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Abstract

The aim of this study was to examine the effect of changes in
speed and incline slope on plantar pressure distribution of the
foot during treadmill jogging. Plantar pressure parameters were
measured with the Pedar-X system in twenty healthy girls (mean
age of 20.7 years, mean height of 1.60m, and a mean weight of
53.35kg). Because variations in walking speed or slope can
significantly change the magnitude of plantar pressure, compari-
sons of plantar pressure distribution between the two independ-
ent protocols during treadmill jogging were considered in this
study. First, the subjects ran at the same speed of 2 m's™ with
different incline slopes of 0%, 5%, 10%, and 15%. Second, they
ran on the same slope of 0% with different speeds of 1.5 m's™,
2.0 ms”, and 2.5 m's”. The peak pressure of the eight plantar
surface areas, apart from the medial forefoot and the hallux,
significantly increased (p < 0.05) with an increase of 33% of
peak pressure from 1.5 m's” to 2.5 m's™ (speed) at heel region.
In contrast, the peak pressures at the heel, medial forefoot, toe
and hallux decreased significantly (p < 0.05) with increasing
incline slope. At the heel, peak pressure reduced by 27% from
0% to 15% incline, however, pressure at the lateral midfoot
region increased as following. Different speeds and incline
slopes during jogging were associated with changes in plantar
pressures. By systematic investigation of foot kinematics and
plantar pressure during jogging with varying incline slope and
speed, the results of this study provided further insight into foot
biomechanics during jogging.
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Introduction

There is an increasing trend for people to choose jogging
as a form of physical activity to maintain their health
(Razeghi and Batt, 2000; Thompson et al., 2003). For
instance, in the United States, more than 30 million peo-
ple prefer jogging as their basic form of exercise (Nagel et
al., 2007). Recently, there are more people jogging with a
treadmill at the gym or the home setting. In the past,
many studies also used treadmill to study the relative
effect of running at different speeds or gradients. Guo et
al. (2006) studied the effects of speed and incline on
lower extremity kinematics during treadmill jogging in
healthy subjects. The main advantage of jogging is to
improve cardiopulmonary fitness. Aerobic and endurance-
type activities such as jogging can result in improvements
of physical fitness and aid in the prevention of cardiovas-
cular disease (Razeghi and Batt, 2000). For subjects with

hypertension, after forty-five minutes of running at 70%
VO,max, previous study showed that systolic blood pres-
sure (BP) post-exercise hypotension (PEH) lasting for two
hours and diastolic BP PEH lasting for one hour and fif-
teen minutes (Hagberg et al, 1987). Mota et al. (2009)
found that twenty minutes of treadmill running resulted in
PEH lasted more than seven hours as well as a higher
decrease of systolic BP (-11.1 £ 7.6 mmHg) and de-
creases of diastolic BP (-4.0 + 6.4 mmHg).

Jogging is one of the common sports activities that
contribute to lower limb injuries in the foot. The potential
factors include overuse or repetitive loading stress. Stress
fractures of the metatarsals are frequently reported in
overloading injuries of long distance runners and are
considered a result of a multi-factorial process (Van Me-
chelen, Hlobil et al., 1992). Jogging is associated with
increased risk of incurring lower limb injuries. Approxi-
mately 90% of running related injuries occur in the lower
extremity (Marti et al., 1988). Nagel et al. (2007) found
that long distance runners show increased peak pressure
of the metatarsal bones during running, and these results
indicate that the long distance runners are prone to sustain
metatarsal stress fractures. James and associates (1978)
showed that two-thirds of the chronic injuries were attrib-
uted to high mileage, workout intensity, running on in-
clines and hard surfaces, and rapid change in training
routine. Moreover, several authors have postulated that
impact forces on the lower limbs associated with repeti-
tive loading are responsible for overuse injuries in the
musculoskeletal system (Cavanagh and Lafortune, 1980;
Nigg et al., 1987). On the other hand, most sport injury
researchers suggest that the types of injuries may differ
between genders. Anatomically, females have shorter
legs, narrower shoulders, wider pelvises, and a greater
valgus angulation at the knees than males (Arendt and
Dick, 1995; Dugan, 2005; Hale, 1984; Klafs and Lyon,
1978; Sallis et al., 2001; Thomas, 1979). Our purpose was
to study the effect of changes in speed and incline slope
on plantar pressure distribution of the foot during tread-
mill jogging for females.

