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The aim of this study was to determine the effect of an upper body resistance training 35 

programme on maximal and submaximal handcycling performance in able-bodied males. 18 36 

Able-bodied men were randomly assigned to a training group (TG: n=10) and a control group 37 

(CG: n=8). TG received 7 weeks upper body resistance training (60% of 1 repetition maximum 38 

(1RM), 3 sets of 10 repetitions, 6 exercise stations, 2 times per week), whereas the CG received 39 

no training. Incremental handcycling tests were used to determine peak values for oxygen 40 

uptake (V̇O2peak), power output (POpeak), heart rate (HRpeak), minute ventilation (V̇Epeak) and 41 

respiratory exchange ratio (RERpeak), submaximal values (HR, V̇O2, RER, PO and gross 42 

mechanical efficiency; GE) and time to exhaustion (TTE),  pre- and post-training. Maximal 43 

isokinetic arm strength and 1RM tests were used to determine strength. Rating of perceived 44 

exertion (RPE) were assessed for all exercise tests. A two-way repeated measures ANOVA and 45 

post-hoc comparisons were performed to examine the effect of time, group and its interaction 46 

(p  0.05). The TG significantly improved on POpeak (8.55%), TTE (10.73%) and 1RM (12.28 47 

- 38.98%). RPE at the same stage during pre and post-test (lowest maximal stage) was 48 

significant lower during the post-test (8.17%). No training effects on V̇O2peak, V̇Epeak, RERpeak, 49 

HRpeak, HR, V̇O2, RER, PO, GE and isokinetic strength were found. Despite non-significant 50 

improvement in V̇O2peak, training significantly improved POpeak, muscular strength and TTE. 51 

The study findings suggest upper body training in a typical gym setting has the potential to 52 

improve handcycling performance. Further clinical studies on resistance training effects on 53 

handcycling performance are needed to understand, individualize and optimize upper training 54 

in the context of rehabilitation and recreational handcycling sports. 55 

 56 
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Approximately 10% of the world population (650 million people) lives with some form of 60 

disability [1] and 10% of persons with disability are wheelchair users [2]. Although the majority 61 

of wheelchair users rely on hand-rim wheelchair propulsion for daily ambulation [3], hand-rim 62 

wheelchair propulsion is highly straining and associated with overuse injuries of the upper body 63 

[4-6]. Conversely, handcycling is of particular interest, since handcycling is more efficient, less 64 

straining than wheelchair propulsion and offers more variation with regard to seating position 65 

and gears [4,5,7]. Consequently, larger distances can be covered and at higher speeds, making 66 

handcycling a perfect alternative for outdoor mobility and upper body endurance activity [7,8]. 67 

Handcycling can also be of therapeutic value in early rehabilitation, while evolving into 68 

recreational or even elite sports participation [9,10].  69 

Being largely dependent upon their upper body, wheelchair users have limited muscle mass 70 

available for daily functioning and ambulation, which may impact on their physical capacity 71 

and engagement in an active lifestyle, and consequently have difficulty in coping with the strain 72 

of daily activities such as making transfers, upper body lifting and wheelchair propulsion [1]. 73 

To cope adequately with the strain of daily activities and to prevent long-term secondary health 74 

problems, adequate upper body training is needed to optimize rehabilitation and increase 75 

functional status and participation of wheelchair users [11].  76 

Upper body training programmes, both resistance and endurance, can improve physical 77 

capacity and optimise mobility and health in wheelchair users [12,13], and can be an effective 78 

means to maintain or elicit improvements in cardiorespiratory fitness and muscular strength in 79 

wheelchair users [11,12]. Resistance training induces different adaptations to the upper body 80 

such as increased muscular strength and endurance [14-20]. Enhanced muscular strength could 81 

exert a positive influence on handcycling performance, enabling higher levels of 82 

cardiorespiratory stress due to delayed local fatigue [14] and is therefore suggested to make 83 
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activities of daily living less strenuous, as most activities of daily living are performed at a 84 

lower percentage of maximal capacity [15].  85 

Resistance training as an intervention with the aim of improving handcycling performance in 86 

wheelchair users has not been fully explored [16-19]. In addition, existing literature on upper 87 

body resistance training effect on handcycling performance is limited and inconclusive [20-24]. 88 

