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Abstract: Introduction: laptop bag may be a contributing factor for musculoskeletal complaints in schoolchildren. Several 

studies have reported an association between carrying heavily loaded schoolbags and musculoskeletal pain or discomfort. 

Methods: 105 collegiate students were conveniently recruited in this study. Electromyography (EMG) signals were recorded 

during the treadmill walking at a speed of 4-5km /hour for 20 minutes with the load. The data were recorded in back pack, 

right side pack and left side pack with both right & left upper trapezius. Results: Paired sample t test was used to find out the 

significance level of EMG activity and result showed significant differences in right side pack and left side pack. Conclusions: 

EMG activity of right trapezius exhibited increased in subjects with right side pack, left trapezius was increased in subjects 

with left side pack, but in back packs the increment of right & left trapezius EMG is almost equal. 
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1. Introduction 

Backpack carriage is common among adults, 

schoolchildren and adolescents for daily transferring of 

personal belongings, laptops, books and stationeries to and 

from offices, colleges or schools. As the load of backpack is 

directly applied to the spine via the shoulder straps and 

external loading has been demonstrated to be associated with 

spinal disorders [1]. De Paula et al. (2012) found that a 

significant number of students carry backpacks weighing 

more than 10% of their BWs most of the time [2]. This heavy 

stress puts the student at an increased risk of injury [3]. 

Total weight carried, duration and frequency of carriage 

and the manner in which the weight is carried all affect the 

demands on the musculoskeletal system and may affect the 

incidence of musculoskeletal pain or discomfort. The 

improper use of backpacks can lead to muscle imbalance that 

could turn into chronic pain and neck problems later on 

during the lifetime (The American Academy of Orthopaedic 

Surgeons (AAOS), 2008). In a study conducted by Grimmer 

et al. (1999) of 1269 high school students in Adelaide, 

Australia, found gender and age specific associations 

between recent low back pain, the amount of time spent 

sitting, the backpack load and the time spent carrying it [4].  

There is evidence that schoolbags may be a contributing 

factor for musculoskeletal complaints in schoolchildren. 

Several studies have reported an association between 

carrying heavily loaded schoolbags and musculoskeletal pain 

or discomfort [5-7]. Load carriage has been associated with 

an increased risk of musculoskeletal disorders in the back 

and upper and lower limbs in recreational hikers (Twombly 

and Schussman, 1995) [8] with females suffering 

significantly higher injury rates than males when 

participating in the same hiking activities in outdoor 

education [8-9]. 

Backpack carried by collegiate students and their role in 

the development of musculoskeletal pain has been the subject 

of recent attention [3, 10] and reducing backpack weight has 

been suggested as one prevention strategy to reduce hiking-

related injury [11] with previous research recommending 

30% body weight (BW) as the maximum load for healthy 

adult males [12]. if it is necessary to carry loads more than 

10% of body weight, the modified backpack helps the 

integrity of the back and neck. Also, it helps to reduce 
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muscular stresses on the back when the backpack exceeds the 

lifted weight of 10% of student’s BW. Therefore, the use of 

the modified backpack is better than to use the commercial 

one [13]. 

At present however community based therapists are 

reporting an increase in the number of students requiring 

treatment for musculoskeletal injuries and discomfort [14]. 

This increase in the number of students as patients has been 

suggested to be related to students’ increased use of 

computers. 

When reviewing the literature there is minimal research 

reported on the use of laptop computers and the physical 

implications of their use, both within school and general 

environments. At the time of this research only four 

published studies were found that discussed the physical 

implications of using laptop computers [15]. 

It is evident that a lot of research work has been done 

related to back pack and scapular kinematics but there is a 

paucity of research linking the involvement with side pack 

with Electromyographic activity, thus there is a need to do a 

work on that specific aspect. The purpose of the study is 

found out the changes in Electromyography in upper 

trapezius in collegiate student with backpack and side pack. 

2. Methodology 

2.1. Articipants 

105 collegiate student form Sardar Bhagwan Singh (PG) 

Institute of Biomedical Sciences & Research, Balawala, 

Dehradun were conveniently recruited in this study (Table-1). 

The detailed protocol of the research was explained and 

consent of every subject was taken prior to their inclusion in 

the study. The whole research was approved by the human 

subjects ethics review committee at the Punjabi University, 

Patiala, India.  

