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ABSTRACT
The aim of this study was to compare the effect of local and remote ischemic preconditioning (IPC) on repeated sprint exercise. Twelve males (age 22 ± 2 years; stature 1.79 ± 0.07 m; body mass 77.8 ± 8.4 kg; mean ± SD) completed four trials consisting of remote (arm) and local (leg) IPC and SHAM interventions prior to repeated sprint exercise (3 x (6 x 15 + 15-m) shuttle sprints), in a double-blind, randomised, crossover designed study. These tests were immediately preceded by IPC (4 x 5 minute intervals at 220 mmHg bilateral occlusion) or SHAM treatment (4 x 5 minute intervals at 20 mmHg bilateral occlusion). Sprint performance and percentage decrement score alongside measurement of tissue saturation index, blood lactate and RPE were measured throughout the intervention. During the IPC / SHAM intervention there was a large decrease in TSI for IPC-arm in comparison to IPC-leg (p < 0.05), however IPC-legs resulted in greater soreness compared with the other three conditions (p < 0.05).  There was no main effects or interaction effects for sprint performance. There was a significant effect of condition (p = 0.047, r = 0.56) on percentage decrement score across all 18 sprints with IPC demonstrating less fatigue than SHAM. There were no other effects of IPC during the sprint trials for any other physiological measure. In conclusion local IPC resulted in more pain / soreness during the IPC / SHAM intervention but both remote and local IPC reduced the fatigue associated with repeated sprint exercise. 
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INTRODUCTION

Ischemic preconditioning [IPC] was first demonstrated to provide cardiac protection in a seminal in-vitro canine study by (1), where the local tissue was provided a history of ischemia. Subsequently, important work by (2) also using a canine model, demonstrated the cardioprotective effects of the stimulus when applied to tissue distant from the target tissue, termed “remote IPC”. Further studies have confirmed the cardioprotective effects of remote IPC in organs (3, 4)
 and muscle tissues (5-8)
, but it was not until the discovery that ischemic-reperfusion (IR) injury could be significantly reduced via the application of a cuff upon the human forearm (9)
 that the protocol became relevant in a clinical environment.

Remote IPC works via humoral and neural pathways to spread its protection systemically (10)
. This remote protection is due to improved microcirculation, endothelium function, and preserved ATP content (5, 8, 11)
, and therefore may create a similar vascular outcome irrespective of the stimuli location. Local IPC, where the stimulus is applied to the specific tissue, is a receptor mediated phenomenon associated with the generation of a wide variety of metabolites and ligands (i.e. adenosine, bradykinin, nitric oxide (NO), reactive oxygen species (ROS), and opioids), which converge on the mitochondrion where multiple receptors work in parallel to provide redundancy to the IPC stimulus (12)

. 

 IPC is now being applied prior to exercise to improve performance. Both remote and local IPC have been used by researchers across a range of exercise modalities and have been shown to have a positive effect on both aerobic and anaerobic performance (13-
15). In this case remote IPC is applied to the limbs not involved in the actual exercise (e.g. IPC applied to the arms during sprint running) versus local which is applied to the muscles that will undertake the exercise (e.g. IPC applied to the legs prior to sprint running). It has been suggested that IPC may improve repeated sprint performance via improved peak and mean power output when IPC is applied locally (15) and remotely (16).  However the evidence is not as clear for sprint running (17) where to date IPC has only been applied to the working muscles (i.e. local application). 
Therefore, the aim of this study was to assess the impact of remote IPC and local IPC on repeated sprint performance in team sport athletes. It was hypothesised that both remote and local IPC would enhance repeated sprint exercise (RSE) performance by reducing the rate of fatigue, and enhancing muscle oxygenation. A second aim was to assess the impact of remote IPC on the perception of soreness and freshness in the legs. We hypothesised that remote IPC would result in reduced soreness and increased freshness compared with IPC as measured using visual analogue scales (VAS), given the stimulus was not applied to the primary exercising muscle groups.
METHODS
Participants
Twelve healthy, recreationally trained team sport males (age 22 ± 2 years; stature 1.79 ± 0.07 m; body mass 77.8 ± 8.4 kg; sum of 7-sites 73.5 ± 33.0 mm; Yo-Yo IR1 level 16.6 ± 2.0; weekly training time: 5.3 ± 1.8 h) volunteered to participate in a  randomised, within-subject’s crossover designed study. The trial was double blind in that one separate researcher inflated the cuffs to the required pressure for each trial, with another running the exercise component of the study and naïve to the order of trials. Furthermore participants were informed of the nature of the research, but remained naïve to the study rationale to remove any placebo effect of IPC, and provided written informed consent to participate in the study.
Experimental Design

