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Abstract: Background: plantar pressure is one of the commonly used biomechanical variables among patients
with low back pain. However, the characteristics of reliability of plantar pressure measurement while carrying
different loads have not been looked this far. Methods: this study aimed to investigate the intra- rater reliability
of plantar pressure measurements among patients with low back pain while carrying different loads. A total of
10 subjects (Four male and six female) aged between 30 and 55 years old participated in this study. Plantar
pressure measurement was measured at two conditions, standing and walking with no load, while carrying 5kg,
7.5kg and 10kg load, respectively. The intraclass correlation coefficient (ICC), standard error of measurements
(SEMs) and coefficient of variation (CV) was calculated. Bland- Altman plot examined the limits of agreement
between the two measurements. Results: analysis showed that the intra rater reliability was high with ICC
ranged from 0.95 to 0.99, SEMs from 0.03 to 1.15 kPa and CV from 0.77% to 4.29% for all different conditions.
The Bland- Altman plot indicated that the two measurements taken by the researcher had acceptable
agreements. Conclusion: the plantar pressure measurements could be reliably performed among patients with
low back pain while carrying different loads.
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INTRODUCTION pain experience changes in walking pattern due to the

Low  back pain  is  one  of the most common to the lower body which may lead to changes in the
musculo- skeletal problems and lumbar spine is connected pressure pattern at the foot.
to the foot via the lower limb andone of the important Manual handling jobs such as lifting, lowering,
mechanical function is to transmit forces from the upper pushing, pulling, carrying and holding are risk factors for
body to the lower body through sacroiliac joint, hip and the onset of low back pain [8,9]. Eugene etal. suggested
knee during daily activities [1, 2]. The human foot plays a that carrying heavy objectswhilstat workplace was
vital role in the biomechanical function of the lower associated with low back pain [10]. They also mentioned
extremities mainly to provide support and balance during that carrying weight with improper posture would increase
standing and walking [3]. Several investigators showed loading force on the spine [10]. As such, manual material
that patients with low back pain may often exhibit handling tasks may potentially lead to the alteration of
decrease of speed [4-6]. As such, patients with low back plantar  pressure  distribution  of  the  foot in patients with

abnormal transmission of the forces from the upper body
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low back pain. Carrying unequal distribution of load over participation in the study, which was approved by the
body especially the spine caused excessive loading on institutional review board(Ethics no: UKM 1.5.3.5/244/NN-
the spine leading to changes in walking pattern [11]. 063-2012).
Different studies investigated the effects of backpack
carriage on plantar pressure distribution supported the Equipment: Plantar pressure was measured using Tekscan
above biomechanical notions that increase load on the Mat Scan Pressure Assessment Systems, Sensor Matscan
spine had increased plantar pressure distribution at the Version 6.3 (TekScanInc, South Boston, USA). This
foot [12,13]. Hence, clinicians may consider the plantar system consists of a floor mat composed of sensors
pressure measurement when investigating foot which is made up of over 2,000 individual pressure-
pathological disorders in patients with low back pain. sensing locations, which are referred to as "sensing

Plantar pressure assessment is commonly used in the elements" or "sensels." The sensels are arranged in rows
evaluation of the foot and provides insight into the and columns on the sensor. The MatScan sensor detects
plantar loading characteristics during functional activities the participants plantar pressure. The software included
such as walking [14]. Reliability of the plantar pressure with the MatScan system is compatible with various
measurement is important for the trustworthiness of data versions of Microsoft systems. The software can be used
among patients with low back pain. The use of pressure to perform simple calibration. The calibration procedure
assessment is beneficial, however, the reliability of the requires the participant to stand on the sensor for a
plantar pressure measurements can be affected by moment. A calibration is performed for all participants
numerous factors. Factors such as walking speed [15], before recording. Each mat is calibrated individually.
gait protocol [16] and body muscle fatigue [17] were
reported. In addition, reliability is influenced by the Procedure: Plantar pressure was measured in barefoot
characteristics of the subjects from a specific disease during two conditions, standing and walking. Participants
population [18]. Thus, it is important to establish the were instructed to stand and walk with no load, carrying
reliability of the plantar pressure measurement among 5kg load, 7.5kg load and 10kg load. Prior to the
patients with low back pain to produce a reliable measurement, participant was given 10 to 20 minutes to
measurement. Previous reliability studies evaluated the familiarize on the platform after a short demonstration from
plantar pressure measurement in healthy population and the first author. Participants were instructed to familiarize
patients with diabetics neuropathy [19, 20]. The study of themselves as though the real procedure was taking place.
plantar pressure measurement among patients with low For the standing trial, participants were instructed to look
back pain is limited. Therefore, the purpose of this study straight ahead while standing on the platform.For the
was to establish the reliability of plantar pressure walking trial, a two-step approach at a normal walking
measurement among low back pain patients while carrying speed was utilized [16]. Once the participants were
different loads. comfortable with the familiarization procedure, they were

