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Abstract 

In the theoretical part of the scientific work, the author gives an overview about muscu-

loskeletal disorders (MSDs) which cause a globally high burden on the health care sys-

tems. Reasons and various risk factors like inadequate postures or no physical activity 

(PA) for the development of MSDs are considered. The importance of PA for the preven-

tion of MSDs and for human well-being in general are presented in chapter 3. Defini-

tions, domains, and types of PA give a deeper insight about public health. Guidelines of 

PA and sedentary behaviour for different age groups and specific groups provide people 

a clue. Tables about health outcomes and health risks illustrate the positive effects of 

regular PA and a less sedentary lifestyle. Different dose-response relationship models 

between PA and mortality are presented. The chapter ends with the measurement and 

different assessment techniques of PA. 

The empirical part of the thesis is about the association between PA and musculoskeletal 

pain (MP) based on the multinational ASAP (Activity and health during the SArs-CoV2 

Pandemic) survey. For data collection the quantitative research method was used to get 

standardized answers and reach many people affected by coronavirus. Calculated odds 

ratios (ORs) of 14,977 participants showed differences in the risk for MP in eleven body 

regions among people who were not meeting the aerobic PA guideline compared to 

people who were meeting the aerobic PA guideline. People not meeting the PA guideline 

had especially a higher risk of developing MP in the wrist (OR = 1.75), lower back (OR = 

1.59), and foot (OR = 1.51). Included confounders in a multiple binary logistic regression 

provided seven significant results. PA levels of double, triple, or quadruple the amount 

of the recommended aerobic PA showed no additional benefits in association with MP. 

In general, people who were meeting the PA guideline had a lower probability to suffer 

MP in multiple body regions. 
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1 Introduction 

The SARS-CoV-2 occurred the first time in China at the end of 2019 and caused world-

wide reductions in fundamental rights and freedoms of individuals. Various of prevention 

strategies like locking down cities or even entire countries, home quarantine, forbidden 

social gatherings, as well as travel and outdoor restrictions were implemented to curb the 

spread of the coronavirus. Due to the closure of different sports facilities, gyms, and other 

public activity areas, people could not perform their routine exercise programs. Govern-

mental restrictions over such a long time affects individual’s lifestyles and could have 

negative health consequences. 

According to the global statistics of the World Health Organization (WHO), more than 

27% of adults aged 18 and older were not enough active in 2016. In addition, there was 

no improvement in worldwide levels of physical activity (PA) in the last twenty years 

(World Health Organization, 2020b). 

Data about the percentage of adults and adolescents meeting the 2008 PA guidelines for 

Americans were presented by the Centers for Disease Control and Prevention. In 2018, 

every fourth American was engaging in no leisure-time PA. According to the aerobic PA 

guideline, more than half (54.2%) of the people were meeting the minimum and 37.4% 

were meeting the high level of the recommended duration. About 28% were meeting the 

muscle-strengthening guideline and almost one fourth (24.0%) of Americans aged 18 and 

older were meeting the guidelines for aerobic PA and muscle-strengthening activity (Cen-

ters for Disease Control and Prevention, 2020a).  

A systematic review of ten studies investigated the effects of workplace exercises like 

resistance training, posture and cardiorespiratory exercises on musculoskeletal pain (MP). 

Resistance training interventions were performed at 70 to 85% of individual one repeti-

tion maximum three times a week for 20 minutes and promoted pain reduction in wrists, 

shoulders, dorsal and lumbar spine (Rodrigues et al., 2014). 

The prevalence of MP in association with PA was measured in a cross-sectional study of 

392 health specialty students in Taif University in 2018. The results showed that 64.8% 

of the students had MP and every third suffered pain in the lower back. Students in a low 

or moderate level of PA reported 280 cases of pain in the neck, upper back, or lower back 

during the last twelve months. In contrast, the prevalence of MP in those body regions 

resulted a value of 59 for students in a high level of PA (Hendi et al., 2019). 
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In 2019, a cross-sectional study with 348 women assessed the relationship between ob-

jectively measured PA and MP. Levels of PA were monitored weekly with tri-axial ac-

celerometers. Significantly less musculoskeletal problems in shoulders, ankles, and feet 

were found in women aged 50 to 64 years who were more PA (Nawrocka et al., 2019). 

A study about MP and levels of PA in welders of the steel industry was published in 2020. 

Due to welders have a high prevalence of MP, associated with high levels of sick leave, 

PA could be a preventive strategy. Data collection was conducted from 145 welders of 

34 companies in Germany. The calculated odds ratios showed, leisure-time PA of less 

than 600 metabolic equivalents per week and neck pain in the previous twelve months 

significantly increase the possibility to develop low back pain (Weyh et al., 2020).  

Results of a multinational survey in 14 countries have shown a 41% decrease in overall 

self-reported PA compared to pre-restrictions. The data were assessed by the short form 

of the Nordic Physical Activity Questionnaire and included time spent in moderate and 

vigorous PA actions (Wilke, Mohr, Tenforde, Edouard, et al., 2020a). 

A Chinese study about the effects of the initial stage of the coronavirus reported a more 

than tripled prevalence of insufficient PA (57.5%) compared to a non-epidemic period 

(14.1%). The decrease of the PA level goes hand in hand with an increase of screen time 

during home quarantine (Qin et al., 2020). 

Participating in regular sports activities has a lot of health benefits, for example a lower 

risk of early death, cardiovascular disease, hypertension, type-2-diabetes, or different 

types of cancer. Moreover, PA has a strong or moderate evidence to improve quality of 

life, cognition, sleep quality, weight loss, bone health or physical function and is related 

to physical fitness. Cardiorespiratory and musculoskeletal fitness, flexibility, balance, and 

speed of PA are components of physical fitness and play an important role in performing 

routine daily activities  (U.S. Department of Health and Human Services, 2018). 

Literature already proved there is many MP due to no or low level of PA. Consequently, 

people’s lives could be influenced in their daily activities resulting in decreases of phys-

ical and mental health. However, there is a lack of information about the association be-

tween PA, MP and other confounding variables. Confounders like sex and mental well-

being could also have an impact on the development of MP in body regions. 

The main objective of the master thesis is to find out if there is a difference to develop 

MP in 20 body regions among people who were meeting the guideline of aerobic PA 

compared to people who were not meeting the guideline of aerobic PA. In an optional 



   Page 8 

step the confounders sex, age, mental well-being, and occupation get included in a mul-

tiple binary logistic regression model.  

The written paper is structured in five main chapters with subsections. After the introduc-

tion, different motives for musculoskeletal disorders (MSDs), diagnosis and treatment 

opportunities and further causal factors of musculoskeletal problems are described. Chap-

ter 3 gives an overview of the importance of PA in general and especially for MSDs. It 

contains, among others, the effects of a sedentary behaviour on the human body and the 

different guidelines of PA. The next chapter defines the research question and the corre-

sponding hypotheses. All details about the research method of the conducted study are 

provided in section five. The quantitative form of questionnaires was used to answer the 

research question. In the last main chapter of the thesis the results are presented, including 

different illustrations for better visualization.  
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2 Musculoskeletal Disorders (MSDs) 

2.1 General Information 

Musculoskeletal conditions are widespread among the global population and cause high 

costs in our health care system and national economy. According to the U.S. Bureau of 

Labor Statistics (2016), they “include cases where the nature of the injury or illness is 

pinched nerve; herniated disc; meniscus tear; sprains, strains, tears; hernia (traumatic and 

nontraumatic); pain, […] other and multiple exertions or bodily reactions; and rubbed, 

abraded, or jarred by vibration (para. 3)”. 

Musculoskeletal problems represent the leading reason of chronic pains, functional limi-

tations of the human body, and loss of quality of life (Fuchs et al., 2013). As reported by 

the WHO, MSDs include more than 150 conditions that impact people’s locomotor sys-

tem, classified into joints, bones, muscles, the spine, and multiple body zones or systems. 

They can arise suddenly and exist only over a short period of time or can be especially 

tenacious and lead to continuous limitations in disability and different functions. Compli-

cations in the musculoskeletal system have a significantly negative influence on mobility 

and dexterity, cause early retirement from work, decrease ability of social participation, 

and can result in poor well-being (World Health Organization, 2021). Similar to the 

WHO, the Centers for Disease Control and Prevention (2020b) characterizes MSDs as 

injuries or conditions of the nerves, tendons, muscles, joints, cartilage, and spinal discs. 

In accordance with a data analysis of the Global Burden of Disease, about 1.71 billion 

people suffer from musculoskeletal problems worldwide. Due to the rising population 

and ageing, more and more people are affected by MSDs. With a prevalence of 568 mil-

lion individuals, pain in the lower back is in first position of all MSDs (Cieza et al., 2020).  

Seen on a global scale, disability is frequently associated with MSDs. Low back pain is 

the leading cause of disability in many places of the world. Due to population increase 

and aging, more and more people suffered pain in the lower back in the last decades, 

particularly in low-income and middle-income countries. This trend will possibly con-

tinue to increase in the future. Figure 1 illustrates the substantially increase of disability 

due to low back problems, especially from the middle age group to the older generation 

(Hartvigsen et al., 2018).  
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Figure 1: Classification of disability-adjusted life-years (DALYs) from worldwide low back pain by 

different ages, for the years 1990 and 2015 (Hartvigsen et al., 2018) 

Depending on whether the disorders are acute or chronic and resulted from an injury or 

excessive use, many symptoms of MP can be distinguished. Common examples for some 

of them include pain in different body regions or the whole body, fatigue, poor sleep 

quality, and muscle twitching. The symptoms of MP can be quite different from one per-

son to another (Cleveland Clinic, 2014). 

