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ABSTRACT
Background: Stationary equipment devices are often used to improve fitness. The ElliptiGO® was recently developed that blends 
the elements of an elliptical trainer and bicycle, allowing reciprocal lower limb pedaling in an upright position. However, it is 
unknown whether the muscle activity used for the ElliptiGO® is similar to walking or cycling. To date, there is no information com-
paring muscle activity for exercise on the treadmill, stationary upright and recumbent bikes, and the ElliptiGO®. 

Purpose/Hypothesis: The purpose of this study was to assess trunk and lower extremity muscle activity among treadmill walking, 
cycling (recumbent and upright) and the ElliptiGO® cycling. It was hypothesized that the ElliptiGO® and treadmill would elicit similar 
electromyographic muscle activity responses compared to the stationary bike and recumbent bike during an exercise session.

Study Design: Cohort, repeated measures

Methods: Twelve recreationally active volunteers participated in the study and were assigned a random order of exercise for each of the 
four devices (ElliptiGO®, stationary upright cycle ergometer, recumbent ergometer, and a treadmill). Two-dimensional video was used to 
monitor the start and stop of exercise and surface electromyography (SEMG) were used to assess muscle activity during two minutes of 
cycling or treadmill walking at 40-50% heart rate reserve (HRR). Eight muscles on the dominant limb were used for analysis: gluteus maxi-
mus (Gmax), gluteus medius (Gmed), biceps femoris (BF), lateral head of the gastrocnemius (LG), tibialis anterior (TA), rectus femoris 
(RF). Two trunk muscles were assessed on the same side; lumbar erector spinae at L3-4 level (LES) and rectus abdominus (RA). Maximal 
voluntary isometric contractions (MVIC) were determined for each muscle and SEMG data were expressed as %MVIC in order to normal-
ize outputs. 

Results: The %MVIC for RF during ElliptiGO® cycling was higher than recumbent cycling. The LG muscle activity was highest during 
upright cycling. The TA was higher during walking compared to recumbent cycling and ElliptiGO® cycling. No differences were found 
among the the LES and remaining lower limb musculature across devices. 

Conclusion: ElliptiGO® cycling was found to elicit sufficient muscle activity to provide a strengthening stimulus for the RF muscle. 
The LES, RA, Gmax, Gmed, and BF activity were similar across all devices and ranged from low to moderate strength levels of muscle 
activation. The information gained from this study may assist clinicians in developing low to moderate strengthening exercise protocols 
when using these four devices. 

Level of evidence: 3
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INTRODUCTION
It is well known that regular physical activity can 
reduce the risk for cardiovascular disease, Type 2 dia-
betes, cancer, stroke, obesity, and many other non-
communicable diseases.1 In order to improve health 
and quality of life, it has been recommended that 
adults should participate in at least 150 minutes per 
week of moderate-intensity physical activity.2 Run-
ning is one of the most popular methods of physical 
activity which offers many health benefits. However, 
running is not tolerated by everyone and also has a 
high incidence of lower extremity injuries.3 There is 
no one particular cause for running injuries, and are 
more likely related to several variables such as train-
ing intensity, frequency, and distance4 as well as the 
repetitive impact loading on the joints.5  

Health care professionals commonly prescribe sta-
tionary cycling or elliptical training as a low-impact 
alternative to walking or running in order to reduce 
stress on the hip or knee joints.6,7 These forms of 
exercise could benefit runners who have lower 
extremity musculoskeletal injuries since elliptical 
training has been found to have reduced lower limb 
loading rates compared to walking.8 Cross training 
such as a combination of cycling and running has 
been shown to be an effective way to maintain aer-
obic capacity for runners.9 White et al10 found that 
collegiate female distance runners who substituted 
50% of their running time for cycling had similar 
aerobic fitness compared to females who ran 100% 
of their time during the cross country season. 

