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The purpose of this study was to investigate the effect of ankle ROM and lower-extremity muscle strength on
static balance control ability in young adults.

This study was conducted with 65 young adults, but 10 young adults dropped out during the measurement, so
55 young adults (male: 19, female: 36) completed the study. Postural sway (length and velocity) was measured
with eyes open and closed, and ankle ROM (AROM and PROM of dorsiflexion and plantarflexion) and lower-ex-
tremity muscle strength (flexor and extensor of hip, knee, and ankle joint) were measured. Pearson correlation
coefficient was used to examine the correlation between variables and static balance ability. Simple linear re-
gression analysis and multiple linear regression analysis were used to examine the effect of variables on stat-
ic balance ability.

In correlation analysis, plantarflexion ROM (AROM and PROM) and lower-extremity muscle strength (except hip
extensor) were significantly correlated with postural sway (p<0.05).

In simple correlation analysis, all variables that passed the correlation analysis procedure had significant influ-
ence (p<0.05). In multiple linear regression analysis, plantar flexion PROM with eyes open significantly influ-
enced sway length (B=0.681) and sway velocity (B=0.011).

Lower-extremity muscle strength and ankle plantarflexion ROM influenced static balance control ability, with
ankle plantarflexion PROM showing the greatest influence. Therefore, both contractile structures and non-con-
tractile structures should be of interest when considering static balance control ability improvement.

Ankle Joint ¢ Muscle Strength Dynamometer ¢ Postural Balance ¢ Range of Motion, Articular ¢
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Background

Balance ability refers to the ability to maintain the center of
gravity above the base of support and to keep stable body
alignment and posture [1]. Balance control ability can be di-
vided into dynamic balance control ability and static balance
control ability according to the movement. Dynamic balance
control ability controls balance of the body during movement
such as walking, and static balance control ability controls bal-
ance of the body while standing still [2,3]. Because these 2
balance control abilities are applied differently depending on
the situation, the patterns and strategies of using the joints
are also different [2-5].

Because the human center of gravity (COG) is high, dynamic
balance control ability and static balance control both require
considerable energy consumption and high levels of motor
control [6]. Previous studies on static balance control ability
showed that leg strength, ROM, proprioception, and joint sta-
bility are related to static balance ability.

To maintain upright posture, a certain level of muscle strength
is essential, and lower-extremity muscles near the ankle and
knee joint must work properly to maintain posture stability
and prevent falls [5,7].

Ankle joint ROM is also important, because balance is most fre-
quently controlled in the ankle joint, and the movement of the
joint is large [8-10]. In addition, the proprioception that senses
the position of the joints and the stiffness of the non-contrac-
tile structures around the joints, which are related to joint sta-
bility, can also affect static balance control ability [6,7,11,12].

Factors affecting balance ability have been studied for many
years [5,7-10,13]. However, there is little information on how
these factors affect static balance ability and how these influ-
ences appear when these factors are combined. Therefore, we
performed the present study to investigate the effect of ankle
ROM and lower-extremity muscle strength, and to determine
which factors have the greatest effect on static balance abil-
ity. Therefore, the purpose of this study was to analyze the
effect of ankle ROM and lower-extremity muscle strength on
static balance control ability in young adults.

Material and Methods

Subjects

We attempted to enroll 70 young adults attending U University
in Gyeongsangbuk-do Province, but 5 people refused; there-
fore, this study was conducted with 65 young adults. However,
10 people dropped out during the measurement period, so 55
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Table 1. General subject characteristics (n=55).

Variable Mean #SD

Age (year) 19.85+1.25
 Height(em) 165624793
""""" Weight k) 60041216
""""" Sex (Male/Female) 1936

SD - standard deviation.

young adults (male: 19, female: 36) completed the study. The
mean age was 19.85+1.25 years, mean height was 165.62+7.93
cm, and mean body weight was 60.04+12.16 kg (Table 1). We
excluded persons with a specific disease that would affect
the study, visual or auditory impairment, nervous system or
vestibular problems, or who could not understand the exper-
iment. In accordance with the Helsinki Declaration of Ethics,
all subjects prior to the experiment were briefed on the pur-
pose and procedure of the study and voluntarily agreed to
take part. The study was approved by the Institutional Review
Board of Daegu University (No. 1040621-201411-HR-009-02).