All participants reported to the indoor gym on five separate occasions. During Day 1 participant’s completed a 30 m (2 x 15 m, with an 180◦ change of direction) Yo-Yo IR Level 1 shuttle sprint test, followed by a familiarisation of the RSE protocol. In a counter-balanced cross-over design, Days 2 - 5 were the intervention trials consisting of bilateral remote (arm) and local (leg) IPC and SHAM interventions prior to the RSE protocol. Each visit was performed at the same time of day (± 1 h), separated by five to seven days to ensure no possible carryover of acute IPC effects (18)
, and all testing was completed within 35 days. Throughout the experimental period participants were instructed to follow their normal diet and fluid intake habits, with a specific request to refrain from caffeine, alcohol, and exercise in the 24 h prior to testing. 
Preliminary Measures

On Day 1, individual anthropometric characteristics including body mass, stature, individual 7-site skinfold measurements, proximal upper and lower limb girth circumference, and resting blood pressure were recorded. Participants then completed the Yo-Yo IR1 test (19)
 and after 15-minutes recovery 2 x 15 m shuttle sprints with 60 s recovery between repetitions were completed. The fastest time was noted and used as a criterion time for the subsequent RSE protocols. Following a further 15-min recovery, a familiarisation of the protocol (1 x RSE block: 6 x 15-m shuttle sprints, with 20 s recovery between sprints, measured using a digital photocell system [Witty wireless training timer, Microgate, Bolzano, Italy]) was completed.

Experimental Protocol

On arrival to the laboratory, the participants rested in a semi-recumbent position for 5-minutes before systolic and diastolic blood pressures were measured from the upper arm using a digital sphygmomanometer (Nissei DS-500, Japan Precision Instruments Inc., Gunma, Japan). Prior to the RSE protocol, 14.5 cm width pneumatic pressure cuffs (Delfi Medical Innovations, Vancouver, Canada) were applied bilaterally to the proximal ends of the thigh or arm and inflated for 5 minutes followed by 5 minutes reperfusion. The cuffs were inflated and deflated four times totalling 40 minutes to either 220 mmHg (20)(IPC; 
 or 20 mmHg (21)(SHAM; 
. Participants remained lying semi-recumbent on the bench for a further 15-minutes, with water available ad libitum. VAS’s (22)
 were used to assess the participant’s perception of the condition of their legs after each of the four bouts of IPC/SHAM during each treatment. The VAS was scored with 30 s remaining in each of the four ischemic periods and assessed two perceptions of the participant’s legs: Q1: “good – sore” and Q2: “fresh – dead weight”. The participants then moved to the indoor gym where they undertook their exercise tests with an investigator who was blinded to the procedure applied in each session.

A standardised 10-minute warm-up was performed, consisting of 2-minutes light jogging interspersed with lower body dynamic stretches and standard running drills, after which participants completed 180 s of shuttle running (20-m + 20-m out and back) at an intensity equal to 50% of their maximal Yo-Yo velocity, with a metronome controlling the tempo during each shuttle repetition. After 60 s recovery, the participants completed two practice 15-m shuttle sprints with 60 s recovery. Immediately on completion of the final practice a 5-minute passive rest period separated the end of the warm-up from the start of the RSE protocol.

