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Abstract
The current investigation examined the effect of a periodized small-sided games (SSG) intervention across a 4-week pre-
season period on physical and physiological performance measures within hurling players. Twenty-five (n = 25) hurling 
players were observed across the training intervention with GPS and HR technologies. Players participated in 12 sessions of 
exclusive 4 min SSG bouts (4 v 4) across differing pitch dimensions from 100 to 200-m2 with the number of bouts of SSG 
increasing across the intervention period (from 4 up to 8 bouts). Pre and post intervention tests included physiological (VO2max 
(mL kg−1 min−1), vVO2max (mL kg−1 min−1), PTV (km h−1), oxygen consumption (mL kg−1 min−1), vLT (mmol L−1), vOBLA 
(mmol L−1) and HRmax) and physical [5-, 10-, 20-m speed (s), Yo-YoIR1 (m) and RSAb (s)] testing methodologies. Across 
the period significant improvements in physical and physiological qualities were observed with these being trivial to large in 
nature. Significant large improvements in VO2max (ES 1.79; 95% CI 1.02–2.01) and vLT (ES 1.56; 95% CI 1.12–1.78) were 
reported with moderate improvements in vVO2max (ES 0.93; 95% CI 0.77–1.11) and vOBLA (ES 0.89; 95% CI 0.34–0.99) 
respectively. Moderate improvements in Yo-YoIR1 (ES 0.65; 95% CI 0.33–0.78) and RSAb (ES 0.41; 95% CI 0.21–0.66) 
were also observed across the period with trivial improvements observed for speed across 5-, 10- and 20-m. Furthermore, 
SSG also led to an improvement in oxygen consumption across varying speeds as indicated through significantly reduced 
VO2 and HR at running speeds of 8-, 10-, 12-, 14- and 16-km h−1 (ES 0.99–1.78). The present study provides coaches with 
a periodization strategy for pre-season hurling specific SSG. Overall, the data demonstrate that implementing a structured 
periodized SSG training intervention can improve the physical and physiological fitness characteristics of hurling players 
across a pre-season.
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Introduction

Hurling is an intermittent team sport played with a stick 
(camán) and ball (sliothar), the skills required to success-
fully play the game are complex in nature [1]. This is a high-
intensity dynamic team sport where 2 goalkeepers and 28 
outfield players (15 players-a-side) compete on an average 
pitch dimension of 140-m by 88-m (422 m2). Competitive 
match-play takes place across differing durations depend-
ing on the standard of play [2]. At the elite level of hurling, 
match-play is 70 min plus additional time with sub-elite 
match-play taking place across 60 min plus additional time 
which is at the discretion of the referee [2]. High catching 
of the sliothar with one hand is a feature of the game, as is 
striking the ball in the air, both skills requiring extraordinary 
hand–eye coordination [1]. The camán can also be used to 
block the ball or to “hook” an opponent attempting to strike 
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it. The sport requires players to engage in total distances 
of 7506 ± 1364-m, interspersed with 1169 ± 260-m of high-
speed distance (≥ 17 km h−1) and 350 ± 93-m of sprint dis-
tance (≥ 22 km h−1) [3]. Hurling constitutes a form of inter-
mittent exercise within which the timing of high-intensity 
efforts is acyclical following the nature of the game [4]. Key 
characteristics of the sport are that players are required to 
engage in high-speed running, rapid acceleration, and decel-
eration movements intertwined with changes of directions, 
jumping, and body contacts [3, 5]. These patterns of play 
are likely to contribute to the observed high levels of aero-
bic and anaerobic turnover experienced by players during 
competitive match play [1]. Therefore, these players need 
to be exposed to training regimens which include elements 
of aerobic and anaerobic conditioning [1].