A typical gait cycle can be subdivided into two
phases: contact phase and support phase. During the con-
tact phase, the ground reaction force (GRF) generated is
the sum of body weight and all force that accelerate
and/or decelerate the body mass. GRF produces plantar
pressure during body motion. Numerous studies have
investigated the increase in plantar pressure and GRF with
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increases in the speed of walking (Alexander and Jayes,
1980; Bates et al., 1983; Bobbert et al., 1991; Cavanagh
and Lafortune, 1980; Jacobs et al., 1972; Dickinson et al.,
1985; Munro et al., 1987; Nigg et al., 1987; Roy, 1982).
Those studies showed that the vertical maximum force of
walking falls within the range of 1.1-1.5 times of body
weight (BW). The plantar pressure on the heel, medial
and central metatarsals, and toes are significantly higher
when walking speeds increase from 57 m'min”' to 80
m'min”. With faster speed of walking (greater than 80
m'min™"), there is increased pressure on the toes and heel
(Keller et al., 1996). As walking speed increases, people
will adopt from walking to running. The difference be-
tween walking and running lies in the shorter double
support phase during running. Due to these changes in
gait cycle, the pattern of plantar pressure and GRF are
also altered. However, to the best of our knowledge, there
are few arguments about the plantar pressure and GRF
increase with increases in speed. Munro et al. (1987)
indicate when speeds of 3-5 m's™ the vertical maximum
forces is ranging from 2.51 BW to 2.83 BW. The load-
bearing during running gait is almost two times of walk-
ing. Changes in incline slope can also alter biomechanical
factors such as vertical GRF and peak pressure, but few
studies have systematically examined this.

Increased incline and speed will not only increase
stress on the cardiopulmonary system, but may also alter
the plantar pressure pattern on the foot. Biomechanical
factors such as maximum force and peak pressures can
play an essential role for the detection of runner injury.
Pressure (Messier and Pittala, 1988) and impact forces
(Hreljac et al., 2000; van Mechelen, 1992) on the foot
have been implicated as the primary causes of running
injuries. Most studies have examined these factors
through the use of force plates. However, there are three
disadvantages in using force plates to interpret forces at
the foot: First, force plates need to be built into the run-
way or path; second, the number of different contact sur-
faces that can be measured on a force plate is limited; and
third, only one step can be measured during one meas-
urement cycle. Thus, the force plate is not ideal for meas-
urement of plantar pressure in this study. Therefore, in the
current study, we used an in-sole plantar pressure system
to overcome these problems. Here we aimed to compare
the plantar pressure distribution of the foot between dif-
ferent incline and speed during treadmill jogging. Based
on different inclines and speeds, we hypothesized that the
peak pressure and contact area would decrease in the heel
and increase in the lateral metatarsal independent of the
shoe being used.

Methods

Twenty healthy females with no history of neuromuscular
disease or serious musculoskeletal injury participated in
this study. Participants had a mean age of 20.7 £ 4.7
years, mean height of 1.60 = 0.07 m, and a mean weight
of 53.3 £ 6.8 kg. All subjects were collegiate students and
reported that they did not do regular jogging. These par-
ticipants were recruited from the campus to meet the
inclusion and exclusion criteria. Informed consent, ap-
proved by the university ethical review committee, was

obtained from all volunteers prior to involvement in the
study.

