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Abstract

The aim of the present study was to examine reliability and cmtstonvergent validity of
Player Load™ (PL) from trdamounted accelerometry, expressed as a cumulative measure
and an intensity measure (PL - mjn Fifteen male participants twice performed an
overground football match simulation that included four different multidoeal football
actions (jog, side ¢ustride and sprint) whilst wearing a trunk-mounted accelerometer inbuilt
in a global positioning system unit. Results showed a moderaiigh reliability as indicated

by the intraclass correlation coefficient (0.888.949) and limits of agreement. Gangent
validity analysis showed considerable betwparticipant variation (coefficient of variation
range 14.524.5%), which was not explained from participant demographics despite a negative
association with body height for the stride task. Betweshkvariations generally showed a
moderate correlation between ranking of participants for PL (806®84) and PL - mih
(0.282-0.736). It was concluded that monitoring RL football multidirectional actions
presents moderate-high reliability, that beveenparticipant variability most likely relies on

the individual’s locomotive skills and not their anthropometacs! that the intensity of a task
expressed by PL - mihis largely related to the running velocity of the task.
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Introduction

Accelerations andecelerations constitute an essential element of football, particularly
in sprint actions or short changes of direction such as side cutting or dritBlommnfield,
Polman & O’Dononghue, 2007; Varley & Aughey, 2Q13he high accelerations and
deceleratns are known to lead to high forces acting on the musculoskeletal systemrwhich
turnneed to be absorbed by internal musculoskeletal stru¢gobbert, Schamhardt, & Nick,
1991).It is possible thathte magnitude of these forces can directly exceed the body’s capacity
to absorb their impact and lead to acute tissue damage (e.g. bone fracture, traisgle s
ligament tear)but the excessive exposure to moderate yet repetitive forces can also exceed the
body’s capacity to recover from small (micro) damage, eventually leadingdim damage

(e.g. stress fractures, cartilage degenerption

Monitoring acceleration and deceleration loads throtigh use ofaccelerometers
embedded in the commonly used trunkuntedGlobal Positioning System (GPS) unitgy
help understand the association between the forces due to excessive loadingootbéile f
player’s musculoskeletal tissuaadassist irinjury risk profiling. This monitoring isbased on
the impact that the absorption of ground reaction forces may have on the footbalkfaggr
(Ehrmann, Duncan, Sindhuase, Franzen, & Greene, 2015; Colby, Dawson, Heasman, Rogalski,
& Gabbet, 2014), and whilst showing some promising results from theas@ymulated
accelerometry based loagsr weekcan relate tanjury risk (Colby et al., 2014), a number of
unknownsregarding validity and reliability around accelerometry monitositi§remain.To
date, accelerations and decelerations have often bpesssed using Player Lodt (PL), a

cumulative measure of rate of change in acceleréBond, Ball, & Aughey, 2011).

The reliability of PL has been addressed in the recent literaflmelaboratorial setup
from Boyd et al. (2011useda hydraulic testing machingnd showed good reliability for
accelerometry data collected in these conditigedly, Murphy, Watsford, Austin, and Rennie
(2015) also found a good inter and inrtlevice reliabilitywhen assessing raw accelerometer
data usig alaboratorial setupvith mechanical rotation devic8arret Midgley, and Lovell
(2014)investigatedan incremental treadmitunningprotocol with speeds ranging from 7 to
16 Km.h?, showed high tesetest reliability for PL but between subject PL scorewere
subject to individual running style variatiori@ecently, multidirectional running movements
were investigated Barret et al. 2015) which adopted a soex@ecific freerunning match

simulation (SAF9). Their test— retestresults suggested high intdevice reliability, an



absence of systematic bjasd low coefficients of variation. Despite this work, there are still
some unknows relatedto PL reliability. For example, reliability of PL for movements in
isolation has not been addressed to.di&te analysis involving multidirectional movements from
Barret et al. (2015) considered total cumulative scores and did not isolate effords spichting,
striding or side cting. Analysing PL reliability of movements in isolation avoids potential bias
from contaminationof the acceleration signabads from other movements or gestures when
reliability of cumulative PL is analysedlso, due tathe cumulative nature of PL over time, it
fails to represent the mechanical intensity of a movement and is unsuitabistifoguishing
the impact that different actions have on a player during football. ExpressipgrRInit of
time (PL.mint) can therefore help indicate the rate of stress to which the player subjeacts thei
body for a given time period. By having representative intensity PL valuegiden
movements a more meaningful insight into the mechanical stresses that thessemtsv

impose on the body can be gained.