Small-sided games (SSG) are now commonly used 
as methods of conditioning players within team sports 
including hurling [6–9]. These games take place on con-
densed pitch dimensions allowing coaches the opportunity 
to develop both technical and tactical proficiency within 
players. Furthermore, these games represent a concurrent 
method of training allowing for the development of aerobic 
and anaerobic fitness characteristics simultaneously. Prac-
tically, hurling coaches face the challenge of improving 
athletic and physiological performance without encroach-
ing on the technical and tactical side of the training process 
[10–12]. Therefore, the concurrent characteristic of SSG 
has resulted in these games representing a major compo-
nent of the hurling training [10, 13]. During SSG, players’ 
heart rates can exceed an intensity deemed high enough to 
promote aerobic capacity development (90–95% of maxi-
mal heart rate; HRmax) [14]. Recently, there has been an 
increased interest in these SSG within hurling, with a num-
ber of prescriptive variables such as player number [9], 
rule changes [15, 16], competitive nature [11], game type 
[11, 17], work to rest ratio [12, 18] and pitch size [10, 19] 
all shown to alter the physical and physiological demands 
placed on players. Overall, SSG has been shown to stimulate 
physiological and workload intensities like that of actual 
match play. Therefore, it appears of paramount importance 
to understand how to appropriately periodize these games 
across the hurling training process to improve players’ physi-
cal and physiological performance.

Across sports appropriately planned SSG have been 
shown to be a useful concurrent modality to stimulate train-
ing adaptations when compared to generic interval train-
ing [20–22]. Indeed, initial investigations comparing SSG 
(6 × 4-min bouts (5 vs 5), 3-min of active recovery (jog-
ging at 50–60% of HRpeak) and traditional aerobic train-
ing (6 × 4-min bouts of running at 85–90% HRpeak, 3-min 
active recovery (jogging at 50–60% HRpeak) within soc-
cer showed negligible differences between methods for 
improving players fitness characteristics. Following on 

from these findings, higher heart rates were observed dur-
ing SSG (1v1, 2v2 games, 8 sessions, 5 bouts per session) 
(178 ± 7 b min−1) when compared to repeated bouts of run-
ning (15 s:15 s, 30 s:30 s efforts, 8 sessions, 4 sets 7–10 
reps) (167 ± 4 b min−1) [20]. However, SSG are known to 
have higher inter-individual variations due to the open and 
self-paced nature of these games when compared to the 
closed and controlled nature of interval training. This has 
resulted in coaches using SSG less as a sole conditioning 
modality within hurling [20, 22]. However, given the ama-
teur nature of Gaelic sports, coaches are time-poor across a 
training week, typically having players for 2–3 h per week 
[23]. Therefore, these concurrent methodologies may allow 
for a more refined conditioning programme centered solely 
on competitive skill execution at high enough speed and 
physiological cost to accrue improvements in physiological 
and performance profiles of players across a training period.

To date, however, only one investigation has compared 
SSG (4 × 4 min; 4 v 4; 80 × 20-m) against continuous train-
ing (4 × 4 min) [21]. Pre-to post assessments showing that 
SSG resulted in possibly to likely beneficial improvements 
in maximal oxygen uptake (VO2max; 6.3%), running economy 
(13.8%), Yo-Yo intermittent recovery test level 1 (Yo-YoIR1; 
18.5%), and repeated sprint ability (5.8%) when compared 
to the trivial improvements shown for continuous training 
across the same period [21]. Within Gaelic sports, many 
coaches plan training in an ad hoc manner with sessions 
changing based on team results or coaching perception [23]. 
Therefore, the appropriate periodization of SSG fails to take 
place [24]. Interestingly, a structured step load for perio-
dized SSG intervention has been shown to improve the fit-
ness characteristics of soccer players [25]. Currently, within 
hurling, it is unknown how best to periodize SSG. There-
fore, the aim of the present investigation was to examine 
the effects of a periodized four-week SSG training interven-
tion on players physical [5, 10, 20-m speed, repeated sprint 
ability (RSA), Yo-YoIR1] and physiological performance 
[VO2max, oxygen consumption at varying speeds, the veloc-
ity at VO2max (vVO2max), the velocity at lactate threshold 
(vLT), the velocity at the onset of blood lactate accumula-
tion (vOBLA)] characteristics. It was hypothesised that a 
structured SSG approach across the four-week period would 
induce significant improvements in both aerobic and anaero-
bic measures of performance within hurling players. These 
findings could potentially provide valuable information to 
coaches on how best to plan and structure their pre-season 
SSG as a conditioning strategy for hurling cohorts given the 
time-poor nature of the training process within these Gaelic 
sports [23].
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Methods

Experimental approach to the problem

During the pre-season, twenty-five (n = 25) hurling play-
ers, competing at senior level volunteered for the study 
across a 4-week SSG intervention period with testing 
weeks either side resulting in a six-week total investigation 
period (November–December). To examine the effect of a 
periodized SSG intervention, all players were tested during 
three testing sessions, either side of the 4-week intervention 
period. All tests were completed at the same time of day in 
a standardised manner to account for any diurnal variation 
in performance. During the intervention phase players were 
not involved in any competitive fixtures which resulted in 
the designated phase that could be strictly controlled and 
allowed for a periodized approach across all SSG completed 
by the coaches of the team. During the intervention period 
players were monitored through the use of global position-
ing system (GPS) technology (VX Sport, Lower Hutt, New 
Zealand, 4-Hz) and heart rate (HR) monitors (Polar Team 
Sport System; Polar Electro Oy, Kempele, Finland) to best 
monitor players physical and physiological performance dur-
ing each SSG session.