Study protocol

Before the experiments, all subjects were informed about the
experimental methods and procedures, which were demon-
strated by one of the researchers before the test.

To prevent fatigue of lower-extremity muscles from affect-
ing other measurement results, the measurement order was
fixed. After measuring the balance ability for the first time, an-
kle ROM was measured and leg strength was measured at the
end. Balance ability was measured by keeping the subject on
the balance board and measuring the sway length and sway
velocity for 1 min. This performance was measured with eyes
closed and then with eyes open.

Ankle ROM was measured in dorsiflexion and plantar flexion,
and both active and passive ROM were measured. Muscle
strength was measured by measuring the flexor and extensor
of the 3 joints of the lower extremities (hip joint, knee joint, and
ankle joint) and evaluating quantitative values using a muscle
contraction dynamometer. Patients were given sufficient rest
between measurements to avoid fatigue, and ROM and muscle
strength measurements were measured by 2 therapists. After
all the measurements were taken during the day, the subjects
were scheduled for another day to make repeated measure-
ments (Figure 1). All measurements were performed 3 times
and the results are expressed as mean + standard deviation.
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| Assessed for eligibility (n=70) |
Excluded (n=5)
— Declined to participate
| Agreed to participate (n=65) |

v

| Informed consent takem |

v

Measurement

— Postural sway length and velocity (EO, EC)
— Ankle AROM and PROM
— Lower extremity strength

(Hip, Knee, Ankle)
Drop-out (n=10)
* — Not finished all measurement

| Correlation analysis (n=>55) |

Excluded
* > —Dorsiflexion AROM
| Simple regression analysis | ~ Dorsiflexion PROM
— Hip extensor strength on sway
i velocity (EC)

| Multiple regression analysis (n=55) |

Figure 1. Study flowchart. EO — eyes open; EC — eyes closed;
AROM - active range of motion; PROM — passive range
of motion.

Lower-extremity strength

A hand-held dynamometer (Commander Muscle Tester, JTech,
USA) was used to evaluate the lower-extremity strength of the
subjects. Evaluation of muscle strength using the hand-held
dynamometer is performed in the same manner as the manu-
al muscle strength test, but it is more advantageous and more
objective than the manual test in detecting a change in mus-
cle strength because the specific numerical value of muscle
strength is shown [14].

All subjects were measured for muscle strength in 6 groups
of the lower extremities (extensors and flexors of ankle, knee,
and hip joint).

As for the measurement postures, the dorsiflexors and plantar
flexors of the ankle and flexors and extensors of the hip joints
were measured in supine position, and flexors and extensors
of the knee joint were measured in sitting position. The mea-
surement of muscle strength was performed in the order of
the dorsiflexors and plantar flexors of the ankle, flexors and
extensors of the hip joints, and flexors and extensors of the
knee joint. A break between the measurements was provid-
ed to prevent muscle weakness due to muscle relaxation [15].

Postural balance

The Bio-Rescue (RM Ingenierie) device was used to measure
balance ability. The Bio-Rescue has a 610x580x10 mm platform
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and a total of 1600 pressure sensors. With these sensors, the
moving distance and speed of the body’s center of pressure
(COP) can be measured while the subject is in position, there-
by evaluating static balance ability. Dynamic balance ability
can also be assessed through the limits of stability (LOS) of
the COP movement just before the subject loses balance. It
also has various training programs, so it can be used to im-
prove balance ability [13,16].

The present study measured static balance ability. Subjects
were placed on the Bio-Rescue pads with their feet extend-
ed to the shoulder width, and then sway length and sway ve-
locity were measured by tracing the moving distance of the
body center for 1 min. This performance was measured when
the eyes were open and visual information was provided, and
then when both eyes were closed and the visual information
was blocked.

Ankle range of motion

Ankle ROM, which has the greatest influence on static balance
ability, was measured using a manual goniometer, and dorsi-
flexion and plantarflexion of the ankle joint were measured.

Measuring joint ROM with a goniometer has been performed
by therapists for many years and has a high degree of reli-
ability [17,18].

In sitting position, the angle of movement was measured at
the neutral position of the ankle, and both active and passive
ROM were measured. For active ROM, the angle is measured
at the maximum extent. For the passive ROM, the subject kept
still and was manually measured by moving the subject to the
end range. The measurement axis was set to lateral malleo-
lus. While measuring, the fixed arm was parallel to the out-
side of the calf and the moving arm was parallel to the outer
line of the 5th metatarsal bone.

