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Abstract Women of this era juggle with infinite
responsibilities attempting to attain perfection in almost all
roles they play. These engagements exhaust them leaving a
shortfall for health care. Menstruation was the taboo
behind womanhood restrictions which has become an easy
go for women of this generation. Care and concern on the
menstrual health happen only after they encounter
problems. Postmenopausal bone health is one key problem
that leads to critical conditions if un-attended. Aim: The
purpose of this study was to review researches on various
exercise regimens and identify best suitable effective
exercise programs for enhancing post-menopausal bone
health of women. Methods: To achieve the purpose of the
study, 150 original research articles related to
post-menopausal bone health of women published in
Scopus, Web of Science, PubMed and Google Scholar
databases were collected and reviewed. The inclusionary
criteria set for this work were age range of women, type of
exercise, bone  health  parameters, indication,
contraindications, duration of the exercise and the
exclusionary criteria were exercises for women who work
night shifts, women with associated conditions and women
post hysterectomy. Result and Discussion: Among the

reviewed 150 articles, 28 articles suggest combined
program to be the best suitable for Postmenopausal women.
Conclusion: Postmenopausal aged women shall involve in
2 or 3 types of exercise to improve bone health and prevent
osteoporosis post-menopausal. Yoga, swimming and
resistance training are found to be the best exercise
regimens to improve bone health of post-menopausal
women.

Keywords Women's Health, Postmenopausal Bone
Health, Physical Fitness, and Exercise

1. Introduction

Osteoporosis is indeed an osteometabolic disease that
causes the microarchitecture in bone tissue to degrade,
leading to an increased risk of fracture. Musculoskeletal
fractures could cause pain, limited mobility, and a decrease
in quality of health [1]. Disease affects nearly 200 million
people worldwide, leaving it a significant public health
issue [2]. Anabolic and antiresorptive treatment methods
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that raise bone mineral density can lower fracture risk.
Vitamin D and Calcium supplementation, fall-related
counselling, and participation in specific physical exercises
are really just a few of the preventative and therapeutic
measures that can be taken even before symptoms manifest
[3].

As a dynamic tissue, bone responds to a range of stimuli,
including physical activity and mechanical vibration,
which modify it [3]. Bone mass can be maintained or
increased as a result of mechanical forces given to bones
during physical activity by ground reaction forces and
muscle contractile activity. Physical activities such as
swimming and running on dry land are among the many
mechanical stimuli that have been found to be beneficial to
bone tissue in previous research [4-6]. Postmenopausal
women's bone health may benefit from a variety of settings,
activities, and intensity levels of physical activity. Physical
activity can help prevent and treat postmenopausal
osteoporosis, which is why this article also serves as a
guide to the most recent research on the topic.

Amongst the over whelming commitments, women of
this age hardly have time to surf through researches and
confirm the best suitable exercise regimen. Thus, the
purpose of this study was to review researches on various
exercise regimens and identify best suitable effective
exercise programs for enhancing post-menopausal bone
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health of women.

2. Methods

A total number of 150 related research works were
identified through systematic surfing across Scopus, Web
of Science, PubMed and Google Scholar databases. The
studies were shortlisted based on the inclusionary and
exclusionary criteria set for the investigation. To achieve
the purpose of the study, finally 28 articles have been
included in the study. The inclusionary criteria set for this
work were age range of women, type of exercise; bone
health parameters, indication and contraindications for
exercising post menopause, duration of the exercise
regimen, time of practice were considered. Eligible
research works ensured the presence of at least one of the
variables listed. The exclusionary criteria were exercises
for women who work night shifts, women with associated
conditions and women post hysterectomy as they may not
fall common to all and go by applicable conditions. The
findings were drawn out for analysis and presented as a
narrative synthesis. The study's keywords included
physical exercise, aerobic training, balancing training,
aquatic exercises, resistance training, muscle strength,
postmenopausal, osteopenia, and osteoporosis. Figure 1
represents the PRISMA flowchart.
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Figure 1. PRISMA Flowchart
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3. Discussion

3.1. Resistance Training

Resistance and impact training appear to be the most
common methods of increasing bone metabolism through
exercise. Physical activities that incorporate both gravity
and muscular loading, such as weightlifting, appear to
serve bone metabolism and fracture risk reduction better
than no-impact resistance training like lifting weights.
Impact training may not be the greatest answer for elderly
adults suffering from joint issues such as osteoporosis, disc
herniation, vertebral cracks, and knee injuries. In these
cases, low-impact resistance training is recommended.

Howe et al. [7] discovered that lower limb resistance
exercise enhanced femoral neck bone mineral density in a
study of 4,320 RCTs. According to the researchers, a
combination of activities (resistance, aerobic, and impact)
appears to be the most effective in increasing spine BMD.

By applying muscle pressure to bone during resistance
training, an osteogenic response can be induced [8]. There
is an increase in bone metabolism and mineral apposition at
the locations of muscle-tendon forces [9], which may limit
bone resorption [10]. A moderate-to-high-intensity
resistance training programme can help postmenopausal
women maintain or improve bone mass density (BMD) in
their hips and femurs. This can be done by doing 3 or 4 sets
of each exercise with 8 to 12 repetitions twice or three
times each week [11].

Despite the fact that workout is shown to continue
improving bone mass and metabolism, a study that
investigated how resistance exercises affected physical
function and daily activities in older people with
osteopenia discovered that workouts improved physical
function and daily activities [12].

Exercises that increase bone growth, according to
research, involve dynamic movement, high intensity, and a
short stimulation duration [4,5]. Because this sort of
exercise increases bone development and requires the
activity of fibre type Il (the most capable of boosting bone
production), it should be done at least four times per week
to achieve best benefits [13].

A set of skilled women were randomly allocated to
either a strength- or power-training group in a randomised
experiment conducted by Stengel et al. [14]. The velocities
of ST and PT movements in resistance training were
different (ST: 4 seconds; PT: 4 seconds). According to the
researchers, physical therapy had no effect on lumbar spine
BMD after two years, but ST showed a 2.4 percent decline
in the same time frame. Power training may be more
beneficial to women than strength training. It was fully
risk-free because it caused no more harm or inconvenience.

