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ABSTRACT

Introduction: Lifting loads in awkward postures is a main cause of low back musculoskeletal disorders.
In this context, researchers have used various indicators to determine the relationship between
biomechanical variables and the risk of these disorders. This study aimed to investigate the correlation
between plantar pressure distribution and the values of UTAH back-compressive forces (BCF) and lifting
index (LI) during symmetrical load-lifting tasks.

Material and Methods: Thirteen healthy men, aged 25 to 35, took part in this study. The participants
were instructed to symmetrically lift loads weighing 7.5 kg and 15 kg in 15 different postures, considering
three horizontal distances (A, B, C) and five different heights (1-5). Pressure on the foot soles was recorded
using 16 force-sensitive resistors (FSR) corresponding to eight anatomical areas on each foot. The BCF and
LI were also calculated using the UTAH method and the NIOSH equation, respectively. Statistical analysis
was performed using SPSS (version 21) software.

Results: Based on the results, when the load was closest to the body (A1-A5), the highest pressure was
recorded in the heel and the 4th and 5th metatarsal of both feet. In lifting a load of 15 kg in the A2, B1,
B2, C1, C2 postures and lifting a load of 7.5 kg in the C2 posture, the average BCF exceeded 700 pounds.
The LI was greater than 1 for specific postures (B1, B2, B4, B5, C1-C5) at 15 kg and (C1, C2, C4, C5) at 7.5
kg load-lifting. During the 7.5 kg and 15 kg load-lifting, there was a significant correlation between the
plantar pressure and the values of LI and UTAH (p-values < 0.05) in most postures.

Conclusion: The results showed a significant correlation between plantar pressure distribution and load-
lifting postures. The study findings, which identify risk levels associated with lifting postures, lay the
groundwork for future research aimed at categorizing safe and unsafe plantar pressure patterns.

Keywords: Manual material handling, Work-related musculoskeletal disorders, Low back pain, Compression
forces, Foot plantar pressure distribution
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1. INTRODUCTION

Work-related ~ musculoskeletal  disorders
(WMSDs) are injuries or disorders that affect the
muscles, nerves, tendons, joints, cartilage, and
spinal discs, exacerbated by work conditions.
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Manual material handling (MMH), a significant
part of many industrial activities, can lead to
WMSDs. MMH tasks, especially lifting, stress
the lumbar spine, increasing the risk of low-back
disorders (LBD). Approximately 50% of back pain
prevalence is attributable to lifting. These disorders
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impose substantial costs on both workers™ health
and society as a whole. It has also been reported
that WMSDs account for 40% of global work-
related disability costs. Therefore, the identification
and reduction of risk factors associated with
musculoskeletal disorders (MSDs) can lead to
substantial societal cost savings, a primary objective
of ergonomics.

Several ergonomic interventions have been
proposed to mitigate WMSDs resulted from load-
lifting, including training, corrective exercises, and
the use of back exoskeletons. Despite the variety of
interventions, risk assessment tools are often used to
evaluate the risk of MSDs originating from MMH;
as a result, various tools and techniques have been
developed, including subjective and observational
methods such as the Key Indicator Method
(KIM), UTAH back compressive force, and Snook
tables. While these methods are cost-effective and
versatile, they are time-consuming. Furthermore,
direct or objective evaluation methods, such as
inertial measurement units (IMUs) and surface
electromyography (sEMG), have been used to assess
biomechanical lifting risk factors. However, these
methods also present challenges, particularly in
calculating and analyzing biomechanical variables
and determining sensor or electrode placement.

In the context of load-lifting research, only
a few studies have investigated the use of Force-
Sensitive Resistor (FSR) sensors to explore the
relationship between plantar pressure distribution
and the risk associated with load-lifting tasks. This
study aims to assess the feasibility of predicting
postural risk during various load-lifting activities
by meticulously analyzing plantar pressure
distribution. Our main hypothesis posits that real-
time plantar pressure pattern can serve as a valuable
indicator of improper lifting postures. To validate
this assumption, we aim to establish a significant
correlation between the pressure distribution across
the foot soles and the risk assessment indicators
related to load-lifting, such as the force exerted on
the lower back and the lifting index.

