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ABSTRACT AND KEY WORDS

A novel outdoor elliptical bicycle has been destjt@elicit running-similar
physiological adaptations while reducing the imgaotes that commonly lead to injury.
Various cross-training methods have been utilibegétiuce injury risk, restore or maintain
fitness, and prevent detraining. The purpose afshidy was to compare 4-weeks of elliptical
bicycle-only training to run-only training on maxatmxygen consumption, ventilatory
threshold, respiratory compensation point, run@ognomy, and 5,000 m time trial times.
Twelve experienced runners (age, 22.33 + 3.33nning experience, 9.25 + 4.53 y) completed
4-weeks of randomly assigned elliptical bicyclewn training. Physiological and performance
testing procedures were repeated, and subjectp#r@rmed a second matched 4-week training
period in a cross-over design. Ventilatory thregdhwés significantly greater following elliptical
bicycle (p < 0.05; 41.60 % 6.15 ml/kg/min) and run trainimpg<0.05; 42.33 = 6.96 ml/kg/min)
compared to the initial time point (40.17 + 6.47kglmin). There were no significant group
differencesf > 0.05) for these variables at any time poincdnclusion, elliptical bicycle-only
training yielded similar physiological and performea maintenance or improvements compared
to run-only training. These results suggest tHaitelal bicycle training can be an effective
cross-training method to maintain and improve depéaysiological and performance variables

in experienced runners over a 4-week period.

Key Words: running, injury, cross-training, performance
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INTRODUCTION

Running is a highly popular mode of exercise wierol9 million race finishers in 2013
(31). Despite these numbers, runners have seeny igtes up to 79% within a one year span
(37). Most commonly experienced injuries for rursnare overuse injuries (13), which have been
linked to the repeated ground impact forces thatioduring running (14). Overuse injuries
force runners to partially or fully terminate thain training (RT) (21, 38). Detraining, or the
reversal of physiological adaptations and perforceaabilities, can consequently occur (26).
Runners seek non-impact cross-training methodshtnat the ability to produce running-similar
movements and high intensity efforts in order tevent decrements in fithess and performance,

whenever detraining is likely to occur (26, 34).

To prevent detraining from occurring, non-impadss-training methods are often
utilized in hopes of maintaining fithess and periance levels without incurring further injury.
For a runner, cross-training can encompass anyattee form of exercise implemented into a
runner’s training program apart from running, saskcycling, swimming, or using an elliptical
trainer. Cycling and swimming have been unablditit emaximal oxygen consumption
(VO.,max) values similar to treadmill running in traineshners (34, 40) or provide adequate
training adaptations to maintain ventilatory thidgh(\VT) (15, 34). Exercise using an elliptical
trainer has been shown to improve physiologicalkédes, such as Vnax, in previously
moderate-fit, untrained populations compared tadnaill running (9). This has also been seen in
recently trained runners of 4-weeks (18). Howeites, suggested that the elliptical trainer might
not be effective in improving physiological variablor maintaining 3,000 m time trial times in

long-term trained runners (16).
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Other low impact cross-training methods have bessigthed to imitate similar running
movements in an attempt to maintain physiological performance variables in experienced
runners. In a case study, the anti-gravity treddnaiining (AGT), which used treadmill running
at 50-95% body weight, suggested maintenance @dnpeance abilities following a period of
injury for one collegiate distance runner (35). pe&ater running (DWR) was also performed in
the athlete’s training which may have contributedhie observed results: DWR has been seen to
elicit similar muscle activity in deep water (22)nepared to running. However, ¥@ax, heart
rate (HR), and ventilation (VE) values during DW&vk been unable to reach levels seen during
treadmill running in trained runners (8, 33). Thgggen consumption (V€ and HR at a
runner’s VT were also observed to be greater durgagdmill running compared to DWR (12).
Over a 6-week training period, DWR has been shaamdintain VQmax, VT, running
economy (RE), and run performance.in trained mat@ers (38). Exercise with an outdoor,
running-similar, low impact, and physiologicallyrgiar cross-training machine is ultimately

desired.

