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Background: The foot is a complex body structure that plays an important role in static and
dynamic situations. Previous studies have reported that altered foot posture might affect knee
joint strength and postural stability, however their relationship still remains unclear.

Objects: The purpose of this study was to identify whether pronated foot posture has an
influence on knee isokinetic strength and static and dynamic postural stability.

Methods: Forty healthy young males aged 18 to 26 years were included. Foot posture was
evaluated using the Foot Posture Index-6 (FPI-6), and the subjects were divided into two
groups according to their FPI-6 scores: a neutral foot group (n = 20, FPI-6 score 0 to +5) and
a pronated foot group (n = 20, FPI-6 score +6 or more). Biodex Systems 3 isokinetic dyna-
mometer was used to evaluate knee isokinetic strength and hamstring to quadriceps ratio at
three angular velocities: 60°%/sec, 90%sec, and 180%sec. The static and dynamic postural stabil-
ity in a single-leg stance under the eyes-open and eyes-closed conditions were measured with
a Biodex Balance System.

Results: There were no significant differences between the groups in knee isokinetic strength
and static postural stability (p > 0.05), but there was a significant difference in the medial-
lateral stability index (MLSI) for dynamic postural stability under the eyes-closed condition (p
= 0.022). The FPI-6 scores correlated significantly only with the dynamic overall stability index
(OSI) and the MLSI (OSI: R = 0.344, p = 0.030; MLSI: R = 0.409, p = 0.009) under the eyes-
closed condition.

Conclusion: Participants with pronated foot had poorer medial-lateral dynamic stability un-
der an eyes-closed condition than those without, and FPI-6 scores were moderately positively
correlated with dynamic OSI and dynamic MLSI under the eyes-closed condition. These results
suggest that pronated foot posture could induce a change in postural stability, but not in knee
isokinetic strength.

INTRODUCTION

The foot is a complex body structure with numerous rear,
mid, and forefoot articulations and muscles. Forces produced
and transmitted by the active structure (e.g. intrinsic and
extrinsic foot muscles) and passive structure (e.g. plantar fas-
cia) of the foot act across the foot joints, thus maintaining or
changing foot posture [1], which has often called foot type in
previous studies and can be classified into three types based
on the rear foot position and medial longitudinal arch height:
pronated, supinated, and neutral [2,3]. Although this classifi-

cation places more emphasis on the functional aspect of the

foot, the pronated foot and supinated foot are commonly as-
sociated with pes planus and pes cavus, respectively [4,5].

A pronated foot—or flat foot—has a low medial longitudinal
arch height that causes overuse stresses in the muscles, ten-
dons, and ligaments of the foot [6,7]. A pronated foot causes
tibial internal rotation, which also affects the lower limb and
the entire musculoskeletal system [8,9]. Several studies have re-
ported that pronated foot has been linked to lower limb over-
use injuries [9-11]: Tong and Kong [10] found pronated and
supinated foot to be significantly associated with lower limb
injuries, and Neal et al. [11] concluded that a pronated foot is a

risk factor for medial tibial stress syndrome and patellofemoral
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pain, although the evidence was very limited. Therefore, clas-
sifying a pronated foot posture is essential in clinical practice
to identify possible lower limb injury risk factors [12].

It is already well known that individuals with pronated foot
have weakness in the ankle and foot musculature [1,7]. Foot
posture not only affects the foot muscle strength but also the
proximal muscle strength of the lower limb [9]. A recent study
evaluated the size of the quadriceps muscles of individuals
with pronated foot using ultrasound imaging and reported sig-
nificantly smaller rectus femoris and vastus medialis oblique
muscles than in neutral foot [13]. Therefore, it is necessary to
identify the strength of knee joint muscle that might be af-
fected by pronated foot.

