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ABSTRACT

Postural and physiological changes are the distinct changes occurring in the adolescence which
contributes fitness level of a child. The biomechanics of these children are highly affected by load
carriage while climbing stairs which results in increase in cardio respiratory responses. Evaluation of
the cardio respiratory changes is necessary in curbing further damage. In the study we evaluated the
effect of backpack load influencing the cardio respiratory measures in stair climbing adolescents. 100
adolescents subjects aged 13-16 yrs were selected for the study, with graded loading for three
consecutive days. Heart rate, rate of perceived exertion and respiratory rate were measured pre and
post loading. Values of all the parameters on each day were compared. With increase in load, increase
in heart rate, rate of perceived exertion and respiratory rate were significant when compared with
progression in load. Although the measure which is highly affected amongst these was heart rate. The
backpack with 30% load produces the elevation of variables at a greater extent hence there should be
curbing of weight of 30% of adolescent’s body weight.
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INTRODUCTION

To carry books, sporting apparatus
and other materials students of higher
secondary carry backpack most often.
Hikers, students and soldiers often use
backpack as it is one of the several forms of
manual and load carriage which provides
versatility. ™ To load the spine closely and
symmetrically backpack is an appropriate
way. M

Work load is relatively increased
while climbing with a backpack; hence there
is a change along the biomechanical
requirement and need to perform on a
higher rate. ™ When walking with a
backpack load, energy consumption is

influenced by a proportional increase in
metabolic costs to load. ! Breathing
conditions and other ventilator conditions
are also altered. [

The anterior part of shoulder,
situated in the region over brachial plexus,

axillary artery and vein are often
compressed by backpack straps. @
Therefore, it may affect arm/hand

circulation and sensation as it compresses
the tissues. There is a relative decrease in
walking speed, a decrease in walking time,
an increase in cardio respiratory responses,
and an increase in ground reaction forces is
observed in several studies. [*?
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As the heavy weight of the backpack
rests on the frame which presses hard on the
skin and muscle underneath, the type of
distribution creates more problems with the
external frame. ™ It results in muscle
soreness, blisters, fatigue and some critical

musculoskeletal disorders, consequently
making the adolescent students
uncomfortable. 1!

Today, the concern regarding
backpack use among children and
adolescent students has been raised.

Negative consequence of heavy loads on
developing spine and the weight of
children’s school bag is an ongoing concern.
[ Children between the age group of 13-16
years are of great concern as junior students
in secondary school have a critical spinal
development stage. ©*!

Osgood-Schlatter syndrome — one of
the most common orthopedic diseases can
be related by heavy loading on the patellar
tendon leading to tendinopathy. Adding load
can further worsen the condition for these
school going children. Eccentric calf muscle
strength should be of great concern for the
same. %!

Adolescent skeletal muscle and soft
tissue and thus the spine structures are
markedly different from adults as they
experience a period of accelerated growth
and development. However the children
carrying backpack has affected posture,
muscle activity, back pain and energy
expenditure.

The relationship between backpack
carriage and cardio respiratory changes is
touched by a very few investigators. Some
studies suggest that heart rate increases
when carrying backpack with different
weights, without any significant changes in
the load conditions. ! Some studies also
suggests that walking with the backpack of
greater than 10% of body weight induces
significant changes in respiratory and
cardiac parameters; however backpack of
10% of body mass shows no significant

Considering the backpack use in the
school children of developing countries is
90%, though load carriage is greater than
recommended limit and also because of
limited information about cardio respiratory
effects of backpack, it is necessary to
investigate the cardio respiratory changes
particularly heart rate and rate of perceived
exertion and to compare the changes
induced by different weight of backpack
load from rest to climbing stairs for 5 mins
and 2 mins of recovery time. M4

Adolescents  have  accelerated
development, adolescents of age 13-16yrs;
usually suffer from a wide range of postural,
musculoskeletal and cardio respiratory
changes. The children tend to fatigue very
easily leading to increased rate of exertion.
Work had been done related to backpack
and rate of perceived exertion but there is a
paucity of research in their perceived
exertion and heart rate during stair climbing,
thus there is need to work in this specific
area. Also, there is a great possibility of
interventional study on the same as there is
likelihood of curbing further damage till
adulthood.

Hence the aim of this study was to
evaluate the effect of back pack load in
school going adolescents specially while
stair climbing taking the vitals like heart
rate, respiratory rate and rate of perceived
exertion.

MATERIALS & METHODOLOGY

An  Experimental Study was
conducted in Krida Prabodhini School,
Pimpri, Pune, Maharashtra, India, where the
sample size was 100. All Children falling in
of Age Group of 13-16 years and carrying
school backpack to school were included in
the study. Children with Musculoskeletal
and cardiac disorder and Children above the
age group of more than 13-16 yrs were
excluded from the study. Rate of perceived
exertion- Borg Scale, Heart rate - pulse
oximeter, Timer were the outcome measure.

change in both cardio respiratory and Material used were, Weighing
postural parameter. M scales, Borg scale, Pulse oximeter,
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Backpack of school children,
Stationary, Timer.