Cycling or elliptical training has been found to facili-
tate lower limb coordination or improve reciprocal 
muscle activity.11-13Researchers have studied the 
use of cycle ergometry to improve muscle strength 
among healthy older women,14 people with multiple 
sclerosis,15 and individuals who were post-stroke.16 
These authors found improvements in lower 
extremity muscle strength, power, and postural 
control. Macaluso et al reported increased muscle 
strength and power among older women at 40% of a 
2-repetition maximum and at 80% of a 2-repetition 
maximum using cycling training.14 Elliptical exer-
cise has also been found to result in higher quadri-
ceps and hamstring loading compared to walking as 
well as lower vertical reaction forces during ellip-
tical cycling compared to walking.8 It appears that 

cycling and elliptical training are effective exercise 
modes for muscle strengthening for individuals who 
prefer these devices instead of running or walking.  

Many researchers have analyzed muscle activity 
during upright cycling,17-22 elliptical cycling,22-24and 
recumbent cycling,19,21,25,26 however few have com-
pared a combination of these exercise devices18,24and 
the methodology has varied across studies. Results of 
research that has assessed muscle activity among var-
ious equipment devices have been difficult to com-
pare as methodologies and equipment design vary 
widely among the literature. For example, the gas-
trocnemius and gluteus maximus have been found to 
be less active using a Precor EFX 576i (OH,USA) ellip-
tical trainer24 compared to treadmill walking whereas 
others who studied five elliptical models (SportsArt 
Fitness E870, Life Fitness X7, Octane Fitness Pro4500, 
True Fitness Technology TSXa) reported higher glu-
teus maximus muscle activity compared to walking 
beyond over ten meters.22 Burnfield et al22 allowed 
the participants to self-select a comfortable speed for 
both treadmill and elliptical training, as compared 
to the research by Sozen24 who established the exer-
cise intensity at 65% of maximum heart rate which 
may have resulted in muscle activity differences. An 
understanding of muscle activity recruitment among 
exercises devices would enable physical therapists 
to make better evidence practice decisions for their 
patients. 

Recently, ElliptiGO® (ElliptiGO® Inc., Solana Beach, 
CA) was developed to resemble a blend of elliptical 
and running exercise. This device is built on two 
wheels and can be placed on an indoor trainer or 
can stand alone and be ridden outdoors. The bike 
design combines cycling and elliptical pedaling so 
that the cycling is performed standing up with the 
lower legs aligned vertically on two platform pedals. 
The manufacturer contends that the foot platforms 
are designed to simulate a running-like experience 
since the platforms are positioned closer together and 
allow for longer stride length compared to elliptical 
machines. To the authors’ knowledge, no research 
has been performed comparing muscle activity pat-
terns while using the ElliptiGO® to other modes of 
exercise such as treadmill walking or cycling. Thus, 
the purpose of this study was to assess trunk and 
lower extremity muscle activity among treadmill 
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walking, cycling (recumbent and upright) and the 
ElliptiGO® cycling. It was hypothesized that the 
ElliptiGO® and treadmill would be more similar in 
muscle activity compared to the stationary bike and 
recumbent bike.

METHODS
Twelve recreationally active, healthy volunteers 
participated in the study. Recreationally active was 
defined as someone who participated in recreational 
activities for at least 30 minutes per day.28 The sam-
ple size was determined based on a study with simi-
lar independent variables where ten subjects were 
studied using elliptical training, stationary cycling, 
treadmill walking and over ground walking.18 Sub-
jects were recruited using a sample of convenience 
from the university campus and the study involved 
a single-session research design. Exclusion criteria 
consisted of anyone diagnosed with musculoskel-
etal, cardiovascular, vestibular, visual, neurological, 
or balance disorders, or have a history musculoskel-
etal injury requiring medical treatment in the past 
year. The protocol was approved by the Institutional 
Review Board, project number 607. An informed 
consent was provided to all subjects explaining the 
risks and benefits of the study. 

Instrumentation
Muscle activity data was collected using telem-
etry transmitter (8-channel, 12-bit analog-digital 
converter, Noraxon Myosystem 900 EMG system, 
Noraxon USA, Inc., Scottsdale, AZ) and a 2-D video 
recording was obtained during performance of the 
test movements in order to assist in subsequent 
analysis. The digital video camera (Canon Optura50, 
Canon Inc., Lake Success, NY) was placed at the 
height of the subject’s trunk, three meters anterior 
to the subject for a sagittal plane recording during 
the exercise testing. A transmitter belt unit pow-
ered by a 9V battery was worn to collect surface 
electromyography (SEMG) signals. The raw SEMG 
data were sampled at 1000Hz for each of the eight 
muscles on the dominant limb and converted to a 
mean amplitude and used for SEMG analyis: gluteus 
maximus (Gmax), gluteus medius (Gmed), lumbar 
erector spinae (LES), biceps femoris (BF), lateral 
head of the gastrocnemius (LG), tibialis anterior 
(TA), rectus femoris (RF), and rectus abdominus 

