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Specificity of training is considered to be
a fundamental component of any detailed, goal
oriented conditioning program. Whether one is
training to improve functional ability,
rehabilitate a musculoskeletal injury, or develop
sport specific physiological attributes, the
specific nature of the prescribed training
regimen, and the exercises contained within, will
dictate the magnitude of the adaptive response
expressed at the myofibular level.
Sport-specific time motion and physical
demands analysis indicates that successful
performance in field and court sport are based on
an athlete’s ability to generate single and
repetitive explosive linear and multidirectional
sprint efforts during the course of a competitive
match (15,36,42).
Cronin and Hansen (14) report that for
many sporting activities, maximum velocity is
not always reached, and that short burst of speed;
‘sprints’, are more common. Cronin and Hansen
(14) further suggest that ‘the ability to develop
velocity in as short a time as possible may be of
most importance to sport performance’.
The quantification of a sprint effort,
measured through the kinetic and kinematic
functions of velocity and acceleration; more
specifically, a product of stride length and stride
rate (frequency), is significant in evaluating its
performance (24).
Recently, there has been a large volume of
peer reviewed empirical and anecdotal evidence
published investigating the biomechanic
movement patterns, and the kinetic and
kinematic variables of sprint training performed
across diverse, and often innovative training
modalities and techniques (57,17,22,24,27,29,32,34,43).
This volume of research indicates that
several different ‘sprint’ training techniques are
associated with improving an athlete’s explosive
speed profile (5-7,17,22,24,27,27,31,43).
The techniques reviewed each incorporate an
element of ‘resistance’, whereby each study

subjected participants to performing sprints of
various lengths under some form of external
loaded condition; up hills (17,29), wearing
weighted vests (5-7,29) or weight belts at distal
end of limb segments (24,43), or pulling/towing
a weight (17,27,31,32). A review of this
research indicates that the addition of resistance
alters sprint mechanics, and the resultant
movement kinetic and kinematic values.
An inherent characteristic of labratory and
field investigation is the diversification of trial
results, and analytical conclusions. Elements of
subject variability, experimental design and
training protocol, have a multifactoral interaction
with the reliability and validity of the data
collected and the results reported. As a result,
the general consensus regarding resisted sprint
training as an effective methodology for
improving one’s linear speed is, at present,
equivocal.
By summarizing the current body of
resisted sprint training literature, and applying
the known force velocity relationships, sprint
training induced neurological, morphological
musculoskeletal, and anaerobic exercise induced
hormonal adaptations and their regulating
mechanisms, new theories speculating the dose
and response mechanisms of resisted sprint
training can be synthesized.
Several researchers (38,39) have
quantified with statistical significance, and
concluded, that linear acceleration and power
output; the reported purpose of sprint training
(14), is a function of force production.
If this positive force production and sprint
performance relationship is accepted, than it is
logical to deductively investigate the
mechanisms of force production and to elucidate
them as a potential adaptive response to resisted
sprint training.
Cronin and Hansen (14) and Harridge et
al. (23) report that an athlete’s ability to
accelerate their body during sprinting is
dependant upon several factors; technique (14),
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the force production capability of the body,
particularly, force production capability of the
lower limb musculature (14,23), and the speed at
which the muscle contracts (Harridge). Mann et
al (34) support Cronin and Hansen’s contention
by concluding that the ability to perform well in
sprints over short distances is dependant on the
ability to produce large amounts of force at
crucial times.
A wealth of published research identifies
a strong positive correlation between force
output and power performance, and that they are
is directly related to the rate of force
development, and myofibular hypertrophy,
suggesting that sprint performance could be
related to, and have a positive relationship to,
androgen hormones and their muscle cell
interactions, as there is a large body of published
literature supporting an androgen hormone force
production relationship
(12,19,20,28,30,33,35,41,44,50).
If this relationship is accepted, and so is
the relationship between sprint training induced
positive force production adaptations, it can be
speculated that sprint training stimulates a
hormonal response, and that this hormonal
response contributes to the performance
increases reported in the literature.
At present, following an extensive review,
this young researcher was unable to locate any
published literature investigating the acute
hormonal response to resisted sprint training. It
is speculated that the known anabolic-androgenic
hormonal response that accompanies acute
anaerobic high intensity exercise, plays a
significant role in the improvements in sprint
performance reported following resisted sprint
training.
The basis of resisted sprint training
techniques; loading of limbs at the distal ends,
uphill running, weighted vests, and resisted
towing as a modality to improve sprint and
consequently, sport, performance, is that it is
movement pattern specific and appropriate for
training the velocity and acceleration phases of
sprinting (17).
Following the postulates of the SAID
(Specific Adaptations to Imposed Demands)
principle (2), which Cronin and Hansen (14)
state justifies resisted sprint training, one can
propose that the hormonal response to ‘resisted’
sprint training, would be greater than that of
‘non-resisted’ sprint training, and that the
associated specific hormone induced adaptations
would be greater, and advantageous to a
competitive athlete.
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The following report is a literary review
of the published adaptive responses associated
with the resisted sprint training techniques
currently found within the literature. A
summarization of the resisted sprint techniques
reported by Faccioni (17) will attempt to
illustrate how the addition of ‘resistance’ to
single and repetitive high intensity linear sprint
performances contributes to the positive training
adaptations expressed at the neuromuscular and
myofibular level.
Further, this report will attempt to
illustrate how resisted sprint training induces an
acute hormonal response, and that it is this
response which significantly contributes to the
reported performance improvements.
More specifically, this review will
illustrate the causal relationship between fastrelease (49) hormones; epinephrine (E),
norepinepherine (NE), testosterone (T), growth
hormone (GH), insulin, insulin like growth
factor-1 and resisted sprints.
It is the author’s intention that the
research presented in this article be used as
justification and foundation for the future
quantitative investigation into the potential acute
hormonal response to resisted sprint training, and
to quantify the magnitude of that response.
Such investigation has direct practical
relevance to the strength and conditioning
professional attempting to enhance the linear
speed and acceleration profiles of the athlete’s
they consult. An understanding of the acute
hormonal response will provide the conditioning
professional with the ability to prescribe training
protocols with greater adaptation specificity,
improving training efficiency and efficacy, and
athletic performance.
Resisted Sprint Training Techniques
Faccioni (17) identifies 4 resisted sprint
techniques; wearing weighted vests, adding
weight to distal limb segments, running up hills,
and pulling/towing weights are commonly
practiced forms of resisted sprints.
The reported adaptive responses to these
methods, to this point, have been limited to
biomechanical, through kinetic and kinematic
analysis, evaluation.
Each of the resisted sprint measures
identified by Faccioni (17) are reported to
influence stride length (14,17,29,40), stride
frequency (14,43), stance times (14,29), and the
regulating neuromuscular activation and
synchronization (6,27) patterns.

