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Abstract The adaptations of muscle to sprint training can be separated into metabolic

and morphological changes. Enzyme adaptations represent a major metabolic
adaptation to sprint training, with the enzymes of all three energy systems show-
ing signs of adaptation to training and some evidence of a return to baseline levels
with detraining. Myokinase and creatine phosphokinase have shown small in-
creases as aresult of short-sprint training in some studies and elite sprinters appear
better able to rapidly breakdown phosphocreatine (PCr) than the sub-elite. No
changes in these enzyme levels have been reported as a result of detraining.
Similarly, glycolytic enzyme activity (notably lactate dehydrogenase, phospho-
fructokinase and glycogen phosphorylase) has been shown to increase after train-
ing consisting of either long (>10-second) or short (<10-second) sprints. Evidence
suggests that these enzymes return to pre-training levels after somewhere between
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7 weeks and 6 months of detraining. Mitochondrial enzyme activity also increases
after sprint training, particularly when long sprints or short recovery between
short sprints are used as the training stimulus.

Morphological adaptations to sprint training include changes in muscle fibre
type, sarcoplasmic reticulum, and fibre cross-sectional area. An appropriate sprint
training programme could be expected to induce a shift toward type Ila muscle,
increase muscle cross-sectional area and increase the sarcoplasmic reticulum
volume to aid release of Ca2+. Training volume and/or frequency of sprint training
in excess of what is optimal for an individual, however, will induce a shift toward
slower muscle contractile characteristics. In contrast, detraining appears to shift
the contractile characteristics towards type IIb, although muscle atrophy is also
likely to occur. Muscle conduction velocity appears to be a potential non-invasive
method of monitoring contractile changes in response to sprint training and de-
training.

In summary, adaptation to sprint training is clearly dependent on the duration
of sprinting, recovery between repetitions, total volume and frequency of training
bouts. These variables have profound effects on the metabolic, structural and
performance adaptations from a sprint-training programme and these changes
take a considerable period of time to return to baseline after a period of detraining.
However, the complexity of the interaction between the aforementioned variables
and training adaptation combined with individual differences is clearly disruptive

to the transfer of knowledge and advice from laboratory to coach to athlete.

Sprinting involves the rapid release of muscular
energy to propel an athlete forward with maximum
attainable velocity. Sprinting is a fundamental con-
stituent of many activities, with the ability to move
rapidly offering a considerable competitive advan-
tage in most sports. Sprint performance has been
widely tested with a variety of measures from peak,
mean or total power to more simple measures such
as a time trial or velocity measure over a specified
distance. These measures are all strongly related and
periodically will be grouped under the banner of
‘performance’ during this review; however, where
possible the specifics of the performance measures
will be discussed. Sprint performance has gener-
ally proved to be a highly reliable measure (see
Hopkins and associates!! for a review) particularly
when athletes are used as study participants, with
coefficients of variation of 0.9 to 2.0% being re-
ported for sprint running and peak power (bike or
treadmill). As such, significant changes in perfor-
mance reported in the literature in response to train-
ing generally indicate meaningful adaptation.

To develop sprint ability, athletes and coaches
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often employ training methods that involve brief
maximal intensity sprint repetitions of varying du-
ration interspersed with either long or short recov-
ery periods. Indeed, this type of training has been
shown to elicit improvements in sprint performance
(peak and mean power) after as little as 3 weeks of
training.!”! The majority of other sprint studies have
observed improvements in performance after sprint
training of varying duration,3-12! although there have
been some exceptions.[!3-15] Training frequency is
one factor that may alter performance adaptations
with one report suggesting that daily sprint training
does not improve either peak or mean cycle sprint
power; in contrast, training every third day signifi-
cantly increased both.!'®] This observation is in agree-
ment with the general consensus among leading
coaches who typically recommend about three max-
imal intensity sessions per week.[!7-18] There is also
considerable variation in the nature and magnitude
of performance gains observed in response to sprint
training. This variation may be caused by the dif-
ferent sprint-training protocols used (notably dif-
ferences in volume, duration, recovery and fre-
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quency), the training status of individuals and the
performance assessment employed.

While sprint training has generally been shown
to be effective in improving sprint performance,
the effects of detraining and/or reduced training on
sprint performance are not so well described. In
one of the few articles on this topic Linossier and
associates!!” reported that even after a 7-week pe-
riod of detraining (following 9 weeks of sprint train-
ing), peak cycle speed, peak power and time to peak
speed were still significantly above pre-training lev-
els. Furthermore, the raw figures in the Linossier
et al.l'"% article demonstrated that both peak speed
and time to peak speed were in excess of the post-
training level (although not significantly) after the
7-week detraining period. It also appears that power
performance is well maintained as a result of short-
term detraining (14 days to 3 months)?%211 or is
improved by short periods of reduced training.[?]

The purpose of this article is to review the long-
term metabolic and skeletal muscle adaptations to
short sprint (<10-second) training and, where pos-
sible, reduced training and rest. Although some re-
searchers have investigated adaptations to short-
sprint training ,1310:1213.19 much of the sprint training
research has focussed on training involving pro-
longed (>10-second) sprint repetitions.!'323.241 There-
fore, the literature investigating physiological ad-
aptations to prolonged sprint training will also be
briefly discussed where relevant to determine how
the nature of different sprint training protocols in-
fluences the adaptive process.

1. Metabolic Adaptation

Skeletal muscle is a dynamic tissue that is able
to adapt in many different ways to an exercise stim-
ulus. Metabolic adaptations in a muscle are associ-
ated with enhancing the ability of the muscle to
produce energy. This is achieved by one or more,
of three different mechanisms. First, key regula-
tory enzymes can increase their activity and thus
the rate of energy production. Second, increasing
the amount of substrate stored in the muscle can
increase total energy production. Finally, the mus-
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cle can increase its ability to combat the accumu-
lation of certain metabolites associated with fa-
tigue.

Metabolic adaptations to sprint training, and to
a certain extent the subsequent detraining adapta-
tions, are largely dependent on the type of sprint
training undertaken. Indeed, the bioenergetics of
sprint exercise bouts differs markedly depending
on the sprint duration and recovery intervals. En-
ergy for muscle contraction during brief maximal
exercise of 10 seconds or less is primarily derived
from the breakdown of stored muscle phosphagens,
such as adenosine triphosphate (ATP) and phos-
phocreatine (PCr), and glycolysis.[25-28] However,
when short sprints are repeated or when sprint ex-
ercise lasts for up to 30 seconds, the contribution
of anaerobic energy production to the energy yield
decreases and a significant amount of energy is de-
rived from aerobic metabolism.!13:26:2930] Indeed,
recent evidence suggests that 13% of energy during
a 10-second sprint and 27% of energy during a 20-
second sprint is generated aerobically.[?’! In fact,
no form of exercise can be purely anaerobic or purely
aerobic.[31! Therefore, as the metabolic demands of
short- and relatively long-duration sprint exercise
bouts appear to be quite different, it follows that
intramuscular adaptations very much depend on the
nature of the sprint-training programme and that
adaptations in both anaerobic and aerobic energy
systems will occur in response to training.

1.1 Enzyme Adaptation

A summary of enzyme adaptations to sprint train-
ing is provided in table I. More detailed discussion
of the enzyme adaptation specific to each energy
system follows.

