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Effects of the moment arm length of backpacks on balance and
walking while carrying a backpack
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Abstract The present study investigated the effects of the moment arm length on balance and walking
when carrying a backpack. In total, 30 normal adults without orthopedic and neurological injuries were
assessed. For each subject, balance and gait were measured under three conditions: 1) the no backpack
condition, 2) the general backpack condition, and 3) the decreased length of moment arm backpack
condition.

There were significant differences in the center of the pressure area and velocity between the three
conditions, whereas there was no significant difference in the center of the pressure area and velocity
according to the moment arm length. There were significant differences in double limb support time and
walking velocity under the three conditions, and there was a significant difference only in double limb
support time according to the moment arm length. The results of the present study showed that a

change in the length of the moment arm can be helpful for walking when carrying a backpack.
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1. Introduction changes in balance and posture[1-2]. As the
center of gravity (COG) when standing or
When carrying a bag, the human body is walking, instability increases[3]. Several studies

subjected to stress due to bag weight, causing have reported on backpack-related medical
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injuries[4-6].

The following can induce an abnormal posture
and affect the musculoskeletal system, causing
pain and spinal disorders such as kyphosis or
scoliosis: weight (heavy) and type of the bag
being carried, and incorrect manner of carrying
the bag (position of bag does not distribute
weight appropriately)[2,7].

Backpacks are stable because their weight can
be distributed the

compared to a bag carried on one shoulder[8].

symmetrically to spine,
However, considering the fact that the weight of
the backpack is placed on the back of the human
body, the COG moves backwards beyond the
base of support[9]. In response to such a change
in the COG position, backpack load increases the
trunk forward flexion compared to the unloaded
normal gait decreasing the incidence of lumbar
lordosis and kyphosis[3,10-13]. In addition, it was
reported that instability during walking and static
balance impairment increased, thereby increasing
the double support phase and reducing walking
velocity and stride length[3,14,15].

In a study comparing the difference between
using of a front pack and a backpack according
to the carrying method, the use of a front pack
caused less change in the COG and a decreased
slope of the trunk[16] but was associated with
an increased incidence of thoracic kyphosis[17].
Mosaad and Abdel-aziem[18] revealed that the
influence of a double-sided bag on postural sway
and head posture improved postural stability and
head posture, compared to traditional backpacks.
However, in that study, gait analysis was not
performed, and side effects that might occur in
the case of unbalanced weights on both sides in
the double-sided bag were not investigated.

al.[19] the of

backpacks including an ergonomically designed

Jensen et evaluated effects

curved strap backpack on gait parameters
according to the backpack carriage and type,
and reported that when carrying a backpack,

stability decreased, causing an increase in double
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limb support and a decrease in walking velocity,
whereas there was no difference according to the
backpack type.

When carrying a backpack, a torque that
moves the COG backward is generated and
changes in the moment arm length affect this
torque. Although there have been various studies
on backpacks, backpack designs, and carrying
methods, studies on the length of moment arm of
backpacks are limited in number.

We specially designed a backpack to decrease
the length the

present study aimed to investigate the effects of

of moment arm. Therefore,
the length of moment arm of backpacks on
postural sway and walking by using the designed

backpack.

2. Method

2.1 Subjects

The subjects of the present study were 30
adults (15 males and 15 females) aged 19 years or
older.

The subjects were excluded from the present
study if they had severe communication disorders
due to cognitive impairment or aphasia; if they
had any congenital malformation or disease in
the spine, pelvis or feet; if they had any
orthopedic or neurological disease in the spine
and legs; if they had severely limited joint range
of motion; if they took drugs that could interfere
with their walking and balance ability; or if they
were judged as inappropriate by the researchers
to participate in the present study.

The
receiving approval from the IRB at Gimcheon
University, Korea (GU-201709-HRa-06-02). The
the

subjects, and they agreed to participate in the

present study was conducted after

experiment was fully explained to all

present study(Table 1).
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Table 1. General characteristics of the subjects

(N=30)
Variables
Gender(Male/Female) 15/15
Age(years) 22.6+1.7a
Height(cm) 165.7+£7.6
Weight(kg) 66.6+13.4

Values are expressed as meantstandard deviation.

2.2 Protocol

In order to investigate the effects of moment
arm length of backpacks on spatiotemporal
variables in balance and walking when carrying a
backpack, a backpack designed to decrease the
distance between the spinal joint axis and the
COG of the backpack, namely, the moment arm
of the backpack, was used in the present study.
This special backpack had additional straps
attached to the bottom of general backpacks to
minimize the separation distance between the
backpack and human body.

