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Abstract

The purpose of the present research is studying the relations and differences between VO2max values
and heart beat frequencies calculated with three different shuttle run tests used to determine the aerobic
and anaerobic capacities of soccer players. Eleven amateur trained male soccer players (age = 23.18 +
1.83 years, sport age = 11.82 + 1.99 years) voluntarily participated in the present research. 20m Shuttle
Run Test (20mSRT), Yo-Yo Intermittent Recovery Test level 1 (YYIRT1) and level 2 (YYIRT2)
running tests, which are frequently used in VO2max. calculations, were performed by players on
different days. Significant relations were found between heart rate frequencies and VO2max. values
calculated after 20m SRT and YYIRT1, and YYIRT1 and YYIRT2 (respectively; r = 0,628, p<0,05: r =
0,921, p<0,01). No significant relations were found between 20mSRT and YYIRT2 (p>0,05). There was
no significant difference between heart rate averages after 20m SRT and YYIRT1 (p> 0.05). There was a
significant difference between the VO2max averages calculated according to 20m SRT, YYIRT1 and
YYIRT2 levels (p<0.01). Consequently, we can claim that occurred a similar workload on athlete’s
because of the similarity between the athletes' heart rate averages after 20m SRT and YYIRT1. But there
was no such similarity between VO2max values calculated from both test scores of the players.
According to these findings, it is revealed that different energy sources are used in the performance of
both tests. Higher heart rate averages and estimated VO2max values for YYIRT2's performance showed
that the energy metabolism used was different for the other two tests and the workload intensity on the
athlete was higher.

Keywords: Soccer, VO2max. heart rate, 20mSRT, YYIRT1, YYIRT2

1. Introduction

Outputs of time-motion analysis used in the detection of all physical activities that a player
exhibits during the match > 4 27 361 and automatic soccer video analysis [? reveal that the
players exhibit high level of physical activity I 2029, In soccer games involving intermittent
exercises such as low-to-moderate and high-intensity running, sprints, turns and jumps, players
need to have physiologically high aerobic capacity and rapid anaerobic energy conversion
capability 15201,

In Elite soccer games a player covers a total distance of about 10-12 km. Although the
proportion of high intensity running (about 30%) is lower than that of walking and low
intensity running, performing high intensity running and activities at short intervals and
frequently is physically and physiologically difficult for the players [0 11 28.331 A player must
have a high oxygen consumption capacity (VO2max> 55ml.kg™.mint) while performing at a
high heart rate (HRmax 80-90%) during the match. Therefore, this information should be used
effectively in order to prepare the players for the required performance level in a game.
Accordingly, some test protocols have been developed to determine the readiness of the
players in terms of their physical and physiological characteristics [> 3 7: 8 19, 21, 34, 42, 46] |t jg
reported that 20-meter Shuttle Run Test can be used to determine maximal aerobic power and
to predict maximal oxygen uptake (VO2max) as a reliable test (r = 0,84; SEE = 5.4 ml.kg
1 min) besides field tests (31, Yo-Yo Intermittent Recovery Test Level 1 (YYIRTL) and Yo-
Yo Intermittent Recovery Test Level 2 (YYIRT2), which are intermittent running tests, are
frequently used to measure high intensity aerobic work and anaerobic energy production
capacity [6, 19,21, 31]
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It is reported that intermittent tests, which are considered as a
simulation of the intermittent movements of the players at
different densities particularly in a soccer match, are effective
in determining the physical and physiological performances
of the players, and factors such as position differences, being
regular players, being in the higher ranked teams and pre-
season, during and end of season performances [& “ present
results related with these two intermittent test performances
1301, The physiological responses of the athletes indicate that
YYIRT2 has more pronounced anaerobic components than
YYIRT1 52, Previous studies suggest the use of 20mSRT in
determining aerobic capacity status of athletes for continuous
running performance, YYIRT1 for intermittent recovery
running and YYIRT2 for anaerobic capacity.

However, these tests seem to be misused due to lack of
information. For example, YYIRT2 is administered at the
beginning of the season to determine the endurance status of
the athletes or YYIRT1 is used to determine anaerobic
endurance for elite trained athletes. These misapplications
result in mistakes in the evaluation of athletes' performance. It
is therefore necessary to emphasize the importance of using
these three increasing speed run tests in at the right time. The
purpose of the present research is to study the changes in and
the relationships between the calculated performance scores
of the three different (20mSRT, YYIRT1 and YYIRT2) tests
applied to amateur footballers, calculated predict maximal
oxygen capacities and heart rate values.

