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Abstract
Study design Randomized trial.
Objectives To evaluate the effectiveness of a 5-week sprint interval training (SIT) protocol on an arm-crank ergometer in
individuals with sub-acute spinal cord injury (SCI).
Setting Inpatient rehabilitation.
Methods Individuals with SCI (N= 20; 9 tetraplegia/11 paraplegia; time since injury, 14–182 days; age, 46 ± 16 years;
15M/5 F) were randomized to SIT or moderate-intensity continuous training (MICT). SIT consisted of 3 × 20 s. ‘all-out’
cycle sprints (≥100% peak power output) interspersed with 2 min of active recovery (10% peak power output; total time
commitment, 10 mins). MICT involved 20 min of cycling (45% peak power output; total time commitment, 25 mins). Both
training interventions were delivered 3 times/week for 5 weeks. Heart rate and Borg’s Rating of Perceived Exertion (RPE;
6–20) were monitored throughout training sessions. Maximal and sub-maximal power outputs were assessed on an arm-
crank ergometer. Exercise enjoyment, exercise self-efficacy, and pain were assessed at the end of the intervention.
Results During training sessions, heart rate (135 bpm vs. 119 bpm; p= 0.05), peripheral RPE (16 vs. 12; p= 0.000), and
central RPE (15 vs. 11; p= 0.004) responses were higher in the SIT group, yet total work performed was greater in MICT.
Peak power output increased significantly with training (36%), with no difference between groups (39% vs. 33%; p=
0.524). Similarly, improvements in sub-maximal power output were not different across groups. There were no between-
group differences in exercise enjoyment (p= 0.385), exercise self-efficacy (p= 0.930), or pain (p= 0780).
Conclusions Five weeks of SIT improved physical capacity to the same extent as MICT in individuals with sub-acute SCI,
despite a significantly lower time commitment with SIT.

Introduction

Early after the stabilization of a spinal cord injury (SCI), and
managing the associated acute, secondary conditions,
patients are admitted to inpatient rehabilitation, where pre-
paration for a return to the community or independent living
environment become the main goals [1]. The benefits of
regular exercise (aerobic training and resistance training) on

alleviating numerous health complications associated with
SCI, augmenting functional recovery, and preventing cardi-
ovascular deconditioning following injury are well estab-
lished [2, 3]. Thus, it is no surprise that physical therapists
prescribe exercise during SCI inpatient rehabilitation.

Persons with SCI typically utilize an arm-crank ergometer
to perform aerobic exercise training [3–10]. SCI-specific
physical activity guidelines recommend that for cardior-
espiratory and health benefits, community-dwelling indivi-
duals with SCI should accrue, at minimum, three bouts of
20 min of moderate to vigorous-intensity activity per week
[11]. Unfortunately, most individuals with SCI undergoing
inpatient rehabilitation spend very little time at the moderate
to vigorous intensities required for enhancing health benefits
and improving ones physical capacity- this represents a lost
opportunity to maximize rehabilitation [12]. Furthermore,
decreased lengths of stay during inpatient rehabilitation in
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North America (≈40 days) translates to less time to optimize
neurological, cardiovascular, and musculoskeletal health
prior to discharge [13, 14]. Clearly, the utilization of time
efficient, yet effective, exercise regimes during SCI inpatient
rehabilitation is warranted.

Recently, low-volume high intensity interval training has
garnered a lot of attention for improving cardiometabolic
health in non-disabled individuals [15, 16]. Briefly, interval
training consists of brief bursts of vigorous-intensity activ-
ity, interspersed with periods of low-active recovery [15].
Sprint interval training (SIT) represents a type of interval
training involving “all-out” efforts, at intensities corre-
sponding to ≥100% of one’s peak power output [15, 16].
Gillen et al. demonstrated that 12 weeks of SIT on a leg
ergometer in inactive men improved cardiorespiratory fit-
ness to the same extent as moderate-intensity continuous
training (MICT), despite a five-fold lower exercise volume
and training time commitment [16]. For individuals with
SCI, lack of time is a commonly cited barrier for engaging
in physical activity, and thus, the minimal training duration
for SIT may be desirable for many individuals [17].

