Original Article

Ann Rehabil Med 2013;37(1):10-16
PISSN: 2234-0645 ¢ eISSN: 2234-0653
http://dx.doi.org/10.5535/arm.2013.37.1.10

arm

Annals of Rehabilitation Medicine

The Effects of Changes of Ankle Strength and
Range of Motion According to Aging on Balance
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Objective To investigate the changes of ankle strength and range of motion with aging and which of the ankle
strength and range of motion are contributed to balance.

Methods Sixty healthy people (24 men and 36 women) have undergone tests for ankle strength and range of
motion, using Biodex System 4 Pro; a one-leg balance, including postural sway and stability index using a Balance
System; in which data were collected in a self-reported Desmond fall risk questionnaire.

Results Participants are classified into 3 groups by age (group 1, 20—40 years; group 2, 40—65 years; group 3, over
65 years). Stability index and postural sway is significantly increased with aging. Ankle plantarflexor strength and
ankle eversion range of motion is significantly decreased with aging. Pearson’s correlation revealed that ankle
plantarflexor strength is significantly correlated with anterior/posterior sway, and ankle eversion range of motion
is significantly correlated with medial/lateral sway in the aged group (over 65 years).

Conclusion Stability, ankle plantarflexor strength, and eversion range of motion is declined with aging. In
addition, strength of ankle plantarflexor and eversion range of motion is significantly correlated with balance
stability. Further studies are needed for programs to improve the strength of plantarflexor, and range of motion of

eversion of the ankle are beneficial in improving balance, stability, and prevention of falling in the elderly.
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INTRODUCTION

The population of people age 65 and above is rising
dramatically in modern society. Facing an unprecedent-
ed pace of population aging, there is a growing concern
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about life quality for the elderly. Nearly one-third of the
elderly people living in a community fall each year and
the fallen rates are rising with age [1]. Falls are a major
public health problem in aging adults. Falls and fall-re-
lated injuries are a major cause of morbidity and mortal-
ity in the elderly. Related injuries, such as fractures, can
have a detrimental effect on daily function and indepen-
dent ambulation in later life. In addition, fear of falling
can limit physical and social activities; consequentially,
lowering quality of life. Most falls in elderly people are
associated with multiple risk factors, such as weakness of
muscles, reducing balance control, gait disorder, number
of medications and environmental factors [1,2].

The maintenance of balance is a complex phenomenon
that is influenced by multiple neural and musculoskel-



The Effects of Changes of Ankle Strength

etal factors [3]. Balance is maintained through a complex
process involving sensory detection of body motions,
integration of sensorimotor information within the cen-
tral nervous system, and execution of appropriate mus-
culoskeletal responses [4]. Maintaining balance, which is
the ability to maintain an upright position during quiet
standing, is necessary for successful performance of daily
life tasks [5]. However, the ability of postural control is
declining according to aging [6]. Colledge et al. [7] dem-
onstrated that postural sway increased linearly with age,
but was not affected by gender at any age.

Adequate postural control depends on the integration
of vestibular, visual, and somatosensory information of
the body motion. Advancing age accompanied with a
generalized reduction of the vision and vestibular func-
tion. Moreover, Lord et al. [5] reported that deterioration
of postural stability related to aging is associated with re-
duced sensation in the lower limbs as measured by joint
position, tactile, and vibration sensitivities. It not only
affects sensorimotor functions, but also muscle strength
and joint movement associated with declining in age
[8]. Bennell and Goldie [9] demonstrated that particu-
lar range of motion (ROM) of the ankle is an important
risk factor of reducing postural stability. Grimston et al.
[8] and Vandervoort et al. [10] reported that an average
decrement of ankle joint ROM was greater in females
than males with aging. However, available literature on
relationships between ankle strength and ROM variables,
and balance is limited in a population of Korean adults.

The aim of this study is to investigate the changes in
strength and ROM of ankle with aging and to identify
the ankle strength and ROM that significantly contribute
to balance. In addition, we tried to identify which ankle
strength and ROM that could be specifically targeted as
part of an intervention program to improve balance and

Table 1. General characteristics of subjects

Characteristic Groupl Group2 Group3
No. of participants 20 20 20
Age (yr) 27.3£3.7 49.8%9.6  70.4%8.2
Sex

Male 9 8 7
Female 11 12 13

Each group is divided by age: group 1, 20—40 years; group
2, 41-65 years; group 3, >65 years. Compared among the
groups by one-way analysis of variance.

prevent falls in the elderly group over the age of 65.

