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Abstract
Purpose  To examine the acute physiological, perceptual and neuromuscular responses of team sport athletes to two volume-
matched cycling high intensity interval training (HIIT) sessions with short work bouts (< 60 s).
Methods  Using and randomised crossover design, 16 male team sport players completed 2 × 6 min (with 5 min between 
sets) repeated efforts of 15 s or 30 s exercising at 120% power at V̇O2 max (pV̇O2 max) followed by matched-duration passive 
recovery on a cycle ergometer.
Results  Absolute mean V̇O2 (p = 0.0257) and relative mean V̇O2 (p = 0.0275) were higher in 15 s than 30 s HIIT. Total time 
at > 90% V̇O2 max during the HIIT was higher for 15 s compared to 30 s HIIT (p = 0.0257). Heart rate remained the same 
between trials (p = 0.805) as did oxygen pulse (p = 0.1161). B[La] was lower in 15 s compared to 30 s HIIT (p = 0.0257). 
Differences in dRPE-L (p = 0.0495), dRPE-B (p = 0.0495) and dRPE-O (p = 0.1837) suggested lower perceived exertion in 
15 s compared to 30 s HIIT. Maximal isometric knee extension force revealed a greater reduction after 30 s HIIT (p = 0.0495).
Conclusion  Team sport athletes using short duration cycling-based HIIT should use 15 s work intervals to elicit greater 
time working near V̇O2 max at a lower perceived exertion and with smaller reductions in peak muscle force after exercise.
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Abbreviations
B[La]	� Blood lactate concentration
dRPE	� Differential rating of perceived exertion
ES	� Effect size
HIIT	� High intensity interval training
HR	� Heart rate
MVC	� Maximal voluntary isometric contraction
p V̇ O2 max	� Power at maximum oxygen uptake
RPE	� Rating of perceived exertion
V̇ O2 max	� Maximum oxygen uptake
V̇ O2	� Volume of oxygen

Introduction

High intensity interval training (HIIT) offers a low volume, 
high intensity training approach comprising brief exercise 
bouts interspersed with periods of recovery. Prescription of 
HIIT involves manipulation of nine variables (e.g., exercise/
recovery duration, intensity, modality, volume) to target 
specific central and peripheral adaptations (Buchheit and 
Laursen 2013a, b). Understanding how the manipulation 
of key HIIT variables influences the acute physiological 
response is important for those wishing to apply this train-
ing approach with athletes (MacInnis and Gibala 2017).

Short duration HIIT (i.e., < 60 s work/rest intervals) is a 
common training approach adopted by team sport athletes 
(Dupont et al. 2004; Buchheit et al. 2009). Closely replicating 
the demands associated with team sports (Dupont et al. 2004), 
short intervals enable the athlete to spend extended periods 
~ 90%V̇O2 max (~ 50–60% total work time; Dupont et al. 2002) 
to drive central (i.e., oxygen delivery) and peripheral (i.e., 
oxygen extraction) adaptations associated with improved per-
formance. Shorter intervals might also enable preservation of 
glycogen in favour of intramuscular triglycerides (Billat 2001) 
and a lower perceived effort compared to longer intervals 
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(Valstad et al. 2018). While studies have reported lower oxy-
gen uptake, heart rate, and blood lactate concentration for short 
(i.e., < 60 s) compared to long (i.e., > 60 s) HIIT matched for 
total work (Myrkos et al. 2022; Tschakert et al. 2015; Tucker 
et al. 2015), comparisons between HIIT in the same classifi-
cation remain to be fully elucidated. Fernando Farias-Junior 
et al. (2019) compared 30/30 s and 60/60 s work/rest intervals 
whilst running on a treadmill, reporting a higher V̇O2 in work 
bouts with longer intervals but a similar mean V̇O2 for the 
overall exercise session. However, these data were collected 
in untrained participants and did not include shorter work bout 
durations consistent with those reported in team sports (i.e. 
~ 15 s; Dupont et al. 2004; Buchheit et al. 2009). Further stud-
ies exploring how the manipulation of work bout duration can 
influence the acute training response are necessary to inform 
exercise prescription.

In a recent survey of team sport practitioners (Rogers et al. 
(2024), 99% of respondents reported the prevalence of non-
specific forms of training, including cycle ergometry, as a 
supplementary training modality that accounted for ~ 20% of 
total training. Team sports practitioners adopting non-specific 
training with players will typically use HIIT comprising short 
duration (< 60 s) work intervals to target central and peripheral 
adaptations (Rogers et al. 2024). Cycle ergometry might also 
be adopted for those athletes who require more careful load 
management, e.g. during rehabilitation after injury or in 
the days after match play, or to provide alternative training 
stimuli (Mallol et al. 2020; Thom et al. 2020). However, 
the adoption of cycle ergometry with team sports athletes is 
interesting given their distinct response to HIIT using cycling 
and running (Twist et al. 2023) and that only two studies using 
this approach have reported improved intermittent running 
performance (Jones et al. 2015; Thom et al. 2020). Therefore, 
despite the prevalence of cycling-based HIIT using short 
duration intervals in team sport athletes (Rogers et al. 2024), 
further studies are required to elucidate the acute responses 
that will inform exercise prescription.

