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Abstract
Study Design: Pilot non-randomized clinical trial

Objectives: To examine the feasibility, acceptability and preliminary efficacy of performing
handcycling high intensity interval training (HIIT) for six weeks in wheelchair users with spinal
cord injury.
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Setting: Participant’s home

Methods: Participants completed pre and post graded exercise stress tests, exercise surveys and
six weeks of handcycling HIT. The HIT program consisted of two weekly, 25 minute supervised
at-home sessions (2-3 min warm-up, then 10 intervals of cycling with a ratio of 1 minute work at
90% peak power output (PPO) to 1 minute recovery at 0-20% PPO, then 2-3 min cool-down).
Real-time power output and heart rate were recorded via sensors and a bike computer. The sensor
data were analyzed to evaluate training efficacy.

Results: Seven of the 10 enrolled participants (70%) completed the study. All but one completed
the required 12 sessions. The participants met at least one of the HIIT target intensity criteria in 76
out of 89 total sessions (85.4%) performed. Participants expressed a high level of enjoyment on
the Physical Activity Enjoyment Scale, mean (SD) = 114.8 (11.3), and satisfaction with the overall
experience. Five of the seven participants (71%) who completed the study felt an increase in
endurance, function and health. Objective physiological changes showed mixed results.

Conclusions: Six weeks of handcycling HIIT appears to be safe, feasible and acceptable. A
longer HIIT work interval may be needed to elicit significant physiological responses. Future
investigation of the feasibility and efficacy of differing HIIT parameters is needed.

INTRODUCTION

Spinal cord injury (SCI) is debilitating to an individual’s health and functional capacity and
can significantly reduce quality of life. Moreover SCI can contribute to a sedentary lifestyle
and a subsequent elevated risk for preventable cardiometabolic and hypokinetic diseases [1].
Physical activity is promoted in persons with SCI as a means to prevent secondary health
conditions. However, a majority of individuals with SCI are inactive [2], have low levels of
fitness, and experience numerous barriers to exercise [3].

Current exercise guidelines for SCI include performing a minimum of 40 minutes of
moderate to vigorous intensity aerobic exercise per week to improve cardiorespiratory
fitness and a minimum of 90 minutes per week for eliciting changes in cardiometabolic
health [4]. Not addressed in the guidelines are recommendations for high-intensity interval
training (HIIT) which is characterized by relatively brief, intermittent bouts of high-intensity
(i.e., vigorous) exercise at or near maximum heart rate (HR), separated by periods of low
intensity exercise for recovery [5]. Studies involving non-SCI populations have found that
performing HIIT exercise enhances the body’s ability to produce glucose, lower resting
blood pressure, improve VO, peak and peak power output (PPO), and increase brachial
artery flow-mediated dilation [6-9].

Little research has been conducted on HIIT in persons with SCI [10]. The feasibility of a
home-based self-managed six week HIIT program was studied in six manual wheelchair
users with SCI [11]. The training was performed three times per week through wheelchair
propulsion in the community on various outdoor surfaces, altering between high (30 seconds
at a rate of perceived exertion (RPE) between 6 and 8 on the BorgCR10 scale) and low (60
second at a RPE between 1 and 2) intensities. The study found that some participants had
problems finding safe areas to do HIIT and some participants developed shoulder pain.
Intense wheelchair propulsion involves high forces and repetitive motion that can increase
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the risk of developing pain and an overuse injury [12, 13]. Therefore performing HIIT from
a wheelchair, while practical, may not be the best option for wheelchair users.

Handcycling is a popular and rapidly growing sport and recreational activity among
wheelchair users. Handcycling promotes high PPO, and the shoulders sustain lower forces
due to the simultaneous pattern of cranking the arms, making it a more efficient form of
exercise compared to wheelchair propulsion [14, 15]. Short term (e.g. < seven weeks) of
handcycling HIIT has been found to improve cardiorepiratory fitness among men and
women without disabilities [8, 16]. The goal of this pilot study was to explore the feasibility
of a handcycling HIIT training program for wheelchair users with SCI. Feasibility outcomes
included acceptability, participant retention, adherence, and preliminary efficacy.

