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Prediction of overuse injuries in football 3

ABSTRACT

The most common injury in professional footbalais overuse injury to the lower limb. A significant
external risk factor of this injury is the mismaeagent of training and match loads. The aim of the
current study was to examine the predictabilitpedruse injuries in professional youth soccer pisye
using volume and intensity variables derived frotob@l Positioning Systems (GPS). A total of 41
players (Age- 17.8 yrsx1.1 yrs) training and match loads wesessed. These external loads were
measured over two competitive seasons for evemirigasession and match for each individual. A
linear regression was used to test the predictalufi the injury based on load, which were grouped
using loading groups calculated from squad weekrages. The load groupings assigned were: Low
load = 1 SD below the squad mean score; Normal4oatl SD from the squad mean; High load = 1
SD above squad mean. The analysis demonstratetbthhtistance significantly predicted overuse
injury incidence rates (F(1, 39) = 6.482, p = 0.0%8)ereas high speed running meters could not (F(1,
39) = 1.003, p = 0.323). This study demonstrated disgtnce covered in training and matches can
impact on the incidence of overuse injury in yosttcer players. Coaches should seek to monitor
player training loads and incorporate this metto itheir decision making for protecting playe@nfr

overuse injury.

Key words. Overuse Injury, GPS, External Loads, Total Distaitigh Speed Running
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INTRODUCTION

Overuse injuries account for approximately 34% lbfirguries sustained in soccer and these occur
throughout the competitive season (18,30,38). Al directly impact on the quality of the team
fielded, it is important to reduce the amount ofimse injuries in order to maximize the chanceb®f
team’s success (23). However, overuse injuries can be challengingéwgnt due to the wide variety of
causative factors, many of which are difficult tamage. Generally, injury occurrences are categbrize
by intrinsic (person related) and extrinsic (enmiment related) factordntrinsic factors that are
purported to have an increased effect on injuryuoenice include age, career duration and history of
previous injury (12,17,32,35,38). The most promtrexirinsic risk factors causing overuse injuries a
suggested to be excess levels of external traio@ds, high training to match ratio and playingeon
hard surface with high friction (12,16,31). Howevthre consistent factor throughout the literature
related to overuse injury appears the mismanagenfesmtternal load on the working muscles (36)
This variable should be wiin complete control of the team’s coaching staff, and so data is required to

go beyond establishing a link between training lavitt overuse injury and instead attempt to qugntif
this relationship. It is important to note thahaligh staff supervision in training can controltdithe
external load experienced in a regular season watkn competitive matches it can only be monitbre
through match data. Although certain aspects afitrg are more difficult to regulate (such as small
sided games), these elements of a session cantitorad in real-time in order to control the extrn

load.

Most elite football clubs now use GPS (Global Pogitig System) devices to monitor player
external loads and distance covered during traiamgmatches across a season (33). GPS unitscollat
data into a system which has the potential to plethe user with detailed feedback regarding player
over- and under-loading, and this could be usebelp reduce overuse injuries. However, there is
currently a lack of unity of procedures that elite club’s follow in terms of data processing, inhibiting the
quality of data (16) and meaning the system is aslgood as the user. The most recognized method
of data usage involves the comparison of each player’s load for the session/match with the squad’s

average for that session. This metric is then tsétform the degree of risk of an overuse injuryhie
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Prediction of overuse injuries in football 5

forthcoming sessions/matches for that player. Thieeat method does not account for the internal loa
that is likely to vary across a squad of players. Using a squad average for player’s external load can
only be used for indicating a potential risk imterof the external load that can be easily accaduiate

in training/matches. Currently the method allows tisers to make modifications to easily managed
external loads in order to alleviate potential high internal loads. Modifications in the player’s training

program can then help to mitigate this risk (25)

The competitive football season generally lastexoess of 9 months, and it is important to
take account the contributing effect of cumulatverloading to overuse injur(5). Some studies on
Australian Football have taken this cumulativertrag and match load meters completed factor into
account by monitoring the effect of 3-weekly cuntivialoads on injury incidence rates (13). Colby et
al. (13) showed a higher injury risk with increased load #ris was elevated with higher intensities.
The research also presented that the metricsalfdistance (TD) and high speed running (HSR) were
the most plausible measures to be used in terinfuoy prediction, which supports other prior rasda
by Castagna et al. (10). However, Australian Fdbthes very different physiological demands to
football, and greater amounts of physical contattvben players (13,18). This likely increases the
amount of injuries that are sustained in Austraktaotball compared to football (13,18), and lintite

translation of the data between the two sports.

