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Introduction

Sports training is aimed at the development of muscle 
groups and motor skills that are the most useful from the point 
of view of competing in a given sports discipline or event. How-
ever, sometimes placing an excessive load on one element of the 
locomotor system causes an imbalance between its parts [1-3]. 
That is because muscles work together in coordinated patterns 
when a given type of movement is performed. Some muscle 
groups have a tendency to initiate the movement, whereas oth-
ers play a stabilising role. If these patterns are disturbed, this 
can cause overloading, resulting in injuries to the locomotor 
system [4, 5]. A key part of injury prevention is implementing 
adequate training, which should be adjusted to the needs and 
skills of an individual athlete. It is also important for athletes 
to recover between training sessions and competitive events, 
which is when intense physical activity is performed [6-8]. The 
types of exercise that play a major role in preventing injuries 
include core stability exercise, eccentric training, plyometric ex-

ercise, dynamic stability exercise, and proprioception training 
[9, 10].

Combat sports are a discipline where two contestants fight 
with each other using techniques that have a direct impact on 
their opponent’s body in order to subdue them. The fight in-
volves using such techniques as, among others, grappling or 
throwing (judo, aikido, and wrestling) as well as striking (kick-
boxing, boxing, and taekwondo) [11]. In combat sports, general 
training is aimed at helping motor skills develop in an optimal 
way. As research has shown, elite athletes have a similar level 
of motor skills, but the level of their physical fitness is signifi-
cantly higher than that of athletes having lower achievements 
[12-15]. These high levels of fitness are achieved, among others, 
thanks to strength, strength-speed, and strength-endurance 
exercise. However, overloading one element of the locomo-
tor system can cause an imbalance between its parts. That is 
because muscles work together in coordinated patterns when 
a given type of movement is performed. Some muscle groups 
have a tendency to initiate the movement, whereas others as-
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sure stability. If these patterns do not function properly, this can 
cause overloading, resulting in injuries to the locomotor system. 
If injured, athletes may be unable to compete, and their posi-
tion in the rankings may be affected significantly. An athlete’s 
predisposition to injury can, nevertheless, be identified by per-
forming an adequate functional assessment. That is why the aim 
of the current study was to determine the relationship between 
the degree of functional limitations and the outcomes achieved 
by judo athletes.

Material and methods

The participants of the study were 23 judo athletes aged 
17-27 years. They had a training experience of at least 8 years. 
All of the subjects had a champion (dan) rank and were active 
competitors licensed by the Polish Judo Association. The group 
included four medallists from European championships and 
world championships as well as 12 medallists from Polish cham-
pionships. For the purpose of performing comparative analyses, 
the judokas were divided into two groups according to their lev-
el of achievement. The first group was composed of medallists 
in international and Polish championships who had one of the 
top classes in the Polish classification system, that is the cham-
pionship class or so-called first sport class (medallists), and the 
second one included athletes who had a lower class, that is the 
second sport class (non-medallists). In addition, we compared 
junior (U-20) athletes against senior athletes (Tab. 1).

The main research tool used in the study was the Functional 
Movement Screen test battery designed by Gray Cook and Lee 
Burton. It was developed with the aim of performing objective 
analyses of human movement patterns with reference to func-
tional capacity and with a view to predicting and preventing in-
juries in athletes. The three-dimensional assessment of move-
ment makes it possible identify abnormalities in kinematic 
chains and to carry out a comprehensive assessment determin-
ing asymmetries and significant functional limitations which 
are due to inadequate mobility and stability of the locomotor 
system [16, 17]. The Functional Movement Screen is composed 
of the following seven exercises which test basic movement pat-
terns: deep squat, hurdle step, in-line lunge, shoulder mobility, 
active straight leg raise (ASLR), trunk stability push-up, and ro-
tary stability [16, 17].

The performance of each of the tests listed above is assessed 
on a four-point scale according to pre-defined criteria. The sub-
ject can receive from 0 to 3 points for each movement. A subject 

receives 3 points if the movement was carried out in a correct 
way, 2 points if it was completed with compensation, 1 point if 
the subject could not perform the movement, and 0 points if 
they experienced pain when making the movement or during 
the pain provocation test. The maximum total number of points 
is 21 [16, 17].

The FMS test is carried out prior to exercise or warm-up. The 
assessments are made in two planes – the sagittal plane and the 
frontal one. The subject performs a given exercise three times, 
and the rater evaluates the best performance. If any doubts arise 
concerning the correctness of the performance of a particular 
movement pattern, the subject is given a lower score. Each side 
of the body is evaluated separately, if applicable [16, 17].

