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Abstract 
The interaction of pulsed electromagnetic fields (PEMF) with the human 
body may result in a variety of positive outcomes including analgesia, en-
hanced healing, chondroprotection, cognitive improvement and better quali-
ty of life. Previous human studies have also revealed the potential of PEMF to 
enhance muscle function and athletic performance. To further evaluate this 
potential, an open label pilot study was conducted with 19 competitive cycl-
ists who repeatedly participated in 63 training routes. Cyclist performance 
was tracked before and during use of a novel and portable PEMF device that 
is worn as a wristband. Comparison of performance before and during use of 
the wristband revealed a significant association with improved muscle power. 
The odds ratio was 3.02 (P < 0.01) for experiencing increased muscle power 
while wearing the PEMF device. Among the cycling routes in which an in-
crease was observed, the average increase in power was about 9.8%. The data 
suggests the novel PEMF technology may be a safe and effective therapeutic 
approach for improved physical performance and likely involves improved 
oxygen delivery due to reduced rouleaux (erythrocyte aggregation). These 
results warrant further investigation comprising larger studies and additional 
outcomes. 
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1. Introduction 

Competitive cyclists are constantly presented with opportunities to enhance their 
performance through equipment advancements that relate to reduced air resis-
tance, friction, drive train, ergonomics, and overall equipment weight. While 
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each equipment alteration may set a new benchmark, the greatest potential for 
peak enhancements is still in the ability to generate power in bursts and for ex-
tended periods through physical fitness improvement. 

The global bicycle market was valued at 91 billion USD in 2021 [1]. While 
equipment improvements have largely plateaued in recent years, the search for 
physiological enhancements led to a trend in blood doping, which has since been 
banned from all sanctioned sports. This practice reached its pinnacle of abuse in 
the 117-year-old bicycle stage race, the Tour de France, and was also a factor in 
the 2020 Olympic ban on the entire Russian federation [2]. Blood doping in-
volves boosting one’s erythrocyte count for increased oxygen delivery, improv-
ing aerobic capacity, endurance, and recovery [3]. However, serious side effects, 
some of which are terminal, have been associated with doping, leading to its ban. 

Biophysical stimulation via magnetic field therapy may prove to be a useful 
non-invasive and safe tool for improving athletic performance. Application of 
electromagnetic fields (EMF) has been found to exert some of their physiological 
effects by influencing voltage-gated ion channels within the cell membrane, such 
as calcium channels. Further, downstream responses may be mediated through 
Ca2+/calmodulin stimulation of nitric oxide synthesis and nitric oxide-cGMP- 
protein kinase G pathway stimulation, upregulation of gene expression and en-
hancement of cellular differentiation. These are reportedly some of the mechan-
isms of action responsible for the widely reported EMF-stimulation of bone 
growth that has been observed experimentally and clinically [4] [5] [6] [7]. Pulse 
electromagnetic field (PEMF) therapy has been found to be a particularly unique 
modality for reparative osteogenesis and joint protection [8]. PEMF-mediated 
tissue engineering/tissue repair also involves osteogenic and chondrogenic dif-
ferentiation of mesenchymal stem cells [9]. Reportedly, PEMF has been used to 
successfully treat non-union fractures since 1974 [10].  

The effects of PEMF stimulation are not limited to bone and cartilage repair. 
Notable changes to vasculature performance have also been described previous-
ly. PEMF therapy improved flow-mediated dilation and reduced mean arterial 
pressure as well as systolic and diastolic blood pressure of hypertensive patients 
when compared to a control group [11]. PEMF also increases microvascular 
perfusion of the skin of healthy adults as well as improved healing of diabetic 
foot ulcers via improved microcirculation [12] [13]. In a 12-week, double blind, 
randomized study involving subjects with metabolic syndrome, PEMF applica-
tion increased plasma nitric oxide levels and improved blood pressure at rest and 
during exercise [14].  

These above-mentioned aspects of PEMF-induced improved hemodynamics 
may certainly benefit physical performance. But inhibition of red blood cell (eryt-
hrocyte) aggregations, or rouleaux, is likely another major mechanism by which 
PEMF may improve blood flow and subsequent oxygen deliver by erythrocytes. 
While rouleaux may often be caused by increases in certain serum proteins, 
PEMF application reduced rouleaux formation in the blood vessels of the hand 
of a healthy test subject [15]. Experimental modulation of PEMF changes eryt-
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hrocyte transmembrane potential and influences the disaggregation of rouleaux 
[16]. We have previously observed consistent changes to rouleaux formation 
with application of a novel wristband imbedded PEMF device (cm2, Nimbus 
Performance LLC and Pulse LLC., both of Sandy, Utah, USA). Thirty-eight uni-
versity athletes (football, basketball, cross country, volleyball, and soccer) com-
pleted a study in which they volunteered to wear the device for 8 hours/day for 
21 to 30 days [17]. These volunteers provided live blood smear samples before 
and after use of the PEMF device. The erythrocyte condition of each sample was 
visualized under light and magnification and photographed. At the end of the 
study period, comparison of before and after blood samples revealed that all par-
ticipants experienced improved erythrocyte separation, with 35 experiencing 
clear measurable and distinguishable separation or absence of rouleaux or ag-
gregation, see Figure 1 for representative individual results. No adverse effects 
occurred during the study period. During follow-up interviews, 66% of volun-
teers restated they experienced at least one or more of the following: improved 
energy, improved sleep, faster recovery, and extended endurance in the first two 
weeks of use. Improved energy and sleep were the two most frequent comments. 