There is a significant body of the research whisesuGPS to provide movement analysis in
football (10). Indeed, Castagna et al. found plagevered between 5098-7019 m in a match, with 15%
being accounted for as high intensity distance.(tQyas also shown that players fatigued over the
course of the fixture by 3.8% in terms of their TBvered when compared to first half values (10)
Castellano and Casamichana (11) has examined|#t®nship between heart rate and GPS to define
fitness levels. Castellano and Casamichana (143epted the average percentage of heart rate
maximum players worked at in relation to their aistes covered from various GPS derived variables.
Whilst this information is interesting, there iseed to provide some application of this data. Behk
al. (6) suggests that quantification of the reladlip between cumulative training and match

load/intensity and overuse injury could be usedrtivide a framework for coaches to use in order to
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Prediction of overuse injuries in football 6

reduce overuse injury risk. However, when apply@igS as a measure of load the percentage error
must be accounted for as this can range from 548 Coutts and Dulffield (14) demonstrated that the
accuracy of GPS devices is within an acceptablgimarf error for validity of results, but it was tea

that measures of high intensity movements, sucH%R, have presented a potential error of 11.2-
32.4%. Deficiencies in the accuracy of the modals lze attributed to devices which are less then 10
Hz in processing power (14,15). Accounting for thiiata from appropriate GPS devices could provide
a basis for individual training norms for each giayn a squad to be calculated and allow a more
intelligent means of guiding training prescripti(@). Consequently, the aim of this investigatiorswa
to monitor youth player training loads/intensitiasa professional football club using GPS, and to
subsequently calculate the capacity of this dagarédict overuse injury. It was hypothesized that T
would predict overuse injury incidence rates arat thSR would not be able to significantly predict

overuse injury incidence rates.

METHODS

Approach to the Problem

Both 2012-13 and 20184 season’s data were collated into a single data set for analysis. Player weekly
averages of TD and HSR within the 40-week timequkwere calculated. The calculation used did not
include weeks of training that were affected byiigj(i.e. where a player was returning from injury
and training load/intensity was reduced). GPS Gtaits, Viper Pod, NI) data was acquired for every
training session and match that each individuatgrlavas involved in across the seasons. From this,
the metrics used in the current study were TD (va@wf training) and HSR (intensity of training)eds

in a similar study by Colby et al. (13). These nustwvere used to represent external loads fromitrgui
and competitive matches. Injuries were collectedifan injury audit with diagnosis and recording@int
this dataset completed by a qualified physiothetaji is worth noting that there was an increase i
injuries between the seasons which can be potignétlibuted to internal changes in the cluban

increase in coaching hours, an increase in the auwfbplayers and a change in coaching staff at the
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club. This data was collected for two seasonk@Barclays U21/U18 Premier Leagues from 2012-13
and 2013-14. Data was collated for the 40 weekiseofompetitive season in each year for both mgini

sessions and matches. The relationship betweenswarjuries and external loads was explored using
a method similar to Colby et al. (14). Weekly tramiloads were assigned certain loading groups

dependent on the amount completed and then asdesseg the relationship to injury incidence rate.

Subjects

Over two seasons, data was collected from fortyyameh soccer players (n = 18 in 2012/13 season,
height: 175.2 cm = 4.5 cm, body mass: 72.4 kg £K8lage: 18.7 yrs + 1.2 yrs; n = 23 in 2013/14
season, height: 181.3 cm + 6.1 cm, body mass: ki##08.7 kg, age: 17.0 yrs £ 1.1 yrs). All players
were on a full-time training program (6 trainingss®ns a week) and had either signed a youth
scholarship contract with the club or had signgaadessional contract. All of the data obtainedifro
the professional football club was from pre-exigtiatasets which included both the GPS metric
measurements and the injury audit data. Accessata @as granted with the consent from the
professional football club. All data was analyzadan untraceable and anonymized format. Ethical

approval for the use of existing datasets was oétairom the University Research Ethics Committee.