MATERIALS AND METHODS

Subjects

Participants for this study were recruited as part of a
randomized controlled trial, made up of 60 healthy sub-
jects between 20—74 years of age composed of 24 males
and 36 females. People who have neurologic disease,
musculoskeletal problem, visual problem or vestibular
disease were excluded. Participants were classified into
3 groups (group 1, 20—40 years; group 2, 40—65 years;
group 3, over 65 years) with 20 subjects to evaluate the
changes in ankle strength, ROM, and balance according
to aging. The mean age of group 1 was 27.3+3.7 years,
group 2 was 49.8+9.6 years, and group 3 was 70.418.2
years (Table 1).

Methods

Biodex System 4 Pro (Biodex Medical System, Shirley,
NY, USA) was used to measure ankle strength and ROM.
Ankle muscles responsible for dorsiflexion, plantarflex-
ion, inversion, eversion were assessed and maximal ankle
passive ROM of dorsiflexion, plantarflexion, inversion,
and eversion were measured. Ankle strength and ROM
were assessed with the participant seated in 90 degrees
knee flexion, ankle in neutral position, while keeping
the back straight on a chair with a Velcro strap attached
to a strain gauge placed around the lower leg and foot.

Fig. 1. Isometric strength of ankle dorsiflexor, plantarflex-
or, everter, and inverter are measured by Biodex System 4
Pro.
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Ankle axis was on the same line as equipment axis, and
the handles were held by both hands (Fig. 1). Before test-
ing, all participants had done a stretching exercise for 5
minutes, prior to performing strength and ROM practices
5 times. Visual biofeedback was applied during repeated
practice session. Ankle strength was recorded in Newton
meters (Nm) of isometric power of both ankles. Each
ankle strength exercises were assessed 5 times. Each
subject was encouraged to contract fast and to hold each
contraction for 5 seconds, and they were given 5 seconds
of rest in between trials. The mean value of maximal
strength in isometric contraction is assessed. Ankle joint
ROM of both sides were measured one time and recorded
in degrees at maximal range of passive movement. Each
ankle of dominant and nondominant sides was used as
independent variables.

For quantitative evaluation of balance, Balance System
(Biodex Medical System) was used. All participants un-
derwent a one-leg standing test of both lower extremities
for 20 seconds with their eyes open (Fig. 2). The center of
pressure (COP) was shown by a point on the screen. Body
sway was quantified by displacement of the COP in the

anterior/posterior (AP) and medial/lateral (ML) direc-
tion; and the overall stability index (OSI) was measured
by force platform. Force platform surface was divided
into 2,000 pixels wide and long. Extent of sway was re-
corded as the maximal displacement in pixels in the AP
direction and the ML direction. OSI means displacement
of COP according to tilting angles of the force plate to
represent sway index.

Self-reported Desmond fall risk questionnaire was col-
lected from all participants to evaluate risk of falls. Des-
mond questionnaire consists of 15 questions about expe-
riences of falls and falling sensations.

Statistical analysis

One-way analysis of variance (ANOVA) was used to
compare ankle strength and ROM between each group,
and Spearman’s correlation coefficients were calculated
to evaluate the relationship between ankle strength,
ROM, and maintenance of balance in each group. Sta-
tistical analysis was carried out with SPSS ver. 12.0 (SPSS
Inc., Chicago, IL, USA). A significance level of p<0.05 was
considered.

Anterior Actual Standard
score deviation
Il Overall stability index: 75 2.66

Your score compared to age group of healthy people

Right
I 36531 |
[ 1735yr ]
] v 00 05 1.0 15 20 25 30 35 40 45 50
Posterior Your score: A 72-89 yr: A 54-71 yr:l 36-53 yr: 17-35 yr[@d

Fig. 2. Center of gravity sway and overall stability index are measured using Balance System.

Table 2. Strength of the ankle

Table 3. Range of motion of ankle

Motion (Nm) Groupl Group2 Group3 p-value Motion (°) Groupl Group2 Group3 p-value
Dorsiflexion 25.4+6.9 22.5+4.2 18.5+3.7 0.137 Dorsiflexion 20.9+7.1 17.124.8 15.4+3.2 0.354
Plantarflexion 54.2+10.3 29.3+6.2 25.8+4.1 0.029 Plantarflexion 37.4+9.7 32.8+7.6 32.1+6.4 0.211
Eversion 15.6+3.7 13.3+2.3 10.9+2.1 0.631 Eversion 32.9+6.7 28.715.0 24.3+4.3 0.037
Inversion 14.3+2.1 11.65+1.7 10.0£1.1 0.437 Inversion 30.8£5.1 28.9+4.8 24.9+4.7 0.159

Values are presented as meantstandard deviation.

Each group is divided by age: group 1, 20—40 years; group
2, 41—-65 years; group 3, >65 years. Compared among the
groups by one-way analysis of variance.
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Values are presented as meantstandard deviation.

