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ABSTRACT

Repeated-sprint training (RST) in-
volves maximal-effort, short-duration
sprints (=10 seconds) interspersed
with brief (=60 seconds) recovery
periods. It can enhance a range of
physical qualities to help prepare
intermittent sport athletes for the high-
intensity demands of competition. This
review provides a scientific basis for
applying running-based RST with
intermittent sport athletes. The acute
and chronic responses to RST are re-
viewed, as well as the manipulation of
programming variables to target spe-
cific training outcomes (i.e., sprint
modality, number of repetitions and
sets, repetition distance, rest time, rest
modality, volume, training frequency,
and program duration). Furthermore,
practical considerations for an indi-
vidualized approach to RST and an
applied framework for how and when it
can be best integrated into the annual
training program are presented.

INTRODUCTION
he physical preparation of ath-
I letes requires the eftective appli-
cation of different training
methods. These training methods
should enhance athletic performance

and often need to be efficiently imple-
mented to meet the time constraints of
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sporting environments, where there is
a need to balance technical, tactical,
and physical training, as well as recov-
ery (46). The manipulation of pro-
gramming variables (e.g., frequency,
volume) forms the foundation of train-
ing design and, when applied effec-
tively, can optimize the acute and
chronic  response to  training
(119,122). Therefore, just as athletes
are required to select the appropriate
skill for a given match scenario,
coaches must select the most appropri-
ate training content to optimize perfor-
mance for teams and individuals. High-
intensity interval training (HIIT) is
commonly used by coaches to elicit
specific metabolic and neuromuscular
responses (22). It includes long-bout
HIIT (ie, 1—4 minutes submaximal
efforts), short-bout HIIT (ie., 10—60
seconds submaximal efforts),
repeated-sprint training (RST), sprint
interval training (i.e., 20—30 seconds
maximal sprints), and small-sided
games (74). While all these HII'T meth-
ods are useful in their own context, this
review focuses on the science and
application of RST, which are dis-
cussed with relevance to running-
based intermittent sport athletes.

WHAT IS REPEATED-SPRINT
TRAINING

RST is an effective and time-efficient
HIIT method that involves maximal-
effort, short-duration sprints (=10 sec-
onds) interspersed with brief (=60

seconds) recovery periods (51). It can
be implemented with various different
exercise modalities (e.g, running,
cycling) and causes physiological, neu-
romuscular, and  morphological
changes that help prepare intermittent
sport athletes for the rigorous demands
of competition (119,121). Eleven pri-
mary programming variables are com-
monly manipulated to alter the acute
training demands and chronic adapta-
tions of RST (Table 1) (119,122). The
manipulation of programming varia-
bles allows coaches to strategically
design training sessions and training
programs that elicit targeted responses.
To emphasize different movement de-
mands, RST can be prescribed as
a straight-line, shuttle, or multidirec-
tional format across a range of short
distances (e.g., 10—40 m). Sets can be
structured to incorporate long-series of
repetitions that cause the accumulation
of fatigue or prescribed as small groups
of repetitions that allow the mainte-
nance of maximal sprint performance.
Passive or active rest periods can be
implemented between sets and repeti-
tions, including the addition of sport-
specific actions, such as jumps and
grappling, or the execution of skills
(e.g, shooting, passing). These
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Table 1

Programming variables applied in the design of repeated-sprint training

Programming variable

Sprint modality

Definition

The type of running-based RST (i.e., straight-line, shuttle or

multidirectional sprints*)

Number of repetitions
Number of sets

Repetition distance
Inter-repetition rest time
Inter-set rest time
Inter-repetition rest modality
Inter-set rest modality

Session volume

The number of sprints performed per set
The number of sprints performed per session
The distance of each sprint

The rest time between each sprint

The rest time between each set

The type of rest between repetitions (i.e., passive or active)
The type of rest between sets

The total number of repetitions performed per session multiplied by

the repetition distance

Session frequency

Program duration

The number of RST sessions per week

The number of weeks an RST program is implemented

m = meters; min = minutes; RST = repeated-sprint training; s = seconds.

manipulations make RST a versatile
training method, but they also influ-
ence the adaptative response and raise
questions for coaches in relation with
its optimal prescription.

WHY REPEATED-SPRINT
TRAINING

Training methods that can be used to
concurrently develop several physical
qualities efficiently may be valuable
within the time-pressed environment
of sports. RST is a mixed training
method that targets both neuromuscu-
lar and metabolic systems simulta-
neously  (18,22),  resulting in
substantial ~ improvements  across
a range of physical qualities that are

important to sports performance,
including speed, aerobic capacity,
intermittent running performance,

repeated-sprint ability (RSA), change
of direction (COD) ability, and jump
height (119). In addition, RST can
expose athletes to maximal sprinting,
acceleration, deceleration, and COD,
all common during competition
(15,108,116). Physical adaptations and
improvements in performance can be
achieved in as little as 2 weeks with 6 X

10—20 minutes sessions (117). Further-
more, RST is easily implemented,
requiring limited equipment and sim-
ply involves maximal effort sprints.
While a range of training methods
and intensities are required to opti-
mally prepare athletes for competition,
the ability of RST to enhance perfor-
mance within real-world training envi-
ronments makes its application highly
beneficial for athletes and practical for
coaches.

BUILD THE CAR

The automotive manufacturing process
follows a series of logical steps and re-
quires a range of tools to ensure safety,
quality, and performance are maxi-
mized. Just like manufacturing a car,
the physical development of an athlete
should follow a progressive application
of different training methods integrated
at the correct time and with precise
detail (Figure 1). The beginning of pre-
season (the general preparation period)
is when production starts to upgrade an
athlete’s performance. To build the
frame (i.e,, develop the athlete’s energy
systems), coaches should optimize the
function and capacity of the adenosine
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Common prescription

Straight-line sprints

6 repetitions
3 sets

30 m

20 s

4 min
Passive
Passive

600 m

2 per week

6 wk

triphosphate-phosphocreatine ~ (ATP-
Per), glycolytic, and aerobic systems
with training methods that are general
to the sport, but specific to physiological
adaptation (60). Steady-state continu-
ous training and long-bout HIIT are
the best methods to increase mitochon-
drial content and enhance aerobic
capacity (61). In addition, traditional
sprint training will improve the function
of the ATP-Per system and fine-tune the
neuromuscular system while allowing
for gradual increases in sprint volume
(103). Longer training durations and
a greater focus on physical development
are typically afforded during the general
preparation period, which provides the
time to implement these isolated train-
ing methods. This process should not
be rushed as it is crucial to an athlete’s
overall physical development, but once
the frame has been constructed, the
engine can be installed.