Frequencies of back pain, osteoporosis, arthrosis, and arthritis were examined in the pop-

ulation-based survey of the German National Cohort. Data collection was done from 

March 2014 to 2017 of adults aged 20 to 75 years. A total of 111,149 people participated 

in the study, about 91.6% of them (n = 101,779) were interviewed and the other individ-

uals were subjected to a clinical investigation (8.4%; n = 9,370). In the self-evaluation 

reports of the interviewed participants, more than every fifth had ever been diagnosed 

with recurrent pain in the back zone (22.5%) or osteoarthritis (20.6%). On the contrary, 

osteoporosis (2.9%) and rheumatoid arthritis (1.9%) had a low prevalence. By means of 

hand examination, 6.0% of the individuals complained about pain in at least one finger 

joint. Approximately eight out of hundred participants were affected by resting pain in at 

least one knee and about 5% in the hips in clinical examination. Musculoskeletal condi-

tions were revealed more often in women and increased noticeable with age (Schmidt et 

al., 2020). 
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2.2 Reasons and Risk Factors 

People can experience at any place and any time disorders of their locomotor system. 

Therefore, there are many causes for the development of MSDs.  

A Norway article about the association between physical inactivity and chronic musculo-

skeletal complaints was published in 2008. Based on two health studies in the county of 

Nord-Trøndelag, almost forty thousands of participants provided information about PA 

(1984-86) and musculoskeletal conditions eleven years later (1995-97). The results 

showed, people who reported to be physically active at baseline had a lower probability 

to develop chronic musculoskeletal complaints at follow-up (OR = 0.91) compared to 

inactive people. Calculations were more significant by comparing participants who did 

physical exercises more than three times per week (OR = 0.72) with inactive ones (Holth 

et al., 2008).  

Obesity is another determinant of MSDs. Knee osteoarthritis, low back pain, gait disturb-

ance, and osteoporosis are examples of musculoskeletal conditions that are associated 

with obesity (Anandacoomarasamy et al., 2008). 

There is a relationship between the risk of developing musculoskeletal problems and age, 

lifestyle, activity level, occupation, and family history. Furthermore, activities like main-

taining a poor and identical posture at work or in front of the computer, doing always the 

same movements, and lifting weights with defective execution, can also lead to problems 

in the musculoskeletal system (Cherney, 2018). 

A systematic review of 63 longitudinal studies identified risk factors of work-related mus-

culoskeletal conditions. They include heavy physical and mental demands, smoking, high 

body mass index, existing accompanying illnesses, and biomechanical aspects like poor 

postures and lots of repetitions (da Costa & Vieira, 2010). Overhead work, twisting and 

carrying loads, and whole body vibration are other examples for physical stress factors 

that can lead to work-related MSDs. Psychosocial stress factors, including low job satis-

faction, family responsibilities, and individual lifestyle aspects like unhealthy habits, can 

also result in problems of worker’s musculoskeletal system (Centers for Disease Control 

and Prevention, 2017).  

MP can be caused by fractures, overuse injuries, sprains, poor posture, and no or too less 

level of PA. Injuries to the bones, joints, muscles, tendons, and ligaments can be induced 

by falls, car accidents, fractures, sprains, jerking movements, dislocations, and direct im-

pacts on the muscles (Cleveland Clinic, 2014). 
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The relationship between MP and different levels of PA in adolescents was explained in 

a cross-sectional study of 417 high school students. Adolescents in low levels of PA 

showed a statistically significant result experiencing upper and low back pain (Aktürk et 

al., 2019). 

The association between smoking habits and MP was assessed in a British national sur-

vey. A total of 21,201 adults, aged between 16 and 64 years, filled out a digital question-

naire about regional pain in the last 12 months, smoking, and other variables. MP was 

considered in the body regions of the neck, low back, and upper and lower extremities. 

Statistical analysis showed, current and ex-smokers of both sexes had a higher risk for 

pain in all body regions compared to lifetime non-smokers (Palmer et al., 2003). 

Consequently, taking care of the musculoskeletal system includes, among others, doing a 

combination of strength exercises and cardiovascular activities, getting enough sleep, 

maintaining a healthy weight with a balanced nutrition, and having periodic health check-

ups (Cleveland Clinic, 2020).   

2.3 Medical Diagnosis 

In many cases a physical examination of the doctor is sufficient to analyse a musculo-

skeletal condition. However, to confirm the initial diagnosis laboratory and imaging tests, 

arthroscopy, joint aspiration, as well as nerve and muscle tests will be applied. X-rays, 

bone scanning, computed tomography (CT), and magnetic resonance imaging (MRI) are 

examples of imaging tests. The main advantage of a CT is the quick investigation time, 

and it is done to get information about a bone fracture. In contrast, MRIs provide insight 

into soft tissues like muscles, ligaments, and tendons (Villa-Forte, 2020). The physical 

examination and the results of the tests can help the doctor to make a diagnosis and pre-

scribe a possible treatment. 

2.4 Treatment Methods 

Based on the diagnosis, there are different possibilities to treat a musculoskeletal condi-

tion. Examples for treatment options are physical or occupational therapy, acupuncture, 

chiropractic service, strength and stretching exercises, endurance sessions, using a splint, 

and medications (Cleveland Clinic, 2014).  

The Osteoarthritis Research Society International (OARSI) published conservative treat-

ment guidelines for people with knee, hip, and polyarticular osteoarthritis. In accordance 

with its recommendations, core therapies, including strengthening, cardio, balance, and 

neuromuscular workouts, are appropriate for most patients and a safe treatment option. 

For individuals with knee osteoarthritis, the scientific organisation advises mind-body 
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exercises (e.g., yoga, tai chi, qigong) and dietary weight management if necessary (Ban-

nuru et al., 2019). 

A randomized controlled trial in Sweden proved if there is a difference in health effects 

of direct triaging patients with MP to physiotherapists in comparison to general practi-

tioners. The results represented significant improvements in quality of life after six 

months and reductions in current and mean pain over three months in the group of the 

physiotherapists. Furthermore, they achieved better outcomes in functional disability and 

for the risk of developing chronic pain. Consequently, treatment of MP based on exercises 

instead of traditional management with medication can be advantageous for health as-

pects (Bornhöft et al., 2019). Pangarkar et al. (2019) recommend a varied program of 

clinician-directed exercises, spinal gymnastics, Pilates, yoga, and tai chi for patients with 

chronic pain in the lower back area.  

A current systematic review summarized different treatment methods for MP in five body 

regions. With clear evidence the authors found out, exercise and psychosocial therapies 

are helpful in reducing pain and enhancing function for patient’s locomotor system. The 

medications NSAIDs (non-steroidal anti-inflammatory drugs) and opioids have only 

weak short-term effects on the pain level. Another short-term benefits for knee and shoul-

der pain can be obtained with corticosteroid injections (Babatunde et al., 2017). 

Other guidelines about non-invasive therapies for low back pain were authored by the 

American College of Physicians (ACP). Examples for considered factors included en-

hancement in back-specific and overall function, reduction or elimination of back pain in 

the lower zone, and improvement in quality of life and work-related aspects. Patients with 

acute or subacute low back pain should undergo treatments like heat therapy, massage, 

acupuncture, or spinal manipulation. NSAIDs or skeletal muscle relaxants are the first 

choice if there is a need for medications. Regarding chronic low back pain, the physicians 

recommend different exercise therapies (e.g., rehabilitation, yoga, motor control), stress 

management, or the electromyography biofeedback method. If a non-pharmacologic 

treatment is not working, NSAIDs or tramadol should be applied (Qaseem et al., 2017).  

The effectiveness of workplace interventions was assessed in a review of 14 randomised 

controlled trials of 1897 workers with MP, mental health problems, and cancer. Contents 

of the interventions were for example changes of workplace or equipment, work design 

and organisation, work environment or the involvement of ergonomists and occupational 

physicians and nurses. Analyses of the collected data showed workplace interventions 

reduce time to return to work, improve pain, and functional status in workers with MP 
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(van Vilsteren et al., 2015). Due to stated and current study situation, there is evidence of 

a trend towards physical treatment of MSDs and MP. 

2.5 Causal Factors 

Disorders, diseases, and pain of the human locomotor system are a global problem and 

involved with high costs in the public health system. In the United States of America, 

musculoskeletal conditions (MSCs) are the leading cause of healthcare costs and repre-

sented a sum of $980 billion for treatment and lost wages in 2014 (5.76% gross domestic 

product). Every second adult (124.1 million) suffers a MSC in his or her life. The most 

prevalent MSCs are arthritis, back and neck pain, osteoporosis, and injuries caused by 

falls or at workplace. Almost two out of three sports injuries relate to the musculoskeletal 

system. About 100 million of American adults complain about neck and respectively or 

low back pain. MSCs were responsible for 19% (235.1 million) of all health care visits in 

2013, of which 62 million were attributed for low back pain and injuries in each case. 

There are direct costs of $53.1 billion for treatments of musculoskeletal injuries. The eco-

nomic impact is disastrous with a total of 364 million lost workdays due to MSCs. They 

force people to absenteeism from work for twelve days compared to other types of work-

place injuries with eight days. American companies lose annual earnings of $71.3 billion 

for people with osteoarthritis (United States Bone and Joint Initiative, 2020). 

The costs of MSCs in the United Kingdom are not slight. In the country, MSCs represent 

the leading cause of work-related sickness rates. With about £4 billion a year, rheumatoid 

arthritis is a heavy burden on the health system of the United Kingdom. For example, 

essential knee and hip treatments cost several thousands of pounds (Parsons & Symmons, 

2014).  

Approximately one fifth (1.3 million) of all hospital stays per year record for musculo-

skeletal problems in Germany. Converted into a monetary amount, €35 billions of costs 

incure due to orthopaedic, trauma surgical, and rheumatological diseases. This corre-

sponds to about 16% of total costs in the health sectors (Ärzte Zeitung, 2006).  

In Switzerland, complaints at the locomotor system are the major cause for hospitaliza-

tion, operation, and investigation procedures. Latter methods are partly unnecessary and 

account for 11% of all health costs. Every year, there are more than 100,000 operations 

with costs between 1,000 and 10,000 CHF. Scientific studies demonstrate unambiguously 

that the cheaper physiotherapy can achieve the same results. The musculoskeletal prob-

lems lead to annual direct costs of 20 billion Swiss franc for the health insurance funds. 

