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ing Pattern Variations between Normal ~ Recently, health problems related to weight gain and obesity have increased
Weight, Overweight, and Obese Adults  in all age groups, especially adults. Overweight and obese adults are associ-
Aged 24 to 50 Years. Journal of Biosciences  ated with psychological, metabolic and musculoskeletal problems. The aim of
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https://doLore/ 10.4236/bm.2019.75007 this study was to examine foot-loading characteristics during gait of nor-

mal-weight; overweight and obese adults aged 25 - 46 years. Methods: This

Received: March 15,2019 paper outlined tests that were performed on 30 feet of 15 participants. The
Accepted: May 14, 2019 subjects were gathered in three groups according to their body mass index
Published: May 17, 2019 values, each containing five study participants: five healthy weights (age 35.4 +
6.3 yrs, BMI 21.9 + 1.3 kg /m”) matched to five overweight (age 39.2 £ 6.1 yrs,
BMI 27.5 + 1.34 kg /m?); and five obese adults (age 36.5 + 7.8 yrs, BMI 34.5 +
10.3 kg /m* The measurements were compared between these groups and the
correlation of body mass index with the foot plantar pressure parameters was
assessed. Results: The foot pressure measure in the obese group was greater
under the metatarsal heads and the heel of the foot compared to the healthy
weight group. Moreover, there were rises in pressure beneath the H, MF,
second metatarsal and third metatarsal regions of the foot. It may be consid-
ered that in obese individuals, this variation resulted from greater weakness
in the ligaments of the foot. As results, the obese group may suffer from dis-
comfort in their feet. The choice of the footwear may depend on the gait and
the resulting pain. In addition, they may be less likely to take part in walking
or other activities. Therefore, further studies related to these issues, would be
advisable. Conclusion: especially, the feet of obese individuals vary from those
healthy and overweight adults, because obese subjects’ feet are wider. In the
obese was established the greatest foot pressure measure increases beneath
the heel of the foot and the metatarsal heads.
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1. Introduction

In the 21st century, the increasing number of overweight and obese adults has
become a significant public health concern worldwide, which is associated with
both increasing health care cost and disability [1] [2]. In 2016, Excess weight and
obese adults are major clinical and public health problems worldwide. The esti-
mated total numbers of more than 1.9 billion adults, 18 years and older, were
overweight. Of these over 650 million were obese. 41 million children under the
age of five were overweight or obese and over 340 million children and adoles-
cents aged 5 - 19-years-old were overweight or obese in the same period [3].
Healthcare experts and physicians have commonly utilized the body mass index
(BMI) scale to define overweight and obesity [4]. BMI (kg/m?) is calculated by
dividing weight in kilograms (kg) by the square of the height (length) in meters
(m) [5], [3] as described in Equation 1.

A high prevalence of disabling foot pain and perceptions of foot deformities,
poor foot health, and the presence of other pain (leg, knee, hip, and lower back
pain) have been associated with adults who are overweight or obese [6] [7]. In-
creased forces and aberrant foot biomechanics may explain the association be-
tween obesity and foot pain. In addition, obesity was found to be a significant
risk factor for the development of Charcot neuroarthropathy, independent of
other risk factors [8]. More recent investigations by [6] have also found that the
foot is not immune to the effects of obesity, with a recent systematic review of
twenty-five studies involving 93,224 participants concluding that obesity is
strongly associated with non-specific foot pain in the general population. A
possible explanation for the relationship between obesity and foot pain is that
excess bodyweight leads to greater mechanical loading of the foot. Indeed, a link
between increased force and pressure under the foot and obesity has been re-
ported [9]. Recently, foot and ankle pathologies such as plantar fasciitis [10] and
plantar heel pain [11], [12] have become more prevalent in overweight and ob-
ese adults due to increased body weight. A number of research studies have in-
vestigated the relationship between plantar pressure and foot pain, finding a
clear association between them. Elevated plantar pressures have emerged as a
problem for high weight adults during gait. It has been demonstrated that load
carriage could adversely affect a number of physiological parameters, such as
gait [13] [14]. In addition, obesity increases the ground contact area of the feet,
altering the plantar pressure distribution and inducing pressure peaks in certain
parts of the foot. However, although the foot is a major part of the skeleton that
bears significant loads while standing and walking, only a few studies exist that
have investigated plantar forces and peak plantar pressure underneath the foot