Besides reliability, another issue that still deserves further clarificatibme isoinstruct
convergent validity of Player Lo&y, namely, how it is expected to vary between players, for
example based on their body sizes. Playeragheristics such as body mass influence the
development of ground reaction forq&errick, Caldwell, & Hamill, 2000; Silder, Besier, &
Delp, 2015) yet it is stillunknown howPL is affected. For examplé an entire squad were
to undergo the same training session, thenmp®rtantto know whethePL is expected to be
the same or whether it will differ between players based on their body size.

The aim of this study was to improve our understandingeliability and construct
convergent validity of PL from trunk mounted accelerometry, expressed as udatuen
measure (PL) and as an intensity measure (PtY)nacross different multidirectional football
actions. We considered the effects of the intensity level and duration of the actiall, @s w

the subjectsanthropometrics.

Methods



Fifteen male participants (25.8 + 4.3 years; 1.79 20m; 77.3 + 10.4 kg) were
recruited for thistudy. All participants were recreatiomhavel athletesised to football practice
and were free from any injury at the time of the study. Informed consent wasechpaior to
participation in the studyThe study met the requirements of the Liverpool John Moores
University ethicscommittee and appval was obtained prior to the commencement of the

study.

An overground match simulation protoc@AFT®®) was modified from its original
distance of 20 meters to 15 meters to fit suaoor laboratoy (Azidin, Sankey, Drust,
Robinson, & Vanrenterghem, 2015). The SA¥Twas designed to be reflective of the
multidirectional nature of the specific movementsawitball, including frequent acceleratisn
and deceleratia The movement intensity and activity performed by the participantstwhil
completing the overground course was maintained using verbal signals on an akdantrac
contact actions such as kicking or tackling weot performed(Lovell, Knapper, & Small,

2008) Course design was based around a shuttle run over a 15 m distance, incorporating fou
positioned poles for the participants to navigate usmgtidirectional utility movements
(Figure 1).

All participants first #ended afamiliarization session which was not recorded,
followed by twodata collectionsessions separatdy a minimum of three days. For data
collection purposes each subjeabre a trunk mounted GPS unit (Viper model, Statsports
Technologies, USA), whichadan intbuilt tri-axial 100 Hzaccelerometer (ADXL 326, Analog
Devices, Norwood, USA). The participants completed 45 minutes of the simulation protocol
and the middle 15 minutes accelerometry data was used for analysis. This provideshsuf
data on each of the observed tasks (see table Iipiamdizedvariations in outcome measures
due toearly adaptatiorwith the protocol in the first 15 minutes of the protodslso, the
interference of fatiguelue to prolonged exercisa the performance of the protocol was
avoided, as fatigue effects had been observed in the latter stages of eaghthalftype of
simulation protocolgBarret et al., 2015; Marshall, Lovell, Jeppesen, Andersen, & Siegler,
2014).