1.1.1 Phosphate Metabolism

Hirvonen et al.[?3] have suggested that brief
maximal exercise performance depends on the ca-
pacity for using high-energy phosphates (ATP and
PCr) at the beginning of the exercise. Indeed, elite
sprint athletes have showed the capacity to deplete
PCr levels by over 60% during a 60m sprint./?3!
Myokinase [MK; enzyme catalysing the resynthe-
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Table I. Enzyme adaptations to sprint training and detraining

Study n Training details Detraining Enzyme adaptations
period
Cadefauetall®! 13 8mo, young sprint athletes, sprint running No change in CPK, increased PK, increased
0-500m, plyometrics, weights etc., frequency PHOS
not reported
Dawson etall' 9 6wk, 30-80m sprints, 2-4 min recovery, MK insignificant 18% increase, PHOS significant
3 x week 41% increase, PFK no change, CS significant
32% decrease
Fournieretal®? 6 3mo, 50-250m sprints, 4 x week 6mo Training: PFK significant 20% increase, SDH no
change. Detraining: PFK 32% significant
decrease, SDH no change
Hellsten-Westing 11 6wk, 10 sec cycle sprints, 50 sec recovery, PFK significant ~16% increase
et al.l%d 3 x week
Jacobs et al.['%] 11 6wk, 15 and 30 sec cycle sprints, 2.5 x week CS significant 12% increase, PFK insignificant
16% increase, CPK insignificant 9% decrease
Linossier et al.lB 7 9wk, 5 sec sprints, 55 sec recovery 7wk Training: CS and CPK no change, PHOS and
LDH significant ~9% increases. Detraining: CS
significant 19% decrease, CPK, PHOS and LDH
no significant decreases
Linossier etal.® 10 7wk, 5 sec cycle sprints (55 sec recovery), CS insignificant 14% increase, PFK significant
4 x week 19% increase, LDH significant 20% increase
MacDougall et 12 7wk, 30 sec cycle sprints, 4 min recovery, PFK significant 49% increase, LDH no change,
a3 3 x week CS significant 36% increase, SDH significant
65% increase
Parra et al.['é] SP 5, 2 groups with matched total volume of work Significant increases, CPK (SP only), PHOS (LP
LP 5 training for 2wk (SP) or 6wk (LP) at 24 or 72 only), PFK (both), LDH (both), CS (both), PK (SP
hourly intervals, 15 sec sprints with 45 sec only), see section 1.1 for further details
recovery
Roberts et al.[%] 4 5wk, 8 x 20-30s sprints (200m run), 2 min Significant increases in PFK, LDH
recovery, 3-4 x week.
Simoneau et al.*®l 19 15wk, cycle sprints at 60-90% intensity, 7wk Training: CPK no change, PFK significant 26%
4-5 x week, 15-90 sec efforts increase. Detraining: no significant decreases
Thorstenssonet 4 8wk, 3-4 x week, 5 sec sprints on treadmill, MK significant 20% increase, CPK significant

al.l’7l

rest 25-55 sec

36% increase, LDH no change

CPK = creatine phosphokinase; CS = citrate synthase; LDH = lactate dehydrogenase; LP = long programme; MK = myokinase; n = number
of participants; PFK = phosphofructokinase; PHOS = glycogen phosphorylase; PK = pyruvate kinase; SDH = succinate dehydrogenase; SP

= short programme.

sis of ATP from adenosine diphosphate (ADP)] ac-
tivity has been shown to increase (~20%) after short
(5-second work intervals with 25- to 55-second re-
covery) sprint training.[3’! Dawson et al.l'% have
also reported a similar (~18%), although not statis-
tically significant, increase in MK activity after a
very similar protocol of short-sprint training. There-
fore, it appears that short-sprint training can elicit rel-
atively small changes in MK activity, which may lead
to enhanced ATP resynthesis and improved sprint
performance. However, the link between increased
ATP resynthesis and improved performance is ten-
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uous at present. Further research examining the
relationship between the magnitude of the change
in MK activity, ATP resynthesis and the change in
sprint performance is required to investigate this
hypothesis. Longer sprints (15 seconds) have also
been shown to substantially increase MK activity,
although adaptation appears to be dependant on train-
ing frequency with 72 hourly sessions producing
an 18% increase in activity, in contrast to 24 hourly
sessions which produced a decrease of ~3%.!1% How-
ever, these results again failed to reach significance,
possibly because of the small participant numbers

Sports Med 2001; 31 (15)
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in the study (n = 5 per group). Furthermore, Parra
and associates!'®! matched only total work with ei-
ther along programme (LP), 6 weeks training at 72
hourly intervals, or a short programme (SP) of 2
weeks training at 24 hourly intervals. Such a de-
sign is somewhat flawed in that it fails to discrim-
inate between changes caused by the training fre-
quency difference and changes caused by the total
duration of the training period, hence, a relatively
slow speed of adaptation may lead to misinterpre-
tation of the results. Interpretation of data from such
a design should be examined with this in mind.
Hirvonen et al.[?31 have demonstrated that the
fastest sprinters in a group of seven elite male sprint
runners were able to more rapidly deplete their PCr
levels than the slower runners in the group. Thor-
stensson et al.[3’ have shown that creatine phos-
phokinase (CPK; enzyme catalysing the breakdown
of PCr) activity increased by 36% after short-sprint
training (5-second sprints with 25- to 55-second
recovery). However, this increase was statistically
significant only at the p < 0.1 level in the group of
four participants in this study. Similarly, 15-second
sprints have also been shown to be effective at in-
creasing CPK levels.[' Conversely, Nevill et al.[%!
have shown that PCr degradation during a 30-second
sprint remained unchanged after sprint training in-
volving a combination of short and long sprint rep-
etitions. Other studies have shown that CPK activ-
ity does not increase after sprint training.[>-13:341 A
lack of CPK adaptation after sprint training may be
caused by the use of prolonged sprints in the train-
ing protocols of the studies mentioned above. Al-
ternatively, Cadefau et al.[% have suggested that a
relatively large activity of CPK is evident in the
muscle of sedentary individuals and the stress in-
duced by a period of sprint training may not be
sufficient enough to stimulate an increase in CPK
activity. Therefore, although higher level sprinters
are able to use PCr more rapidly than others, sprint
training consisting of prolonged sprint repetitions
does not appear to be able to elicit any change in
CPK activity. Not surprisingly, no changes in CPK as
a result of detraining have been reported either.!34]
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Further research is necessary to determine the ef-
fect of short-sprint training on CPK activity.

