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Effects of yoga training and detraining on physical performance
measures in prepubertal children – a randomized trial

Crystal D’souza1* and Sandhya T Avadhany1

Department of 1Physiology,
St. John’s Medical College Hospital,
Bangalore, India

Abstract

Purpose of the study was to evaluate the effect of yoga training and detraining on physical performance
measures in pre-pubertal (7-9 year old) school going children. Subjects were randomized to two groups –
yoga group and Physical exercise (PE) group after the baseline assessment. All the subjects were assessed
for strength, endurance, whole body endurance through 20 meter shuttle and physical fitness, at 3 time
points – Baseline, 3 months Post intervention and 3 months after detraining. The results suggest that the
improvement in the physical performance is largely by the increase in the respiratory muscle strength in the
yoga group. In conclusion, the study presents the efficacy of yoga to improve strength, endurance, whole
body endurance and aerobic capacity with 3 months of training in the pediatric group. However, the effect
of the training does not last after 3 months detraining.
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Introduction

Physical inactivity is a modifiable risk factor for
cardiovascular disease, cancer, osteoporosis and a
widening variety of other chronic diseases. Physical
exercise is considered an acceptable method for
improving and maintaining physical and emotional
health. Multiple studies have shown that people who
maintain appropriate fitness, using judicious regimes
of exercise and weight control have additional benefits
of prolonged life (1). The conventional exercises
(endurance exercises like walking, jogging, running,
swimming, cycling, etc), which give stress on

cardiovascular and respiratory system, are very
popular. On the other hand, ancient yogic exercises
which have been claimed to have a holistic approach
towards good health is getting popularity all over the
world (2).

The focus of the present study is effect of yoga on
physical fitness which is a long term predictor of
over all good health in adults (3). It is known,
anatomical and physiological response to sufficient
physical activity leads to improved fitness (4).
Physical activity is considered as a key factor for a
healthy physical and mental development of children
currently, the increasing prevalence of overweight/
obesity in children make children at risk of developing
several chronic diseases later in life, also because
children who are not physically active are unlikely to
become so in adulthood (5). Yoga has been reported
to improve the strength, endurance, vo2 peak, which
are the components of the physical fitness (6, 7, 8,
9, and 10).
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Most of the studies are conducted on the adolescents
and adults, non randomized trials, and sparce studies
on underprivileged prepubertal age group. Therefore,
the aim of the present study is to investigate the
effects of Yoga on strength, endurance, whole body
endurance and aerobic capacity through randomized
study in pre pubertal school going children.

Material and Methods

Design

The study used a randomized design. Randomization
was performed by a computer-generated l ist .
(Randomiza t ion  was done a f te r  base l ine
assessment). Randomized design with eligible
children being randomly assigned to one of the two
study groups were made at one time that allowed for
the active intervention of yoga and physical exercise
to begin at the same time. Stratified randomization
was done by gender repetition using RALLOC
software.

Intervent ion

The interventions were given by trained yoga qualified
teachers and Physical Education trained teacher.
The children were randomly assigned to either yoga
or a physical-education (PE) group. Both the
interventions were given for 45 minutes at the same
time in the afternoon but were at two different
locations on the school premises. The interventions
were given for 3 months daily except on school
holidays. The yoga practices that included loosening
techniques, sun salutations, posture exercises, and
meditation and breathing exercises were introduced
in a phased manner (Table I). The PE group did both
passive stretching and aerobic exercises such as
running, marching, spot jogging etc (Table II) and
the attendance in both the interventions was >90%
across both groups. At the school, color-coded
buttons stitched on to school uniforms identified the
assignment of the participating children.

To assess the detraining effect of intervention, the
intervention was suspended for 3 months where none
in the groups followed any structured activity, nor
they attended any structured intervention, they did

TABLE I : The yogic techniques,  their  sequence and the
number of repetitions practiced by the yoga group.

