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Sport-specific fitness testing differentiates professional from
amateur soccer players where VO,, .. and VO, kinetics do not

C. M. WELLS !, A. M. EDWARDS 2, E. M. WINTER !, M. L. FYSH !, B. DRUST 3

Aim. The purpose of this study was to identify if sport-specific
and cardiopulmonary exercise testing differentiated profes-
sional from amateur soccer players.

Methods. Thirty six men comprising 18 professional (meanzs:
age 23.2+2.4 years) and 18 amateur (mean+SD: age 21.1+1.6
years) soccer players participated and performed four tests
on separate occasions: 1) a graded exercise test to determine
VO,,ax; 2) four exercise transients from walking to 80 %A for
the determination of VO, kinetics; 3) the Yo-Yo Intermittent
Recovery Test level 2 (Yo-Yo IR2) and 4) a repeated sprint
test (RST).

Results. The players did not differ in VO,,,,, (professional
56.5+2.9 mL.kg-l.min!; amateur 55.7+3.5 mL.kg-l.min!:
P=0.484) or VO, kinetic fundamental measures (t; onset, pro-
fessional 24.5+3.2 s; amateur 24.0+1.8 s: T, cessation, profes-
sional 28.7+2.8 s; amateur 29.3+3.5 s: P=0.923). However, the
amateurs were outperformed in the Yo-Yo IR2 (Professional
966153 m; Amateur 840+156 m) (P=0.034) and RST (best
time, professional 6.46+0.27 s; amateur 6.84+0.24 s, P=0.012).
Conclusion. Performance indices derived from field-based
sport-specific performance tests identified significant differ-
ences between professional and amateur players (P<0.05).
However, neither tests of VO, Kinetics nor VO,  differen-
tiated between groups, suggesting laboratory tests of cardi-
orespiratory parameters are probably less consequential to
soccer than sport-specific field-based observations.

KEY worDs: Oxygen consumption - Exercise - Soccer.

hysiological factors which limit performance
during repeated-sprint sports such as soccer re-
main largely conjectural due to the diverse physical
demands of competition.!- 2 This inevitably compli-
cates the identification of characteristics meaningful
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to performance. However, cardiopulmonary fitness
is also often cited as an influential characteristic
of success in soccer due to the large distances and
continual dynamic movement patterns players are
required to perform during a game.3- 4 Nevertheless,
the maximal aerobic capabilities of soccer players
do not approach those of competitively active en-
durance athletes nor does maximal aerobic power
(VO,a) appear to differentiate between players’
training state.5 Several researchers have proposed
that a VO,,,,x of ~60 mL-kg-!'min-! is a minimal re-
quirement for elite professional male soccer perform-
ance,* ¢ but beyond the identification of this maximal
‘threshold’ it is unclear whether a laboratory test of
VO,,..x 18 meaningful.7 It is conceivable that rather
than a test of maximal aerobic capabilities, the abil-
ity to respond to a dynamic exercise challenge may
be of greater consequence to performance in repeat-
ed-sprint sports where the movement characteristics
are dynamically varied and regularly punctuated by
changes in pace.8: 9 These characteristics can poten-
tially be tested by examining outcomes from either
oxygen uptake (VO,) dynamics or purposely de-
signed sport-specific field tests.

VO, kinetics describe the rate with which VO,
adjusts to a dynamic exercise challenge and close-
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ly reflect changes in muscle oxygen uptake in re-
sponse to alterations in exercise intensity.!0. 11 Pre-
vious studies have demonstrated VO, kinetics both
in the moderate-!2 and heavy-intensity domains 13
are improved after short periods of endurance train-
ing, often in the absence of gains in maximal oxy-
gen uptake (VO,,...). Despite this, oxygen uptake
(VO,) kinetics have rarely been compared between
athletes competing at different performance levels
within sports 8 9 14 or after contrasting training re-
gimes.!5. 16 This is surprising since fast pulmonary
VO, kinetics could be advantageous for intermittent
sports such as soccer, where the ability to take in,
deliver, use oxygen effectively and rapidly recov-
er from repeated bouts of high-intensity exercise
could influence performance.”