For a long time, scientists have been studying how to
strengthen the back-extensor muscles. Sinaki et al. [15]
claim that strengthening back extensor muscular force in
postmenopausal women lowers the incidence of vertebral
fractures, improves body balance, and lowers the chance of
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falling [15]. People who had vertebroplasty surgery had a
decreased rate of new vertebral fractures when their
back-extensor strength was enhanced, according to another
study [16]. Exercises that target the back-extensor muscles
should be included in postmenopausal women's fitness
programmes.

Resistance exercise is strongly recommended for all
people with osteoporosis, according to the literature. As a
result, because maintaining or improving muscle strength
and endurance is a common aim for osteoporotic
postmenopausal women, an emphasis on progressive
resistance training has been advocated [17].

Exercise, particularly progressive resistance exercise
training, is widely known for its effectiveness in
developing muscular growth, strength, and endurance.
Resistance exercise training that develops muscular
strength and mass also increases bone mass (BMD) and
bone strength of the specific bones strained and may be a
beneficial strategy to prevent, delay, or reverse bone mass
loss in osteoporosis patients [18].

3.2. Deep Water Training

Jumps and physical activities have been found to have
positive effects on bone mass and metabolism in some
studies [19,20]. Bone fragility and other musculoskeletal
problems [21] prevent this population from participating in
high-impact physical activities. Weak activities such as
weightlifting or swimming should be prescribed in these
cases.

It is well known that mechanical pressure on bones is
exerted by muscle contractions and impact forces
(gravitational), so higher loads are required than would be
the case in everyday life [22]. Muscle stress on bone tissue
has been shown to have a beneficial effect on bone mass
during weight training [7,14]. Even if no contact is made
between the bone and the muscle, resistance training's
muscle-tendon-bone interaction may have an osteogenic
effect on bone. Participating in vertical water sports like
swimming has little or no effect on bone health. The
water's movement causes the body of the swimmer to
continue to sway after entering [23]. Aquatic training is
relaxed and manageable for ageing individuals with joint
injuries because of the reduced gravitational forces on the
human body. People of all ages appear to benefit more
from high-impact exercises like swimming or cycling than
those of any other age group, according to several research
studies [24]. Because of these concerns, many health
practitioners are reluctant to encourage water sports as a
means of preventing and treating osteoporosis.

Contrary to popular opinion, swimming does not appear
to negatively influence bone mass, according to
Gdmez-Bruton and colleagues [25], even though it may not
be the optimal sport for increasing this parameter because
of hypogravity and a lack of contact. Swimming and
sedentary controls both had equal BMD scores in this study.
For swimmers, the researchers observed that they had
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faster bone turnover rates than sedentary controls, which
could have resulted in a stronger bone structure.

The American College of Sports Medicine [26]
recommends bone healthiness as part of an exercise
programme for the elderly that includes exercises of
weight-lifting intended at maintaining BMD. To counteract
the effects of people's movement on water waves, the trunk
muscles that help maintain body balance are activated in
the aquatic environment [27, 28].

Although this group of postmenopausal women did not
have fewer falls, their physical function improved after
participating in vertical aquatic workouts. Moreira and
colleagues examined this high-intensity aquatic exercise
programme on postmenopausal women in their HydrOS
high-intensity aquatic exercise regimen [29]. Daily
calcium and cholecalciferol supplements of 500 mg and
1,000 1U were administered to both groups as a form of
daily vitamin D delivery. The AEG took part in an aquatic
training programme for 24 weeks, while the control group
continued inactive. The quantity of CG falls stayed
constant following this programme, however the number
of falls in AEG reduced from 2.00 to 0.29. (p 0.0001).
(0.0001) Unipedal standing increased by 14.1 percent,
mobility increased by 23.7 percent, hand grip strength
increased by 13.4%, back extensor strength increased by
26.2 percent, and hip and knee flexor strength increased by
18.5 percent. Knee extensor muscle strength increased by
7.4%, and hip extensor muscle strength increased by 7.6%.
In CG mice, supplementing with 25-hydroxyvitamin D led
to gains in unipedal standing (4.5 percent; p = 0.001),
flexibility (12.2 percent; p = 0.009), mobility (10 percent; p
=0.001), and hip-flexor strength (5.7 percent; p = 0.039).

Moreira et al. [29] examine the impact of a 24-week
elevated aquatic workout program (HydrOS) on skeletal
remodelling indicators and bone density in
postmenopausal females. Only the AEG (15.8%) and the
CG (29 percent; p = 0.001) showed a significant increase in
bone formation markers, however the AEG's gain was less
significant (15 percent in the AEG and 29 percent in the
CG) (15 percent in the AEG and 29 percent in the CG). It's
probable that the aquatic exercise programme had an effect
on both bone desorption and bone formation, preventing
BMD decline in both groups of participants. The CG
reduced BMD in the femoral trochanter by 1.2 percent,
whereas the AEG did not (p = 0.069).

VANAKY et al., reach the conclusion that there was no
significant variation in bone density between two groups
prior to the 12week exercise programme, implying that
participants were randomly allocated into two groups.
Finally, the data show that there was a significant
difference in BMD at the lumbar spine and femoral neck in
the exercise group, indicating an increase significantly
over the 12 week aquatic exercise programme, whereas no
change was noted at the femoral neck and lumbar spine in
the control group, though there was an insignificant
reduction in BMD at the lumbar spine (-0.14) and femoral
neck (-0.23) in the control group [30].
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Exercises against water resistance conducted at maximal
speed with a variedarray of motion activate bone
metabolism, in addition to hypogravity and a large drop in
stimulus during training in the vertical position. A
high-intensity water exercise programme could assist
women with postmenopausal osteoporosis retain their
balance and prevent falling, according to the study.

3.3. Aerobic Training

Non-impact aerobics activities like cycling and
swimming, according to Nikander et al., are connected to
lower BMD than impact sports. Gravity loading for bone
stimulation may be beneficial in aerobic with impact
workouts [31].

Some of the world's finest male master cyclists had low
bone mass density (BMD), according to a seven-year
research [32]. As a result, the authors suggested that, in
addition to cycling, additional workouts be employed to
assist prevent bone loss in this group. Cycling is one of
many low-impact, weight-bearing, muscle-strengthening
workouts that postmenopausal women may find beneficial.