Statistical analysis

SPSS for Windows (version 22.0) was used to analyze data.
Descriptive statistics were used to determine the general char-
acteristics of the subjects. Pearson correlation coefficient was
used to examine the correlation between variables and static
balance ability. Simple linear regression analysis and multiple
linear regression analysis were used to examine the effect of
variables on static balance ability.

Before performing multiple linear regression analysis, Pearson
correlation coefficients and simple linear regression analysis
were used to select variables for multiple regression analysis.
Statistical significance level was set at a.=.05.
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Table 2. Correlation between ankle ROM and balance ability (n=55).

AROM

Dorsiflexion

(angle)

Sway length EO (cm) 36.97+7.32° -0.015
Swaylength EC cm) - 45848778 0022
Swayvelocity EO (cm/s)  0.61:012 0017
Swayvelocity EC (cm/s) 076013 -0001

CLINICAL RESEARCH

AROM PROM PROM
Plantarflexion Dorsiflexion Plantarflexion
(angle) (angle) (angle)
0.325* 0.002 0.525**
0.312* -0.026 0.440**
0.274* 0.027 0.467**
0.281* -0.019 0.431**

Mean %SD 3 * p<.05; ** p<.01; EO — eyes open; EC — eyes closed; AROM — active range of motion; PROM — passive range of motion.

Results

Correlation between ankle ROM and balance ability

Sway length had a significant positive correlation with plan-
tar flexion AROM and PROM.

With eyes open, sway length had a significant positive corre-
lation with plantar flexion AROM (r=0.325) and plantar flexion
PROM (r=0.525) (P<0.05). With eyes closed, sway length had
a significant positive correlation with plantar flexion AROM
(r=0.312) and plantar flexion PROM (r=0.440) (P<0.05). Sway
velocity had a significant positive correlation with plantar
flexion AROM and PROM. With eyes open, sway velocity had
a significant positive correlation with plantar flexion AROM
(r=0.274) and plantar flexion PROM (r=0.467) (P<0.05). With
eyes closed, sway velocity had a significant positive correla-
tion with plantar flexion AROM (r=0.281) and plantar flexion
PROM (r=0.431) (P<0.05) (Table 2).

Correlation between lower-extremity muscle strength and
balance ability

Sway length had a significant negative correlation with low-
er-extremity muscle strength.

With eyes open, sway length had a significant negative cor-
relation with ankle dorsiflexor (r=-0.402), ankle plantarflexor
(r=—0.369), knee flexor (r=—0.340), knee extensor (r=—0.395),
hip flexor (r=—0.299), and hip extensor (r=-0.306) (P<0.05).
With eyes closed, sway length had a significant negative cor-
relation with ankle dorsiflexor (r=-0.427), ankle plantarflexor
(r=—0.387), knee flexor (r=—0.316), knee extensor (r=—0.374),
Hip flexor (r=—0.284), and hip extensor (r=-0.270) (P<0.05).
Sway velocity had a significant negative correlation with all
other lower-extremity muscle strengths except the hip exten-
sor with closed eyes. With eyes open, sway velocity had a sig-
nificant negative correlation with ankle dorsiflexor (r=—0.337),
ankle plantarflexor (r=—0.339), knee flexor (r=-0.310), knee
extensor (r=-0.369), hip flexor (r=—0.269), and hip extensor

(r=—0.275) (P<0.05). With eyes closed, sway velocity had a sig-
nificant negative correlation with ankle dorsiflexor (r=-0.442),
ankle plantarflexor (r=—0.391), knee flexor (r=-0.311), knee ex-
tensor (r=—0.385), and hip flexor (r=—0.303) (P<0.05) (Table 3).

Simple linear regression analysis of each variable for sway
length and velocity

Simple linear regression analysis was performed using only vari-
ables with significant correlation with sway length and veloci-
ty. With eyes open, sway length was significantly influenced by
AROM and PROM of the plantar flexion and each lower-extremity
muscle strength (P<0.05). With eyes open, sway velocity was sig-
nificantly influenced by AROM and PROM of the plantar flexion
and muscle strength in each lower extremity (P<0.05) (Table 4).

With eyes closed, sway length sway length was significant-
ly influenced by AROM and PROM of the plantar flexion and
muscle strength in each lower extremity (P<0.05). With eyes
closed, sway velocity was significantly influenced by AROM
and PROM of the plantar flexion (P<0.05). With eyes closed,
sway length was significantly influenced by all other muscles
except the hip extensor strength (Table 4).