1.1.2 Glycolysis

Glycolysis is initiated at the onset of exer-
cisel*81and contributes significantly to energy pro-
duction during 10 seconds of maximal dynamic ex-
ercise.?8 In fact, glycolysis may contribute between
55 and 75% of the metabolic energy production
during sprint exercise lasting ~10 seconds.[27-39:40]
Phosphofructokinase (PFK; enzyme that catalyses
the phosphorylation of the glycolytic intermediate
fructose 6-phosphate) activity has been shown to
increasel®33] or remain unchanged!!?! after short-
sprint training. However, a number of studies have
found PFK activity to be increased after sprint train-
ing consisting of either longer-duration training re-
petitions or a combination of long and short sprint
efforts.[6:15:16.23.32.35.41] Similarly, the activities of
both lactate dehydrogenase (LDH; enzyme that ca-
talyses the conversion of pyruvate to lactate) and
glycogen phosphorylase (PHOS; enzyme that ca-
talyses the mobilisation of stored muscle glycogen
into the glycolytic pathway) have been shown to
increase after sprint training involving either short
(<10-second) or long (>10-second) sprint inter-
vals.[210.16.23,34.351 A higher rate of glycolytic en-
zyme activity may be responsible for superior brief
maximal exercise performance in sprint-trained ath-
letes compared with other athletes.[*?] However, Ja-
cobs et al.l>T have shown that sprint training (>10-
second sprints) caused an increase in PFK activity
without an expected corresponding improvement
in sprint performance. Similarly, Parra and associ-
ates!'%! (also using >10-second sprints) showed sig-
nificant enzymatic adaptations including PFK,
PHOS, pyruvate kinase (PK; catalyses the conver-
sion of phosphoenolpyruvate to pyruvate) and LDH
in their daily training group without any correspond-
ing increase in performance. Furthermore, Boobis
etal.[*3have observed improvements in sprint per-
formance after sprint training, even though there
was no increase in energy provision from glycoly-
sis per unit of muscle mass during sprint exercise.
Dawson et al.['% have shown that neither PFK nor

Sports Med 2001; 31 (15)
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PHOS activity was correlated with short sprint per-
formance before or after a period of sprint training.
However, Tesch et al.[*4l have shown that high-
intensity exercise performance is significantly corre-
lated with PFK activity and the ratio of PFK : ci-
trate synthase (CS) activity. Therefore, although
improvements in glycogenolytic capacity are of-
ten observed after sprint training, the functional
significance of this metabolic adaptation remains
questionable.

With respect to detraining, two studies have ex-
amined sprint detraining and its effect on glyco-
lytic enzyme activity. Fournier and associates!3?!
used a 3-month training routine consisting of 50 to
250m sprints followed by 6 months of detraining,
and reported a return to pre-training levels of PFK
after this period. With a shorter 7-week detraining
period, the results from Linossier et al.[3*! are a
little less clear with LDH found to still be signifi-
cantly elevated over pre-training levels, although
PHOS activity had almost returned to baseline. With
these results coming from studies with relatively
long periods in the complete absence of training, it
is interesting to note that some of the metabolic
adaptations have remained. Further research is re-
quired to establish the length of time enzymatic
adaptations can be maintained during a period of
reduced training or detraining.

1.1.3 Aerobic Energy System

The contribution of the aerobic energy system
to the total energy requirement of a 10-second bout
of maximal exercise is quite small (~13%).[271 How-
ever, when short sprints are repeated with short re-
covery or when sprint exercise lasts for up to 30 sec-
onds, anaerobic energy production decreases and a
significant amount of energy is derived from aerobic
metabolism.[262729:301 Not surprisingly, increases
in the activity of key enzymes of the aerobic energy
system [succinate dehydrogenase (SDH) and CS]
have been reported after sprint training involving
relatively long-duration sprint efforts.[6-15-2345] Sprint
training involving only very short sprint bouts has
been shown to decrease!!% or cause no changel3! in
CS activity. Similarly, training of mixed duration
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(50 to 250m efforts) has also demonstrated no change
in CS activity.32 However, an increase in muscle
mass might mask any increase in enzyme activity
as enzyme activities are usually expressed relative
to muscle mass. The results from Dawson et al.[10]
are interesting as these authors demonstrated that
maximal oxygen uptake (VOaon,y) increased after
short-sprint training, yet CS activity actually de-
creased. These results suggest that short-sprint train-
ing may induce differential adaptations in central
and peripheral aerobic parameters. Alternatively,
improving muscle strength and/or resistance to fa-
tigue could increase VOypax. Clearly, adaptation of
the aerobic energy system occurs after short-sprint
training; however, further research is necessary to
determine the exact nature of this adaptation. Not
surprisingly, training using prolonged sprints has
also been shown to increase VOomax.[>#%471 With
regard to the effect on oxygen use during sprint
exercise the effects are not as clear; however, Mc-
Kenna and associates!*®! suggested that when gas
exchange both during and immediately after sprint
exercise is measured it appears that aerobic meta-
bolism during sprint exercise is increased by sprint
training using prolonged sprints.

Limited work has been conducted examining
sprint detraining and the effect on aerobic enzymes,
and given the lack of response of aerobic enzymes
to short-sprint training this is perhaps not surpris-
ing. However, a significant decrease in CS activity
was reported by Linossier et al.3¥] after 7 weeks of
detraining, despite CS activity not having increased
significantly over pre-training as a result of the train-
ing period.

1.2 Resting Metabolites

Energy production during high-intensity exer-
cise may be enhanced, or maintained at a high rate
for longer, if there is an increase in the amount of
metabolic substrate available before exercise com-
mences.[*8] A number of researchers have investi-
gated the effect of sprint training on resting muscle
levels of ATP and PCr. Both short-sprint training
and sprint training consisting of longer duration

Sports Med 2001; 31 (15)
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training repetitions have been reported to cause no
changel35:10.37.411 or a decrease in resting muscle
levels of ATP and/or PCr. Furthermore, resting lev-
els of ATP in muscle have actually been shown to
decrease after 6 weeks of short-sprint training.[!
This is thought to occur because of an elevation in
the rapid turnover of ATP associated with regular
intense exercise. Rapid turnover of ATP results in
a decrease in the ATP : ADP ratio in the muscle.
The decrease in this ratio is partially offset by the
catabolism of ADP to adenosine monophosphate
(AMP). AMP is subsequently deaminated to inos-
ine monophosphate (IMP), which may be degraded
to inosine or hypoxanthine.5%311 As both inosine
and hypoxanthine can diffuse across the cell mem-
brane, it is possible that repeated rapid turnover of
ATP, which occurs during high-intensity training,
results in a loss of purine bases from the muscle. A
decrease in resting ATP level has also been observed
after longer duration sprint training.>?! The decrease
in resting ATP after sprint training may be greater
when the volume of training is increased./**! In con-
trast, recent work by Parra and associates!'®! re-
ported a significant increase in PCr as a result of 2
weeks of daily sprint training. However, this result
was not seen with 6 weeks of the same training at
three sessions per week. It would appear that changes
in ATP and PCr levels may be affected by frequency
and volume of training although the majority of
sprint studies have reported no significant change.
Finally, it is of interest to note that although a re-
duction in resting ATP levels has been reported af-
ter sprint training, significant improvements in power
output were still observed in these studies.[*>92! This
is perhaps not surprising when it is considered that
the contribution of stored muscle ATP to the energy
requirements during high-intensity exercise is quite
small and unlikely to limit performance;/>3! rather
it is the rate of resynthesis of ATP that is important.
Furthermore, in vitro studies have demonstrated that
muscle fibres can maintain isometric tension de-
spite low levels of ATP.154]

Increased resting muscle glycogen stores may
improve time to exhaustion during supramaximal
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exercise.’>) However for 30-second sprint cycle
performance (peak power and work) recent work
examining short-term changes suggests that mus-
cle glycogen level has no effect on performance. 3!
Therefore, for short sprinting it is likely that mod-
erate changes in muscle glycogen have no effect on
performance. In response to sprint training involv-
ing long-sprint repetitions, resting muscle glyco-
gen stores have been observed to increase.!'®) How-
ever, Nevill et al.®l have reported that sprint training
consisting of a combination of short- and long-sprint
efforts caused no significant increase in resting mus-
cle glycogen level. Nevertheless, the influence of
sprint training on resting muscle glycogen stores is
difficult to determine without careful control of pre-
biopsy carbohydrate intake. Consequently, the lim-
ited research data in this area makes it difficult to
establish the effect of sprint training on resting mus-
cle glycogen stores. Clearly further research is nec-
essary in this area.