Table 1. Demographic Statistics of the populations. 

 Minimum Maximum Mean SD 

Age 18.00 28 22.15 1.94 

Height 150.00 188 164.54 7.73 

Weight 40.00 78 65.23 7.53 

A Custom made double-strap backpack was used in this 

study. An internal aluminum frame covered with rigid plastic 

material was used and position the center of gravity of the 

backpack approximately at the participant’s T12 level [16]. 

Weights were symmetrically attached to the custom made 

back pack about the midline of the backpack until the overall 

weight of the backpack was 10% of the participant’s body 

weight [17]. The lengths of the backpack straps were 

adjusted according to the participant’s comfort. All the 

participant was asked to walk with backpack carriage on a 

motor driven treadmill for 20 min [3]. 

EMG signals were recorded during the treadmill walking 

at a speed of 4-5km /hour with the back pack and side pack. 

Subject has to walk for 20 minutes after that the signals were 

saved in the computer through neuroperfect software. The 

data were recorded in back pack, right side pack and left side 

pack with both right & left upper trapezius. 

2.2. Measurement of EMG Activity in Upper Trapezius 

Before placing the electrodes, the skin preparation was 

done in which the skin of each individual was wiped with the 

alcohol to reduce the skin impedance [18]. Two Ag/Agcl 

surface electrode filled with electrode paste were placed 

unilaterally. The inter electrode distance was 20mm from 

centre to centre of the electrode and each electrode was of 1.0 

cm diameter. Electrodes were oriented in the direction of the 

muscle fibers.  

Two electrodes were placed so that they ran parallel to the 

muscle fibers and positioned in such a way that one electrode 

was superomedial and other inferomedial to a point 2 cm 

lateral to one-half the distance between the C7 spinous 

process and the lateral tip of the acromion.
 
The ground 

electrode was placed over C7 spinous process. Palpation of 

C7 spinous process was done by moving the head in flexion 

and extension. The electrodes were secured to the skin by 

means of adhesive tapes. Surface electrodes were chosen 

because they were simple to handle and they pick up signal 

from a comparatively large volume of muscle and do not 

discomfort the subject. It was necessary to have electrode 

attached for long period and at the same time retain comfort 

and relaxation [19]. 

The parameters used in EMG data were sensitivity of ±100 

µV, bandwidth of 10 to 2000 Hz. The input impedance of the 

EMG amplifier was less than 10 Megaohms, common mode 

rejection ratio of 85 db and Gain of 1000. [20].
 

2.3. Data Analysis & Result 

Paired sample t test was used to find out the significance 

level of EMG activity with back pack and side pack position. 

The acceptable probability level was set at p <.05. 

The results of the present study showed significant 

differences in right side pack and left side pack but non-

significant differences with back pack when comparison was 

done within the group between right side & left side upper 

trapezius (Table 2 and Figure 1).  

Table 2. Comparison of EMG Readings of right trapezius & left trapezius with different packs. 

 
Mean ± SD 

SEM t-value p-value Significant 
Rt Trap Lt Trap 

Right Side Pack 1.61 ± 0.28 1.47 ± 0.26 0.0230 6.041 0.0001 S 

Left Side Pack 1.47 ± 0.37 1.73 ± 0.40 0.0262 10.038 0.0001 S 

Back Pack 1.506 ± 0.30 1.501±0.30 0.0226 0.0217 0.829 NS 
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Figure 1. Mean comparisons of EMG Readings between Rt & Lt Trapezius. 

When comparison was done between different pack of 

right upper trapezius, the result showed significant 

differences between right side pack & left side pack, and 

right side pack & back pack and showed non-significant 

differences between left side pack & back pack of right upper 

trapezius. In left upper trapezius, the result showed 

significant differences between right side pack & left side 

pack, and left side pack & back pack and showed non-

significant differences in right side pack & back pack (Table 

3 and Figure 2). 

Table 3. Comparison of EMG readings between individuals with Different Pack in right trapezius. 