Fast VO, kinetics at the onset of high-intensity run-
ning reduces the oxygen deficit 13 and hence limits
metabolic acidosis. Similarly, fast VO, kinetics dur-
ing rest periods from exercise reflect enhanced re-
covery capabilities within muscle.!7-19 The net effect
of fast VO,kinetics during both on- and off-exercise
transients would be less disruption to muscle home-
ostasis, which could potentially benefit performance
during subsequent runs.

One investigation has recently suggested profes-
sional soccer players may have faster on-transient
VO, kinetics than amateur players.® However, al-
though the moderate intensity protocol (60% maxi-
mal power) utilised in that study presents useful
new data, higher intensity observations (~70-80%)
have not yet been reported, which is surprising these
observations would be closer to match intensity
(~75% of maximum).4 In addition, no reports have
yet examined off-transient VO, kinetics responses
for comparison of recovery processes. Both high in-
tensity on- and-off-transient VO, kinetics may be of
practical importance for players in situations where
they are required to race to the ball and pace a vari-
ety of high intensity activities over the duration of a
game.2- 20

High intensity VO, kinetics consist of a ‘funda-
mental’ exponential phase (¢2) and a subsequent,
slower developing supplemental rise in VO, termed
the slow component.2! Recent studies have suggest-
ed that the slow component originates from exercis-
ing muscle,!% 22 but controlling mechanisms remain
largely conjectural. Previous research has demon-
strated a slow component response during both the
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on- and off-transients of intermittent high-intensity
exercise.23 As the slow component has been associ-
ated with fatigue processes 24 and shown to be sensi-
tive to differences in training status,25 it would be
valuable to determine VO, responses at high intensi-
ties similar to those performed during high intensity
periods of competitive soccer match-play.22

Numerous field-based fitness tests have been de-
veloped to examine physiological characteristics of
soccer players. For example, repeated sprint tests
and the Yo-Yo Intermittent Recovery Test 26 have
both been used for this purpose, demonstrating per-
formance outcome differences in players performing
at different levels.? Both tests have been included in
this study to identify whether or not sport-specific or
laboratory tests of cardiorespiratory fitness differen-
tiate between professional and amateur players.

The purpose of this study is therefore to identify
if measures derived from both field-based sport-
specific tests and laboratory-based cardiorespiratory
fitness variables differentiate professional from ama-
teur soccer players.

Materials and methods

With institutional ethics approval, thirty six men
comprising 18 professional (mean+SD): age23.2+2.4
years, stature 1.80+0.06 m, body mass 76.4+7.5 kg
and 18 amateur (mean+ SD): age 21.1+1.6 years,
stature 1.80+0.08 m, body mass 75.8+11.4 kg soccer
players participated. All professionals had been on
a full-time contract at an English professional club
for at least two years. During the stage of the season
that this study was conducted, a typical week for the
professionals comprised five training sessions and
one competitive match. Each amateur played in a lo-
cal amateur league and did not train or play more
than three times per week. Prior to the administration
of any test, participants were screened for existing
medical conditions and asked to refrain from intense
physical activity or consumption of caffeine and al-
cohol during the preceding 12 hours.

All players performed four exercise tests, each
separated by four days. An incremental step test pro-
tocol for the determination of VO, max was com-
pleted as the first procedure on a motorised treadmill
(Saturn, HP Cosmos, Nussdorf - Traunstein, Ger-
many). The test began at 8 km-h-! and increased by
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1 km-h-! each min until volitional exhaustion. This
allowed the VO,,,,, to be established and anaerobic
threshold (6, ) to be determined using standard, non-
invasive gas exchange criteria.2” If 6; was difficult to
discern using the above criteria, additional analysis
of the gas-exchange data was performed using venti-
latory equivalents.28 On a subsequent occasion, par-
ticipants exercised four times using a square-wave
treadmill protocol for the assessment of VO, kinet-
ics. Each exercise bout was separated by 30-min of
passive recovery and the exercise intensities corre-
sponded to a comfortable walk (4 km-h-!) for 2-min,
followed by a square-wave bout of 6-min running at
80%A (very heavy exercise domain) where delta was
defined as the difference between 0, and VO, max.
Each square-wave transient was followed by 12-min
walking at 4 km-h-!. The running speed typically re-
quired to elicit 80%A falls within the high-intensi-
ty exercise spectrum identified during competitive
match-play 2, and therefore allows VO, responses to
be assessed at running speeds that reflect those in
competitive soccer.

