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Abstract

Purpose: This study aims to evaluate a handcycling traimirgocol based on ACSM-
guidelines in a well-controlled laboratory settifigaining responses of a specific dose of
handcycling training were quantified in a homogarsefemale subject population to obtain a
more in depth understanding of physiological medma underlying adaptations in upper
body training. M ethods: 22 female able-bodied participants were randornvigdd in a
training (T) and control group (C). T received 7eke of handcycling training, 3 x 30
minutes/week at 65% heart rate reserve (HRR). Aremental handcycling test was used to
determine local, exercise specific adaptationsindremental cycling test was performed to
determine non exercise specific central/cardiovas@daptations. Peak oxygen uptake
(peakVQ), heart rate (peakHR) and power output (peakP®¢ wempared between T and C
before and after trainingresults. T completedhe training sessions at 65%+3%HRR, at
increasing power output (59.4+8.2W to 69.5+8.9\@rave training program. T improved
on handcycling peakV{(+18.1%), peakPO (+31.9%), and peakHR (+4.0%) No
improvements were found in cycling paramet@anclusion: Handcycling training led to
local, exercise-specific improvements in upper lpadtgmeters. Results could provide input
for the design of effective evidence-based traimprmgrams specifically aimed at upper body

endurance exercise in females.

Keywords: arm exercise; upper body physiology; training program; exercise specificity;

fitness; health and mobility

Abbreviation List:
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C = control group.

HR = Heart Rate

T = training group

PO = power output

VO, = Oxygen Uptake

%HRR = % of the heart rate reserve
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Introduction

Being largely dependent of their upper body, whealcusers have limited muscle mass
available for daily functioning and ambulation, iagting on their engagement in an active
lifestyle (World Health Organization, 2011). Adetpi&raining programs for the upper body
have the potential to optimize rehabilitation ancreéase functional status and participation of
wheelchair users (Haisma et al 2006). Handcyclimdja arm cranking have been suggested
as promising training modalities to impose uppeahbendurance training in this context
(Arnet et al 2012; Dallmeier et al 2004a; Dallmezernl 2004b; Franklin 1989; Glaser 1989;
Hettinga et al 2013; Hettinga et al 2010; Jacol@¥2Valent et al 2010; Valent et al 2008;
Valent et al 2009; Valent et al 2007; Van Der Woetlal 2001, Van Drongelen et al 2006).

It has also been suggested that exercise guidamdsfined by the American College of
Sports Medicine (ACSM) can be used as a basisascpbe training for the upper body
(Garber et al 2011; Hettinga et al 2013). Howelsased on comparisons between one-legged
and two-legged cycling, it was found that exercesggmens involving less active muscle
mass resulted in different physiological resporisemndurance exercise at bodily level than
exercise regimens involving more active muscle niidgeer et al., 1991; Vianna et al., 2010;
Neary and Wenger, 1986; Abbiss et al., 2011). Tthezemore knowledge on training
adaptations to specific doses of upper body trgirsmequired to use as input to prescribe
adequate upper body endurance training regimeraldiion, most training studies have
only included male subjects so not much is knowmigper body endurance training in
females in particular. As it is well-known that gen differences in endurance capacity are
evident and recently gender differences in fatiligglithat impact on exercise and training
have been identified (Hunter 2014), it is cleat thas important to collect more data on
training effects in females. To provide input foe design of evidence-based upper body

endurance training programs that are applicabtertales, effects of various training



82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

programs should first be evaluated under standagldipnditions, and origins of training
adaptations need to be explored. Therefore, theeptestudy will evaluate the effects of a 7-
week handcycling endurance training program basedl@SM-guidelines in a homogeneous
able-bodied untrained group of females. It is higpsized that upper body endurance training
conform to the ACSM-guidelines will improve impantaraining parameters such as peak
oxygen consumption (VQea) and peak power output (BQ), but not necessarily in similar
way as in lower body exercise. A secondary ainhefgdresent study will be to determine if
the occurring adaptations to the presented uppay bodurance training are exercise specific
and merely local, or if transfer effects of handmygtraining towards leg cycling could be