MATERIALS AND METHODS participants was asked to stand on the plantar pressure

Subjects: A total of 10 participants (Four male and six respectively. In two-step approach, each participantwas
female) aged between 30 and 55 years participated in this positioned two-step lengths from the front edge of the
study. They were recruited by convenient sampling pressure platform and was instructed to walk in a normal
method. The mean (SD) of the age, weight and height of manner, striking the sensor mat with the second step.
the participants were 42.9 (10.1) years, 73.7 (10.6) Then, each participantwere instructed to use their usual
kilograms and 164.9 (7.2) centimeters, respectively. gait. Then, foot pressure analysis was done during
Participants with duration of low back pain for more than walking condition with no loadfollowed by carrying 5kg,
3 months were recruited from the Physiotherapy 7.5kg and 10kg weight, respectively. The recorded data
Department, UKM Medical Centre. Participants with a was considered successful when participants did not look
history of low back surgery, pregnancy, down at the platform, contact with the platform was made
spondyloarthropathy, rheumatoid arthritis, previous lower on the second step and participants did not pause on the
limb surgery were excluded from the study. The first platform while walking. Participants was given 10 minutes
author briefed the study procedures to the participants. break between each task.A single researcher assessed all
All participants gave written informed consent prior to the participants.

told to stand on the platform with no load. Then, the

with carrying three different weights, 5kg, 7.5kg and 10kg,
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Data Analysis: Data were analyzed by using statistical during walking with no load revealed the mean differences
software package SPSS (Version 19.0). Intra- rater of 4.8 with a confidence interval of upper limit 17.1 and
reliability were examined by using the intraclass lower limit -7.5, respectively (Figure 3). The Bland- Altman
correlation coefficient (ICC), standard error of plot formeasurement of trial 1 and trial 2 during walking
measurements (SEMs) and coefficient of variation (CV). while carrying 10kg load revealed the mean differences of
The ICC value was deemed poor if the correlation ranged 3.6 with a confidence interval of upper limit 8.1 and lower
from 0 to 0.40; fair to moderate if the correlation ranged limit -0.8, respectively (Figure 4). Visual analysis of all the
from 0.40 to 0.75 and excellent if the correlation ranged plots showed that all the measurement differences were in
from 0.75 to 1.00 [21]. The SEMs were calculated using the between the ± 2SD which indicated that the scores of
following formula, where SD is the standard deviation: both the measures had acceptable agreements.
SEMs= SD v 1- ICC. CV was often quoted as an estimate
of measurement error, particularlywhen multiple repeated DISCUSSION
tests were performed [22]. The CV of reproducibility was
calculated as the standard deviation of the differences This study investigated the reliability of plantar
between the repeated measurements divided by the pressure measurements among patients with low back
average of the averages of the repeated measurements pain while carrying different loads. The reliability of a
and is quoted as a percentage [22]. The Bland- Altman measurement system used clinically or in research, must
plot was calculated to analyze the agreement of plantar be established in order to achieve reproducible and
pressure measurements between the two sessions of meaningful results. In the current study, the measurement
measurement. The Bland- Altman method calculated the procedure showed an excellent intraclass correlation
range within which the difference between the two coefficient (ICC) in assessing plantar pressure
sessions lied within a probability of 95% [23]. The use of measurement during standing and walking with no load,
ICC’s and Bland- Altman plots provide complementary while carrying 5kg load, 7.5kg load and 10kg load, in a
information for a reliability study [24]. sample of people with low back pain. This was interpreted

RESULTS with an acceptable range of the SEM and CV among this

All subjects completed the trials and the data were the two measurements taken by the researcher had
normally distributed. The mean and SD of plantar pressure acceptable agreements. 
measurements in standing and walking condition with no Studies  had reported that the use of instruction
load, while carrying 5kg, 7.5kg and 10kg loadfor trial 1 and given to the patients had an influence in human
trial 2 are presented in Table 1. Table 2 demonstrates the movement [25]. A previous study had indicated that most
reliability as in ICC, SEM and CV of plantar pressure of the therapists or clinicians used verbal instructions to
measurements in different conditions. The relative directattentionfrom patients in order to improve human
reliability between sessions for standing and walking movements [25]. In particular, previous research had
condition with different loads was excellent, as evidenced shown that the modulation of attention focus, through the
by ICCs ranging from 0.95 to 0.99 (Table 2). The SEM use of external cues and instruction, can influence gait
ranged from 0.03 to 1.15 kPa and CV ranged from 0.77% to performance [26]. Another study investigated on how
4.29%  which  demonstrated a high level of reliability different instructions influenced gaitindicated that
(Table 2). instructions such as walk while swinging the arms, walk

The Bland- Altman plot formeasurement of trial 1 and with large steps, walking while counting aloud and walk
trial 2 during standing with no load revealedthe mean fast, improved performance to achieve gait [27]. As such,
differences  of  4.0  with  a confidence interval of upper a proper, clear and detailed instruction from the researcher
limit 8.9 and lower limit -1.0, respectively (Figure 1). The or clinicians to patientsis necessary in improving
Bland- Altman plot formeasurement of trial 1 and trial 2 performance in clinical practice. Thus, in the current
during standing while carrying 10kg load revealed the study, the reproducibility of the measures may be
mean differences of 3.6 with a confidence interval of upper attributed to the accuracy of the researcher in giving
limit 8.1 and lower limit -1.0, respectively (Figure 2). The instruction and monitoring the subjects while the
Bland- Altman plot formeasurement of trial 1 and trial 2 measures were taken.