Two field-based tests established sport-specific
fitness. First, a repeated-sprint test (RST) 29 30 that
comprised seven sprints of 30-m dissected by a 5-m
deviation to the left. Each sprint was separated by a
25-s recovery jog back to the start position. Photo-
electric timing gates (Brower Timing Systems, Salt
Lake City, UT, USA) recorded the time taken to
perform each sprint, while a hand-held stop watch
was used to time the subsequent jog (W-42H, Ca-
sio, China). Test performance characteristics were
recorded as ‘best’ and ‘mean’ sprint times (s), and
also a ‘Fatigue Index’ representing the difference be-
tween best and worst sprint times. Previous research
30 has established that the exercise-to-rest ratio in the
RST reflects the most demanding exercise periods of
competitive match play.

The second sport-specific test performed was the
Yo-Yo IR2.26 This test comprised running 40-m shut-
tles (2x20-m) each separated by a 10-s jog. Running
speed during the test was incremental and dictated
by audio signals from a cassette tape. Maximal per-
formance was adjudged to coincide with the inability
to maintain the dictated running speed and recorded
a total distance covered (m) at the point of test com-
pletion. Performance in the YIRT has been shown
to be positively associated with the amount of high-
intensity running performed during competitive soc-
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cer 31 and distinguishes between players of differing
standard.2 32

Pulmonary gas exchange was measured breath-by-
breath using a respiratory mass spectrometer (MGA
1100, Marquette Electronics Inc, Milwaukee, WI,
USA) and a volume turbine transducer (VMM-110,
Alpha Technologies, Laguna Niguel, CA, USA). A
two-point calibration was performed using two high-
tolerance (+0.03%) gas mixtures (Medgraphics Cor-
poration, St Paul, MN, USA) chosen to span the range
of inspired and expired gas concentrations (Reference
gas 21% O,, 0% CO,, Bal N, and Calibration gas
12% O,, 5% CO,, Bal N,). A successful calibration
resulted in measurement of the reference gas to with-
in£0.03%. Accuracy of the mass spectrometer was
verified immediately after each exercise test using the
same precision gases. A three-litre syringe was used
to calibrate the volume turbine using flow rates simi-
lar to participants’ ventilation. The required tolerance
for calibration was +1%. Gas volumes were corrected
to standard temperature pressure dry (STPD). An al-
gorithm 27 was used to calculate gas exchange at the
alveolar level with corrections for changes in lung
volume and lung gas composition. To reduce the in-
fluence of non-physiological noise, a computer soft-
ware filter (First Breath Software version 2.0, First
Breath Inc, St Agatha, Ontario, Canada, 1992) was
used to eliminate VO, data points that were greater
than three standard deviations of the mean breath-to-
breath difference. The breath-by-breath data were in-
terpolated to give second-by-second values and were
time-aligned to the start of exercise. Mean values for
the four repeated bouts of exercise were taken to en-
hance the underlying response characteristics.

To characterise the kinetics of the VO, response, a
double-exponential model 33 was applied to the data
using a non-linear least-squares fitting procedure for
on- and off-transients.

On-transient:

AVO, (t) = A,(1-e - 3Drel) 4 A, (1-e -(t- 52/ 2)

The amplitude of the slow component for the on-
transient (A,) was characterised to the VO, finally
achieved and that of the fundamental component
(A)) to its asymptotic value.

Off —transient:

AVO, (t) = (A, e 3DAT) 4+ (A,e-(t-3142)

In the case of the off-transient, the fundamental
and slow components were constrained to begin at
exercise cessation.34
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As the initial, ‘cardiodynamic’ phase (¢/) of the
VO, response does not directly represent active mus-
cle O, use, the first 20-s of the on-transient were
omitted from the fitting field. Although the duration
of g1 is likely to be less in recovery, the first 20-s of
the off-transient were thought to be more than suf-
ficient to obviate any distorting influence on the sub-
sequent kinetics.

Accurate estimation of the oxygen deficit requires
determination of baseline VO, and of the VO, demand
for the exercise, with the end steady-state in VO, be-
ing assumed to be the constant O, demand through-
out the exercise. However, it has been suggested that
this approach is not valid for sustained supra-0; ex-
ercise, as the delayed development of the slow com-
ponent during heavy-intensity exercise indicates that
the energy demand does not remain constant.2! The
additional VO, associated with the development of
the slow component during very-heavy-intensity ex-
ercise has actually been demonstrated to exceed the
oxygen deficit calculated from the sub-0; VO, exer-
cise intensity relationship.3> Therefore, the oxygen
deficit values for ¢2 and slow component responses
in this study were calculated separately 13 and then
combined to provide a measure of the total oxygen
deficit incurred during the 80%A run.

