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Abstract

Background: Osteoporosis is a decrease in bone mass and worsening of bone tissue, which causes a decrease in bone
density or porous bones. Muscle strengthening exercise is a voluntary exercise to increase skeletal muscle’s strength,
power, endurance, and mass that includes the use of weight machines, hand-held weight, exercise band, or own body
weight. People do strengthening exercise for many purposes, including aesthetic, physical therapy, sports, conditioning for
sports performance, and general fitness and health. This literature review aims to review the effect of strengthening
exercise in postmenopausal osteoporosis focusing on the bone density and the risk of falling. Methods: This study is a
literature review which assembled by searching, compiling, and analyzing various studies that focused on the effect of
strengthening exercise in postmenopausal osteoporosis. Results: For the bone density, the osteogenic effect in increasing
bone mass can be stimulated by means of bone tissue being exposed to mechanical loads that exceed what is experienced
during daily activities. For the risk of falling, the special population such as osteoporotic women and/or osteoporotic
postmenopausal women, overall, the general idea of falling risk results in older adults can be decreased with exercises
and/or exercises programs. Conclusion: strengthening exercise can increase the bone density and reduce the risk of
falling, hence postmenopausal women whose at risk of osteoporosis should receive strengthening exercise in accordance

with the recommendation to prevent worsening of the disease and complications.
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1. Introduction
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Osteoporosis is a decrease in bone mass and worsening of bone tissue, which causes a decrease in bone
density or porous bones. Patients suffering from osteoporosis will be more at risk of experiencing fractures
due to low bone mineral density or BMD, microarchitectural disturbances or bone mineralization, and
decreased bone strength. It is estimated that more than 200 million people suffer from osteoporosis worldwide.
More than 70% of individuals over the age of 80 have osteoporosis. This condition is more common in women
than men. It is estimated that around 9 million cases of fractures per year occur due to osteoporosis. In a meta-
analysis and systematic review that evaluated data from 86 studies with a total sample of more than 103
million people, it was reported that the prevalence of osteoporosis is 2 times higher in women than men. The
prevalence of osteoporosis is also reported to be highest in African countries. Based on the data from the
Ministry of Health, the prevalence of osteopenia in Indonesia is around 41.7% and the prevalence of
osteoporosis is around 10.3%. This means that 2 out of 5 Indonesians are at risk of osteoporosis. This data also
shows that 41.2% of the sample aged less than 55 years have osteopenia. In addition, osteoporosis is also 2
times more common in women than men. Death in people with osteoporosis is not directly due to the disease,
but due to complications and risks that arise in people with osteoporosis. Osteoporosis’ complications such as
fractures may lead to bleeding, embolism, and head injuries that can lead to death. Vertebral fractures in
osteoporosis patients can cause kyphosis, chronic pain, respiratory problems, and an increased risk of
pneumonia.

According to Bennie et al. (2020), muscle strengthening exercise is a voluntary exercise to increase skeletal
muscle’s strength, power, endurance, and mass that includes the use of weight machines, hand-held weight,
exercise band, or own body weight. According to 2008 Physical Activity Guidelines for Americans (2008),
this type of exercise causes the body’s muscles to work or hold against an applied force or weight and has
three main components including intensity, frequency, and repetitions. Muscle strengthening exercise
sometimes can be referred as strength/ weight/ resistance training or exercise. People do strengthening

exercise for many purposes, including aesthetic, physical therapy, sports, conditioning for sports performance,
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and general fitness and health (Bennie et al., 2020). According to Mora and Valencia (2018) and the 2008
Physical Activity Guidelines for Americans (2008), there are some strengthening exercise that can be applied
for elderly people, including exercise using exercise bands, weight machines, callisthenic exercises (such as
push-ups, pull-ups, and sit-ups), climbing stairs, hand-held exercises, digging, lifting, and carrying as part of
gardening, carrying groceries, some yoga exercises, and some tai chi exercises. This study aims to review the
effect of strengthening exercise in postmenopausal osteoporosis focusing on the bone density and the risk of

falling.

2. Methods

This is a literature review studies which assembled by searching, compiling, and analyzing various studies that
focused on the effect of strengthening exercise in postmenopausal osteoporosis. The sources were cited from
PubMed and the search terms used for searching were about the “strengthening exercise” and “osteoporosis
postmenopausal”. The articles selected were published between 2008 — 2021 which a total number of 20

articles is included in this literature review.

3. Result
Pathophysiology of Postmenopausal Osteoporosis
In principle, the pathophysiology of osteoporosis is related to the imbalance of bone resorption and
remodeling which causes a decrease in bone mass. In most individuals, bone mass peaks in the third decade,
after bone resorption exceeds bone formation. Failure to achieve normal peak bone mass or accelerated bone
loss can lead to osteoporosis.

¢ Osteoimmunology: Osteoclasts that play a role in bone resorption can be considered as prototype

osteoimmune cells. Osteoclasts share precursor cells with monocytes, macrophages, and dendritic
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cells. Recent studies have shown that many molecules are involved in the immune system and
bone such as transcription factors, signaling factors, cytokines, and chemokines.

