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Abstract
Purpose  Recent evidence suggests that deception may not be necessary for placebos to improve clinical outcomes. We 
tested the hypothesis that placebo and open-label placebo (OLP) treatments would acutely improve strength and voluntary 
activation, as well as minimize neuromuscular fatigue, in untrained participants.
Methods  Twenty-one males (n = 11) and females (n = 10) visited the laboratory on three occasions (placebo, OLP, control) 
to receive each treatment in a randomized, counter-balanced manner. Trials involved a pretest, a 15-min intervention, and 
posttests. For the placebo trial, participants were informed that they would be ingesting a capsule that would improve their 
performance and make them feel more energetic. For the OLP intervention, participants were told that the capsules would 
have no effects. In “Experiment #1”, knee extensor maximal voluntary contraction (MVC) peak torque and percent voluntary 
activation were evaluated. In “Experiment #2”, participants performed 20 consecutive MVCs while surface electromyographic 
signals were detected from the vastus lateralis. Subjective assessments of energy and perceived exertion were examined.
Results  The interventions had no effect on strength or voluntary activation, but energy levels increased following treatments 
(p = 0.016, η2 = 0.257). Neither treatment influenced neuromuscular fatigue. Though some variables showed moderate-to-
large effect sizes, these results were consistent for individuals with lower voluntary activation.
Conclusion  Placebo and OLP treatments had minimal influence on strength, voluntary activation, and fatigue resistance. As 
these findings differ from recent reports, we speculate that placebos and OLPs are more likely to enhance muscle function 
in patient populations seeking medical care.
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Abbreviations
ANOVA	� Analysis of variance
OLP	� Open-label placebo
MVC	� Maximal voluntary isometric contraction
RMS	� Root-mean-squared
ITT	� Interpolated twitch technique
EET	� Electrically evoked torque
EMG	� Electromyographic

Introduction

Placebo effects have been defined as “…the response to a 
diverse set of environmental and psychological factors sur-
rounding the administration of an active or inactive treat-
ment” (Burke et al. 2018). In addition to consumption of an 
inert substance, placebo effects can be attributed to aspects 
of an entire therapeutic encounter, including environmental 
cues and interactions with medical professionals or scientists 
(Kaptchuk and Miller 2015). Placebos have a long history in 
clinical medicine (Jutte 2013), and some medical profession-
als have admitted to prescribing them to treat patients with 
debilitating chronic conditions (Fassler et al. 2010; Tilburt 
et al. 2008; Howick et al. 2013). While the mechanistic con-
tributors to the placebo effect are multifaceted, neurotrans-
mitter release in response to learning phenomena, such as 
expectancy and conditioning, likely play an important role 
(Finniss et al. 2010). Furthermore, as placebos are unlikely 
to cure disease, their utility may be in helping patients 
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manage a variety of subjective symptoms (e.g., pain, fatigue, 
GI distress, etc.). This discrepancy lends itself to a variety of 
fascinating questions about disease and pain pathophysiol-
ogy, as well as the patient experience.

Placebos have also been used to study the interaction 
between expectancy and physical performance in athletic 
settings. The initial two studies to examine the effects of 
perceived anabolic steroid use in strength athletes were par-
ticularly fascinating. In the early 1970s, Ariel and Saville 
(1972) examined the placebo effect in well-trained men by 
informing those that responded well to a pre-intervention 
training period that they had received anabolic steroids 
(Dianabol) during the subsequent phase of the study. For 
the six participants who believed they were using steroids, 
statistically significant increases in maximal strength for the 
bench press (9.6%), standing military press (8.5%), and squat 
(13.8%) exercises were reported, with a smaller effect for 
the seated press exercise (6.2%). These significant improve-
ments were impressive given the study’s small sample size 
and the advanced training level of the participants. Nearly 
3 decades later, Maganaris et al. (2000) performed a similar 
study, but in addition to analyzing improvements in perfor-
mance with perceived steroid use, the authors examined 
the potential decline in the participants’ performance after 
learning that they were actually using a placebo. When the 
participants were told that they were receiving anabolic ster-
oids, significant improvements in bench press, squat, and 
deadlift strength were found. However, when a group of par-
ticipants were correctly informed that they were deceived, 
their performance returned to baseline. Improvements in 
performance have also been reported in studies that have 
examined the effects of placebo treatments during endurance 
events (Beedie and Foad 2009), with investigations reporting 
enhanced running time (McClung and Collins 2007) and 
cycling performance (Beedie et al. 2006). Collectively, while 
the magnitude of change has varied across studies, there 
is evidence to suggest that placebo effects are prominent 
in both strength-power and endurance athletes (Beedie and 
Foad 2009).

Surprisingly, there is evidence to suggest that deception 
may not be necessary for placebos to improve patient out-
comes. Open-label placebos (OLP) are non-deceptive treat-
ments where participants are informed that they are receiving 
an inactive substance. The use of OLP treatments have been 
studied in patients with cancer-related fatigue (Hoenemeyer 
et al. 2018), chronic lower back pain (Carvalho et al. 2016), 
irritable bowel syndrome (Kaptchuk et al. 2010), attention-
deficit hyperactivity disorder (Sandler and Bodfish 2008), 
episodic acute migraine attacks (Kam-Hansen et al. 2014), 
allergic rhinitis (Schaefer et al. 2018), and major depressive 
disorder (Kelley et al. 2012). Although limitations to OLP 
study designs have been pointed out (Mestre and Ferreira 
2017), patients in these trials have reported reduced pain 

(Kam-Hansen et al. 2014; Carvalho et al. 2016), disabil-
ity (Carvalho et al. 2016), and symptom severity (Sandler 
and Bodfish 2008; Kaptchuk et al. 2010; Hoenemeyer et al. 
2018) despite the knowledge that the intervention was inert. 
It should be noted that traditional placebo treatments may 
be considered an unethical practice due to the violation of a 
participant’s autonomy and informed consent (Tilburt et al. 
2008). A potential advantage of OLP treatments is that they 
minimize ethical concerns that may arise from deceiving 
participants and patients.

While the effects of placebo and OLP treatments have 
been studied for a variety of illnesses, diseases, and exercise-
related outcomes, little data exist concerning their ability 
to influence physical performance measures. We are aware 
of no previous studies that have compared the effects of 
placebo and OLP on maximal strength, fatigue, and neu-
romuscular function. Therefore, the purpose of this study 
was to compare the effects of placebo versus OLP treatment 
on knee extensor muscle strength, voluntary activation, and 
fatigability. We hypothesized that both placebo and OLP 
treatments would result in enhanced muscle strength and 
voluntary activation, as well as a reduction in fatigue dur-
ing isometric testing. Given the relationship between muscle 
strength and voluntary activation (Clark et al. 2014, 2015; 
Clark and Taylor 2011), as well as the fact that some indi-
viduals demonstrate high levels of voluntary activation (i.e., 
100%) (Herda et al. 2011; Oki et al. 2017), we were particu-
larly interested in determining if placebo and OLP treat-
ments could be used to enhance performance in untrained 
participants that consistently lacked the ability to voluntarily 
activate their musculature despite maximal effort.

