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~ ABSTRACT

Johnson, C.R. Exercise responses during a maximal Krankcycle and cycle ergometer test. MS in

Clinical Exercise Physiology, December 2010, 49pp. J.P. Porcari.

Purpose: The purpose of this study was to compare exercise responses during maximal
Krankcycle and cycle ergometer tests. Methods: Fourteen apparently healthy subjects, aged
22.9 & .95 years, volunteered for the study. The subjects performed five 10-minute habituation
trials on a Krankcycle prior to performing their maximal exercise tests. Subjects then completed
a maximal Krankcycle and cycle ergometer test in random order. HRmax was measured with
radiotelemetry while VO, was measured using an AEI metabolic system. RPE was assessed
using the 6-20 Borg RPE scale at the end. of each stage. During the Krankcycle test, arm specxﬁc
RPE was measured to assess upper body fatigue in addition to total body RPE.

Resuits: VOgmax for men and women was 12% aud 16% higher on the cycle ergometer, .
respectively. No difference in HRmax was seen between tests, Higher HRs and lower O, pulse
values were seen at submaximal workloads on the Krankcycle, indicating a pressor response.

. Maximal workload was 261 watts for the cycle ergometer test compared to 151 watts during the

Krankcycle test. Conclusions: On average, subjects had lower VO;max values on the
Krankcycle compared to the cycle ergometer. Higher HRs were seen on the Krankcycle at any
given submaximal workload, indicating that exercise prescription.on a Krankcycle should not be:
prescribed based on lower body workloads.
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INTRODUCTION

Regular physical activity is important in order to maintain good health and
physical ind_ependencé. The Centers for Disease Control (CDC) and the American 7
College of Sports Médiéine (ACSM) recommend- that all‘ healthy adultsrbetween 18-65
years of age shoﬁl_d perform moderate-intensity aerobic physiéal activity for a m_inimum'
of 30 minutes on 5-days each week or vigorous-intensity activity for a minimum of 20
minutes on 3 days each week (6). Regular exercise can elicit many health benefits such
as reduced blopd pressure aﬁd chblesterol, increased cardiorespiratory endurance, and has
been shown to reduce the incidence for chronic diseases such as coronary heart disease,
hyperten;sidn, and osteoporosis (11). Regular physical activity is also considered

essential for weight management and reducing the incidence of obesity (9).

Individuals are always searching for-new and effective ways to exercise and
become more physically fit. Instructor-led fitness classes are vei'y popular and are being
offered more frequently in fitness clubs and college recreational facilities acrosé the
country. One of the more recent instructor-led exercise classes to emerge is indoor
cycling (Spinning). Research has found that spinning training bouts have elicited exercise

intensities ranging from moderate to high intensity (2, 4, 5) which meets the ACSM

guidelines for improving cardiorespiratory endurance (1). The high intensity intervals

during a typical class have been shown to exceed VO;max, which could be detrimental in



sedentary and aged populations that may have reduced exercise tolerance or undetected

cardiovascular disease (2, 4, 3).

A new type of instructor-led fitness class that has recently emerged is a cycle-

type exercise known as Kranking (9). Similar in concept to an upper body ergometer, the

Krankcyéle has iﬁdependent crank arms and a rhythmical rotating fly wheel with a
_resiétance knob to provide an uIiper body and core workout, The independent -.crank arms
allow for a variefty of movement patterns on the Krankcycle. Some of the movement
pattetns include single arm cycling, synchmnizatipn using double arm cycling, and split
arm pattern cycling, Whefth&;:r ﬁsing one or both arms at a time, difficulty levels may vary
depending on the position of the body during exercise. For example, Kranking while
standing and/or staggering the feet will engage the whole body, which inay utitize
different nmuscles, compared to the same exercise berformt_ad while sitting. .I(rank'ing
while sténding on one foot can help enhance coordination and balance during a workout.
Some of the potential useé of Kranking includ-e core and upper body strengthening, |

balance and coordination development, and cross-trainting for total body endurance.

Kranking may also be beneficial for special populations, such as those with disabilities or -

lower extremity injury (9).

Historically VOzmétx has been measured using exercis_e modalities such as a '
treadmill or cycle ergomet_er. However, VO max can be measured us;ing an upper body
ergometer and has shown to provide valid VO, values (13). In 'additioh, arm cranking, in
particular, standing aﬁn cranking, has be;:ome increasingly popular as a means of

assessing upper limb performance (12). When using arm ergometry, certain variables
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need to be taken inté consideration during maximat testing. Some factors that may
influence the perfonﬁance and reproducibility of maximal arm ergoﬁleﬁy testing include
cadence (crank-rate), differences in muscular sj:rEngth, localized muscular fatigue, body .
pdsition, arm movement/pattern, crank length and crank-axle hei ghi. Secher and
Volianitis (12) found that arm VOymax is around 30% lower than that of the leg.
Although in Vsorrn_e highly trained athletes such as rowers, swimmers, bodybuilders and
clite yacht racing grinders, arm VOzmax may surpass that i_)_f the leg. Neville et al. (8)
performed a study showing that: changes in crank length and cfank—axiér height attenuate
performance _during maximal standing arm-crank ergometry. It was found that the best

performance utilized a crank length of 12 to 12.5% of arm span and a crank-axle height

of 50 to 60% of stature (8).

