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ABSTRACT 1 

BACKGROUND: Physical training of lower limb skeletal muscle has been shown to 2 

increase exercise tolerance in COPD patients. The objective of this study was to 3 

measure the effect of concurrent aerobic-resistance interval exercise on improving 4 

local muscle tissue oxygenation in the vastus lateralis muscle (VLM) of COPD 5 

patients 6 

METHODS: Peripheral muscle oxygenation in the VLM was measured using near 7 

infrared spectrometry (NIRS) during the 6MWT in 15 COPD patients pre and post 8 

intervention that were assigned randomly into two groups: experimental (exp., n=9) 9 

and control (ctrl, n=6). Both groups received routine training sessions for 3 weeks (1 10 

hour/day and 5 days/week). Training sessions in both groups comprised upper body 11 

strength exercises for 30 minutes. Afterward, the ctrl group performed 30 minutes of 12 

aerobic exercise (motorized treadmill or ergocycle), and the exp group completed 30 13 

minutes of combined aerobic-resistance interval exercise (non-motorized treadmill). 14 

Pre and post intervention NIRS measurements included oxyhemoglobin (O2Hb), 15 

deoxyhemoglobin (HHb), hemoglobin difference (HbDif), total hemoglobin (tHb), and 16 

tissue saturation index (TSI). Systemic arterial oxygen saturation (SPO2), heart rate 17 

and the rating of perceived exertion with the modified Borg scale (0-10) were also 18 

measured pre and post intervention during the 6MWT.  19 

RESULTS: All patients were able to complete three weeks of training. A significant 20 

increase in the 6MWT (51.4%), p < 0.05) distance was noted in the exp group and in 21 

the VLM HbDiff (69%, p<0.05). No significant differences, however, were observed 22 

in the other muscle oxygenation variables.  23 
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CONCLUSION: Concurrent aerobic-resistance interval exercise increases the total 24 

distance covered at the 6MWT (increased functional capacity) and muscle oxygen 25 

extraction.  26 

Key words:  COPD, muscle oxygenation, interval exercise, NIRS, muscle oxygen 27 

kinetic, concurrent aerobic-resistance exercise 28 

 29 
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INTRODUCTION 30 

Chronic obstructive pulmonary disease (COPD) is an incapacitating illness. COPD 31 

affects not only the respiratory system, but also peripheral skeletal muscles through 32 

type I and type IIA muscle fiber atrophy that leads to impairment in both muscle 33 

oxidative capacity and muscle strength (Mador et al., 2003; Maltais et al., 1999). 34 

Physical training, however, has been shown to improve muscle function and 35 

structure in COPD patients (O'Donnell et al., 2008). Physical training improves 36 

muscle fiber oxidative capacity, increases the cross-sectional area of muscle fibers 37 

type I and IIa, and reduces submaximal exercise lactate concentration (Radom-Aizik 38 

et al., 2007). 39 

It is well established that pulmonary rehabilitation programs are an essential key in 40 

the treatment of patients with COPD because it increases exercise tolerance, 41 

reduces symptoms of dyspnea and improves health-related quality of life (Gloeckl et 42 

al., 2013). There are substantial variations in exercise protocols used in pulmonary 43 

rehabilitation programs, such as endurance training that has been one of the most 44 

common exercise modality, and strength training that has been shown to reverse 45 

peripheral muscle dysfunction (Troosters et al., 2005). One modality that appears 46 

promising is to offer sustainable high intensity exercise for COPD patients that allows 47 

for short periods of recovery preventing high lactate accumulation, is interval 48 

exercise (Coppoolse et al., 1999). During this modality, patients exercise alternately 49 

at high work intensity followed by a period of lower intensity or rest where this cycle 50 

paradigm is repeated several times. This type of training has been shown to induce 51 
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less dynamic hyperinflation (Borel et al., 2013), and better exercise tolerance 52 

(Sabapathy et al., 2004) than continuous exercise in COPD. However, walking-53 

based endurance training programs are also very effective in improving exercise 54 

capacity and quality of life in people with COPD (Liu et al., 2008). Thus, several 55 

investigators have shown that both aerobic and resistance type training help alleviate 56 

the respiratory and peripheral muscle discomforts. However, to the best of our 57 

knowledge, no studies have reported the use of concurrent aerobic-resistance as a 58 

training modality.  59 

Recently, non-motorized belt driven treadmills have appeared on the market. The 60 

users of these devices have to propel the treadmill belt by pushing the belt either 61 

while walking or running (Fullenkamp et al., 2015). The potential benefit of non-62 

motorized treadmill is that they produce a simultaneous demand of lower limb force 63 

production (resistance) and an overall increased aerobic demand on the users. In 64 

fact, recent studies have shown that healthy subjects exercising on non-motorized 65 

treadmills improve both muscle force and aerobic capacity (Gonzalez et al., 2013). 66 

