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Do players with superior physiological attributes outwork their
less-conditioned counterparts? A study in Gaelic football

AUTHORS: Lorcan S. Daly'>*%, Ciaran O. Cathain'?, David T. Kelly'?

! Department of Sport and Health Sciences, Technological University of the Shannon, Ireland
2 SHE Research group, Technological University of the Shannon, Ireland

3 Department of Physical Education and Sport Sciences, University of Limerick, Ireland

4 Sport and Human Research Centre, University of Limerick, Ireland

ABSTRACT: This study investigated the association of physiological attributes with in-game workload measures
during competitive Gaelic football match-play. Fifty-two male developmental level Gaelic football players
(mean = SD; age: 22.9 =+ 3.8 years) underwent measurements of anthropometric characteristics, running speed,
muscular strength and power, blood lactate (BLa), running economy and aerobic capacity during two separate
testing visits. Global Positioning System units (18-Hz) were used to record players in-game workloads during
a competitive match 1-week following the baseline physiological assessments. Results indicated that players
body fat percentage, drop jump height (DJ) and running velocity at 4 mmol - L~ BLa were significantly associated
with the number of high-speed runs completed (Adjusted R? 26.8% to 39.5%; p < 0.05) while 20 m running
speed, running velocity at 2 mmol - L ™" BLa and DJ were significantly associated with the number of accelerations
completed (Adjusted R? 17.2% to 22.0%; p < 0.05) during match-play. Additionally, aerobic capacity and body
fat percentage were significantly associated with total distance (Adjusted R? 14.4% to 22.4%; p < 0.05) while
body fat percentage, DJ and 20 m running speed were significantly associated with high-speed distance (Adjusted
R% 17.8% t0 22.0%; p < 0.05). Players were also divided into higher-standard and lower-standard groups using
a median split of these physiological attributes. Players in the higher-standard groups completed significantly
more high-speed runs and accelerations and covered significantly larger total and high-speed distances (+10.4%
to +36.8%; ES = 0.67 t0 0.88; p < 0.05) when compared to the lower-standard groups. This study demonstrates
that superior levels of physical conditioning are associated with larger in-game workloads during Gaelic football
match-play.
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Gaelic football is a field-based team sport predominantly characterised
by low to moderate intensity activity interspersed with critical bouts
of high-intensity actions, which can often influence a games re-
sult [1, 2]. To support these demands, a large aerobic capacity, well-
developed blood lactate responses and efficient running economy (RE)
may be necessary to generate and maintain the considerable workloads
(=~ 100 to 130 m-min~!) observed during match-play [1, 21. On the
other hand, neuromuscular-related performance characteristics such
as short distance running speed, power and relative strength likely
underpin the performance of numerous high-speed running and
power-based tasks [2, 3]. Notwithstanding the significant tactical
organisation and technical skill proficiency necessary for a team sport
such as Gaelic football, possessing the physical capacity to undertake
a greater volume and intensity of work than the opposition is sug-
gested to be a key requisite to successful match-play [2, 4, 5].
Whilst components of fitness are anecdotally thought to influence
players in-game workloads during Gaelic football match-play [1, 3],

empirical data exploring these interactions are limited. In contrast,
a body of research exists assessing relationships between physical
conditioning, playing standard, coaches’ perceptions of performance
and in-game workload measures in team sports similar to Gaelic
football [6-8]. For instance, evidence suggests that players with su-
perior levels of aerobic-based performance attributes undertake more
sprints and accelerations, cover larger total and high-speed distanc-
es and participate in more ball involvements than their less aerobi-
cally proficient counterparts in rugby union [6] and soccer [8, 91. Al-
though this data does not currently exist within Gaelic football, the
ability to frequently express high levels of power, speed and chang-
es of pace/direction during match-play necessitates the rapid regen-
eration of anaerobic substrates [10] which is a process heavily reli-
ant on aerobic metabolism [11, 12]. In Gaelic football, inter-county
players (national level; tier 3) are reported to exhibit significantly
higher estimated VO, values than club players (developmental
level; tier 2) [131, possibly reflecting the importance of aerobic
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fitness in high-level performance [4]. While it may be likely that well-
developed aerobic capabilities are necessary to cope with the phys-
iological stressors of Gaelic football match-play [1], this is yet to be
investigated directly.

Similar to markers of aerobic function, body composition has also
been identified as an important indicator of Gaelic football perfor-
mance through its impact on players capacity to run, jump and change
direction/pace [3, 14, 15]. In soccer for example, players body fat
levels have been negatively associated with high-speed running per-
formance [14]. Despite the implications of these reports, an absence
of applied data in Gaelic football makes it difficult to accurately sur-
mise the extent with which body composition and other relevant com-
ponents of fitness influence the unpredictable and multivariate in-
game workload demands players face during competition [11.

Given the strenuous mechanical loads players are subject to dur-
ing Gaelic football match-play, such as frequent accelerations/decel-
erations, sharp changes of direction and landing from jumps [2, 16];
it is reasonable to assume that strength, power and running speed
facilitate players capacity for work [5, 17]. In team sports compa-
rable to Gaelic football, lower body strength, power and running
speed have been positively associated with acceleration and sprint
number, distances covered at varying speeds and a number of key
performance indicators such as effective turnovers and ball posses-
sions during match-play [5, 6, 9]. Supporting the relevance of these
markers in a team sport performance-specific setting, research in
soccer reported that the number of high-intensity accelerations
(> 3 m-s~2) and decelerations (< —3 m-s~2) recorded during elite
match-play presented a significant dose-response relationship with
match outcome; whereby outputs were highest during wins and low-
est during draws or losses [7]. Similar findings were reported in Gael-
ic football specifically, where competitive workloads (total and high-
speed distance [> 4.7 m-s~']) were observed to be higher during
wins or draws when compared with losses [18].