¢2 Oxygen deficit=(A; x TD,) + (A; x 1))

Slow component DO, = (A, x TD,) + (A, X 1,)

Total oxygen deficit = ((A; x TD,) + (A, X 1)) +
((A; x TDy) + (A, X 1,))

Statistical analysis

The statistical software package SPSS for Win-
dows (version 11.0; SPSS Inc, Chicago, IL., USA)
was used for all statistical analysis. After verifica-
tion of underlying assumptions, a two-way, mixed-
design analysis of variance (ANOVA) and independ-
ent sample t-tests compared groups as appropriate.
Cohen’s d effect sizes have been included in all tabu-

SPORT-SPECIFIC FITNESS TESTING DIFFERENTIATES PROFESSIONAL FROM AMATEUR SOCCER PLAYERS

lar results for inter-test magnitude (large, medium
and small) comparisons between professional and
amateur groups. The relationships between data sets
were examined using Pearson’s Product Moment
Correlation while the distribution of points around
the regression line was measured by calculating the
standard error of the estimate (SEE). Probability val-
ues equal to or less than 0.05 were considered statis-
tically significant.

Results

VO, test performance

Independent sample t-tests revealed that there
were no differences in cardiovascular fitness or per-
formance measures derived from the VO,,,,, test be-
tween the professional and amateur players (Table I).

VO, kinetic measures for professional and amateur
players

The fundamental @2 time constant for the VO, on-
(1,0n) and off-transients (1) did not differ between
groups (P=0.923) (Table II). The time constant of the
slow component at exercise onset (1,,,) was longer
in Amateurs than Professionals (P=0.034), despite
similar amplitudes (Table II). However, this was not
accompanied by a difference in the slow compo-
nent oxygen deficit (P=0.086) or total oxygen deficit
(P=0.154) between the two groups, despite the ob-
servation of a large effect size difference (d=1.15)
between groups (Table II). There was no difference
in the amplitude of the fundamental response (A,)
between professionals and amateurs at either on-
(P=0.142) or off-transient, (P=0.121). Similarly, the
total “gain” (Grgr) of the on-transient response (i.e
(Ajon + Asor))/AWR) did not differ between groups
(Professional: 256+41 ml-min-!-km-!-h-!; Amateur:

TABLE I.—Physiological and performance measures (mean+SD) from the incremental test to exhaustion for the professional (N.=18)

and amateur (N.=18) players.

Measure Professional Amateur Effect size (d)

VO, (mL-kg-1-min-1) 56.5+2.9 55.7£3.5 0.25

Time to exhaustion (s) 633+55 625+69 0.13

Speed at VO,,,... (km+h-1) 18.5+0.9 18.6x1.1 0.10

VO, at g; (ml-kg-!-min-!) 39.5+2.4 38.1+3.3 0.49
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TABLE II.—On- and off-transient VO, kinetics (mean=s) of professional (N.=18) and amateur (N.=18) players.

Measure Professional Amateur Effect size (d)
7, On (s) 24.5+3.2 24.7+1.8 0.08
T, Off (s) 28.7 £2.8 29.3+3.5 0.19
TD, On (s) 6.7 £2.7 8.55+2.6 0.70
TD, Off (s) 16.3 +2.9 15.3+2.8 0.35
T, On (s) 98.2 £56.6* 142.4+58.6 0.77
T, Off (s) 261.7 £50.2 277.3+41.8 0.34
TD, On (s) 116.7 £9.5 120.4+£9.4 0.39
DO, Phase II (mL) 1406+42 1438+96 0.43
DO, slow component (mL) 117371 1245+52 1.16
DO, total (mL) 2579+85 2683+96 1.15

*significant difference between groups (P<0.05)
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Figure 1.—A representation the 80%A square-wave exercise tran-
sition that was performed four times, each transition was sepa-
rated by 30 min of passive recovery. The walking pace was stand-
ardised at 4 km-h-!, while the running transition varied among
participants according to the criterion of individual 80%A. A, B)
The VO, responses from representative professional and amateur
players during the on- (A) and off-transients (B) from very heavy
intensity treadmill running.
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262+38 ml-min-!-km-1-h-1) (P=0.677). Examples of
typical temporal profiles of the VO, responses dur-
ing the on- and off-transients of exercise for profes-
sionals and amateurs are presented in Figure 1A, B.

