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ABSTRACT 1 

Purpose: We investigated the effects of practical blood flow restriction (pBFR) of leg muscles 2 

during sprint training on the 100 m dash time in well-trained sport students. Methods: 3 

Participants performed 6x100 m sprints at 60-70% of their maximal 100 m sprinting speed twice 4 

a week for 6 weeks, either with (IG; n=12) or without pBFR (CG; n=12). Results: The 100 m 5 

dash time significantly decreased more in the IG (-0.38±0.24 s) than in the CG (-0.16±0.17 s). 6 

The muscle thickness of the rectus femoris increased only in the IG, while no group by time 7 

interactions were found for the muscle thickness of the biceps femoris and the biceps brachii. 8 

The maximal isometric force, measured using a leg press, did not change in either group. 9 

However, the rate of force development improved in the IG. Growth hormone, testosterone, 10 

insulin-like growth factor 1, and cortisol concentrations did not significantly differ between both 11 

groups at any measurement time point (pre, 1 min, 20 min, 120 min, and 24 h after the six all-out 12 

sprints of the first training session). The muscle damage marker h-FABP increased significantly 13 

more in the CG than in the IG. Conclusion: The pBFR improved the 100 m dash time 14 

significantly more than low-intensity sprint interval training alone. Other noted benefits of 15 

training with pBFR were a decreased level of muscle damage, a greater increase of the rectus 16 

femoris muscle thickness, and a higher rate of force development. However, the tested hormones 17 

were unable to explain the additional beneficial effects.  18 

 19 
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 22 

 23 

INTRODUCTION 24 

It is without question that running speed is an essential component of most sports. Though 25 

numerous aspects of sprint training have already been investigated, little is known about the 26 

lowest possible training intensity needed to achieve improvements in sprint performance. Based 27 

on the fact that running at maximal speed is associated with an extraordinarily high Due to the 28 

increased  risk of hamstring injuries associated with maximal sprint exercises (1), a reduction of 29 

training intensity, while retaining an effective stimulus, is of great scientific and practical 30 

interest. Haugen et al. (2) tested the concept of reduced intensity for sprint training in male and 31 

female soccer players and found no benefits for replacing one weekly soccer training sessions 32 

with a sprint training session at 90% of their individual maximal running speed. However, it 33 

must be noted that no deleterious effects were seen either. The authors concluded that the 34 

stimulus intensity was not strong enough to elicit any desirable effect.  35 

 36 

Interesting data from an innovative resistance training method provides added insight on lower 37 

intensity training. A growing body of evidence indicate that low load training in combination 38 

with blood flow restriction (BFR) is able to induce muscle hypertrophy and strength gains (3). 39 

The applied intensities of 20-30% of the one repetition maximum (1RM) were far below the 40 

minimum load of 60-70% 1RM generally recommended to induce such adaptations (4). 41 

Currently BFR has been predominantly applied to low- to moderate load resistance training 42 
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regimens, whereby its application to other training modalities has been scarcely explored. The 43 

early recruitment of fast-twitch fibers under restricted conditions (5) may be beneficial for sprint 44 

performance of different disciplines, as rapidly contracting and relaxing fibers are crucial for 45 

achieving high movement velocities. In support of this assumption, Cook et al. (6) reported that 46 

the 40 m sprint time in elite rugby players improved to a larger extent after restricted resistance 47 

training (-0.03 ± 0.03 s) when compared with unrestricted resistance training (-0.01 ± 0.02 s). 48 

Despite these promising effects of BFR on sprint performance, presented by Cook et al. (6), there 49 

has been no research to date that has examined the effects of BFR when applied during sprint 50 

training. 51 

 52 

Inflatable cuffs are commonly used in studies to precisely control the applied pressure for BFR 53 

(7–10). However, the high costs and limited accessibility, as in case of the original equipment 54 

(KAATSU Master; Sato Sports Plaza Ltd., Tokyo, Japan) (11), provides a significant access 55 

barrier to athletes interested in this type of training. Fortunately, recently published studies 56 

reported that elastic knee wraps provide a practical alternative for using BFR outside of  57 

laboratory settings (11–14) and these wraps enable a venous pooling without an arterial 58 

occlusion (14). Therefore, the present study aims to contribute to this growing area of research 59 

by exploring the question if a six week low-intensity sprint training program with practical BFR 60 

(pBFR) positively affects the 100 m sprint running performance, maximal isometric force, rate of 61 

force development (RFD), and muscle thickness of selected muscles. We also measured the 62 

acute systemic endocrine response after the first of 12 sprint training sessions. Although the role 63 

of exercise induced short term hormonal responses in muscular adaptations are still a matter of 64 
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debate (15–17), the endocrine response still ranks among the popular hypotheses used to explain 65 

the BFR induced effects on the musculature (18–21). 66 

 67 

METHODS 68 

Experimental Approach to the Problem 69 

A two-group randomized controlled design was used to assess the effects of a 6 w low-intensity 70 

sprint training program with or without BFR on the functional and structural adaptations. 71 