Procedures

The squad average and standard deviation (SD) akaslated for both TD and HSR along with player
weekly averages of the same variables. The SD wed 10 assign player groupings dependent upon
their weekly average (for TD or HSR) compared ® st of the squad. The groupings assigned were
as follows: Low load = 1 SD below the squad mean score (x < 19404.30 m for TD, x <538.17 m HSR);
Normal load = +1 SD from the squad mean (19404.30 m < x < 23700.62 m for TD, 538.17 m <x <
890.63 m for HSR)High load = 1 SD above squad mean (x > 23700.62 m for TD, x > 890.63 m for

HSR). A second analysis was completed to test ffexteof cumulative weekly loads on injury
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incidence, in a similar manner to previous reseétd). Cumulative player loads were calculated for
2, 3 and 4 week periods throughout the 40-weekoseagith players grouped according to SD and
squad averages, as described previously. In litte this, injury incidence rates were calculated fo
each player in each season to allow comparisondegtioad/intensity and overuse injury. Injury
incidence rates were reported by calculating thal toumber of overuse injuries (diagnosed by a
qualified physiotherapist) divided by the total ‘on-leg’ exposure time, and then reported as a figure per
1,000 training and match hours (20). Injury auditsoss the two seasons were collated and analyzed

with an X analysis used to compare the frequency of injureds/een each season.

Statistical Analyses

Statistical analyses were conducted using IBM SPSS(SPSS Inc., Chicago, IL). Statistical
assumptions were checked using similar methodsotbyCet al. (13 and Hulin et al. Z7), and were
deemed plausible in all instances. HSR and TD dest@e collected from all training sessions and
matches that occurred during both seasons. Theyiajudit analysis contained detailed breakdown of
injury sites, injury types, contact or non-contagiries, activity when injury occurred and the sgty

of each injury. To ensure appropriateness of combining both seasons’ data, a limits of agreement
analysis (2)wvas performed on data from youth players who had data across both seasons. A Pearson’s
correlation test, in addition to the limits of agneent analysis, was run on the two seasons tohiest
correlation between the two, in order to ensuré wieen combining the dataset neither season would
skew the data. Correlations were performed on;HER, Total Number of Injuries and Average Injury
Incidence Rate. A between groups one-way ANOVA wasto test the differences between playing
position and the variables; TD weekly average, H&##ekly average, whole season total distance
average, whole season high speed running meteragevand average injury incidence rate. Players
were categorized based on the position they hagkglan for the majority of the competitive matches
and according to positions previously described TBE categories were as follows: central defenders

wide defenders, central midfielders, wide midfietdand forwards. Linear regression was used to test



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

Prediction of overuse injuries in football 9

the predictive capacity of HSR and TD groupingswilL.&lormal and High) on injury incidence rates.
Odds ratios were used to assess the effect of ativeilweekly loads (2, 3 and 4 week) on injury risk
using procedures as previously described (13,3 ré&ference for the odds ratio was set as the Alorm
group (= 1SD of the squad mean). Significance was@ted at B 0.05 with data expressed as means

+ SD.

RESULTS

Injury Audit Analysis

In total there were 85 reported injuries in theaolof players measured over the course of the 2012
13 and 2013-14 seasons (Table 1). The majoritgjofies sustained were located at the ankle (n = 26,
3.23 1IR, 30.59%) with no difference observed betvehe two seasons. Overall there was a significant
number of overuse injuries to the players involged 16, 1.99 IIR, 18.82%) when compared to the
other injury types recorded over the time periodthifi this injury type there was a significant
difference between the seasons for muscle strais {.514, p = 0.023) with a substantial increase in
the 2013-14 season (n = 11, 2.64 IIR, 19.64%) wioempared to the 2012-13 season (n = 1, 0.26 IR,
3.45%). Contact and non-contact injuries preseatgifference overall with the data showing more of
the injuries were non-contact (n = 44, 5.46 IIR, 6%]J. There was a significant difference in theltota
number of injuries sustained from training betweach season @<= 11.402, p = 0.010), although
overall there were more injuries occurring in magcknarios (n = 47, 5.84, 55.29%) than in training
sessions (n = 30, 3.72 1R, 35.29%). The majoritthefinjuries sustained were low in severity (n = 34
4.22 1IR, 40.00%), with a significant differencetlveen the two seasons in low severity injurieshwit
the 2013-14 season (n = 23, 5.53 IR, 41.07%) reécgnohore than the 2012-13 season (n = 10, 2.57

IIR, 34.48%).

