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Abstract

Understanding positional differences in terms of specific movement, speed and mechanical demands imposed upon elite professional soccer
players in training and match play is of paramount importance to further develop player performance. The primary investigation aim was to
examine a novel multi-metric method and reveal the representation of a tapered structure referencing a direct relationship with competitive
match demands. The study involved 29-elite male European soccer players (26.7+4.07 years, height 183.4+5.87cm, body mass 78.4+£8.03kg,
VO, 57.55+5.32mL.kg".min"" and sum of 8 skinfolds 54.12+13.65mm). Daily positional TL data relating to competitive match day (MD) data
was assessed via a Global Positioning System (GPS) across a 22-week period during the mid-phase of the competitive season. Results revealed
differences between playing positions; central forwards (CF) revealing lower average intensity values when compared with CBs, FBs and WFs
(p<0.005). On MD-3, CBs revealed significantly higher intensity scores when compared to CFs and CMs, and WFs with higher intensity scores
for CFs. Furthermore, FBs had higher volume session scores than CBs, CFs and CMs on MD (p<0.005). Indications reported in this investigation
are novel and vitally important when trying to understand positional TLs in relation to match loads among elite soccer players as well as ensure
correct preparation of competitive demands. To conclude, the specific multi-modal approach used allows practitioners to combine key positional
mechanical volume and intensity metrics as part of a player positional monitoring strategy and ensure a greater focus on targeted physical
stressors. As a result, this may improve the training specificity of positional training workloads in direct relation to match-play, subsequently
leading to a greater link between increased performance and reduced injury risks.

Keywords: Soccer; GPS Analysis; Tapering; Periodisation; Positional Training Load

Introduction
high-speed running (HSR), sprint, acceleration and deceleration

Team sport success depends upon numerous variants such as o
activities [1,2,5].

player skill, fitness, squad size, tactics and psychological factors, as

aresult, investigations continue to show an ever-growing appreci-
ation and progression for the use of tools to quantify and monitor
training loads (TL) of professional soccer players [1,2]. At the elite
level the use of global positioning systems (GPS) to report daily
TL placed upon on the individual and collective team is becom-
ing more commonplace [2,3]. Although it is widely accepted that
the use of GPS can provide a more detailed summary of the TL
(Intensity x Duration) [4] GPS literature has generally provided
isolated metric outcomes such as total distance covered (TDC),

Assessment of the daily training load (TL) in professional soc-
cer is well reported, however, within the soccer specific literature
TL metrics are reported in isolation and without link to competi-
tion [3]. Accordingly, Jaspers et al. [6] state that despite the avail-
ability of more detailed TL indicators, the utility of these variables
in relation to training outcomes is rare. Currently within soccer
team training is usually completed collectively without a position
specific orientation, this is despite each individual responding
differently to similar TL [7,8]. Furthermore, reporting collective
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data to improve knowledge and enhance efficiency is vital, howev-
er, understanding the positional and individual differences within
the sport in terms of specific movement demands imposed upon
elite professional soccer players in training and match play is of
paramount importance [1]. Although important with its role in de-
veloping preparedness for competitive match play, research sur-
rounding the positional training outputs linked to match demands
is currently very limited.

The link between training and competition from a periodisa-
tion perspective has gained more interest over recent years [9]
however, further reporting TL with a direct link to performance
preparation is underreported. Tapering training approaches to
elite level soccer may facilitate longitudinal progressive adapta-
tions and concurrently reduce injury risk [10,11]. Reporting this
information as a multimodal approach in line with positional roles
in direct relationship with competition demands could potentially
provide a more effective monitoring approach when developing
or planning training content. Like many team sports, soccer has a
degree of positional variation with regard to training and match-
play demands. Indeed, central midfield (CM) players and full backs
(FB) have been shown to cover significantly greater distances than
central defensive players in both training and competitive match
studies [9,12-14]. Literature suggested that this is may be attribut-
ed to these positions tactical roles during match play, resulting in
reductions in wellness [2] and increase muscular damage [2] and
decrements in neuromuscular qualities [2] meaning that manag-
ing the training elements of all positions and ensuring appropriate
recovery in order to ensure positive competitive performance is
of paramount importance to coaches and practitioners. Barnes et
al. [13] observed that across a seven-season period, high-intensity
running distance and high-intensity actions increased by ~30%
(890+299 vs.1,151£337m, p<0.001; ES: 0.82) and ~50% (118+36
vs. 176+46, p<0.001; ES: 1.41), respectively. Furthermore, Cen-
tral midfielders have consistently been found to cover the great-
est total distance whilst full backs, central midfielders and wide
midfielders run greater distances at high intensities [14,15,16].
Various reasons have been proposed as to why these positional
differences in locomotive patterns exist. Research demonstrates
that positional differences in maximal oxygen uptake (VO, ) are
evident for soccer players, with central midfielders and full backs
displaying the highest values [17] whist others found no differ-
ences [18]. Nevertheless, central midfielders and full backs con-
sistently have the greatest physical capacities when assessed us-
ing intermittent running tests [17,19]. In a report of TL positional
differences across a microcycle [9] reported positional differences
across TL variables with respect to days preceding competitive
match play. Furthermore, it was revealed that CD recorded lower
total distances covered (TDC) when compared to CM and WF con-
curring with previous literature in this area. Interestingly, CF and
WEF player’s work-rate is generally characterized by intermittent
bursts of HI activity, usually into space to receive a pass form a
supporting player or sprinting onto a penetrating pass between
the opponent’s defence [9]. However, this may also be based on
their tactical roles to press the opposition and win back posses-
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sion, leading to greater TDC and HI distance. Given that much of
soccer specific training performed collectively as a team, although
substantial positional differences exist, it is crucial that an indi-
vidualised, positional specific approach is adopted, reported and
understood within a training context. Being able to provide clari-
fication of the TL across a microcycle may lead to a more compre-
hensive understanding of positional tapering approaches in elite
soccer to ensure positive performances during match-play. There-
fore, the primary aim of the current investigation was to examine
the position specific intricacies of a novel, contemporary and clear
positional multi-metric method examining a tapering structure
in-season.