Successfully undertaking these tasks in a fast-paced contact en-
vironment necessitates the rapid application of high force levels ac-
companied by the repeated performance of quick and powerful mus-
cular contractions [5]. Thus, corresponding relationships between
neuromuscular performance characteristics and workloads may ex-
ist in Gaelic football, wherein players undertake large volumes of
stretch shortening cycle based movements comprising high eccen-
tric loads [7, 19]. Indeed, when comparing playing standards in
Gaelic football elite level players display significantly greater vertical
and broad jump scores than their sub-elite counterparts, possibly
highlighting a key role of lower-body power in successful competi-
tive performances [4].

In summary, the above studies have detailed how various com-
ponents of fitness positively impact in-game workload measures,
playing standard and match outcome in team sports similar to Gael-
ic football [5, 6, 9]. Nevertheless, this research has yet to be repli-
cated in Gaelic football, where many considerations unique to the
sport may limit the applicability of training or match-based decisions
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derived from data collected in other team sport codes. Consequen-
tial to this lack of research, pivotal assumptions as to the importance
of different components of fitness in relation to game-specific work
capacity are rooted in data from other sporting populations. As such,
in order to provide objective data for coaches to design effective train-
ing programmes with the goal of increasing competitive workloads,
it may be necessary to address these interactions in an ecologically
valid context [19]. Therefore, this study aims to investigate the as-
sociation of players components of fitness on in-game workload mea-
sures in Gaelic football.

MATERIALS AND METHOD 'S 15 m
Subjects

Fifty-two male developmental level Gaelic football players currently
representing a senior club level Gaelic football team volunteered to
partake in this study. Players’ anthropometric, physiological and
performance characteristics can be seen in table 1. Players were

TABLE 1. Descriptive overview of players’ anthropometric, physio-
logical and performance characteristics.

Baseline characteristics Value
Anthropometrics and body composition
Height (cm) 179.2+7.6
Body mass (kg) 81.4+9.0
Body fat (%) 145+2.0
Running speed
Running speed (5 m) (s) 1.1+0.1
Running speed (20 m) (s) 3.1+0.1
Muscular power and reactive strength
DJ (cm) 33.6+5.0
CT (s) 0.3+0.1
DJ (RSI) 1.1+0.4
CMJ (cm) 343+5.2
Muscular strength
1RM squat (kg) 107.4+12.9
Relative 1RM squat (1RM/BM) 1.3+0.2
1RM Hip thrust (kg) 127.9+26.1
Relative 1RM hip thrust (1IRM/BM) 1.6+0.3
Aerobic endurance
VOpmay (Ml-kg™t-min~1) 51.4+7.2
Maximal heart rate (beats-m~!) 199.6 6.5
Running velocity at LT (km-h~1) 10.5+1.0
Running velocity at 2 mmol - L~ BLa (km-h™1) 9.7+x1.6
Running velocity at 4 mmol-L™! BLa (km-h™1) 13.2+1.2

Abbreviations; DJ: drop jump, VOypma,: Maximal aerobic capacity,
LT: lactate threshold, 1RM: One repetition maximum, RSI: reactive
strength index, BM: body mass, BlLa: blood lactate, CT: contact
time.
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omitted from this study if they failed to pass a physical activity
readiness questionnaire (PAR-Q) or had endured a lower body injury
in the previous 8-weeks. Informed consent was obtained from each
player and ethical approval was granted for this research by the
Technological University of the Shannon Research Ethics Committee
(code 20180501).

Experimental Outline

Previous research [5, 6, 9] and the physical demands of Gaelic
football match-play [2, 19] guided the selection of physical condition-
ing measures to be assessed during baseline testing. The testing
procedures were explained to the players during a familiarization
session. During visit-1, players’ anthropometric characteristics (body
mass, height and body fat percentage (body fat [%]) one-repetition
maximum (1RM) relative squat strength, blood lactate concentrations
(BLa) (lactate threshold, running validity at 2 and 4 mmol-L™!), RE
and maximal aerobic capacity (VO,n,,) Were assessed. Players’ coun-
termovement jump height (CMJ), drop jump height (DJ), contact
time (CT), reactive strength index (RSI), 5 m and 20 m running speed
(running speed [5 m] and [20 m]) and 1RM relative hip thrust strength
were measured during the second visit to our lab. Both testing ses-
sions were completed at the same time of day. Players were in-
structed to arrive hydrated and well rested. One week after the base-
line testing, players’ in-game workload measures were recorded
during a competitive match using global positioning system (GPS)
units (Figure 1). To facilitate a high level of ecological validity, a max-
imum of four players were tested per game. Data was collected in
18 competitive matches spanning 2 seasons and players were re-
cruited from 5 different teams.

Procedures

Body mass and height were measured to the nearest 0.1 cm and
0.1 kg respectively, using a portable scales and stadiometer (Seca
707 Scales, Hamburg, Germany). Players’ skinfold thickness was
measured at seven anatomical sites using a skinfold callipers (Baty,
UK) as described in previous methods [19]. Here, three measure-
ments for each skinfold on the right side of the body were obtained
to the nearest 0.2 mm using the International Society for the Ad-
vancement of Kinanthropometry (ISAK) protocols [19]. Pilot testing
was undertaken in order to verify the reliability of the anthropo-
metrical measurements performed as the investigator was not ISAK
accredited [20, 211]. Following intra-rater reliability assessments, the
technical error of measurement of 4 repeated skinfold trials was
lower than 5%, which is in line with recommendations [20]. To
calculate players’ body fat (%), the equation of Withers and col-
leagues [22] (% BF = 495/(1.0988 — 0.0004 x [sum of seven
skinfolds]) — 450) was used. This equation has previously demon-
strated the low bias and high agreement (r = 0.88) with criterion
dual energy absorptiometry (DEXA) measurements [23].