In contrast, all costs for physical therapies amount to 700 million CHF. This opens a 

potential for considerable savings (Luomajoki, 2013).  
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Equally to Switzerland, MSDs were 11% (SEK 102.3 billion) of total health care ex-

penses in Sweden in 2012. That is a sum of SEK 11,000 per inhabitant. Figure 2 repre-

sents the percentage allocation of costs for MSDs (Ahlberg, 2014).  

 

 

Figure 2: The percentage allocation of costs for musculoskeletal disorders. Adapted from Ahlberg 

(2014). 

Conforming to data, non-health care costs accounted for about two thirds of full amount 

with SEK 65.4 billion. Besides the expenses for lost productivity, health care costs were 

SEK 37 billion. That is equivalent to 36% of total costs, which include both outpatient 

and inpatient care and pharmaceuticals (Ahlberg, 2014).  

Mathematical modelling was used to estimate annual costs and consequences of chronic 

MP in Chile. The four consequences included years lost due to disability, productivity 

loss, depression, and anxiety. Based on local sources, direct health care costs were calcu-

lated. Chronic MP accounts for an estimated sum of $1.4 billion, representing 0.4% of 

the national gross domestic product. Low back pain and knee osteoarthritis are the two 

leading body regions of MP and contributing for 31.8% and 27.1% of total costs. The 

consequence depression causes a burden of $94 million and chronic MP results 137,037 

years of living with disability (Vargas et al., 2018). 

A published article in 2006 provides insight into estimated costs of work-related MSDs 

in the developing country Columbia. Calculations based on data of repetitive strain inju-

ries diseases in Finland for 2002. The estimated expenses for productivity loss were about 

$170 million in 2005, corresponding to 0.2% of its gross domestic product (Piedrahita, 

2006).  

The literature clearly shows, MSDs make up a large proportion of health care costs world-

wide. With thoughtful prevention programs, many expenditures for therapies, operations, 

and other treatments could be saved. In this context, the author sees a great potential in 

64%
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inciting and motivating people to be more physically active. A famous quote of Edward 

Stanley in the late 19th century states that individuals who do not have time for their 

health will sooner or later have to find time for illness (Seattle Weekly, 2016). 

Illnesses could cause high social and financial burden in the form of different rehabilita-

tion programs when people do not pay attention to their bodies. The next subchapter 

shows, prevention programs are necessary to avoid rehabilitation. 

2.6 Rehabilitation 

The population increases and is expected to be about 8.5 billion in 2030, close to 10 bil-

lion in 2050 and 10.9 billion in 2100, referring to a current United Nations report. Every 

year, the world shows a growth of approximately 82 million of people (Urmersbach, 

2020). The increasing tendency in total population size is assumed to move on, despite of 

a probable reduction in fertility rate in the next decades. Responsible for the decline in 

the fertility level is particularly also the ageing of individuals. In 2017 the number of 

persons aged 60 or above was 962 million globally. According to statistics, this amount 

of people will have more than doubled by 2050 (2.1 billion) and even tripled (3.1 billion) 

at the end of the 21st century. Furthermore, globally life expectancy got higher in the last 

decades. For both genders, average lifespan increased by four years; for men to 69 years 

in 2000 to 2005 and women to 73 years in 2010 to 2015. One reason for the growth 

represents the decrease of the under-five mortality rate (United Nations, 2017). The ob-

served and predicted values of life expectancy over a period of 150 years, are shown in 

figure 3.  

 

 

Figure 3: Global observed and predicted life expectancy from 1950-2100 (United Nations, 2017) 
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Due to higher life expectancy and ageing population, health care systems, old-age pen-

sions, and social protection systems will become increasingly important in the future 

(United Nations, 2017).  

In 2019, around 2.41 billion people worldwide had the requirement for rehabilitation due 

to illness or injury, accounting for more than 300 million years of life disability (YLDs). 

In the last three decades, there was an increase of 63% (1990: 1.48 billion). The large 

growth in the number of cases is mainly attributable to the increase in population size and 

ageing. Since 1990, the rates of the age-standardised prevalence and YLDs slightly de-

clined. Considering the gender, men (1.19 billion) and women (1.22 billion) had nearly 

the same prevalence, but females (163 million) had more YLDs in comparison to males 

(146 million). Both factors showed in the group of individuals aged between 50 and 70 

years the highest incidence rates, whereas 95-year-olds and over recorded the lowest ones 

(figure 4) (Cieza et al., 2020).  

 

Figure 4: Global number of prevalent cases with conditions that would benefit from rehabilitation 

and the corresponding years of life lived with disability by age and sex with 95% confidence inter-

val, 1990 and 2019 (Cieza et al., 2020) 
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In 2019, more than 1,600 individuals of the age group 15 to 64 had different health prob-

lems that would have a need for rehabilitation worldwide. In Figure 5 it is recognizable 

that MSDs account with about two thirds for most of the cases (Cieza et al., 2020). 

 

Figure 5: Disease categories of prevalent conditions that would benefit from rehabilitation globally, 

by three age groups, 2019 (Cieza et al., 2020) 

People in the oldest group complained commonly about musculoskeletal conditions, neu-

rological disorders, sensory impairments, and chronic respiratory diseases with a possible 

benefit of rehabilitation. Children younger than 15 years had a prevalence of 162.3 mil-

lion, whereby the three diseases sensory impairments, mental disorders, and MSDs were 

dominant (91%) (Cieza et al., 2020).  

With 1.71 billion people concerned and 149 million YLDs, MSDs have the highest prev-

alence of all heath conditions. The disease mapping disclosures, low back pain caused the 

highest burden among all musculoskeletal problems, with 568 million individuals and 64 

million YLDs worldwide (figure 6) (Cieza et al., 2020). 
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Figure 6: Map of leading health conditions requiring rehabilitation in each country, 2019 (Cieza et 

al., 2020) 

Each country’s colour corresponds to the health condition with the highest number of individuals that 

would benefit from rehabilitation. ATG = Antigua and Barbuda; FSM = Federated States of Micronesia; 

LCA = Saint Lucia; Marshall Isl = Marshall Islands; Solomon Isl = Solomon Islands; TLS = Timor-Leste; 

TTO = Trinidad and Tobago; VCT = Saint Vincent and the Grenadines. 

The analysis showed, in 134 of the 204 countries, low back pain was ranked first in all 

health diseases requiring rehabilitation. Moreover, it is the main cause why people are not 

able to continue their job. By comparison, the second highest contribution to prevalence 

came from sensory impairments (677 million people; 45 million YLDs). In the map they 

are divided into hearing and vision loss. Neurological disorders were responsible for an 

incidence rate of 255 million people and 51 million YLDs. Within this group, stroke pa-

tients would have the highest benefit from rehabilitation (Cieza et al., 2020).  

The great demand of rehabilitation measures indicate that it would be already better to 

develop targeted prevention programs to avoid diseases. Especially problems with the 

lower back have a high burden on the whole health care system of countries. In the next 

chapter, the author will report about the importance of PA for the prevention of MSDs.  
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3 Importance of Physical Activity (PA) for the Prevention of MSDs 

A healthy lifestyle with sufficient PA and a balanced diet is crucial to maintain human 

well-being. Regular strength and flexibility exercises combined with endurance sports 

can help to prevent weakened immune system, injuries, diseases, and other negative 

health-related conditions.  

3.1 Sedentary Lifestyle and Physical Inactivity 

Today more and more people live in a sedentary lifestyle with behaviours that expend 

very little energy. Sedentary behaviours are conditions in that individuals are sitting or 

lying down, but not sleeping. They include watching television or playing electronic 

games, reading, studying, writing, working at a desk, travelling, or driving in sitting or 

lying position over long periods of time. Furthermore, it is important to distinguish be-

tween a person who is sedentary and a person who is physically inactive. Being in the 

latter term implies that PA guidelines are not met, and the level of PA is not sufficient 

(Department of Health, 2019).  

The relationship between death and illness to physical inactivity is worrying and increas-

ing worldwide, especially in developing countries. After high blood pressure, smoking, 

and high blood glucose, it holds fourth place within risk factors of global deaths. Physical 

inactivity leads to 3.2 million deaths per year, of which more than 80% have been in low- 

and middle-income countries and 670,000 in persons aged under 60 years (World Health 

Organization, 2011). According to the WHO Global Health Observatory Data Repository, 

which contains data about physical inactivity of 122 countries, more than 31% of people 

worldwide at the age of 15 and older are not enough physically active (Hallal et al., 2012). 

Only about two hours in a permanently seated position increases the risks for cardiovas-

cular diseases, diabetes, metabolic syndrome, cancer, MSDs, obesity, and other condi-

tions. Today Americans spend 13 hours a day while sitting on average (Levine, 2014). 

A meta-analysis of 13 studies with more than one million of participants showed, in-

creased sitting time is associated with higher levels of all-cause mortality. However, this 

trend is mitigated in physically active people. Findings indicate that sitting times of more 

than eight hours per day seem to have no increased risk of mortality if people are PA 

about 60 to 75 minutes daily with moderate intensity (Ekelund et al., 2016). 

Starrett et al. (2018) recommend four guidelines to gain in productivity, lose weight, and 

treat, prevent or get rid of pain. Firstly, it is important to avoid facultative seated behav-

iours respectively sitting in general as good as possible. Another guideline states to move 

the body for two minutes every 30 minutes in sedentary position. Verify and, if necessary, 
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adjust the posture and biomechanics as often as possible. The fourth guideline favours 

daily mobility exercises for 10 to 15 minutes. 

Literature demonstrates, physical inactivity and a sedentary lifestyle have many negative 

effects on the human well-being. Consequently, it is important to use every free minute 

to move and avoid spending long periods of sitting.  