(RA). The amplifier bandwidth frequency ranged 
from 10Hz highpass to 500 Hz lowpass and common 
mode rejection=85dB. The raw data was stored in a 
personal computer and Myoresearch 2.10 software 
(Noraxon USA, Inc, Scottsdale, AZ) was used to pro-
cess and analyze the data.  The onset of each of the 
eight muscle contractions during the four exercise 
modes were marked by when the start of the motion 
as noted on the video recording and when the mus-
cle SEMG amplitude was 10 μV of baseline. The raw 
SEMG signals were processed using a full-wave rec-
tification and root-mean-square algorithm at a time 
constant of 300 milliseconds.

Procedures
Anthropometric measurements were taken, includ-
ing height and weight using a standard scale, 
(Detecto, Webb City, MO). Silver-silver chloride snap 
single surface pre-gelled electrodes (Noraxon USA, 
Inc., Scottsdale, AZ) were placed in a bipolar con-
figuration on the skin of the dominant leg and torso 
of the same side of dominant limb. Leg dominance 
was defined as the preferred limb for kicking a ball.29 
The electrodes were positioned parallel to the mus-
cle fiber orientation with an interelectrode distance 
of approximately 2.0 cm. The skin was prepped by 
shaving, abrading, and cleaning with isopropyl alco-
hol prior to electrode placement. The ground lead 
was placed on the subject’s patellar tuberosity con-
tralateral to the subject’s dominant limb. Each subse-
quent lead was positioned on the subject’s dominant 
limb side and parallel to the muscle fibers and 
described in detail in Table 1.

Prior to the start of data collection, subjects partici-
pated in a warm-up session consisting of self-selected 
pace of walking for five minutes. Three maximal 
voluntary isometric contractions (MVIC) were per-
formed in standard manual muscle test positions for 
each subject for the eight muscles analyzed. Each 
test for the MVIC was held for five seconds, fol-
lowed by a three second rest between contractions, 
and was performed three times. There was a 30-sec-
ond rest between muscles tested. The rectus femo-
ris was tested with the subject sitting, and manual 
resistance applied approximately 40 degrees from 
full knee extension.32 The subject was positioned in 
prone for the gluteus maximus, with the knee flexed 
to 90 degrees and the hip fully extended. Manual 
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resistance was applied on the lower part of the pos-
terior thigh as the hip moved into extension.32 The 
gluteus medius muscle was assessed in a sidelying 
position, with the hip in neutral rotation and slightly 
extended with minimal resistance applied to the dis-
tal lower leg as the hip actively moved into abduc-
tion. The lumbar erector spinae was tested with 
the subject in a prone position and trunk off the 
edge of the table at the level of the anterior supe-
rior iliac spine. A second investigator stabilized the 
lower extremity just above the ankle as the subject 
extended the lumbar spine to neutral and resistance 
was applied to the posterior scapulae.33 The biceps 
femoris was tested in prone position with the knee 
flexed to 45 degrees and lower leg in external rota-
tion.33 The lateral gastrocnemius was tested in prone 
position with the foot over the edge of the table and 
manual resistance was applied to the plantar aspect 
of the foot.34 The test position for the tibialis ante-
rior was in sitting with knee flexed to 90 degrees 
and manual resistance applied against the medial 
and dorsal aspect of the foot.32 The rectus abdominis 
was tested in supine and hook-lying position. The 
subject was instructed to place arms across chest 
and perform a partial curl-up (flexed position) while 
the investigator applied matched resistance bilater-
ally shoulders to prevent the motion.35  The average 
SEMG amplitudes collected during the exercise con-
ditions were later normalized to the highest MIVC 
value of the three MVIC trials obtained during the 
manual muscle tests, and expressed as percentage 

of MIVC, (%MVIC). Following MIVC data collection, 
participants rested five minutes prior to additional 
data collection. 

