement patterns in female karate
athletes

Karate

N Range Min. Max. Mean

Std.

Deviation Variance Skewness Kurtosis

Statistic Statistic Statistic Statistic Statistic

Std.

Error Statistic Statistic Statistic Statistic

PR 20 1 2 3 2.90 .069 .308 .095 -2.888 7.037

INL 20 1 2 3 2.55 .114 .510 .261 -.218 -2.183

DTPR 20 1 2 3 2.70 .105 .470 .221 -.945 -1.242

ASLR 20 2 1 3 2.55 .153 .686 .471 -1.283 .542

ROT 20 1 1 2 1.75 .099 .444 .197 -1.251 -.497

DČ 20 2 1 3 2.50 .136 .607 .368 -.785 -.213

SK 20 2 1 3 2.20 .156 .696 .484 -.292 -.734

SUM 20 6 14 20 17.15 .342 1.531 2.345 -.083 -.464

Inspection of the values presented in Table 2
indicates that the total FMS score for the group of
female gymnasts was 17.90, with obtained results
ranging from a minimum of 15 to a maximum of
20 points. According to the FMS classification,
such a result belongs to the qualitative category of
“good”; however, considering that it is very close
to the threshold of the “very good” category, it
may be concluded that the gymnasts, with only
negligible deviation, achieved a functional level
corresponding to a “very good” classification
according to the FMS scale. The minimum value
recorded in individual tests was 1, while the
maximum value was 3. The most pronounced
range between minimum and maximum scores
was observed in the shoulder mobility test (SM),
deep squat (DS), and trunk stability push-up
(TSPU), whereas the remaining variables
demonstrated a relatively uniform range of results.
Analysis of mean values revealed that the highest
average scores were achieved in the hurdle step
(HS) and active straight leg raise (ASLR), both with
mean values of 2.90, as well as in the inline lunge
(IL), with a mean value of 2.70. Slightly lower,
yet still relatively high, average scores were
recorded in the shoulder mobility test (SM) and
trunk stability push-up (TSPU), with mean values
of 2.50, while the deep squat (DS) demonstrated
a mean value of 2.40. The lowest mean value was

observed in rotary stability (RS), with a score of
2.00, indicating a somewhat lower level of trunk
control during rotational movements. The
skewness coefficients for most variables
demonstrated a tendency toward negative values,
indicating a hypokurtic distribution of results. An
exception was observed in the rotary stability (RS)
variable, where a symmetrical distribution of
results was recorded, suggesting that the
distribution curve decreased equally on both the
left and right sides relative to the arithmetic mean.

The analysis of kurtosis coefficients revealed that
the variables inline lunge (IL), shoulder mobility
test (SM), and deep squat (DS) exhibited a
platykurtic distribution, indicating a somewhat
flatter curve and greater dispersion of results. In
contrast, the variables hurdle step (HS), active
straight leg raise (ASLR), and trunk stability push-
up (TSPU) demonstrated a leptokurtic distribution,
indicating a greater concentration of results
around the arithmetic mean.

For the rotary stability (RS) variable, the kurtosis
coefficient could not be adequately evaluated
because all participants achieved identical test
scores, namely a score of 2. This finding suggests
that the test was not sufficiently sensitive for this
particular sample of participants.
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Table 2. Basic descriptive parameters of the analyzed variables of functional movement patterns in female gymnasts

Gimnastika
N Range Min. Max. Mean

Std.

Deviation Variance Skewness Kurtosis

Statistic Statistic Statistic Statistic Statistic

Std.

Error Statistic Statistic Statistic Statistic
PR 20 1 2 3 2.90 .069 .308 .095 -2.888 7.037
INL 20 1 2 3 2.70 .105 .470 .221 -.945 -1.242
DTPR 20 2 1 3 2.50 .136 .607 .368 -.785 -.213
ASLR 20 1 2 3 2.90 .069 .308 .095 -2.888 7.037
ROT 20 0 2 2 2.00 .000 .000 .000 . .
DČ 20 2 1 3 2.40 .134 .598 .358 -.393 -.570
SK 20 2 1 3 2.50 .154 .688 .474 -1.076 .083
SUM 20 5 15 20 17.90 .307 1.373 1.884 -.345 -.533

Table 3 presents the results of Levene’s test of
homogeneity of variances between the two
groups of participants, namely female karate
athletes and female gymnasts. The analysis of the
obtained values indicates that, for most of the
examined variables, there were no statistically
significant differences between the variances of
the two groups. Such findings suggest a relatively
homogeneous sample, thereby allowing the
reliable application of the independent samples t-
test. In other words, despite representing different
sports disciplines, female karate athletes and
female gymnasts demonstrated a similar degree of
variability in basic functional movement patterns,
which is consistent with the fundamental concept
of the Functional Movement Screen (FMS)
proposed by Gray Cook and colleagues, according
to which the FMS assesses universal human
movement patterns.

