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Abstract 

Inspiratory muscle fatigue (IMF) of the diaphragm and intercostal muscles can occur during 

exhaustive exercise and therefore can cause tachypnea (rapid shallow breathing). The metabolic 

cost of this muscular activity can approach 20% of the total energy cost of exercise (Aaron, 

Seow, Johnson &Dempsey, 1992). Theoretically, strategies to promote passive breathing during 

intensive exercise may improve exercise performance by reducing the cost of respiratory muscle 

work. A wearable garment that promotes passive inspiratory muscular activity may allow for 

greater transfer of air into the lungs with less energy, by pulling the shoulders back. Therefore, 

the purpose of this study is to investigate the physiological effects of wearing a purpose-designed 

shirt that increases passive shoulder and ribcage stretching on respiratory endpoints during 

exercise. It is hypothesize that the garment will lower the oxygen cost by 2.5-6%  of submaximal 

exercise at 85% VO2 max (Escamilla, 2013). 

Participants will be asked to warm up on a motorized treadmill for 5 minutes at a light jog, then 

the speed of the treadmill will be increased to a pace that can be tolerated comfortably, with the 

grade increased to 4% every 2 minutes until 85% of heart rate reserved is achieved. Maximal 

heart rate will be estimated (220-age), and heart rate will be monitored using the Polar heart rate 

monitoring device. During exercise (after 5 minutes), ratings of perceived exertion will be 

recorded. Measures of VO2, breathing frequency and VE will be measured using a metabolic cart 

(Moxus) with expired gases averaged over a 20s period. The breathing frequency will be 

measured by taking a time segment of 10 seconds at the end of each 5 minute interval (5, 10, 15 

minutes) and calculating an average of breaths per minute in the last minute of each 

interval.Participants will perform this protocol on two occasions, separated by 2 days but no 

more than 7 days, wearing the experimental Posture Performance Shirt with, or without the 

tensions elastic straps retracting the shoulders in random order. All participants need to be 

cleared and have gone through the PAR-Q+ and been cleared to participate in the study. It is 

anticipated that (N=10) participants will take part in this study with an equal ratio of males to 

females, age groups between 18-25. Statistical analysis of this study will be using the paired t-

test to determine the difference between the two conditions of wearing the Posture Performance 

Shirt with the straps on vs. straps off for the dependant variables of VO2, HR, and VE. Values 

will be expressed as means±SD and an alpha level of 0.05 will be used to assess significance 

(Escamilla, 2013).     

This study will provide proof of concept for further future studies. Future studies to assess 

whether the garment is beneficial to clinical populations for correcting postures and taking stress 

away from certain muscles (especially neck and shoulder muscles) that may be overly stressed 

during static sitting postures.  

______________________________________________________________________________

Key Words: Posture, metabolic cost of breathing, passive stretch, submaximal exercise, 

perceived exertion, shoulder retraction.  
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Introduction/ Literature Review  

 During exercise the main function of the respiratory system is to supplyoxygen through 

the circulatory system to the working muscles (Bye, Farkas & Roussos, 1983). Direct or indirect 

failure of the respiratory system may occur during exercise thus limiting theduration in which 

someone can exercise. A study conducted by Bye et al. (1983) Indirect failure was described as 

ventilatory muscles would taking up additional oxygen due to increase in ventilation,thus 

depriving other parts of the body of O2. Direct failure would occur if insufficient ventilation by 

the lung and chest wall and therefore oxygenation of the blood or gas exchange is not enough 

which leads to arterial hypoxemia. Another reason may be that although ventilation may 

besufficient, however ventilatory insufficiency and arterial hypoxemia may result from the onset 

of respiratory muscle fatigue such as the diaphragm or ribcage muscles (Bye, Farkas & Roussos, 

1983). The breathing cost of respiratory muscles during exercise has also been looked at as a 

factor to limit whole body exercise.Although several other respiratory muscles are recruited with 

whole-body exercise (i.e., external intercostals, scalenes, and sternocleidomastoid muscles), the 

diaphragm is the primary inspiratory muscle and the most effective pressure generator for 

increasing alveolar ventilation and thus provides the best index of respiratory system muscle 

function. However numerous studies show that other breathing muscles such as the ribcage 

muscles may be of great importance to breathing during exercise (Verges, Notter & Spengler, 

2006).  