The subjects were given verbal instructions and 
demonstrations for each exercise. Subjects were also 
given the opportunity to acclimate to the exercise 
modes by walking and cycling for approximately 
two minutes prior to data collection. Participants 
were assigned a random order for each of the four 
exercise devices; ElliptiGO® Model 3C (ElliptiGO 
Inc., Solana Beach, CA), stationary upright friction-
braked Monark 828E cycle ergometer (Monark Exer-
cise AB, Vansbro, Sweden), recumbent ergometer 
(Model T4/TRS 4000) (NuStep Inc., Ann Arbor, MI), 
and a single-belted treadmill (Trackmaster TMX58, 
Full Vision Inc., Newton, KS). 

The rear wheel of the ElliptiGO® was placed on a 
stationary trainer. The subjects were instructed to 
maintain an upright posture and both feet in con-
tact with the pedals during cycling (Figure 1). The 
feet were positioned in the center of the pedal 
with each of the subject’s legs perpendicular to the 
ground.  The Monark cycle ergometer seat height 
was determined by measuring 95% of the distance 
from the right greater trochanter to the floor with 
the subject in standing position.36  The handlebars 
were adjusted for comfort and then remained con-
stant throughout the cycling bout. The participant 
was instructed to remain seated during the test. The 
seat and distance from the pedal for each participant 

Table 1. Electrode placement for the trunk and lower extremity musculature.

Trunk and Lower Extremity Muscles Electrode Placement 
nwardenilaotlaidemdnaroirefnimc3sumixaMsuetulG

between posterior superior iliac spine and 
posterior greater trochanter 30,31

Anterior portion of Gluteus Medius  3 cm inferior to the iliac crest30,31

ehtdnaytisorebutlaihcsiehtneewtebyawdiMsiromeFspeciB
crease of the popliteal fossa30,31

rflaretalmc2suimencortsaGlaretaL om midline, just distal to knee 30

fo3/1ot¼roiretnAsilaibiT  the distance between knee and 
ankle, just lateral to shaft of tibia30

neewtebyawdimsrebiflanidutignolehtgnolAsiromeFsutceR
the anterior superior iliac spine and base of 
patella30

Upper  Rectus Abdominus 3 cm lateral from midline, and at the midpoint 
between umbilicus and xiphoid process30

Lumbar Erector Spinae (L3-L4) 2 cm lateral from spinous process between L3 
and L4 in a vertical direction30
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was set so that the knees were slightly bent when 
the legs were maximally extended. Handlebars were 
adjusted by placing the arm in neutral alignment 
allowing approximately 60 degrees of elbow flexion. 
The forefoot was placed on the pedal without straps 
or clips. Subjects were instructed to remain on their 
seat and have their hands in contact with handlebars 
during the cycling bout. (Figure 2) 

Subjects were asked to walk on the treadmill using a 
self-selected gait speed. The treadmill was set at 0o 
incline. They were also instructed to maintain free 
arm swing without holding onto the rails. (Figure 3) 

Each subject was fitted to the recumbent bike using 
a goniometer so that the amount of knee flexion was 
approximately 15o to 20o of knee flexion during the 
upstroke and 0o of knee flexion during the down 
stroke. Subjects were instructed to hold onto handle-
bars and feet in pedals throughout the cycling dura-
tion. (Figure 4) 

The exercise duration and intensity were consis-
tent for each of the four exercise devices. Exercise 

Figure 1. ElliptiGO® on stationary trainer at 40% to 50% of 
heart rate reserve.

Figure 2. Stationary upright biking at 40% to 50% of heart 
rate reserve.

Figure 3. Treadmill walking at 40% to 50% heart rate 
reserve.
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Triple Hop (cm)                       Control                           Experimental    

duration was five minutes, (two minutes of acclima-
tion, two minutes of data collection at 40-50% heart 
rate reserve [HRR], and one minute of cool down). 
The exercise intensity was determined by calculat-
ing maximal heart rate using the Karvonen formula 
(220-age) and then determining 40-50% of estimated 
HRR using maximal heart rate.37  Heart rate was 
recorded using a chest heart rate monitor (Polar 
heart rate, Polar Electro Inc., Lake Success, NY) dur-
ing each exercise mode. Subjects were also asked to 
rate the perceived exertion (RPE) at the completion 
of each exercise trial. The subjects were given ver-
bal and written instructions on Borg’s 10-point RPE 
scale before each trial.38 A copy of the RPE scale was 
kept in full view of the subjects during each trial. 