In summary, sprint training appears to have lit-
tle influence on resting muscle levels of ATP and
PCr. However, very intense, high volume training
may cause small reductions in muscle ATP, but these
reductions are unlikely to affect performance. Fur-
ther research is necessary to determine the effect
sprint training has on resting muscle glycogen con-
tent.

1.3 Intramuscular Buffering Capacity

Glycolysis is rapid and is initiated very soon
after the onset of muscle contraction during high-
intensity exercise.[2>2°] Consequently, a significant
amount of lactic acid accumulates in the muscle dur-
ing sprint exercise. The hydrogen ions formed from
the dissociation of lactic acid have the potential to
cause fatigue during high-intensity exercise.[36->7]
A full review of buffering and its effect on sprint
performance, however, is beyond the scope of this
paper (see Juel,[8! Allen et al.l’®! and Parkhouse
and McKenzie,[%! for related reviews). Neverthe-
less, it is known that human skeletal muscle has the
ability to offset the change in pH through the use
of various buffering mechanisms, including chem-

Sports Med 2001; 31 (15)



1070

Ross & Leveritt

ical buffers bicarbonate, phosphate and proteins and
haemoglobin in red blood cells. Furthermore, evi-
dence suggests that with training there are signifi-
cant improvements in muscle buffering ability.
Sahlin and Henriksson®!l have reported in a cross-
sectional study that the muscle buffering capacity
was higher in team sport athletes than sedentary
individuals. Muscle buffering capacity has also been
shown to be significantly increased after sprint train-
ing involving long sprint efforts!*!-02] although not
all studies have found such a result.[>] However,
with regard to short sprinting, less is known, al-
though Dawson et al.l'% have suggested the increased
run time to exhaustion observed after short-sprint
training might have been caused by improved mus-
cle buffering capacity. Unfortunately, no study has
directly measured the effect of short-sprint training
on muscle buffering capacity. Furthermore, there is
an absence of detraining work in this area. Clearly,
further research is necessary to investigate this po-
tentially important mechanism of adaptation.

1.4 Summary

In summary, during short-term bouts of brief
maximal intensity exercise, high-energy phospha-
gens, glycolysis and oxidative metabolism all con-
tribute to ATP turnover. An increase in the activity
of key regulatory enzymes of these energy systems
after sprint training would appear to contribute to
improved sprint performance. Although a number
of studies have reported increases in enzyme activ-
ities of each energy system, others have not. Both
duration of sprints and frequency of training appear
to influence both performance and enzymatic ad-
aptation. Furthermore, a few studies have shown
that performance improvements after sprint train-
ing are not related to increased enzyme activity.
Likewise, the comparative lack of detraining data
makes for inconclusive analysis particularly with
regard to the time frames required for training ef-
fects to be negated both in performance terms and
measurable metabolic changes. Nevertheless, with
the data available, the effects of detraining appear
to be very limited within the first 2 weeks, with
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negligible changes both in performance and enzyme
levels reported. Furthermore, even 7 weeks or longer
of detraining does not appear to completely elimi-
nate the effects of the previous sprint training. Sprint
training appears to have little influence on resting
muscle substrate levels. However, very intense, high-
volume training may cause reductions in muscle
ATP, but these reductions are unlikely to affect per-
formance improvements. Sprint training does ap-
pear to increase anaerobic capacity and muscle
buffering ability. Currently, however, there is a lim-
ited body of literature on short-sprint training with
studies using different qualities of enzyme analy-
ses, different training programmes and analytical
techniques providing a less than complete picture
of the muscle adaptation. Hence our understanding
of metabolic adaptations to sprint training/detrain-
ing and the manner in which these adaptations con-
tribute to changes in performance is not quite com-
plete. Further research, particularly focussing on
very short-sprint training, is necessary in this area.

2. Morphological Muscle Adaptations

Skeletal muscle composition may influence
sprint performance in a number of ways. Muscle
contraction speed and strength are determined
largely by muscle fibre type, sarcoplasmic reticu-
lum (SR) adaptation and muscle cross-sectional
area. Moreover, skeletal muscle is a plastic tissue
that can be modified by a variety of exercise train-
ing interventions. The following section describes
changes in muscle contractile characteristics that
have been observed after sprint training and de-
training.

2.1 Muscle Fibre Type

A number of different classification systems have
been used to describe the different contractile prop-
erties of skeletal muscle fibres (see Pette and Sta-
ron!®3 for a more complete review of this area).
Brooke and Kaiser!®¥ devised a method that en-
abled muscle fibres to be categorised as slow twitch
(type D), fast twitch oxidative-glycolytic (type Ila),
and fast twitch glycolytic (type IIb) based on the
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different pH sensitivities of their myosin ATPase
activity. It was believed that myosin ATPase histo-
chemistry was able to accurately reflect the expres-
sion of myosin heavy chain (MHC) isoforms in indi-
vidual muscle fibres. However, more recent work
has revealed that myosin ATPase histochemistry
can only identify the predominant MHC isoform
contained in individual muscle fibres.[05:66] MHC
isoform expression is a major determinant of the
contractile characteristics (eg. force development)
of skeletal muscle.l®7:98] As it has been shown that
individual muscle fibres may contain more than
one MHC isoform ,1°0:%1 myosin ATPase histochem-
istry may not be sensitive enough to accurately assess
the contractile character of skeletal muscle tissue.
More sensitive techniques such as electrophoresis
and immunocytochemistry are now being used to
determine the proportion of MHC isoforms con-
tained in individual muscle fibres and the muscle
as a whole. Nevertheless, histochemistry has re-
mained widely used within training literature and
as such will still be referred to in this review al-
though its limitations are noted.

Classification of MHC subtypes in human skel-
etal muscle is a matter of some debate with some
authors referring to the three major subtypes as I,
I1a and 1Ib79 while others suggest that the type 1Ib
human MHC is more akin to rodent IIx MHC!7!-72]
and hence refer to it as IIx. Nevertheless, it appears
there is a continuum of MHC isoforms from type
I—IIb/IIx, with transitional types between the ma-
jor subtypes being commonly reported.!”3-75 Indi-
cations from animal and human studies indicate that
type IIb/IIx MHC exhibit highest power outputs,
type ITa MHC intermediate power output and type
I MHC exhibits the lowest power outputs.[67.70] Re-
cent in vitro analyses of human skeletal muscle sug-
gest that MHC isoforms (I, ITa and IIb/IIx) are im-
portant determinants of the force of a fibre and power
per unit area characteristics (IIb/IIx>IIa>I).[07-08]
Furthermore, the maximum unloaded shortening
velocity of type IIb MHC is approximately ten times
faster than type I MHC.!97! Therefore, a higher per-
centage of type IIb MHC, or a change in MHC
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isoforms towards greater type IIb expression after
sprint training, would be advantageous for individ-
uals wishing to improve sprint performance.