Players’ 1 repetition maximum (1RM) squat values were assessed
using the incremental protocol described previously by Baechle and
Earle [24]. Briefly, players completed a general 10-minute warm up
including stationary cycling, dynamic stretching of the lower body
and 10 repetitions of an empty Olympic bar (20 kg). After 2-min-
utes rest, an incremental warm up of 5-8 repetitions at 40% to 60%
of their estimated 1RM (E1RM) followed by 3-5 repetitions at 60%
to 80% of E1IRM with 3-5 minutes rest between sets. Next, the lead
researcher issued 1-10 kg weight increments for single repetition at-
tempts. The players rested 3-5 minutes following each attempt and
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FIG. 1. Schematic overview of study methodology.
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repeated as necessary until a 1RM was established. Players’ 1RM
was recorded as the greatest resistance (kg) lifted successfully through
a full range of motion as assessed by the lead investigator. Players’
relative strength measures were calculated by dividing 1RM values
(kg) by their body mass (kg).

Players’ VO,,., and RE were measured using a Moxus metabolic
cart (AEI Technologies, PA, USA) on a motorized treadmill (Quasar,
HP Cosmos, Germany) using an incremental incline ramp proto-
col [3, 25]. Subsequent to a 3-minute warm-up at 8km-h~!ona 1%
gradient, the speed of the treadmill incrementally increased by
1 km-h~! every 3-minutes until the players’ blood lactate concentra-
tions reached 4 mmol-L~! or higher. To collect lactate samples, the
base of the earlobe was first wiped with an alcohol wipe and allowed
to dry, before being pierced with a lancet (AccuChek; Softclix, Roche,
Germany). The first drop of blood was then swabbed away with an-
other alcohol wipe and pressure was then applied with the thumb
and forefinger to draw a 5-ul capillary blood sample. The sample was
automatically aspirated (via capillary action) into an enzyme-coated
electrode test strip and analysed using a portable amperometric mi-
crovolume lactate analyser (Lactate Pro 2, Arkray, Japan) to deter-
mine whole BLa concentration. In order to collect the sample, play-
ers stepped to the side and straddled the treadmill for approximately
20 seconds following completion of the previous stage, and the speed
and/or incline was changed accordingly before the subsequent stage.
The lactate analyser used has previously demonstrated high levels of
validity (intraclass correlation coefficient [ICC] = 0.87) and reliabili-
ty (ICC = 0.99) [26]. Applying methods previously described else-
where [3, 25], plots of BLa, VO, and running speed were generated
with an exponential trendline and provided to two independent re-
views. Lactate threshold (LT) was identified as the first sustained in-
crease in BLa above the baseline values. Markers of 2 and 4 mmol- L~}
were also identified on these plots. Once 4 mmol-L~! or greater was
recorded, a constant speed of 10 km-h~! was set on a 4% gradient,
increasing the gradient by 1% each minute until volitional exhaus-
tion [25, 27]. Players’ heart rate (HR) was measured using a watch
and chest strap (Polar Vantage, Polar Electro, Finland) at the end of
each stage. During the test, expired CO,, expired O,, ventilatory vol-
ume/rate, HR and rate of perceived exertion were continuously mon-
itored. RE and VO,,,, Were reported in ml-kg™!-min~! using the av-
erage of the final two 30 s values [25].

Players’ running speed was recorded over 5 m and 20 m using
photoelectric cells (Brower Timing Systems, UT, USA). These pho-
toelectric cells have been reported as valid (standard error of mea-
surement = 0.1 s) and reliable (coefficient of variation = 0.1%) [28].
The players were instructed to start by placing forward their domi-
nant foot on a mark 50 cm behind the starting line. Timing gates
were placed at the starting line, 5 m line and the 20 m line. Play-
ers completed three runs, with the best time recorded as their re-
sult. Players rested 4-5 minutes between each trial.

Players’ CMJ and DJ were evaluated using a photoelectric opti-
cal device (Optojump, Microgate, Italy). This measurement system
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has previously displayed low random errors (= 2.8 cm) and coeffi-
cients of variation (2.7%) [29]. Players performed the CMJ whilst
standing on a standardised surface between two photoelectric mea-
surement bars with hands placed on their hips. Next, a countermove-
ment action was undertaken by the players using self-selected an-
kle, knee and hip flexion angles before jumping vertically as high as
possible. When performing the DJ, players began the jump stand-
ing on a 30 cm high step with their hands placed on their hips be-
fore stepping off and immediately jumping vertically as high as pos-
sible when contacting the ground. Here, players were instructed to
jump to a maximal height while simultaneously minimising ground
contact time. The players’ 1RM hip thrust was assessed using the
same incremental protocol as the squat test [24].

Players’ in-game workloads were recorded using 18 Hz GPS units
(Apex, STATSports, UK). This model of GPS unit has previously dem-
onstrated good levels of validity (Bias < 5.0%) [301. Players were fit-
ted with an appropriately sized vest to hold the GPS receiver. Each
GPS unit was powered on 15-minutes before throw-in and inserted
into a slot towards the top of the fitted vest sitting in the upper back.
A HR telemetry system (Polar Vantage, Polar Electro, Finland) with
an accompanying strap was placed around the chest to collect HR
data. The workload and HR data were then extracted from the GPS
devices and downloaded using the STATSports analysis platform [19].
Total distance (m), total accelerations (n) (> 3 m-s~2), total high-
speed runs (n) (= 5-5m-s1), and high-speed distance (> 5.5 m-s~})
were the metrics used to quantify in-game workloads in the current
analysis. These metrics were specifically selected as they have been
commonly used in the literature and may subsequently help translate
current results into applied and research settings [2, 16, 31, 32].