Further, we measured selected biomarkers in venous blood samples prior to and after the first 72 

training session to assess the acute endocrine and muscle damage response. Therefore, the 73 

independent variables in the present study consisted of the two different training modalities (with 74 

and without BFR) and the dependent variables included the 100 m sprint running performance, 75 

the maximal isometric leg press force, the rate of force development (RFD), and the muscle 76 

thickness of the rectus- and biceps femoris. The dependent biomarkers were testosterone, human 77 

growth hormone (hGH), insulin-like growth factor 1 (IGF-1), cortisol, the heart type fatty acid 78 

binding protein (h-FABP), and lactate. We hypothesized that the dependent variables are affected 79 

differently by the two different training modalities. 80 

 81 

Subjects 82 

A total of 25 healthy male sport students, that were familiar with sprinting prior to the study, 83 

were recruited as a sample of convenience from our University. Subject characteristics are 84 

summarized in Table 1. A randomized matched pair design was used to allocate the participants 85 

to either an intervention (IG) or a control group (CG). Matching was performed depending on the 86 

participants’ 100 m sprint time. The participants were asked to refrain from any other sprint-87 
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training throughout the intervention period. Exclusion criteria were defined as any orthopedic, 88 

cardiovascular, and metabolic pathologies. All participants were thoroughly informed about the 89 

purpose, procedures, and possible risks of the planned study and written informed consent was 90 

obtained from all individual participants included in the study prior to their enrollment. All 91 

procedures were approved by the local ethics board and the study has been conducted according 92 

to the Declaration of Helsinki. 93 

--- Table 1 about here --- 94 

 95 

Procedures 96 

100 m sprint running test 97 

Prior to the 100 m sprint running test, the participants ran 8 x 100 m at a low, self-selected 98 

intensity and performed an individual 15 min warm-up protocol. Thereafter, they performed a 99 

standardized warm-up protocol (2 x 20 m) consisting of skipping, sidesteps, ankle exercises, and 100 

high knees under the direction of one of the investigators. At the end of the warm-up phase, 101 

subjects performed two 100 m incremental runs with the last 10 m at maximum velocity. 102 

Participants rested 5 min and then performed an all-out 100 m sprint. The sprint was from a 103 

flying start, 50 cm behind the starting line as to eliminate reaction time. After a rest period of 5 104 

min the participants were then instructed to run an all-out 100 m sprint, using a flying start from 105 

a track marking that was placed 50 cm behind the starting line. This starting configuration was 106 

used to eliminate reaction time. The sprint time was measured with a photoelectric barrier 107 

(SPORTRONIC Electronic Sports Equipment, Transponder - Time - Master - Set 03, 108 

Winnenden-Hertmannsweiler, Germany) positioned at the start and finish line. All sprinting tests 109 

at pre and post were performed on a 100 m indoor track to minimize the impact of environmental 110 
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factors such as wind and temperature. All participants wore their private sprint spikes and were 111 

advised to wear the same shoes throughout the entire study. To reduce the mutual interference 112 

among different performance tests by muscle fatigue, the 100 m sprint tests were performed one 113 

day prior to the strength testing. 114 

 115 

Strength testing 116 

Leg press maximum isometric force (MIF) and rate of force development (RFD) were tested 117 

using a leg press machine (gym80 International GmbH, Beinpresse, Gelsenkirchen, Deutschland) 118 

equipped with a force sensor (KM1506, megaTron; Munich, Germany) with a measuring range 119 

of 0 to 5000 N. The force output was recorded at 100 Hz using the software DigiMax 120 

(Mechatronic, Hamm, Germany). Further, this software was used to estimate the RFD, defined as 121 

the maximal rate of rise in muscle force from the force-time curve. Following a 5 min warm-up 122 

protocol on a cycling ergometer, the participants were positioned on the provided seat of the 123 

machine, their backs pressed firmly against the back pad. A hip belt was used to secure this 124 

position throughout the test. The machine was adjusted so that the inner knee and hip angles 125 

were 120° and 60°. Subjects were then advised to perform three isometric contractions by 126 

attempting to extend their knees and hips against the fixed foot plate at maximal voluntary effort 127 

and velocity. Subjects were verbally encouraged to achieve maximal effort during each trial. 128 

Rest periods of 3 min were provided after the first and second trial. The RFD was determined 129 

from the trial with the highest force output. Relative (ICC) and absolute (SEM) test-retest 130 

reliability for baseline variables were as follows: MIF (ICC3.1 = 0.81 and SEM = 0.6 kN) and 131 

RFD (ICC3.1 = 0.85 and SEM = 2.6 kN·s-1). 132 

 133 
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Practical blood flow restriction (pBFR) 134 

