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Abstract

Objectives: There has been limited research into Aboriginal
foot biomechanics and musculoskeletal injury. Studies have
shown Aboriginal people have high rates of back injury, but no
explanation of the cause has been provided or investigated. This
study will examine the prevalence of ankle, knee and back injury
and the association with foot pressure.

Methods: A total of 127 Aboriginal community members
volunteered for a clinical assessment of foot pressure and
musculoskeletal injury. Analysis of plantar pressure was recorded
in both the left and right feet. The Tekscan HR Mat system was used
to investigate Peak Pressure (PP) and Pressure Time Integrals (PTI).
Participants were asked to self-report if they previously or currently
have an ankle, knee or back injury.

Results: There were 80 (67%) participants who self-reported that
they had a previous ankle injury and 36 (30%) had a current ankle
injury. There were 61 (52%) who reported having a previous knee
injury and 32 (27%) who had a current knee injury. There were 75
(64%) who indicated they had a previous back injury, and 53 (45%)
who had a current back injury. Musculoskeletal injury was high,
with knee injury being associated with mid-foot pressure, mid-
foot PP left -.276**, mid-foot PTl left -.362**, and mid-foot PTl right
-321** and back injury with mid-foot PTI right -.259%*.

Conclusions: Aboriginal people have concerning percentages
of musculoskeletal injuries which are correlated with mid-foot
pressure. Ankle, knee and back injuries can be debilitating, which
may have a direct effect on health but also impact on participation
in sport, and other physical activities, including cultural activities.

Implication: The correlation of mid-foot pressure and
musculoskeletal injuries may impair some Aboriginal community
members’ ability to participant in physical and cultural activities,
which may also effect quality of life and social and emotional well-
being of community members.
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Introduction

Aboriginal Australians are athletic, and they have been for many
thousands of years [1,2], this has been an evolutionary process
[3], developed through survival skills required to thrive in a very
harsh environment [4]. Sport and physical activities are also very
important to many Aboriginal cultures, not just for survival but
culture, with ball games being played by many different tribes
[2,5]. Being athletic was also required for hunting, and this would
have required great physical fitness and athleticism [6]. The
great running speed of ancient Aboriginal Australians has been
documented in foot prints at Lake Mungo in the Willandra Lakes
area of NSW [7,8]. All the footprints at Lake Mungo have been GPS
marked (Figure 1), some of the men running, are taking approx. 25
steps to travel an approx. 50 metres (Figure 1) or 50 steps to travel
100 m. This stride pattern is similar to some of the modern world’s
fastest athletes. Usain Bolt took 41 steps to travel 100 metres to
win the gold medal in the London 2012 Olympic games, to reach
a top speed of 37 km/h [9]. Using 50 steps to travel 100m would
take an estimated 10 seconds to run 100 m [10]. Using a pace
calculator [11] this is an estimated top speed of 35Km/h. It must
also be considered that these men were running barefoot, in the
mud, and likely carrying a weapon(s) and/or other item(s). It must
be considered that these calculations of the ancient Aboriginal
men running 100 m is an estimate based on an extrapolation of
a 50m run, and there is no way of knowing if these men could
have maintained this stride pattern. This athleticism of Aboriginal
people has continued with modern Aboriginal men participation
in the Australian Football League (AFL) and Nation Rugby League
(NRL) [12]. With the importance of participation in sport at all levels
for not only individuals regularly playing sport but also the general
Aboriginal population wanting to participate in physical cultural
activities, injury diagnosis, and better practices to limit injuries is
extremely important to investigate.

There has been limited research into musculoskeletal injury in the
Australian Aboriginal community, and the research available has
only concentrated on back injury, with one study showing the
most common musculoskeletal injury in rural and remote areas
was lower backinjury [13]. Research has shown a higher prevalence
of chronic musculoskeletal problems in an Aboriginal population
than in a non-Aboriginal population [14]. A study of chronic
conditions in an urban Aboriginal population found that 14% of
chronic conditions were musculoskeletal problems [15]. Previous
research also reported that approximately 30% of Aboriginal
men and 50% of Aboriginal women had a long term lower back
complaint [16] and similar injuries were reported in Indigenous
communities internationally [17].