Short-bout HIIT is often applied as
athletes progress from the general to
specific stages of preseason (74). It
provides general energy system devel-
opment for both the aerobic and
anaerobic systems, increasing mito-
chondrial capacity and function while
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A visual representation of an integrated approach to the preseason
conditioning of an intermittent sport athlete. Note, the length of the
training periods may not be equal and will depend on each given situation.

improving an athlete’s maximal aero-
bic speed (30,60). Short-bout HIIT
can also be made more task-specific
through manipulating programming
variables such as sprint modality
(e.g., shuttle sprints) and rest modality
(e.g., active rest periods with sport-
specific actions). To add the tires
and complete the build
(i.e., condition athletes for the de-
mands of the sport), RST can be
applied during the specific prepara-
tion period, which often incurs a small
reduction in volume and an increase
in training intensity (67). Because
RST is a mixed training method that
emphasizes movement demands
directly relevant to intermittent sport
competition, it can be considered
a training method specific to the task
but general to physiological adapta-
tion (60). Its application may, there-
fore, improve an individual’s physical
capabilities in task-specific scenarios
and may aid transfer to competition.

THE ACUTE DEMANDS OF
REPEATED-SPRINT TRAINING

The internal and external training
loads experienced by athletes (ie., the
acute demands) induce physiological
responses (i.e., training effects) that
lead to chronic adaptations when the
training stimulus is repeated over
weeks, months, and years (65). The
acute physiological, neuromuscular,
perceptual, and performance demands
incurred during RST are similar across
many protocols, sports, and athlete
characteristics (Table 2) (122). Coaches
can expect an average OXygen con-
sumption (Vo) and heart rate of
around 70—80% and 80—90% of max-
imum, respectively (119). There is an
abrupt increase in Vo, and heart rate
during the first 3—4 repetitions of a set,
but due to the extended rest times of
RST compared with its work durations,
the cardiorespiratory demands plateau
(Figure 2) (120). Time above 90% of

maximal oxygen consumption
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(Voomax) is therefore limited (=1 min-
ute) (22,120), which may explain why
the improvement in aerobic capacity
following RST is often less than other
HIIT methods (i.e, short and long
HIIT) (11,30,121).

Anaerobic systems provide the major-
ity of energy during a single sprint,
which results in the depletion of mus-
cle phosphocreatine stores by 35-55%
(Figure 3) (35,44,51). As sprints are
repeated, the intensive demand placed
on the glycolytic system is demon-
strated by a high blood lactate concen-
tration, which is regularly above 10
mmol-L.™!, and this value can be
reached after just 5 repetitions
(50,122). A high rate of anaerobic
energy production may be an impor-
tant stimulus to elicit positive adapta-
tions in enzymes central to anaerobic
glycolysis (7,83). However, the maxi-
mal intensity of RST causes the accu-
mulation of metabolic by-products
(e.g., hydrogen ions, inorganic phos-
phate), which lead to an inhibition of
excitation-contraction coupling and
impairment of sarcolemma excitability
(54,94). Together with the rapid deple-
tion of PCr, these peripheral mecha-
nisms contribute extensively to
a reduction in force and power output
(62,94). Consequently, there is a decline
in sprint times across a set of repeated
sprints, which, when represented by
the percentage sprint decrement for-
mula, equates to 5.0 * 0.3% (122).

RST is a conditioning method per-
ceived as “very hard” (ie, 6.5 on
a CR10 rating of perceived exertion
scale), fluctuating between “moderate”
to “extremely hard” (120,122). How-
ever, given its short duration, the inter-
nal training load (session ratings of
perceived exertion X training duration)
is a fraction of that observed during
team sport practice (33,56,79), ranging
between 20 and 135 au (deciMax units)
(120,122). The perceptual demand on
an athlete’s leg muscles and central
respiratory system is similar (120).
When programming variables such as
volume, sprint distance, and the num-
ber of repetitions per set are manipu-
lated, athletes report little difference



Table 2

Summary of the acute demands of repeated-sprint training. Adapted from
Thurlow et al. (122).

Avg VO, Avg HR

70% of max  90% of max =1 min

T > 90% VO3pmax

B[La] Sdec sRPE

108 mmol L~' —5.0% 6.5 au

au = arbitrary units; B [La] = blood lactate; HR = heart rate; Sqec = percentage spri.nt
decrement; sRPE = session ratings of perceived exertion (Borg CR10 Scale ); T = time; Vo, =

oxygen consumption.

between perceived leg-muscle exertion
and breathlessness (120). A sensation
of exercise-induced hyperventilation
is common during RST (120), which
may be the body’s attempt to compen-
sate for lactic acidosis during such
intense anaerobic work, and this would
have a large influence on the percep-
tion of breathlessness and leg-muscle
exertion (59,84).