The RSE protocol consisted of 3 x (6 x 15 + 15-m) shuttle sprints, resulting in a 30 m total distance with a 180◦ degree turn (23, 24)(modified from 
, with 20 s passive (standing) recovery between repetitions, and 120 s passive (seated) recovery between sets with the participant sitting upright and legs outstretched. A single timing gate was placed at 0 m, which represented both the start and finish line, at a height of 1.0 m (25)
, to automatically time the athlete’s performance. Tape was placed on the ground 0.3 m behind the start line (to prevent false starts), and at 15 m, at which point the athlete had to touch the line with their foot and turn 180° and sprint back through the finish line. The test was performed on an indoor artificial turf surface in the athletes own running shoes. During all four trials, fastest and slowest sprint times during the 18 sprints were recorded, total time taken for all 18 sprints, and percentage decrement score (((- ([s1+s2+s3…s18]/18 x best sprint)) x 100) were calculated (26). A blood sample was drawn, at rest and 60-s post each RSE set, using a 20 µl capillary tube (EKF Diagnostics, Barleben, Germany). The whole blood sample was hemolysed in a pre-filled micro test tube and analysed using a blood lactate/glucose analyser (Biosen C_Line, EKF Diagnostics, Barleben, Germany). In addition, during the recovery period after each RSE block the participant’s RPE was measured using a 6 – 20 point Borg scale. 
Near-infrared Spectroscopy (NIRS)
During the IPC stimulus, muscle oxygenation of the right vastus lateralis or right brachioradialis was continuously monitored using wireless spatially resolved dual-wavelength spectrometry, in the form of a portable NIRS unit (Portamon, Artinis Medical Systems, BV, The Netherlands), via an estimate of tissue saturation index (TSI%). During the exercise trials muscle oxygenation was measured via the right vastus lateralis only. Values for TSI are reported as percentages (%), calculated as a change relative to baseline (∆), and as such are considered arbitrary units throughout. The calculated value of skin and subcutaneous tissue was less than half of the distance between the source and the detector (right vastus lateralis muscle: 4.5 ± 2.0 mm; right brachioradialis muscle: 2.1 ± 07 mm). The NIRS placement location for the vastus lateralis was identified with the participant in a semi-recumbent sitting pose, an 11 cm diameter dowel was placed under their right knee, and a mark placed 66% of the distal distance between the anterior superior iliac spine and tibiale laterale (http://www.SENIAM.org). The forearm NIRS unit location was determined with the participant sitting upright, with their right arm flexed at the elbow to 90°, thumb pointing upward. A mark was made using a non-elastic anthropometric tape measure 5 cm distal from the proximal head of the radius on the brachioradialis muscle for the location of the optical fibres (27)
. For analysis, all data were converted to 1 s to allow NIRS variables to be assessed at rest and during the intervention period, 180 s jog warm-up, and RSE protocol. The sprint period was measured from the start of sprint 1 to the end of sprint 6, including 100 s of recovery, for each of the three sprint blocks (28)
. During the 120 s recovery period between RSE blocks, the middle 60 s was assessed.

Statistical Analysis

Data were analysed using a statistical software package (SPSS v21) (IBM Corp., USA). Measures of central tendency and spread are presented as mean ± SD. A Shapiro–Wilk test indicated a normal (Gaussian) distribution of data. 

A repeated measures 2 x 2 way ANOVA (condition x limb) was used to analyse baseline TSI, ∆TSI during the intervention and warm-up, total time taken for all 18 sprints and % decrement for all sprints. A three way ANOVA (condition x limb x time) was used to assess performance across the 3 sets of sprints (fastest, slowest sprint times), ∆TSI%, RPE, blood [lactate] and for VAS during the four IPC/SHAM periods. The level of significance was set a priori p ≤ 0.05 for all analyses. The Pearson product-moment r correlation was used to assess differences using repeated measures ANOVA output. The correlation coefficient (r) was considered trivial (< 0.1), small (0.1 - 0.3), moderate (0.3 - 0.5), large (0.5 - 0.7), very large (0.7 - 0.9) and an almost perfect association (0.9 - 1.0) (29). Data are presented as mean ± SD or ∆ (± 95 % confidence interval (± 95 % CI [ ]).

