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ABSTRACT
Background: Ischemic preconditioning (IPC) has been used to improve exercise performance, but its role in protecting against 
exercise-induced muscle damage (EIMD) is still unclear. Objective: To investigate the effects of IPC on the indirect markers of EIMD when 
compared to placebo. Methods: 30 healthy young men, with no recent experience in lower limb strength training, will be recruited. 
Subjects will be allocated randomly into two groups: IPC or placebo. The IPC group will undergo 4 x 5 min of occlusion (with individualized 
total occlusion pressure), interspersed with 5 min of reperfusion. The placebo group will be submitted to the same protocol, but with 
minimum pressure (10mmHg) being applied during the occlusion period. After the interventions, volunteers will be submitted to 
muscle damage induced by isokinetic exercise (10 sets of 12 maximum eccentric repetitions) in the non-dominant femoral quadriceps. 
The primary outcome will be isometric peak torque, measured both before and up to 72 hours after exercise. Secondary outcomes 
include rate of torque development, muscle soreness, knee range of motion, thigh circumference and blood levels of creatine kinase. 
Discussion: The results of this trial will indicate whether the effects of IPC are superior to placebo in the protection against EIMD. 
Keywords: Blood Flow Restriction; Prevention; Eccentric Exercise; Muscle Recovery; Placebo Effect.
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INTRODUCTION
Exercise-induced muscle damage (EIMD) is a phenomenon 

that occurs as a result of novel or unaccustomed exercise. 
It is characterized by loss of strength and range of motion, 
delayed-onset muscle soreness (DOMS), swelling and increase 
in blood concentrations of creatine kinase(1,2). Considering 
that muscle damage can impair muscle performance and 
adherence to exercise programs, therapeutic methods such as 
massages, photobiomodulation, cryotherapy, and compressive 
sleeves are commonly employed to accelerate post-exercise 
recovery and maintain training intensity and frequency(3-7). 
Alternatively, some pre-exercise interventions have been 
used to minimize muscle damage(8,9). A method which has 
been recently proposed to protect against EIMD is ischemic 
preconditioning (IPC)(10), which consists of periods of total 
vascular occlusion followed by reperfusion, induced through 
insufflations and deflations of a pressure cuff(11,12). IPC can have 
both acute (immediately after, lasting up to 4 hours) and late 
(12 to 72 hours after) repercussions(12,13). The acute effects 
of IPC have been extensively investigated in studies which 
evaluated performance in the first few hours after ischemic 

stimulus. However, few studies have investigated the late 
effects of IPC on skeletal muscle(11).

Elevated intramuscular acidosis as well as increases in 
reactive oxygen species and immune activity are common 
responses to both IPC and damaging exercise(10). It has been 
proposed that the late effects of IPC may contribute to 
protect against EIMD through the improvement of metabolic 
efficiency secondary to increased mitochondrial electron 
flow, attenuation of ATP depletion, and increased blood flow 
due to elevated adenosine levels post-ischemia(13–15). In fact, 
a recent study(16) has found that IPC (3x5 minutes of ischemia 
interspersed with 5 minutes of reperfusion; occlusion pressure 
of 200mmHg; 8-cm-wide cuff) applied immediately prior to an 
eccentric muscle damage protocol for elbow flexor muscles 
(3x10 repetitions with load 80% of 1 RM) was able to blunt 
muscle damage responses. However, it should be noted that, 
due to some methodological issues, the real effectiveness of 
using IPC to mitigate muscle damage is still unclear. First, since 
the control group did not undergo any interventions prior 
to the muscle damage protocol(16), it is difficult to conclude 
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whether the IPC effects are superior to placebo. This is a 
frequent question and some studies have shown that the acute 
effects of IPC might not be superior to placebo for performance 
improvement(15,17). Second, few studies on IPC were concerned 
with individualizing the occlusion level. It has been proposed 
that a sufficient occlusion pressure to completely block blood 
flow should be applied to the member undergoing IPC(11), but 
the use of arbitrary pressures may induce different stimuli 
between subjects due to individual factors such as limb 
circumference and systemic blood pressure(18,19). Nevertheless, 
even if the usage of arbitrary pressure is enough to totally 
occlude the blood flow in all subjects(20), the occlusion level 
may exceed by far the minimum amount necessary to fully 
occlude blood flow in some participants, thus raising the 
perception of pain or discomfort during IPC.