Statistical Analyses

Descriptive statistics using means and standard deviations (+ SD)
were calculated for all anthropometric characteristics, components
of fitness and in-game workload measures. All data were normally
distributed as assessed by Shapiro-wilk tests. Standard multiple
regression analysis was performed to examine possible relationships
between components of fitness and in-game workload measures [33].
These tests were selected in order to provide a statistical summary
of the associations (or lack thereof) between the various independent
variables whilst accounting for potential between-variable interde-
pendence [33]. An a priori power analysis was conducted to estimate
the sample requirements for the multiple regression analysis using
G*Power (version 3.1.9.7). Power was set at 0.95 in conjunction
with a significance level of 0.05 and an effect size (ES) of 0.3, which
yielded a minimum sample size of 38 players [33]. Additional play-
ers were requited to account for possible drop out. A median split
divided players into higher-standard (HS) and lower-standard (LS)
groups for each component of fitness significantly contributing to the
multiple regression analysis, similar to previous work in the do-
main [5, 34]. Independent samples t tests and Cohen'’s ES statistic
were used to examine differences between-group differences. Effect
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sizes of > 0.20, 0.20-0.60, 0.61-1.19, and > 1.20 were consid-
ered trivial, small, moderate, and large respectively [35]. Data were
analysed using Statistical Package for Social Sciences (SPSS Version
27, Chicago, USA). Statistical significance was accepted at an alpha
level of p < 0.05.

RES U LTS 1500
Results of the multiple regression analysis are summarised in table
2 and the plots of actual versus predicted residuals are depicted in
figure 2 and 3.

Table 3 shows the HS and LS descriptive variables for each com-
ponent of fitness.

The differences between HS and LS groups based off each com-
ponent of fitness are shown in figure 3 and 4. When players were
dichotomized into HS and LS running velocity at 2 mmol - L~! groups,
the HS group performed significantly more 1% half accelerations (ES
=0.76; p = 0.008), 2" half accelerations (ES = 0.64; p = 0.027)

TABLE 2. Summary of Multiple regression analysis.

and total accelerations (ES = 0.76; p = 0.009) than the LS group.
Additionally, the HS running velocity at 2 mmol-L~! group covered
significantly larger 1t half high-speed distance (HSD) (ES = 0.62;
p = 0.031) and performed significantly more 1%t half high-speed
runs (HSR) (ES = 0.88; p = 0.003), 2" half HSR (ES = 0.86;
p = 0.003) and total HSR (ES = 0.95; p < 0.001) when compared
to the LS group. When players were divided into HS and LS running
velocity at 4 mmol - L™! groups the HS group performed significant-
ly more total HSR (ES = 0.68; p = 0.015) than the LS group. When
players were divided into HS and LS VO, groups the HS group
covered significantly greater 1%t half distances (ES = 0.56; p = 0.048)
and total distances (ES = 0.57; p = 0.045) when compared to the
LS group.

When players were divided into HS and LS body fat (%) groups,
the HS group covered significantly greater 2™ half distances
(ES = 0.75; p = 0.038), total distances (ES = 0.67; p = 0.20),
1% half HSD (ES = 0.58; p = 0.042) and total HSD (ES = 0.59;

Model predictors Dependant variable Adj. R? (%) p value
Body fat (%), DJ and HSR (n) (= 5.5 m-s~1) (1 half) 27.5 < 0.001
running velocity at 4 mmol-L~! HSR (n) (> 5.5 m-s~1) (2 half) 26.8 < 0.001
HSR (n) (> 5.5 m-s~!) (Match) 39.8 < 0.001
Relative squat strength and DJ Total accelerations (n) (> 3 m-s ~?) (1% half) 17.2 0.007
Total accelerations (n) (> 3 m-s ~2) (2" half) 22.0 0.002
Total accelerations (n) (> 3 m-s ~2) (Match) 21.2 0.002
VO,,..x and body fat (%) Total distance covered (m) (1% half) 14.4 0.009
Total distance covered (m) (2" half) 21.3 0.001
Total distance covered (m) (Match) 22.4 0.001
Running speed (20 m), HSD (m) (> 5.5 m-s™!) (1% half) 17.8 0.006
running velocity at 2 mmol-L™*and DJ psp (m) (= 5.5 m-s~1) (2™ half) 21.2 0.002
HSD (m) (> 5.5 m-s™!) (Match) 27.0 < 0.001

Abbreviations; Adj: Adjusted, DJ: drop jump, HSD: high-speed distance, HSR: high-speed runs, VO, maximal aerobic capacity,
1%t half: first half of a match, 2" half: second half of match; Match: full match.

TABLE 3. Descriptive results for each higher-standard and lower-standard group.

Component of Fitness

Higher standard

Lower standard

Body fat (%) 11.5+2.0 17.56+4.1
VO, (Ml-kg~L-min?) 57.4+4.2 453+38
Running velocity at 2 mmol-L~! (km-h~1) 11.2+0.8 8.2+0.4

Running velocity at 4 mmol-L™! (km-h™1) 14.4+0.7 12.5+0.8
Running speed (20 m) (s) 3.04+0.04 3.18+0.05
DJ (cm) 37625 29.7+3.6

Abbreviations; DJ: drop jump, VO, maximal aerobic capacity.
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p = 0.038) when compared to the LS group. Additionally, players
in the HS body fat (%) group performed significantly more 2" half
HSR (ES = 0.77; p = 0.008) and total HSR (ES = 0.71; p = 0.014)
when compared to the LS group. Furthermore, when players were
split into HS and LS 20 m running speed groups, the HS group per-
formed significantly more accelerations during the 1 half (ES = 0.74;
p = 0.011), 2" half (ES = 0.60; p = 0.035) and full game (ES
= 0.72; p = 0.013) when compared to the LS group. Finally, when
players were dichotomized into HS and LS DJ groups, players in the
HS group performed significantly more 2" half HSR (ES = 0.57;
p = 0.047) than the LS group.

DISCU'S S 1O /N 15
This study aimed to investigate the association of Gaelic football
players body composition and markers of physical conditioning with
in-game workload measures. Some of the physiological attributes
measured are the first to be reported in Gaelic football, and the
markers may be used by practitioners as benchmark scores for train-
ing and profiling purposes (Table 2). Additionally, the workload data
reported is similar to prior analysis in developmental Gaelic football
players [2] and may be used by practitioners to structure and mon-
itor training sessions and inform return to play protocols (figure 4 and
5). The current data demonstrates that a wide range of components
of fitness significantly associate with external load measures during
competitive match-play, complimenting research in similar team
sports [8, 9, 34].

