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ABSTRACT

Menopause is an age-dependent physiological
condition associated with a natural decline in
estrogen levels, which causes a progressive
decrease in muscle mass and strength, and bone
density. Estrogen deficiency occurring during
menopause will affect both the gynecological
area and the whole body which will directly act
on skeletal muscle through estrogen receptors.
Although various factors are associated with
falls in menopausal women, impaired balance
and mobility have been consistently identified
as the main risk factors.

Identification of the factors associated with
balance and fall risk may enable therapists to
design treatments to help reduce the risk of falls
and the consequences. Since the impact of
impaired balance and fall risk among
postmenopausal women is undefined. The
purpose of this study was to assess the
relationship between ankle range of motion and
muscle strength with balance and fall risk in
post-menopausal women. The ankle ROM and
muscle strength were examined by using a
universal goniometer and push-pull hand-held
dynamometer respectively; the balance was
assessed by Y balance test (YBT) and fall risk
was measured by Fall Efficacy Scale
International (FES-I). Karl Pearson correlation
coefficient was used to find the relationship
between ankle ROM, ankle strength, balance,
and fall risk among postmenopausal women
which showed a low positive correlation
between the ankle ROM and YBT whereas a

moderate positive correlation between the ankle
strength and YBT which was statistically
significant. The correlation between FES-I and
ankle ROM and ankle strength were high and
moderate  respectively which was also
statistically significant.

Keywords: Postmenopausal women, ankle range
of motion, ankle strength, balance, fall risk,
YBT

INTRODUCTION

The loss of muscle mass begins
substantially at the age of 50 and continues
afterward with similar gender-independent
changes, such as increased inflammation
and satellite cell senescence, reduced
myocyte regeneration and protein synthesis,
and several other gender-dependent
alterations caused by the age-associated
decrease of sex hormones. ™“Due to the
decrease of testosterone in men and
estrogens in women, people of both genders
experience sarcopenia. Although in general,
men show a greater decay in muscle mass,
women frequently present with sarcopenia,
since their muscle mass level at a young age
is physiologically much lower. #4

In women, the age-related decline of
skeletal muscle mass and strength
accelerates with  the beginning of
menopause.! Women tend to lose muscle
strength around the 5th and 6th decades of
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age.’® “As such, some studies showed that
women experience a 21% decrease in
strength between the age of 25 and 55
years.’/As with muscle mass, the loss of
muscle strength appears to be concurrent
with the occurrence of menopause. %2
Some authors suggested that the loss of
muscle strength coincides with the estrogen
deficit of menopause.”'>*!IThe decrease in
muscle strength can play a detrimental role
in physical function impairments, such as
rising from a chair, walking speed, climbing
stairs, and the capacity to recuperate after a
loss of balance.****"]

It has been well established that
there is a decrease in ROM with age from
birth until early adulthood. ®Although
elderly men and women without health
problems demonstrate large changes in
ankle ROM, women show greater age-
related declines than men do. It is believed
that decreased ankle ROM may require
altered movement patterns, and these altered
movement patterns may compromise
balance, thus limiting functional activities
such as ambulation. Furthermore, decreases
in postural control may result from the use
of motions at the hip or trunk that is
required to compensate for restrictions in
motion at the ankle.*) Grimston et al. and
Vandervoort et al. reported that an average
decrement of ankle joint ROM with aging
was greater in females than males.[?*?!

A recent study also demonstrated the
significant decline in balance performance
between the ages of 40 and 60 for women,
using tests of postural stability.”?Although
various factors are associated with falls,
impaired balance and mobility have been
consistently identified as the main risk
factors.”Furthermore, a range of foot and
ankle characteristics that may not be
considered to be “foot problems”- such as
foot posture, range of motion (ROM), and
strength are associated with balance but
have not yet been evaluated as potential fall
risk factors.?"

The primary aim of this study was to

balance and fall risk in postmenopausal
women. Considering the fact that the
relationship is less clear in postmenopausal
women who are not yet in the geriatric age
group, the results thus established can help
to devise therapeutic strategies to prevent
adverse events like falls and fractures in this
group particularly in those who are not
under hormone therapy.