Subjects

Twenty-Five (n = 25) hurling players competing at the top 
level of hurling (age 24.5 ± 2.2 years; height 178.9 ± 3.2 cm; 
body mass 81.5 ± 4.5 kg) took part in the study. Players were 
part of the same team, a division 1 team with a minimum 
playing experience of 3-years (range 3–8 years playing 
experience). The players completed SSG specific training 
sessions a week throughout the investigation period. After 
ethical approval, participants attended an information even-
ing where they were briefed about the purpose, benefits, and 
procedures of the study. Written informed consent and medi-
cal declaration were obtained from participants in line with 
the procedures set by the local institutions’ research ethics 
committee (Technological University Dublin, Tallaght).

Physical performance assessment

Players completed several field-based physical performance 
assessments for aerobic and anaerobic fitness. Firstly, play-
ers completed a Yo-Yo intermittent recovery test level 1 
(Yo-YoIR1). The Yo-YoIR1 tests consisted of 20-m shuttle 
runs performed at increasing speeds, with 10 s of active 
recovery between runs (intermittent recovery version). The 
Yo-YoIR1 has been reported to assess a player’s endurance 
capacity with a high aerobic energy contribution [26]. The 

audio-cues of the tests were broadcast using a portable CD 
player (Philips, Az1030 CD player, Netherlands). The test 
ended when the participant either stopped voluntarily or 
twice failed to reach the front line in time with the audio cue. 
Furthermore, players completed a repeated sprint test (RSA). 
Specifically, this test consisted of six repeated 35-m shut-
tles with 10 s of passive recovery [27] with the best sprint 
time (RSAb; s) recorded. Additionally, the first sprint of the 
RSA was used to assess linear sprint speed assessed by a 5-, 
10- and 20-m timing gate splits to monitor sprint speed (s).

Physiological performance assessment

Players completed an incremental staged treadmill assess-
ment (Cosmed T170, Roma, Italy) for blood-lactate concen-
tration profiling, mean HR (HRmean), maximal HR (HRmax) 
and VO2max (mL kg−1 min−1). The protocol consisted of 
4 min stages at 8 km h−1, 10 km h−1, 12 km h−1, 14 km h−1, 
16 km h−1 and then a ramp stage that increased in speed by 
1 km h−1 min−1 [13, 28]. Participants were instructed to run 
until volitional exhaustion. The individual lactate profiles 
were assessed according to the procedures suggested by 
Akubat et al. [28]. During the incremental test, each stage 
was separated by a 1-min period where capillary blood lac-
tate (5 μL) was taken in duplicate with the mean value for 
each stage recorded. Blood lactate was used to derive (1) 
velocity at 2 mmol L−1 (vLT) and (2) velocity at 4 mmol L−1 
(vOBLA). Additionally, VO2max was recorded as the high-
est mean VO2 value obtained for a 1-min period, when the 
following criteria were met: (1) a plateau in VO2 despite 
increasing treadmill speed, (2) respiratory ratio above 1.10, 
(3) attainment of age-predicted HR [13, 28, 29]. Velocity at 
VO2max (vVO2max) was defined as the highest speed attained 
when VO2max was achieved, with peak tredmill velocity 
(PTV) defined as the end speed at which volitional exhaus-
tion occurred. HR was recorded using HR belts (Polar, Polar 
Electro, OY, Finland). The oxygen consumption of players 
was assessed at all stages of the incremental test to assess 
players’ oxygen utilisation at various speeds of movement 
[13, 25, 28].