The elliptical bicycle (EBIKE) is a new modality nbn-impact cross-training which has
been developed for runners to imitate outdoor nugunThe previously unresearched EBIKE is
marketed as a non-impact and running-similar egerciodality (28). The EBIKE was
engineered as a hybrid between an elliptical treanel a bicycle with modifications intended to
emulate the running motion in hopes of elicitingming-similar training adaptations. The
EBIKE has four adjustable stride lengths, fromd®4 cm, which are similar or greater in
length compared to various models of the statioedigtical trainer (3, 28). Handlebar heights

on the EBIKE also adjust from 127-147 cm to bdsa fider’s height in order to imitate their
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preferred running body position. Another major eliéfince between these modalities is the
EBIKE includes a steeper pedal angle during thevexy phase that positions a riders’ toe
downward. This modification is designed to allow tider’s leg to recover from the most
posterior position and travel into the most antekitee drive position in a running-similar
fashion. This is designed to facilitate greaterekfiexion and ankle plantarflexion movements.
Secondly, the absence of a fly wheel on the EBIKd&v@nts momentum from assisting the rider
in propulsion of the EBIKE. Foot contact with fqmédals occurs at all times and riding can
occur outdoors, as opposed to DWR or AGT. PropdKEBalance and steering are also
necessary for riding, which aims to recruit weigktring stability musculature similar to those

muscles used when running.

To date, the training effects of the EBIKE compai@dunning on physiological and
performance variables have yet to be studied. infismation would be of great importance and
interest for injured runners who are unable toand also for healthy runners who aim to
attenuate losses in physiological and performaactfs during scheduled non-running periods
of recovery. The purpose of this study was to campa,max, VT, respiratory compensation
point (RCP), RE, and 5,000.m time trial (TT) timdween 4-weeks of EBIKE-only and run-

only training. It was hypothesized that these \@dea would not be different between groups.

METHODS
Experimental Approach to the Problem

In order to compare ET to RT, a randomized, crag&s;draining study design using
matched 4-week exercise training periods of ETRMNdn experienced runners was

implemented. Four-week training periods were chaserflect a length of time when detraining
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can occur for experienced runners (4, 26).M@x, VT, RE, RCP, and TT times were the
measured variables at each testing point and veéeeted due to their high importance as fitness
markers and predictors of running performance (4g TT was used as a definite measure of
running performance (27). Exercise training periofisither ET or RT were matched for
frequency, duration, and relative intensity. Intgn&as measured by use of HR zones, which
included easy (HR range = HR below VT), medium (tdRge = HR above VT to HR at RCP),
and hard (HR range = HR above RCP to HRmax) asrdeted from each subjects’s \d@ax

test. Prescribed percentages of exercise trainitigeise zones were 80%, 15%, and 5% for easy,
medium, and hard, respectively, in accordance tyfifcally prescribed, evidence based running

programs that aim to improve aforementioned phggichl and performance variables (10, 32).

Subjects

This study included twelve (N = 12) subjects indghgdsix males (n = 6) and six females
(n = 6), ages 19-31 (average 22.33 £+ 3.33 y). Stbjeere healthy and experienced runners with
an average Body Mass Index (BMI) of 21.54 + 2.29j\bfat percentage (BF%) of 10.68 £ 4.79
%, and running experience of 9.25 + 4.53 y. Subjavkeraged 4.46 £ 1.09 total runs per week
(runs/wk) with an average of 37.74 £ 11.04 km/wig 2.17 + 1.37 high intensity runs/wk in the
2 months before volunteering for this study. Tabldisplays subject characteristics and training
history. A power analysis was conducted to caleulaé proper sample size for this study using
G*Power 3.1.2 (Germany). Using a power of 0.80 arad 0.05, with an effect size of 0.20, the
required number of subjects was 12 for significarsraokers and those with diseases or injuries
that limited their ability to perform vigorous exese were excluded. Subjects were excluded if

they had any orthopedic injuries in the 3 monthgrgo this study that prohibited them from
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running for more than 6 consecutive weeks duriag time frame. No subjects had any previous
EBIKE experience prior to this study. Previous eational bicycling, elliptical riding, or
swimming activities were reported by a total ofaggubjects at a frequency of four or less
times per month. This study was approved by thetiti®nal Review Board for Human
Subjects. All subjects were informed of the beseditd risks of the investigation prior to signing

an institutionally approved informed consent docotre participate in the study.

