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Summary

Study aim: The objective of the study was to reveal the functional limits of the motor system in women practising combat sports
and team sports.

Material and methods: 102 women (mean age 25.2 years, body mass 62.2 kg, body height 168.3 cm) practising competitive
ITF (International Tackwon-Do Federation) tackwon-do (n = 22), Brazilian jiu-jitsu (BJJ) (n = 15), football (n = 35) and bas-
ketball (n = 30) participated in the study. The assessment tool was the FMS test, comprising 7 movement patterns scored on
a scale of 0-3.

Results: The studied female athletes earned medium scores. Women practising combat sports scored generally higher in the FMS
test, although the difference was not significant (combat sports — mean value 15.57 = 2.39, team sports — mean value 14.72 = 1.93,
difference — p = 0.07). Statistically significant differences (p < 0.05) were observed in the second (hurdle step) and the fifth pat-
tern (active straight leg raise — ASLR). The aggregated FMS results of female tackwon-do (15.77) and BJJ athletes (15.22) were
similar. Significant differences (p < 0.05) were observed in one pattern (ASLR). Women practising football (14.77) and basketball
(14.67) attained a similar level of results in the test. Statistically significant differences were noted in two trials: footballers scored
higher in the ASLR task (p < 0.05), and basketball players scored higher in rotary stability (p < 0.01).

Conclusion: A statistically significant result in the FMS test was obtained by martial arts athletes, which may point to a higher
level of functional movement, which may be a result of more universal training.
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Introduction

The number of women practising competitive sport is
increasing. Women train in disciplines formerly consid-
ered typically male, such as combat sports or other contact
sports. Training and sport competition may create the risk
of overload and injuries in the locomotor system; there-
fore, preventing injuries in sports is increasingly impor-
tant [8, 11, 24, 28, 33, 35, 36, 37]. Injury prevention is
based on the correctly performed training, which has to be
adjusted to the given sports discipline, as well as the needs
and abilities of the athlete. Recovery between regular ef-
forts of the athlete is also important [9, 10, 14]. The use of
protective equipment lowers the risk of injury related to
the direct sport combat (fight, match) [29, 40].

Core stability exercises and proprioceptive training
[5, 6] play an important role in bodily injury prevention.
Numerous studies confirm the rationale of neuromuscu-
lar training to diminish the frequency of bodily injuries.
The exercises improve the stability and sense of joint po-
sition, while also developing impulsive muscular work
[6, 21, 32]. Proprioceptive training developed by Hup-
perets et al. [21] reduced the risk of repeated ankle joint
injury in athletes compared to the control group. On the
other hand, studies of the use of neuromuscular strate-
gies during warm-up have proven that such strategies may
diminish the risk of lower limb injuries. Such strategies
comprise stretching, strengthening, balance and agility ex-
ercises, as well as landing techniques [20]. A multi-facet-
ed training programme comprising warm-up, muscular ac-
tivation exercises, balance exercises, enhancing muscular
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strength and core muscle stability lowers the frequency of
knee injuries in non-contact situations [25, 34, 38].

For the intervention to be efficient, it is necessary to
adequately assess the features that may foster bodily in-
juries. Movement quality can be assessed using a string
of tools, such as balance tests, the Rotational Test, the
Core Muscle Strength and Stability Test or the Function-
al Movement Screen (FMS) [13, 15, 17, 18, 22, 23, 26,
31, 33]. There are a few studies where athletes of different
disciplines are compared. The present study aimed to re-
veal the functional limits in women practising combat and
team sports using the FMS test. Specific objectives were
related to relationships between FMS results and number
of injuries.

Material and methods

102 female tackwon-do ITF (n = 22) and Brazilian jiu-
jitsu (n = 15) athletes, footballers (n = 35) and basketball
players (n = 30) took part in the study (Table 1). The mean
age of participants was of 25.2 £5.4, and the mean training
experience, 6.2 +3.9 years. The threshold for eligibility for
the control group was taking part in training sessions at
least three times a week, competing and at least two years
of experience in the practised sport. Prior to the studies,
an interview on medical history and prior musculoskeletal
system injuries which might have hampered the results of
the test was conducted, and persons with such disorders
were excluded. Participation in the study was voluntary
and anonymous.

The Functional Movement Screen test (designed by
Gray Cook and Lee Burton) was the main research tool. The
test was designed for the purpose of an objective analysis
of human movement patterns in relation to their functional
capacity, and for the purpose of predicting and preventing
injuries among sportsmen. The three-dimensional evalua-
tion of movement brings to light abnormalities in kinemat-
ic chains, as well as allowing for a comprehensive assess-
ment revealing the asymmetry and significant functional
limitations resulting from incorrect mobility and stability
of the musculoskeletal system [17, 18]. The Functional
Movement Screen consists of seven exercises testing the

Table 1. Biometric characteristic of examined athletes

basic movement patterns: 1. Deep squat, 2. Hurdle step,
3. In-line lunge, 4. Shoulder mobility, 5. ASLR — active
straight leg raise, 6. Trunk stability push-up, 7. Trunk rota-
tion stability [17, 18].