 A study conducted by Verges, Notter & Spengler (2006)suggests that certain breathing 

muscle groups are responsible for tachypnea or rapid shallow breathing. The study included 
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testing whether diaphragm fatigue (DIA-F) or ribcage muscle fatigue (RCM-F) was the major 

cause of tachypnea. Participants were told to exercise at a submaximal 85% of their Vo2 max 

and one group was instructed to exercise till exhaustion to elicit inspiratory muscle fatigue (IMF) 

while the other did not as a control group. Results indicated that the IMF group had rapid 

shallow breathing due to RCM-F and the tidal volume decreased as well. Surprisingly the tidal 

volume increased with DIA-F. There was smaller increase in end expiratory oesophageal 

pressure (decreased lung volume) in RCM-F then in DIA-F. This suggests that RCM-F is likely 

the cause of rapid shallow breathing and not DIA-F. The same study had 4 out of 6 subjects 

increase breathing frequency but decrease tidal volume when RCM-F is induced. Conversely, all 

participants with DIA-F increased tidal volume without any change to breathing frequency.     

   

A group of subjects were studied using BPNS with a range of fitness levels (·VO2 = 61 

± 4 ml·kg
-1

·min
-1

, range 40-80) this was prior and immediately after exercise to exhaustion. 

One group was measured at 85% (N= 8) and the other at 95% (N=11) VO2max. The exercise 

time was 31 and 14 minutes respectively, and ventilation averaged 125 and 149 l.min-1 

(Johnson, Babcock, Suman, Dempsey, 1993). During exercise tidal volume increased by 2.5 

times and breathing rate by 4 time the resting value. The peak inspiratory pressure over the 

last few minutes of exercise was 58 and 67% at 85 and 95% of VO2max respectively and the 

available dynamic capacity for pleural pressure generation which accounts for the changes in 

lung volume and flow rate of 29 and 34% of static capacity for pleural pressure generation 

(Johnson, Babcock, Suman, Dempsey, 1993). For both 85 and 95% Vo2max the peak 

inspiratory averaged 60% and the flow rates were 8-10 times resting levels and the end 
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inspiratory lung volume averaged 85% of total lung capacity, increasing the elastic load to 

inspiratory muscles. However, the flow limitation was present more so in 95% VO2max at 

42% and causes a small increase in end expiratory lung volume which adds to the inspiratory 

elastic load (Johnson, Babcock, Suman, Dempsey, 1993). There study implies that the length 

tension and force velocity relationship of the diaphragm is the lung volume increases (muscle 

length shortens) the ability to produce pressure decreases. Therefore, as breathing rate 

increase the velocity of muscle shortening and ability to produce force decreases. When 

assessing heavy exercise the pressure demand at the lung volumes and flow rates require to 

be increased however the ability to produce pressure is reduced significantly.  Therefore, 

even small increases in EELV reduce the dynamic capacity available to the inspiratory 

muscles, as well as add to the load presented to these muscles (Johnson, Babcock, Suman, 

Dempsey, 1993). 

 Diaphragm fatigue was further studied by (Mador, Khan, & Kufel, 2002) and assessed 

the fitness of the diaphragm by using BPNS in unfit subjects after only 8 min of exercise at work 

intensity of 80% of Vo2max. The minute ventilation reached only 50% although VO2max was 

reached at 100% of pretest VO2max. The results show that there was similar diaphragm 

recruitment regardless of the low levels of minute ventilation between high fit and low fit 

individuals (Mador, Khan, & Kufel, 2002). However, due to the reduced exercise time, the 

cumulative “work history” of the diaphragm was substantially less. 

 There is good correlation with the amount of diaphragm fatigue observed post heavy 

endurance exercise as a few factors demonstrate this issue. These included the percent of 

·VO2max subjects reached near the end of the endurance exercise runs (r
2
 = -0.67), the peak 

diaphragmatic pressures produced as a percent of the dynamic Pdimax (r
2
 = -0.52), and the 
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relative increase in the pressure-time product of the Pdi waveform expressed per minute (r
2
 = -

0.67 and -0.85 for 85 and 95% ·VO2max, respectively). Therefore, diaphragm pressure generation 

or work plays a crucial role in the fatigue process this of course plays a role in exercise intensity, 

as the competition for blood flow also plays a role.  

 Diaphragmatic fatigue produced though exercise depends on a few factors based on the 

results of this study. Factors likely to contribute to diaphragmatic fatigue include work history; 

metabolites produced in locomotor muscles may be present in arterial blood or competition for 

blood flow between locomotor muscles and respiratory muscles (Johnson, Aaron, Babcock & 

Dempsey, 1996). Metabolites produced by the diaphragm and or locomotor muscles, such as 

lactic acid, hydrogen ions, or oxygen free radicals may exert an independent effect on the 

diaphragm function and this is closer to the end of a workout (Johnson, Aaron, Babcock & 

Dempsey, 1996).  

