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Abstract. The aim of this study was to assess movement patterns by using Functional Movement
Screen in three categories of Slovak women's national football teams during two occasions interpressed
with one year. The reason for this was to answer the questions: 1. if there is a tendency to perform
better in the screen with respect to age category, and 2. if the players who did the screen more times
and recieve recommendations, perform better after a year, irrespective to age category. Our results
showed that every category achieved significant improvements (p<0.10) in total test score when
compared the two occasions (2013 vs. 2014), except WU17, where significant decrement was found
(p<0.01). These results probably represent the fact, that the WU17 is the less experienced category

regarding FMS™

and the group where the most turbulence occurs in the nomination list. However,
when we assessed the group of players who were present at both occasions of screening, irrespectively
to age group they belong, results revealed significant overall improvements (p<0.05). In conclusion, we
would suggest FMS™ as a useful tool to reveal potentially weak links in player's movement and
therefore determine injury risk. Our results suggest that professional recommendations to remove these
are effective and at least as much important as the screening scores alone.
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Introduction

The key tool of this study was the Functional Movement Screen (FMS™). We could
define it as one of the new generation of screening assessments, which evaluates functional
movement patterns to determine potentially risk of injury. In contrast with other/older types
of "screens" or prevention programs (like nordic hamstring curls as eccentric strength training
or proprioreception programs); it is not a training tool to solve the problem by itself or with
practicing it. It is rather a tool/screen to catch fundamental movement pattern compensations
and then quickly rank the quality of the movements. The FMS™ was therefore developed as
a comprehensive pre-participation and pre-season screen, and consists of seven movements,
which challenge an individual’s ability to perform basic movement patterns that reflect
combinations of muscle strength, flexibility, and range of motion, coordination, balance and
proprioception (Cook 2006).

The recommendations based on the scores achieved in every test are at least as much
important as the overall result of the screening. As the goal of the screening is to identify
weak links in the given movements and therefore determine risk potential, the screen has
a hierarchy in the tests by which the appropriate solution can be designed. With respect to
this hierarchy, the examinator is firstly looking for asymmetries and than for symmetries in
the movements where it is possible. Some studies also investigate intrarater reliability of the
FMS™ (Smith et al. 2013; Gribble et al 2013). Findings of these studies show a good
intraclass correlation (ICC = 0.89 and 0.87) respectively. Few studies also investigated
intrarater reliability in the way, how clinical experience plays arole in the reliability in
FMS™. These studies found, that athletic trainers with at least 6 month of experience using
the FMS™ had the strongest reliability (ICC = 0.946), while athletic trainers without any
experience showed a moderate reliability (ICC = 0.771).

For these reasons the FMS™ is widely considered as a useful tool, what helps in
designing individual training programs and player care procedures with respect to individual
limitations, age and performance level/category, and therefore allows to reach maximal
performance potential and decrease injury risk. This is probably even more important in
women football, where the risk of injuries in some segments of the body is higher than in
males. The average injury incidents in professional football were investigated by Ekstrand et
al. (2011). They found that the average rate of injury is 8.0/1 000 h and the players are
injured 2-times per season. It is also well documented that female athletes participating in

jumping and cutting sports demonstrate a four-to sixfold higher incidence of knee injury than
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do male athletes participating in the same sports. Most of the studies therefore investigate
knee injuries (ACL), because of the relatively long rehabilitation time, regardless if the injury
needs a non-operative treatment, surgery or both (Hewit et al. 1999). Majority of these occur
via non-contact mechanism during landing from jump. According FIFA Medicine Group
(Tscholl et al. 2007; Junge-Dvorak 2007), the most common injuries in women's football are
mostly associated with ankle (24 %), head (16 %) and thigh (12 %).

Aim

S™ in the meaning of total

The aim of our study was to determine the level of FM
score within three age categories of national women'’s football teams:

a) regarding the age category, to find out, if there is a tendency between the consecutive
years to perform better in the required movement tasks (to demonstrate a given
picture of the players who are invited to join the national team, according to total
score achieved in FMS™),

b) to demonstrate the usefulness of the screening and the positive effect of the

recommendations on the group of players, who were at both screenings and therefore

receive correction program in 2013.
Methods

Participants of our study were Slovakia women’s national football team players. The
screening was carried out in three national women'’s football categories (Women's A-team -
WA, Women’s under 19 - WU19, Women's under 17 - WU17) at two different events
interpressed with one year. Both procedures were made during official team meetings at the
end of November in the years 2013 and 2014. More detailed characteristics of the
players/categories with respect to the year of screening are reported in Table 1 (2013) and 2
(2014).