The FMS is conducted before exercises, prior to the
warm-up. The assessment is made in two planes: sagittal and
coronal. The studied person does three repetitions of a spe-
cific test, and the person conducting the research assesses
the best result. In case of doubts as regards the correctness
of the pattern, the score is lower. Each side is assessed sep-
arately. Performance of each of the seven exercises men-
tioned above is graded on a 4-grade scale, in line with the
established criteria. Each movement pattern in graded from
0 to 3 points (3 points are awarded to a person who execut-
ed a movement pattern in the correct manner, 2 points are
awarded to a person who executed a movement pattern with
compensation, 1 point is awarded to a person who did not
manage to execute a movement pattern, 0 points are given
to persons who experience pain during executing a move-
ment pattern or during a provocative test). A participant of
the study can obtain 21 points in total [17, 18].

The study was reinforced by a custom-created survey
containing biometric identifiers and details of injuries and
training.

The differences between the groups were established
using the Mann-Whitney U test. The differences between
the right and the left side (in the case of two-sided FMS)
were calculated using Wilcoxon’s signed-rank test. The re-
lationships between particular variables (e.g., the results
of the FMS test, training experience) were determined by
the means of Spearman’s rho correlation analysis. The
minimal statistical significance was set at p < 0.05.

Results

The studied athletes obtained results that demonstrated
a medium predisposition to bodily injuries. Women prac-
tising combat sports scored generally higher in the Func-
tional Movement Test, although the difference was not
statistically significant. Statistically significant differences
were noted in Test 2 (hurdle step) and Test 5 (ASLR).
Athletes in Group 1 earned the highest scores in Test 5

Training experience

Groups  Disciplines ~ Number of people Age [years] Body mass [kg] Body height [cm] [years]

Combat Taekwon-do 22 248+34 63.4+11.1 168.6 7.7 45+25
sports BIJ 15 22.8+33 62.8+7.3 165.2 £ 6.4 43+2.1
Team Football 35 28.7£6.9 59.7+6.7 166.1+5.5 5.6+3.2
sports Basketball 30 22.5+£2.9 63.9+82 172.6 £6.5 8.7+3.6
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(ASLR), while Group 2 did so in Test 4 (Shoulder mobil-
ity). The weakest scores were obtained in Test 7 (Rotary
stability) (Table 2).

The generalised FMS results for tackwon-do and BJJ
female athletes were similar. Significant differences (in
favour of tackwon-do) were observed in one test (ASLR)
(Table 3). Women practising football and basketball at-
tained a similar level of results in the test. In two rep-
etitions, statistically significant differences were noted
— football players scored higher in Test 5 (ASLR), and

Table 2. Results of FMS test

basketball players scored higher in Test 7 (Rotary stabil-
ity) (Table 4).

No significant asymmetries were noted: tallied scores
of bilateral exercises were similar in both groups. Signifi-
cant differences (between the left and the right side) were
noted in Test 7 (Rotary stability) for martial arts athletes
and in Test 4 (Shoulder mobility) for women practising
team sports (Table 5).

As far as particular sports disciplines are considered,
significant asymmetries were noted in the case of tackwon-