Tests of soccer-specific fitness

The professionals covered a greater total dis-
tance in the Yo-Yo IR2 than the amateurs (Table
II) (P=0.034). In the RST, the professionals had
faster “best” sprint times (P=0.012), “mean’ sprint
times (P=0.014) and less fatigue than the amateurs
(P=0.021). Each sport-specific test measurement
demonstrated an effect size difference of greater than
0.8 (large) between Professional and Amateur play-
ers (Table III).

Relationships between physiological and perform-
ance measures

Maximal oxygen uptake was inversely related to
T, both for on- (r=-0.61, N.=18; P=0.001) and off-
transients (r=-0.46, N.=18; P=0.046) for the profes-
sionals, but only with t,,, for the amateur players
(r=-0.66, N.=18; P=0.014) (Figure 2A, B). Both for
professionals and amateurs, there was no evidence
of a relationship between VO,,,,, and measures that
represent the ‘slow component’ (1, and A,) for either
transient.

The total distance covered in the Yo-Yo IR2 was
positively correlated with VO, max for each group
(professional: 1=0.69, N.=18; P=0.014 and amateur:
r=0.73, N.=18; P=0.026)
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TABLE lIl.—Performance (mean=s) in the Yo-Yo IR2 and RST of the professional (N.=18) and amateur (N.=18) players.

Measure Professional Amateur Effect size (d)
Yo-Yo IR2 (m) 966+153* 840+156 0.82
RST ‘best’ sprint (s) 6.46+0.27%* 6.84+0.24 1.49
RST ‘average’ sprint (s) 6.69+0.36%* 7.02+0.25 1.06
RST Fatigue Index (s) 0.36+0.15* 0.51+0.20 0.85
*significant difference between groups (P<0.05); **significant difference between groups (P<0.01).
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Figure 2.—A, B) The relationship between Yo-Yo IR2 perform-
ance and VO, max and 0, for professional (A) and amateur (B)
soccer players.

There were negative correlations between the

distance covered during the Yo-Yo IR2 and t, of
the on-transient when expressed within each group

250

T,,, 1=-0.69, P=0.019 (SEE=1.3s; SEE%=5.73)
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Figure 3.—A, B) The relationship between Yo-Yo IR2 perform-
ance and t for professional (A) and amateur (B) players. For the
amateur players, T is only correlated to Yo-Yo IR2 performance at
the onset of exercise.

(Professional: r=-0.73, N.=18; P=0.017 and Ama-
teur: r=-0.69, N.=18; P=0.019) (Figure 3A, B). The
mean T, of the off-transient was correlated with Yo-
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Yo IR2 performance only in the professional group
(r=-0.59, N.=18; P=0.024). There were no relation-
ships between repeated sprint test measures and any
measurements from the three other tests.

Discussion

The main observation from this study was that
test indices of field-based sport-specific fitness test-
ing differentiated between professional and amateur
soccer players (P<0.05) while neither laboratory test
of cardiorespiratory fitness (maximal or dynamic)
separated the two groups.

Earlier studies have demonstrated performance
gains in soccer players following aerobic training ©
and it is well known that match intensity increases
with the standard of play.2° Therefore, a greater max-
imal aerobic capability (VO,,,,,) might have been
anticipated for the professional players. However,
the VO,,,.« values reported in this study were within
the lower range (56 to 62 mL-kg-!-min-!) previously
reported for professionals3¢ and it has previously
been noted that VO, 1s not particularly sensitive
to change in cardiopulmonary fitness.> Our results
appear to support the contention that although maxi-
mal aerobic capability is important,3: © among ho-
mogenous groups of players, it might not be critical
to success in soccer.