2.1.1 Fibre Type Adaptations to Sprint Training

Adaptations of the contractile apparatus to a
variety of training types has been previously re-
viewed!”! with endurance training appearing to in-
duce a shift toward type I (Ilb—Ila—I), and it was
suggested by Pettel7%] that both sprint and strength
training induce a comparable transition. While there
are certainly some similarities (i.e. often a decrease
in IIb is reported) there do appear to be adaptations
specific to the more anaerobic nature of sprint and/or
strength training that are further discussed below.
Although it should be noted that it is somewhat
difficult to discriminate, with respect to adaptations,
between effects of volume and the type of stimulus.
At this point it should also be noted that with ex-
perimental participant numbers between 6 to 18 in
the reviewed studies (table II) the results may not
be completely representative of a typical popula-
tion or indeed indicative of the adaptation in elite
athletes or those of a mature training age.

Sprint runners have a larger percentage of type
II fibres than other athletes!*?! and indeed sprint
performance has been strongly correlated with the
percentage of histochemically typed type II fi-
bres.[10.79-81] Fyrthermore, examination of the con-
tractile nature of whole muscle using stimulated
contractions in cross-sectional studies demonstrates
that sprint athletes have greater rates of both force
development and relaxation than what is seen in
untrained or endurance trained individuals.[82-83]
Such characteristics would appear to be a logical
adaptation to the demands of sprint exercise, there-
fore, it is often assumed that an increase in type II
fibre percentage would be a natural adaptation to a
period of sprint training. While this is the case in
some sprint-training studies (table IT),[19-13.1524] other
studies have, surprisingly, shown either a decrease
in the percentage of type II fibres (accompanied by
an increase in the percentage of type I fibres) after
sprint training!3-%78) or no change in MHC or histo-
chemically typed muscle composition.['!:12771 Poten-
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Table Il. Summary of sprint-related studies investigating fibre type/MHC isoform changes in response to sprint training

Study n Training  Training type/frequency Performance changes Change in proportion fibre
duration type/MHC isoforms
Allemeier et al."™ 11 6wk 30 sec cycle sprints, No significant changes Significant increase in lla MHC
2-3 x week (8.7%), significant decrease in llb
(5.5%), insignificant decrease in |
(3.2%) [I-lla<IIb]
Andersen et al.! 6 3mo Sprint athletes, weight training  Significant improvement in 40  Significant fibre shift (I—>lla«IIb),
and sprints (varied distances), and 20m sprint times observed both histochemically
6 d/wk and electrophoretically
Cadefau et al.lf] 13 8mo Young sprint athletes, sprint Improvement of both 60 and  ~8% significant increase in type |
running 0-500m, plyometrics,  300m times and insignificant decrease in lla,
weights etc., frequency not b, c (I«lla«lIb)
reported
Dawson et al.['%) 9 6wk 30-80m sprints, 2-4 min Significant improvement of ~10% significant increase in FT
recovery, 3 x week 40m time and corresponding decrease in
ST (I-11)
Esbjornsson et al.l’/l 16 4wk 30 sec cycle sprints (20 min No significant changes in No significant changes
recovery), 3 x week males, significant increase in
peak and mean power in
females
Esbjornsson et al.['3 11 6+ 1wk 10 sec cycle sprints, 50 sec Insignificant (7%) increase in ~ Significant fibre shift (I-lla«Ilb)
recovery, 3 x week for weeks  peak power in initial 6wk, increased type | and
1-6, 14 x week for week 7 decreased IIb in week 7
Harridge et al.l'"] 7 6wk 3 sec cycle sprints (30 sec Increase in crank torque at all No significant changes
recovery), 4 x week workloads, increased time to
peak tension in muscle twitch
Jansson et al.l24 15 4-6wk 15 and 30 sec cycle sprints, No change Significant decrease in type |
2-3 x week (9%), increase in lla (6%),
insignificant increase in 1lb (4%)
[I-=lla—lIb]
Jacobs et al.['%] 11 6wk 15 and 30 sec cycle sprints,  No change Significant increase (~7%) in type
2.5 x week. lla and insignificant (~10%)
decrease in type | (I—>lla<Ilb)
Linossier et al.l®] 10 7wk 5 sec cycle sprints (55 sec Significant increase in peak  Significant decrease in llb (8.5%),
recovery), 4 x week force, power and velocity significant increase in | (8%)
[l-lla«lIb]
Ortenblad etal.l? 9 5wk 20 x 10 sec cycle sprints Increased total work and No significant changes
(50 sec recovery), 3 x week average power
Simoneau etal.’® 19 15wk Cycle sprints at 60-90% Not reported 6% significant increase in type |,

intensity, 4-5 x week, 15-90
sec efforts

6% decrease in lIb (I«lla«Ilb)

FT = fast twitch; MHC = myosin heavy chain; n = number of participants; ST = slow twitch; — and « indicate the direction of the fibre type

shift.

tially, those studies reporting the non-advantageous
fibre adaptations may reflect their use of inappro-
priate training protocols, including some endurance
work or only prolonged sprinting,[%7778 or insuf-
ficient recovery between repetitions (possibly-111)
or training too frequently (possibly!>781) or finally
insufficient total training duration for measurable
significant adaptation (possibly!’71). While it is not
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possible to make conclusive judgements with the
data available it may be hypothesised that de-
creases in the percentages of type II fibres may be
related to the training being in some way excessive
or inappropriate for the individuals involved.

The mechanisms or factors that stimulate a change
in muscle contractile characteristics [e.g. towards
[Ib/IIx (I—>ITa—IIb/IIx)] are uncertain and likely
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to vary between individuals. However, there are a
number of studies examining physiological factors
that are thought to be influential. Firstly, both stretch
and stimulation have been shown to cause repres-
sion of IIb myosin in rabbit tissue, with the authors
suggesting the IIb is the default gene, that is, it
responds positively to a lack of stimulation, name-
ly, rest.[841 This theory has received support in fur-
ther animal research with the enforced unweight-
ing of rat hind limbs causing a significant increase
in IIb MHC isoforms in postural muscles.® Sec-
ondly, stimulation intensity and recovery duration
between bouts of stimulation have been examined in
denervated rat tissue with three different stimulation
groups; low frequency stimulation (20Hz) every
15 seconds, high-frequency stimulation (150Hz —
suitable for recruiting large fast twitch motor units)
every 15 seconds, and high frequency stimulation ev-
ery 15 minutes plus a nonstimulated control group. (86
After ~2 months of stimulation the resulting anal-
ysis found nonstimulated tissue was 79% Ila/llx,
and both low- and high-frequency stimulation every
15 seconds produced tissue that was ~90% Ila/IIx.
In contrast, high-frequency stimulation every 15
minutes was only 52% Ila/IIx and 45% the more
rapidly contracting IIb. Such results suggest the
importance of recovery and training frequency in
muscle adaptation, although a fourth stimulation
group combining low frequency stimulation on 15-
minute intervals may have made the results more
discriminating. Nevertheless, the data suggest that
recovery duration may be a factor contributing con-
tractile adaptations. Finally, general overloading of
muscle has also been examined in rat tissue via the
surgical removal of synergist muscle, the remain-
ing muscle showing an increase in histochemically
typed type I fibres.[87]

In more applied sprint studies with human par-
ticipants some similarities with the work of Ausoni
and associates!®! can be seen. As previously sug-
gested (table II), a number of the sprint studies that
have produced a shift toward type I (I«<—ITa<IIb)
have used protocols with sprints of excessive du-
ration and/or frequency with short recovery peri-

© Adis Infernational Limited. All rights reserved.

ods between repetitions.[>013.781 As prolonged sprint-
ing involves a considerable amount of aerobic energy
production ,[27:29:30] an increase in type I fibre per-
centage may indeed be a positive adaptation. Sim-
ilarly, repeated sprints with inadequate recovery
tax the ability of the muscle to oxidise lactate and
resynthesise PCr. An increase in type I fibre per-
centage may benefit these two aerobic processes.
Therefore, the influence sprint training has on mus-
cle fibre type transition is likely dependent upon
the nature of the sprint training protocol under-
taken.