MATERIALS AND METHODS

A cross-sectional study was carried
out in a tertiary care hospital in Mangaluru,
India within approximately one year. 15
subjects selected by convenience sampling
method were included in the study. Ankle
range of motion (plantarflexion,
dorsiflexion, inversion, and eversion) of the
right lower limb was measured by a
universal goniometer. The ankle strength
(plantarflexion, dorsiflexion, inversion, and
eversion) was assessed using a push-pull
handheld dynamometer. The Y-Balance
Test-Lower Quadrant was used to measure
the balance after calculating the composite
score according to the formula {(sum of all
three directions)/(limb lengthx3)}x100. !
The Falls Efficacy Scale International (FES-
I) questionnaire was used to estimate the fall
risk among the subjects.

Women who were aged 45-65 years,
at least 12 months since last menstruation of
natural causes, and who were willing to
participate in the study were included in the
study. Participates with an ankle sprain,
swelling, lower extremity injury, fracture or
surgery of  lower limb,  severe
musculoskeletal disorders like ankylosing
spondylosis and rheumatoid  arthritis,
neurologic disease like stroke, Alzheimer’s
disease, Parkinson disease, visual problem
or vestibular diseases like BPPV and
labyrinthitis, subjects who had undergone
surgeries like hysterectomy, those under
hormone therapy and subjects who were
currently using an assistive device were
excluded from the study.

examine the relationship between the ankle ~ Statistical - method: ~ Karl  Pearson’s
range of motion and ankle strength with correlation  coefficient was used to
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determine the relationship between ankle
ROM, ankle strength, balance, and fall risk
among postmenopausal women. The level
of significance was set at 5% to measure the
correlation of ankle ROM and muscle
strength with balance and fall risk in the
study subjects.

RESULTS

Table 1: Age-wise distribution of the study participants
Age (in years) Frequency Percent

45-47 2 133

48-50 9 60.0

51-53 2 13.3

54-56 2 13.3

Total 15 100.0

Table 2: Correlation of ankle range of motions and ankle strengths with YBT and FES -I.

Linear (ar_pf rt)

38

Outcome Range of motions (ROM ) Ankle Strengths
measures PF DF I\ EV PF DF I\ EV
YBT -.069 122 -.006 .102 291 161 406 .343
FES - | .851** | .675** | 636* | 428 | 413 | 219 | .554* | .268
**, Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 1: Scatter diagrams of plantarflexion(ROM) and FES-I.
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Figure 2: Scatter diagrams of dorsiflexion (ROM) and FES-
*ar_df_rt = ankle ROM, dorsiflexion

The mean age (in years) of the study
participants was 49.7 years with a standard
deviation of 3.1 years. The minimum age is
45 years and the maximum age is 56 years.
It is observed that 9(60%) of the individuals
are in the age group of 48 to 50 years (Table
1). Very low negative to low positive
correlation was observed between the ankle
range of motions and YBT shown in Table
2.Table 3 represents a low to a moderately

positive correlation between the ankle
strength and YBT. High Positive correlation
was observed between plantarflexion and
FES - | (r=+0.851) and was statistically very
highly significant (p<0.001) as presented in
Table 4. Also, dorsiflexion was found to be
moderately positively correlated with FES -
I(r=+0.675) and was statistically highly
significant (p<0.01). A moderate positive
correlation was observed in Table 5 between
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ankle strength and FES - I-1 (r=+0.554) and

was statistically significant (p<0.05).
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Figure 3: Scatter diagrams of inversion (ROM) and FES-I
*ar_inv_rt = ankle ROM, inversion
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Figure 4: Scatter diagrams of inversion (strength) and FES - |
*ar_inv_rt = ankle ROM, inversion

DISCUSSION

The cross-sectional study was
designed to find the relationship between
ankle ROM, ankle strength, balance, and
fall risk among postmenopausal women
who had never received hormone therapy
considering that studies have found that
hormonal repositioning improves postural
balance and probably muscular strength in
postmenopausal women.*?®! Ankle ROM
was measured by a goniometer, ankle
strength by push-pull hand-held
dynamometer, balance by the YBT, and fall
risk by FES-I. FES-1 with ankle ROM and
ankle strength had a strong and moderate
correlation, respectively. Range of motion
in lower extremities has been seen to reduce
with age, and impairment of balance in
healthy older adults has been related to
muscle weakness and impairment of ROM
in the ankle. ?”-?8 It has been postulated that

all ankle movements play a major role in
maintaining balance.

