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Abstract

Introduction and purpose: The purpose od this study is to describe influence of
participating in sporting activities on health of the bones. Osteoporosis is a disease of elderly
people in which bone mineral density lowers. Physical activity was reported to increase bone
mineral density.

A brief description of the state of knowledge: Better physical performance is a positive
factor that lowers the possibility of fracturing the bones of the elderly. Another factor that
plays protective role is lean body mass and development of muscles. Training in young age
can help to increase the bone mineral density, but the effect ceases with the passing of time,
being much lower after decades. Multiple genes have impact on bone mineral density of the
individual. Professional athletes have usually higher bone mineral density, but accumulation
of microdamage in their bones can result in stress fractures. Training in elderly age is proven
to increase bone mineral density of an individual, especially performing weight-bearing sports.

Conclusions: Physical activity has been proven to positively affect health in many ways. One
of them is strengthening the bones by increasing bone mineral density. As it increases, the
possibility to break the bone lowers, which makes it an effective way to support the fight
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against the osteoporosis. It is especially important for women, who are more susceptible to
osteoporotic fractures in post-menopausal age.
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1. Introduction

Main characteristics of the osteoporosis is increased susceptibility to fractures, caused by
lowering of bone mineral density (BMD) and bone quality. Bone Mineral Density usually gets
lower with age. Dual-emission x-ray absorptiometry (DXA) is a routine method of measuring
BMD. In adults, bone remodelling is the main mechanism of bone renewal and adaptation.
The bone remodelling is significantly faster in postmenopausal women, making them more
likely to get a fracture. What is more, fractures can happen on a background of microdamage,
which accumulates with age [1,2].

Osteoporotic fractures happen in areas of lowered BMD, and with increased incidence in that
location after age of 50 years. The risk of getting an osteoporotic fracture is 40-50% and 13-
22% respectively for women and men. With such a high incidence comes and increase of
mortality of the elderly and also huge socioeconomic costs of treatment and rehabilitation
[3.4].

The most common cause of osteoporotic fracture is fall. There is literature evidence, that
practising sports can result in higher bone mineral density and positively impact postural
balance, resulting in lowering the impact of two factors important in developing a fracture
[5.6]

2. Purpose of the study
To describe current state of knowledge available on PubMed database on impact of physical
activity on a risk of developing an osteoporotic fracture.

3. State of knowledge

3.1. Physical performance as a measure of risk of osteoporotic fracture

In the elderly population, falls are the most common cause of the fractures. Accounting for
10% of hospitalisations of the elderly, they pose a threat to osteoporotic people, whose bones
break more easily. Therefore, discovering risk factors of the falls in the population over 65
years has become an important task [7,8].
During The Osteoporotic Fractures in Men (MrOS) International Study researchers have
proven, that lower physical condition of the elderly is a risk factor of a fall. Participants took
part in 4 tests: grip strength test, standing up from a fully sitting position without using arms
test, six-metre walk test and the twenty-centimetre narrow walk test. The correctness of
performing the tasks and the needed time was proven to correlate with history of previous
falls and fractures of the participant. The ,,non-falling”’ group performed better that ,,falling
with a fracture’” group in all tasks. The ,.falling without a fracture’” group performed better
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than the ,,falling with a fracture’” group in grip strength test and six-metre walk test. What is
worth to be noted, the ,,falling with a fracture’” group was the least physically active, while
the group of elderly people who didn’t have a history of falls were the most active. [7,9,10]
In Study of Osteoporotic Fractures (SOF) performed on >65 old women of Caucasian and
African-American Ethnicity the clinical characteristics that predict the hip fracture or ,,any
non-vertebral fracture’” were examined. The most important risk factors are: low bone
mineral density, previous fractures, poor cognitive function, walking speed and using arms to
stand from sitting on a chair position. The last two are dependent on the physical condition of
the individual. The Japanese Research on Osteoarthritis/osteoporosis Against Disability
(ROAD) study confirms that low walking speed is an important risk factor for osteoporotic
fractures [11,12,13].