Muscle fibre type changes may also be related
to the frequency of training. Esbjornsson et al.[!3]
found that 6 weeks of sprint training (repeated 10-
second sprints) performed three times a week in-
duced a significant increase in the percentage of Ila
muscle fibres. In contrast, when participants trained
twice daily for an additional week, an increase in
the percentage of type I muscle fibre was observed;
however, this trend was not in evidence in all par-
ticipants and no changes in performance (peak or
mean power) were reported. Furthermore, as his-
tochemical rather than the more sensitive electro-
phoretic techniques were used, strong conclusions
are difficult to draw from the study. A follow-up
study with similar methodology, although perhaps
with more sensitive performance measures and di-
rect examination of MHC adaptation, would be a
worthwhile addition to the literature. Nevertheless,
such research illustrates that potentially the fre-
quency of sprint training may influence the nature
of changes to muscle contractile characteristics. The
substantial increase in volume in the overload week
of the Esbjornsson et al.['3] study, however, con-
founds whether changes are caused by excessive
volume of training or excessive frequency of train-
ing. Nevertheless, the time frame for such changes
appears to be rapid, with significant adaptation pos-
sible within a week.!13:87]

In those papers where electrophoretic techniques
have been used, there typically appears to be a bi-
directional shift towards IIa I—Ila<IIb).[414 An-
derson and associates!*! used well trained sprint ath-
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letes and reported such a shift (I—>Ila<IIb) with a
17.6% increase in type Ila MHC isoforms in re-
sponse to three months of contemporary (including
resistance training) sprint training using both histo-
chemical and electrophoretic techniques. In par-
allel with the MHC adaptations both acceleration
times (0-20m and 0-30m) and maximal velocity
(flying 20m) improved during this period. Simi-
larly, Allemeier etal.['#! observed an increase in the
percentage of type Ila MHC and a concomitant de-
crease in the percentage of type IIb MHC after 6
weeks of sprint training involving prolonged (30-
second) sprint cycle bouts. A nonsignificant decrease
in type I MHC (3.2%) was also in evidence in their
results. Interestingly, no change in histochemically
determined fibre type was evident after sprint train-
ing in this particular study, perhaps showing the
lack of sensitivity of this technique. In comparison
to the Anderson et al.[*! study, the smaller increase
in Ila MHC numbers (8.7%) in this study!'* was
reflected in no significant change in sprint perfor-
mance (peak or mean power) and is perhaps a func-
tion of the shorter training period (6 weeks vs 3
months).

Individual differences and genetic predisposi-
tion to different types of training would also appear
to influence muscle fibre adaptations in response to
sprint training.[!3-1%711 Linossier and associates!!°]
reported two subgroups with essentially opposite
fibre type adaptations (histochemically typed) to
sprint training with short recovery. Although their
participants were reportedly ‘untrained’ it is con-
ceivable that there may have been substantial dif-
ferences in the levels of conditioning among indi-
viduals at the commencement of training, which may
have influenced adaptations. However, an equally
plausible suggestion is that the genetic makeup that
maintains a high proportion of type IIb MHC iso-
forms despite a heavy training load may be what
discriminated these subgroups, and potentially such
a genotype may also distinguish elite sprint per-
formers from the sub-elite. Similarly, such a genetic
profile may explain the shift to fast twitch charac-
teristics seen among certain individuals in the work
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by Esbjornsson and associates./'3! Furthermore, this
may give some explanation to the high training fre-
quency and still positive contractile adaptation seen
with the elite sprint athletes examined by Anderson
and associates!*! (table II). Again, further use of
electrophoretic technique studies would be advan-
tageous in the majority of these studies to more
closely examine individual adaptations to sprint train-
ing regimens of different types.

2.1.2 Fibre Type Adaptations to Rest and/or

Reduced Training

As has been discussed in section 2.1.1 and table
II, somewhat in contrast to the potentially benefi-
cial shift toward the explosive type IIb/IIx fibres,
the common adaptation to most sprint-training in-
terventions is a decrease in type IIb/IIx MHC and
an increase in type Ila MHC (often [—>Ila<IIb).
Interestingly similar responses have been reported
in response to resistance training.[20:88:891 Type Ila
MHC are more fatigue resistance than type IIb MHC
and may be a more suitable adaptation for the sprint
athlete as the ability to resist fatigue, even during
very short sprint bouts, can play a role in determin-
ing sprint performance. Alternatively, if the IIb de-
fault gene theory of Goldspink and associates!®4] is
considered the shift to type Ila MHC observed after
most sprint-training research interventions may be
because these training protocols allow insufficient
rest and may not optimise muscle fibre adaptations.

Anecdotal evidence suggests that short-sprint
performance is usually greatest following a period
of rest or reduced training such as a competition
taper. Recent research assessing changes in the mus-
cle contractile elements may provide some clues as
to some of the mechanisms involved. Indeed, An-
derson and Aagaard? have recently demonstrated
the overshoot phenomenon whereby the percent-
age of type IIb/IIx MHCs can actually increase be-
yond pre-training levels when resistance training is
followed by a 3 month period of inactivity. Further-
more, no significant differences in dynamic power
from O to 15 seconds were found when comparing
the post-training and post-detraining results. That is,
this power measure did show a significant and rel-
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atively long lasting, improvement from pre-training
and it is likely that sprint performance would re-
spond similarly. It is also notable that dynamic power
after 15 seconds (15 to 40 seconds) declined back
to pre-training levels as a result of detraining, per-
haps indicative of the probable difference in re-
sponses of short (<10-second) and prolonged (>10-
second) sprinting to detraining. Similar fibre type
shifts have also been reported in other studies as a
result of detraining.[73-85%0] This overshoot phenom-
enon may explain why other researchers have found
that performance decrements in short sprint and
power tests are often negligible despite substantial
periods of detraining and likely decrements in en-
zymatic adaptations and cross-sectional area.!!9-20-30]
Similarly, large increases in rate of torque devel-
opment in a stimulated twitch have been reported
as aresult of a detraining period following 8 weeks
of resistance training.®!1 Additionally, in the most
extreme example of human detraining (i.e. long-
term deafferentation via spinal cord injury fibre)
composition changes are most radical with almost
a complete shift toward IIb being commonly re-
ported.I”> These types of results and the noted ad-
aptation toward IIb with rest has prompted some
elite sprint coaches/scientists to advocate interspers-
ing phases of recovery with those of high training
load in an effort to maintain the high IIb status of

untrained muscle.[?! Clearly, further research is nec-
essary to quantify how best to schedule training and
recovery cycles to optimise skeletal muscle and per-
formance adaptations to sprint training.

