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1 Differentiated perceived exertion and self-regulated wheelchair exercise

3 Abstract (272 words max)
4  Objective: To investigate the utility of the differentiated ratings of perceived exertion (RPE)
5  for the self-regulation of sub-maximal wheelchair propulsion in novice users.

6  Design: Each participant completed a sub-maximal incremental test and a graded test to

7 exhaustion to determine peak oxygen uptake (VO zpeak) ON a Wheelchair ergometer. On a
8  separate day, two 12-min intermittent bouts consisting of three 4-min stages were completed
9 atindividualised imposed power outputs (PO) equating to ‘light’ (40% VO 2peak) and
10  ‘moderate’ (60% VO 2peak) INtensity exercise. On a third occasion, participants were assigned
11  to either the overall group or peripheral group and were required to self-regulate 12-min
12 intermittent exercise according to either overall RPE or peripheral RPE reported during the
13 corresponding imposed intensity trial.
14  Setting: Laboratory facilities at a university.
15  Participants: A preliminary population of able-bodied participants with no prior experience

16  of wheelchair propulsion (n=18).

17 Main Outcome Measures: Differences in oxygen uptake (VO ), heart rate, blood lactate
18  concentration (BLa") and PO between the imposed and self-regulated exercise trials.
19  Results: No difference was found in physiological responses between the moderate intensity

20 imposed and RPE-regulated trials in the peripheral group whereas a significant (P<0.05)

21 under-production inVO, (1.76+0.31 vs. 1.59 0.25 L-min™") and BLa™ (2.6 +0.90 vs.

22 2.21+0.83 mmol-L™) was seen in the overall group. In contrast a significant (P<0.05) over-
23 production was seen in the peripheral group at a light exercise intensity whereas no difference
24 between all variables during the light-intensity imposed and RPE-regulated trials in the

25  overall group.
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Conclusion: Peripheral RPE enabled a more precise self-regulation during moderate-
intensity wheelchair exercise in novice users. In contrast overall RPE provided a more

accurate stimulus when performing light-intensity propulsion.

Keywords: Exercise Prescription, Exercise intensity, Rehabilitation, Hand-rim

propulsion

Abbreviations

BLa =~ = blood lactate concentration

Clgifs = confidence intervals of the difference
GXT = graded exercise test to exhaustion
HR = heart rate

HRpeak = heart rate peak

PF = push frequency

VE = minute ventilation

PO = power Output

RPE = rating of perceived exertion

RPE = central rating of perceived exertion
RPEo = overall rating of perceived exertion

RPEp = peripheral rating of perceived exertion
VO ,= oxygen uptake
VO zpeak = peak oxygen uptake

ME = Gross mechanical efficiency
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The majority of wheelchairs employed for daily ambulation and sports performance are hand-
rim propelled, which is reported to be one of the least efficient forms of

locomotion.! However, wheelchair propulsion training and experience of manual wheelchair
use show favourable effects on mechanical efficiency and physiological strain.?® Therefore,
wheelchair practice is encouraged to enable participants to refine their propulsion technique,
reduce feelings of physical strain and to ultimately encourage the confidence necessary to
increase exercise adherence.*® Short term wheelchair skills training can improve factors
determining quality of life, including self-esteem.®> Regular manual wheelchair exercise has
been shown to improve cardiorespiratory fitness and endurance capacity, which can lead to
an improved performance in activities of daily living and a reduction in chronic disease risk

of over a life-span.®

Assessments of exercise intensity can be made during wheelchair propulsion training using

standard open circuit spirometry procedures, in which oxygen uptake (VO ,) and power
output (PO) are measured. However, the rehabilitation practitioner may not have access to the
equipment required for these assessments on a day-to-day basis. Regulating exercise intensity
solely on heart rate (HR) may also be unsuitable for some individuals with high thoracic
(paraplegia) or cervical (tetraplegia) spinal cord injury due to an attenuated sympathetic
innervation of the heart in response to exercise. It is therefore proposed that the rating of
perceived exertion (RPE) may provide a convenient and inexpensive alternative to the