determined indicating more central systemic adaptat

Method

Participants

Twenty-two able-bodied women participated voluryan this study. After a screening using
the Physical Activity Readiness Questionnaire (@eidet al 1996), participants were
randomly assigned to two groups; a training grolipn(= 11) and a control group (C: n =
11). Participants gave written informed consenite@a for inclusion of this study were;

female, no experience in handcycling, no recenvigcin (upper body) endurance sports, no
change in activity level during the study and nodimoal contra-indications. The study

protocol was approved by the local ethics committee

At their first visit to the laboratory, subjectsridiarized to the experimental set-up with three
6-minute familiarization trials in the handcycle ancycletrainer (Sirius T1435, Tacx BV,

The Netherlands). Thus, subjects could become augdato the hand cycle propulsion
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technique. Subsequently, a fourth trial was preskmn a handcycle on the motor-driven

treadmill to get used to the propulsion and steggmechanism.

Design

An incremental exercise test was performed to obpmak cardiovascular variables for
handcycling (to evaluate local, exercise specifia@ations) as well as for cycling (to
evaluate transfer effects of central adaptatiorefprie and after a 7-week training or no
training program. The training group (T) received-aeek hand cycling training program
with a frequency of three times a week with a darabf 30 minutes conform to the ACSM-
guidelines (Garber et al 2011). The average trgimmensity was 65% heart rate reserve
(HRR) using three different training patterns, whwill be described further itraining. The
control group (C) did not receive any training amals asked to maintain their activity level
similar during the experimental period. Before aaffer the training, an incremental
handcycling test was performed to evaluate exerspgecific training effects on peak

physiological handcycling capacity.

Training

The training sessions were performed in an attawhhandcycle, consisting of a handrim
wheelchair (Double Performance, RGKWheelchair IBagland) connected with a mounted
handcycling unit (Tracker Challanger, Alois Prasafgier, Austria). The training sessions
were executed 3 times per week for half an houa amotor-driven treadmill (Enraf Nonius,
Delft, Netherlands) at an average power outputesponding with 65%HRR, as is conform
to the ACSM-guidelines (13). Resting heart rate HiRd peak heart rate (|Ry were

measured before training (Polar Accurex Plus; PBlactro, OY, Finland) to calculate HRR.



132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

To measure resting HR, subjects sat quietly in hhedcycle for 10 minutes in a quiet
laboratory, before commencement of the warm-upqaieg the incremental test. The final
minute was used as resting HR. @R was measured during the final stage of the

incremental handcycle pre-test as describélt @mning evaluation: pre- and post-test.

The first four training sessions were used to iaseethe training intensity gradually towards
65%HRR, determined conform (Karvonen et al 1957)e Tirst training session was
performed at 50%HRR. Exercise intensity was in@dasvery next training session with
5%HHR to meet a stable 65%HRR in the fifth trainisgssion. To increase exercise
intensity, a pulley system was used to add workkexdescribed in Dallmeijer et al. (2004b).
The training was monitored by a heart rate mor(fwlar Accurex Plus; Polar Electro, OY,
Finland) and RPE-scores were obtained after eashing session (Borg 1982). To offer
variation within the training sessions, three difg& temporal training patterns (see figure 1)
were imposed in two different types of trainingsisgéance training and velocity training. This
training variation has been previously used witlscegsful results in wheelchair exercise
(van der Woude et al 1999). The training types wargeed by changing the resistance (in the
resistance training sessions) or velocity (in teleity training session) every three minutes
during the training sessions using 3 different terappatterns as depicted in figure 1. In the
resistance training, the work load was varied usimgge 3 temporal patterns around a mean
exercise intensity of 65%HRR by adding or reducivayk load through the pulley system
every three minutes, while the velocity was keptstant at 1.39rs* as done in (van der
Woude et al 1999). Power output was monitored usingower meter (PowerTap SL,
CycleOps, Saris Sycling Group inc., United Statd3iring the velocity training, the

resistance was kept constant at a workload cornebpg to the workload required to
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handcycle at 65%HRR only now the velocity was \cheeery three minutes using the three

different temporal patterns.