Methods

Participants

Twenty-nine (n=29) senior male European profession-
al soccer players (26.7+4.07yrs, 183.4+5.87cm, 78.4+8.03kg,
57.55+5.32mL-kgmin? and 54.12+13.65mm) were assessed
throughout the investigation. Five of the players involved with-
in this investigation were members of their respective national
team. Players were grouped into positional units for assessment
throughout the investigation: Full Backs (FB) (n=6), Central De-
fenders (CD) (n=6), Central Midfielders (CM) (n=5), Wide For-
wards (WF) (n=8) and Central Forwards (CF) (n=4). Informed
consent and medical declaration were obtained from participants
in line with the procedures set by the local institutions research
ethics committee. The study was fully approved by the involved
Sports Science and Medical Department at the Football Club.

Procedures, content and study design

The study was conducted over a 22-week mesocycle period
during the mid-phase of the competitive season. This mid-season
phase was used for the assessment as to ensure minimal fitness
changes and subsequent metric changes per training sessions.
Daily analysis from training weeks situated within a 1-game week
were used within the study to track the positional demands across
a regular tapered micro-cycle. 2-game weeks were not assessed
in this study due to the TL being significantly different when com-
pared with 1-game training weeks [20]. Players included within
the data collection were selected based on their positions within
the team but were inclusive of both starting and non-starting play-
ers. During the investigation period, all players were instructed to
maintain normal daily food and water intake. No additional dietary
interventions were undertaken throughout the investigation.

Training assessment

Throughout the investigation, data from 88 training sessions
used for analysis. The data assessed included 22x1-week blocks
of full training sessions per player, per position: 22xmatch day-4
(MD-4) which describes the training session 4 days preceding the
match, 22xmatch day -3 (MD-3), 22 x match day-2 (MD-2), and
22xmatch day-1 (MD-1). No other data pre-MD-4 was considered
for analysis as they did not have any specific on pitch content of
adequate TLs. All training sessions within the investigation peri-
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od were played on an outdoor grass training field with an aver-
age temperature of 12.7+2.4 °C. Goalkeeper’s data were excluded
from the study and the data analysis. All players were fully famil-
iarized with the type of training sessions and use of GPS. Train-
ing sessions were preceded by a standardized warm-up period of
15min and player data were assessed and compared with respect
to their individual playing position post training sessions. The
microcycles selected for assessment due to these microcyles in-
cluding full-training weeks following a 1-game period in order to
minimize the potential for accumulative fatigue build-up causing
variations across specific metrics.

Player running analysis (GPS data)

Each individual player’s running profile each match and train-
ing session were analysed using a 10-Hz GPS device (5S4, Catapult
Innovations, Melbourne, Australia). The current system has previ-
ously been shown to be a valid and reliable for the assessment of
intermittent movement profiles [21]. For the purpose of the study,
the 4 key variables recorded throughout the sessions included
TDC, HSR (19.8-25.2 km.h™?), sprint distance (SPD: >25.2km.h?)
and the sum of high intensity efforts which is described as the
total number of high accelerations and decelerations (Sum A: D
>4m.s?). All variables recorded for assessment were reported in
both absolute and relative terms. For the purpose of this study,
the specific speed thresholds set were in line with previous re-
search [9] and the average values per player taken from the com-

plete training sessions were used for analysis in relation with their
maximum competitive match play data. Maximum match day data
was used as the benchmark for the microcycle analysis in order
to represent the data as a percentage of the player maximal ca-
pacity and physical potential. The average values per player, per
position were taken from the complete training sessions and used
for analysis.

Load management analysis (GPS data)

With the aim of attaining a global daily and weekly volume+in-
tensity score for each playing position, a contemporary load man-
agement analysis technique as used by Owen et al. [9] incorpo-
rating 4 volume based (TDC; HSR; Sprint Dis; Sum of HIE) and 4
intensity (TDC. min; HSR. min; Sprint Dis. min; Sum of HIE. min)
GPS metrics. In order to attain the daily volume and intensity
scores, average individual player data was pooled (i.e. as shown
in the below calculation) to provide a squad average to create an
initial session metric outcome score (Table 1). The mean individ-
ual data assessed was then compared to the average maximum in-
dividual competitive match play metric achieved and reported as
a percentage figure in positional units. The individual percentage
volume and intensity of the session were generated through the
following calculation:

Session Volume Score = (Volume Metric 1,2,3,4 Re presented as a % of Max Match Data) /4

Session Intensity Score = (Intensity Metric 1,2,3,4, Session duration [.min] Re presented as a % of Max Match Data)/ 4