aforementioned methods for regulating exercise intensity.®*

The ratings of perceived exertion have previously been employed for the prescription and

self-regulation of exercise intensity across a range of exercise modalities, including treadmill
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exercise, cycling, arm-cranking, handcycling and wheelchair propulsion.®** Muller et al.*?
reported small coefficients of variation (2.6 — 7.8%) when self-regulating high-intensity
wheelchair racing training according to a modified perceived exertion scale. Paulson et
al.**also reported that RPE can be used to self-regulate 20 min of moderate-intensity, manual
wheelchair exercise in a group of highly trained athletes with tetraplegia. However, it is
recognised that the strength of perceptual signals from the peripheral exercising limbs and
joints (peripheral RPE) are greater than central signals from the cardiorespiratory system,
such as HR and ventilation (central RPE), during sub-maximal wheelchair propulsion.
Lenton et al. ® also observed that individuals inexperienced in wheelchair propulsion reported
higher peripheral RPE compared to experienced users at the same relative exercise

intensity. It is therefore important to consider the role of differentiated RPE in forming
overall perceived exertion during manual wheelchair propulsion. However, to date no study
has examined the ability of novice wheelchair users to self-regulate exercise or the potential

role of peripheral RPE in improving the accuracy of self-regulated upper-body exercise.

The differentiated RPE model suggests that perceptual signals are related to specific
anatomically regionalised processes during exercise.'® These differentiated RPE are then
combined in a process termed ‘perceptual signal integration’ to create an overall
undifferentiated RPE (overall RPE).™ It is recognised that the reliability of exercise intensity
is improved with mode-specific familiarisation during low and moderate-intensity, self-
regulated exercise guided by the overall RPE.**** However, the prescription and self-
regulation of exercise may be enhanced in novice wheelchair users by using an RPE specific

to the peripheral exertional signals experienced during hand-rim propulsion.
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The purpose of this study was to: 1) establish the differentiated RPE (peripheral and central)
and undifferentiated (overall) RPE during sub-maximal wheelchair propulsion in novice
individuals; and 2) examine whether utilising the differentiated RPE from the exercising
limbs can improve the self-regulation of wheelchair exercise when compared to traditional
overall RPE in the same novice group. It was hypothesised that RPE from the exercising
muscle and joints would be greater than central RPE arising from the cardiorespiratory
system during sub-maximal wheelchair propulsion. Furthermore, although the novice group
would successfully self-regulate exercise based on overall RPE, employing an RPE specific
to the exercising muscle mass and joints would improve the accuracy of the self-regulation

process.

Methods

Participants

Eighteen recreationally active, able-bodied males volunteered to participate in the study. The
participants’ characteristics are shown in Table 1. Procedures for the current investigation
were approved by the University’s Ethical Committee and performed in accordance with the
Declaration of Helsinki. All participants provided written informed consent before testing
commenced. Participants were physically active (>3h/wk) but not specifically upper-body
trained and had no prior experience of wheelchair propulsion. Thus, the cohort employed was
homogenous in both training status and wheelchair experience. This able-bodied participant
group provided an experimental population in which to preliminarily examine the current

hypotheses.

Experimental design
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The study utilised a repeated measures design with participants visiting the laboratory on

three separate occasions. During the first session, participants completed a sub-maximal

incremental test and a graded exercise test to exhaustion to determine VO pea. On a separate
day, two 12-min intermittent exercise bouts consisting of three 4-min stages were completed
at individualised imposed power outputs (PO) equating to ‘light’ (40% VO 2peak) and
‘moderate’ (60% VO 2peak) INtensity exercise (Fig. 1). On a third occasion, participants were
assigned to either the overall group or peripheral group and were required to self-regulate 12-
min intermittent exercise according to either overall RPE or peripheral RPE reported during
the corresponding imposed intensity trial (Fig. 1). Session 1 and session 2 were separated by
7 d. The main experimental trials of sessions 2 and 3 were separated by at least 5d but no

longer than 7 d.

