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ABSTRACT
For individuals with lower extremity injury or
disability, upper body exercise provides a mechanism of functional mobility training, cardiovascular fitness, as well as a means for clinical
fitness assessment. However, the validity of fitness assessment relies on the efficacy of diagnostic tools and measures in order to provide
meaningful data to clinicians. The purpose of
this investigation was to determine if the SciFit™ Pro II Arm Ergometer, a widely available
upper body ergometer (UBE), is a reliable device
for the determination of VO2peak in fit able-bodied
swimmers. Eight trained male swimmers (28 ± 9
yrs) performed two incremental protocols
(VO2peak) consisting of a 4-min warm-up at 15 W
followed by 2 min at 50 W and progressing 10 W
every 2 min until volitional exhaustion. There
was a linear relationship between workload and
VO2 in all trials (R = 0.96; p ≤ 0.01) while Cronbach’s alpha for test-retest reliability for VO2
was 0.98. In conclusion, the UBE is an accurate
and reliable device for determination of VO2peak
in trained swimmers, and further may be a viable
alternative training method for the injured athlete.
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1. INTRODUCTION
Upper body exercise is an important factor in the
Copyright © 2014 SciRes.

training and exercise prescription of various populations;
therefore, it is important that researchers, clinical practitioners and coaches are able to properly quantify performance, as well as provide a means for accurate, consistent testing. Arm ergometry provides clinicians with a
reliable tool to measure metabolic variation in a wide
range of clinical populations ranging from those with
disability to elite athletes who primarily utilize upper
body musculature for their given activity (e.g., swimmers). Further, arm ergometry may provide swimmers
and other athletes with a means of training while injured
or unable to perform swim activities.
In swimming, the majority of events are 200 meters, or
less, and at the competitive levels are typically performed at a duration of 2 minutes or less [1]. Price and
Campbell [2] demonstrated that higher crank rates
(above 70 RPM) elicit higher oxygen consumption and
delayed neuromuscular fatigue. Price and Campbell [2]
also hypothesized that a higher crank rate would avoid
high muscular tension that exceeds perfusion pressure
and impairs oxygen delivery to the tissues. Therefore, in
order to train appropriately, swimmers must perform
ergometry bouts at higher speeds in order to gain benefit
of available anaerobic energy systems.
The need for equipment that provides effective training and workload for athletes continues to be a prevalent
issue for the sport and fitness industry. The purpose of
this study is to determine if the Pro II Arm Ergometer
(SciFit, OK) is an accurate and reliable device for the
determination of cardiovascular capacity in trained
swimmers and the possible application to the general/clinical population. All standard paper components
have been specified for three reasons: 1) ease of use
when formatting individual papers, 2) automatic compliance to electronic requirements that facilitate the conOPEN ACCESS

34

J. A. Yaggie et al. / Open Journal of Therapy and Rehabilitation 2 (2014) 33-37

current or later production of electronic products, and 3)
conformity of style throughout a journal paper. Margins,
column widths, line spacing, and type styles are built-in;
examples of the type styles are provided throughout this
document and are identified in italic type, within parentheses, following the example. Some components, such
as multi-leveled equations, graphics, and tables are not
prescribed, although the various table text styles are provided. The formatter will need to create these components, incorporating the applicable criteria that follow.

2. METHOD
Eight trained male swimmers (mean = 28 ± 9 y; mean
body mass = 81.0 ± 8.6 kg) volunteered to participate in
this study. Training was not regulated, but subjects were
required to provide detailed training logs for the duration
of the study and were instructed to limit training to only
mild-moderate exercise the day before testing. Subjects
also refrained from alcohol consumption 24 hours prior
to testing and caffeine the day of testing, as well as followed similar eating (including no eating less than 2
hours prior to testing) and rest patterns leading up to test
days so these variables would not become confounding
factors on the test results. The experimental protocol was
described and practiced through a familiarization trial.
Subjects completed health history and informed consent
forms before testing; and the College of Health and Human Services Human Subjects Review Board at Eastern
Michigan University approved all procedures. Subjects
completed two separate trials no less than three days
apart.
Miller [3] has shown that an angle greater than 0˚ in
the elbow may have an adverse effect on VO2peak determination during upper body ergometry. Therefore, anthropometric data were recorded during the first testing
session, and the seat height of the arm ergometer (Pro II
Arm Ergometer; SciFit, OK) was adjusted such that the
shoulders were parallel with the hub of the arm crank
and the distance was adjusted to allow full arm extension
when the pedal was at its most distal position, and all
seat positions were recorded to ensure consistency on the
subsequent tests. Once comfortably positioned at the
ergometer, subjects were fitted with a face mask covering
the mouth and nose to collect expired gasses for
breath-by-breath analysis, (Jaeger Oxycon, Sensor Medics, Yorba Linda, CA), as well as a heart rate monitor
(Polar Accurex, Polar Electro, Finland). For testing purposes, subjects were instructed to maintain a comfortable,
yet steady, crank rate within 70 - 100 rpm. During the
second test, the previous crank rate cadence was maintained to ensure consistency.
The testing protocol consisted of a four-minute warmup at 15 Watts (W), followed by a ramp protocol to volitional fatigue. The ramp workload began at 50 W and
Copyright © 2014 SciRes.

