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Short reasoning of proposed dissertation topic
	Title

	Effect of Aerobic and Resistance Physiotherapy Exercises on Chronic Lower Back Pain Syndrome (CLBPS) and Migraine Headaches (links with myokines, inflammation, stress, metabolic syndrome, cerebral blood flow)

	Short research description (including aims and objectives) (maximum 1500 characters).

Aims:
1. To determine the effect of 8 weeks of aerobic endurance physiotherapy exercise on 40-65-year-old men’s and women’s (n = 20) with chronic low back pain syndrome (CLBPS) back pain, muscle function, executive function, and associations with BDNF, CRP and cortisol (C) concentration, prefrontal cortex blood flow (PB), and metabolic syndrome (MS).
2. To determine the effect of 8 weeks of strength physiotherapy exercise on men’s and women’s (n = 20) with chronic low back pain syndrome low back pain, muscle function, executive function, and associations with BDNF, CRP and cortisol (C) concentration, prefrontal cortex blood flow (PB), and MS.
3. To determine the effect of 8 weeks of aerobic endurance physiotherapy exercise on 40-65-year-old men’s and women’s (n = 20) with migraine (M) frequency of headaches, cognitive function, executive function, emotional intelligence, and associations with BDNF, CRP, and cortisol (C) Concentration, prefrontal cortex blood flow (PB), and MS.
4. To determine the effect of 8 weeks of strength physiotherapy exercise on 40-65-year-old men’s and women’s (n = 20) with migraine (M) frequency of headaches, cognitive function, executive function, emotional intelligence, and associations with BDNF, CRP, and cortisol (C) Concentration, prefrontal cortex blood flow (PB), and MS.
Expected outcome – the main hypothesis: we expect strength and endurance physiotherapy exercises (applied for 8 weeks) to produce equally significant increases in BDNF and PB, decreases in CRP levels, MS, and stress levels (C) (in both patient groups: CLBPS and M), and this will correlate significantly with pain reduction, motor, cognitive and executive function. 

	Relevance of the problem, its novelty at national and international level (maximum 1500 characters).

· Physical activity heals from 26 chronic diseases (Pedersen and Saltin, 2015), significantly reduces metabolic syndrome, stress, improves not only muscle but also brain health (Hillman et al. 2008; Pedersen and Saltin, 2015).
· During physical activity myokines are released in muscles (Pedersen 2013; Szuhany et al. 2015; Skurvydas et al., 2017; Verbickas et al., 2017; Verbickas et al., 2018), which stimulates the health of the whole body, the quality of life, including brain health and executive function (Hillman et al. 2008; Prakash et al. 2015; Cox et al. 2016; Stillman et al. 2016; de Assis and Almondes, 2017; Northey et al. 2017).
· Aerobic physical exercise (de Assis GG and de Almondes, 2017) or their combination with strength training (Northey et al. 2017) is the best way to train brain health. 
· Physical exercises reduce metabolic syndrome, and its reduction stimulates and trains cognitive functions (Alcorn et al. 2017).
· There is no unambiguous view on physical exercise, BDNF and improvement in cognitive function depending on gender. Szuhany et al. (2015) states that this effect is less pronounced in women, but Barha et al. (2017) concluded that in women cognitive function improves more with exercise.

· Migraine disorder is on the rise in the world (this disease is one of the most common chronic diseases) (Feigin et al., 2020). For example, in America, about 35 million people have migraines (Olla et al., 2020). Migraine leads to reduced mental and physical performance, depression and persistent anxiety in people (Olla et al., 2020). 
· The main causes of migraine have been found to be the following: stress, unreasonable fasting, excessive physical activity, sleep restriction (Kelman, 2007; Robblee and Starling, 2019), too bright light, neck pain, alcohol and smoking (Kelman, 2007), and daily routines (Robblee and Starling, 2019). Unfortunately, it is not clear how they affect it exactly.
· Recent studies show that stimulation of the vagus nerve (in the neck) effectively reduces chronic headaches associated with migraine (Lai et al., 2020), magnetic stimulation of the brain may reduce migraine pain, although the mechanism of effect is not yet clear (Yang and Chang, 2020). 
· Researchers have found that migraine pain is reduced by a ketogenic diet (Lisicki and Schoenen, 2020; Gross et al., 2019), antioxidants (Goschorska et al., 2020), activating blood circulation, healthy nutrition (Gross et al., 2019), practising mindfulness (Wells et al., 2020), various physiotherapy techniques training muscle function, balance and motor control mechanisms (Carvalho et al., 2019). However, such studies are still lacking. 
· Recent studies have not confirmed that acupuncture is effective in reducing migraine headaches (Yang et al., 2020). Therefore, other ways to reduce these headaches are being sought.
· Currently, effective methods are being searched to identify the causes of migraine headaches. One of them is cervical spine muscle dysfunction (Anarte et al., 2019).
· Aerobic exercises reduce migraine headaches (La Touche et al., 2020; Amin et al., 2018; Irby et al., 2016) and increase people’s quality of life (La Touche et al., 2020). However, the mechanisms are not yet fully clear (Ahn, 2013). 
· Research shows that migraine pain is reduced by aerobic exercise due to elevated levels of endorphins (Overath et al., 2014; Irby et al., 2016), due to an increase in cannabinoids in the body (Hindiyeh et al., 2013; Koltyn et al., 2014), also due to increases in BDNF and endocannabinoids (Hindiyeh et al., 2013). However, there is still a lack of research to prove this.
· It has been found that it is not possible to assess all the causes of migraine headaches (Marmura, 2018). Therefore, it is often impossible to avoid migraine pains. However, optimal physical exercise, adequate sleep, regular healthy eating, and stress control often help reduce migraine headaches (Marmura, 2018). 
· Systematic research analysis shows that back stabilization exercises often reduce chronic headaches (Haas et al., 2016; Marmura, 2018). However, it is quite difficult to identify the mechanisms behind this. 
· Chronic stress can reduce BDNF levels in the body, which can lead to the occurrence of stress. The increase in BDNF acts as an anti-stress agent (Karatas et al., 2018). An increase in BDNF can reduce migraine headache (Terrazzino et al., 2017), however, the mechanism of effect is unclear.
· Studies show that inflammatory processes in the nervous system can cause migraine headaches, which occur because of an increase in substance P and calcitonin during inflammation (Fischer et al., 2012; Borkum, 2018). Increases in BDNF levels can modulate the onset of headaches. However, their mechanisms of action are not yet clear.
· Neurotrophins (one of the most common is BDNF) have been shown to reduce migraine headaches (Sutherland et al., 2014; Martins et al., 2017).
· An increase in BDNF levels at the onset of migraine pain has been reported, but is not yet clear how this affects the increase in headache (Fischer et al., 2012).