3.2 PA and Health 

3.2.1 Definitions 

In accordance with the WHO, physical activity is defined “as any bodily movement pro-

duced by skeletal muscles that requires energy expenditure” (World Health Organization, 

2020b, para. 2). Movements could be done in situations during leisure time, for transport, 

or as work-related part. Regardless of PA is done at moderate- or vigorous-intensity, it 

has health benefits for humans. Walking, cycling, playing, and active recreation are ex-

amples of popular PA interventions that can be performed enjoyably by everybody at any 

skill level (World Health Organization, 2020b). 

The literature classifies exercise as a subcategory of PA “which is planned, structured, 

repetitive, and purposive in the sense that improvement or maintenance of one or more 

components of physical fitness is the objective” (Transportation Research Board and In-

stitute of Medicine, 2005, p. xv). Physical fitness is characterized by “the ability to carry 

out daily tasks with vigor and alertness, without undue fatigue, and with ample energy to 

enjoy leisure-time pursuits and to respond to unforeseen emergencies” (Transportation 

Research Board and Institute of Medicine, 2005, p. xvii). Essential factors of physical 

fitness are cardiorespiratory endurance, balance, body composition, flexibility, and mus-

culoskeletal function (Transportation Research Board and Institute of Medicine, 2005).  

At the International Health Conference of 1946 in New York, health was defined as “a 

state of complete physical, mental and social well-being” (United Nations World Health 

Organization Interim Commission, 1946, p. 16). It is important to add, this explanation 

must be seen positively and broadly and not negatively or narrowly relating to the absence 

of disease or infirmity. Moreover, every individual can personally feel to be addressed, 

independent of race, religion, economic or social condition, and political belief (United 

Nations World Health Organization Interim Commission, 1946). Public health is deter-

mined as “a field that encompasses many disciplines in an effort to promote and protect 

health and prevent disease and disability in defined populations and communities” (Kohl 

et al., 2020, p. 4). 
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Different models represent the relationship among PA, health-related fitness, and health. 

In addition, it is important to include genetics and other factors like lifestyle behaviours, 

personal attributes, and physical and social environmental aspects in this context (Bou-

chard et al., 2006). 

3.2.2 Domains and Types of PA 

Domains 

Depending on the context of PA, six domains can be categorized. The first two domains 

deal with everyday tasks of people. On the one hand, activities of daily living include for 

example eating, bathing, dressing, and getting up from a chair. On the other hand, inde-

pendent living actions like preparing meals, weekly groceries, or housework refer to the 

component of instrumental activities of daily living. Tasks like cooking, yard work, and 

cleaning in the own four walls pertain to household physical activity. One more section 

is occupational physical activity, which includes all tasks in relation to the jobs of people 

(e.g., delivery service, food preparation, or filling shelves). Actions performed to get from 

one place to another, for instance walking from shop to shop or to school, belong to trans-

portation physical activity. The domain leisure-time physical activity comprises different 

PA interventions and sports that are not associated with work, transport, or chores. Some 

examples are walking, cycling, running, playing ball games, and strength exercises (2018 

Physical Activity Guidelines Advisory Committee, 2018). The following section gives a 

more detailed description about different types of PA.  

Types 

The literature defines five different types of PA for health promotion (Fonds Gesundes 

Österreich, 2020; World Health Organization, 2020a). They are demonstrated in table 1, 

including some specific characteristics and examples. 
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Table 1: Types of physical activity with specific characteristics and examples (Fonds Gesundes 

Österreich, 2020; World Health Organization, 2020a) 

Types of PA Specific Characteristics Examples 

Endurance-oriented 

activity/Endurance 

training 

• (Cyclic) application of major muscle 

groups over a longer period 

• Aerobic and anaerobic energy supply 

• Brisk walking 

• Running 

• Cycling 

• Dancing 

• Soccer 

• Swimming 

• Handball 

• High intensity 

interval training 

Muscle-strengthening 

exercises/Strength 

training 

• Consideration of major muscle 

groups 

• Climbing stairs 

• Push-ups 

• Pull-ups 

• Leg exercises 

• Abdominal  

exercises 

• (Body) weight 

training 

• Circuit training 

Bone-strengthening 

activity 

• Growth of bone mass and bone  

density 

• Each muscle-strengthening activity is 

also bone strengthening 

• Impact loads on locomotor system 

• Jumps 

• Rope skipping 

• Climbing stairs 

• (Mountain) hiking 

• Dancing 

• Running 

• Weightlifting 

• Strength training 

Coordination • Improvement of neuromuscular  

system 

• Fundamental requirement for safe 

and economical actions and fast 

movement learning 

• One leg stand 

(e.g., while tooth 

brushing, waiting 

for the bus) 

• Balancing on 

boards or beams 

• Exercises to  

enhance left and 

right brain work 

• Walking or run-

ning on different  

undergrounds 

• Variations of 

movement, group, 

and reaction 

games 

• Running or danc-

ing while listening 

to music 

Mobility training • Enhancement of agility in joints,  

regeneration, and muscle and  

connective tissue elasticity 

• Potential improvement of muscular 

imbalances (in combination with 

strength training) 

• Stretching (with 

body weight,  

partner, tools)  

• Dynamic exercises 

• Muscular tension 

of antagonist 

PA = physical activity 

The agility of humans is depending on their body and ambient temperature. Therefore, it 

is important to do a warm up before the mobility training (Fonds Gesundes Österreich, 

2020). 

3.2.3 Guidelines of PA and Sedentary Behaviour 

A recently published work of the WHO presents guidelines of both PA and sedentary 

behaviour. It was the first publication about recommendations of the association between 

sedentary lifestyle and health factors. The health guidelines are evidence-based recom-

mendations and addressed to children, adolescents, adults, older adults, and specific 

groups (table 2) (Fonds Gesundes Österreich, 2020; World Health Organization, 2020a). 
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Table 2: Guidelines on physical activity and sedentary behaviour (Fonds Gesundes Österreich, 

2020; World Health Organization, 2020a) 

Children and Adolescents (aged 5-17 years) 

• At least 60 minutes a day moderate- to vigorous-intensity physical activity across the week. Most of 

this physical activity should be aerobic. 

• On at least 3 days a week vigorous-intensity aerobic activities, as well as those that strengthen  

muscle and bone should be incorporated. 

• Limit the amount of time spent being sedentary, particularly recreational screen time. 

Children and Adolescents Living with Disability (aged 5-17 years) 

• The same three guidelines that apply to children and adolescents living without disability (see 

above). 

Adults (aged 18-64 years) 

• At least 150 to 300 minutes moderate-intensity aerobic physical activity; or at least 75 to 150 

minutes vigorous-intensity aerobic physical activity; or an equivalent combination of both intensity 

levels of aerobic physical activity throughout the week. 

• For additional health benefits: more than 300 minutes moderate-intensity aerobic physical activity; 

or more than 150 minutes vigorous-intensity aerobic physical activity; or an equivalent combination 

of both intensity levels of aerobic physical activity throughout the week. 

• For additional health benefits: on at least 2 days a week muscle-strengthening activities at moderate 

or greater intensity that involve all major muscle groups. 

• Limit the amount of time spent being sedentary. Replace with more physical activity of any intensity 

(including light intensity).  

Older Adults (aged 65 years and older) 

• The same four guidelines that apply to adults with one addition. 

• On at least 3 days a week varied multicomponent physical activity that emphasizes functional  

balance and strength training at moderate or greater intensity.  

Adults and Older Adults with Chronic Conditions (aged 18 years and older) 

• The same five guidelines that apply to older adults (see above).  

Adults Living with Disability (aged 18 years and older) 

• The same five guidelines that apply to older adults (see above).  

Pregnant and Postpartum Women (without contraindication) 

• At least 150 minutes a week moderate-intensity aerobic physical activity. 

• Incorporate a variety of aerobic and muscle-strengthening activities and gentle stretching. 

• Limit the amount of time spent being sedentary. Replace with more physical activity of any intensity 

(including light intensity). 

Another guidelines for children at kindergarten age (3-5 years) recommend being physi-

cally active throughout the day. Parents and adult caregivers should encourage the pre-

school-aged children to different PA habits (U.S. Department of Health and Human Ser-

vices, 2018). 

In the Austrian Health Survey 2019, the proportion of people between the age of 18 and 

under 65 years who were meeting the PA guidelines were published (table 3). 
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Table 3: Overview about Austrian citizens between the age of 18 and under 65 years in association 

with the physical activity guidelines. Adapted from Statistik Austria (2020). 

Variables In Total (1,000 

persons) 

At Least 150 Minutes 

Aerobic Physical 

Activity per Week 

At Least 2 Days Muscle-

Strengthening Activities 

per Week 

Meeting Guidelines of 

Aerobic and Muscle-

Strengthening Activities 

(%) 

Men and women 

18 to <60 years 

60 to <65 years 

5,547.6 

5,004.8 

542.7 

46.6 

46.8 

44.6 

30.7 

30.9 

28.2 

23.6 

23.8 

21.3 

Men 

18 to <60 years 

60 to <65 years 

2,784.2 

2,525.0 

259.1 

48.1 

48.6 

43.5 

32.9 

33.5 

26.8 

26.0 

26.6 

20.5 

Women 

18 to <60 years 

60 to <65 years 

2,763.4 

2,479.8 

283.6 

45.1 

45.1 

45.6 

28.4 

28.3 

29.5 

21.1 

21.0 

22.0 

In total, nearly one fourth (23.6%) of the Austrian population was meeting the recom-

mendations for aerobic and muscle-strengthening activities. When considering the age 

groups of all people, there is only a slight trend to see that younger Austrians could be 

more active than the older ones. This tendency is more prevalent in males. Women are 

meeting the PA guidelines less often compared with men. Hardly any difference was de-

tected in the female age groups (Statistik Austria, 2020). 

By comparison, the Austrian Health Survey 2014 assessed higher proportions in associa-

tion with the PA guidelines. A share of 24.6% was meeting the recommendations for both 

types of activities (men 27.5%; women 21.8%). More than half (50.5%) Austrians were 

meeting the guideline of aerobic PA, and nearly every third (32.4%) was meeting the 

recommendation of at least two days muscle-strengthening exercises per week. Equally 

to 2019, men were generally more active than women (Statistik Austria, 2015). 

