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STRESZCZENIA / ABSTRACTS

Obijective. This research examines the emerging role of FMS™ in the context of predicting lower extremity injury in females University athletes. The secondary
purpose of this study is to investigate the differences between FMS performance comparisons between three martial arts sports to establish baseline
comparisons.

Method. Forty-seven university female athletes were recruited for this study, The data collected was separated into three groups based on their sports
discipline (judo N=17 age: 19+4, wrestling N=15 age: 1845, karate N=15 age: 19+3), Independent t-tests were performed on each group with significance
being set at P<0.05 to determine difference in FMS™ scores between injured and non injured athletes during the successive competitive seasons. One-way
analyses of variances were used to determine if there was a significant difference between sports, ‘body parts injured’ groups, and ‘mechanisms of injury’
groups.

Results. One-way analysis of variance revealed no statistically significant difference between the two (ankle, knee) injury groups, and non-injury group
(F2,54=2.34; p=0.106). There was no statistical difference between the pre-season FMS™ scores of the injured and non-injured groups (147 = -1.68; P=.100;
d=0.52; 95%ClI: -0.11, 1.15). Finally, strong evidence of FMS score was found when comparing the three sports with one-way ANOVAs (F=5.83, df= 2, 54,
p=0.005).

Conclusion. One of the more significant findings to emerge from this study is that FMS™ has emerged as a powerful tool for identifying lower extremity injury
in female athletes. Further investigation and experimentation into FMS™ are strongly recommended before implementing them into a pre-participation
physical examination (PPE) for combat sports. What is now needed is a cross-national study involving other sports.
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INTRODUCTION

The Functional Movement Screen, used as
a predictor of injury, has received increased attention
across a number of disciplines in recent years. Recently,
researchers have shown an increased interest in the
Functional Movement Screen [1] utilising several
performance-based and movement competency-based
tests [2,3] for the purpose of identifying deficits in
neuromuscular ability associated with elevated injury risk.
To prepare an athlete for the wide variety of activities
needed to participate in their sport [2], the Functional
Movement Screen (FMS) is a movement competency based
test in widespread clinical use [4,5] and has also attracted
considerable research attention [6,7]. The FMS is a battery
of seven movement tasks and three additional clearing
tests, assessed by visual observation using standardised
criteria [2,8]. Reviews report acceptable intra-rater and
inter-rater reliability for composite FMS scores [9,10];
however, other properties are less well established with
the use of FMS as an injury prevention screening tool,
a particular area of current debate [5].

Recent research has evaluated risk factors that
contribute to overall injury rates [11]. The potential to
screen athletes for risk of injury during a pre-participation
physical examination (PPE) could enhance our
understanding about future athletes performances [12].
The FMS™ testing incorporates risk factors for Voluntary
strength, proprioception, postural sway, and range of
motion [13] in an attempt to identify individuals at risk in
athletic populations [2] Also the FMS™ may be useful for
recognising deficiency in certain movements and could be
useful to implement training programmes to prevent sport
injury movements used in specific sports [14,15]

No previous study has investigated this screening
tool focusing specifically on women’s sports [16]. This
indicates a need to understand the various perceptions of
FMS™ tests that exist among Algerian female's sports, [18]
Research shows that women’s team sports are at high risk
for athletically related lower extremity injuries.

Several studies have assessed the reliability and
the values for the summed composite FMS score in
a variety of samples [19,20], but no research has been
conducted to see if these scores can predict injury
prospectively in female’s combat sports.

Participation in sports has increased
dramatically [21] predominantly in females [22]. This
increase in females participating in sports has brought on
an understandable increase in the number of injuries being
seen in female athletes [23]. Due to this increase in female
injuries [24], a national focus in predicting and preventing
injury to the female athlete has arisen [25].

PPE screening has been used routinely in an
attempt to identify those conditions that may place an
athlete at increased risk and affect safe participation in
organised sports. [26,27,28], it may be possible to
implement a prevention program to reduce the risk of
injury in that specific case [29,30,31].