in obese and control adult subjects [9] [15] [16]. Plantar loading increases in
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obese individuals. Many studies examining this point have been carried out [17]
[18] [19] [20]. However, fewer studies have compared the plantar pressures of
obese individuals and non-obese individuals [9] [16] [21]. Moreover, we could
find no study comparing the plantar pressures of normal weight, overweight and
obese individuals as separate groups during the literature review. For this reason,
we do not have sufficient information about the difference between the groups
in terms of plantar pressures using the insole system, and if the pressure in-
creases in parallel with the level of obesity. From this point, in this paper, the
purpose of the study is to assess dynamic foot plantar pressure characteristics in
adults, who were normal weight, overweight and obese, during level walking us-
ing the insole pressure system, and then to compare those values (findings) with

those of a healthy control group.

2. Methods

We designed our research to allow the independent variable to be body mass in-
dex. The dependent variables were measures of plantar pressure (pressure time
integral, peak pressure, pressure contact area and average pressure) over ten re-
gions of the foot namely: (heel (H), midfoot (MF), first metatarsal head (1 MH),
second metatarsal head (2 MH), third metatarsal head (3 MH), fourth metatarsal
head (4 MH), five metatarsal head (5 MH), hallux (1stT), second toe (2ndT), and
three to five toes (3rd-5thT) (Figure 1), using F-Scan software (Version 6.70-03,
Tekscan, Boston, MA).

2.1. Test Subjects

In 2018, the research proposal was accepted by the Research Ethics Committee
(proposal number: (HI8REA065). All participants signed an informed consent
form to participate voluntarily in the study.

Fifteen adult males’ participants recruited in this study; the participants were
aged between to 29 - 50 years. Adults were excluded from participation in the
study if they disclosed a history of orthopaedic problems, any disturbance of
balance, musculoskeletal dysfunction or any difficulties in independent locomo-
tion neurological and/or musculoskeletal problems likely to affect their gait.

According to the body mass index (BMI) were divided participants into three
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Figure 1. Foot pressure sampling location.
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categories: healthy weight (BMI < 25), overweight (25 < BMI < 30), and obese
(BMI > 30) as displayed in (Figure 2); which following similar protocols to those
used with children and adults, described by [22]; [9] to obtain three groups for
comparison.

The participants were divided into three categories namely for a healthy
weight, overweight, and obese group. Participant demographics are presented in
Table 1.

2.2. Instruments

Plantar pressure measures were recorded using the Tekscan in-shoe pressure
system (Tekscan, Boston, MA). This system comprises a wireless transmitter and
two sensor cuffs. The in-shoe sensor F-ScanR 3000E standard was utilized. These
sensors were approximately (15 mm) thick and comprised 960 sensing elements.
A sampling rate of 100 Hz was utilized for all trials. All data were collected and
processed using the F-Scan Version 6 research software. All walking trials were

completed.

2.3. Foot Pressures

Protocols for the assessment of plantar pressures in adults previously used in our
laboratory were the three-step method wearing the in-sole sensor (Figure 3).
The in-sole sensor is becoming increasingly, popular in both research and clini-
cal tools for pressure measurement and force data during dynamic movements,

such as evaluating the foot plantar pressure of humans worldwide [23] [24].

Figure 2. The foot pressure sensor system set-up.

Table 1. Participant demographics.

Age (years) Height (m) Weight (kg) BMI (kg/m?)

Group N
Mean SD Mean SD Mean SD Mean SD

Healthy 5 35.40 6.35 1.78 0.09 69.42 7.48 21.88 1.26

Over—weight 5 36.20 4.76 1.68 0.05 76.12 6.61 26.82 1.60
Obese 5 354 7.4 1.7 0.1 98.7 2.9 32.9 1.7
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Figure 3. The in-shoe pressure system (Pressure sensor).