Multiple linear regression analysis of sway length and
velocity

Simple linear regression analysis was performed using only vari-
ables with significant correlation with sway length and veloc-
ity. After performing simple linear regression analysis, signifi-
cant variables were collected and multiple regression analysis
was performed. With eyes open, the sway length was signifi-
cantly influenced by plantar flexion PROM (B=0.681, P<0.05).
The sway velocity was also significantly affected by plantar
flexion PROM (B=0.011, P<0.05) (Table 5).

With eyes closed, the plantar flexion PROM is the closest to
the significance level, as was the case with eye open. However,
there were no variables other than constants that significant-
ly affected sway length and sway velocity (P>0.05) (Table 5).
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Table 3. Correlation between lower extremity muscle strength and balance ability (n=55).

MAD (kg) MAP (kg) MKF (kg) MKE (kg) MHF (kg) MHE (kg)

(cm/s)

Sway velocity EC

b 1
) 0.76+0.13

-0.442** -0.391** -0.385**

Mean %SD 3 * p<.05; ** p<.01; EO — eye open; EC — eye close; MAD — muscle strength of ankle dorsiflexor; MAP — muscle strength of
ankle plantar flexor; MKF — muscle strength of knee flexor; MKE — muscle strength of knee extensor; MHF — muscle strength of hip
flexor; MHE — muscle strength of hip extensor.

Table 4. Simple linear regression analysis of each variable for sway length and velocity (n=55).

Sway length EO Sway length EC Sway velocity EO Sway velocity EC

AROM plantarflexion 0.106 0.015* 0.097 0.020* 0.075 0.043* 0.079 0.038*
| PROM plantarflexion 0275 0.000% 0194  0001* 0218  0000% 0186  0001%
w0 0162  0002* 0183 0001 0113 0012 0195 o001
e 013  0006™ 0150 0004 0115  o0ol* 0153 0003"
Mk o116 oo1r 0100 001" 00% 002" 0097  o0021*
CMkE 015 0003 0140 0005 0136 0006 0148 0004
CMEE 0080 0027 0080 003" 0072 0047 0092 o004
CmHE 0094 002" 0073 o004 0076 0042 0063 0064

* p<.05; ** p<.01; EO — eye open; EC — eye close; AROM — active range of motion; PROM — passive range of motion; MAD — muscle
strength of ankle dorsiflexor; MAP — muscle strength of ankle plantar flexor; MKF — muscle strength of knee flexor; MKE — muscle
strength of knee extensor; MHF — muscle strength of hip flexor; MHE — muscle strength of hip extensor.

Discussion and the non-significant variables were deleted. The variables

that passed these 2 processes were collected again and mul-

This study examined the effect of ankle ROM and lower-extrem-
ity muscle strength on static balance ability. Many researches
have shown that lower-extremity muscle strength and ankle
ROM affect balance ability. To investigate the effect of these
factors on balance ability, we used multiple regression analysis.
Pearson correlation coefficients and simple linear regression
analysis were performed before multiple regression analysis.

First, the correlation between static balance ability and mus-
cle strength and ROM variables was investigated through
Pearson correlation coefficient analysis, and unrelated vari-
ables were deleted. Simple linear regression analysis was per-
formed by collecting variables with significant correlations.
Through simple linear regression analysis, only the variables
that significantly affect static balance ability were selected

tiple regression analysis was performed.

In the analysis of correlation between ankle ROM and bal-
ance ability, plantar flexion AROM and plantar flexion PROM
showed a positive correlation with balance ability variables
(sway length EO and EC, sway velocity EO and EC). Correlation
coefficients with PROM were slightly higher than with AROM.
Mecagni et al. found the greatest correlation between bal-
ance ability and inversion, followed by dorsiflexion ROM and
plantar flexion ROM [8]; their conclusion that balance ability
is correlated with plantar flexion is consistent with results of
the present study. However, their finding that increased plan-
tar flexion ROM has a positive relationship with balance abil-
ity disagrees with our results.
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Table 5. Multiple linear regression analysis of sway length and velocity (n=55).