. Shoulder  Active straight Trunk stability Rotary
Groups Deep squat Hurdle step  In-line lunge mobility leg raise push-up stability Sum
;(;Tt:at 205£071 227%£0.65 2.14+0.63 249061 2.54*£061 205074  2.03+0.60 1557+238
ST;;“;S 217072 203049 212+0.62 249+0.69 228+054  182+074  1.82+043 14.72+1.92
Difterences between groups: * —p < 0.05.
Table 3. Results of FMS test in each disciplines of combat sports
S Hurdle In-line Shoulder  Active straight Trunk stability =~ Rotary
Disciplines  Deep squat step lunge mobility leg raise push-up stability Sum
Tackwon-do 2.09+0.68 227+0.70 2.14+0.77 2.68+0.48 2.82*+£0.39 1.86+0.71 191+£061 15.77+£2.71
BJJ 2.00+0.75 227+£059 2.13+035 220+0.68 2.13+0.64 233+£0.72 220+£056 1527+1.87
Differences between groups: * —p < 0.05.
Table 4. Results of FMS test in each disciplines of team sports
L In-line Shoulder  Active straight Trunk stability Rotary
Disciplines  Deep squat - Hurdle step lunge mobility leg raise push-up stability Sum
Football 223+0.81 2.03+066 217+0.75 251+082 2.43*+0.61 1.71+£0.82  1.69%*+0.53 14.77+2.35
Basketball 2.10+0.61 2.03+0.18 2.07+045 247+051 2.10+0.40 1.93+£0.64 1.97+£0.18  14.67+1.27
Differences between groups: * —p < 0.05; ** —p <0.01.
Table 5. Results of bilateral tasks
Hurdle step In-line lunge Shoulder mobility Active st.ralght Rotary stability Sum
Groups leg raise
right left right left right left right left right left right left
Combat 227  2.32 2.19 224 2.57 2.54 2.57 2.57 2.03* 2.19  11.78 11.70
sports +0.71 +0.65 +0.67 +0.57  +0.59 +0.60 +0.61 +0.60  +0.60 +0.66 +1.85 +£1.65
Team 2.05 2.06 218 223 2.71%%* 2.54 2.37 2.34 1.85 1.82  11.15 1098
sports +0.72  +£0.51 +0.53 =+0.61 +0.68 +0.65 +0.68  +0.52 +044 +044 £1.53 =+1.61

Differences between right and left side: * —p < 0.05; ** —p <0.01.
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Table 6. Results of bilateral tasks in each disciplines

Active straight

Hurdle ste In-line lunge  Shoulder mobilit . Rotary stabili Sum
Disciplines P £ Y leg raise Y ty
right  left  right  left right left right left right left right left
Tackwon-do 227 236 223 232 2.82 2.77 2.86 2.86 1.91* 218 1236 12.23
+0.70 +0.72 +0.68 +0.72 +0.39 +0.43 +0.35 +0.35 +0.61 +0.73 +2.06 =+£1.77
BII 2.27 2.27 2.13 2.13 2.20 2.20 2.13 2.13 2.20 2.20 1093 10.93
+0.59 +0.59 =+0.35 +0.35 +0.68 +0.68 +0.64 +0.64 +£0.56 +0.56 +1.10 =£1.10
Football 203 203 217 217 2.69* 2.51 2.51 2.51 1.71 1.69 11.11 1091
00t +0.66 +0.66 +0.75 +0.71 +0.79  +0.82  +0.56 +0.61 +0.57 +0.53 +1.98 +1.90
Basketball 2.07 210 220 230 2.73 2.57 2.20 2.13 2.00 1.97 11.20 11.07
asketba 025 +031 4041 +0.71 +045 051 +041 043 0  +0.18 +0.87 =+1.20
Differences between right and left side: * —p <0.05.
do athletes in Test 7 (Rotary stability) and for football  piscussion

players in Test 4 (Table 6).

A negative, statistically significant correlation was
observed between the number of bodily injuries and the
general Functional Movement Screen score. The above re-
lationship was true both for martial arts athletes and team
sports players (Fig. 1 and 2).

Among female tackwon-do athletes, a significant nega-
tive correlation was noted between the number of bodily
injuries and the result of Test 4 (Shoulder mobility). For
BJJ players, similar relationships were observed in Test 1
(Deep squat), Test 2 (Hurdle step) and the tallied test re-
sult. For football players, valid correlations were observed
in Test 3 (In-line lunge) and the tallied test result, and for
basketball players in Test 3 (In-line lunge), Test 5 (ASLR)
and in the tallied test result (Table 7).

There were no statistically significant correlations be-
tween FMS results and training experience, body mass,
body height or age of examined people.

The FMS is a simple screening test that highlights
functional deficits, as well as asymmetries in studied sub-
jects. It is currently employed not only in amateur and
professional-level sports, but also in numerous profes-
sional groups (such as soldiers or fire-fighters [2, 7, 13,
24, 34, 39]). A great advantage of this test is its reproduc-
ibility. It constitutes a basis for planning corrective exer-
cises, aimed strictly at the function. Thanks to this test,
the injury risk is diminished by eliminating the risk factors
[4, 12,19, 33].