An exception in the results of Levene’s test was
observed in the variables active straight leg raise
(ASLR) and rotary stability (RS), where statistically
significant differences between variances were
identified (Sig. = 0.000). Such findings indicate
that the results of female karate athletes and
female gymnasts differed in terms of dispersion
within these variables, which may be associated
with the specific demands of karate and
gymnastics training processes. Different emphases
within training programs may contribute to
distinct patterns in the development of flexibility
and stability, which is reflected in the obtained
results.

The results of the independent samples t-test
further confirmed these findings. In the variable
active straight leg raise (ASLR), a statistically
significant difference between groups was
identified (Sig. = 0.044), indicating differences in
flexibility and lower extremity control. Likewise, a
statistically significant difference was found in the
variable rotary stability (RS), with a significance
level of Sig. = 0.016, indicating differences in
trunk stabilization ability and rotational movement
control. These components of functional
movement represent an important foundation for
the proper execution of more complex sport-
specific movements in both sports disciplines.

According to Gray Cook and colleagues, FMS tests
are not intended to evaluate athletic success, but
rather to assess the quality of fundamental
movement patterns and identify potential
limitations in functional movement. In this context,
the observed differences in the ASLR and RS
variables should not be interpreted as an
advantage of one group over the other, but rather
as a reflection of different training processes and
the specific characteristics of the sports practiced
by the participants.

These findings may be further interpreted through
an approach that considers the body as an active
participant in the learning of movement. As
emphasized by Maurice Merleau-Ponty in
Phenomenology of Perception (1962), the body is
not merely a mechanical system to be measured
and evaluated, but also a bearer of experience
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through which movement is learned and
embodied. Furthermore, Pierre Bourdieu’s concept
of habitus (1977) enables these results to be
interpreted from a sociological and pedagogical
perspective. Long-term participation in a particular
sport shapes characteristic bodily habits,
movement patterns, and mechanisms of
movement control, which gradually become
internalized and perceived as “natural.” The
observed differences in the ASLR and RS variables
may therefore be understood as expressions of the
distinct bodily movement patterns developed
through karate and gymnastics training among

the respective athletes. Overall, the results of this
study indicate that, although statistically
significant differences exist in certain aspects of
flexibility and stability, female karate athletes and
female gymnasts generally demonstrate a similar
level of basic functional movement patterns. These
findings suggest that different sporting pathways
may lead to a comparable level of functional
ability, while the observed differences are primarily
reflected in nuances arising from the specific
characteristics of the sports practiced by the
athletes.
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Table 3. Levene’s Test and Independent Samples t-Test of the Examined Variables in Female Karate Athletes and
Female Gymnasts

Levene's Test

for Equality of

Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)

Mean

Difference

Std. Error

Difference

95% Confidence Interval

of the Difference

Lower Upper

PR Equal variances assumed .000 1.000 .000 38 1.000 .000 .097 -.197 .197

Equal variances not

assumed

.000 38.000 1.000 .000 .097 -.197 .197

INL Equal variances assumed 2.963 .093 -.967 38 .340 -.150 .155 -.464 .164

Equal variances not

assumed

-.967 37.746 .340 -.150 .155 -.464 .164

DTPR Equal variances assumed 3.959 .054 1.165 38 .251 .200 .172 -.148 .548

Equal variances not

assumed

1.165 35.765 .252 .200 .172 -.148 .548

ASLR Equal variances assumed 19.13

4

.000 -2.081 38 .044 -.350 .168 -.690 -.010

Equal variances not

assumed

-2.081 26.345 .047 -.350 .168 -.696 -.004

ROT Equal variances assumed 57.00

0

.000 -2.517 38 .016 -.250 .099 -.451 -.049

Equal variances not

assumed

-2.517 19.000 .021 -.250 .099 -.458 -.042

DČ Equal variances assumed .020 .889 .525 38 .603 .100 .191 -.286 .486

Equal variances not

assumed

.525 37.992 .603 .100 .191 -.286 .486

SK Equal variances assumed .129 .722 -1.371 38 .178 -.300 .219 -.743 .143

Equal variances not

assumed

-1.371 37.995 .178 -.300 .219 -.743 .143

SUM Equal variances assumed .344 .561 -1.631 38 .111 -.750 .460 -1.681 .181

Equal variances not

assumed

-1.631 37.555 .111 -.750 .460 -1.681 .181
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Theoretical Elaboration of the Results

