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STUDY DESIGN: Randomized-controlled trial (RCT) with immediate intervention (IMM) and wait-list control (WLC) groups; WLC
participants received the intervention during delivery to subsequent cohorts.

OBJECTIVES: Investigate the effectiveness and feasibility of a virtually-delivered exercise intervention.

SETTING: Home and community.

METHODS: A total of 168 middle-aged (49.6 [12.3] years old) men (57%) and women (43%) who lived an average 15.5 (12.3) years
with spinal cord injury (SCI) participated. The 16-week program provides users (a) website access with exercise information,
resources, and 16 skill-building modules; (b) virtual 60-minute, group-based weekly meetings; and (c) a starter package of exercise
equipment. Primary outcomes included subjective physical activity (IPAQ) and objective exercise (Polar A300 wrist-based activity
monitor and H7 heart rate strap). Secondary outcomes included fitness indices during a maximal arm crank test, plus self-reported
exercise barriers, exercise self-efficacy, and goal-directed thinking.

RESULTS: RCT results indicate significant between group differences in participants’ self-reported weekly time spent in vigorous-
intensity PA and goal directed thinking but not for fitness changes. Data combined for IMM and WLC participants from Polar
monitoring show participants performed 150 min per week of aerobic exercise plus reported significantly greater time spent in
moderate-PA, vigorous-PA, self-efficacy for exercise and nutrition, goal directed thinking, and exercise barriers. Oxygen uptake (VO,
peak) and power output (watts max) were the only physiologic measures to demonstrate significant change, with a moderate
effect size.

CONCLUSION: This virtually-delivered program offers a promising approach to increase exercise among those with SCl and may
help participants perceive fewer motivational barriers and greater self-efficacy.
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limited support for specific strategies or approaches. The
paragraphs below summarize this evidence.

Rehabilitation professionals have been encouraged [1] to include
people with spinal cord injury (SCI) [2-4] in the exercise is
medicine (EIM) initiative [5, 6] which encourages healthcare
professionals to assess physical activity a 5th vital sign [1], along

with body temperature, pulse rate, respiration rate, and blood IN-PERSON AND TELEPHONE-BASED PROGRAMS

pressure. This approach is in line with 2018 clinical practice
guidelines, which identify the heightened risk people with SCl face
for cardiometabolic disease [7] and advocate for aggressively
promoting lifestyle change.

Physical activity (PA) yields positive effects on fitness, muscle
strength, body composition, function, psychological well-being,
and quality of life of those with SCI [8-12], yet people with SCI
have lower activity levels than those without disability and other
disability groups [13, 14]. Studies have examined various
approaches to promote home and community-based PA among
those with SCI, yet the growing evidence base [15-25] offers

Several randomized controlled trials (RCT) have tested multi-
component strategies delivered telephonically to promote PA
over shorter (6-10 weeks [19, 20, 25], and longer (6-9 months, 23,
24) durations. Strategies include setting goals and self-monitoring,
developing a behavioral contract and using rewards [25],
providing home exercise equipment [17, 21, 22], staff support
[19, 21, 22, 26], and addressing plans to manage barriers [20].
While all increased PA, better outcomes were observed among
those provided greater exercise support (equipment [17, 21, 22]
and staff support [17, 21, 22, 25]) or paired goal setting [19, 20]
with plans to manage barriers [20]. Ma and colleagues reported
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robust outcomes among participants enrolled in an 8-week,
theory-based intervention program [25] that delivered weekly,
one-on-one coaching sessions in a flexible manner (in person,
Skype, or by phone) and incorporated various behavior change
techniques. Participants (n=14) attended 100% of the weekly
sessions; they reported an average increase of 222 weekly minutes
in moderate and vigorous PA plus demonstrated significantly
improved oxygen uptake (a relative increase of 11.9%) after
8 weeks.

