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ABSTRACT

Background: Dynamic balance control is required to perform simple and complex mobility task in our day-to-day
life. Deficit in balance can results in falls and fractures which can affect health-related quality of life. Menopause is
also considered as a risk for fracture due to osteoporosis, which at later life becomes difficult to manage and causes
higher morbidity. So, evaluation of balance and bone density is important in middle-age in women, so that we can
plan and administer proper treatment strategies at an early stage which can reduce risk of falls and fractures.
Therefore, the aim of the study was to assess and compare dynamic balance and bone density in premenopausal and
postmenopausal middle-age women.

Methods: Female participants in the age-group of 40-60 years were divided into premenopausal and postmenopausal
group based on the criteria of cessation of menstrual cycles for minimum one year. Participants were assessed
barefooted for dynamic balance by physical performance mobility tests such as narrow walk test (NWT), Figure-of-8
walk test (FSWT), obstacle walk test (OWT) and normal gait speed (NGS). Bone density was evaluated by using
ultrasound bone densitometer at calcaneus in community setting.

Results: The time taken to complete the NWT, FSWT, OWT was reduced significantly (p<0.05) in post-menopausal
group, showing dynamic balance is significantly affected in postmenopausal women when compared with
premenopausal women in middle-age group. Gait speed was also reduced in both the groups but it was significantly
reduced (p<0.05) in postmenopausal group. Also bone density decreases significantly in post-menopausal group
showing osteoporosis, premenopausal group also showed osteopenia when assessed by ultrasound bone densitometer
in community setting.

Conclusions: Dynamic balance and bone density significantly decreases in post-menopausal middle-age women as
compared with pre-menopausal middle-age women.

Keywords: Dynamic balance, Bone density, FSWT, Gait speed, Narrow walk, Obstacle walk, Physical performance
test, Post-menopausal

INTRODUCTION

Dynamic balance control is required to perform all
mobility tasks in our day-to-day life. Balance control
consists of controlling the body’s center of mass over its
limits of stability, while at rest or performing movements
and requires integration and complex coordination of
sensory, musculoskeletal and neural systems to increase
the efficiency of upright postures needed for efficient

movements.! Any deficit in sensory systems such as in
vision, vestibular and proprioceptive systems can affect
our postural stability. Similarly, impairments in
musculoskeletal systems such as decreased strength of
muscles, decreased bone strength, reduced flexibility of
connective tissues and muscles, also affects dynamic
balance and results in decline in physical function which
can restrict activities of daily living. Decline in physical
function in turn leads to decreased in muscle and bone
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strength, which creates fear of movement and can cause
falls in the household or community settings.

Fall is one of the commonest problems faced by senior
and elderly population globally.? According to WHO in
April 2021, an estimated 684000 fatal falls occur each
year, making it the second leading cause of unintentional
injury death, after road traffic injuries. Over 80% of fall
related fatalities occur in low-and middle-income
countries, with regions of the Western Pacific and South
East Asia accounting for 60% of these deaths which are
highest among adults over the age of 60 years. According
to Pitchai et al in 2019 prevalence of falls in population
above the age of 60 years within Mumbai city,
Maharashtra was 24.98%.%> However, in India it ranged
from 26% to 37% across various regions and risk of fall
is higher among female elderly population.*

Advancing age is also a risk factor for fall and can cause
fractures, serious injuries, future disabilities and
hospitalization affecting their health-related quality of life
in older adults.>®* Women are more prone to fractures
earlier than men, due to changes in their hormonal
exposure during and after menopause.” Menopause have
an adverse effect on overall musculoskeletal health at
midlife and beyond.®® Estrogen is an important hormone
which helps to maintain female musculoskeletal system
in a healthy state. Estrogen deficiency around menopause
results in adverse effects on health of bones, muscles,
ligaments, tendons, collagen cartilage, synovial
membrane and capsule of joints causing sarcopenia and
osteoporosis.>!?