Place Table 1 about here.

Exclusionary conditions included heart diseasenpulary, metabolic, or other
conditions that could influence the inflammatioagense, including Crohn’s disease, severe
arthritis, cancer, or a previous heart attack. &etbjthat were pregnant were excluded from this
study. Blood pressure equal to or greater thanmidbig systolic and 90 mmHg diastolic was
considered high blood pressure (36) and warranteldsion from this study. Those on blood
pressure medications were also excluded from thdys Additionally, a subjects’ BMI and
BF% were used as methods for determining a healibject. Subjects were required to have a
BF% within the 58-99" percentile for their respective gender and agem(86). Subjects were
included if their VOmax values were equal to or greater than tifep@fcentile values for their

gender and age group (36). Average,if@x values were 57.92 + 9.68 ml/kg/min.

Procedures

Physiological and performance assessments werpleted over two testing sessions.

Subjects were asked to avoid vigorous exerciseabnuhol consumption 24 hours prior to these
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testing sessions as well as caffeine and food enBalkours before each testing session. Each
subject underwent inclusionary and physiologicakasments during an initial testing session,
including a health history questionnaire (HHQ) andning history questionnaire (RHQ).

Resting HR was measured using a HR monitor (Pbéde Success, NY) and was determined as
the lowest HR seen after the subject rested imtedeosition for 5 min. BP was determined
using a sphygmomanometer and an appropriately 8Pecliff. Height was measured using a
stadiometer and was measured to the nearest teatbemtimeter. Weight was measured using
an electronic scale in kilograms. Next, in the coligd exercise physiology laboratory, a body
composition measurement was performed using Lakigdald calipers (Beta Technology, Ann
Arbor, MI) (30, 36). Body composition, via BF% measment, was performed using a 7-site
measurement protocol and included skin fold sitekeachest, triceps, subscapular, abdominals,
thigh, and suprailliac. The same trained reseangbdormed this protocol on each subject

throughout the study. BF% was calculated usingnalgespecific calculation (36).

During the same testing session, a gradednw® treadmill test (GXT), using a
motorized treadmill (TMX-425; Full Vision Inc., Neéan, KS) and calibrated metabolic cart
(Truemax 2400 Metabolic Measurement System, PardiddeSandy, UT), was used to
determine V@max, VT, RE, and RCP. Following a 5 min warm upigeton the treadmill,
subjects were fitted for headgear, a mouthpieag nase clip. All subjects were given
instructions on the use of the 15-point (6-20) Rabf Perceived Exertion (RPE) scale (2).
Subjects were also instructed to provide a maxaffalt during this test and to straddle the sides
of the treadmill when they decided to stop. Thstfand second stages were set at speeds of 2.68

m/s and 3.13 m/s, respectively, and a 1% inclimes€ treadmill speeds were chosen in order to
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ensure a steady state was reached below a subydctWithout knowledge of each subject’s

VT prior to the first GXT, two conservative speedsre chosen to ensure these steady state
measurements could be taken. Each subject displdyedeasurements at speeds above these
first two stages. The first two stages were 3 miduration in order to ensure steady state values
were obtained for calculation of RE. A subject’'s R&s defined as the milliliters of oxygen
ventilated per kilogram of body weight for one kileter (ml/kg/km) at a given running velocity.
This measurement was averaged over the last 1 fntlie®e 3 min stages after a steady state had
been achieved. The remaining stages were 1 miaratidn and individualized for each subject.
These stages were gradually increased each stagreater than 0.45 m/s and 2% incline until

volitional exhaustion occurred. HR was monitoredlatimes and recorded every 30 s.