Similar to previous results in soccer [36], blood lactate respons-
es were significantly associated with the number of accelerations/
HSR completed and the HSD covered during competitive match-play
(table 1). Capacity to perform these high-intensity tasks are often
crucial for team sport performance; possibly serving as a surrogate
measure of successful contests for possession, entering space dur-
ing scoring opportunities, defensively tracking opposition players
movements and coping with fast-paced and potentially evolving tac-
tical requirements [2, 37, 38]. Moreover, when players were divid-
ed into HS and LS groups based on running running velocity at
2 mmol-L~}, the HS groups performed significantly more accelera-
tions and HSR during match-play than the LS groups, which corre-
sponds with previous work in ice hockey [39]. Equivalent associa-
tions were also reported in female soccer players, where lactate
responses were significantly correlated with high-intensity running
distances during simulated [40] and competitive match-play [36].

Other markers of aerobic function displayed comparable trends in
the present analysis, whereby well-developed VO, (in combination
with body fat [%]) significantly contributed to a regression model as-
sociated with total distance covered during match-play. Furthermore,
when players were dichotomised into groups using higher and lower
VO,ma SCOTeS, the HS VO, group covered significantly greater to-
tal distances when compared to their LS group counterparts, which
is consistent with work in rugby league [5]. These collective observa-
tions present evidence that aerobic capacity plays a fundamental role

in the considerable running demands undertaken during team sport
match-play. In line with this premise, aerobic capacity was positive-
ly associated with total distance, high speed running distance and
high-intensity efforts during rugby league [5], Australian rules foot-
ball [41] and soccer [9] match-play respectively. Furthermore, well-
developed aerobic conditioning and blood lactate response have been
reported to accelerate metabolite clearance, improve phosphocreatine
resynthesis and reduce the metabolic and cardiovascular strain asso-
ciated with recurrent high-intensity running [10, 25] possibly helping
to explain current findings. Specifically, energy for these high-intensi-
ty actions is supplied by anaerobic metabolism resulting in lactate for-
mation, hydrogen ion accumulation, pH reduction and the depletion
of adenosine triphosphate phosphocreatine stores paralleled with in-
organic phosphate increases [11, 12, 25]. In response to these dis-
ruptions, oxidative phosphorylation is a necessary process to achieve
adequate recovery prior to the next bout of intense work during match-
play and this mechanism is enhanced in aerobically fitter ath-
letes [10, 11]. Overall, many possible adaptations associated with
well-developed aerobic function and/or blood lactate responses, such
as increased muscle capillarization, mitochondrial volume and den-
sity and oxidative enzyme activity could have possibly contributed to
the present results [3, 10, 12].

Similar to research in soccer [14], body fat percentage was neg-
atively associated with the number of HSR and accelerations com-
pleted and the total and HSD covered. Body composition exerts an
important influence on players game-specific work capacity, as ex-
cess adipose tissue can increase mechanical and metabolic strain
by adding unnecessary resistance against the forces of gravity dur-
ing movements such as jumping, running or changes of direc-
tion [14, 15, 23]. In addition to the energy cost of bearing a larger
body mass over the course of a match, it is possible that excessive
adipose tissue in Gaelic football players could impair thermoregula-
tory function by impeding capacity to transport and dissipate meta-
bolically generated body heat, thereby potentially disrupting thermal
balance [14, 42]. In support of this premise, it is commonly report-
ed that elite level players possess lower body fat percentages then
their sub-elite counterparts within Gaelic football [4] and other team
sports [43]. Considering the potential overlap in training adaptations
associated with improving body composition, blood lactate respons-
es and aerobic conditioning; programming strategies to increase these
attributes in tandem with the goal of improving players work capac-
ity may possibly be employed with relatively minimal physiological
interference [44]. That being said, the multifaceted physical demands
of Gaelic football match-play imply that other components of fitness
such as strength, power and running speed may also moderate play-
ers external match-play loads as has been reported previously in oth-
er team sports [5, 9, 171.

Although movement patterns during invasive team sports such as
Gaelic football are predominantly low-intensity in nature, explosive
stretch shortening cycle actions imposing high mechanical tension
regularly occur at pivotal moments of a game [1, 2]. As
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a consequence of such taxing neuromuscular demands, muscular
strength and power are commonly acknowledged as important attri-
butes for team sport performance [5, 27, 45]. Indeed, measures of
maximal force and power generating capacity have been previously
related to in-game workload measures such as running speed and
the number of sprints/accelerations completed in rugby league [5].
Our data supports these findings, whereby DJ was significantly as-
sociated with the number of HSR and accelerations completed. There-
fore, coaches may select the development of players lower body pow-
er as a potentially effective means to increase high intensity running
indices and the capacity to perform numerous accelerations during
competitive matches. In agreement with prior work [46], the current
analysis reported that players in the HS 20 m running speed group
performed significantly more accelerations during match-play than
their LS group counterparts. Based on this data, it is possible that
the number of HSR and accelerations recorded during competitive
Gaelic football match-play may be modulated by players baseline DJ
and 20 m running speed values. If this is the case, it may be possi-
ble that implementing training processes to develop these perfor-
mance attributes may deliver a high transfer efficacy for Gaelic foot-
ball specific tasks and subsequently promote players external
workloads, and ultimately performance. Of note, caution should be
exercised when interpreting data such as accelerations or decelera-
tions during match-play, given variance in approach demands (e.g.,
walking vs. sprinting) will greatly alter the physiological demands
imposed by a change of pace, yet will be reflected in the same net
increase or decrease in speed [47, 48].