The foot also plays an important role as a sensory structure
in maintaining the body balance [14]. Even small changes in
the foot, such as altered afferent feedback and muscle weak-
ness, can also affect whole-postural stability [15,16]. Previous
studies have reported that those with pronated foot have poor-
er postural stability than those with neutral foot [6,15,17,18]. In
a study by Tsai et al. [17], pronated and supinated foot groups
had poorer postural stability than neutral foot groups, however
Hyong and Kang [19] reported no significant differences in the
dynamic postural stability of different foot postures. This in-
consistency may be due to the different task levels, as Tsai et al.
[17] examined subjects in an eyes-closed condition, whereas
Hyong and Kang [19] tested in an eyes-open condition. There-

fore, we measured the postural stability in both eyes-open and

Healthy young male volunteers
aged 18 to 26 years old (n = 43)

eyes-closed conditions.

It is still unclear whether individuals with pronated foot have
a greater mechanical disadvantage than those with neutral
foot, especially for the postural stability and muscle strength of
the knee joint. Thus, the purpose of this study was to identify
whether a pronated foot posture influences knee isokinetic
strength and static and dynamic postural stability. Formally, we
hypothesized that individuals with a pronated foot posture have
poorer knee isokinetic strength and static and dynamic postural
stability. We also hypothesized that the grade of foot pronation

deformity would be correlated with these parameters.

MATERIALS AND METHODS

1. Subjects

Forty-three healthy young male volunteers aged 18 to 26
years entered the study. The exclusion criteria were medicine
taken within the last 24 hours, a history of musculoskeletal
or neurological problems in the lower limbs within the previ-
ous 3 months, visual or vestibular problems, dizziness, and
headache. Three volunteers were ruled out based on exclusion
criteria and remaining forty subjects matched the criteria were
included in this study (Figure 1). The subjects were divided
into two groups according to their Foot Posture Index-6 (FPI-
6) scores: the neutral foot group (FPI-6 score: 0 to +5) and the
pronated foot group (FPI-6 score: +6 or more). None of the

subjects had previous specific balance training (Table 1). This

v
Included for the study (n = 40)

!

Measurement of body composition

!

Classifying the foot postures by FPI-6 scores

!
l l

A 4

Excluded (n = 3)

Figure 1. Experimental scheme of present
study. Evaluation of foot posture by FPI-6
score, balance ability and knee isokinetic
muscle strength. FPI-6, Foot Posture
Index-6; BBS, Biodex Balance System;
0SlI, overall stability index; APSI, anterior-
posterior stability index; MLSI, medial-

Neutral foot group (n = 20)

Pronated foot group (n = 20)

lateral stability index; SO, static under
eyes-opened condition; SC, static under

! !

eyes-closed condition; DO, dynamic under

Measurements

- BS3 test (60°/sec, and 180°/sec PT/BW and H:Q ratio)

- BBS test (OSI, APSI, MLSI under SO, SC, DO and DC conditions)

eyes-opened condition; DC, dynamic under
eyes-closed condition; BS3, Biodex Sys-
tems 3; PT/BW, peak torque/body weight;

H:Q ratio, hamstring to quadriceps ratio.
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Table 1. General characteristics of the subjects (N = 40)

Group (n)

Neutral® (n = 20)

Pronated® (n = 20)

Age ly)

Height (cm)

Weight (kg)

Body mass index (kg/m?)
Skeletal muscle mass (kg)
Body fat (kg)

Percent of body fat (%)
Waist-hip ratio

FPI-6 score

Selected foot side (FPI-6 score)

Dominant foot: 30% (6)
Non-dominant foot: 70% (14)

22.30+1.53 21.85+2.25
173.83 £4.10 172.19 £6.26
81.41+13.80 75.24 +9.59
26.80 + 4.53 25.36 +2.90
33.60+3.13 32.64+3.60
22.09+10.62 17.66 £5.63
25.74 +8.24 23.13+5.17
0.91+0.05 0.89 +0.04
3.95+£1.15 7.50+1.15

Dominant foot: 40% (8)
Non-dominant foot: 60% (12)

Values are presented as mean + standard deviation. FPI-6, Foot Posture Index-6. °The neutral foot group (FPI-6 score 0 to +5), "the pronated foot group

(FPI-6 score more than +6).