Please insert Table. 1. here
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Season vs. Season Analysis

There was a positive correlation between the tves@eas for the total number of injuries (r = 0.382, n
=41, p = 0.014), and injury incidence rates (r =@,3 = 41, p = 0.017), although both r values were
relatively small. There was no correlation betwéss two seasons for TD or HSR (TD, p = 0.093;

HSR, p = 0.914).

Please insert Table. 2. here

Limits of agreement analysis revealed good agreefoeiD across the two seasons (limits = 4636.32
to -4786.19, mean = -74.94) (Figure 1). The regoesperformed on the same data also showed that
data for both seasons worth for TDs were not Sicgnittly different (t = 0.673, p = 0.515), therefore
demonstrating agreement between the datasets (b} HSR also showed good agreement (Figure
2). The regression completed on this variable cod there was no significant difference in the
seasons data (t = -1.932, p = 0.079). It was shoatrthiere was agreement between the datasets, with

no proportional bias between the datasets (p > 0.05)

Please insert Figure. 1. and Figure. 2. here

Effect of Position

Table 3 demonstrates the positional mean + SD basdébe two seasons analyzed, in addition to the
squad’s descriptive data for the variables detailed. The ANOVA displayed a significant difference

between the positions for the variables; HSR weakbrage (f = 4.565, df = 4, p = 0.004) and whole
season HSR total average (f = 8.178, df = 4, p <1).0Bor whole season HSR total average, the

multiple comparisons analysis displayed differenoetsveen: central defenders and wide midfielders
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(p < 0.001); central midfielders and wide midfiglel¢p < 0.001); forwards and wide midfielders (p =

0.030); wide defenders and wide midfielders (p 48)0

Please insert Table. 3. here

Cumulative Weekly L oad Analysis

When comparing high load groups to the referencenabgroup, there was close to significant levels
of increased risk of overuse injury for; TD - Higbad Group (OR = 0.670, 95% CI = 0.399..137,

p = 0.137) and HSR - High Load Group (OR = 0.580, 5% 0.330- 1.021, p = 0.059) for 2 week
cumulative loads. The cumulative loads of 3 weekiyl 4 weekly loadings showed no significant

differences.

Please insert Table. 4. here

Overuse Injury Prediction Regression

A simple linear regression was used to predict userinjury incidence rates based on TD and HSR,
when players were assigned to the Low, Normal aiggh lgroups (Table 5). A significant regression
equation was found in only the TD variable, (F@), 3 6.482, p =0.015,38-0.143). Player’s predicted
injury incidence rate was able to be significamfjculated by using their TD loading group. Injury
incidence rate per 1000 hours is decreased by55i8&s when moving upward from one TD loading
group to the next. Thus, being in a higher TD lagdgroup lowered the risk of an overuse injury
occurring. HSR loading groups were also analyzeidguthe same method with no significant

regression calculation found (F(1, 39) = 1.003, p328).

Please insert Table. 5. here
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DISCUSSION

This is the first study to use training and matwddis, derived from GPS data, to predict overusmyinj
risk in youth soccer players. The primary findirfgttee study was that overuse injury incidence rates
were decreased in youth soccer players who contpéebégher weekly TD in training and matches. It
is important to note that these findings are basedverage distances and intensities of the team fr
which this data was derived and so these findimgdikely specific only to these players. However,
Colby et al. (13) has also shown a similar reddt &an increase in weekly TD can lead to an inectas
risk of injury. Intensity of training and matchesxpressed as HSR) had no effect on overuse injury
incidence rates. This finding could be potentiallye to the percentage error margin GPS devices
display when measuring high intensity bursts oespg 4). Despite this, the methods of analysis used
in this study could provide a framework on whichestclubs can assess similar relationships within

their squads, and use this specific data to redsk®f injury.