Walking improves femoral bone mineral density, but has
no effect on spine, according to an international evaluation
of research. Walking is the most frequent type of exercise
in the world [33]. Even though walking does not have a
significant impact on BMD in the lower back, radius, or
overall, in postmenopausal women, interventions lasting
more than six months have a positive and significant
impact on the femoral neck BMD, according to another
study [34]. Brisk walking alone does not appear to be
sufficient to improve spine BMD in postmenopausal
women who are ambulatory.

In another study [35], runners' bone mass density (BMD)
was higher than that of sedentary controls in another [35].
(over the age of 65). Three other studies [36] comparing
postmenopausal women's levels of activity found similar
outcomes when they compared inactive and active levels of
activity (treadmill walking for 30 minutes with step
climbing for 10 minutes). The training group, for example,
saw a 2% increase in lumbar and femoral neck bone
mineral density (BMD), whereas the control group saw a
2% decrease in the same areas.

Basat et al. randomly allocated 42 postmenopausal
women to strengthening exercise, high-impact exercise, or
no activity at all [37]. (control). After six months, the BMD
of the high-impact group was considerably higher than that
of the strengthening and control groups in the lumbar spine
(p = 0.017) and femoral neck (p = 0.013). While NTx, a
marker of bone loss, reduced in the collection, serum
osteocalcin (OC) increased significantly (p = 0.033).
According to these findings, impact pressures appear to
stimulate bone metabolism.

Zaid et al. discovered that aerobic exercise for 12 weeks
had a favourable effect on bone health in three groups
participating in this study: control, osteopenic, and
osteoporotic [38]. These findings are consistent with
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earlier researches that have found that aerobic exercise has
a favourable influence on bone health [39]. The current
study's findings revealed that aerobic exercise significantly
improved BMD in all study groups. These data
demonstrated that the aerobic exercise strategy we used
was effective in restoring the structure and function of bone
tissue in all groups, particularly in osteoporosis women.

3.4. Vibrational Exercise

Some patients with poor bone mass may benefit from
physical resources such as vibratory stimulation in addition
to particular activities. Mechanical vibration has a
favourable influence on both the microarchitecture of the
bone as well as the density and strength of the bone in vitro
[40-43].

After one year of treatment, osteopenia females with low
weight with low-frequency, low-intensity vibratory
stimulation decreased bone loss in the spine and femur (30
Hz, 0.2 g). In comparison to the control group, which lost
2.13 percent of neck bone density and 1.6 percent of spine
bone density, the standing group lost no bone mass. The
effects of vibrational training on BMD, indicators, and
muscular strength have all been investigated utilising a
number of methods [44]. A recent meta-analysis found that
preventing bone damage, particularly in the region, is
possible [45]. Mechanical vibration has been shown to
affect bone remodelling markers such as NTX and CTX.
Turner and colleagues [46] discovered that after 8 weeks of
treatment, postmenopausal ~women treated  with
mechanical vibration (0.3 g for 20 minutes) had 34.6
percent fewer postmenopausal women than the control
group.

A tiny number of researches have looked into the impact
of single vibrations. Gusi et al. [47] discovered that
vibration therapy performed better than walking in
increasing neck bone density by 4.3 percent and improved
body balance by 29 percent during an eight-week period in
postmenopausal women. Vibrating platforms have been
found to be useful in treating and preventing osteoporosis,
although despite the overwhelming evidence to the
contrary, machines with lower amplitudes and intensities
would be more suited to this group [48]. Despite the need
for more research, mechanical vibration has been
demonstrated to enhance musculoskeletal parameters and
may be effective in the prevention and treatment of
osteoporosis.

Gusi et al. studied whether body vibration is more
helpful at maintaining or growing BMD than walking [47].
They investigated the impact of walking and vibration on
BMD in postmenopausal women for 8 months using a
reciprocating plate with moderate amplitude (3 mm) and
medium frequency (12.6 Hz). After 8 months, the whole
body vibration group had considerably (4.3%) higher
femoral neck BMD than the walking group. The difference
in BMD between the two groups in the spine and other hip
locations was not statistically significant. The findings
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show that vibration might be a more convenient method of
increasing BMD at the femoral neck than walking and
could be used as a proxy for reduced bone loss of the hip
after menopause [49].

According to Merriman and Jackson, body vibration
exercise enhanced BMD in the hip and tibia but not in the
lumbar spine, despite the fact that exercise enhances BMD
in the Ilumbar spine. Combining aerobic exercise,
resistance exercise, and vibration training as a single
programme, on the other hand, might be an effective
therapy for enhancing bone health in postmenopausal
women. Furthermore, weight-bearing workouts may aid to
prevent BMD loss in postmenopausal women and enhance
BMD in the spine and hip in osteoporotic women [47].

3.5. Balance Restore Exercises

Anteroposterior trunk oscillation and hyperkyphosis are
exacerbated by vertebral body fractures, leading to a loss of
equilibrium [50]. The paravertebral muscle proprioceptors'
sensitivity to the impression of the trunk straightening is
also associated with a higher risk of falling [51].

For this particular group, posture exercises and
techniques, as well as gait re-education, are essential [52].
Gait-related muscles, such as the hip flexors, knee
extensors, and hallux extensors, must first be trained to
activate the gluteus maximus muscles, which are crucial
for the forward discharge of the trunk [53]. Gait and
balance exercises include shifting your weight from one
foot to the other, unipedal support, and exercises involving
coordination between your upper and lower limbs. As long
as you're barefoot, these can be done either with or without
shoes [54]. When done in a pool, this type of training is
especially beneficial because the water's resistance and
"extra" imbalance make these exercises more effective for
building muscles [55].

The term "proprioception” is used to describe the ability
to determine one's own body's location and movement in
relation to gravity. Proprioceptors are sensory receptors
found in the body's joints, tendons, and ligaments that
transmit information to the central nervous system [56].
Postural control, as well as the visual and vestibular
systems, can all benefit from proprioception training. As a
result, the only techniques to promote mobility are muscle
training and proprioceptive exercises. Resistance,
proprioception, and balance training were tested on 100
women over the age of 55, as well as a control group, to see
if they could assist minimise the rate of falls in the elderly.
The collection experienced a 38 percent decrease in falls,
compared to a 16 percent drop in the other group.