Small‑sided game training intervention

The periodization of SSG across the intervention period is 
shown in Table 1. SSG were performed in all training ses-
sions during the intervention period. Training sessions were 
completed on the same pitch at the same period of the day 
(18:00–20:00) to avoid any circadian variation in perfor-
mance during these games. Prior to each pitch-based session, 
a standardised warm-up of 15 min was completed consist-
ing of technical skill execution, dynamic stretching, and low 
to moderate speed movements. Each SSG were supervised 
by the coaching team, any time the ball went out of play a 
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replacement was readily available to allow for higher physi-
cal and physiological demands in addition to increasing the 
continuity of these SSG. Furthermore, during these games, 
the coaches encouraged players to perform a high-press in 
line with the team’s specific tactical set up during match-
play environments. During the period, all SSG were stand-
ardised by time (4-min). During the intervention period, the 
SSG employed was a touchdown-based game, were the aim 
of the game was for teams within the SSG to retain ball pos-
session and work the ball into a designated touchdown area. 
Once the team had worked the ball into this area the team 
retained possession and aimed to work the ball back down 
the pitch to the opposite touchdown area [10, 21].

Physical and physiological monitoring of SSG 
during the intervention

During all SSG, participants wore an individual GPS unit 
(VXSport, New Zealand, Lower Hutt, Issue: 330a, Firm-
ware: 3.26.7.0) sampling at 4 Hz and containing a triaxial 
accelerometer and magnetometer in all training sessions. 
The GPS unit (mass 76 g; 48 × 20 × 87 mm) was encased 
within a protective harness between the player’s shoulder 
blades in the upper thoracic-spine region. Fifteen minutes 
before the commencement of training, the GPS device was 
turned on and fixed to the athlete, to establish a satellite 
lock. The validity and reliability of this device have pre-
viously been communicated [30]. The number of satel-
lites for GPS was satisfactory during all sessions: range: 
7–12 with an average of 9.5 ± 3 satellites per training 
respectively. The horizontal dilution of position (HDOP) 
which reflects the geometrical arrangement of the satel-
lites and is related to both the accuracy and quality of 
the signal was not collected which is a limitation of the 

current study. Proprietary software provided instantane-
ous raw velocity data at 0.25 s intervals, which was then 
exported and placed into a customised Microsoft Excel 
spreadsheet (Microsoft, Redmond, USA). The spreadsheet 
allowed analysis of distance covered (m) and speed calcu-
lated (km h−1) in the following categories; total distance; 
high-speed running distance (≥ 17 km h−1); Sprint dis-
tance (≥ 22 km h−1) [10–12]. Physiological performance 
during SSG was assessed based on HR analysis, which 
was recorded every 5 s using a telemetric device (Polar 
Team Sport System; Polar Electro Oy, Kempele, Finland). 
The heart rate maximum of each player was determined 
by means of an incremental treadmill test performed. 
The mean heart rates for each SSG were recorded and 
expressed as a percentage of each individual maximum to 
provide an indication of the overall intensity of the SSG 
in relation to the mean and maximum HR obtained during 
the incremental treadmill assessment.

Statistical analysis

Descriptive results are presented as means ± SD and 95% 
Confidence intervals (95% CI). The assumption of normal-
ity was verified using a Shapiro–Wilks test. Differences in 
aerobic and anaerobic fitness variables between the pre- 
and post-testing were assessed with paired samples T tests. 
Standardised effect size is reported as Cohen’s d, using the 
pooled standard deviation as the denominator. Qualitative 
interpretation of d was based on the guidelines provided 
by Hopkins and colleagues [31]: trivial: 0–0.19; small: 
0.20–0.59; moderate: 0.60–1.19; large: 1.20–1.99; very 
large: ≥ 2.00.

Table 1   The periodization of 
SSG during the intervention 
period

All SSG played with a 4 v 4 format for a 4-min duration with a 3  min passive skills-based recovery 
between bouts

Week Session progression SSG format (m) Player area (m2/
player number)

Progressive overload Total time 
in SSG 
(min)

Week 1 SSG 1 40 × 20 100 4 × 4 min 16
SSG 2 40 × 20 100 5 × 4 min 20
SSG 3 40 × 20 100 6 × 4 min 24

Week 2 SSG 4 40 × 20 100 7 × 4 min 28
SSG 5 60 × 20 150 4 × 4 min 16
SSG 6 60 × 20 150 5 × 4 min 20

Week 3 SSG 7 60 × 20 150 6 × 4 min 24
SSG 8 60 × 20 150 7 × 4 min 28
SSG 9 80 × 20 200 5 × 4 min 20

Week 4 SSG 10 80 × 20 200 6 × 4 min 24
SSG 11 60 × 20 150 7 × 4 min 28
SSG 12 80 × 20 200 8 × 4 min 32
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Results

The typical running and physiological performances across 
the intervention period for SSG are shown in Figs. 1 and 2.