RESULTS
There was no effect of condition (p = 0.538, r = 0.19), limb (p = 0.100, r = 0.48) or interaction effect (p = 0.492, r = 0.21) on total time taken to perform all 18 sprints. There was a significant effect of condition (p = 0.047, r = 0.56) on percentage decrement score across all 18 sprints with IPC demonstrating less fatigue than SHAM. There was however no effect of time (p = 0.955, r = 0.02), or an interaction effect (p = 0.417, r = 0.25) on percentage decrement score. When comparing fastest sprint time across all 3 sets of sprints there was no effect of condition (p = 0.433, r = 0.24) or limb (p = 0.264, r = 0.33). There was a significant time effect (p = 0.001, r = 0.84) with post hoc analysis revealing a decline in fastest sprint time as the sets increased (p < 0.05). There were no interaction effect for condition x limb (p = 0.649, r = 0.219), condition x time (p = 0.513, r = 0.24), limb x time (p = 0.783, r = 0.15) or condition x limb x time (p = 0.639, r = 0.20). There was no effect of condition (p = 0.427, r = 0.24) but a large effect and significant trend for limb (p = 0.054, r = 0.54) for slowest sprint time. There was a significant time effect (p = 0.001, r = 0.79) with post hoc analysis revealing a significant increase in the slowest sprint time as the sets increased (p < 0.05). There was no interaction effect for condition x limb (p = 0.712, r = 0.11), condition x time (p = 0.097, r = 0.44), limb x time (p = 0.114, r = 0.45) or condition x limb x time (p = 0.376, r = 0.28). 
*TABLE 1 HERE*
There was no condition effect on baseline TSI values (p = 0.261, r = 0.34), nor was there an effect of limb (p = 0.054, r = 0.55) or an interaction effect (p = 0.363, r = 0.27). During the 5 minute application of pressure, there was a significant condition effect as evidenced by a decreased ∆TSI (p = 0.001, r = 0.98) for IPC in comparison to SHAM. There was also an effect for limb (p = 0.016, r = 0.65) and a condition x limb interaction (p = 0.046, r = 0.56). Post hoc analysis revealed a larger decrease in TSI for IPC-arm in comparison to IPC-leg (p < 0.05). There was no condition effect (p = 0.349, r = 0.28), limb effect (p = 0.426, r = 0.24) or condition x limb interaction (p = 0.907, r = 0.14) for ∆TSI during the warm up.  