2

Eric MacLean

Is There an Acute Hormonal Response to Resisted Sprint Training?

The following is a review of each of the 4
methods of resisted sprint training, and the
biomechanic, composition, and neuromuscular
adaptations.
Distal Limb Loading
A review of the literature revealed two
studies investigating the effects of limb loading
(43). Ropret et al. (43) reported that leg loading
of 0.6, 1.2, and 1.8kg had an effect on
performance, where a load of 1.8kg significantly
decreased sprint velocity. It was concluded that
the increase in speed was a result of a decrease in
stride frequency.
A much earlier study by Martin showed
similar results. It was reported that foot and
thigh loading increased stride length and
decreased stride frequency.
The difference between the Martin and
Ropret et al. (43) studies is that Martin
concluded that the increase in inertial forces
induced by the distal loading decreased sprint
velocity.
Cronin and Hansen (14) suggest that longterm study is required to further investigate distal
loading before assumptions of it’s efficacy can
be confidently made.
Uphill Running
The basis for uphill running is that it will
induce an increase in stride length to maintain
peak velocity while overcoming the resistance
provided by the angle of inclination.
Faccioni (17) suggests that uphill running
places an increased load on the thigh extensor
muscles as the athlete tries to push themselves up
the grade, and maximize stride length. It is
thought (17,29) that this training induced
increase in extensor activity will trigger
biomechanical adaptations, specifically, an
increase in stride length, that when applied to flat
surface sprinting, will translate into higher linear
sprint velocities.
Knuz and Kaufman (29) tested this
concept by evaluating run performance on flat
and 3o grade surfaces. They reported that a grade
of 3o resulted in a decrease in velocity of 1m/s,
no change in step frequency, a decrease in step
length, and an increase in trunk thigh angle.
Further, they concluded that uphill running may
result in increases in stride length and decreases
in stance phase length when applied to flat
surface running.
In a more recent investigation of the
kinetics and kinematics of 3o slope and flat
surface running, Paradisis and Cooke (40)