Although the results from the current study werahle to directly predict the occurrence of
overuse injuries, they do help to indicate theliiiaod of these injuries occurring depending upon
training and match loads. However, predicting oserinjuries represents a significant challenge
primarily because of the numerous risk factors toatribute to this type of injury (25). The recsies
model used in the current study predicts that tleguse injury incidence rate reduced by nearly@§
when the individual’s TD is increased to that of players who achieve a high TD in relation to this squad.
Because high or low TD is relative to the squagafth soccer players in this study, this findingugh
not be generically interpreted as a higher load#ducing injury risk. Rather, it is hoped that the
methods outlined in this study can be used by other coaches and teams to assess their own squad’s
competitive season loadings. By doing so, theyloak to plan and modify training in individual
players who are at risk of overuse injury as alt@eguoo high or too low intensity or load. Thislates

to research by Gabbett (21) and Hulin et al. (%Here they examined the ratio of acute to chronic
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workloads and the ability to predict injuries. Witlhis research both Gabbett (21) and Hulin €2aI)
indicated that an increased risk of injury relate sudden increase in workload ratio. Additionall
they agree that training needs to be ‘smarter not harder’ in order to keep a the risk of injury from

mismanagement of loads reduced (21,27)

The findings in the present study can also potéytiglate to literature focusing on the
relationship between overtraining and overreachifgies. Existing research states that overreagchin
injuries can be caused by an imbalance in the chtimuts of high intensity/load exercise to theoamt
of recovery time between these bouts (29). Ovehiegds an acute condition which can lead to clooni
overtraining due to a substantial period of misnganaent of external training loads (36). The present
research agrees with the existing research toxtentthat significant cumulative loading through
overscheduling fixtures and training can causebstamtial increase to the risk of injury. Cumulativ
weekly load analysis demonstrated that signifiesérnal loads over the course of a micro/mescecycl
start to increase injury risk. Although the resulere not statistically significant, this may haween
due to the players involved being managed correttbwever, strong indications (TD - High Load
Group (p = 0.137); HSR - High Load Group (p = 0.056),2 week cumulative loads) were found

supporting existing research around overtrainirdy@rerreaching injuries, respectively.

This is especially the case in athletes at thengeuages of the experience spectrum to reduce
the chance of major overuse traumas later in taeigers (5). Therefore, the important factor ke ta
from the analysis of the current research to tle®ipus research is that training loads seem tdajisp
reasonable association to injury risk. Monitoringleties training load longitudinally will allow egrl
detection of overreaching to in turn reduce thk oisan overtraining injury (7). The present resbar
did not directly measure overreaching or overtrggnsymptoms, but additional metrics could be
integrated could assess this. Doing so would helghér explore the relationship between
overreaching/training and injury. However, the firgs of the current study show promise that GPS
derived external loads, especially the TD metrr be analyzed against injury incidence rates withi

professional sports over a longitudinal format.
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GPS metrics have previously been used to demoasaalink between injury risk and
cumulative weekly loads in Australian Football @B34). These studies show that high 3 weekly
cumulative loads present a significantly elevatskl of injury. The current study suggests thatantp
football players, 2 weekly loads came closestdaificantly increasing risk of injury (HSR meter®
Weekly Cumulative Load, p = 0.059). In addition to tkféect of cumulative load, the research on
Australian Football indicates that the intensityti@fining and matches present a strong risk ofrynju
(13,20,34). The current study does not supporfitning, with no effect of intensity found on ouse
injury incidence rates. An initial reason for tliéference could be due to the sample age usdukein t
present study compared to previous others; prassetarch- 17.8 £ 1.1 yrs, Australian Football
research average23.7 + 3.4 yrs (13,20,34). This age differencehi@a samples will also indicate a
difference in years of training experience whick baen shown to influence overuse injury incidence
rates (36). Additionally, the difference in the ploal and physiological demands of the sport may
explain this result (26). These factors may alsecelsponsible for the observed greater injury incage
in Australian Football. Indeed, Colby et al. (13kgented figures of 297 injuries (n = 46 players)
recorded in the space of 1 season compared totdleof 85 (n = 41 players) recorded over the course
of two seasons found in this research. Additionattpvement analysis has shown that the proportion
of a match scenario in soccer spent at high iniesss higher (9) when compared to Australian Balbt

(22).