*TABLE 2 HERE* 
There was no effect of condition (p = 0.863, r = 0.05), limb (p = 0.109, r = 0.47) or time (p = 0.068, r = 0.47) for ∆TSI during the sprint sets. There was no interaction effect for condition x limb (p = 0.723, r = 0.11), condition x time (p = 0.859, r = 0.12), limb x time (p = 0.111, r = 0.43) or condition x limb x time (p = 0.902, r = 0.10). During the inter-sprint set recovery periods, there was no effect for condition (p = 0.473, r = 0.22) or limb (p = 0.154, r = 0.42) for ∆TSI. There was however a significant time effect (p = 0.001, r = 0.74) with post hoc analysis revealing that TSI recovered less as the sets increased. There was no interaction effect for condition x limb (p = 0.192, r = 0.39), condition x time (p = 0.896, r = 0.07), limb x time (p = 0.503, r = 0.25) or condition x limb x time (p = 0.440, r = 0.27).
 *TABLE 3 HERE*
There was no effect of condition (p = 0.700, r = 0.12), or limb (p = 0.190, r = 0.39) for blood lactate. There was a significant time effect (p = 0.001, r = 0.98) with post hoc analysis revealing that blood lactate increased from rest as the number of sets increased (p < 0.05). There was no interaction effect for condition x limb (p = 0.605, r = 0.16), condition x limb (p = 0.728, r = 0.20), limb x time (p = 0.326, r = 0.31) or condition x limb x time (p = 0.475, r = 0.27). 
There was a significant effect of condition for VAS Q1 (perception of feeling) (p = 0.001, r = 0.88) but no effect of limb (p = 0.181, r = 0.40).  There was a significant time effect (p = 0.045, r = 0.46) with post hoc analysis revealing a higher VAS score during the 4th IPC/SHAM stimulus compared to the 2nd. There was no condition x time interaction (p = 0.657, r = 0.22), however there was a significant condition x limb interaction (p = 0.002, r = 0.77).  Post hoc analysis revealed that IPC-legs resulted in greater soreness compared with the other three conditions. There was also a significant limb x time (p = 0.02, r = 0.59) interaction with post hoc analysis revealing an increase in VAS score in the leg condition over time. There was no condition x limb x time interaction (p = 0.091, r = 0.46). There was an effect of condition on the perception of participant’s legs feeling fresh – dead weight (Q. 2.) (p = 0.001, r = 0.75). There was a significant condition effect (p = 0.001, r = 0.85) for VAS Q2 (perception of heaviness) with IPC producing higher scores than SHAM. There was however a trend for a limb effect (p = 0.053, r = 0.55) but no time effect (p = 0.649, r = 0.22). There was a significant condition x limb interaction (p = 0.001, r = 0.87) with post hoc analysis revealing a significantly higher score when IPC was applied to the leg compared to all other limbs and conditions (p < 0.05). There was no significant interactions for condition x time (p = 0.098, r = 0.43), or condition x limb x time (p = 0.457, r = 0.27). 
There was no main effect for condition (p = 0.693, r = 0.12) or limb (p = 0.284, r = 0.32) for RPE, but there was a significant effect t of time (p = 0.001, r = 0.93). Post hoc analysis revealed RPE increased with each subsequent sprint set (p < 0.05). There was no interaction effect for condition x limb (p = 0.5000, r = 0.21), condition x time (p = 0.423, r = 0.27), limb x time (p = 0.137, r = 0.41) or condition x limb x time (p = 0.985, r = 0.14). 
DISCUSSION
To the author’s knowledge this is the first study to compare the effects of an IPC stimulus located on the arm and leg, and its effects on RSE running performance. The main finding was that IPC, whether applied to the arms or legs, significantly attenuated the percentage decrement score in recreationally trained participants. IPC increased the sensation of soreness and heaviness in the legs compared with SHAM, however this increased perception of soreness and heaviness did not have a negative effect on performance.
The major original finding in this study was a large and significant attenuation of the percentage decrement score with IPC compared to SHAM, irrespective of the stimulus location. A number of studies have found no effect of IPC on fatigue decrement when using a range of anaerobic tests including repeated 30 s Wingate’s (16, 30), 6-12 x 6 s cycle sprints (15, 31),  6 x 50 m maximal swimming sprints (32)
, and during 40 continuous vertical jumps (33)
. In contrast, using a predominately anaerobic RSE test, there was a large attenuation in fatigue as indicated by reduced percentage decrement score with IPC. That our findings are in contrast to the majority of the performance literature may be due the exercise type (i.e. duration and intensity of efforts). In our study the participants received 20 s recovery between sprint repetitions, compared with a range of recovery periods from 30 – 600 s. Consequently, the predominant type of metabolism used in the present study and the quoted literature will be different, such that in our study there is a work/rest ratio of 1:~3.5 v ~1:~5 – 50, suggesting that our participants were not receiving adequate recovery time between sprints and thus would require a larger contribution from aerobic sources. Furthermore the attenuation in % decrement was small and therefore caution should be observed when considering the impact this may have on performance. 
It has been suggested that an increase in skeletal muscle blood flow via increased vasodilation (8, 11)
, and ATP preservation (5, 34)
 are two important benefits of local IPC treatment prior to exercise. As a receptor mediated process (35)
, local IPC generates a variety of metabolites and ligands, including adenosine, bradykinin, and NO, which converge on multiple receptors on the mitochondrion (12)