Yet, non-motorized treadmills have not been used with COPD patients. Hence, the 67 

overall objective of the current study was to use a non-motorized treadmill that 68 

allows concurrent aerobic-resistance exercise as part of a pulmonary rehabilitation 69 

program with moderate to severe COPD patients. The specific objective was to 70 

measure the effect of concurrent aerobic-resistance exercise on improving local 71 

muscle tissue oxygenation in the vastus lateralis muscle of COPD patients. The 72 

hypothesis was that the combined effect of aerobic-resistance exercise would 73 

improve vastus lateralis muscle oxygenation. 74 
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METHODS 75 

Subjects 76 

Twenty four patients with COPD, referred for inpatient pulmonary rehabilitation at 77 

Mount Sinai Hospital, Montreal, were invited to participate in the study. Upon 78 

admission at the hospital, all patients underwent spirometry at the pulmonary 79 

function laboratory. Pulmonary function chart results were used to establish inclusion 80 

criteria that were based on the following: a diagnosis of COPD based on smoking 81 

history, clinical evaluation and pulmonary function tests, according to the Global 82 

Initiative for obstructive Lung Disease (GOLD) criteria (Rabe et al., 2007).  83 

Exclusion criteria were severe or unstable cardiovascular disease, cognitive 84 

impairment, sensitive skin, musculoskeletal limitation or neuromuscular disorders 85 

that impaired the testing procedures or exercise training. Thus, based on the 86 

inclusion/exclusion criteria, a total of 24 patients were recruited where nine patients 87 

did not complete the training and were excluded from the study. Therefore, the final 88 

sample for data analysis was composed of 15 patients.  89 

Upon arrival at Mount Sinai Hospital, each subject received explanation about the 90 

purpose and procedures involved in the study and were free to ask all questions that 91 

came to mind before giving their informed written consent. The study protocol was 92 

approved by the ethics committee of the Mount Sinai Hospital and the University of 93 

Quebec in Montreal. 94 
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Study design 95 

All patients followed 3 weeks multidisciplinary pulmonary rehabilitation program, 96 

including exercise training sessions. All patients retained for the study underwent 97 

before and after the pulmonary rehabilitation program an anthropometric evaluation 98 

(height, weight, leg circumference and skin fold thickness) and a 6-min walk test 99 

(6MWT) that included an assessment of peripheral muscle oxygenation kinetics 100 

using NIRS (Near InfraRed Spectroscopy) where measurements detail are provided 101 

below. The study was designed as a randomized controlled clinical trial. Patients 102 

were randomly divided into two groups: the control (ctrl) group had endurance 103 

training alone (n=6) and the experimental (exp.) group received the concurrent 104 

training modality (aerobic-resistance, n=9).  105 

Six-minute Walk Test procedure 106 

The 6MWT was performed indoors in a thermoneutral environment of 20°C, on a flat 107 

non carpeted corridor of 30 meters in length utilizing the guidelines outlined by the 108 

American Thoracic Society (ATS, 2002). All participants completed the 6MWT, 109 

however, one patient required supplemental oxygen while performing the test. In all 110 

patients, before, during and after the 6MWT, dyspnea severity was measured with a 111 

modified Borg Scale (ATS, 2002), while systemic oxygen saturation (%SpO2) and 112 

heart rate were monitored using a finger probe pulse oximeter (MD300 Wrist Pulse 113 

Oximeter, HH, DE) and a heart rate monitor (RS800, Polar, Fi). As well, peripheral 114 

tissue muscle oxygenation (%StO2) was measured before, during and after the 115 

6MWT, with a NIRS device (Portamon, Artinis, Medical System, NL). The probe of 116 

the NIRS device was placed on the Vastus Lateralis muscle of the right leg, 117 
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approximately 10-15 cm above the patella, fixed in place with elastic straps and tape, 118 

and covered with a dark cloth to prevent contamination from ambient light. 119 

Muscle oxygenation and Arterial oxygenation 120 

Vastus lateralis %StO2 was continuously measured with the NIRS device during 121 

rest, the 6MWT, and recovery periods. The theory of NIRS has been described in 122 