Methods

Study design

This study utilized a repeated measures design to compare 
placebo treatment, OLP treatment, and a control condition 
on muscle strength and fatigue resistance in young adults. 
For ease of comprehension, muscle strength and fatigue 
resistance analyses have been described as Experiments #1 
and #2, respectively. The participants visited the laboratory 
on four separate occasions, with the first serving as a famil-
iarization session. All visits were at the same time of day (± 
1 h). The time between trial days was ≥ 48 h but < 1 week. 
Conditions in the laboratory were kept constant, including 
the personnel involved in data collection and analysis. The 
participants were asked to keep their physical activity lev-
els, sleep, dietary habits, and caffeine consumption consist-
ent throughout the study. Except for the intervention (pla-
cebo, OLP, and control) provided during the three trials, all 
aspects of data collection were identical. All testing involved 
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maximal voluntary and involuntary unilateral contractions 
of the knee extensors.

Participants

Twenty-one untrained par t icipants (11 males: 
mean ± SD age = 23 ± 3  years, mass = 72.0 ± 13.1  kg, 
height = 1.73 ± 0.06  m; 10 females: age = 22 ± 3  years, 
mass = 62.2 ± 12.3 kg, height = 1.65 ± 0.07 m) participated 
in this study. Individuals were recruited via flyers posted 
throughout the university campus, social media adver-
tisements, word-of-mouth, and announcements made in 
university classes. During the recruitment process, poten-
tial participants were told that the purpose of the study 
was to compare the effects of an OLP treatment to a well-
researched, multi-ingredient dietary supplement known to 
acutely increase muscle strength and energy levels. Thus, 
participants were deceived about the placebo, but not the 
OLP treatment. Participants were informed that they would 
be compensated $50 for completing the study. For inclusion 
criteria, healthy males and females had to be between 18 and 
35 years of age. Participants had a body mass index ≤ 30 kg/
m2, refrained from moderate-intensity lower-body exer-
cise (average ≤ three times per month) within the previous 
6 months, and refrained from dietary supplement consump-
tion within the past year. Exclusion criteria included a his-
tory of myocardial infarction, metabolic or neuromuscular 
disease, hip or knee joint surgery, osteoarthritis of the knee 
or hip, musculoskeletal pain, or allergies to rubbing alcohol. 
In addition, individuals with flour, gluten, or wheat aller-
gies were excluded, as were those that were unable to swal-
low pills. Prior to enrollment, potential participants com-
pleted pre-testing health questionnaire and Physical Activity 
Readiness Questionnaire forms. All participants were made 
aware of the study procedures prior to enrollment and signed 
informed consent documents. The University of Central 
Florida’s Institutional Review Board approved of this study 
(ID # SBE-17-13539). The participants were informed that 
they were deceived about the placebo treatment at the con-
clusion of the study’s data collection.

Assessment of isometric torque

Isometric torque testing of the dominant knee extensors 
(based on kicking preference) was performed with a Biodex 
System 4 isokinetic dynamometer (Biodex Medical Systems, 
Shirley, NY, USA). The chair was adjusted such that the 
participant’s axis around the knee was aligned with the axis 
of rotation of the dynamometer. The participants were seated 
upright with both hip and knee angles set at 110°. Restrain-
ing straps were tightly fastened around the participant’s hips, 
waist, chest, and non-dominant leg to limit extraneous move-
ment of the limbs and torso. The tibia of the dominant leg 

was securely strapped to an Anti-Shear attachment (Biodex 
Medical Systems, Shirley, NY, USA), which was positioned 
over the tibialis anterior muscle just superior to the malle-
oli. Each participant’s dynamometer settings were recorded 
during the familiarization visit to ensure consistency from 
trial-to-trial. The participants grasped the stabilization han-
dles throughout testing. All testing was preceded by a sub-
maximal warm-up which consisted of three, 10 s isometric 
contractions at 50% of the participant’s perceived maximum 
torque level followed by 10 s of rest (i.e., 10 s “on,” 10 s 
“off”).

Interpolated twitch technique

Electrical stimulation of the quadriceps femoris muscles was 
used to quantify percent voluntary activation. The methodol-
ogy used in the present study was similar to that described 
by Park et al. (2008). Two 7.5 cm × 10 cm PALS Neuro-
stimulation adhesive surface electrodes (Axelgaard Manu-
facturing Co., LTD, Fallbrook, CA, USA) were placed on 
the quadriceps muscles, with one over the vastus medialis 
and one over the vastus lateralis. Specifically, the electrode 
locations were approximately one-third and two-thirds 
the distance from the greater trochanter to the base of the 
patella (Park et al. 2008; Pietrosimone et al. 2011). Perma-
nent marker was used to outline the electrodes to guaran-
tee consistent placement on following testing days. Once 
the electrode locations were determined, these areas were 
shaved with a disposable razor. Oil, debris, and dead skin 
cells were removed with hypo-allergenic tape and cleansed 
with rubbing alcohol. The electrodes were then placed on the 
skin and connected to an electrical impedance meter (D175 
Electrode Impedance Meter, Digitimer Limited, Hertford-
shire, UK) to ensure that impedance was ≤ 7 kΩ (Park et al. 
2008). When impedance was > 7 kΩ, the electrodes were 
removed and further skin preparation was performed. The 
electrodes were then connected to a constant-current stimu-
lator (DS7AH, Digitimer Limited, Hertfordshire, UK). Prior 
to voluntary contractions, a series of electrically stimulated 
isometric contractions of the knee extensors was used to 
determine the appropriate amount of electrical stimulation 
required to maximally activate the quadriceps muscles. Par-
ticipants were asked to stay as relaxed as possible during this 
part of testing. Each stimulation consisted of a paired pulse 
stimulation, with two 200-µs pulses separated by 10 ms and 
began at a current of 160 mA. Successive stimulation inten-
sities were progressively increased by 20 mA and delivered 
every 20 s. Peak stimulation intensity was determined when 
peak torque produced via electrical stimulation reached a 
plateau or displayed two consecutive decreases. The highest 
evoked electrical stimulation value at the beginning of the 
plateau or before the decline was used for testing. Electrical 
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stimulation intensity was determined prior to every testing 
session.

For contractions involving the interpolated twitch tech-
nique (ITT), the participants performed a 5-s isometric 
maximal voluntary contraction (MVC) of the knee exten-
sors. The participants were provided visual feedback of their 
torque on a computer monitor, and strong verbal encour-
agement was provided. The participants were specifically 
instructed to “push hard and fast”. During all contractions, 
an investigator carefully observed the torque–time curve. 
When the investigator noticed a clear plateau in torque, the 
quadriceps femoris muscles were stimulated with a paired 
pulse stimulation, and the increase in torque over the volun-
tary level was measured. The participants were instructed to 
relax upon feeling the stimulation during the MVC. At ~ 2 s 
and ~ 4 s following the MVC, the paired pulse stimulation 
was again delivered to the relaxed muscles to determine peak 
electrically evoked torque (EET), with the mean of the two 
values used during subsequent analyses. Percent voluntary 
activation was calculated as: 100% × [1 − (ITT/EET)]. To 
avoid submaximal effort caused by anticipation of electri-
cal stimulation (Button and Behm 2008), during the pretest 
of Experiment #1, the participants performed five MVCs 
separated by 2 min of rest, but were told they may or may not 
receive stimulation. The ITT was implemented for three of 
the five MVCs, and the mean values were used for statistical 
analyses. The two MVCs without the ITT were discarded. 
Following the pretest of Experiment #1, all testing involved 
an MVC with ITT, and participants were told that electrical 
stimulation would be administered.