The subjects were counselled about
the test and how it is going to be performed.
The advantages and disadvantages of the
experiment were also explained.
Demographic data of subjects were taken
according to which children between 13-
16yrs of age were chosen for the
experiment. Vitals were taken before the
administration of the test i.e. heart rate, rate
of perceived exertion and respiratory rate.
Subjects were administered with 10% loads
on the first day of the test. Subjects were
supposed to climb stairs for three flights and
come back to the point where they started
the experiment. Subjects were asked to take
rest and get ready for the experiment on the
next day.

Subjects were administered with
20% loads on the second day of the test.
Subjects were supposed to climb stairs for
three flights and come back to the point
where they started the experiment. Subjects
were asked to take rest and get ready for the
experiment on the next day.

Subjects were administered with
30% loads on the third day of the test.
Subjects were supposed to climb stairs for
three flights and come back to the point
where they started the experiment.

The vitals were assessed post
activity and were compared individually.
The measures were also compared with each
other to see which measure is highly
affected.

going

Data Analysis and Interpretation: Data
was recorded and documented in tables and
graphs. Appropriate tests of statistics were
applied based on Normality and data was
checked for Normality. Data was not
normally distributed for all the parameters
so Non Parametric tests of significance were
applied to check the level of significance.

In the present study Wilcoxon
Signed Rank Test was applied as non-
parametric a test of significance, and P
Value for all the parameters was found to be
p = 0.000 which denotes the highly
significant.

Wilcoxon Signed Rank
Test

Sr Parameters | ZsubW | P Level of
No Significance
1 HR | 10% | 8.682 0.000 | Highly Significant

20% | 8.682 0.000 | Highly Significant

30% | 8.639 0.000 | Highly Significant

2 RP 10% | 8.853 0.000 | Highly Significant
E 20% | 8.8 0.000 | Highly Significant

30% | 8.612 0.000 | Highly Significant

3 RR | 10% | 8.701 0.000 | Highly Significant

20% | 8.695 0.000 | Highly Significant

30% | 8.689 0.000 | Highly Significant

RESULT

Table and Graphl — Represents the
mean difference of HEART RATE with
different weight loads i.e. 10%, 20% and
30%

HEART RATE
Load carriage Mean difference
Ten percent 22.61
Twenty percent 33.32
Thirty percent 454
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Interpretation: This graph illustrates the
Mean difference of heart rate (post-pre) with
different load carriage. The mean difference
with 30% weight carriage shows the
maximum increase in heart rate.

Table and Graph 2 — Represents the
mean difference of RATE OF PERCEIVED

EXERTION with different weight loads i.e.
10%, 20% and 30%

RATE OF PERCEIVED EXERTION

Load carriage Mean difference

Ten percent 1.96

Twenty percent 25

Thirty percent 3.82
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Interpretation: This graph illustrates the
Mean difference of RATE OF PERCEIVED
EXERTION (post-pre) with different load
carriage. The mean difference with 30%
weight carriage shows the maximum
increase in heart rate

Table and Graph 3 — Represents the
mean difference of RESPIRATORY RATE

with different weight loads i.e. 10%, 20%
and 30%.

RESPIRATORY RATE

Load carriage Mean difference
Ten percent 6.3

Twenty percent 8

Thirty percent 11.1
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Interpretation: This graph illustrates the
Mean difference of RESPIRATORY RATE
(post-pre) with different load carriage. The
mean difference with 30% weight carriage
shows the maximum increase in heart rate

Table and Graph 4 — Represents the
mean of pre and post HEART RATE
assessment for 10%, 20% and 30% of
backpack load.
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HEART RATE
Load Carriage Pre  Assessment | Post Assessment values
Values
Ten percent 83.68 106.3
Twenty percent 84.9 118.2
Thirty percent 84.7 130.1
140
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Interpretation: This graph illustrates the
Mean of HEART RATE, pre assessment
and post assessment with different load
carriage. There is a successive increase in

PERCEIVED EXERTION assessment for
10%, 20% and 30% of backpack load.

RATE OF PERCEIVED EXERTION

. . . . Load Pre Assessment | Post Assessment
heart rate with rise in load carriage. Carriage Values values
Table and Graph 5 — Represents the 3“ pffcent gg g%ﬁ
mean of pre and post RATE OF | ceem ' '
Thirty percent | 6.3 10.12
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10 o
8 N
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Interpretation: This graph illustrates the
Mean of rate of perceived exertion, pre

assessment for 10%, 20% and 30% of
backpack load.

assessment and post assessment with
different load carriage. There is a successive RESPIRATORY RATE
. . . . . Load Pre Assessment Post Assessment
increase in heart rate with rise in load Carriage values values
Carriage_ Ten percent 12.6 18.9
Twent; 135 215
Table and Graph 6- Represents the | percent
mean of pre and post respiratory rate [ Thirty percent [ 13.7 248
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Interpretation: This graph illustrates the
Mean of RESPIRATORY RATE, pre
assessment and post assessment with
different load carriage. There is a successive
increase in heart rate with rise in load
carriage.