To inform the cycle ergometry training practices of team 
sport athletes, the purpose of this study was to conduct the 
first investigation into the acute physiological, perceptual 
and neuromuscular responses to volume-matched cycling 
HIIT sessions comparing 15 s and 30 s work intervals. 
We hypothesised longer duration intervals would elicit a 
higher V̇O2, heart rate, perceived exertion, blood lactate 
concentration and a greater reduction in muscle function 
after exercise compared to the shorter intervals.

Methods

With institutional ethics approval (U23_SPS_3604), 16 
male trained team sport players (age 20.9 ± 0.9 y, stature 
180 ± 7 cm, body mass 75.7 ± 6.2 kg, V̇O2 max 50.6 ± 6.2 

ml/kg/min, p V̇O2 max 301 ± 47 W) participated in this 
study after providing written informed consent. To ensure 
statistical power, an a-priori sample size calculation was 
performed based on observed differences in V̇O2 (dz = 
3.08) and RPE (dz = 1.33) with 30 s vs 60 s work intervals 
(Fernando Farias-Junior et al. 2019); this indicated that a 
minimum sample of 4–10 participants would be required. 
Our sample size was greater than the a priori calculation 
to account for participant attrition and to improve the 
generalizability of our findings. We also targeted several 
sports clubs during recruitment that resulted in a higher 
enrolment than anticipated. Participants played soccer 
and rugby to university or semi-professional standard 
once per week and completed team-sport training at 
least twice per week. All participants were familiar with 
using cycle ergometry, but none engaged frequently with 
cycling-based HIIT. Participants were asked to consume 
their normal pre-exercise diet and hydration before the 
first visit and asked to repeat this for all subsequent visits. 
Participants were also asked to avoid caffeine in the 2-h 
before each visit. Trials were performed at a similar time 
of day (± 2 h) with no vigorous physical activity in the 
48 h before.

The study was conducted across two laboratories using 
the same procedures and the same equipment for both 
trials. Participants first attended the laboratory completing 
an incremental test to exhaustion on a cycle ergometer 
to establish power at maximal oxygen uptake (pV̇O2 max) 
(Lode Medical Technology, Groningen, The Netherlands). 
The protocol started at 100 W and increased by 20 W/
min until volitional exhaustion. Volitional exhaustion 
was defined as the point at which participants could no 
longer maintain a cycling cadence of 50 rev/min. Expired 
air was collected continuously throughout each trial using 
a pre-calibrated metabolic cart (Quark RMR, Cosmed, 
Cosmed.S.R.L., Italy or Metalyzer 3b, Cortex, Germany). 
Oxygen uptake ( V̇O2), was recorded breath-by-breath and 
later averaged over 30 s, with V̇O2 max accepted as the 
highest V̇ O2 averaged over a 30 s epoch.

Participants completed two HIIT trials using either 
15 s work/15 s rest or 30 s work/30 s rest intervals in 
a randomized crossover design, with 5–7 days between 
trials. Each HIIT session comprised 15 or 30 s at 120% 
p V̇O2 max (361 ± 56 W) followed by 15 or 30 s passive 
recovery, repeated for 6 min. Participants completed 2 sets 
with a 5 min recovery between each 6 min bout cycling 
at 40% p V̇O2 max (120 ± 19 W). Oxygen uptake (breath-
by-breath) and heart rate were measured throughout, with 
values for mean V̇O2 (absolute and relative maximum), 
time with oxygen > 90% V̇O2 max and oxygen pulse (Whipp 
et  al. 1996) calculated. Blood lactate concentration 
(Biosen C-Line, EKF Diagnostic GmbH, Germany or 
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Lactate Pro II, Arkray, Japan) was recorded immediately 
after with differential rating of perceived exertion (dRPE) 
for overall exertion (dRPE-O), breathlessness (dRPE-B) 
and leg-muscle exertion (dRPE-L) recorded 30 min after 
each HIIT trial using the Centimax scale (CR100; Borg 
and Borg 2002). Maximal voluntary isometric contraction 
of the knee extensors (MVC) in the dominant limb was 
measured immediately before and after each HIIT trial 
using a custom-built apparatus with the participant seated 
and the knee angle fixed at 90 degrees.