Becauge Kranking is relatively new, to our knowledge no studies have been

~ published on this exercise modality. A recent thesis éonducte_d by Boyer et al. (4) at the

University of Wisconsin—LaiCmsSe dﬂéumeuted the relative exercise intensity and energy
ekpenditure ofa Krankcjréle workout. The study found that subj ects worked at an |
average of 86% of maxﬁnal heart rate (HRmax) and 72% of ma:;dmal oxygen
consu.mption (VOymax) (4). During segmenté, of the workout, HR ahd VO, exceeded

maximal values obtained during laboratory testing.

Even though Kranking provides a high intensity workout (4), HR and VO,
responsesﬂuring a maximal éxercise test have not been reported. Additionally, caloric
expenditure during Kranking was estimated using the HR/VO» regression equation

developed from each subject’s maximal arm ergometer test, not a Kranking test. The
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purpose of this study is to evaluate and compare the physiologic responses (HR, VO, and

RPE) during maximal Xranking and cycle érgometer tests.
MATERIALS AND METHODS
Subjects

The study population co_nsisted of 14 men and women beﬁyeen the ages éf 22 to
25 years, who were apparently healthy.' These volunteers were recruifed ﬁom the
Uﬁiversity of Wisconsin—La- Crosse camipus through word of mouth and ﬁe_rsonal
inyitation from the researcher. This po.pulation was selected for the study due to the high
exercise intensity of the workowts required and because they represent healthy, physicaﬂly
fit individuals who mi ght take part in a Kranking class at a local gym. After approval
from the Univérsity of Wiséons_in—La Crosée Institutional Review Board for the
* Protection of Human Subjects, individuals provided informed consent prior to beginning

any testing procedures.”
Procedures

Over the course of the shidy subjects performed two exercise testé: an incremental
cycle érgometer maximal test and an incremental Krankcycle maximal-' test. Subjects
were asked to perform five 10-minute habitsation trials prior to their maximal tests to
help develop the necessary musculér endurance and skills to compléte the Krankeycling
test. The habituation trials were performed on an instramented Matrix Kfankcycle
(Johnson Heélth Tech North America, inc, Cottage Grove, W1). After the habituation

trials were completed, subjects performed the two maximal exercise tests in random order. '
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Men and women used protocols that accommodated for the differences in arm and leg
‘strength between genders. This was ‘done to keep the overall test times between the cycle

ergometer and Krankcycle as close as possible.

- The cycle ergometer tost was performed on an electrically braked cycle ergometer
(Lode Excalibur, Groningen, NL). For men, the test started at 35 watts and increased by
" 35 watt increments each stage. Women started at 30 watts and increased by 30 watt

increments each stage. All tests went to volitional exhaustion.

~ For the Krankoycle test each subjéct used a specialiy designed Krankcyclé, which
‘was instrumented to give a visuall display of workload. In addition, the protocol was
adjusted to match total cycle ergomefer time knowing thét upper_body- strength is
approximately 30% lower than that of the lower body in the average 'indiv'idual (12).
Ideally, total test times of 8 to 1 2 minutes (1) ate preferred, assuming the endpoiﬁt is
volitional exhauétion. Similar to. the cycle ergometer test, the test progressed différenﬂy
for n.aen'an'd women to account for differences in upper body strength between genders.
'Thus, work rate increments of 25 and 20 watts were utilized by men and women,
rés;Jectively.l In order to control \%Orkload, subjects were encouraged to maintain cadence
during cach stage of the maximal exercise test. Subjects utilized a cadence of 70
revolutions per minute (rpm) for the first stage, 80 rpm for the next three stages (2, 3, and
4 stages), 90 rpm for the following two stages (5 and 6 stages) and 100 rpm for higher
workloads. Due to the fnﬂuence of crank-axle height on perfarmaﬁce during maximal

standing arm-~crank ergométry, crank height was set to at least 50% of stature (8). During |



the test subjects utilized a staﬁding, staggered stance with synchronizing (doubles) arm

movement.

For all testing, expired gases were measured using an AEI metabolic system
(Naperville, Tllinois) and HR was measured uging a f’blar HR monitor.” Perceptual
responses were assessed .uéiﬁg the 6-20 Borg Ratihgs of Perceived Exertion (RPE) scale
at the end of each 2-minute stage and at maxigﬁal exertion (3). During the Krankcycle

workout, subjects indicated an overall RPE value and an upper body specific RPE.
Statistical Analysis

* Descriptive statistics were used to characterize the subject population.
Comparisons between genders for pre-testing variables were made using independent t-
tests. Repea{ed measures ANOVA were performed to compare Krankcycle and cyle

ergometer maximal exercise performance between genders. Statistical analysis was

- conducted using SPSS Statistical Software, Version 17.0. Alpha was set at .05 to achieve

statistical significance.
RESULTS

Subject demographics are presentéd in Table 1. Males and females were similar
in age, but males were heavier and taller than the women. All 14 subjects completed a
maximal cycle ergometer and maximal Krankcycle test. The maximal values for the

cycle ergometer and Krankeycle tests are presented in Table 2.



Table 1. Demographics of the Subject Population

Variable Females (n=7) | Males (n=7)  Total (N=14)

Age (yrs) 227449 23.0£1.29 '_ 22.9 £ .95

Height (in) 663+1.89" 71.9+2.27 69.143.52
: Weight (Ibs) 149.6 x 15;95 T2M6% 25.66 176.1 % 33.64

*Significantly different than males (p < .05)

Table 2. Physiologic Responses to the Maximal Cycle Ergometer and Krahkcycle Tests

Cycle Ergometer Krankcycle

Variable .