At the cessation of the GXT, the fitted headgeamtimpiece, and nose clip were then
removed, and subjects remained seated until arfmgek blood sample was taken. This sample
was used to measure blood lactate concentratiom Softowing the cessation of the treadmill
test. Subjects were then able to perform a walkinginning cool down. Immediately following
the GXT, the subjects’ RPE was recorded for theleshgoper, and lower body (2). A valid
VO,max test occurred when three out of the following tCriteria were met: a plateau in Yor
increase less than or equal to 0.15 L/min withremnease in intensity, a respiratory exchange
ratio (RER) > 1.1 or greater, a maximal HR withthidpm of predicted maximal HR, a blood
lactate concentration 8 mmol/L, and an RPE of 18 or greater (17). Maxiheart rate was
determined using the equation: 220-Age (23). Asti@of the 5 criteria were met for all subjects
and enabled researchers to record therv&x as the highest 30 s Y@easurement before

volitional exhaustion and stoppage of the GXT owsdi(20).
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VT was determined following the GXT via the patteecognition method as described
in previous research (29). This method was accatgt by confirming several identifiers. The
first identifier was observed where the workloadiore point when Forced Expired Oxygen
(FEO,) values increased following a plateau period. 8dbyo the FEQ increase was aligned
with the workload when the ratio of VE/\(@nhcreased without a subsequent.increase in VE over
ventilated carbon dioxide (VE/VGP(5). A drastic increase in VE was also used tdficm that
this workload was a true VT. RCP was determinethasecond increase in VE and rise
VE/VO, without an increase in VE/VG{29). One experienced researcher determined VT and

RCP, and both were confirmed by another blindefdesgnced researcher.

The TT took place on an outdoor standardized 400ming track at least 24 but no
more than 48 hours following the GXT. Subjects wgiven 10 min to perform a warm up and
then were instructed to complete the 5,000 m deeta@m the fastest time possible. Times were
recorded with a standard stopwatch (Accusplit AX@6R20, West Warwick, RI). The RPE for a
subject’s whole, upper, and lower body were recdidenediately after the finish of the TT. A
finger prick blood sample was taken 5 min aftergtbject completed the time trial, and

procedures were identical to blood lactate samm@mdescribed following the GXT.

After another 24-48 hour period, subjects were tlaealomly assigned to either ET or
RT and provided all needed equipment including awch (Garmin Forerunner 310XT,
Olathe, KS), chest strap, and charger (Garmin,h@|&{S). An EBIKE (ELLIPTIGO INC.,
Solana Beach, CA) was loaned to each subject &Ethperiod. A bicycle helmet was loaned to

the subject, if needed. A training notebook wase gl®vided which included all subjective
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measurements and training schedules. Each trapangd included 20 prescribed exercise
sessions between 30 and 60 min in duration. Exetaéning sessions were 30, 40, 42 and 60
min in duration for easy, medium, hard, and longsgmns, respectively. The exercise training
zone prescriptions, easy (HR range = HR below ¥igdium (HR range = HR above VT to HR
at RCP), and hard (HR range = HR above RCP to HRnf@axboth training groups was based
on each subject’'s HR achieved at VT, RCP, and mabffiort time points during the Vimax

test (10). Previous research (7) has shown HRmbe smilar between the treadmill and the
elliptical. Prescribed percentages of exercisaitmgiin these zones were 80%, 15%, and 5% for
easy, medium, and hard, respectively. These pegesteflect previously prescribed run
training programs with the goal of improving phyemcal and performance variables measured

in this study (10, 32).

Easy training sessions included 30 min at an easysity. The medium training session
included 10 min at an easy intensity for a warma@min at a medium intensity, and then 10
min at an easy intensity for a cool down. The hsskion involved similar warm up and cool
down to the medium session but included 1 min Irgedvals repeated eight times with 2 min of
easy intensity exercise in between intervals. Bing training session entailed 50 min at an easy
intensity with an additional 10 min of medium inséy exercise to complete the session. Five
training sessions were performed each week fofailneweek training period. All previously
described exercise sessions were continuous arelpeeiormed once per week, except the easy