by the results of the ICC value ranging from 0.95 to 0.99

patient population. The Bland- Altman plot indicated that
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Table 1: Descriptive characteristics for plantar pressure measurements in different conditions
Standing Mean (SD) Walking Mean (SD)
------------------------------------------------------------- ------------------------------------------------------------------

Condition Trial 1 Trial 2 Trial 1 Trial 2
No load 98.58 (18.00) 94.60 (16.97) 128.19 (20.35) 123.41 (21.49)
5kg 132.96 (40.18) 129.30 (39.35) 138.93 (16.21) 137.56 (16.58)
7.5kg 151.62 (53.11) 145.92 (52.38) 152.99 (21.19) 148.31 (19.88)
10kg 161.46 (55.31) 157.88 (53.76) 145.99 (30.21) 142.36 (28.87)

Table 2: Reliability analysis of plantar pressure measurements in different conditions
Condition ICC SEMs (kPa) CV (%)
Standing No load 0.99 0.33 3.39

5 kg load 0.99 0.09 2.20
7.5 kg load 0.99 0.49 3.91
10 kg load 0.99 0.09 1.86

Walking No load 0.95 1.15 4.29
5 kg load 0.99 0.03 0.77
7.5 kg load 0.99 0.36 2.53
10 kg load 0.99 0.16 2.07

Fig. 1: Bland- Altman plot of standing with no load

Fig. 2: Bland- Altman plot of standing with 10kg load
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Fig. 3: Bland- Altman plot of walking with 10kg load

Fig. 4: Bland- Altman plot of walking with no load 

Several factors were reported to influence the method required a relatively large number of barefoot
measurement of plantar pressure of the foot which steps, thus, this method are not recommended for testing
includes walking speed [15], gait protocol [16] and fatigue [29]. Another study suggested that the 2- step protocol
[17]. Patients  with  low  back pain typically walk slower required the least amount of trials in order to obtain
[4-6] and with shorter steps [4]. It has been suggested reliable barefoot plantar pressure data [16]. Therefore, in
that slower walking speed is due to the presence of pain the current study, 2-step protocol are chosen as it closely
and/ or fear- avoidance behavior associated with pain resembles a normal walking pattern.Hence, it could be said
[28]. A previous study has indicated that a natural that such standardization procedure yielded high
walking speed gave more accurate pressure pattern in reliability of plantar pressure measurement.
different subject [15]. As such, normal walking speed was In clinical practice, low back pain patients are
utilized in this study in order to maintain the natural stride vulnerable to measurement errors due to fatigue. In the
of the subjectwas proven to be highly reliable. current study, patients with low back pain are required to

In clinical practice, there are various gait protocols perform multiple tasks by carrying different loads. A
that can be used in plantar pressure assessment such as previous study suggested that load carriage and fatigue
1-step protocol, 2-step protocol, 3-step protocol and the as two major tasks related risk factor that had effects on
mid-gait protocol [16]. A study suggested that the midgait gait [17]. Another study demonstrated that changes could
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be seen in muscle activity following short or long duration REFERENCES
of exercise which led to fatigue and changes in movement
patterns [30]. As such, establishing the intra- rater
reliability was important to minimize errors in
measurements due to fatigue. Thus, subjects were given
10 minutes break between each task to minimize the effect
of fatigue on the reliability of plantar pressure
measurement.

The finding of this study was clinically significant for
clinicians who would like to consider measurement of
plantar pressure among low back pain patients. The
current study result supported that plantar pressure
measurement can be performed reliably among low back
patients. As such, clinicians and researchersmight be able
to more reliably evaluate possible changes in plantar
pressure among low back pain patients to design an
effective intervention. 

Further research should explore on other parameters
such as maximum force and contact area of the foot and
not only investigating the total foot parameters but also
considering the different anatomical areas of the foot
which can be analyzed using the plantar pressure
measurement system. This parameters and the different
anatomical areas of the foot are equally important when
evaluating different types of foot deformities. Future
investigations including varieties of foot pathologies from
different populations should be investigated as well, to
provide additional benchmark data. This will give an
opportunity for researcher and clinicians to fully
appreciate the plantar pressure measurement techniques
as a tool to report on different clinical applications since
in this study, the reliability was only tested in patients
with low back pain. However, the plantar pressure
measurement techniques in this study can be used as a
guidance for clinicians and researchers in their future
research.

CONCLUSION

The reliability ofplantar pressure measurement among
patients with low back pain carrying different loadsin this
study is high. Hence, the plantar pressure measurement
could be used as a simple and useful parameter for
exploring and investigating biomechanical changes at foot
among low back pain patients.
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