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Abstract
Background. Backpacks are commonly used by students to carry their school items. However, increasing backpack 
loads can lead to negative effects on health and posture, particularly through changes in gait dynamics. Peak forces 
are a critical variable in understanding gait mechanics, which is significantly impacted by carrying loads. Therefore, 
it is crucial to investigate the changes in peak forces with varying (increasing) backpack loads and the durations of 
carrying.
Objectives. The study aimed to examine the effect of various backpack loads, carried for different durations, on the 
forces at first and second peaks of the left and right foot during a walking gait cycle in school-going boys.
Materials and methods. The subjects (n = 85) between the age of 10 to 12 years, were randomly selected from Delhi 
NCR. The force at first and second peaks was measured using a ZebrisInc pressure platform supported by Win FDM-S 
software (Germany). Five backpack load conditions were analysed, namely, B1 = backpack load of 0 % of body weight 
(no additional weight in the backpack); B2 = backpack load of 8% of body weight; B3 = backpack load of 12 % of body 
weight; B4 = backpack load of 16 % of body weight; and B5 = backpack load of 20 % of body weight, at five following 
recording time, T1 = recording at zero minute of walking; T2 = recording at fifth minute of walking; T3 = recording at 
tenth minute of walking; T4 = recording at fifteenth minute of walking; T5 = recording at twentieth minute of walking. 
Statistical analyses included an assessment of the mean, standard deviation, coefficient of variation, and t-ratio. The 
significance level for the t-test was 0.05.
Results. The results indicated that increasing backpack loads led to higher peak forces at both the first and second 
peaks of the gait cycle. The right foot exhibited elevated forces at the first peak, while the left foot showed dominance at 
the second peak. Furthermore, prolonged load carriage was also found to increase peak forces. A paired sample t-test 
revealed significant differences between the first and second peaks, with a mean difference of −14.402 N (p = 0.002) for 
the first peak and 4.860 N (p = 0.001) for the second peak.
Conclusion. The study concluded that higher backpack loads significantly increased the mean of peak forces in 
walking gait, which may result in postural imbalances and gait asymmetry. These findings suggest a need for regulating 
backpack loads to prevent potential musculoskeletal issues in children.
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Introduction

Backpacks are the most common means for school stu-
dents to carry their belongings, as they are positioned close to 
the body’s center of gravity, providing stability during move-
ment (Pascoe et al., 1997; Sheir-Neiss et al., 2003). While 
carrying a backpack may reduce biomechanical demands due 
to this optimal positioning, an increase in load significantly 
raises the energy expenditure required for transport (Castro 

et al., 2013; Pau et al., 2015). However, the drawback of using 
backpacks is that excessive loads can have harmful effects on 
the body (Knapik et al., 1996; Knapik et al., 2004). Studies 
have shown that carrying heavy backpacks over extended pe-
riods can lead to a range of negative consequences, including 
altered gait patter, shoulder pain, fatigue, redness, swelling, 
back pain, and foot blisters. Moreover, it increases the risk 
of musculoskeletal injuries such as kyphosis, lordosis, and 
shoulder drop, among others (Macias et al., 2008; Son, 2013; 
Song et al., 2014; Castro et al., 2015; Perrone et al., 2018; 
Sokhi et al., 2022).
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In a normal gait cycle, the ground reaction force should 
equal the individual’s body weight (Drerup et al., 2008). How-
ever, abnormal gait patterns, such as those induced by carry-
ing heavy loads, can lead to improper distribution of forces 
and pressure on the feet (Kellis, 2001; Rai & Aggarwal, 2006). 
Several studies have reported changes in ground reaction 
force, plantar pressure (Kasović et al., 2018), and gait patterns 
during load-bearing walking (Ahmad & Barbosa, 2019). It 
has been observed that students exhibit slower cadence and 
reduced walking speed when carrying heavy backpacks, with 
force and pressure time integrals increasing proportionally 
with the load (Ahmad & Barbosa, 2019). Additionally, when 
school children carry backpacks exceeding 10 percent –15 
percent of their body weight, they experience decreased lung 
volumes and exhibit compensatory postural and gait changes, 
such as forward leaning of the upper body and head lowering 
(Lai & Jones, 2001; Mosaad & Abdel-Aziem, 2015; Vieira & 
Ribeiro, 2015; Chen et al., 2018). In a gait cycle there are two 
peaks, namely, first peak and second peak (refer Figure 1).