Exercises that promote balance stability, for example,
destabilisation on balancing boards also trampolines, may
be employed depending on the patient's condition [57].
Pereira et al. [58] looked at how 77 postmenopausal
women responded to Tai-chi Chuan. The training raised
knee extensor strength by 17.8% and static balance by
26.12% when compared to the other collection, which
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exhibited no improvement. Tread width (a key component
of improving gait), trunk stability, and, ultimately, the
number of falls were all improved in osteoporotic
postmenopausal women who practised tai chi. That is how
things turned out for them. In addition to Tai-chi, you
should include ballroom dancing in your training routine.
After six months of low-intensity balance and strength
exercises, women with postmenopausal osteoporosis
showed substantial improvements in upper- and
lower-limb muscle strength, as well as static and dynamic
balance [59].

A clinical practise guideline issued in 2001 supports the
advice for balancing exercise [60]. Multi-component
therapies that incorporate regular physical exercise are
helpful in avoiding falls in community-living older
individuals at risk of falling. Physical activity can minimise
falls and injuries by up to 35% on its own [61]. Due to the
concentration of research on balancing exercise rather than
balance activities, only exercise is now suggested. The
clinical recommendation does not specify the optimum
methods, frequency, or duration of balancing training. One
alternative is to do balance exercises three times per week,
which has been shown to be useful in the prevention and
treatment of osteoporosis in postmenopausal women.

3.6. Safety Precautions

Certain care must be considered while recommending a

workout programme to avoid postmenopausal osteoporosis.

First and foremost, make sure your shoes are securely
fastened and that you warm up before beginning your
workout (organic activity). To avoid muscle soreness and
fractures, it is critical to maintain appropriate posture
during the activity. The patient must be able to grab onto a
wall or fixed bar in order to avoid falling while doing
destabilising exercises on balance boards and trampolines.

Strengthening the abdominal muscles is vital for
maintaining good posture throughout the day, as well as for
the correct functioning of the spine. Spine flexion is one of
the primary functions of the abdominal muscles, but if a
person has bone fragility, this type of movement can cause
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significant stress to the vertebral body and perhaps result in
a fracture. Since Nachemson's discovery in 1966, it has
been widely accepted that spine flexion is one of the most
taxing positions on the vertebral column. Sinaki and
Mikkelsen [62] found that 89% of osteoporotic
postmenopausal women who did spine flexions as part of
their exercise plan developed vertebral fractures after two
years. Efforts to test the effects of spine flexion exercises
on osteoporotic individuals have not taken place since then.
Osteoporotic women can safely perform the following
abdominal exercises: Forcing an exhalation while
performing isometric contractions without using the
Valsalva technique, resting on the floor while performing
partial hip flexions, hip anteversions, and retroversions are
all effective methods.

As another cautionary note states, the consequences of
DXA testing should not be relied upon exclusively. DXA
scans may show a person's bone mass to be normal despite
the circumstance that the bone is of unfortunate value and
brittle due to the effects of corticosteroids [63]. In patients
with increasing bone density, oral corticosteroid-related
fractures occur more frequently than in those with
involutional osteoporosis [64]. DXA scans aren't the only
way to tell if you're at risk for bone fractures; other factors
include your age, your family history of bone fractures,
your consumption of calcium and vitamin D, and your use
of alcoholic beverages, tobacco products, and
corticosteroids [65].

Although the evidence is mixed, exercising may help
reduce the risk of falling and the anxiety that comes with it.
Treatment outcomes may be affected by a variety of factors,
including the individual's geographical location, whether
or not they were part of a clinical group, the intervention's
location, and other techniques like home modifications and
nutritional supplementation. However, it has been shown
that elderly people who receive multimodal exercise
treatments have a lower risk of falling. Additional
intervention components, such as environmental or visual
assessments, may be necessary to prevent fall-related
injuries from occurring [66]. Table 1 summarises the most
significant results.

Table 1. Summing up what is known about how exercise affects bone health in many ways.

S. No. Research Findings Exercise Modalities

1 Activities mvplvmg force of impact -(such as sprinting or jumplng) had g much Iar:qe.r effect on Resistance exercises [6]
bone metabolic and fracture prevention parameters than low-impact resistance training.
Resistance training at a high level with low-impact for the lower limbs was the best form of
exercise for increasing femoral neck BMD. According to the authors, combined activities . .

2 . . . . . . . Resistance exercises [7]
(resistance, aerobic, and impact) were found to be the most effective for increasing spinal
BMD.
Postmenopausal women's bone mineral density (BMD) can be maintained or even improved

3 with a weight training of powerful plan and three to four sets of 8 to 12 recurrences of workout Resistance exercises [11]
accomplished twice or three times per week.

4 In 0[der persons W|t'h'c-Jste0por05|s or osteopenia, resistance exercise improves physical Resistance exercises [12]
function and daily activities.

5 At Ieggt four tl'mes per week, hlgh-lntgn5|ty (70-90 percent of 1 RM) and low-repetition (6 Resistance exercises [13]
repetitions) resistance workouts are advised.
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Table 1 continued