The data from the current study suggest that pdpgosition should be taken into account when
assessing play training loads. It was shown thdewnidfielders experience significantly increased
levels of HSR meters and TD meters throughout the season, and so a ‘one-size fits all’ approach to
player loading should not be used in a squad. Ratilaéning sessions need to reflect these difiezen
and ensure that each individual playing positiocosditioned correctly to reduce overuse injurk.ris
Within the squad analyzed for the current studgpipears as though training has potentially been
prescribed successfully as the injury incidence adtthe wide midfielders was the lowest out of the
positions analyzed (2.15 + 2.49 IIR). Conversdlyyas found that central midfielders had the highes

injury incidence rate (per 1000hrs) of all the poss with 14.22 + 15.46 IIR. This may demonstrate
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the physical demands of this position, which isguped by existing research based on position Bpeci

movement analysis (3)

The present study has also examined the prevalendéferent injuries within professional
football to evidence the impact of minor avoidaipjeries (See Table 1.). Over the two season period
measured, the most common form of injuries werausesinjuries (n = 16, 1.99 IIR, 18.82%) and
muscle sprains (n = 16, 1.99 IIR, 18.82%). Thisifigdis similar to previous research that has also
reported injury audits within professional footb@l|12,19). Therefore, the findings in the cursoty
further demonstrates that a large majority of igsirsustained by a team are avoidable, which is an
important point to address in order to help maintain the team’s performance (24). Additionally, the
current study demonstrated that 51.76% of all iagisustained were non-contact indicating that even
with the sport being primarily contact based, irgarare just as likely to occur from non-contadtioens.

The main location site for a significant numbetttod injuries were to the ankle region (n = 26, 3.23
IIR, 30.59%). This is similar to previous findingisowing the relatively high frequency of ankle higs

in football injury audits (24). It is also evidehiat a common trend appears in terms of when fhaés
took place, which this research found was in a matenario (n = 47, 5.84 1IR, 55.29%). The injury
audit analysis has also established that the myjofriinjuries sustained are of minor level of sitye
(<7 Days Missed). However, it is important to note that even such minor severity injuries can still play

a significant part in a team’s performance, as they can still result in a player missing an important fixture

(24)

It should be recognized that all team sport-bas&b Ginits present a level of error in
measurement. The standard percentage error foru@RSnormally lies between 5-8% (14,15). To
help overcome this in the current study, each GiBwas assigned to a single player. This helped
ensure that all data error associated to the iddatiunit remained with individual players. In dilth,
all devices were placed at the same location (fofhe body on the trapezius) on each player and
recording during each session/match to help oveecm@ccuracies as a result of differing placement
(37). Future research should look to examine &tyaf GPS metrics, such as force loads (i.e. nreasu

of exerted power and momentum) which could alsy glapart in overuse injuries (13). Further
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prediction models that include physiological ordtional parameters such as heart rate variability,
creatine kinase levels and maximal force producsbould also be explored (4)hcorporating
physiological markers of overuse injuries to erigtGPS derived metrics could potentially increase t
statistical power of an injury prediction modelloaling it to be more viable for use in the elite

environment.

PRACTICAL APPLICATIONS

The present findings provide a potential new apgitdar professional football clubs in analyzing flou
soccer player’s GPS data. The present research shows that this cumulative approach has value,
particularly when assessing player injury risktisily, data should be analyzed over the coursa of
season to provide individual player’s training load baseline responses to training and matches (28).
Consequently, individual player data can be conmpdwe the norm of the squad, and adjusted
accordingly. It is suggested that training sessemesnot solely based on these loadings and instead
only be used as a guidance tool. Coaches showdad& to individualize training sessions based on