Figure 1: GPS Tracking of Footprints, yellow, green and grey and trackways
of Aboriginal men running (Image courtesy of the Willandra Lakes
Region World Heritage Area Technical and Scientific Advisory
Committee and the Community Management Council).
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Many of these studies reported on older Aboriginal people but
a report investigating young (18-38 year old) Aboriginal rugby
league players (n=24), found 46% had a back injury in the past
2 years [18] however these injuries may have been a result of
participation in contact sport. The prevalence of musculoskeletal
injuries has been found to be higher in Aboriginal Australians
compared to non-Aboriginal Australians and the burden is greater
for Aboriginal people [19]. Aboriginal Australians are also only
half as likely to receive professional health care service than other
Australians or receive a knee or hip replacement if needed [19].
This study is designed to investigate the level of musculoskeletal
injuries in an adult Aboriginal population in a non-specific cohort
and investigate foot pressure that may provide more information
about these injuries. No previous study has investigated why
musculoskeletal injury is so high in Aboriginal peoples, however
it was proposed perhaps labouring type of employment may be
related [13] but this hypothesis was not investigated. It has been
hypothesized by the author of this study that the high prevalence
of musculoskeletal injuries may be due to mid-foot peak pressure
(PP) and or mid-foot pressure time integrals (PTI) seen clinically.
This study was designed to investigate if there is any correlation
between either mid-foot PP and or PTI with knee and or back injury.
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Ethics Approval

Ethical approval was granted from the Human Research Ethics
Committee (HREC) at the University of Newcastle (Protocol
Number 2012-0385) and the Aboriginal Health and Medical
Research Council Ethics Committee (Reference Number 895/12).
Three Aboriginal communities participated in this study, Mt
Druitt (Western Sydney), Newcastle (Hunter Region) and Forster
(Mid North Coast) in New South Wales, Australia. Four Aboriginal
organizations supported this project, Western Sydney Aboriginal
Medical Service (Mt Druitt), Awabakal Aboriginal Medical Service
(Newcastle), the Wollotuka Institute (Newcastle), and Tobwabba
Aboriginal Medical Service (Forster), NSW, Australia.

Methods

The participants that agreed to take partin the study were assigned
an identification number to de-identify results. All participants
were required to be an Aboriginal person, over 18 years old, and
be able to stand and walk independently. After volunteering and
signing a consent form, nine participants were unable to attend
to complete the assessment and decided to withdraw from the
project.

There are many foot pressure analysis devices on the market and
they are used regularly for clinical biomechanical assessments
and research. [20-22] The Tekscan Pressure Measurement System,
Copyright TekScan Inc. 1998-2013 was chosen as the most
appropriate device, because of its mobility, light weight, small size,
and ease of use. [23]

The reliability of TekScan device for barefoot pressure analysis for
children (7-11 years) was reported as ‘moderate to good’ (0.69-
0.93) at different points of the foot, with the exception of the
lesser toes which showed poor reliability [24]. A reliability study of
TekScan MatScan conducted on adults (over 18 years), also showed
‘moderate to good’ reliability with intra-class correlation ranging
from 0.44 to 0.95 for the mean across seven different areas of the
foot, but again finding that the lesser toes was the least reliable
[25]. Research by Gurney et al 2008, found general good reliability
for TekScan but reliability was higher for high loading areas such
as the forefoot [26]. In this project the TekScan device was used to
analyse barefoot pressure on five areas of the foot (Figure 2) i.e. the
hallux, 1t metatarsophalangeal joint, 2"%-5™" metatarsophalangeal
joint, mid-foot and heel of both left and right feet (Figure 2). The
lesser toes were not analysed due to poor reliability reported in
previous studies [24,25].