Table 2. The six assessment criteria of the FPI-6

Component Plane
Talar head palpation Transverse
Curves above and below lateral malleoli Frontal/transverse
Inversion/eversion of the calcaneus Frontal
Bulge in the region of the talonavicular joint Transverse
Congruence of the medial longitudinal arch Sagittal
Abduction/adduction of the forefoot and Transverse

the rear foot

Data from the article of Redmond et al. (Clin Biomech 2006;21:89-98) [12].

study was approved by the Institutional Review Board of the
College of Health and Welfare, Woosong University (approval
No. 1041549-210413-SB-118), and all subjects were briefed on
the study and provided written informed consent prior to par-

ticipation.

2. Instrumentation

1) InBody 120 Body Composition Analyzer

Body composition factors of all subjects were measured by
bioelectrical impedance assessment using an InBody 120 Body
Composition Analyzer (InBody; Biospace Co. Ltd., Seoul, Ko-
rea). InBody analyzer, a simple, cost-effective device to mea-
sure body composition, has been found to have high intra-
class correlation coefficients and small individual errors and
can therefore be substituted for dual-energy x-ray absorpti-
ometry [20]. In this study, body weight (kg), BMI (kg/m?), body
fat mass (kg), skeletal muscle mass (kg), percent of body fat and

waist-hip ratio were analyzed as the body composition factors.

2) Foot Posture Index (FPI-6)
Foot posture types were classified using the FPI-6, developed

by Redmond [12], which incorporates six visual assessment
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Figure 2. Instruments; (A) Biodex Balance System, (B) Biodex System 3
isokinetic dynamometer.

criteria (Table 2) without using other equipment for quantify-
ing the degree of foot deformity. It measures foot posture in all
three anatomical planes, while other classifying methods, such
as the navicular drop test, footprint test, and medial longitudi-
nal arch angle, usually provide uniplanar information [21]. The
FPI-6 has been shown to have high validity and intra-rater re-
liability (intraclass correlation coefficient [ICC] = 0.893-0.958)
[22] and has also shown high inter-rater reliability (ICC = 0.85-
0.86) even among inexperienced clinicians [23]. Each criterion
of the FPI-6 was scored using a 5-point Likert-type scale from
-2 to +2, and the foot posture types were classified by the total
score: —12 to -5 (highly supinated), —4 to -1 (supinated), O to +5
(neutral), +6 to +9 (pronated), and +10 to +12 (highly pronated)
[12].

3) Biodex Balance System
Static and dynamic postural stability were measured using

a Biodex Balance System (BBS; Biodex Medical Systems Inc.,
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Shirley, NY, USA) (Figure 2A). The BBS is a reliable multiaxial
device for healthy individuals that can quantify, at one of 12
levels, a person’s balance ability using a freely moving circular
platform (most stable: level 12; most unstable: level 1) [24]. The
BBS calculates three indices: overall stability index (OSI), ante-
rior—posterior stability index (APSI), and medial-lateral stability
index (MLSI); thus, a higher stability index score is representa-

tive of worse balance ability [25].

4) Biodex Systems 3

Isokinetic strength of the knee joint was measured using a
Biodex System 3 (BS3; Biodex Medical Systems Inc., Shirley,
NY, USA) isokinetic dynamometer (Figure 2B). Previous studies
have reported high reliability of the BS3 in both clinical and
research settings [206]. In this study, knee extensor and flexor
peak torque/body weight (PT/BW) and hamstring to quadri-

ceps (H:Q) ratios were measured.

