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ABSTRACT 
International Journal of Exercise Science 16(6): 148-158, 2023. There is recent interest from coaches and 

athletes regarding IPC as an effective way to generate better competitive outcomes. Regarding cycling specifically, 
the impact of IPC remains unclear. This study aimed to assess the effectiveness of IPC treatment for improving 
athletic performance during short-duration cycling. After the exclusion and inclusion criteria, there were 11 
volunteers for the 3-minute cycling TT and 13 volunteers for the 6-minute cycling TT. All volunteers were 
competitive athletes of aerobic sports. The IPC treatment consisted of three alternating cycles of 5 minutes of 100% 
occlusion followed by 5 minutes of reperfusion to each leg. The sham treatment consisted of three alternating cycles 
of 1 minute of 100% occlusion followed by 1 minute of reperfusion to each leg. The main finding was that IPC 
significantly improved (p<0.05) power output during 3-minute (4.22%) and 6-minute (2.29%) cycling TT relative to 
a sham. Additionally, about one-third of our participants required a tourniquet pressure higher than 220 mmHg to 
achieve 100% occlusion. These findings indicate ischemic preconditioning, administered bilaterally as three rounds 
of 5 minutes of total occlusion and ensuing reperfusion 20 minutes before a cycling TT, significantly enhanced 
average power output. 
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INTRODUCTION 
 
Ischemic preconditioning (IPC) may enhance physical performance, thus both coaches and 
athletes have great interest in the potential of IPC as an effective way to generate better 
competitive outcomes (4,18). IPC has been shown to improve maximal exercise performance 
(6,16) and maximal swimming performance (28) in healthy individuals; therefore, IPC could 
give certain athletes a competitive edge. However, the data showing the effect IPC has on 
various modes of aerobic performance are inconclusive (1,5,14,19,25).  Results may vary due to 
the type and duration of exercise performed, the treatment time, occlusion pressure, and a 
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potential placebo effect.  With IPC as a novel treatment used to enhance human performance, 
there is a need to better understand the effectiveness of the various IPC application strategies. 
Initially thought to be more anaerobic-specific, a recent review of IPC in exercise performance 
suggests to use IPC for aerobic events as it appears it will be more effective with intense exercise 
requiring oxygen consumption (4).  Mechanisms for how IPC might improve aerobic exercise 
performance include acute vasodilation and enhanced blood flow (27), enhanced oxygen 
extraction (15), and reduced lactate accumulation due to enhancements in mitochondria to 
create adenosine triphosphate (ATP) from aerobic metabolism at greater exercise intensities (16). 
 
Various IPC protocols have been used to assess the effect of IPC on aerobic performance.  It has 
been established that three cycles of five-minute occlusions are as effective as four cycles to 
produce an ergogenic effect (4).  This gives researchers confidence for creating appropriate IPC 
interventions for exercise performance research.  However, various thigh ischemic pressures 
have been used that range from 200 mmHg to greater than 300 mmHg with 220 mmHg being 
the most widely used ischemic pressure  (4).  A potential placebo effect must also be considered, 
as cuff pressures of 20-50 mmHg are significantly different from and cause no discomfort 
compared to pressures required for full occlusion. Ischemic pressure and the use of a minimal 
placebo cuff pressure may be reasons for the varied exercise performance results reported in the 
literature. 
 
Using prior literature to inform our investigation, we assessed the effectiveness of an IPC 
protocol that ensured adequate time and cuff pressure to reach muscle hypoxia.  We also 
assessed the IPC effectiveness for improving exercise performance during cycling at three- and 
six-minute time trials as we hypothesized these aerobic time intervals would be effective to 
demonstrate an improvement in cycle power output. 
 