Being able to understand the injury risk factors
specifically associated with females is a major element in
identifying at risk females [25]. By understanding the
specific aspects of their biomechanics, alignment,
intrinsic/extrinsic factors, and neuromuscular activity, it is
possible to then be able to work on actual injury incidence;
thus preventing the injury [32]. It is one factor to be able to
acknowledge the actual fact that female athletes are

injured more than their male counterparts [33], or that
there are multiple reasons for these injuries and “at risk”
athletes, however it's a totally different side to truly be able
to distinguish and establish the athletes [34] who are
destined for injury [35]. It's not merely one essential or
alien issue, or muscle imbalance, or inflexibility that
predisposes Associate in Nursing a contestant to injury,
rather a combination of factors. This paper can review the
literature associated with parts of injury prediction and
prevention.

The studies enclosed beneath the heading of
Functional Movement Screen demonstrate the high degree
of reliability, validity and sheer practicality of the FMS™
[36] once it involves clinical incorporation into athletics,
and therefore the prospects of being a tool to help
clinicians and coaches [38,39] in predicting, and so
preventing injuries to athletes [40]. While considering
these promising results, none of these studies have
implemented the FMS™ as a screening tool for female
athletes despite consistently higher injury rates in this
group [41,42], but further research still needs to be
conducted in order to further the validity to the great
claims being made in association with the FMS™
[43,44,45]. However, no studies have determined a mean
value for Algerian females Martial Arts sports.

HYPOTHESIS

H1: Throughout the regular competitive season
for female judo, wrestling, and karate athletes that suffer
lower extremity acute injuries will have a lower composite
FMS™ score through the PPE than those athletes without
any extremity injury.

H2: The PPE FMS™ scores of judo female athletes
will be higher than female wrestling and karate athletes.

Purpose: The primary aim of this study was to
examine the emerging role of FMS™ in the context of
predicting lower extremity injury in female judo,
wrestling, and karate athletes at the Algerian sports
university. The secondary aim of this study was to compare
factors of injury mechanism and specific sport on FMS™
PPE scores.

MATERIALS AND METHODS

PARTICIPANTS

Forty-seven university female athletes were
recruited for this study after receiving a comprehensive
explanation of the procedure; the data collected was
separated into three groups based on their sports practice
(Table 1). The study was planned according to the Helsinki
Declaration [46] and was approved by the scientific
institute of sports ethics committee. Based on the accuracy
results of a self-reported questionnaire [47], no subject
had been treated with any medication or physiotherapy
from severe injury during the first three months. Female
athletes that did not perform the pre-participation
physical tests due to an earlier or existing injury were
excluded from participation in the study.
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Baseline Characteristics of Participants.

Tab. 1

Participants (N=47)

Measure Judo (N=17) wrestling (N=15) karate (N=15)
Age (Mean * SD) 1943 1845 1943

Height, cm (Mean + SD) 164.0+£5.47 158.0+£3.72 166.0£5.2
Weight, kg (Mean * SD) 63.0+£4.56 61.1+£2.26 61.0£1.33
Year of practice (Mean * SD) 9.2+21 81+3.2 7.5+4.3
Total Injured Athletes (N) 07 06 04

Total Injured Athletes (%) 14.90% 12.77% 8.51%

Total Uninjured Athletes (N) 10 09 11

Total Injured Athletes (%) 21.27 19.03 23.03

PROCEDURES

Anthropometric data from each participant was
completed by the coaching staff, which regularly
performed these measurements as part of their evaluation
routine. Body mass and height were respectively obtained
from a Connected Scales 700 (Geonaute, France) and
a Stadiometer HM200P Portstad Portable (Charder, USA).
The subjects involved in the study were evaluated on the
FMS™ using the standard 0-3 ordinal system (Table 2). The
FMS included a deep squat, hurdle step, in-line lunge,
shoulder mobility, active straight leg raise, trunk stability
push-up, and rotary stability test. The FMS™ testing