A significant trend became apparent in the Austrian Health Survey 2014. People with a 

higher level of education, were more likely to meet the recommendations of PA (table 4) 

(Fonds Gesundes Österreich, 2020; Statistik Austria, 2015). 

Table 4: Percentages of Austrian adult people who were meeting the physical activity guidelines, by 

educational status. Adapted from Fonds Gesundes Österreich (2020) and Statistik Austria (2015). 

Physical Activity Guidelines Highest Completed School Education Men Women Total 

Endurance activities: at least 

150 minutes per week; at least 

of moderate intensity or 

biking 

Compulsory school 49.5% 39.4% 43.2% 

School leaving examination or apprenticeship 49.4% 46.8% 48.2% 

University or university of applied sciences 62.1% 55.0% 58.4% 

Muscle-strengthening exer-

cises: at least two times per 

week 

Compulsory school 39.1% 26.2% 31.1% 

School leaving examination or apprenticeship 33.4% 28.8% 31.3% 

University or university of applied sciences 41.5% 35.2% 38.2% 
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Only men with complete compulsory education were at similar level with those of tertiary 

education, in relation to the guideline of muscle-strengthening exercises. The link be-

tween education and PA could also be seen in the Austrian movement monitoring (Fonds 

Gesundes Österreich, 2020; Statistik Austria, 2015). 

Trends in meeting the 2008 PA guidelines in America from 2008 until 2018 were pub-

lished by the Centers for Disease Control and Prevention (2020a) (figure 7). 

 

Figure 7: Trends in meeting the 2008 physical activity guidelines from 2008-2018. Data from Cen-

ters for Disease Control and Prevention (2020a). 

The overall trend of American adults engaging in no leisure-time PA revealed a decrease 

of 0.9% per year (2008: 36.2%; 2018: 25.4%). An average increase of 0.5% (2008: 

18.2%; 2018: 24.0%) was detected by adults meeting both 2008 PA guidelines. When 

comparing the years 2008 and 2018, more and more adults were meeting the guidelines 

for minimum and high aerobic PA and muscle-strengthening exercises (Centers for Dis-

ease Control and Prevention, 2020a).  

3.2.4 Health Outcomes Associated with PA and Sedentary Behaviour 

Regular PA has significant health benefits and reduces health risks on the human body 

(Fonds Gesundes Österreich, 2020; World Health Organization, 2020a). Table 5 lists all 

of them for each age group and subpopulation.  
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Table 5: Health benefits and reduced health risks associated with regular physical activity (Fonds 

Gesundes Österreich, 2020; World Health Organization, 2020a) 

Health Benefits Reduced Health Risks 

Children and Adolescents (aged 5-17 years) 

• Physical fitness (cardiorespiratory and muscular 

fitness) 

• Cardiometabolic health (blood pressure, dyslipi-

daemia, glucose, and insulin resistance) 

• Bone health 

• Cognitive outcomes (academic performance, ex-

ecutive function) 

• Mental health 

• Cognitive diseases or disorders: cognitive  

function (1) 

• Intellectual disability: physical function (1) 

• Adiposity 

• Depression 

Adults and Older Adults (aged 18 years and older) 

• Mental health 

• Cognitive health 

• Sleep 

• Measures of adiposity 

• Multiple sclerosis: physical function, physical, 

mental, and social health-related quality of life (2) 

• Spinal cord injury: walking function, muscular 

strength, upper extremity function, health- 

related quality of life (2) 

• Cognitive diseases or disorders: cognitive  

function (2) 

- Parkinson’s disease and stroke: physical  

function 

- Schizophrenia and major clinical depression: 

quality of life 

• Intellectual disability: physical function (2) 

• Prevention of falls and fall-related injuries (3) 

• Bone health and functional ability (3) 

• All-cause mortality 

• Cardiovascular disease mortality 

• Hypertension 

• Site-specific cancers (bladder, breast, colon,  

endometrial, oesophageal adenocarcinoma,  

gastric, and renal) 

• Type-2-diabetes 

• Anxiety and depression 

Adults and Older Adults with Chronic Conditions (aged 18 years and older) 

• Hypertension: physical function, health-related 

quality of life 

• HIV: physical fitness, mental health, no adverse 

effects on disease progression or body  

composition 

• Cancer survivors: all-cause mortality, cancer-spe-

cific mortality, cancer recurrence or second pri-

mary cancer 

• Hypertension: cardiovascular disease mortality, 

disease progression 

• Type-2-diabetes: cardiovascular disease  

mortality, disease progression 

• HIV: anxiety and depression 

Pregnant and Postpartum Women (without contraindication) 

• No adverse effects on birthweight 

• No increase in risk of stillbirth 

• Pre-eclampsia 

• Gestational hypertension and diabetes 

• Excessive gestational weight gain 

• Delivery complications 

• Postpartum depression 

• New-born complications 

1) Children and Adolescents Living with Disability; 2) Adults Living with Disability; 3) Older Adults 
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In addition, health benefits for children at kindergarten age (3-5 years) are improved bone 

health and weight status (U.S. Department of Health and Human Services, 2018). On the 

contrary, a sedentary lifestyle implies poorer health outcomes and higher health risks for 

different determinants (table 6) (World Health Organization, 2020a). 

Table 6: Poor health outcomes and increased health risks associated with higher amounts of seden-

tary behaviour (World Health Organization, 2020a) 

Poor Health Outcomes Increased Health Risks 

Children and Adolescents Living without or with Disability (aged 5-17 years) 

• Cardiometabolic health 

• Fitness 

• Behavioural conduct/pro-social behaviour 

• Sleep duration 

• Adiposity 

 

Adults and Older Adults (aged 18 years and older) Living without or with Chronic Conditions and 

Pregnant and Postpartum Women (without contraindication) 

 • All-cause mortality 

• Mortality of cardiovascular disease and cancer 

• Cardiovascular disease 

• Cancer 

• Type-2-diabetes 

Literature shows, poor lifestyle habits have many adverse effects on the human body. A 

low level of PA and respectively or many seated behaviours can lead to different diseases, 

disorders, or conditions. This assumption reflects a consistent curvilinear inverse dose-

response relationship between the volume of PA and different health and fitness benefits 

(figure 8). 

 

Figure 8: Dose-response relationship (World Health Organization, 2020a) 

The shape of the model indicates that initially higher levels of PA provide better out-

comes. However, after a certain amount of PA, the increase rate of risks and harms ex-

ceeds the increase in benefits. Accordingly, health and fitness outcomes decline and a 

recommended range of weekly PA results between 150 and 300 minutes (World Health 
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Organization, 2020a). Another model shows the association between levels of PA and 

sedentary behaviour (figure 9).  

 

Figure 9: Relationship between physical activity and sedentary time (World Health Organization, 

2020a) 

On the one hand, the combination of a sedentary lifestyle with reduced PA leads to a high 

risk of conditions and premature death. On the other hand, being more physically active 

and avoiding long periods of sitting, lowers the risk for diseases and poor health (World 

Health Organization, 2020a). 

Another dose-response model was introduced by Bouchard (2001). The health activist is 

of the opinion that regular PA is a cornerstone of public health programs. Figure 10 illus-

trates the relationships between two different PA scales and improved health outcomes.  
 

 

Figure 10: Relationship between two scales of physical activity and health benefits (Bouchard, 

2001) 

On the one hand PA is defined as duration in minutes per week and on the other hand as 

PA level in kilocalories respectively energy expenditure over the same period. Curve B 

shows a linear relationship and represents best the link between PA and death rates. When 
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comparing the other two curves, advantages for arc A can be detected, which means that 

most of the health benefits will be achieved with low to moderate intensities of sports 

activities. On the contrary, curve C represents that high levels of PA are necessary to 

attain appropriate health improvements (Bouchard, 2001). 

A harmonised meta-analysis of eight studies was published by Ekelund et al. (2019). They 

researched the associations between all-cause mortality to accelerometer measured total 

PA, different intensities of PA, and sedentary time (figure 11). 

 

Figure 11: Total physical activity (cpm = counts per minute), LPA (= light-intensity physical activ-

ity), MVPA (= moderate- to vigorous-intensity physical activity), and sedentary time associated 

with all-cause mortality hazard ratio (Ekelund et al., 2019) 

More than 36 thousands of people with a median age of about 63 years and a high pro-

portion of women (72.8%) were included. The key message of the research was that 

higher levels of total PA, regardless of the intensity, and less sedentary behaviours reduce 

the risk for early death, resulting in non-linear dose-response curves. Especially PA 

makes an important contribution in this context for middle aged and older adults. Seden-

tary behaviours of 9.5 or more hours a day, have a statistical significantly higher preva-

lence of premature mortality (Ekelund et al., 2019). 

Another inverse relationship can be found between PA and the relative risk to die of car-

diovascular disease (figure 12). 
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Figure 12: Relationship between physical activity in metabolic equivalent (MET)-minutes per week 

and the relative mortality risk of cardiovascular disease (CVD) (Blond et al., 2020) 

The reference value was set by 750 metabolic equivalent (MET)-minutes of PA per week. 

Below the recommended activity level, the mortality risk ratio of cardiovascular disease 

increases (Blond et al., 2020). 

3.3 Measurement of PA 

Conforming to the guidelines of the WHO, most people worldwide should do at least 150 

minutes of moderate-intensity aerobic PA; or at least 75 minutes of vigorous-intensity 

aerobic PA; or an equivalent combination of both intensity levels of aerobic PA weekly. 

To get more information about the energy expenditure by means of the exercises also 

other components must be considered. The level of aerobic exercise can be prescribed by 

the FITT (Frequency, Intensity, Time, and Type) principle. Frequency means how often 

you exercise, intensity equates with the degree of hardness, time represents the length of 

participation in sports, and type corresponds to the different kinds of movements (Exer-

cise Prescription Development Committee, 2012).  