These findings all demonstrate the potential of PEMF to positively influence 
erythrocyte circulation and subsequent oxygen delivery. Most of the athletes in 
our previous study reported improved energy status. Such an effect would be 
expected with improved oxygen availability via more efficient blood circulation. 
This technology may offer safe performance benefits to competitive athletes by 
way of increased energy and oxygen uptake. Endurance athletes require on-demand 
energy over a sustained period. Further, improved performance requires in-
creased production of ATP within the mitochondria of each cell [18]. During 
aerobic respiration, glucose and oxygen are consumed to produce ATP. The 
more oxygen available, the more ATP may be produced and available for energy 
expenditure [19]. The energy pulse generated by the cm2 PEMF device appears 
 

 
Figure 1. Examples of decreased rouleaux formation in blood samples of university ath-
letes after 21 to 30 days of wearing a PEMF device (cm2, Pulse, LLC) on the wrist for 8 
hours/day.  
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to affect erythrocyte zeta potential [20], improving separation of the users’ eryt-
hrocytes and, consequently, improving oxygen delivery and increased ATP pro-
duction.  

To further evaluate the potential of the novel PEMF device to increase athletic 
performance via improved circulation and oxygen deliver by erythrocytes, active 
cyclists were enrolled in a trial involving the use of the cm2 PEMF wristband. 
Cyclist performance before, during and after use of the PEMF device was rec-
orded and evaluated. Data from such real-life conditions help to establish 
whether the light microscopy observations are truly associated with more tangi-
ble benefits.  

2. Materials and Methods  
2.1. Subjects 

Thirty healthy adults (28 males, 2 females, ages 25 - 65 yr.), all active or compet-
itive cyclists from a select large bicycle racing club, volunteered for the study. 
Those meeting inclusion criteria were: avid and competitive cyclists that had 
access to cycle technology (Garmin or similar) that captured key fitness metrics; 
completed multiple rides/workouts weekly during the study period; had col-
lected ≥ 30 days of pre-study data on performance; agree to wear the cm2 BAND 
as instructed; agree to participate in an exit questionnaire; and agree to share 
honest, accurate, unmanipulated data and insights upon completion. A more 
thorough discussion of the design and function of the cm2 wristband is found 
within the United States patent for this device [21]. 

2.2. Trial 

Each participant in the study received a package containing instructions for use, 
compliance requirements, a new cm2 wristband (see Figure 2) and general care 
instructions. Participants were instructed to wear the wristband for a minimum 
of 5 days per week, for at least 2 hours each day. Each participant was required 
to have historical data and times, pre-trial, that could be matched with data col-
lected while using the wristband. Data collection was to be generated using a 
Garmin or similar tracking device as well as power meters attached to their bi-
cycles. Each participant was asked to record specific ride times and wattage.  
 

 
Figure 2. The cm2 wristband, manufactured by Pulse, LLC. 
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2.3. Statistical Analysis 

The average power generated (watts) for each training route, completed across 
different dates, was calculated for before and after wearing of the cm2 wristband. 
For each individual training route, the averages were compared. The number of 
occurrences where the average power increased after the cyclist began wearing 
the wristband, as well as the number of times it did not, was used to create a 
contingency table. This data was used to calculate and odds ratio to measure the 
strength of the association between increased power and wearing of the wrist-
band. The statistical significance of this association was further evaluated with 
Fisher’s exact test. The mean percent increase in power was also calculated for 
training routes in which an average increase occurred. Data were also presented 
graphically in standard box plots with 25th percentile, median and 75th percen-
tile values, as well as whisker boundaries representing values within 1.5 times the 
interquartile range. 

3. Results 

Initially, thirty (n = 30) participants were recruited for the study. At the conclu-
sion of the study, only twenty-three athletes met the requirements for perfor-
mance data reporting and were included in the quantitative data analysis. How-
ever, 25 participants successfully completed the exit survey.  

3.1. Performance Data 

Comparison of performance before and during use of the cm2 wristband, across 
all training routes, revealed a significant association between increased muscle 
power and wearing the PEMF device. The odds ratio was 3.02 (P < 0.01) for in-
creased muscle power while wearing the cm2 wristband. This suggests that cycl-
ists are 3 times more likely to experience an increase in muscle power while 
wearing the wristband than without. Among the cyclist training routes in which 
an increase was observed, the average increase in power was about 9.77%. Figure 
3 summarizes the distribution of changes in power and completion times for all 
training routes, as well as for the changes observed in those routes in which a 
positive response occurred. The mean percent increase in power for all training 
routes of all cyclists was 3.85%. As noted above, this average was more than 
doubled for routes where actual increases were observed. The average training 
route time, for all routes, decreased by 3.6%. Among the routes where a decrease 
in time occurred, the average change was 8.3%. This is equivalent to completing 
routes by an average of three minutes sooner while using the wristband.  