Scoring Criteria for Each Component of the Functional Movement Screen [49].

incorporated risk factors for balance, strength, range of
motion, flexibility, and proprioception to help predict
injury in athletic populations [48,49]. Each test is done
3 times and the best performance is recorded. The total
score out of 21 is considered, the injury analysis records
were tracked throughout the season with the help of the
university training staff reviewing medical records. An
injury form was completed after each session, where
exposure was considered one athlete per training or
competition. Thus, analysis of injury risk, based on
preseason FPT measures, for a homogeneous sample of
athletes is warranted.

Tab. 2

Description

FMS™ score

Ability to correctly complete the movement without any predefined compensations

Performing the movement with any one of component specific compensations

Inability to perform the movement

Presence of pain during any portion of the movement

Ol IN|W

STUDY DESIGN

First, this study utilised a prospective cohort
design. A prospective cohort design reduces the risk of bias
that can occur when utilising other epidemiologic study
designs [50]. Pre-season performance on the FMS™ tool
was obtained from the female judo, wrestling, and karate
athletes. During the season, daily exposure rates for
practices and competitions were recorded. Any incident
that resulted in the athlete not being able to continue to
participate in a competition or practice or that kept the
athlete from participating in physical activities the
following day were counted as injuries. Specific details
related to the injury, as well as preventative measures
(taping, bracing, etc) were recorded, and at the conclusion
of the season, the scores on the FMS were compared with
the injury information. Correlations, related effects, and
global results were taken from the information related to

sports, injury rates and specific prediction testing.

STATISTICAL ANALYSES

The FMS™ composite scores (which is the lowest
cumulative score from a bilateral comparison of all 7 of the
tests), and independent t-tests were performed on each
group with significance being set at P<0.05 to determine
the difference in FMS™ scores between injured and non
injured athletes during the successive competitive seasons
(H: 1), Separate one-way ANOVA models were used to
determine if there was a statistical difference in FMS
scores between different sports (Judo, wrestling, karate)
(H:2); a Tukey’s post hoc test was applied. Statistical
analysis was performed using SPSS software (version 22)
and Significance levels were set at p < 0.05. To determine
the magnitude of the differences in means, effect sizes
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between groups were produced using Cohen'’s d, utilising RESULTS
the pooled standard deviations, along with the 95%
confidence interval around the effect size point measures.
The interpretation of Cohen’s d was: small <.03; moderate
0.05; large > 0.08.
Tab.3
Injured vs. Non-Injured FMS comparison. .
FMS composite +SD -
Injured Group (n=17) 15.38+1.72
Non-injured Group (n=30) 15.41+1.43

Of the 47 participants, 17 (36.17%) suffered
a recorded acute lower extremity injury that resulted in
removal from participation for at least one full training or
competition. The results will be presented in the order of
the stated hypotheses.

There was no statistical difference between the

pre-season FMS™ scores of the injured
And the non-injured groups (t47 =-1.93; P=.100;
d=0.52; 95%CI: -0.11, 1.15) (Table 03)

Tab. 4
Descriptive statistics of FMS performance from three groups from different athletic groups (mean * SD).
Sports FMS Total mean + SD
Judo 16.36+1.75
Wrestling 13.86£1.77
Karate 16.41+1.56
Tab.5

Effect Size and Confidence Interval between Sports.

Effect Size 95% Confidence Interval
Judo vs. Wrestling * 1.00 0.32,1.55
Karate vs. Wrestling ** 0.71 0.19,1.64
Judo vs. Karate 0.96 -0.32,1.38

*Judo athletes had a statistically significant higher FMS™ score than Wrestlers
** Karate athletes had a statistically significant higher FMS™ score than Wrestlers.