1. Prayer 5 min
2. Loosening exercises and simple breathing exercises
3. Surya Namaskara (12 step method)* 5 repetitions (slow & fast).
4. Asanas – postural exercise sessions – included

– Trikonasana (Triangle postures)
– Veerasana (warrior posture)
– Padahastasana(forward bend posture)
– Chakrasana (wheel posture)
– Sarvangasana (shoulder stand posture, head stand posture)
– Halasana (plough posture)
– Paschimothanasana (posterior stretching)
– Padmasana (lotus posture)
– Vajrasana (ankle posture)
– Ushtrasana (camel posture)

The children were instructed to perform these exercises slowly,
breathing in while initiating a posture, breathing out while bending,
and then doing normal breathingfor 10 seconds while maintaining
the posture

5. Breathing practices
– Kapalabhati
– Ujjayi (breathing with a hissing sound

6. Pranayama (5 repetitions each)
– Nadi shuddhi pranayam( alternate nostril breathing)
– Bharamari pranayama (humming bee breath)
– Mukh-bhastrika in vajrasan (bellows type breathing)

7. Meditation (1 time) was modified to make it simple for our
subjects
– Counting 20 to 0 numerical while performing deep inhalation

and exhalation
8. Trataka (gazing at a burning candle kept on an elevated base)

TABLE II : The physical exercises, their sequence and the
number of repetit ions practiced by the physical
exercise (PE) group.

1. Warm up – 1 round running 5 min.
2. Standing exercises – 5 repetitions on each side each

– Neck rotation
– Hand rotation (back to front, circular movements, flex and

extend)
– Hip rotation
– Knee rotation
– Feet rotation
– Leg exercises (back and forward, leg rotation)
– Leg to hand exercise
– Body twist with hands straight
– Leg to hand cross touch
– Forward and back ward bending
– Leg stretch

3. Sitting exercises
– Bending with hands on the head
– Side word bending

4. Slow jump
5. Fast high jump
6. March fast
7. Static fast run

play for fun or for keeping them busy or going for
vacations. Assessments were done immediately after
children rejoined the school after vacations. Physical
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activity levels (PAL) questionnaires were administered
to all the subjects. However, we could not consider
it; the information by 7-9 year old would be invalid
and not advisable. We did this exercise only to have
a gross idea of their physical activity levels and found
that both the groups were similar in their activities
as the subjects spend most of their time in the
school.

Participants

The sample size consisted of hundred, 7-9 year old
healthy (as assessed by clinical examination by
medical professionals) school going children hailing
from a socio-economically disadvantaged background.
All participants were recruited from a single school
in Urban Bangalore, India. The children gave oral
assent while the parents/legal guardian provided
written informed consent. The school also provided
written permission to conduct the study on its
children, on the school premises. The study was
approved by the Institutional Ethical Review Board of
St. John’s National Academy of Health Sciences.

Children underwent a physical examination and
apparently healthy children with no history of chronic
diseases, physical or mental handicap and not
severely undernourished (<-3SD for weight for age
and -3SD height for age z scores of the National
center for health statistics/WHO standards) (11) were
invited to participate in the study.

A s s e s s m e n t s

Socio-demographic information was obtained from
school record. There were no significant differences
in any of the socio-demographic characteristics
between the groups. Majority of parents were
employed as daily wage earners. Mean total family
income was 49641471 Indian rupees (equivalent to
US $ 100). Approximately one third of the mothers
were uneducated.

Physical performance – The primary outcome
measures were whole body endurance and aerobic
capacity. Secondary outcome measures were muscle
strength in three groups of muscles-forearm, calf
muscle and respiratory muscle and endurance in the

forearm and calf muscle. Whole body endurance and
aerob ic  capac i ty  were  measured us ing  the
standardized and established procedure of 20-m
shuttle test (12). VO

2
 peak (peak oxygen uptake)

was estimated from the 20-m shuttle and was
calculated using prediction equations (13). The whole
body endurance was calculated using the number of
laps completed during the 20-m shuttle test. The 20-
m shuttle test was performed in groups of between
3 to 5 participants to improve motivation and
maximize performance. Strength was measured in
three group of muscle – fore arm, calf muscle and
respiratory muscles. And static endurance was
measured in forearm and calf muscle only.