Table 1: Categorisation of volume and intensity metrics. Volume and intensity score data represented as a percentage of players maximum

match data.
. . . Intensity Metrics = volume metrics / session
Volume Metric Number Volume Metrics Metric Number ty . /
duration
1 TDC average maximum match score (%) 1 TDC.min / average maximum match score
2 HSR / average maximum match score 2 HSR.min / average maximum match score
3 SpD / average maximum match score 3 SpD.min/ average maximum match score
A:D i h . .
4 Sum / averz;gci;zammum mate 4 SumA:D.min / average maximum match score

Statistical Analysis

All variables are reported as mean+SD unless stated. Prior to
analysis all variables were assessed for normality with the Shap-
iro-Wilk test. A 1-way analysis of variance (ANOVA) was used to
analyse difference in the GPS metrics between playing positions.
Another 1-way ANOVA was used to analyse differences between
GPS metrics, for each playing positions. When p was found signif-
icant (p<0.05), paired t-test comparisons were used to determine
differences between the five playing positions and between the
eight metrics. The interaction positions: day was also analysed us-
ing a two-way ANOVA and t-test paired comparisons were used to
compare the playing positions within the days. Holm’s Bonferroni
method for controlling type 1 error [22] was also used, therefore a
p<0.005 was considered significant for the ten between-positions
comparisons, and a p<0.0017 for the twenty-eight between-met-
rics comparisons. The effect sizes (ES) were calculated for all
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paired comparisons and evaluated according to [23] as small:
<0.50, moderate: <0.50-0.80, and large: >0.80.

Results

Daily average volume session score was 29+26% and daily
average intensity session score was 28+26%, for all players. Over
these averages, CF had lower intensity score than CB (ES: 0.28),
FB (ES: 0.20) and WF (ES: 0.24) (p<0.005) (Figure 1). Differenc-
es were also found amongst playing positions across the differ-
ent metrics (Figure 2, Table 2). In %TDC and %Sum A:D, CM had
lower score than all others (ES: 0.24-0.48); in %HSR, CB had low-
er scores than CM (ES: 0.39), FB (ES: 0.34) and WF (ES: 0.36); in
%SpD, CF had lower score than FB (ES: 0.26); in %TDC. min, CF
had lower score than CB (ES: 0.54), FB (ES: 0.52) and WF (ES:
0.42); in %HSR. min, CM had higher score than FB (ES: 0.25), and
WEF higher than CB (ES: 0.32), CF (ES: 0.44) and FB (ES: 0.44); in
%SpD. min, CF had higher score than FB (ES: 0.33), and CB higher
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score than CM (ES: 0.41), FB (ES: 0.48) and WF (ES: 0.44); and

in %Sum A: D. min, CB, FB and WF had higher score than CF (ES:  (ES: 0.24) (p<0.005).

0.36-0.61) and CM (ES: 0.25-0.48), and WF higher score than FB
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Figure 1: The positional average across the microcycle represented as a % of maximum match day data.
$ Significantly different from CB (p<0.005)
# Significantly different from FB (p<0.005)
& Significantly different from WF (p<0.005)
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Figure 2: Difference with respect of playing positions for various contemporary model variables as a percentage of maximum match play
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Table 2: Categorisation of volume and intensity metrics. Volume and intensity score data represented as a percentage of players maximum match data.

Positions %TDC | %HSR | %SpD | %Sum A:D | %Volume | %TDC.min | %HSR.min | %SpD.min | %Sum A: D. min | %]Intensity
m 46% 15% 15% 38% 28% 53%E 14%& 15% 42%E€ 31%
Centre Back
sd 21% 17% 24% 22% 25% 17% 17% 23% 24% 27%
m 45% 19% 13%# 39% 29% 44% 12%& 10%# 32% 24%$#&
Centre Forward
sd 18% 22% 20% 21% 24% 15% 15% 16% 19% 21%
m | 39%* | 24%$ 13% 31%* 27% 48% 16%# 7%$ 34% 26%
Centre Midfield
sd 19% 30% 24% 21% 26% 17% 21% 13% 22% 25%
Full Back m 44% 22%$ 19% 41% 32% 53%E 12%& 6%$ 46%E€ 29%
ull Bac
sd 20% 25% 28% 22% 26% 17% 14% 10% 24% 27%
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m 44% 23%$ 14% 37% 30% 51%E 21% 7%$ 40%H#HEE 30%
Wide Forward
sd 19% 28% 21% 22% 25% 17% 26% 11% 24% 27%
m 43% 21% 15% 37% 29% 50% 16% 8% 40% 28%
All players
sd 20% 25% 24% 22% 26% 17% 20% 15% 24% 26%

*Significantly different from all other playing positions (p<0.005)
$Significantly different from CB (p<0.005)

£ Significantly different from CM (p<0.005)

# Significantly different from FB (p<0.005)

&Significantly different from WF (p<0.005)

Over the day-to-day perspective, FB had higher volume session
score than CB (ES: 0.42), CF (ES: 0.45) and CM (ES: 0.38) in MD, CB
had higher intensity session score than CF (ES: 0.54) and CM (ES:
0.35) in MD-3, and WF had higher score than CF (ES: 0.34) in MD-3
(p<0.005) (Figure 3). In the interaction positions: days, no signif-
icant results were observed in %SpD, %Sum A:D, %TDC. min, and
%Sum A:D.min metrics. Differences in %TDC, %HSR, %HSR. min
and %SpD. min is presented in (Figures 3-7) respectively. The dif-
ferences across GPS metrics according to the playing positions are

presented in Table 2. Across averages, and in all playing positions,
%TDC. min > %TDC with no difference for CF. Across all positions
similar scores for %Sum A: D. min were recorded except for CF
(ES: 0.33-0.44) who were observed to have increased %Sum A:D.
Lower %SpD. min were (p<0.0017) observed for all positions ex-
cept CB (ES: 0.23-0.34). Additionally, the %HSR was similar across
all positions except for the higher observed values for CM (ES:
0.22) and WF (ES: 0.29). Finally, similar %SpD were observed for
al positions except CM (ES: 0.32) and WF (ES: 0.34).
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Figure 3: The difference with respect of microcycle for positional TDC as a percentage of maximum match play volume and intensity. Data
presented as mean=SD.$ Significantly different from CB (p<0.005)