Physiological performance measures

When physiological performance measures were con-
sidered moderate to large effects were observed over-
all across the intervention period. Specifically, VO2max 
(54.97 ± 3.44 to 58.33 ± 2.44 mL kg−1 min−1; p = 0.032; 
95% CI 1.32–4.53 mL kg−1 min−1; ES 1.79; large), PTV 
(19.3 ± 1.5 to 20.7 ± 11.35  km  h−1; p = 0.041; 95% CI 
1.0–2.5 km h−1; ES 0.99; Moderate), vVO2max (17.4 ± 1.8 
to 18.9 ± 1.4 km h−1; p = 0.041; 95% CI 1.5–2.8 km h−1; 
ES 0.93; Moderate) and HRmax (198 ± 5 to 193 ± 4 b min−1; 
p = 0.049; 95% CI 4–8 b min−1; ES 0.48; Small) were sig-
nificantly improved pre-SSG intervention to post-SSG inter-
vention. When the blood lactate profiles of players were ana-
lysed significant moderate to large effects were observed 

across the SSG intervention period with both vLT (8.1 ± 1.5 
to 10.3 ± 1.3 km h−1; p = 0.003; 95% CI 1.1–3.5 km h−1; ES 
1.56; Large) and vOBLA (10.6 ± 0.8 to 13.9 ± 0.8 km h−1; 
p = 0.023; 95% CI 1.0–3.8 km h−1; ES 0.89; Moderate) 
improving across the hurling cohort (Table 2).

Physical performance measures

Across the intervention period, physical performance 
measures showed trivial to moderate improvements. Spe-
cifically, Yo-YoIR1 running performance (1640 ± 276 to 
1880 ± 177 m; p = 0.021; 95% CI 200–410 m; ES 0.63; Mod-
erate) significantly increased pre to post the SSG interven-
tion period. Non-significant trivial effects were observed for 
5 m (1.00 ± 0.44 to 1.00 ± 0.44 s; p = 0.678; 95% CI − 0.10 
to 0.1 s; ES 0.01; Trivial), 10 m (2.11 ± 0.65 to 2.11 ± 0.77 s; 
p = 0.713; 95% CI − 0.12 to − 0.01 s; ES 0.01; Trivial) 
and 20-m (3.44 ± 0.78 to 3.33 ± 0.76 s; p = 0.815; 95% CI 
− 0.11 to 0.18 s; ES 0.15; Trivial) speed across intervention 
period. Figure 3 shows the oxygen consumption improve-
ments across running performance at different speeds pre 
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Table 2   The effect of the SSG intervention on physiological and physical performance measures (n = 25)

Physiological performance Pre-intervention Post-intervention Effect size Magnitude

VO2max (mL kg−1 min−1) 54.97 ± 3.44 (50.78–57.99) 58.33 ± 2.44 (54.78–62.44) 1.79 (1.02 to 2.01) Large
Peak treadmill velocity (km h−1) 19.3 ± 1.5 (16.7–19.8) 20.7 ± 1.3 (17.7–20.9) 0.99 (0.56 to 1.10) Moderate
vVO2max (km h−1) 17.4 ± 1.8 (16.7–18.9) 18.9 ± 1.4 (17.2–19.6) 0.93 (0.77 to 1.11) Moderate
vLT (km h−1) 8.1 ± 1.5 (6.8–9.3) 10.3 ± 1.3 (7.9–12.8) 1.56 (1.12 to 1.78) Large
vOBLA (km h−1) 10.6 ± 0.8 (9.3–11.1) 13.9 ± 0.8 (12.1–14.9) 0.89 (0.34 to 0.99) Moderate
HRmax (b min−1) 198 ± 5 (195–201) 193 ± 4 (188–197) 0.48 (0.21 to 0.67) Small
Physical performance
 Yo-YoIR1 (m) 1640 ± 276 (1220–1860) 1880 ± 177 (1420–2120) 0.65 (0.33 to 0.78) Moderate
 5-m Speed (s) 1.00 ± 0.44 (0.99–1.33) 1.00 ± 0.43 (0.98–1.23) 0.01 (− 0.21 to 0.11) Trivial
 10-m Speed (s) 2.11 ± 0.65 (1.87–2.78) 2.11 ± 0.77 (1.75–2.65) 0.01 (− 0.11 to 0.09) Trivial
 20-m Speed (s) 3.44 ± 0.78 (2.99–3.98) 3.33 ± 0.76 (2.87–3.76) 0.15 (0.08 to 0.19) Trivial
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and post the intervention period. Finally, Fig. 4 shows the 
observed significant moderate effect for RSAb (6.31 ± 1.90 
to 5.35 ± 0.70 m; p = 0.031; 95% CI 0.21–0.65 s; ES 0.67; 
Moderate) across the SSG intervention period.