Sway length EO

Sway length EC

Sway velocity EO Sway velocity EC

Constant 14.494 0.180 33.231

slz(r:xrflexion -0.326 0.072 -0.184

[F;:Qa(r)lltv;rflexion 0.681 0.002** 0.440

MAD -0.073 0.696 -0.223
CmAP -o136 0393 -0172
MK -0183 038 -0142
Mk -0t 0305 0133
M 0313 0092 0345
MHE -0047 0737 -o0l0

R?=0.315, F=2.649
(p=0.018)

R?=0.394, F=3.733
(p=0.002)

0.008** 0.270 0.153 0.577 0.004**
0.360 -0.006 0.061 -0.004 0.237
0.071 0.011 0.004** 0.008 0.051
0.289 0.001 0.856 —-0.004 0.272
0.337 -0.003 0.275 —-0.003 0.348
0.500 -0.003 0.426 -0.001 0.712
0.353 —-0.003 0.238 —0.002 0.329
0.100 0.005 0.116 0.005 0.131
0.947 -0.001 0.755

R2=0.338, F=2.937
(p=0.010)

R?=0.313, F=3.058
(p=0.010)

* p<.05; ** p<.01; EO — eye open; EC — eye close; AROM — active range of motion; PROM — passive range of motion; MAD — muscle
strength of ankle dorsiflexor; MAP — muscle strength of ankle plantar flexor; MKF — muscle strength of knee flexor; MKE — muscle
strength of knee extensor; MHF — muscle strength of hip flexor; MHE — muscle strength of hip extensor.

The use of FRT to assess balance ability in the previous study
differed from the present study. Both are tests to measure bal-
ance ability, but in the sway length test the subject tries to not
move, while in the FRT the subject moves forward to the max-
imum. Therefore, FRT should be more affected by contractile
structures. However, the postural sway test is more static, so
it is affected by relatively non-contractile structures (such as
ligaments). The results of the 2 studies are different because
they used different tests.

Spink et al. investigated the relationship between ankle ROM
and sway length in the elderly, and their result that dorsiflex-
ion ROM is not related to sway length is consistent with our
results [9]. However, the results for plantarflexion cannot be
compared because ROM was measured only for dorsiflexion
(plantarflexion ROM was not measured) in their study.

In the study by Bok et al., which investigated the relationship
between ankle ROM and balance ability for young adults and
the elderly, sway was increased as the ROM of the dorsiflex-
ion increased in the elderly, but there was no correlation be-
tween the ankle ROM and sway in the younger adults [10].

The previous studies examining the correlation between ankle
ROM and sway were mainly conducted on the elderly. Even these
studies focused primarily on dosrification, and there have been
few studies on plantarflexion [1,8,19]. These studies suggest that

the diminished balance control ability of the elderly is caused by
the dorsiflexion ROM limitation due to the shortening of the an-
kle surrounding tissues because of aging [1,8,19,20]. However,
there have also been studies that show contradictory results.
Han et al. reported that sway length and velocity in the elderly
increased after plantarflexor stretching in the dorsiflexion direc-
tion [13]. Lima et al. found that young adults showed an increase
in the passive range of motion of the ankle dorsiflexion after
plantarflexor stretching, but postural sway also increased [21].

Thus, an increase in dorsiflexion ROM does not always have
a positive effect on balance ability, and there may be a neg-
ative relationship.

Balance control ability and ROM are best in the normal range.
When the ROM is limited, the ROM is positively correlated with
balance control ability. However, when the ROM range is too
large and the joint is loosened, ROM is negatively correlated
with balance control ability [19,20].

In the present study, dorsiflexion had no significant correlation
but plantarflexion ROM was positively correlated with sway
length and velocity. Looking at the ROM range of the subjects,
the range of plantarflexion is slightly larger than the normal
range [22], which suggests that the structures in front of the
ankle are slightly loose. This suggests that plantarflexion ROM
has a negative relationship with balance control ability.
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In the present study, except for the hip joint extensor, the mus-
cle strength of the remaining muscles was negatively correlat-
ed with the balance ability variables (sway length EO and EC,
sway velocity EO and EC). These results indicate that great-
er lower-extremity muscle strength is associated with less
postural sway and better balance control ability. This is well
known, and many previous studies reported results consis-
tent with these findings. Laughton et al. reported that a de-
crease in lower-extremity muscle strength increased postur-
al sway [23] and Kligyté et al. also reported that a decrease in
muscle strength reduced balance control ability [24]. Shumway-
Cook et al. found that a certain level of lower-extremity mus-
cle strength is essential for balance control, and coordination
of the lower-extremity muscles maintains posture stability and
prevents falls [5]. Thus, in a standing posture, lower-extremity
muscle strength is an important variable for balance control,
and increased muscle strength improves balance control ability.