Muscle fatigue test

Upon the completion of the post-intervention muscle 
strength test, the muscle fatigue test of Experiment #2 began. 
This test required the participants to perform 20, 6 s MVCs. 
Three seconds of rest separated each MVC (i.e., 6 s “on,” 
3 s “off”). The participants were provided visual feedback 
of their performance on a computer monitor that was placed 
1.5 m in front of them. Strong verbal encouragement was 
provided throughout the testing. At the conclusion of the 
muscle fatigue test, the participants performed a final MVC 
with a doublet pulse administered as described previously to 
examine the decline in voluntary and involuntary strength. 
Involuntary strength, which was also quantified as the mean 
from the three MVCs, was examined as a control variable 
for Experiments #1 and #2.

Surface EMG signal recording

Bipolar surface electromyography (EMG) signals were 
recorded from the vastus lateralis during the fatigue proto-
col of Experiment #2 with a Bagnoli 16-channel Desktop 

system (Delsys, Inc., Natick, MA, USA). Two sensors were 
placed over the muscle in close proximity to each other (one 
proximal, one distal) to minimize variability (Balshaw et al. 
2017). For each dependent variable, the mean value from 
the two signals has been reported. The signals were detected 
with single differential Bagnoli™ Surface EMG Sensors 
(Delsys, Inc., Natick, MA, USA). For each sensor, pair-
wise subtraction of the two electrodes (interelectrode dis-
tance = 10 mm) was used to derive a single differential EMG 
channel. The signals were differentially amplified, filtered 
with a bandwidth of 20–450 Hz, and sampled at 2000 Hz. 
Prior to detecting EMG signals, the skin over the vastus 
lateralis and patella was shaved and cleansed with rubbing 
alcohol. Oil, debris, and dead skin cells were removed by 
repeated application and removal of hypo-allergenic tape. 
The sensors were secured to the vastus lateralis with tape. 
A reference electrode was placed over the patella. The EMG 
sensors were placed over the belly of the vastus lateralis 
at 2/3 the distance from the anterior superior iliac spine to 
the superior border of the patella, as recommended by the 
surface electromyography for non-invasive muscle project 
(Hermens et al. 2000). Surface EMG signal quality was 
assessed during the submaximal warm-up period to ensure 
low baseline noise and a signal-to-noise ratio ≥ 5.0.

Torque and EMG signal processing

The analog signal from the Biodex System 4 isokinetic 
dynamometer and the surface EMG signals were acquired 
with a Shielded Rack-Mount BNC Connector Block (BNC-
2090A, National Instruments, Austin, TX, USA). BNC 
cables were then used to collect the raw torque and EMG 
signals with the Bagnoli 16-channel Desktop system (Del-
sys, Inc., Natick, MA, USA). The torque signal was sampled 
at 2000 Hz and processed off-line using custom LabVIEW 
software (version 8.5, National Instruments, Austin, TX, 
USA). The raw torque signals were scaled to units (Nm) 
and filtered using a zero-phase shift, second-order But-
terworth filter with a 50 Hz low-pass cutoff frequency. To 
analyze peak torque during each MVC, the highest single 
data point was utilized. During each of the 20 MVCs during 
Experiment #2, vastus lateralis EMG amplitude was quan-
tified as the root-mean-squared (RMS) value (Basmajian 
and De Luca 1985) for a 2-s interval that encompassed the 
peak torque value. For the mean frequency analyses, each 
selected signal was processed with a Hamming window and 
the Discrete Fourier Transform was used to generate the 
power spectrum. The highest peak torque, EMG amplitude, 
and EMG mean frequency values from the 20 MVCs were 
used to normalize all fatigue data such that all variables have 
been expressed as a percentage. In addition, neuromuscular 
efficiency was calculated by dividing the normalized peak 
torque generated by the knee extensors during the MVC 
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by the normalized vastus lateralis EMG amplitude value 
(Deschenes et al. 2009).

Participant assessment scales

Two scales were used to determine a participant’s subjective 
energy level and perceived exertion at various points dur-
ing the study. First, the participants were asked to rate their 
subjective level of energy with a scale ranging between 0 
and 10, with 0 being equivalent to no energy and 10 equiva-
lent to a maximal amount of energy. To determine a sub-
ject’s perceived exertion, a category-ratio scale of 0–10 was 
implemented (Borg 1998), with 0 representing “nothing at 
all” and 10 representing “absolute maximum”. The Subjec-
tive Assessment of Energy Scale was shown to the subjects 
before and 15 min after the administration of an interven-
tion, and both scales were shown after the muscle fatigue 
test. Each participant was thoroughly familiarized with these 
scales during the initial visit to the laboratory.

Administration of intervention

On three separate days, participants consumed a placebo, an 
OLP, or engaged in a control condition. Both treatments con-
tained flour, with the placebo and OLP capsules being red 
and blue, respectively. These colors were selected because 
red capsules have been associated with stimulant-like effects, 
whereas blue is related to a calming effect (de Craen et al. 
1996). Both days required the participants to consume two 
capsules, and they were provided 591 ml of bottled water 
that they could consume ad libitum.

After completing the percent voluntary activation testing 
of Experiment #1, an immediate 15-min rest period began. 
At the beginning of the rest period, an oral script was deliv-
ered depending on the intervention of that day. For the con-
trol trial, participants were told there would be no adminis-
tration of an intervention and to sit quietly for the duration 
of the 15 min. For the OLP trial, participants were told 
that they would be consuming capsules that had no active 
ingredients and should not feel any effects. They were told, 
however, that … “clinical studies have shown that OLP treat-
ments enhance function and minimize pain”. For the placebo 
trial, participants were told they were consuming a multi-
ingredient dietary supplement that research had shown to 
effectively improve muscle strength and delay fatigue. Spe-
cifically, an investigator stated that “…9 out of 10 published 
studies within the last 10 years have conclusively proven 
that the ingredients in this capsule have enhanced muscle 
strength and/or delayed muscle fatigue. These ingredients 
act by inhibiting the reuptake of serotonin, norepinephrine, 
and dopamine. This results in heightened endorphin release 
and greater concentrations of neurotransmitters in the brain. 
Previous testing has shown that within 10–15 min people 

have felt more energetic and active. You should be able 
to feel similar physiological responses around this time”. 
After the administration of an intervention, the participants 
remained seated on the dynamometer until the conclusion 
of the 15-min rest period. The laboratory remained quiet 
during the rest period. The primary investigator involved in 
data collection and analysis (A.P.S.) remained blinded to the 
intervention each participant received, and left the labora-
tory for this portion of testing. The same investigator pro-
vided the treatments and read the scripts to all participants 
(D.P.K). These two individuals did not discuss the order of 
treatments and statistical analyses were performed with the 
investigators blinded to trials and interventions.

