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Abgtract. The am of this study was to determine the influence of age and sex on the functiona movement in Spanish primary school children. A group
of 172, 6-11 years old children (83 girls and 89 boys), participated in this study. The main outcome measures were the Functional Movement Screen™
(FMS), sex and chronologica age of children. The ANCOVA (BMI as a coveriate) revealed significant differences between age groups (p=0.003) but
no between-sex differences (pe»0.05) in FMS total score. As for individua FMS tests, sgnificant differences between age groups (p<0.05) were found
in the in-line lunge and the shoulder mohility tests; whereas, according to sex, significant differences (p<0.05) were found in the in-line lunge test (under
10 years old group) and the push-up test (under 12 group). The stepwise linear regression anaysis revedled BMI as a primary predictor of FMS total
score in school age children, but with a Significant additional contribution from age (R?= 0.206, p<0.001), wheress the sex was excluded from this model
(p=0.097). In conclusion, the results reported in this study suggest that age is a moderate determinant of FMS scores, whereas sex is not a determinant
in this battery test in school age children (6-11 years old). This study aso highlights that BMI is the primary predictor of FMS total score in school
age children, but with a significant additional contribution from age, whereas the sex was excluded from this modd.
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Resumen. El objetivo de este estudio fue determinar la influencia de la edad y @ sexo en la funcionalidad del movimiento de nifios espafioles en edad
escolar. Un grupo de 172, 6-11 afios (83 nifias y 89 nifios), participaron en este estudio. Las variables medidas en € estudio fueron € rendimiento en
el Functional Movement Screen™ (FMS), € sexo y la edad cronolégica de los nifios. Un ANCOVA (BMI como covariable) revel6 diferencias
sgnificatives en la puntuacion total obtenida en € FMS entre grupos de edad (p=0.003) pero no entre sexos (pe»0.05). En cuanto a los tests individudes
incluidos en la bateria, se hallaron diferencias entre grupos de edad en € test de lunge en linea'y movilidad de hombro; mientras en relacion d sexo, s
halaron diferencias significativas (p<0.05) se encontraron en € lunge en linea (en & grupo sub-10 afios) y en d test de push-up (sub-12). El andlisis
de regresion lined sefidd d BMI como @ principal predictor del rendimiento en FM'S en escolares, con una significativa contribucion de la variable edad
(R?= 0.206, p<0.001), y la variable sexo excluida de modelo (p=0.097). En conclusién, los resultados reportados en este estudio sugieren que la edad
es un predictor moderado del rendimiento tota en FMS en nifios en edad escolar, € sexo no parece determinar € rendimiento, mientras que € BMI

resulta predictor primario de la puntuacion total en e FMS en escolares espafioles (6-11 afios).
Palabras clave: evauacion; nifios; evaluacion de funcionalidad de movimiento; género; maduracion.

Introduction

Although numerousmethodsfor ng movement proficiency
exig, atest batery that has become very popular is the Functiona
Movement Screen™ (FMS) (Chorba, Chorba, Bouillon, Overmyer, &
Landis, 2010; Cook, Burton, & Hoogenboom, 2006; Lloydetd., 2015).
The movement patterns examined in the FMS place the athlete in
positions where functional movement limitations and asymmetries
may be identified (Bardenett et d., 2015). The FMS was origindly
designed to assess muscle flexihility, strength imbalances and genera
movement proficiency inarangeof performancetests; identify functiona
deficits related to proprioception, mobilisation and gabilisation; and
determinetheexigtenceof pain during any of the prescribed movement
patterns (Cook et d., 2006).

The FMS condsts of seven tests, each scored between zero and
three points with three representing the best possible score. The
composite score, or tota screen score, rangesfrom 0to 21 points. The
seven testsinclude the deep squat, hurdle step, in-line lunge, shoulder
mohility, active straight-leg raise (SLR), trunk stability push-up, and
rotary gtability tests. Descriptions of thetestsand scoring criteriahave
been previoudy described (Abraham, Sannad, & Nair, 2015; Bardenett
etd., 2015; Cook et d., 2006).