Vascular BFR in the present study was applied to the proximal part of the upper thighs of 135 

participants with elastic knee wraps (200 x 13 cm, Best Body Nutrition, Auerbach, Germany). It 136 

has been previously shown that practical blood flow restriction using elastic knee wraps with 137 

moderate perceived pressure (seven on a scale of zero to ten) effectively induces a venous 138 

pooling without an arterial occlusion (14). However, since the perceived pressure may vary 139 

largely over time and between participants, we modified this protocol as follows: The elastic 140 

knee wraps were pulled maximally around the participants’ thighs and were marked with 141 

permanent ink at each quarter of every winding. Afterwards, the wraps were taken off and 142 

applied again. This time, markings were used to ensure that the wraps were only pulled to 75% 143 

of their maximum. The same submaximal pull was applied during the intervention. In all cases 144 

the elastic wraps were layered with each rotation instead of spreading it out over the thigh.  To 145 

ensure that the arterial blood flow was not occluded at this pressure, we assessed the blood flow 146 

of the arteria tibialis posterior approximately 5cm proximal the medial malleolus (Xario XG. 147 

Toshiba Medical Systems, Tokyo, Japan). Every participant received his own pair of elastic knee 148 

wraps. Since we observed a lengthening (~15 cm) of knee wraps after their initial application and 149 

that the length remained fairly constant afterwards, we stretched the knee wraps prior to its first 150 

use to reduce the effect of material slackening at later time points of the study.  151 

 152 

Muscle thickness 153 

Muscle thickness was assessed for the rectus femoris and the biceps femoris to investigate if the 154 

intervention elicits any hypertrophic adaptations of the trained musculature. Further, the muscle 155 

thickness of the biceps brachii was measured to assess any cross-transfer to unrestricted muscles. 156 
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To assess muscle thickness, we used an ultrasound system (Xario XG, Toshiba, Neuss, 157 

Germany) with a linear transducer (7.5 MHz MHz, PLT-704AT, Toshiba, Neuss, Germany). 158 

Muscle thickness was defined as the distance between the lower margin from the upper fascia to 159 

the upper margin of the lower fascia of the respective muscles, measured perpendicular to the 160 

surface. The thickness was measured with the built-in caliper tool of the ultrasound system. Both 161 

the ultrasound imaging and thickness measurements were performed by the same blinded tester, 162 

unaware of the participants’ respective group. During the ultrasound measurements the 163 

participants were positioned in a lying position; supine for the rectus femoris and the biceps 164 

brachii and prone for the biceps femoris. The locations of probe placement were defined as 165 

follows: for rectus femoris the probe was placed at 50% of the distance between the spina iliaca 166 

anterior superior and the upper margin of the patella, for the biceps femoris the probe was placed 167 

at 50% of the distance between the trochanter major and the head of the fibula, and for the 168 

muscle thickness of the biceps brachii the probe was placed at 50% of the distance between the 169 

anterior axillary fold and the mid portion of the cubital fossa. The selected measurement 170 

positions were marked with permanent ink and participants were advised to refresh this mark 171 

regularly throughout the study period so that the same position could be investigated at post-test. 172 

Representative ultrasound images of each measurement position are displayed in Figure 1. Two 173 

images were taken at each site and only the mean of both thicknesses were used for further 174 

analyses. Relative (ICC) and absolute (SEM) test-retest reliability of muscle thickness were as 175 

follows: rectus femoris (ICC3.1 = 0.85 and SEM = 1.0 mm), biceps femoris (ICC3.1 = 0.79 and 176 

SEM = 2.1 mm), and biceps brachii (ICC3.1 = 0.79 and SEM = 1.4 mm). 177 

 178 

--- Figure 1 about here --- 179 

 180 

Copyright ª 2016 National Strength and Conditioning Association

ACCEPTED



10 
 

Exercise protocol 181 

Both groups performed 6 consecutive 100 m sprints on an indoor track at an intensity of 60-70% 182 

of their predetermined best sprinting performance, equating to 167-143% of their best sprinting 183 

time. During each sprint, one of the investigators who hand stopped split times every 25 m, 184 

advised participants to speed up or to slow down to reach these predetermined submaximal sprint 185 

times. Depending on the predetermined group assignment, the sprints were performed either with 186 

(IG) or without (CG) pBFR applied to the most proximal portion of both thighs. The rest periods 187 

between each sprint were set to one minute, in which participants of the IG were required to 188 

remain wrapped had to keep on the wraps. To reduce the perceived discomfort resulting from the 189 

applied BFR, participants were advised to slowly walk back and forth during the rest periods. 190 

Immediately after the last sprint, participants of the IG removed the elastic wraps from the 191 

thighs. For warming-up, The same 5 min warm-up protocol was used for the 100 m sprint test 192 

and was performed prior to the 6 sprints. 193 

 194 

Blood sampling and analyses 195 

Blood samples were drawn from the antecubital vein prior to (pre), and 1 min, 20 min, 120 min, 196 

and 24 h after the six submaximal sprints of the first training session. The 1 min post sample was 197 

chosen over an “immediately after” blood sample to allow the IG to remove the knee wraps. 198 

Blood was drawn into serum separation tubes with the Vacutainer® blood withdrawal system 199 

(Becton-Dickinson, Plymouth, United Kingdom). After 30 min storage at room temperature, the 200 

tubes were centrifuged for 10 min at 3000 rpm and a temperature of 4°C (Rotixa 50, Hettich 201 