was increased 10 W every two minutes. Subjects were
verbally encouraged throughout the test to extend the
duration and ensure that peak oxygen consumption was
achieved. Upon completion of the test, subjects were
allowed to cool down at a light workload and an unregulated crank rate.
Pearson’s product correlations (α = 0.05) were calculated for the relationships between VO2 and workload.
Repeated measures ANOVA (α = 0.05) was performed
and reliability was determined for peak power (Powerpeak),
REL
absolute VO2peak ( VO AB
2peak ), relative VO2peak ( VO 2peak ),
respiratory exchange ratio (RER), expiratory volume
(VE), and peak heart rate (HRpeak) using Cronbach’s alpha. Linear, quadratic and cubic regressions were attempted for prediction of VO2 for each stage (α = 0.05).
All statistical calculations were performed using SPSS
21.0 (IBM, New York).

3. RESULTS
3.1. Test-Retest Reliability
The results of the test (T1) and re-test (T2) values for
AB
, VO REL
Powerpeak, VO 2peak
2peak , RER, VE, and HRpeak are
shown in Table 1. Powerpeak, VO2peak (both relative and
absolute), and VE all showed an increased response between subjects from T1 to T2. None of these increases,
however, were statistically significant (p < 0.01). Figure 1
from
depicts the estimated marginal means of VO REL
2
T1 to T2 across workloads (WL).
There was a linear relationship between WL and
at each stage for both trials (r2 = 0.922; p ≤ 0.01)
VO REL
2
while Cronbach’s alpha for test-retest reliability for
was 0.98. Mean VO2 did not differ at any given
VO REL
2
workload between T1 and T2 (Figure 1). It should be
noted that maximal WL varied between subjects. Figure 1
depicts WL data that were mutually attained by all subjects (60, 80, 100 & 120 W).

3.2. Correlations
Strong positive correlations were found between
and WL between T1 and T2 (r > 0.95, p ≤ 0.001)
VO REL
2
(Table 2).

3.3. Regressions
Results of the regression curve fit of VO REL
versus
2
WL may be viewed in Figure 2 (all data are included).
Linear, quadratic and cubic regressions were attempted
for prediction of VO2 for each stage. Linear regression
was significant (p < 0.001; F = 1927.73; R = 0.96).

4. DISCUSSION
VO2 increased linearly with workload during both trials indicating a direct correlation between the two values.
OPEN ACCESS
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Table 1. Peak values of test (T1) and retest (T2) trials.
AB
VO 2peak
(ml/min)

Powerpeak (watts)

REL
VO 2peak
(ml/kg/min−1)

VE (L/min)

HRmax (bpm)

Subject

T1

T2

T1

T2

T1

T2

T1

T2

T1

T2

T1

T2

1

120

130

3058.5

2884

36.8

34.7

1.01

1.03

119

103.3

188.5

186.5

2

120

160

2933.8

3490.5

36.3

43.1

1.04

1.05

114.5

141

179

200.3

3

130

130

2528.5

2838

33.7

37.9

1.07

1.15

87.5

95.8

176

173

4

100

120

2578.8

2895

32.7

36.7

1.1

1.11

98.8

140

161.3

175.5

5

120

110

2868

2797.8

35

34.1

1.02

1

109.8

93.5

154.5

98

6

120

140

3110

3371.5

35.4

38.8

1.2

1.16

138

152.3

200.5

167.8

7

140

160

3585.3

3673.8

43.4

44.4

0.97

1.08

136

157.5

180.5

182.8

8

170

170

3954

4085.3

50.3

52

1

1.03

127.5

142

189.5

187.5

RER

Table 2. Pearson’s r correlation matrix for Workload (WL) and
Relative VO2 ( VO REL
) for test (T1) and retest (T2) trials.
2
*
indicates a significant correlation at the 0.01 level.
WLT1

VO2RELT1

WLT2

VO2RELT2

WLT1

1.000

0.964*

1.000

0.951*

VO2RELT1

0.964*

1.000

0.964*

0.957*

WLT2

1.000

0.964*

1.000

0.951*

VO2RELT2

0.951*

0.957*

0.951*

1.000

Figure 2. Regressions of VO REL
vs. WL.
2

Figure 1. Estimated marginal means (±SD) of VO REL
be2
tween trials across WL.

