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ABSTRACT Purpose of the study was to validate the applicability of 20-m multi stage shuttle run test (20-m MST) in 
trainee Taekwondo players of Nepal. 35 Junior Taekwondo players (age range 15 ~ 17 yr.) were recruited for 

the study. Direct measurement of VO2 max comprised treadmill exercise with continuous gas analysis by Oxycon Champion 
whereas VO2 max was indirectly predicted by 20-m MST. Difference between mean VO2 max (±SD) values of direct meas-
urement (VO2 max = 45.17± 7.49 ml/kg/min) and 20-m multi stage shuttle run test (SPVO2 max = 44.00 ± 7.30 ml/kg/min) 
was statistically significant (p<0.05). Although limits of agreement analysis reveal that 20-m MST may be used confidently 
in place of direct measurement. Intra-class correlation coefficients also suggested good reliability of the 20-m MST data. 
To produce a better estimation of maximum oxygen uptake a new equation has been developed based on present data.

INTRODUCTION
Before applying any indirect protocol for prediction of Maxi-
mal aerobic capacity (VO2 max), validity of the test should 
be established in particular population. The 20-m multistage 
shuttle run (20-m MST), (Leger et al., 1988; Leger and Ga-
doury, 1989) is often used world wide (Wong, et al., 2001; 
Mota et al., 2002; Vicente-Rodriguez et al., 2004) for meas-
urement of aerobic capacity. Cooper et al. (2005) studied the 
repeatability and criterion related validity of the 20-m multi-
stage fitness test as a predictor of maximal oxygen uptake in 
active young men.

The 20-m MST is an excellent performance indicator of aero-
bic fitness, which requires many changes of direction. Fur-
thermore, it has been reported that there are sport-specific 
differences when predicting VO2 max from multistage shut-
tle run test (Gibson et al., 1998). Effort has been made to 
validate its applicability in Nepalese adult females and males 
by Chatterjee et al. (2010, 2010a). However, studies on the 
validity and suitability of this test in the sports population 
of Nepal are scanty (Chatterjee et al., 2009) until now. Taek-
wondo is becoming a popular sport in Nepal day by day and 
a huge number of youngsters undergo Taekwondo training in 
different sports academies of Nepal. It is therefore desirable 
to find a simpler procedure like 20-m MST for such a popula-
tion to regular monitor their aerobic fitness. Keeping in view, 
all these aspects, we wanted to examine the applicability of 
the 20-m MST to predict VO2 max in trainee Taekwondo play-
ers of Nepal.

METHODS
Subjects: 35 junior Taekwondo players were volunteered for 
the study. Subjects had mean age of 15.9 yr. (± 0.7), body 
height of 154.66(± 9.39) cm, and body mass of 50.90 (± 8.35) 
kg. They all have a training background of 2-3 years. All insti-
tutional policies concerning human subjects in research were 
followed. 

Experimental Design: Maximum oxygen consumption of 
each subject was determined by both indirect and direct 
methods, respectively, at an interval of 4 days by random se-
quencing or crossover design. Indirect one in the half of the 
subjects followed direct method whereas indirect one was 
followed by direct in other half of the subjects to avoid any 
possibility of bias. They had a light breakfast 2 - 3 hours be-
fore the test and refrained from any energetic physical activ-

ity for that period. 

Prediction of maximum Oxygen uptake capacity by 20-m 
MST: Subjects start running back and forth a 20-m course 
and must touch the 20-m line at an initial speed of 8.5 km/
hr which gets progressively faster (0.5 km/hr. every minute), 
in accordance with a pace dictated by a sound signal on an 
audio tape. Several shuttle runs make up each stage; each 
stage is of one-minute duration. As the test proceeds the 
number of shuttle run (laps) increases in each stage and sub-
jects are instructed to keep pace with the signal for as long 
as possible. When subject can no longer follow the pace, the 
last stage announced is used to predict maximal oxygen up-
take using the equation of Leger et al. (1988) which is 

Y = 31.025 + 3.238 X - 3.248A + 0.1536AX

Where,

Y= VO2max (ml/kg/min)
X= Maximal shuttle run speed (km/hr.)
A= Age (yr.).

Direct measurement of maximum oxygen uptake capac-
ity: Oxygen consumption and heart rate (HR) were measured 
through graded treadmill exercise (Jaeger & Co., Germany). 
Initial speed of the treadmill was 8 km/hr with an inclination 
of 2% and thereafter speed was increased by 2 km/hr after 
every 2 minutes until a plateau of VO2 was attained or the 
respiratory quotient value (RQ) exceeded 1.15. Whole ex-
periment was performed at room temperature varying from 
23-250C with relative humidity varying between 50-60% 
(Shephard, 1984).