Zentrifugen, Mühlheim, Germany). Until further analysis aliquoted serum samples were frozen 202 

and stored at -80°C. Two months after the intervention, the samples were carefully defrosted at 203 
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room temperature prior to the analyses. The quantification of human growth hormone (hGH, 204 

Cat.No.: EIA 3552, DRG Marburg, Germany), insulin-like growth factor 1 (IGF-1, Quantikine 205 

ELISA, Cat.No.: DG100, R&D Systems, Minneapolis, MN, USA), testosterone (Cat.No.: EIA 206 

1559 DRG Marburg, Germany), and cortisol (Cat.No.: EIA 1887 (DRG Marburg, Germany) was 207 

performed with ELISA-kits, while serum lactate was measured with a chip-based amperometric 208 

enzyme sensor system (EBIOplus, EKF Diagnostic Sales, Magdeburg, Germany). The inter- and 209 

intra-assay coefficients of variability (CV) were as follows: hGH (intra-assay CV: 4.96%, inter-210 

assay CV: 8.91%), IGF-1 (intra-assay CV: 4.08%, inter-assay CV: 7.80%), testosterone (intra-211 

assay CV: 3.57%, inter-assay CV: 7.04%), and cortisol (intra-assay CV: 6.29%, inter-assay CV: 212 

6.96%). To evaluate muscle exercise induced injury, we measured the fatty acid binding protein 213 

(h-FABP), which has been considered a promising marker for assessing muscle injury in athletes 214 

(22). The h-FABP concentration was measured with an immunochromatographic test 215 

(MyoCheck h-FABP, Concile, Freiburg, Germany) and the Concile Ω100 reader (Concile, 216 

Freiburg, Germany). The test-retest reliability for the h-FABP measurements was CV: 11.1%. 217 

 218 

Statistical Analyses 219 

Changes in measures over time were compared between both groups by a two-factor repeated 220 

measures analysis of variance (ANOVA). Significant group by time interactions were followed 221 

up with simple main effects analyses and, in cases where no significant interaction was found, 222 

the significant main effects for time and group were followed up by Bonferroni post-hoc tests. 223 

Pearson correlation coefficients were calculated to estimate the correlation between functional or 224 

structural parameters and the 100 m sprint time, either expressed as absolute or relative values 225 

(percentage change). To compare pre-test subject characteristics (age, height, body mass) 226 
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between both groups, Student’s T-Tests were used. The intra-class correlation coefficient (ICC) 227 

3.1 and the standard error of the mean (SEM) was used to test for reliability. All statistical 228 

analyses were performed with SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for 229 

Windows, Version 22.0. Armonk, NY: IBM Corp.). Statistica (Statistica for Windows, 7.0, 230 

Statsoft, Tulsa, OK) was used for graphing the results. Results are expressed as means ± standard 231 

deviations unless otherwise stated. Statistical significance was accepted at p<0.05. 232 

 233 

RESULTS 234 

The attendance rate of participants was 100%. One participant of the IG suffered a muscle tear 235 

during the 100 m sprint pre-test (i.e. without BFR) and he therefore withdrew from the study. 236 

Another participant of the IG complained of dizziness and nausea after the 4th sprint of the first 237 

training session with pBFR and stopped this particular session thereafter. These side effects were 238 

restricted to the initial training session and did not occur in subsequent sessions.  239 

 240 

Chronic functional and structural adaptations 241 

All functional and structural adaptations are summarized in Table 2 and individual responses are 242 

presented in Figure 2. There was a statistically significant group by time interaction for sprint 243 

time, F(1, 22) = 6.13, p = .02, partial η2 = .22. The sprint time significantly decreased in both the 244 

IG, F(1, 11) = 28.69, p < 0.001, partial η2 = 0.72 and the CG, F(1,11) = 11.09, p = 0.007. In the 245 

IG the sprint time was significantly reduced by M = 0.38, SE = 0.07 s, p < 0.001 and in the CG 246 

by M = 0.16, SE = 0.05 s, p = 0.007. No significant difference was observed between groups at 247 

pre, F(1, 22) = 0.03, p = 0.87, partial η2 = 0.001 and post, F(1, 22) = 0.523, p = 0.48, partial η2 = 248 

0.02. The 100 m sprint time (pre and post) was not correlated with any other functional (MIF, 249 
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RFD) or structural parameter (muscle thickness) that was assessed in the present study. The same 250 

result was observed when correlation analyses were performed with values expressed as relative 251 

changes from pre to post.  252 

 253 

--- Table 2 about here --- 254 

 255 

No group by time interaction was found for the Fmax, F(1, 22) = 0.72, p = 0.42, partial η2 = 256 

0.03. However, there was a significant main effect of time F(1, 22) = 5.81, p = 0.03, partial η2 = 257 

0.21, with the post values being significantly higher by M = 0.40, SE = 0.17 kN, p = 0.025, when 258 

compared to pre. Further, there was a main effect of group F(1, 22) = 4.56, p = 0.04, partial η2 = 259 

