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ABSTRACT

MAXIMAL EXERCISE TESTING USING THE ELLIPTICAL CROSS-TRAINER AND TREADMILL. Lance C.
Dalleck, Len Kravitz, Robert A. Robergs. JEPonline 2004;7(3):94-101. The purpose of this sudy was to compare
the physiologica responses during incrementa exercise to fatigue using the dliptica cross-trainer and treedmill running.
Twenty recregtiondly active individuas (10 men and 10 women, mean age, height, weight, and body composition =
29.5+7.1yr, 173.3+12.6 cm, 72.3+7.9 kg, and 17.3£5.0 BF%) completed two randomized VO,max teds. treadmill
and Precor dliptica cross-trainer separated by 1-3 days. Breath-by-breath data were collected usng afast response
turbine flow transducer and custom devel oped software with AEI oxygen and carbon dioxide eectronic gas analyzers.
All breath-by-breath data were smoothed using a 7-breath moving average. Criteriafor atainment of VO,max included
two of the following: respiratory exchangeratio (RER) > 1.1, maxima heart rate (HR) within 15 b/min of the calculated
vaue, or VO, plateau (DVO, < 50 mL/min with an increase in power output). Paired t-tests were performed to
determine mean differences between VO,max, maxima HR, maxima RER, and protocol duration. No sgnificant
differences (p>0.05) were found in VO,max (47.9 vs. 47.3 mi/kg/min), maxima HR (186 vs. 184 b/min), maxima RER
(1.22 vs. 1.25), and protocol duration (11.56 vs. 12.17 min) between dliptica crosstraining and treadmill running. In
conclusion, this study reveded that the dliptical cross-trainer produced smilar maxima physiologicd vaues compared
to treadmill running during VO,max testing.
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Maxima oxygen uptake (VO.max) is afundamenta measurement for the exercise physiologist (1). VO,max refersto
the highest rate a which oxygen can be taken up and consumed by the body during intense exercise (2). Traditiondly,
the magnitude of an individud’s VO,max has been viewed as a measure of agrobic fithess and overal hedth. Studies
have consgtently demonstrated an inverse relationship between VO,max vaues and risk of dl-cause mortaity (3-4).
Additiondly, VO,max has been considered an attribute required for success in endurance-related events. A classc
study conducted at Bal State University in the 1960 s confirmed the importance of VO,max to endurance performance,
with findings demondirating a strong correlation between VO,max vaues and 10-mile run times (5).

VO,max may be determined using numerous exercise modes that activate large groups of muscle mass, provided the
intengty of effort and protocol duration are sufficient to maximize aerobic energy transfer (6). Although treadmill
exercise and cycle ergometry are the most common modes utilized for VO,max testing, other types of exercise modes,
including bench stepping, free, tethered, and flume swimming, swim-bench ergometry (7-8), in-line skating (9),
NordicTrack cross-country skiing (10), roller-skating (11), smulated arm-leg dimbing (12), arm crank and whedlchair
exercises (13-15), and rowing ergometry, have also been employed to achieve VO,max. Regardless of exercise mode,
variaionsin VO,max typicaly reflect the quantity of muscle mass activated during exercise (10,16). Treadmill exercise
generdly dicits the highest VO,max vaues for the same untrained and/or recreationdly trained individua performing
different exercise mode VO,max tests, dthough subject training specificity will aso influence the magnitude of VO,max
vaues attained among different exercise modes (6). Elite-trained cyclists have been found to have smilar treadmill and
cycle ergometry VO,max vaues. Likewise, untrained and trained collegiate swimmers achieve VO, max vaues during
svimming versus treadmill VO,max tests of 80% and 90%, respectively, while dite svimmers attain similar or greater
VO,max vaues (17-19).

Thedliptica cross-trainer has become increasingly popular in recent years as an dternative exercise mode in fitness
centers and cardiac rehabilitation facilities. The dliptica cross-trainer islow-impact in nature and may be amore
favorable exercise mode in different populations. 1t has been proposed to be beneficid to populations that are obese or
restricted by back, knee, or other lower-body joint limitations (20). Research on this mode of exerciseis lacking, with
only one published study existing that investigates the physiologica responses of dliptical cross-trainer exercise. Results
from this investigation suggest there are smilar submaxima physiologica responsesto dliptica cross-trainer exercise
compared to treadmill exercise at equivaent rating of perceived exertion (RPE) levels (20). Presently, thereisno
research pertaining to VO,max and the dliptical cross-trainer. The purpose of this sudy was to first develop gender-
gpecific VO, max protocols for different fitness levels and then to compare VO, max vaues between the treadmill and
dliptical cross-trainer.