A potential advantage to employing SIT in persons with
SCI is that it enables them to perform bouts of vigorous-
intensity exercise [18]. Astorino and Thum demonstrated
that one session of SIT elicited higher metabolic, cardio-
vascular, and cardiorespiratory strain than MICT in indivi-
duals with SCI [19]. To our knowledge, there has been only
one study evaluating a SIT protocol on an arm-crank erg-
ometer in community-dwelling individuals with SCI, where
improvements in peak power output were seen after the 2-
week training program [20]. However, there are currently
no published trials comparing the effects of SIT to MICT in
individuals with SCI undergoing inpatient rehabilitation.

The purpose of this study was to evaluate the effective-
ness of a 5-week, thrice-weekly 10 min SIT program, and
compare outcome measures to a traditional 25 min MICT
program on an arm-crank ergometer in individuals with SCI
undergoing inpatient rehabilitation. The primary objective
of this study was to compare improvements in peak power
and sub-maximal power output across both MICT and SIT.
Secondary objectives of this study included comparing (1)
exercise responses (i.e., heart rate and perceived exertion),
(2) exercise enjoyment, (3) exercise self-efficacy, and (4)
pain perceptions across both MICT and SIT. As this was an
exploratory study, we were also interested in determining if
lesion level (i.e., tetraplegia vs. paraplegia) affected any of
the aforementioned outcomes. It was hypothesized that
5 weeks of SIT and MICT would induce similar changes in
maximal and sub-maximal power output, exercise self-
efficacy, and exercise enjoyment, despite large differences
in training volume and time commitment. It was also
hypothesized that SIT would elicit higher levels of cardio-
vascular strain than MICT but would be well tolerated.

Methods

Participants

Individuals with SCI were recruited as a convenience
sample from an inpatient SCI rehabilitation clinic (Regional
Rehabilitation Centre, Hamilton Health Sciences, Hamilton,
Ontario, Canada). Recruitment began in June 2017 and was
terminated in June 2018; this trial was registered retro-
spectively under Clinicaltrials.gov identifier NCT03709095.
Participants eligible for the study were between the ages of
18 and 65, with a SCI of less than 365 days, and injuries
below the second cervical vertebrae. We excluded indivi-
duals with type II diabetes, cardiovascular disease, cancer,
were re-admitted to inpatient rehabilitation following dis-
charge, pre-existing shoulder injuries, or other medical co-
morbidities precluding safe participation in arm-ergometry
training. The Hamilton Integrated Research Ethics Board
approved all study procedures. All participants gave written
informed consent. We did not plan for an intention to treat
analysis, but instead a treatment exposure analysis, where
only participants that complied with the intervention were
included in the final analyses.

Experimental design

All training sessions and performance tests were completed
on the Monark 881E Rehab Trainer (Patterson Medical
Supply, Ontario, Canada) in the physical therapy gym, at
the Regional Rehabilitation Centre. Care was taken to
ensure that an arm-crank ergometer was positioned such
that the axis of the crank arm was horizontally aligned with
the participant’s shoulder and the arms were slightly flexed
at the furthest point of reach [2]. After baseline testing,
using a random number computer generator (https://www.
graphpad.com/quickcalcs/randomize1/) and concealment of
allocation, J.C.M randomized (1:1 allocation ratio) partici-
pants to perform MICT or SIT, three times a week, for
5 weeks. As we recruited from a convenience sample, we
were unable to utilize any stratification or minimization
techniques. Peak power output, sub-maximal exercise per-
formance and exercise self-efficacy were assessed at base-
line (pre-training) and 72 h following the final training
session (post-training). Exercise enjoyment and pain per-
ceptions were assessed at the post-training time point only.

Inpatient rehabilitation: physical therapy

During the conduct of the study, participants were per-
forming daily physical therapy. Activities performed during
physical therapy sessions ranged between participants, but
for the most part, consisted of: bed mobility activities (i.e.,
rolling, scooting, re-positioning), pre-gait activities (i.e.,
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parallel bars, standing frame), range of motion/stretching
activities (i.e., active/passive range of motion, manual/
orthopaedic treatment), upper-body strength training (i.e.,
pulleys, dumbbells, elastic bands, gravity eliminated sling),
and aerobic training (i.e., leg ergometer with functional
electrical stimulation, recumbent stepper). As the physical
therapy sessions were tailored to meet the unique goal(s) of
the participants at discharge, we did not standardize phy-
sical therapy sessions across groups. However, the order in
which participant’s performed their training sessions and
exercise performance tests relative to performing their
physical therapy session was maintained throughout the
entirety of the study (i.e., participants were given the option
to perform arm-crank ergometry only before or only after
physical therapy). Participants were asked to refrain from
using an arm-crank ergometer outside of the study; how-
ever, performing aerobic exercise using other modalities
were acceptable (e.g., recumbent stepper).

