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Objective  To investigate the differences in biomechanical parameters measured by gait analysis systems between 
healthy subjects and subjects with plantar fasciitis (PF), and to compare biomechanical parameters between 
‘normal, barefooted’ gait and arch building gait in the participants.
Methods  The researchers evaluated 15 subjects (30 feet) with bilateral foot pain and 15 subjects (15 feet) with 
unilateral foot pain who had a clinical diagnosis of PF. Additionally, 17 subjects (34 feet) who had no heel pain 
were recruited. Subjects were excluded if they had a traumatic event, prior surgery or fractures of the lower limbs, 
a leg length discrepancy of 1 cm or greater, a body mass index greater than 35 kg/m2, or had musculoskeletal 
disorders. The participants were asked to walk with an arch building gait on a treadmill at 2.3 km/hr for 5 minutes. 
Various gait parameters were measured.
Results  With the arch building gait, the PF group proved that gait line length and single support line were 
significantly decreased, and lateral symmetry of the PF group was increased compared to that of the control group. 
The subjects with bilateral PF displayed significantly increased maximum pressure over the heel and the forefoot 
during arch building gait. In addition, the subjects with unilateral PF showed significantly increased maximum 
pressure over the forefoot with arch building gait.
Conclusion  The researchers show that various biomechanical differences exist between healthy subjects and 
those with PF. Employing an arch building gait in patients with PF could be helpful in changing gait patterns to 
normal biomechanics.
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INTRODUCTION

Plantar fasciitis (PF) is the most common cause of heel 
pain, yet its etiology is not well understood [1,2]. Re-
cently, several studies proposed that PF is inflammation 
of the plantar fascia [3]. It is characterized by pain and 
stiffness in the heel, the medial arch of the foot, and can 
affect daily activities [3,4].

The symptoms vary in intensity and the foot pain usu-
ally occurs on the first step in the morning [5]. Some-
times the pain may improve after a few steps or within a 
few hours, but it often increases as the day progresses [1]. 
Typically, the prognosis of PF is quite good [1]. In more 
than 80% of patients, foot pain will disappear within a 
year [3].

The diagnosis of PF is clinical and based on a history 
of foot pain and pain upon palpation of the fascia [6]. 
Diagnostic imaging may be used to exclude other causes 
of pain. Radiographic examinations may help to identify 
heel spurs (found in 27% of cases), and ultrasound exam-
inations of symptomatic patients may reveal thickened 
fascia and inflammation [7,8].

Conservative treatments, such as stretching of the 
plantar fascia or Achilles tendon, icing, heating, apply-
ing electrical modalities, using anti-inflammatory medi-
cations, applying extra-corporeal shock wave therapy, 
and using foot orthoses (e.g., an insole) are successful in 
improving function and reducing pain [9-14]. Recently, 
some researchers proposed another solution for patients 
with foot pain. This short-foot exercise is done by pull-
ing the first metatarsal head toward the heel without toe 
flexion and maintaining this position for 10 minutes to 
increase the medial longitudinal arch [15]. The exercise 
improves the intrinsic muscles of the plantar foot by in-
tensifying and optimizing the sole’s contact with the floor 
[15]. Therefore, the small-foot exercise, which is same 

meaning of the arch building gait, increases dynamic sta-
bility. Additionally, the exercise may improve the sense 
of balance and mitigate pain severity. There have been 
insufficient studies focused on objective measures of 
patients who have bilateral or unilateral PF. In addition, 
most PF studies are conducted while in a static status.

The aim of this study is to investigate the differences in 
biomechanical parameters measured by gait analysis sys-
tems, comparing healthy subjects with those who have 
PF. Using a dynamic analysis, the research assesses the 
patterns of subjects with PF, while barefoot and with an 
arch building gait. 