conclude that uphill running resulted in increased
contribution from the propulsive phase.
It is reported that the propulsive phase of
sprinting is associated with the greatest
acceleration, force, and power outputs (14,24).
Further, Paradisis and Cooke (40), and
Knuz and Kaufman (27) further report
significant changes in the trunk (27,40) and
shank angle are decreased at both foot strike and
toe off during sloped (3o) running.
A summarization of these 2 studies
indicate that uphill running triggers a
biomechanic and muscle activation adaptation
that attempts to increase stride length.
It is suggested (14) that this training
modality requires additional long-term
investigation to validate its reported performance
effect.
Weighted Vests
The use of weighted vests is another mode
of resisted sprint training that has received
investigative attention (5-7.29). The practice of
using weighted vests is in attempts to create what
Bosco et al. (5) refer to as, a ‘hypergravity’
condition.
Hansen et al. (22) supports the positive
weighted vest induced force development
adaptations concluded by Bosco et a. (5-7), by
reporting that vest sprinting with loads of 15 and
20% of body mass increased 10-, and 30m
sprints by 7.5 and 10%, and 9.3 and 11.7%
respectively. The authors speculated that the
subjects had less force to overcome in the early
stages of the sprint when the vest was removed
(14). It was concluded that the increase in sprint
time was attributed to decreased step length and
step frequency and to increased stance times
(22).
Bosco et al. (5-7) applied ‘hypergravity’
conditions to investigate its effect on drop jump
(5-7), squat jump (6), and sprint performances
(7). While individual study designs differ, all 3
concluded that wearing a weighted vest
significantly increased lower limb power (5),
force development (6), and produced a rightward
shift in the force velocity curve (5-7).
Further, Bosco et al. (6) suggest that the
improvement in force development was a
function of an increase in stretch-shortening
cycle (SSC) performance and an increase in leg
extensor myotendinous stiffness.
Cronin and Hanson (14), following their
own review of the literature, suggest that
wearing a weight vest during sprinting may
increase the vertical force at each ground
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contact, increasing the eccentric load on the
extensor muscles during the braking phase.
They speculate that this effect ‘may serve to
increase the muscle’s capacity to store elastic
energy and improve power output.
The strong relationship between wearing a
weighted vest and force development leads one
to assume that the muscular efforts required to
overcome the ‘hypergravity’ condition would
trigger, and adaptively respond to, increased
hormone secretion. Further investigation into
this area is highly encouraged.
Resisted Pulling/Towing
Resisted pulling/towing refers to the
pulling or towing of weighted instruments; sleds,
tires, parachutes, elastic tubing supported
objects, and the like. Faccioni (17) suggests that
the using towing as a form of resistance may
increase the load on the athlete’s torso, and may
require them to initiate greater torso and pelvic
stabilization.
Letzelter et al. (31) studied the effect of
resisted towing (pulling a weighted sled) on a
group of female sprinters and found that as the
resistance increased (2.5kg to 10kg load) that
performance over 30m decreased. They
concluded that as resistance increased step length
decreased, and that it was this decrease in step
length that accounted for the decreased
performance.
In another study investigating resisted
pulling, Kafer et al. (27) studied the effects of
resisted, and assisted sprinting on sprint times
over 20-, 40-, and 60m distances. It was
reported that the resisted group recorded an
average improvement of 0.08 seconds (p<0.001),
and 0.35 seconds (p<0.001) over 20-, and 60m
distances. The mechanisms regulating the
improvements were not provided, however, it
was speculated that the performance
improvements was that the increased resistance
from the sled resulted in increased force
production to develop and maintain velocity.
Kafer et al. (27) speculated that this effect would
increase the load associated with the SSC,
increasing muscle stiffness and vertical force at
each ground coupling point.
In review of the above reported resisted
sprint techniques, it can be seen that all
modalities significantly induce biomechanical
changes, which positively influence force
production outputs.
While the current volume of research has
been limited to investigating the kinetic and
kinematic variables. The above noted force