All participants were asked to walk along a five-meter walkway with the foot
pressure insole system that was attached to the participants’ shoes. Participants
were instructed to familiarize themselves with the test using the pressure sensing
system, thus ensuring that they were comfortable with the procedure. Partici-
pants were encouraged to adopt a natural gait pattern and to walk at a

self-selected speed. Three trials of the gait were recorded for each participant.

2.4. Statistical Evaluation of Foot Pressures

We designed our research to allow the independent variable to be the body mass
index. The statistical procedures were conducted using the SPSS software (v.25;
SPSS Ing, Chicago, IL, USA). The mean of the three repetitions of each subject
was computed and all the statistical procedures were performed with these mean
values. All data were analysed using statistical software (SPSS version 25.0). Sta-
tistical significance was accepted at the p < 0.01 level of confidence. The mean of
the three repetitions of each subject was computed and all the statistical proce-
dures were performed with these mean + SD values, and presented in the format
mean (standard deviation). A one-way Analysis of Variance (ANOVA) was used
to test for significant differences in plantar loading measure across the obese,

overweight and normal weight groups.

3. Results

The three groups (five people in each group) of adult male participants were re-
cruited into the study. Division of these groups was based on participants’ body
mass and BMI: normal weight, overweight and obese. The participants were
aged between 25 and 46 years, and the BMI value obtained for obese adults (32.9
kg/m?) was significantly higher (p < 0.001) than that of the healthy group (21.88
kg/m®). To study the effect of differences in body mass of adults on plantar
pressure distribution characteristics (calculating foot force, contact area, contact
pressure, peak pressure and pressure time integral in different foot regions dur-

ing gait) an in-shoe system was used. The characteristics are shown in Table 1.
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3.1. Force and Contact Area Measurements

Descriptive data for force (F, kg) and contact area (CA, cm?) were shown in Ap-
pendix Table Al. There was a statistically significant variation (P-values <
0.001) for the force measure (F). The lower differences in mean F measure value
were located at the 3rd-5thT and 2ndT between the normal weight and over-
weight adults for which the value for F was (0.63) and (1.45) respectively. The
mean F measure values were higher for the overweight group compared with the
healthy group: which were (7.13 kg) to (5.54 kg), respectively.

Statistically significant differences were found between the obese adults group
and normal weight adults group in the following regions with mean values for F
measure (P-values < 0.001) at the H (30.67 kg), 1 MH (14.54 kg) followed by
1stT and 2 MH (10.55 and 10.00 kg) respectively. In contrast, the mean values of
the F variable in the obese group were approximately twice that under the 1 MH
(14.54 kg), 1stT (10.55 kg) and 2 MH (10.00 kg) in contrast with the control
(healthy) group with values (7.18, 4.62 and 5.05 kg) at the same foot area. A
higher correction (r = 0.99) was observed between the average values of the F
measure and body mass index for these three groups, as shown in (Figure 4(a)).

Ilustrative data for CA (cm?®) in the adults who were obese, overweight and
normal weight is seen in Appendix Table Al. In general, there were statistically
significant differences (P-values < 0.001) for the CA. The lower differences for
the CA measure was located at the 3rd-5thT and 2ndT between the normal
weight and overweight adults for which the values for CA were (0.74 cm®) and
(1.17 cm?), respectively. The higher CA value was found to be within the over-
weight group compared with the healthy group.

The overweight group showed greater CA than the normal weight adults of
the same age, these differences were located beneath the H (16.53 cm?), 1 MH
(7.20 cm?), MF (4.90 cm?®) followed by 2 MH (4.23 cm®) and 3 MH (4.06 cm?),
regions. The obese groups had a higher foot CA values in comparison with the
control group, under the H, 1 MH and MF regions with the value (17.88, 9.41
and 7.88 cm?), respectively. Thus, all values were higher within the obese group.
Figure 4(b) presents the relationships detected between the CA measurements

within these three groups, displaying a strong regression coefficient (r = 0.94).

3.2. Contact Pressure and Pressure-Time Integrals

A consistent increase of the overall foot loading data for contact pressure (CP,
kPa) and temporal characteristics of foot loading pressure-time integrals (PTI,
KPa/s) for the groups are summarised, as shown in Appendix Table A2. There
were significant differences between all three groups in CP and PTI measures
which were observed at (P-values < 0.001).