detail elsewhere (Ferrari et al., 2004). Briefly, the NIRS device used in the current 123 

study has three light sources or optodes, each transmitting two wavelengths (±760 124 

nm and ±850 nm), and a fixed differential path length factor of 4.95. Data were 125 

recorded continuously at 10 Hz. The Beer-Lambert law was used to calculate 126 

micromolar changes in tissue oxygenation [oxyhemoglobin (O2Hb) and 127 

deoxyhemoglobin (HHb)]. The changes in concentration of O2Hb, HHb, total 128 

hemoglobin (tHb), hemoglobin difference (HbDiff), and tissue saturation index (TSI) 129 

were measure during the entire procedure of the 6MWT, as described above.   130 

Arterial oxygen percent saturation was also continuously measured (%SpO2) during 131 

rest, the 6MWT, and recovery periods with a pulse oximeter (MD300 Wrist Pulse 132 

Oximeter, HH, DE) using a finger probe attached to either the index or major finger 133 

of the subject.   134 

Pulmonary Rehabilitation Program 135 

The exercise training in the pulmonary rehabilitation program was either the regular 136 

(ctrl group) typically applied at the Mount Sinai Hospital (details provided below) or 137 

the experimental (exp). Where necessary, oxygen therapy was allowed for the 138 

patients participating in the exercise training sessions to keep oxygen saturation 139 
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>90%. The exercise training consisted of 5 sessions per week (Monday to Friday, 140 

inclusively) for 3 consecutive weeks that yielded a total number of 15 available 141 

sessions. Each session duration spanned approximately 60 minutes and was as 142 

follows: 5 minutes of warm-up followed by 20 minutes of strength exercises for upper 143 

body (hand weights or elastic bands), 30 minutes of specific training (aerobic or 144 

concurrent aerobic-resistance), and then 5 minutes of cool-down. 145 

For the crtl group, the exercise training included treadmill walking (initial speed at 1,5 146 

km/h increased every week by 0,5 km/h, and 0º elevation) or cycling on stationary 147 

ergocycles where pedaling cadence was gradually adjusted according to the 148 

patient’s tolerance. For the exp group, the patients exercised with interval workouts 149 

on a non-motorized treadmill (HiTrainer, Bromont, QC), where they had to walk for 150 

30 seconds followed by 30 seconds of rest. No elevation to the belt was applied 151 

since the non-motorized treadmill is fixed at a level horizon. The initial training load 152 

on the non-motorized treadmill was set at 2 m/s with 0 resistance applied to the belt. 153 

Afterwards, at each week the load was increased according to the patient's tolerance 154 

and ability to displace the belt (5 lbs each week of resistance maximum applied to 155 

the belt).  156 

Statistical analysis 157 

All values are reported as mean ± S.D. Repeated measures ANOVA was used to 158 

test for within and between group effects across time. If significant differences were 159 

detected a Bonferroni adjusted t-test was used to detect the differences between 160 

groups. For all analyses, the level of significance was set at p<0.05. The statistical 161 
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analysis of the collected data was performed with Statistical Package for the Social 162 

Sciences, version 20 (SPSS Inc., Chicago, IL, USA). 163 

RESULTS  164 

Physical characteristics  165 

Table 1 shows the descriptive characteristics of the patients. Both groups were 166 

closely matched in gender, age, height, weight, and body mass index (BMI), thigh 167 

circumference did not significantly differ among the 2 groups. There were physical 168 

characteristics that did not reach statistical significance between groups.  169 

The pulmonary function test revealed moderate to severe airflow limitation, on the 170 

basis of global initiative (GOLD) for COPD (Rabe et al., 2007). Both groups were 171 

similar as shown by FEV1 where the ctrl group (0.83±0.38 L) and the exp. group 172 

(0.71±0.15 L) were not significantly different (NS, p>.05) as was the ratio of 173 

FEV1/FVC (ctrl 51.5±15.15 vs exp. 44.4±13.0 %). No Spirometry was performed at 174 

the end of the intervention program. 175 

The 6MWT after 3 weeks of pulmonary rehabilitation was significantly increased in 176 

both the ctrl and exp. groups and revealed a significant difference between groups 177 

(data not shown). In terms of ∆ change in total distance traveled for the 6MWT, a 178 

greater significant increase was observed in the exp. group [∆ 6MWT; exp=130.9 m 179 