Accelerometer data wasownloaded in raw formdtom the manufacturer software
(Viper, Statsports Technologies, USA), andwstom Matlakprogramme(Version R2014a,
The MathWorks, Inc., Natick, MA, USA) was used to identify and select data to be uhclude
in the analysis. An interactive Graphical User Interface (GUI) was deselo verify the exact



timing of transitions between tasks (d&gure 2).Start and end point identification of each
task based on its time measure was adjusted by the same reseuehtw.the contributions
of everyactionpresent in this protocab the finalcumulativePL score, in the present study
datawas istated and analysefr each of fouractions jog, side cut, stride and sprifdee
Table 1) These four tasksnplied higher demands of acceleration and decelerafionyhich
walking and standing periogigere excluded from the analysi®y eliminating the contribution

of accelerometry data frothesetwo actionsn the final PLscoreand isolating the data from
jogging, side cutting, striding and sprintjrmne could more accurately analyse the reliability
of PL in these tasks. The softieacalculatedPL as the square root of the sum of the
instantaneous rate of change in acceleration and decele(@bgd et al, 2011) as well

PL.min! by dividing PL by the exact time spent executirtgsk.

Statistics

Within subject eliability analysis was performed first. Mean differences between test

and retest (systematic bias) were analysed uShglents t-tests for paired samples, with a
level of significance set as p< 0.05. Limits of agreement (LOA) for absaliddility were

also céculated according to the recommendations of AtkinamNevill (1998) and expressed

in the form of BlandAltman plots. Relative reliability to verifgonsistency of measurements
between trials was assessed usingWway random intralass correlation cdicient (ICC), in
which scores were categorizashigh (>0.90), moderate (0.80-0.89),or questionable (<0.80)
(Hopkins, 2000).

Trial 2 resultswere usedfor the construct convergent validignalysis Convergent
validity was evaluated througtithin-subject variation in PL and PL.mtuising coefficient of
variation (CV), followed by Pearson’s association measures to verifsfioeiation between
accelerometry scores of each task and measures of body mass, height andrBpéri<oms
across dltasks were performed using ANOVA for repeated samplesSamtents t-tests were
used to identify the pairs of tasks for each variable where a statistigaiificant diffeence

was present.

Spearman’s rank correlations were calculated to verifgdhsistency of the subjetts

ranking of accelerometry scores for each of the four tasks.



All statistical procedures were conducted using Statistical Package for the Social
Sciences (SPSS, version 20.0, SPSS Inc., Chicago, IL, USA).

Results

Reliability analysis

Table 2 expresses results for trial 1 ande®jardingPL and PL.mirt SAFT® 15-30
minutes scorefairedStudentst-tess shovedan isolated small systematic bias forjibgging
taskwhenPL.min! scoresare considere¢ph < 0.05). Moderate to high correlatisietween
both trials were found acroafl tasks.

Bland-Altman LOA distribution of scoreshowed an overall good absolute reliability for the
PL and PL.mirt variables (Figure 3). The magnitude of the limits around thersgsie bias
wereacceptable considering the average scores in each task, ranging from 17%d¢tatitéo
to theaverage accelerometsgores. Therevere alsovariationsaccording tahe nature of the
task being performed, with a trend weards reduceddifferences intasks involving higher
acceleration and deceleration demarféisr the stride task thisariation wa39% and 41%or
PL and PL.min* scoresrespectively whereas in the sprint task PL and PL.thiscores

presented variations of 17% and 28%spectively.

Construct convergent validity analysis

BetweenparticipantCV across each task shedmore considerablariation,with the
highest value registered in the stridask (24.5%) and the lowest corresponding to jogging
(14.5%). No significant association was found between body mass andrBifi¢ one hand
and PL or PL.mirt scoreson the other handHeight explained betwegrarticipant variation
for the stride taskresening a significant moderate negative associatowrPL (*=-0.611, p
= 0.008) and PL.mih (r*= - 0.482, p = 0.034) results.

Results for each participant sheavdifferent variations between tasks trial 2
depending orwhetherthe total accumulated PL or its intensity expression (PLinivas

considered(Figure 4. Spearman’s correlatiomeasures showed a significant moderate



correlation between ranking gfrticiparis” scores between tasks for PL (0-£0364) and
PL.min (0.2820.736), except between the stride and the sprint tasks for expressions of PL
intensity where no association was fou@hmparisons between tasksee table 3lsing
ANOVA for repeated samples shedsignificant differencegor PL and PL.min? results.
Paired sampletsdent ttestsshowedsignificant differences betweetl tasks except between

side cut andgtride PL.mint (p= 0.239).

