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Abstract

Background: In today's society, women have alot of tasks
at work, study, family, social events and this coupled with the
use of large and heavy shoulder bags put them at a particular
risk of injuriesin the shoulder complex.

Aimof Study: This study aimed to compare between
carrying a unilateral shoulder bag on the dominant versus
non-dominant side on upper trapezius muscle fatigue, strength
and shoulder function.

Subjects and Methods: One hundred and twenty healthy
femal es right handed with age ranging from 20-59 were
randomly assigned into 2 equal blocked groups. The outcome
measures included, upper trapezius fatigue & strength (via
hand-held dynamometer) as well as shoulder function (via
simple shoulder test). Both groups walked on atreadmill for
5 minutes with speed 1.1m/s (group A) was carried the bag
on the dominant side & (group B) was carried the bag on the
non-dominant side. The outcome measures were collected pre
& post-test for the dominant side (group A) & the non-
dominant side (group B).

Results: The results of this study revealed that there were
no significant differencesin terms of fatigue & function
between pre & post measurments, but there was a significant
difference in upper trapezius muscle strength for both groups.
However, there were no significant differences between the
dominant & non-dominant sides in terms of fatigue, strength
& function.

Conclusion: Our results revealed that there were no
significant differences when carrying a shoulder bag on the
dominant & non-dominant side on upper trapezius fatigue,
strength & shoulder function.

Key Words: Healthy females — Upper trapezius fatigue —
Strength — Shoulder function.

Introduction

WOMEN are multi-taskers and hence need to carry
many items to meet their needs & house-held
activities [1]. Women constantly need to carry heavy
bags due to the multiple tasks they need to perform
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or need to carry more physical activity-related
itemsin their bag, which leads to pain experience
[2] . The weight added by carrying a bag acts as an
extrinsic load and affects many of the body's char-
acteristics [3,4] . According to their weight, shape,
carrying method, and location. Bags may induce
abnormal postures and affect the muscul oskel etal

system, thereby leading to pain and spinal lesions
(5.

The backpack weight of 20% body weight (BM)
caused the most significant muscular and postural
changes leading to fatigue [6] . The activity of the
upper trapezius and erector spinae muscles become
asymmetrical with incrementsin handbag weight
[7]. Carrying backpacks recorded pain, swelling,
fatigue and musculoskeletal discomfort in the upper
or lower back, upper or lower trapezius, shoulders,
neck and forearms [8,9] . Additionally, there was
also an increased muscle activity of the trapezius
muscle on the shoulder that the bag was worn on

(10,

The same-sided carrying led to excessive activ-
ity of the ipsilateral upper trapezius and contra-
lateral erector spinae muscles. Carrying a shoulder
bag with the same-sided, the load caused excessive
postural isometric contraction of the upper trapezius
[11] Tightness of the upper trapezius may compress
the greater occipital nerve, which may lead to
tension like a headache [12] . Such aload can also
result in shoulder pain and may affect the cervical
spine. Hence, the same-sided carrying and bag
weight may have a significant correlation with
shoulder pain [13].

However, the effect of single strapped bags on
muscle activity present conflicting findings [14].
It was found that there was increased contral ateral
muscle activity with an asymmetrical bag compared
to symmetrical bag carriage [6]. Whereas no differ-
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ence in muscle activity between symmetrical and
asymmetrical carriage was found, and asymmetric
loading can increase energy expenditure which
leads to rapid fatigue and cause progressive postural

scoliosis [15,16] .

Hong (2008) investigated the effect of pro-
longed walking with a backpack on trapezius mus-
cle activity and fatigue. Participants performed
20min walking on the treadmill with different load
0%, 10%, 15%, and 20% of BW. They found that
with a 20% load, muscle fatigue occurred in the
upper trapezius. With these findings, there was a
need to investigate the effect of carrying abag on
the dominant versus non-dominant side on upper
trapezius fatigue, strength and shoulder function
8.

Subjects and M ethods

This study was conducted in the outpatient
clinic of the Faculty of Physical Therapy, Cairo
University, Egypt from 13 December 2020 to 3
January 2021. Based on a power anaysis (G-power
software 3.19.92), 120 healthy females were se-
lected & randomly assigned into equal blocked
groups; dominant group (group A) & non-dominant
group (group B). This study had approval of the
research ethical committee of Faculty of Physical
Therapy, Cairo University, Egypt NO: P.T.REC/
012/002946. Awritten informed consent were signed
by 120 participants prior to the study. Inclusion
criteriaincluded; age range 17-29; BMI 18-
25K g/m?; right dominant hand; didn't experience
any neck pain 3months prior to the study; carrying
bags around 10% of the BW. Participants were
excluded if there were left dominant hand; experi-
enced neck and shoulder pain within 3 months
prior to the study prior to the study; participant
doesnot carry there bags frontal or symmetrical;
bag carriage of less than 5kg & athletes [17].