Postmenopausal women can reduce their risk of vertebral fractures and improve their overall . .
6 - . . Resistance exercises [15]
balance and stability by strengthening their back-extensor muscles.
7 In patients who had vertebroplasty surgery, back extensor muscle strength training reduced the Resistance exercises [16]
occurrence of new vertebral fractures.
8 High-impact activities like football or soccer appear _to t_)e more o§teogenlc in children, Aquatic exercises [24, 25]
adolescents, and adults of all ages than low-impact activities like swimming or cycling.
Swimming appears to have no negative impact on bone mass, as seen by the similar BMD values
9 of swimmers and sedentary controls. Swimmers have higher bone turnover than non-swimmers, Aquatic exercises [26]
which could lead to improved bone structure and hence stronger bones.
Improved neuromuscular metrics were seen after a high-intensity aquatic exercise programme . .
10 (HydrOS) for 24 weeks, Aquatic exercises [5]
1 During a 24-wegk high-intensity water training programme called HydroOS, P1INP and CTx Aquatic exercises [29]
markers were raised, as was bone loss at the trochanter of the femur.
12 Aero_blc activities V\_/lthqut welght_(s_,u_ch as biking and swimming) tend to lower bone mineral Aerobic and Impact exercises [31]
density more than high-impact activities.
Male master cyclists with low BMD in addition an increased risk of fracture competed in the
13 study. Cycle training should be complemented with high-impact workouts like weight lifting and | Aerobic and Impact exercises [32]
plyometrics, according to the authors, to help prevent bone loss.
14 !n postmenopausal women, walking may improve femoral BMD, but not spine BMD, due to the Aerobic and Impact exercises [33]
impact of the movement.
Women in the peri-and postmenopausal stages of their lives may benefit from walking as a
15 stand-alone form of exercise, but it has no effect on bone mineral density in the lumbar spine, | Aerobic and Impact exercises [34]
radius, or throughout the body as a whole.
Researchers compared the bone mineral density (BMD) of 44 elderly runners to 44 inactive
16 controls (all over the age of 65) and discovered that the runners had considerably higher BMD | Aerobic and Impact exercises [35]
overall.
17 After sp( mc?nths, the spine and'femoral neck bone mineral density is increased significantly more Aerobic and Impact exercises [37]
in the high-impact group than in the control groups.
18 Bong microarchitecture may benefit from mechanical vibration, which may increase bone Whole body vibration [42]
density and bone strength.
19 After one year oftreaFment, the vibrating provocations at 30 Hz and 0.2 g slowed bone damage in Whole body vibration [44]
osteopenic women with low body mass.
20 Anatomically, mechanical vibration helps to prevent bone damage in the femoral region. Whole body vibration [45]
21 The urine resorption marker (NTx/Cr) dropped by 3_4.6 percgnt in postmenopausal women Whole body vibration [46]
compared to the control group, after 2 months of motorized shaking.
Study participants were tested to see if walking or low-frequency vibration could rise the BMD in
22 the femoral neck by 3.3% besides improve body equilibrium by 29.3%, respectively, among Whole body vibration [47]
postmenopausal women. The vibration group outperformed the control group in terms of results.
23 Menopausal women can benefit from posture and gait re-education, as well as exercises and other Balance and proprioception
methods. exercises [52]
21 Because of the "extra" imbalance that water can create, using a swimming pool for gait Balance and proprioception
re-education and proprioceptive workouts are recommended. exercises [55]
Falls, functional capacity, and dynamic balance can all be improved with 3-month training of . .
- - . Balance and proprioception
25 balance proprioception, and resistance, compared to a control group. The selected group showed .
Lo exercises [57]
a 38 percent reduction in the number of falls.
26 77 postmenopausal women who practised Tai chi Chuan weekly 3 times for a total of 12 weeks Balance and proprioception
were studied. exercises [58]
27 A combination of low-intensity balance and strength training results in considerable gains in Balance and proprioception
upper and lower limb strength. exercises [59]
Studies were conducted to determine the impact of tai chi on osteopenic women who had just had Balance and propriocention
28 menopause, and to compare the results before and after the training period. Treadwidth and trunk Prop P
. . . exercises [67]
stability were improved, as well as a decrease in falls.
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4. Conclusions

It's possible for postmenopausal women to benefit from
walking as an exercise programme, but not their spine
BMD. A combination of exercises is indicated to increase
the bone density of the spine. In postmenopausal women,
bone metabolism appears to be influenced by a variety of
factors, including muscular contraction and exercise
duration in addition to impact workouts. Not just
osteogenic activities should be stimulated to prevent falls
and fractures, but other forms of exercise as well.
Encouragement should be given to activities aimed at
increasing muscular strength, stability, and proprioception.

For postmenopausal women, there are a wide variety of
exercise modalities that can be used to prevent and treat
osteoporaosis as long as the programmes contain moderate
to intensive activities that are performed at a fast tempo for
short periods of time. Postmenopausal women have also
been demonstrated to benefit from mechanical vibration,
making it a safe and effective treatment choice. Studies
included in this review indicated that older persons'
exercise programmes are quite diverse, with findings that
are often inconsistent. Postmenopausal women should
exercise with caution to avoid fractures and injuries. When
it comes to exercise, it's recommended that the patient
work out with the help of an expert in the field, whether
that is a physical education professional or physiotherapist,
after speaking with their doctor.

Post-menopausal care includes a good diet, a regular
sleep routine and indulgence in exercise at least 3 times a
week is a must to improve bone health keeping away from
osteo-conditions, stress and cardio problems. Yoga,
Swimming, resistance training with proper warm up and
warm down and a nature’s walk are suggested to be the
best exercise regiments to prevent and manage
post-menopausal conditions.

Funding

The authors declare that no funds, grants, or other
support were received during the preparation of this
manuscript.

Competing Interests

The authors have no relevant financial or non-financial
interests to disclose.

Credit Author Statement

V.D - Methodology, Investigation, Writing - original
draft; B.S - Writing — review, editing; R.S.P - Writing —
review, editing; S.A.M.M - Writing — review, editing; A.S
- Conceptualization, supervision, writing — review and
editing

The Influence of Various Exercise Regimens for Improving Bone Health of Postmenopausal Women — A Review

REFERENCES

(1]

(2]

3]

[4]

(5]

(6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

National Osteoporosis Foundation (NOF). Clinician’s
Guide to Prevention and treatment of Osteoporosis; 2010.

R. Burge, B. Dawson-Hughes, D.H. Solomon, J.B. Wong,
A. King, A. Tosteson, Incidence and economic burden of
osteoporosis-related fractures in the United States,
2005-2025. Journal of Bone and Mineral Research,
vol.22:pp. 465-475, 2007. Doi: 10.1359/jbmr.061113

G.A. Kelley, K.S. Kelley, W.M. Kohrt, Exercise and bone
mineral density in premenopausal women: a meta-analysis
of randomized controlled trials. International Journal of
Endocrinology. Vol. 2013: 741639, 2013. Doi:
10.1155/2013/741639

Vieira S. Different land-based exercise training programs to
improve bone health in postmenopausal women. Medical
Science & Technology. vol. 54, pp. 158-163, 2013.