3.2. Muscle mass and fractures

The correlation between muscle mass and incidence of fractures has already been proven. In a
study from 2019 on group of men with average age of 84,2, muscle mass was measured using
D3-creatine and bone density was measured with dual energy x-ray absorptiometry (DXA).
Results show that in patients with the lowest muscle mass the probability of severe trauma,
including fracture was 2,5 times higher compared with group of higher muscle mass [14].
Cohort study from southern Finland suggests, that lean body mass is correlated with risk of
vertebral fracture. Participants were anthropometrically measured in age of 31 and 46, and
what is more in age of 46 their body composition was measured and lumbar MRI was
performed to calculate surface area of lumbar vertebrac. Results suggest that from
anthropometric measures, height and lean body mass have the most notorious correlation with
surface area of vertebrae [15].
In Beijing Jishuitan Hospital relationship between Bone Mineral Density of femur, lumbar
vertebrae and iliac bone and density of surrounding muscles was verified using CT in group
of women. The highest correlation was observed between the density of greater gluteal
muscle and femoral trochanter density [16].

3.3. Training in youth and fractures in old age

Research from Norway has investigated the impact of recreational physical activity of adults
and incidence of fractures of the vertebrae. Participants in age between 38 and 87 years filled
out the questionnaires about their physical activity and DXA was performed on them. Results
suggest that there is no impact of physical activity on incidence of vertebral fractures,
irrespectively of type of activity [17].
Recreational physical activity of teenagers and young adults may give better results. Using
ultrasounds, bone density of calcaneus was measured in adolescents, and in individuals of
higher physical activity BMD was higher. The small size of study group has limited the
possibility to verify if the relation is equally strong in men and women. Weight bearing sports
had a higher impact on bone density [18].
Similar results were obtained in group of men from South Dakota in age ranging from 20 to
66 years. Their current physical activity and activity of school age and studies was compared
with their BMD measured in DXA. In people that had at least 7 active sport seasons in their
life BMD of hip bone was higher, and they were also taller and stronger than people with less
physical activity. What should be noted, due to bone mass loss in young adulthood, the
differences between groups were lesser in age of 50 [19].
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Cohort study from Finland shows that physical activity of moderate intensity has a positive
impact on vertebrae surface area and lowers the incidence of vertebral fractures in men and
women. Activity was measured using water proof accelerometers worn by people of average
age of 48,8 [20].
Research conducted in Silesia in 2016 on 362 women in post menopausal age (55-87) has
proven similar results. Participants have filled the questionnaires about their physical activity
in age 20-30 and 50-60 years. Their current physical capacity was measured, their bone
density was measured with ultra sounds and DXA was performed on lumbar vertebrae. The
results suggest that current physical capacity has significant influence on BMD, but physical
activity in youth has no impact on it [21].