*Significantly different from all others (p<0.005)

$ Significantly different from CB (p<0.005)

£ Significantly different from CM (p<0.005)

# Significantly different from FB (p<0.005)
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Figure 4: The difference with respect of microcycle for positional volume score as a percentage of maximum match play volume and
intensity. Data presented as mean+SD. *Significantly different from all others (p<0.005)
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Discussion

The primary aim of the current investigation was to examine
a novel, contemporary and clear multi-metric method to better
examine the positional tapering strategies of an elite European
soccer during an in-season period. The main finding of the current
investigation was the identification of a link between playing posi-
tion and match running performance in elite soccer players which
is in-line with previous research [24,25]. It is pretty well-estab-
lished that wide midfielders cover more total and high-intensity
running than central defenders [26-29] and that HI running, and
average HI distances increase during the most intense period of
matches, with this increase dependent on positional roles and tac-
tical responsibilities within the game [30]. Our findings suggest
that significant positional differences exist for TL variables with
respect to days preceding competitive match play (i.e different po-
sitional tapering strategy).

The current data show large differences in CM players and all
other positions within training environments when comparing
TDC as a percentage of MD data. These data highlight that mid-
fielders TDC training response is significantly lower when com-
pared to other positions of play. These findings maybe as a result
of the increased TDC within game play for midfielders when com-
pared to other positions. Indeed, previously CM have consistently
been found to cover the greatest total distance during game play
[14-16,28]. Furthermore, these positions have been shown to
have increased CK and reduced CM] during the training week due
to increased workload during game play [9]. Overall these results
have practical significance for coaches suggesting that when using
TDC and as a percentage of MD data as a TL variable of interest
coaches will be able to identify if specific positions are appropri-
ately loaded prior to match play. For example, within the current
investigation there appears to be a specific underloading of CM
when compared with other positions of play.

Consistent with the above findings for TDC as a percentage
of match plat we show that large difference exists between the
loading prescribed for CM when contrast against all other posi-
tions within training when analysis %sum A:D as a percentage of
MD data. The current findings highlight how the assessed metric
(%sum A:D) training response is significantly lower for midfield-
ers when contrast all other positions. The above findings can be
related to the increased TDC in game play for MD players when
compared to all other positions [29]. Indeed, these MD play-
ers have tactical duties both in attack and defence acting as link
players in attack while also providing additional cover for defen-
sive players in defence. These tactical roles may result in greater
changes of directions influencing the A:D observed [13].

From the data resented we observed that when assessing the
total positional average across the microcycle as a percentage
of maximum match day data, CF covered significantly less aver-
age intensity scores when compared with CB, FB, and WF play-
ers. These findings suggest that following this type of microcycle
training structure CF, may require an additional training stimulus

such as top up conditioning through small-sided games of high in-
tensity shuttle running, to increase both the intensity and volume
markers of these positions in terms of maximum match day output
[31,32]. However, this should be completed in accordance with as-
sessments to ensure performance preparation is not hampered
and injury risk is increased [9]. When the volume-based metrics
were considered we observed that CB and CF positions were
significantly underloaded with regard to HSR in training when
assessed as a percentage of MD data. These findings are of great
importance to coaches as these positions are directly associated
with more explosive actions that directly affect the game through
creating or preventing scoring opportunities [5,9,16]. As a result
of these findings, ensuring these positional demands are induced
with sufficient HSR exposures within the training content is vitally
important not only for performance preparation, but from an inju-
ry risk perspective. Previously Malone et al. [9] revealed that team
sports players exposed to sufficient maximal velocity bouts report-
ed significantly reduced injury risks compared to those players
who were under or overloaded with the same stimulus. When po-
sitional volume comparisons of SpD across the microcycles were
analysed, we observed that CF performed significantly less vol-
umes when compared with FB but not any other positions. Again,
these findings may suggest that CF who are generally involved in
high explosive actions, may require extra SpD volume stimulus, or
adversely, the FB require a reduced amount of SpD volume across
the microcycle. Understanding the performance profiles, injury
rates and tactical efficiency of the players will however, determine
whether or not this is correct in terms of load management, with
soccer players have been shown tolerate increased SpD during
training with increased intermittent aerobic capacities [9]. Our
data reveals that when TDC -min is considered by coaches as a TL
volume measure that CB, FB and WF perform increased volume
when compared with CM players with respect to percentage of
match day values. This can be related to the increased intensity
of training with respect to these positions when compared to
competitive games. The fact the CM positional role induces a
greater TDC based on the role employed, can be related to the
consistent higher running performance requirements of these
positions. Recent literature has highlighted CM covering greater
TDC in games and training and higher intensity of play reported
in m-min!. However, to date no current literature have reported
the data as a percentage of match day data. The main practical
application of these observations is that CM perform significantly
less intensity in training when directly related to match data and
compared across positions. This could potential mean that these
positions require additional conditioning top-ups during specific
periods of the season [9].