Instrumentation

All testing was performed using a 15° cambered sports wheelchair with 0.66 m diameter
wheels and 0.61 m hand-rims (Quattro, RGK, Burntwood, Staffordshire, England). These are
characteristics typical to sports wheelchair configuration used during the early stages of skill
acquisition.'” The wheelchair was mounted on a wheelchair ergometer interfaced with a
computer. The wheelchair ergometer consisted of a single roller (length, 1.14 m;
circumference, 0.48 m). A flywheel sensor connected to the roller and interfaced to a
computer calculated wheelchair velocity and displayed it visually on a computer monitor.
Upon each visit participants performed two deceleration tests to allow PO to be calculated as

described previously by Lenton et al.*®

Briefly, for each deceleration trial the participant was
asked to accelerate the roller to maximum velocity and to then stop pushing and sit stationary

6
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as if in a position to perform the next push. The velocity was recorded as the chair slowed to
a standstill and the average deceleration calculated from the slope of this velocity-time data.
PO was calculated from the torque applied to the wheels and their angular velocity. The
torque applied is a function of one total internal torque of 1) the wheelchair ergometer-
wheelchair system, 2) the rotational moment of inertia of the rear wheels, 3) the one of the
roller, and 4) its angular acceleration.'® Tyre pressure was set at 100 psi for each participant
and standardised for each session. The Borg 6-20 scale was used to attain participants
differentiated RPE throughout all trials. Participants were given standardised instructions
detailing the use of the Borg 6-20 scale and the associated verbal anchors at the beginning of
each session.® To determine central RPE (RPEc), participants were asked to rate their
perceived exertion for the heart, lungs and breathing.®**> To determine peripheral RPE
(RPEp), participants were asked to rate exertion only from the exercising muscle groups and
joints.2> Overall RPE (RPE) was then reported as the combination of RPEp and RPEc. The

RPE scale was visible to participants for the duration of each trial.

Session 1

On arrival at the laboratory, body mass was measured to the nearest 0.1 kg, using wheelchair
beam scales (Marsden MPWS-300, Henley-on-Thames, UK). The degree of elbow extension
elicited by each participant when sitting upright with their hands positioned at top dead centre
of the wheel was measured using a goniometer and standardised to an optimal angle of 100-
120°, according to Woude et al.'® A standardised 5-min warm up of no greater than 1.5 m.s
!\was performed prior to all exercise sessions. Subsequently, participants performed an

incremental exercise test consisting of five 4-min constant load exercise stages at ascending

velocities, intended to elicit physiological responses covering a range from 40% to 80% VO
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apeak -_ Initial speeds were 1.2+0.2 m.s™ with subsequent velocity increments of 0.2 or 0.3
m.s™>. HR was monitored continuously using radio telemetry (Polar PE 4000, Kempele,
Finland). On-line respiratory gas analysis was carried out throughout each 4-min stage via a
breath-by-breath system (Cortex metalyser 3B, Cortex, Leipzig, Germany). Before each test,
gases were calibrated according to the manufacturer’s recommendations using a 2-point
calibration (02 = 17.0 %, CO2 = 5.0 % against room air) and volumes with a 3-L syringe at

flow rates of 0.5-3.0 L.s™. The average respiratory data from the last 1-min of each stage was

used to provide information of oxygen uptake (VO ,). A small capillary blood sample was
obtained from the earlobe at the start of the test and during a 1-min break between stages to
determine blood lactate concentration (BLa") using a YSI 1500 SPORT Lactate Analyser
(YSI Inc, Yellow Springs, OH). Differentiated RPE were recorded in the last 15 s of each 4-

min stage while the participant was still exercising.