The primary outcome measure included strength
that was obtained via calibrated hand-held dy-
namometer (HHD) (Lafayette Instrument Company,
model 01163, USA). The HHD was calibrated
before testing. While the participant was seated
with arms by side, the dynamometer was placed
halfway between the mastoid and lateral acromion
over the muscle bulk. The examiner was allowed
to use both hands and pressure was applied in a
downward direction, and at the same time the
participant was asked to shrug his shoulder [18,19].

Each participant was asked to keep a maximum
voluntary contraction for 5 seconds, she repeated
the contraction for three times with 30 seconds
rest between each trial [20] . The average of the

trials for each side was used for data analysis [21].
Each participant from both groups was measured

upper trapezius strength for both sides before
walking on atreadmill (Sponeta, KS 11080801-1,

SN: 2168B 1 0SD, Taiwan) without carrying the
bag, then the measurement was taken another time
after walking on the treadmill for Smin with speeds
1.1m/swithout any support on the treadmill sides
while carrying the bag. The bag was (33cm X33cm
X 6¢cm) with adouble strap, generally 2-4cm wide
and the bag weight was 5.5 to 7.5kg (10% of BW)

[22].

Hand-held dynamometer has also been used to
test upper trapezius fatigue. The same procedures
mentioned before to measure muscle strength were
carried out to measure upper trapezius fatigue by
the maximum force static fatigue test. The partic-
ipants were instructed to exert full effort to achieve
maximal contraction during the static fatigue test.
Standardized encouragement script such as squeeze
hard repeatedly until the test ended was used. This
was continued for 30 seconds, then to achieve
fatigue the below equation was used to calculate
static fatigue index (SFI) using the following

equation: )
SFI version 2 = 100% X é M)
FmaxO-Ss

Static fatigue index (SFI), maximal force during
the last 5s (F max 25-30s), Maximal force in the first
5 seconds (Fmax 0-5s)-

Each participant from both groups was meas-
ured upper trapezius fatigue for both sides before
walking on the treadmill without carrying the bag,
and then walked on the treadmill while carrying
the bag without any support on the treadmill for
5min with speed 1.1m/s. Repeated measurements
of upper trapezius fatigue by HHD were carried
out again while carrying the bag after walking on
treadmill.

Simple shoulder test (SST) was then used to
measure shoulder function limitation. It consists
of 12 questions with dichotomous (yes/no) respons-
es. Theitems of the SST are about function related
pain (2 items), function/strength (7 items) and
range of motion (ROM) (3 items). The total scores
for SST range from O (worst or extreme limitations
in physical function) to 12 (best or no physical
limitation).

Satistical analysis:

Descriptive statistics were conducted for com-
parison of participant characteristics between
groups. The shapiro-wilk test was conducted to
test the normal distribution of datain both groups.
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The results revealed a significant deviation from
the normal distribution in both groups accordingly
nonparametric analysis was carried out. Wilcoxon
signed ranks was conducted for comparison be-
tween pre and post-carrying in both groups and
mann-whitney U test was conducted for comparison
between groups. The level of significance for all

statistical tests was set at p<0.05. All statistical
analysisin both groups was conducted through the
statistical package for social studies (SPSS) version
25 for windows (IBM SPSS, Chicago, IL, USA).

Results

Table (1) showed the participants characteristics
of the dominant group (group A) and the non-
dominant group (group B). There was no significant
difference between groups in age, gender, weigth,
heigth & BMI distribution (p>0.05).

There was no significant difference in upper
trapezius fatigue post carrying compared with that
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pre carrying in both groups ( p>0.05). While there
was a significant decrease in upper trapezius
strength post carrying compared with that pre
carrying in both groups (p<0.05) (Table 2).

There was no significant difference between
groupsin al variables pre-carrying (p>0.05). Com-
parison between the groups post carrying revealed
non-significant differencesin upper trapezius fa-
tigue, strength and SST between groups (p>0.05)
(Table 2).

Table (1) Basic characteristics of participants.

Group A Group B p-
Mean = SD Mean £ SD value
Age (years) 35.3+£8.63 36.8+8.23 0.33
Weight (kg) 60.61+9.33 63.51+10.46 0.11
Height (cm) 160.5516 162.06+7.53 0.22
BMI (kg/m?) 23.48+3.09 2421+38 0.25

SD: Standard deviation.  p-value: Level of significance.