The effects of RST on acute fatigue are
diverse. Within practical sport settings,
neuromuscular fatigue (i.e., impairment
in the muscle’s ability to produce force)
is often quantified by performance in
jumping tasks such as the countermove-
ment jump (CM]) (55,126,128). De-
pending on the design of the RST
session, the fatigue response can be
drastically different. Typically, coaches
can expect an acute decline in jump

100%

height of around ~4—5%, although this
can range from +8 to —27% (120,122).
Alterations in the mechanical effective-
ness of sprinting may also occur during
RST with reductions in maximal veloc-
ity and power (66). In addition, leg-
spring behavior is impaired during
RST, as evidenced by a progressively
lower vertical stiffness and an increased
center of mass vertical displacement
over 6 sprints (14,52). This is accompa-
nied by altered stride parameters (e.g.,
increased contact time and stride dura-
tion, reduced stride frequency and
length) and, ultimately, slower sprint
times (14,52). While fatigue can be
important for adaptation (27), adopting
programming strategies to help main-
tain mechanical efficiency during RST
could enhance sprint performance.
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The percent change in average heart rate (HR) and oxygen consumption
(Vo,) across a set of 10 X 40 m straight-line repeated-sprints, performed
with 30-second inter-repetition rest. Note, thick lines indicate the mean and
the shaded zones indicate the standard deviation. Reproduced from
Thurlow F. The acute demands and physical adaptations of repeated-sprint
training [Doctoral Thesis]. Australian Catholic University, 2024 by permis-

sion of the Australian Catholic University.
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THE CHRONIC ADAPTATIONS TO
REPEATED-SPRINT TRAINING

RST can enhance a range of physical
qualities important to athletic perfor-
mance (115,119,121). Sprints often
occur at decisive moments of compe-
tition (40,81), so speed is crucial to
intermittent sport athletes. Recent
work has indicated that RST consis-
tently improves 10, 20, and 30 m sprint
times by 2-3% (115,119). This
improvement is substantial, consider-
ing that the smallest worthwhile
change in short sprint performance is
said to be 1—2% (57). RST is yet to be
compared with traditional sprint train-
ing methods (e.g., free or resisted sprint
training), which typically enhance
sprint times by 3-5% (102). However,
greater improvements in linear sprint
times and sprint force-velocity-power
characteristics were achieved with
6 weeks of RST compared with
short-bout HIIT (121). Compared with
small-sided games, long-bout HIIT,
plyometric training, and agility train-
ing, greater improvements in linear
sprint times have also been observed
with RST (11,23,28,78). Exposure to
high-speed running and sprinting dur-
ing small-sided games is highly variable
(36); thus, RST appears to be a more
effective HIIT method to improve
sprint performance and provide more
controlled doses of near-to-maximal
speed running (120).

RST can enhance CM] height and
COD test time by small magnitudes
(Table 3) (115,119). Increases in CM]
height are less with RST compared
with plyometric training (23), similar
to short-bout HIIT (24,121), and
greater than small-sided games (13).
Given the multidirectional nature of
small-sided games and agility training,
coaches may expect these training
methods to have a larger beneficial
effect on COD test time, yet similar
improvements with RST have been
demonstrated, which may be related
to the rapid accelerations and decel-
erations that athletes complete during
RST (13,24,28,78). Therefore, coaches
can use RST in addition or as
a replacement for agility training to
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Changes in metabolism during (A) the first and (b) the last repetition of
10 X 6 seconds repeated-sprints. Note, ATP = adenosine triphosphate;
PCr = phosphocreatine. Adapted from Girard O et al. (50).

improve COD ability, with the incor-
poration of shuttles or turns
recommended.

Given the high-speed muscular con-
tractions that occur during RST, mor-
phological adaptations are attained,
which may enhance the force-
generating capacity of the leg extensor
muscles. Moderate increases in biceps
femoris fascicle length and small in-
creases in muscle thickness were
recently observed following a 6-week
RST intervention with rugby league
players, despite an absence of eccen-
tric hamstring strength training during
an otherwise normal preseason pro-
gram (121). While further evidence
is needed to support this finding, it
may have implications for hamstring
injury prevention and rehabilitation,
whereby increases in fascicle length
have been associated with reduced
risk of hamstring strain injury (123).
Furthermore, compared with
a short-bout HIIT, there were greater
increases in eccentric hamstring
strength (121), which is also impor-
tant to hamstring injury prevention

and rehabilitation (123).

For an optimal physiological stimulus
during HIIT, several minutes above
90% of Vo,max per session have been
recommended (6,75,85,86). Yet, substan-
tial improvements in aerobic capacity can
still be attained through RST (122). From
baseline, coaches can expect an increase
in Vomax of 2.2 mL-kg™'-min ! which
equates to an improvement of ~4%
(122). While considerable, this improve-
ment is less than long-bout HIIT (11)
and small-sided games (78), which typi-
cally elicit greater time at or near VOymax
(22). There is a lack of evidence regarding
the specific physiological mechanisms
underlying the increase in Vo,max
achieved through RST, but there are sev-
eral theories derived from investigation
into sprint interval training, which refer
to the role of exercise intensity being
a key driver of aerobic training adapta-
tions (77,99,125). The “all out” intensity
of sprint training causes the rapid deple-
tion of PCr and glycogen after just a few
repetitions while also resulting in the
accumulation of metabolic by-products
(e.g, hydrogen ions, inorganic phos-
phate) (51,113). Repeated exposure to
these acute demands ultimately results

Table 3

Summary of the physical improvements to repeated-sprint training.
Adapted from Thurlow et al. (119).

VO5max YYIR1 20 m time

4.0% 16.0% 2.2%

RSA avg CMJ height COD time

1.6% 3.3% 2.0%

- CMJ = counter-movement jump; COD = change of direction; RSA = repeated-sprint ability;
Vo,max = maximal oxygen consumption; YYIRT = Yo-Yo Intermittent Recovery Test Level 1.
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in chronic adaptations, including mito-
chondrial biogenesis, improved mito-
chondrial respiratory function, and
metabolic adaptations of all 3 energy sys-
tems (26,53,99,101,105,107). Although
the brief duration of RST may be insuf-
ficient to induce significant increases in
cardiac output, which tends to respond
best to prolonged bouts of submaximal
exercise (10,29,77). Therefore, improve-
ments in Voymax with RST may pre-
dominantly arise from an enhanced
ability to extract and use oxygen due to
increased muscle oxidative handling
capacity (i.e., a greater arteriovenous oxy-
gen difference) (77,111).