Table and Graph 5 — Represents the
mean difference of all measures to find the

highest affected parameters among all.
Assessment for 10%, 20% and 30% of
backpack load.

HIGHEST PARAMETERS AMONG ALL

10% 20% 30%

HR 22.61 33.32 45.4

RR 1.96 2.5 3.82

RPE 6.3 8 111
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Interpretation: This graph illustrates the
Mean difference for all 3 parameters and it
shows the parameter which is highly
affected? The table demonstrates that heart
rate is affected the most while carrying
backpack with different loads.

DISCUSSION

The study conducted aimed to
analyze the effect of wearing backpack on
cardio-respiratory changes while climbing
stairs in young adolescents. In order to
analyze the effect of difficulty with different

weights i.e. 10%, 20% and 30% weight. The
measures were found to increase with
difficulty i.e. heart rate, rate of perceived
exertion and respiratory rate. It became
prominent with greater amount of backpack
load while climbing stairs, more pronounced
is the increase in the measuring parameters.
However, the study conducted by Hong Y et
Al.  Concluded that there is a remarkable
climb in heart rate with backpack load but
minimal change with 10% of body weight
carriage.™™ Changes in heart rate are
directly proportional to the consequential

International Journal of Health Sciences and Research (www.ijhsr.org) 334
Vol.11; Issue: 6; June 2021




Mayura P. Deshmukh et.al. Effect of backpack load influencing the cardio-respiratory changes in stair climbing

in adolescents.

increase in load. All students in this research
have carried 10%, 20% and 30% body
weight. The data obtained is more than that
advocated by preceding researchers, who
proposed that children should carry no more
than 10% of their body weight. In a study
conducted by H. Daneshmandi et. al.
concluded that there is a possibility of
interrelation of biomechanical changes with
load carriage while exercising i.e. climbing
stairs.!”] Benedickt Gasser mentioned about
the maximum weight carriage of 10%,
recommended for children and adolescent
population as these are subjected to
biomechanical changes in profusion.! RPE
was measured before and after stair
climbing with backpack and a comparison
was done between before and after stair
climbing in individuals with different pack,
the results of the study showed significant
differences with 30% carriage of backpack.
However, RPE was increased after carriage
of all three backpacks. Siddharth Sen and
Ajita believes, when students carrying load
have significant climb in the exertion level
and leads to fatigue of an individual which
supports H. Daneshmandi et al quoting that
loads of 0% is significantly different than
loads of 10% BM which leads to significant
rise in physiological parameters.I!
Moreover , the increase in RPE during stair
climbing can also be explained by
augmentation of perceived pulmonary effect
that caused to pulmonary hyperventilation
as mentioned by Siddharth et. al. RPE
measures  increased as the load was
increased during stair climbing due to
Metabolic acidosis which caused as a result
of increased leg efforts from the beginning
of stair climbing.’® Furthermore, RPE has
been correlated with varied physiological
indicators of exercise intensity such as
oxygen  consumption, blood lactate
concentration, heart rate, blood pressure,
serum levels and body temperature in varied
terrains.'! There is minimum literature
mentioning about the effect of backpack on
respiratory rate though we can correlate
RPE and respiratory rate physiologically.
Lai and Jonas investigated the effect of

backpack on lung volumes and respiratory
rate. They reported that school bag heavier
than 10% of the child’s body weights has a
repressing impact on respiratory rate and
lung volumes.'?” The study showed marked
increase in respiratory rate as it is directly
proportional to the level of fatigue
experienced by the student while climbing
stairs. Thus, it formulates a strong
interrelation with increase in respiratory rate
with gradual increase in load carriage.
Carrying backpack has showed an effect on
respiratory muscles, owing them to shorten
with use of them in a long run. The
intercostals muscles thus aren’t able to
expand fully during inspiration leading to
increase in respiratory rate."1 1t also
signifies the increase in work of breathin

after climbing stairs with heavy loads.™*®1*
The subjects taken in this study exercises
regularly and have comparatively higher
cardiovascular endurance than sedentary
adolescents who doesn’t exercise
frequently. The subjects fall under normal
BMI thus, we can assume the potential
increase in measures with increase in BMI.

CONCLUSION

There is a conspicuous change in all
three measures with progressive increase in
load while climbing stairs. However, heart
rate shows the maximum change amongst
them. With greater load utmost changes
were seen.
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