sessions, which were completed twice per week.
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A total of seven testing sessions were completeglaoir subject for this study including
a familiarization session preceding ET. During fdmiliarization session each subject ensured
he or she could safely and properly ride the EBIKEo at this time, handlebar height and stride
length specifications were made to replicate thgesa’'s preferred running position. Instructions
were given to wear a helmet at all times whilengdihe EBIKE and to not cease leg movement
at any time, while training. Subjects were alscedstio refrain from any other exercise apart
from the prescribed exercise program. Twenty-fouotty-eight hours following the completion
of the final exercise session of the first 4-weaw@kning period, subjects returned to the laboratory
for identical testing procedures to the initialses. Subjects were not required to complete
additional HHQ and RHQ. A second training periodaicross-over design, was then completed.
Subjects that first completed the ET now begarRfiend vice versa. Twenty-four to forty-
eight hours following the second training periashjects concluded their participation by
performing a third testing session, identical t® pnevious two. Subjects were asked to be well
hydrated and to not change their nutritional hathiteughout the study and to consistently
replicate their dietary intake prior to each tegtsession. Throughout the training period,
subjects were contacted via email, telephone, dralky in order to ensure adherence to the

prescribed training program.

Statistical Analyses

A power analysis was conducted to calculate thpgareample size for this study using
G*Power 3.1.2 (Germany). Using a power of 0.80 arad 0.05, with an effect size of 0.20, the
required number of subjects was 12 for significafredictive Analysis Software (PASW Inc.,

Chicago, IL) was used to analyze and report meadstandard deviations (SD) for each
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variable. A randomized, cross-over design was ahémethis study. A 2 x 3 factorial repeated
measures analysis of variance (RM-ANOVA) was usedetermine if an order effect was
present by comparing relative VT at 0, 4, and 8kagee points, regardless of training
modality. A RM-ANOVA (within-ANOVA) test was useatcompare V@max, VT, RCP, RE,
and TT times across the three testing time poiniisal, post-EBIKE, and post-run. Percent
change values were computed and pahtedts were used to compare these values. The
significance level was set at alph& 0.05. A Fisher’s least significance difference [)$ost
hoc test was used to further analyze the signifiedretween parametric variables (f@x, VT,
RCP, RE, and TT). A Bonferroni correction factompaf 0.0125 was used for pairédest
comparisons between ET and RT groups for the feartlrate intensities. Finally, training
details, including exercise session frequency, tthmaintensity, and total time, were compared

between training modalities using paite@sts.

RESULTS

The 2 (mode) x 3 (time) factorial RM-ANOVA perforohéo assess an order effect did
not demonstrate a significant interactipn=0.458) or main effecp(= 0.435) for relative VT.
However, there was a significant main effect fordi = 0.034). A post-hoc analysis showed a
significant difference between the initial time poand 4-weeks of training & 0.025), and the
initial time point and 8 weeks of training € 0.034), regardless of what training modality was
performed first. Since no order effect was deteedjranalyses proceeded without concern for
which training modality was performed first. A RMNOVA was performed for all the
descriptive variables (age, resting HR, resting ls#ght, weight, BMI, and BF%). There were

no significant differencegp(> 0.05) for any of these variables over time.ré&Hitests were
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used to determine if the total training time oatatumber of training sessions differed between
ET and RT. The average total time per sessionnetisignificantly different (41:03 min for ET
versus 41:33 min for Rp = 0.658), and the average number of training eassivas not

significantly different (19.92 versus 19.50, respagy, p = 0.210).

Table 2 displays the physiological and performarar@bles at each time point. A RM-
ANOVA displayed no statistically significant difiences among time points for all physiological
and performance variables (Vi@ax, VT, RCP, RE, and TT times) except relatpe 0.024)
and absolutep(= 0.010) VT. A post hoc analysis revealed a sigaift difference between the
relative VT values at the initial 40.17 + 6.47 guabt-ET 42.33 = 6.960(= 0.024) and between
the initial and post-run 41.60 + 6.1p% 0.035) time points, but no significant difference
between the modalitiep & 0.05). This was also seen for absolute VT vahetwieen the initial
2.54 £ 0.78 and post-EBIKE 2:68 + 0.48< 0.020) and initial and post-run 2.66 + 0.80=(

0.009).