Discussion

The aim of the current investigation was to observe the effi-
cacy of a 4-week periodized SSG intervention on the physi-
cal and physiological characteristics of hurling players. The 
main findings of the study show that a periodized SSG inter-
vention can improve aerobic and anaerobic capacities within 
hurling cohorts. Specifically, our data showed significant 
moderate to large improvements from pre to post-testing 
across physiological variables such as aerobic capacity, vLT, 
vOBLA and vVO2max. Furthermore, the SSG intervention 
had a trivial impact on acceleration and 20-m speed meas-
ures. Given the present results, it may be suggested that a 
periodized approach to planning SSG may result in improve-
ments across aerobic and anaerobic characteristics within 
hurling players. However, these improvements may differ 
across physiological and physical capacities. Overall, the 
results support the idea that coaches who employ a games-
based philosophy with respect to conditioning across a pre-
season period may improve aerobic and anaerobic fitness 
within hurling cohorts. However, it appears that for specific 
physical capacities such as speed and acceleration coaches 
may need to combine these methodologies with supplemen-
tary modalities to ensure a holistic performance programme 
is administered to hurling players.

The current findings are the first within hurling cohorts 
to show that a periodized training block of SSG during a 
pre-season period can have a moderate to the large positive 
effect on the physical and physiological characteristics of 
hurling players. Our findings add to the literature on SSG 
as a training modality and confirm previous findings that 
show SSG can act as a viable alternative to generic training 
within the hurling training process (tempo running, interval 
running training, skill circuits) and are capable of improving 
physical and physiological characteristics. Indeed, previous 
investigations within hurling have shown across a 10-week 
period that SSG (4 × 4 min) can result in similar improve-
ments when compared to traditional continuous training 
[21] with no significant differences between physical and 
physiological testing between groupings. Furthermore, 
within soccer cohorts, a 7-week preseason training period 
of SSG to significantly improve Yo-Yo intermittent recov-
ery test performance, although not VO2max (16), while a 3% 
improvement in running economy has been found in youth 
players after 12 weeks (4 weeks preseason and 8 weeks in-
season) of SSG [32]. Despite the agreement between our 
findings and previous literature, it would seem appropriate 

to provide a mechanistic appreciation of the physiological 
adaptations that may have taken place across the interven-
tion period while also comparing the results from the present 
study to those previously conducted, particularly given that 
the sports differ in nature and as such the metabolic and 
physical stressors will vary greatly when manipulating these 
sport-specific SSG training variables (e.g., pitch dimensions, 
number of players, coach encouragement).