In osteoporosis, T-cells are considered to be the main proinflammatory cytokine. In addition, there
is an important link between estrogen loss, T-cell-dependent inflammation, and osteoporosis.

e Molecular: Several regulatory pathways in osteoblasts involved in osteoporosis include the
glucocorticoid receptor signaling pathway, the retinoic acid signaling pathway (RAR), the
estrogen receptor signaling pathway, the peroxisome proliferator activated receptor signaling
pathway (PPAR), the vitamin D receptor signaling pathway, the Ca2+ signaling pathway, nuclear
receptor coactivator (NCOA), and the omega 3 fatty acid signaling pathway.

e Role of Estrogen: Estrogen is required for bone growth, development, and maintenance of bone
health. The cellular response of osteoblasts and osteoclasts to estrogen is initiated via two high-
affinity Era and Erf receptors.

e Role of Glucocorticoids: Glucocorticoids are a class of steroid hormones that bind to glucocorticoid
receptors that inhibit osteoblast proliferation and differentiation. In addition, glucocorticoids also
regulate ion channels.

e Role of Retinoic Acid: Retinoic acid works by binding retinoic acid receptors (RARs), which are
members of the nuclear receptor superfamily. Retinoic acid is essential for the physiological
regulation of various biological processes including bone development, differentiation,
proliferation, and apoptosis.

eRole of PPAR Nuclear Receptors: PPARs are a group of nuclear receptors that can form
heterodimeric complexes and are involved in metabolic and inflammatory processes that are
important in controlling cell proliferation, osteoclasts, and osteoblasts.

¢ Oxidative Stress: Molecular oxygen very easily reacts with some radicals and turns into free radicals

and continues to cause selective oxidation of fats, proteins, and DNA molecules. Although some
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cells develop protective mechanisms against this oxidation process, imperfect protective
mechanisms still cause molecular damage that leads to disease and aging. One of the protective
mechanisms is the increased amount of tumor necrosis factor alpha (TNF-a) in the bone marrow
and causes bone loss.

o Genetics: Studies of monogenic diseases prove the involvement of genes in bone physiology
processes that cause incomplete osteogenesis and are associated with osteoporosis. Some of the
genes considered to be involved include: COL1Al, COL1A2, BMPI1, PLS3, SERPINHI,
SEC24D, TCIRG1, CTSK, NOTCH2, LRPS, SOST, BL1, AXIN1, CLCN7, CREB3LI,
CTNNBI1, DMP1, EN1, FKBP11, FOXC2, SOX4

Effect of Strengthening Exercise in Bone Density

Resistance training has been recommended as a widely used treatment strategy for bone loss. The osteogenic
effect in increasing bone mass can be stimulated by means of bone tissue being exposed to mechanical loads
that exceed what is experienced during daily activities. Several exercise programs such as resistance exercise
(RE) are exercises that are very beneficial for maintaining bone mass (Sibonga et al., 2019). Resistance
exercise is recommended to be done at least twice per week with five sets and five repetitions. This resistance
exercise includes a 10-minute warm-up, an exercise of five sets and five repetitions (with two minutes of rest
between sets), and 10 minutes of relaxation movements. This resistance exercise has been shown to increase
bone density in postmenopausal women by 0.17 g/cm?2 in the spine, hips, and femoral neck. The results of a
study conducted by Bella et al (2021) explained that from the type of exercise between step up and Zumba
gymnastics, it is proven that step-up exercise has a more significant effect on bone density. This is because
step-up sports put a mechanical load on the bones so that the bones will be "forced" to carry out the bone
remodeling process. This is different from Zumba gymnastics. Zumba gymnastics is considered not to provide
a mechanical load on the bones such as step-up sports so that the increase in bone mass density that occurs is

not very significant (Triandini, 2019). Regular and regular physical activity is proven to increase bone mass
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density. Regular physical activity can maintain bone health and prevent an early decrease in bone density.
Physical activity that has a better effect on increasing bone mass density is anaerobic physical activity such as
jumping, running, and lifting weights. The group of elderly who experience osteoporosis who are given
interventions in the form of resistant physical exercise have been shown to experience an increase in bone
mass density (Bella et al., 2021).