Assessment of peak power output

Participants underwent a maximal graded exercise test on an
arm-crank ergometer to assess peak power output at pre-
training and post-training. After a 1 min warm-up with no
resistance, power output was increased in a ramp-like matter
by 10 watts/min for persons with paraplegia, and 5 watts/
min for persons with tetraplegia [21]. Participants were
asked to maintain a constant, self-selected cadence between
60–80 revolutions per minute. Participants continued to
pedal until one of the following criteria were met: (i) voli-
tional exhaustion or (ii) they were unable to maintain their
self-selected pedaling cadence for 20 consecutive seconds
[21]. Peak power output (in watts) was the outcome of
interest for this test and was defined as the highest workload
participants could maintain for at least 30 s. Heart rate
(Polar T31, Quebec, Canada) was measured continuously,
and the highest value averaged over the final 30 s of the test
was taken as the heart-rate peak.

Assessment of submaximal arm-crank ergometry
performance

The Discontinuous University of Toronto Arm Crank Pro-
tocol [6, 22] was used to assess power outputs at three sub-
maximal workloads on an arm-crank ergometer at pre-
training and post-training. Participants performed three 5-
min steady state workloads on an arm-crank ergometer at
power outputs corresponding to central (heart and lungs)
and peripheral (arms) Borg’s Ratings of Perceived Exertion
(RPE; 6–20 categorical scale [23]) of 8, 10, and 12 [6].
Participants were given a minimum of 2 min, and a max-
imum of 5 min of rest in between each workload. Sub-
maximal power output (in watts) at each workload was the

outcome of interest for this test. For each workload, heart
rate was averaged over the final 2 min and expressed as a
percentage of heart-rate peak achieved during the peak
power output test at pre-training—this was defined as
relative heart rate.

Training īntervention

Exercise sessions were offered to participants three times
per week, for 5 weeks. Adherence to the exercise inter-
vention was expressed as a percentage of the number of
sessions completed over the maximum number of sessions
that could be completed. All exercise sessions began with a
2-min warm-up and concluded with a 3-min cool-down
(≈10% of peak power output). The SIT protocol consisted
of 3 × 20 s “all-out” efforts to elicit a peripheral RPE of 16
(≥100% of peak power output achieved at pre-training), at a
self-selected cadence (≈100 revolutions per minute for
persons with paraplegia, and ≈85 revolutions per minute for
persons with tetraplegia [16]). Each sprint was separated by
120 s of active recovery (≈10% of peak power output).
Participants randomized to MICT performed 20 min of arm-
ergometry at a self-selected cadence at an intensity corre-
sponding to a peripheral RPE of 12 (45% of peak power
output [19, 24]). Total training duration for each session
(including warm-up and cool-down) was 10 min for SIT
and 25 min for MICT. Heart rate was recorded continuously
and averaged for an entire training session (excluding
warm-up and cool-down). Peripheral and central RPE were
measured at the end of each sprint (SIT group) or at 5, 10,
15, and 20 min of exercise (MICT group) and were aver-
aged together for an entire training session. In order to
accommodate training adaptation, the wattage on the arm-
crank ergometer was increased to maintain a peripheral RPE
of 16 for SIT, and 12 for MICT. Exercise workload was
expressed as a percentage of power output over the peak
power output achieved at pre-training. Exercise volume
(expressed in kilojoules [kJ]) was calculated as the product
of mean power and total duration of each session.