METHODS 
 
Participants 
Sample-size calculations suggested a sample of 11 participants would provide sufficient 
statistical power (.80) with alpha 0.05 to detect a 2% power improvement in 3-minute and 6-
minute cycle tests. The inclusion criteria include competitive athletes of aerobic sports. The 
exclusion criteria were: i) any cardiovascular or metabolic disease; ii) use of exogenous drugs, 
anabolic steroids or other substances that have been shown to enhance exercise performance; or 
iii) bone, joint, musculoskeletal injury that would affect exercise performance. After the 
exclusion and inclusion criteria, there were 11 volunteers for the 3-minute cycling time trial (TT) 
and 13 volunteers for the 6-minute cycling TT. All participants were recruited via word of mouth 
and gave written informed consent. This research was carried out fully in accordance with the 
ethical standards of the International Journal of Exercise Science (23) and was approved by the 
Institutional Review Board of Augustana University (Number SP20.03).  
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Protocol 
The IPC treatment consisted of three alternating cycles of 5 minutes of 100% occlusion followed 
by 5 minutes of reperfusion to each leg using a Delfi PTS (Delphi Medical Innovations, 
Vancouver, Canada) unit for blood flow restriction. Particularly, two Delfi PTS units were used 
simultaneously, one for each lower limb, to hasten the treatment period. Occlusion occurred 
alternately from right to left lower limbs.  The occlusion was performed with blood pressure 
cuffs that were applied to both of the lower limbs at the sub-inguinal region of the upper thigh 
(12).  Depending on the limb circumference of the participants, either a 24-inch cuff or a 34-inch 
cuff was utilized for proper fitting per manufacturer recommendations.  The Defli PTS unit was 
chosen due to its non-invasive nature and easy applicability (13). Additionally, it was utilized 
for IPC treatment due to the fact that it encompasses an internal doppler radar in which it is able 
to detect the proper restriction of arterial blood flow into the muscle. This method of ischemic 
preconditioning was chosen as it was  suggested by Salvador et al. (2016) future studies utilize 
doppler flow measurement to ensure  there is complete blocking of arterial blood flow (26).The 
IPC treatment did not employ a uniform pressure for each  participant; rather, a personalized 
tourniquet pressure (PTP) was found, for each participant, by the Delfi PTS unit. For example, 
one participant’s PTP may have been represented by 170 mmHg for full occlusion, whereas 
another participant’s PTP may have been represented by 250 mmHg for full occlusion.  Muscle 
oxygen saturation was measured via near-infrared spectroscopy using a MOXY Muscle Oxygen 
Monitor (Fortiori Design, Minnesota, USA) by adhering the monitor to the vastus lateralis with 
real time measurement displayed by a Garmin Edge 1030 (Garmin LTD, USA). 
 
This randomized crossover study consisted of similar but independent time trials of 3-minute 
and 6-minute cycling TTs. Participants were assigned based on time preference, and each subject 
served as their own control.  All protocols between the IPC and sham treatments in both time 
trials remained the same as illustrated in Figure 1. Subjects performed a familiarization trial 
designed to prepare the participant for the sensation of 100% blood flow occlusion and 
exhaustive cycling TT.  The time after treatment to the performance test was not more than 20 
minutes. The IPC and sham trials were separated by 4-10 days to allow for recovery and as an 
adequate washout period from possible prolonged IPC benefits. 
 
The elimination of residual effects was critical, especially when a participant received the IPC 
treatment prior to the sham treatment.  If a participant needed to miss the day of testing, they 
were rescheduled to a later date within a 4-10 day range from their first treatment trial.  All time 
trials were performed in a controlled laboratory setting. Participants were also instructed to 
abstain from intense physical activity 48 hours prior to testing, along with caffeine and alcohol 
24 hours prior to testing, and to maintain similar diets, levels of rest, and exercise in the days 
leading up to the tests.  All cycling TTs were performed on a Wahoo Kickr (Wahoo Fitness, 
Georgia, USA) which was calibrated before each test and power output was measured in watts. 
Immediately following treatment, participants performed a warm-up detailed in Figure 2. Once 
the participants felt ready, they began their performance test. To ensure near-maximum 
exertion, participants verbally rated a number for Rate of Perceived Exertion (RPE 6-20).  
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Figure 1. Experimental design of study. 

 
Statistical Analysis 
The investigators used random block permutations to equally sequence the two treatments.  All 
data were analyzed using R version 3.5.0. A one-way ANOVA was used to statistically analyze 
the experimental protocols. A Student’s T-test was used to analyze the pre-post assessments for 
the control group. A Shapiro-Wilk test indicated a normal distribution of data. A Tukey post 
hoc test was run for significant tests. Significance for all comparisons was set at p < 0.05.  
 

Figure 2. Cycle TT warm-up and cool down. 

 
RESULTS 
 
All participants completed the sham and IPC treatments. The means and standard deviations of 
the participants' height, weight, and age are detailed in Table 1.  
 
Both the 3-minute and 6-minute cycling TTs (Figure 3) demonstrated greater power output with 
IPC relative to the sham.  In the 3-minute cycling TT, 8 out of 11 participants improved average 
power output. Similarly, in the 6-minute cycling TT, 10 out of 13 participants improved average 
power output.  Table 2 displays the statistical significance and % improvements for each group. 
 
Illustrated in Figure 4, data from a MOXY Muscle Oxygen Monitor characterizes the sham 
treatment, as none of our participants reached 0% muscle oxygen saturation. In contrast, the IPC 
treatment is characterized by a steep decline down to 0% due to 100% occlusion, followed by 
rapid reperfusion and overcompensation of oxygen saturation.  
 