Fig. 1. Phases of first and second peaks in a gait cycle

The first peak occurs during the loading response phase, 
just after the heel touches the ground. This peak shows the 
body’s ability to absorb impact as the weight shifts to the 
leading leg. The force at this point is mainly passive, helping 
the body stabilize under the load, and it can increase with ex-
tra weight, like carrying a backpack (Hong & Bartlett, 2008; 
Richards et al., 2013).

The second peak happens during the propulsion phase, 
right before toe-off. This is an active force where the plantar 
flexor muscles push the body forward (Neptune & Sasaki, 
2005). Although the second peak is often smaller than the 
first, it is essential for moving efficiently and keeping momen-
tum (Neptune & Sasaki, 2005; Richards et al., 2013). Any im-
balance between these forces, especially from carrying heavy 
loads, can affect walking patterns and raise the risk of injury 
(Perry & Burnfield, 2010; Ahmad & Barbosa, 2019). 

There are several determinants of plantar pressure, with 
peak force being a critical variable (Menz & Morris, 2006). 
Despite the increasing literature, there is limited research 
focusing on the specific impact of different backpack loads 
carried over varying durations on forces at different peak 
phases of the gait cycle. The current study aims to address this 
gap by examining the effects of varying (increasing) backpack 
loads carried over selected durations on force at first peak 
and second peak during walking in school going boys. The 
findings will contribute to a better understanding of how 

backpack loads influence foot biomechanics and offer in-
sights for reducing the negative effects of heavy backpacks in 
school children.

Material and Methods

Study Design

The research aimed to observe and analyse the forces 
at different (first and second) peaks during backpack load 
carriage at different load percentage of body weightin a gait 
cycle. The study utilized a repeated measures experimental 
design, in which all participants were exposed to five differ-
ent levels of backpack loads, namely, backpack load of 0% (no 
additional weight in backpack) of the bodyweight, backpack 
load of 8% of the bodyweight, backpack load of 12% of the 
bodyweight, backpack load of 16% of the bodyweight, and 
backpack load of 20% of the bodyweight.  Data collection 
occurred at five specific time intervals during backpack car-
riage, that is, at the starting of the test (zero minute), and 
then at the fifth minute, tenth minute, fifteenth minute, and 
twentieth minute of walking. This 5x5 within-group design 
allowed for repeated measures across both the varying loads 
and the different durations. 

Subjects

Eighty-five male school-going students from Delhi NCR, 
aged 10 to 12 years, were randomly selected for this study. 
Ethical approval was granted by the Board of Research Stud-
ies at the University of Delhi (Ref No: DPE/2023/2345). The 
study adhered to strict ethical guidelines, ensuring voluntary 
participation, confidentiality, and the right to withdraw at 
any time. Participants who did not meet the age or health 
criteria, or who withdrew during the study, were excluded.

Instruments

The portable pressure measurement platform from Ze-
brisInc; Germany (40x30 cm), supported with Win FDM-S 
software (Germany) was used for collecting data over five 
trails for each foot from each subject. A weight machine was 
also used to measure the bodyweight of the selected subjects 
and to measure the backpack load.

Selection of the Variables

The study involved the selection of several key variables, 
categorized into experimental and observational variables. 
The experimental variables, also known as independent vari-
ables, included the backpack load and the duration of car-
rying the load. The backpack load varied across five levels: 
0% of the subject’s body weight (representing no additional 
weight in the backpack), 8%, 12%, 16%, and 20% of the sub-
ject’s body weight. Additionally, the duration of carrying the 
backpack load was recorded at five different time points dur-
ing walking. These time points were at the beginning of the 
walking gait (zero minute), the fifth minute, the tenth minute, 
the fifteenth minute, and the twentieth minute of the walk-
ing gait. 