After a 15-min rest period, a graded exercise test to exhaustion was performed to determine

VO apeak- 1 Ne test involved increments of 0.1 m.s every minute from an initial velocity of 1.7
+ 0.6 m.s™ at a freely chosen push frequency until volitional exhaustion. HR and expired air
were measured continuously throughout the test and the final differentiated RPE was

recorded as previously described. Breath-by-breath data allowed the highest 30 s rolling
average VO, value recorded during the exercise test to be taken as the VO 2peak- FOr €ach
participant a simple linear regression analysis was performed using the linear workload- VO ,

relationship. The regression line created from the paired sub-maximal velocity and VO , data

was employed to interpolate individual velocities corresponding to a ‘light” exercise intensity

of 40% and a ‘moderate’ exercise intensity of 60% VO peak-

Session 2: Imposed-intensity estimation trial
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A standardised 5-min warm up was performed prior to the imposed intensity trial and

standardised for the RPE-regulated trial as previously described. The imposed intensity bouts

were performed at individualised exercise intensities corresponding to 40% and 60% VO jpea.
Exercise intensities were presented in a counter-balanced order. Participants were informed
of the velocity required and were asked to maintain it for 12 min of intermittent propulsion
comprised of three 4-min stages separated by 3-min rest.. The different intensity bouts were

separated by 20-min rest. Participants had full vision of their velocity on the computer

monitor throughout the whole session. VO , minute ventilation (VE), breathing frequency
and HR were measured constantly during each bout and averaged over the final minute.
Energy expenditure was obtained from VO , and associated respiratory exchange ratio (RER)
by using the standard conversion table for the energy equivalent of oxygen.?* Gross
mechanical efficiency was calculated according to principles of Woude et al.?* and defined
as the ratio between external energy produced and internal energy expended. Push
frequencies were retrospectively calculated from the velocity trace provided by the ergometer
and averaged over the final 4-min bout of each trial. Differentiated RPE were recorded and
BLa™ determined in the last 15 s of each 4-min bout while the participant was still exercising.
Collection of the RPE in the final stages of each 4-min bout of exercise is a valid means of

assessing perceived exertion and is consistent with previous literature, ** on the basis that HR

and VO , can be considered to have reached a steady-state after 3 minutes of continuous sub-
maximal propulsion. The average recorded RPE during the 12-min pushing at light and

moderate intensities were taken as the anchor for the intensity of the RPE-regulated bout.

Session 3: RPE-regulated production trial
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Participants were pair-matched for VO ,peac and assigned to either the overall or peripheral
group, where they were required to self-regulate exercise intensity using either RPEq or
RPEp respectively. Participants were informed of the average respective RPE recorded
during each imposed intensity trial and were instructed to reproduce a workload equating to
these RPE for each 4-min stage in the 12-min bouts. Participants were blinded to their

velocity and all physiological measurements but were informed of time elapsed. Breathing

frequency, VO, VE, HR, BLa", push frequency and gross mechanical efficiency were
measured in accordance with the imposed intensity trials. PO was also recorded and averaged

over each minute. Participants were reminded of their target RPE prior to each 4-min stage.

Statistical Analysis

All data was analysed using the statistical package IBM SPSS version 19 for windows (SPSS
inc, Chicago, IL). Using previously published experimental data by Kang et al %, statistical
package GPower 3.1.5 indicated a minimum sample size of 16 participants (8 participants per
group) was required to determine similar differences in PO between trials, with an effect size
of 1.2, 90% power and an a of 5%. Subsequently 18 participants were recruited. Normal
distribution of the outcome variables was confirmed by Shapiro-Wilk test (W) = 0.83 -
0.98, P =0.07 — 0.94). All descriptives are presented as mean = standard deviation (SD) with
the exception of ordinal RPE data which are reported as median and quartile range.
Differences in VO peak and age between groups were examined using Student’s dependent t-
tests, as were paired values for VO, % VO yeak. PO, Velocity, VE, breathing frequency, HR,
%HR peax, BLa™, gross mechanical efficiency and push frequency averaged during the 12-min
exercise bouts between the imposed and RPE regulated trials. 95% confidence intervals of the