One of the primary goals of coaches during the pre-
season period is to increase the aerobic capacity of players 
given that aerobic fitness is associated with increased run-
ning performance and a reduction in injury risk [29, 33, 
34]. Within team sport athletes’ improvements in VO2max 
could potentially allow players to cover increased running 
distances during match-play [29], while also improving 
players ability to repeat sprints, and perform high-intensity 
actions both with and without the ball [35, 36]. The cul-
mination of which may increase the likelihood of these 
players having a positive impact on overall team perfor-
mance. Interestingly, within the current investigation, a 
significant large effect was observed across VO2max with 
improvements observed across the intervention period. 
Given the interval nature of these games across the period 
(4–8 × 4  min intervals), it is important for coaches to 
understand the specific physiological mechanisms that 
may have resulted in these improvements in aerobic 
power across the intervention period. The physiologi-
cal responses by players to any intervention period will 
depend on the initial training state of the individual, the 
protocol design, and the specific intensity attained during 
the completion of the protocol [14, 37]. Overall, given the 
duration of each bout these SSG could be classified as a 
game-specific modality of high-intensity interval training 
[14]. It is likely that across the duration of the intervention 
these athletes experienced both ‘central’ and ‘peripheral’ 
improvements in cardiorespiratory fitness with potential 
mechanistic improvements in the arteriovenous difference 
in blood oxygen content, stroke volume, and maximal 
cardiac output [14, 38]. These improvements were likely 
facilitated by an expansion of red blood cell volume and 
an associated increase in stroke volume, which can also 
adapt independently of changes in red blood cell volume 
[14, 38]. It is likely that the above mechanistic improve-
ments aided the moderate improvement reported across 
Yo-YoIR1 running performance during the intervention 
period. These findings are taken together suggest that hurl-
ing specific SSG if appropriately periodized can evoke 
improvements in aerobic capacity across a pre-season 
period. Given the limited time available for collective 
training in hurling 3 times per week), the current SSG 
provided physical and physiological improvements while 
participating in technical and tactical match-like hurling 
situations. Specifically, hurlers are required to perform 
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highly complex technical skills during match-play [39, 
40], which need to be practiced at every opportunity. 
Furthermore, SSG have been shown to demand different 
tactical behaviors from players in team sports [41]. With 
the use of one ball in the SSG, players will spend most of 
the game time without it. During this time, players will 
make decisions while on and off the ball. The SSG used 
in the current study allows the integration of these hurling 
specific technical and tactical demands in a time-efficient 
manner, which may be lost if more of a traditional running 
only conditioning approach was implemented.

Oxygen consumption at differing speeds is an impor-
tant physical determinant of team sport athletes and can 
be related to the fact that changes in fitness experienced 
during the season may be better detected through sub-max-
imal indices of aerobic fitness [25, 42, 43]. Therefore, SSG 
can decrease the cost at a sustained workload that may 
culminate in reduced oxygen demand, which may allow 
players to either exercise at a lower or similar HR but 
with greater intensity across both training and match-play 
phases of play. Given the noted improvement in oxygen 
consumption across differing speeds, it is possible that 
primary skeletal muscle responses contributed to training-
induced changes in oxygen extraction at different speeds. 
These have previously been related to the increased cap-
illarization and enhanced mitochondrial volume post an 
intervention period within trained cohorts [38]. Indeed, 
short-term interval training such as the intervention within 
the current investigation has been shown to induce vascu-
lar remodelling as evidenced by increased skeletal muscle 
microvascular and capillary density [14, 44], which could 
potentially have improved local blood perfusion. It may 
also be suggested that the interval methodology within the 
current investigation provided a potent enough stimulus to 
allow for mitochondrial biogenesis and rapidly increased 
biomarkers of mitochondrial content and respiration [14, 
37]. Whereby the capacity for skeletal muscles oxidative 
respiration exceeded the capacity for systemic oxygen 
transport. However, training-induced increases in capil-
larization, and mitochondrial volume density are typically 
larger than for VO2max [14, 37, 38]. The above mechanistic 
changes across the intervention period may also be related 
to the observed improvement in vLT and vOBLA across 
the training period. Indeed, the lactate threshold has pre-
viously been found to be a sensitive indicator to changes 
in fitness in professional team sports players [42]. While 
we have suggested numerous mechanistic possibilities to 
explain the observed improvements in physiological and 
physical performance it must be remembered that given 
the nature of the game, ‘performance’ within hurling is not 
as easily determined. This is related to factors such as skill 
execution, opposition set-up, stage of the competition, 
decision making, and many other contextual factors that 

contribute to successful performance, therefore coaches 
should aim to have a holistic approach across developing 
players, with a focus placed on fitness parameters but also 
skill execution and tactical understanding.