The theoretical elaboration of the results of this
study is reflected in the finding that, during the
age period between 9 and 12 years, shoulder and
hip joint mobility naturally tends to decrease. This
highlights the importance for coaches and parents
of incorporating dynamic stretching exercises and
mobility-preservation activities in training
programs in order to maintain functional capacity
and reduce the risk of injury. With increasing age,
tendons and ligaments gradually shorten, while
bones and joint structures mature, leading to a
progressive reduction in flexibility and range of
motion. Determining the precise age at which a
more pronounced decline in mobility occurs is
difficult, as each young athlete grows and
develops individually. Therefore, relying solely on
chronological age is insufficient, whereas
biological maturity often provides a more accurate
representation of physical capabilities.

For this reason, the findings of the present study
may serve as a valuable guideline for coaches in
designing individualized corrective programs
aimed at reducing injury risk and improving the
physical preparedness of each athlete. During the
implementation of corrective programs, painful
conditions, if present, should first be eliminated.
Subsequently, attention should be directed
toward the most pronounced asymmetrical or
unilateral deficiencies, whereas symmetrical
deficiencies should be addressed at a later stage.
Only after asymmetries have been minimized is it
possible to work toward achieving optimal scores
in functional movement assessments.

In this way, training becomes more than a mere
physical activity; the body “learns” through
movement, shapes movement patterns, and
develops a sense of control and spatial awareness.
Such an approach is consistent with the
phenomenological perspective of Maurice
Merleau-Ponty (1962), according to which the
differences observed between female karate
athletes and female gymnasts in flexibility and
rotary stability may be explained through different
bodily experiences acquired through training, as
well as through the manner in which each athlete
perceives, experiences, and internalizes movement.

The sociological dimension of these differences
may be interpreted through Pierre Bourdieu’s
concept of habitus (1977), according to which
differences in the ASLR and RS tests demonstrate
how karate and gymnastics shape distinct bodily
habitus, that is, characteristic movement patterns
aligned with the specific practice of each sport.
Corrective programs contribute to further shaping
these movement patterns, making them more
functional, safer, and more appropriate for sport-
specific activity.

Finally, this study clearly demonstrates that
functional movement is not merely a technical
task. Rather, it reflects how athletes perceive and
experience their own bodies, as well as how they
have internalized specific movement patterns
through training. Every movement carries not only
an individual bodily experience, but also the socio-
cultural imprint of the sport within which it
develops.

CONCLUSION

The study was conducted on a sample of 40
young female athletes, consisting of female karate
athletes and female gymnasts, with the aim of
determining differences in functional movement
patterns. A set of seven FMS tests was
administered according to the standardized
protocol, while the obtained data were processed
using descriptive statistics and comparative
statistical analyses. Mean FMS scores ranged from
17.15 to 17.90, indicating that the participants
demonstrated a good to very good level of
functional movement patterns.

Levene’s test revealed significant differences in the
variables active straight leg raise (ASLR) and rotary
stability (RS), while the independent samples t-test
confirmed statistically significant differences in the
same variables. These findings clearly indicate that
the specific characteristics of karate and
gymnastics training processes shape different
emphases in the development of flexibility and
stability. The results suggest that targeted and
individualized training programs may further
enhance functional movement, particularly in
movement patterns requiring greater mobility and
control.
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Although the study was conducted on a specific
sample, the obtained findings provide useful
guidelines for injury prevention among young
female athletes. What makes this study
particularly significant is the understanding of
functional movement not merely as a technical
exercise, but also as an experiential process
through which the body actively learns, adapts,
and develops awareness of its own space and
movement. Movement is therefore the result not
only of physical abilities, but also of the ways in
which athletes learn through practice, perceive
their bodies, and shape their movement patterns.
From a sociological perspective, the findings
indicate that long-term engagement in a particular
sport shapes not only the body itself, but also the

manner in which athletes execute movements.
The body gradually “adopts” specific styles of
movement and posture, while training creates
lasting behavioral patterns and bodily habits. The
differences identified in the active straight leg
raise (ASLR) and rotary stability (RS) tests illustrate
how such movement patterns develop and
become characteristic of each sport. Individualized
and carefully guided training programs not only
improve technical performance and injury
prevention, but also enable athletes to better
understand and perceive their own bodies,
thereby strengthening the connection between
bodily practice and the broader social context of
sport.
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