Females Males Females Males
HRmax (bpm) 173 £ 15.0 718(}3&_7_.1‘ 172 17.1 178+ 10,9
vozmax (ml_/kg/mm} 443+ 362 . 49.6+931" 36.9 + 4.09‘# 44.2 + 5.59’ #
Vemax (L/min) 1-02 +169  158+242" 80£182%  148+146"
RERmax 1.03£.050  105%.041  1.00£.058  1.07%.051
Test Time (min) 14:18:1:2:17 16:57+1:327 1234+ 1:17%  15:35+1:50™
MéxWatts 2234382  300£27.5° 1184153 o184 1977 .
MaxRPE (Total Body) 1934111 1.9.% 1.16 169+135%  169+1.07%
MaxRPE (Arm 'Speciﬁc) | 194+ 79 19.3 .76

* Significantly different than females (p <.05)
# Significantly different than cycle ergometer (p < .05)



There was no significant difference between cycle ergometer and Krankcycle
HRmax values. V.Ogmax was significantly higher on the cycle ergometer cbmpared to
| the Krankcycle by 12% and 16% for males and females, respectively. Men ha& higher a
VOsmax than females on both tests. Maximal powe‘r. output on the cycle ergometer test
was significantly higher than the Kranqucle test (261 vs. 151 waﬁs}, and again males
had significantly higher values than females. On average, maximal power output values
were 73% higher during the cycle ergometer test.” Test time for the Krankcycle test was
significantly lower than the cycle ergometer test for both maleé énd females. Total body
RPE for the cycle ergometer was significantly higher than the Krankcycle total body RPE.
However, the Total Body RPE value ;)n the cycle ergometer was not significantly
different than the arm specific RPE on the Krankcycle. Maximal ventilation (Vg max) for
_ n‘_lales was significantly higher during both tests compared to females and ventilation was

significantly higher during the cycle ergometer test compared to the Krankcycle test.

Figures 1 and 2 present the relatioriship between HR, VO,, and workload (watts)
during the submaximal stag(;s of tﬁe maximal cycle ergometer and Krankcycle tests.
Because the Krankcycle and cycle ergometer tests used different workloads, regression -
equations were célcu]‘ated from the Kranking VO, and HR data in order to extrapolate to
equivalent stages on the cycle ergometer test. The submaximal relationships were not
tested statistically; however, it can be seen that at any given workload, HR was higher on
the Krankcycle compared to the cycle ergometer (Figure 1). Conversely, VO, was higher

at any workload on the cycle ergometer compared to the Krankeycle (Fi gur.e 2).

- Calculated oxygen pulse (O pulse} values are presented in Figure 3. At any given



workload, O, pulse values were higher on the cycle ergometer, indicating a more

effective delivery of oxygen during exercise.
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and Cycle Ergorﬁeter Tests -
DISCUSSION

The main purpose of the study was to compare the exercise responses during a

-maximal Kranking and cycle ergometer test. VO;max was 12% higher for men and 16%

higher for women on the cycle ergometer compared 1o the Krankeycle. During |
traditional upper body-ergomet_ry (UBE) VO;max is typicallsr 30% lower than that of the
leg ( 12); The smaller gap between leg and arm VO,max in this study can be attributed to
a number of factors. First, during the Krankcycle teét subjects were in a standing position
with a staggered stance. This allowed each individual to uﬁh’ze more muscle masﬁ {e.g.,

their legs, shoulders and core muscles) to generate force durinig the test. During
11
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traditional arm ergometry, the subject is usually seated, which results in a lower amount

of muscle mass involved in the exercise. Secondly, the Krankcycle allows subjects to

adjust the crank-axle height to accommodate stature. Due to the influence of crank-axle

height on performance during maximal standing arm-crank ergometry, crank height was

‘set to at least 50 peréent of stature (8) during all Kranking tests. Finally, subjects

completed five training sessions on the Krankeycle prior to performing their maximal test.
This helped each individual acquire the upper body coordination, skill, and endurance

necessary to complete the Krankcycle test. .

Tt was noticed thai there was wide individual variation in the differences between
the cycle ergometer and Krankcycle VOmax values. Two male subjects éctually

surpassed their cycling VO;max on the Krankcycle test. Both of these individuals were

. very strong and routinely performed a lot of upper bbdy resistance training. Conversely,

one female subject only achieved 70% of her cycling VO,max during the Krankeycle test.

It was felt that her lack of upper body strength made it difficult to achieve and maintain

_ the higher workloads, thus limiting her performance on the Krankcycle test.

The K;'ankcycle eticited higher HRs and lower VO, values at any absolute
submaximai workload when comiaared to the cycle ergometer. This indicates that during
arm Kranking the cardiovascular-system was less efficient at delivering oxygen to the
working muscles during the exercise. An indicator of oxygen delivery is oxygen pulse
(ml Oﬂheart beat). During upper body exercise, like Krankcyeling, small muscle groups
are working at a higher percent of maximal Véluntary contraction strength (%MVC)

compared to larger muscle groups that are used during lower body exercise. In addition,

12



high intramuscular forces in these muscles increases total peripheral resistance (TPR).
Because of increased TPR, HR must increa;se to compensate for a drop in stroke volume
(SV). Asaresult, HR is disproportionately elevated relative to oxygen consumption.
This has implications for exercise prescription. Because there isa difference in the
HR/'V Oy relaﬁopship between arm work and leg woric (e.g., stationary cycling or
treadmill exerpise), prescribing exercise heart rates based on these modalities may not be

appropriate for individuals who are goihg to train on a Krankcycle.