Discussion

PL and PL.mift relative to multidirectional football tasks, performed at different
intensity levels, from regular jogging to maximal sprinting, present moderatghtcehiability.
The construct convergent validity analysis identified variations in PL andifrt.batween
participarts, with a small to moderate negative association between height and both PL and
PL.mint in the stride task. The analysis of accelerometry scores between the fous acti
performed in this study identified significant differences for Phres between all thiasks
which were only noticed between jogging and sprinting and the remaining tasks in the case of
PL.min?, showing that wheoonsidering intensitythe speeaf the taskmay play a relevant

role in accelerometry scores.

Despite diferences in protocol with previous studies, @skitetestreliability analysis
were in agreement, showing a moderate to high relative reliability, with IG€@sscanging
from 0.806 to 0.949Barret et al., 2015; Barret et al., 2014), and a good abseliaeility
with acceptabld.OA. This generally agreewith the existing PL reliability research using
distinct protocols such as the SAETBarret et al.,2015), treadmill runnir@arret et al.,
2014) and mechanical or outfield sety@oyd et al., 2011)A small systematic bias was found
(p = 0.043) in the PL.mihfor the jogging task. This could be attributed to a familiarization
effect between trials related to running economy. The 29 repetitions of the jogkngeise
designatd to be performed at the same pace and duration for the two tasks. Therefore, the
observed decrease in the score for the PL intensity may be attributed to thatfpatticipants
systematically started to run more economically in the second Regjading the use of
simulation protocols such as the SAETa low CV for within-subject comparisons was found
for the accelerometry dateollected during th®0 minutesof the protocol in a recent study
(Barret et al., 2015).



Regarding construct convergent validity, our findings indicate that from the
participarts’ demographics only height presented a negative association with acegtgriom
the stride task. The effect found (0.046) only marginakgeededhe level of significance
adopted (0.05), and the absence of any other significant finding relating heighthevith t
remaining accelerometry scores may attribute it to a type | errorevwthe fact that taller
subjects presented lower PL and PL.tniscores may result from the less vertical
displacements that the trunk mounted accelerometer would be subject to if tiyy stradéach
the target speed in the straight line stride task from the taller subjects abos$istereasing
the stride lengthConsequently this increase in stride lengthuld be followed by an overall
reduction in the shock wave from the foot contétercer, Devita, Derrick, & Bates, 2003)
The association between body height and acceleratiaasiot noticed in the sprint task where
anincrease in stride frequency is expected instead of stride Jahgtltommon strategy to
raise velocity above the 25.2 krit.ithreshold(Schache, Dorn, Williams, Brown, & Pandy,
2014) Regarding the side cut task, with a speed similar to the stride task (1 kimehfact
that a direction change was established within a short distance after thed ghartask this
may have led the subject to adopt a shorter stride length again in order to pirefsade cut
on its designated location, hence changing the acceleration patrdiragly. However, this
line of reasoning is highly hypothetical and we believe that for this expanatiexplain our
results further detailed biomechanical analysis of stride characteristitd meed to reveal if
there is an actual alteration durstgding in taller athletes which induces an observable change

in trunk accelerations.

Subjects” body mass did not influence PL or PL:niwhich may be a surprise.
However, in order for the subjects to achieve target speeds due to tstghkshed time and
space of execution for each task, low variation between participants in the accekmdtion
deceleration efforts was expected. The aim of trunk mounted accelerometryositte @n
estimation of the ground reaction forces acting on the subjeotlg (Wundersitz, Netto,
Aisbett, & Gastin, 2013)Hence in order to maintain a similar accelerometry pattern between
them, subjects with higher body mass have to apply more force than less heavy ones
Therefore, despite heavier individuals not havingatgr PL or PL.mim, the consequent
mechanical loads on their musculoskeletal structures are expected to be higoenmary,
effectsof anthropometrics on the acceleration and decelerstioresvere negligible, despite
the significant variatiorfound between subjects for each taslonfirmed by the high CV
scores. Therefore this variation seems to be dependetitedandividual’s biomechanical