The observational variables, referred to as dependent 
variables, included several measures related to the forces ex-
erted on the feet during walking. These included the force at 
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the first peak of the left foot, the force at the second peak of 
the left foot, the force at the first peak of the right foot, and 
the force at the second peak of the right foot. In addition, the 
study recorded the mean force at the first peak of both the 
left and right foot, and similarly, the mean force at the second 
peak for both feet. Moreover, the study calculated the mean 
of the forces at the first and second peaks for both the left 
foot and the right foot separately, allowing for a more com-
prehensive understanding of the impact of backpack load and 
walking duration on gait dynamics.

Procedure for Data Collection

The subjects were gathered in the biomechanics lab at 
IGIPESS, University of Delhi. Prior to data collection, in-
formed consent and release of liability forms were obtained 
from the guardians. The entire data collection procedure was 
thoroughly explained to the subjects to ensure they under-
stood the process. The subjects were introduced to five back-
pack load conditions, that are B1 = backpack load of 0 % of 
bodyweight (no additional load in backpack); B2 = backpack 
load of 8 % of bodyweight; B3 = backpack load of 12 % of 
bodyweight; B4 = backpack load of 16 % of bodyweight; B5 = 
backpack load of 20 % of bodyweight, which were carried for 
extended duration of time with the purpose of recording the 
force distribution at specific periods of time (T1 = recording 
at zero-minute; T2 = recording at fifth minute; T3 = record-

Table 1. Descriptive statistics of the force at first peak of left foot with the selected backpack loadsat selected recording times

Force (Newton) at First Peak of Left Foot

S.N. Bag Time
B1 B2 B3 B4 B5

Mean SD CV
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

1 T1 361.37 ± 88.38 398.09 ± 96.78 410.48 ± 90.80 430.71 ± 96.16 434.26 ± 102.94 406.98 95.01 23.35
2 T2 367.43 ± 87.25 403.31 ± 88.60 410.99 ± 95.46 426.56 ± 98.72 430.42 ± 101.00 407.74 94.20 23.10
3 T3 367.21 ± 87.03 399.09 ± 91.36 411.79 ± 91.01 425.84 ± 99.17 433.54 ± 94.04 407.49 92.52 22.71
4 T4 367.37 ± 87.34 399.13 ± 84.29 415.52 ± 95.09 429.84 ± 100.35 433.51 ± 99.79 409.07 93.37 22.83
5 T5 371.05 ± 84.84 400.22 ± 85.80 409.33 ± 87.35 423.54 ± 95.95 437.49 ± 98.56 408.33 90.50 22.16

366.89 ± 86.96 399.97 ± 89.36 411.62 ± 91.94 427.30 ± 98.07 433.85 ± 99.27
CV 23.70 22.34 22.34 22.95 22.88

Note: T1 = Recording at 0 minute; T2 = Recording at fifth minute; T3 = Recording at tenth minute; T4 = Recording at fifteenth minute;  
T5 = Recording at twentieth minute; B1 = Backpack Load of 0 % of Body Weight (No bag); B2 = Backpack Load of 8 % of Body Weight;  
B3 = Backpack Load of 12 % of Body Weight; B4 = Backpack Load of 16 % of Body Weight; B5 = Backpack Load of 20 % of Body Weight

Table 2. Descriptive statistics of the force at second peak of left foot with the selected backpack loads at selected recording times

Force (Newton) at Second Peak of Left Foot

S.N. Bag Time
B1 B2 B3 B4 B5

Mean SD CV
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

1 T1 369.98 ± 82.12 396.45 ± 84.18 408.92 ± 83.60 428.24 ± 92.58 440.13 ± 93.21 408.75 87.14 21.32
2 T2 371.65 ± 81.91 406.12 ± 85.07 416.77 ± 82.96 425.12 ± 100.60 437.81 ± 96.20 411.49 89.35 21.71
3 T3 372.97 ± 78.43 406.21 ± 81.31 416.39 ± 83.02 426.83 ± 91.15 441.27 ± 102.63 412.73 87.31 21.15
4 T4 374.00 ± 77.66 402.25 ± 84.46 419.18 ± 82.60 430.58 ± 89.86 440.45 ± 97.45 413.29 86.41 20.91
5 T5 375.02 ± 79.24 401.71 ± 88.26 415.89 ± 84.96 424.05 ± 83.63 439.14 ± 95.30 411.16 86.28 20.98