Displayed in Figure 5 is each participant's PTP. The data show each participant had a unique 
PTP and 4 (31%) of the 13 participants in the 6-minute time trial had an average PTP of over 220 
mmHg. Furthermore, the data in Figure 6 provides evidence supporting the use of PTPs over a 
universal pressure such as the commonly utilized IPC occlusion pressure of 220 mmHg. A 
MOXY Muscle Oxygen Monitor showed a participant with a PTP of 276mmHg did not achieve 
blood flow occlusion when only using a pressure of 220 mmHg. This data indicates that 220 
mmHg does not induce 100% occlusion in all participants. 
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Table 1. Characteristics of participants who completed all conditions in randomized crossover design divided by 
length of time trial. Both the 3-minute and 6-minute cycling TTs were found to have significant improvement in 
performance.  

 3-minute cycling TT 6-minute cycling TT 

Participants (n) 11 13 
Males (n) 9 9 
Females (n) 2 4 
Male Height (cm) 184.0 ± 6.9 183.2 ± 8.8 
Female Height (cm) 165.1 ± 3.6 168.3 ± 9.4 
Male Weight (kg) 76.1 ± 8.8 83.1 ± 23.1 
Female Weight (kg) 61.9 ± 5.5 64.3 ± 8.7 
Male Age (yr) 28.3 ± 19.3 25.1 ± 7.3 
Female Age (yr) 20.0 ± 0.0 21.3 ± 1.0 

Note: Data are presented as mean ± SD. 

 

Table 2. Average performance in time trials 

 
Sham IPC n p-Value 

Effect Size 

(Cohen’s d) 

Average % 

improvement 

3-minute cycling TT 

(W) 
325.1 ± 67.1 337.6 ± 70.2 11 0.046* 0.18 4.22 

6-minute cycling TT 

(W) 
272.0 ± 63.7 278.2 ± 64.5 13 0.032* 0.1 2.29 

*A significant difference p<.05. Data are presented as mean ± SD. 
 

 
 

Figure 3. Performance tests. 8 out of 11 participants improved their average watts in the 3-minute cycling TT, 10 
out of 13 participants improved their average watts in the 6-minute cycling TT. Each line represents one 
participant’s results. Abbreviations: TT, time trial. Note: Each line represents one participant’s results.  
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Figure 4. Muscle Oxygen Saturation. A MOXY muscle oxygen monitor was used to assess oxygen saturation levels 
in the vastus lateralis during IPC and sham treatments. The representative sham treatment does not reach 0% 
muscle oxygen saturation. The IPC treatment reaches near 0% saturation due to 100% occlusion. Following the 
occlusion phase a noticeable rapid reperfusion and overcompensation of oxygen saturation in the IPC treatment 
can be observed. 

 
Figure 5. Personal tourniquet pressures of participants of the 6-minute time trial. 30.8% of the limbs had a PTP of 
over 220mmHg. Each point represents one participant’s legs (left and right) from the IPC treatment. 
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Figure 6. Muscle oxygen saturation at 220mmHg with a PTP of 276mmHg. A participant with a PTP of 276mmHg 
experiences a negligible decrease in muscle oxygen saturation. 

 
DISCUSSION 
 
There is a broad range of literature regarding the use of IPC to enhance athletic performance. As 
for the effects of IPC on short-duration cycling, however, the existing literature is inconclusive. 
There is some data supporting and other data refuting such performance enhancement. 
Therefore, the purpose of this investigation was specifically to determine whether IPC applied 
20 minutes prior to a cycling TT would improve power output. The main finding was that IPC 
administered as three rounds of 5 minutes of 100% blood flow occlusion and reperfusion 
significantly improved power output during both 3-minute and 6-minute cycling TTs. These 
improvements were relative to a sham treatment. The results of this study suggest IPC can be 
used to an athlete's advantage in short-duration cycling.   
 
A study by Cruz et al., looking at 1-minute cycling TT, found IPC given as four rounds of 5 
minutes of occlusion and reperfusion led to a 2.1% improvement relative to the control (7). 
Additionally, de Groot et al., investigating performance outcomes by incremental maximum 
cycling tests, found a slighter but still significant improvement of 1.6% (13). Our investigation 
found more considerable performance improvements, 4.22% (for the 3-minute cycling TT) and 
2.29% (for the 6-minute cycling TT), than previous investigations (7,13). For highly trained 
athletic competitors, differences of less than 0.5% can separate medal and non-medal positions 
(28). 
 

https://www.zotero.org/google-docs/?DRMDZp
https://www.zotero.org/google-docs/?qzIe8N
https://www.zotero.org/google-docs/?K4t4CE
https://www.zotero.org/google-docs/?Ed8ID7