2. MATERIAL AND METHODS

In this experimental study, 13 male participants
were asked to perform a symmetrical load-lifting
task. The sample size for the current study was
determined based on the correlation discovered
between plantar pressure distribution and lumbar
spine range of motion in a related study, using
G-Power software (version v6.3.0). To control for
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intervening variables, individuals within the 50th
percentile of Body Mass Index (BMI) and the age
range of 25-35 years were selected. Furthermore,
musculoskeletal disorders, deformities or disorders
in the foot area, and balance disorders were
considered as exclusion criteria for the study.
Informed consent, by the ethics resolution of the
Iran University of Medical Sciences, was obtained
from all participants.

To evaluate lifting techniques under various
conditions, an experimental study was designed.
The participants were asked to lift two loads
using 15 different postures. These postures were
performed in a combination of three horizontal
distances from the body (A: closest to the body, B:
half of the maximum reach, C: maximum reach)
and five different heights from the ground (1:
ground level, 2: knee height, 3: halfway between
knee and waist, 4: elbow height, 5: shoulder height).
The loads consisted of two boxes, weighing 7.5 and
15 kg with dimensions of 43 cm (length) x 29 cm
(width) x 16 cm (height). Participants were given a
minimum of 5 minutes of rest between each lifting
task. Our selection of postures and heights aligned
with the American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit
Value (TLV) for lifting techniques. By examining a
range of distances and heights, we aimed to capture
realistic scenarios encountered in various work
environments.

Plantar pressure was recorded using an
ErgoFs16 device (Ergokit, Tehran, Iran), which
includes 16 FSR sensors (Interlink Electronics, Inc.,
USA) corresponding to eight anatomical areas of
each foot’s sole. To determine the sensor locations,
the maps of the participants’ feet were first drawn
on a flat surface (A4 paper). The exact location
of each sensor was determined by connecting
reference points based on the protocol of a related
study. Following the calibration and accuracy
evaluation of the ErgoFs16 device, plantar pressures
were measured and recorded in 3 seconds with a
frequency of 9 Hz for all 390 load-lifting postures.

The UTAH method was used to evaluate back-
compressive force, and the NIOSH equation was
used to determine the Lifting Index (LI). Given the
need to measure angles and distances in different
postures, a 12-megapixel Samsung A32 camera
was used. The camera was mounted on a tripod,
positioned three meters away from the subjects, and
took shots from the lateral side of the participants.
After calibrating the Digimizer software (version
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Fig. 1: Three-dimensional diagram of the normalized plantar pressure on the soles of the right and left feet while lifting 7.5 and 15 kg

weights. The black star ( X ) refers to a significant correlation between the UTAH back compressive force and the average pressure on

the foot soles and the red star ( % ) refers to a significant correlation between the average Lifting Index and the average pressure on
the foot soles.

v6.3.0), the flexion angles were extracted by
choosing 3 landmarks (The prominence of the
shoulder area, the outer or side of the knee, and the
side of the hip).

In the data analysis phase, the Shapiro-Wilk
test was employed to evaluate the normality of the
dataset. To explore the correlation between plantar
pressure distribution and both LI and UTAH, the
Pearson correlation test was utilized. The analysis
was conducted using the SPSS software (version
21). We considered a p-value less than 0.05 as the
threshold for statistical significance.

3. RESULTS AND DISCUSSION

This study presents the central and dispersion
statistical indices, including the mean and standard
deviation of the UTAH and LI for lifting 15 kg
and 7.5 kg boxes in 15 postures (A1-C5). Where
a 15 kg box was lifted in the B1, B2, B4, B5, CI-
C5 postures, and a 7.5 kg box was lifted in the C1,
C2, C4, C5 postures, the mean LI was found to
exceed 1. Furthermore, when lifting a 15 kg box
in the A2, B1, B2, Cl, C2 postures, and a 7.5 kg
box in the C2 posture, the average UTAH value
surpassed 700 pounds. This data provides valuable
insight into the physical strain experienced during
these lifting tasks. These findings indicate that as
the horizontal distance of the load from the body
increases, the value of LI exceeds 1, placing it in the
unsafe risk range. Similarly, an increase in lumbar
flexion angle leads to a UTAH value exceeding
700 pounds, which falls within the unacceptable
risk range. These findings align with the results of
related studies which observed that when the load

[ DOW!

is farther from the body and the back is flexed, the
force on the intervertebral discs increases, resulting
in a value of LI and UTAH beyond acceptable
limits. Moreover, as the load weight increases
during load-lifting tasks, the UTAH and LI also
rise, as confirmed by Hozimans’ study.