differences (95% Clgifr) are also provided. A 3-way (trial-by-intensity-by-group) mixed
10
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measures ANOVA was performed on all the variables above. In addition a 3-way (trial-by-
group-by-time) mixed measures ANOVA was performed on the PO data from both the light
and moderate intensity bouts to examine the responses across time. Non-parametric Friedman
tests and Wilcoxon signed-rank tests were used to analyse differences in ordinal
differentiated RPE data at both sub-maximal imposed intensities. Significance was set a
priori at P<0.05. A Bonferroni adjustment was performed on the alpha value when
performing multiple comparisons. Effect sizes (ES) are presented whereby 0.2 refers to a

small effect, 0.5 a moderate effect and 0.8 a large effect.*

Results

Participants’ peak physiological responses are shown in Table 1. Table 2 shows the
differentiated RPE responses for the sub-maximal imposed intensity trials. Non-parametric
difference tests found RPEp and RPE to be greater than RPE( at both intensities. In turn,

RPEp was greater than RPE during moderate-intensity propulsion only.

Age, VO yeak and body weight were consistent between groups. Comparisons between the

imposed and RPE-regulated trials were made using paired sample t-tests and ES as shown in

Tables 3 and 4. Negative ES and significantly lower VO », % VO 2peak and BLa™ were present
for the overall group during moderate intensity exercise when comparing the imposed and
RPE-regulated trials. No significant differences were present between trials for the peripheral
group at the same exercise intensity, with smaller ES and 95% Cl ;s compared to the overall
group. In contrast, the overall group displayed smaller ES and 95% Cl g and no significant

differences between the light-intensity imposed and RPE-regulated trials. A significant over-
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production and larger ES were present for VO 2, % VO zpea. HR, PO and BF in the peripheral

group at the same intensity.

For the 3-way trial-by-intensity-by group ANOVA, significant main effects for intensity

(P<0.001) for VO ,, % VO speak, BLa™, HR, %HR peak, push frequency, breath frequency, VE
and PO indicated the manipulation of exercise intensity was successful, with all values
greater in the moderate intensity trials than the light intensity trials. No difference in gross
mechanical efficiency was found between the imposed and RPE-regulated bouts for either
group at both intensities. Average efficiency for all participants was 6.3 = 0.8 %. The 3-way
time-by-trial-by group analysis confirmed PO was consistent across time for both the light

(Fig. 1) and moderate (Fig. 2) intensity RPE-regulated trials.

Discussion

The present study examined the hypothesis that the differentiated RPE can provide a mode
specific stimulus to improve the precision of self-regulated wheelchair exercise in novice
users. In accordance with Lenton et al., * RPE from the exercising muscle mass and joints
was the dominant perceptual signal during sub-maximal wheelchair propulsion. Utilising
these dominant peripheral RPE improved the precision of moderate intensity, self-regulated
exercise (RPE = 13 “‘somewhat hard’) in this novice group, with an under-production in
exercise intensity seen when incorporating both peripheral and central signals of exertion to
form undifferentiated RPE. However the employment of peripheral RPE to self-regulate
light-intensity exercise (RPE = 9-11 “very light — fairly light) resulted in a significant over-

production in exercise intensity which was not present when using undifferentiated RPE.
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Differentiated RPE during wheelchair exercise

The perceptual dominance of peripheral RPE during manual hand-rim propulsion can be
attributed to a combination of physiological and biomechanical factors. Oxygen availability is
restricted during upper-body exercise as a result of an impaired perfusion capacity of the
upper-limb.?> Oxidative enzyme activity is also limited in previously untrained upper-limb
muscles.?® This impaired aerobic capability results in elevated lactate production and
subsequent acidosis of exercising tissue during upper-limb versus lower-limb exercise of a
comparable intensity,?’ thereby elevating peripheral feelings of exertion.?® Specific to
wheelchair users, manual hand-rim propulsion is associated with neurologic and muscular
pain in the wrist and shoulder joints due to high mechanical loads.**® Novice users also
exhibit a lower mechanical efficiency compared to experienced users as a result of inferior
co-ordination, with technique parameters such as timing and stroke angle improving task
efficiency with wheelchair experience.! The greater energy-cost of producing a given
workload and inefficiency in technique therefore contributes to the greater physical and

muscular strain in novice users.?