We collected anthropometric data of each subject
including age, height, and weight. The Pedar-X system
pressure insoles (Novel, St. Paul, MN) were placed inside
their shoes. Prior to testing, all subjects were requested to
warm up including some regular stretch exercise and
running at slow speed that they can to familiarize the
treadmill. The pressure insoles were calibrated by in-
structing subjects to lift each leg from the ground. All
subjects were informed about the procedures and signed a
written consent. The treadmill (IEC EN 60335-1,
h/p/cosmos sports & medical gmbh, Germany) consisted
of walking surface of 1.5X 0.5 m. There were different
modes to be used in different speeds: (1) 1.5 m's”, 2.0
ms”, and 2.5 m's”' with the slope at zero, and (2) the
same speeds with different slopes that were 0%, 5%, 10%,
15%. Prior to starting the test, one trial was collected at
each condition. Each trial lasted for ~30 seconds. Initially,
the slope was kept flat and the speed was gradually in-
creased. While the speed at 1.5 m's”, we collected the
data which is 1.5 m's”" and 0%. And then we kept on
increasing speed gradually at 2.0 m's™ and 2.5 m's™ col-
lecting data. The speed was slowed down to 2.0 m's™. At
this speed, the incline gradually was gradually increased
to 0%, 5%, 10%, and 15%.
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Figure 1. Eight anatomical regions of the foot defined to be
used for plantar pressure distribution analysis. M0O1: Heel,
MO02: Medial midfoot, M03: Lateral midfoot, M04: Medial forefoot,
MO5: Central forefoot, M06: Lateral forefoot, M07: Hallux, M08: Toes.

Novel Groupmask Evaluation software (Pedar®-x,
Novel Co., Germany) was used to quantify forces and
pressures in different regions of the foot. For analysis of
plantar pressure pattern, the insole data were divided into
eight regions (masks) as defined in the software. The
regions include heel, medial arch, lateral arch, medial
metatarsal, central metatarsals, lateral metatarsals, great
toe, and little toes (Figure 1). The heel comprised of the
first 0% to 30% of foot length, the midfoot the next 30%
to 60%, the forefoot the following 60% to 85%, and the
hallux/toe the remaining 85% to 100%. The midfoot re-
gion width was divided into two equal parts. The forefoot
region width was divided into equal thirds, creating three
forefoot regions. The hallux/toe region width was also
divided into two parts, with the hallux region occupying
the medial 40% and the toe region occupying the lateral
60%. At each condition, we only used entire foot contact
period to analysis the maximum force and the peak pres-
sure. Maximum force is calculated from the summation of
the measured force on each sensor in the insole. This was
used to predict the loaded energy on foot. Peak pressure
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Table 1. The peak pressure at same slope 0% with different speeds. Data are means (£SD).

Mask Speed 1.5 Speed 2.0 Speed 2.5 F Value Post Hoc
He(MO01) 143.6 (73.6) 170.7 (85.7) 191.3 (71.8) 4.54% S2.5>82.0>S1.5
MM(MO02) 154.1 (79.2) 172.9 (83.9) 178.2(92.2) 7.23* S2.5,2.0>S1.5
LMMO03) 130.3 (44.8) 149.5 (41.9) 162.3 (46.4) 19.17* S2.5>82.0>S1.5
MF(M04) 339.8 (108.1)  360.7 (114.2)  377.8 (101.2) 2.42 S2.5>S1.5
CF(M05) 223.8 (48.6) 2445 (53.1) 266.5 (64.6) 10.74%* S2.5>82.0>S1.5
LF(M06) 172.7 (51.3) 189.0 (49.9) 203.9 (54.4) 11.76* S2.5>82.0>S1.5
Ha(MO07) 309.3 (123.9)  323.6(123.1)  333.1(103.4) 0.94

To(MO08) 126.3 (47.4) 139.0 (49.3) 147.8 (50.7) 5.13% S2.5>81.5

He(MO1): Heel, MM(MO02): Medial midfoot, LM (MO03): Lateral midfoot, MF(M04): Medial forefoot, CF(M05):
Central forefoot, LF(M06): Lateral forefoot, Ha(M07): Hallux, To(M08): Toes. * p <0.05

represents the aggregate of the all the measured pressures
from different sensors in specific parts of the foot, and is
important while investigating foot injury mechanism.
Repeated-measures ANOVA, followed by a post-hoc
Tukey test, were used to compare plantar pressure and
maximum force with changes in jogging speed and incline
slope. Significance level was set up as 0.05.