2. Materials and Methods

2.1 Experimental Group

11 male amateur trained soccer players (age = 23.18 + 1.83
years, sport age = 11.82 + 1.99 years) voluntarily participated
in the present research. Soccer players practice regularly
during the week and compete in the local super amateur
league where official matches are played on weekends. The
measurements were taken during the season. In accordance
with the Helsinki Convention, the scientific ethics committee
permission was granted and all the athletes signed the
acceptance form.

2.2 20 Metre Shuttle Run Test (20msrt)

It is a test in which the athletes run on a straight line in a
round-trip (shuttle) pattern on the field marked at 20 meters
intervals. The subjects run at a speed of 8.5 km / h-1 at the
beginning and increase their pace at a speed of 0.5 km / h-1in
each minute. The running pace is given with an audio device
that produces an audible signal at a volume, which athletes
can hear. Each completed shuttle and level is recorded until
the test is terminated [?°1,

2.3 Yo-Yo Intermittent Recovery Tests (Yyirt)

The test area is marked as 20 meters running and 5 meters
recovery area. In the marked area, turnaround (shuttle) is run
as 2 * 20 meters, followed by a 2 * 5 meter walk in the
recovery area or active recovery with 10 seconds running at
low speed. Subjects have to comply with the audio device,
which produces an audible signal and provides increasing
acceleration. The Yo-Yo level 1 test (YYIRT1) starts at 10
kmh-1 speed, while the Yo-Yo level 2 test (YYIRT2) starts at
13 kmh-1 speed [, The subject should reach to the return and
arrival lines to match the signal tone. If they cannot reach the
arrival line twice or in case of exhaustion, the test is
terminated, the level and distance of the covered is recorded.

2.4 Heart Beat

On each test day, subjects were instructed to wait sitting for 5
minutes without doing performing any physical activity, and
the lowest value was recorded as resting heart rate. At the
beginning of each of the three tests, and after the tests for 3
minutes, the recovery heart rate was measured with a heart
rate monitor (Polar RS800CX, Electro Oy, Kempele, Finland)
and recorded at 5-second intervals. The maximal heart rate
values of the subjects were recorded during the YYIRT2
application.

Predict maximal oxygen capacity (VO2max). VO2max
calculations were made using the following equations
according to the three test values of the subjects.

VO2max equation calculated based on 20mSRT values.
V02 max (ml.kgt.min?) = - 32,678+ (6,592 x Max. Speed
(kmh) (25).

VO2max equation calculated based on YYIRT1 values.
VO2max (mlLkgt.min) = YYIRT1 distance (m) x 0.0084 +
36.4 (6).

VO2max equation calculated based on YYIRT2 values.
VO,max (ml.kgt.min?) = YYIRT2 distance x 0.0136 + 45.3
(6).

Some studies have provided various equations exploring the
level of reliability for 20mSRT performance and VO2max
estimation with direct measurements. These studies were
conducted on children 24 %1 adolescents ?* %71 and young
adults [22.24.35.401 Thjs test was reported to have lower validity
in adults older than 30 ®* 21, The results of the previous
studies generally showed strong correlations between
20mSRT and VO2max made by direct measuring method and
retest values.

2.5 Experimental Design

Subjects applied three tests at intervals of one day. Before
takings the tests on the day of tests, the athletes did not
participate in an exhausting physical activity. Resting heart
rates of all participants were recorded. The subjects warmed
up enough before tests. The heart rate values of the athletes
were recorded at the beginning of the test and during the test.
Predict VO2max values were calculated using test scores and
running distances.

2.6 Analysis of Data

The average of data is presented (x sd). The heart rate
averages, test distances, and estimated VO2max values of the
subjects for three tests were tested for correlation (Pearson
correlation) and difference analysis (paired sample t-test) in
the statistical package program on the computer. The
significance level of the statistics was taken at the level of
0.05. To determine the significance of the change between
VO2max and heart rate data obtained from the tests, the effect
size (Cohen's d) was classified to be large (d > 0,8), medium
(0.2 <d <0,8) or small (d <0,2) [,