While some reported limited success in increasing both strength and endurance [18], others did 89 

not test both components of fitness [20], and others trained only a limited number of upper 90 

extremity muscles [21]. In most of these studies, concurrent resistance and endurance training 91 

modes was used, making it difficult to establish the specific effect of resistance training. 92 

Conversely, previous upper body programs to improve handcycling performance have focused 93 

on endurance training using different training protocols such as American College of Sports 94 

Medicine (ACSM) guidelines, low intensity, high intensity interval training and concurrent 95 

resistance and endurance exercise [16-19,25]. Although positive results were found for the 96 

endurance variables, it is worth noting that the training modes commonly used for training in 97 

most training studies [16-19]—arm ergometry, arm cranking and handcycling— require 98 

specialized equipment which is not commonly available in a typical gym settings. Exploring 99 

exercise modes that are more commonly available is therefore of paramount importance.  100 

More knowledge on training adaptations to specific modes of upper body resistance training is 101 

required to prescribe adequate upper body resistance training regimens as adaptations that occur 102 

in response to exercise training are primarily dependent on the intensity and mode of exercise 103 

performed. To our knowledge, only one study has explored the effect of upper body resistance 104 

training using standard gym machines [24]. There is the need for further exploratory and 105 

interventional studies on effect of such training modes on handcycling performance to provide 106 

insight into the potential use of resistance training to improve handcycle performance and 107 

muscle strength, providing knowledge to use in rehabilitation and adapted sports settings.  108 
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The aim of the current study was to evaluate the effects of a 7-week ACSM [25] based resistance 109 

training program in a standard gym setting that stressed the primary muscles involved in 110 

handcycling using concentric and eccentric contractions of key muscles of the arms and 111 

shoulder complex [26,27] on measures of handcycling performance (as indicated by maximal 112 

power output, muscular strength, time to exhaustion and maximal oxygen uptake) in able-113 

bodied males. Able-bodied participants are inexperienced in wheelchair propulsion and in that 114 

respect comparable to some extent to those people with lower-limb impairment early in the 115 

initial clinical rehabilitation phase. The study of able-bodied participants in the context of 116 

handcycling performance is thus a simulation of possible adaptations that may occur in early 117 

rehabilitation of individuals new to a wheelchair, as wheelchair propulsion experience can 118 

impact on upper body adaptation and thus may affect handcycling performance. We 119 

hypothesised that the resistance training program would improve handcycling performance.  120 

Materials and methods  121 

Participants 122 

Eighteen able-bodied participants volunteered to participate in this study (body mass: 74.4 ± 123 

6.6 kg, height: 1.80 ± 0.074 m, age: 25.5 ± 5.7 years). After screening with the Physical Activity 124 

Readiness Questionnaire (PARQ) [28], participants gave written informed consent. At their 125 

first visit to the laboratory, participants familiarized to the experimental set-up with a 126 

standardized 5-min familiarization trials in the handcycle on a cycle trainer (20W, 1.39ms-1). 127 

Participants were randomly assigned to a training (TG: n=10) and a control group (CG: n=8). 128 

Criteria for inclusion of this study were; 18-40 years of age, inexperience in wheelchair use, no 129 

recent experience in upper body sports or training and no medical contraindications. The study 130 

was performed according to the declaration of Helsinki and was approved by the local ethical 131 

committee and meets the ethical standards of the journal [29]. Participants were asked to keep 132 

their level of physical activity and diet constant between pre- and post-test.  133 
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Design  134 

This study was designed to determine the effect of resistance training on handcycling 135 

performance fitness in able-bodied men. The training group (TG) received a 7-week upper body 136 

resistance training (two times a week, two sets of ten repetitions at six different exercise stations 137 

with an initial exercise intensity of 60% of 1RM, details provided in the next section) [25]. The 138 

control group (CG) received no training. Before and after the experimental period, participants 139 

performed an incremental handcycling test until exhaustion to determine peak cardiovascular 140 

variables (V̇O2peak, HRpeak, VEpeak and RERpeak) and handcycling performance (POpeak). 141 

