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ABSTRACT

Having no funds to purchase sophisticated equipment to measure human anaerobic power, a simple cheaply made
device was constructed based on the principle of the method introduced by Margaria et al (1966). This improvised
apparatus consists of two contact pads each having a make and break provision of an electrical circuit with the help
of leaf springs and can be used to measure human vertical velocity and anaerobic power. Details of the device are des-
cribed and illustrated, and the results presented from a test of anaerobic power on 92 men and women athletes at
national level in different sports. These results have been compared with the corresponding results available in the
literature.

Key Words: Anaerobic power, vertical velocity, improvised device, athlete.

INTRODUCTION
The energy required for physical work is produced from
the oxidative degradation of complex chemical mole-
cules. When energy required is needed at a higher rate
than can be supplied by oxidative processes of the body,
energy is produced anaerobically creating an equivalent
oxygen debt, which is repaid subsequently (Margaria
et al, 1966, Astrand and Rodahl, 1978). It has been
reported that anaerobic power may be improved with
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the help of specific training and conditioning schedules
(Ekblom, 1969; Astrand and Rodahl, 1978). Also, it
has been established that morphological and physiol-
ogical parameters play an important role in performance
of athletes in various types of physical activities (Tanner,
1964; Hirata, 1966; Behnke and Royce, 1966; Cotes and
Davies, 1969; Kansal et al, 1978 and 1980; Verma et
al, 1978 and 1979; Sidhu et al, 1973; Malhotra et al,
1972). Hence, a practicable and accurate measure of the
various parameters (like anaerobic power) will be of
great help to coaches in the selection of appropriate
activity and prospective athletes.

In 1966, Margaria et al, introduced a method for
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measuring human anaerobic power and found that
active athletes differ significantly in their anaerobic
power when compared with the sedentary individuals of
the same age and sex (Costill et al, 1968; Caru et al,
1970). Their methods for studying human anaerobic
power required sophisticated equipment not ordinarily
available in Indian laboratories. Therefore, the present
study was: (i) to develop an easy way to measure human
anaerobic power and (ii) to study the anaerobic power
of national Indian athletes.

MATERIAL AND METHOD
Sixty-nine men and twenty-three women national Indian
athletes participated in the present study, which was
conducted in two phases. In the first phase, a simple
device based on the principle of the method introduced
by Margaria et al, (1966) was improvised to measure
human anaerobic power and the accuracy of the
measurements was tested by repeating observations on
twenty-one men. On confirming the validity of the
measurements, the second phase was to measure the
vertical velocity and anaerobic power of another forty-
eight men (sixteen basketballers, twenty-three young
footballers and nine tennis players) and twenty-three
women hockey players. The age of all the subjects
ranged from sixteen to twenty-eight years.

RESULTS AND DISCUSSIONS

PHASE 1
The simple device (Fig. 1) consists of two electric con-
tact pads connected in parallel to the time marker of a
kymograph. Each contact pad mounted on wood 1 cm
thick had an open electrical circuit in the form of two
metallic strips separated by a leaf-spring action. The
impact of body weight on any part of the pad could
complete the circuit, bringing the two strips in contact
as long as the foot remained on the pad. Each contact
pad was the full size of a stair and was fitted tightly to
the surface of a step of a staircase. The rise per step was
15 cm and the contact pads were placed on 4th and 8th
steps, so that the time taken to move a vertical distance
of 60 cm was recorded on the revolving drum. The sub-
jects were instructed to run with full effort, placing their
feet on alternate stairs starting from ground and then
stepping on 2nd, 4th, 6th, 8th, 10th and 12th stair
respectively. There was a big platform at 12th step. The
starting point was 3 m away from the first step. After
allowing one or two introductory trials each subject was
given at least three test trials and the minimum time
recorded from these trials were used for data analysis.

The time taken to cover a vertical distance from 4th
to 8th step was measured from the smoked paper of
the drum revolving at a known speed. Then, dividing the
vertical distance moved (60 cm) by the time calculated,

Fig. 1: Diagrammatic illustration of the improvised
device.

the vertical velocity of the subject was calculated. Body
weight was measured and the anaerobic power calculated
according to Margaria et al (1966).

In order to test the accuracy of the device, twenty-
one men were tested twice. The first examination was
carried on these athletes before their routine morning
programmes and the second observation was made at
the same time next day. The mean values of vertical
velocity and anaerobic power obtained in duplicate
measurements were compared statistically by the devia-
tion method (Table 1), the values of 't' in both vertical
velocity and anaerobic power were found to be statist-
ically non-significant even at 90% level, thereby proving
the validity of the device.

TABLE I
Comparison of observations repeated on two consecutive
days for the measurement of vertical velocity, anaerobic
power (using improvised device) and weight of 21 men
athletes.

S.No. Measurement
1. Vertical Mean

Velocity ± S.E.
(m.sl) S. D.

2. Anaero- Mean
bic Power ± S.E.
(m.kg.s1l )S.D.

3. Weight Mean
(kg.) ± S.E.

S.D.

1st
observ-
ation
N - 21
1.460
0.021
0.098

91.74
2.71

12.43

67.32
2.15
9.87

2nd
observ-
ation
N = 21
1.450
0.021
0.097

91.76
2.72

12.44

67.43
2.16
9.91

*Probability values indicating extremely
ences.