3. Procedures

All experimental instrumentation were assessed by different
researchers, respectively, and the measurements were blinded
to each other. First, the general information data was record-
ed, then the body composition was measured at the beginning
of the study procedures. To minimize errors, all subjects were
dressed in T-shirts and instructed not to exercise or take meals
for 2 hours before the measurements [27]. During the mea-
surements, the subjects were not allowed to talk and were in-
structed to maintain the proper position: standing on the foot
electrodes, arms spread about 30° with straightened elbows,
holding the hand electrodes, and looking straight forward
[27,28].

Foot posture of each subject was evaluated by FPI-6 score
in a relaxed standing posture by same researcher. For the ob-
jectivity of assessment, the information of dominant side of
the foot was blinded to the researcher of FPI-6 while FPI-6
measurements of both feet were taken. After the whole experi-
mental procedures, the subjects were divided into neutral and
pronated foot groups according to FPI-6 score of one of the
feet in the following manner: 1) FPI-6 score of non-dominant
foot was selected when FPI-6 scores were same on both feet
to exclude the benefit by dominant foot. 2) The side of lower
FPI-6 score was chosen when FPI-6 score of both feet were
different. The procedure for FPI-6 assessment described by
Redmond [29] was followed in the current study (Table 2); the

subjects stamped their foot several times and then stopped in a
relaxed standing position with eyes looking straight ahead [18].
Each criterion of the FPI-6 was then assessed visually using
palpations, and the total score was calculated.

To measure postural stability, each subject adopted a single-
leg stance on the BBS platform in both static (locked platform)
and dynamic (level 8) situations under eyes-open and eyes-
closed conditions. Four different task levels of the BBS test
were performed in order: static test with eyes open, static test
with eyes closed, dynamic test with eyes open, and dynamic
test with eyes closed (DC). The subjects were initially asked to
place their supporting foot in an ideal center position [6]. For
each test, the subjects performed three trials of a 20-second
single-leg stance test on the platform while barefoot, with
hands placed on iliac crests and with the unsupported leg
placed behind the supported leg [25]. The BBS monitor was
covered with paper during the test to eliminate bio-feedback
effects. There was a 10-second break between the trials and
a 1-minute break between each of the task levels. To avoid a
learning effect, a 1-minute adaptation trial was provided be-
fore each task level [30].

The BS3 was used to measure PT/BW and H:Q ratios with
three different angular velocities: 60°/sec (five reps), 90°/sec
(five reps), and 180°/sec (five reps), in that order. There was a
20-second break between trials, and a practice trial was ad-
ministered prior to the first trial at each angular velocity. In the
BBS and BS3 tests, the dominant leg was tested first, followed
by non-dominant leg by the same researchers. The subjects’
FPI-6 scores were also blinded to the researchers handling the
BBS and BS3.

4. Statistical Analysis
Normal distribution of the data was assessed by Kol-

mogorov-Smirnov tests, with p > 0.05 indicating normality. To
verify the differences in knee isokinetic strength and postural
stability between the groups, the data were analyzed using in-
dependent t-tests. Pearson correlation coefficients were calcu-
lated to determine the relationship between FPI-6 scores and
both knee isokinetic strength parameters and postural stability
parameters. All data analyses were performed using IBM SPSS
Statistics ver. 25 (IBM Corp., Armonk, NY, USA). The level of

statistical significance was set at p < 0.05.
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Table 3. Comparison of postural stability between neutral foot and pronated foot group