Place Table 2 about here.

The percent change between initial testing and #aafing modality was also evaluated
using paired-tests to better examine the degree of change ymé®, VT, RCP, RE and TT
times. The only significant differences found wbetween the percent change values for RE and
also TT times. RE improved by a significant amguogt-run (-1.87 £ 5.06 %) as compared to
post-EBIKE (0.86 + 3.58 %)p(= 0.027). Also, TT times significantly improvedgtoun (-2.67

+ 2.95 %) as compared to post-EBIKE (-0.04 + 4.31(86= 0.022).
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A 2 x 4 factorial RM-ANOVA was performed to detemaiif average maximal HRs for
easy, medium, hard, and long intensity sessiofierdd between training modalities. Actual
maximal intensities did display a significant irdetion ¢ = 0.015) between ET and RT groups
and a significant main effegb € 0.001) among exercise intensities. A Bonferramr@ction
factor ofp < 0.0125 was calculated for pairetest comparisons between ET and RT groups for
the four exercise intensities. For actual maximBkHonly the easy intensity session was
significantly different p = 0.011) between modalities with the ET averagi6g.35 + 12.30 bpm

and the RT averaging 168.07 £ 10.29 bpm.

DISCUSSION

This study investigated the physiological respornises4-week training program using
an EBIKE compared to a matched RT program in egpegd runners. Inherent in the study
design was analyzing the effectiveness of the EBIKEhaintain or improve cardiorespiratory
fitness in experienced runners. Four weeks is mg®ef time that has been seen to produce short
term detraining effects and has been used in pue\dooss-training research (4, 26). An analysis
of measured physiological variables at 0, 4, am8ks showed there was no order effect seen

in this randomized, cross-over design study.

The results of this study support the hypothesasttiere are no significant differences
between ET and RT for Vdax, VT, RCP, RE, and TT over a 4-week traininggeein
experienced runners. Results indicate that bothitigamodalities were effective in increasing
VT and maintaining all other physiological and peniance variables when compared to initial
values. This was expected since researchers dediga¢raining program to increase these

physiological and performance variables in expe&geirunners over a 4-week training period
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based on previous research (25). The prescribetdngantensities included 80% below VT
levels, 15% of exercise within a range between Wd BCP, and 5% high intensity exercise
above RCP. This training is representative of ttey@se training an experienced endurance
runner participates in (10, 32). This result washypothesized, but demonstrates that the novel

EBIKE is an effective means for increasing VT wiitifs training program.

These outcomes agree with previous research thatused similar training protocols to
elicit physiological changes (25, 32) with elligtiexercise. This was also observed in a study
researching the effects of a 3-week ellipticalnirag period on recently trained runners (18).
However, subjects were only recently trained rusrmath an experience level of 4-weeks. In
contrast, this present study used experienced ranvith an average of 9.25 + 4.53 y running
experience. Egana & Donne (9) observed maintenaing®,max and maximal ventilation
using an elliptical trainer. In that study, only desately trained non-runners were used, and
testing was performed on a cycle ergometer andmaet treadmill. In this current study, a
treadmill was used for GXTs and runners had anage¥Omax of 57.92 + 9.68 ml/kg/min

similar to previous research with experienced rusiie, 38).

Beyond VOmax, no significant differences were observed fardRnong the initial,
post-EBIKE, or post-run time points at speeds 682n/s and 3.13 m/s. A possible trepd=(
0.0631? = 0.222) was proposed for RE in that RE displagstight improvement, or lower \JO
value, at 3.13 m/s following the RT period and omigintenance of RE following the ET period.
RE has been found to be highly dependent on theomeuscular capacity of a runner (27). This

neuromuscular component of RE has been relatdtktalility to produce force or impact into
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the ground to propel oneself upwards and forwahd EBIKE might be limited in this capacity
due to the non-impact, closed chain design thgdtielhl and EBIKE machines have compared to
running. It is suggested that this difference ipatt between elliptical exercise and running
produces differences in muscular work requiredifting the EBIKE and running (11). More
research is needed to fully gauge the physiologiffedacy of the EBIKE over longer periods of
time compared to other cross-training modalitieddifionally, the length of 4-weeks might not

have been long enough to see significant decreaseeasured variables in some subjects.