Figure 2: Five sections of the measured barefoot pressure

Note: Colour coding is for each section measured

The TekScan mat is light weight, 5mm thick, 432mm by 368mm
rectangle, with 2288 sensors, which participants were required
to walk over. There are three different procedures with TekScan to
measure foot pressure i.e. 1-step, 2-step and 3-step protocol, prior
to stepping on the mat, these where examined as to which would
be most appropriate for this study [27]. A comparative study of the
1-step, 2-step and 3-step protocols showed Peak Pressures (PP)
and Pressure-Time Integrals (PTI) were not significantly different
between the three protocols [27]. Although contact time was
significantly different for the heel between 1-step and 3-step
methods (P<0.05), and the 1-step and 2-step protocols were
most reliable but the 2-step required less repeated trials and was
recommended as the most appropriate [27]. The two step protocol
was also found to be as reliable as the mid-gait method, and more
reliable in most foot areas [28]. Due to the recommendation of
previous studies [27,28], and the requirements of this study, a two-
step protocol was incorporated.

Participants were asked to remove their shoes and socks,
then weighed, which is required for calibration of the TekScan
device, as per the developer’s instructions. Once calibration was
complete, the 2-step protocol was explained and demonstrated
to participants. Three recordings were taken of each foot, for each
participant, and the mean was calculated, as this was found to be
an appropriate number of readings to produce reliable pressure
data [29]. Recordings were repeated if for any reason participants
altered normal gait or strayed off the mat.
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InJury queStIOnnalre Figure 3: Pressure vs Time

The Aboriginal Multiple Injury Questionnaire (AMIQ) was used Pressure vs. Time
to assess participants musculoskeletal injury [30] for this study. M0 %‘EF F’
The AMIQ is culturally appropriate, client centred questionnaire K 250 ;,. /{\#
which is specific for Aboriginal people, but only asks basic = 1200 : A '
demographic data i.e. residential area, age and gender [30]. The 5 150 "j\/ /
AMIQ asks participants if they have ever had previous and/or have P: 100 -’ ﬁf{ .

a current ankle, knee and back injury, but the cause of injury is not [ 50 _r/ﬁ'a
investigated [30]. These questions are important to establish injury 0 : .l'/ / \|
history and current status of injury for participants. The AMIQ assess 0.0 0.5 1.0 1.5 20 25 3.0
many aspects of musculoskeletal injury [30], but was only used to Time, Seconds

assess self-reported ankle, knee and back injury in this study. It is Note: Colour coding for each foot section of the foot from Figure 1

important to note that self-reported injuries for AMIQ may or may

not be diagnosed by a health professional [30]. Figure 4: Peak Pressure vs Time

. Peak Pressure vs. Time
Data analysis o
The analysis for barefoot pressure was conducted with F-Scan s 600
Research Version 7.00-19 TekScan Pressure Measurement System, :
investigating Pressure v’s Time, (Figure 3) and Peak Pressure v’s E{ 400
Time (Figure 4) at each of the five foot segments on both left and :x
right foot. The Pressure v's Time, Pressure Time Integrals (PTI) were E 2001
recorded in kilopascal/second (KPa*sec) for each foot section
indicated by the relevant colour coding (Figures 2 and 3). With Peak % 5 = 7 == P . =

Pressure v's Time, max pressure was recorded for each foot section
indicated by the relevant colour coding (Figures 2 and 4). A mean Time, Seconds
of the three readings was used to determine barefoot pressure of

each foot section in both left and right feet. Note: Colour coding for each foot section of the foot from Figure 1