Reliability of the Results: Repeatability was investigated 
where 21 subjects performed 20-m MST twice. Results 
showed non-significant bias between the two applications of 
20-m MST (mean of the difference ± standard deviation of 
the difference = 0.05±1.09 ml /kg/min; t = 0.20 p = 0.84 with 
95% limits of agreement). 

Statistical Analysis: Paired t-test, Pearson’s product moment 
correlation, linear regression statistics and Bland and Altman 
approach for limit of agreement were adopted for statistical 
analysis of data. 
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RESULTS AND DISCUSSION
Means and standard deviations predicted VO2 max (SPVO2 
max) by 20-m multi stage shuttle run test and directly meas-
ured VO2 max of the participants are presented in table 1.

Table: 1 Predicted and measured VO2 max of the subjects 
(n =35)

Parameters Minimum Maximum Mean Std. Devia-
tion

VO2max (ml/
kg/min) 34.00 58.00 45.17 7.49

SPVO2max
(ml/kg/min)

34.00 57.00 44.00 7.30

Maximal shut-
tle run  Speed 
(km/hr)

10.0 13.5 11.48 1.25

Maximum 
heart rate
(beats/min)

187 201 193.17 4.56

Mean value of VO2 max determined by direct method was 
45.17± 7.49 ml/kg/min. Mean value of predicted VO2 max 
by 20-m MST was 44.00 ± 7.30 ml/kg/min. These two val-
ues show significant variation (P<0.05). Mean difference 
between VO2 max and predicted VO2(SPVO2max) max was 
1.17 ml/kg/min with 95% confidence interval 0.82 to 1.51 
ml/kg/min indicating that 20-m MST predict the maximum 
oxygen uptake capacity within a range of 0.82 to 1.51 ml/
kg/min. 

Analysis of data by Bland and Altman (Bland and Altman, 
1986) method of approach for limits of agreement between 
predicted VO2 max (SPVO2max) and VO2 max reveals that 
limits of agreement are 3.19 and –0.85. These are small 
enough parameter for 20 m-MST to be used confidently 
in place of direct procedure. Intra-class correlation coeffi-
cients (ICC) between directly measured VO2max and shut-
tle predicted VO2max using the equation was 0.95. But as 
significant difference (p<0.05) is observed between VO2 
max values by two methods, it is suggested not to use the 
present form of 20-m MST for the studied population. How-
ever, highly significant correlation (r =0.97, p < 0.01) existed 
between maximal speed of 20-m MST and VO2max. The 
following equation, derived on the basis of present data 
will better predict the aerobic fitness in trainee Taekwondo 
players of Nepal.

Y= 7.900 + 5.687X-1.756A +. 001AX
Y= VO2max (ml/kg/min)
X= Maximal shuttle run speed (km/hr.)
A= Age (yr.)

Using the above new equation for estimation of VO2max 
for the present data, no significant difference is observed 
(p>0.05) between the values of VO2max measured and 
predicted by direct and 20 m-MST respectively. Using this 
newly derived equation, limits of agreements analysis also 
reveals better agreement (2.16 and –1.60) between the 
two methods.  When using this newly developed equa-
tion, shuttle run predicted VO2max for 97% of the par-
ticipants fell within the limits of agreement. On the other 
hand, using the equation of Leger and Gadoury (Leger and 
Gadoury, 1989), shuttle run predicted VO2max for 95% of 
the participants fell within the limits of agreement. ICC 
between directly measured VO2max and shuttle predicted 
VO2max using the new equation was 0.97. As a general 
guideline ICC values above 0.75 indicate good reliability 
and those below 0.75 indicates poor to moderate reliabil-
ity. Obtained ICC value suggests that reliability of 20-m 
MST using the newly derived equation is sufficient for use 
with the studied population. ICC value also suggests good 
reliability of 20-m MST using the equation of Leger and 
Gadoury (Leger and Gadoury, 1989) for present popula-
tion. However, using this newly derived equation, limits of 
agreements analysis indicated better agreement.
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Figure 1: Plotting of difference between VO2max values 
against their means (Bland and Altman method).

Figure 2: Relationship between Directly Measured VO2 
max (ml/kg/min) and Maximum Shuttle Run Speed (km/h) 
in 20-m MST

CONCLUSIONS
Therefore, from the present observations it is concluded that 
20-m multistage shuttle in its original form should not be ap-
plied for studied population as significant difference exists 
between the results obtained from direct and indirect meth-
ods. However, we recommend the newly derived equation 
based on present data as a valid method to evaluate aerobic 
fitness in terms of VO2max within the junior Taekwondo play-
ers of Nepal. This is particularly most useful method when 
a large number of subjects are to be evaluated without the 
help of a well-equipped laboratory, in less expense and with-
in a short period of time.
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