372.72 ± 79.87 402.55 ± 84.66 415.43 ± 83.43 426.96 ± 91.56 439.76 ± 96.96
CV 21.43 21.03 20.08 21.45 22.05

Note: T1 = Recording at 0 minute; T2 = Recording at fifth minute; T3 = Recording at tenth minute; T4 = Recording at fifteenth minute;  
T5 = Recording at twentieth minute; B1 = Backpack Load of 0 % of Body Weight (No bag); B2 = Backpack Load of 8 % of Body Weight;  
B3 = Backpack Load of 12 % of Body Weight; B4 = Backpack Load of 16 % of Body Weight; B5 = Backpack Load of 20 % of Body Weight

ing at tenth minute; T4 = recording at fifteenth minute; T5 = 
recording at twentieth minute).

Statistical Analysis

For data analysis, the data recorded with the pressure 
platform software was exported to Excel for further statistical 
analysis, including mean, standard deviation, coefficient of 
variation, and t-ratio. A t-test was conducted with the signifi-
cance level set at 0.05. The results were visually represented us-
ing two-dimensional line diagrams for clearer interpretation.

Results

The following Table 1 provides the descriptive statistics 
for the force at the first peak of the left foot, measured with the 
selected backpack loads and at the designated recording times.

The following Table 2 presents the descriptive statistics 
for the force at the second peak of the left foot, measured 
across various backpack loads and at selected recording times.

The following Table 3 provides the descriptive statistics for 
the force at the first peak of the right foot, measured with the 
selected backpack loads and at the designated recording times.

The following Table 4 provides the descriptive statistics 
for the force at the second peak of the right foot, measured 
with the selected backpack loads and at the designated re-
cording times.
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According to Table 5 and Figure 2, the mean of force 
at first peak of right foot is more as compared to mean of 
force at first peak of left foot. It is also observed that with the 
increase in backpack load, the mean of force (in newton) at 
peak also increases at left and right foot. The t-test analysis 
revealed significant differences in the mean forces at the first 
peak between the left and right foot at varying backpack 
loads, with significance established at the 0.05 level.

According to Table 6 and Figure 3, the mean of force at 
first peak of left foot is more as compared to mean of force 
at first peak of right foot. It has also been observed that as 
backpack load increases, the mean peak force (in newtons) 
rises correspondingly, both, at left and right foot. The t-test 
showed significant differences in the mean forces at the 

Table 3. Descriptive statistics of the force at first peak of right foot with the selected backpack loads at selected recording times

Force (Newton) at First Peak of Right Foot

S.N. Bag Time
B1 B2 B3 B4 B5

Mean SD CV
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

1 T1 379.61 ± 85.43 408.71 ± 96.23 424.99 ± 90.47 449.50 ± 91.17 462.67 ± 96.38 425.09 91.94 21.63
2 T2 378.46 ± 88.08 411.77 ± 88.22 421.20 ± 90.11 438.86 ± 99.90 443.76 ± 107.02 418.81 94.66 22.60
3 T3 382.47 ± 83.43 409.20 ± 90.33 422.10 ± 86.99 446.99 ± 106.96 451.46 ± 96.33 422.44 92.81 21.97
4 T4 376.05 ± 91.56 407.93 ± 91.31 423.98 ± 90.17 444.92 ± 101.57 455.56 ± 97.26 421.69 94.37 22.38
5 T5 386.65 ± 83.34 410.46 ± 88.22 422.35 ± 91.94 446.13 ± 106.88 452.46 ± 101.88 423.61 94.45 22.30

380.65 ± 86.37 409.61 ± 90.86 422.92 ± 89.93 445.28 ± 101.30 453.18 ± 99.77
CV 22.69 22.18 21.26 22.75 22.02

Note: T1 = Recording at 0 minute; T2 = Recording at fifth minute; T3 = Recording at tenth minute; T4 = Recording at fifteenth minute;  
T5 = Recording at twentieth minute; B1 = Backpack Load of 0% of Body Weight (No bag); B2 = Backpack Load of 8 % of Body Weight;  
B3 = Backpack Load of 12 % of Body Weight; B4 = Backpack Load of 16 % of Body Weight; B5 = Backpack Load of 20 % of Body Weight