Results

With the increase of speed, apart from the medial forefoot
and hallux, the peak pressure of all regions was raised
significantly (p < 0.05). As the speed increased from 1.5
m's” to 2.5 m's™, the peak pressure of heel region in-
creased about 33%, that in the medial arch increased
about 16%, and that in the lateral arch lift increased about
25%. In the forefoot, the peak pressure of central forefoot
increased about 19% and that in the lateral forefoot in-
creased about 18% (Table 1). When the speed increased
from 1.5 ms” to 2.5 m's”!, the maximum force of heel
increased about 46%, the medial arch increased about
67% and that in lateral arch lift increased about 48%. In
addition, the maximum forces of central forefoot in-
creases about 23%, that in the lateral forefoot raised about
27%, and that in the medial forefoot lift raised about 17%
(Table 2).

As the slope increased, there was reduced peak
pressure of the heel, medial forefoot, and hallux and toes
(p < 0.05). In the heel, the peak pressure decreased about
27% when slope increased from 0% to 15%. In addition,
the peak pressure of medial forefoot decreased about
15%. With the slope increasing from 0% to 15%, the peak
pressures of hallux decreased about 26% and that in the
toes reduced about 19% (Table 3). There were no signifi-
cant differences between lateral arch and medial arch in
midfoot, the peak pressure of lateral arch increased about
8% and that in the medial arch decreased about 8%. The
maximum force is similar to the peak pressure. As the

jogging slope increased, there was reduced maximum
force of heel, the medial forefoot, and hallux and toes (p <
0.05) (Table 4). However, the lateral arch increased (p <
0.05) with increasing slope.

Discussion

As expected, faster speeds resulted in higher peak plantar
pressures and greater maximum force in all regions (Table
1 and Figure 2). It could be argued that subjects increased
their inversion of the ankle/foot when running speed is
increased. In contrast, as jogging slope is increased, the
peak pressure of heel, the medial forefoot, the medial
midfoot, hallux and toes decreased (Table 3 and Figure
3). In other words, the peak pressure decreased in all
regions except lateral side. The decreased plantar pressure
is likely to result from reduced vertical component of
GRF with increased slope. The increased pressure in the
lateral side could be a consequence of the inverted foot
while jogging on an incline slope. At heel strike, the body
needs to initially decrease contact speed (acceleration of
gravity) of body mass and maintain balance. In our find-
ings, the maximum force and peak pressure of a heel
region increased with greater speed. As the speed in-
creased from 1.5 m's™ to 2.5 m's™, the peak pressure and
maximum force also increased in the heel region.

We found that GRF and peak pressure of the entire
foot increased with increasing speed. This result is similar
with the other studies (Burnfield et al., 2004; Chuckpai-
wong et al., 2008; Segal et al., 2004). Burnfield et al.
(2004) indicate that faster walking resulted in higher
pressures under all foot regions except for the arch and
lateral metatarsal, primarily due to greater forces under
the heel, medial metatarsal and toes. The results of the
current study showed that plantar pressure increased in all
regions and the peak pressure was greater in the hallux
and medial forefoot, and thus is consistent with findings
from Burnfield et al. (2004). In our study, peak pressure

Table 2. The maximum force at same slope 0% with different speeds.Data are means (£SD).