Pleaseinsert figure 1

Training evaluation: pre- and post-test

Before the training commenced, but after the mitiiandbike familiarization sessions and a
resting period, an incremental handcycling test wadormed on the handcycle on the
motor-driven treadmill. The test started with a Brraubmaximal steady state warm-up at
30W. On a different day, the leg cycling incremértest was performed on a bicycle
ergometer (Excalibur, Lode BV, The Netherlands$oabreceded by a 5-min submaximal
steady state warm-up. The incremental exercise veste performed on the same time of the
day. After 7 weeks of training or no training, batlisremental tests were repeated at the same
time of day on the same day of the week. The mgirparameters V§€ PO, HR minute
ventilation (\Me) and RPE were obtained for both handcycling agdatigling, and differences

between post-test and pre-test were analyzed.

The protocol of the handcycling stepwise (1miny@émeental test was based on a handcycling
protocol designed for males (Dallmeier et al 20@a|meier et al 2004b). This protocol was

modified for females based on pilot testing, sa tha incremental exercise test would last
about 8-12 minutes (Buchfuhrer et al 1983). ThaahPO of the test was set at 20W, and
increased with 7W every minute until voluntary ex$izon. The PO was increased every
minute by adding load through a pulley system agddo the rear end of the handcycle (van

der Woude et al 1999). Power output (PO) was ise@dy adding weight to the pulley
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system (see figure 2), and could be determinedéatditional force (Fadd), the drag force

(Fdrag) and the velocity (v), as described by equét:

Power output (PO) = (Fadd + Fdrag) * v Equation 1.

Please insert figure 2

The velocity of the treadmill was kept at the sapeed at 1.39rsi" which in combination
with the gear setting, coincided with an rpm of R&spiratory and metabolic parameters
during the incremental test were measured breathrégth, using open circuit spirometry
(Oxycon Delta, Jaeger, Hoechberg, Germany). Theagak/zers were calibrated using room
air, a Jaeger 3l-syringe and a calibration gas060,, 5.0% CQ). The following
parameters were obtained continuously:,V@CO,, RER, & and HR. Every minute, mean
values of all parameters between 20s and 50s wadcellated. RPE scores were obtained
using a 15-point (6-20) Borg scale (Borg 1982).dsefcommencement of the first stage of
the test as well as in the last 10s of each sthgeexperimenter moved his finger along an
enlarged, printed RPE list. Participants were imfed to nod when the experimenter was

pointing to their RPE, so that speech would nariere with the collected respiratory data.

The incremental protocol on the bicycle ergometas watched to the handcycling protocol.
Increments were based on pilot testing aiming teelig an incremental exercise test that
would last about 8-12 minutes (Buchfuhrer et al3)98The initial PO and the increments per
minute were set at a starting intensity of 60W withrements of 20W per minute. The
participants were instructed to maintain 90rpm miyirihe test. When voluntary exhaustion

was reached, or the rpm dropped below 70, themastended.
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Satistics

Data were analyzed with SPSS version 16.0. An iedéent t-test was used to determine
baseline differences in personal characteristigs,(Bength, body mass) and the pre-test peak
values (VQ, Vg, HR, RER, PO) between the experimental and cogialp. The effect of
the training on physiological capacity betweentiie groups was evaluated with a 2 factor
repeated measures ANOVA<0.05). The difference between pre- and post-test used as
within-subject factor and group as between-subjéatsor. The interaction term ‘test x

group’ was considered to be most important to ifletraining effects.

Results

Participants

Participant characteristics age, length and bodysmage presented in Table 1. No differences

were found at baseline between T and C. Peak gdbgstal handcycling and cycling

capacity at the pre-test also did not differ betwgeups (Table 2-3).