One of the most interesting findings from reported data using
this contemporary positional method of analysis is the fact that
CBs, although largely described in the literature as performing
less HSR, sprint distance and TDC within games when compared
across positional roles [29] within the current investigation CBs
performed significantly greater SpD-min-1 values as a percent-
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age of match performance within training environments. This is
interesting as it again highlights that the microcycle training pat-
tern used in this study induced a higher sprint demand for CBs
in proportion with other positions assessed. The current observa-
tion was consistent with MD-3 findings where CBs were shown to
have a higher total intensity scores than CFs and CMs respectively.
These findings may highlight an overload with regard to total in-
tensity for CBs on MD-3 within the current investigation. These
observations show the practical nature of the current contempo-
rary approach to monitoring training load by revealing the specific
positional training load demands of players relative to match play
intensities. The findings therefore could potentially allow coaches
to better adapt training load in the following days for both the posi-
tion and the individual. Furthermore, on MD-1, CF covered slightly
but significantly higher %TDC than CBs, CMs and FBs (p<0.005)
and CMs lower %TDC than all others (p<0.005). CFs and CMs were
also largely described in the literature as the playing positions
covering the least and the most distance, respectively. Therefore,
the high and low proportion of TDC observed for these playing
positions, respectively, was not an alarming indication and should
not be interpreted as a training overload, even though these values
were recorded only 24hr prior to competition. The current inves-
tigation should be considered with a number of limitations, firstly,
it was not possible to collect information relating to the lower limb
non-contact injury occurrence across the period. Future research
should aim to assess the impact of the application of the current
contemporary model with regard to the injury-workload relation-
ship. Given that objective measures of internal load have been re-
lated to fitness increments in team sports athletes, future research
should aim to apply the current model to internal measures of
load and assess their association with changes in fitness changes
across a training period.

Practical Application

The current study proposed a position specific contemporary
multimodal method to represent a player specific tapering and
periodisation strategy for both volume and intensity markers
across an in-season period amongst professional European soccer
players. We have shown that significant differences exist between
TLs (i.e., volume and intensity) across both positions and micro-
cycles assessed when representing TL as a percentage of match
play, resulting in both overloading and underloading in relation to
MD values for specific positions. Using this specific multi-modal
approach may allow practitioners to combine key mechanical vol-
ume and intensity metrics assessed as part of their athlete or play-
er monitoring strategies to vary the physical stressors depending
upon the specific tapering or periodisation approach followed for
a given microcyle period. To conclude, this monitoring strategy
brings together the key reported metrics from a mechanical per-
spective revealing a positive portrayal of a periodisation or taper-
ing strategy in order to identify differences between intensity and
volume markers across the positional lines of play within an elite
European soccer team. The present study demonstrates that the
use and integration of a multimodal approach to monitoring TL

in direct relationship with competitive soccer match-play at the
elite level provides a better weekly review of both player intensity
and volume markers for specific positions and can be utilised by
coaches to understand the overloading or underloading of specific
positions during a microcycle. The current model could be further
enhanced by understanding the day-to-day player variance, fitness
and wellness state in accordance to the coaching demand corre-
sponding to match-day activity. Continual TL monitoring across
the pre- and in-season phases should be performed to prevent
players from overreaching and overtraining. Coaches and physi-
cal conditioning staff may also further use this method in order
to understand which important key metrics need to be stressed
or developed to better prepare individual players for match play
demands, additionally the model may provide coaches with a bet-
ter approach to topping up substitute based players who do not
complete match day volume or intensity with regard to running
performance measures.

Acknowledgement

This manuscript is original and not previously published, nor
is it being considered elsewhere until a decision is made as to its
acceptability by the Editorial Review Board. There are no funding
sources and are no conflicts of interest surrounding this scientific
investigation.

References

1. Mohawk JA, Green CB, Takahashi |JS (2012) Central and peripheral
circadian clocks in mammals. Annual Review of Neuroscience 35(1):
445-462.

2. Cai DJ, Wei JL, Zhao JL (2011) Research on phase characteristic of
acupuncture on circadian rhythm disturbance due to advanced
light/dark cycle. China Journal of Traditional Chinese Medicine and
Pharmacy 26(4): 691-694.

3. Levi F Schibler U (2007) Circadian rhythms: mechanisms and
therapeutic implications. Annual Review of Pharmacology and
Toxicology 47(47): 593-628.

4, Van Oosterhout W, Van Someren E, Schoonman GG, Louter MA,
Lammers GJ, et al. (2017) Chronotypes and circadian timing in
migraine. Cephalalgia 38(4): 617-625.

5. Jankowski KS (2013) Morning types are less sensitive to pain than
evening types all day long. Eur ] Pain 17(7): 1068-1073.

6. Costa Martins JM, Pereira M, Martins H, Moura Ramos M, Coelho R, eta l.
(2014) The influence of women’s attachment style on the chronobiology
of labour pain, analgesic consumption and pharmacological effect.
Chronobiology International 31(6): 787-796.

7. Chang KH, Bai S], Lee H, Lee BH (2014) Effects of acupuncture
stimulation at different acupoints on formalin-induced pain in rats.
Korean Journal of Physiology & Pharmacology Official Journal of the
Korean Physiological Society & the Korean Society of Pharmacology
18(2): 121-127.