Table 4. Descriptive statistics of the force at second peak of right foot with the selected backpack loads at selected recording times
Force (Newton) at Second Peak of Right Foot

S.N. Bag Time
B1 B2 B3 B4 B5

Mean SD CV
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

1 T1 363.42 ± 75.93 391.63 ± 83.45 407.72 ± 80.17 421.35 ± 83.55 438.87 ± 89.24 404.60 82.47 20.38
2 T2 365.60 ± 76.29 398.54 ± 84.85 412.64 ± 81.92 418.41 ± 85.14 426.58 ± 105.15404.35 86.67 21.43
3 T3 366.68 ± 75.30 395.89 ± 85.15 417.38 ± 82.59 421.34 ± 83.76 437.62 ± 91.89 407.78 83.74 20.54
4 T4 366.94 ± 77.44 398.43 ± 83.45 411.49 ± 83.81 425.54 ± 85.44 436.01 ± 96.90 407.68 85.41 20.95
5 T5 373.25 ± 73.45 399.86 ± 82.74 413.96 ± 84.37 422.64 ± 83.95 433.91 ± 95.42 408.72 83.98 20.55

367.17 ± 75.68 396.87 ± 83.93 412.63 ± 82.57 421.85 ± 84.37 434.60 ± 95.72
CV 20.61 21.15 20.01 20.00 22.02

Note: T1= Recording at 0 minute; T2 = Recording at fifth minute; T3 = Recording at tenth minute; T4 = Recording at fifteenth minute;  
T5 = Recording at twentieth minute; B1 = Backpack Load of 0 % of Body Weight (No bag); B2 = Backpack Load of 8 % of Body Weight;  
B3 = Backpack Load of 12 % of Body Weight; B4 = Backpack Load of 16 % of Body Weight; B5 = Backpack Load of 20 % of Body Weight

Table 5. Comparison between mean of force at first peak of left foot and right foot with the selected backpack loads at 
selected recording times

Mean Peak Force (Newton) at Selected Backpack Loads
Variables B1 B2 B3 B4 B5 Total

Left Foot 366.89 399.97 411.62 427.30 433.85 2039.00
Right Foot 380.65* 409.61* 422.92* 445.28* 453.18* 2111.64*
Difference b/w Left & Right Foot -13.76 -9.64 -11.3 -17.98 -19.33 -72.01
Total 747.54 809.58 834.54 872.58 887.03 4151.27
Average 373.77 404.79 417.27 436.29 443.51 2075.63

*Note ‘t’ value found to be significant at 0.05 level

Fig. 2. Comparison between mean of force at first peak of left 
foot and right foot with the selected backpack loads at selected 

recording times
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Table 6. Comparison between mean of force at second peak of left foot and right foot with the selected backpack loads at 
selected recording times

Mean Peak Force (Newton) at Selected Backpack Loads of  Left Foot and Right Foot
Variables B1 B2 B3 B4 B5 Total

Left Foot 372.72* 402.55* 415.43* 426.96* 439.76* 2057.42*
Right Foot 367.17 396.87 412.63 421.85 434.6 2033.12
Difference b/w Left & Right Foot 5.55 5.68 2.8 5.11 5.16 24.30
Total 739.89 799.42 828.06 848.81 874.36 4090.54
Average 369.945 399.71 414.03 424.405 437.18 2045.27

*Note ‘t’ value found to be significant at 0.05 level

Table 7. Comparison between mean of force (newton) at first and second peak of left foot with the selected backpack loads 
at selected recording times

Mean Peak Force at Selected Backpack loads of First and Second Peak of Left Foot 
Variables B1 B2 B3 B4 B5 Total

Force at First Peak 366.89 399.97 411.62 427.3 433.85 2039.63
Force at Second Peak 372.72* 402.55* 415.43* 426.96* 439.76* 2057.42*
Difference b/w Force at First & Second Peak -5.83 -2.58 -3.81 0.34 -5.91 -17.79
Total 739.61 802.52 827.05 854.26 873.61 4097.05
Average 369.805 401.26 413.525 427.13 436.805 2048.525