METHODS Table 1. Subject Characteristics (n=20)

. Parameter Measurement
Subjects . . . . Age (years) 205+7.1
Twenty recreationaly a_ctlve, hedlthy subjects (10 men, 10 women; ages20 ght (cm) 1733+ 126
to 48 years) were recruited from the faculty, undergraduate, and graduate Weight (kg) 723+79

student populations a the university, as well as the surrounding community. Bodv Comnposition (%)  17.3+50
The mean age, height, weight, and body composition are reported in Table 1. All subjects sgned awritten informed
consent before volunteering for the study, and the university Human Subjects Ingtitutional Review Board gpproved Al
procedures.

Pre-testing procedures

Subjects were instructed to avoid eating food four hours prior to testing and to refrain from strenuous exercise 12 hours
prior to testing. Testing sessions were separated by at least 24 hours to minimize subject fatigue. Subjects were
weighed to the nearest 0.1 kg on amedica grade scale (Seca Corporation, Modd #707, Columbia, MD) and
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measured for height to the nearest 0.5 cm using a stadiometer (Ross Laboratories, Accustat Ross Stadiometer,
Bardonia, NY).

Experimental procedures

Subjects were accustomed to treadmill exercise or walking and dl had at least one familiarization sesson on the
eliptical cross-trainer prior to testing. Prior to any testing session subjects were given detailed ingtruction on the
exercise testing protocol. The exercise testing consisted of two randomized, maximal exercise trids (treedmill running
and dliptica cross-trainer) designed to last approximately 8-12 min in duration esch (21).

Treadmill protocol

On the treadmill, a modified Balke protocol was 1 Modified Balke protocol

performed with subjects selecting a comfortable S Constant selfselected speed (mph) g
running speed that could be maintained for the
duration of the test. After measuring resting expired
gasesfor 2 min, subjects were gradudly brought to
the selected running speed for the firs minute of the
test, which was then maintained throughout the
duration of thetest. Thefirgt 3 min of the protocol
were performed at 0% grade, theresfter, the treadmill
grade was increased by 1%/min until volitiond fatigue
(Figure 1).

Incline (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (min)

Figurel. Modified Balketreadmill VO,max protocal.
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Figure 2. Elliptical crosstrainer VO,max protocols.
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Elliptical cross-trainer protocol
After pre-screening and interviewing each subject, a specific dliptica cross-trainer VO,max protocol (Figure 2) was
selected based on gender and aerobic activity participation: trained (aerobic exercise 3-5 hrswk) and recrestiondly
active (aerobic exercise 2-3 hrswk). After measuring resting expired gases for 2 min, a 2 min warm-up was performed
at alight workload prior to the start of the exercise protocol. Anincremental protocol was used in which the workload
increased in strides/min and/or resstance/min, with incline (dope) remaining a leve 6 during the entiretest. A
metronome was used to assure a consistent and correct stride cadence. The criterion for termination of the exercise test
was failure of the participant to maintain within 20 strides'min of the target cadence or valitiond fatigue. Following dl
maximal exercise tests (on both modes of exercise) each subject exercised at a salf-sdlected intensity until heart rate
recovered to less than 120 b/min.
M etabolic data collection
A nose clip and three-way vave mouthpiece (Hans Rudolph Inc., Kansas City, MO) was worn so that gas exchange
data could be recorded and analyzed. During the exercise test, VO,, VCO,, VE, and respiratory exchange rétio (RER)
were measured breath-by- breath using a fast response turbine flow transducer (K.L. Engineering Model S-430, Van
Nuys, CA) and custom devel oped software with AEI oxygen and carbon dioxide electronic gas andyzers (AEI
Technologies, Model S-3A and Model CD-3H, PFittsburgh, PA). Raw signals were acquired through ajunction box and
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integrated with a data acquisition card (National Instruments, Austin, Texas) to acomputer. All breath-by-bresth data
were smoothed using a 7-breath moving average as previoudy recommended by others (22). HR and cardiac cycle
were monitored with a 12-lead EK G continuoudly during exercise.