(p = 0.00); ctrl= 48.2 m (p=0.03)]. The perception of effort, however, did not show 180 

significant changes even though there was a slight decrease post intervention in the 181 
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exp group compared to the ctrl group (intra and intergroup, respectively, ∆ Borg; exp 182 

= -0.56, p = 0.44; ctrl = 0.33, p = 0.70; and exp vs. ctrl = -1.61, p = 0.14). 183 

Quadriceps oxygenation during the 6-min walk test 184 

The dynamic behavior of O2 during the 6MWT is shown in figure 1. It can be seen 185 

that after three weeks of pulmonary rehabilitation the HbDiff for the ctrl group of 186 

14.07±9.35 µM was significantly different to the exp. group of 13.72±7.29 µM 187 

(p=0.004). The O2Hb, however, was not significantly different (p=0.149) between the 188 

ctrl group (25.12±20.03 µM) and the exp. group (16.48±16.64 µM), as was the HHb 189 

(ctrl: 38.06±19.22 vs exp. 30.20±11.27 µM, p=0.078).  190 

Table 2 shows a summary of muscle oxygenation during the 6MWT. The ctrl group 191 

showed no significant change in local muscle tissue oxygenation variables, but there 192 

was a significant change in the HbDiff. (p = 0.004) for the exp. group. In both groups, 193 

however, there were no significant changes in O2Hb, HHb, tHb, TSI, but a consistent 194 

tendency to decrease for the 6MWT with an apparent evident increase in HbDiff. 195 

Heart rate and arterial oxygen saturation 196 

Following the intervention, the exp. group showed a significant increase (p = 0.023) 197 

for HR, whilst SpO2 showed a significant decrease (p = 0.022) in (Fig. 2). It can be 198 

observed that the exp. group had a greater significant (p=0.003) arterial desaturation 199 

post intervention where %SpO2 for the exp. group was 87.2±3.4 when compared to 200 

91.4±2.3 % for the ctrl group. 201 
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DISCUSSION  202 

The purpose of this study was to evaluate peripheral muscle oxygenation in COPD 203 

patients during the 6MWT following a concurrent aerobic resistance interval exercise 204 

program. A unique feature of the present study was that oxygen kinetics was 205 

continuously measured with NIRS during the 6MWT, before and after the pulmonary 206 

rehabilitation program. In contrast, several studies in COPD have documented 207 

oxygen kinetics during exercise or at rest, but not pre and post exercise programs 208 

(Okamoto et al., 2003; Puente-Maestu et al., 2003; Tabira et al., 2012; Vogiatzis et 209 

al., 2009). 210 

In the current study it was observed that a concurrent aerobic-resistance exercise 211 

training intervention during 3 weeks in COPD patients, increased the distance in the 212 

6MWT. In fact, the exp. group showed an average increase of ~130 meters or ~48%, 213 

while the crtl group increased only by 48 meters or ~17%, after the pulmonary 214 

rehabilitation program. The increase of 131 meters for the exp. group is much 215 

greater than the clinically relevant distance of 54 meters as reported in a study of 216 

112 patients (Redelmeier et al., 1997). There is no doubt that the exp. group in the 217 

current study improved their functional walking capacity. A possible advantage of the 218 

procedure is that the progressive resistance deployed by the patients on a self-219 

propelled treadmill (HiTrainer) accelerates leg muscle gains in strength (force) and 220 

power.  221 

Puente-Maestu et al. (2003) reported that high intensity training improves muscle 222 

oxygen capacity and oxygenation recovery kinetics, and this, due to the increased 223 

presence of oxidative enzymes in patients with COPD. Thus, it is possible that in the 224 
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present study the patients in the exp. group improved muscle oxygenation capacity 225 

of the lower limbs based on the high intensity training they received. Also note that 226 

the observed improvements were obtained with an exercise prescription that was 5 227 

times per week over three consecutive weeks, in contrast to the American Thoracic 228 

Society (ATS, 2002) that proposes a minimum of 3 times per week over an 8 week 229 

period in order to reach physiological adaptations and benefits in peripheral skeletal 230 

muscles. Perhaps the proposed interval exercise modality in the current study may 231 

be an alternative for sites where time constraint is an issue. Nonetheless, more 232 

research is necessary to ascertain the efficiency of this type of training in COPD 233 

patients. 234 

Oxygen saturation is a surveillance parameter that characterizes exercise 235 

performance on the 6MWT and helps determine the degree of disability linked to the 236 

disease during physical effort (Moreira et al., 2014). It is an optional measure in the 237 

guide of the American Thoracic Society (ATS, 2002). We found that in the exp. group 238 

there was a greater desaturation when compared to the ctrl group during the post 239 