*Note ‘t’ value found to be significant at 0.05 level

Fig. 3. Comparison between mean of force at second peak of left 
foot and right foot with the selected backpack loads at selected 

recording times

Fig. 4. Comparison between mean of force at first and second peak 
of left foot with the selected backpack loads at selected recording 

times

Table 8. Comparison between mean of force (newton) at first and second peak of right foot with the selected backpack loads 
at selected recording times

Mean Peak Force at Selected Backpack loads of First and Second Peak of Right Foot
Variables B1 B2 B3 B4 B5 Total

Force at First Peak 380.65* 409.61* 422.92* 445.28* 453.18* 2111.64*
Force at Second Peak 367.17 396.87 412.63 421.85 434.6 2033.12
Difference b/w First & Force at Second Peak 13.48 12.74 10.29 23.43 18.58 78.52
Total 747.82 806.48 835.55 867.13 887.78 4144.76
Average 373.91 403.24 417.775 433.565 443.89 2072.38

*Note ‘t’ value found to be significant at 0.05 level

second peak between the left and right foot across different 
backpack loads, with statistical significance at the 0.05 level.

As shown in Table 7 and Figure 4, the mean of force at 
the second peak is higher compared to the first peak of the 
left foot. Additionally, the mean of force at both the first and 
second peaks increase as the backpack load on the left foot 
increases. The differences between the first and second peak 
forces of the left foot were found to be statistically significant 
at the 0.05 level, as indicated by the t-test results.

As indicated in Table 8 and Figure 5, the mean of force at 
the first peak of the right foot is higher compared to the sec-
ond peak. Additionally, both the first and second peak forces 
increase as the backpack load on the right foot increases. The 
t-test results demonstrated significant differences between 
the first and second peak forces of the right foot, with signifi-
cance at the 0.05 level.

According to Table 9, the mean of force at the first peak 
of the right foot is greater than the mean of force at the sec-
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ond peak of the left foot across the selected backpack loads 
and recording times.

Table 10. Result of paired sample t-test at first and second 
peak of right foot and left foot as a whole*
Force (Newton) at First and Second Peak of Right Foot and Left 

Foot as a Whole*

 Peak Force MD SED t-value p-value  
(Sig. 2-tailed)

Force at First Peak -14.402 1.868 -7.709 0.002
Force at Second Peak 4.860 0.526 9.230 0.001

*Whole = All backpack loads and recording times, collectively.

Table 10 presents the results of a paired sample t-test 
comparing the forces (in Newtons) at the first and second 
peaks of the right and left feet, treated collectively across 
all backpack loads and recording times. The t-test evaluates 
whether there is a statistically significant difference in the 
peak forces between these two time points. For the first peak 
force, the mean difference is −14.402 Newtons, with a stand-
ard error of difference (SED) of 1.868. The t-value is −7.709, 
and the p-value is 0.002, which is statistically significant at 
the 0.05 level. For the second peak force, the mean difference 
is 4.860 Newtons, with an SED of 0.526. The t-value is 9.230, 
and the p-value is 0.001, which also shows statistical signifi-
cance. Overall, these results demonstrate significant changes 
in force between the feet at both peaks, emphasizing how 
backpack load and timing affect foot force dynamics.

Discussion

The aim of the present study was to investigate the influ-
ence of different backpack loads carried by the students on 
forces at different peaks of left and right foot during walk-
ing gait. The results of this study indicate that an increase in 

Table 9. Comparison between mean of force (newton) at first and second peak of right foot and left foot as a whole*
Mean of Force (Newton) at First and Second Peak of Right Foot and Left Foot as a Whole*

Peak Force/Foot Right Foot Left Foot Total (Newton) Sig.
Force at First Peak (Newton) 2111.64 2039.63 4151.27 0.002
Force at Second Peak (Newton) 2033.12 2057.42 4090.54 0.001
Total (Newton) 4144.76 4097.05 8241.81

*Whole = All backpack loads and recording times, collectively

Fig. 5. Comparison between mean of force at first and second peak 
of right foot with the selected backpack loads at selected recording 

times

backpack load significantly affects the peak forces during the 
gait cycle. As observed, the mean of force at both the first and 
second peaks of the left and right feet increased with heavier 
backpack loads. The t-test confirmed that these increases in 
peak forces across different backpack loads were statistically 
significant at the 0.05 level, highlighting the biomechani-
cal impact of heavier loads on walking gait. This finding is 
consistent with the literature, which reports that carrying 
backpacks exceeding 10% of body weight increases ground 
reaction forces, thereby placing additional strain on the mus-
culoskeletal system (Ahmad & Barbosa 2019; Pau et al. 2015).