Assessment of exercise satisfaction, exercise self-
efficacy and pain

After completion of the final training session, participants
completed The Physical Activity Enjoyment Scale to assess
their level of enjoyment with the training intervention they
received. This questionnaire has 18 bi-polar questions (e.g.,
I enjoy it, I hate it) scored using a 1–7 likert scale. Answers
to each question were summed together in order to acquire a
cumulative score that can range from 18 (least enjoyment)
to 126 (most enjoyment). The Physical Activity Enjoyment
Scale is a valid and reliable measure that has been pre-
viously used in persons with SCI [24, 25].
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Exercise self-efficacy was measured using the SCI Exer-
cise Self Efficacy Scale [26]. The SCI Exercise Self Efficacy
Scale consists of 10 questions and instructs respondents to
indicate on a four-point likert scale (1= not true, 4= always
true) how confident they are with performing and carrying
out regular physical activities and exercises. Answers to each
question were summed together to acquire a cumulative
score that can range from 10 (low self-efficacy) to 40 (high
self-efficacy). This questionnaire contains high internal
consistency (chronbach’s α= 0.926) [26].

Pain perceptions were measured using the questionnaire
created by Pelletier et al. [27]. Using a 7-point scale, par-
ticipants rated how much shoulder pain, bodily pain, and
physical discomfort they typically experience throughout
the day and how much they experienced during arm-crank
ergometry training (1= none, 7= extreme pain). Answers
to each question were summed together to acquire a
cumulative score that can range from 3 (no pain) to 21
(extreme pain).

Statistics

The Kolmogorov–Smirnov Test and Levene’s Test of
Equality was used to assess normality and homogeneity
of variance. All dependent measures were analyzed using
a three-way mixed ANOVA (group [MICT, SIT] ×
lesion level [tetraplegia, paraplegia] × time [pre-training,

post-training]). Differences in change scores were analyzed
using a two-way between groups ANOVA (group [MICT,
SIT] × lesion level [tetraplegia, paraplegia]). Tukey’s post-
hoc test was used where appropriate. Statistical analyses
were performed using IBM SPSS Statistics, version 20.0.
Significance was set at an alpha level <0.05. Values are
presented as mean (95% confidence interval [CI]: lower
bound, upper bound).

Results

Baseline characteristics, program adherence, and
adverse events

Twenty participants completed the intervention (MICT n=
10, SIT n= 10; Fig. 1). Participant characteristics are dis-
played in Table 1. The attendance rate was 89% for MICT
and 86% for SIT. One adverse event occurred during a SIT
session (post-exercise hypotension [session #1; injury level,
T10; ASIA, C]).

Exercise data, and heart rate, and ratings of
perceived exertion responses to training

Exercise workload during the SIT and MICT corresponded
to 154%, and 64% of peak power output achieved at

Assessed for eligibility (n= 26) 

Excluded  (n= 4) 
o Not meeting inclusion criteria (n= 1) 
o Declined to participate (n= 1) 
o Unable to complete tests (n= 2) 

Analysed  (n= 10) Analysed  (n= 10) 

Analysis

Follow-Up 

Randomized (n= 22) 

Enrollment 

Allocated to MICT (n= 10) Allocated to SIT (n= 12) 
Allocation

Discontinued intervention (n= 2) 
o Non-compliant with intervention (n= 1) 
o Discharged early (n= 1) 

Fig. 1 Consolidated Standards
of Reporting Trials
(CONSORT) flow diagram
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pre-training, respectively. Over the course of the 5 weeks of
training, the average volume performed during SIT was
lower than MICT (Table 2).

Six participants were using heart-rate lowering medica-
tion (Table 1) and were excluded from the heart-rate ana-
lysis (sample size used: n= 14, MICT n= 7, SIT n= 7).
Compared to the MICT group, mean heart rate, central RPE,
and peripheral RPE were higher for the SIT group (Table 2).
There was a trend for a group × lesion level interaction for
mean heart rate (Fig. 2a; p= 0.065), such that the mean
heart rate for persons with tetraplegia appeared to be no
different between SIT and MICT (mean group difference: 1
bpm, 95% CI: −31, 33), whereas for persons with para-
plegia, mean heart rate appeared to be higher for SIT than
MICT (mean group difference: 39 bpm, 95% CI: 5, 73).
Conversely, there was no group × injury level interaction for
central RPE (tetraplegia mean group difference: 3, 95%
CI: −1, 7; paraplegia mean group difference: 4, 95% CI:
1, 7; P= 0.565; Fig. 2b) or peripheral RPE (tetraplegia

mean group difference: 3, 95% CI: 1, 5; paraplegia mean
group difference: 4, 95% CI: 2, 6; p= 0.428; Fig. 2c).