For the measurement of postural sway, Force
Plate (PDM Multi function Force Measuring Plate;
Zebris, Germany, 2015) was used to measure
balance in the subjects under 1) no backpack
condition (NBc), 2) general backpack condition
(GBc), and 3) decreased moment arm backpack
condition (DMBc). Sway area (95% confidence
ellipse area), sway path (COP path length), and
sway velocity (COP average velocity) were
measured. Measurements were taken thrice in
each condition, and the mean value was used for

analysis. In order to reduce the fatigue of the

subjects, a one-minute break was allowed
between the measurements.
In addition, for the measurement of

spatiotemporal variables associated with walking,
GAIT rite (12 ft, CIR System Inc, USA, 2010) was
used to measure the walking ability in subjects.
Walking velocity, cadence, step length, single
support time and double support time were

measured.
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2.3 Statistical analysis

Data for the present study were analyzed using
the SPSS ver. 18.0 for Windows statistics software
(IBM, NY, USA). One-way repeated ANOVA was
used to determine the differences in sway path,
sway velocity, sway area, and spatiotemporal
walking parameters for both feet under all three
conditions. Post-hoc analysis was performed
using the least significant difference (LSD). The

statistical significance level was set at p<{05

3. Results

3.1 Comparison of static balance to backpack
carriage and type

The results of comparing the difference in
postural sway according to the presence or
absence of backpack carriage and backpack type
showed that there was no statistically significant
difference in postural sway path between the
three conditions, and that sway velocity and area
the

conditions of backpack carriage compared to no

were significantly increased under two
backpack carriage (p{.05), but there was no

difference according to backpack type(Table 2).

Table 2. Differences in static balance according to

backpack carriage and type (N=30)
Parameter NBC GBC DMBC F P
cor
. 64.89 74.88 73.04
distance 1974 43680 x1903 2728 0074
(mm)
COP area 110.11 177.49 174.54
(mm? +4056 +11243* +10204+ 84 0005
cor
6.81 7. 7.72
speed 4208 +29796* +2.19* 4102 0.022
(mm/s) - - -

Values are expressed as meanzstandard deviation

NBC: no backpack condition, GBC: general backpack condition,
DMBC: decreased moment arm length backpack condition, COP:
center of pressure

*indicates a significant differences compared with NBC

# indicates a significance difference compared with GBC

1 indicates a significance difference compared with DMBC
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Table 3. Differences in walking parameters according to backpack carriage and type (N=30)
parameter NBC GBC DMBC F P

Velocity 120.92+12.51 117.59+11.41* 118.88+11.20* 0.368 0.016
(cm/s)

(Cs?;i;;(;im) 114.1246.95 114.0+5.91 113.60+5.78 0.243 0.785
(SQES length 63.55+4.96 64.99+12.52 63.40%5.25 0279 0.758
(S;élf)le support time 48.76+60.07 37.29+2.65 37.14+2.05 0.676 0.517
Double support time 242 +3.03#1 253143.39*t 24.78+2.96%% 9.099 0.001

(sec)

Values are expressed as meanztstandard deviation

NBC: no backpack condition, GBC: general backpack condition, DMBC: decreased moment arm length backpack condition

*indicates a significant differences compared with NBC
# indicates a significance difference compared with GBC

1 indicates a significance difference compared with DMBC

3.2 Comparison of walking parameters to
backpack carriage and type

The results of comparing the difference in
walking variables according to the presence or
absence of the backpack carriage and backpack
type showed that there was no statistically
significant difference in cadence, step length,
the
conditions. The double support time significantly

and single support time under three

increased, whereas the velocity significantly
decreased when carrying a backpack compared
to when not carrying a backpack (p<.05). In
terms of backpack type, double limb support
time was shown to significantly decrease under
the DMBC compared to the GBC (p<.05)(Table 3).

4. Discussion

Many studies have been conducted on oxygen
consumption, gait analysis, and EMG analysis
type.
reported that when the

according to backpack weight and
Mastalerz et al.[21]
weight of the backpack was of 10% of the
subject’s body weight, there were disturbances in
plantar force distribution, causing a lowered
stability during the standing posture with a
backpack. The present study also analyzed the

changes in balance and walking under three

421

conditions: when carrying a general backpack
weighing less than 10% of the subject’s body
weight, when carrying a backpack with a
decreased length of the moment arm, and when
not carrying a backpack.