Neutral (n = 20) Pronated (n = 20) t-value p-value
SO 0SI 1.45+0.40 1.60 £ 0.50 -1.114 0.272
SO APSI 1.10+0.38 1.29+0.52 -1.278 0.209
SO MLSI 0.67 £0.31 0.70+0.17 -0.385 0.703
SC 0SI 2.78 £0.77 3.17+£0.96 -1.423 0.163
SC APSI 1.99 £ 0.61 2.42+0.83 -1.8%4 0.066
SC MLSI 1.53+0.46 1.61+0.46 -0.554 0.583
DO OslI 1.93+0.45 1.82+0.58 0.637 0.528
DO APSI 0.78 +0.30 0.81+0.34 -0.297 0.768
DO MLSI 1.60+0.48 1.47 £ 0.47 0.865 0.392
DC OSI 3.34+£0.68 3.73+0.78 -1.658 0.106
DC APSI 1.73+0.51 1.80+0.55 -0.444 0.659
DC MLSI 2.48 +0.49 2.87 +0.55 -2.382 0.022*

Values are presented as mean + standard deviation. SO, static under eyes-opened condition; SC, static under eyes-closed condition; DO, dynamic under
eyes-opened condition; DC, dynamic under eyes-closed condition; OSI, overall stability index; APSI, anterior-posterior stability index; MLSI, medial-lateral

stability index. *Significant at p < 0.05.

Table 4. Comparison of knee isokinetic strength between neutral foot and

pronated foot group™”

Neutral (n = 20) Pronated (n = 20) t-value p-value
60° Ex PT/BW 236.85+38.93 255.17 £+ 45.27 -1.372 0.178
60° Fx PT/BW 122.88 + 28.74 130.75+21.25 -0.985 0.331
90° Ex PT/BW 212.87 + 41.37 224.46 +39.56 -0.906 0.371
90° Fx PT/BW 115.41 +28.33 124.15+17.96 -1.165 0.251
180° Ex PT/BW 155.19 +16.81 156.58 + 21.95 -0.162 0.872
180° Fx PT/BW 87.99 +21.70 94.78 £15.16 -1.147 0.259

Values are presented as mean + standard deviation. Ex PT/BW, extension peak torque/body weight; Fx PT/BW, flexion peak torque/body weight. *Results
of independent t-test. "Results of hamstring to quadriceps ratio are not shown.

RESULTS

The general characteristics including the rate of foot domi-
nance in selected FPI-6 score (percentage of dominant and
non-dominant foot) of each group are shown in Table 1; there
were no significant differences in general characteristics be-
tween the groups nor in body composition factors. The FPI-6
scores were 3.95 * 1.15 in the neutral foot group and 7.50 *
1.15 in the pronated foot group (Table 1).

The static and dynamic postural stability indices are shown
in Table 3. The DC MLSI was 2.48 £ 0.49 in the neutral foot
group and 2.87 + 0.55 in the pronated foot group. There was
a significant difference between the groups in the DC MLSI (p
= 0.022) but not in the other stability indices; there were no
significant differences in the PT/BW and H:Q ratios (Table 4).

The correlations between FPI-6 scores and the postural sta-
bility and knee isokinetic strength are shown in Table 5. FPI-6
scores were moderately positively correlated with DC OSI R =
0.344, p = 0.030) and DC MLSI (R = 0.409, p = 0.009), but there

was no significant correlation between FPI-6 scores and knee
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Table 5. Pearson correlation coefficients between FPI-6 score and other
parameters

FPI-6 score

Parameters

R p-value
DC 0S| 0.344 0.030*
DC APSI 0.155 0.340
DC MLSI 0.409 0.009**
60° Ex PT/BW 0.076 0.641
60° Fx PT/BW 0.083 0.611
60° H:Q ratio 0.047 0.772

Some results of postural stability and knee isokinetic strength are not
shown. FPI-6, Foot Posture Index-6; DC, dynamic under closed eyes con-
dition; OSI, overall stability index; APSI, anterior-posterior stability index;
MLSI, medial-lateral stability index; Ex PT/BW, extension peak torque/
body weight; Fx PT/BW, flexion peak torque/body weight; H:Q ratio, ham-
string to quadriceps ratio.*p < 0.05, **p < 0.01.

isokinetic strength.

