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ABSTRACT

The recovery pulse and respiration were analysed to determine the level of physical fitness among the physical
education and medical students of Banaras Hindu University. The analysis of the data suggested that physical fitness as
measured by recovery rate was better in physical education students than in medical students. Following questionnaire
method, it has been noted that the daily activity of physical education students was more than the medical students
and probably the reason for higher efficiency in them.

INTRODUCTION

Several methods have been employed for assessing the
physical fitness of the individual. These include measure-
ments of response to various types of physical activity,
Bengetsson (1956), Boas (1931), Bowen (1904), Gal-
lagher (1944), Kraus and Prudden (1954) and Schneider
(1920), endurance tests, Cogswell, Henderson et al
(1946), ability to perform the prescribed physical feats,
Le Blance (1957), and the evaluation of rate of recovery
after exercise, Boas (1931), Gallagher (1944), Joseph
(1974) and Sharman, Down et al (1976). It is well
known that in normal individuals, working within their
aerobic capacities, a linear relationship exists between
the amount of work performed and oxygen consump-
tion, cardiac output and pulse rate. Further, the physical
fitness of the individual has an obvious relationship with
the degree of increase of the cardiac output and pulse
rate with the exercise. Therefore, to evaluate the
physical fitness of an individual, the response of the
cardio-respiratory system to exercise with known
amounts of generalised work performed on a cycle ergo-
meter is accepted as one of the standard tests, Holme-
gren and Mattsson (1954), Schneider (1931), Sjdstrand
(1947), Tuttle (1950) and Wahlund (1948). This study
was undertaken to assess the level of fitness among
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physical education and medical students, and to com-
pare the two groups.

The study was conducted on male volunteers of two
groups, "M" medical students between the ages of 19-21
years (average 19 y 9 m) and "PE" physical education
students aged between 22-27 years (average 24 y) of
Banaras Hindu University. Compared with students of
physical education, medical students were comparatively
inactive, as regards sports and general physical activity.
Both groups of subjects were given a workload by means
of the cycle ergometer (INCO). The steady rate of pedal-
ling (100 ± 5/min) was maintained by a metronome and
continued for 6 minutes. A total load of 49.1 ± 2.5 Kj
i.e. a work rate of approx. 140 w, was constant for all
the subjects studied. The ventilation volume was
measured by a spirometer (Max Plank Institute, W.G.).

Before starting the experiment, sufficient time was
allowed to record the pulse and respiration rates with
the subject seated. These were also noted immediately
after exercise for 15 sec and up to 1 min of recovery.
Then the pulse rates were taken for 30 sec each minute
until the pre-exercise rates were attained.

RESULTS

The data obtained to assess the level of physical fitness
among the two groups of subjects studied, group M and
group PE are shown in Tables I and I1.

It was observed that the resting pulse rates of group
M are higher than those of group PE, p < 0.025. The
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TABLE I
Physical characteristics and respiratory data (means ± S.D. and range)

Height (cm) Weight (kg) Pre-test
respiration
rate/min

Time of
recovery of
respiration (min)

Total ventilation
volume at STPD
(litres in 3 min)

19.9 ± 0.7 171.1 ± 6.0 58.4 ± 2.58 15.9 ± 1.55
(19-21) (161-178) (52-71) (13-18)

24.0 ± 1.7 174.3 ± 2.4 62.0 ± 2.11
(22-27) (161-183.5) (58-70)

19.0 ± 1.72
(14-22)

TABLE 11
Pulse data of the two groups (mean ± S.D. and range)

RECOVERY PULSE RATES

During
first 15
sec

33.7 ±
3.7
(27-40)

22.3 ±
3.3
(19-28)

1-11 min 2-2V min 4-42min Total of
312 min
pulse
beats

55.7 ±
9.8
(45-70)

39.8 ±
5.6
(30-48)

54.9 ±
8.9
(45-71)

41.2 ±
5.7
(31-52)