When comparing the three sports, one-way
ANOVA revealed statistical significance between judo and
wrestling, between karate and wrestling, but not between
judo and karate. The one-way analysis was statistically
significant for comparing differences between the three
sports (F=5.83, df= 2, 54, p=0.005). The Tukey’s post hoc
testing demonstrate that the differences existed between
Judo (16.36%1.75,n=17) and wrestling athletes
(13.86+1.77,n=15), (d=1.00; 95% CI: 0.32, 1.55), as well as
between the karate (16.41+1.56, n=15) and wrestling
athletes (d=0.71; 95% ClI: 0.19, 1.64); but not between the
judo and Kkarate athletes (d=0.96; 95% CI: -0.32, 1.38)
showed in the (Table 5).

DISCUSSION

This study set out with the aim of assessing the
importance of the FMS™, also if it could predict lower
extremity injury in female Judo, wrestling and karate
athletes. The recent research utilised a specific
comparisons between the two different groups (injured or
non-injured athletes), as well as between subgroups
determined by the specific body part injured, and the sport
the athlete belonged to. The current study found that the
injured athletes had a lower mean composite FMS™ score
as compared to the non-injured athletes, but it was not
found to be statistically significant. Though the scores
were not statistically significant between the groups,
These results reflect those of [49] who also found that,
there was a cutoff score found that maximised sensitivity
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and specificity by using an ROC curve for analysis. Our
study cutoff found the score 15.38 on the composite FMS™
score. Using odds ratios and calculations this came out to
mean that if an athlete scored less than 15.38 on the FMS™
they were 3.5 times more likely to have suffered a lower
extremity injury as compared to those athletes who scored
above a 15.38 on the FMS™.

When examining the difference in the FMS™
scores of the ankle vs. knee vs. non-injured groups, there
was no statistically significant difference found. These
statistically insignificant results may have been due to the
nature of the sports, or to the fact that there were a low
number of injuries observed during this competition
season. This finding broadly supports the work of other
studies on FMS™ [33,45,51,52]. However, those that
suffered an ankle injury had the lowest pre-season FMS
score, with effect sizes that were large when compared to
the No Injury groups and the Knee Injury groups. It is
interesting to note that there was almost no difference in
the mean scores of the Knee Injury group and No Injury
Group. Perhaps the FMS is able to screen more effectively
for ankle injuries [49]. At the knee it is possible to make
corrections and compensatory movements both at the hip
and ankle joint [53], but at the distal end of the kinetic
chain there is less room for adjustment at the ankle joint.
However, with a low number of injuries observed, it is
difficult to make that a definitive conclusion [54].

Similarly, there were no statistically significant
differences between the Contact Injury, Non-Contact
Injury and No Injury groups [55]. Supporting this
conclusion were very low effect sizes. It seems that the
FMS is not effective to use to predict the general
mechanism of injury to the ankle or knee [56,57]. Most of
the movement patterns are performed in the sagittal plane,
which may explain the lack of difference in injury
mechanism. The exercises used throughout the FMS™
screening are primarily performed in the sagittal plane
[58-60], and in athletics most movements are multiplanar.
Additionally, the tasks in the FMS are performed relatively
slowly. Perhaps other screening tools that emphasise other
planes of movement and a faster pace of movement will be
able to differentiate contact vs. non-contact injuries more
effectively, similarly to the study [56].

For the comparison between the FMS™ scores
and injuries of the different sports (judo, wrestling, and
karate) there were statistical differences found between
karate and judo athletes [56,58] as well as between
wrestling and judo athletes, but not between karate and
wrestling female athletes. These differences in the FMS™
scores of the different sport-specific athletes could be due
to the nature of the training involved with each sport [54],
or the focus of their weightlifting and conditioning
programs that would have altered their scores. This
finding from the study could be considered valuable in the
future in regards to the way that certain “prevention” or
“treatment” programmes are designed in order to prevent
injury to those athletes with a lower composite score. If it
is found and widely accepted that specific sports training
is beneficial in raising an athlete’s FMS™ score [60], then it
is conceivable that other sports may alter their pre-season
conditioning to mimic another’s in order to minimise
injury [51].