 Diaphragmatic fatigue may be a result of changes in muscle environment and 

independent of diaphragmatic pressure production. Acidosis alone can depress diaphragmatic 

function independent of work history (Harms, Thomas, Wetter, McClaran, Pegelow, Nickele et 

al., 1998). However when a stimulated non-exercised muscle after heavy whole body exercise, 

no change in forces were observed, this suggests that the circulating metabolites may not be 

contributing to fatigue alone, or at the very least not in inactive muscles as Babcock et al. (1995) 

tested with the first dorsal interosseous muscle of the hand.     

 Fregosi & Dempsey (1986) stated that a progressive increase in lactate accumulation of 

the diaphragm when rats underwent heavy exercise; this implies that the diaphragm may become 

progressively acidic with exercise therefore leading to fatigue.  
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 One can argue the explanation for the diaphragmatic fatigue may be that high levels of 

metabolic demand by the respiratory muscles are competing with the locomotor muscles for 

cardiac output and blood flow requirements by these muscles. This is apparent when it comes to 

adding arm muscle to leg muscle work. Blood flow supply to all active vascular beds is very 

unlikely that the cardiac output would be sufficient; this is demonstrated by previous studies that 

show that a reduction in blood flow occurs when muscle force output decreases (Fregosi & 

Dempsey, 1986). This suggests that during high intensity exercise the blood flow is not adequate 

to deliver oxygen or remove by products during high intensity whole body exercise. This is 

further implied by Aaron, Seow, Johnson &Dempsey (1992) and has shown that VO2 of 

respiratory muscles may take up 10-15% of total body Vo2 with heavy exercise. 

 Diaphragm fatigue is consistently caused by heavy sustained exercise when exercise 

intensity exceeds 85% of maximum (Costill, Jansson, Gollnick & Saltin, 1974). Furthermore, 

diaphragm fatigue is prevented when PAV is used to reduce diaphragmatic work during heavy, 

exhaustive exercise (Barstow, Jones, Nguyen & Casaburi, 1996) 

 Other studies have looked at the running economy (RE) which is defined as the aerobic 

cost of a given distance or rate of locomotion. The RE of highly trained athletes is obviously 

lower than that of less trained athletes and most studies indicate that one can practice high 

intensity exercise may elicit the desired affects to improve RE (Morgan, Martin, Krahenbuhl & 

Baldini, 1991). The changes to RE with training are still being debated. It has been shown that 

with trained running athletes breathing rate is less at the same work load as non-trained athletes 

(Martin & Stager 1981, Martin, Sparks, Zwillich & Weil, 1979). A study by Patton and Vogul 

(1977) reported a lowering of submaximal VE with just 5-6 months of endurance training. As 

indicated by other studies the oxygen cost to respiratory muscles is quite high and therefore 
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lowering VE during running would reduce the aerobic demand and make more energy available 

to direct locomotor activity. Studies have also shown conflicting results regarding RE and 

different muscle fiber types (Coyle, Sidossis, Horowitz & Beltz, 1992). A study by Williams and 

Cavanagh (1987) found no relationship between muscle fiber type and RE in groups of trained 

athletes. However, Bosco et al. (1987) stated a correlation between net oxygen uptake and 

percent of fast twitch fibers with submaximal running, with fast twitch fibers taking more of the 

oxygen uptake in exercise.  

Methodology 

Subjects 

 A group of healthy individuals (N=6) with an even ratio of males to females were asked 

to participate in this study. Participants were between the ages of 18-23 andneeded to go through 

the Par-Q+ with the researcher conducting the study. This is to ensure that participants are free of 

injury and have no history of cardiovascular diseases or heath issues that may be of any harm to 

the participant to exercise in high intensity (85% HR max).The risk of vigorous exercise on 

young healthy athletes is less than 1/200,000 which is a very small percentage (Goodman et al, 

2011).Informed consent was obtained by the student investigator. The participant’s height, 

weight, age and gender were recorded for demographics purpose of the study.  Participants had a 

familiarization session before the exercise session for getting them aware of the running 

mechanics while on the treadmill. Depending on the randomization of shirt with elastic straps on 

vs. no elastic straps, the participants were introduced to the elastic straps and how to pull the 

straps together so that they feel comfortable with the pull the straps are providing.   
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Running Test 