DISCUSSION

The purpose of the current study was to determine whether

pronated foot posture, as classified by the FPI-6, influences
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postural stability and knee isokinetic strength. No significant
differences in general characteristics were found between
the pronated and neutral foot groups (Table 1), and it is thus
reasonable to assume that body composition did not affect
the results. We found that individuals with pronated foot had
a poorer dynamic MLSI under the eyes-closed condition (p =
0.022) and that a higher FPI-6 score was associated with the
dynamic OSI (R = 0.344, p = 0.030) and dynamic MLSI under
the eyes-closed condition (R = 0.409, p = 0.009), with no sig-
nificant differences in the other stability indices or in knee
isokinetic strength. Therefore, the results of the present study
suggest that different foot postures affect some factors of pos-
tural stability, especially under dynamic stability in the eyes-

closed condition.

1. Foot Posture and Postural Stability

The foot is an important sensory structure that provides cu-
taneous and muscular afferents when performing balance ac-
tivities [14]. A pronated foot posture leads not only to mechan-
ical changes, but also to somatosensory alterations [5], and
may therefore affect static and dynamic postural stability. As
with the results of previous studies [6,15,17,18], the change of
postural stability in pronated foot groups was also identified in
present study. In particular, our study found the significant dif-
ferences and correlations in some parameters of dynamic sta-
bility under eyes-closed condition. In contrast, some of studies
have shown no changes in postural stability by foot posture [19],
these various results between the previous studies seems to be
due to difference of task level evaluating the postural stability.
Postural balance is an integrated reaction that combines not
only musculoskeletal functions, but also vision, vestibular sen-
sory, somatic sensory and proprioception. Therefore, it might
be explained that dynamic stability without visual information
is the more adequate task difficulty for detecting a significant
difference of postural stability according to foot posture.

Abdulwahab and Kachanathu [18] reported that, in the case
of healthy young adults, a pronated foot does not affect static
postural stability compared to neutral foot because the small
movements of the center of gravity during static standing
demand only a small effort from the foot. The static stability
index under the eyes-open and eyes-closed conditions in the
current study may therefore not show significant differences
regardless of different foot postures. Koura et al. [6] also as-

sumed that the level of difficulty in the dynamic balance test

may affect their results; in their study, pronated and neutral
foot groups were tested at two different BBS stability levels (lev-
els 8 and 4), and a significant difference was found only at the
relatively difficult stability level (level 4), which they concluded
allows more foot displacement than the easier stability level at
which no significant difference was found. Therefore, relatively
easy BBS stability levels or task levels might be inappropriate
for testing the postural stability of individuals with different
foot postures because the foot displacement when maintaining
balance may be inadequate. Alternatively, it might simply be
that the tasks—static stability under the eyes-open and eyes-
closed conditions and dynamic stability under the eyes-open
condition—were too easy.

Additionally, according to Tables 3 and 5, no significant re-
sults were found in the dynamic APSI under the eyes-closed
condition, and there may be a difference in postural stability
between the anterior—posterior (AP) direction and the medial-
lateral (ML) direction. There are few previous studies that have
examined postural stability separated into the AP and ML di-
rections. Tsai et al. [17] reported greater maximum center of
pressure (COP) displacement in the ML direction than the AP
direction, and their study was supported by Kim et al. [31],
who also stated that the foot structures in the AP direction are
more stable than in the ML direction when maintaining bal-
ance. Based on these previous studies, we also confirmed that
there is a significant change of dynamic MLSI, rather than dy-
namic APSI under the eyes-closed condition between groups.
These results might indicate that postural stability in the AP
direction is more stable than the ML direction under the eyes-

closed condition in both groups.

2. Foot Postures and Knee Isokinetic Strength
Theoretically, pronation of the subtalar joint is coupled with

an internally rotated tibia [9,32], so it is thought that an ab-
normal pronated foot may cause knee joint malalignment [33],
which may cause weakness of the knee joint muscles due to
the changes in the length-tension relationship and in proprio-
ceptive information [13,34]. There is also preliminary evidence
of smaller rectus femoris and vastus medialis muscles in indi-
viduals with pronated foot [13], but very few studies have in-
vestigated knee joint muscle strength in different foot postures.