Test–retest reliability

To determine test–retest reliability statistics for MVC 
peak torque, percent voluntary activation, and involuntary 
strength, we collected additional data on 17 untrained partic-
ipants. Testing was performed on 2 days separated by 48 h at 
the same time of day (± 1 h). All variables were based on the 
mean value for three assessments. Analyses of interest were 
based on the recommendations of Weir (2005), and included 
the intraclass correlation coefficient (model 3.1 [ICC]), 
standard error of measurement (expressed as a percentage of 
the grand mean [SEM]), and the minimal difference needed 
to be considered real (MD). For peak torque, the results 
were as follows: ICC = 0.820; SEM = 6.1%; MD = 29.9 Nm. 
For voluntary activation, these results were: ICC = 0.741; 
SEM = 3.77%; MD = 9.94%. For involuntary strength, the 
results were: ICC = 0.926; SEM = 8.9%; MD = 9.7 Nm.

Statistical analyses

Mean differences in MVC peak torque, percent voluntary 
activation, involuntary strength, and subjective energy lev-
els were evaluated with two-way (intervention [placebo, 
OLP, control] × time [pre-intervention, post-intervention]) 
repeated measures analyses of variance (ANOVAs). For 
the fatigue data, changes in each of the dependent variables 
across the MVCs were evaluated with two-way (intervention 
[placebo, OLP, control] × MVC # [#1, #2, #3, #4, #5, etc.]) 
repeated measures ANOVAs. When appropriate, follow-up 
procedures included repeated measures ANOVAs, paired 
samples t tests, and Bonferroni post hoc comparisons. The 
partial eta squared (η2) statistic, which typifies the amount 
of variation attributable to a given factor when partialing out 
other factors from total nonerror variation, was used to eval-
uate the effect size for each ANOVA. Stevens (2007) char-
acterized η2 = 0.01 as corresponding to a small effect size, 
η2 = 0.06 to a medium effect size, and η2 = 0.14 to a large 
effect size. An alpha level of 0.05 was used to determine 
statistical significance for all procedures. SPSS software 
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(version 23.0, IBM Corporation, Armonk, NY, USA) was 
used for all statistical analyses. We created univariate scat-
terplots to display individual participant responses for MVC 
peak torque and % voluntary activation of Experiment #1 
and the decline in peak torque of Experiment #2 (Weissger-
ber et al. 2015).

Results

Experiment #1

Peak torque

Figure 1 shows individual participant peak torque data. 
The results from the two-way repeated measures ANOVA 
indicated that there was no time × intervention inter-
action (p = 0.566, η2 = 0.027) and no main effects for 
time (p = 0.084, η2 = 0.141) or intervention (p = 0.242, 
η2 = 0.069). As part of a secondary aim, an analysis 
of participants that consistently demonstrated volun-
tary activation less than 100% was performed (n = 7). 
For these participants, the mean ± SD peak torque val-
ues for the pretest and posttest, respectively, were as fol-
lows: (1) placebo = 166.8 ± 38.2 and 170.8 ± 35.4  Nm, 
(2) OLP = 169.8 ± 40.5 and 165.0 ± 47.7  Nm, (3) con-
trol = 157.5 ± 42.9 and 162.5 ± 42.5  Nm. There was no 
time × intervention interaction (p = 0.264, η2 = 0.201) and no 
main effects for time (p = 0.557, η2 = 0.060) or intervention 
(p = 0.513, η2 = 0.105).

Percent voluntary activation

Figure 2 shows individual participant percent voluntary 
activation data. Many of the participants demonstrated 
100% voluntary activation. The results from the two-way 
repeated measures ANOVA indicated that there was no 
time × intervention interaction (p = 0.567, η2 = 0.027) and 
no main effects for time (p = 0.095, η2 = 0.133) or inter-
vention (p = 0.351, η2 = 0.050). For the participants that 
demonstrated percent voluntary activation less than 100%, 
the mean ± SD percent voluntary activation values for the 
pretest and posttest, respectively, were as follows: (1) pla-
cebo = 87.9 ± 11.0 and 91.6 ± 8.7%, (2) OLP = 89.2 ± 5.6 and 
86.9 ± 8.9%, (3) control = 83.7 ± 5.2 and 87.2 ± 9.6%. There 
was no time × intervention interaction (p = 0.525, η2 = 0.093) 
and no main effects for time (p = 0.379, η2 = 0.144) or inter-
vention (p = 0.063, η2 = 0.463).

Involuntary strength

The mean ± SD involuntary strength values for 
the pretest and posttest, respectively, were as fol-
lows: (1) placebo = 39.6 ± 13.5 and 34.5 ± 11.7  Nm, 
(2) OLP = 40.3 ± 13.5 and 35.8 ± 12.1  Nm, (3) con-
trol = 40.0 ± 13.8 and 35.0 ± 13.5 Nm. The results from the 
two-way repeated measures ANOVA indicated that there 
was no time × intervention interaction (p = 0.717, η2 = 0.017) 
and no main effect for intervention (p = 0.601, η2 = 0.023). 
There was, however, a main effect for time (p < 0.001, 
η2 = 0.721), and the Bonferroni pairwise comparison indi-
cated that the values at the posttest were significantly less 

Fig. 1   Individual participant 
knee extensor maximal volun-
tary contraction peak torque 
data for the pretest and posttest 
for each of the three interven-
tions. Each participant’s symbol 
is displayed consistently across 
time points and interventions. 
The black bar corresponds to 
the mean value
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than those during the pretest (marginal means = 40.0 and 
35.1 Nm, respectively).

Subjective assessment of energy

The mean ± SD reported level of energy for the pretest and 
posttest, respectively, were as follows: (1) placebo = 5.5 ± 2.0 
and 6.1 ± 2.1, (2) OLP = 5.6 ± 2.3 and 5.8 ± 2.3, and (3) con-
trol = 5.2 ± 2.0 and 5.5 ± 2.0. The results from the two-way 
repeated measures ANOVA indicated that there was no 
time × intervention interaction (p = 0.234, η2 = 0.070) and no 
main effect for intervention (p = 0.529, η2 = 0.031). There 
was, however, a main effect for time (p = 0.016, η2 = 0.257), 
and the Bonferroni pairwise comparison indicated that the 
reported level of energy at the posttest was significantly 
greater than that during the pretest. As part of a secondary 
aim, an analysis of participants that consistently demon-
strated voluntary activation less than 100% was performed 
(n = 7). For these participants, the mean ± SD values for 
the pretest and posttest, respectively, were as follows: (1) 
placebo = 4.9 ± 2.1 and 5.4 ± 2.1%, (2) OLP = 4.9 ± 2.1 and 
5.1 ± 2.1, (3) control = 4.1 ± 2.0 and 4.5 ± 1.4. There was no 
time × intervention interaction (p = 0.776, η2 = 0.036) and no 
main effects for time (p = 0.235, η2 = 0.225) or intervention 
(p = 0.471, η2 = 0.109).