Mask Speed 1.5 Speed 2.0 Speed 2.5 F Value Post Hoc
He(MO01) 281.7 (159.7)  354.1 (188.1)  410.5 (169.0) 7.51* S2.5>82.0>S1.5
MM(MO02) 45.7 (31.8) 78.2 (111.7) 76.1 (39.5) 2.96

LM(MO03) 151.0(79.2) 193.9 (80.9) 223.1(79.2) 17.87* S2.5>82.0>S1.5
MF(M04) 251.8(79.2) 278.6 (74.3)  294.1(75.0) 5.49% $2.5>81.5
CF(M05) 195.1 (60.6) 219.5 (60.4) 239.3 (65.8) 14.90* S2.5>S2.0>S1.5
LF(M06) 116.1 (59.0) 136.7 (55.2) 147.3 (59.9) 14.90* S2.5>S1.5
Ha(M07) 101.7 (53.8) 101.3 (39.7) 108.6 (41.0) 0.87

To(M08) 55.7 (30.4) 59.1(25.9) 64.2 (24.9) 2.11

He(MO1): Heel, MM(MO02): Medial midfoot, LM (MO03): Lateral midfoot, MF(MO04): Medial forefoot, CF(MO5):
Central forefoot, LF(M06): Lateral forefoot, Ha(M07): Hallux, To(M08): Toes. * p <0.05
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Table 3. The peak pressure at same speed 2.0m's” with different slopes. Data are means (£SD).

Mask SLO SL5 SL10 SL15 F Value Post Hoc
He(MO01) 170.7(85.7) 161.4(56.6)  142.6 (40.3)  124.1 (41.6)  4.36* SL0,5>SL10,15; SL10>SL15
MM(MO02)  172.9(83.9) 155.1(77.5) 164.8(82.3)  159.3(83.2) 1.17

LM(MO03) 149.5(41.9) 1552(33.9) 161.1(44.4)  161.7 (46.6) 2.32

MF(M04)  360.7(1142) 322.1(90.1) 318.5(78.0)  306.8 (105.5)  3.98* SL0>SL5,10,15
CF(MO05) 244.5(53.1) 290.8(290.3) 249.1 (51.6)  240.7 (54.4) 1.14

LF(M06) 189.0 (49.9) 1929 (483) 1963 (51.4)  194.1 (55.0) 1.00

Ha(M07) 323.6 (123.1) 277.5(90.7)  258.5(82.2)  238.9(71.9)  9.26*  SLO>SLS5,10,15; SL5>SLI5
To(M08) 139.0 (49.3) 120.4(36.3) 116.0(30.7)  113.0(30.2)  9.92% SLO>SL5,10,15

He(MO1): Heel, MM(MO02): Medial midfoot, LM (MO03): Lateral midfoot, MF(M04): Medial forefoot, CF(MO05): Central forefoot,
LF(MO06): Lateral forefoot, Ha(M07): Hallux, To(MO08): Toes. * p < 0.05

increased significantly in lateral side with increased
speed. These results are different with that from previous
findings. One possible explanation for the discrepancy
could be that those authors examined slower speeds (0.95
ms”, 1.33 m's™, 1.62 m's™). Thus it is possible that foot
patterns observed in that study are not typical of running.
Moreover, peak pressure and maximum force of heel
during running is significant higher than that of walking
(Hennig and Rosenbaum, 1991). We also found that peak
pressure and maximum force increase from 1.5 m-s’
(similar to the fast walking speed) to 2.5 m's™ (similar to
the running speed).