3. Discussion

According to the findings of the present research, the
footballers reached higher YYIRT2 heart rate values close to
the maximal heart rate (94.6%). 20mSRT and YYIRT1
heartbeats are close to each other and that the subjects
completed the tests at 87% of maximal heart rate. The predict
VO2max levels present different values in three tests. The
highest VO2max value was also found at YYIRT2.
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The average 20mSRT running distance obtained in the present
research was 1900,00 + 185,69 m, the running speed was
12,86 + 0,32 km., the heart rate was 173,18 + 7,36 bpm, the
predict VO2max average was 52, 12 + 2,13 ml.kg-1.min-1.
Tonnessen et al. 4 reported the average VO2max value of
1545 male footballers in different categories in the Norwegian
league as 62-64 ml.kg-1.min-1 by direct measurement with
gas analysis method. This value was found to be significantly
higher than the value calculated with 20mSRT result. Higino
et al. ('] reported the VO2max average of 27 young soccer
players (age = 16.77 + 0.75) as 59.21+5.88 ml.kgt.min as
results of direct gas analysis in lab and predict VO2max
average as 50.67+3.58 ml.kgL.min™ as results of 20mSRT. In
some previous studies, VO2max values were reported as
about 58.5 ml - kg-1 - min-1 34 for professional footballers,
about 59 ml - kg-1 - min -1 for elite professional footballers,
and 56 ml - kg-1 - min -1 for elite soccer players [*],

The VO2max estimation method with 20mSRT performance,
which does not give a definite result like laboratory tests
where VO2max is determined directly by measuring the
respiratory air, reveals different findings in previous studies.
In addition to the studies, which reported that direct
measurement and 20mSRT performance were significantly
correlated with estimated VO2max values (r = ~ 0.90) 82 31,
and those reported no significant differences (1.12), there are
also studies, which reported that the predict VO2max value
was lower than the direct measurement values 5 3% 39, amb
and Rogers 22 indicate that estimation formulas developed
for VO2max calculation using 20mSRT are affected by
factors such as sample size, heterogeneity, and other
dependent variables used in regression models.

Despite all these different results, 20mSRT is commonly used
in the prediction of VO2max in football. However, it has been
argued whether it is a very sensitive method in organizing
training practices or determining player characteristics in
football 42,

Thomas et al. 3 found a significant relationship (r = 0.80)
between the performance of YYIRT1 and the estimated
20mSRT and estimated VO2max values in amateur athletes
and sub-elite athletes, which is in agreement with previous
studies and also shows that the aerobic energy system is
important in YYIRT1 performance [° 1. However, no
significant  relationship was observed in  YYIRT2
performance. Since YYIRT2 is applied at high speed and
requires anaerobic energy metabolism ability, it may not be
suitable for not well-trained or non-elite athletes. In the same
study, it was reported that there was a high correlation (r =
0.80) between YYIRT2 values and 20mSRT and estimated
VO2max values in elite athletes, which is in agreement with
this information.

Mohr and Krustrup, B% reported in their study conducted on
219 sub-elite professional male soccer players (age = 25,8 £
4,1) that YYIRT1 performance data showed significant

variations according by the periods of season. The heart rate
average and HBmax ratio (176 + 11 bpm-1; 90,9 + 4,2%
HBmax) obtained in the pre-season test (distance = 1838 +
362 m.) were found to be significantly higher than the values
measured at the beginning of the season, during the season
and at the end of the season (respectively; 168 + 10; 166 + 9;
169 + 10 bpm-1 and 87,0 £ 3,9; 85,9 * 4,1; 87,0 + 3.7%)
(p<0,001). The effect size of heart rate change in YYIRT1
performance was found to be "large” from pre-season on the
beginning of the season, and "small" on the beginning of the
season and the end of the season. The mean distance obtained
before the season in YYIRT2 performance (847 + 227m)
increased significantly in the tests conducted at the beginning
of the season (975 + 205 m) and during the season (1034 +
211 m) (p<0,01) was reported to have fallen at the end of the
season (978 + 180 m) compared to the results obtained during
the season. 51% of the players reached peak YYIRT2
performance

(1068 + 193 m) during the season, while 7% did pre-season,
19% at the beginning and 23% at the end of the season.