Perhaps the most important finding to come out
of the study is the finding of a cutoff score that could be
used for predictive models. Using the ROC curve and
related calculations, the cutoff score is found by
maximising the sensitivity and specificity of the test. As

represented by the 2x2 contingency table, the goal is to
maximise the number of true positives and false negatives;
when the FMS™ score identifies that someone is at risk of
an injury, and an athlete that actually suffers an injury
throughout the season, it adds further legitimacy to the
FMS™ predictive model. In this particular study there were
30 true positives out of 47 total athletes, and 17 total
injuries. For 17 of the 30 injuries to be “predicted” by the
FMS™ is a step in the right direction to modifying and
potentially using the FMS™ tool as part of a pre-
participation examination in order to screen for “at risk”
athletes.

The cutoff score found in this study was 16.5 on
the composite FMS™ score. Other studies have reported
cutoff scores of their own. [61] reported a cutoff score of
14 for prediction of injury among Brazilian jiu-jitsu
athletes. The cutoff score found in this study is not
consistent with study [56], but may be attributed to some
fairly substantial differences between the studies. The
most obvious difference between the two studies is the
level of competition and skill at which the athletes
compete. Del Vecchio worked with professional Brazilian
jiu-jitsu athletes whereas our research was conducted with
Brazilian jiu-jitsu athletes female judo, karate, and
wrestling athletes. The differences in athletic abilities,
training and sport demands may have influenced the result
and cut-off score in both studies. Another potential
difference could be the gender of athlete being tested.
Females are considered to have many biomechanical
differences when compared to their male counterparts,
and to potentially already be at risk due to gender
differences, so when comparing males to females it may
actually be an unfair comparison [1]. Yet another
discrepancy between the studies could be their definition
of “injury.” The [55] article classifies an injury only once an
athlete had been placed on the injured reserve for at least
3 weeks [4]. Our investigation categorised injury as any
acute lower extremity issue that held an athlete out for one
or more exposures to competition or practice.

CONCLUSION

This research study demonstrated that the FMS™
shows a true potential to work as an effective and efficient
predictive model of lower extremity injury in division
[ collegiate female athletics. More research is still
necessary before implementing the FMS™ into a PPE for
athletics, but due to the low cost and its simplicity to
implement, it should be considered by clinicians and
researchers in the future.

LIMITATIONS

The main limitation in this study is that only
female athletes were tested. In an ideal study there would
be a variety of athletes tested; various sports, multi-
gender, various ages. Females have been shown to have
a higher risk of injury in specific sports as opposed to their
male counterparts, so to have only tested females could
have skewed the results in regard to a cutoff score that
could be used across the board in all sports when screening
during a pre-participation physical exam.

Another limitation could have been the number
of athletes tested in comparison to the number of injuries
observed. In order to obtain very widely accepted results,
a large amount of data is needed, and a large amount of




2020 Vol. 71 Issue 2

injuries must be seen. While this study may not fulfil those
requirements, it adds to a larger body of research that will
hopefully lead in that direction. Also in dealing with the
injuries observed, only two were contact injuries so this
study is not very comparable to studies done in the past
that looked at Judo specifically, which involved an increase
in contact injuries as compared to this study.

To make the results more generalisable, future
research should consider the inclusion of males and
females, as well as including as many different sports as
possible as opposed to the “high risk” female sports used
throughout this study. In addition to including males and
females in the study, differences among sports and their
risk of contact vs. noncontact injuries should be
considered. Regardless of the capability of the FMS™ as
a predictive model for injury, it would be hard to assume
that a lower score on the FMS™ predisposed an athlete for

A final limitation that should be considered from
the study is the inclusion of multiple examiners during the
baseline FMS™ testing. It has been shown that the tool has
a high interrater reliability when performed by clinicians
with the proper training; however there is always room for
error when having multiple raters assessing the athletes

[55]/.
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a contact injury that no one could truly predict.
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