The current findings provide evidence that Gaelic football play-
ers competitive running and acceleration profiles are associated
with their physical conditioning attributes. Specifically, lower body
power, running speed, body composition, aerobic capacity and
blood lactate responses display significant associations, which is
complementary to findings in other team sports [9, 36, 39]. Fur-
thermore, when players were dichotomised into HS and LS groups
based off these conditioning markers, the HS groups almost al-
ways performed more external work than the LS groups. In com-
bination with prior research [27], these findings suggest that play-
ers with well-developed components of fitness express comparatively
lower fatigue and muscle damage responses, even despite under-
taking larger external loads during competition than their less phys-
ically conditioned counterparts. This data may improve coaches
understanding of the complex interactions between physical con-
ditioning and in-game workload measures, thereby providing rele-
vant guidance for effective training programme design intent on in-
creasing sport-specific work capacity. Despite promising findings
as to the role of physical conditioning in the determination of game-
based workloads, this data is most relevant to the population stud-
ied and limitations may exist applying this research in female play-
ers or in other team sport athletes. Finally, future research assessing
relationships between players physical conditioning attitudes and
coaches subjective scoring of match performance would provide

Lorcan S. Daly et al.

beneficial information for a more sport-specific outlook when viewed
in conjunction with the current work. Whilst the current findings
demonstrate that various physiological attributes coincide with su-
perior match-specific work capacity, it is difficult to surmise wheth-
er improvements in these physiological parameters would elicit
meaningful increases in these outcomes. To the best of the authors
knowledge, this has yet to be examined in any team sport popu-
lation, as the contemporary work in the area exclusively employs
cross-sectional and observational study designs [6, 8, 9, 39].
Hence, as highlighted by Steel and colleagues [49], causality may
not be assumed from the present work or many previous analyses,
and future research should seek to investigate if the further devel-
opment of physical conditioning measures provides additional ben-
efits for increasing in-game workloads. Furthermore, if the links
are indeed reported to be causative, it would be useful for practi-
tioners to understand: (1) does the magnitude of enhanced re-
sponses reflect the magnitude of physiological improvements? or
(2) is there a ceiling effect, whereby increases in physical condi-
tioning beyond a certain point may present diminishing returns?
Critically, studies utilising appropriate methods to infer causation
are needed to explore this complex and mediator-entangled
area [49, 50].

CONCLU S| O/ S 15—
In this study, Gaelic football players with superior neuromuscular
and aerobic characteristics demonstrated larger workloads during
competitive match-play. Our results reflect the multifaceted phys-
ical and metabolic loads players face during match-play, highlight-
ing a significant association between competitive workload measures
and body composition, running speed, muscular power, reactive
strength and aerobic conditioning. The data herein provide poten-
tially useful information for coaches and practitioners who seek to
increase players’ external loads during competition. An important
avenue for future exploration is to characterise the dose-response
relationship between physical conditioning and workload using
controlled inference methods.

Practical applications

The numerous physical, tactical and technical components that
govern successful Gaelic football match-play make effective prep-
aration for the sport’'s demands a complex challenge. Whilst direc-
tionally associated, physical conditioning appears to represent
a clouded predictor of in-game workload at best, and this finding
emphasises the premise that many moderators collectively bear
an influence upon match-play locomotor profiles (e.g., score line,
opposition, technical-tactical and psycho-social factors). Neverthe-
less, the novel findings presented support the contention that de-
veloping players metabolic, mechanical and neuromuscular prop-
erties may translate into the performance of larger total and high
intensity external loads. Therefore, adopting periodised concurrent
training approaches that appropriately integrate strength and/or

172,



power training with endurance training may improve on-field work

capacity [3, 17, 50].

Acknowledgements
The authors would like to sincerely thank the players who partici-

pated in this study for their cooperation and commitment. The authors

Association of physical conditioning with in-game workload

have no conflict of interest to declare, and the results of this study

do not constitute endorsement of any product. This research received

funding from the Technological University of the Shannon Presidents

Doctoral Scholarship.

Authors declared no conflict of interest.

REF E R EIN C E:S /15000000

1.

Malone S, Solan B, Collins K, Doran D.
The metabolic power and energetic
demands of elite Gaelic football match
play. J Sports Med Phys Fitness. 2017;
57(5):543-9. doi: http://dx.doi.org/10
.23736/S0022-4707.16.06233-2.
Mangan S, Collins K, Burns C, O'Neill C.
The positional technical and running
performance of sub-elite Gaelic football.
Sci Med Footb. 2020; 4(3):182-91.
doi: https://doi.org/10.1080/24733938
.2019.1679872.

Kelly DT, Cregg CJ, O'Connor PL,

Cullen BD, Moyna NM. Physiological and
performance responses of sprint interval
training and endurance training in Gaelic
football players. Eur J Appl Physiol.
2021:1-11. doi: https://doi.org/10
.1007/s00421-021-04699-0.

Keane S, Reilly T, Borrie A. A comparison
of fitness characteristics of elite and
non-elite Gaelic football players. Sci and
Footb Ill. 1997:3-6. doi: https://doi.org
/10.3390/app11030954.

Johnston RD, Gabbett TJ, Jenkins DG.
Influence of playing standard and
physical fitness on activity profiles and
post-match fatigue during intensified
junior rugby league competition. Sports
Med. 2015; 1(18):1-10. doi: https://doi
.0rg/10.1186/s40798-015-0015-y.
Cunningham DJ, Shearer DA, Drawer S,
Pollard B, Cook CJ, Bennett M, et al.
Relationships between physical qualities
and key performance indicators during
match-play in senior international rugby
union players. PloS One. 2018;
13(9):e0202811. doi: https://doi.org
/10.1371/journal.pone.0202811.
Rhodes D, Valassakis S, Bortnik L,
Eaves R, Harper D, Alexander J. The
Effect of High-Intensity Accelerations and
Decelerations on Match Outcome of an
Elite English League Two Football Team.
Int J Environ Res. 2021; 18(18):9913.
doi: https://doi.org/10.3390/ijerph
18189913.

Duji¢ I, Trajkovi¢ N, Kristicevi¢ T. Strong
relationship between aerobic fitness and
total distance covered in junior soccer
players. Acta Kinesiol. 2016;
10(1):112-6.