The ability to perform repeated inter-
mittent bouts of high-intensity running
is enhanced through RST, demon-
strated by moderate improvements in
RSA and the Yo-Yo Intermittent Recov-
ery Test level 1 (YYIR1) (115,122). Per-
formance during these field-based
fitness tests is associated with physical
(e.g., high-speed running distance, total
distance)  (8,70-72,95,112,124) and
game-related (e.g., number of tackles,
number of assists) (32,41,96) perfor-
mance during team sport competition.
A recent meta-analysis (122) demon-
strated that across 21 RST groups, ath-
letes achieved a mean improvement of
252 m in the YYIR1, which is the equiv-
alent of 6 shuttles. When directly com-
pared with long-bout HIIT and small-
sided games, YYIR1 improvement is
considerably greater following RST
(11,12,39,78). Furthermore, RSA is also
enhanced to a greater extent with RST
when compared with long-bout HIIT
(11), plyometric training, and agility
training (28), with similar improve-
ments compared with short-bout HIIT
(24). The YYIR1 and RSA tests heavily
tax both the aerobic and anaerobic sys-
tems (51,69,71); thus, the substantial
improvement in these tests reflects the
ability of RST to concurrently enhance
both energy pathways.

THE EFFECT OF PROGRAMMING
VARIABLES ON THE ACUTE AND
CHRONIC RESPONSES TO
REPEATED-SPRINT TRAINING
While the acute and chronic re-
sponses to RST are consistent across



many protocols, they can also be
altered by manipulating program-
ming variables. The following sub-
sections detail the acute and
chronic effects of manipulating RST
volume, frequency, program dura-
tion, the number of repetitions per
set, the number of sets per session,
sprint repetition distance, rest time,
rest modality, and sprint modality.
A summary of the effects of program-
ming variables on the acute and
chronic responses to RST are pre-
sented in Figure 4 and Table 4,
respectively.

VOLUME

RST volumes usually range from 200
to 800 m per session and 400—2000 m
per week (119). Improvements in phys-
ical performance can be achieved with
low weekly volumes (400—1,000 m)
(1,5,23,24,28,45,47-49,63,89,97,121),
which, when prescribed as individual
sessions, are typically perceived as
moderate to hard and incur minimal
neuromuscular fatigue (120). This

+ 200 m volume
per session

+ 2 repetitions
per set

+ 1 set per
session

+ 10 m distance
per repetition

-10 s rest
per repetition

Active inter-
repetition rest

Shuttle sprints I

Small increase

makes the application of low training
volumes more useful during the in-
season when small improvements in
physical performance are desired, but
fatigue needs to be mitigated. In addi-
tion, low volumes should be applied at
the beginning of a training program to
gradually expose athletes to the inten-
sity of RST. Conversely, higher vol-
umes increase the acute physiological,
neuromuscular, and perceptual de-
mands of RST (Figure 5); thus, their
application is more suited to the pre-
season period when a greater training
load is desired. For example, average
Vo, and heart rate were 8% higher
when sessions with 800-m volume
were prescribed, compared with
200 m (120). Higher weekly volumes
of around 1,200—1,400 m per week
appear to maximize physical adapta-
tion (119), but this is also dependent
on the prescription of programming
variables that influence weekly volume
(ie., frequency, sets, repetitions, and
sprint distance).

L
.
-
-
| e
| omm
-
o

Large increase

A summary of the effects of programming variables on acute physiological,
perceptual, and neuromuscular demands during repeated-sprint training.
Note, effects are compared with a reference session, consisting of 1 set of
6 X 30 m straight-line sprints, with 20-second inter-repetition rest. Adapted

from Thurlow et al. (122).
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TRAINING FREQUENCY

One RST session per week can
enhance physical performance and
physiological adaptation (23,88,97) or,
at the least, maintain fitness attributes
(5,58). However, 2 RST sessions per
week are more effective, particularly
during preseason periods when greater
sprint volumes are accumulated (119).
Three sessions per week can be bene-
ficial during short mesocycles, with
Taylor et al. (117) demonstrating that
just 6 RST sessions in 2 weeks can
improve speed and high-intensity run-
ning performance in soccer players.
Other than this application, 3 sessions
per week are not advised and have
been shown to cause a small impair-
ment in the development of COD abil-

ity (119).

PROGRAM DURATION

Changes in enzyme activity related to
aerobic and anaerobic metabolism can
arise within 2 weeks of high-intensity
training (98). In addition, Rosenblatt
et al. (100) demonstrated that 2 weeks
is the optimal duration of a SIT program
to improve time trial performance. Sim-
ilarly, performance improvements have
been observed after just 2 weeks of RST
(117), but these may be augmented by
slightly longer program durations.
Compared with 6-week programs, there
are no meaningful benefits of an addi-
tional week of RST (ie, 7 weeks) on
physical fitness and physiological adap-
tation (119). Therefore, 2—6 weeks is an
efficient  program  duration  for
applying RST.

NUMBER OF REPETITIONS

The prescription of 2 additional repeti-
tions per set (8 versus 6) has demon-
strated trivial effects on the acute
physiological demands (ie, heart rate,
Vo,, blood lactate) of RST and can atten-
uate physical adaptations (119,122).
High-repetition sets reduce the magni-
tude of improvement in speed and endur-
ance attained with RST (Figure 6)
because they tend to result in pacing
strategies and/or an excessive sprint dec-
rement. Provided that RST volume is
maintained through an increased number
of sets or sprint distance, low-repetition



Table 4

A summary of the effects of programming variables on the physical
adaptations to repeated-sprint training. Adapted from Thurlow et al. (119).

Programming variable Endurance Speed CMJ RSA COD
+ 1-week program duration o o o o o
+ 1 session per week o o o o -
+ 200-m volume per week o o o o o
+ 2 repetitions per set o) o o o o)
+ 1 set per session -+ o o o o
+ 10-m distance per repetition o) o o o o)
+ 10-s rest per repetition o + NA o NA
Shuttle sprints + o o o +

Effects compared with a reference program, consisting of 3 sets of 6 X 30 m straight-line
sprints, with 20-s inter-repetition rest, performed twice per week for 6 weeks (1,200 m volume
per week). There was insufficient evidence to summarize the effects of rest modality.

COD = change of direction ability; CMJ = counter-movement jump; RSA = repeated-sprint
ability.