Experiment #2

Peak torque following fatigue

The mean ± SD reported peak torque values follow-
ing the fatiguing protocol for the pretest and posttest, 

respectively, were as follows: (1) placebo = 174.6 ± 54.0 and 
135.7 ± 39.0, (2) OLP = 172.1 ± 61.9 and 137.7 ± 41.4, (3) 
control = 166.1 ± 60.7 and 130.5 ± 37.7. The results from the 
two-way repeated measures ANOVA indicated that there was 
no time × intervention interaction (p = 0.643, η2 = 0.019) and 
no main effect for intervention (p = 0.153, η2 = 0.091). There 
was, however, a main effect for time (p = 0.001, η2 = 0.687), 
and the Bonferroni pairwise comparison indicated that peak 
torque at the posttest was significantly less than that during 
the pretest (marginal means = 170.9 and 134.7, respectively).

Percent voluntary activation following fatigue

The mean ± SD percent voluntary activation values fol-
lowing the fatiguing protocol for the pretest and posttest, 
respectively, were as follows: (1) placebo = 94.6 ± 7.8 and 
88.1 ± 17.7%, (2) OLP = 92.7 ± 8.8 and 87.7 ± 13.7%, (3) 
control = 91.6 ± 9.3 and 87.3 ± 16.6%. The results from the 
two-way repeated measures ANOVA indicated that there 
was no time × intervention interaction (p = 0.784, η2 = 0.009) 
and no main effects for time (p = 0.199, η2 = 0.117) or inter-
vention (p = 0.749, η2 = 0.014).

Involuntary strength

The mean ± SD involuntary strength values following 
the fatiguing protocol for the pretest and posttest, respec-
tively, were as follows: (1) placebo = 35.8 ± 12.1 and 
23.4 ± 10.0 Nm, (2) OLP = 35.0 ± 13.5 and 24.1 ± 9.0 Nm, 
and (3) control = 34.5 ± 11.8 and 23.9 ± 9.4 Nm. The results 
from the two-way repeated measures ANOVA indicated 
that there was no time × intervention interaction (p = 0.344, 

Fig. 2   Individual participant 
knee extensor percent voluntary 
activation data for the pretest 
and posttest for each of the three 
interventions. Each participant’s 
symbol is displayed consistently 
across time points and interven-
tions. The black bar corresponds 
to the mean value
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η2 = 0.051) and no main effect for intervention (p = 0.809, 
η2 = 0.007). There was, however, a main effect for time 
(p = 0.001, η2 = 0.432), and the Bonferroni pairwise compar-
ison indicated that the values at the posttest was significantly 
less than those during the pretest (marginal means = 35.1 and 
23.8 Nm, respectively).

Decline in normalized peak torque

The results from the two-way repeated measures ANOVA 
indicated that there was no MVC # × intervention interaction 
(p = 0.480, η2 = 0.045) and no main effect for intervention 
(p = 0.206, η2 = 0.076). There was, however, a main effect for 
MVC # (p = 0.001, η2 = 0.765), and the Bonferroni pairwise 
comparisons indicated that the decline in peak torque from 
MVC #1 became statistically significant at MVC #7. From 
MVC #1 to MVC #20, the mean percent decline in peak 
torque was 30.9% (Fig. 3).

Decline in normalized EMG mean frequency

The results from the two-way repeated measures ANOVA 
indicated that there was no MVC # × intervention interaction 
(p = 0.548, η2 = 0.045) and no main effect for intervention 
(p = 0.051, η2 = 0.147). There was, however, a main effect 
for MVC # (p = 0.001, η2 = 0.565), and the Bonferroni pair-
wise comparisons indicated that the decline in EMG mean 
frequency from MVC #1 became statistically significant at 
MVC #6. From MVC #1 to MVC #20, the mean percent 
decline in EMG mean frequency was 21.1% (Fig. 4).

Decline in neuromuscular efficiency

The results from the two-way repeated measures ANOVA 
indicated that there was no MVC # × intervention interaction 

(p = 0.272, η2 = 0.064) and no main effect for intervention 
(p = 0.099, η2 = 0.123). There was, however, a main effect for 
MVC # (p = 0.001, η2 = 0.585), and the Bonferroni pairwise 
comparisons indicated that the decline in neuromuscular 
efficiency from MVC #1 became statistically significant at 
MVC #5. From MVC #1 to MVC #20, the mean percent 
decline in neuromuscular efficiency was 38.4%.

Subjective assessment of energy

The mean ± SD reported level of energy for the pretest and 
posttest, respectively, were as follows: (1) placebo = 6.1 ± 2.1 
and 4.5 ± 2.3, (2) OLP = 5.8 ± 2.3 and 3.8 ± 2.2, and (3) con-
trol = 5.5 ± 2.0 and 3.7 ± 2.2. The results from the two-way 
repeated measures ANOVA indicated that there was no 
time × intervention interaction (p = 0.615, η2 = 0.022) and no 
main effect for intervention (p = 0.090, η2 = 0.144). There 
was, however, a main effect for time (p = 0.006, η2 = 0.317), 
and the Bonferroni pairwise comparison indicated that the 
reported level of energy at the pretest was significantly 
greater than that during the posttest.

Rating of perceived exertion

The mean ± SD rating of perceived exertion values after the 
fatiguing protocol were as follows: (1) placebo = 6.3 ± 2.2, 
(2) OLP = 6.5 ± 2.3, and (3) control = 6.5 ± 2.0. The 
repeated measures ANOVA was not statistically significant 
(p = 0.788, η2 = 0.010).

Fig. 3   Mean ± SD normalized 
peak torque values through-
out the fatiguing protocol of 
Experiment #2. Statistical 
analyses revealed no differ-
ences among the interventions, 
but the decrease in normalized 
peak torque became statistically 
significant at maximal voluntary 
contraction #7
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Discussion

Placebo and OLP treatments have shown promise in enhanc-
ing muscular performance in athletes (Ariel and Saville 
1972; Maganaris et al. 2000; McClung and Collins 2007; 
Beedie and Foad 2009) and improving patient outcomes 
in clinical settings (Sandler and Bodfish 2008; Kaptchuk 
et al. 2010; Kelley et al. 2012; Carvalho et al. 2016; Hoe-
nemeyer et al. 2018), respectively. We tested the hypoth-
esis that, in untrained adults, placebo and OLP treatments 
would enhance muscle strength and minimize neuromuscu-
lar fatigue. Although a few of the observed effect sizes were 
moderate or large, the results of the present study largely 
indicated that these treatments had minimal influence on 
knee extensor peak torque and voluntary activation, as well 
as neuromuscular fatigue. While a larger sample size or a 
different participant population may have yielded significant 
effects, our findings were consistent in a subset of partici-
pants that consistently demonstrated the inability to volun-
tarily produce their knee extensor musculature’s maximal 
torque-generating capacity. The high baseline knee extensor 
voluntary activation observed for Experiment #1 was unex-
pected and likely resulted in a ceiling effect.