Peak power output test and sub-maximal exercise
performance test

Peak power output and sub-maximal exercise performance
increased after training (Fig. 3). Peak power output
increased by 39% (95% CI: 18, 60) for SIT, and 33% (95%
CI: 15, 50) for MICT, with no difference between groups
(mean group difference: 6%; 95% CI: −19, 31; p= 0.524;
Fig. 3b). Improvements in peak power output were no
different across persons with paraplegia or tetraplegia
(Fig. 3b). Similarly, there were no between-group differ-
ences in improvements in power output during sub-maximal
workloads I (mean group difference: −4%; 95% CI: −15,
23; p= 0.831) II (mean group difference: 2%; 95%
CI: −18, 22; p= 0.720), and III (mean group difference:
0%; 95% CI: −22, 22; p= 0.800; Fig. 4).

Exercise satisfaction, exercise self-efficacy, and
perceived pain responses

Results of the questionnaires are presented in Table 3. There
were no group differences in exercise enjoyment, changes
in exercise self-efficacy, and pain.

Discussion

The novel finding of the present investigation was that
5 weeks of SIT improved peak power output, and sub-
maximal arm-crank ergometry performance to the same
extent as MICT in individuals with SCI undergoing inpa-
tient rehabilitation. The SIT protocol involved a total of
1 min of intense intermittent exercise, with a time com-
mitment of 10 min per session, whereas MICT consisted of
20 min of continuous cycling with a 25 min total time
commitment. The present work also demonstrated that SIT
exerted a higher cardiovascular response and perceived

Table 2 MICT vs. SIT training session responses

MICT SIT ANOVA

Δ between groups Group p-value

Exercise workload, % peak
power output

64 (17, 95% CI: 52, 77) 154 (55, 95% CI: 114, 193) 90 (41, 95% CI: 51, 128) 0.000

Exercise Volume, kJ 37 (16, 95% CI: 25, 49) 13 (8, 95% CI: 7, 18) −24 (13, 95% CI: −12, −37) 0.000

Heart rate, bpm 119 (16, 95% CI: 104, 135) 135 (29, 95% CI: 108, 163) 15 (24, 95% CI: −13, 43) 0.05

Central RPE, 6–20 11 (3, 95% CI: 9, 13) 15 (2, 95% CI: 14, 16) 4 (2, 95% CI: 2, 6) 0.004

Peripheral RPE, 6–20 12 (1, 95% CI: 11, 13) 16 (2, 95% CI: 15, 17) 4 (2, 95% CI: 2, 6) 0.000

Values represent mean responses across all training sessions (standard deviation, 95% CI: lower bound, upper bound)

Table 1 Participant characteristics

Parameter MICT (n= 10) SIT (n= 10)

Age, years 45 ± 17 47 ± 15

Sex

Male 5 (50%) 10 (100%)

Female 5 (50%) 0 (0%)

TSI, days 56 ± 42 72 ± 68

Lesion level

Tetraplegia 5 (C2 – C7) 4 (C2 – C4)

Paraplegia 5 (T8 – L4) 6 (T7 – L2)

ASIA class

A 1 (10%) 1 (10%)

B 0 (0%) 0 (0%)

C 4 (40%) 4 (40%)

D 5 (50%) 5 (50%)

Heart-rate lowering medicationa 3 (30%) 3 (30%)

TSI time since injury, ASIA American Spinal Injury Association
aβ-blockers or Ca2+ channel blockers
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exertion than MICT, yet SIT was equally enjoyable as
MICT and well tolerated. Out of all of the SIT sessions
conducted, only one adverse event (post-exercise hypoten-
sion) occurred. Compared to able-bodied individuals, post-
exercise hypotension is more likely to occur in persons with
SCI during a bout of arm-crank ergometry, and this can be
attributed to decreased vasomotor control below the level of
the lesion [2]. Although the current study demonstrated a
low rate of adverse events with vigorous-intensity exercise
on an arm-crank ergometer, clinical practitioners are
encouraged to monitor blood pressure for recently injured
individuals while implementing SIT.