Table 1: Participant characteristicsfor age, length and body massfor thetraining (T) and control (C)

group.
Training (n =11)  Control (n =11)
Age (year) 21.6 (3.7) 21.1(3.6)
Length (cm) 171.6 (7.3) 173.9 (5.6)
Body mass (kg) 67.9 (7.8) 64.7 (6.7)

Values are presented as mean (SD) and significietehces (p>0.05) are marked with *

Training

10
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All participants in T completed the entire 7-weékaning program of 3 times/week. The
training intensity over the fifth until the lasaining session was 65+3%HRR and included
eleven resistance- and six velocity-training sessicGome subjects could not perform the
required three training sessions every week. Theyewhen allowed to perform extra
sessions in other weeks, so all subjects have npeefb a total of 21 sessions. Between the
fifth and 2" session, the average PO in the training sessimmeadsed by 17.3+8.1% from

59.4+8.2W to 69.5+8.9W.

Training evaluation: handcycling pre- and post-test

All peak physiological capacity parameters, excBHR, increased significantly for T
compared to C after the 7-week handcycling traimiragram (see table 2). \{gdaincreased

by 18.1%, \peakby 31.4% and HRakby 4.0%. PQ.aincreased by 31.9% (table 2).

No training improvements were found in maximal pblggical capacity in leg cycling

(Table 3) when comparing the pre and post-tests.

Table 2: Peak physiological capacity valuesin handcycling before (pre) and after (post) the experimental

period for both groups.

Training Control  p-value (pre-post x group)

VO, (mimin?) pre 1897 (251) 2041 (387)

post 2240 (240) 1923 (343) <0.01*
VO, (mlkg*min®)  pre 28.3(5.1) 31.7 (5.6)

post 33.2(4.0) 29.8 (4.2) <0.01*
Ve (I'min) pre 70.8 (13.3) 79.4 (18.8)

post 93.0 (15.4) 71.8 (18.7) <0.01*
HR (bpm) pre 174 (13) 174 (10)

post 181 (8) 171 (15) 0.02*

11
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RER

PO (W)

pre
post
pre

post

1.18 (0.09)

1.20 (0.10)
89.0 (11.8)

117.4 (11.9)

1.20 (0.06)

1.26 (0.09)
91.2 (17.6)

92.5 (19.3)

0.42

<0.01*

Values are presented as mean (SD). Differenceseleetpre- and post-tests x group (p < .01) are rdaskéh *.

No significant differences were found in baseliaéues between the training and control group ortgsts.

Table 3: Peak physiological capacity valuesin cycling before (pre) and after (post) the

experimental period for both groups.
Training Control p-value

VO, (ml-min™) pre 3171 (366) 3184 (350)

post 3135 (455) 3024 (364) 0.11
VO, (mlkg™min®)  pre 47.1(6.1) 49.4 (5.2)

post 46.7 (7.8) 46.9 (3.4) 0.09
Ve (I'min™) pre 104.8 (11.0) 101.6 (18.2)

post 112.4 (19.7) 103.4 (21.7) 0.19
HR (bpm) pre 189 (7) 189 (9)

post 188 (7) 188 (8) >0.99
RER pre 1.20 (0.06) 1.19 (0.06)

post 1.21 (0.06) 1.25 (0.03) 0.28
PO (W) pre 274.5 (25.4) 269.1 (30.2)

post 278.2 (28.9) 267.3 (27.2) 0.22

Values are presented as mean (SD). Differenceseleetpre- and post-tests x group (p < .01) are rdaskih *.

No significant differences were found in baseliaéues between the training and control group ortgsts.

Handcycling vs Cycling performance

12
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To underline the differences in physiology in uppedy exercise compared to lower body
exercise, we also descriptively presented the rbhgBtween peak variables attained in
handcycling (table 2) related to those attainedyeling (table 3), expressed as a %. Before
training, VQypeak attained in handcycling was only 59.8% of the,y&x attained in cycling.
After training, the VQpeakin handcycling was as high as 71.5% of the )@ attained in

cycling (see table 4). Values for i« VEpeakand PQeakare presented in table 4 as well.

Table 4: Peak variables of the training group (T) attained in handcycling related to those attained in

cycling, for both the pre- and post-test. For cycling, peak values of the pre-test were used.