6MWT. Other studies have also shown during the 6MWT there was an oxygen 240 

desaturation in patients with COPD (Ozalevli et al., 2007), while others have shown 241 

an improvement in this parameter (Poulain et al., 2003). It is difficult to understand 242 

why in this study the exp. group had a higher desaturation; however, maybe this 243 

represents a better anaerobic effort that indicates an improvement in lower limb 244 

muscle endurance and represents the effect of the resistance training component in 245 

the exp. group. 246 
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Muscle oxygenation in COPD has been evaluated in several studies, and also has 247 

been studied in many muscles like gastrocnemius muscle (Miyahara et al., 2000), 248 

intercostal muscle (Martel et al., 2005), forearm muscles (Vogiatzis et al., 2010), and 249 

quadriceps (Okamoto et al., 2003; Vogiatzis et al., 2009). Nevertheless, it must be 250 

emphasized that muscle oxygenation has been usually carried out during a 251 

maximum effort (Vogiatzis et al., 2009), at rest or during recovery (Okamoto et al., 252 

2003). Another important point to emphasize is that most investigations have been 253 

designed as cross sectional studies and that very few have been conducted 254 

longitudinally to measure the outcomes of a pulmonary rehabilitation program on 255 

peripheral skeletal muscle oxygenation. In the current study, the program consisted 256 

of 13 exercise training sessions spanned over 3 weeks, compared to other studies 257 

that used 15 to 24 sessions between 6 to 8 weeks (Odagawa et al., 2009; Puente-258 

Maestu et al., 2003; Vogiatzis et al., 2005). Thus, the current study, even though 259 

there are no outcome measures carried out beyond the end of the 3rd week of 260 

training, shows that a concurrent aerobic-resistance exercise program is efficient for 261 

improving the functional capacity (6MWT) of COPD patients. The improvements 262 

occur in half the time of other typical pulmonary rehabilitation programs (6-8 wks). 263 

In the current study, the exp group showed an increase in the HHb. The exp group 264 

intra-group analysis nearly reached statistical significance (p = 0.07) with an effect 265 

size of 0.14 (small effect), but not for the Intergroup (p = 0.38). A possible 266 

explanation for the lack of an effect is that only one site was measured and that more 267 

than one point on the quadriceps may have revealed an effect. Nonetheless, a study 268 

by Koga et al. (2007) showed results similar to ours where the HHb measured on 10 269 
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different points of the quadriceps during exercise had intra-group muscle 270 

deoxygenation variation, but no inter-group differences. 271 

We also assessed O2Hb, tHb, and TSI that exhibited a consistent tendency to 272 

decrease in both exp. and ctrl groups during the post intervention 6MWT, but these 273 

changes were not statistically significant. Similar results have been reported using 274 

different types of exercise trainings, such as endurance training (Tabira et al., 2012), 275 

tapering (Neary et al., 2005), or strength training (Odagawa et al., 2009). 276 

Regarding HbDiff., there was no significant difference between groups, but it is 277 

interesting to note that the exp. group had a significant increase compared to the crtl 278 

group (p = 0.004), suggesting that the concurrent aerobic-resistance training 279 

modality would have a better effect on oxygen extraction in the muscle. The HbDiff. 280 

is a parameter that describes the difference between oxy-Hb and deoxy-Hb 281 

concentration (∆O2Hb - ∆HHb). As the exercise effort increased, the difference was 282 

greater, indicating a higher O2 extraction in the muscle. Interesting to note, as shown 283 

in Fig. 3, is the greater distance traveled by the exp. group in the 6MWT that was 284 

significantly correlated to the ∆HbDiff, possibly indicating an improved muscle 285 

oxygen extraction following a concurrent aerobic-resistance interval exercise 286 

program. 287 

In conclusion, the current study shows that a concurrent aerobic-resistance interval 288 

exercise modality on lower limbs, that was well tolerated by the patients, produces 289 

changes in the vastus lateralis skeletal muscle oxygenation and exercise capacity in 290 

patients touched by COPD. A significant association was found between HbDiff and 291 

exercise capacity (6MWT). We suggest that an increase in HbDiff appears to be the 292 
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result of improved local muscle oxygen consumption resulting from a concurrent 293 

aerobic-resistance interval exercise program. Another important observation is the 294 

improved efficiency in obtaining significant gains in the 6MWT in only three weeks (½ 295 

the time) in contrast to other approaches that typically span over 6 to 8 weeks. 296 
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FIGURE LEGENDS 