Preceding the incremental test, a 3-stage submaximal handcycle test on a motor-driven 142 

treadmill was conducted to evaluate gross mechanical efficiency (GE) and submaximal 143 

parameters (V̇O2, VE, RER, HR and PO). The measurement of maximal isokinetic strength 144 

using isokinetic dynamometer (Chattanooga INC, Hixson, TN) and isoinertial strength using 1 145 

repetition maximum (1RM) [30] were also performed. Post-tests were conducted at the same 146 

time of the day, and on the same day of the week, 7 weeks after the pre-tests was completed. 147 

All participants were asked to eat light meals and refrain from smoking and ingesting caffeine 148 

and alcohol 24 hours before testing, and to maintain regular daily physical activity pattern and 149 

diet during the study period.  150 

Training 151 

The TG performed resistance training in accordance with ACSM guidelines [25]. They 152 

completed 3 sets of 10 repetitions at 6 different exercise stations consisting of exercise on 153 

machines (Life Fitness, Franklin Park, IL) for seated chest press, seated row, seated shoulder 154 

press, seated lateral pull-down, seated triceps dips and arm curls twice weekly. Muscles worked 155 

were pectorals, deltoids, biceps, triceps, rhomboids, and latissimus dorsi, which are muscles 156 

involved in handcycling [27,31,32]. Training was performed at the same time of the day on the 157 

same days of the week over 7 consecutive weeks. The initial exercise load was 60% of 1 158 



7 
 

repetition maximum (1RM). Load increased approximately 5%, dependent on the limits of the 159 

machine used (minimal increase 2.5kg) when participants performed reps rhythmically, at a 160 

moderate-to-slow controlled speed, through a pain-free range of motion, with a normal 161 

breathing pattern during the lifting movements, using good form and technique (no 162 

compensatory movements) over two consecutive training sessions. For all lifts, participants 163 

used slow and controlled movements and exhaled on exertion. 1RM was determined during 164 

initial 1RM strength testing by participants performing one single lift at a certain load, and the 165 

load increased every time a lift was successfully performed, until the participant could not 166 

successfully lift the load [30,33]. A 3-min rest was taken between each lift. The last successfully 167 

lifted load was considered the 1RM. It was difficult to measure 1RM for seated triceps dips the 168 

exercise was therefore used as a supporting, and was not analysed statistically. At the start of 169 

each training session, participants performed a 5-min warming up on a rowing ergometer and 170 

10 repetitions on the lightest load on each exercise machine. After the training session, a 5-min 171 

cooling down on a rowing ergometer was performed. A 48h period was allowed in-between 172 

training session. During the last training session, 1RM was measured again.  173 

Incremental Exercise Testing  174 

Before the training commenced, but after the initial handcycle familiarization sessions, an 175 

incremental handcycling test was performed on a motor-driven treadmill (Saturn; HP-Cosmos, 176 

Nussdorf, Germany, 1.0 x 2.7 m) using a standard sports wheelchair (Morrie¨n; Morrie¨ n BV, 177 

Nijkerk, Netherlands) with an attached handcycling unit (Double Performance Tracker 16 tour 178 

with a 7 gear system). To measure power output, the cranks of the add-on handcycle unit fixed 179 

at the lightest gear and were instrumented with a power sensor SRM system (Schoberer Rad 180 

Messtechnik, Welldorf, Germany, Rotor 3D + compact; accuracy 0.5% and sample frequency 181 

1 Hz). Power output was continuously measured by the SRM, and data were recorded on the 182 

SRM power controller 7. The SRM system produces a valid and reliable measurement of PO 183 
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[34]. Tire pressure was fixed on 6.0 bar and was measured before all tests.  Gearing was fixed 184 

and treadmill velocity was a constant 1.39 m s−1 which coincided with an rpm of 50. Open 185 

circuit spirometry (Oxycon Delta, Jaeger, SBx/CPX, Hoechberg, Germany), calibrated using 186 

room air and a calibration gas (16% O2, 5% CO2) and a heart rate monitor (Suunto Comfort 187 

Belt dual, sampling frequency 1 Hz, beats per minute) were used to obtain respiratory gas 188 

exchange (breath-by-breath) and heart rate respectively. The incremental exercise tests were 189 

performed on the same time of the day. After 7 weeks of training or no training, the incremental 190 

tests were repeated at the same time of day on the same day of the week.  191 

The incremental test was preceded by a standard 5-min submaximal steady state warm-up at 192 