8. Han JS (2011) Acupuncture analgesia: areas of consensus and
controversy. Pain 152(3 Suppl): S41-548.

9. Yao HJ, Song HT, Mo YP, Zhang TT, Han XB, et al. (2014) Effects
of electroacupuncture on circadian rhythm of temperature and
melatonin in depression rats model induced by chronic stress. Chinese
Acupuncture & Moxibustion 34(7): 685-689.

How to cite this article: Adam L Owen, Leo Djaoui, Matthew Newton, Shane Malone, Osman Ates, Bruno Mendes. A Contemporary Positional Multi

008
DOI: 10.19080/JCMAH.2019.10.555786

Modal Assessment Approach to Training Monitoring in Elite Professional Soccer. J Complement Med Alt Healthcare. 2019; 10(3): 555786.


http://dx.doi.org/10.19080/JCMAH.2019.10.555786
https://www.ncbi.nlm.nih.gov/pubmed/22483041
https://www.ncbi.nlm.nih.gov/pubmed/22483041
https://www.ncbi.nlm.nih.gov/pubmed/22483041
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.47.120505.105208
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.47.120505.105208
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.47.120505.105208
https://www.ncbi.nlm.nih.gov/pubmed/28944680
https://www.ncbi.nlm.nih.gov/pubmed/28944680
https://www.ncbi.nlm.nih.gov/pubmed/28944680
https://www.ncbi.nlm.nih.gov/pubmed/23322641
https://www.ncbi.nlm.nih.gov/pubmed/23322641
https://www.ncbi.nlm.nih.gov/pubmed/24673295
https://www.ncbi.nlm.nih.gov/pubmed/24673295
https://www.ncbi.nlm.nih.gov/pubmed/24673295
https://www.ncbi.nlm.nih.gov/pubmed/24673295
https://www.ncbi.nlm.nih.gov/pubmed/24757373
https://www.ncbi.nlm.nih.gov/pubmed/24757373
https://www.ncbi.nlm.nih.gov/pubmed/24757373
https://www.ncbi.nlm.nih.gov/pubmed/24757373
https://www.ncbi.nlm.nih.gov/pubmed/24757373
https://www.ncbi.nlm.nih.gov/pubmed/21078546
https://www.ncbi.nlm.nih.gov/pubmed/21078546
https://www.ncbi.nlm.nih.gov/pubmed/25233660
https://www.ncbi.nlm.nih.gov/pubmed/25233660
https://www.ncbi.nlm.nih.gov/pubmed/25233660
https://www.ncbi.nlm.nih.gov/pubmed/25233660

Journal of Complementary Medicine & Alternative Healthcare

10. Xiao Hong LI, Song XL, Li Li XU, Zhang LF, Guo MW, et al. (2010) Study
of B-ep content and hsp70 expression in hypothalamus and pituitary of
dysmenorrhea rats with acupuncture on sanyinjiao point at different
time. China Journal of Traditional Chinese Medicine & Pharmacy.

11. WangF, Jiang Fan Chen, Jurgen Schnermann, Kim Tieu, Lane Bekar, et al.
(2010) Adenosine A1l receptors mediate local anti-nociceptive effects
of acupuncture. Deutsche Zeitschrift Fiir Akupunktur 13(7): 883-888.

12. Wang L, Feng D, Yan H, Wang Z, Pei L (2014) Comparative analysis of
p2x1, p2x2, p2x3, and p2x4 receptor subunits in rat nodose ganglion
neurons. Plos One 9(5): €96699.

13.Xu GY, Huang LY (2002) Peripheral inflammation sensitizes p2x
receptor-mediated responses in rat dorsal root ganglion neurons.
Journal of Neuroscience the Official Journal of the Society for
Neuroscience 22(1): 93-102.

14.Mo G, Stephen Z, Jennifer L, Martin P (2006) Functional changes
of P2X3 and P2X2/3 receptors in dissociated small DRG neurons
under neuropathic condition induced by spinal nerve ligation in rats.
International Pharmacological Assembly. pp:112.

15. ChenL, Liu YW, Yue K, Ru Q, Xiong Q, et al. (2016) Differential expression
of ATP-gated p2x receptors in DRG between chronic neuropathic
pain and visceralgia rat models. Purinergic Signal 12(1): 79-87.

16.Tu WZ, Cheng RD, Cheng B, Lu ], Cao F, et al. (2012) Analgesic effect
of electroacupuncture on chronic neuropathic pain mediated by
p2x3 receptors in rat dorsal root ganglion neurons. Neurochemistry
International 60(4): 379-386.

17.David K Welsh, Seung Hee Yoo, Andrew C Liu, Joseph S Takahashi,
Steve A Kay (2004) Bioluminescence imaging of individual fibroblasts
reveals persistent, independently phased circadian rhythms of clock
gene expression. Curr biol 14(24): 2289-2295.

18.Zhou C, Petroll WM (2010) Rho kinase regulation of fibroblast
migratory mechanics in fibrillar collagen matrices. Cell Mol Bioeng
3(1): 76-83.

19. Abbott RD, Koptiuch C, Iatridis JC, Howe AK, Badger GJ et al. (2013)
Stress and matrix-responsive cytoskeletal remodeling in fibroblasts.
Journal of Cellular Physiology 228(1): 50-57.

20.Zhang ], Li H, Teng H, Zhang T, Luo Y, et al. (2012) Regulation of
peripheral clock to oscillation of substance P contributes to circadian
inflammatory pain. Anesthesiology 117(1): 149-160.