METHODS

Participants

Recruitment flyers were distributed to local rehabilitation SCI and assistive technology
clinics and at local adaptive recreational and sporting events. Flyers and emails were also
distributed to potentially eligible participants in a research registry.

The inclusion criteria consisted of 1) SCI that occurred at least 6 months prior to the start of
the study, 2) use a manual wheelchair as a primary means of mobility (spending 30+ hours
per week), 3) between the ages of 16 and 65, 4) live within one hour of driving distance
from the research center, 5) able to transfer independently, 6) adequate strength and upper
extremity function to operate a handcycle, and 7) adequate space in a safe location to
accommodate the study equipment.

The exclusion criteria were 1) history of fractures or dislocations in the upper extremity
from which the participant has not fully recovered, 2) upper limb pain or injury that would
interfere with the ability to perform aerobic exercise, 3) no current or recent (last 6 months)
participation in a structured fitness program, 4) recent hospitalization for any reason (within
the past three months), 5) pregnancy, 6) history of coronary artery disease, coronary bypass
surgery or other cardiorespiratory events or conditions, 7) likely to experience clinically
significant autonomic dysreflexia and/ or orthostatic hypotension in response to performing
vigorous exercise, and 8) any other condition deemed a contraindication to participation in
vigorous exercise by their primary care physician.

Baseline and Post-Intervention Visits

The following intake data were collected: (a) general demographics; (b) current participation
in physically active wheelchair sports or recreational activities (yes/no), and the (c) Physical
Activity Scale for individuals with physical disabilities (PASIPD) [17]. The PASIPD is a
self-report survey that asks how many days and hours per week are spent participating in
light, moderate and vigorous recreational, work and home physical activities. The total score
is expressed in a metabolic equivalent (MET) per hour per day with the maximum possible
score being 199.5 MET hour/day [17].
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A symptom-limited exercise stress test was conducted before and after the intervention in an
exercise lab using a stationary electronically braked upper extremity ergometer (Lode B.V.,
Groningen, Netherlands). Participants were fitted with a latex free face mask and a Garmin
heartrate monitor (Garmin International Inc., Olathe, KS). The mask was connected to a
Moxus metabolic cart (AEI Technologies, Inc., Bastrop, Texas). The test was conducted
following American College of Sports Medicine guidelines with work rate incrementally
increasing each minute [18]. Participants were verbally and visually cued to maintain a
55-65 revolution per minute (RPM) throughout the test. The resistance started initially at 5\W
and was increased by 10W every stage or minute until the participants reached volitional
exhaustion or dropped below 55 RPM cadence for 20 seconds. Oxygen consumption (VO,)
was recorded every 20 seconds. A respiratory exchange ratio greater than 1.1 and Borg’s
RPE = 15 was used to determine if a maximum VO, was reached.

Intervention

The HIIT training sessions were conducted in the participant’s home with a study trainer.
Participants could choose to train with 1) a study handcycle (Top End Force 3, Invacare,
Elyria, OH), 2) their own handcycle if they owned one or 3) an add-on Quickie Attitude
hand bike (Figure 1) (Sunrise Medical, Fresno, CA). Two standard 17" handcycle wheels
and the front wheel of the add-on were custom laced with a power sensing hub (PowerTap,
SRAM, LLC, Spearfish, SD). The Powertap hub has a high level of accuracy and reliability
[19, 20]. If the participant chose setup #2, one of the instrumented wheels was installed onto
their handcycle for the training. A cadence sensor (Garmin) was mounted to the crank
handle of each bike (Figure 2). A heart rate sensor (Garmin), was attached around the
participant’s chest at the level of the xyphoid process via a strap. All sensors were connected
via Bluetooth to a bike computer (Garmin Edge 520) which collected the sensor data during
each session (Figure 2). The bike computer was programmed to display training targets (e.g.
power outputs) and the elapsed timing of the work and recovery phases to the user. The front
tire of the participants handcycles or add-on bike were positioned on a stationary roller
system designed specifically for indoor handcycle training (Overdrive Handcycle Trainer
with Rhythm accessory, SportsCrafters, Granger, IN).