0.17, with Fmax being 1.2 kN greater in the IG. By contrast, a significant group by time 260 

interaction was found for the RFD values, F(1, 22) = 4.58, p = 0.04, partial η2 = .17. Testing for 261 

simple main effects revealed that the RFD significantly increased in both the IG, F(1, 11) = 7.34, 262 

p = 0.02, partial η2 = 0.4 and the CG F(1,11) = 0.08, p =  0.78, partial η2 = 0.008. The IG 263 

improved by M = 6.00 kN (SE = 2.20, p = 0.02), while the CG only demonstrated an increase of 264 

M = 0.4 kN (SE = 1.4 kN, p = 0.007). No significant difference was observed between groups at 265 

pre, F(1, 22) = 0.07, p = 0.80, partial η2 = 0.003 but at post, F(1, 22) = 4.32, p = 0.05, partial η2 = 266 

0.17.  267 

 268 

There was a statistically significant group by time interaction for the muscle thickness of the 269 

rectus femoris, F(1, 22) = 10.58, p = 0.004, partial η2 = 0.33 and a simple main effect of time in 270 

the IG F(1, 11) = 17.02, p = 0.002, partial η2 = 0.61, but not in the CON group F(1,11) = 0.10, p 271 

= 0.76, partial η2 = 0.009. According to post-hoc analyses, the thickness of the rectus femoris 272 

increased from pre to post in the IG by M = 1.45, SE = 0.35 mm, p = 0.002. The corresponding 273 
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values for the CG were M = 0.75, SE = 0.24 s, p = 0.76. No significant difference was observed 274 

between groups at pre, F(1, 22) = 1.20, p = 0.29, partial η2 = 0.05 but at post, F(1, 22) = 7.82, p = 275 

0.01, partial η2 = 0.26. For the biceps femoris, the group by time interaction barely missed 276 

significance, F(1, 22) = 3.53, p = 0.07, partial η2 = 0.1. There was a significant main effect of 277 

time F(1,22) = 17.47, p < 0.001, partial η2 = 0.443 with an increase of thickness of M = 0.75, SE 278 

= 0.24 s, p = 0.76 from pre to post across both groups. No main effect for group was observed 279 

F(1,22) = 0.62, p = 0.76, partial η2 = 0.009. No group by time interaction, F(1, 22) = 0.14, p = 280 

0.72, partial η2 = 0.006, and no main effects for time, F(1, 22) = 2.55, p = 0.12, partial η2 = 0.10, 281 

or group F(1, 22) = 1.18, p = 0.29, partial η2 = 0.51, were found for the biceps brachii. No 282 

significant correlations were found between training induced changes of the thigh muscle 283 

thickness and Fmax. The Pearson correlation coefficients were as follows: rectus femoris r = -284 

0.09; the biceps femoris r = -0.01. 285 

 286 

--- Figure 2 about here --- 287 

 288 

Acute response of selected blood parameters 289 

As shown in Figure 3A there was a marked increase in blood lactate concentration in both the IG 290 

and the CG following the first training session. No group by time interaction was observed for 291 

the lactate concentration F(3, 66) = 2.27, p = 0.13, partial η2 = 0.09. There was a main effect for 292 

time F(3, 66) = 149.62, p < 0.001, partial η2 = 0.87 but not for group F(1, 22) = 1.93, p = 0.18, 293 

partial η2 = 0.08. 294 

None of the tested hormones revealed a significant group by time interaction (see Figure 3B-E): 295 

hGH, F(4, 88) = 1.13, p = 0.33, partial η2 = 0.05; IGF1, F(4, 88) = 2.09, p = 0.14, partial η2 = 296 
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0.09; testosterone, F(4, 88) = 2.86, p = 0.07, partial η2 = 0.12; cortisol, F(4, 88) = 2.17, p = 0.12, 297 

partial η2 = 0.09. Only significant main effects of time could be found: hGH, F(4, 88) = 17.74, p 298 

< 0.001, partial η2 = 0.45; IGF1, F(4, 88) = 4.64, p = 0.02, partial η2 = 0.17; testosterone, F(4, 299 

88) = 19.44, p < 0.001, partial η2 = 0.47; cortisol, F(4, 88) = 22.83, p < 0.001, partial η2 = 0.51. 300 

A main effect of group was not observed for any of the tested hormones: hGH, F(1, 22) = 1.20, p 301 

= 0.29, partial η2 = 0.05; IGF1, F(1, 22) = 3.27, p = 0.84, partial η2 = 0.13; testosterone, F(1, 22) 302 

= 0.24, p = 0.63, partial η2 = 0.11; cortisol, F(4, 88) = 0.007, p = 0.93, partial η2 < 0.001. 303 

 304 

The overall ANOVA revealed a significant group by time interaction for h-FABP, F(4, 88) = 305 

4.19, p = 0.03, partial η2 = 0.16. There was a simple main effect of time in the IG, F(4, 44) = 306 

13.10, p = 0.001, partial η2 = 0.544 and the CG F(4, 44) = 15.49, p = 0.002, partial η2 = 0.59. We 307 

also detected a simple main effect of group at post, F(1, 22) = 6.66, p = 0.02, partial η2 = 0.23  308 

and 24 h after the intervention F(1, 22) = 4.83, p = 0.04, partial η2 = 0.18. 309 