production and muscle activation adaptive
responses necessitate physiological investigation
into the hormonal response that is associated
with these changes.
In addition to the research presented,
Harridge et al. (23) report that sprint training can
alter the myosin heavy chain expression of
muscle fibres. Harridge et al. (23) further report
that sprint training, might be considered the most
likely condition in which increases in speed,
either through a shift in fibre-type distribution, or
through altered coupling between fibre type and
speed of shortening, might contribute to
increased power generation. After testing this
hypothesis across 6 weeks of sprint training, it
was found that increases in whole muscle
performance occurred without any significant
change in myosin heavy chain isoform or fibretype distribution.
Proposed Hormonal Response to Resisted
Sprint Training
Sprint training is typically undertaken as
an anaerobic practice. It involves a series of
repetitive, high intensity, explosively powerful
outputs (2,14,24,39). For the exception of
certain training phases (peak speed) where full
recovery is optimal before initiating a subsequent
effort, sprint training specific to sport situations,
involves repetitive peak efforts, with work to rest
intervals specific to time motion analysis data
individual to the particular sport, position,
competitive level etc.
Further, time motion analysis indicates
that sprinting is a short-term anaerobic effort,
that primarily utilizes the phosphagen and
glycolytic energy systems (2,36,40,42), and as
such, is subject to the hormonal responses
associated with anaerobic exercise.
Several researchers (8,9,11,26,48-50)
report that hormone responses are evoked by
sprint and short-term power exercise.
Viru (49) proposed that exercise induced
hormonal changes are classified as fast-,
moderate-, and slow-rate responses, where fastrate responses are characterized by significant
hormonal changes appearing within the 1st
minute after the onset of exercise.
Viru and Viru (50) and Kindermann et al.
(28) reports that these responses trigger
activation of the sympathoadrenal system (rapid
increase of blood levels of epinephrine and
norepinepherine) as well as the pituitaryadrenocortical system (rapid increase of
corticotrophin followed by a less rapid but
longer lasting cortisol response.
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Further, Viru and Viru (50) report that
fast-rate hormonal responses are related to the
effect of the central motor command, whereby
impulsation from cortical pyramidal neurons
communicate directly with the spinal
motornuerons. They propose that, this way,
highly intensive supramaximal exercise and very
short muscle efforts of explosive effort (sprint
and resisted sprints) are capable of triggering
increased activity of several endocrine systems.
It is this ‘fast-response’ effect that is of
particular relevance to understanding the
hormonal response of resisted sprint training as
the efforts last no longer than several seconds
(39).
Viru and Viru (50) reports that
neurotransmitter concentrations increase after 6
seconds of cycling at maximal power,
concluding that anaerobic exercise lasting only a
few seconds are capable of activating the
sympathoadrenal system. Viru and Viru (50)
continue to report that 4- to 7-fold increases in
neurotransmitter release have been reported
immediately 30s following maximal pedaling
rate, or within 30-90 seconds following a 30second sprint. (Wingate assessment is an
effective, valid, and reliable method of assessing
anaerobic maximal power performance, and as
such, can be applied to simulate maximal sprint
induced power performance).
Epinepherine and norepinepherine are
fast-rate sympathetic nervous system responses
that cause the release of acetylcholine from nerve
endings (50). As a result epinepherine and
norepinepherine blood concentrations increase
rapidly at the beginning of exercise.
The improved functional capacities of the
endocrine system are apparent by the increased
concentration of blood catecholamines.
Particularly important are the exaggerated
catecholamine responses after sprint training. In
the sprint-trained person, the immediate increase
of growth hormone (GH), as well as an increases
of cortisol and insulin concentration are, after 30
seconds of sprint, more pronounced than
endurance-trained persons (28,50).
Hughes et al. (26) and Hoffman (25)
report testosterone concentrations have been
shown to increase at 90 seconds, and 120
seconds maximal and submaximal intermittent
anaerobic exercise, whereby increased levels of
testosterone (T) are based on exercise intensity.
Testing testosterone levels following
treadmill run Hughes et al. (22) found serum T
levels a 20.7% increase over base line (p<0.05)
20min following submaximal treadmill exercise,