MATERIALS AND METHODS

Participants
Thirty subjects, who were either hospitalized or outpa-

tients at the Kyung Hee University Hospital at Gangdong 
between March 1, 2015 and June 30, 2016, were selected 
for this study. The researchers studied 15 subjects (30 
feet) with bilateral foot pain and 15 subjects (15 feet) 
with unilateral foot pain who had a clinical diagnosis of 
PF for more than four months. Additionally, 17 normal 
subjects (34 feet) who had no heel pain were recruited. 
Subjects were excluded if they had any of the following 
conditions: (1) a traumatic event; (2) a prior surgery of 
the lower limbs; (3) fractures of the lower limbs; (4) a leg 
length discrepancy of 1 cm or greater; (5) a body mass in-
dex greater than 35 kg/m2; (6) musculoskeletal disorders 
such as neuropathy, patellofemoral syndrome, rheuma-
toid arthritis, calcaneal spurs; and (7) any disorder of the 
central or peripheral nervous system.

Equipment
The Zebris gait analysis system was used to obtain nu-

merical data for kinetic and kinematic gait parameters 

Resting foot length

Contracted foot length

Resting foot length

Intrinsic muscle
contraction

A B

Fig. 1. Description of arch build-
ing gait. (A) Resting foot (bare-
foot). (B) Contracted foot (arch 
building).
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(Zebris Medical GmbH, Isny im Allgau, Germany). The 
Zebris instrumented gait analysis system (FDM-T; Zebris 
Medical GmbH) comprises a capacitance-based, foot 
pressure platform housed within a treadmill. The pres-
sure platform has a sensing area of 150×50 cm and the 
sensor unit has 5,370 pressure/force sensors. The foot is 
mapped at high resolution to facilitate the detection of 
even the subtlest changes in force distribution, including 
center of pressure (COP) trajectories during static stance 
and gait.

Protocol
Participants were asked to walk barefoot on a treadmill 

with a relaxed posture at 2.3 km/hr for 5 minutes. Partici-
pants were educated about the short foot exercise before 
employing the arch building motion. The researchers 
requested that they walk while raising the arch of their 
feet by pulling the big toe toward the heel, which makes 
the foot ‘shorter’, for about 10 minutes (Fig. 1). They prac-
ticed this arch building gait and then walked with an arch 
building gait on the treadmill at 2.3 km/hr for 5 minutes. 

They flexed the metatarsophalangeal and proximal in-
terphalangeal joints during gait, while minimizing distal 
interphalangeal flexion.

Outcome measures
Major gait parameters included the following values.
Geometry—foot rotation (o): rotation toward (−) and 

away from (+) the angle between the longitudinal axis of 
the foot and the direction of gait; step length (cm): the 
distance from the heel contact of one foot to that of the 
other foot); phase: stance phase (%), swing phase (%), 
load response (%), mid-stance (cm), pre-swing (cm).

Time—step time (s): the time from heel contact of one 
foot to that of the other foot).

COP—gait line length (mm): the length of the move-
ment of the COP during the entire stance phase; single 
support line (mm): the length of the movement of the 
COP during single-leg support; anterior/posterior posi-
tion (mm): the distance from the line connecting the 
heels of both feet to the mean point where the COP line 
intersects; lateral symmetry (o): the horizontal distance 

A B

C D

Fig. 2. Center of pressure param-
eters. (A) Gait line length. (B) 
Single support line. (C) Anterior/
posterior position. (D) Lateral 
symmetry.
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from the center point of the horizontal line connecting 
the COP lines of both feet to the intersecting center point, 
(Fig. 2).

Maximum force—forefoot (N), midfoot (N), and heel 
(N): the mean value of the maximum force measured 
across the forefoot, midfoot, and heel.

Table 1. The demographic characteristics of the control group (Group A) and the plantar fasciitis groups—bilateral 
(Group B), unilateral (Group C)

Group A
(34 feet, n=17)

Group B
(30 feet, n=15)

Group C
(15 feet, n=15)

p-value

Sex (male:female) 14:20 12:18 7:8 0.080

Age (yr) 41.5±15.6 51.0±13.4 47.0±14.5 0.460

Height (cm) 169.0±9.86 165.0±3.26 167.0±4.76 0.335

Weight (kg) 63.63±18.07 64.12±15.5 64.88±13.2 0.229

Body mass index (kg/m2) 23.6±3.8 24.5±2.9 24.1±4.1 0.132

Medial longitudinal arch (cm) 5.1±2.1 4.7±2.9 4.8±2.7 0.266

Values are presented as mean±standard deviation.