In addition to the FMS test battery, an original question-
naire designed by the authors was applied. This questionnaire 
was used to collect biometric data as well as information con-
cerning the participants’ training experience, injuries, and pain.

Data concerning the outcomes of the subjects’ performance 
in judo competitions were obtained from the official website of 
the Polish Judo Association [18]. Only the outcomes achieved in 
national championships (the Polish National Judo Champion-
ship and the Polish Judo Cup) were included in the analysis.

Inter-group differences were determined using the Mann-
Whitney U test. Differences between the results obtained for 
the left and right side of the body (in the case of bilateral tests) 
were analysed using the Wilcoxon signed-rank test. Correla-
tions between variables (for example, between the results of the 
FMS test and age or training experience) were determined using 
Spearman’s rho correlation coefficients. Statistical significance 
was set at p ≤ 0.05.

Results

The result of the FMS test was significantly higher (p < 0.05) 
in the group of medallists. Significant differences between med-
allists and non-medallists were also found for the in-line lunge 
(p < 0.05) and for the trunk stability push-up (p < 0.01). The dif-
ferences were nearly statistically significant when it came to the 
deep squat and shoulder mobility tests. The results obtained for 
the remaining exercises were similar for both groups (Tab. 2). 
Scores below 14 points, which were indicative of high suscepti-
bility to injury, were received by two athletes from the group of 
medallists and eight non-medallists. No relationship was found 
between age category and the total FMS score or the scores for 
particular exercises (Tab. 2). Scores equal to or lower than 14 

Table 1. Participant characteristics

Group Age [years] Weight [kg] Height [cm] Training experience 
[years]

Level of achievement

Medallists 
(n = 12) 21.50 ± 3.87 86.18 ± 10.56 183.58 ± 7.18 13.25 ± 4.02

Non-medallists 
(n = 11) 22.64 ± 2.33 73.55 ± 11.16 173.64 ± 4.90 13.18 ± 3.66

Age

Seniors 
(n = 13) 24.46 ± 1.59 82.54 ± 12.61 177.08 ± 7.62 15.15 ± 3.21

Juniors 
(n = 10) 18.90 ± 1.56 77.02 ± 12.06 181.10 ± 8.07 10.70 ± 2.91
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points were received by six senior judokas and four junior ju-
dokas. The lowest score, amounting to 11 points, was achieved 
by a senior non-medallist. The highest score (18 points) was ob-
tained by a senior medallist.

No major asymmetries were found in the athletes. Signifi-
cant differences were observed only in the shoulder mobility 
test in senior judokas (p < 0.05) and non-medallists (p < 0.01) 
(Tab. 3).

Most of the athletes (n = 12) took part in 10 to 20 matches 
in 2012 and 2013 in the competitions at the level of the Polish 
National Judo Championship and the Polish Judo Cup. How-
ever, some of the judokas (n = 3), who competed in the two age 
categories, had participated in more than 40 fights. There was 

a significant negative correlation between the number of judo 
matches completed and age (r = −0.725, p < 0.001). Junior ju-
dokas had taken part in more fights than senior ones (p = 0.02) 
(Tab. 4).

There was also a positive correlation between the outcome 
of the FMS test and the number of matches won. This was found 
for the entire group and for senior judokas (Tab. 5).

Discussion

Success in judo is achieved by athletes who have a high level 
of physical fitness, have specific technical and tactical skills, 
and can react adequately to the actions of their opponents [19-

Table 2. Functional Movement Screen scores

Group Deep squat Hurdle step In-line 
lunge

Shoulder 
mobility

Active straight 
leg raise

Trunk stability 
push-up Rotary stability Total score

Medallists 2.00 1.92 2.17* 2.17 1.75 3.00** 2.25 15.25*

Non-medallists 2.27 1.82 1.73 1.82 1.64 2.55 2.09 13.91

Seniors 2.08 1.69 1.92 2.00 1.62 2.69 2.23 14.23

Juniors 2.20 2.10 2.00 2.00 1.80 2.90 2.10 15.10

Table 3. Functional Movement Screen scores in bilateral tests

Group
Hurdle step In-line lunge Shoulder mobility Active straight leg 

raise Rotary stability Total score

L R L R L R L R L R L R

Medallists 2.17 2.08 2.17 2.25 2.42 2.33 1.83 1.83 2.25 2.17 10.83 10.67

Non-medallists 2.00 1.82 1.91 1.91 2.27** 1.82 1.82 1.82 2.27 2.18 10.27 9.55

Seniors 1.92 1.85 2.08 2.08 2.31* 2.00 1.85 1.77 2.23 2.31 10.38 10.00

Juniors 2.30 2.10 2.00 2.10 2.40 2.20 1.80 1.90 2.30 2.00 10.80 10.30

Table 4. Number of competitions and matches

Group
2012 2013 2012 and 2013

Competitions Matches Percentage of 
matches won Competitions Matches Percentage of 