Many papershave been published in recent years about FM Sand
its usefulness and validity in different populations and with different
purposes (Garcia-Jeén, Sdllés-Pérez, Cortdl-Tormo, Férriz-Vaero, &
Ceqjuela, 2018; Gonza 0-Skok, Serna, Rhea, & Marin, 2015; Perry &
Koehle, 2013; Schneiders, Davidsson, Horman, & Sullivan, 2011),
dthough the results are controversid. While some lately published
papers question thevalue of FMSto predict injuries (Alemanyaet d.,
2017; Newton et d., 2017) and the gpparent lack of relaionshipswith
performance testsin youth (Gonzalo-Skok et d., 2015), many works
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keep using the FM S battery test asameasure of functional movement
and movement proficiency inschool-agechildren(LIoydetd., 2015; O
Brien, Belton, & Issartel, 2016). It seems clear that more research is
needed to highlight the usefulness of thisbattery and itsapplication to
different populations. Specificaly, the feasibility of thisbattery testin
the school setting remains questioned. Of note, previous literature has
noted the importance of effective movement proficiency for safe and
effectivelong-term physical performanceinyoung athletes(Cliff etd.,
2012; Lloyd & Oliver, 2012; Lubans, Morgan, Cliff, Barnett, & Okely,
2010; O’ Brienetd., 2016) and the FM Stest isan evidence-based way
to assess functional movement (as well as no equipment is strictly
needed) (Cook et d., 2006) so that, itsusein the school setting may be
justified.

At these ages characterized by severe anthropometric changes,
motor skills and movement proficiency seem to be influenced by
meaturation (Lloyd et d., 2015) and sex (Garcia-Jeén et d., 2018).
However, limited evidence is available about the effect of such an
important varigbles at prepuberta ages. The study of Lloyd et 4.
(Lloydetd., 2015) involved thirty 11-16 yearsold males, wheressthe
work recently published by GarciarJeén et d. (Garciar-Jaén et d., 2018),
involved forty 8-9 years old (twenty maes and twenty femaes). The
reduced sample size limits the impact of those findings and makes
difficult to determine the effect of age and sex in the same study.
Additionaly, previous studies have identified that fundamental
movement kills are negatively influenced by overweight or obesity
(Cliff etd., 2012; Morano, Coldla, & Carali, 2011). Morespecificaly,
previous works have reported that poorer functiond movement was
associated with higher body mass index (BMI) and lower levels of
physical activity in British children (Duncan & Stanley, 2012; Duncan
etd., 2013).

Inspiteof growinginterest intheuseof FMS(or Smilar screening
protocols) within athletic development programmesor school settings,
limited evidence is available about the effect of such an important
varigblesat prepubertal agesasage and sex. Therefore, theaim of this
sudy is to determine the influence of age and sex on the functiona
movement in Spanish primary school children.

- 97 -



Methods

Participants

A group of 172 children, 89 boys and 83 girls (age range= 6-11
years, age= 9.70+1.55 years, body mass= 37.36+13.61 kg; height=
1.39+0.13 m; BMI= 18.90+4.45 kg/m?) participated in this study.
They were sdlected from different schools in southern Spain. The
samplehasbeen sdected by conveniencein alarge geographic areaof
Anddusiainbothurbanandrurd aress Indlusion criteriaincluded being
free from physical and/or intdllectud disabilities. Exclusion criteria
included: (i) the use of amohility aid or prophylactic device (eg., knee
brace); (i) amusculoskeletd impairment or injury or heed injury (<6
weeks) which was likely to affect their motor performance; (iii) to be
diagnosad with any form of developmental disorder likely toinfluence
motor performance were also not included (i.e., developmenta
coordination disorder, dyspraxia, dydexia, Agperger’s syndrome and
autism). Parents voluntarily signed an informed consent form for the
participation of their children in this study. The study was completed
in accordance with the norms of the Declaration of Helsinki (2013
verson) (World Medical Assocition, 2013) and following thedirectives
of theEuropean Union on Good Clinicd Practice(111/3976/88 of July,
1990), as gpecified in the Spanish legal framework for human clinical
research (Roya Decree 561/1993 on clinicd essays). The study was
approved by the Ethics Committee of the University of Jeen (Jeen,
Spain).

Procedures

Anthropometry

Body height (cm) was mesasured with a stadiometer (Seca 222,
Hamburg, Germany, precision=1mm) and body masswithaweighing
scde(Seca899, Hamburg, Germany, precison= 100g). Childrenwere
asessedinbarefeet and lightly dothed (sport d othes) and measurements
were taken by anthropometrists accredited by using the standard
International Association for the Advancement of Kinanthropometry
(ISAK) protocol for such measurements. From this, body massindex
wasdetermined askg/n?.