· Systematic analysis shows that lower back pain is particularly common in people over 65 years of age (Wong et al., 2018), however, it is also a major health problem for school-age children (MacDonald et al., 2017).
· There are many causes of back pain, which makes it quite difficult to eliminate (Urits et al, 2019). This makes it quite difficult to overcome the occurrence of chronic lower back pain.
· One of the most recent meta-analyzes has shown that physical exercise is one of the most effective tools for reducing back pain (Hayden et al., 2019; Miller et al., 2019; Niederer and Mueller, 2020). However, the exact mechanism of the effect is not yet clear.
· Meta-analysis shows that atrophy of back and leg muscles can cause chronic lower back pain (Pourahmadi et al., 2020). Therefore, muscle strengthening is one of the most effective means of relieving or reducing this pain.
· Systematic analysis clearly shows that there is no reliable evidence yet as to which exercise best relieves chronic lower back pain (Malfliet et al., 2019).
· Systematic analysis shows that both aerobic and strength exercises equally reduce chronic lower back pain (Wewege et al., 2018).
· Meta-analysis shows that physical exercise is effective in relieving low back pain and neck pain, but the mechanisms are not yet clear (Miyamoto et al., 2019).
· An increase in BDNF levels can cause the onset of pain, but BDNF can also reduce the onset of pain, especially when BDNF is increased by systematic application of physical exercise (Nijs et al., 2015; Garraway and Huie, 2016).
· Meta-analysis shows that increased levels of BDNF due to exercise (or electrostimulation of muscles) cause plastic changes in the nervous system (both spinal cord, brain, and peripheral nerves) (Knaepen et al., 2010; Garraway and Huie, 2016; Sanchis-Gomar et al., 2019). It can also affect the modulation of pain (Garraway and Huie, 2016; Cobianchi et al., 2017), however, it has yet to be proven how it works.
· Chronic lower back pain has been shown to increase the indicators of systemic inflammation in the body - CRP and TNF-alpha (Morris et al., 2020). However, there is still a lack of evidence that a reduction in these indicators reduces the incidence of pain.

	Research methods and possibilities for conducting these studies (maximum 1500 characters).
Independent variables: two types of physiotherapy exercises (endurance and strength) applied for 8 weeks.
Dependent variables: patient quality of life, motor performance, executive function, metabolic syndrome indicators (TG, HDL, LDL and others), myokines (IL-6, Il-10 and BDNF), indicators of systemic inflammation (TNFalpha, CRP), prefrontal cortex blood flow (fNIRS), stress levels (cortisol and HRV), back pain and headache.
Research methods
Cognitive tests
fNIRS
EEG
DPA
Dynamometry
Electromyography (EMG)
Goniometry
Blood tests
Saliva analysis (Cortisol)
Body composition
Questionnaires and scales
1. Quality of Life Questionnaire SF-36;
2.  Schutte Self Report Emotional Intelligence Test (SSEIT) ?
3. Rosenberg Self-Assessment Scale;
4. The Brunel Mood Scale (BRUMS);
5. Dundee Stress State Questionnaire (DSSQ);
6. Perceived Stress Scale;
7. Stanford Scale;
8. NPAQ – the Netherlands Physical Activity Questionnaire;
9. [bookmark: _GoBack]International Physical Activity Questionnaire (IPAQ);
10. NASA Task Load Index (Hart and Stavelands NASA Task Load Index (TLX));
11. Rapid Assessment of Physical Activity (RAPA) questionnaire for older people;
12.  Physical Activity Motivation Assessment Questionnaire Mpam-r Scale. 
13. Visual scales for detecting headache and back pain

	Please indicate the links between the proposed topic for the doctoral thesis and health promotion / physical therapy / sports study programs.
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