Moreira L, Fronza FC, dos Santos RN, Teixeira LR, Kruel
LF, Lazaretti-Castro M. High-intensity aquatic exercises
(HydrOS) improve physical function and reduce falls
among postmenopausal women. Menopause. vol. 20, no. 10,
pp. 1012-1019, 2013.
D0i:10.1097/GME.0b013e3182850138

Wendy MK, Barry DW, Schwartz RS. Muscle forces or
gravity: what predominates mechanical loading on bone?
Medicine & Science in Sports & Exercise. vol.41, no.11, pp.
2050-2055, 2009. Doi: 10.1249/MSS.00013e3181a8¢717

Howe TE, Shea B, Dawson LJ, Downie F, Murray A, Ross
C, et al. Exercise for preventing and treating osteoporosis in
postmenopausal women. Cochrane Database of Systematic
Reviews. vol. 6, no. 7, CD000333, 2011. Doi:
10.1002/14651858.CD000333.pub2

Turner CH, Robling AG. Mechanisms by which exercise
improves bone strength. Journal of Bone and Mineral
Metabolism. 23 Suppl: 16-22, 2005. Doi:
10.1007/BF03026318

Menkes A, Mazel S, Redmond RA, Koffler K, Libanati CR,
Gundberg CM, et al. Strength training increases regional
bone mineral density and bone remodeling in middle-aged
and older men. Journal of Applied Physiology, vol.74, no.5,
pp. 2478-2484, 1993. D0i:10.1152/jappl.1993.74.5.2478

lwamoto J. Effects of physical activity on bone: what type
of physical activity and how much is optimal for bone
health? Journal of Osteoporosis and Physical Activity. vol.
1, pp. 101, 2013.

Zehnacker CH, Bemis-Dougherty A. Effect of weighted
exercises on bone mineral density in post menopausal
women. A systematic review. Journal of Geriatric Physical
Therapy. vol.30, no.2, pp. 79-88, 2007. Doi:
10.1519/00139143-200708000-00007

Wilhelm M, Roskovensky G, Emery K, Manno C, Valek K,
Cook C. Effect of resistance exercises on function in older
adults with osteoporosis or osteopenia: a systematic review.
Physiotherapy Canada. vol.64, no.4, pp. 386-394, 2012. Doi:
10.3138/ptc.2011-31BH

Turner CH. Aging and fragility of bone. Journal of
Musculoskeletal and Neuronal Interactions. vol. 7, no. 4, pp.
342-343, 2007.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

International Journal of Human Movement and Sports Sciences 10(6): 1337-1347, 2022

von Stengel S, Kemmler W, Kalender WA, Engelke K,
Lauber D. Differential effects of strength versus power

training on bone mineral density in postmenopausal women:

a 2-year longitudinal study. British Journal of Sports
Medicine. vol. 41, no. 10, pp. 649-655, 2007. Doi:
10.1136/bjsm.2006.033480

Sinaki M, Itoi E, Wahner HW, Wollan P, Gelzcer R, Mullan
BP, et al. Stronger back muscles reduce the incidence of
vertebral fractures: a prospective 10 year follow-up of
postmenopausal women. Bone. vol. 30, no. 6, pp. 836-841,
2002.

Huntoon EA, Schmidt CK, Sinaki M. Significantly fewer
refractures after vertebroplasty in patients who engage in
back-extensor-strengthening  exercises. Mayo Clinic
Proceedings. vol. 83, no. 1, pp. 54-57, 2008. Doi:
10.4065/83.1.54

Giangregorio, LM, McGill, S, Wark JD, Laprade J,
Heinonen A, Ashe, MC, Maclntyre, NJ, Cheung AM, Shipp
K, Keller H, Too Fit to Fracture: Outcomes of a Delphi
consensus process on physical activity and exercise
recommendations for adults with osteoporosis with or
without vertebral fractures. Osteoporos. Int. vol.26, no.3,
pp.891-910, 2015. Doi: 10.1007/s00198-014-2881-4

Agostini D, DonatiZeppa S, Lucertini F, Annibalini G,
Gervasi M, Ferri Marini C, Piccoli G, Stocchi V, Barbieri E,
Sestili P. Muscle and Bone Health in Postmenopausal
Women: Role of Protein and Vitamin D Supplementation
Combined with Exercise Training. Nutrients. vol.10, no.8,
pp.1103, 2018. Doi: 10.3390/nu10081103

Nordstrom P, Nordstrdm G, Lorentzon R. Massive increase
in bone density by high impact loading exercise in a
26-year-old ostoeporotic woman on high doses of
glucocorticoids. BMC Musculoskeletal Disorders. vol.98,
no.2, pp. 196, 2012. Doi: 10.5041/RMMJ.10308

Gianoudis J, Bailey CA, Sanders KM, Nowson CA, Hill K,
Ebeling PR, et al. Osteo-cise: Strong Bones for Life’:
Protocol for a Community-based Randomised Controlled
Trial of a Multi-modal Exercise and Osteoporosis
Education Program for Older Adults at Risk of Falls and
Fractures. BMC Musculoskeletal Disorders. vol.13, no.78,
pp. 1-16, 2012. D0i:10.1186/1471-2474-13-78

Floras JS, Notarius CF, Harvey PJ. Exercise training--not a
class effect: blood pressure more buoyant after swimming
than walking. Journal of Hypertension. vol.24, no.2, pp.
269-272, 2006. Doi: 10.1097/01.hjh.0000202814.79964.84

Kohrt WM, Barry DW, Schwartz RS. Muscle forces or
gravity: what predominates mechanical loading on bone?

Medicine & Science in Sports & Exercise. vol.41, no.11, pp.

2050-2055, 2009. Doi: 10.1249/MSS.0b013e3181a8c717

Bates A, Hanson N. Exerciciosaquéticosterapéuticos. Sdo
Paulo: Ed. Manole, 1998.

Karlsson MK, Nordgvist A, Karlsson C. Physical activity
increases bone mass during growth. Food & Nutrition
Research 2008;52: Doi: 10.3402/fnr.v52i0.1871.

Guadalupe-Grau A, Fuentes T, Guerra B, Calbet JA.
Exercise and bone mass in adults. Sports Medicine. vol. 39,
no. 6, pp. 439-468, 2009.
Doi:10.2165/00007256-200939060-0000

Gomez-Bruton A, Gonzalez-Agiiero A, Gémez-Cabello A,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

1345

Casajus JA, Vicente-Rodriguez G. Is bone tissue really
affected by swimming? A systematic review. PLoS One.
vol. 8, no. 8, e70119, 2013. Doi:
10.1371/journal.pone.0070119

Kohrt WM, Bloomfield SA, Little KD, Nelson ME,
Yingling VR; American College of Sports Medicine.
American College of Sports Medicine Position Stand:
physical activity and bone health. Medicine & Science in
Sports & Exercise. vol.36, no.11, pp. 1985-1996, 2004. Doi:
10.1249/01.mss.0000142662.21767.58