Differentiated RPE and self-regulated exercise

Perceptually-regulated exercise training has been employed to achieve gains in
cardiovascular health and fitness.’ In this method, the RPE are employed in ‘production’
mode, allowing individuals to self-regulate the intensity of exercise based on subjective
exertional responses.®***3! The target RPE can be ‘estimated’ during prior exercise tasks of

11,13

a known intensity or clamped at a fixed RPE for a whole cohort.® To date, overall RPE

has traditionally been employed as the stimulus for self-regulated exercise. However,
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peripheral RPE is the dominant contributing factor to overall RPE during wheelchair
propulsion® and other modes of upper-extremity exercise.™3 As shown in Table 4, the
present findings suggest a mode specific differentiated RPE, based on the aforementioned
dominant peripheral signals, can improve the precision of moderate-intensity, self-regulated
wheelchair exercise in individuals unaccustomed to the demands of hand-rim propulsion. The
significantly lower relative oxygen uptake, VE and BLa™ when self-regulating moderate
intensity exercise based on overall RPE indicate lower levels of physiological strain
compared to the target ‘imposed’ intensity trial. In a practical setting, an under-production in
exercise intensity, as seen with undifferentiated RPE, may result in an insufficient training
load being performed. Subsequently, targeted outcomes of training, whether functional or
performance based, may not be attained. The current findings contrast with the successful
self-regulation of moderate intensity wheelchair exercise reported in a group of experienced
users employing undifferentiated RPE." However, experienced users have a greater
familiarisation with the dominance in peripheral RPE during wheelchair propulsion.
Therefore a focus on these peripheral signals during self-regulated exercise may have

facilitated the successful findings despite the employment of overall RPE.

An unexpected finding of this study was the over-production in light-intensity exercise, a
method frequently applied for wheelchair skills training,” when employing peripheral RPE
(Table 3). Oxygen uptake, HR, BLa", PO and BF were all significantly higher than the
corresponding imposed intensity trial. The aforementioned factors regulating peripheral
exertion, including mechanical work and muscle lactate production, were significantly lower
for the light-intensity exercise than the moderate-intensity exercise. This over-production
may therefore represent the insensitivity of novice users to small alterations in these

peripheral signals and the elevation in workload required to achieve perceptible changes

14
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whilst producing light-exercise intensities. Since an over-production in prescribed exercise
intensity may have deleterious consequences on health, including over-use injury or
cardiovascular strain, and may induce premature fatigue during exercise training, overall RPE
should be considered a more applicable tool for self-regulating low-intensity training prior to
further familiarisation in wheelchair propulsion. The effect of familiarisation on the accuracy
of low-intensity self-regulated wheelchair exercise utilising mode specific differentiated RPE

requires investigation.

Study limitations

The application of a novice, able-bodied population in this study allowed for a cohort
homogenous in training status and wheelchair experience in which to preliminarily examine
the current hypotheses. Literature has frequently reported that responses in able-bodied non-
wheelchair user groups comply with the overall trends in physiology as shown by wheelchair
users.>>#3! However the sensorimotor and cardiovascular adaptations associated with
cervical level spinal cord injury require the verification of these findings in novice tetraplegic
groups. Longitudinal work is also required to assess the efficacy of perceptually-regulated
wheelchair based training using differentiated RPE. In the current protocol, the preliminary
testing and the imposed intensity exercise trial preceded the RPE-regulated trials. The ability
of the participants to self-regulate exercise intensity may therefore have been facilitated by
the performance of these previous sessions and the experience gained using RPE scales. This
factor should be taken into consideration when considering the application of these findings.
Further work is required to investigate the role of familiarisation training with rating RPE on

the accuracy of self-regulated wheelchair exercise. The current work also only investigates
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constant load wheelchair propulsion and future work should extend these findings to

activities of daily living or more practical rehabilitation based sessions.