Table (2): Median values of upper trapezius fatigue and strength pre and post carrying and SST of

group A and B.

Group A
Median (IQR)

Group B U- p-
Median (IQR) value value

Ipsilateral upper trapezius fatigue:

Pre carrying 0.29 (0.4-0.18) 0.26 (0.38-0.19) 16485 042
Post carrying 0.29 (0.4-0.17) 0.27 (0.36-0.19) 16955 0.58
Z-value 14 0.14
p=0.16 p=0.88
Contralateral upper trapezus fatigue:
Pre carrying 0.34 (0.45-0.22) 0.32 (0.42-0.24) 1748 0.78
Post carrying 0.3(0.43-0.17) 0.31(0.38-0.21) 1742 0.76
Z-value 0.37 171
p=0.7 p=0.08
Ipsilateral upper trapezius strength:
Pre carrying 10.63 (16.6-8.45) 9.7 (15.68-8.13) 15505 0.9
Post carrying 10.33 (16.12-7.98)  9.56 (13.15-7.7) 15455 0.18
Z-value 2.34 36
p=0.01 p=0.001
Contralateral upper trapezius strength:
Pre treatment 9.36 (14.5-7.6) 10.13 (14.95-8.25) 15705 0.22
Post treatment 8.73 (13.53-7.01) 9.81 (13.66-8.33) 14865 01
Z-value 3.09 218
p=0.002 p=0.02
SST (%) 83.3(91.7-67.7) 79.1 (91.7-65.95) 15945 0.28
IQR  :Inter quartile range. Z-value: Wilcoxon signed ranks test value.

U-value: Mann-Whitney test value.
Discussion

The aim of our study was to compare between
carrying a unilateral shoulder bag on the dominant
versus the non-dominant side on upper trapezius
muscle strength, fatigue and shoulder function.
Results of the study found that there were no

p-vaue: Level of significance.

significant differences in terms of fatigue & func-
tion between pre & post measurments, but there
was a significant difference in upper trapezius
muscle strength for both groups. However, there
were no significant differences between dominant
& non-dominant sidesin terms of strength, fatigue
& function.
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Our results come in line with Hong (2008)
where they found that carrying a bag with 10%
BW had no significant effect on muscle activity
and fatigue of trapezius [g] . Furthermore, Rodrigues
et al. (2020) found that regardless of the side used
to carry the bag and the weight of the bag while
carrying shoulder bags, the changes perceived
during gait were discrete [23]. Additionaly, Son
(2013) found that the differences in spatial and
temporal gait variables were not exhibited when
the bag was carried using the four methods (on the
left shoulder, on the left hand, on the right shoulder
and on the right hand) [24]. Also, An et al. (2010)
found that between various methods of carrying
preferred to korean young women the “ over-the-
shoulder” method has the least effect on gait pa-
rameters relative to not carrying abag [25].

Thiswould be implicated by the fact that the
trapezius muscle activations in the EMG analysis
was affected by carrying methods mainly when
participants were carrying around 15% of their
BW [26]. Knott et al. [27] mentioned that with 15%
and 20% weight on either side of the body, the
sagittal imbalance, coronal imbalance, shoulder
tilt and weight distribution all shifted significantly
from the neutral position.

Our finding comes in contradicting with Ab-
utaleb (2016), whom measured the dynamic pos-
tural stability in three different situations (without
carrying a shoulder side pack, with carrying a
shoulder side pack on the dominant side, and on
the non-dominant side) with arest period in be-
tween. They found that postural stability wasn't
disturbed during carrying a shoulder side pack on
the non-dominant side when compared to carrying
it on the dominant side [28] .

Thus, the individual who continuously uses
one-sided carrying technique may be prone to
fatigue due to increased muscular activity on the
side opposite to the load. I n addition, increased
muscular activity may lead to greater compressive
forces on spinal structures [29] . Bag carrying meth-
ods didn't affect the gait variables, but only bag-
carrying habits had significant effects on gaits.
Therefore, it may be necessary for people to be
aware of the negative effects on posture caused by
their bag-carrying habits.

Conclusion: It can be concluded that there is
no difference between carrying a shoulder bag on
the dominant and non-dominant side on upper
trapezius strength, fatigue and shoulder function.

Limitation of the study: Thisisstudy islimited
to carrying bags weight equal to 10% of the body
weight.

Future studies are needed to investigate the
effect of carrying heavier shoulder bags for longer
duration and in different patterns.
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