The YYIRT2 performance of footballers develops with pre-
season trainings [® 2! and high-intensity trainings done for a
certain period 17301,

Additionally, it was reported that there was a high correlation
(r = 0.70) between both Yo-Yo test results obtained before the
season and a moderate correlation between both Yo-Yo test
results obtained in all season periods. Although these two
tests used to determine the physical fitness of the athletes
have some similarities, the YYIRT2 performance cannot be
predicted from the results of YYIRTL1. Previous studies have
reported that the performance of yo-yo tests differed between
the two tests in terms of physiological responses such as
decreased muscle creatine-phosphate, muscle lactate
accumulation. Common aerobic capacity among athletes is
determined with 20mSRT, while intense aerobic and low
density anaerobic capacity are determined with YYIRT1 and
dense anaerobic capacity is with YYIRT2 [6:18.21],

3.1 Tables and Figures

Mean (+ sd) age and sport age of the 11 male amateur trained
soccer players participating in the study were calculated as
(23.18 = 1.83 years, 11.82 + 1.99 years respectively). The
highest heart rate athletes reached during the YYIRT2 run
was 188, 82 + 6,19 beats per minute (bpm). Table 1 shows the
heart rate averages of the athletes recorded on test days at rest,
at the beginning and end of the running tests, and after 3
minutes rest period. Additionally, the maximal heart rate
percentages reached by the athletes in the running tests were
found as HR20mSRT% = 87,04 + 5,85%, HRYYIRT1% =
86,87 = 3,17% and HRYYIRT2% = 94,63 + 2,03%, and the
maximal running speeds they reached were; 20 mSRT =
12,86 + 0,32, YYIRT1=15,73+ 0,41 and YYIRT2 = 17,73 +
0,26 km/ h-1 (Table 2).

Table 1: Pre-post test, resting, maximal and recovery heart rate data (meanzsd)

HRrest (bpm) HRstart (bpm) HRfinish (bpm) HRrecov. (bpm) HRmax. %
Tests (n=11) Mean sd. Mean sd Mean sd. Mean sd. Mean sd
(min-max) (min-max) (min-max) (min-max) (min-max)
69,73 82,00 173,18 95.73 87,04
20mSRT ©4-82) | 2% | (7403 | ¥ | (60-182) | %0 | (s5-106) | 702 | (7al9r) | ®%°
69,09 83,00 173,18 96,45 86,87
YYIRTL ©61-76) | ¥ | 70-105) | 2% | @e3-184) | 70| (gr1s) | 3| (s2eq) | 37
69,64 82,64 182,45 100,09 94,63
YYIRT2 ©2-75) | *80 | 2lory | OO | (70:192) | 84| (gsa12) | 201 | (o00g) | 202

HR= Hearth Rate, bpm=beats per minute, rest= resting, strart= beginning of running tests, finish= end of running tests,
recov.= end of the 3 min.recovery period, HRmax%= percent of maximal heart rate, 20mSRT= 20 meter Shuttle Run

Test, YYIRT1= Yo-Yo Intermittent Recovery Test Level 1, YYIRT2= Yo-Yo Intermittent Recovery Test Level 2.
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Table 2: Running Speed, Distance Covered and Predicted VO2max. Data (meanzsd)

Speed (km.sat) RD (m VO2max (ml.kg*.dk?)
Tests (n=11) Mean sd. Mean sd. Mean sd.
(min-max) (min-max) (min-max)
12,86 1900,00 52,12
20mSRT 125135 | %% | (1680-2260) 185,69 (49,72-56,31) 213
15,73 1320,00 47,49
YYIRTL @s165 | °* | (oso-1600) | 6100 (45,47-49,84) 138
17,73 778,18 55,88
YYIRT2 (17,5-18) 0,26 640-1000 96,94 (54,00-58,90) 1,32

RD= running distance, VO2max= predict maximal oxygen uptake, 20mSRT= 20 meter Shuttle Run Test,
YYIRT1= Yo-Yo Intermittent Recovery Test Level 1, YYIRT2= Yo-Yo Intermittent Recovery Test Level 2.

There was a significant difference between the distances
covered in all three tests (p>0, 01). There are significant
strong correlations between 20mSRT of longest running
distance (1900.00 + 185.69 m.) and YYIRT1 (1320.00 *
161.00 m.) (r = 0.82, p<0.01) and YYIRT2 (778.18 + 96.94
m) (r = 0, 78; p<0, 01). There is no significant relationship
between YYIRT1 and YYIRT2 running distances (p>0, 05)
Fig 1.

#
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Fig 1: The total distance values covered in the tests.

* The difference between running distances of all tests is
significant (p<0.01). There was a significant correlation
between # 20mSRT and YYIRTL1 and between 820mSRT and
YYIRT2 (p<0.01).