3.2. Exit Survey Responses 

Each study participant was required to complete a ten-question survey at the 
completion of the study to capture user experience data. The compiled data from 
the ten-question exit survey revealed data that supported the performance data. 
Table 1 summarizes key survey findings. 
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Figure 3. Box plots of changes in performance while wearing the cm2 wristband. 25th 
percentiles, medians and 75th percentile values, whisker boundaries representing values 
within 1.5 times the interquartile range, and average values (denoted by an X) are in-
cluded within the box plots.  
 
Table 1. Percentage of cyclists reporting specified responses to the 10-question exit sur-
vey after using the cm2 wristband. 

Exit survey responses % Respondents 

Wore the wristband for at least two months 80.8 

Wore wristband seven days a week 88.5 

Experienced increased energy during non-work out daily activities 80.8 

Experienced improved rest/sleep 73.1 

Felt “improved cardio output” 95.2 

Experienced “improved endurance” 92.3 

Will continue using the cm2 wristband going forward 92.3 

Experienced no benefit from using 7.7 

 
Cyclists’ perception of improved physical performance following use of the 

cm2 wristband was very positive. Just over 80% reported that they experienced 
an overall increase in energy levels. An even higher percentage reported im-
proved physical endurance and output. These percentages, 92.3 and 95.2, are 
even greater than the increases measured in the performance data (power and 
training route times). While the survey responses are more subjective, they are 
useful in capturing the overall experience of the cyclists. Further, the perceived 
improvements in endurance do generally agree with the more objective compar-
ison of the pre- and post-wristband muscle power data. Very few, less than 8%, 
felt that they received no benefit from using the wristband. It is also noteworthy 
that a clear majority of cyclists reported experiencing improved rest or sleep. 
This single effect alone could have a profound influence on physical perfor-
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mance [22]. When combined with improved oxygen deliver due to reduced rou-
leaux formation.  

3.3. Adverse Events 

No adverse health events were reported from any participants. 

4. Discussion and Conclusions 

Our findings indicate that the use of a novel PEMF device, the cm2 wristband, 
resulted in significant improvements in muscle power output and cycling speed 
(as measured by reduced route completion times). These contributed to en-
hanced athletic performance. While the data clearly demonstrated an improve-
ment in performance, the exit survey revealed that additional user benefits may 
be significant factor in the effectiveness of the technology for athletic perfor-
mance and general wellness. Therefore, in future studies, evaluating user confi-
dence could be considered an important aspect to investigate when assessing the 
impact of this technology on athletic performance and wellness. 

This improved performance data warrants further research as a safe alterna-
tive to improving peak performance and general wellness. In addition, the im-
proved wattage/power generated further suggests the effect of the technology 
upon the cardiovascular system. The measured data also confirmed improved 
oxygen delivery. The improved vascular effects suggest that improved delivery of 
essential nutrients within the plasma may have also increased to meet the de-
mands of cell respiration and ATP generation [23]. 

In performance research, study subjects are often individuals who are in the 
top 10% of their field or fitness level, commonly referred to as the “ten-percenters.” 
In this study, some participants even qualified for the top 1% within their age 
class. Improving performance and documenting the progress of these individu-
als is particularly challenging due to the narrow margins that often separate 
them from their competitors. If the cm2 wristband can positively affect the “ten 
percenters”, it is likely to have significant health benefits for the general popula-
tion as well. Understanding that performance improvement, recovery and gen-
eral wellness are desirable for the general population, even individuals function-
ing at the opposing spectrum of performance athletes. This fact alone signifies 
health relevance to the general population, in addition to athletes. This study’s 
compelling data highlights the potential benefits of the technology for enhancing 
fitness, nutritional delivery, and overall health performance, and underscores the 
need for further research in this area including double-blind, placebo-controlled 
clinical trials. 

The current study corroborates previously published work wherein the health 
benefits of electromagnetic therapy were evident. Multiple reviews are also availa-
ble which discuss the various PEMF modalities for the treatment of a long list of 
conditions including, bone fractures, arthritis, osteoarthritis, tendonitis, acute 
and chronic inflammation, edema, chronic pain, and chronic wounds [24]. Sev-
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eral previous animal and human studies have suggested that magnetic field (MF) 
exposure influences blood perfusion and pressure, with vasodilatory or vasocon-
strictive responses dependent upon initial vessel tone and mediated by nitric 
oxide effects [25]. As observed in the current trial, the microcirculatory effects 
may influence muscle power output.  

PEMF modalities may include a range of low frequencies (typically less than 
100 Hz), amplitudes and waveforms, with magnetic flux density usually being 
between 0.03 and 105 millitesla. Waveforms may be asymmetrical, biphasic, si-
nusoidal, quasi-rectangular, and trapezoidal [26] [27] [28]. The cm2 PEMF de-
vice operates in accord with these overall parameters, while utilizing toroidal 
magnetic waves, and has been shown to provide a unique potential benefit re-
garding athletic performance.  
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