During the Krankcycle test, subjects gave two RPE ratings at the end of each’
stage; first for total body RPE and second for arm specific RPE. This was done ta |
determine if arm fatigue limited the ability of each subject ta exercise to exhaustion. It

was found that total body RPE was significantly greater at each s_ubm:akimal stage and at

maximal exercise during cycle ergometry compared to Kranking. However, arm specific

and total body RPE were sih:lilar between males throughout the entire test. This indicates

that arm fatigue was a major limiting factor during the test, which is consistent with a -

' previous Kranking study (4).

Tﬁere Were_ a numbér of lilﬁitati(ms to cohsider in this study. First, the
instrumented Kraxﬂiéycle used a traditional resistance flywheel to adjust the workload,
instead of an electxicaliy-brakgd;system. The power tap (Saris CycleOps Inc, Verona, WI)
used on the Krankcycls di_d not allow for fixed workloads, thus workload had to be
controlled by using a resistance knob and cadence. As a result, sometimes it was difficult
to achieve and maintain the targeted watt level. Maintaining an even cadence became

even more of a problem as subjects attempted higher workloads.

13



. For some wormen with less upper body strength, ann fatigue was more apparent
and may have contributed to premature test termination and probably affected their
- maximal responses. Even though each subject practiced the Kranking protocol for five
sessions prior to their maximal test, upper.body fatigue might have affected performance.
It is possible that with more practicé training, there would have been less of a difference

in VOymax between cycle ergometry and Krankcycling.

There rénain many opportunities. for future research on the Krankcycle.

Currently, the only populations studied have been college-aged individuals that are
-apparently healthy. It would be interesting to study exercise responses in highly trained
athletes such as rowers, swinﬁ_ners, and elite 'yacht racing grinders. In acidition, the
versatility of the Krankcyele provides avenues for future research with special
“populations that have lower extremity. di-sabiiite.s. Amnother area for future research would
“be a training study on the Krankcycle. The cotﬁpany claims that using the Krankcycle
| can improve upper body and coré stre'ngm,' improve balance and coordination, and
improve totgl body endurance. To date, these claims have not been verified. Directly
measuring caloric expenditure during a typic.al 30-mﬁ1ute training session also remains td
be détermined, since the study by Boyer et gl. ) estimated caloric expenditure from

HR/VO; regression equations derived from a traditional arm ergometer test.
CONCLUSION

This study compared the maximal responses during a Krankcycle and cycle
ergometer test, On average, VO;max values were Jower during the Krankcycle test

compared to the cycle ergometer test, but this can vary depending on the strength and
| 14 |



experience of the subject. Thereivas also a potent pressor response during submaximal
exercise, as indicated by higher HRS lat any given woﬂdoéd and lower O, pulse values
during Krankbycling compared to cycle ergometry. This has implications for exercise
prescription and implies that target heart rates for Kranking can not be derived from

exercise tests using lower body inodal_ities.
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APPENDIX A
INFORMED CONSENT DOCUMENT



Protocol Title:

INFORMED CONSENT DOCUMENT

Exercise Responses During a Maximal Krankcycle and
Cycle Ergometer Test

Principal Investigator: Chad Johnson

225 Mitchell Hall

University of Wisconsin-La Crosse
La Crosse, WI 54601

Phone #: 608-844-0776

Emergency Contacts: - Chad Johnson

I,

Phone #: 608-844-0776
John P. Porcari
Phone #: 608-785-8684

- (print name) give my informed consent to participate in a

research study desi gned to mvest: gate the number of calories burned during a typical
Krankcycking workout

e Purpose and P‘} ocedure

o]

O

The purpose of this study is to detenmne the number of calories bumed
during a typical Krankcycle workout.
My participation will involve a fotal of 6-8 laboratory sessions:
= 4-6 will be 15-minute habituation trials on an upper body
erpometer
= One will be a maximal exercise test on a Krankeyele
= The final session wili be a maximal exercise test on a cycle
ergometer.
The total time requirement, including practice time will be apprommately
3 hours over a.3-4 week period.
Testing will take place in room 225 Mltche}l Hall, at the University of
Wisconsin-La Crosse,
During all of the tests, I will be wearing a snorkel-like device to analyze
my breathing and a strap around my chest to measure my heart rate,
Periodically I will be asked to point to numbers on a chart to identify the
difficulty of the exercise..

e Potential Risks

0

O

[ may experience substantial fatigue and musche soreness during the
practice and testing laboratory sessions.

Individuals certified in CPR and Advanced Cardiac Life Support will be in
the laboratory during all testing. Testing will be terminated if

complications occur.

19



o The potential risk of serious or life-threatening complications, for healthy

individuals, like myself, is near zero.

e Rights and Confidentiality

o
Q

o

o

My participation is voluntary.

I have the right to withdraw from the study at any time for any reason
without penalty.