The parameters for HIIT were selected based on high tolerance and effectiveness among
sedentary, inactive and clinical populations [5]. The 90% PPO was determined based on the
baseline exercise stress test. The handcycle HIIT programming consisted of 2 days per week
of 25 minutes of supervised at-home sessions. Each home session began with a 2-3 minute
warm-up on the handcycle. The warm up was followed by 10 intervals of handcycling HIT
with a ratio of one minute work at 90% PPO to one minute of recovery at 0-20% PPO. A 2-3
minute cool down was completed at the end. Participants were encouraged, but not required,
to perform additional unsupervised HIIT workouts on their own and were shown how to use
the equipment to record the sensor data for these workouts. The computer screen was
programmed to display the real-time power that was generated during exercise along with a
target power range (90% PPO * 5 Watts during the work phases). Participants’ RPEs and
visual exercise cues were used to adjust the power targets if necessary. For example, if the
participant reported a RPE that was greater than 15 for the first exercise interval [21] and/or
they were having difficulty maintaining the targeted power over the course of the work
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phases, the target range was reduced by 10 to 15 Watts. If the participant reported that it was
too easy (RPE < 13, somewhat hard) after the first interval and the trainer could visually see
that the participant was not working very hard, the power range was increased until the
desired effects (e.g. difficulty talking, near breathlessness state, etc.) were seen. Training
data from the bike computer were uploaded to the Garmin Connect application for storage
and further analysis.

Measurements

Adherence to HIIT sessions and intensities—The number of supervised and
unsupervised sessions for each participant was determined. Adherence was calculated based
on the total number of supervised sessions that were completed divided by the total number
of supervised sessions that were required during the six-week time period (e.g. 12 sessions
completed = 100% adherence). Session intensity adherence was calculated as a percentage
of the number of sessions that met each of the below criteria individually and collectively
divided by the total number of sessions that the participant completed. During data analysis
it was discovered that some of the HIIT sessions elicited higher HRs than those found during
the exercise tests implying that maximal HR was not achieved for some participants. It’s
possible that peripheral fatigue or other factors (e.g. medication) may have limited or altered
the HR responses. For this reason, the highest HR attained during either the pre or post
exercise test or any HIIT session (HRMax) was identified and used to gauge if participants
had met the intensity criteria for the HR metric.

1) Average peak HR during each interval (averaged over all intervals in the session) [21] was
at least 90% of the peak HRMax.

2) Average work interval power (averaged over all intervals for the session) was within or
higher than the targeted power range.

3) RPE as 17 (“very hard’) or higher during the last 3 work intervals of the session [10, 21].

Acceptability measures—The Physical Activity Enjoyment Scale (PACES) [22] is an 18
item scale that is used to measure how individuals feel about the physical activity they are
doing. This was administered one time at the end of the intervention period. Each item is
measured using a 7-point bipolar rating scale. Higher PACES scores reflect greater levels of
enjoyment. A study specific survey was also administered at the end of the study to collect
overall satisfaction with the exercise program and perceived effectiveness of the training.

Fitness Measures—Peak power output was the highest workload participants could
maintain for at least 20 seconds. Heart rate was measured continuously and sampled at 1 Hz.
The highest value obtained during the test was taken as the peak HR. Oxygen consumption
(ml/min and ml/kg/min) was continuously measured and averaged over 20 second intervals.
The highest 20-second VO, value obtained during the test was used as the peak VO, [23]. In
addition, the length of the test starting at the beginning of the first work stage until the point
of termination was determined.
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Statistical Analyses

Descriptive statistics (counts, percentages, means, standard deviations) were determined for
the study measures. A paired t-test was used to evaluate changes in the fitness measures
(SPSS v.25, IBM). The level of significance was set at 0.05.