Interestingly, the study revealed an asymmetry between 
the mean of forces on the right and left feet, with the right 
foot dominating at the first peak and the left foot dominat-
ing at the second peak. The observed differences in mean of 
forces between the left and right foot were also found to be 
statistically significant, as confirmed by the t-test at the 0.05 
level, suggesting that carrying a backpack may induce gait 
asymmetry, potentially leading to altered posture and gait 
mechanics. Such asymmetry may contribute to the develop-
ment of musculoskeletal disorders in children, as imbalances 
in force distribution can lead to compensatory mechanisms, 
increasing the risk of injury (Mackenzie et al. 2003; Rai & 
Agarwal 2013).

Furthermore, the incremental increase in mean of force 
at peaks, across the different recording times suggests that 
the effects of backpack loads may compound over time, em-
phasizing the need for caution when children carry heavy 
backpacks for extended periods. The t-test results further 
validated that these cumulative effects of backpack loads over 
time were statistically significant. Reinforcing the need for 
regulated backpack weight to prevent long-term biomechani-
cal strain. This finding aligns with research suggesting that 
prolonged load carriage leads to greater biomechanical stress 
and fatigue (Castro et al. 2013). In high-intensity sports, exer-
cises like Nordic hamstring curls are essential for strengthen-
ing the hamstrings and developing eccentric strength, which 
helps reduce injury risk. The hamstrings play a key role in 
controlling heel strike and the swing phase during walking 
and running. This is particularly relevant in our study on the 
effects of backpack loads on peak forces during walking gait, 
as strong hamstrings are crucial for managing altered gait 
dynamics and preventing muscle strain (Islam et al., 2024).

There was an overall increment in the mean of force at 
first peak when the subjects walked with different backpack 
loads. It was reported by Barbosa et al. (2019) that there was 
increase in first peak magnitude of class fifth grade students 
during walking with different backpack loads. Contradic-
tory to the study by Behmaram et al. (2022) who stated an 
increase in second peak ground reaction force with increase 
in backpack loads as one has to overcome greater force for 
moving forward when backpack load increases. Contra-
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diction between Barbosa et al. (2019) and Behmaram et al. 
(2022) requires further investigation.

In light of these findings, it is critical to establish guide-
lines for safe backpack loads for schoolchildren. It was report-
ed that carrying a backpack weighing 10% of body weight is 
too heavy for students aged between ten and fifteen years and 
affects their normal cervical and shoulder posture alignment 
(Chansirinukor et al., 2001).  Similarly, Husain et al. (2024) 
found that heavier backpack loads and longer walking dura-
tions significantly affected the timing of peak forces in the 
gait cycle of schoolboys, underscoring the need for further 
research on the effects of backpacks on children’s gait. A com-
monly recommended limit of 10-15% of body weight may 
still be too heavy, especially for younger students, as even 
the lightest load in the present study (8% backpack load of 
bodyweight) resulted in a measurable increase in peak forces.

This study was limited to male students aged 10 to 12 
years, and future research should include female participants 
to explore gender-based differences in gait biomechanics. The 
controlled experimental environment may not fully replicate 
natural walking conditions over longer distances. However, 
the study’s strengths include its systematic examination of 
multiple backpack loads on walking gait using a precision 
pressure platform, providing reliable data on peak forces. The 
findings emphasize the need to regulate backpack loads to 
protect children’s musculoskeletal health, and future research 
should investigate long-term effects and explore interventions 
like ergonomic backpack designs and educational programs.