60

50

40

30

T
T

WO2Zmax (ml.kg-1.dk-1)
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20

20mSRT YYIRT1

Fig 2: The predict VO2max values based on all three test
performances.

*The difference between the VO2max averages of all tests is
significant (p<0.01). There are significant relations between
YYIRT1 and # 20mSRT; and YYIRT2 VO2max and §
20mSRT. (p<0.01).

The calculated predict maximal oxygen consumption capacity
(VO2max) averages are 20mSRT = 52.12 + 2.13, YYIRT1 =
4749 + 1.35, YYIRT2 = 55.88 + 1.32 (ml.kg-1.min-1). A
significant difference was found between the three tests in the
predict VO2max values calculated according to the running
distance of the athletes in the tests (p<0, 01). There was a
significant positive correlation between 20MSRT and
YYIRT1 (r =0.81) and YYIRT2 (r = 0.79) (p<0.01). There is
no significant relationship between YYIRT1 and YYIRT2
(p>0, 05). The size of the effect was also found to be large
between all three tests (d> 0.80).

Table 3: Predict VO2max and correlation and difference analyses
between the end of the tests and the recovery HB values

Variable (Pairs) r p t p ES

: S%EE{:& 0,81** | 0,00 | 11,70** | 0,00 %:2:%3):)

= ok 0 g

5 mﬁﬁ 0,79** | 0,00 | -9,18** | 0,00 f_zagg
YYiRT2 | 047 | 014 | 2028" | 000 | S

} ioﬂ;'ﬁ 0,63* | 004 | 000 | 1,00 | Similar

=

% ?ﬁ%% 056 | 008 | -471** | 0,00 {1:%21:)
YYIRT2 ] 0:92°* | 000 | -11.29* | 000 | S

*p<0, 05 and **p<0,01 significance level

At the end of the tests at exhaustion level, in terms of the
mean level of heart rates of subjects there was a medium level
significant correlation between 20msRT and YYIRT1 (r =
0.63; p = 0.04) and a positive strong correlation between
YYIRT1 and YYIRT2 (r = 0.92) <0.01). There was no
significant relationship between 20mSRT and YYIRT2
(p>0.05). The size of the effect between 20mSRT and
YYIRTL (d = 2, 60) and YYIRT2 (d = 2.12) and between
20mSRT and YYIRT2 (d = 6, 28) is large (d> 0,80). There
was no statistically significant difference between the
recorded recovery heart rate averages of the subjects at the
end of 3 min after the end of each test (p>0.05).

4. Conclusion

In conclusion, we can claim that the two tests constitute a
similar workload on the athletes due to the similarity of
athletes' post 20msRT and YYTRTL heart rate averages.
However, there is no such similarity for predict VO2max
values. Therefore, it can be claimed that the use of energy
sources for both tests is different. Both HR frequency and
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VO2max values obtained with YYIRT2 are higher than the
other two tests, which reveals the difference in the used
energy metabolisms and the intensity of workload on the
athlete. In accordance with this information, the coaches
should use 20mSRT to identify and monitor the current
aerobic capacities of players, use intermittent activity training
at the beginning of the season and the period that follows, and
use Yo-Yo Interval Recovery Tests during the process of
developing anaerobic energy metabolism.

5. References

1.

10.

11.

12.

13.

14.

Aziz AR, Tan FHY, Teh KC. A pilot study comparing
two fields tests with the treadmill run test in soccer
players. J Sport Sci Med. 2005; 4(2):105-12

Bangsbo J, Narregaard L, Thorsge F. Activity profile of
competition soccer. Canadian Journal of Sports Science.
1991; 16:110-116.

Bangsbo J, Norregaard L, Thorsoe F. The effect of
carbohydrate diet on intermittent exercise performance.
International Journal of Sports Medicine. 1992; 13:152-
157.

Bangsbo J. Fitness Training in Football: A Scientific
Approach. Bagsveerd, Denmark: HO-Storm. 1994a, 1-
336.

Bangsbo J. The physiology of soccer with special
reference to intense intermittent exercise. Acta
Physiologica Scandinavica. 1994b; 151(suppl. 619).
Bangsbo J, laia FM, Krustrup P. The Yo-Yo intermittent
recovery test: a useful tool for evaluation of physical
performance in intermittent sports. Sports Med. 2008;
38:37-51.