RESULTS:

Feasibility of recruitment and retention

Fifteen individuals expressed interest in the study and 14 screened eligible by telephone.
Four were lost to enrollment for various reasons, leaving 10 who enrolled in the study (Table
1). One participant (S6) after finishing six training sessions developed a pressure ulcer
unrelated to study procedures and withdrew (Table 2). Another participant (S8) dropped
after the baseline testing because he started a new job. Participant S10 experienced a fall
outside of the study and broke her femur during the first week of training.

Adherence to HIIT sessions and intensities

Six of the seven participants who completed the study were 100% compliant with meeting
the minimum number of supervised sessions (Table 2). One participant (S4) only performed
six supervised sessions (50% adherence rate) due to personal and work-related scheduling
conflicts. One participant (S3) did one extra supervised session asked to make up for a
session where he was having bad spasms. Another participant (S2) did three additional
sessions on his own.

The participants met at least one of the HIIT target intensity criteria for 76 out of 89 total
sessions (85.4%) performed in the study (Table 2). The criteria most often met was power
(72%) followed by RPE (53%) and HR (46%). Around 60% of the sessions met at least two
of the criteria and 24% met all three criteria. Detailed training results for each participant
can be found in the Supplemental Materials.

Acceptability Measures

The participants enjoyed HIIT to a high degree (Table 3). The lowest scored item was ‘I find
it energizing’ mean (SD) = 5.9 (1.3) while the highest scored item was ‘I enjoy it’ (6.9

(0.3)).

Participants who completed at least one HIIT session (n=9) completed the study specific
survey. All of them expressed a high level of satisfaction with the HIIT exercise (100% very
satisfied), working out at home (89.9% very satisfied) and with a trainer (100% very
satisfied). Participants expressed mixed feelings about the difficulty of the exercise (Figure
3). A majority felt their endurance, health, wheelchair propulsion and transfer ability
improved after the training period (Figure 3). All expressed an interest in continuing HIIT
and 100% would recommend this form of exercise to their peers.

Preliminary Efficacy and Safety

There were no study related adverse events. Fitness variables were examined for the six
participants who completed at least 12 training sessions during the six weeks (Table 4).
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While some individuals did show improvement in fitness, no group level changes were
found.

DISCUSSION

This study sought to determine the feasibility of performing low-volume handcycling HIIT
for six weeks. Several methods were used to facilitate acceptance including home-based
workouts, a personal trainer, and a stationary handcycle setup. The results of the study
showed that the handcycling HIIT program was feasible, safe and that a majority of the
participants met the target power intensities during the workouts. The participants also found
HIIT to be challenging but enjoyable and acceptable. They also perceived gains in
endurance, function and overall health however the objective pre-post fitness metrics showed
mixed results regarding efficacy among individual participants.

Feasibility of Recruitment/Retention

There was high interest in the HIIT study from persons with tetraplegia. This may be due to
the very limited options available for exercise in this subgroup. Thirty percent withdrew at
various points in the study for reasons that were unrelated to the study. This is consistent
with other longitudinal exercise studies involving persons with SCI [24, 25]. The two
participants with the lowest PASID scores, 12.0 (S6) and 4.9 (S10) both withdrew from the
study for unrelated health issues. While ideal to target minimally active individuals for these
types of studies retention of these individuals can also be very challenging.