The upright cycle ergometer cadence was set at 
60 revolutions per minute. The subject was able to 
monitor the cadence by the digital monitor display 
on the ergometer. In order to maintain the appro-
priate exercise intensity for the upright and recum-
bent bikes, resistance was either added or removed 
by manipulating the dial tension. ElliptiGO® cycling 
intensity was changed by either increasing or 
decreasing the rate of pedal motion. The treadmill 
speed was adjusted by the investigator from the 

treadmill control panel throughout the walking bout 
based on the participant’s heart rate response.    

Statistical Analysis
Descriptive statistics are reported as means + stan-
dard deviations for demographic data and mus-
cle activity. Shapiro-Wilk’s W-test was applied to 
examine normality in the distribution of data. The 
singular peak maximal voluntary isometric con-
tractions (MVIC) generated from each of the eight 
manual muscle tests were used to normalize the 
SEMG amplitudes for each muscle and expressed as 
%MIVC. Descriptive statistics and ANOVAs were cal-
culated using SPSS version 21.0 (SPSS, Inc, Chicago, 
IL) software. The normalized SEMG values were 
analyzed using separate one-way analyses of vari-
ance. Post-hoc comparisons of the means of interest 
were conducted using the Bonferroni procedure and 
set at p<0.05.

RESULTS
Twelve participants (six males, six females) with a 
mean age of 32.42+ 8.3 years, height 168.75+ 7.0cm, 
and mass 77.65+14.4kg were involved in the study. 
The means and standard deviations of the SEMG 
results across the eight muscles are presented in 
Table 1. The mean SEMG data for the lumbar erec-
tor spinae (LES) muscles ranged from 20%MVIC for 
the recumbent cycling to 44%MVIC on the tread-
mill. There were no main effect differences among 
the equipment devices for muscle activity for RA 
(p=.331), lumbar (p=.164), Gmax (p=.255), Gmed 
(p=.623) or BF (p=.227).  Mean SEMG RA muscle 
activity ranged from 41%MVIC during recumbent 
cycling to 58%MVIC on the treadmill. Gluteus 
maximus and medius SEMG mean activity ranged 
within 15%MVIC to 26%MVIC across the four exer-
cise devices.  Biceps femoris average SEMG activity 
ranged from 18%MVIC during recumbent cycling to 
37%MVIC with treadmill walking. 

The %MVIC for RF during ElliptiGO® cycling was 
significantly higher (46% MVIC) compared to 
recumbent cycling, (16% MVIC), (p=.001). The 
LG was highest during upright cycling (71% MVIC) 
and significantly higher than recumbent cycling 
(p=.0001) and ElliptiGO® cycling (p=.03). Tread-
mill walking (58% MVIC) also resulted in higher LG 
activity compared to recumbent cycling, 33% MVIC 

Figure 4. Recumbent cycling at 40% to 50% of heart rate 
reserve.



The International Journal of Sports Physical Therapy | Volume 11, Number 2 | April 2016 | Page 196

(p=.02). The greatest tibialis anterior activity was 
found during treadmill walking (43% MVIC) com-
pared to recumbent cycling (19% MVIC)(p=.002) 
and ElliptiGO®(19% MVIC)(P=.002). 

DISCUSSION
The purpose of the current study was to compare 
trunk and lower extremity muscle activity during the 
use of four stationary exercise devices. The results 
partially supported the hypothesis that the treadmill 
and ElliptiGO® would elicit similar muscle activity 
compared to the recumbent and upright stationary 
cycling. As hypothesized, the lateral gastrocnemius 
activity was not different between treadmill walking 
and ElliptiGO® cycling, however, the lateral gastrocne-
mius muscle activity was also similar during upright 
stationary cycling. Comparable SEMG activity was 
found among all four devices for lumbar erector spi-
nae, biceps femoris, rectus abdominus, gluteus medius 

and gluteus maximus muscles. Contrary to the stated 
hypothesis, the treadmill elicited higher tibialis ante-
rior muscle activity compared to the ElliptiGO®. 