Statistical analysis

To provide meaningful insight on the magnitude and 
probability of observed effects, all comparisons are reported 
as effect sizes (Cohen’s d; mean difference between trials/
pooled standard deviation) and 95% confidence intervals 
(ES [95% CI]), with threshold values of 0.0–0.19, trivial; 
0.2–0.59, small; 0.6–1.19, moderate; 1.2–1.9, large; ≧2.0, 
very large (Hopkins et al. 2009). These thresholds were used 
in the absence of accepted minimum thresholds for changes 
in the measurements of interest. Effects with confidence 
intervals that crossed a small positive or negative change 
were classified as unclear. This was accompanied by p-values 
based on appropriate null hypothesis tests, although any ES 
confidence interval that includes zero can be considered as 
p > 0.05. Data were checked for assumptions of normality 
using the Shapiro-Wilks test and were normally distributed 
(p > 0.05). Differences in physiological and perceptual 
responses were analyzed using separate paired-samples 
t-tests, with differences in RPE over time examined using a 
two-way repeated measures analysis of variance. To account 
for the increased risk of making a Type I error with multiple 
comparisons (family-wise error), the Benjamini–Hochberg 
method was used to adjust p-values using a false-discovery 
rate of 0.5%. Pearson-product moment correlations (r) and 
coefficients of variation (%CV) were also calculated to 
establish the influence of individual physical qualities and 
between-participant response to HIIT, respectively. All data 
were analysed using SPSS (version 27, Chicago, Illinois, 
USA).

Results

There were moderate differences in absolute (40.8 ± 6.8 cf. 
38.4 ± 5.0 ml/kg/min; ES [95%CI] = 0.78 [0.20 to 1.33], 
p = 0.0257; Fig. 1A) and relative mean V̇O2 (80.7 ± 9.8 cf. 
76.1 ± 6.1%V̇O2 max; ES [95%CI] = 0.74 [0.19 to 1.26], p = 
0.0275; Fig. 1B), with 15 s HIIT higher than 30 s HIIT. 
Accordingly, total time > 90% V̇O2 max during the HIIT was 
moderately higher for 15 s compared to 30 s HIIT (176 ± 135 
cf. 102 ± 106 s; ES [95%CI] = 0.83 [0.23 to 1.4], p = 0.0257; 

Fig. 1   Differences in A) Mean V̇O2, B) % V̇O2 max and C) Time 
> 90%V̇O2 max between 15 and 30 s cycle-based HIIT for team sport 
athletes (n = 16). *Indicates differences between trials with adjusted p 
values using a false-discovery rate of 0.5%
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Fig. 1C). There were trivial differences in mean HR (159 
± 9 cf. 158 ± 14 bpm (79.7 cf. 79.4%HRmax); ES [95%CI] 
= 0.063 [−0.43 to 0.55], p = 0.805) between the 15 and 30 s 
HIIT trials. Likewise, differences in oxygen pulse were small 
between 15 and 30 s HIIT trials (19.5 ± 3.8 cf. 18.7 ± 4.2 
ml/min; ES [95%CI] = 0.45 [− 0.08 to 0.95], p = 0.1161). 
RPE increased with time during both HIIT bouts (F = 47.2, 
p < 0.001) and was moderately higher in the 30 s compared 
to 15 s trials (15.9 ± 1.6 cf. 16.5 ± 1.7; ES [95%CI] = −0.71 
[−1.25 to −0.15], p = 0.0286).

Correlations between V̇O2 max and total time > 90% V̇
O2 max were r [95%CI] = −0.387 [−0.741 to 0.134] and r 
[95%CI] = − 0.369 [− 0.741 to 0.177] for 15 s and 30 s 
HIIT, respectively. The between-participant coefficient of 
variation (%CV) for total time > 90% V̇O2 max was 68% and 
104% for 15 s and 30 s HIIT trials, respectively.

B[La] was moderately lower in 15 s compared to 
30 s HIIT (ES [95%CI] = −0.88 [− 1.44 to − 0.28], p = 
0.0257). Small to moderate differences in dRPE-L (ES 
[95%CI] = −0.58 [− 1.10 to − 0.04], p = 0.0495), dRPE-B 
(ES [95%CI] = −0.61 [− 1.13 to −  0.06], p = 0.0495) 
and dRPE-O (ES [95%CI] =  − 0.36 [− 0.86 to 0.15], p = 
0.1837) indicated lower perceived effort in 15 s compared 
to 30 s HIIT. Data are shown in Table 1.

MVC was reduced after both 15 s (920 ± 376 to 730 
± 318 N) and 30 s (931 ± 377 to 718 ± 251 N) HIIT trials (p 
< 0.001), with a greater reduction after 30 s HIIT (∆%− 14.5 
± 9.2 cf. − 20.9 ± 9.6%; ES [95%CI] = − 0.58 [− 1.10 to 
− 0.04], p = 0.0495; Fig. 2).