51.9 ±
7.5
(43-67)

40.7 ±
4.6
(33-49)

162.5 ±
4.8
(136-208)

121.7 ±
3.8
(94-1 49)

pulse rate during first 15 sec of the recovery period is
assumed to be equivalent to the last minute of the
exercise, Consolazio et al (1963). Group M showed a
higher pulse rate during the first 15 sec of the recovery
period than did group PE and therefore we assume
attained a higher pulse rate during the last minute of
exercise. Further, the pulse rates noted during the
subsequent periods of recovery e.g. 1-11/2 min, 2-21/2 min,
4.41,4 min and the total of those values, as well as the
total recovery periods, were higher in group M than in
group PE (p < 0.001). The increased pulse rate during
the 3 min of recovery was higher in group M than group

PE (p < 0.001). The resting respiration rate and the
recovery time were also higher in group M than in group
PE (p < 0.001) and the total ventilation volume was also
higher in group M.

DISCUSSION

Heart rate increases with the severity of exercise. Stabili-
sation of the heart rate is achieved during steady state
exercise and depends upon the severity of work, body
weight, age, physical condition, environmental tempera-
ture and atmospheric pressure. It is well known that the

Age
(years)

medical
students
(group M)
n= 11

physical
education
students
(group PE)
n = 11

11.9 ± 2.97
(3-32)

6.8 ± 1.98
(2-16)

154.81 ± 33.69
(123-236)

131.45 ± 19.19
(107-163)

Pre-test
pulse
rate

medical
students
(group M)
n= 11

physical
education
students
(group PE)
n = 11

80.0 ±
5.6
(74-90)

74.7 ±
2.9
(60-88)

In 3
men

355.1 ±
45.0
(298-418)

250.4 ±
33.5
(198-312)

Increase
of pulse
during 3
min of
recovery
over pre-
test

114.8 ±
38.6
(46-1 90)

26.9 ±
27.5
(4-84)

Time for
recovery
of pulse (min)

27.0 ±
3.57
(10-46)

9.7 ±
2.28
(3-21)

***P < 0.001
**P < 0.01
*P < 0.025
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heart rate during submaximal exercise is remarkably
uniform for a given individual under standard environ-
mental conditions and similar measurements can be anti-
cipated in another individual of similar physical fitness
and efficiency. In this study, the heights and weights are
similar in both groups but their daily activity patterns
varied. Their histories suggest that the medical students
were comparatively inactive compared with the physical
education students.

Le Blance (1957) suggested that the primary factors
involved in muscular exercise are related to the oxygen
supply to the working muscles and to heat dissipation;
consequently, these factors are dependent on how the
cardio-respiratory system adapts itself during and after
exercise. Further, a direct relationship exists between
the pulse rate and the efficiency of the cardio-respira-
tory adaptation. The continuous increase of pulse and
respiration rates as well as the delayed attainment of a
steady state during exercise at higher work levels, are
indications of an inadequate blood supply to the exer-

cising muscles Muller (1957). The less the standard of
physical fitness and efficiency, the higher the pulse rate
and delayed recovery period with higher oxygen con-
sumption (Dill, 1942). The recovery pulse and respira-
tion rates as well as the recovery time have a direct
correlation with the degree of exercise and fitness of the
individual. In this study, an identical work load during
exercise with a smaller rise of pulse rate during the initial
recovery phase, as well as a shorter total recovery time,
are suggestive of the higher efficiency of physical educa-
tion compared with medical students Berggren and
Christensen (1950) and Muller (1957). Regarding respi-
ration, similar findings again suggest higher efficiency
among the physical education students, Matusi et al
(1964) and Nitu et al (1964). The higher oxygen uptakes
among the students of physical education are due to
their programmed training and might be the cause of
their higher efficiency compared with the medical
students who were comparatively untrained and of
sedentary habit, Durnin et al (1960) and Harmenson and
Andersen (1965).
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