Third, it is unclear whether IPC is enough to mitigate 
reductions in torque and rate of torque development (RTD) 
after EIMD. Although Franz et al.(16) have evaluated muscle 
contractility through tensiomyography, peak torque is 
considered an important functional marker of muscle damage(21). 
In addition, RTD is derived from the analysis of the torque 
curve recorded during an explosive voluntary contraction and 
can provide important physiological information about the 
influence of muscle damage in both neural (analysis of the first 
50 ms) and muscular (analysis between 100 ms and 200 ms) 
function(22,23). Finally, considering that the magnitude of the 
EIMD is lower in the thigh muscles compared to the arm 
muscles(2), it is relevant to investigate the effects of IPC in the 
knee extensors, since Franz et al.(16) studied the effects of IPC 
in upper limbs only.

Thus, our study aims to investigate the effects of IPC when 
compared to placebo preconditioning on the indirect markers 
of exercise-induced muscle damage in knee extensors muscles. 
Accordingly, the study hypothesis is that IPC will be more 
effective than placebo in protecting against EIMD.

METHODS

Study design
This is a prospectively, two-arm randomized placebo-

controlled trial with concealed allocation, blinded measurers 
and volunteers and intention-to-treat analysis. The protocol 
was developed according to the SPIRIT (Standard Protocol 
Items: Recommendations for International Trials) 2013 
checklist guidelines(24).

Eligibility Criteria
Our study will include healthy men aged between 

18 and 35 years and classified as irregularly active or active in 
International Physical Activity Questionnaires (IPAQ). Subjects 
will be considered eligible if they:

● have not participated in lower-limb strengthening 
programs in the past 3 months;

● have not had previous experiences with vascular occlusion;
● have a body mass index between 18.5 and 30 kg/m2;
● have not used vasoactive medications or nutritional 

supplements regularly;
● have not had lower limb musculoskeletal injuries in the 

past 3 months;
● do not have diabetes mellitus or uncontrolled blood 

pressure and are not smokers;
● do not have any inflammatory rheumatologic conditions, 

severe cardiovascular and/or pulmonary disease that 
prevents them from performing the evaluation and 
exercise protocol;

● do not have any psychiatric illnesses and/or malignant 
tumors and have not contracted Zika or Chikungunya in 
the last year.

Participants will be excluded if they:

● wish to leave the study;
● present a health problem that disallows continuity in 

the study;
● use any drugs, electrotherapies, or other therapeutic 

resources that might interfere in any outcomes;
● perform any unusual or strenuous physical activities 

during the study period.

Participants will be instructed not to perform any physical 
exercise or to use any therapeutic form of pain relief or 
performance improvement during the period of our study. 
They will also be instructed not to consume any alcohol during 
the procedure period.

Experimental procedures
Each participant will visit the lab five times. In the first visit, 

we will assess personal and anthropometric data (age, height, 
total body mass and body mass index), physical activity level 
(by the IPAQ), systemic artery pressure and total occlusion 
pressure (TOP). In the second visit, which will occur from 
three to five days after the first one, we will assess systemic 
arterial pressure, perception of quadriceps pain through the 
visual analogue scale (VAS), and collect blood samples in 
order to measure CK levels. We will also assess knee range 
of motion (ROM), thigh circumference, quadriceps pain 
threshold, and maximal voluntary isometric contraction (MVIC) 
of the knee extensor muscles. After the MVIC evaluation, we 
will apply the pre-conditioning intervention (IPC or placebo), 
followed by the EIMD protocol. MVIC will be evaluated 
again immediately after EIMD. In the following sessions 
(24, 48 and 72 hours after EIMD), volunteers will return for 
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the collection of new blood samples as well as evaluation 
of the perception and threshold of quadriceps pain, thigh 
circumference, range of motion and MVIC. Evaluations will 
always be performed at the same time in order to minimize 
any influences of the circadian cycle. The study design is shown 
in Figure 1.