The average TT time was 1303.00 £ 210.05 s, 1308224.13 s, and 1269.00 + 188.62
s at the initial, post-ET, and post-RT time poimespectively. Researchers noted a possible
practical improvemenip(= 0.051,1? = 0.237).in TT times following 4-weeks of RT. Ovesage
runners were 34 s faster following RT. It is suggdghat this improved performance is linked to
the difference observed in impact forces duringvRilimprovements in RE. Subjects might
have also been able to pace themselves duringftteaVing had knowledge throughout the RT

period of their training paces and running distance

Research investigating the stationary ellipticairter has provided similar results. Over a
5-week period of elliptical training, trained higbhool runners were unable to maintain 3,000 m
run performance when compared to run training (IBg elliptical trainer group became on
average 47.70 £ 11.30 s slower and the run grooarbe 9.40 + 8.30 s faster. Honea (16) did
not see any differences in ¥@ax, similar to this study, or VT. The ET in thiBKKE study did
not show the TT performance decrement seen by Hoosteelliptical training, and that may be

due to the differences in design between the EBAK#& the elliptical. The elliptical trainer has
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been seen to produce vertical pedal reaction faicesar to walking, below 100% body weight
(6), and lower average percentage body weight gatompared to running (19). This further
suggests a difference in neuromuscular and musaualde between running and non-impact
elliptical motion exercise. It is postulated thag £BIKE could allow for an increased training
volume without an increase in injury risk due ®nbn-impact nature. Future studies should

investigate increased training volume using an BBI&eparate or with run training.

In the current study, the changes in 5,000 m TTope¥ance from initial testing were
similar between EBIKE and RT. However, Honea (1&)vged decrements in 3,000 m TT
performance following stationary elliptical traigicompared to running in trained high school
cross country runners. In both the current studythe study of Honea (16), easy, medium, and
hard intensity sessions with similar number of messper week (i.e. 5 to 6) and similar ranges
of session duration (i.e. 30 to 70 min) were u3ée findings from both studies suggest that the
EBIKE might be better at maintaining endurance migmperformance compared to stationary

elliptical training in experienced runners.

Possible reasons for these improvements couldldedeto the running-similar recovery
foot motion, lack of a fly wheel, and increasedadity when riding the EBIKE compared to a
stationary elliptical. The need to balance the BBMhile riding may lead to increased
recruitment of stabilizer muscles as comparedécsthtionary elliptical. The necessity to
support one’s weight, balance, and steer the ERI¥& ground, while in motion, could produce
increased physiological demand as compared to mgratia similar intensity. More research is

needed to determine the impact of instability anrtietabolic demands when riding the EBIKE.
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Additional research should also investigate impdrphysiological, performance, and subjective
variables such as running economy, 5,000 m perfoceaand muscle soreness in the weeks
following a period of ET when RT is reintroducedaione’s training program, in order to
examine the effects of ET during the “return to’rtraining period. In summary, ET was not
significantly different than RT for V@nax, RCP, RE, and TT times following 4-weeks of
matched exercise training. An increase in VT waseoled following either training period.
Despite these findings, there were practical défifiees in the TT times and RE between training

modalities.

PRACTICAL APPLICATION

The results of this study suggest the use of thiKEBs an effective cross-training
method for experienced runners to maintain aeriness and 5,000 m performance over a 4-
week period. EBIKE-only training yielded similarysiological and performance maintenance
or improvements compared to run-only training. HBIKE not only is a non-impact modality,
but also is a training modality that can elicit sanphysiological and performance
improvements to run training. This has special iogtion for coaches and clinicians aiming to
improve physiological and performance variablesxperienced runners without incurring an
injury, in injured runners going through an injugcovery period, and the running population at
large. Healthy runners wishing to recover from higipact run training could utilize the EBIKE

to maintain or possibly improve fitness during s-ti®ining periods.
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TABLE 1. Subject Characteristics and Training Higtpmean = SD)