with levels 27.4% above base line immediately
post, 25.7 and 21.6% above baseline 10-, and 20min post.
T is reported to induce several
physiological responses, all of which can be
related to the responses promoted by resisted
sprint training.
A review of anaerobic exercise stimulated
T adaptations are multifactoral, and highly
integrative. Cardinale and Stone (11), citing,
animal based studies, suggest that T has a strong
influence on skeletal muscle excitationcontraction coupling and on phenotypization of
fast twitch fibres, and states that it seems
reasonable to suggest that T levels play an
important role in developing high rate of force in
muscular activity with a short contraction time.
Bosco et al (8,9) support the conclusion
made by Cardinale and Stone (11) reporting that
a significant relationship between T levels and
power output, suggesting the influence of this
anabolic hormone on the development of type II
fibres, reporting that his positive correlation
identified between vertical jump and basal T
levels supports their hypothesis that T plays an
important role in explosive performance.
Bosco et al. (8,9) further support the role
of T in sprint performances, in reporting, after
investigating the serum T levels and sprinting
performances of soccer players, that T influences
speed and power.
In addition to T, GH, is reported to
increase in response to anaerobic exercise.
VanHelder et al. (48) and Kindermann et al. (28)
report that single bouts of short-term high
intensity exercise elicits minor increases in
growth hormone. VanHelder et al. (48) further
report that growth hormone is significantly
related (r=0.93, p<0.001) to the oxygen demand /
availability ratio (D/A) during intermittent
anaerobic exercise.
Viru and Viru (50) report that near- or
supramaximal exercise intensities, similar to
those potentially induced during resisted sprint
training, may lead to an increase in insulin
levels.
The significance of this is that insulin
functions as a carrier protein, aiding in the
transfer of hormones and substrates throughout
the blood stream and across cellular membranes,
particularly that of the sarcolemma, allowing it’s
bound ligand to interact with the nucleus (in
terms of anabolic hormone, influence
transcription and increase protein synthesis).
Further, Stone (44), reports that GH
levels are regulated by insulin like growth factor-
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1 (IGF-1), suggesting that GH concentrations are
a function of IGF-1 concentrations.
More spefically, Amir et al. (1) report
that growth hormone/insulin like growth factor 1
(IGF-1) axis is an important physiological
regulator of muscular growth and development.
This axis maintains muscle mass by suppressing
protein degredation, increasing amino acid
uptake, and stimulating protein synthesis. The
bioavailability of IGF-1 is dependant upon
circulating IGF-1, where physical exercise is
reported to have a significant impact on the
GH/IGF-1 axis during anaerobic exercise (30seconds all-out Wingate) promotes a transient
increase in IGF-1, promoting muscle and
capillary growth, and muscle hypertrophy
In summary of the biomechanic
alterations noted by (5-7,17,22,24,27,29,32,34,
43), the enhanced muscle activation response in
the thigh extensor muscles noted by Knuz and
Kaufman (29), the SSC alterations reported by
Kafer et al. (27) and Bosco et al. (6), and the
program design modalities of resisted sprint
work to rest ratios, it can be assumed that there
the short-burst, anaerobic nature induces an acute
hormonal that triggers an increase in T, GH,
insulin, and IGF-1.
The known anabolic factors of these
agents, increasing protein synthesis, type I and II
fibre cross-sectional area, fat acid mobilization
and sparring of muscle glycogen and glycolysis,
that there is an acute hormonal effect regulating
the performance response to resisted sprint
training.
While this contention is based upon
theoretical review, it is this authors
recommendation that further scientific and
investigation be carried out to quantitatively
evaluate the acute hormonal response to resisted
sprint training.

Specifically, to measure the acute
catecholamine, T, GH, insulin, IGF-1, responses
at 30, 60, 90, and 120 seconds post sprint trial,
and 1-, 10-, 15-, and 30minutes post training
session to assess plasma concentrations in
relation to basal values so that as practicing
strength and conditioning professionals, we can
better understand the hormonal influence
contributing to the kinetic and kinematic results
we measure.
Practical Applications
Review of the research and conclusions
presented is intended to provide the current
conditioning professional with a foundation of
the factors that govern sprint, and resisted sprint
training induced adaptations.
Further, the review of hormonal
interactions to short duration, high intensity
anaerobic exercise should promote critical
thought into understanding the regulating
mechanisms of resisted sprint training, and to
begin to shift the current paradigm that
performance improvements in ‘sprint’ or
‘resisted sprint’ training are solely technically or
biomechanically based, but that they have
physiological and hormonal origins.
Recognition of this interaction should
allow the practicing conditioning coach to better
understand the mechanisms of change and
provide them with the foundation to more
effectively establish set to repetition and work to
rest ratios and loads based on the known
anabolic responses to the various training
modalities that exist.
It is the hope, that this review, will lead to
further investigation into this topic, and that it
becomes an area that experiences rapid growth in
the near future.
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