Pre-test peak value of Post-test peak value
handcycling of handcycling
expressed as % of  expressed as % of

peak cycling variable peak cycling variable

VO, (Yopeakcycling) 59.8 71.5
HR (Y%peakcycling) 92.1 96.3
Ve (Yopeakceycling) 67.6 82.7
PO (%peakcycling) 32.4 42.4
Discussion

To provide input for the design of evidence-basgpen body endurance training programs in
the context of rehabilitation, it is important toidy effects of various specific training doses
on training responses. Most training studies haanltonducted in males exercising the
large muscle groups of the lower body while atdame time, active muscle mass seems to
impact on physiological responses to exercise (Kghal., 1991; Vianna et al., 2010; Neary
and Wenger, 1986; Abbiss et al., 2011) and diffeesnn fatigability between genders have

been identified (Hunter 2014). Therefore, more kieolge on upper body training in females

13
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is very welcome. In addition, physiological diffaces between upper and lower body
exercise exist in relation to exercise, as HR ghér in arm vs leg exercise of equal
metabolic intensity due to the fact that preloalbvger and systolic blood pressure higher,
causing stroke volume to be reduced. As a resdtelevation of HR allows the conservation
of cardiac output (Miles et al., 1989). When uslagRR as a guideline to set training
intensities in upper body exercise, this mighteffesulting training adaptations and effects,
also underlining the need for studies exploringdeguling training effects.

The present study showed that a well-controlledlbgcling endurance training dose of 7
weeks, 3x30 min per week of handcycling at an ayeed 65%HRR, with an increasing
training power output (59.4+8.2W to 69.5+8.9W) otle training program, resulted in
improvements in incremental handcycling performaofdeealthy females on the training
parameters V@ea(+18.1%), PQeak (+31.9%), HReak(+4.0%) and ¥peak(+31.4%).
Interestingly, the magnitude of increase in¢&k(18.1%) in the present study seems
comparable to the 18% increase that was founddaramce capacity after a 6 week cycling
endurance training program in males, measuredy to exhaustion at exercise at 85% of
VOzpeaHardman et al 1986). It has to be acknowledgedghdhat underlying

physiological mechanisms responsible for evokingngfes in time to exhaustion might differ
from those responsible for evoking changes i) Neverthelesdboth parameters are
reflecting changes relevant for endurance capawitych is the main interest of the current
study. It thus seems that even though ACSM-guidslere mainly oriented towards
exercising a large active muscle mass, they carsbé as a basis to design upper body
endurance handcycling training programs for femedéis limited active muscle mass
recruited and relative dose-response relations sd¢eaimilar magnitude. A recent study that

focused on sub-maximal results demonstrated nerdifices on gross-efficiency between

14



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

cycling and handcycling (Simmelink et al 2015),icading that dose-response relations are

also not expected to differ due to differencesrimsg-efficiency between exercise modalities.

Compared to the exercise modality wheelchair prgipal handcycling provides the
possibility to reach a higher cardiovascular strginmle evoking lower biomechanical peak
forces and torques on the shoulder region (Arnat 2012; Dallmeier et al 2004b; Hettinga
et al 2010). A higher cardiovascular strain, isextpd to result in higher training responses.
The conducted handcycling training resulted inmprovement in VQheak0f almost twice

the magnitude of the improvements demonstrated/f@elchair training in literature in able-
bodied males using a similar program (De Groot 20&3; van der Woude et al 2001).
Nevertheless, results of wheelchair training opd&@ere very large compared to our
handcycling results, underlining the potential effeand importance of motor learning in

wheelchair testing (Vegter et al 2014).

Also in a rehabilitation setting in persons wite@nal cord injury, aerobic capacity has been
shown to improve with handcycling training (Valental 2009; Valent et al 2008). A 12-
week arm crank training program of 3 x 30 minutiesxarcise intensities of 70-85%ls«

has been imposed to persons with a complete pgiagliacobs 2009). This led to an
increase in VGheakof 11.8%, somewhat smaller than the 18.1% increaikenced in the
present study. Baseline levels of ¥€«in the individuals with a complete paraplegia
(1.27+0.541- miff) were somewhat lower than values of the able-lubsiitbjects

