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	Effect of post-exercise cooling and post-exercise heating on muscle recovery and training adaptations in response to mechanically and metabolically demanding exercises

	Summary 
Despite limited scientific evidence for the efficacy, post-exercise recovery methods of whole body or muscle cooling or heating are both to the date quite popular practices among healthy athletic population across different sports (Broatch et al., 2018; McGorm et al., 2018). For instance, while some benefits of heating the muscles after strenuous resistance exercise have been shown to decrease strength and power deficits and reduce soreness, and cryotherapy (cold-water immersion) is in general perceived to alleviate the sense of fatigue, muscle soreness, oedema, and the inflammatory response following muscle damaging (highly mechanically demanding) exercise (Bleakley et al., 2010), what is largely unclear from most of the studies conducted so far is whether there is some possitive effect of post-exercise heating or cooling on long-term (chronic) training adaptations such as superior gains in muscle force or fatigue resistance and how this translates into the exercise performance progression. Also, even the conclusions of the studies on the acute (single exercise session) effects of post-exercise cooling/heating are contradictory. Two of the critically important factors which should be considered when (dis)proving the effects of muscle temperature manipulation during the post-exercise recovery period on muscle regeneration is the type/mode of exercise being performed and the training status of the subjects. 

In the proposed PhD project we plan to use three types/mode of exercise: namely cycling, running and drop jumping.
Modality of cycling and running, both easily accessible sports, exercise and transportational actitivies of the cyclical nature, may be selected in such a way that to elicit quite similar metabolic perturbations over wide range of intensities (as in high intensity interval training). Cycling is driven by nearly exclusively concentric muscle actions and is well known for its ability to create metabolic stimulus of the muscles (including m. quadriceps) involved but is considered to have minimal „mechanical“ loading at the same time (Snieckus et al., 2013). Running, on the other end, involves flight phase and thus deceleration of the body during the stance phase of each stride which inevitably requires eccentric actions of the leg muscles involved (including m. quadriceps); these lengthening contractions are substantially mechanically demanding. Drop jumps, applicable quite well in both the training setting and in the lab, possess in itself plyometric contractions and could be applied to create a well controlled mode of exercise for inducing the highly mechanically demanding stimulus for the muscles (and especially m. quadriceps), at the same time avoiding metabolic stimulus if the relief period between jumps is of at least ~20 seconds (Kamandulis et al.)

The aim of this PhD project is to investigate how cooling and heating affect muscle recovery after the mechanically, metabolically or both mechanically and metabolically demanding exercise and how this translates into long term training adaptation benefits.

Research design
Part I: acute effect study
Aim 1. Effect of cooling and heating on muscle force recovery and blood markers of metabolic fatigue, inflammation and muscle damage after mechanically demanding exercise (drop jumps).
(A group of endurance-trained male athletes: triathletes, runners, cyclists).

Aim 2. Effect of cooling and heating on muscle force recovery and blood markers of metabolic fatigue, inflammation and muscle damage after metabolically demanding high intensity interval training (HIIT) session in naïve state (flat running for endurance cyclists, cycling for distance runners) and in the trained state (flat running for runners, cycling for cyclists).

Aim 3. Effect of cooling and heating on muscle force recovery and blood markers of metabolic fatigue, inflammation and muscle damage after both mechanically and metabolically demanding exercise (downhill running intervals) in naïve state (endurance cyclists) or partially trained state (distance runners).

This acute studies for Aim 2 and Aim 3 will comprise a randomized cross-over design in which 10 male long-distance runners and 10 endurance cyclists will complete experiments separated by at least one month. Each HIIT session will consist of six 30s-all out exercises performed in the lab on a treadmill and on cycle. Drop jump session will be performed in the lad and will comprise 75 drop jumps from a 50 cm height box separated by 20 seconds of rest. Each session will be followed by either cold water immersion (10 ºC), hot water immersion (44 ºC) or passive recovery at room temperature for the 5 hours. 
Maximal voluntary isometric contraction torque and isometric torque induced by electrical stimulations will be determined in the knee extensor muscles before, and after 45min, 90min 180min, 300min and 24h following the end of the exercise session. 
Blood samples will be collected before and after exercise (directly, 5h and 24h after exercise) to determine the concentration of markers of muscle damage and inflammation [creatine kinase (CK), interleukin-6 (IL-6) and Tumor Necrosis Factor α (TNF-α)]. 

Part II: training intervention study
Aim 4. Effect of cooling and heating on physiological and muscle adaptations with training intervention.

This study will test the heating/cooling effect on the adaptation to training modality the recovery from which single sesssion is shown to be affected the most by the post-exercise temperature manipulations described in the above „Part I: acute effect study“. That is, either long-term adaptation to muscle damaging exercise (drop jumps), cycling intervals, flat running intervals, or downhill running intervals will be used 23 times per week for progressive 6–8 weeks of training intervention in recreationally active males, with cold/warm water bath after each training session for the experimental (n=12) or no water bath (just room temperature passive recovery) for the control (n=12) group. The outcomes measured will depend on specificity of the training intervention applied, but functional recovery of the muscles, blood and muscle sample analyses after the first and the last training sessions will be made, and the relevant tests for the evaluation exercise performance will be carried out to estimate the effect of cooling/heating the exercised muscles after every training session on the ultimate adaptations. 
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