Bendiksen M, Bischoff R, Randers MB, Mohr M, Rollo
I, Suetta C et al. The Copenhagen Soccer Test:
physiological response and fatigue development.
Medicine & Science in Sports & Exercise. 2012;
44(8):1595-1603.

Bradley PS, Mohr M, Bendiksen M, Randers MB, Flindt
M, Barnes C et al. Sub-maximal and maximal Yo-Yo
intermittent endurance test level 2: Heart rate response,
reproducibility and application to elite soccer. European
Journal of Applied Physiology. 2011; 111:969-978.
Cohen J. Statistical power analysis forthe behavioral
sciences (2nd ed.). Hillsdale, NJ: Erlbaum, 1988.

Dellal A, Chamari K, Wong DP, Ahmaidi S, Keller D,
Barros R et al. Comparison of physical and technical
performance in European soccer match-play: FA Premier
League and La Liga. European Journal of Sport Science.
2011; 11(1):51-59.

Di Salvo V, Gregson W, Atkinson G, Tordoff P, Drust B.
Analysis of high intensity activity in Premier League
soccer. International journal of sports medicine. 2009;
30(03):205-212.

Edwards AM, Macfayden AM, Clark N. Test
performance indicators from a single soccer specific test
differentiate between highly trained and recreationally
active soccer players. J Sport Med Phys Fit. 2003;
43(1):14-20

Fornaziero AM, Leite RD, Azevedo PHSM, Dourado
AC, Daros LB, Osiecki R, Stanganelli LCR. Comparative
analysis of the performance of soccer players between
two aerobic power tests: treadmill and Yo-Yo
intermittent endurance test level 2. Rev Andal Med
Deporte. 2009; 2(3):82-6

Fransson D, Krustrup P, Mohr M. Running intensity
fluctuations indicate temporary performance decrement

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

~ 116~

in top-class football. Science and Medicine in Football.
2017; 1(1):10-17.

Grant S, Corbett K, Amjad AM, Wilson J, Aitchison T. A
comparison of methods of predicting maximum oxygen
uptake. Brit J Sport Med. 1995; 29(3):147-52

Higino WP, Sorroche ADS, de Mattos Falqueiro PG,
Suzuki Lima YC, Higa CL. Determination of Aerobic
Performance in Youth Soccer Players: Effect of Direct
And Indirect Methods. Journal of human Kinetics. 2017;
56(1):109-118.

laia FM, Hellsten Y, Nielsen JJ, Fernstrom M, Sahlin K,
Bangsho J. Four weeks of speed endurance training
reduces energy expenditure during exercise and
maintains muscle oxidative capacity despite a reduction
in training volume. J. Appl. Physiol. 2009; 106:73-80.
Ingebrigtsen J, Bendiksen M, Randers MB, Castagna C,
Krustrup P, Holtermann A. Yo-Yo IR2 testing of elite
and sub-elite soccer players: performance, heart rate
response and correlations to other interval tests. Journal
of sports sciences. 2012; 30(13):1337-1345.

Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen
J, Steensberg A et al. The yo-yo intermittent recovery
test: physiological response, reliability, and validity.
Medicine & Science in Sports & Exercise. 2003;
35(4):697-705.

Krustrup P, Mohr M, Steensherg A, Bencke J. Muscle
and blood metabolites during a soccer game: implications
for sprint performance. Med Sci Sports Exerc. 2006g;
38(6):1165-74.

DOI: 10.1249/01.mss.0000222845.89262.cd

Krustrup P, Mohr M, Nybo L, Majgaard Jensen J, Jung
Nielsen J, Bangsbo J. The yo-yo IR2 test: physiological
response, reliability, and application to elite soccer. Med
Sci Sports Exerc. 2006b; 38:1666-1673.

Lamb KL, Rogers L. Are-appraisal of the reliability of
the 20 m multistage shuttle run test. Eur J Appl Physiol.
2007; 100(3):287-292.

Leger LA, Lambert J. A maximal multistage 20-m shuttle
run test to predict\dot VO2 max. European journal of
applied physiology and occupational physiology. 1982;
49(1):1-12.

Léger LA, Mercier D, Gadoury C, Lambert J. The
multistage 20 metre shuttle run test for aerobic fitness. J
Sport Sci. 1988; 6(2):93-10

Leger L, Gadoury C. Validity of the 20 m shuttle run test
with 1 min stages to predict VO2max in adults. Canadian
Journal of Sport Sciences. 1989; 14(1):21-26.