Probe-
bilitV

Ot apt
0.311 > 0.90*

-0.005 > 0.90*

-0.036 > 0.90*

non-significant differ-
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PHASE 2
After establishing the validity of the device, it was used
to study the vertical velocity and anaerobic power of the
larger group of athletes. In Table 11, the mean values of
anaerobic power, vertical velocity and weight of the men
and women athletes is given along with the values of
't'. On average the anaerobic power of the men was
found to be 96.64 kg.m.sF' (951 W or 53 Kcal.
kg.1 hr.1 ) and that of female athletes is 59.47 kg.m.s1
(585 W or 39 Kcal.kg.J1 hr.-1). The mean values of
vertical velocity in men and women athletes was
observed to be 1.575 m.s'1 and 1.174 m.s'l respectively.

TABLE III

Comparative values of anaerobic power and vertical
velocity as reported by different investigators.

S.No. Investig- Total Anaero-
ator bic Power

(kcal.kg1
hr1l)

Vertical
Velo-
city
(mu' )

Category and
Number of
subjects

Mean S.D. Mean S.D.

1. Margaria
etal (1966)

50.00 - 1.550 -

TABLE 11

Men and women
athletes and non-
athletes, 14 to
30 years (N=15).

Anaerobic power, vertical velocity and weight of men
and women athletes.

S.No. Measurement

1. Anaerobic Power
(m.kg.s71)

Mean
± S.E.
± S.D.

Men Women
N-69 N-23

96.64
1.49

12.37

59.47
1.75
8.42

Probability
Sto Ts

16.17* < 0.001

2. Costill
et al (1968)

3. Caru
et al (1970)

49.01 ± 6.87 1.272 ± 0.167 Men university
footballers, 18
to 24 years
(N=72).

- - 1.647 ± 0.161 Men footballers,
18 years (N=16)

1.525 ± 0.192 Sedentary men,
18 years (N=50).

(Kcal.kgF'.minrf

2. Vertical
Velocity
(m.s71 )

3. Weight
(kg.)

Mean
± S.E.
± S.D.

Mean
± S.E.
± S.D.

Mean
± S.E.
± S.D.

53.08
0.82
6.79

1.573
0.023
0.194

61.34
1.22

10.14

39.20
1.16
5.57

1.174
0.031
0.152

51.00
1.28
6.15

9.77* < 0.001

10.26* < 0.001

5.85* < 0.001

*Significant value at 0.1% level.

The men and women differ significantly from each
other in both anaerobic power and vertical velocity as is
true in most of the. other physiological parameters
(Astrand, 1956; Hermansen and Andersen, 1965; Watson
and Devenney, 1972). Table Ill compares the mean
values of anaerobic power and vertical velocity of men
and women athletes of the present study with the
corresponding values reported on sedentary boys (Caru
et al, 1970), footballers (Costill et al, 1968; Caru et al,
1970) and a group of athletes and non-athletes (Margaria
et al, 1966). The mean anaerobic power of the Indian
men of the present study is found to be slightly higher
compared to that of Italian and American athletes
reported by Margaria et al (1966) and Costill et al
(1968). This may be attributed to the differential status
of the athletes as far as their training and type of
physical activity is concerned. The vertical velocity of
men athletes is similar to the different categories of men
studied by Margaria et al (1966) and Caru et al (1970)
and much higher than the male university footballers

4. The present 39.20 ± 5.57 1.174 ± 0.152 Women hockey
study (Kansal, players, 17 to 27
Verma & years (N=23)
Sidhu) 53.08 ± 6.79 1.575 ± 0.194 Men athletes,

16 to 28 years
(N=69).

studied by Costill et al. The women hockey players have
quite low values in both anaerobic power and vertical
velocity compared to these other studies. Obviously this
is a sex difference. It may be noted that the mean value
of vertical velocity of men university footballers
reported by Costill et al (1968) is not much higher
than that of our women hockey players.

Combining the results and discussions of Phase 1 and
Phase 2, it may be concluded that:

1. Human anaerobic power and vertical velocity can
be measured accurately and conveniently with
the help of the simple apparatus described in the
present study.

2. There are significant differences between anaer-
obic power and vertical velocity of men and
women athletes.

3. There seem to be considerable differences in anae-
robic power and vertical velocity of athletes who
differ in their type of athletic activity and level
of training.

Keeping in view the above conclusion, it is suggested
that like aerobic power, anaerobic power and vertical
velocity of athletes should also be studied intensively
based on large number of top level athletes. If sufficient
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data is made available, then it will be possible to guide
the prospective athletes in their selection of appropriate
athletic activity and training programmes.
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COUNCIL OF EUROPE

From the
COMMITTEE FOR THE DEVELOPMENT OF SPORT - CLEARING HOUSE.

RESEARCH WORK IN THE FIELD OF SPORTS AND SPORTS RESEARCH WHICH HAS BEEN COMPLETED
OR IS IN PROGRESS IN 1980-1981

We have been requested to ask anyone concerned with research in sport to obtain, complete and return the standard
questionnaire to the address below. The special research fields likely to interest our readers are:

1. Biochemistry of sport.
2. Biomechanics of sport.
5. Exercise Physiology
7. Kinanthropology
8. Kinanthropometry
9. Motor Learning

10. Physical therapy and rehabilitation
13. Sports Medicine, including trauma, hygiene, nutrition, etc.
15. Sports Psychology

The standardised data questionnaire can be obtained from:-
Mr. Peter N. Grimshaw, MSc, FRGS, FGS,
Rustic House,
256 Newbrook Road,
ATHE RTON,
Greater Manchester M29 9HD

Readers not resident in the United Kingdom should contact their National centre for the Council of Europe, or
Mr. A. VAN LIERDE,
Clearing House, Secretariat of European Databank,
c/o Mireille VAN POLLAERT,
Co-ordination Officer,
Kolonienstraat 29,
BRUSSELS, Belgium
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