21.Marpegan L, Swanstrom AE, Chung K, Simon T, Haydon PG, et al.
(2011) Circadian regulation of ATP release in astrocytes. Journal of
Neuroscience the Official Journal of the Society for Neuroscience
31(23): 8342-8350.

22.Womac AD, Burkeen JF, Neuendorff N, Earnest D], Zoran M]
(2009) Circadian rhythms of extracellular ATP accumulation in

DOI: 10.19080/JCMAH.2019.10.555786

suprachiasmatic nucleus cells and cultured astrocytes. European
Journal of Neuroscience 30(5): 869-876.

23.Detanico BC, De Souza A, Medeiros LF, Rozisky JR, Caumo W, et al.
(2010) 24-hour temporal pattern of NTPDase and 5'-nucleotidase

enzymes in rat blood serum. Chronobiology International 27(10):
1751-1761.

24.Nakazato R, Takarada T, Yamamoto T, Hotta S, Hinoi E, eta l. (2011)
Selective upregulation of perl mRNA expression by ATP through
activation of p2x7 purinergic receptors expressed in microglial cells.
Journal of Pharmacological Sciences 116(4): 350-361.

25. Schiavuzzo ]G, Teixeira JM, Melo B, Jorge CO, Oliveira Fusaro M, et al.
(2015) Muscle hyperalgesia induced by peripheral p2x3 receptors is
modulated by inflammatory mediators. Neuroscience 285: 24-33.

26.Barclay ], Patel S, Dorn G, Wotherspoon G, Moffatt S, et al. (2002)
Functional downregulation of p2x3 receptor subunit in rat sensory
neurons reveals a significant role in chronic neuropathic and
inflammatory pain. Journal of Neuroscience the Official Journal of the
Society for Neuroscience 22(18): 8139-8147.

27.Bradbury EJ, Burnstock G, Mcmahon SB (1998) The expression of
p2x3 purinoreceptors in sensory neurons: effects of axotomy and glial-
derived neurotrophic factor. Molecular & Cellular Neurosciences 12(4-
5): 256-258.

28. Teixeira JM, Oliveira MC, Clemente Napimoga JT, Pelegrini Da Silva A,
Parada CA (2010) Involvement of temporomandibular joint p2x3 and
p2x2/3 receptors in carrageenan- induced inflammatory hyperalgesia
in rats. European Journal of Pharmacology 645(1-3): 79-85.

29. Mcgaraughty S, Wismer CT, Zhu CZ, Mikusa ], Honore P, et al. (2004)
Effects of A-317491, a novel and selective p2x3/p2x2/3 receptor
antagonist, on neuropathic, inflammatory and chemogenic nociception
following intrathecal and intraplantar administration. br j pharmacol
140(8): 1381-1388.

30. Ren Wen, Tu Wenzhan, Jiang Songhe, Cheng Ruidong, Du Yaping (2012)
Electroacupuncture improves neuropathic pain: adenosine, adenosine
5’-triphosphate disodium and their receptors perhaps change
simultaneously. Neural Regeneration Research 7(33): 2618-2623.

31.Cheng RD, Tu WZ, Wang WS, Zou EM, Cao F et al. (2013). Effect of
electroacupuncture on the pathomorphology of the sciatic nerve
and the sensitization of p2x3 receptors in the dorsal root ganglion in
rats with chronic constrictive injury. Chinese Journal of Integrative
Medicine 19(5): 374-379.

32.Xiao Z, Ou S, He WJ, Zhao YD, Liu XH, et al. (2010) Role of midbrain
periaqueductal gray p2x3 receptors in electroacupuncture-mediated
endogenous pain modulatory systems. Brain Research 1330(1330):
31-44.

How to cite this article: Adam L Owen, Leo Djaoui, Matthew Newton, Shane Malone, Osman Ates, Bruno Mendes. A Contemporary Positional Multi
Modal Assessment Approach to Training Monitoring in Elite Professional Soccer. J Complement Med Alt Healthcare. 2019; 10(3): 555786.