Discussion

To the authors’ knowledge, this is the first study to exam-
ine important acute physiological, perceptual and neuro-
muscular responses of team sport athletes to two short 
duration HIIT cycling training sessions. Despite high 
between-participant variability for both HIIT formats, 
shorter duration intervals comprising 15 s work/rest inter-
vals resulted in a moderately higher mean V̇O2 response 

and time spent > 90% V̇O2 max compared to 30 s intervals 
that were matched for overall work/rest time. Paradoxi-
cally, a moderately lower perceived exertion, lower blood 
lactate concentration, and smaller change in knee extensor 
MVC response was observed in the 15 s compared to 30 s 
intervals. Differences in mean heart rate and oxygen pulse 
were trivial between interval types.

Contrary to the hypothesis, our data suggest that cycling 
training at 120% p V̇O2 max using 15 s work/rest intervals 
elicits superior mean V̇ O2 response and time > 90% 
V̇ O2 max in team sport athletes compared to intervals 
adopting a 30 s work/rest interval for the same total 
duration. A moderately higher mean V̇O2 in the 15 s HIIT 
trial occurred despite trivial differences in heart rate and 
oxygen pulse data compared to the 30 s trial, which would 
suggest better peripheral extraction in the shorter trial. 
These findings reaffirm previous work using 30 s work/
rest running intervals performed at 120% speed at V̇O2 max 
using a passive recovery (Fox et al. 1973) that resulted in V̇
O2 reaching only 70% of V̇O2 max during the work periods. 
Moreover, our data support Fernando Farias-Junior et al. 
(2019) who observed lower V̇O2 during the recovery bout 
of longer running intervals that reduced the mean V̇O2 for 
the session. Exercise performed in the lower portion of the 
extreme domain results in the highest mean V̇O2 during 
the exercising period (~ 91% V̇O2 max), with recovery V̇O2 
decreasing immediately after the termination of exercise 
(Ozkaya et al. 2023). Therefore, where a passive recovery 
is used between work intervals in the extreme domain, 15 
s intervals are likely to allow less time for V̇O2 to recover 
during the recovery interval facilitating a higher mean V̇
O2 for the session. The use of a passive recovery can also 

Table 1   Differences in blood lactate response (B[La]) and differential 
rating of perceived exertion (dRPE) for overall exertion (dRPE-O), 
breathlessness (dRPE-B) and leg-muscle exertion (dRPE-L) between 
15 and 30 s cycle-based HIIT for team sport athletes (n = 16)

*Indicates different to 30 s HIIT trial with adjusted p-values using a 
false-discovery rate of 0.5%

15 s HIIT 30 s HIIT

B[La] (mmol/L) 8.4 ± 3.2* 10.6 ± 2.2
dRPE-L 65.2 ± 15.6* 73.3 ± 15.3
dRPE-B 59.7 ± 20.9* 70.1 ± 16.6
dRPE-O 65.3 ± 17.5 71.3 ± 15.5

Fig. 2   Changes in MVC (%) after 15 s and 30 s cycle-based HIIT 
for team sport athletes (n = 16). *Indicates differences between trials 
with adjusted p-value using a false-discovery rate of 0.5%
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slow lactate removal between work intervals and might 
explain the higher blood lactate concentration for the 30 
s compared to 15 s HIIT session (Billat 2001). Studies 
that explore 15 s and 30 s work bouts with active versus 
passive recovery are now warranted.

Where the purpose of training is to maintain or improve 
oxygen utilization and delivery, a key target for HIIT training 
sessions is to maintain more time with VO2 > 90% V̇O2 max to 
stimulate desired central and peripheral adaptations (Laursen 
and Jenkins 2002; Midgley and Naughton 2006). Target times 
of ~ 5–7 min have been proposed for team sport athletes using 
HIIT (Buchheit and Laursen 2013b; Dolci et al. 2020). The 
15 s intervals elicited a moderately greater exercise time with 
the V̇O2 response > 90% V̇O2 max than 30 s HIIT, representing 
24 ± 15% and 14 ± 14% of total exercise time, respectively. 
These findings challenge the use of low volume (1–2 sets), 
short duration cycling HIIT for driving central and peripheral 
adaptations to improve V̇O2 max with team sport athletes.