Int J Exerc Sci 16(6): 148-158, 2023 

International Journal of Exercise Science                                                          http://www.intjexersci.com 
155 

Most of the existing literature involves three (6,9,11,20,24,25) or four (7,8,10,16–18,22,28) rounds 
of 5 minutes of blood flow occlusion and subsequent reperfusion. In a systematic review by Caru 
et al., 21 out of 52 investigations used three rounds of 5-minute IPC, and 30 used four rounds of 
5-minute IPC (4). There appears to be no advantage to doing the fourth round over three rounds 
(26), and perhaps four may be less effective (2). This experiment found three rounds of IPC to 
elicit significant improvement. It should be noted the time from completion of IPC to test was 
15 - 20 minutes. Generally, the time between IPC and exercise test varies from immediately to 
72 hours between studies (4). This variation is worth investigating in-depth, as it has been 
suggested IPC has two windows of opportunity for its benefits: the first opening 5 - 10 minutes 
after IPC completion and ending within 2-3 hours (3); the second opening occurring about 24 
hours post-IPC and lasting up to approximately 72 hours (3,17,21). The current study did not 
investigate the second window; but, regarding the first window, the improvements in the 
current investigation support utilizing IPC 20 minutes prior to performance tests. 
 
This study differs most from the existing literature in its use of PTPs. PTPs were found and 
maintained during the IPC and sham treatments using a Delfi PTS unit for blood flow restriction, 
which employs an internal doppler radar. In most prior investigations, a universal 220 mmHg 
was used as the IPC treatment for all participants (1,2,4–10,13,18,22,25,28). However, the current 
study opted to use PTPs as the investigators were wary 220 mmHg might not be enough 
pressure to provide 100% occlusion in all participants. We found nearly one-third of our 
participants needed a tourniquet pressure (as measured by the Delfi PTS unit) higher than the 
standard 220 mmHg to achieve 100% occlusion.  
 
PTPs on one individual can vary from leg-to-leg and day-to-day. It is plausible the use of PTP 
accounts for the improvements seen in the current study being more notable than those 
observed improvements in prior studies. The universal use of 220 mmHg may also contribute 
to the discrepancies in whether IPC is effective. Perhaps, 100% occlusion is a key to allowing 
IPC to be effective. A similar study which did not use a tourniquet pressure of 220 mmHg, rather 
50 mmHg above each individuals' systolic blood pressure, found a 4% improvement similar to 
the improvement seen in the current study's 3-minute cycling TT (6). Based on our findings, 
future investigations should utilize PTPs to ensure complete occlusion. 
 
Most previous studies inflated pressure cuffs to 10 - 50 mmHg for their shams, but this is a 
noticeable difference to participants (18). Hence, when a sham of 50 mmHg is used, participants 
likely know when they are receiving the sham treatment and when they are receiving the IPC 
treatment, which has historically been 220 mmHg or within 50 mmHg of the systolic blood 
pressure (4). This is a difficulty that gives rise to the question of whether IPC truly aids athletes 
or if the improvement is due to a placebo effect (5,22). Potential placebo effects were mitigated 
in this study by inflating the cuffs to 100% occlusion for both the sham and IPC trials. 
Participants who asked about the study's goal were told three rounds of 5-minute IPC is known 
to improve performance outcomes and that the investigation is to determine whether 1x5 minute 
IPC is as effective. These participants were encouraged to believe both the sham and IPC 
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treatments would improve their performance. Despite this, the IPC treatment showed improved 
power output in both time trials compared to the sham treatment.  
 
One possible limitation of the current investigation is that it is nearly impossible to account for 
every factor that may physiologically impact exercise performance. The quality of sleep a person 
received the night before each test is a salient example of a physiological factor for which this 
study did not account. Further, while compliance with diet and exercise was not monitored, 
investigators encouraged the participants to maintain similar diets, sleep, and exercise the day 
prior to each lab visit. The authors see the use of PTPs as a strength of this investigation and 
recommend normalizing the use of PTP in future IPC research. The outcomes of this study are 
based on 3-minute and 6-minute cycling TTs and cannot necessarily be extended to all aerobic 
performances. Further research should continue to test other aerobic activities. Finally, future 
research elucidating the mechanisms behind IPC may lead to a better understanding of how to 
best harness its potential. 
 
Conclusions: IPC administered bilaterally as three rounds of 5 minutes of total occlusion and 
ensuing reperfusion before a cycling TT significantly enhances average power output compared 
to a sham. This benefit is valid for the 3-minute and 6-minute cycling TTs and supports the use 
of IPC 15-20 minutes preceding short, high-intensity cycling to increase average power output. 
These results are relevant for athletes wanting to improve their competitive outcomes. 
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