2.2 Muscle Fibre Size

As can be seen in table III sprint training alone
does not appear to increase muscle fibre size signifi-
cantly during short-term (6 to 7 weeks) training pe-
riods often despite performance improvements.-14]
However, significant increases (5 to 16%) in both
type I and type II fibre area have been observed
after sprint training ranging in duration from 8 weeks
to 8 months.[*8! Similarly, significant increases in
total muscle volume have been reported following
9 weeks of sprint cycle training.!!?]

With prolonged detraining, muscle fibre cross-
sectional area would be expected to decrease, par-
ticularly in fast twitch muscle, which has been shown
to hypertrophy as a result of sprint training. Indeed,
as shown in table IV, among elite power trained
athletes some decrease in cross-sectional area has
been shown in fast twitch muscle within 14 days
of detraining, despite no decrement in jump perfor-
mance.?!! In contrast, a swim training taper involv-
ing a reduced total volume of work but an increased
proportion of sprint work elicited a significant 24%
increase in type Ila cross-sectional area.l?l How-

Table lll. Changes in muscle fibre cross-sectional area with sprint training

Study n Training  Training type Performance change Change in fibre
duration diameter/muscle size

Allemeier et al.[4] 11 6wk 30 sec cycle sprints,  No significant changes 6-12% insignificant increase
2-3 x week

Cadefau et al.[9 13 8mo Sprint running Improvement of both 60 and ~8-16% significant increase*
0-500m, plyometrics, 300m times
weights etc.

Harridge et al.['] 7 6wk 3 sec cycle sprints Increase in crank torque at all 3.7-6.7% insignificant increase
(30 sec recovery), workloads, increased time to peak
4 x week tension in muscle twitch

Linossier et al.®! 10 7wk 5 sec cycle sprints Significant increase in peak force,  Significant ~10% decrease in
(55 sec recovery), power and velocity ST diameter,* ~6% decrease in
4 x week FT diameter

Sleivert et al.l®! 8 14wk 10 sec cycle sprints  Significant improvement in power  ~5-10% significant increase*

(120 sec recovery),
3 x week

output from 0-15 sec in cycle sprint

FT = fast twitch; n = number of participants; ST = slow twitch; * indicates p < 0.05.
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ever, more global measures of muscle volume have
shown no decrease in total muscle volume follow-
ing 7 weeks of detraining, with quadriceps and mus-
cle volume remaining significantly elevated over
pre-training values.!!]

From the aforementioned results cross-sectional
area would not appear to be the greatest determi-
nant of sprint performance particularly with regard
to short-term adaptation. Hypertrophy in conjunc-
tion with maintenance or improvement of the type
II/T ratio, however, would be expected to improve
power and thus sprint performance in the longer
term and would appear from the physique of cur-
rent elite sprint athletes to be a prerequisite to suc-
cess at the top level. Nevertheless, this is not an
easy goal to achieve, with the majority of the liter-
ature on highly hypertrophied/body builder human
participants demonstrating slower contraction/re-
laxation characteristics than untrained individu-
als® and a strong MHC or fibre type shift away
from IIx/IIb toward Ila and possibly type 1.9495] In
addition to the negatively altered contractile prop-
erties, the additional bodyweight from excessive
hypertrophy is also likely to be performance limit-
ing for weight-bearing sprint modalities such as
running.

2.3 Sarcoplasmic Reticulum Adaptations

The SR plays a critical role in muscle contrac-
tion and its actions may strongly regulate both muscle
rate of contraction and relaxation. Release of Ca**
from the SR is believed to permit muscle contrac-
tion to occur by exposing the active sites on the
muscle actin and allowing myosin to attach. Sub-
sequent reuptake of Ca2* occurs on the completion
of the contraction via an active transport system
(Ca2*-ATPase) that pumps Ca%* from the cytosol
back to the SR.[°®! A greater development of the SR
allows the release and reuptake of the Ca®* to occur
more quickly, hence the size and structure of the
SR is crucial to muscle contraction and relaxation
rate (RR).

Evidence suggests that muscle twitch contrac-
tion time is inversely related to the fractional fibre
volume of the SR.[°7T It is known that fast twitch
muscle contains approximately twice the volume
and area of terminal cisternae as slow twitch mus-
clel®l and has faster reuptake of Ca>*.[%1 Further-
more, fast twitch fibres have 5 to 7 times greater
Ca?*-ATPase enzyme density and consequently such
fibre has the ability to rapidly fluctuate force lev-
els.[100 However, recent research suggests that fi-
bre type alone does not determine SR structure (in-
cluding Ca%*-ATPase isoform density) and volume

Table IV. Changes in muscle fibre cross-sectional area with sprint detraining

Study n  Detraining/ taper Prior training type

duration

Performance change Change in fibre

diameter/muscle size

Hortobagyi et al.®'l 12 14d detraining ~ Power training, well

trained athletes

Linossier et al.[% 7 7wk detraining 5 sec cycle sprints for
9wk
Trappe et al.l! 6 21d taper Swimming training

including sprinters

6.4% decrease in FT
area (significant®)
5.2% decrease in ST
area (insignificant)
No decrease in peak speed or peak force ~9% increase in type
after detraining (still significantly greater |, ~4% decrease in
than before training) type lla, ~13%
decrease in llb (all
insignificant). No
change in total
muscle area

24% increase in lla
fibre CSA,* no
change in type | CSA

No change in vertical jump (insignificant
increase in counter movement jump and
drop jump)

4% increase in swim performance,
increase in swim bench power, increase
in shortening velocity of type | and lla,
increase in peak force of lla fibres

CSA = cross-sectional area; FT = fast twitch ; n = number of participants; ST = slow twitch; * indicates p < 0.05.
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in muscle fibre.['?] It is known that there can be
adaptation of the SR in response to training (see
Greenl!!%! for a more comprehensive review in this
area); however, the body of work on adaptation to
sprint training is very limited.

@rtenblad and associates!!?] have provided in-
direct evidence to suggest that the volume of SR
in muscle may increase as a result of 5 weeks of
sprint training, without causing concurrent changes
in MHC isoform composition. In addition to im-
proved sprint performance (notably increased work,
rate of power development and average power per
kg), their results showed a significant increase in
the rate of Ca2* release. However, the rate of re-
laxation was unchanged as was SR Ca**-ATPase
capacity. Nevertheless, analysis of the Ca** -ATPase
isoforms demonstrated large significant increases
in ATPase isoforms of both slow and fast calcium
pumps, providing some evidence to suggest a slow
to fast transformation might be occurring. How-
ever, the immunoblot technique used to assess
changes in the Ca?* -ATPase isoforms does not as-
sess functionality, which may account for the large
increase in Ca?* -ATPase isoforms and no change
in RR or SR Ca?*-ATPase capacity. It is possible
the time frame for these isoforms to reach a fully
functional state and thus for the change in volume
of isoforms to be reflected functionally via an in-
creased RR and increased SR Ca**-ATPase capac-
ity, may have been longer than the duration of the
study. Similarly, rapid changes in SR function such
as Ca?* uptake capacity and Ca?*-ATPase (and as-
sociated changes in force production) have been
reported in response to denervation[!?!l or long-
term stimulation!!%?! and have been shown to occur
more rapidly than MHC changes or histochemi-
cally typed fibre adaptation. As with the @rtenblad
et al.l'?] study these results suggest that there is a
different time course in the development of SR and
MHC adaptations in response to training and that
the rapid adaptation to a training stimulus may be
caused by SR-mediated changes in Ca?* release.