Compared to short duration HIIT using running at similar 
intensities (Millet et al. 2003; Buchheit et al. 2009; Bok et al. 
2023), we report a shorter time with V̇O2 response > 90% V̇
O2 max. Some participants also recorded no or very limited 
time above the defined threshold during either HIIT ses-
sion (Fig. 1C), with very large between-participant variabil-
ity in time with oxygen demand > 90% V̇O2 max. To maxim-
ise time > 90% V̇O2 max both exercise trials were performed 
at supramaximal exercise intensities above V̇O2 max based 
on the individual’s maximal aerobic power (Dupont et al. 
2002; Millet et al. 2003). However, despite being a typi-
cal approach, prescribing exercise intensity based only on 
maximal aerobic power fails to account for an individual’s 
anaerobic power reserve (i.e., the difference between maxi-
mal aerobic power and maximal power output) that leads 
to large between participant variability in the response to 
supramaximal HIIT exercise (Bok et al. 2023). This vari-
ability is likely caused by differences in metabolic profiles 
between participants that direct the anaerobic and neuromus-
cular contribution to supramaximal HIIT (Sandford et al. 
2021). While high variability in time > 90% V̇ O2 max seems 
normal, our values are higher than those reported by Bok 
et al. 2023; CV ~ 48%) during 15 s/15 s HIIT at 110% maxi-
mal aerobic speed and were larger for the 30/30 s trial. Such 
differences are possibly attributed to the mode of exercise, 
reaffirming previous studies that have reported differences in 
the physiological and neuromuscular response to short dura-
tion HIIT between cycling and running in team sport ath-
letes (Twist et al. 2023). Compared to running, the oxygen 
response to cycling is slower (Hill et al. 2003) as is the time 
constant of the primary response when exercise intensity 
increases above V̇O2 max (Scheuermann and Barstow 2003). 
In addition, inadequate adjustment of the cardiovascular 
system and oxygen delivery (Scheuermann and Barstow 
2003) and the insufficient intensity of the warm-up before 

exercise that would have impaired the oxygen response to 
the HIIT (Jones et al. 2003) could also explain both the high 
variability between individuals and the low time with oxy-
gen demand > 90% V̇ O2 max. Greater between participant 
variability for the longer trials supports our observations of a 
lower mean V̇O2 for the session because 30 s intervals allow 
more time for V̇ O2 to recover during the recovery interval. 
Future studies using exercise prescription that accounts for 
an individual’s anaerobic power reserve and exploring the 
oxygen kinetics to short duration HIIT during cycle ergom-
eter training in team sport athletes are needed.

Overall perceived exertion was moderately lower for HIIT 
using 15 s rather than 30 s intervals, despite the same exercise 
intensity and same total work time. A lower perceived exer-
tion could influence exercise tolerance (Marcora and Staiano 
2010), particularly when performing repeated sets of high 
intensity intervals. This is particularly important for those 
team sport athletes that require an additional conditioning 
stimulus without high effort that might negatively influence 
task engagement, e.g., less fit athletes or those rehabilitating 
from injury. Taken together with the higher mean oxygen 
cost and more time near V̇O2 max, shorter work/rest intervals 
might be useful when adopting cycling in team sport athletes 
to ensure the training is physiologically challenging and more 
tolerable for individuals.

A small increase in leg-exertion (dRPE-L) for the 30 s 
compared to 15 s HIIT trial accompanied a greater reduc-
tion in MVC for the longer trials, supporting the sensitivity 
of this perceived measure to differentiate specific inputs to 
exercise (Mclaren et al. 2016). While ventilation per se was 
not reported, a moderately higher perceived breathlessness 
(dRPE-B) for the 30 s compared to 15 s trial likely reflects 
the greater ventilation to address the higher blood lactate 
concentration and manage the acid–base balance during 
longer HIIT durations. Differences in overall dRPE (dRPE-
O) were trivial between the 15 s and 30 s HIIT for which the 
precision of the estimate included zero. Our findings support 
the use of differential RPE to provide a sensitive measure 
of internal load that differentiates between the specific cen-
tral and peripheral inputs during HIIT in team sport athletes 
(Mclaren et al. 2016).

Understanding the neuromuscular response to HIIT 
is important since it can influence exercise performance 
and determine the potential interference on subsequent 
training and increased injury risk (Buchheit & Laursen 
2013b). Reductions in knee extensor peak force occurred 
after both 15 s and 30 s HIIT trials. Together with the data 
described above, these findings support the notion that 
short duration HIIT challenges both the neuromuscular as 
well as that of the cardio-respiratory systems (Buchheit & 
Laursen 2013b). A greater reduction in peak torque occurred 
after 30 s HIIT, which was also accompanied by a higher 
perceived effort during the task, a higher differential rating 
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of perceived exertion for the limbs and a higher blood 
lactate concentration after exercise. A greater reliance on 
non-oxidative metabolism during 30 s efforts, evidenced 
indirectly by a higher blood lactate concentration, would 
suggest the potential for a greater reduction in muscle pH 
after HIIT (Glaister 2005). The higher accumulation of 
metabolites and substrate depletion after 30 s HIIT are likely 
to have contributed to fatigue and the observed reduction in 
maximal voluntary contraction (Allen et al. 2008). Reduced 
central nervous system activation is also a likely candidate to 
explain a loss in peak force (Taylor and Gandevia 2008) but 
is difficult to confirm without further investigation. Future 
studies to uncouple the central and peripheral mechanisms 
between different duration HIIT protocols are needed.