Ethical aspects
This study was approved by the Research Ethics 

Committee of Universidade Federal do Rio Grande do Norte 
(CAAE: 94024818.2.0000.5537). All participants must agree 
and sign an informed consent form in order to be included. 
The trial was prospectively registered at the Registro Brasileiro 
de Ensaios Clínicos (RBR-8brxg7).

Randomization and allocation procedures
Participants will be randomly assigned to the IPC or 

placebo group. The randomization will be performed through 
a random numerical sequence generated in the website www.
randomization.com. Participant allocation will be concealed in 
sequentially numbered and sealed opaque envelopes prepared 
before the study begins. A researcher, who will not be involved 
in the various stages of the study, will be responsible for the 
randomization and allocation procedures. The researchers 
responsible for assessing outcome measures will not have 
access to the volunteer allocation nor be present at the time of 
preconditioning. Researchers responsible for determining the 
TOP and the application of IPC or placebo will not participate in 
the evaluation of outcome measures or volunteers allocation. 
The researcher responsible for the evaluation of the outcomes 
will be masked regarding the applied preconditioning.

Total occlusion pressure determination
The TOP of the posterior tibial artery will be determined 

at rest through portable vascular Doppler (DV 6010B 
Medmega, Franca - SP). All participants will be instructed 
to avoid strenuous exercise and alcohol intake within the 

48 hours prior to the TOP evaluation. Before determining 
TOP, subjects will be placed in a relaxed dorsal decubitus 
position in a climatized and silent room (23º C) for ten 
minutes. Participants will stay in a supine position with 
arms and legs at rest on the exam table. During TOP 
determination, the Doppler transducer will be positioned 
at the mean distance between the medial malleolus of the 
tibia and the Achilles tendon. The pressure cuff (Aneroid 
sphygmomanometer Premium, Duque de Caxias-RJ; cuff 
width 20 cm) will be positioned around the sub-inguinal 
region in the non-dominant upper thigh and inflated based 
on a prior protocol(18). TOP will be defined as the pressure 
at the time when arterial pulse is abolished, which will be 
indicated by the absence of auscultatory signal.

Primary Outcome

Maximum voluntary isometric contraction
Initially, participants will be positioned in the isokinetic 

dynamometer chair (Biodex Multi-Joint System 3, Biodex 
Biomedical System Inc, New York, USA) following the 
recommendations of the equipment manufacturer and with 
the dynamometer rotation axis aligned with the rotation axis 
of the knee joint (lateral epicondyle of the femur). The MVIC 
of the knee extensor muscles in the non-dominant limb 
will be preceded by unilateral warm-up with submaximal 
isometric contractions (three repetitions lasting six seconds 
each) in all evaluation days. After warming up, three MVICs 
will be performed with the knee flexed at 60º (0º = total 
knee extension). Participants will be carefully instructed to 
contract as fast and as strong as possible after the verbal 
command “go”, to maintain the contraction for five seconds 
and to relax after the verbal “stop” command(25). A strong 
verbal command will be offered by the researchers and 
there will be a 30s interval between each MVIC to minimize 
possible effects of fatigue.

Figure 1. Study  Design. Note: VAS: visual analogue scale; CK: creatine kinase; ROM: range of motion; MIVC: maximal isometric voluntary contraction; IPC: 
ischemic preconditioning. Adapted of Franz et al.16).
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Secondary Outcomes

Rate of torque development
The rate of torque development (RTD) will be extracted 

from the isometric torque curve of the evaluated muscles. 
RTD provides physiological information such as the role 
of neural and muscular factors in producing strength and 
neuromuscular fatigue. Analysis of the RFD will be conducted 
as proposed previously(25).