Adherence to Weekly Sessions and HIIT targets

Adherence to the twice weekly sessions was excellent. All the participants were encouraged
to do an extra workout per week on their own however only one person did. The main
reasons given included the inability to independently transfer into the handcycle and lack of
time. Handcycle transfers are very challenging and few individuals with SCI can do them
independently. One person selected the add-on handcycle option just to avoid the transfer as
she had wrist pain with transfers. Despite the issues with the transfer all participants enjoyed
using either the handcycle or add-on hand bike for the training. The lack of time for exercise
issue is a common barrier among persons with SCI [3] and exercising twice a week in
accordance with current guidelines (20 minutes at moderate intensity) is not enough to
substantially alter cardiovascular and cardiometabolic health [10, 26]. Future studies are
needed to determine if two times a week of performing continuous vigorous activity or HIIT
could make a greater impact on health outcomes.

Most participants were able to meet one or more of the targets for confirming adherence
with HIT. There was a higher level of adherence with the power criteria than the HR and
RPE criteria not surprisingly as it was used to prescribe the exercise intensity. However S2
had multiple issues meeting the power targets due to difficulty with maintaining adequate
hand grip, weak triceps control and lower leg spasticity during the sessions. With S7 there
was decision made by the trainer to up the power target range midway into the training and
while she fell short of the power targets she met criteria related to HR and RPE for these
sessions.
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The HR criteria was not met as often as power and could be related to the unreliability
associated with HR measurement during short intervals, poor connection issues with the
sensors, blunted HR responses and high variability observed in HR in SCI [27]. As a result
HR may not be ideal for targeting HIIT intensity for persons with SCI. While power zones
provide accurate targets the instrumentation involved is not as straightforward as wearing a
heart rate monitor. The instrumentation for recording and displaying power output ($800)
combined with the costs of a handcycle and/or add-on hand bike ($3500) may prohibit some
individuals from being able to afford the equipment. The RPE criteria was only met in about
half of the sessions and may be related to its questionable validity for gauging vigorous
upper arm exercise intensity in SCI [28]. However RPE would be an ideal method for
prescribing exercise intensity as it is more practical and inexpensive.

Acceptability

Both measures of acceptability were very positive. The PACES showed a high level of
enjoyment on all the items. Without another form of exercise to compare to (e.g. continuous
handcycling) it’s unknown if the scores were due to the unique nature of HIIT or if
continuous handcyling would have been enough to peak their enjoyment. However a study in
SCI that compared HIIT arm ergometry to continuous moderate intensity arm ergometry
found that people preferred HIIT [29]. Another study however found participants perceived
higher risks with HIIT such as it may lead to or increase their shoulder pain [11].
Handcycling crank positioning was customized for each person and is very important for
minimizing stress on the shoulders [14, 15]. As evidence is surfacing about the best
locations to position the crank to optimize biomechanics and performance [30] it would be
good for future studies to adopt standardized methods for ensuring proper fit and
handcycling technique for HIIT.

This study found that some of the participants (see Supplemental Files) came close to
exceeding their physical capacity (HRMax) when performing HIIT however no one
experienced any adverse study related health effects. Our participants were mostly with
incomplete injuries and may have a less impaired sympathetic nervous system that is more
capable of recovering from the extreme stress placed on the cardiovascular system. More
studies are needed to investigate HIIT exercise applied to individuals with varying
neurological levels and completeness of SCI to establish safety in drawing near to or
exceeding physical capacity.