All participants were surveyed about ankle, knee and back injury
with AMIQ [30]. Participants were asked if they had ever had an
ankle, knee or backinjury, and were also asked if they have a current
ankle, knee or back injury. Statistical analysis was performed using
the Statistical Package Social Science software version 21.0 (SPSS
Chicago, Illinois, USA) which was used to calculate percentages
of injuries and analyse correlations with barefoot pressure.
The correlation were set at * significant at 0.05 level (2 tailed)
and correlation ** significant at 0.01 level (2 tailed). Correlation
coefficients were interpreted as 0.1 poor/weak, 0.3 moderate and
0.5 strong, as described by Cohen 1988 [31].
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Results

A total of 127 Aboriginal community members volunteered to take
part in a non-invasive clinical assessment of foot pressure and the
AMIQ to assess injuries.

The demographics of participants: 53 (42%) male, 74 (58%) female,
age 18-79 years (mean age 51 years). There were 48 (37.8%) who
came from Mt Druitt (Western Sydney), 41 (32.3%) came from
Newcastle (The Hunter) and 38 (29.9%) came from Forster (Mid-
North Coast) NSW, Australia.

When the Aboriginal participants were asked if they had ever had
an ankle injury, 80 (67%) stated they had a previous ankle injury
and 36 (30%) indicated they had a current ankle injury.

There were 61 (52%) participants who stated they had a previous
knee injury and 32 (27%) had a current knee injury and this was
found to have a significant correlation at 0.01 level with mid-foot
PP left -.276**, mid-foot PTI left -.362**, and mid-foot PTI right
-327%%,

There were 75 (64%) of participants indicated they had a previous
back injury and this was found to have a significant correlation at
0.01 level with mid-foot PTI right -.259**. When participants were
asked if they had a current back injury 53 (45%) indicated ‘yes, and
this was found to have a significant correlation at 0.05 level with
mid-foot PTI right -.229*.

Discussion

The percentages of participants that had previous ankle, knee or
back injury is a concern, especially for the impact on activity and
the ability to participate in sport in the past, present and future.
Current injury percentages were also concerning for participants
with approx. There were 1 in 3 having reporting a current ankle
and knee injuries and half having a back injury. These results
indicate that Aboriginal people in these communities experience
high occasion of injuries. There has been little investigation in to
ankle injury in Aboriginal populations, but a report with a very
small sample (n=24) showed 42% had an ankle injury in the past
6 months [18], which is similar to the findings in this study. There
has also been little investigation in to knee injury in an Aboriginal
population, but a report (n=24) stated 25% of participants had a
knee injury in the past 6 months [18], which supports the findings
of high percentages of knee injury in this study, indicating that age
may not be related to these injuries. There has been some previous
investigation finding high levels of back injury or pain in Aboriginal
population [13-16]. The Vindigni et al 2004 study reported 42
(48.3%) Aboriginal male (n=87) and 33 (32.4%) Aboriginal females
(n=102) reported having a back injury in the previous 7 days [13].
Others also found similar results for back injury or pain [15-18], and

Table 1: Foot pressure data (minimum, maximum, mean and SD of
combine cohort foot pressure for PP and PTI for each foot section for

left and right foot)
ERNTeTy
Heel PP left 124 147.67 1032.67  372.8495 163.6497
Heel PTI left 124 16.33 167.33 65.636 29.34974
Mid-foot PP left 124 25.67 618.67 181.2258 | 112.3505
Mid-foot PTl left 124 2.33 97.67 31.6734 16.94288

Met 2-5 PP left 124 |154.67 1362.33 4954086 197.2315

Met 2-5 PTl left 124 25 138 72.2903 25.09152
Met 1 PP left 124 |85 1092.33 342.0806 200.8044
Met 1 PTI left 124 13.67 197.43 62.071 32.89416
Hallux PP left 124 |0 1009 375.9543  212.7867
Hallux PTI left 124 0 170 54.871 35.08553
Heel PP right 123 108 1279.67 358.0949 154.7312
Heel PTl right 123 10.33 202 59.8407 27.97762
Mid-foot PP right 123 60.67 2285.67 2746694 250.0179
Mid-foot PTl right 123 7.33 96.67 35.065 17.47383
Met 2-5 PPright 123 117.67 1075.67 490.2195 177.9349
Met 2-5 PTlright 123 20.67 144 77.9751 25.87206
Met 1 PP right 123 62.67 965.33 360.3198 197.8387
Met1 PTl right 123 118 160.33 62.8648 29.19056
Hallux PP right 123 |0 977.33 374.8997 188.6554