20W and three submaximal exercise bouts of 4-min duration each at different power outputs 193 

(20W, 30W and 40W). The first bout consisted of 4 minutes handcycling at 20W. The second 194 

bout consisted of 4 minutes handcycling at 30W. The third bout consisted of 4 minutes 195 

handcycling at 40W. A 5-min rest was taken after the 5-min submaximal steady state warm-up, 196 

before the start of the three 4-min submaximal exercise bouts. A 3-min rest was taken between 197 

each 4-min exercise bouts and between the third submaximal bout and the incremental test. 198 

Thirty (30) seconds of the last minute (20th till 50th seconds) were used for calculation of mean 199 

maximal and submaximal values. The PO was increased every minute by adding load through 200 

a pulley system attached to the rear end of the handcycle (Figure 1) [35] and was determined 201 

by the additional force (Fadd), the drag force (Fdrag) and the velocity (v), as described by Eq. (1):  202 

Power output (PO) = (Fadd + Fdrag) * v                                    Equation 1 203 

Drag force was determined by handcycling with no additional force at 1.39 m·s-1. 204 

[Insert figure 1 near here] 205 

Following the 3-minute rest after the last (third) submaximal exercise bout, the 1-min 206 

incremental maximal exercise test began. The initial PO of the test was set at 20 W, and 207 
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increased with 4W every minute until voluntary exhaustion. The protocol of the handcycling 208 

stepwise (1 min) incremental test was based on a handcycling protocol designed for males [36]. 209 

Local rate of perceived exertion (RPE) was measured using Borgs 1-10 category ratio scale 210 

after every stage whereas measures of central and overall RPE were measured using Borgs 6-211 

20 scale [37,38] immediately after the end of the submaximal bouts and incremental test. Local 212 

RPE correspond to peripheral working muscles exertion, central RPE correspond 213 

cardiorespiratory exertion and overall RPE correspond to total exertion. During the last 10 s of 214 

each submaximal bout and each incremental stage, the experimenter moved his finger along an 215 

enlarged, printed RPE list. Participants were informed to nod when the experimenter was 216 

pointing to their RPE, so that speech would not interfere with the collected respiratory data. 217 

Power output (PO), heart rate (HR), oxygen uptake (V̇O2), minute ventilation (V̇E) and 218 

respiratory exchange ratio (RER) were continuously measured. Carbon dioxide production was 219 

also noted. Average values of the respiratory gas exchange measurements were calculated for 220 

the third minute of each submaximal exercise stage. Peak values for PO, HR, V̇O2 and RER 221 

were defined as the highest value reached between 20 and 50 seconds of every minute during 222 

the maximal incremental exercise test.  223 

Gross efficiency (GE), the ratio between external mechanical work performed and the total 224 

metabolic production of energy during exercise [39], was calculated for all submaximal steady 225 

state intensities by dividing the measured mechanical PO by the metabolic power input (Pmet): 226 

GE = PO/Pmet ∗ 100%  227 

Pmet was calculated in the last minute (from second 20 to 50) by multiplying oxygen 228 

consumption with the oxygen equivalent: Pmet = V̇O2 * ((4940 * RER + 16040)/60) [40].  229 

Maximal Strength Testing 230 
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Maximal strength was determined by a maximal isokinetic strength test using a computer- 231 

controlled electromechanical isokinetic dynamometer (KinCom, Chattanooga INC, Hixson, 232 

TN). The length of the lever arm of the Kin-Com was conform the length of the crank of the 233 

handcycle (0.17 m), and also the setup was conform the setup of the handcycle (distance from 234 

back rest to crank axis: 0.56 m, distance from seat to crank axis: 0.46 m). An isokinetic maximal 235 

arm push and an arm pull test were performed. When the lever arm was in the highest vertical 236 

position, it was considered to be 0°; whereas the lowest position was 180° (figure 2). During 237 

the push phase maximal strength was measured between 0-90°. The pull phase consisted of a 238 

maximal strength measurement between 90-180°. For both the push and pull phase mechanical 239 

stops were used, so each participant would pass through the identical total range of motion 240 