http://dx.doi.org/10.19080/JCMAH.2019.10.555786
https://www.ncbi.nlm.nih.gov/pubmed/20512135/
https://www.ncbi.nlm.nih.gov/pubmed/20512135/
https://www.ncbi.nlm.nih.gov/pubmed/20512135/
https://www.ncbi.nlm.nih.gov/pubmed/24798490
https://www.ncbi.nlm.nih.gov/pubmed/24798490
https://www.ncbi.nlm.nih.gov/pubmed/24798490
https://www.ncbi.nlm.nih.gov/pubmed/11756492
https://www.ncbi.nlm.nih.gov/pubmed/11756492
https://www.ncbi.nlm.nih.gov/pubmed/11756492
https://www.ncbi.nlm.nih.gov/pubmed/11756492
https://www.ncbi.nlm.nih.gov/pubmed/26531254
https://www.ncbi.nlm.nih.gov/pubmed/26531254
https://www.ncbi.nlm.nih.gov/pubmed/26531254
https://www.ncbi.nlm.nih.gov/pubmed/22269805
https://www.ncbi.nlm.nih.gov/pubmed/22269805
https://www.ncbi.nlm.nih.gov/pubmed/22269805
https://www.ncbi.nlm.nih.gov/pubmed/22269805
https://www.ncbi.nlm.nih.gov/pubmed/15620658
https://www.ncbi.nlm.nih.gov/pubmed/15620658
https://www.ncbi.nlm.nih.gov/pubmed/15620658
https://www.ncbi.nlm.nih.gov/pubmed/15620658
https://www.ncbi.nlm.nih.gov/pubmed/21132118
https://www.ncbi.nlm.nih.gov/pubmed/21132118
https://www.ncbi.nlm.nih.gov/pubmed/21132118
https://www.ncbi.nlm.nih.gov/pubmed/22552950
https://www.ncbi.nlm.nih.gov/pubmed/22552950
https://www.ncbi.nlm.nih.gov/pubmed/22552950
https://www.ncbi.nlm.nih.gov/pubmed/22634872
https://www.ncbi.nlm.nih.gov/pubmed/22634872
https://www.ncbi.nlm.nih.gov/pubmed/22634872
https://www.ncbi.nlm.nih.gov/pubmed/21653839
https://www.ncbi.nlm.nih.gov/pubmed/21653839
https://www.ncbi.nlm.nih.gov/pubmed/21653839
https://www.ncbi.nlm.nih.gov/pubmed/21653839
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2009.06874.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2009.06874.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2009.06874.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2009.06874.x
https://europepmc.org/abstract/med/20969521
https://europepmc.org/abstract/med/20969521
https://europepmc.org/abstract/med/20969521
https://europepmc.org/abstract/med/20969521
https://www.ncbi.nlm.nih.gov/pubmed/21747211
https://www.ncbi.nlm.nih.gov/pubmed/21747211
https://www.ncbi.nlm.nih.gov/pubmed/21747211
https://www.ncbi.nlm.nih.gov/pubmed/21747211
https://www.ncbi.nlm.nih.gov/pubmed/25446353
https://www.ncbi.nlm.nih.gov/pubmed/25446353
https://www.ncbi.nlm.nih.gov/pubmed/25446353
https://www.ncbi.nlm.nih.gov/pubmed/12223568
https://www.ncbi.nlm.nih.gov/pubmed/12223568
https://www.ncbi.nlm.nih.gov/pubmed/12223568
https://www.ncbi.nlm.nih.gov/pubmed/12223568
https://www.ncbi.nlm.nih.gov/pubmed/12223568
https://www.ncbi.nlm.nih.gov/pubmed/9828090
https://www.ncbi.nlm.nih.gov/pubmed/9828090
https://www.ncbi.nlm.nih.gov/pubmed/9828090
https://www.ncbi.nlm.nih.gov/pubmed/9828090
https://www.ncbi.nlm.nih.gov/pubmed/20558155
https://www.ncbi.nlm.nih.gov/pubmed/20558155
https://www.ncbi.nlm.nih.gov/pubmed/20558155
https://www.ncbi.nlm.nih.gov/pubmed/20558155
https://www.ncbi.nlm.nih.gov/pubmed/14623769/
https://www.ncbi.nlm.nih.gov/pubmed/14623769/
https://www.ncbi.nlm.nih.gov/pubmed/14623769/
https://www.ncbi.nlm.nih.gov/pubmed/14623769/
https://www.ncbi.nlm.nih.gov/pubmed/14623769/
https://www.ncbi.nlm.nih.gov/pubmed/25368638/
https://www.ncbi.nlm.nih.gov/pubmed/25368638/
https://www.ncbi.nlm.nih.gov/pubmed/25368638/
https://www.ncbi.nlm.nih.gov/pubmed/25368638/
https://www.ncbi.nlm.nih.gov/pubmed/23494326
https://www.ncbi.nlm.nih.gov/pubmed/23494326
https://www.ncbi.nlm.nih.gov/pubmed/23494326
https://www.ncbi.nlm.nih.gov/pubmed/23494326
https://www.ncbi.nlm.nih.gov/pubmed/23494326
https://www.ncbi.nlm.nih.gov/pubmed/20302849
https://www.ncbi.nlm.nih.gov/pubmed/20302849
https://www.ncbi.nlm.nih.gov/pubmed/20302849
https://www.ncbi.nlm.nih.gov/pubmed/20302849

Journal of Complementary Medicine & Alternative Healthcare

|@ @ gz,';xgrnkslztlt'ﬁz:;zﬂ Tg icggzaetwe Your next submission with Juniper Publishers
DOI: 10.19080/JCMAH.2019.10.555786 will reach you the below assets
¢ Quality Editorial service
o Swift Peer Review
¢ Reprints availability
e E-prints Service
e Manuscript Podcast for convenient understanding
¢ Global attainment for your research
¢ Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission
https://juniperpublishers.com/online-submission.php

Modal Assessment Approach to Training Monitoring in Elite Professional Soccer. J Complement Med Alt Healthcare. 2019; 10(3): 555786.

m How to cite this article: Adam L Owen, Leo Djaoui, Matthew Newton, Shane Malone, Osman Ates, Bruno Mendes. A Contemporary Positional Multi
DOI: 10.19080/JCMAH.2019.10.555786


http://dx.doi.org/10.19080/JCMAH.2019.10.555786
https://juniperpublishers.com/submit-manuscript.php
http://dx.doi.org/10.19080/JCMAH.2019.10.555786

	A Contemporary Positional Multi Modal  Assessment Approach to Training Monitoring  in Elite Professi
	Abstract
	Keywords
	Introduction
	Methods
	Participants
	Procedures, content and study design
	Training assessment 
	Player running analysis (GPS data)
	Load management analysis (GPS data)
	Statistical Analysis
	Results
	Discussion
	Practical Application
	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2