Muscle soreness
The visual analogue scale (VAS), consisting of a 100-mm 

line anchored by a “no pain” descriptor at one end (0 mm) and 
a “very, very painful” descriptor at the other (100 mm), will 
be used to assess DOMS in the anterior thigh. Subjects will be 
asked to indicate the perceived pain on the line immediately 
after the measurement of knee flexion ROM and quadriceps 
MVIC of the non-dominant limb. The pain level will be 
determined by the distance between the starting point and 
the point marked by the volunteer(26). Pressure pain threshold 
(PPT) will be evaluated through algometry (Wagner Force 
TenTM FDX50; Wagner Instruments, Greenwich, CT, USA; 1cm2 
pressure tip). The PPT will be evaluated in the non-dominant 
rectus femoris muscle at points corresponding to 50% (from 
proximal to distal) of the distance between the anterior 
superior iliac spine and the base of the patella. The tip of the 
algometer will be positioned perpendicular to the evaluation 
points and pressure will be applied to the skin surface with 
progressive increases of 1kgf until the volunteer report that 
the pressure began to feel painful. An average will be extracted 
from three measurements for each evaluation point.

Creatine kinase
A licensed practitioner will collect approximately 10 mL of 

venous blood from the antecubital vein. Blood samples will 
be centrifuged for 10 minutes in order to separate the plasma 
to be stored at -80°C. Serum CK activity will be measured 
through an enzymatic kinetic assay method (Labtest, Minas 
Gerais, Brasil).

Range of motion
Active knee ROM will be measured using a plastic 

goniometer. The subjects will be placed in ventral decubitus 
on the examining table and will actively flex their knees as 
far as possible. Measures will be obtained at peak flexion by 
measuring the angle between the fibula and the midline of 
the femur. We will then calculate the average of the three 
ROM measurements(2).

Thigh Circumference
Thigh circumference will be evaluated using a measuring 

tape. Measurements will be performed on the non-dominant 
limb from the halfway point of the distance measured from 
the anterior superior iliac spine to the base of the patella. 
This assessment will be performed in an orthostatic position, 
with the thigh muscles relaxed(27). Three measurements will 
be taken per day and the average of each day will be used in 
the analysis.

Ischemic preconditioning
After the pre-exercise MVIC, IPC will be applied around the 

sub-inguinal region of the non-dominant limb with the subjects 
relaxed and comfortably positioned in supine decubitus on 
the exam table. IPC will have a total duration of 40 minutes 
(figure 2), with four cycles of five minutes of total occlusion 
(TOP determined individually) interspersed with four cycles of 
five minutes of reperfusion (0 mmHg)(28), and will be performed 
with the same cuff used to determine TOP.

Placebo preconditioning
Placebo will be performed on the non-dominant thigh 

with the same cuff, similarly to IPC (figure 2), but instead with 
four cycles of five minutes of placebo occlusion (10mmHg) 
alternated with four cycles of five minutes of reperfusion 
(0 mmHg)(28,29). In both groups, subjects will be previously 
informed that the applied occlusion pressure will be enough to 
improve performance and prevent muscle damage. In addition, 
the procedures will be performed in an individualized manner, 

Figure 2. Design of ischemic preconditioning (A) and placebo preconditioning (B) protocols. Note: TOP: total occlusion pressure. Adapted of Barbosa et al.28).
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in order to avoid subjects commenting on each other about 
the compression generated by the cuff.

Damaging Exercise
Before the EIMD, subjects will perform a warm-up 

routine (5 minutes of moderate running). After warm-up, 
the subjects will undergo familiarization (from three to 
five submaximal isokinetic eccentric actions of the knee 
extensor muscles) with the EIMD protocol. Three minutes 
after familiarization, subjects will then perform 120 maximal 
eccentric actions (10 sets of 12 repetitions, 30 seconds 
interval between sets) using the non-dominant knee 
extensor muscles. Before each contraction, the volunteers’ 
knee wil l  be passively positioned at 30º of f lexion 
(0º=total extension). The subjects will be instructed to 
perform a brief knee extension to trigger the dynamometer, 
which will then push the segment up to 90º of knee flexion 
(total range of 60º) at an angular velocity of 60º/sec.(30) 
The subjects will be instructed to resist against the knee 
flexion movement imposed by the dynamometer as much as 
possible. Each eccentric action will last for 1s, followed by 1s 
of passive limb extension. Three minutes after completing 
the EIMD protocol, the participant’s knee will be positioned 
at 60º and a new MIVM will be performed to assess the 
peak torque after damaging exercise(30).