(ROM). The setup of the KinCom was conform the setup of the handcycle. Angular velocity 241 

was fixed at the KinCom’s top speed of 250°s-1, to cover a speed as close as the possible to the 242 

cadence used during the incremental handcycle test. Initial force was set at 50 N. For both the 243 

push- and pull phase, five submaximal exercises trials were performed as a warm up. The 244 

maximal strength test consisted of five maximal isokinetic pushes and five maximal isokinetic 245 

pulls of the dominant hand only. Trunk and hip were strapped onto the back of the seat to avoid 246 

involuntary movements. Participants were instructed to exert as much force as possible during 247 

the test. 248 

[Insert figure 2 near here] 249 

Statistical Analyses  250 

Statistical analyses were performed using IBM SPSS Statistics version 20.0 (Statistical 251 

Package for Social Science, Chicago, IL, USA). Descriptive statistics (means and standard 252 

deviations) were calculated for all variables. An independent t-test was applied to participant 253 

characteristics (age, height, body mass) to detect possible differences between the groups at 254 

baseline. A two-way repeated measures analysis of variance and post-hoc comparisons were 255 



11 
 

performed to examine the effect of time, group and its interaction on peak and submaximal 256 

performance (V̇O2, V̇E, HR, RER, PO and RPE), time to exhaustion (TTE) and muscle 257 

strength. The significance level of all tests was set at p < 0.05.  258 

Results 259 

Participant characteristics 260 

At baseline, there were no statistical differences between the groups with regard to age (TG: 261 

26.1 ± 5.8 years vs. CG: 24.8 ± 6.0 years, p  0.05), height (TG: 1.8 ± 0.1 m vs. CG: 1.8 ± 0.1 262 

m, p  0.05), body mass (TG: 74.0 ± 6.6 kg vs. CG: 74.9 ± 7.0 kg, p  0.05). Additionally, there 263 

were no statistical differences between the groups with regards to physiological and 264 

performance parameters. 265 

Training sessions 266 

Of the 10 participants in the TG, one participant did not complete the resistance training due to 267 

personal reasons and was excluded. All other participants completed the training volume and 268 

pre- post-tests successfully. Some participants could not perform the required two training 269 

sessions every week and were then allowed to perform an extra session in another week. 1RM 270 

values before and after the training are shown in table 1. Significant increases were found over 271 

time for all trainings exercises (p < 0.05), except in chest press.  272 

[Insert table 1 near here] 273 

Training evaluation  274 

Table 2 shows the peak physiological and performance parameters of both TG and CG pre- and 275 

post the experimental period. No significant interactions were detected in V̇O2peak, VEpeak, 276 

RERpeak, HRpeak, RPE score as well as maximal arm pull and push (p  0.05). However, 277 

significant interaction effects were found showing increases in POpeak, (F = 15.3, p < 0.01) and 278 
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TTE (F = 22.9, p < 0.01), and a decrease in local RPE (F =4.90, p = 0.04) at the lowest maximal 279 

stage over time in TG.  280 

[Insert table 2 near here] 281 

Table 3 shows the submaximal physiological and performance capacity of both TG and CG 282 

pre- and post the experimental period. No significant interactions were detected in V̇O2, V̇E, 283 

PO, HR, RER, GE and RPE scores (p > 0.05). However, significant time effects (pre-post test) 284 

were found showing an increase in RER (p < 0.01) and decreases in local RPE (p < 0.01), 285 

central RPE (p < 0.05) and overall RPE (p < 0.05) in TG.  286 

[Insert table 3 near here] 287 

Discussion 288 

This study is the first study to investigate the effect of a 7-week upper body resistance training 289 

program on maximal handcycling performance and muscle strength in able-bodied males using 290 

standard gym machines. The most striking outcomes of the present study were improvement in 291 

POpeak, TTE, muscular strength (seated row, seated shoulder press, seated lateral pull-down and 292 

arm curls) assessed by 1RM and local RPE at the lowest maximal stage after 7 weeks of 293 

training. This provides insight into the potential use of resistance training to improve 294 

handcycling performance and muscle strength, providing knowledge to use in rehabilitation and 295 

adapted sports settings. No improvement in cardiorespiratory parameters (V̇O2peak, V̇Epeak, 296 