Effect of Strengthening Exercise in Risk of Falling

Risk of falling or fear of falling is a term used for describing how confident a person is in taking daily activity
without falling or without thinking that they would fall during those times (FilipoviC et al., 2021). 11 studies
also show the relation between this aspect and exercising (Zhang et al., 2021, Marini et al., 2019, FilipoviC et
al., 2021, Hoke et al., 2020, Aibar-Almazan et al., 2019, Bragonzoni et al., 2020, Ferrara et al., 2019, Yong et
al., 2021, Daly et al., 2019, and Sherrington et al., 2019). Zhang et al., 2021, mentioned that it can reduce the
falling rate for up to 23% as well as the injuries caused by falling that requires hospitalization. It is mentioned
also that exercise programs in general can help reduce the risk of falling in older people (more than 65 years
old) (Zhang et al., 2021, and Sherrington et al., 2019). More specifically exercises that promote multiple
categories like balance, functional and resistance (Sherrington et al., 2019). In special population such as
Osteoporotic women and/or Osteoporotic postmenopausal women, overall, the general Idea of falling risk
results in older adults, specifically female can be decreased with exercises and/or exercises programs (Marini
etal., 2019, Filipovic et al., 2021, Hoke et al., 2020, Bragonzoni et al., 2020, Ferrara et al., 2019, and Yong et
al., 2021) .The said exercises and/or exercises programs ranging from a 12 month exercise programs
(Bragonzoni et al., 2020), a 6 months exercise program (Marini et al., 2019), a 12 week exercise plan
(FilipoviC et al., 2021), exercises that focusing on specific core strengthening and weight bearing (Hoke et al.,
2020), and Tai Chi Chuan practice (Ferrara et al., 2019). All shows a positive improvement regarding Fear of
Falling reduction (Marini et al., 2019 and FilipoviC et al., 2021), fall reduction (Hoke et al., 2020, Bragonzoni

et al., 2020, Ferrara et al., 2019, and Yong et al., 2021).
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Strengthening Exercise Recommendation

Strengthening exercise in elderly people should be carried out carefully due to the probability of injuries.
According to Mora and Valencia (2018), muscle strengthening exercise should be performed at least 2 times
per week with moderate to vigorous intensity (>=6). There is no spesific amount of time for muscle
strengthening exercise, but it should be carried to the point where it would be difficult to do another repetition
without help. 1 set of 8 to 12 repetition of each exercise is effective when using resistance training, although 2

or 3 sets may be more effective (Mora and Valencia, 2018).

4. Discussion

Fragility fractures, which are common in people with osteoporosis, are a leading cause of pain, disability, loss
of functional independence, and increased morbidity and death worldwide, making osteoporosis a major
clinical and public health issue worldwide (Wright et al., 2014). Furthermore, it is unfortunate that the
existing therapeutic choices are not very beneficial once osteoporosis manifests, and exercise training is a
strategy that can concurrently reduce the number of risk factors for skeletal problems and falls. However, it
must be prescribed correctly and customized to the intended outcome(s) and the designated target group (Daly
et al., 2019). A study of a large, community-based, representative group of women in Taiwan showed that
regular exercise was strongly linked to a lower risk of osteoporosis in postmenopausal women and that longer
exercise sessions (>1 h) were more effective at preventing postmenopausal osteoporosis (Chang et al., 2022).
Numerous various exercise modalities, such as weightlifting, walking, jogging, jumping, step climbing, and
even swimming and water aerobics, are suitable for postmenopausal women to practice for the prevention and
treatment of osteoporosis, as long as the programs contain moderate to extensive exercises (70% to 90% of
IRM), are performed in a high pace for short intervals of time, and are done often (2 to 4 times a week)
(Moreira et al., 2014). As shown in a study, postmenopausal women's bone density at the lumbar spine,

femoral neck, entire hip, and entire body can be preserved by using combination exercise programs, such as
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resistance training, impact exercise, and dynamic aerobic exercises. For example, thinking of postmenopausal
women, cycling could be recommended to improve general health, along with other alternative exercises
(weight lifting, plyometrics, or other high-impact activity) to complement cycle training to help minimize
bone loss (Zhao et al., 2017). In order to reduce their risk of fractures and injuries, postmenopausal women
should take certain precautions when exercising. Therefore, it is strongly advised that the patient adheres to an
exercise regimen established by a specialist in the area, such as a physical trainer or a physiotherapist, after
consulting with a doctor.

Risk of falling or fear of falling is a term used for describing how confident a person is in taking daily activity
without falling or without thinking that they would fall during those times (FilipoviC et al., 2021). It is
mentioned also that exercise programs in general can help reduce the risk of falling in older people (more than
65 years old) (Zhang et al., 2021, and Sherrington et al., 2019). In special population such as Osteoporotic
women and/or Osteoporotic postmenopausal women, overall, the general Idea of falling risk results in older
adults, specifically female can be decreased with exercises and/or exercises programs (Marini et al., 2019,

Filipovié et al., 2021, Hoke et al., 2020, Bragonzoni et al., 2020, Ferrara et al., 2019, and Yong et al., 2021)

5. Conclusion

Strengthening exercise increase bone density and reduce the risk of falling, hence postmenopausal women
who’s at risk of osteoporosis should receive strengthening exercise in accordance with the recommendation to
prevent worsening of the disease and complications. Due to this population’s age, they should be careful and

tact with the type, frequency, and the intensity of the exercise.
6. Recommendation

It is necessary for patient with postmenopausal osteoporosis to receive strengthening exercise according to

guideline to improve their physical health and reduce the risk of osteoporosis’ complication.
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