The results of this study may be pubhshed in sclentlﬁc literature or
presented at professional meetings using grouped data only.

All information will be kept confidential through the use of number codes.

" My data will not be linked with personally identifiable information.

e Possible Benefits
0

o

I will gain knowledge of my maxzmal aeroblc capacity as well as my
maximal heart rate.

T and other exercisers or athlétes may benefit by understandmg the

" potential benefits of exercising on the Krankcycle.

Questions regarding study procedures may be directed to Graduate Student Chad Johnson |
(608-844-0776), the principal investigator, or the study advisor Dr. John P. Porcari,
Department of Exercise and Sport Science, UW-L (608-785-4321). Questions regarding
the protection of human subjects may be addressed to the UW-La Crosse Institutional

' Review Board for the Protection of Human Subjects, (608-785-8124 or irb@uwlax.edu). -

Participant

Date

Researcher

Date
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APPENDIX B

BORG’S RATING OF PERCEIVED EXERTION SCALE



Table 3. Borg’s Rating of Perceived Exertion Scale

5
g Very, very light
9 Very light

10

11 Fairly light

12 -

ﬁ Somewhat hard

15 Hard
6

17 Very hard -

18

19 Veryyvery hard

20 |

"~ "Borg G.A. Perceived exertion: a note on “history” and methods. Med Sci Sports Exerc. |
- 5:90-93,1973. v _
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REVIEW OF RELATED LITERATURE
Introduction

Lﬁck'of physical activity remains a .'concenﬂng'public health issue. With
advances in technolo gy peoplé are. engaéing in less activity and tend to favor a sedentary
iifgstyle (15). In add-iﬁon, only 49% of U.S. adults are ﬁleeting the Centers for Disease
Control and the _Ameriéan Collége of Sporﬁs' Medicine’s (CDC/ACSM) physical activity
recmmnendatioﬁs and roughly.23% of adults reported no leisure-time activity (15),
Despite the overwhelming benefits associated with regular physical activity people fall
far short of the récommended amounts of acti_vit} for a healthy lifestyle. While an
impfessive amount of mﬂf.r cutting-edge ﬁtnesé equipment surface each year, fitness clubs
- and recreational centérs across the country are always searching fér the next best workont -
machine or routine to éttract individuals to the gym. One area in fitness that has grov?n
increasingly popular over the last decade is instructor-led classes that'infl:orporate a
groﬁp-oriented exereise to motivate the individual to push themselves through a workout.
One of the rnost‘ recent cycle-type classes to emerge is called Krankcycling. Similar in
c_gﬂhcept to an Upper Body Ergometry (UBE), the Kraﬁkcycle uses independenf crahk
arms and a rhythmical rqtating fty wheel to provide an upper bédy and core qukout. |
Throughout the following review of literature we will ad_dresé the need for exercise,

specifically, physical activity that meets the American College of Sports Medicine’s
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recommendations. Currenf exercise prescription and testing used for maximal aerobic
capacity (VO;max) will be explored. An introduction to the benefits and risks of
instructor led spinning classes will be discussed, and finally, a review of the benefits of
arm cranking and the newest cycle-type machine known as the Krankcycle will be

introduced.
Sedentary Lifestyle and the Need for Exercise

Sede_ntary lifestyles are a major public health issue that Vwe_face. today. -
Unfortunately, oniy 49% of U.S. adults meet the Centers for Disease Control and the
American College of Sports Medicine’s (CDC/ACSM) physical activity
recdmmendations and roughly 23% of adults-reported--no leisure-time activity (15).
Increasing reliance on technology at work and home, more attractive sedentary options
for leisure time, and the elimination of énergy expendi_tdre from activitieé of daily living
have decreased the amount of i)hysical activify for the majority O_f people (4). The
challenge for the fitness industry is to develop programs that can attract and motivate
| individuals to become physically active in our increasingly sedentary society. Carnethon
et al. (10) describe the prevalence of low fitness in one-third of adolescents and showed
that adult ferﬁales are nearly 16% lower than male fitness levels. In addition, more than
one-third of the difference in life expectancy in U.S. African-Ametican adults and White-
Caucasian adults is attributed to cardiovascular diseases (9). Numerous risk factors for
cardiovascular disease, including but not limited fo hyperteﬁs_ioﬁ, diabetes, and
rhjfperchelesterolemia, have been shown to be influenced by low fitness and their

contribution to increased mortality (8). Despite the overwhelming benefits associated
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with regular physical activity, people fall far short of the recommended amounts of
activity for promoting a healthy lifestyle. -Physical_ activity is important in order to
maintain good health and physical independence. Re_g_ular_ exercise has elicited many .
health benefits suchl as i‘educed blood pressure and chﬁlesterol, and increased

.

cardiorespiratory endurance (15). People who obtain adequate aerobic exercise have

e

shown a decrease risk for developing stroke, some forms of cahcer, type 2 dia"befes,

obesify, oste;pordsis,'sacropenia, and'loés of function and autonomy in blder ages (4).