The stationary upright, recumbent, or elliptical 
devices vary in sitting and pedaling positions, which 
may explain some of the differences seen in SEMG 
outputs. For example, these exercise modes differ 
with the seat-to-crank set frame alignment, which 
alters trunk alignment and amount of bodyweight 
supported by limbs. The standard bike seat is posi-
tioned above the crank set compared to the recum-
bent bike which has the seat at the same level and in 
line with the crank set.  The seat also allows the back 
of recumbent cyclist to be supported and reclined 
back compared to the standard bike in which the 
cyclist must lean more forward. Despite these differ-
ences in frame and saddle heights, the trunk muscles 
(rectus abdominus and lumbar erector spinae), hip 
muscles (biceps femoris, gluteus maximus, gluteus 

Table 2. Means and + standard deviations for electromyographic activity of eight 
muscles across the four equipment devices. 

ElliptiGO® Recumbent Upright Treadmill 

Rectus abdominus 50.7+26.72 41.8+15.33 55.0+26.60 58.2+20.63 

Lumbar ES 36.3+25.61 20.2+17.04 36.8+33.13 44.7+28.20 

Biceps Femoris 26.8+24.91 18.3+13.74 32.9+18.34 37.4+32.08 

Rectus Femoris 45.8+21.82* 15.8+6.64* 30.1+20.00 29.9+15.59 

Gluteus Maximus 26.5+17.13 15.4+7.66 17.9+17.42 25.0+18.30 

Gluteus Medius 16.0+7.40 17.1+19.81 24.4+25.01 21.7+13.97 

Lateral Gastroc 47.9+25.72† 33.3+9.61† ‡ 71.2+13.68† 57.7+23.50‡ 

Tibialis Anterior 19.3+10.94§ 19.3+13.53§ 30.2+11.12 43.3+22.51§ 

Data expressed as percentage of maximum voluntary isometric contraction, (%MVIC). 

* For rectus femoris muscle, statistically significantly higher %MVIC for ElliptiGO® compared 
to recumbent cycling, (p=.001). 

†For lateral gastrocnemius muscle, statistically significantly higher %MVIC for upright cycling 
compared to recumbent and ElliptiGO® cycling, (p=.03). 

‡ For lateral gastrocnemius muscle, statistically significantly higher %MVIC for treadmill 
walking compared to recumbent cycling, (p=.02). 

§ For tibialis anterior muscle, statistically significantly higher %MVIC for treadmill walking 
compared to recumbent and ElliptiGO® cycling, (p=.002). 



The International Journal of Sports Physical Therapy | Volume 11, Number 2 | April 2016 | Page 197

medius) elicited similar muscle activity across the 
four equipment devices examined in the current 
study. Other researchers have also found that upper 
limb and lower limb muscle activity to be highly cor-
related between the recumbent bike and BWS tread-
mill walking when walking speed and cycling were 
matched for similar exercise intensity.25 

Trunk Muscles 
The rectus abdominus muscle mean SEMG value 
among the four equipment devices was 51%MVIC. This 
muscle activity value falls within the activation level 
needed for strengthening the abdominal muscles.39,40 
While the rectus abdominus activity was not assessed 
in a study by Anderson et al, these authors reported 
40% to 60% is an adequate range for muscle strength-
ening.41 The only exercise that resulted in sufficient 
muscle activity for lumbar erector spinae strengthen-
ing was treadmill walking, (45% MVIC). In contrast, if 
a low exercise intensity is the focus during the early 
phase of rehabilitation for lumbar erector spinae mus-
cles, then the ElliptiGO®, upright and recumbent bikes 
would be appropriate since the muscle activity values 
fell below the strengthening intensity level. 