RERpeak, HRpeak and peak RPE scores), and submaximal metabolic strain (V̇O2, V̇E, RER, HR, 297 

GE and RPE scores), suggesting no cardiorespiratory adaptations in responses to training.  298 

Upper body resistance training is important for persons with spinal cord injury, handcyclists 299 

and wheelchair users as it can lead to increased work capacity, muscular strength and power 300 

and as a consequence improved mobility and participation [24]. The current training stressed 301 
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the major muscles used in handcycling so that improvement could potentially be translational 302 

to handcycling. The improvement in POpeak, TTE and muscular strength indicates adaptations 303 

in both the central nervous system and the peripheral muscle system in response to resistance 304 

[30] and are in accordance with concurrent endurance and resistance studies in persons with 305 

spinal cord injury, handcyclists and wheelchair users [20-23,41,42] and are relevant for 306 

performance of daily activities. The reduction in local RPE at the lowest maximal lowest power 307 

output suggest activities of daily living are likely not to be perceived as strenuous, and thus 308 

resulting in improved participation in daily activities.  309 

The study finding that HRpeak did not improve was comparable to previous upper body 310 

resistance training studies [36], and the improvement in TTE is similar to that reported in a 311 

comparable (training mode, intensity and repetitions) study by Jacobs et al., [24] exploring 312 

longer training duration. Taken together with the improvement in POpeak, TTE and muscular 313 

strength, the lack of significant improvement in cardiorespiratory variables found in this study 314 

conform expectation that resistance training improve anaerobic power through adaptations in 315 

both the central nervous system and the peripheral muscle system [30], but is generally 316 

considered to provide minimal, if any, improvements in maximal aerobic capacity [24,30,43]. 317 

The cardiorespiratory benefits of resistance training have been related to resistance intensity, 318 

total training volume, and the duration and type of rest/recovery periods [44].  319 

The study of Jacobs et al., [20] exploring higher training duration showed significant 320 

improvement in POpeak (+16%) and V̇O2peak (+15%) following resistive arm crank exercise. The 321 

authors attributed the improvement in POpeak and V̇O2peak to an enhanced muscle function 322 

specifically improved trunk control, and thereby required greater levels of oxygen uptake to 323 

supply the needed oxygen delivery to the exercising muscles [22]. Their study sample were 324 

individuals with spinal cord injury paraplegia; a population with poor trunk control. 325 
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The improvements in POpeak in comparable (training duration) endurance training studies [16-326 

19] were higher (varying from 28.2% to 47.1%) compared to this study. Additionally, these 327 

studies reported improvement in V̇O2peak (varying from 13.3% to 22.2%). It is worth noting that 328 

almost all comparable studies examining upper body endurance and concurrent endurance and 329 

resistance conditioning [16-24] used continuous resistive arm ergometry and wheelchair 330 

ergometry training modes. However, replication of such mode specific exercises are difficult 331 

as arm ergometry and handcycles are specialized equipment which are not commonly available 332 

in typical gym settings. Alternative modes such as resistance training in a gym to train the upper 333 

body in the absence of these specialised equipment is therefore of paramount importance. 334 

The improvement in muscular strength (1RM) can be explained by neuromuscular adaptations 335 

in response to the training including increased activity of anaerobic enzymes and intracellular 336 

glycogen, improved excitation-contraction coupling and recruitment patterns of the activated 337 

motor units, improved firing characteristics and/or enhance shortening cycles of the muscular 338 

system [46] as well as shift from type IIx muscle fibre to type IIa muscle fibres which are less 339 

fatigable and have a higher power output [45-47]. The improvement in muscular strength found 340 

in this study thus lead to a potentially enhanced anaerobic capacity as evident in the 341 

improvement in POpeak and may have induced improvement in movement co-ordination of the 342 

trained muscles which may in turn have influenced the improvement in TTE. Consequently, 343 

larger distances can be covered and at higher speeds [7,8] due to improved handcycling 344 

performance. 345 

Although there was improvement in strength based on 1RM, no significant improvement was 346 

found for isokinetic strength. The difference in outcome may be accounted for the differences 347 

in the two assessments and physiological adaptation. The physiological adaptations to training 348 

are specific to the muscle actions involved, muscles trained, range of motion of the movement, 349 

and the energy systems utilised [23,24,48]. In this context, 1RM concentrated in those 350 
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movements similar to those implemented in the training program, while the isokinetic test could 351 

involve a completely different movement, including different muscle combinations and efforts. 352 