Regarding exertion levels of PA, it can be distinguished between absolute and relative 

intensity. The measurement of absolute intensity can be done in METs, kilocalories, 

joules, or millilitres of oxygen consumption. The first mentioned term is the rate of con-

sumed metabolic energy with PA. One MET is defined as caloric consumption while sit-

ting quietly (2018 Physical Activity Guidelines Advisory Committee, 2018). The four 

categories of absolute MET levels are demonstrated in Table 7. 
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Table 7: Absolute metabolic equivalent levels regarding their intensity levels of physical activity 

(2018 Physical Activity Guidelines Advisory Committee, 2018) 

Intensity Levels of PA Absolute MET Levels 

Sedentary activity 1.0 – 1.5 METs (sitting, reading, or standing quietly) 

Light intensity 1.6 < 3.0 METs (walking slowly – 2 miles per hour or less) 

Moderate intensity 3.0 < 6.0 METs (walking briskly – 3 to 4 miles per hour, mopping, or 

vacuuming)  

Vigorous intensity ≥ 6.0 METs (fast walking – 4.5 to 5 miles per hour, running, or manual 

grass mowing) 

PA = physical activity; MET = metabolic equivalent 

To get a more practical value for energy expenditure, the author of this thesis has calcu-

lated an example for a person with a body weight of 80 kilograms (Figure 13). 

 
Figure 13: Volume of expended energy for a person with 80 kilograms. Adapted from Kriska and 

Caspersen (1997). MET = metabolic equivalent. 

The fictional person walks briskly with 4 METs for 90 minutes and a weekly frequency 

of four times. By multiplication of all four relevant variables (frequency, intensity, time, 

and body weight), the energy expenditure results 1,920 kilocalories (Kriska & Caspersen, 

1997). 

The relative intensity is specified by physiological parameters, for example in percent of 

the maximum heart rate or aerobic capacity. In addition, it describes the perceived exer-

tion of people during activities (2018 Physical Activity Guidelines Advisory Committee, 

2018). 

3.4 Assessment of PA 

This subchapter deals with the question what kinds of techniques and tools exist to assess 

PA. The literature differentiates between the three main classes report-based and moni-

Energy 
expenditure

1,920 
kcal/week
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4 times/week
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(4kcal/kg/h)

Time

1.5 hours
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X 

X 

X 
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tor-based measures, and criterion measures. Self-report surveys, questionnaires, and di-

aries are examples for the first mentioned assessment method. They are mostly self-ad-

ministered, easy to apply, and defined as subjective measures due to confidence in the 

provided answers of participants (Welk et al., 2017). 

The monitor-based measures include activity and heart rate monitors, and pedometers. 

Typical activity monitors are accelerometers (e.g., GENEactiv, ActiGraph) that are fre-

quently used for PA research and today basically worn on the wrist. The aim of such 

devices is to get information about the total level of PA according to counts per time unit. 

Heart rate monitors are common auxiliary tools for the examination of intensity (in beats 

per minute), frequency, and duration of PA interventions. The monitor-based pedometers 

are used for the recording of all steps, further calculations about covered distances, and 

as motivation device for different health studies (Welk et al., 2017).  

To the third technique of criterion measures count doubly labelled water, calorimetry, and 

direct observation. Doubly labelled water is the most accurate method to quantify total 

energy expenditure of people. However, this measure has also some disadvantages. It is 

very expensive in application, requires expert knowledge, and cannot assess other param-

eters of PA. Regarding calorimetry, two types can be distinguished. Direct calorimetry 

measures the emitted heat by the human body to the air. By means of indirect calorimetry, 

the respiratory exchange ratio can be calculated. This characteristic value specifies the 

relation between the consumed oxygen and produced carbon dioxide. The gold standard 

for the assessment of PA is direct observation. With this technique the movement behav-

iour of people can be best considered. Postures like sitting or standing and activity inten-

sities (e.g., light or moderate) with the respective durations and environmental factors get 

analysed. Due to precise records the directly observed method needs certain time and 

know-how (Welk et al., 2017). 

All three criterion measures can be linked to a feasibility and validity continuum for PA 

behaviour. The highest feasibility and lowest validity have report-based measures. For 

criterion measures it is exactly the opposite, and in between there are the monitor-based 

measures of PA (Welk et al., 2017).  
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4 Research Questions and Hypotheses 

Literature demonstrates, a certain level of PA and avoiding longer periods of seated be-

haviours are crucial for human health. The risk for cardiovascular diseases, cancer, 

MSDs, adiposity and other conditions increases when people do not move their body 

throughout the day. Therefore, it is important to conform with the recommendations about 

PA of the WHO and the Austrian Health Promotion Fund. The empirical part of the thesis 

is based on the guideline of aerobic PA, MP and four confounding variables.  

There is a lack of information in literature about the prevalence of local MP among people 

who meet the PA guideline and those who do not meet the PA guideline in combination 

with different confounders. Following two research questions were defined in this master 

thesis: 

• Research Question 1 

What are the consequences of not meeting the PA guideline on the prevalence of 

MP in 20 body regions? 

• Research Question 2 (optional) 

What are the consequences of not meeting the PA guideline on the prevalence of 

MP in 20 body regions when four possible confounders are taken into account? 

Research Question 2 will be answered if there is a statistically significant result in the 

first research question. The four confounders are sex, age, mental well-being, and occu-

pation. Based on the research questions, hypotheses can be defined and tested. 

• Hypothesis 1 

o Null hypothesis (H0): There is no difference to develop MP in the body 

region among people who were meeting the PA guideline compared to 

people who were not meeting the PA guideline. 

o Alternative hypothesis (H1): There is a difference to develop MP in the 

body region among people who were meeting the PA guideline compared 

to people who were not meeting the PA guideline. 

• Hypothesis 2 (optional) 

o Null hypothesis (H0): There is no difference to develop MP in the body 

region among people who were meeting the PA guideline compared to 

people who were not meeting the PA guideline when confounders are 

taken into account. 

o Alternative hypothesis (H1): There is a difference to develop MP in the 

body region among people who were meeting the PA guideline compared 
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to people who were not meeting the PA guideline when confounders are 

taken into account. 

In the following chapter the research method of the study is provided. The results of the 

statistical analyses are presented in chapter 6.  
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5 Research Method 

5.1 Study Design and Statistical Analyses 

The quantitative research method was used to get many standardized answers and reach 

as many people as possible affected by the COVID-19 pandemic. Data collection based 

on the multinational cross-sectional ASAP (Activity and health during the SARS-CoV-2 

pandemic) survey in 14 countries, including Argentina, Australia, Austria, Brazil, Chile, 

France, Germany, Italy, the Netherlands, Singapore, South Africa, Spain, Switzerland, 

and the United States of America. The survey was implemented at the beginning of the 

coronavirus pandemic in April 2020 over a period of ten weeks (Wilke, Mohr, Tenforde, 

Edouard, et al., 2020b; Wilke, Mohr, Tenforde, Vogel, et al., 2020). 

Nine questionnaires were sent out to people who finished the whole survey. One baseline 

measurement at the beginning and eight weekly investigations were conducted to gather 

data. Since data of the weekly questionnaires were not available at the time of writing the 

scientific work, the author used the baseline questionnaire for data analyses and interpre-

tations. The questionnaire contained questions about the situation of the responders be-

fore and since the outbreak of the COVID-19 pandemic. Only data concerning the situa-

tion before the outbreak of the coronavirus were considered. Data preparation provided 

access to define relevant variables. The variables MP, sex, age, PA levels, mental well-

being, and occupation have been analysed and interpreted (Wilke, Mohr, Tenforde, Vo-

gel, et al., 2020). 

For statistical analyses, all variables were dichotomised. It assessed whether people were 

meeting the weekly WHO guideline about moderate- and vigorous-intensity aerobic PA-

minutes or not. Regarding occupation, participants were classified as workers or non-

workers. Age was categorized as < 40 years and ≥ 40 years. A total scoring system of 100 

points was used to bring the WHO-5 questionnaire into a dichotomous categorical style. 

Participants with a score of higher than 50 were defined as people with a good mental 

well-being (Wilke, Mohr, Tenforde, Edouard, et al., 2020b).  

To achieve the aim of the thesis, data analyses were done in a three-steps system. In a 

first step, a univariate binary logistic regression examined if there was an association be-

tween the levels of PA (independent variable) and the prevalence of MP (dependent var-

iable) in certain body regions. When calculations showed a statistically significant result, 

step 2 followed. With univariate binary logistic regression analyses it was examined if 

there was an association between the four confounding variables sex, age, mental well-



   Page 37 

being, and occupation with MP in the different body regions. When there was a statisti-

cally significant result, a multiple binary logistic regression model was calculated, includ-

ing significant confounders. In this last step, the association between MP in body regions 

and levels of PA with all significant confounders was tested. Steps 2 and 3 were optional 

and depending on the result of the first step. 

To give answers to the defined research questions and hypotheses, unadjusted and ad-

justed Odds Ratios (ORs) were calculated. ORs provide information about the strength of 

the relationship between exposures and a dichotomous outcome. The reference group for 

the ORs were the participants who did meet the WHO guideline of aerobic PA. For the 

first step, significance level was less conservative with α = 0.1. Significance level de-

creased to α = 0.05 for steps 2 and 3. Statistical analyses were performed with the software 

IBM SPSS 22. 

5.2 Measuring Instrument 

The baseline questionnaire was an established and standardized measuring instrument 

and available in seven languages (English version, p. 59-69). People digitally filled out 

the ASAP survey protocol. Answering the questionnaire required about 5 to 10 minutes 

(Wilke, Mohr, Tenforde, Vogel, et al., 2020). 

The first page included demographic questions about sex, age, country of residence, and 

working place since the outbreak of the coronavirus. In the next two sections, participants 

provided information about different parameters that had changed since the outbreak of 

coronavirus. They were asked about their own PA level, exercise situation, MP, and phys-

ical and mental well-being in each case before and since the COVID-19 pandemic. 