Osteoporosis is the condition characterized by decrease
bone density. It is largely prevalent in India and have
multiple causative factors including nutrition, sedentary
lifestyle, geographic area, decreased exposure to sunlight
calcium and vitamin D deficiency and hormonal
imbalances but menopause is the most important risk
factor for developing osteoporosis in women.®!!
Osteoporosis is largely, a preventable condition, but
diagnosis is seldom done till osteoporotic fracture occurs.
Decrease in bone density, reduce bone strength and
muscle weakness increases the risk of falls by impairing
balance and mobility, thus increasing the incidence of
osteoporotic fractures in postmenopausal women and can
lead to high morbidity, mortality and financial burden
impairing health-related quality of life.!*!'® Therefore,
preventing falls and fracture risk should always be a
fundamental physical therapy goal in such individuals.
Reduction in fall and fracture risk should focus on
screening of bone density and related balance
impairments at regular intervals and incorporating
exercises aiming to improve balance and bone strength in
earlier middle age of life, rather than in later years of life
where it becomes difficult to manage.

In order to prevent disabilities arising from falls and
fractures, simple screening tools for assessing balance
and bone density which are cost-effective and easy to

administer for larger community population are needed to
identify people with impairments at an earlier and
possibly more treatable phase. Fracture risk can be
assessed by DEXA, quantitative ultrasonography,
computed tomography. DEXA is a known to be a gold
standard for assessing bone mineral density, however it
exposes patients to harmful ionizing radiations and is
costly for patients in community settings.!” So
alternatively quantitative ultrasound can be used to assess
bone strength for larger community population for
screening purposes as it is reliable, easy to administer and
is cost-effective and portable.!”

Challenging the balance conditions may stress the ability
to adapt walking or physical performance in the presence
of subclinical abnormalities in the balance ability of the
individual. Thus, it may provide the means to detect early
alterations in balance and mobility, and can assess the
risk of falls.!® Various clinical screening tools includes
challenges in walking to assess dynamic balance and
mobility as most of the fall occurs during walking. This
physical performance tests can provide early indication of
impaired dynamic balance and predicts risk of falls in
postmenopausal women. '3

The use of challenging balance conditions to detect
subclinical risk of balance impairment has been reported
in aging population.®'®!° In a systematic review done by
Muir-Hunter, gait performance under challenging
conditions was predictive of falls.?’ Brach et al assessed
gait in older adults during the challenging conditions
using narrow walk and obstacle walk to uncover mobility
difficulty, that is not identified by usual gait testing.?!
Nolan et al evaluated age-related changes in
musculoskeletal function, balance and mobility measures
assessed by performance tests in men in the age group of
30-80 years of age.?

Much of the available literature focuses on evaluation of
balance in older adults and postmenopausal women
above the age of 60 years, where aging changes are more
readily evident when assessing for balance.!*!'® However,
there is paucity of literature for assessment of balance in
middle aged females in their perimenopausal and early
postmenopausal period. It gets difficult to treat the
morbidity related with serious injuries and osteoporotic
fractures due to falls in older female adults. So, timed
physical performance tests which are sufficiently
challenging to assess dynamic balance in middle age
women are needed, since an early detection of loss of
balance and low bone density is important to prevent the
risk of falls and assess fracture risk in later life.? Patel et
al suggested that the older adults who reported higher
levels of physical activity in midlife had better mobility
in old age than less physically active ones.?* If
impairments of dynamic balance are known in this
middle-age female population, treatment strategies to
improve dynamic balance and bone strength can be
routinely instituted in early middle age to prevent fall and
future disabilities associated with it in later life.
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Therefore, there was a need to assess dynamic balance
and bone density in middle early age, so as to prevent the
risk of falls and fall related osteoporotic fractures which
can be done by planning proper treatment strategies.

METHODS

The study design was observational and was conducted
through a period of 2016-2019 in accordance with the
declaration of Helsinki and was approved by institutional
ethical review board of Government medical college and
hospital, Nagpur. The study was conducted at
Government medical hospital, Nagpur, India. All
participants who agreed to participate in the study
provided written informed consent and parts and
procedure were explained in the language they
understood. Female participants in the age group of 40-60
years were included. They were categorized into two
groups based on their menopausal status. Participants
who were having regular periods and participants who
were having missed and irregular periods, hot flushes,
mood swings, hormonal imbalances were also included
and were categorized into pre-menopausal group. Post-
menopausal group was categorized by the criteria of
participants having cessation of periods or menstruation
for 1 year.