+ = small improvement; - = small impairment; o = no substantial change; NA = not
applicable due to insufficient evidence.

sets (e.g., 4—6 reps) are recommended
for most athletes. This is because they
support the maintenance of maximal

running velocity across a set while still
inducing a substantial metabolic and car-
diorespiratory  response  (50,122,127).

Session volume

Rating Descriptor

Rest

Very, very easy
Easy

Moderate
Somewhat hard
Hard

Very hard

= © 00 N O 0o b W N -~ O

0 Maximal

The approximate relationship between session volume and ratings of
perceived exertion during repeated-sprint training. Adapted from Thurlow
F. The acute demands and physical adaptations of repeated-sprint training
[Doctoral Thesis]. Australian Catholic University, 2024 by permission of the
Australian Catholic University.
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However, there may be an exception
for endurance-based athletes, who can
often sustain consistent sprint perfor-
mance for 8—12 repetitions and, thus,
may benefit from the higher repetition
sets in this vicinity.

NUMBER OF SETS

With an increasing number of sets dur-
ing a RST session, there is a greater
systemic  physiological ~ demand
(37,93,120). Most notable is the
increase in time above 90% of the max-
imal heart rate, which rises by an addi-
tional minute when a second set is
performed (116). Current evidence
suggests that 1 set per session is insuf-
ficient to attain meaningful improve-
ments in performance (58,118).
Therefore, to augment the acute phys-
iological demands of RST and maxi-
mize physical adaptation, 2—3 sets
per session is generally recommended.
Although 4 sets are beneficial when
low numbers of repetitions are pre-
scribed (e.g., 4—6 reps) or used to
increase session volume during the
preparation period. To maintain the
time-efficient nature of RST when
a higher number of sets are imple-
mented, shorter interset rest times
(e.g., 2 minutes) can be applied, which
allows for similar recovery of cardiore-
spiratory function compared with 3-
minute sets (120).

SPRINT DISTANCE

The distance of each sprint repetition
ranges from 10—to 40 m (119,122).
Short distances (e.g, 20 m) incur
greater acceleration loads and allow
for consistent sprint times across each
set, while increased volumes of near-
to-maximal velocity sprinting are at-
tained with longer distances (e.g., 40
m) (116). The manipulation of sprint
distance also has a considerable influ-
ence on the acute physiological de-
mands of RST (122). For example,
sprinting 10 m further per repetition
(ie., 40 versus 30 m) increases peak
heart rate by 2.5 = 2.7 b-min"! and
blood lactate by 2.7 = 1.2 mmol-L™*
(120,122). However, longer sprints are
also associated with increased per-
ceived exertion, sprint decrement, and
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The effects of manipulating the number of repetitions per set within
a repeated-sprint training program on change in 20-m sprint time (left) and
distance achieved in the Yo-Yo Intermittent Recovery Test level 1 (right).
Note, thick black lines indicate the mean change, dashed lines indicate 90%
confidence intervals, and circles indicate each study’s mean change with
thicker circles indicating a greater sample size. Adapted from Thurlow et al.

(119).

neuromuscular  fatigue  (120,122).
While sprint distance has substantial
effects on the acute demands of RST,
current evidence indicates that it has
a minor influence on physical adapta-
tion (119). This is perhaps cause for
a pragmatic interpretation of its role.
Shorter sprints (10—20 m) may be
more applicable to the in-season
period and for court-based athletes,
where confined spaces mean that quick
linear and multidirectional movement
is essential. Conversely, longer sprint
distances (30—40 m) are highly suit-
able during the preseason and offsea-
son periods, and for team sport athletes
who require exposure to faster absolute
speeds.

REST TIME

The prescription of both short (=20
seconds) and long (=30 seconds)
inter-repetition rest times is effective
during RST, but coaches can increase
or reduce rest time to elicit specific
acute responses and prioritize the
development of certain physical qual-
ities. Short rest times cause a higher
blood lactate and greater sprint dec-
rement (122), and when implemented
over the duration of a training pro-
gram, lead to greater improvements
in intermittent running performance

and 200-m sprint time compared
with long rest times (63). Longer rest
times enhance the clearance of met-
abolic by-products and allow for
increased PCr resynthesis, which as-
sists power output (51,76). Conse-
quently, faster and more consistent
within-session  sprint times are
achieved when long rest times are
implemented (Figure 7), while neuro-
muscular  fatigue is  mitigated
(91,122). Despite the addition of
a 10-second longer inter-repetition
rest (i.e., 30 versus 20 seconds), there
is no substantial change in peak heart

-1.5%

Reduced fatigue
Faster sprint times

-2.5%

rate (—0.7 = 90% confidence interval:
1.8 b-min~ ") (122). Therefore, pro-
viding athletes with a 30-second rest
between repetitions maintains the
physiological demands of RST while
permitting faster acute sprint perfor-
mance. In the long term, this may
translate into greater improvements
in explosive physical qualities, with
greater improvements in 20-m sprint
times and RSA achieved when 30-
second recovery was compared
against 15-second recovery in soccer
players (63).

REST MODALITY

The chronic effects of passive versus
active rest on physical adaptation are
yet to be directly compared within the
literature. However, passive rest peri-
ods reduce perceived exertion during
an RST session and are associated with
enhanced PCr resynthesis between
sprints, which allows for faster sprint
times across the set (20,38). The acute
demands of RST with active recovery
are dependent on the intensity of the
auxiliary activity, and thus, their effects
are broad. However, in general, active
recovery can be used to amplify the
physiological and muscular demands
without increasing sprint volume
(17,20,92,122). Coaches should also
be aware that higher ratings of per-
ceived exertion and greater sprint dec-
rement will be induced with active rest
modalities.