The plantar pressure distribution during
symmetrical load-lifting was measured using 16
sensors embedded in the soles of the left and right
feet. Normalized plantar pressure on the foot soles
whilelifting7.5and 15 kg weight are shown in Figure
1. In the Al to A5 postures, the highest pressure
was exerted on the heel and lateral metatarsal areas.
In Bl to C5 postures, the maximum pressure was
recorded by the sensors that were located in the
heel, lateral metatarsal, and toe areas. Regarding
plantar pressure distribution, it was discovered
that when the load is closest to the body the foot
plantar pressure on the toe area increases and when
the load is farther from the body, the pressure
distribution on the heel area increases. Leaning
forward exacerbates this effect. Furthermore, the
pressure distribution on the foot soles varied across
different lifting postures and between the right
and left legs, as similarly noted in Chan Kit Han’s
study. These variations are attributed to muscle
contractions that help maintain body balance.

The correlation of the average plantar pressure
with the average LI and the average UTAH in
each posture was calculated for each sensor. The
correlation between specific postures and the LI
and UTAH scores is illustrated in Figure 1 and
Table 1. The significant correlations support our
assumption that plantar pressure pattern can serve
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Table 1: The significant correlation between the average absolute value (ABS) of plantar pressure and the values of UTAH and LI in
lifting task (7.5 and 15 kg)

() ()

posture sensor posture sensor

(p-value) (p-value)
-0.620 -0.559
A5 S3 F A3 S9
0.024 0.047
-0.626 -0.637
A5 S7 B2 S13
0.022 0.026
-0.598 0.556
A5 S10 & C2 S5
0.031 0.048
-0.568 0.594
F A5 S14 C2 S6
0.043 0.032
0.595 0.696
C2 S5 & G2 S7
0.032 0.008
0.675 0.579
C2 S6 & C2 S8
0.011 0.038
0.581 0.838
C2 S7 r: Cc2 S13
0.048 0
0.556 0.591
C2 S8 C2 S14
0.048 0.033
0.638 0.655
C2 S13 2 S15
0.019 0.015
0.586 0.716
C2 S14 C2 S16
0.035 0.006
0.585
C2 S15
0.036
0.599
r: C2 S16
0.03
0.588
C4 S9
0.035

as a real-time indicator of improper lifting posture.
In summary, risk factors for MSDs during load-
lifting tasks include load weight, and horizontal
and vertical zones of load-lifting. Additionally, the
significant correlation (p-value < 0.05) between
pressure distribution on the foot soles and LI
and UTAH values in certain load-lifting postures
reveals that there is a possibility to apply foot
plantar pressure distribution to evaluate the risk of
load-lifting tasks.

4. CONCLUSIONS

The findings of this study highlight a significant
association between the distribution of plantar
pressure and lifting postures. This correlation
suggests that the analysis of plantar pressure
could potentially serve as a reliable indicator for
distinguishing between safe and hazardous lifting
techniques. The importance of these findings is
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(r) )

posture sensor posture sensor

(p-value) (p-value)
0.595 -0.601
Al S9 B2 S13
0.032 0.03
0.724 -0.709
Al S11 B4 S5
0.005 0.01
0.578 0.785
‘ Al S14 P B5 S9
0.038 0.001
-0.734 -0.713
A3 S6 C1 S9
0.004 0.006
-0.624
A3 S7
0.023
-0.626
A3 S8
0.022
-0.569
A3 S14
0.042
-0.569
A3 S15
0.043
-0.804
A3 S16
0.001
-0.576
A4 S10
0.04
-0.714
A5 S10
0.006
-0.615
B2 S13
0.025
0.739
P B5 S16
0.004
0.722
C3 S12
0.005

further underscored by the insight they provide
into the risk levels associated with load-lifting in
different postures. This understanding is crucial in
the context of occupational health and safety, as it
can guide the development of preventive measures
and interventions to minimize the risk of injury.

Moreover, the results of this study pave the
way for future research endeavors aimed at
classifying plantar pressure patterns into safe and
unsafe categories. Such categorization could be
instrumental in designing targeted interventions
for promoting safe lifting practices. It could also
contribute to the development of training programs
that educate individuals about the importance of
proper lifting techniques and the potential risks
associated with improper postures. This study,
therefore, builds a foundation for the future
investigations into the prevention of work-related
musculoskeletal disorders.
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