Manafifard M, Ebadi H, Moghaddam HA. Appearance-
based multiple hypothesis tracking: Application to soccer
broadcast videos analysis. Signal Processing: Image
Communication. 2017; 55:157-170.

Mayhew SR, Wenger HA. Time-motion analysis of
professional soccer. Journal of Human Movement
Studies. 1985; 11:49-52.

Mohr M, Krustrup P, Bangsbo J. Match Performance of
High Standart Soccer Players with Special Reference to
Development of Fatigue. Journal of Sports Sciences.
2003; 21(7):519-528.

Mohr M, laia FM. Physiological basis of fatigue
resistance training in competitive football. Sports Sci
Exchange. 2014; 27:1-5

Mohr M, Krustrup P. Yo-Yo intermittent recovery test
performances within an entire football league during a
full season. Journal of sports sciences. 2014; 32(4):315-
327.



International Journal of Physical Education, Sports and Health

31. Oberacker LM, Davis SE, Haff GG, Witmer CA, Moir
GL. The Yo-Yo IR2 test: physiological response,
reliability, and application to elite soccer. The Journal of
Strength & Conditioning Research, 2012; 26(10):2734-
2740.

32. Paliczka VJ, Nichols AK, Boreham CAG. A multi-stage
shuttle run as a predictor of running performance and
maximal oxygen uptake in adults. British Journal of
Sports Medicine. 1987; 21:163-165.

33. Rampinini E, Coutts AJ, Castagna C, Sassi R,
Impellizzeri FM. Variation in top level soccer match
performance. Int J Sports Med. 2007; 28:1018-1024

34. Rampinini E, Sassi A, Azzalin A, Castagna C, Menaspa
P, Carlomagno D et al. Physiological determinants of
Yo-Yo intermittent recovery tests in male soccer players.
European Journal of Applied Physiology. 2010; 108(2),
401.

35. Ramsbottom R, Brewer J, Williams C. A progressive
shuttle run test to estimate maximal oxygen uptake. Br J
Sports Med. 1988; 22(4):141-4.

36. Reilly T, Thomas V. A motion analysis of work-rate in
different positional roles in Professional football match-
play. Journal of Human Movement Studies. 1976; 2:87-
97.

37. Ruiz JR, Silva G, Oliveira N, Ribeiro JC, Oliveira JF,
Mota J. Criterionrelated validity of the 20-m shuttle run
test in youths aged 13-19 years. J Sports Sci. 2009;
27(9):899-906.

38. Sproule J, Kunalan C, McNeil M, Wright H. Validity of
20-MST for predicting VO2max of adult Singaporean
athletes. British Journal of Sports Medicine. 1993;
27:202-204.

39. St Clair-Gibson A, Broomhead S, Lambert MI, Hawley
JA. Prediction of maximal oxygen uptake from a 20-m
shuttle run as measured directly in runners and squash
players. Journal of Sports Sciences. 1998; 16:331-335.

40. Stickland MK, Petersen SR, Bouffard M. Prediction of
maximal aerobic power from the 20-m multi-stage shuttle
run test. C an J Appl Physiol. 2003; 28(2):27282.

41. Stolen T, Chamari K, Castagna C, Wislgff U. Physiology
of soccer. Sports medicine. 2005; 35(6):501-536.

42. Svensson M, Drust B. Testing soccer players. Journal of
Sports Sciences. 2005; 23:601-618.

43. Thomas A, Dawson B, Goodman C. The yo-yo test:
reliability and association with a 20-m shuttle run and
VO2max. International Journal of Sports Physiology and
Performance. 2006; 1(2):137-149.

44, Tonnessen E, Hem E, Leirstein S, Haugen T, Seiler S.
Maximal aerobic power characteristics of male
professional soccer players, 1989-2012. International
journal of sports physiology and performance. 2013;
8(3):323-329.

45. Van Mechelen W, Hlobil H, Kemper HC. Validation of
two running tests as estimates of maximal aerobic power
in children. E ur J Appl Physiol Occup Physiol. 1986;
55(5):503-6.

46. Wisloff U, Castagna C, Helgerud J, Jones R, Hoff J.
Strong correlation of maximal squat strength with sprint
performance and vertical jump height in elite soccer
players. British Journal of Sports Medicine. 2004;
38:285-288.

~117~