Sprint decrement
calculated as:
(100 x (total sprint time + ideal sprint time)) - 100

-8.0%

Greater fatigue
Slower sprint times

-5.0%

-3.5%

The acute effects of inter-repetition rest time on within-session performance
fatigue (i.e., percentage sprint decrement) during repeated-sprint training.
Note, ideal sprint time is the number of sprints X fastest sprint time.
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SPRINT MODALITY

Coaches can expect the acute de-
mands and chronic adaptations of the
different sprint modalities to be similar,
and each respective modality can
enhance physical performance
(119,122). Therefore, all 3 sprint
modalities (i.e., straight-line, shuttle,
and multidirectional) can be applied
with similar results, but minor differen-
ces may be observed (119,122). For
instance, shuttle sprints can elicit
a slightly greater systemic physiologi-
cal, metabolic, and neuromuscular load
(Figure 4) (122), which may maximize
improvement in aerobic capacity (119).
However, these responses are condi-
tional to the number and angle of
direction  changes, the distance
between each direction change, and
the duration of each repetition
(2,19,21,90,130), which affects the
absolute speeds that are attained and
the muscular work performed during
acceleration and deceleration.

THE INTEGRATION OF REPEATED-
SPRINT TRAINING

There are several situations where
blocks of RST are useful and feasible
within the training program. The fol-
lowing sections describe these situa-
tions in detail and are applied in
Tables 5-8.

OFFSEASON

The offseason is a time for athletes to
rest, recover, and regenerate from the
physical and psychological demands
of the previous season (87). However,
it is important that athletes maintain
fitness levels during this time to be
prepared for the elevated training de-
mands of preseason (87). To mitigate
loss in physical capacity during the
offseason, Silva et al. (109) suggested
the prescription of simple training
tools to facilitate compliance with off-
season programs and recommended
a “minimum effective training dose”
to maintain or at least attenuate the
loss of physiological and neuromuscu-
lar qualities. While evidence is needed
to determine the effectiveness of RST
during the offseason, it could be used
to maintain exposure to maximal

Table 5

Example of a 1-week repeated-sprint training program during the
offseason

Training content Session 1

Aim Improve physical qualities +
maintain exposure to various
movement demands

Sets X repetitions 3X6

RST modality Set 1: straight-line
Set 2: shuttle (1 X COD)
Set 3: multi-directional
Repetition 30 m
distance

Inter-repetition
rest

Interset rest

Session duration 15 min

Prescribed volume 540 m

Est. volume >90% 150 m
MSS

Physiological Moderate
demand

Neuromuscular Moderate
demand

Perceptual Moderate
demand

Progression

On 30 s, passive

3 min, passive

+10 m distance

Session 2

Improve physical qualities +
maintain exposure to various
movement demands

3X6
Set 1: straight-line
Set 2: shuttle (2 X COD)
Set 3: multidirectional

30 m

On 30 s, active

3 min, passive
15 min
540 m

Om

High

Moderate

High

+10 m distance

COD = change of direction; m = meter; min = minutes; MSS = maximal sprint speed; RST =

repeated-sprint training; s = second.

velocity, acceleration, deceleration,
and COD. Furthermore, given that
RST requires minimal equipment,
time, and space, it is ideal when ath-
letes are away from their usual training
environments.

To maintain exposure to various
movement patterns during the offsea-
son, coaches can prescribe different
repeated-sprint modalities across the
same session, week, or program
(39,73). For example, straight-line
sprints could be assigned to set 1, shut-
tle sprints assigned to set 2, and mul-
tidirectional sprints assigned to set 3
(Table 5). Multidirectional sprints can
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incorporate a range of different se-
quences (i.e., various angles and
courses), with coaches encouraged
to increase the complexity of move-
ment as athletes progress (e.g., admin-
ister course D before course E;
Figure 8). As athletes often train unsu-
pervised during the offseason period,
prescribing recovery on time cycles
will allow athletes to easily manage
their sessions (e.g., sprints starting
every 30 seconds).

PREPARATION PERIOD
The preparation period, or “presea-

son,” is crucial for athletes to



Table 6

Example of a 1-week repeated-sprint training program during the
preseason

Training content Session 1

Aim
expose athletes to maximal
velocity
Sets X repetitions 4 X5
RST modality Straight line
Repetition distance 40 m
Inter-repetition rest 30 s, passive

Inter-set rest

Session duration 18 min

Prescribed volume 800 m

Est. volume >90% 200 m
MSS

Physiological High
demand

Neuromuscular High
demand

Perceptual demand Moderate

Progression

2 min, passive

Active recovery with sport-
specific actions

Session 2

Maximize physical qualities + Maximize physical qualities +

expose athletes to maximal
CoD

4 X5
Shuttle (2 X COD)
30 m (10 + 10 + 10)
30 s, passive
2 min, passive
18 min
600 m

0m

High

High
Moderate

Active recovery with sport-
specific actions

COD = change of direction; m = meter; min = minutes; MSS = maximal sprint speed; RST =

repeated-sprint training; s = second.

improve their fitness and physical
preparation for the upcoming sea-
son. Following a general preparation
block (Figure 1), RST can be admin-
istered during the specific prepara-
tion phase with sessions demanding
on the metabolic and neuromuscular
systems to maximize adaptation
(Table 6). This may include longer
sprints (30—40 m), active recovery,
and a greater weekly RST volume
(1,200—1,600 m). Coaches may wish
to implement sets between technical
and tactical drills or include addi-
tional modifications during or after
sprint efforts (Figure 9). The objec-
of administering additional
modifications is to provide a further
physiological stimulus and/or exe-
cute movement patterns transferable
to sport-specific actions.

tive

COMPETITION PERIOD

Consistent performance across a sea-
son is crucial to success, and as such,
recovery between games is paramount
(87). In addition, technical and tactical
practice is prioritized to fine-tune ele-
ments of match-play (46). The time
assigned for isolated physical training
is subsequently reduced during the
competitive season, which makes the
need for efficient and effective training
methods even more important (46).
While a reduction in training load is
necessary to help manage the in-
season stress on athletes, intensity
should be maintained to avoid a slump
in performance (31,110). Given that
RST is time-efficient, low volume,
high-intensity, and quickly recovered
from (121), its application during the
competition period is highly suitable.
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Low volume (<820 m), in-season
RST interventions have been shown
to significantly improve a range of
physical qualities (23,28,63,88,97). Fur-
thermore, when training and competi-
tion schedules are particularly
congested, just 1 low-volume RST ses-
sion per week, administered for 6—-
8 weeks, maintained (5) and
improved (97) 10-m and 20-m sprint
times, RSA, intermittent running per-
formance, and COD ability in young
soccer players. Therefore, coaches
may wish to implement RST at the
beginning of in-season training sessions
when athletes are least fatigued (e.g., as
part of an extended warm-up), with
just 2 sets of 4-6 repetitions of 20-
30 m sprints providing a sufficient stim-
ulus for adaptation (Table 7).