 The exercise session was as follows: subjects were asked to warm up on the treadmill for 

5 minutes at a light jog, and then the speed of the treadmill was increased to a pace that can be 

tolerated comfortably, with the grade increased to 4%. The grade increased after 2 minutes until 

85% of Heart rate max was achieved, unless achieved before. Maximal heart rate was estimated 

(220-age), and heart rate was monitored using the Polar heart rate monitoring device. During 

exercise (after 5 minutes), ratings of perceived exertion were recorded using the Borg’s RPE 

scale (refer to appendix C) in which the participant were asked to point to a number on a chart 

quantifying how fatigued they felt at that point in time. VO2, breathing frequency and VE were 

measured through a metabolic cart (Moxus) while using a facemask to collect expired gases. The 

breathing frequency was measured by taking a time segment of 10 seconds at the end of each 5 

minute interval (5, 10, 15 minutes) and calculating an average of breaths per minute in the last 

minute of each interval. Participants performed this protocol twice with the shirt but without the 

tension of the elastic straps retracting the shoulders to open the ribcage. Therefore, not providing 

the passive stretch and once again with the elastic bands tightened (emphasizing on the retraction 

of the shoulders to open the rib cage and provide a passive stretch). Participants were not 

informed that this is the passive stretch mechanism the shirt offers. The order of stretch vs. non-

stretch was randomized. Participants were coded with an ID number and date to ensure the 

blinding of the researcher upon completion of data analysis of results.    
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Follow-up questionnaire 

  A questionnaire (appendix A) was administered to the participant to quantify whether 

they felt there was a difference in their performance between run 1 and run 2.  Refer to the 

questionnaire in Appendix A (Exit Questionnaire). 

 

Results 

No significant difference in ventilation between strap on vs. strap off: 

The variables in which this study mainly focused on was ventilation, VO2, heart rate, and the 

breathing cost of exercise which was deducted by VE/VO2. The elastic straps being attached on 

had no significant difference on these variables. Some individuals had a higher ventilation while 

others had lower ventilation as seen in figure 1. At 5 mins an average difference of +5.15 ±7.7 

L/min was observed (0.1<p<0.2).  At 10 mins an increase of 2.40 ±5.51 L/min was detected 

(0.1<p<0.2). At 15 mins participants demonstrated an average ventilation increase of 4.13±12.33 

L/min with the straps on (0.1<p<0.2).  Participant 5 showed a decrease in ventilation at 5, 10 and 

15 mins, while participant 1 showed no difference in ventilation between straps on vs. straps off. 

Participant 4 showed an increase in ventilation at 5 mins and a decrease at 10 mins.  Participant 6 

showed an increase in ventilation at 5 and 10 mins and a sharp decrease at 15 mins. While there 

was a lot of variation between participant's ventilation differences there was, an overall upwards 

trend observed.  Using the paired t-test, the differences were shown to be not significant for all 

three time intervals (P<0.2).  
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Figure 1. Difference in ventilation of strap on vs. off at 5, 10 and 15 mins. On average 

participant's ventilation went from 80.50 ±14.27 with the strap off to 85.65 ±19.02 L/min with 

the strap on at 5 minutes, from 66.34±22.25 to 68.74±22.68 L/min at 10 mins and from 

81.38±12.45 to 85.51±12.56 L/min at 15 mins (0.1<P<0.2).  

 

No significant difference in oxygen cost of breathing between strap on vs. strap off 

 The cost of breathing is a variable that assesses whether having the strap on vs. off will 

have an impact on exercise performance at the same working intensity. Figure 2 indicates the 

cost of breathing at minute 5, 10 and 15 respectively minute 5 there is almost no difference 

however minute 10 it seems like there may be a difference but after running a paired t-test the 

results show the difference is not significant and the same is true for minute 15.  
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Figure 2. Cost of breathing VE/VO2 between straps on vs. off at 5, 10 and 15 minutes.  Both VE 

and VO2 were measured in L/min.  VE/VO2 was relatively stable and showed no significant 

fluctuation between the before and after. The biggest difference was observed at 10 mins with a 

value of 36.4 with straps off and 38.61 with straps on.  

 

Ratings of perceived exertion and heart rate 

 Although the submaximal run did not produce a meaningful benefit to performance, it is 

important to take note of how participants felt while running and therefore Borg's RPE scale was 

administered every 2 minutes for participants to rate on a scale of 6-20 how they felt the exercise 

was. There was no significant difference in the rate of perceived exertion between both runs. 