Hip Muscles
The results of the current study indicate that the 
ElliptiGO® cycling produced 46% MVIC activity for 
the rectus femoris muscle which was significantly 
higher than recumbent biking, (16%MVIC). The 
higher rectus femoris activity may be because of 
greater lower extremity weight bearing since the 
subject is required to perform cycling motion in a 
standing position on the ElliptiGO® compared to 
cycling in a recumbent sitting position. In addi-
tion, 46%MVIC has been found to be a sufficient 
level to elicit neuromuscular adaptation needed 
for strengthening.41 This may be advantageous for 
runners to maintain the hip flexor and knee exten-
sor muscles using a simulated running gait pattern 
via the ElliptiGO®. Since elliptical cycling has been 
found to elicit smaller joint forces compared to walk-
ing,8 we can only speculate that limb loading may 
also be reduced using the ElliptiGO® since it offers a 
similar pedal motion as the elliptical device. 

Treadmill walking and upright cycling both elicited 
30%MVIC for the rectus femoris muscle. While tread-
mill walking requires more weight bearing load com-

pared to upright cycling, there is no foot resistance 
while waking to advance the limb forward, which 
may explain the lower muscle activity. In contrast, 
ElliptiGO® cycling involves overcoming pedal resis-
tance in order to propel the lower limb forward via 
hip flexion and knee extension motions resulting in 
higher rectus femoris activity. Lopes et al reported 
peak mean SEMG values when comparing upright 
and recumbent cycling at 80rpm and a work rate of 
100W.27 These authors found upright and recumbent 
cycling elicited 23% MVIC and 20% MVIC RF activ-
ity, respectively. The current study found a slightly 
higher value (30%MVIC) for the upright bike and 
slightly lower EMG activity (16%MVIC) for the 
recumbent cycle.  

The gluteus maximus and gluteus medius muscles 
elicited values below the strengthening stimu-
lus across all four exercise devices. While exercise 
devices produced low %MVIC levels, these muscles 
have been found to serve an important role during 
walking and cycling. The gluteus medius muscle has 
been found to be a pelvis stabilizer by limiting the 
amount of forward rotation during walking.42 Dur-
ing cycling, the gluteus maximus and rectus femoris 
work together as agonist and antagonist to coordi-
nate muscle activity at the hip.43 Other muscle pat-
terns such as the biceps femoris and plantarflexors 
(gastrocnemius and soleus) have been found to be 
synchronized together at the end of the extension 
phase of cycling and during the extension-to-flexion 
transition phase.44 Despite these coordinated mus-
cle patterns, the biceps femoris was also found to 
be below the level for strengthening stimulus for all 
four exercise devices. Lopes et al also found similar 
muscle activity values for the semitendinosus mus-
cle during upright and recumbent cycling.27 

Lower limb Muscles 
The lateral gastrocnemius muscle ranged from 33% 
MVIC to 71% MVIC. The treadmill elicited 58% 
MVIC and the upright bike was 71% MVIC which 
indicates that these exercise modes could be used for 
sufficient stimulus for calf strengthening. Upright 
cycling produced the highest lateral gastrocnemius 
activity, particularly compared to ElliptiGO® and 
recumbent biking. The likely explanation for the 
differences between the current study and Sozen24 
is that different exercise intensity and devices were 
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used. Sozen24 used the Precor EFX 576i, (OH, USA) 
elliptical at a 65%maximum heart rate intensity 
compared to the present study which selected Ellip-
tiGO® cycling at 40-50%maximum heart rate inten-
sity. The high SEMG value may also be explained 
by the position of the ankle. During this study, the 
participant’s forefoot was placed on the pedal, which 
allowed for ankle motion. Upright cycling has been 
found to influence lateral gastrocnemius activity 
when the ankle is in a dorsiflexed position.45 Cannon 
et al reported that the lateral gastrocnemius activ-
ity increases during dorsiflexion in order to generate 
knee flexion.45 The gastrocnemius has been found 
to function as a knee flexor during cycling.19 While 
the current study did not monitor the amount of 
ankle motion occurring during the pedal stroke, the 
participant’s ankle was able to move through dor-
siflexion and plantarflexion as the pedal moved in 
the upstroke and down stroke patterns. Lopes found 
higher medial gastrocnemius activity (34%) for both 
upright and recumbent cycling compared to rec-
tus femoris, tibialis anterior, and semitendinosus.27 
The medial gastrocnemius muscle has been found 
to be active during pedaling motion.27,46 The current 
study did not assess medial gastrocnemius activity, 
however, did find that the lateral gastrocnemius was 
most active during upright cycling and less active 
during recumbent cycling. During upright cycling, 
the plantarflexors have been found to be active dur-
ing a portion of the upstroke as well as throughout 
the entire downstroke phase of cycling compared to 
the dorsiflexor activity only during the initial phase 
of the upstroke47 which may also explain higher 
gastrocnemius muscle compared to tibialis anterior 
activity reported in the present study.