For players not selected for the weekly
team or those playing limited minutes,
“top-up” conditioning sessions are
required to maintain a state of pre-
paredness. In these instances, RST
could be 1 strategy used within a mul-
tifactorial session consisting of several
training methods (e.g., RST, small-
sided games, short-bout and long-
bout HIIT). Its application will provide
adequate exposure to the intensity of
competition and a considerable vol-
ume of high-speed running. Within
a single 10-minute RST session consist-
ing of 2 sets of 5 X 40 m straight-line
sprints with 30-second rest, it was dem-
onstrated that athletes attain 105 = SD
54 m of sprinting (>90% of maximal
speed) (120). Additional modifications
to RST for top-up conditioning ses-
sions could be easily implemented by
coaches to provide a further physiolog-
ical stimulus, permit the practice of
movement skills under accumulating
fatigue, and incorporate physical con-
tact into the session.

RETURN TO COMPETITION FROM
INJURY

The return to sport following injury is
a multifactorial process requiring
a player to meet a number of individ-
ually tailored criteria before they can
safely and  effectively  resume



Table 7
Example of a 1-week repeated-sprint training program during the in-season
Training content Session 1 Session 2
Aim Maintain physical qualities +  Maintain physical qualities +

exposure to maximal
acceleration

Sets X repetitions 2 X5
RST modality Straight line
Repetition distance 20 m

Inter-repetition rest

Inter-set rest

Session duration 7 min

Prescribed volume 200 m

Est. volume >90% 40 m
MSS

Physiological Low
demand

Neuromuscular Low
demand

Perceptual demand Low

Progression

On 30 s, passive

2 min, passive

+ 1 set, +10-m distance

exposure to maximal COD

2 X5
Shuttle (1 X COD)
20 m (10 + 10)
On 30 s, passive
2 min, passive
7 min
200 m

Om

Low

Low

Low

+ 1 set, +10-m distance

COD = change of direction; m = meter; min = minutes; MSS = maximal sprint speed; RST =

repeated-sprint training; s = second.

competition (9,68). An important com-
ponent of this process is the return to
competition phase, where the player
must successfully progress through
a period of training involving sport-
specific loading, including volumes of
high-speed running and sprinting,
which could be expected during
matches (9,42,43,129). RST is 1 train-
ing method that can be administered
during this phase to help prepare
a player for the intensity of competi-
tion and may transfer to the perfor-
mance of repeated high-intensity
efforts, which appear frequently at crit-
ical times during a game (3,82,100).
Shorter sprint distances (e.g., 20 m)
and longer rest times (=30 seconds)
are initially advised to limit the physi-
ological stress and musculoskeletal
strain on the athlete. Sessions can pro-
gressively increase in volume and com-
plexity by incorporating longer sprint

distances, changes of direction, physi-
cal contact, and sport-specific actions
(Table 8). Coaches should also con-
sider that high-intensity efforts usually
occur in small clusters within a game
(3,4,16,34,106,114), which, along with
current evidence (119,122), suggests
that it is more beneficial to administer
multiple sets of low repetitions (e.g.,
3—4 sets of 4-6 reps), rather than a long
series of exhaustive sprints that are
more likely to exacerbate fatigue
(119,122).

PRACTICAL CONSIDERATIONS
FOR IMPLEMENTATION

RST is a highly practical conditioning
method to implement with an entire
sports team. In team sport athletes,
sessions are traditionally completed
as 1 large group that performs the
same protocol. However, across
a team of players, individual
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differences in athlete physiology
(e.g., muscle fiber typology, energy
substrate utilization) will exist, leading
to each athlete having a propensity
for speed versus endurance (104). Ath-
letes with a large anaerobic speed
reserve (i.e., speed profile: high sprint
speed but relatively low maximal aer-
obic speed) record a fast initial sprint
time but quickly fatigue during RST.
Conversely, athletes with a small
anaerobic speed reserve
(ie., endurance profile: relatively low
sprint speed but high maximal aerobic
speed) record a slower initial sprint
time but can potentially sustain near-
to-maximal speeds for approximately
10 repetitions. Hybrid athletes, who
possess relatively equal potential for
speed and endurance performance,
lie in the middle, maintaining consis-
tent sprint times for around 6 repeti-
tions. These individual differences
should be considered by coaches
looking to optimize RST outcomes
for each athlete. Therefore, rather
than administering RST as 1 large
group, a squad of athletes can be split
into 3 groups: speed, hybrid, and
endurance dominance. The speed
group may benefit most from per-
forming slightly less volume (104),
divided across fewer successive repe-
titions and over additional sets with
longer inter-repetition rest times
(e.g., 4 sets of 4 reps with 30-second
rest). The hybrid group can be pre-
scribed a more traditional protocol
(e.g., 3 sets of 6 reps with 20-second
rest), while the endurance group
would favor a higher volume (104)
and higher repetition session with
short inter-repetition rest (e.g., 3 sets
of 8 reps with 15-second rest).