playing positions, so that loads are specific tofhsition of the player.
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Table 1. Classification of Injuriesin the 2012-13 and 2013-14 Season
Season 2012-13 Season 2013-14 Overall
Season vs Season
3893.8hrs 4161.0hrs 8054.8hrs
N Inj uE g;ni:io%ao}l]cres)Rate % N Inj uzg;ntl:io%%nhcres)Rate % N Inj u[g;niio%eor;}cre;)Rate % NG p
32 8.22 37.65% 56 13.46 65.88% 85 10.55 100.00%  45.642* 0.070**
Site
Ankle 11 2.82 37.93% 15 3.60 26.79% 26 3.23 30.59% 1.847* 0.605**
Back 0 0.00 0.00% 2 0.48 3.57% 2 0.25 2.35% 2.392* 0.122**
Calf 0 0.00 0.00% 2 0.48 3.57% 2 0.25 2.35% 2.392* 0.122**
Fool 2 0.51 6.90% 4 0.96 7.14% 6 0.74 7.06% 1.793* 0.408**
Glutea 1 0.26 3.45% 0 0.00 0.00% 1 0.12 1.18% 1.678* 0.195**
Groin 1 0.26 3.45% 2 0.48 3.57% 3 0.37 3.53% 0.150* 0.698**
Hamstring 0 0.00 0.00% 3 0.72 5.36% 3 0.37 3.53% 2.392* 0.302**
Hand: 0 0.00 0.00% 2 0.48 3.57% 2 0.25 2.35% 1.176* 0.278**
Head/Nec! 0 0.00 0.00% 3 0.72 5.36% 3 0.37 3.53% 3.653* 0.560**
Hip/Pelvis/Adducto 1 0.26 3.45% 10 2.40 17.86% 11 1.37 12.94% 4.089* 0.252**
Knee 4 1.03 13.79% 10 2.40 17.86% 14 1.74 16.47% 3.681* 0.159*
Othel 2 0.51 6.90% 0.00 0.00% 0.25 2.35% 3.425* 0.064**
Quad/Thig} 4 1.03 13.79% 0.48 3.57% 0.74 7.06% 1.478* 0.224**
Upper Body 3 0.77 10.34% 1 0.24 1.79% 0.50 4.71% 3.969* 0.137**
Injury Type
ATFL 1 0.26 3.45% 2 0.48 3.57% 0.37 3.53% 0.150* 0.698**
Bruising 2 0.51 6.90% 5 1.20 8.93% 0.87 8.24% 3.659* 0.161**
Contusior 6 1.54 20.69% 4 0.96 7.14% 10 1.24 11.76% 1.907* 0.385**
Fracture/Dislocatio 1 0.26 3.45% 4 0.96 7.14% 0.62 5.88% 1.197* 0.550**
Impingemen 0 0.00 0.00% 3 0.72 5.36% 0.37 3.53% 2.392* 0.302**
Irritation 1 0.26 3.45% 5 1.20 8.93% 0.74 7.06% 2.328* 0.127*
Muscle Sprai 11 2.82 37.93% 5 1.20 8.93% 16 1.99 18.82% 3.780* 0.151**
Muscle Strail 1 0.26 3.45% 11 2.64 19.64% 12 1.49 14.12% 7.514* 0.023+
Othel 3 0.77 10.34% 4 0.96 7.14% 7 0.87 8.24% 1.234* 0.540**
Overloac 3 0.77 10.34% 13 3.12 23.21% 16 1.99 18.82% 4.663* 0.198**
Contact or Non-Contact
Contac 15 3.85 51.72% 21 5.05 37.50% 36 4.47 42.35% 2.451* 0.653*
Non-Contac 12 3.08 41.38% 32 7.69 57.14% 44 5.46 51.76% 7.555* 0.109**
N/A 0.51 6.90% 0.24 1.79% 0.37 3.53% 0.680* 0.410**
Unknowr 0 0.00 0.00% 2 0.48 3.57% 0.25 2.35% 2.392* 0.122**
Activity
Matct 19 4.88 65.52% 28 6.73 50.00% 47 5.84 55.29% 5.333* 0.255**
Training 7 1.80 24.14% 23 5.53 41.07% 30 3.72 35.29% 11.402* 0.010F
Rehal 1 0.26 3.45% 0.24 1.79% 0.25 2.35% 0.032* 0.859**
Othel 2 0.51 6.90% 4 0.96 7.14% 0.74 7.06% 0.326* 0.568**

Severity
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Low (< 7 Days Missed) 10 2.57 34.48% 23
Medium (> 8 Days 0
Missed and < 14 Days 9 2.31 31.03% 15
Missed
High (= 15 Days 10 2.57 34.48% 18
Missed

5.53

3.60

4.33

41.07%

26.79%

32.14%

26

34

23

28

4.22

2.86

3.48

40.00% 11.351* 0.010F

27.06% 1.445* 0.695**

32.94% 4.432* 0.218*

Mean injury incidence rate reported per 1,000 hamrdeg' training and match exposure (95% configenterval)
difference between seasons (P > 0:8&}nificant difference between seasons (P < 0.05)