Aquino R, Carling C, Maia J, Vieira LHP,
Wilson RS, Smith N, et al. Relationships
between running demands in soccer
match-play, anthropometric, and physical
fitness characteristics: a systematic
review. Int J Perform Anal Sport. 2020;

10.

11.

12.

13.

14.

15.

16.

17.

18.

20(3):534-55. doi: https://doi.org/10.10
80/24748668.2020.1746555.

da Silva JF, Guglielmo LG, Bishop D.
Relationship between different measures
of aerobic fitness and repeated-sprint
ability in elite soccer players. J Strength
Cond Res. 2010; 24(8):2115-21.

doi: https://doi.org/10.1519/jsc.0b013e
3181e34794.

Bogdanis GC, Nevill ME, Boobis LH,
Lakomy H. Contribution of
phosphocreatine and aerobic metabolism
to energy supply during repeated sprint
exercise. J Appl Pysiol. 1996;
80(3):876-84. doi: https://doi.org
/10.1152/jappl.1996.80.3.876.

Stone NM, Kilding AE. Aerobic
conditioning for team sport athletes.
Sports Med. 2009; 39(8):615-42.

doi: https://doi.org/10.2165/00007
256-200939080-00002.

McKay AK, Stellingwerff T, Smith ES,
Martin DT, Mujika |, Goosey-Tolfrey VL,
et al. Defining training and performance
caliber: a participant classification
framework. Int J Sport Physiol Perform.
2022; 17(2):317-31. doi: https://doi.
org/10.3410/.741490183.793591815.
Meir R, Newton R, Curtis E, Fardell M,
Butler B. Physical fitness qualities of
professional rugby league football
players: determination of positional
differences. J Strength Cond Res. 2001;
15(4):450-8. doi: https://doi.org/10
.1519/00124278-200111000-00009.
0 Cathain C, Fleming J, Renard M,

Kelly DT. Dietary intake of Gaelic football
players during game preparation and
recovery. Sports. 2020; 8(5):62.

doi: https://doi.org/10.3390/sports
8050062.

McGahan JH, Mangan S, Collins K,

Burns C, Gabbett T, Neill C. Match-play
running demands and technical
performance among elite Gaelic footballers:
Does divisional status count? J Strength
Cond Res. 2018. doi: https://doi.
org/10.1519/jsc.0000000000002450.
Silva JR, Nassis GP, Rebelo A. Strength
training in soccer with a specific focus on
highly trained players. Sports Med.
2015; 1(1):1-27. doi: https://doi.org
/10.1186/s40798-015-0006-z.
Mangan S, Malone S, Ryan M,

McGahan J, O'neill C, Burns C, et al. The
influence of match outcome on running
performance in elite Gaelic football. J Sci
Med Footb. 2017; 1(3):272-9.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

doi: https://doi.org/10.1080/24733938
.2017.1363907.

Daly LS, O Cathéin C, Kelly DT. Gaelic
football match-play: performance
attenuation and timeline of recovery.
Sports. 2020; 8(12):166. doi: https://
doi.org/10.3390/sports8120166

Hume P, Marfell-Jones M. The importance
of accurate site location for skinfold
measurement. Journal of Sports Sciences.
2008; 26(12):1333-40. doi: https://doi
.0rg/10.1080/02640410802165707
Norton K, Olds T. Anthropometrica:

a textbook of body measurement for
sports and health courses: UNSW press;
1996.

Withers R, Craig N, Bourdon P, Norton K.
Relative body fat and anthropometric
prediction of body density of male athletes.
Eur J Appl Physiol Occup Physiol. 1987;
56(2):191-200. doi: https://doi.org/10
.1007/bf00640643

Reilly T, George K, Marfell-Jones M,
Scott M, Sutton L, Wallace J. How well
do skinfold equations predict percent
body fat in elite soccer players? Int

J Sports Med. 2009; 30(08):607-13.
doi: https://doi.org/10.1055/s-0029
-1202353.

Baechle T, Earle R. Essentials of strength
training and conditioning: Human
kinetics; 2008.

Kelly DT, Tobin C, Egan B, McCarren A,
O’Connor PL, McCaffrey N, et al.
Comparison of Sprint Interval and
Endurance Training in Team Sport
Athletes. J Strength Cond Res. 2018;
32(11):3051-8. doi: https://doi.org
/10.1519/jsc.0000000000002374
Crotty NM, Boland M, Mahony N,
Donne B, Fleming N. Reliability and
validity of the Lactate Pro 2 Analyzer.
Measurement in Physical Education and
Exercise Science. 2021; 25(3):202-11.
doi: https://doi.org/10.1080/1091367X
.2020.1865966.

Daly LS, O Cathéin C, Kelly DT. Does
Physical Conditioning Influence
Performance Attenuation and Recovery in
Gaelic Football? Int J Sports Physiol
Perform. 2022:1-9. doi: https://doi.org
/10.1123/ijspp.2021-0342.

Haugen TA, Tgnnessen E, Seiler SK. The
difference is in the start: impact of timing
and start procedure on sprint running
performance. J Strength Cond Res.
2012; 26(2):473-9. doi: https://doi
.0rg/10.1519/jsc.0b013e318226030b.

a BioLoay oF SporT, VoL. 41 Nol, 2024 173



29.

30.

31.

32.

33.

34.

35.

36.

174 .

Glatthorn JF, Gouge S, Nussbaumer S,
Stauffacher S, Impellizzeri FM,
Maffiuletti NA. Validity and reliability of
Optojump photoelectric cells for
estimating vertical jump height.

J Strength Cond Res. 2011;
25(2):556-60. doi: https://doi.org/10
.1519/jsc.0b013e3181cch18d.

Beato M, Coratella G, Stiff A, lacono AD.
The validity and between-unit variability
of GNSS units (STATSports Apex 10 and
18 Hz) for measuring distance and peak
speed in team sports. Front Physiol.
2018; 9:1288. doi: https://doi.org/10
.3389/fphys.2018.01288.