Conclusions

The study concludes that the increasing backpack loads 
lead to higher mean of forces at both the first and second 
peaks of the gait cycle, particularly in the right foot at the 
first peak and the left foot at the second peak. The asymmetry 
observed between the two feet suggests that prolonged back-
pack use with heavy loads can contribute to posture and gait 
imbalances, which may increase the risk of musculoskeletal 
problems. Additionally, future research should investigate 
the long-term effects of backpack carriage on musculoskel-
etal health and explore potential interventions, such as er-
gonomic backpack designs and educational programs for 
students and parents.
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Розуміння впливу окремих навантажень рюкзака  
з певною тривалістю носіння на показники максимальних 
зусиль під час пішої ходьби у хлопчиків шкільного віку
Рабія Хуссейн1ABCDE, Дессалегн Васе Мола2ABCDE, Дананджой Шоу1ABCDE

1Університет Делі 
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Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Статья: 9 с., 10 табл., 5 рис., 33 джерела.

Історія питання. Рюкзаки зазвичай використовуються учнями для перенесення шкільного приладдя. Однак збільшен-
ня обсягів навантаження рюкзака може призвести до негативного впливу на стан здоров’я та поставу, зокрема, через зміну 
динаміки ходи. Показник максимальних зусиль є критично важливою змінною в контексті розуміння механіки ходи, на яку 
суттєво впливають навантаження під час носіння. Тому вкрай важливо дослідити зміни показників максимальних зусиль 
при різних (зростаючих) навантаженнях рюкзака і тривалості його носіння.



ISSN 2708-7581 (Online). ISSN-L 2708-7573. Journal of  Learning Theory and �Methodology. 2024. Volume 5, Number 3

152

ISSN 2708-7581 (Online). ISSN-L 2708-7573. Journal of  Learning Theory and �Methodology. 2024. Volume 5, Number 3

152

Мета дослідження. Метою дослідження було вивчити вплив різних обсягів навантажень рюкзака під час носіння про-
тягом різної тривалості на показники зусиль, що виникають на першому та другому пікових значеннях тиску лівої та правої 
стоп під час циклу пішої ходьби у хлопчиків шкільного віку.

Матеріали та методи. Суб’єктами дослідження були особи (n = 85) віком від 10 до 12 років з Національного столичного 
регіону Делі, яких було відібрано за методом рандомізації. Показники зусиль на першому та другому піках вимірювали за 
допомогою платформи для визначення тиску ZebrisInc, що підтримується програмним забезпеченням Win FDM-S (Німеч-
чина). Проаналізовано п’ять умов навантаження рюкзака, а саме: B1 = навантаження рюкзака 0 % від маси тіла (без додат-
кової ваги в рюкзаку); B2 = навантаження рюкзака 8 % від маси тіла; B3 = навантаження рюкзака 12 % від маси тіла; B4 = на-
вантаження рюкзака 16 % від маси тіла; і B5 = навантаження рюкзака 20% від маси тіла, на п’яти наступних записах часу: T1 
= запис на нульовій хвилині ходьби; T2 = запис на п’ятій хвилині ходьби; T3 = запис на десятій хвилині ходьби; T4 = запис 
на п’ятнадцятій хвилині ходьби; T5 = запис на двадцятій хвилині ходьби. Статистичний аналіз включав оцінку середнього 
значення, стандартного відхилення, коефіцієнта варіації та t-співвідношення. Рівень значущості t-критерію становив 0,05. 

Результати. Результати дослідження показали, що збільшення обсягів навантаження рюкзака призводить до зростан-
ня показників максимальних зусиль як на першому, так і на другому піках циклу ходи. Під час першого піку права стопа 
розвивала підвищені показники сили, тоді як на другому піку домінувала ліва стопа. Крім того, встановлено, що тривале 
носіння навантаження також призводить до збільшення максимальних зусиль. T-критерій на основі парної вибірки виявив 
значні відмінності між першим і другим піками, із середньою різницею — 14,402 Н (p = 0,002) для першого піку і 4,860 Н 
(p = 0,001) для другого піку.

Висновок. За результатами дослідження було визначено, що збільшення навантаження рюкзака значно підвищує се-
реднє значення максимальних зусиль під час пішої ходьби, що може призвести до порушення постави та асиметрії ходи. 
Отримані дані свідчать про необхідність регулювання навантаження рюкзака з метою запобігання виникненню потенцій-
них проблем з опорно-руховим апаратом у дітей.

Ключові слова: рюкзак, перший пік, сила, цикл ходи, перенесення навантаження, другий пік, піша ходьба.
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