Table 2. A comparison of both plantar fasciitis groups (bilateral, unilateral) and the control group on barefoot gait 
analysis

Gait parameter
Control group 

(n=34)
Plantar fasciitis group

p-value
Bilateral (n=30) Unilateral (n=15)

Geometry

   Foot rotation (o) 8.52±2.74 7.85±3.16 7.35±3.18 0.408

   Step length (cm) 48.21±6.62 41.13±6.17 41.40±7.20 <0.001*

Phase

   Stance (%) 66.97±1.95 68.08±2.18 66.79±2.52 0.071

   Load response (%) 16.99±2.01 18.10±1.86 17.05±2.26 0.070

   Mid-stance (%) 32.97±1.94 31.90±2.17 32.14±1.49 0.084

   Pre-swing (%) 16.99±2.02 18.09±1.87 17.65±1.35 0.066

   Swing (%) 33.03±1.95 31.92±2.18 33.21±2.52 0.071

Time

   Step time (s) 0.72±0.98 0.34±0.79 0.46±0.83 <0.001*

Center of pressure

   Gait line length (mm) 286.42±22.27 266.72±33.33 262.04±47.08 <0.001*

   Single support line (mm) 141.94±26.01 110.31±23.18 116.03±23.57 <0.001*

   Anterior/posterior position (mm) 200.42±19.96 185.86±18.04 187.79±24.24 0.109

   Lateral symmetry (o) 6.07±3.11 6.04±6.26 4.67±3.87 0.339

Maximum force

   Forefoot (N) 574.07±116.30 514.42±108.91 497.97±177.93 0.080

   Midfoot (N) 323.04±130.44 365.96±73.05 310.04±105.87 0.009*

   Heel (N) 400.27±91.87 340.99±73.77 348.59±66.44 <0.001*

Maximum pressure

   Forefoot (N/cm2) 26.30±5.28 25.68±5.40 22.97±7.36 0.811

   Midfoot (N/cm2) 15.36±2.52 19.16±9.00 14.01±2.69 0.020*

   Heel (N/cm2) 24.94±4.59 19.80±4.98 18.59±4.73 0.048*

Values are presented as mean±standard deviation.
*p<0.05.
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Maximum pressure—forefoot (N/cm2), midfoot (N/cm2), 
and heel (N/cm2): the mean value of maximum pressure 
measured across the forefoot, midfoot, and heel). 

Furthermore, force and pressure parameters were cal-
culated for each gait trial. These parameters were calcu-
lated using the absolute value of the differences between 
corresponding right and left values. 

Statistical analysis
To compare the subjects’ group (bilateral or unilateral 

PF) with the control group, the researchers used the one-
way ANOVA (paired t-test) technique for quantitative 
variables with normal distribution and the Wilcoxon 
signed-rank test for quantitative variables without nor-
mal distribution. To compare the barefooted gait with 

arch building gait in subjects with bilateral and unilateral 
PF, the researchers used the Student t-test for quantita-
tive variables with normal distribution and the Mann-
Whitney U-test for quantitative variables without normal 
distribution. The statistical analyses were conducted 
using the SPSS program ver. 17.0 (SPSS Inc., Chicago, IL, 
USA). Statistical significance for these analyses was es-
tablished at 5% (p<0.05).