Maximal handgrip strength was measured using a
GRIP D hand dynamometer in both, dominant and
non-dominant arms. The subject was asked to hold
the grip dynamometer by the side and slightly away
from the body so that it is not resting against the
thigh. The measurement for each arm was taken
three times alternately, resting about a minute
between contractions on the same side. Muscle
strength was recorded as the best (highest) value
for the dominant and non-dominant sides. Static
forearm endurance was determined by noting the
maximum time (seconds) for which the subject could
maintain 50% of Maximum Voluntary Contraction.
Cal f  muscle strength was measured using a
dynamometer (developed at St.John’s Medical
College in the Physiology Department) which had a
digi tal  display. The subject was asked to si t
comfortably on a chair and was asked to place the
foot on the while the thighs were fixed or strapped.
The calf muscle was felt and checked to confirm
that the gasteronemious muscle was relaxed. Then
the subject was asked to press the dynamometer to
his/her maximum strength and the contraction was
felt by our hands on the gasteronemious muscle to
confirm. The measurement for each leg was taken
three times alternately, resting about a minute
between contractions on the same side. The best
(highest) value of muscle strength was recorded for
the right leg and left leg. Calf muscle endurance
was determined by noting the maximum t ime
(seconds) for which the subject could maintain 50%
of Maximum Voluntary Contract ion. Maximum
Inspiratory Pressure (MIP) and Maximum Expiratory
(MEP) was measured using established procedure
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of digital peak respiratory pressure (DPRP) monitor
(13).

Anthropometry

Body weight was recorded with subjects wearing their
school uniform to the nearest 0.1 kg using a digital
weighing scale (Salter Kent, England), while height
was recorded to the nearest 0.1 cm using a locally
made and validated stadiometer (Biorad, India)

Pulmonary function test

Lung functions were measured using Laptop-based
Micro-Quark PC (computer) based Spirometer
(COSMED–Ital ian Company). The system was
ca l ib ra ted  everyday  w i th  a  600-ml  sy r inge.
Participants were called in batches and were
explained and demonstrated the correct technique
to the subjects how to perform the test (17).
Disposable mouth piece given to children and were
asked to practice to blow into the mouth piece. An
antiseptic procedure was followed by the children to
insert the mouth piece. Care was taken to teach the
participants on closing the lips around the mouth
piece and on placing of the nose-clip during the
procedure. Each subject was provided 15–20 trials,
of which 3 best trials were selected and, among the
3 highest readings, the best (highest) was selected
as the representative of that test.

Statistical analysis

Data are expressed as Mean±SD. Intergroup
comparisons were done using independent t-test and
at baseline to check the homogeneity of the groups.
Comparisons within the group were done by paired
t-test for both the groups. The endurance measures
were not normally distributed and, Hence, log
transformed data was used in the analysis. Our study
consists of three time points – baseline, post
intervention (3 months after the intervention) and
follow up (3 months after the cessation of the
intervention, this period had no intervention. Our
interest was – f irst, to evaluate the effect of
intervention. So, ANCOVA was performed to compare
the groups (yoga and PE) at post intervention
adjusting for the baseline values and controlling for
age to observe any significant difference between

the two interventional groups. Second, interest was
to know the sustained effect of the intervention.

Results

Of the 100 children enrolled in the study, 91 children
completed assessments at all the 3 time point) both
genders were almost equally distributed (boys=45),
(girls=46). The mean age of the sample was 7.9±0.9
yrs. The mean height, weight and BMI of the
sample were 1.21±0.06m, 20.5±3.1Kg and 13.8±1.1
respectively (Table III). Strength measures of 3 groups
of muscles are tabulated in Table IV. The increase
in the respiratory pressures was highly significant in
both the groups immediately post intervention.
Although both the groups were not significantly
different, yoga seems to have performed better. A
non significant, decrease in the values of MIP and
MEP was observed in both the groups after 3 months
of cessation of the intervention, However they did
not regress to the baseline values. Fore arm strength
in both dominant hand and non dominant did not
increase significantly post intervention in yoga and
PE group. We observed a non significant increase in
both the dominant and non dominant fore arm strength
at follow up in both the groups. Calf muscle strength
in both Right and Left leg increased significantly
immediately after intervention in both the groups and
continued to increase significantly even after the
cessation of the intervention in yoga and PE group.
Although, PE group seemed to have performed better
than the yoga group in both the legs, both the groups
were not significantly different at post intervention
and the follow up assessment. Endurance was
measured only in forearm and calf muscle (Table V).
Dominant forearm endurance increased significantly