Ruoti RG, Toup JT, Berger RA. The effects of
nonswimming water exercise on olders adults. Journal of
Orthopaedic & Sports Physical Therapy. vol.19, no.3, pp.
140-145, 1994. Doi: 10.2519/jospt.1994.19.3.140

Moreira LD, Fronza FC, Dos Santos RN, Zach PL, Kunii IS,
Hayashi LF, et al. The benefits of a high-intensity aquatic
exercise program (HydrOS) for bone metabolism and bone
mass of postmenopausal women. Journal of Bone and
Mineral Metabolism. vol.32, no.4, pp. 411-9, 2014. Doi:
10.1007/s00774-013-0509-y

BehnazVanaky, Heydar Sadeghi and Nasrin Ramezani, The
Effect of 12 Weekes Weight Bearing Water Training on the
Bone Density of Middle Age Sedentary Women, Biosci.,
Biotech. Res. Asia, vol.11, no.2, pp. 931-936, 2014. Doi:
10.13005/bbra/1361

Nikander R, Kannus P, Dastidar P, Hannula M, Harrison L,
Cervinka T, et al. Targeted exercises against hip fragility.
Osteoporosis International. vol.20, no.8, pp. 1321-1328,
2009. D0i:10.1007/s00198-008-0785-x

Nichols JF, Rauh MJ. Longitudinal changes in bone mineral
density in male master cyclists and nonathletes. Journal of
Strength and Conditioning Research. vol.25, no.3, pp.
727-734, 2011. Doi: 10.1519/JSC.0b013e3181c6a116

Martyn-St JM, Carroll S. Meta-analysis of walking for
preservation of bone mineral density in postmenopausal
women. Bone. vol. 43, no. 3, pp. 521-531, 2008. Doi:
10.1016/j.bone.2008.05.012

Ma D, Wu L, He Z. Effects of walking on the preservation
of bone mineral density in perimenopausal and
postmenopausal women: a systematic review and
meta-analysis. Menopause. vol. 20, no. 11, pp. 1216-1226,
2013. Doi: 10.1097/GME.0000000000000100

Velez NF, Zhang A, Stone B, Perera S, Miller M,
Greenspan SL. The effect of moderate impact exercise on
skeletal integrity in master athletes. Osteoporosis
International. vol.19, no.10, pp. 1457-1464, 2008. Doi:
10.1007/s00198-008-0590-6

Chien MY, Wu YT, Hsu AT, Yang RS, Lai JS. Efficacy ofa
24-week aerobic exercise program for osteopenic
postmenopausal women. Calcified Tissue International. vol.
67, no. 6, pp. 443-448, 2000. Doi: 10.1007/s002230001180

Basat H, Esmaeilzadeh S, Eskiyurt N. The effects of
strengthening and high-impact exercises on bone
metabolism and quality of life in postmenopausal women: a
randomized controlled trial. Journal of Back and
Musculoskeletal Rehabilitation. vol. 26, no. 4, pp. 427-435,
2013. Doi: 10.3233/BMR-130402

Zaid Al Dahamsheh, Kareem Al Rashdan, Awni Al Hadid,
Ra’dJaradat, Mohammad Al Bakheet, Zeyad S. Bataineh,



1346

[39]

[40]

[41]

[42]

(43]

[44]

(45]

[46]

[47]

[48]

[49]

[50]

The Influence of Various Exercise Regimens for Improving Bone Health of Postmenopausal Women — A Review

The Impact of Aerobic Exercise on Female Bone Health
Indicators, MED ARCH. 2019 FEB; 73(1): 35-38.

Puciato D, Rozpara M, Borysiuk Z. Physical activity as a
determinant of quality of life in working-age people in
Wroctaw, Poland. Int J Environ Res Public Health. 2018; 15:
623; doi:10.3390/ijerph15040623

Shikata T, Shiraishi T, Morishita S, Takeuchi R, Saito T.
Effects of amplitude and frequency of mechanical vibration
stimulation on cultured osteoblasts. System Design and
Dynamics Journal. vol. 2, no. 1, pp. 382-388, 2008. Doi:
10.1299/jsdd.2.382

Lau E, Al-Dujaili S, Guenther A, Liu D, Wang L, You L.
Effect of low-magnitude, high-frequency vibration on
osteocytes in the regulation of osteoclasts. Bone. vol. 46, no.
6, pp. 1508-1515, 2010. Doi: 10.1016/j.bone.2010.02.031

Rubin C, Turner AS, Miiller R, Mittra E, McLeod K, Lin W,
et al. Quantity and quality of trabecular bone in the femur
are enhanced by a strongly anabolic, noninvasive
mechanical intervention. Journal of Bone and Mineral
Research. vol. 17, no. 2, pp. 349-357, 2002.
10.1359/jbmr.2002.17.2.349

de Oliveira ML, Bergamaschi CT, Silva OL, Nonaka KO,
Wang CC, Carvalho AB, et al. Mechanical vibration
preserves bone structure in rats treated with glucocorticoids.
Bone. vol. 46, no. 6, pp. 1516-1521, 2010. Doi:
10.1016/j.bone.2010.02.009

Rubin C, Recker R, Cullen D, Ryaby J, Mccabe J, Mcleod
K. Prevention of postmenopausal bone loss by a
low-magnitude, high-frequency mechanical stimuli: a
clinical trial assessing compliance, efficacy, and safety.
Journal of Bone and Mineral Research. vol. 19, no. 3, pp.
343-351, 2004. Doi: 10.1359/JBMR.0301251

Sherk VD, Chrisman C, Smith J, Young KC, Singh H,
Bemben MG, et al. Acute bone marker responses to
whole-body vibration and resistance exercise in young
women. Journal of Clinical Densitometry. vol.16, no.1, pp.
104-9, 2013. Doi: 10.1016/j.jocd.2012.07.009

Turner S, Torode M, Climstein M, Naughton G, Greene D,
Baker MK, et al. A randomized controlled trial of whole
body vibration exposure on markers of bone turnover in
postmenopausal women. Journal of Osteoporosis. vol.2011:
710387, 2011. Doi: 10.4061/2011/710387

Gusi N, Raimundo A, Leal A. Low-frequency vibratory
exercise reduces the risk of bone fracture more than walking:
a randomized controlled trial. BMC Musculoskeletal
Disorders. vol.7: 92, 2006. Doi: 10.1186/1471-2474-7-92

Kiiski J, Heinonen A, Jarvinen TL, Kannus P, Sievanen H.
Transmission of vertical whole body vibration to the human
body. Journal of Bone and Mineral Research. vol.23, no.8,
pp. 1318-1325, 2008. Doi: 10.1359/jbmr.080315

Vasconcelos FM, Trevisan DC, Costa GC, Matos MS, Reis
JG, Abreu DCC. Thoracic kyphosis degree and its
interference with static balance and dynamic task in elderly
women. Geriatria & Gerontologia. vol.4, no.4, pp. 194-202,
2010.