ONLINE PROGRAMS

Investigators have examined using online platforms over
6-24 weeks, with varied outcomes. An initial feasibility study
[27] indicated SCI participants achieved 100% adherence perform-
ing 24 home exercise sessions over 8 weeks, yet a subsequent
larger trial [24] reported substantially lower adherence. Two
features differed between the trials that potentially impacted
uptake. Though everyone received a tablet with a custom-
designed app that disseminated weekly exercise videos, partici-
pants in the larger trial did not receive home exercise equipment
nor tele-coaching.

An 8 week RCT investigated a telehealth program where
participants received 1-on-1 motivational counseling that included
using self-regulation strategies [28, 29]. Participants completed
100% of the counseling sessions and reported larger PA increases
than a control group in both leisure time PA (LTPA, absolute
increase of 389 vs. 139 min/week) and moderate- and vigorous-
intensity PA (MVPA, absolute increase of 140 vs. 88 min/week) at
10 weeks. SCI participants successfully used and positively rated a
program where they were paired with a trained peer health coach
for 6, 1-on-1 virtual sessions to discuss different health topics [30].
Participants completed 6 sessions over an average of 56 days and
reported better health-related self-efficacy, resilience, and health
literacy though behavior change was not measured.

FEATURE PREFERENCES

Online programs examined to date deliver some features
requested by those with SCI. Pancer and colleagues [31] identified
that individuals with SCI reported preferring an online platform
that was colorful, easy to navigate, used clear language with
pictures and videos, and allowed professionals and peers to
interact. Other preferences respondents described were resources
such as safety information, tutorials for home-based PA options,
managing barriers to activity, inspiring content, risks and benefits,
examples of others with SCl being active, plus self-regulation
strategies.

The cumulative evidence is encouraging, including partici-
pants’ willingness to engage in telephone and online programs,
although many yielded lower PA levels than the 150 min
recommended by the Physical Activity Guidelines Committee
[32, 33] and echoed by the Consortium on Spinal Cord Medicine
[71 Notably, these guidelines are higher than SCl-specific
evidence-based guidelines that recommend a minimum of
40-90 weekly minutes of moderate to vigorous aerobic exercise
for fitness and cardiometabolic health benefits, respectively
[34-36]. All previous studies provided 1-on-1 support, typically
focused on establishing exercise goals, though participants’
reported peer coaches served as sources of support, encourage-
ment, and accountability [30]. This study investigated the
effectiveness (based on increased exercise, improved fitness,
and better exercise perceptions) and feasibility (based on
retention, engagement, and satisfaction) of Workout On Wheels
internet intervention (WOWii), an online, evidence- and theory-
based PA intervention consisting of 16 weekly modules and
group-based virtual sessions.

Spinal Cord (2022) 60:862 - 874

K. Froehlich-Grobe et al.

METHODS

Study design and participants

Study procedures were approved by the institution’s IRB (#016-093) and
registered on Clinical Trials.gov (NCT03189095). Over 26 months (January
2017-September 2019) participants were recruited into one of 5 succes-
sively convened cohorts; for each cohort the Pl randomized participants to
the immediate intervention (IMM) or wait-list control (WLC) groups using
a random number generator. To assure participant identities were
concealed, the Pl was not involved in screening and received a list
containing only the study ID numbers to randomize participants after
their screening, but before their baseline assessment. WLC participants
were invited to participate in the WOWii program with the subsequent
cohort. Exercise maintenance was assessed over 8 weeks following WOWii
delivery.

Participants were recruited from the Dallas/Fort Worth (DFW) metropo-
litan area for the first 2 cohorts via posting fliers within 2 hospital
outpatient physiatry offices, distributing fliers across durable medical
supply vendors, and through several disability service organizations.
Recruitment was expanded across the continental U.S. for cohorts 3
through 5. National recruitment occurred through a rehabilitation hospital
in the south and national organizations who serve individuals with SCI,
including the Paralyzed Veterans of America, United Spinal, and Facing
Disability. Groups distributed emails, fliers, and posted information on their
websites.