 310 

--- Figure 3 about here --- 311 

 312 

DISCUSSION 313 

The present study found that low-intensity sprint intervals improved the 100 m dash time in both 314 

groups, without differences between pre or post sprint times across groups. However, it can be 315 

concluded from the significant group by time interaction that the improvement was significantly 316 

greater in the IG (0.38 ± 0.24 s) than in the CG (0.16 ± 0.17 s). These results are significant at 317 

least in two major respects. First, the observed improvement in the CG indicates that low-318 

intensity sprint training without pBFR is able to improve the 100 m dash time in well-trained 319 
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sport students. This stays in contrast to the findings of Haugen et al. (2), who saw no beneficial 320 

effects on sprint performance from submaximal sprint training. Second, the present findings 321 

indicate that the training stimulus can be improved by pBFR. This conclusion is especially 322 

interesting for trainers and conditioning specialists seeking an inexpensive method of improving 323 

the training stimulus of low-intensity sprint training sessions.  324 

Chronic functional and structural adaptations 325 

Though to date no other study to date has investigated the effectiveness of BFR as training 326 

stimulus during sprint training, beneficial effects of systemically applied hypoxia on high-327 

intensity exercise performance have been described (23,24). For example, Galvin et al. (23) 328 

reported that the distance covered in a 20 m shuttle run improved twofold greater when 329 

participants were exposed to hypoxic gas (13% FiO2) during 12 sprint training sessions (6 x 10 s) 330 

that were performed on a non-motorised treadmill. Similarly, another study detailed that the 331 

fatigue resistance of cyclists only improved when participants trained under hypoxic conditions 332 

(24). The training in that study consisted of eight repeated sprint sessions either in normoxia or 333 

hypoxia. By contrast, Puype et al. (25) who investigated the effects of a submaximal repeated 334 

sprint interval training on an incremental exercise test and a 10-min simulated time trial and did 335 

not detect any hypoxia related benefits. Though this outcome may be a function of the low 336 

training intensity applied in that particular study (~80 % of the mean power output of their first 337 

sprint), it is more likely to be based on the fact that the performance tests utilized lacked 338 

specificity to the applied training stimulus, as argued by McLean et.al. (26). In summary these 339 

data indicate that systemic hypoxia also provides an effective method to augment the training 340 

stimulus of sprint training regimens. As training in systemic hypoxia often adds additional cost 341 

and accessibility barriers, pBFR likely represents a more practical and cost-effective alternative. 342 
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 343 

Structural adaptations in terms of muscle hypertrophy have frequently been observed after low 344 

load resistance training regimens, when these were combined with BFR (3). Even a 3 w slow 345 

treadmill-walking protocol (walking speed of 3 km*h-1) resulted in a greater cross-sectional area 346 

and volume of thigh muscles (4–7%), accompanied by an 8-10% increase in muscle strength (leg 347 

extension and leg flexion) only when leg blood flow was restricted during each session (27). In 348 

line with these findings, the present study revealed that the muscle thickness of the rectus 349 

femoris significantly increased only in the IG, indicating that the applied pBFR increased the 350 

anabolic stimulus in the blood flow restricted muscles. Possible mechanisms underlying the BFR 351 

mediated hypertrophy have been reviewed recently (28) and include, but are not limited to, 352 

muscle cell swelling, hormone secretion, and the premature recruitment of fast twitch fibers. 353 

However, contrary to earlier investigations (29), we did not observe a transfer of anabolic effects 354 

from blood flow restricted leg muscles to unrestricted arm muscles. More concretely, the muscle 355 

thickness of the biceps brachii in our study remained virtually unchanged from pre to post. The 356 

discrepancy of results between this and previous investigations may be attributed to a potential 357 

loading threshold needed to be crossed for the transfer to occur. That is, the arm movement 358 

during sprinting was possibly insufficient to elicit the described cross transfer. However, this 359 

assumption remains speculative and requires further research. 360 

 361 

An unanticipated finding of the present study was that the pBFR was not associated with greater 362 

strength gains in the IG compared to the CG. On the one side, previous investigations have 363 

resulted in strength gains with sprint training alone (30) and on the other side, BFR was able to 364 

turn even a slow treadmill walking protocol into an effective training stimulus to elicit strength 365 

gains (27). Thus we expected the combination of sprint training and BFR to be more effective. 366 
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The reason for the lack of strength gains in the present study remains unclear but possibly 367 

reflects the small number of participants and large individual differences in their isometric force 368 

values. This is supported by the fact that the overall ANOVA revealed a significant main effect 369 

for time but the Bonferroni post-hoc test did not detect any differences. By contrast, when a more 370 

liberal post-hoc test (Fishers’ LSD test) was used, the increase of the MIF from pre to post was 371 

significant (p < 0.05) in the IG but not in the CG. 372 

 373 

It is important to note that each ground contact during sprint running has been reported to last 374 

less than 100 ms (31), while it takes about 400 ms to reach peak force under isometric conditions 375 