The greater CP values were under the 2 MH, 3 MH, H, 1stT and 1 MH regions
in the obese group compared with the normal group. These regions had mean
CP values in the obese group (118.96, 111.27, 115.42, 103 and 100.81 KPa), re-
spectively. The highest CP was under the MF in the obese group and the mean
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Figure 4. Results of the preliminary test as mean values
for all three groups (from (a), (b), (c), (d), and (e)).
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(85.58 KPa) which was approximately twice the under the same region in the
healthy group with a mean of (42.86 KPa). In addition, the obese group pre-
sented roughly twice the value under the 1stT zone with a mean value (103.84
KPa) compared with the control group (55.38 KPa).

There were slight differences between the overweight and normal weight
groups for CP located at H (98.98 KPa), 2 MH (84.67 KPa), 1stT (83.82 KPa) and
3 MH (80.68 KPa), in the normal group the CP values were (90.20, 69.98, 55.38
and 68.14 KPa) respectively under the same foot area. On the other hand, the
lowest CP value was observed within 3rd-5thT and 2ndT regions with the mean
value for overweight (37.65 and 42.11KPa) and healthy groups (26.32 and 30.89
KPa). The greatest correlation (r = 99) between the CP measure value and BMI
was observed within these three groups as shown in (Figure 4(c)).

Elevated pressure-time integrals (PTI) were attributed to the smallest level of
probability (Duncan test) for the PTI for these groups. The normal weight group
was (66.93) followed by the overweight (84. 50) and the obese group (89.28). The
results show higher PTI value underneath the H, 1stT, 2 MH and 3 MH in the
obese group (P-values < 0.001) compared with the control group. The obese
group had mean values under the H, 1stT, 2 MH and 3 MH regions (123.24,
116.63, 109.65, 100.02 KPa), respectively.

The overweight group PTI also was higher compared with the control group
beneath the H, 2 MH, and 1stT regions; with the mean values of (116.00, 93.64,
and 90.81 KPa) receptively. On the other hand, the lowest region within this PTI
measure was absorbed under 3rd-5thT (58.76, 37.04 KPa) for both groups
(P-values < 0.01) compared with the normal weight (25.92 KPa) group, as shown
in Appendix Table A2. It was observed that there was a higher regression coeffi-
cient between mean value PTI measures within the three groups, as presented in
(Figure 4(d)).

3.3. Peak Pressure

The peak plantar pressures (PP) were generally higher in the obese group com-
pared with the other two groups. The highest PP were obtained in the obese
group under the H (204.38 KPa) and 1stT (189.00 KPa). Descriptive data for the
maximum and minimum PP in non-overweight (healthy), overweight and obese
groups are represented in (Figure 4(e)) when the obese category was likened to
the overweight and healthy categories. The obese group presented the most sig-
nificant differences for all regions except for the 3rd-5thT and 2ndT, which were
slightly dissimilar. The PP value had a maximum variance within the obese
group at both regions of H (204.38 KPa) and the 1stT (189.99 KPa) approxi-
mately double compared with the control group (101.71 and 88.37 KPa) respec-
tively, within the same area. In addition, the maximum PP value was located be-
low the H area (204.38). It was found to be greater than both groups (overweight
and non-overweight) as displayed in (Figure 4(e)), which shows the compari-

sons between the non-overweight, overweight and obese groups.
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4. Discussion

The experiment was designed to examine the effect of differences in body mass
in adults aged between (25 and 46) years in the three groups (overweight, obese
and healthy weight), on plantar pressure distribution characteristics by calculat-
ing clinical foot measurements (F, CA, CP, PP and PTI) in ten different foot re-
gions during gait. The findings identified that those who were overweight dis-
played marked differences in foot loading when compared with adults of healthy
weight. Overweight adults generated significantly greater F and CA in the MF
and 2 MH - 5 MH regions of the foot; a trend that was similar for the obese
adults. Overweight adults also generated increased CP and PTI under the MF
and 2nd-5th MH. A similar trend that the obese adults with significant differ-
ences also found at the heel in comparison with normal weight adults.Plantar
foot pressure parameters such as peak pressure and contact pressure showed sta-
tistically significant increases with increasing weight. This was observed with in-
creasing volunteer BMI weight class. The outcomes give important objective
knowledge regarding the functional limitations particular to foot mechanics in
walking status.