Each group is divided by age: group 1, 20—40 years; group
2, 41-65 years; group 3, >65 years. Compared among the
groups by one-way analysis of variance.
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RESULTS

Age related changes in ankle strength and ROM

Muscle strength of ankle dorsiflexion, plantarflexion,
inversion, and eversion were declined with aging. Out of
these, only the strength of plantarflexor was significantly
decreased in this study (Table 2). Maximum passive ankle
ROM of dorsiflexion, plantarflexion, inversion, and ever-
sion were declined with aging. Out of all directions, only
eversion ROM was significantly decreased in this study
(Table 3).

Age related changes in maintenance of balance and fall
risk

AP postural sway and ML postural sway were extended
with aging. Especially increments of AP sway had statis-
tical significance in this study. OSI and Desmond score
(DS) were increased with aging. Only DS was significantly

Table 4. Balance index of subject

increased in this study (Table 4).

Correlations between ankle variables and balance
related to aging

Correlations between the ankle strength, ROM, and the
balance are shown in Table 5. There weren’t any strong
correlation between ankle strength, ROM variables,
and balance in groups 1 and 2. The ankle plantarflexor
strength was associated with AP postural sway (p<0.05)
and maximum ankle eversion ROM was associated with
ML postural sway (p<0.05) in group 3. Both AP and ML
sway was correlated with DS (p<0.05).

DISCUSSION

Balance is the ability to maintain equilibrium and
orientation in a gravitational environment. The main-
tenance of balance is influenced by multifactorial sen-

Motion Group 1 Group 2 Group 3 p-value
Anteroposterior sway (pixel) 693.5+£120.1 752.5+£169.0 1,079.6+268.7 0.039
Mediolateral sway (pixel) 456.1+97.8 535.3+138.4 746.8+188.1 0.861
Overall stability index 1.8+0.3 2.0£0.4 3.2+0.8 0.271
Desmond score 2.7+£0.7 3.8+0.9 B2zl 1l 0.041

Values are presented as mean#tstandard deviation.

Each group is divided by age: group 1, 20—40 years; group 2, 41—65 years; group 3, >65 years. Compared among the

groups by one-way analysis of variance (ANOVA).

Table 5. Correlation between stability index and strength and range of motion of ankle related to aging

Group 1 Group 2 Group 3
0SI1 DS AP ML 0SI AP ML 0OSI AP ML
sway sway sway sway sway sway

Strength

Dorsiflexion  -0.006 0.039 0.074 0.021 0.058 0.058 0.205 0.084 0.048 -0.098 -0.262 0.230

Plantarflextion 0.094 0.026 0.179 0.230 0.061 0.067 0.143 -0.161  0.683* 0.725* 0.658* -0.151

Eversion 0.009 -0.002 0.085 0.074 0.094 0.032 0.039 0.185 -0.191 -0.112 -0.029 -0.042

Inversion 0.049 0.027 0.070 0.062 0.009 0.079 0.104 -0.002 0.012 0.012 0.083 0.187
Range of motion

Dorsiflexion  -0.097 0.114 -0.142 -0.055 0.049 -0.076 0.108 0.051 0.377 -0.185 0.339* -0.201

Plantarflextion 0.027 0.067 0.092 0.005 -0.193 0.056 -0.043 0.048 -0.112 -0.110 -0.201 0.209

Eversion -0.193 -0.128 -0.176 -0.201 -0.031 0.051 0.076 -0.031 0.714* 0.665* 0.060 0.660*

Inversion -0.031 0.104 -0.052 -0.051 -0.009 0.080 0.079 -0.019 0.301 0.191 0.182 0.182

Values are correlation coefficient. Each group is divided by age: group 1, 20—40 years; group 2, 41—65 years; group 3,

>65 years.

OS], overall stability idex; DS, Desmond score; AP, anteroposterior; ML, mediolateral.

*p<0.05.
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sorimotor factors, including visual acuity, vestibular
function, peripheral sensation, cerebellar function, and
muscle strength of both lower extremities. Several neu-
romuscular diseases and drugs affect impairment of bal-
ance. To maintain balance, kinesthetic sense from pro-
prioceptor support postural control. Kinesthetic sense
information intends joint position and motion, such as
tension or pressure of muscle and ligament, for keeping
joint position and velocity or acceleration during joint
movement. This kinesthetic information integrates with
visual and vestibular sensation to maintain balance.