Table 1

Number of subjects within each category with their average = SD age, height and weight in the year

2013
2013 | Subjects [no.] | Age [yr] | Body height [cm] | Body weight [kg]
WA 19 20,84 + 2,8 171,4 + 6,9 63 +83
WwuU19 20 16,35+ 0,49 167,5+5,7 59,05 +£6,6
Wwu17 19 14,42+ 0,5 163,8 +4,7 55,16 £5,2
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Number of subjects within each category with their average + SD age, height and weight in the year 2014

Table 2

2014 | Subjects [no.] Age [yr] Body height [cm] | Body weight [kg]

WA 17 22,53 £2.,8 170,24 + 5,55 62,94 + 7,24
wu19 20 16,15+ 0,67 168,5+ 5,61 58,2 +5,34
Wu17 22 14,77 + 0,43 165,52 +£7,23 58 £7,85

As the goal of our study was not just to monitor the progression of the total score
which was achieved during FMS™ in each category, but also their progression during one
year in the group of players who participated in both occasions of the screening procedure.
Therefore, to examine the effectiveness of prescribed recommendations, we have also
assessed the players irrespectively to which group they belonged. Table 3 presents the

characteristics of these players.
Table 3
Characteristics of the group of players, who perform the screening in both occasions (2013 and 2014)

Year | Subjects [no.] | Age [yr] | Body height [cm] | Body weight [kg]
2013 30 17,17 + 3,58 168,1 + 5,85 58,5+ 7,91
2014 30 18,1 +£3,53 169,57 + 5,46 60,33 + 6,85

The Functional Movement Screen' ", developed by Cook and Burton, was used in this
study. The standardized version of the testing procedures, instructions and the scoring process
were followed in order to ensure the scoring accuracy. The FMS™ consists of seven
movement tests, described by Cook et al. (2006) that include Deep Squat, Hurdle Step, In-
Line Lunge, Shoulder Mobility, Active Straight Leg Raise, Trunk Stability Push-Up, and
Rotary Stability. Each participant was given three attempts on each of the seven tests. The
participants did not do any warm up procedure before testing. Each attempt was scored on a
scale from 0 to 3. The score 0 indicated that pain was reported during the movement. The
score 1 indicated the failure to complete the movement or loss of balance during the
movement. The score 2 completing the movement with compensation and the score 3
performing the movement without any compensation. For each test, the highest score from
the three attempts was recorded and used to generate an overall total FMS™ score with a
maximum value 21. For the tests, that were assessed bilaterally, the lowest score was used.

Three of the tests (shoulder mobility, trunk stability push-up and rotary stability) also have
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associated clearing exams that are scored as either positive or negative, with a positive
response indicating that pain was reproduced during the examination movement.

Both screening procedures were performed at the end of November (2013 vs. 2014) in
the National Training Centre of the SFA in Senec. Teams were tested after three consecutive
days, in the following order: WA, WU19 and WU17. Participants wore their usual clothing
and footwear. The fitness coach of Women's national football team, who passed the Level 1
Certification of FMS™ collected the data, and then designed the corrective exercise program
for the players.

To provide sufficient description of our sample/participants, descriptive statistic
methods of location (average) and dispersion (standard deviation) were used. Mann-
Whitney's non-parametric test was used to compare the same age category at 2013 and 2014,
because the composition of the teams changed during the year. To answer our second
question, thus, whether the prescribed corrective exercises were effective or not (according
total score), T-Test for 2 dependent means (Paired Samples t-test) and Cohen's d (effect size)
was used. All calculations were performed using SPSS (version 16.0), where the level of
significance was set at p < 0.05, p < 0.01 and to reveal even a tendency in total score to
increase or decrease, we also use significance level at p < 0.10. Cohen’s d was also used to
determine effect size.