Limitations

While trained, our participants were not performing at the 
highest standard. Further study is needed with elite team sport 
athletes to understand their response to cycle ergometer train-
ing. We also acknowledge that our study reports on the acute 
responses which might not predict an individual’s chronic adap-
tation to short duration HIIT. As already alluded to, the use of 
maximal aerobic power to establish exercise intensity meant 
our training prescription did not account for the individual’s 
anaerobic power reserve. This means those with a lower peak 
power would have completed HIIT at a higher proportion of 
their anaerobic power reserve, which might have influenced 
some physiological and perceived responses (Bok et al. 2023). 
Finally, more invasive approaches are required to fully eluci-
date the mechanisms responsible for the observed response to 
cycle ergometer training in team sport athletes.

Conclusions

We offer insight to the physiological, perceptual and neuro-
muscular response of team sport athletes to short duration 
HIIT using cycle ergometry. These findings are important 
given the prevalence of this training approach in team sports. 
When using short duration cycling HIIT with team sport 
athletes, a higher mean V̇O2 for a lower perceived exertion, 
lower blood lactate concentration and lower neuromuscular 
load were observed for 15 s compared to 30 s work/rest inter-
vals. Using 15 s work/rest intervals might enable athletes to 
maximise the mean V̇O2, time near mode-specific maximum 
aerobic capacity alongside a lower perceived and neuromus-
cular load during short duration cycling HIIT. When using 
short duration cycling HIIT, practitioners should be mind-
ful of losses in knee extensor muscle strength immediately 
after HIIT and that these reductions might be greater after 
longer intervals. Those using low volume, short duration 

cycling HIIT with team sports athletes should be aware of 
the high between-athlete variability in the time with oxygen 
demand > 90% V̇O2 max. This will be influenced by differ-
ences in an individual’s anaerobic and neuromuscular con-
tribution to supramaximal HIIT and has implications for how 
exercise intensity for this training modality is prescribed. 
Future research should explore the effect of short duration 
cycle ergometry training approaches of different durations 
and how these might be manipulated to target specific chronic 
physiological and performance adaptations in team sport ath-
letes. Future work should also try to elucidate the underpin-
ning mechanisms that explain individual responses to short 
duration HIIT to optimise their use in exercise prescription.

Acknowledgements  The authors thank the participants for volunteer-
ing and their co-operation in completing this study.

Author contributions  C.T. and J.H. conceived the research and 
designed the experiment; E.C., M.D. and S.P. recruited participants 
and performed the experiment; E.C., M.D., S.P., and C.T. performed 
the statistical analysis; C.T. and J.H. interpreted the results of the 
experiment; C.T. prepared tables and figures; C.T. drafted the 
manuscript; E.C., M.D., S.P., and J.H. and C.T. revised and edited 
the manuscript E.C., M.D., S.P., and J.H. and C.T. approved the final 
version of the manuscript.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data availability  The data from the current study are available from 
the corresponding author on reasonable request.

Declarations 

Conflict of interest  The authors have no conflict of interest to declare.

Ethical approval  All procedures in this study were approved by the 
institution’s research committee (U23_SPS_3604) and conducted in 
accordance with the Declaration of Helsinki. All participants in the 
study provided written informed consent. The authors all consent to 
the publication of this work.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Allen DG, Lamb GD, Westerblad H (2008) Impaired calcium release 
during fatigue. J Appl Physiol 104:296–305. https://​doi.​org/​10.​
1152/​jappl​physi​ol.​00908.​2007

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1152/japplphysiol.00908.2007
https://doi.org/10.1152/japplphysiol.00908.2007


European Journal of Applied Physiology	

Billat LV (2001) Interval training for performance: a scientific and 
empirical practice: special recommendations for middle-and long-
distance running. Part I: aerobic interval training. Sports Med 
31:13–31

Bok D, Gulin J, Škegro D et al (2023) Comparison of anaerobic speed 
reserve and maximal aerobic speed methods to prescribe short 
format high-intensity interval training. Scand J Med Sci Sports 
33:1638–1647. https://​doi.​org/​10.​1111/​sms.​14411

Borg E, Borg G (2002) A comparison of AME and CR100 for scaling 
perceived exertion. Acta Psychol (Amst) 109:157–175. https://​
doi.​org/​10.​1016/​S0001-​6918(01)​00055-5