strategy for propellingheir body depending on the action under performaraetors such as
increased stride lengths, increased hip, knee and ankle flexion rangesaf, rantd longer

stance times have been associated with increases in ground reaction forcesudurimgy r
(Silder et al., 2015; Mercer, Bezodis, Russell, Purdyp&.ion, 2005; Mercer et al., 2003;
Derrick, Hamill, & Caldwell, 1998), and we assume that our observed-imtidual

variations are the consequence of such factors, rather than the differences iragbiosg

Differences between accelerometry scores for four different tasks were analissd
as a cumulative variable (PL) or an expression of intensity (PL)mifhe analysis of intensity
showed differences between jogging and sprinting with the remaining tasks sraalstit and
striding reveald no differences between them. This may be justified by the same target speed
adopted (15 km:H during the protocol in the latter two efforts. It is interesting to notice that
despite side cut and striding actions being constituted by efforts with diftgpes of gestures
in this protocol, such as up stride and side stride preliminary to the side cut aeticanitisa
straight line effort for the stride task, this did not show to have an effect on PLitnt&hsis,
the target speed to reach whilst performing the efforts seems to have been thetdey f
contributing to it. In the present study, data collection of continuous speed developasent
not performed and for that reason association measures with the acceleromedsy scor
developed throughouhe course of the SAFYthat could justify our hypothesis cannot be
statistically addressed. We suggest that further research can complesnamsegnt findings
by addressing this matter.

Our analysis showed that for PL there is a moderate positieeiassn between all
efforts, meaning that the participants modify their performance in a sipndportion, which
was expected considering that PL is a representation of the sum of acceleaations
decelerations. However, when expressions of intensity were considered #tewvavas not
similarly proportional between the stride and sprint tasks. This observati&alysrélated to
the fact that threparticipans could not increase their speed between these efforts, as seen in
Figure 4 from the threknes that do not increase between stride and sprint. As this is contrary
to the remaining participants, this appears to have created the variation oigraarid
therefore the use of PL.mimmay allow an alternative differentiation among participans t
should be addressed in further research in terms of meaningfulness for iskuor toad
monitoring So altogether, we would conclude that with increasing speed the increase in PL

and PL.mint is similar between participants but further research voekd to confirm this.



Our study comes with limitations. The match simulation protocol adopted excluded
actions involving ball contactctions involving the ball typically only represent a small
proportion of actions done during training or ganf@arling, 2010; Rampini, Impellizzeri,
Castagnac, Coutts, & Wisloff, 2009), and will likely only have a small impact on Bdo, A
the SAFP° match simulation was performed on a surface not specific for football praciice, a
this may have had a differemhpact on the acceleration and deceleration behaviour of the
participants compared to turf surfaces in football prac@emilarly, dfferences in ground
stiffness and damping behaviour exist between natural and artificiglZametti, Bignardi,
Francleschini, & Audenino, 2013}t is still to be seen how surface characteristics affect trunk
accelerometry, something that is hard to predict as the players will likely alier the
biomechanical running strategy to compensate for higher impact forcesdar barfaces.
However, although the stiffness of the laboratorial floor surface imag affectedhe PL

accumulated score, we believe that the proportion between the scores would be keptthe sa

Conclusion

The use of PLfor monitoring accelertions and decelerations in football
multidirectional actionausing data from the accelerometer inbuilt in trunk mounted GPS
devices presents moderate to high reliability across tasks performee@rdifipeeds, ranging
from moderate intensity fefrts such as jogging to maximal efforts such as sprinting, and
therefore can be used to monitor these types of efforts in football. Thapeifieant variation
between participantshichwas not associated with the participants” anthropometricsast]
likely relies on the individual’s locomotive skills. Whilst PL measures the cumeliad,
PL.min! measures the intensity of a task. Different football related running actionsdshowe
different PL.mint values, which to a certain extent was relatedhe running velocity that