* Other benefits éssociated with exercise in resistance training programs are weight
management, increased physical éutonomy and lean muscie mass, improved muscular
strength, endurance, coordination and Iﬁotor skills, increased flexibility, and -

strg—:-ngthening of the cardiovascular system (iS , 30). Recent studies have shown that

lreduced physical #ctivity patterns 'ahd exercise capacity is a more powerful predictor of
mortality than other established risk factors for cardiovascular disease (22, 26). Studies
have also shown a lower rate of cardiovascular mortality in individuals who had 7

moderate to high amounts of aerobic activity in their leisure time (4) and lower rates from

~ all causes and cancer mortality (18).
ACSM Exercise Recommendations and Preseription

Exercise recommendations and prescription are an integral part of developing an
effect_ivé program that heips meet the needs of each individual pursuing a fitness plan. In
order to promote and ﬁaintain a healthy lifestyle, the American College of Sports
Medicine (ACSM) has implemented recommendations that suggest 30 minutes or more.

of moderate—infensity physical activity on most, preferably all, days of the week (15).
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Updated recommendations specify that all healthy adults aged 18 to 65 years of age need
moderate—inteﬁsity aerobic physical activity fo.r a minimum of 30 minutes on 5 days each
week or vigorous-intensity activity for a minimum of 20 mimutes on 3 days each week (1,
15). These guidelines established.by the ACSM and the CDC are thé minimum
'requi;ements in order to maintain health but if you want to further improve fitness,
additionai ampunts-of physical activity are recommended. -Additionally, resistance
“training Shouid_ be integrated into the fitness pro gram that is pro_gi‘es;sive (in'creaée in
weigﬁt and length of time) and individualized to each pefson .( 15). ACSM recommends 1
set of 8 to 10 exercises and:betweén 8. to 15 repetitions that Wérks the major muscles

groups 2 to 3 days a week (1, 15).

Exercise prescription_is.an important part of any effective fitness program. Itisa
detailed ex.elrcise program designed specifically for an individ;ml that can improve
- physical fitness while keeping yrou'safe‘agd injury-ﬁée. Indicators of aerobic capacity
that are .'used for _prescribing exercise include maximal heart rate (HRmax), maximal
oxygen uptake (VO.max), and ratings of perceived exertion, (RPE) values. In order to
determine aerobic capacity, ACSM recommeﬁ_ds exercising between 40 to 85% of
~ VOmmax (1, 2, 15). The range of exercise intensity can be broken down further into
lower (moderate) and upper trainiﬁg zon.es (intense) with 40 to 60% of VO, achieving
health benefits and 60 to 85% of VO, improving fitness, respectively (15). ACSM
recommends RPE values from 11-16 on the Borg Scale t6-—20),l with 11-13 being
moderate exercise intensity (light to somewhat hard) and 14-16 being high intensity

exercise (1, 15).
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| rDespite the clear recommendations for frequency and duration of exercise for
developing and maintaining -cardiorespifatory.ﬁtness in healthy adults, éxaétiy how
intense a Workout should b.e remains less defined by ACSM guidelines. Oéteras et al. (28)
performed a study to compare the effects of high—intensity endurance training on VO;max
in healthy elderly people. In their study, 21 health&, -untr.ained men and women
volunteered and were randomly assignéd to either a high-intensity training group (TG)or
a cpﬁtrol gronp (CG). ‘The TG éxercised three times a Week for 10 weeks and each 60-
minute tréining session included four intervals of 90 to 95% HRmax. Maximal oxygen
consumption, walking economy, and maximal walking speed were éssessed at the end of
the 10 weeks. The results indicated that walking econofny and maximal walking speed
remained unchanged white VO, si gnificantly improved during high—intensity. endurahcé
tl’ain:ing in older adults. Other studies have shown similar results while exercising at

higher exercise intensities rather than moderate levels of intensity (17, 35).
. Lower body Versus Uppér Body VO,max Tesﬁng

VO;max is regé.rded as the best single indicator of an individual’s fitness capacity
(2). Previous literature on the physiological responses durin’g exercise has been
documented extensively. Traditionally VO;max has been identified by a2 maximal
exercise test on a treadmill or lower body éycle ergometer. Treadmiﬂ VO;max protocols
have Shéwn to be an effective and reproducible measure of VO, (2, 16, 2.0, 23). Schwarz
e;c al. (35) investigated the cafdiocirculatory and physiqlo gical respoﬁses at different
walking intensﬁiés using an incremental treadfnill Walkfng test. In the study, 16 healthy,

middle-age recreational athletes performed three randomized 30-minute walking tests at
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70%, 80%, and 90% of maximal velocity (Vmax}. During the exercise tests VO, HR,
blood concentrations of lactate and catecholamines, and RPE were recorded. They found
| .tha‘; an incremental treadmill walking test is apprépriate for deriving individual intensity
recommendations for exercise and that the most effective intensity to elicit a exercise |
.prescri-ptidn' is at 80% of Viax (34). quevéf, Astrand et al. {2) made observations that
certain populations may exf)erience lin-liting factors during such a test. These factors
include speed of treadmill; grade, weight of subject, hand rail support or not, and Walking
versus jogging which may affect thé amount of oxygen uptake during a maximﬂ exercise

test.