There are two possible reasons to explain the major
findings. One reason is that the midfoot is better at adapt-
ing to changes in forces as it may help to absorb shock
from the ground. The body has to move in response to
GRFs to the midfoot quickly in order to deal with in-
creased shock at higher speeds. We divided the midfoot
into two sub-areas such as medial midfoot and lateral
midfoot. Medial midfoot is approximately the arch of the
foot and lateral midfoot was defined the as lateral arch.
The results confirmed that the maximum force of medial
midfoot increased when speed was increased. The foot
arch plays an important role of absorbing shock. Not only
foot arch, but the knee may also aid in reducing the shock
by slight flexion and following extension at the early
stand phase. (Guo et al., 2006). After knee extension,
therefore, the foot arch of the medial midfoot becomes
flatter to absorb shocks with increases in speed. GRFs and
the peak pressure of lateral midfoot also increase signifi-
cantly with increasing speed. In lateral arch, the lateral
midfoot, the peak pressure also increased with increases
in speed. The peak pressure of medial arch also increased
with increased speed. As the result, it is likely that the
foot produces more inversion with increases in speed. It
could be argued that due to increased speed, the demand
for the foot to maintain stability greatly increases. One
method to achieve this is to increase foot toe-in with sub-

talar inversion to produce a stable lever. Not only can this
mechanism provide stability, but it may also increase
propulsion force for push off (Guo et al., 2006).

Propulsion force is another reason why GRFs tend
to shift to the midfoot more quickly when jogging at
higher speeds. As speed is increased, the force of propul-
sion increases gradually. In the push-off stage, the ankle
will exhibit increased plantarflexion with greater speeds
to generate more power for forward motion (Guo et al.,
2006), with increases in peak values for positive angular
velocities. Therefore, we hypothesized that the maximum
force at the forefoot will increase with increasing speed.
The maximum force of all regions increased significantly
with increased speed Increased foot toe-in is accompanied
with subtalar inversion for providing a stable level for
push off as required for increased propusion force as
increased speed or slope.

The GRF decreased with increasing slope during
jogging. It could be argued that this may be due to a shift-
ing of first contact area from the heel to the midfoot. At
the contact phase, ankle motion is not altered between
level and uphill running (Roberts and Belliveau, 2005).
Therefore, the maximum force and peak pressure decrease
significantly at heel with slopes up. Grampp et al
(Grampp et al., 2000) indicated that an increased plantar
pressure and force was found over the hallux and medial
forefoot with increasing slope. These findings may reflect
increased muscle activation patterns in conjunction with
increased normal forces. However, the current study
showed reduced plantar pressure in all regions except for
lateral side, which was a result of decreased vertical com-
ponent of GRF. Furthermore, increased pressure in the
lateral side could be the consequence of the inverted foot
while slope jogging. During level running, body major
use screw home mechanism and the foot arch to over-
come this situation. In stance phase during knee exten-
sion, prolonged anterior glide on the medial side produces
external tibial rotation (the "screw-home" mechanism).

Table 4. The maximum force at same speed 2.0m's” with different slopes. Data are means (+SD).

Mask SLO SL5 SL10 SL15 F Value Post Hoc
He(MO01) 354.1 (188.1) 364.2 (135.9) 319.4 (104.8) 270.4 (113.9) 3.49* SL5>S1.10,15; SL0,10>SL15
MM(MO02) 78.2 (111.7) 73.3 (40.0) 81.3 (43.3) 75.5(43.4) 0.08

LM(MO03) 193.9 (80.9) 223.3 (78.5) 242.9 (90.7) 234.8 (87.2) 8.53* SL10>5,0; SL15,5>SL0
MF(M04) 278.6 (74.3) 257.0 (60.0) 255.3 (61.3) 238.6 (78.3) 4.33* SL0>SL10,15
CF(M05) 219.5 (60.3) 218.2 (57.6) 222.0(54.8)  212.7(53.3) 1.07

LF(M06) 136.7 (55.2) 132.7 (56.7) 137.3 (52.6) 1383 (54.1) 0.22

Ha(M07) 101.3 (39.7) 94.4 (41.6) 83.6 (36.8) 76.5 (30.5) 13.58*

To(MO08) 59.1 (25.9) 56.1 (22.5) 49.9 (17.9) 47.4 (16.4) 10.19% SLO>SL10,15; SL5>SL15

He(MO1): Heel, MM(M02): Medial midfoot, LM (MO03): Lateral midfoot, MF(MO04): Medial forefoot, CF(MO5): Central forefoot, LF(M06): Lateral

forefoot, Ha(M07): Hallux, To(MO08): Toes. * p <0.05
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Figure 2. The peak pressure at same slope 0% with different speeds (a) 1.5 m-s™” (b) 2.0 m's™ (c) 2.5 m's” with the increasing

speed, the value of the peak pressure would become larger.