The FMS test is a tool widely used to assess risk of per-
sonal injuries for athletes. Brown [11] assessed the poten-
tial of the test in predicting and preventing traumatic bodily
injuries for female athletes in various disciplines (volley-
ball, basketball, football). The female athletes studied by
him who scored lower than 16.5 were 4.5 times more prone

r=-042

p <0.01

Number of injures
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Fig. 1. Correlation between results of FMS and number of injuries in combat sports athletes
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Fig. 2. Correlation between results of FMS and number of injuries in team sports athletes

Table 7. Correlation between results of each tasks of FMS and number of injuries in examined athletes

S Deep Hurdle In-line Shoulder  Active straight Trunk stability =~ Rotary
Disciplines o . . Sum
squat step lunge mobility leg raise push-up stability
Taekwon-do —-0.360 -0.123 —0.056  —0.664%** -0.150 0.273 —-0.090 -0.226
BlJ —0.698**  —(0.588* —-0.433 0.312 —-0.444 -0.284 —0.094  —0.728%**
Football —0.270 —0.122  —0.483%** —0.236 -0.167 -0.215 —0.134  —0.512%*
Basketball -0.216 -0.240  -0.431* —-0.298 —0.414* —0.085 0.045  —0.578%**

*_p<0.05; % —p<0.01; *** —p<0.001.

to injuries in a given season. A statistically significant dif-
ference (p < 0.05) was noted for volleyball (17.36 = 1.22,
n = 14) and basketball players (15.76 + 1.86, n = 17) [12].
Our studies did not concern traumatic bodily injury preven-
tion, yet they have demonstrated a relationship between past
bodily injuries and the FMS test results.

Similar findings were noted by Chorba et al. [16]. Stud-
ies on female football, volleyball and basketball players
have demonstrated that for athletes scoring lower than 14 in
the FMS, the risk of contracting an injury was 4-fold higher.
According to the authors, the compensations in the mus-
culoskeletal system increase the risk of injury. Conducting
the FMS test makes it possible to predict potential injuries
without a detailed history of prior bodily injuries [16].

The above correlation was not observed by Mokha
et al. [30], who, while studying volleyball and football
players of both sexes, defined asymmetries as the main
cause of injuries. According to them, it is precisely the
asymmetries and lower scores in individual FMS tests that
influence the risk of contracting a bodily injury, rather than
the tallied score of the test [30].

Studies on American football players have demonstrat-
ed that those who scored significantly different results in
the FMS test were prone to a higher risk of bodily injuries
for both sides of the body. The study involved 62 healthy

athletes who had individual training introduced during
the seasonal break. The corrective training was based on
the test result and was aimed at obtaining better results in
asymmetrical exercises. Before introducing this training,
31 athletes were free from asymmetry, and after the train-
ing round, 41 were free from asymmetry. Test 1 (Deep
squat) has proven to be the most appropriate assessment
indicator [27]. Valid asymmetries (in particular tests) were
noted among the studied tackwon-do and football athletes.
It may make an individual more prone to bodily injuries.
Therefore, it would be useful to introduce an intervention
to eradicate the above disparities.

The results obtained in FMS may be impacted by train-
ing experience and the sports class. Adamczyk et al. [3]
confirmed the relationship between the average FMS score
and the training experience for weightlifters. The authors
found a correlation between the sports level and the func-
tional assessment. The higher the levels of sports was, the
higher was the functional level of the athletes. A positive
effect of exercises employed in specialised weightlifters
training on the functionality of the athletes was observed,
which justifies the need to introduce them in the general
fitness training as a means to prevent bodily injuries [3].

Abraham et al. [1] described FMS as an ancillary tool to
screen potential candidates to practise a certain discipline,
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to identify athletes prone to injuries. They studied a group
of boys and girls aged 10 to 17. A statistically significant
difference was observed between the results obtained by
the studied boys and girls (the average result was 14.59,
and scores obtained by girls were lower). On the other
hand, no correlations were observed between the test re-
sults and previously contracted injuries [1].

One of the disadvantages of our research may be the
subjective nature of the Functional Movement Screen as-
sessment. Nevertheless, this impression is minimised by
the necessity to perform the assessment in the sagittal
and coronal planes. Moreover, the criteria for each grade
are clearly identified and globally standardised. Another
drawback might be the small representation of girls. How-
ever, it is the consequence of a generally smaller number
of women than men among combat sports athletes.

It is therefore necessary to continue FMS testing in
athletes in different disciplines. It will enable the coaches
to better prepare the training schemes to avoid injuries,
which often bring the careers to a close. Low cost and the
ability to assess the multiple dimensions of the movement,
and not just particular fitness indicators, may be consid-
ered advantages of the test.

Conclusions

1. Female combat and team sports athletes encounter
functional limitations which may prove their proneness
to bodily injuries. It therefore seems advisable to intro-
duce an intervention programme aimed at reducing the
observed malfunctions and diminishing the risk of bo-
dily injuries.

2. A negative correlation was observed between the test
results and the number of injuries contracted by the
studied athletes. Physiotherapist functional assessment
tests may constitute a tool useful in bodily injury pre-
vention, making it possible to employ a suitable inte-
rvention to diminish muscular imbalance, movement
constraints or asymmetry.

3. The results obtained here may constitute a basis for
further research on larger groups of women practising
various sport disciplines.

Conflict of interest: Authors state no conflict of interest.
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