RESULTS

Demographic characteristics
Thirty patients, who were either hospitalized or outpa-

tients at the Kyung Hee University Hospital at Gangdong 
between March 1, 2015 and June 30, 2016, were selected 

Table 3. A comparison of the plantar fasciitis groups (bilateral, unilateral) and the control group during arch building 
gait 

Gait parameter
Control group 

(n=34)
Plantar fasciitis group

p-value
Bilateral (n=30) Unilateral (n=15)

Geometry

   Foot rotation (o) 6.89±3.37 6.57±3.09 6.25±2.98 0.804

   Step length (cm) 47.32±8.18 39.70±6.87 40.47±6.92 <0.001*

Phase

   Stance (%) 66.53±1.97 67.29±2.60 66.53±2.44 0.373

   Load response (%) 16.52±1.93 17.30±1.70 16.71±2.50 0.275

   Mid-stance (%) 33.48±1.96 32.70±2.61 32.88±2.01 0.361

   Pre-swing (%) 16.51±1.94 17.29±1.69 16.93±1.24 0.209

   Swing (%) 33.47±1.97 43.12±1.45 33.47±2.44 0.506

Time

   Step time (s) 0.71±0.12 0.62±0.88 0.61±0.09 0.001*

Center of pressure

   Gait line length (mm) 273.62±27.41 256.20±37.91 252.13±40.59 0.002*

   Single support line (mm) 121.89±35.19 96.51±31.27 108.84±24.60 0.009*

   Anterior/posterior position (mm) 181.63±29.78 164.17±20.35 171.60±15.88 0.112

   Lateral symmetry (o) 3.62±3.11 6.31±7.56 4.95±4.90 0.048*

Maximum force

   Forefoot (N) 468.85±173.55 393.64±144.57 417.89±139.57 0.158

   Midfoot (N) 341.04±111.12 375.19±81.73 333.29±114.93 0.298

   Heel (N) 417.04±100.80 377.18±74.34 371.39±71.28 0.108

Maximum pressure

   Forefoot (N/cm2) 27.08±8.23 25.53±8.06 23.54±8.00 0.367

   Midfoot (N/cm2) 18.59±6.10 22.33±7.03 17.33±5.81 0.051

   Heel (N/cm2) 27.81±7.18 23.38±6.11 20.13±5.06 0.051

Values are presented as mean±standard deviation.
*p<0.05.
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for this study. Fifteen subjects (30 feet) with bilateral foot 
pain (Group B), 15 subjects (15 feet) with unilateral foot 
pain (Group C) and 17 subjects (34 feet) without foot pain 
(Group C) were included as the study groups and the 
control group, respectively. The characteristics of both 
groups are summarized in Table 1.

Geometry parameters
The PF group demonstrated that step length (bilat-

eral, 41.13±6.17 cm; unilateral, 41.40±7.20 cm) and step 
time (bilateral, 0.34±0.79 seconds; unilateral, 0.46±0.83 
seconds) were significantly decreased (p<0.001) during 
barefooted gait (Table 2).

Similarly, the PF group demonstrated that step length 
(bilateral, 39.70±6.87 cm; unilateral, 40.47±6.92 cm) 
and step time (bilateral, 0.62±0.88 seconds; unilateral, 

0.61±0.09 seconds) were significantly decreased (p<0.001) 
during arch building gait (Table 3). 

In the group of subjects with bilateral PF, foot rota-
tion (6.57o±3.09o), step length (39.70±6.87 cm), and step 
time (0.62±0.09 seconds) were significantly decreased 
(p<0.001) during arch building gait (Table 4).

In the group of subjects with unilateral PF, foot rota-
tion (6.25o±2.98o), step length (40.47±6.92 cm), and step 
time (0.61±0.09 seconds) were significantly decreased 
(p<0.001) during arch building gait (Table 5).

Center of pressure parameters
The PF group demonstrated that gait line length (bi-

lateral, 266.72±33.33 mm; unilateral, 262.04±47.08 mm) 
and single support line (bilateral, 110.31±23.18 mm; uni-
lateral, 116.03±23.57 mm) were significantly decreased 

Table 4. A comparison of barefoot versus arch building gait in bilateral plantar fasciitis 

Gait parameter
Plantar fasciitis group (bilateral)

p-value
Barefoot (n=30) Arch building gait (n=30)