In contrast to many previous studies that have examined 
OLPs (Sandler and Bodfish 2008; Kaptchuk et al. 2010; Car-
valho et al. 2016; Schaefer et al. 2018; Hoenemeyer et al. 
2018), the results of the present investigation do not sup-
port the notion that deception is not an essential compo-
nent of placebo effects. It is important to reiterate that all 
these studies have been performed in patient populations, 
whereas the present study was carried out in healthy adults. 
The obvious difference between these types of studies is 

that patient populations with chronic conditions likely enter 
into a study hopeful that a given intervention will be help-
ful in relieving specific symptoms, whereas our participants 
were college-aged and unaccustomed to rigorous exercise 
but healthy, nonetheless. In addition to patients, our study’s 
participant population differed from many other placebo 
interventions that have studied athletes (Maganaris et al. 
2000; McClung and Collins 2007; Beedie and Foad 2009). 
It is not inconceivable to suspect that personality character-
istics and motivation levels differ among well-trained ath-
letes and the participants in the present study. It is important 
to reiterate that untrained participants were sought out in 
the present study because we suspected that those with the 
inability to voluntarily activate all of their motor units might 
particularly benefit from placebo and OLP treatments aimed 
at acutely augmenting strength and neuromuscular plasticity. 
Our findings revealed, however, that despite the participants’ 
training status, percent voluntary activation was quite high, 
with only seven individuals showing incomplete activation. 
As our findings were consistent when considering all of the 
21 participants and only those with incomplete voluntary 
activation, it is clear that placebo and OLP treatments had 
similar effects regardless of the participant’s neuromuscular 
capacity to generate muscular torque.

Although we observed no time × intervention interac-
tions, it is interesting to note that a main effect for time was 
observed for our subjective feeling of energy scale during 
Experiment #1. While intriguing, further analyses revealed 
that participants noted feeling slightly more energetic fol-
lowing both treatment interventions and the control period. 
In designing the study, we speculated that improved feel-
ings of vigor would result in lower perceived exertion and 

Fig. 4   Mean ± SD normal-
ized electromyographic mean 
frequency for the vastus lateralis 
throughout the fatiguing proto-
col of Experiment #2. Statistical 
analyses revealed no differences 
among the interventions, but the 
decrease became statistically 
significant at maximal voluntary 
contraction #6
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improved physical performance, which would have been 
supported by other studies (Pageaux and Lepers 2016). This 
was not the case, however, as we observed no significant 
increase in MVC peak torque or percent voluntary activation 
despite improved feelings of energy.

As has been recently noted (Kaptchuk and Miller 2015), 
the ability for placebos to exert an effect on a given out-
come depend on an individual’s perception to not just the 
substance, but the entire therapeutic encounter. To this 
end, there are a few factors that must be considered when 
evaluating the results of this study. First, rather than trying 
to deceive participants by informing them that a specific 
drug was being administered for the placebo trial (e.g., caf-
feine), we elected to tell them that they had been consuming 
a multi-ingredient supplement that previous research had 
deemed effective. Whereas the advantage of this approach 
was that it eliminated any biases that the participants may 
have had about a specific drug or substance, a disadvantage 
is that they may have found the lack of clarity about what 
was in the capsule to be ambiguous and even unmotivat-
ing. However, attempting to deceive the participants by tell-
ing them that the goal of the study was to investigate the 
effects of a specific substance or drug may have brought 
about other unintended consequences with respect to enroll-
ment and perceptions about the study. Thus, when dealing 
with deception trials, investigators may need to carefully 
consider what participants are informed with respect to the 
ingredients in a capsule. Second, we suspect that not only 
were the words read by the investigator important, but so 
too was the style of delivery. To control for this, the inves-
tigator delivered the information about the treatments with 
a similar demeanor for all participants. It remains to be 
determined if stronger suggestive statements (e.g., “These 
capsules will make you feel incredible…”) or if altering the 
level of enthusiasm would positively affect participants’ per-
ceptions about a placebo. Finally, we should contrast the 
advantages and disadvantages of our experimental approach. 
A repeated measures design offers several advantages, such 
as allowing each participant to serve as their own control 
and improved statistical power via reduced error variance. 
In contrast, when compared to randomized controlled trials, 
it does pose unique challenges for studies involving decep-
tion. In the present investigation, following the first trial, 
participants knew they had an equal chance or receiving the 
other two treatments. For the final trial, participants knew 
what treatment they had been receiving prior to data col-
lection. Though our analyses demonstrated no trend with 
respect to improved or decreased physical performance over 
time, it is possible that a repeated measures approach may 
have influenced the participants’ perception about the study 
treatments. An alternative approach may have been to use 
a between-participant design with a much greater sample 
size, but covary for the pretest data to account for differences 

among treatment groups at baseline. Placebo trials present 
investigators with a variety of unique challenges, and the 
results of this study are likely specific to an acute, repeated 
measures design.

Several methodological considerations and limitations 
are worthy of consideration. First, it should be noted that 
the results of this study are specific to isometric testing of 
the dominant knee extensors. In contrast, placebo studies 
in athletic populations tend to utilize whole-body assess-
ments, such as cycling (Beedie et al. 2006) and resistance 
training exercises (Ariel and Saville 1972; Maganaris et al. 
2000). It is unclear if other assessments, or single-joint test-
ing of another muscle group (e.g., elbow flexors), would 
have brought about different results. Second, other than ask-
ing participants to keep their diets consistent throughout the 
study, we did not gather food diaries or carefully controlled 
for nutritional intake. Though we suspect that this limita-
tion had a minimal influence on study outcomes, this cannot 
be stated with absolute certainty. Furthermore, though we 
studied both sexes and observed no noteworthy differences 
in responsiveness to the interventions between males and 
females, additional studies with larger samples are needed 
to fully determine if disparities exist between the sexes. As a 
final note, it is important to acknowledge that our test–retest 
reliability analysis showed only moderate consistency for 
percent voluntary activation. This is timely, as a recent 
review by Nuzzo et al. (2019) noted that while this vari-
able often shows good reliability, varying results have been 
reported in the literature, with consistency differing among 
muscle groups and methodological approaches to quantify-
ing involuntary strength. The combination of the relatively 
high MD value (9.94%) and the high voluntary activation 
at baseline (~ 94.0%) suggests that for many participants, 
the ability for placebo or OLP to exert a large effect on vol-
untary strength may have been unrealistic. Nonetheless, it 
is important to keep in mind that voluntary activation was 
quite variable even in those with lower voluntary activation 
at baseline. Consistent with the recommendations put forth 
by Nuzzo et al. (2019), we believe that methodological fac-
tors that have the potential to influence the interpretation of 
voluntary activation data (e.g., varying muscle groups, mode 
of stimulation, stimulation of nerve versus muscle, etc.) are 
worthy of further study.