(1.90+0.25|- mift), which might be an explanation for the lower #ase. In addition, a
unique physiology is associated with each spedifiability (Glaser 1989). For example, the
cardiac response to training and exercise cantbeedldue to a spinal cord injury above T4,

resulting in a heart rate restricted to a maximdirh3®@bpm (Freychuss et al 1969; Hettinga et
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al 2014). Comparing our data on able-bodied indiald to data collected in individuals with
a disability could lead to an improved understagaihthe impact of a variety of disabilities
on training and exercise. However, if we are irdgge in using the results as input for

evidence-based training guidelines in a rehahiitatontext it will always remain important

to take the impact of specific disabilities intcaant.

A secondary aim of the present study was to detexmithe occurring adaptations to the
presented upper body endurance training were eseesgiecific and local, or if transfer
effects to cycling could be determined, indicatingre central systemic adaptations. The
present set-up allows us to determine transfecesfief handcycling training on cycling
performance, providing information about mechanisimderlying the training adaptations,
impossible to acquire in a spinal cord injured dapan. It thereby contributes to knowledge
and understanding of upper body training, additivdata that have been collected in
practice. In literature, not only local adapta@an increase in oxygen utilization in the
trained muscles), but also central adaptationsn@ease in cardiac output and oxygen
delivery to the muscles) were found after uppent@tiurance training in elderly
participants (~70 yrs) with a low physiological eafty (Pogliaghi et al 2006). Due to these
central adaptations, the physiological capacitiggnexercise increased after upper body
endurance training without training the leg muschdso in older patients with intermittent
claudification (~70 yrs) and patients with peripdearterial disease, it was shown that
walking performance improved after upper body eadae training, at least partly due to
lower limb G, delivery (Tew et al 2009; Zwierska et al 2005) wdwer, transfer effects of
handcycling training did not occur in cycling parfaance of our young (~20yrs), healthy
able-bodied females, suggesting that training adiis in handcycling are mainly local and

exercise specific and not so much attributablestdral adaptations. This is conform to the
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interpretations and results of Bhambani et al (}9®&ho studied transfer effects of arm as
well as leg cycling in middle-aged subjects (35+4Qyvith high aerobic powers and also
concluded that training adaptations were primaoflperipheral origin. It seems that transfer
effects only occur in low intensity exercise tasksh as walking, or in older male subjects
with a relatively lower fithess level compared e tyounger populations, so differences
compared to these groups are most likely associatbdhe difference in baseline
physiological conditions of the populations. In gida, differences in individual’'s responses
to training and their capacity to adapt have beponted to vary (Borreson et al 2009) and
recent literature review has explored gender difiees in fatigability and their relevance for
exercise, training and rehabilitation (Hunter 201#yvas found that females are usually less
fatigable than males and have different muscle gn@s such as a generally lower
percentage of type Il muscle fibers. It was sugge#tat neuromuscular adaptations and
thereby optimal training programs between malesfamales differ which could explain that
our findings in a group of young females regardnagsferability differ from several studies
in males found in literature. Though relative dossponse relations in upper body endurance
exercise in females seem comparable in magnitutteose found in lower body exercise in
males, interpretation of our results seems leaggsitforward regarding the origins of
training adaptations. More research into gendéermdinces, effects of baseline fitness levels
and individual variability in adaptive responsegrtoning and exercise is required to further

understand these findings.

Conclusion
The evaluation of training programs in a well-coliegd laboratory setting can contribute to
qguantify the training responses of a specific dufsgpper body training in a homogeneous

female subject population. It can also contribota tmore in depth understanding of
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physiological mechanisms underlying adaptationgpiper body training. The present study
showed that a training schedule based on the deararang guidelines as prescribed by the
ACSM has led to local, exercise specific adaptatiomproving handcycling performance in
young, able-bodied female subjects. It could thgmbvide input for the design of
evidence-based training programs specifically aiatagpper body endurance exercise in

females, as is relevant in the context of rehathibih, health and mobility.
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532 Figure2: Pulley system that was attached to the handcycle set-up on the treadmill.

533 Exerciseload could beincreased or decreased by adding or removing known loads.
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