The t,,, values for in the current study (profes-
sional =24.5+3.2 s; amateur =24.7+1.8 s) also did not
differ (P=0.923) and are similar to those previously
reported for amateur soccer players (23.1+5.7s),7
while being equivalent or slower than those recorded
for recreationally active and endurance trained in-
dividuals (21.5+8.5 ;37 21.2+8.2 ;38 19.1+1.4 s).39
Our results for professional and amateur players re-
sults are substantially faster than those reported re-
cently in response to moderate intensity exercise for
both professional (27.2+3.5 s) and amateur (32.3+6
s) Italian soccer players.8 Differences in methodolo-
gies across exercise intensity-domains complicate
further comparisons between studies, however, fur-
ther confirmatory investigations utilising both high
and low intensity protocols may indicate whether or
not moderate intensity observations are meaningful
to soccer performance.

The only difference in aerobic measures in this
study between the professional and amateur play-
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ers was the time constant of the slow component
response (T,,,), Which was longer in the amateurs
(P=0.034; d=0.77) despite the similarity in ampli-
tude of the slow component between the two groups.
However, the physiological meaning of this result is
unclear as the faster 1,,, of the professionals is not
supported by differences in the phase III oxygen
deficit (DO,) between the two groups (profession-
al 1173+£71 mL; amateur 1245+62 mL) (P=0.086).
Mean DO, was only 6% larger for the amateur play-
ers, which supports the view that, although aerobic
factors are clearly of some importance, they are
probably not defining physiological characteristics
of successful soccer players. This also suggests that
the differences in the sport-specific tests between
groups are unlikely to be attributable to the rate at
which the slow component develops. Furthermore,
previous observations have demonstrated that it is
the amplitude of the slow component that is critical
for performance,?> with a decreased amplitude after
training being proposed as an indicator of enhanced
tolerance for high-intensity exercise.

It is also conceivable that the difference in t,,, ob-
served between the professionals and amateurs could
be attributed to the complexities of fitting an expo-
nential model to such a small, delayed and slowly
emerging amplitude. For example, the exponential-
ity of the slow component response cannot be as-
sumed when T, is extremely slow; it is plausible that
a linear model would sufficiently characterise such a
response.32 Furthermore, a two-component model as
used in this study that contains several free param-
eters will lower confidence in parameter estimation
by 1) reducing the degrees of freedom; and 2) creat-
ing a shared dependency across the parameters.3°

The small signal-to-noise ratio inherent in slow
component measurements will also contribute to low
confidence in parameter estimation. Unpublished re-
search from our laboratory revealed during an 80%A
run by recreationally active males who possessed
similar aerobic fitness to the soccer players in this
study, signal-to-noise ratios of 39% for 1,., and 38%
for 1,4 Based on these data, thex95% confidence
intervals 40 for 1, measurements were estimated to
be+33.0 s for the on- and+120 s for the off-transients.
In comparison, the signal-to-noise ratio for the @2
phase of 80%A running among the recreational ath-
letes studied was 7.2% for the on-transient and 5.4%
for the off-transient. Such enhanced signal-to-noise
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ratios produced smaller 95% confidence interval es-
timates for T, of£1.21 s for the on- and+1.48 s for the
off-transient. Although the most appropriate method
to characterise the slow component remains unclear,
a two-component model separates the fundamental-
and slow-component responses and offers an indica-
tion of the dynamic qualities of these components.

In contrast to the relative similarity of VO, and
VO, kinetics between professionals and amateurs,
sport-specific test performances of the two groups
significantly differed. This outcome can easily be
discerned via examination of effect sizes (Table III)
as, for all sport-specific variables, the outcomes were
above the threshold for large effects (Cohen’s d ef-
fect size >0.8) (Table III).

The professionals outperformed the amateurs both
on the Yo-Yo IR2 and RST which is consistent with
recent observations,® suggesting applied ‘fitness’ re-
lated to the performance demands of the sport. The
mean total distance covered in the Yo-Yo IR2 both by
professionals (966+153 m) and amateurs (840+156
m) compared reasonably well with the range speci-
fied in an earlier study of elite male players (600-
1320 m).2¢ The sensitivity of the Yo-Yo IR2 to differ-
entiate between performers of different standard has
been reported previously,? 31 which indicates that
the test is sensitive to differences in sport-specific
fitness. In the RST, professionals were faster over
a single sprint (best time: professional 6.46+0.27 s;
amateur 6.84+0.24 s: P=0.012), maintained a faster
speed over the seven sprints (mean time: Profession-
al 6.69+0.36 s; amateur 6.84+0.24 s: P=0.014) and
hence demonstrated less fatigue (fatigue index: pro-
fessional 0.36+0.15 s; amateur 0.51+0.2 s: P=0.021).
The RST performance by both groups was compara-
ble or superior to that previously reported by 29 for
elite Danish players (best time 6.80 s; mean time
7.10 s; fatigue index 0.64 s), indicating the amateurs
were well-trained for repeated sprints.