Another important finding of the study was that, during
training sessions, individuals performing SIT had a higher

heart-rate response than those performing MICT. Pre-
viously, similar values have been reported following a
single session of SIT and MICT on an arm-crank
ergometer in individuals with chronic SCI [19]. The
heart-rate responses recorded during SIT sessions are
higher than individuals with SCI undergoing over ground
walking with a robotic exoskeleton [28], and performing
circuit training [29], confirming the higher cardiovascular
strain with SIT.

As expected, there was strong evidence of sympathetic
dysfunction during training in the participants with tetra-
plegia, such that the heart-rate values appeared to be no
different between SIT and MICT. These findings confirm
that it is difficult to gauge exercise intensity in persons with
tetraplegia using heart-rate values; however, a growing
body of literature supports the validity of RPE scores to
assess exercise intensity [30, 31]. Regardless of lesion level,
we found RPE responses to be higher for individuals per-
forming SIT (≈16) than MICT (≈12). An RPE of 16 cor-
responds to ‘vigorous-intensity’ exercise [30], which is an
exercise intensity that individuals with sub-acute SCI
undergoing inpatient rehabilitation [12], and individuals
with chronic SCI living in the community [32] typically
spend little to no time performing. Compared to moderate-
intensity exercise, engaging in vigorous-intensity exercise
may attenuate cardiovascular deterioration and metabolic

Fig. 3 Individual data (a) and relative improvements (b) in peak power
output at pre-training and post-training. Mean ± SEM are shown

Fig. 2 Mean and individual data for heart rate (a), central RPE (b), and
peripheral RPE (c) responses during the 5-week training intervention.
Mean ± SEM are shown
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alterations following injury, ultimately reducing chronic
disease risk [7, 11]. Further work is warranted to investigate
the effects of performing SIT during inpatient rehabilitation

on altering the metabolic and cardiovascular profile of
individuals with SCI.

An important finding from the current study is that there
was a 39% and 33% increase in peak power output across
SIT and MICT, respectively, with no difference between
groups. Previous work has found comparable improvements
in peak power output following MICT with arm-crank
ergometry training during SCI inpatient rehabilitation, with
time commitments ranging from 25 to 90 min/session [7–
10]. Clinically meaningful improvement standards with
respect to peak power output on an arm-crank ergometer
remain to be established; however, the improvements
reported in the current study are considerably larger than
those reported by Haisma et al., where individuals with SCI
receiving traditional rehabilitation with no arm-crank erg-
ometer training improved peak power output by only 10%
[33]. In addition, we observed that individuals with tetra-
plegia improved peak power output to the same relative
extent as individuals with paraplegia. These findings sug-
gest that persons with upper extremity impairments can also
reap the benefits of performing SIT on an arm-crank erg-
ometer during inpatient rehabilitation.

We also observed improved power outputs during all
three stages of the sub-maximal arm-crank ergometry test
after both modes of training, with no differences between
groups. Similar findings were reported in individuals with
SCI following 9 months of twice-weekly MICT performing
multi-component exercise training (aerobic exercise+resis-
tance exercise) [6]. These improvements in sub-maximal
capacity may have direct impact on the ability to perform
activities of daily living. An increased power output for a
given perceived effort will mean that people will be able to
perform a greater amount of work before getting fatigued,
which may translate into improved independence and
health-related quality of life for individuals living with SCI.
The fact that low-volume SIT can promote similar increases
in physical capacity as MICT means that clinical

Table 3 Group responses to questionnaires

MICT SIT ANOVA

Δ between groups Group p-value

Physical Activity Enjoyment Scale (18–126)a 99 (16, 95% CI: 87, 111) 106 (13, 95% CI: 96, 116) 6 (15, 95% CI: −7, 21) 0.385

Exercise Self Efficacy Scale (pre-
training; 10–40)

36 (3, 95% CI: 33, 38) 36 (3, 95% CI: 33, 38) 0 (3, 95% CI: −3, 3) 0.930

Exercise Self Efficacy Scale (post-
training; 10–40)

35 (5, 95% CI: 31, 38) 35 (5, 95% CI: 31, 38) 0 (5, 95% CI: −5, 5)

Typical pain (3–21)a 9 (6, 95% CI: 5, 13) 10 (4, 95% CI: 6, 13) 1 (4, 95% CI: −4, 6) 0.780

Arm-bike specific pain (3–21)a,b 7 (4, 95% CI: 4 to 10) 7 (3, 95% CI: 5, 9) 0 (5, 95% CI: −3, 3)

Values are displayed as mean (standard deviation, 95% CI: lower bound, upper bound). No significant differences across MICT and SIT
aAdministered at post-training only
bMain effect of condition (i.e., typical pain vs. arm-bike specific pain; p= 0.029)

Fig. 4 Relative heart-rate/power output relationship during the sub-
maximal arm-ergometry test at pre-training and after 5 weeks of MICT
(a) or SIT (b). Mean ± SEM are shown
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rehabilitation specialists can now offer a new, more time-
efficient, exercise training strategy to elicit improvements in
their patients.