Figure 1. Tissue muscle oxygenation before and after the control (ctrl) and experimental (exp) 

pulmonary rehabilitation program. Top graphs, deoxyhemoglobin (HHb), before (∇) 

and after (▼); Middle graphs, oxyhemoglobin (O2Hb) before (☐) and after (█); and 

Bottom graphs, hemoglobin difference (HbDiff) calculated by substracting (O2Hb – 

HHb) before (◯) and after (•). All units are expressed in µM. * p < 0.05. 

Figure 2. Heart rate (HR) and systemic peripheral oxygen saturation (%SpO2) before (grey) and 

after (black) the control and experimental pulmonary rehabilitation program. Top 

graph, HR (bpm); and Bottom graph, %SpO2 both at the end of the 6-min walk test 

(6MWT). * p < 0.005.  

Figure 3. The relationship of total distance walked (m) during the 6-min walk test (6MWT) as a 

function of the hemoglobin difference (HbDiff). The empty and filled triangles 

represent the control (ctrl) group before (∆ pre) and after (▲ post) the intervention 

whilst the empty and filled circles ( ; ) represent the experimental (exp) group before (

◯ pre) and after (• post) the intervention.  
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Table 1. Patient characteristics before and after pulmonary rehabilitation programs  

 

Subject Characteristics 

PRE-TRAINING POST-TRAINING 

 

CTRL 

 

EXP 

 

p 

 

CTRL 

 

EXP 

 

p 

       

Age (yr) 

Weight (kg) 

68.6 ± 6,8 

71.7 ± 13.0 

67.0 ± 7.1 

70.2 ± 21.1 

0.68 

0.88 

 

71.5 ± 14.5 

 

71.0  ± 20.9 

 

0.80 

Body mass index (kg/m
2
) 27.1 ± 4.5 26.4 ± 7.0 0.85 27.5 ±  4.6 26.5  ± 6.7 0.76 

Fat mass (%) 37.5 ±  9.1 29.9 ± 19.9 0.43 36.8 ± 9.5 29.6 ± 13.3 0.48 

Muscle (%) 25.2 ± 3.2 28.9 ± 7.18 0.85 26.0 ± 3.8 29.4 ± 6.1 0.36 

TPR (cm)* 46.1 ± 2.3 42.0 ± 4.47 0.52 48.1± 4.61 3.4 ± 4.5 0.47 

TPL (cm)* 43.7 ± 3.5 41.0 ± 2.92 0.59 46.0 ± 4.9 46.5 ± 4.8 0.45 

Values are presented as group means ± SD. CTRL, Control group; EXP, Experimental group. 
*TPR thigh perimeter right leg  
*TPL thigh perimeter left leg  
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Table 2. Leg muscle (vastus lateralis) oxygenation before and after pulmonary 

rehabilitation programs  

 
 

 
CTRL 

 

  
EXP 

 

 

Variables Pre Post p Pre Post p 

 
O2Hb (µM) 

 
18.45 ±14.07 

 
16.48±16.64 

 
0.478 

 
28.50 ± 18.05 

 
25.12 ± 20.03 

 
0.149 

 
HHb (µM) 

 
31.12±12.15 

 
30.20±11.27 

 
0.586 

 
35.49±19.13 

 
38.06±19.22 

 
0.078 

 
tHb (µM) 

 
49.58±26.00 

 
46.02±27.11 

 
0.398 

 
64.00±36.60 

 
60.60±39.08 

 
0.325 

 
HbDiff (µM) 

 
-12.64±3.89 

 
-13.72±7.29 

 
0.652 

 
-7.54±6.27 

 
-14.07±9.35 

 
0.004 * 

 
TSI (%) 

 

63.02±11.04 

 

60.50±5.55 

 
0.493 

 

61.53±15.58 

 

59.81±9.49 

 
0.568 

Values are presented as group means ± SD. * indicates significant difference. 
CTRL, Control group; EXP, Experimental group.; O2Hb oxyhemoglobin; HHb deoxyhemoglobin; 
tHb hemoglobin total; TSI tissue saturation index in the muscle; HbDiff. Hemoglobin difference; µM 
micromolar/L 
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Fig. 2 
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Fig. 3 
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