Hallux PTlright 123 0 180 52.2003 28.80297

the participants in this study reported very similar percentages
for back injury as these previous studies. The results in this study
found that knee and back injury was associated with mid-foot
PP, but predominately PTI i.e. the amount of time spent on the
mid-foot during gait. This increased mid-foot PP and PTI may
also be exacerbated by hard ground surfaces e.g. concrete, which
Aboriginal people would not have traditionally walked on [6-8].
Indicating that Aboriginal people prior to these hard surfaces being
introduced may not have suffered such high percentages of these
types of injuries. Although the correlations with musculoskeletal
injury and mid-foot PP and PTl in this study were moderate i.e. 0.3
as described by Cohen 1988 [31] but they were significant for both
PP and PTI, with 4 out of 5 correlations being PTI. These finding
indicate that these Aboriginal people are pausing in mid-stance of
their gait, prolonging pressure on the mid-foot. Applying pressure
on this area for longer periods of time, and this pause in mid-stance
of gait is correlated with knee and back injury in these participants.
Ankle, knee and back injuries can be debilitating, causing sufferers
to reduce activity, training and sport.
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This can have effects on health directly but can also limit cultural
and social activities. Reduced physical and cultural activities can
also effects quality of life and social and emotional well-being for
Aboriginal people. Reduction of participation in activity, training
and sport can also lead to weight gain, and obesity [32]. Being over-
weight or obese is a risk factor for a wide variety of chronic disease
[33-35] being over-weight or obese is also very high in Aboriginal
communities, especially Aboriginal women [32]. Unfortunately
becoming over-weight or obese, and the development chronic
disease can lead to premature morbidity and mortality [36].

Limitations

The volunteer groups in this study had approximately equal
amounts of males and females, and attempts were made to
have approximately equal amounts of volunteers from all three
participating communities. However participants were volunteers
(not a random sample), the numbers were relatively low and there
was no control group without injuries for comparison. Therefore
the findings of this project are not representative of all Aboriginal
peoples and no causal relationship has been established and
caution should be used in interpreting the findings of this study.
However the author believes the participants are a representative
sample of Aboriginal adults in Western Sydney, the Hunter and
Mid-North Coast of NSW and the finding do add to the knowledge
of musculoskeletal injuries in the Aboriginal communities that
participated.

Conclusion

The findings in this study have identified concerning levels of
musculoskeletal injuries in the participants of this study, and
may offer some explanation for knee and back injury in these
communities. These findings may provide some guidance for
health professionals incorporating measures that could reduce
these injuries e.g. shoe inserts that can off-load the mid-foot, and
improve foot function. Therefore reducing PTl and PP and the risk
of musculoskeletal injury, and the associated pain. Reducing PTI
and PP may also assist to improve activity and reduce weight gain,
which can lead to chronic disease. The assessment and off-loading
of foot pressure for Aboriginal peoples may lead to greater and
prolonged participation in training, sport, and cultural activities.
Incorporating better practices suggested, may also contribute to
increased quality of life, social and emotional well-being in the
Aboriginal community.
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in two ways — the publication of original research and the
presentation of abstracts of research published or presented
elsewhere.

The Australian Indigenous HealthBulletin is published
online as a HealthBulletin ‘in progress, to allow readers to
have access to new original articles, brief reports and other
sources of information as soon as they come to hand. At
the end of three months, the edition is closed and the next
edition commences.
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