The results of the present study indicated that
there was a significant difference in sway
velocity and sway area according to the presence
or absence of the backpack, whereas there was
the

backpack type. The results of a study comparing

no significant difference according to
static balance according to the position of a bag
found that static balance was improved when
carrying a front pack[17]. A study comparing the
static balance between a straight strap backpack
carriage and a curved strap backpack carriage
revealed that there was no difference in static
balance according to backpack typel20]. Hong &
Li[22] reported that, compared to carrying a bag
on one shoulder, a backpack carried on both
shoulders increased the toe angle change of the
foot and postural sway as hip rotations
increased, and stated that this is because the
motion of the contralateral body and pelvis
significantly increased to compensate for the
tilting of the COG to one side. Meanwhile, the
results of the present study showed that there
was a difference in the lengths of the moment

arms between the two types of backpacks used.
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However, because the backpack position and
carrying methods in the two conditions of
backpack carriage was identical, it may not be
sufficient to cause a change in static balance.
According to the results of a study by Singh &
Koh[3], there higher

inclination in dynamic conditions compared to

was forward trunk
static conditions when carrying a backpack. In
Vacheronetal.[23] that

backpack weigh t can be effectively distributed

addition, indicated
when it is less than 15% of the subject’s body
weight.

In a study measuring postural sway with
respect to backpack weight, postural sway was
observed when normal adolescents carried a
backpack loaded with 15% of body weight while
adolescents with scoliosis carried a backpack
loaded with 10% of the subject’s body weight[24].

In this study, the backpack weight was set at
10% of the subject’s body weight, and postural
sways were thus measured within a range where
the weight of the backpack could be effectively
distributed: this may be the reason for no
statistically significant changes in postural sways.

The results of the present study showed that
during walking, there was a significant difference
in the double limb support and walking velocity
and double
support limb time significantly improved when
the
the
compared to general backpacks. In addition,

according to backpack carriage,

special backpack designed to

length of

carrying
decrease the moment arm
walking velocity was found to increase when
carrying the special backpack compared to
general backpacks, but it was not statistically
significant. The study by Knapik[9] stated that
walking with a bag on both shoulders had the
smallest body energy cost and made it easier to
move the body weight during walking. Also, it
has been reported that an efficient balance
pattern and posture control were required to
achieve the best walking strategies,[25,26] and it

has been proven that the walking ability is highly
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correlated with the sense of balance. As the COG
position of the human body changes due to bag
weight, the human body brings the line of gravity
to the center of the basal plane to maintain
equilibrium, and, in turn, brings the line of
gravity further forward for moving forward. At
this time, an adaptive mechanism such as an
of body

segments appears to maintain balance and save

abnormal rearrangement human
walking-related energy consumption[27]. Jensen
et al.[20] conducted a gait analysis on wearing a
backpack and the type of backpacks using the
ergonomically designed curved strap backpack
and reported that when carrying a backpack,
stability decreased and the double limb support
increased, causing a decrease in walking velocity.
However, no difference was found according to
backpack type.

We decided to use a decreased moment arm
backpack, which is thought to improve the
double limb

backward torque and, thus, improving stability

support time by reducing the

during walking. The double limb support time is
used as a variable to measure the dynamic
postural instability that can predict falls[28]
Connolly et al.[16] reported that the double limb
support time increased when the backpack load
was 15% of body weight, but there was no
significant difference in walking velocity.

The present study conducted an analysis on
balance and walking when carrying a special
backpack designed to decrease the length of the
moment arm. The results indicated that there
was no significant difference in static balance
when carrying the special backpack compared to
a traditional backpack, but double limb support
time was improved.

However, because the number of subjects in
this study was small, it is difficult to generalize
the results. Additionally, we used backpacks of
the same weight to analyze and compare balance
and walking according to the presence or

absence of a backpack carriage and backpack
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type. Furthermore, we did not analyze postural
changes such as trunk flexion or neck flexion.
Future studies are needed to investigate the
effects of backpack carriage and backpack type
on balance, walking, and postural changes under
various conditions of backpack weight and

length of moment arm.

5. Conclusion

Based on the results of this study, changing
moment arm length might improve balance and
gait. When carrying a backpack, a torque that
moves the COG backward is generated and
changes in the moment arm length affect this
Our

changing moment arm length in the balance and

torque. results support the notion of

gait.
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