Geometry

   Foot rotation (o) 7.85±3.17 6.57±3.09 0.007*

   Step length (cm) 41.13±6.17 39.70±6.87 <0.001*

Phase

   Stance (%) 68.08±2.18 67.29±2.60 0.001*

   Load response (%) 18.10±1.89 17.30±1.70 0.013*

   Mid-stance (%) 31.90±2.17 32.70±2.61 <0.001*

   Pre-swing (%) 18.09±1.87 17.29±1.69 0.013*

   Swing (%) 31.92±2.18 32.71±2.60 0.001*

Time

   Step time (s) 0.64±0.08 0.62±0.09 <0.001*

Center of pressure

   Gait line length (mm) 266.72±33.33 256.20±37.91 <0.001*

   Single support line (mm) 110.31±23.18 96.51±31.27 <0.001*

   Anterior/posterior position (mm) 185.86±18.04 164.17±20.35 0.006*

   Lateral symmetry (o) 6.31±7.56 9.12±13.24 <0.001*

Maximum force

   Forefoot (N) 514.42±108.91 393.64±144.57 <0.001*

   Midfoot (N) 365.96±73.05 375.19±81.73 <0.001*

   Heel (N) 340.99±73.77 377.18±74.34 0.001*

Maximum pressure

   Forefoot (N/cm2) 25.68±5.40 26.53±8.06 0.040*

   Midfoot (N/cm2) 19.16±9.00 22.33±7.03 <0.001*

   Heel (N/cm2) 19.80±4.98 23.38±6.11 0.003*

Values are presented as mean±standard deviation.
*p<0.05.
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(p<0.001) during barefooted gait (Table 2). 
During arch building gait (Table 3), the PF group 

proved that gait line length (bilateral, 256.20±37.91 mm; 
unilateral, 252.13±40.59 mm) and single support line 
(bilateral, 96.51±31.27 mm; unilateral, 108.84±24.60 mm) 
were significantly decreased (p=0.002, p=0.009). In addi-
tion, lateral symmetry (bilateral, 6.31o±7.56o; unilateral, 
4.95o±4.90o) of the PF group was increased (p=0.048), 
compared to that of the control group (3.62o±3.11o).

In the group of subjects with bilateral PF (Table 4), gait 
line length (256.20±37.91 mm; p<0.001), single support 
line (96.51±31.27 mm; p<0.001), and anterior/posterior 
position (164.17±20.35 mm; p=0.006) were significantly 
decreased during arch building gait. Furthermore, lateral 
symmetry (9.12o±13.24o; p<0.001) was significantly in-
creased (p<0.001) during arch building gait, compared to 

that of barefooted gait.
In the group of subjects with unilateral PF (Table 5), gait 

line length (252.13±40.59 mm, p<0.001), single support 
line (108.84±24.60 mm; p<0.001), and anterior/posterior 
position (171.60±15.88 mm; p=0.003) were significantly 
decreased during arch building gait, compared to that of 
barefooted gait.

Force and pressure parameters
The PF group demonstrated that maximum force 

over the heel (bilateral, 340.99±73.77 N; unilateral, 
348.59±66.44 N) and maximum pressure over the heel 
(bilateral, 19.80±4.98 N/cm2; unilateral, 18.59±4.73 N/
cm2) were significantly less (p<0.001, p=0.048) than the 
values of the control group. Besides maximum force over 
the midfoot (365.96±73.05 N), the maximum pressure 

Table 5. A comparison of barefoot versus arch building gait in unilateral plantar fasciitis 

Gait parameter
Plantar fasciitis group (unilateral)

p-value
Barefoot (n=15) Arch building gait (n=15)