Thereby, different scales have been applied (Wilke, Mohr, Tenforde, Vogel, et al., 2020). 

The short form of the Nordic Physical Activity Questionnaire (NPAQ-short) was used to 

analyse the PA levels (Danquah et al., 2018), the WHO-5-scale to measure the subjective 

mental well-being (Topp et al., 2015), and a part of the SF-36 questionnaire to assess the 

bodily pain (Ware & Sherbourne, 1992). At the end of the baseline questionnaire, prefer-

ences of the participants for workout programs were examined (Wilke, Mohr, Tenforde, 

Vogel, et al., 2020). 

5.3 Participants and Ethical Standards 

The eligibility criteria included people aged 18 and older from countries affected by coro-

navirus in March 2020. The recruitment was done via social media channels like Face-

book and Twitter, mailing lists, and other health initiatives (e.g., “Exercise is Medicine 

Deutschland e.V.”) (Wilke, Mohr, Tenforde, Vogel, et al., 2020). 
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Implementation of the ASAP study complied with the ethical standards of the Declaration 

of Helsinki and the guidelines of the Good Clinical Practice. More details about contents, 

aim, and duration of the study were presented on the first page of the baseline question-

naire. Below, there was an explicit clarification about voluntary nature of participation, 

anonymity, and the possibility to ask questions at any time. All participants had to sign 

informed consent. The study was approved by the ethics committee of the Faculty of 

Psychology and Sport Sciences at Goethe-University Frankfurt and the universities in-

volved in the recruitment, including the University of Graz. Their data were handled con-

fidentially (Wilke, Mohr, Tenforde, Vogel, et al., 2020). 
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6 Results 

A total of 15,261 people from 14 countries replied to the baseline questionnaire. Table 8 

shows the number of responses for each nation in decreasing order (Wilke, Mohr, Ten-

forde, Edouard, et al., 2020b). 

Table 8: Overview of the number of responses in the different countries 

Countries Number of Responses, % (n) 

France 15.9 (2,433) 

Germany 15.0 (2,294) 

Brazil 11.8 (1,800) 

Chile 8.9 (1,364) 

the United States of America 7.8 (1,193) 

Argentina 6.7 (1,021) 

Singapore 6.2 (941) 

Italy 5.9 (903) 

Austria 5.3 (806) 

South Africa 4.3 (658) 

Spain 4.1 (632) 

Switzerland 2.8 (429) 

Australia 2.1 (325) 

Others 1.7 (259) 

the Netherlands 1.3 (203) 

Note. Data for number of responses in the different countries from Wilke, Mohr, Tenforde, Edouard, et al. 

(2020b). 

With 23.1% (n = 3,529) the German-speaking area accounted for nearly one quarter of 

all responses. The variable PA levels and all confounders with categories and descriptive 

statistics are illustrated in table 9 (Wilke, Mohr, Tenforde, Edouard, et al., 2020b). 

Table 9: Variables with categories and descriptive statistics of the survey 

Variables Categories Descriptive Statistics, % (n) 

Sex Female 

Male 

58.5 (8,935)  

41.5 (6,237) 

Age <40 years 

≥40 years 

62.2 (9,488)  

37.8 (5,773)  

Physical Activity Levels Not meeting guideline 

Meeting guideline 

18.5 (2,423)  

81.5 (10,681)  

Mental Well-Being WHO-5: 5≤50 points 

WHO-5: >50-100 points 

14.2 (2,133) 

85.8 (12,842) 

Occupation Non-worker 

Worker 

28.0 (4,185) 

72.0 (10,753) 

Note. Data for descriptive statistics from Wilke, Mohr, Tenforde, Edouard, et al. (2020b). 
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The different total values of the variables are the result of incomplete or false information. 

Most of the responders (58.5%) were female and the average age was 38 ± 15 years. 

Before the outbreak of the coronavirus, only a minority of participants (18.5%) was not 

meeting the guideline of aerobic PA. Referring to mental well-being, 85.8% of the re-

sponders had a score above 50 points, indicating good well-being. The number of workers 

was almost three times greater compared to people with no employment (Wilke, Mohr, 

Tenforde, Edouard, et al., 2020b). 

Table 10 shows the prevalence of MP in the different body regions, and the results of the 

statistical analyses by the three-steps system. The exposure PA and the confounders were 

correlated with the outcome of different MP regions. When PA was not significantly as-

sociated with a specific MP region in the first step, the values of the unadjusted ORs are 

not presented in the table. 

Table 10: Odds ratios for body regions of musculoskeletal pain 

Body Regions of MP Descriptive      

Statistics, % (n) 

Unadjusted 

ORs (95% CI) 

P Values 

(α = 0.1) 

Adjusted ORs 

(95% CI) 

P Values 

(α = 0.05) 

Neck/cervical spine 21.6 (3,237) 1.41 (1.29-1.55) <0.001 * 1.16 (1.05-1.28) 0.004 * 

Shoulder 16.0 (2,392) - 0.12   

Upper arm 4.1 (612) - 0.18   

Elbow 4.0 (596) 1.38 (1.08-1.76) 0.01 * 1.25 (0.97-1.61) 0.08 

Forearm 2.4 (357) 1.33 (1.13-1.56) 0.001 * 1.11 (0.94-1.31) 0.23 

Wrist 5.9 (885) 1.75 (1.45-2.12) <0.001 * 1.50 (1.23-1.83) <0.001 * 

Hand 3.7 (555) 1.38 (1.14-1.68) 0.001 * 1.24 (1.02-1.52) 0.03 * 

Fingers 3.9 (586) 1.43 (1.25-1.63) <0.001 * 1.18 (1.03-1.36) 0.02 * 

Thoracic spine/upper back 8.7 (1,299) 1.37 (1.05-1.77) 0.02 * 1.15 (0.88-1.51) 0.31 

Sternum/ribs 2.2 (323) 1.22 (1.10-1.34) <0.001 * 1.07 (0.97-1.18) 0.18 

Lumbar spine/lower back 21.6 (3,231) 1.59 (1.28-1.99) <0.001 * 1.30 (1.05-1.66) 0.02 * 

Abdomen 2.8 (423) - 0.35   

Pelvis/buttock 4.8 (723) - 0.94   

Hip 7.8 (1,172) - 0.65   

Groin 2.5 (378) - 0.23   

Thigh 4.4 (652) - 0.11   

Knee 16.7 (2,498) - 0.19   

Lower leg 4.8 (724) 0.74 (0.62-0.88) 0.001 * 0.69 (0.58-0.83) <0.001 * 

Ankle/Achilles tendon 7.4 (1,102) - 0.31   

Foot/toes 6.8 (1,012) 1.51 (1.26-1.82) <0.001 * 1.31 (1.08-1.58) 0.007 * 

Bolded values indicate a share of more than 10% in descriptive statistics. Adjusted ORs were calculated by the multiple 

binary logistic regression model between the association of MP and levels of PA with all significant confounders of step 

2. MP = musculoskeletal pain; ORs = odds ratios; CI = confidence interval; * = statistically significant; PA = physical 

activity. 

Note. Data for calculations from Wilke, Mohr, Tenforde, Edouard, et al. (2020b). 
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Descriptive statistics show, many participants suffered pain in the cervical and lumbar 

spine, shoulder, and knee. There was a difference between the levels of PA and the MP 

in eleven body regions. Apart from the people who had pain in the lower leg, all signifi-

cant ORs were higher than one; indicating that people who were not meeting the guideline 

of aerobic PA had a higher probability to develop local MP. The highest OR (1.75) re-

sulted at the wrist, representing a higher probability of 75% to develop MP among people 

who were not meeting the guideline compared to those who did meet the guideline. In 

general, the positive trend of PA was statistically significant in the upper extremities, 

back regions and foot/toes. No differences between exposure and outcome variable were 

mainly detected in the centre of the body. The participants who were not enough physi-

cally active had a lower probability to achieve pain in the lower leg (-26%). 

Finally, calculations by the multiple binary logistic regression resulted seven significant 

ORs. Higher probability levels for MP were detected by people in the regions of the distal 

end of upper extremity, the cervical and lumbar spine, and the foot/toes. Compared to 

step 1, with confounders in the models, the OR was lower in six body regions of MP. The 

highest probability to develop MP was found in the wrist (50%). The probability to de-

velop pain in the lower leg (-31%) decreased among people who were not meeting the 

PA guideline. 

 

Conclusions 

Statistical analyses with ORs provide answers to the initial posed research questions and 

hypotheses. There was a difference in the risk to develop MP in eleven body regions 

among people who were meeting the guideline of aerobic PA compared to people who 

were not meeting the guideline of aerobic PA (neck/cervical spine, elbow, forearm, wrist, 

hand, fingers, thoracic spine/upper back, sternum/ribs, lumbar spine/lower back, lower 

leg, and foot/toes). People who were not meeting the PA guideline had a higher probabil-

ity to develop MP in ten body regions. For lower leg, the OR had a statistically significant 

result in opposite direction. When adjusting for confounders, there was a difference to 

develop MP in seven body regions among people who were meeting the guideline of 

aerobic PA compared to people who were not meeting the guideline of aerobic PA 

(neck/cervical spine, wrist, hand, fingers, lumbar spine/lower back, lower leg, and 

foot/toes). Again, despite of lower leg, people who were not meeting the PA guideline 

had a higher probability to develop MP. 
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Additional data analysis was conducted relating to the dose-response relationship be-

tween PA and health benefits. The PA variable was dichotomized into people who had 

PA levels double, triple, or quadruple the amount of PA that is recommended in the guide-

line for moderate- to vigorous-intensity aerobic PA, and those who had less PA. Setting 

the PA guideline higher achieved hardly any more significant ORs. On the contrary, sev-

eral ORs decreased; indicating people who were meeting the modified PA guideline had 

a higher probability to suffer MP. Table 11 represents the unadjusted ORs for body re-

gions of MP among people who had PA levels double the amount of PA that is recom-

mended in the aerobic PA guideline compared to those who had less PA. 