Participants with severe osteoarthritis of hip, knee and
ankle, rheumatoid arthritis, neuromuscular disorders,
major surgery in previous six months, pregnancy,
hysterectomy, hormone replacement therapy, thyroid
surgeries, malignancy, vestibular disorders, structural
scoliosis, peripheral neuropathy or any musculoskeletal
condition, which would affect mobility of the individual
and athletes were excluded from the study. The 148
participants were screened and enrolled for the study.
After explaining the parts and procedure of the study,
participants were assessed by primary investigator for a
demographic and clinical assessment. Two participants
having rheumatoid arthritis, and one participant having
severe osteoarthritis of knee were excluded from the
study. Total 145 female participants were included and
provided written informed consent prior the study in the
language they understand. The 76 female participants
were included in premenopausal group (n=76) and 69
female participants were included into post-menopausal
group (n=69).

Procedure

Demographic and clinical assessments were done for
each  participant at  physiotherapy  department,
government medical college according to the case record
form and took approximately 15 mins time for each
participant. The materials used for assessments were
stature meter, stopwatch, measuring tape and colored
floor markers, two different sizes obstacle blocks,
ultrasound bone densitometer Furuno CM-200, Tanita-
364 bioelectrical Impedance machine. Height was
measured by stature meter. The participants were asked to

stand straight barefooted and nearest 0.5 cm was taken as
round off for height measurement. Weight and BMI were
measured by Tanita-364 bioelectrical impedance
machine.”® Participant were asked to stand on the
machine barefooted and hand piece was held in both
hands, keeping the elbows straight with shoulder at 90
degrees of flexion and readings were recorded from
display panel. Daily physical activity was assessed by
self-reported walking. Approximate walking time was
noted by participant as the average walking she does in a
day excluding her activities in her household work and
activities of daily living. Bone density was assessed by
ultrasound bone densitometer Furuno CM-200. The
participant was asked to keep her right heel with adequate
aquasonic gel applied, on the foot piece of machine. Bone
density was measured at calcaneus bone and score was
given as T-score by the machine and was noted into the
case record form.?® Participant was further taken for
physical performance assessment tests to evaluate
dynamic balance.

Physical performance tests for dynamic balance

Participants were asked to perform timed physical
performance tests, that was, NWT, FSWT, OWT and NGS
for dynamic balance.!®?”?® The procedure to perform the
tests was explained to the participants individually and
trail was shown by investigator before performing the
test. The participants performed the tests barefooted and
the time to complete the test was noted in seconds for the
single attempt. The persons who were not able to
complete the test in first attempt or had deviations from
the colored path were asked to rest for 5 mins and again
perform the test.

NWT

For narrow walk, participant was asked to walk a 4-meter
distance walkway at their usual pace within a 15-cm-wide
path marked on floor with black colored tape and time
taken to complete the distance was recorded by the
stopwatch. Participants were instructed to walk keeping
their feet within the taped lines.

Figure-of-8 walk test (FSWT')

Participant were instructed to walk at their usual pace on
a figure-of-8 pattern drawn (5 ft) apart drawn with black
tape on the floor. The participant started the walk with
their normal walking speed from the centre of figure-of-8
and completed the walk at centre of figure-of-8 pattern.
Time taken to complete the figure-of-8 colored pattern
was recorded by the stopwatch.

owT

Participant were asked to walk a 7-m course at her usual
walking pace and stepping over 2 obstacles of different
height. One obstacle was 6 cm tall and 2 cm wide
rectangular (6x2 cm) and was positioned 2 meters from
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the starting line, and the other obstacle was 30 cm tall and
2 cm wide rectangular (30x2 cm) and was positioned 4
meters from the starting line. Participants were instructed
to get past obstacles without touching them and time
taken to complete this task was recorded.

NGS

The participants were asked to walk at their comfortable
walking speed on a 10-m walkway. Initial and last meter
of walkway was not included in calculating gait speed to
minimize the acceleration and deceleration effect of gait.
Time taken to complete central effective 8-m walkway
was noted and gait speed was calculated.