Functional movement assessment

TheFunctiona Movement Screen™ (FMS™) isapre-participation
screening tool which evauates the Fundamental Movement Peatterns
thet underpin performance of al movement (Cook et d., 2006). The
FMS conssts of saven tests deep squa, in-line lunge, hurdle step,
shoulder mobility, stahility push-up, rotationa stability and active
SR, whichchdlengeanindividud’sability to perform basic movement
patternsthet reflect combinations of muscle strength, flexibility, range
of motion, coordination, balanceand proprioception (Cook et d ., 2006).
The FMS was administered by a trained rater using standardised
procedures, ingtructions and scoring processes (Cook et d., 2006).
Each participant wasgiven 3trid son eech of theseventestsin accordance
with recommended guiddines(Cook et d., 2006). Eachtrid wasscored
fromOto 3with higher scoresreflecting better functional movement. In

w Deep squat (B)

—

Hurdle step

© In-line |

regardtothecriteriafor scoringonthe FM S, ascoreof * 3' isawarded for
perfect execution of themovement, * 2’ for execution that demongtrates
compensation and lessthan perfect form, 1’ wherethereisinability to
completethe movement pattern because of siffness, lossof balanceor
another difficulty and ascore of ‘0" is awarded if there is pain when
performing the movement. Comprehensive ingtructions for each
movement aredso provided dsewhere (Cook et d., 2006).

For eech tet, the highest score from the three trial s was recorded
and used for andyss. These scores were aso summed to generate an
overal composite FMS score with a maximum vaue of 21 and in
accordancewith recommended protocols(Cook et d ., 2006; Schneiders
et d., 2011). In the present study both the composite FM'S score and
individua scores for each component of the FMS were used. Thisis
conggtent with previous research with children (Duncan et d., 2013).
The composite FMS score provides a holistic evaluation of an
individud’sfunctional movement (Cook et d., 2006). However, indivi-
dua scores for each of the FMS tests are needed to determine an
individua’s congstency of movement, to determinewhether thereisa
specific movement dysfunction (Cook et ., 2006).

Althoughindependent researchexaminingthevaidity andrelisbility
of theindividud testswithintheFM Sisnot availablein children, some
sudieshaveprevioudy used it inthat population (Duncan et d., 2013;
Gonzao-Skok et d., 2015; Lloyd et d., 2015; Schneiderset d., 2011).
Additiondly, a previous work (Schneiders et d., 2011) with young
people(18-40y) determined an excdllent inter-rater reighility (ICC) for
the composite FM S score, and for individud test components of the
FMS (Kappa). Likewise, inastudy with school-age children (Duncan
et d., 2013) kappava uesreved ed excdllent test re-test agreement for
total composite score and individud FM S tests (Kappa= 0.97 to 1).

Satidtical analyss

Datawere andysed using SPSS, v.21.0 for Windows (SPSS Inc,
Chicago, USA) and the significance level was st at p < 0.05. Test of
normd digtribution (Kolmogorov—Smirnov) wereconducted ondl data
before andysis. Regarding the age effect, three groups were crested
(under 8[U-8]: 6-7 yearsald; under 10[U-10]: 8-9; under 12 [U-12]:
10-11) and repeated measuresandysisof covariance(ANCOVA), usng
BMI &s a covariate, was conducted for FM Stota score. Where any
sgnificant differences were found post-hoc andysis employing the
Bonferroni test was used to determine where these differenceslay. To
determine the sex influence, an ANCOVA, usng BMI asacovaiate,
was conducted in every age group for FMS totd score. As for the
individua tests anon-parametricandys swasperformed. TheKruska-
Wallistest was conducted between age groupsfor eechindividud test,
with U Mann-Whitney as a post-hoc test. To determine the influence
of sex on eech individuad FMS test, the U Mann-Whitney test was
conducted for each test at each age group. Additiondly, a partia
correlation andysiswas performed between age, BMI and FM Stotal
score, adjugting by sex. Findly, BMI, age, and sex were entered into
multiplelinear regression dong with the FM Stotd scoreto determine
the determinants of performanceat school age.