Eligibility criteria included participants: be at least 18 years old; have
SCl =6 months and have sufficient arm movement to perform arm-based
exercise; use a wheelchair for mobility =50% of the time; able to
independently use a computer and navigate a website; have computer/
internet access; receive physician signed approval to participate in the
exercise study; and not currently meet national PA guidelines of 150 min of
moderate-intensity physical activity, based on responses to the 6-item
Behavioral Risk Factor Surveillance PA survey [37]. Exclusion criteria
included: participating in the pilot study; unable to read the English
language (Fig. 1, Consolidated Standards of Reporting Trials diagram
[CONSORT)).

The Workout on Wheels internet intervention program

The 16-week WOWii program is founded upon Social Cognitive Theory
(SCT) [38] and the Relapse Prevention (RP) model [39]. The four SCT core
constructs formally embedded into the WOWii program are self-manage-
ment, social support, the environment, and self-efficacy. WOWii was
translated from a previous trial [40] delivered telephonically via 1-on-1
calls, and detailed elsewhere [41]. WOWii capitalizes upon reciprocal
interactions between a person and their physical and social environment
by supporting individuals to develop PA self-management skills in a group-
based, virtual setting. The program is flexibly designed to meet
participants where they are on their exercise journey and thus participants
are instructed to progressively increase their weekly exercise based on
their activity level at the program’s start. The WOWii program is comprised
of 3 core components.

(1) Virtual Intervention Delivery avoids transportation barriers to
program participation. WOWii includes website content plus virtual,
group-based meetings. The website contains informational
resources (exercise and disability laws) plus houses 16 weekly
modules on various self-management topics. A staff member leads
weekly 60-minute, group-based virtual meetings over Zoom
(convened over the noon hour and in the early evening, to
maximize participants’ ability to attend) and participants are invited
to join a closed Facebook group.

(2) Support linkage. Participants receive support for their efforts to
make behavioral changes by the WOWii study staff and other
program participants during virtual meetings. The staff leader’s role
is to (a) discuss the module topic, which addresses a different
behavioral skill weekly and (b) facilitate members’ conversation.
Conversations allow participants to support one another’s efforts
and share knowledge.

(3) Exercise equipment starter package is provided to each participant
to reduce access barriers and enable affordable, home-based PA
options. The package contains the three low-cost items: Thera-
Bands’, a seated aerobics DVD (developed by the National Center on
Health, Physical Activity, and Disability), and pedal exerciser with a
tension knob (Drive Medical) to use as a table top arm ergometer.
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5 Lost to follow up/discontinued

115 Completed exit survey

Fig. 1 Consort Diagram.

Outcome measures

Study outcomes were obtained on all participants before, during,
immediately following the 16-week WOWii program (4 months), and
2 months after completing WOWii (6 months) to assess maintenance. For
the RCT design, WLC participants underwent testing twice before being
invited to participate in the WOWii program. The second observation
served as post-test data when compared to the IMM group in the RCT.
Though for analyses when the IMM and WLC were combined as a group,
the second test served as their baseline and their third assessment was
then used as their post-test following the WOWii intervention. This study
was designed as an effectiveness trial, intended to assess the program'’s
effectiveness conducted under real-world conditions and we attempted to
obtain data from all enrollees for analyses regardless of their level of
program participation.

Primary effectiveness outcomes included weekly minutes of aerobic
activity derived from objective and self-report records. Aerobic Activity.
Subjective time spent in moderate- and vigorous-intensity PA (MPA and
VPA) was obtained using the brief 8-item International Physical Activity
Questionnaire (IPAQ) [42], which is widely used and captures PA that is
done for work, home and yardwork, for transport, recreation, exercise, and
sport. We modified the survey questions to include hand cycling among
the examples listed for MPA and VPA activities plus added wheeling on the
2 items that refer to walking (e.g., walking or wheeling), similar to others
[43, 44]. We followed published scoring rules, including truncating extreme
scores [45], though do not report sitting results as all respondents report
using a wheelchair at least 50% of the time.