Results and Discussion

Total score for all teams together was 14.914+2.15 in 2013, and in 2014, it was
15.04+1.88, however these improvements do not express any level of statistical significance.
To clarify this situation, we also assessed each team separately. In this case we found out
significant improvements in the group of WA (14.84+2.61 vs. 15.94+1.29) and WUI19
(14.35+£2.08 vs. 15.4+2.04) at the significance level p<0, 10, what should be qualified just as
a tendency to increase (Figure 1). However if we put together these two teams, we get the
results at the higher level of significance (p<0, 05). On the other hand significant decrement
(p<0, 01) was found in the group of WU17 (15.58+1.54 vs. 13.84+1.57).

To clarify this situation could help just simple view on the list of nominated players in
WU17 category between the two testing occasions. After this it is clear, that exactly the
WUI17 category was the group in which the most players moved forward (n = 8) to the
next/older category, or simply dropped out (n = 5) of nominations. These facts also mean that

WU17 was the category where the most novice players come. These players did not meet
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FMS™ procedure, and that is why they did not recieve recommendations before, which was

probably the major reason of given results.

FMS scores during the
two screenings
according to age...
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Level of statistical significance in total FMS™™ scores between the screenings in 2013 and 2014, respectively to

age category (p<0.10); * (p<0.01)

We have examined the effect of prescribed/recommended corrections throughout the
monitored year in the group of players, who received the program in 2013, and we have
compared the results of these subjects. Firstly irrespective to the category they belong. In this
group (n = 30) we found significant improvements (p<0.05), where the total average score
was 14.4342.30 vs. 15.5£2.11 in 2013 and 2014, respectively. Cohen’s d was calculated as
0.50 what suggests a moderate effect size, probably because of the need of larger sample size.
Similar findings were also reported by Kiesel et al. (2011), where the screening scores
improved after a standardized 7-week long off-season intervention program in professional
football players. The main positive effect of the program was associated with more players
above the cut-off score (14 points) at post test (41 vs. 31).

Our program, or the time between the two screenings lasted more than 7-weeks, so
our players worked with the correction program for a longer time, what includes not just
a period of off-season, but also pre- and competitive season. Competitive season could be an
important factor alone when deals with FMS™. Sprague et al. (2014) examined the effect of
complete competitive season in soccer and volleyball on FMSTM scores. The study shows
significant changes during the season, with respect to individual tests scores and to the
number of asymmetries. The participants of this research were males at collegiate level what

are inconsistent with our study. However, according Schneiders et al. (2011) there are no

25



significant differences in total scores between males and females in FMS™. The results of
the screening are therefore probably more related to sport specialization than gender.

When we separate this group again, but this time according to the age category, they
belong, we get different results. The two older/higher categories (WA, WU19) achieved
significant improvements (p<0.05), while the youngest (WU17) decrement (15.36+1.50 vs.
15+2.57) although on non-significant level (Figure 2).

FMS scores of the players
who were at both
screenings according age...
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Level of statistical significance of total FMS™ scores in the group of players who took part in both screening

procedures, respectively to their age category. is § (p<0.05); n/s (non-significant)

In this case it is important to note, that despite the non-significant decrement in the
WUI17, their average total score was still above the total score of WU19 and also the crucial
cut-off score (14<). It is also possible, that because of the higher average initial scores, which
were higher than at WA and WU19, the players probably do not respect the prescribed
correction in extent as the players from older categories, although this may be considered just
as a speculation. It is more important to note, that the average age of our youngest category
was under the age of 15, despite the possibility to have older players in the team (nearly more
than 2 years). In this case, it is likely, that the relatively high initial scores of this group were
also associated with their age related biological advantages, like higher flexibility and relative
strength (Teyhen et al., 2014).

In addition Grygorowicz et al. (2013) found differences in FMS™ scores between
female soccer players from different sports level, where the professional players had
significantly higher total score, than players from the first division (16.0+£0.46 vs. 15.5+0.58,
respectively). In our study, we could consider the older age category as a higher sports level.
In this case, there is an agreement with our results, where the oldest category performs at the