 and assuming the minimum threshold is achieved (36), induce preconditioning. Each of these ligands has a vasodilatory effect on the circulatory system allowing for greater blood flow and O2 delivery to the muscle. Remote IPC is suggested to work via humoral and neural pathways to spread protection systemically (10). Evidence of a humoral pathway was demonstrated when coronary effluent from ischemic preconditioned hearts ADDIN CSL_CITATION { "citationItems" : [ { "id" : "ITEM-1", "itemData" : { "ISSN" : "0002-9513", "PMID" : "10600868", "abstract" : "Brief myocardial ischemia not only evokes a local cardioprotective or \"preconditioning\" effect but also can render remote myocardium resistant to sustained ischemia. We propose the following hypotheses: remote protection is initiated by a humoral trigger; brief ischemia-reperfusion will result in release of the humoral trigger (possibly adenosine and/or norepinephrine) into the coronary effluent; and transfer of this effluent to a virgin acceptor heart will elicit cardioprotection. To test these concepts, effluent was collected during normal perfusion from donor-control hearts and during preconditioning ischemia-reperfusion from donor-preconditioned (PC) hearts. After reoxygenation occurred and aliquots for measurement of adenosine and norepinephrine content were harvested, effluent was transfused to acceptor-control and acceptor-PC hearts. All hearts then underwent 40 min of global ischemia and 60 min of reperfusion, and infarct size was delineated by tetrazolium staining. Mean infarct size was smaller in both donor- and acceptor-PC groups (9% of left ventricle) than in donor- and acceptor-control groups (36% and 34%; P < 0.01). Protection in acceptor-PC hearts could not, however, be attributed to adenosine or norepinephrine. Thus preconditioning-induced cardioprotection can be transferred between rabbit hearts by transfusion of coronary effluent. Although adenosine and norepinephrine are apparently not responsible, these results suggest that remote protection is initiated by a humoral mechanism.", "author" : [ { "dropping-particle" : "", "family" : "Dickson", "given" : "E W", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Lorbar", "given" : "M", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Porcaro", "given" : "W a", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Fenton", "given" : "R a", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Reinhardt", "given" : "C P", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Gysembergh", "given" : "a", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" }, { "dropping-particle" : "", "family" : "Przyklenk", "given" : "K", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" } ], "container-title" : "The American journal of physiology", "id" : "ITEM-1", "issue" : "6 Pt 2", "issued" : { "date-parts" : [ [ "1999", "12" ] ] }, "page" : "H2451-7", "title" : "Rabbit heart can be \"preconditioned\" via transfer of coronary effluent.", "type" : "article-journal", "volume" : "277" }, "uris" : [ "http://www.mendeley.com/documents/?uuid=acd8e38a-bd97-48d0-bbe7-506f60692529" ] } ], "mendeley" : { "formattedCitation" : "(Dickson, Lorbar, et al., 1999)", "manualFormatting" : "(Dickson, Lorbar, et al., 1999a)", "plainTextFormattedCitation" : "(Dickson, Lorbar, et al., 1999)", "previouslyFormattedCitation" : "(Dickson, Lorbar, et al., 1999)" }, "properties" : { "noteIndex" : 0 }, "schema" : "https://github.com/citation-style-language/schema/raw/master/csl-citation.json" } and blood from preconditioned hearts was found to protect a naïve recipient heart from IR injury (37). Additionally, remote IPC reduces metabolism, offering potential energy conservation during ischemia, with a sparing of PCr and ATP, and a reduction in muscle [lactate] in swine skeletal muscle during ischemia (34). Despite different mechanisms between the different locations of application for IPC, there was no difference in any of the other performance measures between leg and arm suggesting both can be used to induce performance enhancing benefits. 
The VAS results demonstrated that 83% of participants confirmed that IPC-legs caused a significant and large (r = 0.59) sensation of soreness compared with a maximum of 50% of participants reporting soreness with the other three interventions. It can be suggested that the greater muscle mass in the lower limb is related to greater soreness possibly due to the volume of tissue being compressed (16, 38, 39)
. Interestingly, reported soreness during the IPC-legs treatment demonstrated a step-like increase across the four occlusion interventions of ~86% (VAS score: 30 - 56; Figure 1) suggesting an additive effect. Given that both IPC sessions were separated by at least one week, with only two IPC treatments in total, it can be determined that this was not a ‘regular’ session, where regular - minimum of twice per week for three weeks - exposure to the same cuff occlusion pressure significantly attenuated the perception of pain (39)
. There was a significant and very large main effect (r = 0.75) regarding IPC increasing the perception of heaviness of the participant’s legs compared with the SHAM treatments. Again, the IPC-leg treatment had the largest perceptual impact of the two IPC treatments, being 142% greater than the highest average reported score of the other three interventions (i.e. 55 [IPC-leg] v 17 [SHAM-leg], and 21 [SHAM-arm], and 23 [IPC-arm]). It may be that underpinning this perception of heaviness is a loss of potential energy compounds during the treatment period. It has been found that W prime (W′) is used at rest during occlusion, after which there was a progressive reduction in work capacity  (40)
. The threshold for use of W′ was found to be ~12.5-minutes; in the present study each 5-minutes of occlusion was followed with 5-minutes of reperfusion, however it may be that the total occlusion time of 20-minutes was enough to decrease this finite capacity, and contributing to the sensation of ‘heaviness’ in the legs,  From a performance perspective, these findings did not have any negative effects, suggesting the potential negative effects of the remote/IPC protocol combined with sitting quietly for 40 minutes, i.e. increased perception of leg soreness and heaviness, is not carried over to athletic performance. Therefore, prior use to an athletic performance as a potential ergogenic aid can be applied in the knowledge that the athlete’s perception of how they feel during the application of remote/IPC prior will not affect their subsequent performance.