Overall, the tibialis anterior elicited low strength-
ening values, (19% MVIC and 30% MVIC) during 
recumbent and upright biking respectively which 
was similar to values reported during recumbent 
biking in a separate study.27 The ElliptiGO® involves 
having the participant stand with the feet placed 
onto pedal platforms. This type of setup limits the 
amount of ankle dorsiflexion and plantarflexion 
motions because the feet do not leave the platform. 
The cycling motion is also different in that the feet 
move in an elliptical pattern compared to a circu-
lar pattern used by cyclists when on the upright or 
recumbent ergometers. Treadmill walking involves 

dorsiflexion and plantarflexion of the ankle whereas 
the other exercise modes have the feet fixed on plat-
forms, which limit ankle motion. This may explain 
why the tibialis anterior and lateral gastrocnemius 
SEMG values were higher during treadmill walking 
compared to ElliptiGO® and recumbent cycling in 
which the feet were fixed to platform pedals. 

Limitations and Suggestions for Future 
Research
A significant limitation to the current study was the 
use of stationary setup for the ElliptiGO® limiting 
its functional utility as a mobile device. Likewise, 
upright and recumbent bicycling conditions were 
stationary and walking was performed on a tread-
mill. This makes the muscle activity gathered from 
surface electromyography difficult to compare to the 
ElliptiGO® while moving on the road, cycling on the 
road, or over ground running. Future studies should 
include over ground running and road cycling to 
assess differences in muscle activity because of 
decreased stability as compared to stationary train-
ers or treadmills. While the exercise intensity was 
maintained between 40% and 50% HRR during use 
of each of the four exercise devices, the upright bike 
was the only device that displayed a digital work-
load and cadence. Thus, while the exercise intensity 
was based on heart rate, there may have been speed 
discrepancies during the two minute data collection 
capture among the exercise devices. Kinematic infor-
mation was also not assessed to determine actual 
hip, knee, and ankle joint angles. It is unknown how 
these exercise devices may affect other populations 
such as unfit or individuals with musculoskeletal 
injuries since the subjects recruited were recreation-
ally active, healthy, and free of musculoskeletal inju-
ries in the past year. In addition, the muscles chosen 
were superficial and limited to eight because of the 
electromyography system. Cross-talk with the use of 
SEMG electrodes from adjacent muscles is always a 
concern in any SEMG study, even with most rigor-
ous methods and electrode placement. It has been 
suggested that using a standardized method for 
SEMG placement improves the recordings at each 
of the muscle sites.48 The current investigation used 
standardized electrode placement for each of the 
muscles assessed in order to decrease potential for 
cross-talk.30,48 
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CONCLUSIONS
The ElliptiGO® cycling condition elicited sufficient 
SEMG activity for a stimulus for strengthening 
of the rectus femoris muscle, which may serve as 
an alternative means for muscle training without 
the joint loading incurred with walking or jogging. 
While joint loading forces were not assessed in this 
study, others have found that ergometer cycling49 
and elliptical training8 result in smaller lower limb 
joint loads compared to walking. Many of the other 
muscles such as lumbar erector spinae, rectus abdo-
minus gluteus maximus, gluteus medius, and biceps 
femoris were similar in muscle activity across the 
four exercise devices, providing low to moderate 
strengthening stimuli. Comparable trunk, gluteal, 
and hamstring muscle SEMG activities suggest that 
cross training using the equipment devices at 40% to 
50% HRR may be a substitute for low-impact exercise. 
This was the first study to examine muscle activity 
while using the ElliptiGO®, recumbent and upright 
bikes, and treadmill walking. The muscle activity 
information gained from this study may assist clini-
cians in developing low to moderate strengthening 
stimuli for various muscles when using the station-
ary upright and recumbent bikes, treadmill, or the 
ElliptiGO®.
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