Objective exercise data were based on data derived from a Polar A300
wrist-based activity monitor paired with a Polar H7 chest-based heart rate
(HR) strap to assess exercise intensity. Participants were instructed to use
the watch to record their aerobic and strength-training exercise sessions
and received training (either in person or via a Zoom-based technology
training session) on how to record exercise bouts (selecting the activity
type, using start/stop button, and saving each exercise session) and
synchronize the device via smartphone over Bluetooth or to a computer
with a cable. An API transferred Polar data to the WOWii website via
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account authentication. The APl synced the following data fields to the
WOWii site for each exercise bout: device ID, date, time, activity type,
duration, average HR, and maximum HR. Polar exercise data were
displayed on the WOWiii site for participants to view their weekly exercise
in relation to their established exercise goals. In the RCT, Polar devices
were provided to immediate intervention participants and thus, these data
are not available to compare between IMM and WLC groups. However,
once a WLC participant ended their wait-list period and was invited to
participate in the WOWii program, they were then provided a Polar device.
Participants’ exercise participation derive from exercise data recording on
the Polar watch and synced to the site.

Secondary outcomes included physiologic indices of fitness and self-
reported exercise self-efficacy and barriers. Fitness was measured among
the DFW sample (n =56) by conducting a continuous, graded arm crank
protocol in a university lab with gas analysis (Ultima CardiO2, MedGraphics
St. Paul MN) and 12-ECG monitoring while participants used a Monark
Rehab Trainer 881E (Sweden) by assessors blinded to group assignment
and not involved with intervention delivery. Oxygen saturation was
monitored by a pulse oximeter with a forehead probe. After one-minute
warm up at the participant’s preferred cranking speed (typically 40-60
RPM for those with paraplegia and 10-20 RPM for those with tetraplegia),
resistance increased at a fixed 5, 10, or 15 watts increment every 2 min.
Starting resistance varied based on injury level; those with paraplegia
started at 10 watts and those with tetraplegia started at 5 watts. Testing
terminated if any one or more of the following were observed: fatigue
based on rating of perceived exertion (RPE of >17 on the 6-20 Borg Scale
[46]), respiratory exchange ratio >1.15, reaching age-predicted maximal
heart rate, exercise intolerance, or the subject requested to stop [47]. Data
from the last 30 s of the final stage were used for analysis. Resting blood
pressure (BP) and HR were obtained before and after the exercise testing.
Body weight was measured using a digital wheelchair scale (SECA model
664) before exercise testing by obtaining the [1] total weight of the person
in their wheelchair and then subtracting [2] the wheelchair weight.

Exercise self-efficacy, exercise barriers, and goal directed thinking based on
survey responses provided electronically using SurveyGizmo. Self-efficacy

Spinal Cord (2022) 60:862 - 874



was measured with the 28-item Self-Rated Abilities for Health Practices Scale
(SRAHP) to assess exercise self-efficacy. Participants rated each item on a
5-point scale from 0 (not at all) to 4 (completely), yielding a total Health
Practices score plus 4 subscales scores regarding Exercise, Nutrition, Health
Practices, and Psychological Well Being. The SRAHP has demonstrated strong
reliability and validity for individuals with and without disabilities [48].
Internal consistency reliability was high among those with disabilities, with a
Cronbach'’s alpha value of .94 for the total score and .89 for the Exercise
subscale score. Exercise barriers were assessed using the 16-item Barriers to
Health Adapted for People with Disabilities (BHADP), originally developed to
assess general health promotion barriers but all items are relevant to exercise
[49]. Participants rated how frequently issues related to caring for their health
interfere with activities on a 4-point scale from 1 (never) to 4 (routinely),
yielding a total score plus subscale scores for Motivational and External
Barriers. The BHADP has high internal consistency (Cronbach’s a = 0.82) and
good discriminant validity between individuals with and without disabilities
(p < 0.001) [49].

Goal directed thinking was assessed using the 8-item State HOPE Scale
(SHS) [50], a measure of perceived capacity to take an action in reaching
the goal (Agency subscale) and perception of seeing different routes to
achieve the goal (Pathways subscale). Using an 8-point scale from 1
(definitely false) to 8 (definitely true), participants rated how they think
about themselves at that moment. The SHS has demonstrated high
internal consistency with Cronbach’s alpha values ranging from 0.82-0.95
[50], including among individuals with SCI [51-53].