(D}

Shoulder mobility

® Active SLR Push-up

(@)

Age groups Age groups

Rotary stability (H)

2, 8 b
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test, (G) rotary stability test, (H) FMS total score. FMS: Functional Movement Screen™ battery test; SLR: straight-leg raise; Age groups: 1 includes 6-7 years old, 2 includes 8-9 years old and 3
includes 10-11 years old. *p<0.05, ** p<0.01, ***p<0.001; same superscript | etter indicates significant differences between those age groups.
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Results

Figure 1 shows the effect of age on FMS score in school age
children. The ANCOVA showed sgnificant differences between age
groupsin the FMStotd (p=0.003) with pogt-hoc differences between
U-8vs. U-10 and U-12 (p= 0.014 and 0.004, respectively). The non-
parametric andysis for individua FMS tests (Kruskad-Wadllis test)
reported no sgnificant differences between age groups in the squat
(p=0.652), hurdle step (p=0.447), active SLR (p=0.232), push-up
(p=0.644) nor rotary stability (p=0.885) tests. Significant differences
werefoundintheinHinelungetest (p=0.009) with post-hoctest showing
differencesbetween U-8 and U-10 (p=0.001) and U-12 (p=0.002), and
in the shoulder mobility test (p=0.031) with post-hoc revealing
differences between U-8 and U-10 (p=0.009) and U-12 (p=0.001).

Table 1 shows the sex comparison for FMS battery test (FMS
total and individual tests). The ANCOVA showed no significant
between-sex differences (pe»0.05) in FM Stotal scoreat any agegroup
(U-8, U-10 or U-12). Thenon-parametricandyssfor individud FMS
tests (U Mann-Whitney tet) reported no significant between-sex
differences (pe»0.05) in the U-8 group in any of the individud tests;
wheress, in the U-10 group, significant between-sex differences
(p=0.012) werefound in thein-line lunge test, and in the push-up test
(p=0.034) in the U-12 group.

Table 1.
Sex comparison in FM S score in a sample of school age children.

Deep Hurdle In-line Shoulder Active
squat  step lunge  Mobility SLR
221 213 171 13.75

M 208 233
Under g (F28) 0889 (069) WP CBILROMD ooy 079 (075 (309)

Rotary  Tota

PUsh-Up. il ity score

0=30) £ 215 23 254 200 177 1439
(=13) (069 (062 “BOMIITTOM) (oo 082 (083 (3.9)

M 205 223
Under 10 (F22) (063 (0.68)

(0=54) £ 238 213 250
(=32) (0.7) (0.75 (0.75)*

6 223 168 1445

23
205(075)186(077) (58 (078 (071) (300)

256 216 185 1563
2060070 (50 (077 (080) (281)
223 174 1449

228 12 223
201089181072 G5 07y (084 (306)

M 2.
Under 12 (49 (067 (050)
(=81) £ 221 22 237 187 168 1476

(=38) (084 (068 22*OM2BO) oo 07 ©7) (G0

*indicates between sex differences (* p<0.05). Under 8 includes 6-7, Under 10 includes 8-9 and
Under 12 includes 10-11 years old children; FMS: Functional Movement Screen™ battery test;
M: male; F: female; active SLR: active straight-leg raise

The partid correlation analyss reported a Sgnificant correlaion
between BMI and FM S totd score (r= - 0.385, p<0.001). Results of
the linear regresson andyss reveded BMI as a primary predictor of
FM Stota scorein school agechildren, but with asignificant additional
contribution from age (R?= 0.206, p<0.001). Sex was excluded from
thismode (p=0.097).

Discussion

Thisstudy aimed to determinetheinfluence of age and sex onthe
functional movement in Spanish primary school children. The main
finding of the current study is that BMI was identified as a primary
predictor of FM Stotal scorein school agechildren, but withasignificant
additiona contribution from age, whereas the sex was excluded from
thismodd. Additiondly, from theisolated andysis of the age and sex
effects thedatarevededthat: (i) ageisadeterminant factor justinthein-
line lunge and the shoulder mobility tests (2 out of 7) dong with total
FM Sscore; (i) whereas sex had not effect inthe U-8 group, and avery
smdl effectintheU-10 (just 1 out of 7 tests in-linelungetest) andinthe
U-12 group (just 1 out of 7 tests: push up test).

However, some gppreciations must betaken into consderation to
correctly interpret thesefindings. Firgt, theresults obtained, indirectly,
indicate that FM Stota score may overlook important information. If
we look to our data, FM S total and individua tests report in, some
cases, contradictory information. Thisisin line with the approach by
Lloydetd. (Lloyd et d., 2015) that consider both total and individua
scoresin their andlyss, and it is also in consonance with the findings
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reported by Alemanyaet d. (Alemanyaet d., 2017) who question the
utility of total score and cut-off points in the FMS battery test.