Berg Balance Scale, functional reach test, Tinetti perfor-
mance oriented mobility assessment, get up and go test,
are clinical validated balance tests for the elderly. Woo et
al. [11] demonstrated that balance ability was decreased
according to the increase in age, tested by Berg balance
scale, Tinetti performance oriented mobility assessment
and one-leg standing. However, these clinical balance
tests are less objective, nevertheless, commonly used
in practice because it is easier to perform. Therefore,
there is a need of methods to evaluate the objective and
quantitative. Balance System (Biodex Medical System), a
device we used in this study can measure COP. The dis-
placement of COP represents criterion of stability.

Laughton et al. [12] reported that elderly fallers dem-
onstrated significantly greater amounts of sway in the AP
direction and greater muscle activity during quiet stand-
ing compared with the young subject, and Lim et al. [13]
demonstrated low directional control and low on-axis
velocity in front/back rhythmic weight shift than right/
left in older groups. The findings of this study also dem-
onstrate that both AP sway and ML sway were increased
with age, but only AP sway has significantly increased
with age. According to the increase of age, keeping of
static balance was considered to increase in the AP sway.
The findings of this study demonstrated that OSI and
DS were increased with age. Only DS is significantly in-
creased with increasing age.

Muscle weakness is an important factor associated
with falls in the elderly. There have been reports of hip
abductor, knee flexor, knee extensor or ankle dorsiflexor
weakness related to an older adult’s fallen status [1,14].
Hip abductor has an important role in maintaining body
alignment at the initial stance phase, as they provide
lateral support at hip joint. Knee extensors provide ec-
centric contraction needed during the loading phase
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of the gait cycle. Knee flexor and ankle dorsiflexors are
involved in lifting the lower limb during the swing phase
of gait, thereby allowing sufficient clearance of the toes
over the ground; which is important in the prevention
of tripping [15]. In a contrary, Spink et al. [16] reported
that age related changes of foot problems are common
and it impairs balance and increase the risk of falls. Par-
ticularly, hallux plantarflexor strength and ROM of ankle
inversion-eversion were the variables most frequently as-
sociated with the balance and functional ability in older
people [16]. Our findings of this study demonstrate that
ankle plantarflexor strength is significantly declined with
aging and there is a significant association between ankle
plantarflexor strength and AP sway of COP and OSI in
the elderly. Plantarflexor has a role in supporting weight
of body and providing stability at the ankle and feet for
standing and gait, whereas dorsiflexor muscles against
gravity during the swing phase of gait clear the feet from
the floor. Our findings suggest that static balance may be
related to plantarflexor strength more than dorsiflexor
strength.

Not only strength of muscles, but also joint movement
is influencing maintenance of balance. Amundsen [17]
reported that most of the ROM in lower extremities are
reduced with age. Woo et al. [11] demonstrated that the
flexibilities of lower extremities were decreased accord-
ing to an increase in age. Flexibility of the ankle joint, in
particular, showed the strongest correlation with clinical
balance score with age. Horak et al. [18] reported that
ankle strength and flexibility are required when the body
is exposed to gravity or external force at first. The find-
ings of this study demonstrate that ankle eversion ROM is
significantly declined with aging and there is a significant
association between ankle eversion ROM and ML sway of
COP and OSI in elderly. Our findings confirmed signifi-
cant decline in balance due to aging in consequence of
muscle weakness and motion limitation of the ankle. This
may be a result that ankle strength and ROM acts as an
important role of postural control at the initial of stance
phase. Therefore, impairment of balance in healthy older
adults has been related to muscle weakness and impair-
ment of ROM in the ankle. However, strength and ROM
of hip and knee joints were not assessed in this study. As
such, additional research is needed to evaluate the cor-
relations between hip and knee strength and ROM and
balance in older adults.
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In our study, subjects had only 5 seconds rest between
isometric contractions. Due to shortness of resting peri-
od, this study has the limitation that muscle fatigue can-
not be excluded in each trial. Another limitation of this
study is that each ankle of dominant and nondominant
sides was used as independent variables. The dominant
side may affect correlation in strength and balance. Fur-
ther, balance removed visual input is not assessed and
that variance of visual compensation is unaccounted for.
Also, further research are required to establish whether
intervention programs that include strengthening and
stretching exercises for the ankle may achieve improve-
ment in balance and functional ability, thereby play a
role in the prevention of falls and loss of independence in
older people.

In conclusion, this study shows that ankle strength,
ROM and control of balance were declining and risk of
falls was increasing with aging. In particular, weakening
of ankle plantarflexor and decline of ankle eversion ROM
are important determinants of balance and falls in elderly
people. Therefore, it is necessary to assess ankle strength
and ROM, while evaluating falling risks. In addition,
further studies are needed for intervention programs to
improve the strength and flexibility of the ankle are ben-
eficial in improving balance and prevention of falls in the
elderly.
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