Malone S, McGuinness A, Duggan JD,
Murphy A, Collins K, O’Connor C. The
running performance of elite ladies Gaelic
football with respect to position and
halves of play. Sport Sci Health.
2022:1-9. doi: https://doi.org/10.1007
/s11332-022-00991-4.

Deely C, Tallent J, Bennett R, Woodhead A,
Goodall S, Thomas K, et al. Etiology and
Recovery of Neuromuscular Function
Following Academy Soccer Training. Front
Physiol. 2022:1170. doi: https://doi.
org/10.3389/fphys.2022.911009.

Hoyt WT, Imel ZE, Chan F. Multiple
regression and correlation techniques:
Recent controversies and best practices.
Rehabil Psychol. 2008; 53(3):321.
doi: https://doi.org/10.1037/e62068
2011-001.

Black GM, Gabbett TJ, Johnston RD,
Cole MH, Naughton G, Dawson B.
Physical fitness and peak running periods
during female Australian football
match-play. Sci Med Footb. 2018;
2(3):246-51. doi: https://doi.org/10
.1080/24733938.2018.1426103
Hopkins W, Marshall S, Batterham A,
Hanin J. Progressive statistics for studies
in sports medicine and exercise science.
Med Sci Sports Exerc. 2009; 41(1):3.
doi: https://doi.org/10.1249/mss
.0b013e31818ch278.

Krustrup B, Mohr M, Ellingsgaard H,
Bangsbo J. Physical demands during an
elite female soccer game: importance of
training status. Med Sci Sports Exerc.
2005; 37(7):1242. doi: https://doi.org
/10.1249/01.mss.0000170062
.73981.94.

37.

38.

39.

40.

41.

42.

43.

44.

Granero-Gil P, Bastida-Castillo A,
Rojas-Valverde D, Gomez-Carmona CD,
de la Cruz Sanchez E, Pino-Ortega J.
Influence of contextual variables in the
changes of direction and centripetal force
generated during an elite-level soccer
team season. Int J Environ Res. 2020;
17(3):967. doi: https://doi.org/10.3390
/ijerph17030967.

Augusto D, Brito J, Aquino R,

Figueiredo P, Eiras F, Tannure M, et al.
Contextual Variables Affect Running
Performance in Professional Soccer
Players: A Brief Report. FrontSports Act
Living. 2021; 3(350):350.

doi: 10.3389/fspor.2021.778813.
Green MR, Pivarnik JM, Carrier DP,
Womack CJ. Relationship between
physiological profiles and on-ice
performance of a National Collegiate
Athletic Association Division | hockey
team. J Strength Cond Res. 2006;
20(1):43. doi: https://doi.org/10.1519
/r-17985.1.

Sirotic AC, Coutts AJ. Physiological and
performance test correlates of prolonged,
high-intensity, intermittent running
performance in moderately trained
women team sport athletes. J Strength
Cond Res. 2007; 21(1):138-44.

doi: https://doi.org/10.1519/00124278
-200702000-00025.

Young W, Pryor L. Relationship between
pre-season anthropometric and fitness
measures and indicators of playing
performance in elite junior Australian
Rules football. Journal of Science and
Medicine in Sport. 2007; 10(2):110-8.
Morrissey MC, Wu Y, Zuk EF, Livingston J,
Casa DJ, Pescatello LS. The Impact of
Body Fat on Thermoregulation During
Exercise in the Heat: A Systematic
Review and Meta-analysis. J Sci Med
Sport. 2021. doi: https://doi.
org/10.1016/j.jsams.2021.06.004.
Keane J, Malone S, Keogh C, Young D,
Coratella G, Collins K. A Comparison of
Anthropometric and Performance Profiles
between Elite and Sub-Elite Hurling
Players. J Appl Sci. 2021; 11(3):954.
doi: https://doi.org/10.3390/app
11030954.

Wilson JM, Marin PJ, Rhea MR,

Wilson SM, Loenneke JP, Anderson JC.

45.

46.

47.

48.

49.

50.

Lorcan S. Daly et al.

Concurrent training: a meta-analysis
examining interference of aerobic and
resistance exercises. J Strength Cond
Res. 2012; 26(8):2293-307.

doi: https://doi.org/10.1519/jsc
.0b013e31823a3e2d.

Kelly RA, Collins K. The seasonal
variations in anthropometric and
performance characteristics of elite
intercounty Gaelic football players.

J Strength Cond Res. 2018;
32(12):3466-73. doi: https://doi.org
/10.1519/jsc.0000000000001861.
Pedersen S, Welde B, Sagelv EH,
Heitmann KA, B. Randers M,

Johansen D, et al. Associations between
maximal strength, sprint, and jump
height and match physical performance
in high-level female football players.
Scand J Med Sci Sports. 2021.

doi: https://doi.org/10.1111/sms.14009.
Harper DJ, Carling C, Kiely J. High-
intensity acceleration and deceleration
demands in elite team sports competitive
match play: a systematic review and
meta-analysis of observational studies.
Sports Med. 2019; 49(12):1923-47.
doi: https://doi.org/10.1007/s40279
-019-01170-1.

Harper DJ, McBurnie AJ, Santos TD,
Eriksrud O, Evans M, Cohen DD, et al.
Biomechanical and neuromuscular
performance requirements of horizontal
deceleration: a review with implications
for random intermittent multi-directional
sports. Sports Med. 2022;
52(10):2321-54. doi: https://doi
.0rg/10.1007/s40279-022-01693-0.
Steele J, Fisher J, Crawford D. Does
increasing an athletes’ strength improve
sports performance? A critical review
with suggestions to help answer this, and
other, causal questions in sport science.
J Trainol. 2020; 9(1):20. doi: https://doi
.org/10.17338/trainology.9.1 20.
Mujika I, Halson S, Burke LM,

Balagué G, Farrow D. An integrated,
multifactorial approach to periodization
for optimal performance in individual and
team sports. Int J Sport Physiol Perform.
2018; 13(5):538-61. doi: https://doi
.org/10.1123/ijspp.2018-0093.