Second, theresults obtained provide support to the theory of non-
linear development of children (Mdina, 2012) (6-11 yearsold in this
case), with periodsof relatively littlefluctuation followed by periodsof
rapid change. In the current study, none of the performance variables
(except thein-linelungeand shoul der mobility tests) weresignificantly
different between age groups. This finding is consistent with that
reported by Lloydetd. (LIoyd et d., 2015) whofound noimprovement
inreectivestrengthindex, agility or FM Sscoresbetween 9-13yearsold
childrenwith the authors suggesting that thismay be associsted witha
generd plateauin performance.

Focusing on the mean composite score, the vaue reported in this
study is14.59whichisexactly thesamethanthat reported for adolescent
school agechildren (10-17 yearsold), andlower thanthescorefor active
people between 18-40 years old (mean score 15.7) (Schneiderset .,
2011) and professond maefootbal players(mean score16.9) (Kiesd,
Fisky, & Voight, 2007). The normative va uereported in middle aged
adultsis14.14 (Perry & Koehle, 2013), whichwassmilar tothemean
composite score reported for the children in this study. It might be
expected that professional football playersor active adultswould score
better due to their physicad maturity, conditioning, fitness, age, and
body composition, compared to the status of 6-11 years old children
but no strong correlation of FMS composite scores with any of the
variablessudied. For example, focusng ontheageeffect, atarget varia-
blein this study, Abraham et a. (Abraham et d., 2015) found awesk
negative correlation between FM Stotd scoreand agein adolescent (r=
-0.038), whereasagewassignificantly related to FM Sscoresinmiddle
ageadults (Perry & Koehle, 2013).

Asfor the sex influence, Abraham et d. (Abraham et d., 2015)
reported Similar results to our study with between sex differences
lower than 1 point in adolescent children. However, consdering the
individua testsscores, theaforementioned study (Abrahamet d., 2015)
found between sex differences on four individua FM Stestsreporting
that maeswereon averagebetter onthein-linelunge, active SLR, push-
up and the rotary gtability tests than femaes. On average, our study
found femaes better on thein-line lunge (8-9 years old) while maes
werebetter on push-up (10-11 yearsold) with no between sex differences
intheyounger children (6-7 yearsold group). Theauthors suggest thet
theageof participants(theonset of adolescence) might bethereasonfor
these differences. It is well known biological maturation influences
physicd performance, largely owing todterationsin hormond profiles,
increesesinlean body mass, mydination of motor neuronsand enhanced
inter- and intramuscular coordination (Faigenbaum, Lloyd, & Myer,
2013; Lloyd et d., 2014). Therapid increesesin body dimensonsand
limb lengths and Sgnificant development of muscle mass associated
withmaturationmay affect, dthoughwith fluctuatinglevels tomovement
proficiency duringthisstageof deve opment (Quatman-Yates, Quatman,
Meszaros, Paterno, & Hewett, 2012).

Findly, somelimitationsneed to beconsidered. Fir, theinfluence
of potentid confounding variables aslevel of physical activity, socio-
economic status and ethnic group. Second, biological maturation was
not meesured and theliterature suggeststhet thereexist Sgnificant inter-
individud differencesasaresult of maturationa processeswhenchildren
aregrouped according to chronologicd age(Lloydetd., 2015; Mdina,
2012). Notwithgtanding these limitations, the current study highlights
theinfluenceof ageand sex onthe FM Sscoreof 6-12yearsold children.

Conclusion

The results reported in this study suggest thet age is a moderate
determinant of FM'S scores, whereas sex is not a determinant in this
battery test in school age children (6-11 years old). This study dso
highlights that BMI is the primary predictor of FMS totd score in
school age children, but with asignificant additiona contribution from
age, whereasthe sex wasexcluded fromthismodd . Additiondly, these
dataindicatethat FM Stotal scoremay overlook importantinformation
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by providing opposing information to individua tests. Likewise, this
study supports the theory of non-linear development of school-age
childrenwith periodsof rdatively littlefluctuation followed by periods
of rapid change.

Fromapractica standpoint, these datahighlight theimportance of
implementing functional movement screening in the school setting in
order to build up the traditionaly performed physicd fitness testing,
and it warns physical education teechers and professona working
with young athletes about therisks of comparing resultswith children
of different ages, sexesand weight status.
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