Buchheit M, Laursen PB (2013a) High-intensity interval training, 
solutions to the programming puzzle: Part I: Cardiopulmonary 
emphasis. Sports Med 43:313–338

Buchheit M, Laursen PB (2013b) High-intensity interval training, solu-
tions to the programming puzzle: Part II: anaerobic energy, neuro-
muscular load and practical applications. Sports Med 43:927–954

Buchheit M, Lepretre PM, Behaegel AL et al (2009) Cardiorespiratory 
responses during running and sport-specific exercises in handball 
players. J Sci Med Sport 12:399–405. https://​doi.​org/​10.​1016/j.​
jsams.​2007.​11.​007

Dolci F, Kilding AE, Chivers P et al (2020) High-intensity interval 
training shock microcycle for enhancing sport performance: a 
brief review. J Strength Cond Res 34:1188–1196

Dupont G, Blondel N, Lensel G, Berthoin S (2002) Critical velocity 
and time spent at a high level of O2 for short intermittent runs at 
supramaximal velocities. Can J Appl Physiol 27:103–115

Dupont G, Akakpo K, Berthoin S (2004) The effect of in-season, high-
intensity interval training in soccer players. J Strength Cond Res 
18:584–589

Fernando Farias-Junior L, Araújo Dantas Macêdo G, Alberto Vieira 
Browne R et al (2019) Physiological and psychological responses 
during low-volume high-intensity interval training sessions with 
different work-recovery durations. J Sports Sci Med 18:181

Fox EL, Bartels RL, Billings CE et al (1973) Intensity and distance 
of interval training programs and changes in aerobic power. Med 
Sci Sports 5:18–22

Glaister M (2005) Multiple sprint work: physiological responses, 
mechanisms of fatigue and the influence of aerobic fitness. Sports 
Med 35:757–777

Hamlin MJ, Olsen PD, Marshall HC et al (2017) Hypoxic repeat sprint 
training improves rugby player’s repeated sprint but not endur-
ance performance. Front Physiol. https://​doi.​org/​10.​3389/​fphys.​
2017.​00024

Hill DW, Halcomb JN, Stevens EC (2003) Oxygen uptake kinetics 
during severe intensity running and cycling. Eur J Appl Physiol 
89:612–618. https://​doi.​org/​10.​1007/​s00421-​002-​0779-x

Hopkins WG, Marshall SW, Batterham AM, Hanin J (2009) Progres-
sive statistics for studies in sports medicine and exercise science. 
Med Sci Sports Exerc 41:3–12

Jones AM, Wilkerson DP, Burnley M, Koppo K (2003) Prior heavy 
exercise enhances performance during subsequent perimaximal 
exercise. Med Sci Sports Exerc 35:2085–2092. https://​doi.​org/​
10.​1249/​01.​MSS.​00000​99108.​55944.​C4

Jones B, Hamilton DK, Cooper CE (2015) Muscle oxygen changes follow-
ing sprint interval cycling training in elite field hockey players. PLoS 
ONE. https://​doi.​org/​10.​1371/​journ​al.​pone.​01203​38

Laursen PB, Jenkins DG (2002) The scientific basis for high-intensity inter-
val training optimising training programmes and maximising perfor-
mance in highly trained endurance athletes. Sports Med 32:53–73

MacInnis MJ, Gibala MJ (2017) Physiological adaptations to 
interval training and the role of exercise intensity. J Physiol 
595:2915–2930

Mallol M, Norton L, Bentley DJ et al (2020) Physiological response 
differences between run and cycle high intensity interval training 

program in recreational middle age female runners. J Sports Sci 
Med 19:508–516

Marcora SM, Staiano W (2010) The limit to exercise tolerance in 
humans: mind over muscle? Eur J Appl Physiol 109:763–770. 
https://​doi.​org/​10.​1007/​s00421-​010-​1418-6

Mclaren SJ, Graham M, Spears IR, Weston M (2016) The sensitivity of 
differential ratings of perceived exertion as measures of internal 
load. Int J Sports Physiol Perform 11:404–406. https://​doi.​org/​10.​
1123/​ijspp.​2015-​0223

Midgley AW, Naughton (2006) Time at or near V O2max during con-
tinuous and intermittent running: the optimisation of training 
protocols to elicit the longest time at or near V O2max. J Sports 
Med Phys Fit 46:1–14

Millet GP, Libicz S, Borrani F et  al (2003) Effects of increased 
intensity of intermittent training in runners with differing VO2 
kinetics. Eur J Appl Physiol 90:50–57. https://​doi.​org/​10.​1007/​
s00421-​003-​0844-0

Myrkos A, Smilios I, Zafeiridis A et al (2020) Effects of work and 
recovery duration and their ratio on cardiorespiratory and meta-
bolic responses during aerobic interval exercise. J Strength Cond 
Res 36:2169–2175