3.4. The relationship between genetics and sports impact on the incidence of bone
fractures

Bone fractures occur when exposure to external factors results in a transfer of force to the
bone that exceeds a person's tolerance threshold, what may be a result of high-impact force or
repeated stresses with insufficient recovery (stress fractures) [22]. Exercise is an important
factor in the prevention of osteoporotic fractures, but also exposure to stimuli that cause non-
osteoporotic fractures [23,24]. Fracture risk is a complex trait that is also influenced by
genetic variation [25]. It has been shown that fracture susceptibility is related to genetic
factors in 20% depending on the fracture site and in 54% depending on age [26,27]. Genome
wide association studies (GWAS) have identified single nucleotide polymorphisms (SNPs)
which influence fracture risk in genes involved in skeletal structure and homeostasis via
alterations in bone mineral density [22,25]. SNPs may change the composition or expression
of the protein products, which directly affect the risk of fracture. There is evidence that SNPs
in the collagen type 1 alpha 1 (COL1AL1), vitamin D receptor (VDR) and LDL 5 receptor-
associated protein (LRP5) genes have been correlated with a three- to eight-fold increase in
fracture risk among physically active participants, however, some research show no
association with the same SNPs [28-31]. In terms of the risk of non-osteoporotic fractures, the
collagen 1 gene is the best studied, as it is the main bone building protein. Meta-analysis
indicated a trivial reduction in fracture risk for the T allele of the COL1A1 rs1800012 SNP in
physically active females, but not males [1]. Additionally, the T allele has been repeatedly
associated with a reduced risk of ligament damage in active women and men [32-34]. T allele
of collagen 1 may result in the production of a more durable protein that protects against
ligament and bone injuries at an earlier age in physically active people. However, the results
of studies aren’t always conclusive. For example, analysis of theP allele of the collagen 1-
COLI1A2 gene presented conflicting results, one research reported that the 'PP' genotype
reduced fracture risk in half while the other suggested that the P allele (or PP or the Pp
genotype) increased the risk of fractures [29, 35].
Low bone mineral density (BMD) was identified as the main risk predictor of osteoporosis
which may also have important implications for the health of athletes and the risk of injury in
the sports environment. BMD is a highly multi-factorial phenotype influenced by diet,
hormonal characteristics and physical activity [36-38]. There is also a large genetic
component of BMD. It is estimated that BMD heritability is 50-85% depending on the
anatomical location [39]. Over 66 genetic loci have been associated with dual-energy X-ray
absorptiometry (DXA)-derived BMD or fracture via genome-wide association studies
(GWAS) [40,41]. However, many of the identified genes are not related with biological
functions or have not yet been replicated in subsequent studies. . In vitro studies have shown
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alterations in gene expression following mechanical load [42,43]. Unfortunately, small
number of studies have been conducted in athletes with different bone phenotypes [42,43]. A
small number of studies have also been conducted in athletes with different bone phenotypes.
For example, higher BMD in weight-bearing athletes than in control group was observed in
the FF (7.7%) and Ff (6.9%) but not ff (1.8%) genotypes of the vitamin D receptor (VDR)
Fokl rs2228570 polymorphism, whilst lower total BMD was only observed in the FF (- 4.5%)
genotype when comparing swimmers with a control group [44]. What’s more, variants in the
purinergic receptor P2X7 (P2RX7), human TNF receptor superfamily member 1la
(TNFRSF11A) and sclerostin (SOST) genes have been associated with stress fracture in
athletes [31,36,45]. More genetic research associated with BMD is needed to better
understand its correlation with bone fractures, which could translate into benefits in public
health and elite sport.

3.5. The relationship between professional sport and bone fractures

The cardiovascular benefits of physical activity are fairly well known and studied. However,
there is also an orthopaedic advantage has been proposed as a potential mechanism for
increased bone turnover [46, 47]. The osteogenic stimulus from exercise is the result of the
action of the muscles, joints and ground reaction forces transmitted through the skeleton
[48,49]. An important exponent of the orthopaedic benefits of sports and predictor of the bone
fractures is bone mineral density (BDM). BMD is the ratio of mass to the area or volume of
bone, which is known as areal (g/cm2) or volumetric (g/cm3) BMD, depending upon the
measurement methodology used [36]. Bone mineral density accounts for 60—65% of the
variance in bone strength so other factors such as bone geometry, collagen properties are also
important determinants [50,51]. BMD is highly multi-factorial, being influenced by diet,
hormonal characteristics and physical activity [36-38]. Preliminary studies estimate that
physical activity accounts for up to 30% of bone mineral density [52]. Athletes tend to
achieve a higher BMD because after physical activity, osteocytes detect muscles shape and
volume changes, increasing or decreasing the liberation of specific bone mediators, which
consequently influences bone formation and resorption [53].. Elite athletes can achieve from 3
to 22% higher BDM compared to non-athletic control group. The type of sport determines
the bone location of the increased bone mineral density. For example, in the group of
professional volleyball players high rates of BDM were recorded in lumbar spine and femoral
neck [54-56]. Despite the benefits of weight-bearing activity for BMD, at the elite sporting
level, too much activity to the point of overtraining can result in stress fractures. Stress
fractures occur due to repetitive mechanical stress that stimulates an incomplete remodelling
response [57]. The increased risk of stress fracture is influenced by biomechanical gait, bone
size and mechanical properties, nutritional factors, training volume and rapid volume gain,
small musculature and low BMD [36]. Therefore, higher incidence of lower limb stress
fractures is observed in endurance runners in comparison with non-athletic controls.
Significant amounts of site-specific loading, combined with other factors typical of this group,
such as low energy availability, can result in a lower BMD and a higher risk of stress fractures
which account for 50% of injuries suffered by runners [58,59]. Professional road cyclists have
a lower bone mineral density in the hips compared to recreational cyclists [60].