Studies have shown that VO,max can also be measured with upper b’odj éxercise
using arm crank ergom.etry (ACE). Much of the work done on ACE testing has focused
on the design in which peak VO, can be achieved. In order to collect m&re accurate and
reprdducible VO, values other investigators have considered the influence of exercise
protgcbl. McKeough et él. {24) used constant-load art protocol to investigate the
physiological responses after high intensity exercise in patients Withl chronic obstrlictive
pu]monﬁy disease (COPD). During the bout of exercise VOo, ventilation (Vg), dyspnea,
and RPE were measured. They found that the physiolro gical responses to constant-load
exercise were higher than'incremenfal arm exercise in patients with COPD. Another
study investigating ACE demonstrated the use of step and ramp protocols as a valid
means of achieViﬁg peak physiologic responses (39). Fourteen phyéically active, méle
subjects pe_rforméd two VOgmax tests using an arm ergometer. The tests consisted of a
stepwise and rampwise incremental increase in workload. During the step protoéol

subjects preformed increasing workloads of 20 Watts (W) every 2 minutes until volitional
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exhaustion; whereas during the ramp protocol subjects started at an initial workload of 607
W, with increases of 1 W eV;:fy 6 seconds. Results showed that the peak values bf
VOzmax achieved usiﬁg the step and rémp protocols were similér but should not be used
inteféhangeably. In addition,'S@i% et al. (38) researched the optimal crank rate thaf
should be used fo elicit V02ﬁ1ax during incremeﬁtal upper b‘ody.ergometry. In their '
study, 21 physicaliy.ac:l.t_ivé, inales volunteered to participate in three'randomized tests at
ér_ank rates of 60, 70, and ‘80 revolutions pér minute (rev-min™). ’i"he main ﬁndiﬁg
showed that'peak VO, waé achieved at crank rates of 70 and 80 rev-min’, Other studies. |

 conducted by Smith ot al. (38, 39, 40, 41) have shown similar results.

| S—édentary aging accompanied by a dec_:line -in maximal éxercise'ca'paqi’cy is -
often worsened by chrdm'c disease (2). Many clderly that face such challenges are
intérested. in finding easy pain-free means of exercising to improve their health and well- _
being. Pogliaghi et al. (29) studied the effects of lower body cycle ergometry and upper
body arm ergml‘netrj} on VOzmhax in healthy elderly adults. In their sfudf, 12-elderly men
(betweeﬁ ages 6f 65 to 75) pm'fonned two incremental tests to volitional exhaustion, one
on tﬁe arm cranking ergometer and one dn the cycle érgometer. One week latér the two
tests were repeated in a randomized order, with stepwise hlcreasres of 5 W every minute
for the arm crank ergometer én_d 10 W increases every minute for the cycle ergbfneter. ‘
Following the 12-week training program, significantly higher VO, were ébtained on both
ergometers which demonstrate improvements in exerciée tolerance for the elderly

population.
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A plethora of research has been done demonstrating the benefits of regular
exercise training with whole body or large muscle masses (such as cycling, running). So
far, a lack of research on the use of regular exercise with small, single n;uscle'masses_n_
(such as upper extre_n:niﬁgs) in healthy elderly adulté as well as young subjects exist.
VO;max measures obtained _du:ring upper body ergoﬁletry have been reported to be less
than lower body ergométfy. Secher et al. (35) reported that arm-cranking exercise elicits ]
a VVOZmax that is approximately 70% of the value (30% 1633) than comparable lower -

| bo.dy e_xerciseprotdcol. However, highly-trained athletes such aé TOWETS, swimers, and
cross-country skiers, the arm VOzmax may come close or surpa.ss the legs. In addition,
Liguzinski and Korzeniewsld (21) performed an in silico study in which VO;max per
muscle mass was significantly higher duﬁng single-mﬁscle exercise training than during
whole quy‘ exercise. Aﬁother observation that Secher et al. (36) made was that when
arm exercise was édded to leg exercise, leg blood ﬂoﬁ is approximately 10 perben% 1e§s
than durin.g‘leg exercise alone, This same phenomenon was seen when leg exercise was
added to arm exercise suggesting that the arms aﬁd legs are in compstition with one -

another for cardiac output during high intensity exercise.
Indoor Cycling

Reéently instructor led fitness classes are catching on with people of all ages to
improve their cardi(;vascular fitness, quality of life, or simply to manage weighfc for many
individuals. With the guidance of a fitness instructor, individuals have been able to
‘achieve aerobic health benefits that meet ACSM’s recommendatioﬁs for phyéical activity.

One of the more recent instructor led exercise classes to emerge is a type of indoor
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cycling known as spinning, Currently, few studies have been published on the relative
physiolo gical responses during indoor cycling. Research has found that spinning elicits
exercise intensities fang‘ing from moderate to high intensity (3, 7, 19) which meets the
ACSM guidelines for improving cardiorespiratory endurance (i). Unfortunately, for
some populations with diminished exercise capacities or chronic diseases, a typical
spinning class may be too -deﬁandﬁlg and dangerous for them to perform. The relative _‘
h‘i'gh. intensity intervals kduring a .fypical class have been shown to exceed VO;max (3,6,7,
43). which could be fatal for these individuals with underlying risk factoré for
cardio{%ascular disease (3, 7, 29). Béttista et al. (3) performed a study on the
physiological res_poﬁses during a simulated indoor cycling class to try and confirm the
findings of the relative high intensities experienced during a typical class tfaining session.
Twenty healthy, physically active, female university students and sfaff performed three
xercise tests. First, they pérfprmed an incremental exercﬁse test on a cycle ergometer to
obtain VO;max, Veﬁtilatory threshold tVT}, and HRmaz;. Following the maximal
| exercise test subjects then pefformed tV.VO video-taped indoor cyching classes that Wcre. 45
and 35 minﬁtes in duration with HR, VO,, and RPE assessment throughout the course of
the testing. ﬁattista et al. (3) found that in 10 of the 40 video sessionsrthere were
segments in ‘which VO, exceeded maximal exercise values, and overwhelming portions
surpassing VT. In addition, Robergs et al. (33) reported fhat spinning classes that are
video-assisted elicit significantly higher exercise intensities compared with non-video-
assisted classes. The use of training zones during these wofkouts, such as spinning, has
shown to provide improved physioio gical responses during exercise and help auément
post-exercise energy expenditure (19).
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Benefits of UBE