Thus, as workload was increased at each progressive
stage, oxygen consumption also increased in a linear
fashion to meet the demand until subjects reached their
peak. Although the ergometer trials were consistent,
some subjects complained of mild to severe hand discomfort during the course of the ergometer trials. This
discomfort may have influenced the ability of subjects to
Copyright © 2014 SciRes.

continue the test to a true VO2peak. Hooker and Wells [4]
have shown, however, that although hand grasping during arm crank exercise increases subjects RPE, there is
no difference in physiological parameters. The current
findings are consistent with the work done by Price and
Campbell [3] in that arm ergometry can provide accurate
and consistent VO2peak measurements.
The consistent oxygen consumption at each workload
between trials implies that the results of this study were
reproducible and provided an accurate way to determine
VO2peak as well as mean O2 consumption at each individual stage of testing. Although not statistically significant, shown trends for increased mean and maximal WL
and VO2 by subject and by trial may be indicative of a
learning effect, even in specifically trained athletes. Thus,
familiarization trials may be warranted when using the
UBE in intervention studies to assure that test-retest
comparisons are most accurate.
This validation of the SciFit™ Arm Ergometer permits
the future application of this device to evaluating cardiovascular performance and training outcomes in swimmers.
OPEN ACCESS
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These data may also serve additional utility for the
treatment of individuals with a wide range of ability levels. The relationship between performance time and
VO2peak determined on the UBE provides evidence of its
value as a training device for all populations. Given the
availability and accessibility of the device, it appears to
be an appropriate diagnostic and training tool for clinics,
medical fitness settings and other facilities that serve the
able-bodied and disabled populations. From these data,
further research may be conducted to modify the protocol based on functional ability and needs of the disabled
client.
Only a small portion of the population with physically
disabling conditions participates in recreation, leisure
and training activities [5]. This may due to implications
inherent to one’s condition or to a lack of access to appropriate fitness equipment, facilities and accommodating community programs. It is critical that barriers to
activity be eliminated in order to provide individuals,
regardless of injury or impairment status, access to
training activities to improve fitness goals and functional
ability. The literature indicates that the incidence of coronary artery disease in the spinal cord injured population is at least as high as the general population [6-8] and
therefore effective assessment of cardiovascular function
in this population is necessary in order to quantify cardiovascular risk and health status.
General cardiovascular responses in the spinal cord
injured population are typically diminished, when compared to the able-bodied population. More specifically,
functional capacity and VO2peak measures are significantly affected following spinal cord injury, but may be
modified through training. Functional increases in
VO2peak through aerobic work have shown to reduce cardiac risk [9], and also exhibit a reduction in reported
strain in performing activities of daily living in the spinal
cord injured population [10].
The development of valid cardiovascular assessment
protocols for special populations can be a long and arduous undertaking. Initially, however, typical responses
of cardiovascular work should be assessed in the ablebodied population to quantify to the repeatability and
predictability of a measure’s functional characteristics. It
has been documented that untrained able-bodied individuals exhibit a learning effect when performing measured exercise bouts [10,11]. The effects of learning are
typically diminished through the use familiarization trials
in untrained individuals. Trained participants, on the other hand, exhibit movement characteristics that tend to be
more consistent and repeatable in successive trial [10].
Therefore, the use of trained athletes, with particular
focus on those that perform upper extremity work, may
provide a means of optimal measure in determining the
effectiveness and validity of upper extremity ergometry,
Copyright © 2014 SciRes.

measures and protocols. From this, further development
of submaximal protocols may be adapted to meet the
needs of disabled populations.

5. CONCLUSION
Based on the results of this study it can be concluded
that the SciFit Pro II Arm Ergometer is an accurate
means of exercise testing. This machine elicited consistent metabolic responses between subjects on multiple
occasions for both maximal and submaximal bouts. It is,
however, important to take into consideration the possibility of training affects on these machines even in specifically trained populations. It is necessary to have all
subjects of any study perform familiarization trials to
ensure that measured values are in fact peak values and
that all improvements in performance are due to physiological changes. These data may also be applied to development of more specific training and assessment protocols for individual with a range of ability levels.
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