Statistical analysis

The data analysis is done by GraphpadlInstat 3.1 software.
Descriptive statistics are stated as mean and standard
deviations. Students t test was used to compare baseline
characteristics between pre-menopausal and post-
menopausal groups. Statistical significance level is set at
p<0.05.

RESULTS

Table 1 shows descriptive characteristics of
premenopausal and postmenopausal women in the age
group of 40-60 years. Participants were assessed in
premenopausal group (n=76) and postmenopausal group
(n=69) for age, BMI, self-reported walking, BMI and
physical performance tests for dynamic balance.

Age

The mean age in premenopausal group was 42.85+3.66
years with 50th median percentile of 41 years, whereas in
postmenopausal group mean age was 51.30+4.24 with
50th median percentile of 50.

Body mass index (BMI)

Mean body mass index of premenopausal group shows
women with normal BMI, whereas postmenopausal
group shows overweight range. This showed that BMI
tends to increase in postmenopausal women.

Table 1: Descriptive statistical data for premenopausal and postmenopausal women.

Variables

Median (50th%) Mean+SD

Median (50th%)

Mean+SD
Age (years) 42.85+3.66 0.42 41.00
Height (cm) 155.61+6.47 0.74 155.00
Weight (kg) 61.59+10.55 1.21 61.65
BMI (kg/m?) 24.54+4.50 0.51 25.20
Self-reported 2453+13.71 157 20.00

walking (mins)

51.30+4.24 0.51 50.00
150.65+6.17 0.74 151.00
61.97+9.89 1.19 60.60
27.42+3.81 0.45 27.10
24.27+12.07 1.54 20.00

Table 2: Comparison of measures of dynamic balance between premenopausal and postmenopausal group.

Premenopausal women, (n=76)

Measures of Median
Mean+SD SEM

dynamic balance

Postmenopausal women, (n=69)

(50th%)

NWT (sec) 5.73+1.62 0.18 5.50
OWT (sec) 7.64+1.20 0.13 7.49
F8WT (sec) 11.04+3.64 041 9.19
GS (mfs) 1.09+0.15 0.017 1.085

Bone density -1.78+0.65 0.07 -1.70

Median P value
Mean£SD SEM (50th%s)
6.60+2.25 027 6.12 2917 0.0042**
9.02¢1.19 023 877 ERPOR O
13.13+471 056 11.95 2962  0.0036**
101+017 002 0.98 2898 0.0044**
2124060 007 -2.20 3190  0.0018**

P values significance level set at p<0.05, *Significant, **Highly significant, ***Extremely significant, § footnotes, NWT-Narrow walk
test, FRWT-Figure of 8 walk test, OWT-Obstacle walk test, GS-Gait speed.

Self-reported walking

Self-reported  walking in  premenopausal and
postmenopausal group is showed approximately 25 mins
of walking other than their household and ADLs in both
the groups.

NWT

Time taken to complete the NWT measured in second
was significantly increased (p=0.0042) in
postmenopausal women as compared to premenopausal

women.
owT

The mean time taken for completing the OWT in secs
was increased in postmenopausal women when compared
with premenopausal women, showing significance level
of p<0.0001 which is extremely significant when
compared between the groups. This showed that the,
walking speed decreases in post-menopausal women
when they were challenged with different obstacles.
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F8wT

Mean time taken for completing FSWT test in sec also
significantly increased (p=0.0036) in post-menopausal
group when compared with pre-menopausal group.

NGS

NGS was significantly decreased with p=0.0044 in
postmenopausal group when compared to premenopausal

group.
Bone density

The mean values of bone density measured at calcaneus
showed osteopenia in premenopausal group and
osteoporosis in post-menopausal women showing that
bone density in women significantly decreases
(p=0.0018) with menopause status.