Thus, the knee is in the close-pack position. At this posi-
tion the knee is more stable. In push off phase the mecha-
nism had enough power to push off. In the end of stance
phase subtalar inversion would cause foot arch increased.
Furthermore, transverse tarsal joint would converge and
become rigid for the foot to push off. With increasing
speed, the foot arch will play an important role for this
purpose. This is similar between level and uphill running.
Because of the range of motion of keen is decreasing with
incline increasing (Roberts and Belliveau, 2005). Accord-
ing to this finding, foot arch instead of the knee can pro-
vide the primary assistance for shock absorption. It was
not surprising that the maximum force and peak pressure
of lateral midfoot increased significantly with increases in
slope of incline during jogging.

According the finding above, although there was no
significant difference in medial midfoot, the foot still
demonstrated more inversion with increased slope. As
slope rise, foot increased toe-in to provide a stable level
for push off at terminal stand phase. However, the ankle is

not the chief propulsion for uphill running. There was no
increase in ankle or knee work to compensate for the
increasing work during jogging on an incline (Roberts and
Belliveau, 2005). Instead, the hip is required to produce
most of the work for propulsion (Guo et al., 2006). In-
creased hip, knee and ankle flexion in swing and early
stance phase is important to ensure foot clearance and
heel contact as jogging at increased slope. Therefore, the
maximum force of forefoot displays no significant differ-
ence in uphill running.

In the current study, we used an in-sole plantar
pressure system instead of force plates as this allowed the
collection of plantar pressure data across a greater sample
of walking strides. However, in-sole plantar pressure
system could not measure shear force and propulsion
force. This was a major limitation in the study. As
subjects run on an incline, shearing force occurs. Shear
forces alone may not cause tissue injury, but may contrib-
ute so that in the presence of increased pressure, more
severe tissue damage will occur (Bennett, 1988). Another

Figure 3. The peak pressure at same speed 2m's”' with different slope (a) 5% (b) 10% (c) 15% the increased pressure in the
lateral metatarsal could be the consequence of the inverted foot while slope jogging.
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limitation is we also could not obtain the value of the
propulsion force. Friction occurs when patients drag their
foot across an external surface. This results in an abrasion
with damage to the most superficial layer of skin. There-
fore, in future studies, it would be important to determine
both of parameters. Consequently, the results of this study
could be a reference to clinician and coach to prevent
further sport injury while jogging on a treadmill, espe-
cially when we design an exercise prescription for the
patients who have foot ailment.

Conclusion

With increasing of speed, the peak pressure of all regions
except the medial forefoot and hallux increased signifi-
cantly. Apart from the regions of the hallux and toes, the
maximum force increased significantly with increases in
speed. As the jogging slope increased, the peak pressure
of heel, the medial forefoot, and hallux and toes were
significantly decreased. The maximum force of heel, the
medial forefoot, and hallux and toes reduced significantly.
However, lateral arch increases significantly with rising
of jogging slope. Hence, the results of this study may
offer a reference for young females to choose a more
suitable gradient and treadmill speed.
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Key points

® The study aimed to compare the plantar pressure
distribution of the foot between different incline and
speed during treadmill jogging by using plantar in-
sole measurement system.

® With the increase of speed, apart from the hallux
and medical forefoot, the peak pressure of all re-
gions was raised significantly.

® As the slope increased, there was reduced peak pres-
sure of the heel, medial forefoot, and hallux and

toes.
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