In view of the aforementioned results, SR and
Ca®*-ATPase-mediated adaptations may also explain
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contractile changes as a result of a period of ta-
pered training. Trappe and associates!®3] have pro-
vided evidence showing increased peak force in
type Ila fibres and dramatic increases in maximal
unloaded shortening velocity in both type I and Ila
muscle fibres as a result of tapered training (with
an increase in sprint emphasis).

Such results suggest that sprint training and or
reduced training may be able to modify contraction
characteristics/performance of skeletal muscle with-
out or before changes in MHC, and may account
for some positive performance adaptations seen in
table II, despite negative or no measurable change
in fibre type adaptations. Further work is required
to establish the time frame for these adaptations
and the resilience of such adaptations to detraining.

2.4 Muscle Conduction Velocity as a Further
Indicator of Structural Change?

Muscle conduction velocity (MCV) is defined
as the speed of impulse/action potential transmis-
sion from the motor point along the length of a mus-
cle. MCV has been correlated with muscle half re-
laxation time, rise time and twitch torque; however,
it is likely that these correlations come about as a
function of MCV being largely determined by mus-
cle fibre type and fibre cross-sectional area.!!03.104]
As such, measurement of MCV or changes in it
may be only indirectly related to changes in muscle
contractility and, more directly, reflect muscle fi-
bre type (notably membrane excitability charac-
teristics) and diameter. Nevertheless, MCV provides
an indication of the contractility of a relatively large
portion of the entire muscle, whereas fibre type and
cross-sectional area are usually determined using
a highly localised muscle biopsy sample. Further-
more, the non-invasive nature of the MCV tech-
nique makes it a potentially more useful measure
for muscle level adaptations to training.

To date, only one cross-sectional study has been
conducted using sprint athletes as participants.[103]
This study demonstrated that MCV was significantly
faster in sprint-trained athletes than in endurance-
trained athletes. In addition, muscle conduction ve-
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locity was strongly correlated (r = 0.84) with mus-
cle fibre type measured histochemically from biopsy
samples. Furthermore, the ability of MCV to discrim-
inate between the two athletic groups was greater than
the ability of muscle fibre type measurements to dis-
criminate between the two groups. That is, the slow-
est sprinter’s MCV was greater than the fastest endur-
ance athlete’s MCV; while the same pattern was seen
in the biopsy data, this level of clear group discrimi-
nation was not. This raises the possibility that sprint
performance may be more closely related to MCV
than the previously demonstrated association between
sprinting and muscle fibre type.[#?1 However, further
research is needed to substantiate this possibility.

The research into longitudinal changes in MCV
as a result of sprint training consists of one article
with limited statistical analysis. However, Bianchi
and associates!'%! reported a consistent trend of
increased MCYV as a result of sprint training, par-
ticularly in individuals with a very low initial per-
formance. Similarly, a 16-week resistance training
study!'%! reported a 3.5% increase in MCV although
this was not statistically significant. As discussed
in section 1.2 and presented in table I, a number of
sprint studies have reported a significant increase
in type Il muscle fibres as a result of sprint training.
Such changes and the possible increase in cross-
sectional area of the muscle as a result of sprint
training make it likely that MCV would increase
with appropriate sprint training. Perhaps duplicat-
ing the methodology of one of the aforementioned
sprint studies showing significant changes, and sub-
stituting MCYV for biopsy work, is the next step in
determining the usefulness of MCV measurement
as a means of monitoring adaptation of skeletal mus-
cle to training.

The paucity of MCV research is even more ev-
ident in detraining with sprint or structured power
training/detraining studies being unavailable. De-
spite the lack of sprint-related work, cross-sectional
work with spinal cord patients has demonstrated an
increase in MCV as a result of such extreme detrain-
ing/inactivity.!7] Interestingly, this result parallels
an increase in type IIb/IIx MHC despite considerable
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muscle atrophy. This highlights the importance of
the fibre contractile characteristics in determining
MCV.

2.5 Summary

From this section detailing skeletal muscle fibre
adaptations to sprint exercise, a number of factors
are apparent. Firstly, sprinters have high percent-
ages of type II muscle fibres and these proportions
are well correlated with sprint performance. This
fibre composition is modifiable via sprint training
with most sprint training studies reporting a bi-
directional shift to ITa (I—Ila«IIb/IIx). Training fre-
quency, within session recovery time, duration of
sprint repetition and general load on a muscle ap-
pear likely to influence contractile adaptations. A
prolonged period of sprint training induces muscle
hypertrophy, particularly in fast twitch muscle. Sprint
training further modifies the muscle contractile
characteristics via increased development of the
SR, not necessarily in conjunction with changes in
MHC isoforms. Individuals exhibit differences in
these adaptations to similar training regimens pre-
sumably because of genetic differences or previous
training history discrepancies. Detraining eventu-
ally causes a shift in muscle fibre composition to-
wards type II; however, atrophy will also occur af-
ter prolonged disuse, hence balancing this trade off
is the challenge for individual athletes and their
coaches. Finally, MCV is a non-invasive indicator
of muscle fibre type and fibre diameter, which in
future may prove useful in optimising training re-
gimens with respect to muscle fibre adaptations.

3. Conclusions and Applications

At the most basic level it can be concluded that
short-sprint performance can be improved by sprint
training in the modality being measured. The pre-
cise characteristics of training that result in the great-
est improvements in performance remain uncertain
and likely will differ substantially between individ-
uals. However, optimal fibre type/MHC adaptations
may be induced for most individuals, with a less
frequent and lower volume of total training than
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that seen in most contemporary programmes. As
such, rest and recovery would appear to be under-
valued training variables. Furthermore, it would ap-
pear that some changes in MHC isoforms begin to be
expressed within a week of heavy (I«—Ila<IIb/IIx)
or perhaps tapered training (potentially I—Ila—
IIb/IIx). Although positive adaptations to MHC pro-
files may occur in response to reduced training,
lower training volume and frequency may not be
optimal for enzymatic, SR and muscle fibre size
adaptations. Nevertheless, the effects of detraining
on short sprint or power performance as well as
metabolic adaptation appear less severe than may
have been reasonably anticipated. Longer sprints
(>15 seconds), however, may be more adversely
affected by detraining than short sprints. These fac-
tors have important implications for the design of
the annual training plan for a short sprint athlete.
In many cases athletes and coaches are often at-
tempting to concurrently maximise adaptations that
seem to require increased volume of training (en-
zymes, muscle fibre size, SR adaptation, enzymatic
adaptation) and those that may respond optimally
to reduced training (i.e. MHC composition). This
may not be the most effective approach, although
currently it is not possible to suggest with any cer-
tainty as to what the optimal short sprint training
protocol is and likely it would differ substantially
between individuals.
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