However, we found no significant differences in knee iso-
kinetic strength between the groups (Table 4) and no associa-

tion between FPI-6 scores and knee isokinetic strength (Table
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5). One explanation for this result may be that the subjects
were all healthy and did not have pathological pronated foot.
The FPI-6 classification emphasizes functional aspects rather
than pathological aspects [4,5], and, in this study, the FPI-6
score of the pronated foot group was 7.50 + 1.15, which was
not in the excessively pronated foot range (+10 to +12) and
thus might not represent a sufficiently severe pathological con-
dition to cause knee joint malalignment and muscle weakness.
Future research should therefore investigate the classification
criteria to clarify the differences between functional and path-
ological pronated foot. Another possible explanation for our
results is that the level of physical performance between the
groups may be different, although the subjects were healthy
and there were no significant differences in body composition
(Table 1). Kim et al. [35] concluded that total muscle mass in
men was not an indicator of low performance levels, but that
muscle strength was. In this study, the pronated foot group had
a not significant, but a higher PT/BW ratio at all velocities than
the neutral foot group (Table 4), and physical performance
level might thus be lower in the neutral foot group. Further re-
search is therefore recommended with a larger sample size and

considering physical performance levels more intensively.

3. Postural Stability and Knee Isokinetic Strength

The proximal musculature in lower limb could have more in-
fluence on postural stability of both frontal (AP direction) and
sagittal plane (ML direction) than distal musculature [36,37],
therefore it is important to measure not only ankle muscula-
ture strength but also knee joint muscles. However, current
study showed significant difference in only ML direction stabil-
ity, but none in AP direction stability. In addition, there was no
significance in knee isokinetic strength. These results indicate
that other muscles control more in ML direction stability than
knee joint muscles. In relation to anatomical factors, knee joint
muscles usually work as AP direction stabilizers, and have no
major specific stabilizers in ML direction [37]. In the study of
Vahtrik et al. [38], total knee arthroplasty (TKA) group, both
before and after TKA, showed greater COP displacement in AP
direction but no significant difference in ML direction com-
pared to healthy controls. Therefore, even though the subjects
were not in pathological conditions, quadriceps and hamstring
strength measurements might have limitation when discuss-
ing ML direction stability in current study. Rather, the gluteus

muscles such as gluteus medius are more active when ML di-
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rection stability is challenged [39]. Thus, further research is
recommended in hip joint muscle strength and ML direction
stability.

We also recommend that the proportion of foot dominance
should be carefully considered, although the foot dominance
in selected FPI-6 score showed little differences in current
study (Table 1). In previous studies [40-42], postural stability
were not influenced by dominant side in healthy populations.
However, to clarify correlation among FPI-6 score, postural
stability and knee joint strength, later studies should consider

foot dominance.

CONCLUSIONS

We demonstrated that individuals with pronated foot have
poorer medial-lateral dynamic stability under an eyes-closed
condition than those with neutral foot. FPI-6 scores for foot
posture also showed moderate positive correlations with both
dynamic OSI and dynamic MLSI under eyes-closed conditions,
whereas there was no significant difference in knee isokinetic
strength between the neutral and pronated foot groups and no
association between FPI-6 scores and knee isokinetic strength.
These results suggest that a pronated foot posture could in-
duce a change in postural stability, but not in knee isokinetic
strength. Even though knee isokinetic strength was not dif-
ferent between the groups, it might cause muscle strength
problems potentially in those with pronated foot because an
abnormal pronated foot might generate malalignment of the
knee joint. Further research is therefore needed to determine
the specific mechanism of pronated foot that changes postural
stability and muscle balance and its influence on ankle and hip

joints.
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