Geometry

   Foot rotation (o) 7.35±3.18 6.25±2.98 <0.001*

   Step length (cm) 41.40±7.20 40.47±6.92 <0.001*

Phase

   Stance (%) 66.79±2.52 66.53±2.44 0.114

   Load response (%) 17.05±2.26 16.71±2.50 <0.001*

   Mid-stance (%) 32.14±1.49 32.88±2.01 0.001*

   Pre-swing (%) 17.65±1.35 16.93±1.24 0.159

   Swing (%) 33.21±2.52 33.47±2.44 0.114

Time

   Step time (s) 0.63±0.09 0.61±0.09 <0.001*

Center of pressure

   Gait line length (mm) 262.04±47.08 252.13±40.59 <0.001*

   Single support line (mm) 116.03±23.57 108.84±24.60 <0.001*

   Anterior/posterior position (mm) 187.79±24.24 171.60±15.88 0.003*

   Lateral symmetry (o) 4.95±4.90 4.67±3.87 0.592

Maximum force

   Forefoot (N) 497.97±177.93 417.89±139.57 <0.001*

   Midfoot (N) 310.04±105.87 333.29±114.93 <0.001*

   Heel (N) 348.59±66.44 371.39±71.28 <0.001*

Maximum pressure

   Forefoot (N/cm2) 22.97±7.36 23.55±8.00 0.019*

   Midfoot (N/cm2) 14.01±2.69 17.33±5.81 0.028*

   Heel (N/cm2) 18.59±4.73 20.13±5.06 0.112

Values are presented as mean±standard deviation.
*p<0.05.
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over the midfoot (19.16±9.00 N/cm2) in subjects with 
bilateral PF was also significantly increased (p=0.009, 
p=0.020), compared to that of the control group (Table 2).

In the group of subjects with bilateral PF (Table 4), 
maximum force over the midfoot (375.19±81.73 N) and 
over the heel (377.18±74.34 N) was significantly increased 
(p<0.001) during arch building gait, compared to that of 
barefooted gait. In addition, maximum pressure over the 

forefoot (26.53±8.06 N/cm2), over the midfoot (22.33±7.03 
N/cm2), and over the heel (23.38±6.11 N/cm2) was signifi-
cantly increased (p=0.040, p<0.001, and p=0.003) during 
arch building gait (Fig. 3), compared to that of barefooted 
gait (Fig. 4).

In the group of subjects with unilateral PF (Table 5), 
maximum force over the midfoot (333.29±114.93 N) and 
over the heel (371.39±71.28 N) was significantly increased 

Single support, average

Gait line left Butterfly Gait line right

Stance, average Stance, maximum

COP analysis

0 2 4 6 8 10 12 14 16 18 20 N/cm2

Fig. 3. Arch building gait. The data 
was presented by Zebris system 
(Zebris Medical GmbH, Isny im 
Allgau, Germany). COP, center of 
pressure.

Single support, average

Gait line left Butterfly Gait line right

Stance, average Stance, maximum

COP analysis

0 2 4 6 8 10 12 14 16 18 20 N/cm2

Fig. 4. Barefoot gait. The data 
was presented by Zebris system 
(Zebris Medical GmbH, Isny im 
Allgau, Germany). COP, center of 
pressure.
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(p<0.001) during arch building gait, compared to that 
of barefooted gait. In addition, maximum pressure over 
the forefoot (23.55±8.00 N/cm2) and over the midfoot 
(17.33±5.81 N/cm2) was significantly increased (p=0.019, 
p=0.028) during arch building gait, compared to that of 
barefooted gait.

DISCUSSION

Several studies focusing on PF have shown its associa-
tion with the medial longitudinal arch, that is, the exter-
nally applied force and pressure on the vertical structure 
of the foot during walking [16]. In fact, there is a con-
sensus that PF is associated with the degree of pain and 
disease prognosis. In addition, recent studies have also 
shown interest in the biomechanics of rearfoot alignment 
[17], which has led to the conclusion that biomechanics 
should be considered as a risk factor for PF. However, the 
foot is one of the most complex and intricate body parts. 
As such, it is difficult to fully understand the causes and 
prognosis of pain in patients with PF based on only a few 
parameters. 

Accordingly, this study assessed the COP, maximum 
force and the maximum pressure exerted on the forefoot, 
midfoot, and heel. This analysis was done to identify not 
only the biomechanics (e.g., geometry, phase, and time) 
of the healthy subjects and the subjects with PF, but also 
to evaluate horizontal distribution in the feet.