second screening better than the two younger categories.
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Similarly Minthorn et al. (2014) also emphasize the importance of appropriate
movement patterns in sports and mainly during high intensity activities, which could be
improved by individualized training program based on FMS™ results.
Conclusion
The findings of this study show, that there are significant differences between the
given categories of national women's football teams in the meaning of total score achieved in
FMS™ during two screening occasions through one year. Statistical analysis revealed, that in
the older categories (WA, WU19) the tendency is to perform better during the required
movement tasks of the screening, while the youngest category (WU17) had tendency to
perform worse. The cause of this is probably, that some players drop-out or move up to the
higher categories, so the composition of the teams changed during the year. This is the most
evident in the group of the youngest players, where the new players never met FMS™ and
although does not recieve recommendations from the fitness coach before. This could mean
that some of the FMS™ experienced players moved to the older categories or drop-out, while
the novices were tested in 2014 for a first time. This was supported with our statistical
findings that show improvement in every category (WA, WU19) except WU17. To isolate
this effect and to demonstrate the effectiveness of prescribed correction program, we
compared the results of players, who were on both occasions of screening procedures. These
result showed significant improvements (p<0, 05), what confirmed our assumption, that the
prescribed program will be effective. For these reasons, we could recommend using FMS™
during the year as a useful tool to detect injury risk, while the specifically designed individual
corrections can effectively affect the screening results, and therefore remove weak links of
the players and decrease injury potential. During this process the same emphasis must be
imposed on the specificities of given categories, regarding to their calendar, biological and
sport age, performance level or FMS™ experience, what could help to incorporate it to the
process of player selection/care in a more reliable manner.
References
1. COOK, G., L. BURTON and B. HOOGENBOOM, 2006. Pre-participation screening:
The use of fundamental movements as an Assessment of function — part 1. N Am J Sports
Phys Ther, 1(2): 62-72. ISSN 1558-6162.

2. EKSTRAND, J., M. HAGGLUND and M. WALDEN, 2011. Injury incidence and injury
patterns in professional football: the UEFA injury study. Br J Sports Med, 45(7): 553-
558. ISSN 1473-0480.

27



10.

11.

12.

13.

GRYGOROWICZ M, T. PIONTEK and W. DUDZINSKI, 2014. Evaluation of
Functional Limitations in Female Soccer Players and Their Relationship with Sports
Level — A Cross Sectional Study. Br J Sports Med, 48(7): 603-604. ISSN 1473-0480.
GRIBBLE, PA., J. BRIGLE, BG. PIETROSIMONE, KR. PFILE and KA. WEBSTER,
2013. Intrarater reliability of the functional movement screen. J Strength Cond Res,
27(4): 978-981. ISSN 1533-4287.

HEWETT, TE., TN. LINDENFELD, JV.RICCOBENE and FR. NOYES, 1999. The
Effect of Neuromuscular Training on the Incidence of Knee Injury in Female Athletes.
Am J Sports Med, 27(6): 699-706.

JUNGE, A. al]. DVORAK, 2007. Injuries in female football players in top level
internatinal tournaments. British Journal of Sports Medicine. suppl. 1, pp. 3-7. ISSN
1473-0480.

KIESEL, K. et al., 2011. Functional movement test scores improve following
a standardized off-season intervention program in profesional football players.
Scandinavian Journal of Medicine and Science in Sports. Vol. 21., pp. 287-292. ISSN
1600-0838.

MINTHORN, L. et al., 2014. An individualized training program may improve functional
movement patterns among adults. Journal of Sport Rehabilitation, vol. [Epub ahead of
print]. ISSN 1543-3072.

SMITH, CA., NJ. CHIMERAM, NJ. WRIGHT and M. WARREN, 2013. Interrater and
intrarater reliability of the functional movement screen. J Strength Cond Res, 27(4): 982-
987. ISSN 1533-4287.

SCHNEIDERS A., A. DAVIDSSON, E. HORMAN and J. SULLIVAN, 2011. Functional
movement screen normative values in a young, active population. International journal of
Sports Physical Therapy, vol. 6, numer 2, 75-82. ISSN 2159-2896.

SPRAGUE, A., M. MOKHA and D. GATENS, 2014. Changes in functional movement
screen scores over aseason in collegiate soccer and volleyball athletes. Journal of
Strength and Conditioning research, vol. 28, issue 11, pp. 315-63. ISSN 1533-4287.
TEYHEN, D. et al., 2014. Normative data and the influence of age and gender on power,
balance, flexibility, and functinal movement in healthy service members. Military
medicine, vol. 179, issue 4, pp. 413-420. ISSN 1930-613X.

TSCHOLL, P. et al. 2007. Causation of injuries in female football players in top level
tournaments. British Journal of Sports Medicine, Suppl. 1. pp. 8-14. ISSN 1473-0480.

28




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