The marked variance in plantar pressures observed as a function of increased
adiposity (BMI), which is attention-grabbing to take a position on the structural
consequences of repetitive loading on the feet and different components of the
lower extremity. The self-reported pain, soreness or discomfort within the feet
lower extremity which might be mirrored in the physiological manifestations of
loading; as a result of the magnified pressures and forces performing on the sys-
tem structure of the individual foot. For instance, often heel region pain is dis-
tinguished through pain and tenderness on the calcaneal tuberosity within the
point of attachment of the plantar fascia [25]. While unknown the particular ae-
tiology of area heel pain, a variety of studies [18] [20] [26] [27] [28] have re-
ported that multiplied weight is an associated issue. The physiological manifes-
tations of loading might be reflected in discomfort in the feet because of the in-
creased pressures and forces acting on the musculoskeletal structure of the hu-
man foot. The suggestion that musculoskeletal pain in the feet may reason hu-
man to alter their walking strategy in a try to avoid or minimise discomfort [29].
Moreover, [30] stated chronic musculoskeletal pain often is in obese persons.
Furthermore, in self-reported losing weight can lead to considerable relief pain.
while, others researcher have noticed reduction the feet sensitivity of diabetics,
containing skin breakdown and a predisposition to foot ulceration associated
with neuropathy in persons at greater static pressures beneath the feet [26] [31].
The major limiting factor in the predisposition of the obese assesses by the ease
of walking, as determined via discomfort experienced in the feet, which may be
including diabetics who are overweight and obese; to subjects in daily activity
such as walking. [32] pointed out that the foot adapts itself to excessive weight
bearing by maintaining the medial longitudinal arc. Excessive weight bearing

due to increased body weight in subjects with obesity is believed to cause struc-
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tural foot dysfunction, such as the collapse of the longitudinal arc, which espe-

cially leads to an increased middle foot contact area [18].

4.1. Force and Contact Area

F values of the total foot were highest for the obese and overweight, and lowest
for normal-weight adults, as presented in Figure 4(a). Changes in peak F data
were largely eliminated owing to body mass. However, the findings at the Hand
forefoot (specifically 2 MH and 3 MH and 1stT) for adults who are obese and
overweight demonstrated increased loading at these sites. These results are con-
sistent with previous [18] [20]. These findings have identified elevated levels of
loading, in children who are obese at the plantar H, MF and 2 MH - 5 MH when
compared with non-obese children. The outcomes for F, found by [28], corre-
spond with those of this study. They found that H, MF and forefoot had the
higher F value. The objective of the study undertaken by [27] was to determine
the effects of overweight and obesity on plantar pressures generated by
pre-school children during gait. They emphasized that higher stress made the
feet of overweight/obese children vulnerable to bony fatigue and soft tissue
damage due to higher forces over larger contact areas.

Figure 4(b) showed the remarkable main impact of obesity on dynamic CA.
The higher foot CA in overweight and obese adults was compared with their
normal-weight counterparts. The higher CA was measured in both groups under
the H, MF, 1 MH, 2 MH, 3 MH anatomical regions. In this study, the higher CA
within MF was confirmed by previous research [9] [33]. These studies empha-
sized that the foot pressure distribution parameter power ratio value is greater
for the diabetic foot than the normal foot [34]. This power ratio value decreases
as the BMI increases because the total contact area increases due to exposure to
higher loads, and does not depend on larger feet. Hence this study found sig-
nificant variations in power ratio value in MF and the plantar ground contact
area of overweight subjects compared with healthy subjects while standing be-
cause plantar pressure increase begins from the MF in low grade obese subjects
(i.e. overweight) due to an increase CA in MF. [28] outcomes for CA correspond
with those of this study. They found H, MF and forefoot CA were higher in
overweight and obesity compare to healthy children. The study contacted by
[28] used children. It assessed plantar pressure in relation to overweight and
obesity. They emphasized that increased contact area was not found to be suffi-
cient to compensate for the high forces generated during walking, thus causing
higher plantar pressure with increased stress.