Daly et al. [18] reported that only 14% of the pressure 
was applied to the real foot site in patients with PF. As 
shown in Table 2, the maximum force and maximum 
pressure applied to the heel area were less in the subjects 
with unilateral and bilateral PF, compared to that of the 
normal group during barefooted gait. The researchers 
can consider the pain in the heel area to be induced by 
inflammation of the plantar fascia attached to the heel. 
Thus, the heel area could not be supported properly, un-
like that experienced in the gait of healthy people. In the 
midfoot area, the subjects with bilateral PF showed sig-
nificant increases in maximum force and maximum pres-
sure, which may be attributed to the force and pressure 
being distributed to the midfoot area. The subjects with 
unilateral PF showed decreases in maximum force and 
maximum pressure applied to the midfoot, which may 
be due to the center of gravity being applied more to the 
pain-free, normal foot during gait. 

In subjects with bilateral PF, the comparison between 
walking on flat ground and applying the arch building 
gait showed decreased gait line length, single support 
line, and antero-posterior position, along with increased 
lateral symmetry (Table 4). This is because during arch 
building gait, the full length of the foot is reduced as 
intrinsic muscles are contracted to build the arch. More-
over, considering that the lateral symmetry increased 
and the intersection point of central pressure moved 
significantly in the posterior direction, the researchers 
determined that the center point was redistributed to the 
outer side. With respect to force and pressure observed in 
the subjects with bilateral PF, increases in the maximum 
force and maximum pressure applied to the heel area 
were found. The maximum pressure applied to the fore-
foot area also increased. Based on these findings, we can 
deduce that the entire center of gravity moved to the back 
of the foot and the redistribution of pressure occurred 
during arch building gait.

As shown in Table 5, similar results were found be-
tween the subjects with unilateral PF and those with 
bilateral PF. The results showed a decrease in the COP 
parameters, an increase in the maximum force applied 
on the heel area, an increase in the maximum force and 
maximum pressure on the midfoot area, and an increase 
in the maximum pressure on the forefoot area. Despite 
the decrease in the maximum force on the forefoot, the 
maximum pressure increased in this location, which may 
be attributed to the reduced contact area.

As such, when a patient with bilateral or unilateral PF 
performs the arch building gait, the maximum pressure 
applied to the foot is redistributed, thereby showing bio-
mechanics similar to that of the healthy group. Conven-
tional rehabilitation exercises applied in patients with PF 
typically include massaging the soles and stretching of 
the plantar fascia, Achilles tendon, and hamstrings. This 
means that gait designed for greater arch building, such 
as that associated with the short foot exercise, may be 
helpful to patients.

Another significance of this study is that the biome-
chanics of the subjects with PF were not identified in 
a static state, but rather in a dynamic state using a gait 
analysis system. As normal and arch building gaits were 
compared and analyzed on a treadmill, data that ap-
peared during normal gait was collected, while objective 
data were acquired by converting the various parameters 



Seung Don Yoo, et al.

988 www.e-arm.org

into computer graphics and numeric values. In other 
words, we closely investigated actual gait patterns exhib-
ited during moving status in real time.

The limitations of the present study were as follows: 
first, the number of participants (particularly those in 
the unilateral PF group) was small. Second, the effects of 
the arch building gait were not quantified as pain scores. 
Third, an additional study is needed on the long-term 
effects of implementing the arch building gait by com-
paring the results from before and after the application 
of the arch building gait. Finally, the gait speed of the 
participants was 2.3 km/hr, which was slower than that of 
the subjects with normal gait. Therefore, further studies 
are needed reflecting speed like that of normal gait activ-
ity.

In conclusion, this study involved conducting a two-
fold comparative analysis. It explored not only the bio-
mechanic differences between normal subjects and sub-
jects with PF, but also the differences between subjects 
applying normal versus arch building gait with respect 
to COP length and the position of the intersecting point 
of the COP. Thus, we confirmed that during arch build-
ing gait, biomechanical changes occurred causing the 
center of gravity to move toward the back of the foot, and 
the contact area and maximum pressure on the foot to be 
redistributed. Applying these findings to rehabilitation 
exercises and the development of proper orthoses may 
improve the treatment and prognosis of PF.
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