DISCUSSION

The present study was aimed to assess and compare
dynamic balance and bone density in premenopausal and
postmenopausal females in the age-group of 40-60 years
of age. The result of the present study suggested that
performance based dynamic balance and bone density
were significantly decreased in postmenopausal women
when compared to premenopausal women. In this study,
challenging dynamic balance performance test were used
such as NWT, which required a greater medio-lateral
stability to walk in tandem pattern on a line, OWT which
measured the ability to walk into our environment with
obstacles around and participant required to adopt
different strategies to overcome obstacles and figure-of-8
pattern gave an insight of straight and curved walking
which is more apt measure of dynamic balance and
mobility in community setting.’” GS was also assessed as
this was a requirement of daily activities.®?®

The results of the present study are in accordance with
the study done by Cheng et al and Sowers et al where
they found that the balance performance was decreased in
postmenopausal women  when  compared @ to
premenopausal women. This study evaluated static
balance performance in the middle-age women (43-57
years) using one-legged standing with eyes open and
closed.?’ Sowers et al also longitudinally studied physical
function and walking ability of pre-and peri-menopause
females and menopause over a period of 5 year of the
same participants using performance-based measures like
gait speed, stair climbing, forward reach test and sit-to-
stand.3* He found that gait speed was decreased over a
period of 5 years, suggesting women with menopause
were more vulnerable for decline in physical
performance. There are very few comparative studies
reported in literature with respect to pre- and
postmenopausal status.!*3! Also, most of the studies
focused more on evaluation of balance in older
adults.2!2232

Nolan et al studied age-related changes in balance and
mobility measures with the timed-up-and-go test, step
test, forward and lateral reach test in men aged 30-80
years and found that the significant decline in balance
and mobility started around the 60 years of age in men.??
In the present study, significant decline in balance ability
was seen in postmenopausal group which had a mean age
of 52 years, this may suggested that decline in balance
performance started early in females and this decline can
be attributable to the musculoskeletal and bone changes
related with menopause in women as compared to men of
the same age group.

A significant increase in time to complete the 15 cm wide
narrow walk way at their preferred speed was noted in the
postmenopausal ~ group  when  compared  with
premenopausal group. Bandinelli et al evaluated fast
narrow corridor walking (15 cm wide) in individuals of
65-74 years of age and recorded mean values of 3.63+1.4
for females and 2.54+1.2 sec for males.?’” Cook et al
assessed fast narrow corridor walking test and fast 7-
meter obstacle walking and found mean speed of 1.39
m/s and 0.47 m/s respectively in adults less than 65 years
of age and found greatest percentage of walking velocity
decrease in narrow corridor walk test.'® In present study,
middle-age females were asked to walk at their preferred
speed for the mobility tests and found significant
decrease in walking speed in NWT (0.59 m/s) in post-
menopausal group as compared to premenopausal group
(0.69 m/s) and, also in OWT (0.77 m/s) in
postmenopausal group when compared to premenopausal
group (0.91 m/s). According to Bandinelli, time taken to
complete 10m obstacle walk pathway in OWT at normal
preferred speed was 6.89+0.41, the speed was 1.45 m/s.
When compared with the normal obstacle walk speed, in
present study we used 7 m walkway two obstacles in
between the pathway and found that both premenopausal
and postmenopausal group have decreased speed.

Our results were also similar to the study conducted by
Isles et al where they evaluated dynamic balance control
in 20-80 years of age in women in age. They evaluated
timed up and go test, step test, functional reach test and
lateral reach test and found that decrease in balance
performance starts from the fourth decade of women’s
life. They suggested that clinical balance tests can be
used to screen women aged 40-60 years to detect
impaired balance risk if they fall outside the normal
values for age and to decrease falls risk in later life.’
Similarly in the present study also, it was found that
walking speed starts to decrease from fourth decade.

Figure-of-8 walking speed was also found to be affected
in postmenopausal women when compared to
premenopausal. Brach et al stated that if FSWT times
exceeds 8 seconds then it accounts for impaired balance
skills for adults greater than 65 years of age.?! In the
present study the time taken to complete the FSWT was
11 sec in premenopausal group and 13 secs in
postmenopausal group, which may suggest impaired
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balance, but the age group was between 40-60 years.
Figure-of-8 walking is a perfect community walking
trials to evaluate dynamic balance and mobility, which
requires straight and curved walking along a narrow
path.® Shkuratova evaluated healthy young subjects aged
20 years for figure-of-8 walking at preferred speed and
found the normative value to be 0.91+£8.82 m/s and for
gait speed to be 1.23+0.21 m/s.?® In our study, both
premenopausal and post-menopausal group showed
decrease in walking speed for these tasks, however
walking speeds were significantly less in postmenopausal
group. Liu-Ambrose et al also studied post-menopausal
women above the age of 64 years and used FSWT as a
tool for dynamic balance and found decrease speed in
postmenopausal women.”> As aging affects balance
ability, in our study we evaluated middle-aged women to
see whether balance is affected where aging effects are
not so prominent.