Preliminary Efficacy

Studies on HHIT in SCI have shown mixed results so far with regards to efficacy [11, 31; 32].
Our study found that of the six participants who completed all the sessions three (S1, S2 and
S9) showed an improvement, one (S5) had no change and two (S3 and S7) showed a
decrease in peak VO, post intervention. Participant S5 was highly active before the
intervention (i.e. PASID = 45.7) therefore it’s possible he was already at or near a peak level
of fitness. Participant S3 was highly compliant with the HIIT protocol and reported large
improvements (5 out of 5) in endurance, transfer ability, wheelchair propulsion and overall
health after the intervention. Participant S7 showed a decrease in peak VO, but a 20 Watt
increase in PPO. For her it would appear that the training may have helped her get stronger
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but it did not increase her aerobic capacity. Like S3 she reported small improvements in
endurance, wheelchair propulsion and overall health and a large improvement in transfer
ability at the end of the intervention and good compliance with meeting HIIT criteria. It’s
possible that the differences in the mode of exercise (e.g. asynchronous arm ergometry vs.
synchronous handcycling) could have impacted the test performance as the training used a
different movement strategy and likely different muscle activation patterns than the exercise
tests. It’s also possible that the HIIT programming (1:1 minute ratio) was not sufficient
enough for eliciting the desired aerobic benefits. The 1:1 minute ratio is a standard that has
proven to be highly tolerable and effective in numerous other HIIT studies [5, 9, 33]
however they all involved lower extremity HIIT workouts. Longer intervals may be more
effective in upper body training due to the different oxygen uptake kinetics of upper body
compared to lower body exercise [34]. Future research is needed to determine an optimal
HIIT programming interval for handcycling HIIT for persons with SCI.

LIMITATIONS

Some of the participants felt they reached a muscular fatigue when performing HIT before
reaching an aerobic fatigue. Upper limb strength would be expected to increase over the
course of doing HIIT however including targeted strengthening and stretching upper body
exercises could condition the limbs for performing high workload activity and protect
against developing overuse related pain and injuries. While the baseline laboratory fitness
test provided guidance on where to set the HIIT power target intensities, when transitioning
to the home we found the power targets needed to be adjusted for some individuals to obtain
the desired response. This was likely due to the equipment, mode of exercise and body
positioning setup for the max VO, test being different from the training sessions (e.g.
asynchronous upright arm ergometry vs. synchronous recumbent handcycling). It would be
beneficial in future studies to use a similar mode of cranking and body positioning during
the exercise test and HIIT training.

CONCLUSION

Six weeks of handcycling HIIT appears to be a safe and feasible option for persons with
paraplegia and tetraplegia. Working out with a trainer, the computer guided workout, and
short duration training sessions may have attributed to the high adherence and positive
feedback. Future work is needed to identify the optimal HIIT programming and number of
weekly sessions that would be needed to elicit changes in cardiorespiratory and
cardiometabolic outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Example training setups for the add-on handbike (top) and handcycle (bottom)
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Figure 2:
The study sensors and Garmin Edge 520 bike computer
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Rate your experience exercising in the home (n=9)

very satisfied (8)
somewhat satisfied (1) -
neutral (0)
somewhat dissatisfied (0)
very dissatisfied (0)

0 20 40 60 80

Have you seen a difference in your endurance since the
start of the exercise intervention? (n=7)

large increase (3) GG

small increase (4) I
no change (0)

small decrease (0)

large decrease (0)

0 20 40 60 80

Have you seen a difference in your transfer ability since the

start of the exercise intervention? (n=7)

large increase (2) EEG—_—S———

small increase (4)
no change (1) E——
small decrease (0)

large decrease (0)

Figure 3:

100

100

100
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Rate the level of difficulty with the exercises (n=9)

very easy to perform (2) I
moderately easy to perform (3)  IE—_|_—— 8
neutral (1) =
moderately difficult to perform (3) IEEEEE———
(

very difficult to perform (0)
0 20 40 60 80

Have you seen any changes in your overall health since
the beginning of the exercise intervention (n=7)

large increase (1) I
small increase (4) I
no change (2) GGG
small decrease (0)
large decrease (0)
0 20 40 60 80

Have you seen a difference in your wheelchair propulsion
since the start of the exercise intervention? (n=7)

large increase (1) ~E—— )

small increase (4)
no change (2) IEEEEE—S—
small decrease (0)

large decrease (0)

Exit survey questions. Numbers in parentheses after responses are participant counts and
bars represent the percentage of participants.
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