During hurling match-play, the performance of repeti-
tive sprint efforts, changes of direction, jumping, tackling, 
and collisions are characteristics that increase physiologi-
cal strain [4]. Within SSG these efforts may be exacerbated 
due to the condensed nature of games. Furthermore, these 
movements may be completed with increased intensity given 
the reduced time frame of repeated intervals within a spe-
cific SSG periodized plan. Indeed, these movements may 
result in an auxiliary neuromuscular stimulus because the 
ability to perform technical and tactical requirements under 
fatigued conditions is considered important during hurling 
match-play [5, 14, 39]. Within the current investigation, we 
observed that a periodized SSG intervention within hurl-
ing players could result in significant moderate improve-
ments across repeated sprint ability. We hypothesise that 
SSG including the ball imitate the unorthodox movements 
commonly associated with match-play it is very likely that 
the higher intensity and repetitive nature of sprint actions 
within SSG created a sufficient stimulus to result in improve-
ment across RSA indices. Sprinting, speed and accelera-
tion capacities are important physical qualities within hurl-
ing given that players complete 126 ± 25 accelerations, 
350 ± 93-m of sprint distance with an average maximal 
velocity of 8.08 ± 0.58 m s−1 attained during match-play 
[3] with the majority of these elements of physical outputs 
accruing during important phases of play such as breaking 
balls, attacking movements to create space and the creation 
of scoring plays [5, 39, 40]. Within the current investiga-
tion, the SSG intervention had a trivial impact of speed and 
acceleration characteristics. These results although surpris-
ing given the increase in the number of acceleration opportu-
nities within the confined spaces created during SSG, are in 
line with previous investigations across sports with respect 
to SSG. Indeed, previously it has been shown that SSG has 
limited effects on running speed within soccer players [45]. 
Furthermore, an SSG intervention analysis has shown that 
the time measured during the 5 m and 20 m runs did not 
change significantly across a training period within team 
sport athletes [46]. However, it must be noted that individual 
drills with balls obtained a greater effect on RSA and peak 
sprinting performance in football players, compared to SSG 
training [47]. These results and ours taken together suggest 
that while SSG may improve the physical and physiological 
performance of hurling and team sports players. Coaches 
may need to have a combined methodology to ensure they 
are prescribing training that best prepares players for the 
specific demands of hurling match-play. Overall, in spite 
of the results obtained across different studies, hurling 
coaches should take into consideration that SSG need to be 
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periodized and have specific conditions to improve hurling 
players’ physical and physiological fitness measures.

The current investigation needs to be considered within 
the confines of specific limitations. Firstly, a single cohort of 
hurling players was observed during the pre-season period, 
as such, it represents a case study on the impact of a perio-
dized SSG intervention across a pre-season period. Further-
more, the lack of a control group reduces the impact of the 
findings and it could be argued that the gains in physical and 
physiological performance, may be attributed to the comple-
tion of technical and tactical elements of training during the 
intervention period. However, it is worth noting that the SSG 
were the only sessions performed during this period. There-
fore, it can be inferred that physical improvements exhib-
ited during the SSG training intervention may culminate in 
greater fitness levels of physical qualities displayed during 
actual competitive match play. Given the trivial improve-
ment in acceleration and speed-based measures during the 
intervention and the increase in coaches moving towards 
simulated phases of play as a conditioning intervention, 
it may be suggested that future research should compare 
SSG intervention and simulated phases of play interven-
tion. These simulated phases of play represent a condensed 
time period of 15 v 15 match play with specific conditions. 
Finally, it would be of interest for coaches and condition-
ing coaches alike for a comparative analysis of the physical, 
physiological, technical, and tactical execution within SSG 
and match-play to understand the ability of these smaller 
condensed games to replicate match-play elements.

Conclusion

The current investigation demonstrates that the imple-
mentation of a 4-week periodized SSG training interven-
tion within a hurling cohort can improve the physiological 
and performance characteristics of these players. Coaches 
should be aware that SSG allows for the attainment of tech-
nical and tactical elements of training while also allowing 
for improvements in physiological and performance char-
acteristics. Subsequently, the ability to integrate SSG into 
the training process is important within hurling to improve 
the physical and technical capacity of players. These games 
should be seen as an important methodology of condition-
ing for coaches ahead of generic non-specific drills in ses-
sions. Despite the potential advantages of SSG, care should 
be considered when implementing SSG within a periodized 
program. Due to SSG being non-constrained in terms of 
players’ ability to complete the distance at a self-selected 
intensity, an overreliance on SSG could potentially lead to 
both under and overtraining effects for particular playing 
cohorts. Ultimately these games will always require stringent 
control and standardization by coaches to avoid influential 

factors such as duration, pitch sizes, player numbers, and 
game types. The practical implications of this study may be 
further enhanced by quantifying the optimal load and inten-
sities of SSG. This can be completed by coaches collating 
the GPS and HR variables from SSG completed across a 
longitudinal period to provide SSG drill databases for teams 
with normative values for SSG. Coaches should aim to use 
SSG to continually develop physiological and performance 
characteristics of players while also allowing for players to 
best replicate the technical and tactical elements of match-
play in conjunction with one another rather than in isolation.
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