(32). Therefore, it seems reasonable to assume that maximal force is less important for sprint 376 

performance, when compared to the athlete's ability to express this force rapidly (33). Despite 377 

this apparent coherence, the currently available data on this issue are conflicting. While some 378 

authors actually found the isometric (34) or the dynamic RFD (35) to be significantly correlated 379 

with the sprint performance, others failed to detect such a relationship (36). In line with the latter 380 

investigations, the 100 m sprint time was not correlated with the RFD values obtained in the 381 

present study. Nevertheless, it is interesting to note that the current data presented a clear pattern 382 

of RFD improvement only in the IG. This observation may be traced back to a greater 383 

recruitment of fast contracting type II fibers in the IG. More concretely, metabolite accumulation 384 

in blood flow restricted muscles are thought to induce a reflex inhibition of alpha motoneurons 385 

via group III and IV afferents, which results in an increased type II motor unit activation to 386 

maintain the force output (5). This is in agreement with the observation of a predominant type II 387 

fiber hypertrophy following a BFR training two weeks of twice daily KAATSU-resistance 388 

training (37). However, the RFD changes in the present study were not correlated with the 389 

observed increase of the rectus femoris thickness.  In summary, the preferential hypertrophy of 390 
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fast contracting type II muscle fibers could be a mechanism by which only the IG increased the 391 

RFD.  Nevertheless, the observed effects on the RFD and sprint performance stay in sharp 392 

contrast to the conclusion of a recently published study, which stated that the neurological 393 

stimulus from BFR training would not be beneficial in sports, where rapid force production is 394 

needed (38). 395 

Acute response of selected blood parameters 396 

In accordance with the literature (13), we expected that the lactate concentrations in the present 397 

study would be higher when the blood flow was restricted during the sprint intervals. Based on 398 

the link between metabolic and endocrine responses, as outlined in the literature (28), we further 399 

expected that this would increase the hGH response in the IG when compared to the CG. Such 400 

effects have been repeatedly reported by previous studies that investigated the effects of BFR 401 

(20,27,39) or systemic hypoxia (40,41) on hormonal responses. However, this is not supported 402 

by the present study. Both groups presented comparable lactate and hGH concentrations. 403 

Interestingly, the hGH concentrations measured in present study are comparable to those 404 

reported after maximal sprint running sessions without BFR (42). By contrast, considerably 405 

lower hGH responses have been reported after submaximal sprint intervals (43). 406 

 407 

Although hGH is known to induce IGF-1 expression in many tissues (44), the significant hGH 408 

release in the present study was not accompanied by a corresponding IGF-1 release. Pairwise 409 

comparisons revealed that the significant main effect of time for IGF-1 was based on a drop of 410 

its concentration from the 20 min to 2 h after the intervention. The reason for the observation that 411 

IGF-1 did not increase remains unclear and underlines the complexity of the hormone hGH-IGF-412 

1 axis. Previous data on the effect of BFR on the IGF-1 response are conflicting. While Takano 413 
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et al. (45) reported a significant IGF-1 increase after 4 sets of blood flow restricted (180 mmHg) 414 

low load (20% 1RM) knee extensions, Fujita et al. (20) reported that the concentration of this 415 

hormone did not increase after a similar exercise protocol (knee extensions, 4 sets, 200 mmHg 416 

cuff pressure). Thus the effect of metabolic stress on the GH-IGF-1 axis, induced by BFR during 417 

exercise, remains to be determined. 418 

 419 

The third anabolic hormone investigated by the present study was testosterone. Its emersed 420 

anabolic effects on muscle tissue are well described (46) and its frequently observed acute 421 

increases after resistance training are thought to be involved in the exercise induced hypertrophy 422 

(47). However, little is known about the testosterone response to BFR training. Though 423 

Madarame et al. (48) reported a significant testosterone increase after three exhausting sets of 424 

two upper-limb or lower-limb exercises, the majority of the available data from BFR-training 425 

point towards small testosterone responses (49), which may indicate that the results of Madarame 426 

et al. (48) were an artifact. However, due to the previous assumptions that the results of 427 

Madarame et al. were linked to the metabolic stress of the exhausting sets (49), we expected that 428 

pBFR would lead to increased testosterone concentrations after sprinting. Nonetheless, the 429 

testosterone concentrations in the present study did not differ between groups, but rather dropped 430 

significantly below baseline after 2 h. and Cortisol was significantly increased at post, and 431 

significantly dropped 24 h after the intervention, when compared to pre values. Previous reports 432 

on exercise induced depressions of the circulating testosterone that were accompanied by 433 

increased cortisol concentrations have been interpreted as a response that facilitates the 434 

replenishment of muscular energy stores (50). By contrast, increased testosterone concentrations 435 

are rather observed after low-volume high-load protocols (51), where it promotes tissue repair. 436 