3.6. Impact of training in elderly age on bones and health
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The retrospective cohort study published in 2019 examined the effects of 24-week aerobic
dance program on bone mineral density (BMD). The study involved 80 postmenopausal
women with osteopenia. They were divided into two groups - 40 practiced dance (the
intervention group) and the other 40 were the control group. Before the start of the training
phase, BMD was examined in both groups. BMD was examined again after 24 weeks of the
study. A significant increase in femoral neck BMD was observed in the group of exercising
women (before 0,626+0,097 g/cm?2 vs. after 0,643+0,09 g/cm2), while in the control group
they have changed from 0,646+0,115 g/cm2, to 0,637+0,112 g/cm2 [61].

Another study involved 93 postmenopausal women (aged 50-75 years) diagnosed with
osteoporosis. They were divided into three groups that have performed: aerobic exercises,
anaerobic exercises and osteoanabolic exercises. After 12 weeks of training, a significant
improvement was observed in the osteoanabolic group compared to the other groups. [62].

Researchers performed a meta-analysis that included 15 randomized controlled trials and
analysed the effectiveness of Tai chi training as an adjuvant treatment for osteopenia and
primary osteoporosis. The meta-analysis contained three subgroups: 1) Tai chi vs. no
treatment, 2) Tai chi vs. conventional treatment, and 3) Tai chi and conventional treatment vs.
conventional treatment. There were statistically significant differences in BMD between
groups 1 and 2, with weighted mean difference (WMD) 0.05 g/cm2 and 0.16 g/cm2
respectively. In subgroup 3, the differences were not significant. Thus, Tai chi was proved to
have a positive effect on BMD, and the therapeutic effect was better than in conventional
treatment [63].

In study on 656 Australian men, aged 60-96, the influence of different types of physical
activity was verified. Men were divided depending on their level of activity: sporting,
household and leisure. 82 men suffered at least one fracture during the study The study has
shown that performing even one sporting activity reduces risk of fractures in 6-year period
after the study. [64].

In another study, on 1,283 men with mean age of 79,1 years, activity was measured in steps
per day by SenseWear® Pro Armband. The study found that 1 standard deviation - 3,092 step
increase in daily step count was associated with a 34% lower risk of hospitalization in the
base model (adjusted for age and centre) and a 21% lower risk of hospitalization in the fully
adjusted models (adjusted for age, centre, body mass index, marital status, depressive
symptoms, multimorbidity, cognitive function and prior hospitalization) [65].

Research on elderly women with osteoporosis and vertebral fractures in medical history has
investigated the effect of a 12-week exercise programme on gait walking speed over a
distance of 10 meters. The secondary objectives were to investigate the effects on physical
mobility, fear of falling, and quality of life. The randomized controlled trial included 149
women in age at least 65 years, complying with the study aims. The 12-week exercise
programme included resistance training and balance training in intervention group. The
women in the control group did not exercise with the programme. When the training period
ended, walking speed was not significantly different between the intervention group and the
control group (mean difference 0.04 m/s). Walking speed was measured again in both groups
after 3 months and there was also no statistically significant difference (0.03 m/s) [66,67].
The research by Diem S. J. et al. concluded that women with slow walking speed were less
likely to be independent than women with good walking speed [68]. Nevertheless, a
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significant improvement in balance and reduction in fear of falling was observed for the
intervention group in both measurements [66,67]. Additionally, a study by Otero M. et al. also
confirmed the positive effect of a physical exercise program based on balance and strength
exercises on improving balance but also strength in women with osteoporosis [69].

4. Conclusions

Participating in sporting activities is an efficient way to increase BMD and help patients with
osteoporosis and maintain in good health. Improving one’s physical performance can lead to
better body balance which lowers the risk of potentially dangerous fall. Weight-bearing
exercises have more impact on BMD than non-weight-bearing exercises. Non-professional
physical activity is available to wider circle of patients and allows them to strengthen their
bones with lower risk of developing microdamage in their bones that professional sport.
Training in both, young and elderly age is able to increase BMD, but effects fade away if
physical activity of a person declines.
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