Conclusion

In conclusion, peripheral RPE provided the dominant perceptual signal during sub-maximal
wheelchair exercise. When self-regulating exercise based on perceptual exertional signals,
peripheral RPE enabled a more precise self-regulation of moderate-intensity wheelchair
exercise in a novice user group than overall RPE. In contrast, overall RPE provided a more
accurate self-regulation tool during light-intensity exercise and should be employed prior to

familiarisation with differentiated RPE during light-intensity wheelchair propulsion training.
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Figure Legends

Fig 1 Schematic representation of experimental protocol for the Imposed-intensity (session 2)

and RPE-regulated (session3) trials

Fig 2 Minute by minute power output data for the 40% VO 2peak trials for the peripheral and

overall groups

Fig 3 Minute by minute power output data for the 60% VO apea trials for the peripheral and

overall groups
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Table 1 Participants’ characteristics

Whole cohort Peripheral Overall
(n=18) (n=9) (n=9)
Age (yr) 23+2 23+2 22 +2
Body Mass (kg) 77.7+9.6 77.2+6.3 78.1+£12.0
Height (cm) 1817 1827 180+ 8
VO 2peak (L-min) 2.91+0.32 2.81+0.17 2.93+0.39
HR peak (b-min™) 170+ 11 172+ 7 171+ 15

PER = Peripheral group; OVR = Overall group; VO zpeak = peak oxygen uptake; HR peak =

Heart rate peak. Data are (mean £ SD)



Table 2 Differentiated RPE responses during imposed intensity submaximal exercise (n=18)

RPEp RPEc RPEo
40% VO zpeak 10 (9,11) £ 9 (8,10) 10 (8,12) £
60% VO zpeai 13 (13,14) 12 (11,13) 13 (12,13) #

RPEp = peripheral rating of perceived exertion; RPE¢ = central rating of perceived exertion;

RPE, = overall rating of perceived exertion; VO ypesk = peak oxygen uptake; Data are median
(quartiles). P<0.05.

t=significantly different from both RPEc and RPEo f = significantly different from RPE¢



Table 3 Physiological responses during 12 min imposed intensity and RPE-regulated
wheelchair propulsion at 40% VO zpeak

Imposed RPE 95% Cl it P-value Effect
intensity regulated (T-Test) Size
Peripheral

RPEp 11 (10,12) 11 (10,12) - - -
VO »(L-min™) 1.14+0.15 1.29+0.13 -0.27t0-0.03  0.02f 1.15
% VO 2peak 39+4 45+ 4 -10to0 -1 0.02t 1.45
HR (b. min™) 91+12 98+5 -15to 1 0.051 0.83
% HRpeak 54+8 58+4 -8t0 0 0.051 0.65
BLa~ (mmol-L™) 1.39+0.42 1.88+0.62 -0.75t00.18 0.19 0.54
Power Output (W) 26+3 32+4 -9to -2 0.01t 1.74
Br Freq (1'min™) 22 +5 24 +5 -5t00 0.04t 0.40
VE (L-min™) 253121 278+ 3.6 -5.6t00.4 0.08 0.88
ME (%) 6.7+ 0.6 6.9+0.7 -0.7t00.4 0.44 0.36
PF (p-min™) 26 +9 27 £10 -4t05 0.76 0.16