Okechukwu CE. Does whole-body vibration and exercise
training improve bone mineral density in postmenopausal
women? A mini review. Niger J Exp Clin Biosci, vol.8 no.1,
pp.52-58, 2020. Doi: 10.4103/njecp.njecp_36_19

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

Teixeira L. Atividadefisicaadaptadaemsalide: da teoria a
pratica. Pedrosa MAC, Pfrimer LDM, Oliveira ML, Castro
ML. In: Atividadesfisicasadaptadas para osteoporose.
Capitulo 8, 12 edicéo. PhorteEditora, pp. 169-90, 2008.

Silva ACLG, Mannrich G. Pilates on rehabilitation: a
systematic review. Fisioter Mov. vol.22, no.3, pp. 449-55,
2009.

Castro MP. Thoracic kyphosis treated with global posture
reeducation. Arq Ciénc Salde Unipar. vol. 4, no. 2, pp.
159-164, 2000.

Bilar EM, Pillare AC. Osteoporosis. Etiology, diagnosis
and treatment. Physical exercise and rehabilitation in the
prevention and treatment of osteoporosis. Lirani-Galvéao
APR, Moreira-Pfrimer LDM, Marin RV, Oliveira ML,
Pedrosa-Castro MAC, Lazaretti-Castro M. In: Chapter 10;
12 Edition, Biomedical. p. 217-34.

Moreira LDF, Fronza FC, Dos Santos RN, Teixeira LR,
Kruel LF, Castro ML. High-intensity aquatic exercises
(HydrOS) improve physical function and reduce falls
among postmenopausal women. Menopause. vol. 20, no. 10,
pp. 1012-1019, 2013.
D0i:10.1097/GME.0b013e3182850138

Burke RE. Sir Charles Sherrington’s. The integrative action
of the nervous system: a centenary appreciation. Brain. vol.
130, no. Pt 4, pp. 887-894, 2007.
D0i:10.1093/brain/awm022

Teixeira L, Peccin S, Silva K, Teixeira T, Imoto AM,
Magalhées J, et al. The effectiveness of progressive load
training associated to the proprioceptive training in topics in
osteoporosisin (Ed.), Topics in Osteoporosis. IntechOpen.
2013. Doi: 10.5772/54554

Pereira MM, Oliveira RJ, Silva MAF, Souza LHR, Vianna
LG. Effects of Tai Chi Chuan on knee extensor muscle
strength and balance in elderly women. Revista Brasileira
de Fisioterapia. vol. 12, no. 2, pp. 121-126, 2008. Doi:
10.1590/51413-35552008000200008

Montserrat Otero, IzaroEsain, Angel M Gonzalez-Suarez,
Susana M Gil, The effectiveness of a basic exercise
intervention to improve strength and balance in women
with osteoporosis, Clinical Interventions in Aging. Vol.12:
505-513, 2017. Doi: 10.2147/CIA.S127233

American Geriatrics Society, British Geriatrics Society, and
American Academy of Orthopaedic Surgeons Panel on
Falls Prevention. Guideline for the prevention of falls in
older persons. J. Am. Geriatr. Soc. vol. 49, no. 5, pp.
664-672, 2001. PMID: 11380764

Robertson MC, Campbell AJ, Gardner MM, Devlin N.
Preventing injuries in older people by preventing falls: a
meta-analysis of individual-level data. J Am Geriatr Soc.

vol. 50, no. 5 pp. 905-911, 2002. Doi:
10.1046/j.1532-5415.2002.50218.x
Sinaki M, Mikkelsen BA. Postmenopausal spinal

osteoporosis: flexion versus extension exercises. Archives
of Physical Medicine and Rehabilitation. vol. 65, no.10, pp.
593-596, 1984.

Buehring B, Viswanathan R, Binkley N, Busse W.
Glucocorticoid-induced osteoporosis: an update on effects
and management. The Journal of Allergy and Clinical
Immunology. vol. 132, no. 5, pp. 1019-30, 2013. Doi:



[64]

[65]

International Journal of Human Movement and Sports Sciences 10(6): 1337-1347, 2022

10.1016/j.jaci.2013.08.040

van Staa TP, Geusens P, Zhang B, Leufkens HG, Boonen A,
Cooper C. Individual fracture risk and the
cost-effectiveness of bisphosphonates in patients using oral
glucocorticoids. Rheumatology (Oxford). vol. 46, no. 3, pp.
460-6, 2007. Doi: 10.1093/rheumatology/kel249

Taylor BC, Schreiner PJ, Stone KL, Fink HA, Cummings
SR, Nevitt MC, et al. Long-term prediction of incident hip
fracture risk in elderly white women: study of osteoporotic
fractures. Journal of the American Geriatrics Society. vol.
52, no. 9, pp. 1479-86, 2004.
D0i:10.1111/j.1532-5415.2004.52410.x

[66]

[67]

1347

Claudio Di Lorito, Annabelle Long, Adrian Byrne, Rowan
H. Harwood, John R.F. Gladman, Stefan Schneider, Pip
Logan, Alessandro Bosco, Veronika van der Wardt.
Exercise interventions for older adults: A systematic review
of meta-analyses. Journal of Sport and Health Science. vol.
10, No. 1, pp. 29-47, 2021. Doi: 10.1016/j.jshs.2020.06.003

Chyu MC, James CR, Sawyer SF, Brismée JM, Xu KT,
Poklikuha G, et al. Effects of tai chi exercise on
posturography, gait, physical function and quality of life in
postmenopausal women with osteopenia: a randomized
clinical study. Clinical Rehabilitation. vol. 24, no. 12, pp.
1080-1090, 2010. Doi: 10.1177/0269215510375902



	1. Introduction
	2. Methods
	3. Discussion
	4. Conclusions
	Funding
	REFERENCES