Our data demonstrate that both exercise modes were
equally enjoyable and did not induce further pain. A recent
scoping review concluded exercise enjoyment for SIT to be
greater and/or comparable to MICT [34]. The unique nature
of low-volume interval training (brief, intermittent periods
of intense exercise, minimal time commitment) may lead
individuals to perceive SIT to be more enjoyable than other
forms of exercise [35]. Following SCI, there is an extensive
reliance on the upper limbs for performing activities of daily
living, which leads to a greater prevalence of shoulder over-
use injuries and musculoskeletal pain in this population
[36]. Given the quick generation of relatively high forces
with SIT, one might predict that this type of training might
pose a risk to the shoulder and/or arm musculature in people
with SCI, but the results from the current study refute this,
suggesting no specific risk for this type of training for
individuals with sub-acute SCI undergoing inpatient reha-
bilitation. Further work is warranted to investigate the safety
of this type of training in individuals with chronic SCI
living in the community, whom, compared to individuals
with sub-acute SCI, are at a greater risk of developing
shoulder over-use injuries [37].

Participants reported relatively high exercise self-efficacy
at pre-training, and there were no changes in self-efficacy
following MICT or SIT. In contrast, a previous study found
that 6 weeks of MICT on an arm-crank ergometer sig-
nificantly improved exercise self-efficacy in community-
dwelling individuals living with SCI [38]. Unlike
community-dwelling individuals living with SCI, recently
injured individuals undergoing inpatient rehabilitation are
heavily monitored by physical therapists to ensure they
perform exercise, and are thus not required to initiate exer-
cise on their own. Indeed, participants in the current study
reported higher pre-training exercise self-efficacy (35–36/40;
Table 3) than the aforementioned study (31–33/40 [38]).
This discrepancy may be attributed to the shorter time post
injury and limited experience with adapting exercise to
accommodate their abilities for participants in the current
study [39]. Exercise self-efficacy may possibly change fol-
lowing discharge from inpatient rehabilitation, when persons
with SCI are required to initiate exercise on their own. As
improvement in exercise self-efficacy is associated with
other health-related quality of life outcomes for persons with
SCI [38], further work is warranted to investigate the effects
of SIT in community-dwelling individuals.

Study limitations

As the study was performed in recently injured individuals
in a primary rehabilitation setting, the improvements in

physical capacity could be attributed to the usual rehabili-
tation program and natural processes of recovery following
SCI. The sample size was relatively small and hetero-
geneous, which limited our ability to stratify based on lesion
level, injury severity, or sex. For example, there were not
any females randomized to perform SIT; however, previous
work has not found sex differences in training adaptations
to SIT [40]. It is also worth mentioning that our con-
venience sample did not include persons with complete
tetraplegia, thus further work to investigate the effects of
SIT in these individuals is warranted. The current study was
also lacking body composition parameters and cardiome-
tabolic outcomes. Finally, we did not perform any direct
measurements of oxygen uptake or muscle strength, so we
are unable to determine whether the improvements in
physical capacity were due to changes in aerobic capacity or
strength, nor whether there would be differences between
the two training regimens in these outcomes.

Conclusion

This is the first study comparing SIT to MICT on an arm-
crank ergometer in individuals with SCI undergoing inpa-
tient rehabilitation. Our results demonstrate that SIT
improved indices of physical capacity to the same extent as
MICT, despite a substantially lower exercise volume and
time commitment. Both modes of exercise were equally
well tolerated and highly enjoyable. Given the move
towards a shortened length of stay during inpatient rehabi-
litation, the incorporation of SIT may represent a more
viable, time-efficient alternative to MICT for improving
physical capacity in this population.
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