Considering that the obese group had the greatest CA and that the greatest
variation between the healthy and obese category the current results disagree
with those of [22]. The objective of the study undertaken by [22] was to deter-
mine if there are differences in static and dynamic plantar pressure distribution
between obese and eutrophic children and, specifically, where the pressure is lo-

cated on the foot and in what proportion it correlates to body mass. It is accept-
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able to assume that the obese children displayed flattening of the medial longi-
tudinal arch. In contrast, it is not yet clear why this flattening and, consequently,

the rise in CA in the MF region occurs.

4.2. Contact Pressure and Pressure-Time Integrals

As described in the results section, overweight and obese adults have a higher
value of CP at the H, 2 MH, 3 MH, 1 MH, 1stT and MF regions. These increased
the CP consequences are compatible with [9]. [9] used a pressure distribution
platform to asses plantar pressure in obese and healthy adults, when they were
both standing and walking states.

They emphasized the reason for subjects to have excessive body weight. In this
study, the CP was statistically significantly higher in the H, 2 MH, 3 MH, 1 MH,
1stT and MF regions. This result was dissimilar to the finding of [35] who found
no significant alteration was observed in PP within both metatarsal head area
and H area. [35] determined foot stability according to the results of plantar
pressure and spontaneity balance in the normal group and in the obesity, group
based on BMI, using a pressure distribution platform. They stressed the reason
for participants having a reduction within the spontaneity balance index within
the heel region of each of the categories obese and healthy. This is often thought
to be a mechanism of compensating for the minimized heel balance within the
contact area and foot pressure increasing to make amends for balance. PTI, also
referred to as impulse, were found to be statistically higher beneath the H, 1stT,
2ndT, 3 MH, 1 MH and MF. PTI measured value provides information regard-
ing the load distribution over time. The PTI outcomes for [28] correspond with
those of this study. [28] found that the MF displayed significantly higher values.
[28] was studied to establish the influences of both body conditions overweight
and obesity on foot plantar pressures in pre-school children through gait. They
found overweight/obese children have higher F, greater CA and higher stress
and, in turn, vulnerability to bony fatigue and soft tissue deterioration.

In this study, the PTI was statistically significantly higher in 1 MH to 3 MH.
This finding is similar to the finding of [36]. [36] investigated the in-shoe pres-
sure differences in Caucasians and Indians. This variable is thought to be im-

portant in the pathogenesis of skin lesions [37] [38].

4.3. Peak Pressure

As for peak pressure (PP), the obese adults generally displayed greater values
than the healthy group during gait however, the H, 1stT and metatarsal regions
in particular (2 MH, 3 MH and 1 MH) suffered greater pressure, and the
3rd-5thT area had the lowest peak pressure, as presented in (Figure 4(e)). The
results are in accordance with [9] [18] [21] [22] also found weight to be a sig-
nificant independent predictor of PP under the H, MF and forefoot The aim of
the research done by [26] was to find out if excess body weight contributed to

increased mean PP foot pressures when foot function, deformity, and structure

DOI: 10.4236/jbm.2019.75007

a4 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2019.75007

S. K. R. Al-Magsoosi, A. K. Chong

are controlled. The PP outcomes from [28] correspond with those of this study.
[28] found that the MF displayed a significantly higher value. In the present
study, the PP was statistically significantly higher in the H, 1stT and metatarsal
regions in particular (2 MH, 3 MH and 1 MH). This finding was similar to that
of [20], who found that no significant change was observed in the forefoot and
hind-foot peak pressure. The study by study was designed to examine the effects
of obesity on dynamic plantar pressure distribution during walking for prepu-
bescent children, using a plantar pressure plate system. They emphasized that
higher plantar pressures in obese children will increase loading on the develop-
ing foot and may result in foot discomfort and possibly deformity, which may
increase the risk of injury. In this study, the highest PP was found under the H.
These findings are supported by studies investigating foot function in children
[39] [40] and adults [41] [42].