The studies done by Olchowik et al, Cangussu et al, Liaw
et al, Choy et al also supports our study, but they studied
post-urography to assess the dynamic balance control in
women and concluded that postural stability is decreased
in postmenopausal group.”33343% Cunha-Henriques and
Nitz et al suggested that there is a significant decline in
medio-lateral postural stability in women that occurs in
between their forties and sixties years and more in
postmenopausal women which can be the main cause of
imbalance, so screening of postural instability should be
performed routinely in this age-group.3!:333¢

GS was reduced in both the groups in present study, but
there more significant decrease in GS in postmenopausal
group when compare to premenopausal group. However,
in a study done by Saionara et al and Cheng et al found
that there was no significant difference between
premenopausal and postmenopausal women for GS.3*

Bone density evaluation showed premenopausal group
had osteopenia (T-score-1.78) as compared to
postmenopausal group which showed osteoporosis
(Tscore-2.12), when assessed by the quantitative
ultrasound machine. Neelam et al suggested that bone
loss starts to occur more early in women and noted high
prevalence of osteoporosis in peri- and postmenopausal
women after measuring bone density at postero-anterior
lumbar spine and femur by densitometer.!! Mittal et al
also studied bone studied measure done density with
DEXA scan and their results are similar to our study.’

Khadilkar have reported one of the factors responsible for
decrease in balance performance in postmenopausal
women could be decrease in bone strength and associated
decrease in muscle strength and flexibility in
postmenopausal women. Also, estrogens have an effect
on multiple musculoskeletal sites along with the
neuromuscular system, so menopause estrogen deficiency
can affect postural instability.!" Therefore, balance and
bone density assessment in the early and late middle age
can give insight of these impairments. Treatment

strategies such as dynamic balance retraining which
includes complex challenging walking tasks and bone
strengthening exercises which are easy to administer in
community settings should be integrated into the
management of early post-menopausal women treatment.

Obesity is also known to affect the balance ability. The
subject participated in our study in postmenopausal group
were in overweight category and pre-menopausal were in
the normal category. However, we didn’t come across any
obese participant with BMI greater than thirty. Aging also
strongly affects balance ability, as age increases our
balance ability tends to decrease because of many
reasons. We tried to minimize the effect of age by
selecting a shorter range of middle age-group. In our
study we included women with irregular periods, hot
flushes, mood swings which are characteristics of
perimenopausal period, into premenopausal group. As
such, premenopausal and peri-menopausal period
overlaps each other in the age-group of 40-60 years. So
perimenopausal were categorized into pre-menopausal
group and those have normal cessation of period for one
year were categorized into postmenopausal group.

Limitations

Premenopausal and perimenopausal status of the women
in the age-group of 40-60 years usually overlaps so
women who experienced various peri-menopausal
symptoms were also included in pre-menopausal group.
Daily physical activity in the present study was assessed
by approximate self-reported walking time, which the
participant doing on a single day excluding her household
and ADLs, but different physical activities other than
walking which women were performing at their daily
household/recreational work not taken into consideration,
which may affect balance abilities. Participants were not
categorized separately as per their BMI status whether
normal weight or overweight within the group.

CONCLUSION

The present study suggests that dynamic balance is
significantly reduced in postmenopausal women when
compared to pre-menopausal women in middle-age
group. Also, bone density is significantly decreased in
postmenopausal women when screened and measured by
ultrasound bone densitometer at calcaneus, suggesting
bone loss occurs at more rapid rate after menopause as
compared to premenopausal period. Therefore,
assessment of balance and treatment strategies to improve
dynamic balance and bone strength which would
decrease future fall risk should be incorporated from the
start of fourth decade of age in women.
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