needed to be achieved in a small space.
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Figure 1. Diagram of thmSAFT® laboratorial field courseReprinted by permission from Taylor &
Francis Publishers (Azidin et al., 2015), copyright 2Qband Side Jog: back and forward or sideways
jogging between cones (a), straight line jogging followed byzaiy betweempoles (b), 180° turn (c)

and short stop at a designated mark (d), followed by jog and a second 1§6Y & final jog up to

the starting point (a)Side cut: stride back and forward or sideways between cones (a), straight line
stride and side cut atdesignated mark signed with a force platform in the fl&fride: straight line
stride after side cut task to initial position (a) with 5 seconds stopipag@tbetweenSprint: maximal

sprint from the designated mark (d) to the starting position (a) includit®p° turn (c) following an
initial up and side jog up to (d).
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Figure 2. Custom Matlab template.



Figure 3. Bland-Altman plots for PL (upper row) and PL.min-1 (lower row) foridgjegging tasks,
side cut, stride and sprint (left to right) psting systematic bias (full horizontal line) and lower/upper
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Figure 4. Withimparticipant variations of PL (left) and PL.rrIn(right) between tasks. Each line
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Tables

Table 1. Activities analysed during the 15 minutes SAFT90 profile

Activity type Total number  Speed (Km.hD
of activities

Total jogging 29

Up jog, zigzag and 180° turn 17
10.3

Side jog, zigzag and 180° tdrn 12
Total sidecut 8 15.0

Up stride and side ctt 2

Side stride and side cut 6
Total strides® 2 15.0

Total sprints 3 >20.4




Table 2. 1530 minutes SAFT90 results and reliability analysis

PL (Mean £ SD)

PL.min-}(Mean + SD)

Task Trial 1 Trial 2 t p r Trial 1 Trial 2 t p r
Jogging  13037.8 +2309.7 12448.0+ 1803.4 1.667 0.118 0.863 2699.2 +450.2 2558.6 + 466.8 2.223 0.043 0.903
Side cut 2861.0 £507.9 2773.7 £ 422.9 1.173 0.260 0.892 3088.5 £538.8 3047.2 £542.8 0.535 0.601 0.921

Stride 655.2 £172.7 652.3 £ 159.5 0.090 0.929 0.831 2935.6 £ 844.2 29155 £618.7 0.127 0.901 0.806

Sprint 1442.2 +280.4 1385.4 + 324.4 1.753 0.102 0.949 5134.5 + 1005.8 4953.8 + 1093.0 0.963 0.352 0.865

Table 3. Variation of LOA for PL and PL.min

Variation of LOA (relative to average
difference between trials)

PL

PL.min*

Up/side Jogging

2595.5 (20.4%)

463.8 (17.6%)

Side cut

547.0 (19.4%)

566.2 (18.5%)

Stride

246.5 (37.7%)

1161.7 (39.7%)

Sprint

237.5 (16.8%)

1375.4 (27.3%)




Table 4. Trial 2 between subject and between task comparisons

PL (Mean = SD)

PL.mirt (Mean + SD)

Task Jogging Side cut Stride Sprint p Jogging Side cut Stride Sprint p
Trial 2 12448.0 £1803.4 2773.7 £ 422.9 652.3 £159.5 1385.4+324.4 0.000* 2558.6 £466.8 3047.2+542.8 29155 +618.7 4953.8 +1093.0 0.000
Ccv 14.5% 15.2% 24.5% 23.4% 18.2% 17.8% 21.2% 22.1%
Association Height -0.416 -0.317 -0.611** -0.392 -0.411 -0.406 -0.482** -0.302
Association Weight -0.277 -0.239 -0.367 -0.338 -0.312 -0.283 -0.239 -0.340
Association BMI 0.033 -0.180 0.128 -0.065 -0.032 0.034 0.189 -0.190

*Sphericity criterion not met, Greenhouse-Geisser correction used.

** Statistical significance(<0.05)