matches won
Competi-

tions Matches Percentage of 
matches won

Medallists 4.00 15.55 68% 3.91 14.91 63% 7.91 30.45 66%

Non-medallists 3.18 7.55** 23%*** 2.82 6.18** 28%** 6.00 13.73** 27%***

Seniors 2.85 8.00 39% 2.62 7.62 40% 5.46 15.62 39%

Juniors 4.67* 16.67** 55% 4.44* 14.78* 55% 9.11** 31.44** 57%

Table 5. Correlations between FMS scores and the number of matches won and lost, number of matches, and proportion of matches won

Group Matches won Matches lost Matches Proportion of matches won
Whole group 0.465* 0.011 0.365 0.462*

Medallists −0.333 −0.182 −0.301 0.114

Non-medallists 0.319 0.004 0.023 0.318

Seniors 0.691* −0.026 0.437 0.662*

Juniors −0.018 0.342 0.093 −0.018
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21]. However, the main factor that has a bearing on perform-
ance outcome in competitions, in particular in combat sports, is 
the athletes’ health condition and their susceptibility to injury. 
That is why identifying risk factors and implementing preven-
tive measures is important not only in the context of health and 
quality of life, but also with regard to performance outcomes 
in sports [22, 23]. The risk of injury is assessed using different 
methods, such as the Flamingo Test, the Rotational Test, the 
Test of Susceptibility to Injuries During Falls, the Double Leg 
Lowering Manoeuvre, the Core Muscle Strength and Stability 
Test, the Thomas test, or the Dega test [24-29]. These tests make 
it possible to assess balance, the range of motion in the joints, 
or the quality of the movement, that is the ability to perform 
complex movement patterns. Injuries can have several different 
causes. Most frequently, however, they are caused by a combi-
nation of micro-injuries, overloading of the locomotor system, 
and inadequate warm-up [5].

The Functional Movement Screen used in the current study 
is a simple and non-invasive screening test battery that makes it 
possible to determine the quality of the movement, functional 
deficits, and the degree of asymmetry in the body. It is applied 
mostly in athletes (both professionals and amateurs) as well as 
in many occupational groups where physical preparation plays 
an important role: it has, for instance, been used to examine 
soldiers and fire fighters [30-33]. A major advantage of FMS is 
its high reproducibility. The results can be used to plan preven-
tion – and also rehabilitation, if necessary – in order to address 
issues with a particular function of the body [34, 35]. The useful-
ness of FMS is evidenced by a large number of studies where this 
test has been applied to assess the risk of body injury, the effec-
tiveness of the preventive measures undertaken, or the impact 
of training on health [36-41].

The results of functional tests most often correlate with 
particular aspects of physical fitness [42]. The effectiveness of a 
person’s performance in a functional test is, to a certain extent, 
dependent on ergonomics. Athletes who achieve superior per-
formance outcomes are most often characterised by a low level 
of functional limitations [43]. This has also been confirmed in 
the current study, as the judokas from the group of medallists 
had significantly higher scores in the FMS test battery. In addi-
tion, the FMS scores positively correlated with the number of 
matches won, which may be seen as evidence demonstrating the 
importance of the quality of movement in achieving favourable 
outcomes in sports competitions.

The number of factors that impact outcomes in sports is 
very high, in particular in sports that are refereed, such as 
combat sports. Although ratings in the Functional Movement 
Screen test are subjective, it can be a useful tool in assessing 
not only the risk of body injury but also of the potential of an 
athlete in a given sports discipline [23, 42]. It thus seems justi-
fied to introduce elements of functional assessment in everyday 
sports practice.

Conclusions

1. Judo athletes who had better performance outcomes in 
competitions had higher scores in the FMS test. Therefo-
re, judo training should include reducing functional limi-
tations of the locomotor system and improving movement 
quality.

2. Most of the professional athletes who participated in the 
study were characterised by a limited range of motion in the 
joints. This may be due to an insufficient amount of stret-

ching exercises performed as part of the training, and thus 
this element should be given more attention.

3. Physiotherapy functional assessment tests – which make it 
possible to implement measures aimed at reducing muscle 
imbalance, locomotor limitations, or asymmetries – can be 
useful both in preventing injuries and in improving perfor-
mance outcomes in sports.
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