Ozkaya O, Jones AM, Burnley M et al (2023) Different categories of 
VO2 kinetics in the ‘extreme’ exercise intensity domain. J Sports 
Sci 41:2144–2152. https://​doi.​org/​10.​1080/​02640​414.​2024.​23165​
04

Rogers T, Gill N, Beaven CM (2024) Characterizations and practi-
cal applications of off-feet conditioning interval training in open 
skill sports. Int J Sports Sci Coach. https://​doi.​org/​10.​1177/​17479​
54124​12862​94

Sandford GN, Laursen PB, Buchheit M (2021) Anaerobic speed/power 
reserve and sport performance: scientific basis, current applica-
tions and future directions. Sports Med 51:2017–2028. https://​doi.​
org/​10.​1007/​s40279-​021-​01523-9

Scheuermann BW, Barstow TJ (2003) O2 uptake kinetics during exer-
cise at peak O2 uptake. J Appl Physiol 95:2014–2022. https://​doi.​
org/​10.​1152/​jappl​physi​ol.​00590.​2002

Taylor JL, Gandevia SC (2008) A comparison of central aspects of 
fatigue in submaximal and maximal voluntary contractions. J 
Appl Physiol 104:542–550. https://​doi.​org/​10.​1152/​jappl​physi​ol.​
01053.​2007

Thom G, Kavaliauskas M, Babraj J (2020) Changes in lactate kinetics 
underpin soccer performance adaptations to cycling-based sprint 
interval training. Eur J Sport Sci 20:486–494. https://​doi.​org/​10.​
1080/​17461​391.​2019.​16356​50

Tschakert G, Kroepfl J, Mueller A et al (2015) How to regulate the 
acute physiological response to ‘aerobic’ high-intensity interval 
exercise. J Sports Sci Med 14:29–36

Tucker WJ, Sawyer BJ, Jarrett CL et al (2015) Physiological responses 
to high-intensity interval exercise differing in interval duration. J 
Strength Cond Res 29:3326–3335

Twist C, Bott R, Highton J (2023) The physiological, perceptual and 
neuromuscular responses of team sport athletes to a running and 
cycling high intensity interval training session. Eur J Appl Physiol 
123:113–120. https://​doi.​org/​10.​1007/​s00421-​022-​05053-8

Valstad S, von Heimburg E, Welde B, van den Tillaar R (2018) 
Comparison of long and short high-intensity interval exercise 
bouts on running performance, physiological and perceptual 
responses. Sports Med Int Open 02:E20–E27. https://​doi.​org/​10.​
1055/s-​0043-​124429

Whipp BJ, Higgenbotham MB, Cobb FC (1996) Estimating exercise 
stroke volume from asymptotic oxygen pulse in humans. J Appl 
Physiol 81:2674–2679

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/sms.14411
https://doi.org/10.1016/S0001-6918(01)00055-5
https://doi.org/10.1016/S0001-6918(01)00055-5
https://doi.org/10.1016/j.jsams.2007.11.007
https://doi.org/10.1016/j.jsams.2007.11.007
https://doi.org/10.3389/fphys.2017.00024
https://doi.org/10.3389/fphys.2017.00024
https://doi.org/10.1007/s00421-002-0779-x
https://doi.org/10.1249/01.MSS.0000099108.55944.C4
https://doi.org/10.1249/01.MSS.0000099108.55944.C4
https://doi.org/10.1371/journal.pone.0120338
https://doi.org/10.1007/s00421-010-1418-6
https://doi.org/10.1123/ijspp.2015-0223
https://doi.org/10.1123/ijspp.2015-0223
https://doi.org/10.1007/s00421-003-0844-0
https://doi.org/10.1007/s00421-003-0844-0
https://doi.org/10.1080/02640414.2024.2316504
https://doi.org/10.1080/02640414.2024.2316504
https://doi.org/10.1177/17479541241286294
https://doi.org/10.1177/17479541241286294
https://doi.org/10.1007/s40279-021-01523-9
https://doi.org/10.1007/s40279-021-01523-9
https://doi.org/10.1152/japplphysiol.00590.2002
https://doi.org/10.1152/japplphysiol.00590.2002
https://doi.org/10.1152/japplphysiol.01053.2007
https://doi.org/10.1152/japplphysiol.01053.2007
https://doi.org/10.1080/17461391.2019.1635650
https://doi.org/10.1080/17461391.2019.1635650
https://doi.org/10.1007/s00421-022-05053-8
https://doi.org/10.1055/s-0043-124429
https://doi.org/10.1055/s-0043-124429

	Physiological, perceptual and neuromuscular responses of team sport athletes to short duration high intensity interval training using cycling
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Limitations
	Conclusions
	Acknowledgements 
	References