TABLE III : Base l ine  demograph ic ,  an th ropomet r i c ,  and
socioeconomic characteristics of children in Yoga
and physical activity groups.

Yoga Physical
exercise (PE)

N 46 45
Age, years 7.9±0.9 8.0±0.8
Baseline anthropometry
Height, m 1.21±0.06 1.22±0.06
Weight, kg 20.1±2.9 20.7±3.2
BMI, kg/m2 13.8±1.1 13.9±1.1

Data expressed are mean±SD.
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only in the PE group post intervention and a trend of
increase was observed in the yoga group. The
dominant forearm endurance showed a significant
increase in the follow up assessment in both the
group but this sustained effect was not significant.
Non dominant for arm endurance did not change
significantly post interventions as well at follow
up in both the groups. Calf muscle endurance
increased significantly in both right and left leg post

in tervent ion.  However ,  the va lues regressed
significantly towards the baseline after the cessation
of the intervention.

The whole body endurance and VO
2
 max increased

significantly in both the groups post intervention. We
observed a non significant sustained effect in both
the parameters in the follow up assessment (Table
V) .Maximum heart rate recorded at exhaustion in

TABLE IV : Strength measures in children at baseline, post-training, and 3-month
follow-up in yoga group and Physical exercise (PE) group.

Parameters Yoga n=46 PE n=45 P2-value

Dominant forearm strength (kgs) Baseline 10.19±2.15 10.44±2.85 .139
Post-training 9.95±1.96 10.76±2.51
3-month follow-up 10.24±2.05 10.86±2.73

Non dominant forearm strength (kgs) Baseline 9.04±2.04 9.27±2.25 .397
Post-training 9.30±2.18 10.01±2.63
3-month follow-up 9.49±2.24 10.14±2.76

Right calf muscle strength (kgs) Baseline 5.41±2.11 5.92±2.20 .731
Post-training 7.46±1.85* 8.14±1.78*
3-month follow-up 11.82±3.15† 12.80±3.49†

Left calf muscle strength (kgs) Baseline 4.61±1.91 5.52±2.22 .461
Post-training 6.75±2.05* 8.41±1.91*
3-month follow-up 10.91±3.66† 12.67±3.87†

Inspiratory pressure (mmHg) Baseline 38.79±11.03 38.18±14.30 .012^
Post-training 52.21±12.36* 47.68±12.69*
3-month follow-up 49.53±18.14† 47.89±14.31

MaximumExpiratory pressure (mmHg) Baseline 42.81±9.70 44.80±9.88 .700
Post-training 51.79±10.22* 52.05±9.33*
3-month follow-up 52.09±12.14 50.55±9.48

Data expressed are mean±SD.* indicates post intervention different from baseline value P<0.05*, † = Symbol indicate follow
up different from post intervention value, P<0.05*, ^ = P<0.05, P2 values-ANCOVA controlled for the covariates-baseline and age.

TABLE V : Changes in cardio-respiratory parameters, whole body endurance and predicted aerobic
capacity at baseline, post-training, and 3-month follow-up in yoga group and PE group.