  SEM t-value p-value Significant 

Right Trapezius 

Right Side Vs Left side 0.0453 3.007 0.003 S 

Right side Vs Back Pack 0.0370 2.830 0.006 S 

Left side Vs Back Pack 0.0455 0.694 0.489 NS 

Left Trapezius 

Right Side Vs Left side 0.0460 5.776 0.0001 S 

Right side Vs Back Pack 0.0378 0.782 0.436 NS 

Left side Vs Back Pack 0.0462 5.108 0.0001 S 

 

Figure 2. Comparison of EMG readings between individuals with Different Pack in Rt & Lt Trapezius. 

3. Discussion 

Electromyographic activity of upper trapezius was varied 

in load carrying with different pack. The results of the 

present study showed significant differences when 

comparison was done within the group between right side & 

left side upper trapezius with wearing right side pack and left 

side pack but non-significant differences with back pack. 

That means right trapezius EMG activity was increased in 

subjects with right side pack, and left trapezius EMG was 

increased in subjects with left side pack, but in back packs 

the increment of right & left trapezius EMG is almost equal. 

Our study was supported by Kim et al., 2008 when they 

tested the RMS of upper trapezius EMG activities in forward 

head position during carrying three types of school packs 

with 15% of body weight; they found that the RMS of EMG 

activity of the upper trapezius was significantly higher while 

carrying the backpack [21]. Bobet J, Norman RW, 1984 

proved that the upper trapezius EMG activity was 

significantly higher double pack than without a backpack 

[22]. 

Holewijn, 1990 monitored the EMG signal of the trapezius 

muscle among four young male volunteers as they walked on 
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a treadmill carrying either 0, 5.4, or 10.4 kg in a backpack 

[23]. The load significantly increased the root mean square 

EMG value of the muscle, corresponding to an increase in 

force exerted by the muscle. However, with increased 

loading, increased activation of postural muscles providing 

spinal stability, and especially the back extensor muscles, is 

expected due to the increased thorax flexion [24]. 

Piscione & Gamet D, 2006 found that through increasing a 

load up to 15 percent of body weight, the upper fibre of EMG 

activities was increased Carrying loads bilaterally offers two 

specific advantages over unilateral load carrying [25]. First, 

the bilateral load carrying produced less EMG activity than 

unilateral load. Second, the forces on both sides would be 

nearly equivalent due to the symmetry of the muscles on both 

sides and across both sides of the spine [26]. This explains 

that side pack produces less EMG activity than the back 

pack. Basically the strap of the bag produces restriction to the 

movement of the scapula but the scapula produces a upward 

reaction force against the weight of the bag which ultimately 

force the muscle to contract isometrically, whereas the other 

shoulder is free from weight and the muscle of that shoulder 

is acts concentrically thus producing less EMG signals. 

When comparison was done between different pack of 

right upper trapezius, the result showed significant 

differences between right side pack & left side pack, and 

right side pack & back pack and showed non-significant 

differences between left side pack & back pack, that means 

EMG activity is more in right side pack then back pack and 

then left side pack. This might be explained as the maximum 

subjects are right hand dominant so the right side upper 

trapezius will contract isometrically against strap under load. 

Aaras, 1994, showed that upper trapezius activity above 5% 

Maximum voluntary Contraction is associated with increased 

incidence of work-related neck and upper limb disorders, the 

import of seemingly small changes in neck postures 

maintained over long time periods is clear [27]. Furthermore, 

a significant increase in anterior-posterior swing of trunk 

when carrying higher loads would cause the abdomen, back 

and leg muscles to work harder to maintain dynamic balance. 

This would involve the semispinalis, erector spinae, 

trapezius, tibialis anterior, vastus lateralis and hamstring 

muscles [28]. Stokes et al. (1989) the pelvis rotates in the 

frontal plane opposite to the shoulder girdle during most of 

the stride cycle. The shoulder on the opposite side to the leg 

striking the ground is lifted and rotated forward [29]. When 

this movement of the shoulder is impeded due to a load 

supported by the shoulder, the trapezius muscle has to 

generate a higher force in order to overcome this. From this 

data on the force generated by the descending part of the 

trapezius muscle during load carrying will produce more 

EMG activity. 

4. Conclusions 

Electromyographic activity of upper trapezius was 

measured during treadmill walking with right side pack, left 

side pack and back pack. EMG activity of right trapezius 

exhibited increased in subjects with right side pack. EMG 

activity of left trapezius was increased in subjects with left 

side pack, but in back packs the increment of right & left 

trapezius EMG is almost equal. 
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