Ratings of perceived exertion were also influenced by the fact that participants had a mouth 
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piece that they constantly had to keep in their mouth in an uncomfortable position due to 

running. This may have influenced their ratings when asked how they felt the exercise was at 

that instant of time.  

 Average heart rate was constant for each of the three time intervals. At 5 minutes the 

heart rate was 173.33±6.44 beats/min with the straps off and 172.17±9.0 beat/min with the strap 

on. This became 175.8±5.93 beats/min with the strap off and 175±6.78 beats/min with the strap 

on. After 15 minutes of running, the average heart rate was 177.8±8.32 beats/min with the straps 

off and 177±6.04 with the straps on. As can be seen there was a correlation between heart rate 

and time, where the heart rate increased as time went on. The RPE values showed a similar trend. 

Average RPE value was 14 for both strap on and strap off at 5 minutes, 15.4 at 10minutes and 16 

at 15 minutes. No change was observed in the RPE value between strap on vs. strap off, but an 

upward trend was observed with increasing time periods. 

Questionnaire (see attached questionnaire in appendix) 

 All participants were asked a set of 10 questions to determine their thought on running 

with the Posture Performance Shirt with the straps on vs. off. Participants were also asked to 

comment when possible the reason behind each answer. One question in which stood out was 

that all participants felt there running mechanics had improved from wearing the Posture 

Performance Shirt. Some participants mentioned that they were more aware of proprioceptive 

feedback, "I did not have to try and stay up right as compared to my second run without the 

straps on". Another participant mentioned "myupper body was less protruded fixed trunk when I 

had the straps on".  
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Question # Characteristic of question  Rating 

1 Run further 1.3 

2 Run faster 1.5 

3 less fatigue 1.166 

4 breathe better 1.166 

5 less energy use 0.833 

6 improved running mechanics 1.5 

7 decrease aches and pain 1.33 

8 Would you wear the shirt 1.67 

9 recommend shirt to others 1.67 

10 recover better 1.5 

 

Figure 3.The above questionnaire was administered at the end of the second run. Rating scores 

were determined out of 2. 

 

Discussion 

 Although the results were inconclusive for aerobic performance of athletes due to the 

small sample size, more studies with a larger sample size should be considered to quantify 

whether the Posture Performance Shirt has an impact on running mechanics as was shown in the 

follow up questionnaire. Ventilation between the two runs was not significant as some 

participants had higher ventilation while others had lower ventilation and therefore a larger study 

group must be recruited to find significant findings.A reason for decreased ventilation at 10 

minutes which was shown by two participants may suggest that it decreased ventilation due to 

the straps holding the person in the upright retracted posture and therefore conserved some 

energy of having to hold a certain posture during running. This can also be seen in the follow up 

questionnaire with all participants answering that there running mechanics had improved while 

running. Therefore a future research study could assess whether wearing the Posture 
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Performance Shirt has an biomechanical advantage in running or possibly shoulder stabilization 

for athletes that are shoulder dominant.A future research study on maximal exercise intensity 

could be of interest to determine if there is an effect on VO2 max. 

 Participants found that the mouth piece was a hassle to run with while making sure it 

does not fall out of their mouths, the nose clip was also a burden to deal with as the participant is 

restricted to breath only through their mouth. The exit questionnaire comments really indicated 

this as a confounding effect on their perceived running ability.   
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Exit Questionnaire (appendix A) 

1) Did you feel as if you could run further in your first run or second run?  

Run 1                   Run 2        no difference 

2) Did you feel as if you could run faster in the first or second run?  

Run 1                   Run 2        no difference                                                                                                                                  

3) In which run did you feel less fatigue?  

  Run 1                 Run 2        Neither                                                                                                                                 

4) In which run were you able to breathe better?  

  Run 1                 Run 2        Neither                                                                                                                                

5) In which run did you feel like you used less energy?  

Run 1              Run 2              Neither                                                                                                                                 

6) In which run did you feel your running mechanics improved? 

Run 1              Run 2              Neither                                                                                                                        

7) In which run did you feel decrease aches/ pain?  

Run 1              Run 2              Neither 

8) Would you wear this Shirt to exercise?  

Agree                                                                 Neutral                                                                 

Disagree 

9) Would you recommend this shirt to others?  

Agree                                                                 Neutral                                                                 

Disagree 

10) In which run did you feel you were able to recover better right after exercise?  