Parameters Yoga n=46 PE n=45 P2-value

Forced vital capacity(L/min)(FVC) Baseline 1.096±0.205 1.171±0.299 .880
Post-training 1.224±0.228* 1.269±0.284*
3-month follow-up 1.284±0.242† 1.331±0.274†

Forced expiratory volume in 1 sec Baseline 1.026±0.232 1.075±0.277 .844
(L/min) (FEV1) Post-training 1.110±0.232* 1.160±0.238*

3-month follow-up 1.172±0.233† 1.215±0.238†

Maximal Heart rate (bpm) Baseline 206.9±18.0 208.4±14.8 .617
Post-training 196.0±22.1* 198.3±25.7*
3-month follow-up 172.8±15.4† 177.7±22.2†

Whole body endurance(seconds ) Baseline 543.8±135.4 565.9±122.7 .929
Post-training 610.4±101.9* 616.1±120.0*
3-month follow-up 635.9±86.3 654.8±78.2

Maximal oxygen uptake (VO2 peak) Baseline 31.3±3.7 32.1±3.7 .900
(ml/kg/min) Post-training 33.8±3.1*‡ 34.2±3.7*‡

3-month follow-up 34.6±3.8†‡ 35.3±3.0†‡

Data expressed are mean±SD. * indicates post intervention different from baseline value P<0.05*, † = Symbol indicate follow up different
from post intervention value, P<0.05*, P2 values - ANCOVA at post training controlled for the covariates -baseline and age.
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20 meter shuttle test decreased significantly in both
the groups at post intervention and follow up
assessment in both the groups. FVC and FEV1
increased significantly post intervention in both the
groups (Table V). However, there were no significant
differences between the two study groups in FVC,
FEV1 at post-intervention after adjusting for height
and age at baseline measure. Significant increase
was observed in FVC and FEV1 in both the groups
at fol low up after 3 months cessation of the

intervention. The study observed a signif icant
correlation with Whole body endurance, MIP and
MEP in the yoga group (Table VII) where as the PE
group showed a significant correlation only with MEP
and Whole body endurance (Table VIII).

Discussion

The data demonstrates that 3-months of yoga
intervention improve whole body endurance and
predicted aerobic capaci ty.  The improvement
observed in the VO

2
 peak in the present study in the

yoga group can be attributed to surya namskara (10)
and the better economy of breathing by the breathing
practices in the yoga group (18). The improvement
in the whole body endurance can be attributed to 12
step Surya namaskara, which was a section in our
yoga intervention, involving static stretching and slow
dynamic component with optimal stress on cardio-
respiratory which is in accordance with the study
conducted by Bhuktar MVet al (10). The whole body
endurance increased significantly, can be largely
explained by increase in expiratory muscle strength
in the PE group where as in the yoga group the
improvement in the whole body endurance can be
explained by the signif icant increase in both
inspiratory muscle strength and Expiratory muscle
strength. This finding is supported by the observed
significant increase in FEV1 and FVC in the yoga
group post training. Insignificant improvement was
observed in whole body endurance and aerobic
capacity after 3 months cessation of the interventions
in both the groups.

TABLE VI : Endurance measures in children at baseline, post-training, and 3-month follow-up in yoga group and PE group.

Parameters Yoga n=46 PE n=45 P2-value

Dominant forearm Endurance (seconds) Baseline 13.46±1.44 12.42±1.55 .388
Post-training 15.18±1.36 16.11±1.41
3-month follow-up 18.64±1.71 17.28±1.66

Non-dominant forearm Endurance (seconds) Baseline 12.80±1.64 12.80±1.64 .343
Post-training 14.58±1.37 13.19±1.52
3-month follow-up 14.59±1.75 15.33±1.52

Right calf muscle Endurance (seconds) Baseline 18.35±2.31 17.28±1.84 .156
Post-training 31.81±1.99* 38.47±2.03*
3-month follow-up 12.67±1.99† 14.58±2.03†

Left calf muscle Endurance (seconds) Baseline 15.18±1.99 15.18±2.09 .497
Post-training 39.56±2.27* 32.78±1.99*
3-month follow-up 14.15±1.84† 12.42±2.13†

Data expressed are mean±SD. * indicates post intervention different from baseline value P<0.05*, † = Symbol indicate follow
up different from post intervention value, P<0.05*.