The duration of the Yo-Yo IR2 suggests an aero-
bic element is involved in the test performance so
it is unsurprising to see an association both with
VO, max (Professional: r=0.69, N.=18; P=0.014 and
Amateur: r=0.73, N.=18; P=0.026) and t,,, (Pro-
fessional: r=-0.73, N.=18; P=0.017 and Amateur:
r=-0.69, N.=18; P=0.019). This observation sup-
ports earlier studies that demonstrated the relevance
of cardiopulmonary fitness in the performance of
prolonged, high-intensity intermittent exercise.29 41
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However, the lack of association between t,,, and
RST performance is in contrast to the positive corre-
lation reported by Dupont’ for amateur soccer play-
ers between 1,,, and performance of fifteen repeated
40-m sprints when expressed as relative decrease in
speed during the sprints (r=0.80) and accumulated
time for the sprints (r=0.80). The authors proposed
that a fast VO, response benefits performance by
limiting the disturbance to intramuscular homeos-
tasis due to an increased contribution from aerobic
metabolism. However, this assumption that fast VO,
kinetics are beneficial for repeated sprint perform-
ance is speculative as the authors did not determine
whether the faster VO, kinetics led to a reduced oxy-
gen deficit. Furthermore, T, was measured at the on-
set of moderate-intensity running (60% of maximal
aerobic speed), which might not provide an accurate
representation of VO, responses to the onset of >0,
exercise 25- 42 as would be performed during the re-
peated sprints. The similar VO, kinetic profiles of
professionals and amateurs reported in this investi-
gation suggests that potential benefits of possessing
fast VO, kinetics, such as a reduced oxygen deficit or
enhanced recovery capabilities, do not discriminate
performance in the Yo-Yo IR2 and RST among play-
ers of differing standard.

Closer analysis of the Yo-Yo IR2 and VO,,,,, pro-
tocols demonstrates that the running speeds attained
during the latter stages of the Yo-Yo IR2 approached
19 km-h-!, and were thus similar, or in excess of
those achieved at VO,,,,,. It is well known that the
lower economy of intermittent compared with con-
tinuous running results in increased metabolic dis-
turbances 43, and it is probable that the intensity of
the Yo-Yo IR2 was such that substantial anaerobic
energy transfer was required to support aerobic proc-
esses. This indicates that superior performance of the
professional players in the Yo-Yo IR2 test might be
attributable to an enhanced capability for the trans-
fer of energy via anaerobic rather than aerobic path-
ways. The superior repeated sprint test performance
of professionals, despite both groups being matched
for aerobic fitness, further emphasises the impor-
tance of differences in sport-specific performance
between the professionals and amateurs.8.°

It appears that the decisive factor in determining
fitness for elite soccer performance in this study
might be attributable to the specific movement and
performance replicative demands of sport —specific
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fitness testing rather than standard laboratory tests
of aerobic capabilities. This observation is consistent
with recent studies in which cardiopulmonary fitness
measurements have not: 1) differentiated between
players of differing standard;* 2) been correlated
to high-intensity exercise during match-play,3! or 3)
identified change in the training state of elite soccer
players.> Such an observation might have important
practical implications for the future training and test-
ing of professional soccer players.

The findings of this study are based on a cross sec-
tion of professional and amateur players who clearly
did not perform the same routine training on a week-
to-week basis. As cardiovascular and peripheral adap-
tations are influenced by the volume,*> duration 46 and
intensity 47 of training, it is not possible, in this study,
to discern the precise cause for the observed differ-
ences and similarities in test performances. Therefore,
a well-controlled longitudinal training study might be
required to elucidate the mechanisms controlling the
physiological observations of this study.

Conclusions

In conclusion, the adult male professional soccer
players in this study possessed a superior capability
for soccer-specific high-intensity running than their
amateur counterparts, despite the high intensity VO,
kinetics profiles and peak aerobic fitness of the two
groups being largely indistinguishable. The find-
ings of this study suggest that testing of players in
response to intermittent sport-specific testing is pref-
erential to either VO, or VO, kinetics.
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