Many investigators have published research on the ber_zeﬁts of arm ergometry

pfo grams that provide individﬁals with improved work capacity. Studies haﬁre shoﬁvn that

iﬁ healthy elderly adults or individuals with lower Iimb impairment, arm cranking was
* slightly more beneficial than leg cycling over the course of a 12-weck program (29).
- Other documented benefits include individuals with coronary artery disease (CAD) or
‘other cardjopulmonary conditions (26, 37), patients with ischemic signs_ and syrﬁptoms'
during lower body excrcise (33), and in patients with COPD (25, 42). Spruit et al. (42)
conducted a stgdy that compared the use of 'resis.t'a'nibe of endurance training in patients _.
with COPD and peripheral muscle weakness. After a 12-weck training period, similar
~ improvements were obtained usiﬁ'g resistance -tréihing and arm cr_anking endurance work.
Both the quality of life and the exercise capa_cities of patients with COPD with peripheral -

muscle weakuess demonstrated positive benefits.

UBE provides benefits tb individuals without thé habitual use of their leés in
improvin_g functional capacity and other physiological markers (11, 12, 13, 14). DiCarlo °
(14) demonstrated the éffects of arm f:rgometry'trajning on wheelchair propulsion
;endurance of ihdividuai’s with quadriplegia. Eight adult men with quadriplegia performed

" eight weeks of arm ergometry training in which phyéiological markers such as VO;max,
HR, physical work capacity, and distance propelled in 12 minutes were assessed. The
results showed that increases m wheelchair propulsion correlated directly with increases

~ in functional capacity. In addition, typical activities of daily living (ADL) for individuals

with spinal cord injuries could be improved using anm ergometry.
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The Krankcyclé_—(!oncept of Kranking

A new type of instructor led fitness class that has recently emerged is a cycle-type
eﬁercise known as Krankcycling (27). Simﬂar in concepf to an UEE, the Krankcjrc}e
uses indepcndeni crank arms and a thythmical rotating fly wheel to provide an upper
body and core resistance v;forkout; The most recent study on Krankcycling was
conducted by _-quer et al. (S).at the University of Wisconsin-La Crosse iﬁ.which 'they
researched the relative exercise int_ensity and energy expenditure of a Krankcycle
workout. In' their study, 12 apparently healthy, college-aged men and women
-volunteered to participate in two éxeréi—sé tesfs. An incremental maximal exercise test
was conducted using a step protoéol on aUBE. The protoccﬂ started with an initial
- workload of 30 W and inc_reas-ed 20W everyVZ minutes.until volitional exhaustion.
.During the test VO,, HR, and RPE were aésessed. After the maximal exercise test,
squects performed a 30 minute instractor led Krankcycle session. The results wére
consistent with Battista et al. (3 )’ in which participants experienced a moderate to high
intensity workout with segmenfs of exercise that exceeded YO,max, On av&age,
subjects experienced physiological responses of 86 % of HRmax and 72% of VO,max (5),
which meets.ACSM’.s guidelines for improved cardiorespiratory fitness. Evén though
Krankcycling has shown to élicit hlgh infensity exefcis_e, exactly how much work or |
energy expenditure takes place during a training session remains to be answered. In
addition, possible uses for the Krankeycle are notable given the yersatility of the machine,
Some of the potential uses include core and upper body strengthening, foot balance and
coordination development, cross-training tool for endurance, special populations with

disabilities, rehabilitation for patients with lower extremity injury or the average
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physically active individual seekjng'a challenging upper body workout (27). To date no

research on Krankcycling has been conducted to support their products potential benefits.
Summary

Despite the overwhelming health risks associated with phﬁrsical inactivity, |
sedentary habits continue to be a concerning public h-ealth'issué. ACSM’S
reqommendations have been an integral part in developing guidélines for an effective
.pro gram that meets the needs of eéch individuél in maintaining é&rd_iorespiratory fitness
and a healthy lifésfyleQ Wzth the plethora of literature on the benefits of regular exercise
- and the large market for exércise equipment, fitness professionals are constantly looking
to attract and mo’éivate individuals to try their product. | Over the past decade instructor
led élasses, such as‘ spinning, have been increasingly poi)'ulér in many fitness clubs and
recreational céntérs'acréss the c_:éuntry. Most recently, a new type of instructor led fitness
class that has been unveiled is an uppér bédy cardiac machine called the Kré.nkcycle.
Previous studies have shown the benefits of arm Krankin_g and tﬁe ability to promote
cardiovascutar improvements. Similar in concept to an Upper Body Ergometer (UBE), |
.the Krankcyclé has many possible uses and benefits Agiven thé ve;satility of the machine

- but no research cui'rently has been published on-the product.
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