Furthermore, while a predetermined load and fixed high muscle contraction speed (240-300°s-353 

1) were used in the isokinetic strength testing, self determined exertion force and relatively low 354 

controlled self determined muscle contraction speeds (60-90°s-1) were used in 1RM [48]. 1RM 355 

is useful for evaluation of functional performance whereas isokinetic tests is useful for 356 

evaluation of specific muscle function and activation [48]. Since the current study evaluated 357 

the effect of resistance training on functional performance in the context of handcycling, the 358 

1RM assessment is considered to be more meaningful [48]. The current study has no control 359 

measurement for 1RM, and thus only within group comparisons was done. 360 

The results of this study are promising for the use of standard gym equipment to improve 361 

handcycling performance, particularly for early phase of rehabilitation of persons who might 362 

have difficulty accessing specialised handcycle or arm crank equipment, as the study design 363 

improved POpeak and TTE and muscle strength. Resistance training can provide increased work 364 

capacity as a result of greater levels of cardiorespiratory stress as a result of enhanced resistance 365 

to local muscle fatigue in addition to the expected enhancements of muscular strength and 366 

power [24]. 367 

The use of a homogeneous group of able-bodied men to represent individuals who are naive to 368 

wheelchair to simulate the early rehabilitation phase of individuals new to a wheelchair, allowed 369 

us to compare responses to resistance training in a controlled setting, adding to data available 370 

required for establishing training prescriptions for upper body exercise. Additionally, 371 

participants in this study had no prior experience in upper body exercise and wheelchair 372 

propulsion, which is comparable to wheelchair dependent persons in early rehabilitation and 373 

with relatively short duration wheelchair experience [49]. Based on the results of the current 374 

study, it is therefore expected that resistance training can alter the handcycling performance in 375 
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novice wheelchair dependent persons. However, it is important to evaluate how data collected 376 

in able-bodied participants compares with people with different disabilities such as people with 377 

spinal cord injury. How these data might influence adaptations to resistance training are to be 378 

assessed in future research. Furthermore, overuse injuries and pain at the shoulders, elbows and 379 

wrists are common due to demands of wheelchair propulsion and weight bearing required for 380 

transfers in wheelchair users, posing further limitations on their already restricted lifestyle 381 

[4,5,50]. Development of intervention to prevent as well as treat shoulder pain is therefore of 382 

paramount importance. Future studies investigating the safety and effectiveness of resistance 383 

training in this context of these overuse injuries assessed as local perceived discomfort or pain 384 

are needed to help evaluate the long-term adherence and adoptability of training. 385 

Conclusion 386 

This study provide input for the design of evidence based upper body resistance training 387 

programs that are applicable to people who are interested in improving upper body 388 

performance, e.g., novice wheelchair users. In the current intervention 7-week upper body 389 

resistance training improved muscle strength (12.28 - 38.98%), peak power output (8.55%), 390 

time to exhaustion (10.73%) and rate of perceived exertion at the lowest maximal stage 391 

(8.17%). For individuals who are new to wheelchair use, however, the intervention did not 392 

translate into an improved cardiorespiratory parameters. Although previous handcycling 393 

training programs demonstrated greater improvements in handcycling performance, in the 394 

absence of the specialised handcycle or arm crank to train, gym-based program could be of 395 

interest. Based on the current findings, resistance training can improve handcycling 396 

performance. Rehabilitation professionals should consider resistance training during 397 

rehabilitation to improve handcycling performance. 398 
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Figure legends 532 

Figure 1. Experimental setup: Handcycle with attached pulley system  533 

Figure 2. In the push phase the lever start at 0° (A: start point) and moved till 90° (B: end point), 534 
and during the pull phase the lever start at 90° (C: start point) and moved till 180° (C: end point 535 

 536 

Table captions 537 

Table 1. Changes in 1RM measurements from pre- to post training for TG (n=9).  538 

Table 2. Change in maximal strength and peak physiological values for TG and the CG.   539 

Table 3. Changes in submaximal physiological performance for TG (n=9) and CG (n=8). 540 