Overall

RPEo 9(8,11) 9(8,11) - - .
VO »(L-min™) 1.19+0.19 1.20+0.15 -0.18t00.15  0.40 0.10
% VO 2peak 40+3 42+5 -5to1 0.20 0.33
HR (b. min™) 91+12 95+ 14 -10to 1 0.12 0.18
% HR peak 53+5 56+6 -5tol 0.11 0.37
BLa~ (mmol-L™) 1.27 £0.63 140+£0.72 -0.35t00.10 0.24 0.19
Power Output (W) 26+3 28+ 4 -5to1 0.10 0.38
Br Freq (1'min™) 2312 24 £ 2 -1t03 0.20 0.39
VE (L-min™) 26.2+3.7 27.2+5.8 -4.81t01.8 0.10 0.21
ME (%) 6.2+04 6.1+0.6 -0.5t00.4 0.79 -0.20
PF (p-min™) 23+12 25113 -6t0 2 0.27 0.11

Clgifs = confidence intervals of the difference; RPEp = peripheral rating of perceived exertion;
RPEo = overall rating of perceived exertion; RPE = rating of perceived exertion; VO ,=

oxygen uptake; VO zpeak = peak oxygen uptake; HR = heart rate; HRpeax = heart rate peak;
BLa™ = blood lactate concentration; Br Freq = breath frequency; VE = minute ventilation; PF
= push frequency; ME = mechanical efficiency.

T= significant difference between imposed and RPE-regulated trials (P<0.05)



Table 4 Physiological responses during 12 min imposed intensity and RPE-regulated

wheelchair propulsion at 60% VO zpeak

Imposed RPE 95% Cl it P-value Effect
intensity regulated (T-Test)  size
Peripheral
RPEp 13 (13,15) 13 (13,15) - - -
VO »(L-min™) 1.64 +0.19 1.78+0.26 -0.34t00.01 0.13 0.63
% VO 2peak 58 + 3 62+ 7 -7t00 0.07 0.67
HR (b-min™) 107 £ 11 111+9 -8t0 2 0.20 0.31
% HR peak 66 £9 66 £7 -5t05 0.98 0.04
BLa~ (mmol-L™) 2.56 + 0.56 262+0.73 -0.65t00.53 0.82 0.09
Power Output (W) 37+2 39+4 -410 -0 0.08 0.55
Br Freq (1'min™) 29+5 30+4 3to4 0.70 0.22
VE (L-min™) 37.1+£135 39.5+85 -9.8t04.0 0.36 0.26
ME (%) 6.1+0.7 6.1+0.6 -0.1t0 0.3 0.35 0.01
PF (p-min™) 31+9 32+13 -6t0 4 0.67 0.09
Overall
RPEo 13 (12,14) 13 (12,14) - - -
VO z(L-min™) 1.76 £ 0.31 159+0.25 0.05t00.33  0.04t -0.74
% VO 2peak 60 +3 53+ 6 3t010 0.01t  -1.37
HR (b-min™) 113+19 108+ 17 -3t0 13 0.18 -0.31
% HRpeak 66 +8 63+8 2to7 0.18 -0.36
BLa~ (mmol-L™) 2.68 £ 0.90 221+0.83 0.13t00.81 0.01t -0.45
Power Output (W) 37+3 3H+2 -1t05 0.11 -0.68
Br Freq (1'min™) 283 285 -4103 0.85 0.00
VE (L-min™) 39.0£9.0 344+6.5 -0.8 t0 10.0 0.08 -0.59
ME (%) 59+0.7 6.1+0.8 -0.9t00.5 0.54 0.27
PF (p-min™) 31+10 32+13 -5t03 0.51 0.09

Clgifr = confidence intervals of the difference; RPEp = peripheral rating of perceived exertion;
RPE, = overall rating of perceived exertion; RPE = rating of perceived exertion; VO ,=

oxygen uptake; VO zpeak = peak oxygen uptake; HR = heart rate; HRpeax = heart rate peak;
BLa™ = blood lactate concentration; Br Freq = breath frequency; VE = minute ventilation; PF
= push frequency; ME = mechanical efficiency.

t= significant difference between imposed and RPE-regulated trials (P<0.05)
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