The significant  difference in
normative values for the 50-59-year-old
group and the older groups, as well as a
moderate correlation with other balance and
gait measures, has been seen in scores of the
LQ-YBT, in previous studies, indicating
that it may be used for assessment of
dynamic balance in healthy women 50-79
years old.?JAllet et al. found an association
between deficits in plantar flexor strength
and walking during self-selected speeds and
suggested that this weakness influences
joint movements and muscle power that are
important for balance and gait speed.*® But
in the present study, the YBT and lower
limb strength in each muscle were poorly or
moderately correlated in postmenopausal
women, and also, the lower limb muscle
strength of the study group was significantly
low in this age group.
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In males, lower Ilimb strength
declines gradually, whereas in females it
declines sharply after menopause. ®?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.
31331 On the contrary, Spink et al. reported
that age-related changes of foot problems
are common and it impairs balance and
increases the risk of falls. Particularly,
hallux plantarflexor strength and ROM of
ankle inversion-eversion were the variables
most frequently associated with the balance
and functional ability in older people.
BB4plantarflexors have a role in supporting
the weight of the 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.
MacGilchrist et al. suggested that fall risk; a
variable related to balance control, is
attributed to decrease ankle dorsal flexion
strength and decreased walking speed. !

Falls are particularly related to early
postmenopausal estrogen deficiency. 637!
Early menopause can cause estrogen
deficiency, which can disrupt the nervous
system's regulation of body balance. FES-I
have been shown to be highly correlated
with fall risk in postmenopausal women. B!
In a previous study, 28.8% of
postmenopausal women aged >50 years
reported falls in the previous year. *¥In the
same study, among the clinical balance
measures, the FES-I was the best
independent predictive factor for future falls
with a cut-off score of > 26 points.

In the present study, the FES-I result
observed in postmenopausal women shows
a significant correlation between all the
variables of ankle range of motion. The
findings in the present study also indicate a
highly significant correlation between FES-
| and plantarflexion (r=+0.851) and a
moderate positive correlation with FES-I
(r=+0.675) which was statistically highly
significant. The ROM data was collected in

the knee extended position, as this position
is used in functional situations that
challenge balance. Balance and ankle ROM
was not substantially correlated, thus
indicating that a short gastrocnemius muscle
length may not be the cause for decreased
ROM at the ankle. The reduced balance
performance associated with restricted ankle
ROM is probably due to capsules,
ligaments, and other non-contractile tissues,
or due to post-menopausal sarcopenia or
osteoporosis.

The present study provides new
insight about risk factors associated with
balance and fall risk in post-menopausal
women and brings attention to the need to
educate the study population on the
importance of engaging in physical activity
to improve and maintain a healthy aging
process. ldentification of risk factors can
help devise prevention and treatment
strategies that will prevent the study
population from self-restriction and help
them to be independent as age progresses.

LIMITATIONS

There are some drawbacks to this
research that should be considered. Firstly,
the entire participant who took part was
right-footed and the assessment was done on
the right foot. Secondly, it was conducted
between groups of relatively healthy and
independent postmenopausal women aged
45 to 65 years, and these results cannot be
generalized to all older women.

Further studies to evaluate postural
balance and its relationship to falls are

warranted as they are important for
developing preventive and successful
interventions as well as improving

postmenopausal women's quality of life.

CONCLUSION

The present study concluded that the
postmenopausal women in this study
demonstrated a relationship between ankle
ROM, muscle strength, balance, and fall
risk. Evaluation of postural balance and its
relationship to falls is foremost for
developing preventive and successful
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interventions  as

well as improving

postmenopausal women's quality of life.
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