5. Conclusion

The current research has explained the differences in the groups in relation to
plantar loading. Advanced insole foot pressure sensors have made the demon-
stration of the effect of overweight on the ankle motion possible. Preliminary
tests showed that the technique is practical for clinical study and clinical demon-
stration. Further testing will be needed to demonstrate the suitability of the
techniques for developing an indexing scheme for the study of ankle injury of
obese people. Obese and overweight adults showed increases in heel and forefoot
regions. In the obese set, the highest foot pressure measure increases were found
under the heel of the foot and the metatarsal heads. Observing the changes in
plantar pressure with increased BMI, it can be seen that BMI has a marked effect
on the structure of the foot. In addition, participants with greater BMI reported
suffering discomfort in the feet because of the increased pressure. Plantar heel

pain seems to be a common problem. In this area, further study is warranted.
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Appendix

Table Al. Summary of the dynamic force (kg) and contact area (cm?) data for the normal weight (n = 5), overweight (n = 5) and
obese (n =5) [Mean (SD) of three trials].

Force (kg) Contact area (cm?)

rfg(;:;s Healthy Overweight Obese Healthy Overweight Obese
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
3rd-5thT 0.63 0.69 1.45 1.32 1.53 1.88 0.74 0.66 1.17 1.01 1.37 1.15
2ndT 0.77 0.56 1.10 1.14 1.26 1.11 0.81 0.55 0.83 0.70 0.84 0.45
1stT 4.62 3.73 5.96 5.51 10.55 8.33 3.21 1.43 2.99 1.33 4.77 1.82
5 MH 2.66 1.62 3.17 1.85 3.85 3.01 2.57 1.44 2.87 1.37 3.16 1.38
4 MH 3.55 1.86 4.04 1.52 6.49 3.69 3.08 1.50 3.42 1.07 4.57 1.31
3 MH 4.39 2.09 5.73 2.95 8.30 2.37 3.56 1.63 4.06 0.91 5.27 1.23
2 MH 5.05 2.10 7.05 3.91 10.00 2.58 3.94 1.64 4.23 0.93 5.81 1.37
1 MH 7.18 3.58 10.47 4.09 14.54 3.59 6.15 2.80 7.20 1.78 9.41 2.54
MF 3.11 4.12 4.68 4.15 6.39 4.65 3.68 3.14 4.90 5.64 7.88 6.49
H 23.47 7.12 27.64 9.5 30.67 13.43 15.55 4.47 16.53 5.72 17.88 6.21

Table A2. Summary of the contact pressure (kPa) and pressure-time integral (kPa/s) data for the normal weight (n = 5), over-
weight (n = 5) and obese (n = 5) [Mean (SD) of three trials].

Contact pressure (kPa) Pressure-time integrals (KPa/s)
Foot Region Healthy Overweight Obese Healthy Overweight Obese
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

3rd-5thT 26.32 19.49 37.65 38.75 34.01 28.50 28.34 25.92 37.04 31.42 58.76 84.96
2ndT 30.89 22.32 42.11 34.22 52.67 50.41 34.58 30.20 44.62 40.97 82.59 119.65
1stT 55.38 30.32 83.82 69.30 103.84 86.92 57.31 43.96 90.81 96.60 116.63 157.38

5 MH 52.80 22.86 62.97 34.58 75.91 43.70 61.14 35.33 65.97 28.04 74.10 38.73
4 MH 63.86 22.76 73.77 32.13 97.32 45.81 70.77 33.60 78.33 37.72 96.25 42.16
3 MH 68.14 21.52 80.68 27.11 111.27 34.20 77.95 30.41 83.80 41.38 100.02 41.21
2 MH 69.98 20.54 84.67 25.44 118.96 31.34 84.57 37.32 93.64 50.27 109.65 53.41
1 MH 61.53 19.52 70.90 26.04 100.81 27.33 70.82 38.14 86.56 44.56 101.12 40.76
MF 42.86 26.44 50.93 15.20 85.58 38.21 35.21 44.65 49.94 15.80 58.21 44.71

H 90.20 24.75 98.98 25.95 115.42 61.73 93.54 28.91 116.00 73.96 123.24 68.36
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