Both (N = 12)

Age (y) 22.83 +3.33
Body Mass Index 21.54 £2.29
Body Fat (%) 10.68 +4.79
VO,max (ml/kg/min) 57.92 £ 9.68
Running Experience (y) 9.25+4.73
Average weekly runs (runs/wk) 4.46 +1.09
Average weekly total distance (km/wk) 37.74 £11.04
Average high intensity (runs/wk) 2.17 £1.37

Males (n =6)
23.00 £ 4.29
21.65 +2.50
6.50 £1.25
64.17 £10.20
10.17 +5.74
5.00@5
45.54 +18.25

2+71.86

Females (6)=
22.67.42
.38& 1.60
148567
1.6v +2.86
8.33+3.78
3.92+1.02

28.32+15.71

1.58 £ 0.49




TABLE 2: Physiological and performance variablegdtal, post-ET, and post-RT testing (mean = SD)

INITIAL POST EBIKE POST RUN

Mean SD  Mean SD Mean SD Mean SD Mean SD Me@n S
VO,max

(ml/kg/min) (L/min) (ml/kg/min) (L/min) (ml/kg/min) (L/min)
Group 1 56.73 £ 11.97 3.30+1.12 57.09 £ 11.05 3.33+1.03 57.62+10.31 3.38+1.04
Group 2 59.58 + 6.07 4.17 £0.99 61.41+£8.15  3341.17 60.96 + 8.87 432+121
Total 57.92 +£9.68 3.66+1.11 8.89+9.78 3.75+1.16 59.01 +£9.46 3.77+£1.17
Ventilatory Threshold

(ml/kg/min) (L/min) (ml/kg/min) (L/min) (ml/kg/min) (L/min)
Group 1 39.20£8.12 2.28+0.76 40.88+8.12 3820.74 40.16 £ 7.16 2.36+0.74
Group 2 4152 +3.48 291+0.73 44.35+5.04 103x0.70 43.61+4.30 3.07£0.75
Total 40.17 £ 6.47 2.54+0.78 42.33+6.96* 68+0.78* 41.60 + 6.15* 2.66 + 0.80*
Respiratory Compensation Point

(ml/kg/min) (L/min) (ml/kg/min) (L/min (ml/kg/min) (L/min)
Group 1 50.99 + 11.77 2.98+1.06 50.67 +£11.19 2.96 £ 0.99 50.52 £ 10.60 2.97+£1.00
Group 2 52.21+6.21 3.65+0.88 55.81+£5.70 923 0.97 54.79 +8.39 3.80+1.13
Total 51.50 £9.49 3.25+1.01 52.81£9.33 33606 52.30 £ 9.58 3.35+1.11
Running Economy

(2.68 m/s) (3.13 m/s) (2.68 m/s) Bl/s) (2.68 m/s) (3.13 m/s)
(ml/kg/km) (ml/kg/km) (ml/kg/km) (mlgdkm) (ml/kg/km) (ml/kg/km)
Group 1 211.30+14.48 210.24 £9.92 211.36 812 211.93 +6.60** 208.26 +12.07 203.28 + 7.06**
Group 2 195.42 +18.36 191.42 £19.11 191.1850@  192.46 + 15.00 189.53 +13.37 190.54 £ 10.62
Total 204.69 +£17.43 202.40 + 16.74 0224 +16.28 203.82 +14.36 200.46 +15.41197.98 + 10.55
5,000 m Time Trial Time
(s) (s) s) (

Group 1 1360.14 +210.98 1374.71 +233.81 1329.57 +195.20
Group 2 1223.00 +202.16 1184.20 + 158.98 1203.00 + 186.12
Total 1303.00 +210.05 1303t1224.13 1269.00 + 188.62

Note. * Indicates a significant increage< 0.05) compared with the initial time point. ** livdites a significant difference between time points

Group 1 (n=7) — ET training period first, RT traig period second
Group 2 (n = 5) — RT training period first, ET traig period second

Total (N = 12) — Combined Group 1 and Group 2