Run 1              Run 2              Neither                                                                                                                           

11) Suggestions on how to improve/ tailor the shirt in either run 1 or 2?  Comment Below: 
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Borg's RPE 6-20 Scale(Appendix C) 
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Consent Form (Appendix D) 

Title of the Study: The Effect of Passive Stretching to the Thoracic Region and its Affect on     

Physiological Performance 

Principal Investigator: Noureddin Chahrour – KPE 490 Advanced Research Student  

                                     Dr. Jack Goodman - Research Supervisor 

 

1. The purpose of the experiment is to investigate the physiological effects such as breathing 

patterns and heart rate are affected by wearing a specially designed shirt during high intensity 

exercise.   

 I understand that I will be excluded from the study for the sake of my health and safety if I have 

any of the following:  

- Having any Injury (musculoskeletal, joints, cartilage, etc)  

- MS issues limiting running on a treadmill 

- History of chronic disease states or medication for chronic conditions, etc.  

- any serious heart condition such as (angina) will not participate in the research study due to the 

exercise nature and physical intensity on the treadmill that may cause fatigue.  

-Any other factor mentioned in the PAR-Q+ that will limit me from participating in this study. 

 

2. The following points have been explained to me: 

The rationale is as follows: Inspiratory muscle fatigue (IMF) can occur during exhaustive 

exercise and therefore can cause tachypnea (rapid shallow breathing). This is an effect due to 

muscles fatiguing in high intensity exercise and therefore the diaphragm and other ribcage 

muscles become fatigued. However these muscles may be fatigued due to actively having to 

inspire and expire "actively" for prolonged periods of time during exercise. However the 

rationale is having the participant wear a garment that may or may not change physiological 

response when exercising.   We will assess breathing patterns for participants while wearing the 

garment in two different scenarios.  
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3.     There are relatively low risks associated with this study. There is a 1/ 200,000 possibility 

that you may develop a serious health issue from vigorous physical activity (Goodman et al, 

2011). Students may also not be familiar with running on a treadmill and this may increase the 

possibility of losing balance on the treadmill but a familiarization session will reduce that risk as 

well as they will have a 5 minute warmup session in which they will become accustomed to 

running on a treadmill and at their own pace increase the intensity of the treadmill. 

 Students can also choose to opt out of the experiment at any time if they feel discomfort at any 

point during the experiment. 

 

4.     I have the right to withdraw at any time during the study and I understand that I am free to 

choose to participate in the research study or not, and that my decision is completely voluntary, 

and that if I choose not to participate there will be no adverse consequences for me. 

 

5.     The data collected will remain confidential. Only investigators directly involved in the project 

will have access to the information. No data will be associated with your name but will be 

replaced with a code. Any data concerning you will not be identifiable to anyone except the 

investigators at the end of the study. Results may be published in scholarly publications. 

 

6.     I understand that at the end of data collection I will be asked to complete a brief questionnaire 

about my perceived effort while wearing the shirt. 

7.     The experimenter will be open to any questions or concerns about the experiment.  For any 

other information, please contact the principal investigator Noureddin Chahrour at 

(nour.chahrour@mail.utoronto.ca) 

 

8.     If I have any questions of my rights as a participant, I can contact the Office of Research Ethics 

at ethics.review@utoronto.ca or 416-946-3273. 

 

9.     Upon completion for the experiment, I will be able to ask about any further details of the study 

after the study is completed and the researcher has analyzed the data. A measure of aerobic 

fitness can be administered by the researchers only when the study is complete.  
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10.  I have been told that the following procedures will be performed: 

 I will be asked to exercise twice, on two occasions, at least 48 hours apart, following the 

procedures below. . On both occasions, I will be asked to warm up on the treadmill for 5 minutes 

at a light jog, then the speed of the treadmill will be increased to a pace that I can tolerate 

comfortably, with the grade increased to 4%. The grade will increase after 2 minutes until I reach 

approximately 80% of Heart rate max (=220-my age). I will also be asked to answer simple 

questions by pointing to a fatigue scale.  During each exercise session, I will breathe through a 

facemask that collects my expired gases and will wear achests strap to monitor my heart rate.  I 

will also complete a questionnaire after the study, answering questions about my experience 

(attached “Exit Questionnaire”). 

 

11.  I have been told that the anticipated duration of this study is: 60-90 minutes each visit (2 visits). 

  

12.  You are being given a copy of this informed consent to keep for your own records. 

 

 

 

 

Signature: ___________________________________ Date: ____________________ 

  

Name of Experimenter and Contact Information: __Noureddin Chahrour 

(nour.chahrour@mail.utoronto.ca_______________________________     

 
 

 

 

 