Perceived discomfort and pleasure/displeasure 
feeling during interventions

Perceived discomfort (tightness) will be assessed using 
the VAS (as described in the evaluation of muscle pain) after 
IPC or placebo. The pleasure/displeasure feeling regarding 
each intervention (IPC or placebo) will be assessed using the 
Feeling scale, a 11-point scale ranging from -5 (very poor) to 
+5 (very good). The Feeling scale will be applied after assessing 
perceived discomfort, and the participants will be instructed 
as follows: “Use the numbers on this scale to indicate how you 
felt during the intervention. If you felt that the intervention was 
very good (pleasant or comfortable), then the corresponding 
answer will be +5. If the sensation was very bad (unpleasant 
or uncomfortable), then the corresponding answer will 
be -5. If you are feeling in a neutral way (between pleasure 
and displeasure), then the corresponding answer will be 0. 
According to your perception, your answer may also be at an 
intermediate point between the extremities.”

Perceived exertion
The rating of perceived exertion will be measured using the 

modified Borg scale (CR10)(31), which ranges from 0 (“resting 
state”) to 10 (“maximum effort”) during EIMD. Subjects will 
be shown the Borg scale immediately after the EIMD protocol. 
Participants will be instructed to focus on the level of effort 
that they exerted to carry out the entire protocol.

Simple size
A sample size of 30 subjects (15 per group) was calculated 

based on a clinical trial with a similar experimental design to 
the present protocol(32). The parameters utilized to sample 
size calculation included an effect size of 1, an alpha of 0.05, 
power (1 -β) set at 0.80, and a difference of at least 10% in 
peak torque recovery between the IPC and placebo groups 
three days after induced muscle damage.

Statistical analysis
D a t a  n o r m a l i t y  w i l l  b e  e v a l u a t e d  u s i n g  t h e 

Kolmogorov–Smirnov test. In case of normal distribution, 
a two-way ANOVA with repeated-measures along with 
Bonferroni post hoc will be used to assess significant main 
effects (group, time) and interactions. The mean difference 
between groups, 95% confidence interval, and effect size 
(Cohen’s f) will be reported. The Kruskal–Wallis test will be 
used in case of non-normal data distribution, and the effect 
size will be calculated using Cohen’s r. All participants will 
be included in the analysis following an intention-to-treat 
approach.

DISCUSSION
This trial will examine the effects of IPC on the indirect 

markers of EIMD in the knee extensor muscles. Although 
a previous study(16) did find positive effects, the absence 
of a placebo group makes it difficult to establish the real 
effectiveness of IPC in protecting against muscle damage. 
In addition, it is unclear whether the IPC can attenuate torque 
reduction, which is considered an important functional marker 
of muscle damage. Another concern in our study is verifying 
perceived discomfort (tightness) and pleasure/displeasure 
during interventions. These outcomes will add new information 
that may help to improve adherence to IPC protocols. Thus, 
from a clinical perspective our results will indicate whether IPC 
is a useful intervention to protect against muscle damage in 
physical training and rehabilitation environments. Our study 
can be considered of high methodological quality because 
it is randomized and prospectively registered, masks the 
evaluators and patients, conceals allocation, and uses an 
intention-to-treat approach. We also calculated sample size in 
order to provide adequate statistical power to identify possible 
differences in the main outcomes. Finally, individualizing 
TOP allows all subjects to receive a similar stimulus while 
also minimizing possible discomfort due to the unnecessary 
application of very high occlusion pressures. This protocol 
is not free of limitations. It is important to consider that the 
muscular damage promoted in the isokinetic dynamometer 
may not represent functional situations. Another limitation 
of the study is the impossibility of masking the researcher 
who applies IPC. In conclusion, the results of this trial may 
indicate whether the effects of IPC are superior to placebo in 
the protection against EIMD.
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PROGRESS OF THE CLINICAL TRIAL
Data is currently being collected.
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