In summary, the results of this study indicated that both 
placebo and OLP treatments generally had minimal acute 
effects on muscle strength, voluntary activation, and neu-
romuscular fatigue. Given the unique experimental design 
challenges that placebo and OLP trials present, we suspect 
that our findings may be context specific, and similar inves-
tigations performed in motivated, highly trained participants 
with a between-subjects design might yield different conclu-
sions. Despite our results, we feel that both placebo and OLP 
treatments are worthy of additional scientific inquiry in other 
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populations, particularly given the intriguing findings that 
previous OLP investigations have reported in patient popu-
lations (Sandler and Bodfish 2008; Kaptchuk et al. 2010; 
Carvalho et al. 2016; Hoenemeyer et al. 2018). As the pre-
sent study was the first to test these hypotheses, additional 
replication studies are needed to confirm these findings.

Author contributions  AS, DF, JS, and MS conceived and designed 
the research. AS, RM, DK, and MS conducted the laboratory experi-
ments. AS, RM, DK, and MS analyzed the data. AS and MS wrote the 
manuscript. All the authors read and approved of the final manuscript.

Compliance with ethical standards 

Conflict of interest  All investigators declared no conflicts of interest in 
the reporting of this research.

References

Ariel G, Saville W (1972) Anabolic steroids: the physiological effects 
of placebos. Med Sci Sport Exerc 4:124–126

Balshaw TG, Fry A, Maden-Wilkinson TM, Kong PW, Folland JP 
(2017) Reliability of quadriceps surface electromyography 
measurements is improved by two vs. single site recordings. Eur 
J Appl Physiol 117(6):1085–1094. https​://doi.org/10.1007/s0042​
1-017-3595-z

Basmajian JV, De Luca CJ (1985) Muscles alive, 5th edn. Williams 
and Wilkins, Baltimore

Beedie CJ, Foad AJ (2009) The placebo effect in sports perfor-
mance: a brief review. Sports Med 39(4):313–329. https​://doi.
org/10.2165/00007​256-20093​9040-00004​

Beedie CJ, Stuart EM, Coleman DA, Foad AJ (2006) Placebo effects 
of caffeine on cycling performance. Med Sci Sports Exerc 
38(12):2159–2164. https​://doi.org/10.1249/01.mss.00002​33805​
.56315​.a9

Borg G (1998) Borg’s perceived exertion and pain scales, 1st edn. 
Human Kinetics, Washington

Burke MJ, Kaptchuk TJ, Pascual-Leone A (2018) Challenges of differ-
ential placebo effects in contemporary medicine: the example of 
brain stimulation. Ann Neurol. https​://doi.org/10.1002/ana.25387​

Button DC, Behm DG (2008) The effect of stimulus anticipation on 
the interpolated twitch technique. J Sports Sci Med 7(4):520–524

Carvalho C, Caetano JM, Cunha L, Rebouta P, Kaptchuk TJ, Kirsch I 
(2016) Open-label placebo treatment in chronic low back pain: a 
randomized controlled trial. Pain 157(12):2766–2772. https​://doi.
org/10.1097/j.pain.00000​00000​00070​0

Clark BC, Taylor JL (2011) Age-related changes in motor cortical prop-
erties and voluntary activation of skeletal muscle. Curr Aging Sci 
4(3):192–199

Clark BC, Mahato NK, Nakazawa M, Law TD, Thomas JS (2014) The 
power of the mind: the cortex as a critical determinant of muscle 
strength/weakness. J Neurophysiol 112(12):3219–3226. https​://
doi.org/10.1152/jn.00386​.2014

Clark BC, Taylor JL, Hong SL, Law TD, Russ DW (2015) Weaker 
seniors exhibit motor cortex hypoexcitability and impairments 
in voluntary activation. J Gerontol Ser A Biol Sci Med Sci 
70(9):1112–1119. https​://doi.org/10.1093/geron​a/glv03​0

de Craen AJ, Roos PJ, de Vries AL, Kleijnen J (1996) Effect of colour 
of drugs: systematic review of perceived effect of drugs and of 
their effectiveness. BMJ 313(7072):1624–1626

Deschenes MR, McCoy RW, Holdren AN, Eason MK (2009) Gender 
influences neuromuscular adaptations to muscle unloading. Eur 
J Appl Physiol 105(6):889–897. https​://doi.org/10.1007/s0042​
1-008-0974-5

Fassler M, Meissner K, Schneider A, Linde K (2010) Frequency 
and circumstances of placebo use in clinical practice–a system-
atic review of empirical studies. BMC Med 8:15. https​://doi.
org/10.1186/1741-7015-8-15

Finniss DG, Kaptchuk TJ, Miller F, Benedetti F (2010) Biologi-
cal, clinical, and ethical advances of placebo effects. Lan-
cet 375(9715):686–695. https​://doi.org/10.1016/S0140​
-6736(09)61706​-2

Herda TJ, Walter AA, Costa PB, Ryan ED, Hoge KM, Stout JR, Cramer 
JT (2011) Percent voluntary inactivation and peak force predic-
tions with the interpolated twitch technique in individuals with 
high ability of voluntary activation. Physiol Meas 32(10):1591–
1603. https​://doi.org/10.1088/0967-3334/32/10/007

Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G (2000) Develop-
ment of recommendations for SEMG sensors and sensor place-
ment procedures. J Electromyogr Kinesiol 10(5):361–374

Hoenemeyer TW, Kaptchuk TJ, Mehta TS, Fontaine KR (2018) 
Open-label placebo treatment for cancer-related fatigue: a ran-
domized-controlled clinical trial. Sci Rep 8(1):2784. https​://doi.
org/10.1038/s4159​8-018-20993​-y

Howick J, Bishop FL, Heneghan C, Wolstenholme J, Stevens S, Hobbs 
FD, Lewith G (2013) Placebo use in the United kingdom: results 
from a national survey of primary care practitioners. PLoS ONE 
8(3):e58247. https​://doi.org/10.1371/journ​al.pone.00582​47

Jutte R (2013) The early history of the placebo. Complement Ther Med 
21(2):94–97. https​://doi.org/10.1016/j.ctim.2012.06.002

Kam-Hansen S, Jakubowski M, Kelley JM, Kirsch I, Hoaglin DC, 
Kaptchuk TJ, Burstein R (2014) Altered placebo and drug labeling 
changes the outcome of episodic migraine attacks. Sci Transl Med 
6(218):218ra215. https​://doi.org/10.1126/scitr​anslm​ed.30061​75

Kaptchuk TJ, Miller FG (2015) Placebo effects in medicine. N Engl J 
Med 373(1):8–9. https​://doi.org/10.1056/NEJMp​15040​23

Kaptchuk TJ, Friedlander E, Kelley JM, Sanchez MN, Kokkotou E, 
Singer JP, Kowalczykowski M, Miller FG, Kirsch I, Lembo AJ 
(2010) Placebos without deception: a randomized controlled trial 
in irritable bowel syndrome. PLoS ONE 5(12):e15591. https​://
doi.org/10.1371/journ​al.pone.00155​91