Thus the metabolic stress induced by the sprint intervals probably caused the significant decrease 437 
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of testosterone and significant increase in cortisol. Given the limited anabolic effect of hGH and 438 

the response pattern of IGF-1, testosterone, and cortisol, it seems unlikely that the observed 439 

results are a function of the endocrine response. 440 

 441 

As evident from commonly assessed muscle damage markers (e.g. creatine kinase, myoglobin), 442 

muscle swelling, reduced muscle performance, and muscle soreness, BFR training seems to 443 

induce only negligible amounts muscle damage (52). This is supported by the pattern of release 444 

of the novel damage marker h-FABP that has been used in the present study. That is, 445 

immediately after and 24 h after the sprint intervals, the h-FABP concentrations were even lower 446 

in the IG than in the CG. The rapid response of h-FABP is in line with the data presented by 447 

Sorichter et al. (53). These authors reported that this marker was significantly increased 30 min 448 

after a 20 min downhill running protocol, similar to the response pattern of myoglobin. A note of 449 

caution is due here since both skeletal muscles and the heart muscle contain the same FABP type 450 

(22). Therefore, it cannot be ruled out with certainty that the source of h-FABP were the skeletal 451 

muscles. However, due to the low-intensity of the present sprint intervention, a cardiac 452 

involvement in the damage marker release seems unlikely. 453 

 454 

Limitations 455 

A limitation of this study is connected to the pBFR technique for restricting the blood flow, as it 456 

does not allow for a precise estimation of how much blood flow was restricted. While this 457 

approach is adequate for the field setting in healthy populations, it may limit its applicability in 458 

more clinical settings. 459 

 460 
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PRACTICAL APPLICATIONS 461 

The present data indicate that training induced improvements of the 100 m dash time from low-462 

intensity sprint intervals can be improved by using elastic knee wraps as a practical method of 463 

BFR. Furthermore, the blood flow restricted condition led to greater improvements in the 464 

isometric leg press RFD and muscle thickness of the rectus femoris. Consequently, pBFR at a 465 

moderate pressure may serve as an inexpensive method allowing trainers and conditioning 466 

specialists to improve effectivity of low-intensity sprint training intervals. Therefore, pBFR may 467 

be a valuable training option in cases of rehabilitation of athletes or for the general purpose of 468 

reducing the overall mechanical loading of sprint training regimen.469 
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Figure Captions 659 
Figure 1: Representative images showing the transverse scans of the m. rectus femoris (A), the 660 
m. biceps femoris (B), and the m. biceps brachii (C). Dashed lines represent the traces used to 661 
quantify the muscle thickness. 662 

Figure 2: Individual changes from pre to post of the 100 m sprint time (A), the rate of force 663 

development (B), the maximal isometric force (Fmax, C), the muscle thickness of the rectus 664 

femoris (D), the biceps femoris (E), and the biceps brachii (F). Solid lines represent the 665 

individuals from the intervention group (IG), while dashed lines represent individuals from the 666 

control group (CG). 667 

Figure 3: Changes in lactate (A), human growth hormone (B), insulin-like growth factor 1 (C), 668 

testosterone (D), cortisol (E), and fatty acid binding protein (FABP) over selected time intervals 669 

for the intervention group (IG, filled circles) and the control group (CG; open squares). *p<0.05 670 

from Pre. #p<0.05 between groups at respective measurement time point. Values are presented as 671 

means and 0.95 confidence intervals. 672 

 673 
 674 
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Tables  675 

Table 1: Participants’ characteristics 676 

 IG (n=12) CG (n=12) 

Age (years) 25.6 ± 2.3 21.7 ± 2.1 

Height (cm) 181.4 ± 6.6 181.2 ± 5.6 

Body mass (kg) 79.1 ± 8.5 76.7 ± 7.1 

Abbreviations:IG,InterventionGroup;CG,ControlGroup677 
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Table 2: Muscle thickness of selected thigh and arm muscles, measured before and after the training intervention. 678 

 IG   CG   

 Pre Post Change (95% CI) Pre Post Change (95% CI) 

100m time [s] 12.42 ± 0.71 12.05 ± 0.67* -0.38 (-0.24, -0.51) 12.39 ± 0.48 12.22 ± 0.45 -0.16 (-0.07, -0.26) 

RFD Leg Press [kN·s-1] 24.1 ± 8.0 30.1 ± 9.0* 6.0 (1.7, 10.2) 23.4 ± 5.9 23.8 ± 5.4 0.4 (-2.3, 3.1) 

Fmax Leg Press [kN] 5.4 ± 1.6 6.0 ± 1.6 0.5 (0.03, 1.0) 4.3 ± 1.4 4.6 ± 1.3 0.3 (-0.2, 0.6) 

M. rectus femoris [mm] 26 ± 3 28 ± 3* 1.5 (0.8, 2.1) 25 ± 1 25 ± 2 0.1 (-0.4, 0.5) 

M. biceps femoris [mm] 24 ± 6 26 ± 5* 1.8 (1.2, 2.4) 26 ± 5 27 ± 4 0.7 (-0.3, 1.7) 

M. biceps brachii [mm] 21 ± 3 22 ± 3 0.6 (-0.4, 1.6) 23 ± 4 23 ± 4 0.4 (-0.3, 1.1) 

Abbreviations: IG, Intervention Group; CG, Control Group; CI, Confidence Interval; RFD, Rate of Force Development; Fmax, 679 

maximal isometric force; *p<0.05 from Pre 680 
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