Conclusions
There was a significant and large attenuation of fatigue as indicated by the reduced percentage decrement score with the application of IPC in comparison to SHAM, irrespective of where IPC was applied. The VAS results demonstrate that the when IPC is applied to the legs the high cuff pressure significantly increases the sensation of soreness and reduces the perception of freshness in the legs compared with IPC-arms and the SHAM treatments. However, that the IPC-legs pressure is bearable, therefore further research should focus on the minimum threshold needed for IPC to induce performance enhancements based on muscle mass, timing of the procedure and mode of exercise.
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TABLES
Table 1: Sprint and fatigue measurements following IPC and SHAM interventions: fastest, slowest, total time taken and percentage decrement (% DS). Mean (± SD) values included for all variables. * Significant condition effect for IPC vs SHAM, p ≤ 0.05. 
	
	IPC
	SHAM

	
	Remote
	Local
	Remote
	Local

	Fastest (s)
	5.82 ± 0.23
	5.84 ± 0.30
	5.79 ± 0.25
	5.83 ± 0.29

	Slowest (s)
	6.71 ± 0.52
	6.81 ± 0.52
	6.85 ± 0.84
	6.83 ± 0.50

	Total (s)
	113.05 ± 6.83
	113.77 ± 7.49
	113.60 ± 7.85
	113.80 ± 7.47


	Percentage Decrement Score
	7.80 ± 3.10*
	8.20 ± 3.40*
	8.90 ± 4.40
	8.40 ± 2.50


Table 2: Muscle oxygenation at rest, during the intervention and across the sprint and recovery periods. * Significant condition effect for IPC vs SHAM p ≤ 0.05. # Significantly different from IPC-Leg. $ Significant time effect from from baseline, p ≤ 0.05.
	
	IPC

(%)
	
	SHAM

(%)

	
	Remote
	Local
	
	Remote
	Local

	Baseline
	71.5

± 6.5
	75.0

± 3.6
	
	73.0

± 4.3
	75.3

± 2.9

	
	∆

(AU)
	
	∆

(AU)

	4 x intervention pressure


	-31.3 ±10.0*#
	-21.7 ± 11.1*
	
	-0.1 ± 2.2
	1.6 ± 1.7

	Sprints 1 - 6
	-16.0 ± 6.3
	-17.4 ± 7.1


	
	-15.9 ± 7.3
	-17.9 ± 7.4

	Recovery sprints 1 – 6


	-1.1 ± 8.4$

	-5.2 ± 5.9$
	
	-0.3 ± 6.1$
	-4.4 ± 5.3$

	Sprints 7 - 12


	-14.4 ± 10.1


	-17.4 ± 7.3
	
	-16.0 ± 7.5
	-17.9 ± 7.7

	Recovery sprints 7 – 12


	-3.1 ± 7.0$

	-5.1 ± 6.2$
	
	-3.3 ± 7.5$
	-5.8 ± 4.0$

	Sprints 13 - 18
	-13.8 ± 10.1


	-17.3 ± 7.7
	
	-15.0 ± 7.4
	-17.8 ± 7.4

	Recovery sprints 13 - 18
	-6.3 ± 9.3$
	-8.9 ± 7.7$
	
	-5.4 ± 11.3$
	-7.4 ± 4.7$


Table 3: Blood lactate (mmol/L) calcualted for all four interventions at baseline, and at the end of each of the three blocks of 6 sprints. $ Significant time effect from from baseline, p ≤ 0.05.
	
	IPC


	
	SHAM



	
	Remote
	Local
	
	Remote
	Local

	Baseline


	1.4 ± 0.6
	1.1 ± 0.3
	
	1.4 ± 1.1  
	1.7 ± 1.5

	Sprints 1-6


	8.6 ± 2.3$
	8.8 ± 1.7$
	
	9.3 ± 2.9$
	8.7 ± 2.1$

	Sprints 7-12


	14.2 ± 2.1$
	13.2 ± 2.3$
	
	13.5 ± 3.7$
	13.7 ± 2.8$

	Sprints 13 - 18


	15.7 ± 2.7$
	14.5 ± 2.6$
	
	15.4 ± 3.3$
	14.9 ± 3.8$
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Figure 1:  VAS - Q. 1. “How do your legs feel?” (good – sore), and Q. 2. “How heavy do your legs feel?” (fresh – dead weight), at the end of each of the 4 x 5 minutes of occlusive IPC-arm/leg and SHAM-arm/leg intervention pressures. * Significant condition effect for IPC vs SHAM, p ≤ 0.05. # Significantly different from all other interventions
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Figure 2: RPE for IPC-Remote, SHAM-Remote, IPC-Local, and SHAM-Local using a 15 point Borg Scale, reported at the end of each of the three series sprint blocks. $ Significant time effect from recovery sprints 1-6, p ≤ 0.05.
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