*Violated assumpsorfNo significant
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Table 2. 2012-13 Season vs. 2013-14 Season Correlation Analysis

27

. Season vs. Season Season vs. Season
Statistic

Season vs. Season

Season vs. Season (Injun

(Distance) (HSR) (Injuries) Incidence Rate)
Pearson -0.266 0.017 0.382* 0.371*
Correlation
Sig. (2-tailed) 0.093 0.914 0.014~ 0.017*
R’ 0.071 0.000 0.146 0.138

*Significant Correlation (P < 0.05)
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Table 3. Positional Breakdown between the seasons of 2018xd2013-14 (n = 41)

Total Distance High Speed . . .
Position Weekly Average  Running Weekly Whole Season Total Who!e Season High Speed Injury Incidence Rate
Distance Aver age (m) Running Total Average (m) (per 1000hrs)
(m) Average (m)
Central Defenders 21804.30 648.09 760933.96 22328.06 10.02
(n=11) +1556.93 +136.30 +98010.22 +4783.54 +7.89
Wide Defenders 21665.77 751.68 792227.28 27475.57 7.78
(n=9) + 2558.58 +180.20 +112516.40 +7027.14 +4.44
Central Midfielders 21758.86 604.93 722652.21 19502.94 14.22
(n=9) +2048.98 +83.52 +223869.70 +5124.87 +15.46
Wide Midfielders 22048.57 952.36 876445.14 37924.02 2.15
(n=4) +982.18 +187.93 +41207.99 +7844.734 +2.49
Forwards 20598.46 767.81 731448.03 26657.11 8.11
(n=8) +2976.82 +176.02 +143052.00 +5145.59 +7.16
Squad Average 21575.19 744.97 776741.32 26777.54 8.46

Standard Deviation 564.03 134.70 62063.78 7026.08 4.36




Table 4. Training and Match Load Metrics between the 2012+&B82013-14 seasons (n = 41)

OR (Exp (B)) Lower Upper

2 Week Cumulative L oads

Total Distarte— Normal Load (Reference) 1.000 - - -
Total Distance- Low Load 1.264 0.164 9.769 0.822
Total Distance- High Load 0.670 0.395 1.137 0.137
High Speed Running Normal Load (Reference) 1.000 - - -
High Speed Running Low Load 0.993 0.381 2.588 0.989
High Speed Running High Load 0.580 0.330 1.021 0.059
3 Week Cumulative L oads

Total Distance- Normal Load (Reference) 1.000 - - -
Total Distance- Low Load 0.688 0.290 1.635 0.397
Total Distance- High Load 0.953 0.442 2.054 0.903
High Speed Running Normal Load (Reference) 1.000 - - -
High Speed Running Low Load 0.506 0.212 1.206 0.124
High Speed Running High Load 1.049 0.543 2.029 0.886
4 Week Cumulative L oads

Total Distance- Normal Load (Reference) 1.000 - - -
Total Distance- Low Load 0.688 0.290 1.635 0.397
Total Distance- High Load 0.953 0.442 2.054 0.903
High Speed Running Normal Load (Reference) 1.000 - - -
High Speed Running Low Load 0.506 0.212 1.206 0.124
High Speed Running High Load 1.049 0.543 2.029 0.886

OR = Odds Ratio, OR = 1.50 is indicative of a 50%éased risk and vice versa. For an OR to be gignif
95% confidence intervals (Cls) did not containind OR of 1.00.
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Table 5. Prediction of Overuse Injury IncidencedRaising Total Distance and High Speed Running f&é®

Total Number of Total Injuries Injury Incidence Rate (per

Cases Sustained 1000hrs) F (df) P R B
Total Distance (Volume of Training Variable) %ﬁ;gg) 0.015* 0.143 -5.835
Low Group 9 18 14.65
Normal Group 26 42 8.93
High Group 6 4 2.95
High Speed Running (Intensity of Training Variable) (11.’0%%) 0.323 0.025 -2.728
Low Group 5 10 11.29
Normal Group 29 46 9.75
High Group 7 8 6.08

* Denotes Statistical Significance (P < 0.05)