TABLE VII : Pearson ’s  cor re la t ions  w i th  Who le  body
endurance (WBE)  –  FVC,  FEV1,  Max imum
Inspiratory pressure (MIP), Maximum Expiratory
pressure (MEP) and VO2

 peak in the Yoga group.

WBE MIP MEP FVC FEV1

1. WBE 1 .336* .343* .428* .376*
2. MIP .514** .087 .059
3. MEP .201 .126
4. FVC .931**
5. FEV1 –

* = P<0.05, **P<0.01.

TABLE VIII : Pearson ’s  cor re la t ions  w i th  Who le  body
endurance  (WBE)  –  FVC,  FEV1,  Max imum
Inspiratory pressure (MIP), Maximum Expiratory
pressure (MEP) and VO2peak in the PE group

WBE MIP MEP FVC FEV1

1. WBE 1 .121 .381* .053 .068
2. MIP .347* .513** .515**
3. MEP .441** .463**
4. FVC .869*
5. FEV1 –

* = P<0.05, **P<0.01.
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The cardio respiratory parameters, Maximal heart rate
attained during 20 meter shuttle, forced vital capacity,
forced expiratory volume at 1 second improved
significantly immediately after 3 months of intervention
and as well as after 3 months detraining period. In
accordance with the other evidence, our results
showed a major improvement in inspiratory muscle
strength in both the study groups (7, 16).  However
the effect of yoga was higher when compared to PE
group, this improvement can be attributed to the
breathing exercises and pranayama performed by the
yoga group. Studies have shown that increase in the
respiratory muscle strength improves the respiratory
mechanics while the improvement observed in the
expiratory muscle strength increases the force of
expiration (FEV), reducing the obstruction during
expiration (17).

Effect of yoga on calf muscle strength and endurance
is unknown. A significant improvement was observed
in the calf muscle strength and endurance post
intervention in both the groups. However, PE seems
to have bet ter  ef fect  in th is parameter.  The
improvement in the yoga group can be attributed to
several standing yogasansa, performed by the
subjects ,  which are powered to  s t re tch and
strengthen the calf muscles by applying load (body
weight) on the legs namely vrikshasana (tree pose),
trikonasana (triangle posture), garudasana (Eagle
pose). Halasana (plow pose), Sarvangasana (shoulder
stand) are inverted asanas, work by reversing the
effects of gravity and helps promote blood circulation
and reduces the venous pressure in the legs.
Exercises performed by the PE group like jogging,
marching, use body weight as resistance, would
produce more vigorous impact on the calf muscles
than yoga because of the type of exercise and this
would have contributed to the higher strength and
endurance in the PE group subjects. The intense
gain of strength in children is due to enhanced motor
unit activation of the trained muscles and muscle

hypertrophy (18). However, in the young ages
and strength gains can be observed without any
change in the muscle mass. Training induced strength
gains appear to decay during detraining. However,
the maturat ional process makes the strength
reduction in the detraining period less evident (19).
In the present study the detraining effect on the calf
muscle strength seems to be negligible, thus the
data shows a significant increase even after the
cessation of intervention for 3 months in both the
groups.

Our study observed a steep drop in the calf muscle
endurance in both the groups after the detraining
period which can be as the result of insufficient
stimulus during detraining period leading to decrease
in capillary density and the reductions in oxidative
enzymes, further reduction in mitochondrial ATP
production (20). In conclusion, the study presents
the efficacy of yoga to improve physical performance
with 3 months of training in the pediatric group.
However, the effect of the training does not last after
the cessation of the training. The significant sustained
effect observed in the VO

2
 peak in both the groups

can be attributed to the improved respiratory muscle
strength and lung capacities.

Strength of the study

The study was conducted on a middle childhood group
(7-9 years) which is sparsely explored. Although,
the immediate effect of 3 months of yoga training is
known the detraining effect of yoga was unexplored.
Thus, our study has contributed to the pool of
knowledge, the minimum duration of yoga training
required to show a significant improvement in
strength, endurance, whole body endurance and
aerobic capacity and also the detraining effect of
yoga on all the above parameters. Further validation
is required in this arena with a true control group
which lacked in our study.
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