For the results of the correlation coefficient (r), ankle joint had
higher correlation with postural sway than other joints, and
dorsiflexor was the most correlated.

Aoyama et al. reported that knee and hip joints were used
more frequently than ankle joint when sudden postural chang-
es occurred in a standing posture. However, the ankle joint
was used more often than other joints when standing still and
controlling the balance [4].

Ankle joints are preferred over other muscles for static postur-
al control. When the ankle joint is in a range that cannot be
accommodated, hip joints are used to prevent falls, increas-
ing postural sway [5]. In particular, dorsiflexion strength has a
higher correlation with postural sway than other muscles since
ankle dorsiflexor eccentric control is frequently used during
postural control in standing position [7].

A simple linear regression analysis was performed on the vari-
ables that showed a significant correlation with balance ability
variables. The variables that had a significant correlation with
balance ability were also significant in the simple linear regres-
sion analysis, suggesting that the variables significantly correlat-
ed with balance ability have some influence on balance ability.

Multiple regression analysis was performed by collecting the
variables that passed the above procedure, showing differ-
ent results depending on the presence of visual information.

Previous studies related to sway according to the presence
of visual information showed that sway is larger when the
subject does not have visual information. In this study, sway
length and velocity were larger when there was no visual in-
formation, which was consistent with previous studies [9,25].
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Plantarflexion PROM had the most effect on sway length and
sway velocity with the eyes open. The p value of plantarflex-
ion PROM was close to the 0.05 level with eyes closed, but
was not significant. In other words, there were no significant
influencing variables.

Gatev et al. reported that when posture is controlled while
standing still, postural control is performed through feedfor-
ward if visual information is given, but posture is controlled
through feedback if there is no visual information. Feedforward
is more frequent than feedback in attempting to balance con-
trol using muscles at a higher level than feedback. The use of
the muscles around the ankle and the load are greater because
the number of times action is needed to control the posture
is relatively higher than the feedback [6].

As the visual information is given and the number of attempts
to control the balance using the ankle muscles through the
feedforward increases, the role of the structures that stabilize
the ankle by holding it manually will become greater. However,
since feedback modifies posture after balance is lost, the num-
ber muscles used for posture control will be small and the role
of non-contractile structures will be relatively small. In our study,
with eyes closed, the result was close to the significance lev-
el, but was not significant because of these small differences.

In a study by Wang et al., there was no difference between an in-
jured leg and an uninjured leg when ankle joint muscle strength
was measured after recovery. However, when postural sway was
measured, the sway length was further increased in the injured
leg. This result suggests that even if the contractile structures
are restored, the balance control ability is weakened when the
non-contractile structures and sensory organs are weakened [11].

AROM is influenced by muscles and tendons, which are con-
tractile structures, and PROM is influenced by passive resistive
torque of non-contractile structures of the ankle [20]. For this
reason, the increase in PROM over a certain level means that the
non-constrictive structures are loosened or stretched [12,26].

The increase of the PROM over a certain level indicates the
loosening of the non-contractile structures, and thus the con-
tractile structures have a negative influence on the balance
control. In particular, the balance control in a standing posi-
tion is more affected by stiffness of non-contractile structure
than dynamic balance control is because it is greatly affected
by structural stability in the ankle [6,20]. Some previous stud-
ies reported that the sway length was increased after training
to increase the ROM of the plantar flexor [13,21].
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However, the effect on sway had different results.
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Conclusions

In conclusion, the static balance control ability when standing
still in young adults is correlated with ankle ROM and lower-
extremity muscle strength. Postural control in standing posi-
tion can be considered to be influenced by both the lower-
extremity muscle strength, which reflects the function of the
contractile structure, and the ROM, which reflects the state of
the non-contractile structures that serve to stabilize the ankle
joint. In particular, it is mainly affected by plantarflexion PROM.
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The results of this study will be helpful clinically as basic data
that can attract attention to non-contractile structures as well
as contractile structures considering the static balance abili-
ty improvement. The limitation of this study is that ROM was
measured only in the sagittal plane, and inversion and ever-
sion should be assessed in future studies.
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