Kelley JM, Kaptchuk TJ, Cusin C, Lipkin S, Fava M (2012) Open-
label placebo for major depressive disorder: a pilot randomized 
controlled trial. Psychother Psychosom 81(5):312–314. https​://
doi.org/10.1159/00033​7053

Maganaris CN, Collins D, Sharp M (2000) Expectancy effects and 
strength training: do steroids make a difference? Sport Psychol 
14(3):272–278. https​://doi.org/10.1123/tsp.14.3.272

McClung M, Collins D (2007) “Because I know it will! ”: placebo 
effects of an ergogenic aid on athletic performance. J Sport Exerc 
Psychol 29(3):382–394

Mestre TA, Ferreira JJ (2017) Are placebo pills presented as experi-
mental treatment a true placebo? Pain 158(3):535. https​://doi.
org/10.1097/j.pain.00000​00000​00079​3

Nuzzo JL, Taylor JL, Gandevia SC (2019) CORP: measurement of 
upper and lower limb muscle strength and voluntary activation. J 
Appl Physiol 126(3):513–543. https​://doi.org/10.1152/jappl​physi​
ol.00569​.2018

Oki K, Clark LA, Amano S, Clark BC (2017) Effect of anodal tran-
scranial direct current stimulation of the motor cortex on elbow 
flexor muscle strength in the very old. J Geriatr Phys Ther. https​
://doi.org/10.1519/JPT.00000​00000​00014​5

Pageaux B, Lepers R (2016) Fatigue induced by physical and men-
tal exertion increases perception of effort and impairs subse-
quent endurance performance. Front Physiol 7:587. https​://doi.
org/10.3389/fphys​.2016.00587​

https://doi.org/10.1007/s00421-017-3595-z
https://doi.org/10.1007/s00421-017-3595-z
https://doi.org/10.2165/00007256-200939040-00004
https://doi.org/10.2165/00007256-200939040-00004
https://doi.org/10.1249/01.mss.0000233805.56315.a9
https://doi.org/10.1249/01.mss.0000233805.56315.a9
https://doi.org/10.1002/ana.25387
https://doi.org/10.1097/j.pain.0000000000000700
https://doi.org/10.1097/j.pain.0000000000000700
https://doi.org/10.1152/jn.00386.2014
https://doi.org/10.1152/jn.00386.2014
https://doi.org/10.1093/gerona/glv030
https://doi.org/10.1007/s00421-008-0974-5
https://doi.org/10.1007/s00421-008-0974-5
https://doi.org/10.1186/1741-7015-8-15
https://doi.org/10.1186/1741-7015-8-15
https://doi.org/10.1016/S0140-6736(09)61706-2
https://doi.org/10.1016/S0140-6736(09)61706-2
https://doi.org/10.1088/0967-3334/32/10/007
https://doi.org/10.1038/s41598-018-20993-y
https://doi.org/10.1038/s41598-018-20993-y
https://doi.org/10.1371/journal.pone.0058247
https://doi.org/10.1016/j.ctim.2012.06.002
https://doi.org/10.1126/scitranslmed.3006175
https://doi.org/10.1056/NEJMp1504023
https://doi.org/10.1371/journal.pone.0015591
https://doi.org/10.1371/journal.pone.0015591
https://doi.org/10.1159/000337053
https://doi.org/10.1159/000337053
https://doi.org/10.1123/tsp.14.3.272
https://doi.org/10.1097/j.pain.0000000000000793
https://doi.org/10.1097/j.pain.0000000000000793
https://doi.org/10.1152/japplphysiol.00569.2018
https://doi.org/10.1152/japplphysiol.00569.2018
https://doi.org/10.1519/JPT.0000000000000145
https://doi.org/10.1519/JPT.0000000000000145
https://doi.org/10.3389/fphys.2016.00587
https://doi.org/10.3389/fphys.2016.00587


2338	 European Journal of Applied Physiology (2019) 119:2327–2338

1 3

Park ND, Maresca RD, McKibans KI, Morgan DR, Allen TS, Warren 
GL (2008) Caffeines enhancement of maximal voluntary strength 
and activation in uninjured but not injured muscle. Int J Sport Nutr 
Exerc Metab 18(6):639–652

Pietrosimone BG, Selkow NM, Ingersoll CD, Hart JM, Saliba SA 
(2011) Electrode type and placement configuration for quadriceps 
activation evaluation. J Athl Train 46(6):621–628

Sandler AD, Bodfish JW (2008) Open-label use of placebos in the 
treatment of ADHD: a pilot study. Child Care Health Dev 
34(1):104–110. https​://doi.org/10.1111/j.1365-2214.2007.00797​.x

Schaefer M, Sahin T, Berstecher B (2018) Why do open-label placebos 
work? A randomized controlled trial of an open-label placebo 
induction with and without extended information about the pla-
cebo effect in allergic rhinitis. PLoS ONE 13(3):e0192758. https​
://doi.org/10.1371/journ​al.pone.01927​58

Stevens JP (2007) Intermediate statistics: a modern approach, 3rd edn. 
Taylor & Francis Group, New York

Tilburt JC, Emanuel EJ, Kaptchuk TJ, Curlin FA, Miller FG (2008) 
Prescribing “placebo treatments”: results of national survey of 
US internists and rheumatologists. BMJ 337:a1938. https​://doi.
org/10.1136/bmj.a1938​

Weir JP (2005) Quantifying test-retest reliability using the intra-
class correlation coefficient and the SEM. J Strength Cond Res 
19(1):231–240. https​://doi.org/10.1519/15184​.1

Weissgerber TL, Milic NM, Winham SJ, Garovic VD (2015) Beyond 
bar and line graphs: time for a new data presentation para-
digm. PLoS Biol 13(4):e1002128. https​://doi.org/10.1371/journ​
al.pbio.10021​28

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2214.2007.00797.x
https://doi.org/10.1371/journal.pone.0192758
https://doi.org/10.1371/journal.pone.0192758
https://doi.org/10.1136/bmj.a1938
https://doi.org/10.1136/bmj.a1938
https://doi.org/10.1519/15184.1
https://doi.org/10.1371/journal.pbio.1002128
https://doi.org/10.1371/journal.pbio.1002128

	No acute effects of placebo or open-label placebo treatments on strength, voluntary activation, and neuromuscular fatigue
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Participants
	Assessment of isometric torque
	Interpolated twitch technique
	Muscle fatigue test
	Surface EMG signal recording
	Torque and EMG signal processing
	Participant assessment scales
	Administration of intervention
	Test–retest reliability
	Statistical analyses

	Results
	Experiment #1
	Peak torque

	Percent voluntary activation
	Involuntary strength
	Subjective assessment of energy
	Experiment #2
	Peak torque following fatigue
	Percent voluntary activation following fatigue
	Involuntary strength
	Decline in normalized peak torque
	Decline in normalized EMG mean frequency
	Decline in neuromuscular efficiency
	Subjective assessment of energy
	Rating of perceived exertion


	Discussion
	References