Maximal oxygen consumption was assessed by the attainment of two out of three of the following criteria: (1) aplateau
(DVO, £ 50 mL/minat VO,peak and the closest neighboring data point) in VO, with increases in externd work, (2)
maxima respiratory exchange retio (RER) 2 1.1, and (3) maximal HR within 15 b/min of the age-predicted maximum
(220 — age).

Statistical analyses

Paired t-tests compared VO,max, HR max, and RER max and protocol duration between the two modes of VO,max
tedting: treedmill running versusdlipticd cross-training. Leve of satistical sgnificance was chosen as p<0.05. Al
andyses were performed using Statistical Package for the Socia Sciences, Version 10.0 (SPSS, Inc, Chicago, IL). All
data are presented as mean + SD.

RESULTS

All subjectsfulfilled at least two out of three of the VO,max criteria (Table 2). The physiologica responses and
protocol durations from maxima exercise testing during treadmill running and dliptical crosstraining are presented in
Table 3. A comparison of mean VO,max, maxima HR, and maxima RER vauesilludrated thet there were no
sgnificantly different physiologica responses to VO,max testing between the two exercise moddities. VO,max [t(19) =
0.584, p = 0.566]; maxima HR [t(19) = 1.073, p = 0.297]; and maxima RER [t(19 = -1.738, p = 0.206].
Corrdations between dliptica cross-trainer and treadmill VO,max (r = 0.77), maxima HR (r = 0.79), and maxima
RER (r = 0.67) were dl sgnificant (p < 0.05).

Additionaly, there was no sgnificant difference in mean protocol duration [t(19) =-1.452, p = 0.163] at which subjects
completed the two maxima exercisetests. While treadmill running, subjects required an average time of 11.56 min to
complete the VO,max protocol. During dliptica crosstraining, subjects required an average time of 12.17 minto
complete the VO,max protocol. The correation between dliptica cross-trainer and treadmill running protocol duration
(r =0.23) was dso not significant (p > 0.05).

Table2. HR, RER, and DVO, at VO,max criteriadatafor all subjects.
Subject PMHR ECT Criteria ™ Criteria ECT Criteria ™ Criteria  ECT ™

(b/min) MHR MHR RER max RER ax DVO, DVO,
(b/min) (b/min)

1 185 183 Yes 181 Yes 127 Yes 122 Yes 34.9 474
2 200 184 No 191 Yes 1.28 Yes 124 Yes 277 199
3 198 14 Yes 189 Yes 133 Yes 133 Yes 104 191
4 191 178 Yes 175 No 121 Yes 1.23 Yes 0.6 383
5 195 182 Yes 186 Yes 113 Yes 1.09 No 40.8 19
6 187 177 Yes 179 Yes 1.25 Yes 121 Yes 95 356
7 172 159 Yes 163 Yes 1.06 No 1.03 No 36.1 125
8 178 176 Yes 180 Yes 13 Yes 131 Yes 1.9 15.9
9 192 193 Yes 188 Yes 12 Yes 132 Yes 5 37
10 199 183 No 190 Yes 122 Yes 125 No 144 40.7
11 189 188 Yes 195 Yes 134 Yes 113 Yes 59 43.7
12 197 197 Yes 189 Yes 1.37 Yes 1.28 Yes 20.6 184

13 195 183 Yes 185 Yes 125 Yes 116 Yes 114 30.1
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14 190 185 Yes 182 No 1.24 Yes 115 Yes 311 929
15 188 181 Yes 192 Yes 1.29 Yes 1.28 Yes 482 21.9
16 193 191 Yes 185 Yes 131 Yes 122 Yes 144 11.2
17 198 101 Yes 191 Yes 1.29 Yes 133 Yes 39 239
18 190 175 Yes 177 Yes 1.05 No 1.03 No 24.6 128
19 187 14 Yes 188 Yes 124 Yes 134 Yes 105 6.4
20 186 191 Yes 199 Yes 135 Yes 1.25 Yes 41 15.1
Mean 1905 184.4 185.7 1.25 122 17.8 19.6
SD 71 8.8 77 0.09 0.10 14.3 13.7

PMHR = Predicted HRmax = (220 — age); MHR = Maximal Heart Rate; ECT = Elliptical cross-trainer; TM = Treadmill

Table3. Comparison of the physiological responses and protocol durations between the
elliptical cross-trainer and treadmill.