Table 11: Odds ratios for the prevalence of MP when having less than 300 min/week moderate- to 

vigorous-intensity aerobic physical activity compared to ≥300 min/week of aerobic physical activity 

Body Regions of MP Unadjusted ORs (95% CI) P Values (α = 0.1) 

Neck/cervical spine 1.48 (1.37-1.57) <0.001 * 

Shoulder - 0.99 

Upper arm - 0.40 

Elbow 1.37 (1.10-1.70) 0.005 * 

Forearm 1.32 (1.15-1.52) <0.001 * 

Wrist 1.54 (1.29-1.83) <0.001 * 

Hand 1.33 (1.12-1.57) 0.001 * 

Fingers 1.28 (1.14-1.44) <0.001 * 

Thoracic spine/upper back 1.24 (0.99-1.56) 0.06 * 

Sternum/ribs 1.20 (1.11-1.30) <0.001 * 

Lumbar spine/lower back 1.40 (1.15-1.71) 0.001 * 

Abdomen - 0.46 

Pelvis/buttock - 0.61 

Hip - 0.49 

Groin 0.80 (0.68-0.95) 0.01 * 

Thigh 0.92 (0.84-1.01) 0.08 * 

Knee - 0.59 

Lower leg 0.71 (0.62-0.81) <0.001 * 

Ankle/Achilles tendon - 0.53 

Foot/toes 1.32 (1.12-1.56) 0.001 * 

MP = musculoskeletal pain; ORs = odds ratios; CI = confidence interval; * = statistically significant 

Therefore, concerning MP it is recommended to adhere to the guideline of 150 to 300 

minutes moderate-intensity aerobic PA; or 75 to 150 minutes vigorous-intensity aerobic 

PA; or an equivalent combination of both intensity levels of aerobic PA throughout the 

week. 



   Page 43 

A trend was observed in the numbers of body regions of MP and the percentage of people 

meeting the guideline of aerobic PA (figure 14). 

 

Figure 14: Trend of numbers of musculoskeletal pain and people meeting guideline of aerobic phys-

ical activity 

People who were meeting the PA guideline had a lower probability to suffer MP in mul-

tiple body regions. 

 

 

 

 

 

 

 

 

 

 

 

 

0

10

20

30

40

50

60

70

80

90

0 2 4 6 8 10 12 14 16 18 20

P
eo

p
le

 m
ee

ti
n

g 
gu

id
el

in
e 

(%
)

Numbers of body regions of musculoskeletal pain



   Page 44 

7 Discussion 

In the first step of the statistical analysis eleven of the 20 body regions showed significant 

differences to develop MP. The application of multiple binary logistic regressions re-

mained seven body regions with significant ORs. For the wrist, foot/toes, and lower back 

the risk of developing MP was the most increased in people not meeting the PA guideline. 

PA levels of double, triple, or quadruple the amount of the recommended aerobic PA 

showed no additional benefits in association with MP. In general, people who were meet-

ing the PA guideline had a lower probability to suffer MP in multiple body regions. 

An explanation for the results could be found in the today’s modern lifestyle. More and 

more people are in sedentary behaviours, for example several hours at work in front of 

the computer. Handling of the mouse and keyboard and a poor sitting position in combi-

nation with no or low levels of PA could lead to MP. People who were not meeting the 

PA guideline might not participate in popular sports activities or courses like walking, 

running, ball games, and back fitness, in which particularly the most frequently body re-

gions of MP get moved and strengthened. Another explanation could be found in manual 

professions. Construction and health workers must do high task repetitions of lifting 

movements and rotations that can lead to MP due to muscular imbalances and awkward 

postures. Opposite significant relationship was determined in the lower leg. A reason 

could be that responders equalled or interpreted aching muscles in the leg with MP. 

The results of this study are in line with the findings in literature. It is crucial that people 

move their bodies throughout the day to prevent MP. In literature, low back pain is ranked 

first on the prevalence of MSDs with 568 million cases per year worldwide (Cieza et al., 

2020). Reported in a cross-sectional study of health specialty students, almost two thirds 

had MP and 33.4% suffered pain in the lower back. Students with higher levels of PA had 

a lower prevalence of MP in the neck, upper back, or lower back in comparison to students 

in lower levels of PA (Hendi et al., 2019). Another cross-sectional study of Nawrocka et 

al. (2019) showed, women aged 50 to 64 years in higher levels of PA had significantly 

less MP in shoulders, ankles, and feet. The study about welders of the steel industry indi-

cated, regular PA could be a preventive strategy to lower sick leave and the prevalence 

of MP (Weyh et al., 2020).  

In 2018, almost every fourth (24.0%) of the American adults was meeting the guidelines 

of aerobic PA and muscle-strengthening activity (Centers for Disease Control and Pre-

vention, 2020a). In the Austrian Health Survey 2019 similar results (23.6%) were pub-

lished about Austrian citizens in association with the two guidelines (Statistik Austria, 
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2020). Statistics Austria provided current information about public health, levels of PA 

and PA guidelines in the Austrian Health Survey 2014 and 2019. However, it would be 

interesting to get annual data to make better comparisons and observe possible trends.  

According to strengths and weaknesses of the conducted study, several things can be dis-

cussed. Based on the quantitative research method, a huge amount of data in 14 countries 

was collected in little time and very practical via internet survey. Thinking about the 

weekly amount of PA by filling out the questionnaire made people aware of how much 

exercise they do and could be a motivator for doing more in the future. 

One of the weaknesses of the study was that participants needed internet access to get to 

the questionnaire. Due to recruitment was done among others via social media channels 

like Facebook and twitter, people with a social media account had a higher probability to 

get informed about the survey. For the empirical part of the thesis the initial version of 

the baseline questionnaire was used. This version did not yet include socio-economic fac-

tors like educational level. The cross-sectional design of the study makes it impossible to 

draw conclusions on causality. At the time of writing the scientific work, data of the 

weekly ASAP surveys were not available and therefore longitudinal analyses were not 

possible. It would have been interesting to observe the developments of different varia-

bles like MP or the levels of PA over a longer period. 

The study sample included people aged 18 and older from countries affected by corona-

virus in March 2020. There are no data about levels of PA and MP of people younger 

than 18 years and countries that were not affected by coronavirus at that time. Hartvigsen 

et al. (2018) illustrated the substantially increase of disability due to low back problems, 

especially from the middle age group to the older generation. Cieza et al. (2020) showed 

younger people have a lower global number of prevalent cases with MSDs that would 

benefit from rehabilitation. The literature shows, older people have rather a higher prob-

ability for MSDs and MP and are less PA than younger ones. Older adults are less familiar 

with the digital world and the internet, resulting in few people of them in the study sample. 

The average age (38 ± 15 years) of the participants from the study reinforces this assump-

tion. If more people from the older generation were included in the study sample, the ORs 

between the association of PA levels and MP might had been more significant. The results 

of the thesis are not representative of the total population, but they show an underesti-

mated association between levels of PA and MP due to few participants of the older 

adults. 
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Motivation and other mental components could play a role because people sit in front of 

the television and are not physically active after work. Low level of PA, a job in sedentary 

position or with heavy lifting and many rotations could adversely affect the health of 

people. And individuals who suffer MP could be afraid of moving their bodies to do 

nothing wrong although especially for them PA would be necessary. This could end up 

in a vicious circle. 

It is not important to do exercises perfectly. To avoid damages in bones, joints, muscles 

and tendons it is essential to have a basic technique while practicing. People differ in 

anthropometric data, hence a suitable movement for a person must not fit for another 

individuals. But what is important is that people live a healthy lifestyle and stay active. 
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Summary 

The aim of the thesis was to investigate the prevalence of MP in 20 body regions among 

people who were meeting the guideline of aerobic PA compared to people who were not 

meeting the guideline of aerobic PA. There was a difference to develop MP in eleven 

body regions. In two additional optional steps, confounders were included and resulted 

seven significant body regions of MP. In the theoretical part of the thesis different con-

tents about MSDs, PA, sedentary behaviour, and public health were provided. 

The scientific work is divided into five main chapters. After the introduction, chapter 2 

gives an insight into the topic of MSDs. Literature has shown they are responsible for 

enormous costs in the globally health care systems. Especially the prevalence of low back 

pain increased in the last decades due to the modern sedentary lifestyle. Lumbar spine 

problems are often the reason why people must quit their jobs or companies gain produc-

tivity loss. Reasons and various risk factors like inadequate postures or no PA for the 

development of MSDs were considered. In consequence of the increase in life expec-

tancy, population ageing and costs of rehabilitation, PA interventions are of great im-

portance.  

Chapter 3 explains why regular PA is crucial for the human body. Statistics indicate more 

and more people live in a sedentary lifestyle and 3.2 million deaths per year can be at-

tributed to physical inactivity. Depending on the context, PA can be performed in daily, 

household, and occupational tasks, for transportation and in leisure time. The Austrian 

Health Promotion Fund defines five different types of PA, for example endurance-ori-

ented activity and muscle-strengthening exercises. Guidelines about PA and sedentary 

behaviour for different age groups and specific groups can be used as a good clue. Almost 

each fourth Austrian was meeting the PA guidelines in 2019 and especially those with a 

higher level of education conformed with the recommendations. Tables about health out-

comes and health risks in association with PA and sedentary behaviour illustrate the pos-

itive effects of regular exercise. Different dose-response relationship models between PA 

and mortality were presented. The chapter ends with the measurement and different as-

sessment techniques and tools of PA.  

The last three main chapters contain the empirical part of the thesis. Research questions 

and hypotheses were defined in chapter 4. The study design based on the cross-sectional 

ASAP survey in 14 countries. More than 15 thousand people responded to the baseline 

questionnaire which provided for example information about levels of PA and MP. De-
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tails about ethical standards and inclusion criteria of the participants were given. Statisti-

cal analyses based on the calculations of ORs. Finally, the results of the thesis were pre-

sented in tables and the research questions and hypotheses were answered.  
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