When training individual athletes,
applying velocity-loss thresholds is
a feasible method of prescription that
accounts for diverse physical profiles
and reductions in sprint performance
(127). If the decrement of perfor-
mance beyond a certain point is
untenable (e.g., sprint performance
declines more than 5% of initial sprint
time), coaches can apply a threshold



Table 8

Example of a 1-week repeated-sprint training program for a player
returning to competition from injury

Training content

Aim

Sets X repetitions

RST modality

Repetition distance
Inter-repetition rest

Inter-set rest

Session 1

Introduce repeated maximal
linear sprints and sport skills
under fatigue

3 X4

Straight-line

30 m
30 s, passive

4 min, active (sport-specific

Session 2

Introduce repeated maximal
COD and sport skills under
fatigue

3 X4

Multi-directional (see Figure
10, D)

20mGB+5+5+5)
30 s, passive

4 min, active (sport-specific

skills) skills)
Session duration 15 min 15 min
Prescribed volume 360 m 240 m
Est. volume >90% 100 m 0m
MSS
Physiological Moderate Moderate
demand
Neuromuscular Moderate Moderate
demand
Perceptual demand Moderate Moderate

Progression
contact

+10 m distance, + 1 set, +

+ 10 m distance, + 1 set, +
contact

COD = change of direction; m = meter; min = minutes; MSS = maximal sprint speed; RST =

repeated-sprint training; s = second.

that terminates the set, allowing for
a consistent sprint performance
across the session for each individual
athlete (127). Alternatively, rest redis-
tribution protocols reallocate recov-
ery time to introduce small intraset
recovery periods during RST (127).
For example, a set of 12 repetitions
may be split into 4 sets of 3 repeti-
tions with a small rest period between
reps and sets. This strategy can allow
for greater maintenance of sprint
velocity and heart rate compared
with traditional prescription without
altering perceived effort (127).

Finally, an athlete’s acute and chronic
training loads are an important consid-
eration when administering a training
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stimulus (64,80). Under the umbrella of
training load, a player’s exposure to
high-speed running and maximal
velocity sprinting is included. Under-
exposure and over-exposure to maxi-
mal velocity sprinting can increase
the risk of injury, but an adequate or
“optimal” range of sprinting is a rele-
vant strategy to decrease the incidence
of injury and prepare players for critical
moments of match-play (25,80). While
sprint exposure is specific to each pop-
ulation and context (25), RST provides
considerable doses of both high-speed
running and sprinting (120). Coaches
should consider the individual athlete’s
chronic and recent exposure to these
training loads within their decision-
making framework. An applied exam-
ple of a decision-making framework for
the individualized application of RST
for a speed-dominant athlete is pro-
vided in Figure 10. A similar frame-
work can be applied with hybrid and
endurance-dominant athletes but with
altered RST prescriptions based on the
strategies mentioned above.

CONCLUSIONS

RST is an effective and time-efficient
conditioning method that can be used
to prepare intermittent sport athletes
for the high-intensity demands of
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Some programming options for the application of multidirectional

repeated-sprint training.
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Between sets and repetitions:

Jumps/skipping
Squats

Lateral shuffling
Push-ups

Planks and sit-ups
Medicine ball throws
Tackling
Wrestling/grappling
Passing

Shooting

Dribbling
Small-sided games

o
o
()
o
o
o
o
o
(e}
o
(e}
o

Within repetitions:

Short deceleration zones
Decision making
Velocity-loss thresholds
Curved-linear sprints
Hill sprints

Wearable resistance
Three-point starts
Kneeling starts

Beach starts

Flying starts

Side starts

Lateral shuffling starts

O 0O OO0 O0OO0OO0OOO 0O O0O0o

Additional modifications to repeated-sprint training that may alter the

training stimulus.

competition. To summarize the main
findings from this review:

e RST is a mixed training method that
emphasizes movement demands
directly relevant to competition; thus,
it is specific to the task but general to
physiological adaptation.

Athlete profile

Periodization

&
Under

Training load

Y

v
5x4x40m
30 s rest

Prescription

What is their recent sprint exposure?
Adequate Over

Increase volume Maintain volume Reduce volume

4x4x40m
30 s rest HIT

e The substantial acute physiological
demands of RST are demonstrated by
an end-set blood lactate of ~10
mmol-L !, an average heart rate of
~90% of max, and an average VO, of
~70% of max. Sessions are perceived
to be hard, but given they are short in

What is the athlete profile?

v S -
Speed .

“a e« Hybrid
Endurance

Y
What is the stage of season?

P

Pre-season

A\ ~~ e
Under

l v l
|

v v A/
Alternative 3x4x30m
30 s rest

What is their rece

Increase volume Maintain volume

duration, sSRPE-TL is low, between 25
and 135 au.

e Shorter inter-repetition rest periods
(=20 seconds) and longer repetition
distances (>30 m) increase physiolog-
ical demands and cause greater reduc-
tions in acute sprint performance.
Conversely, longer inter-repetition rest
periods (=30 seconds) and shorter rep-
etition distances (=20 m) enhance
acute sprint performance and reduce
physiological demands.

e RST concurrently improves a range
of physiological, neuromuscular, mor-
phological, and performance out-
comes. It is associated with an
improvement in linear and multidirec-
tional sprint times by 2-3%, CM]J
height and eccentric hamstring
strength by 3%, aerobic capacity by
4%, biceps-femoris fascicle length by
10%, and YYIR1 distance by 16%.

e The prescription of 3 sets of 6 X
30 m sprints, twice per week for
6 weeks is an effective training pro-
gram to achieve the established ben-
efits of RST.

>
In-season

nt sprint exposure?

v S

Adequate Over
v A4

Reduce volume

\4 \ 4
2x4x30m Alternative
30 s rest HIT

A decision chart demonstrating an individualized approach to repeated-sprint training for a speed-dominant athlete.
Note, HIIT = high-intensity interval training; applying velocity-loss threshold may enable further individualization of the
training prescription; alternative HIIT methods that would exclude players from sprint exposure include short-bout and
long-bout high-intensity intervals.
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e Higher repetition sets (e.g., 8—12
reps) are not associated with any ben-
eficial effects on acute demands or
chronic adaptations and may impair
some outcomes. Training sessions
incorporating small groups of repeti-
tions performed over multiple sets
(e.g, 3—4 sets of 4-6 repetitions)
appear to be a more effective program-
ming strategy.

e RST can be effectively applied during
the offseason, preparation period, com-
petition period, and return to compe-
tition from injury by manipulating
programming variables to achieve
desired outcomes.

e To individualize the prescription of
RST, coaches should consider the
specific demands of the sport, the
athlete profile, the stage of the sea-
son, and the athlete’s recent training
load. Alternative methods of pre-
scription, such as velocity loss
thresholds and rest-redistribution,
may also enhance the acute training
stimulus.
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