VO,max HRmax RERmax Protocol duration
(ml/kg/min) (b/min) (1)
Elliptical cross- *473+64 *1844+88 *125+009 *1217+140
trainer
Range:LowtoHigh 354-57.1 159 - 197 105-137 9.60—14.72
Treadmill *479+6.8 *1857+77 *122+010 *11.56+ 1.60

Range:LowtoHigh 34.0-615 163-199 103-134 831-1325
* p<0.05 for Elliptical to Treadmill data

DISCUSSION

The present study was undertaken to develop VO,max protocols for the dlipticad cross-trainer and to compare
VO,max vaues between the treadmill and eliptical cross-trainer. Four separate, gender- and fitness-specific protocols
were devised for the dliptica cross-trainer and used in the sudy for VO,max testing (Figure 1). To be consdered a
vaid testing protocal, it has been suggested that smilar maxima vaues should be obtained from the newly established
protocol when compared to those from the treadmill (10). The current data indicates smilar physological responses,
induding VO,max (Figure 3), maxima HR, and maxima RER, during VO,max testing between the treadmill and
dliptical cross-trainer. Additionaly, al subjects satisfied at least two out of the three established criteriafor vaid
VO,max testing during each exercise mode (Table 3). These research findings support the dternative use of the
dlipticd cross-trainer in obtaining vaid VO,max vaues for populations smilar to those used in the present study.
Although treadmill exerciseis generdly believed to dicit the highest VO, max vauesin untrained and recregtiondly
active individuds, severd studies, including the present investigation, have demondrated smilar VO,max vaues can dso
be obtained from other modes of exercise. Comparable VO,max vaues were reported between the treadmill (52.6
mL/kg/min) and VersaClimber (53.9 mL/kg/min), a smulated arm+-leg climbing device, in collegiate varsity oarsvomen
and coxswain (12). Likewise, no sgnificant differences were reported between the treadmill (42.6 mL/kg/min) and
NordicTrack cross-country ski smulator (42.5 mL/kg/min) in both mae and femae subjects of varied fitness levelsand
cross-country skiing experience (10). Bench stepping exercise has dso yidded smilar VO,max vaues compared to the
treadmill (23), athough it is not the preferred exercise mode in laboratory settings due to the negative work performed
during the test and the difficulty of standardization (24). In hedthy and physicdly active (but not mode- specific trained)
populations, arm ergometry (30-40% less) and cycle ergometry (10-15% less) exercise consstently yield lower
VO,max values compared to treadmill exercise (25-27).
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Data collection in the present sudy for the liptica cross-trainer was conducted on the Precor EFX 544 Elliptical
Fitness Cross-trainer (Precor, Inc., Woodinville, WA). However, there are other dliptica cross-trainer products being
utilized in fitness settings and cardiac rehabilitetion facilities besides the modd used in the current study. As noted
elsawhere, cdibration between different models may vary consderably, limiting the gpplication of research findingsto
the specific mode used in the study (10). The workload components of the dliptica cross-trainer include strides/min
(or cadence), incline, and resstance. A metronome was used to ensure that the designated cadence for each stage
during the VO,max protocols was performed accurately. Incline was held congtant at a setting of level 6 throughout
VO,max testing to diminate any potentid variability in the cdibration of the machine that the parameter would have on
VO,max values. However, the cdlibration for the resistance workload parameter is under the proprietary control of the
company and the assumption was made this workload parameter was accurate throughout VO,max testing.

CONCLUSIONS

The main finding of the current invedtigation is Smilar VO,max va ues were attained during treadmill running and dliptica
cross-trainer in both males and females whom were recreationdly active and trained in fitness status. Because of impact
differences and the ease of movement involved with the dliptical cross-trainer, this finding may establish consderable
opportunities for those working/testing with specia populations, including those who are/have ederly, obese, lower-
body orthopedic problems, and those with low-back health problems who are uncomfortable with the greater impact of
treadmill exercise. However, future research must be performed to determineif the present findings can indeed be
extended to older and diseased populations.
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