Feasibility included participant retention, engagement, and satisfaction.
Retention for the purposes of the effectiveness trial was defined as
participating in at least 1 of the 16 virtual sessions and not formally
withdrawing. Engagement was measured weekly based on assessing the
number of weeks participants (a) attended virtual meetings and (b)
completed the online activities to practice the week’s behavioral skill.
Satisfaction was assessed by interview (phone or in-person) after the
WOWii follow-up period during which participants rated (on a 5-point
scale, higher score higher rating) the usefulness and ease of use of all
intervention components (website, brief videos, staff-facilitated virtual
meetings, conversations with other WOWii members, Polar monitors, etc.)
in helping them start and stick with their exercise program. Satisfaction
data presented in Appendix 1.

Data analysis for the RCT and for the IMM and WLC groups
combined

Analyses for the RCT portion included multilevel modeling, also known as
hierarchical linear modeling (HLM), conducted separately for each
outcome measure. Models estimated overall group difference across time
(i.e., group effect), change over time (4 months; i.e., time effect), and/or
group difference in this change (i.e, group-by-time interaction), while
accounting for the dependency of observations—i.e., repeated measure-
ments (level 1) within participants (level 2)—and baseline MPA and VPA at
0 month (i.e,, covariates). The HLM analysis for the IMM and WLC groups
combined examined any changes during [1] the 16-week WOWii program
[2], 2 months after the intervention, and [3] the overall 6-month study
period. An effect size (Cohen’s d) was calculated for each comparison.
Further, ordinary least square (OLS) regression was used to identify the
factors that significantly predict exercise participation among potential
predictors including time with disability, impairment type, education,
exercise barriers, exercise self-efficacy, and goal directed thinking. As a
supplementary test for heterogeneity (i.e., moderation) of the intervention
feasibility and effectiveness, the analyses were conducted separately for
participant subgroups (impairment type: paraplegia or tetraplegia). All
analyses were conducted using SAS 9.4.

Statistical power & sample size

Previous WOW study data [40] provided small to moderate effects on aerobic
exercise and strength activity (d = 0.38-0.48) and a priori assumption of high
attrition (25%) and high correlation (0.50) among repeated measurement.
This suggested that a sample of 140 individuals would produce 80% power
to test between-group differences as well as changes over time in the
combined study sample for the primary outcome measures.

RESULTS
A total of 168 SCI participants enrolled, with 33% (n=56) from
DFW and 67% from across the continental US. (n=112).
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Participants were middle-aged (49.6 [12.3] years old), mostly
non-Hispanic (87%) and White (78%) (Table 1). 57% were male and
52% were married. Participants were highly educated (50.6%
earned a bachelor's degree or higher), 36% were employed, and
61% reported annual family income of < $70,000. Participants
lived with SCI for an average of 15.5 (12.3) years; most experienced
paraplegia (60%), and most used a manual wheelchair (62%).

RCT results

Participant retention during the RCT phase of the 16-week WOWii
program was 79%, (CONSORT diagram Fig. 1). Table 2 shows
descriptive statistics of primary and secondary outcome measures,
along with observed group differences in 0-4 months change
(effect sizes) and mixed modeling results (group-by-time interac-
tions). The group-by-time interaction was significant for self-
reported VPA (p<0.001) indicating greater increases in VPA
among IMM participants compared to WLC participants.

Goal directed thinking as reflected on the State Hope Scale also
was significant in group-by-time interactions such that IMM
participants reported significantly improved perceptions of having
control over changes (p <0.001). Yet, there were no significant
group-by-time interactions for other secondary outcomes of
exercise barriers, exercise self-efficacy, or for any physiologic
outcomes (all p > 0.05).

Combined group results

One-hundred forty-three individuals (85% of the 168 enrolled)
initiated the 16-week WOWii program; of these 120 83.9%)
completed the 16-week program outcomes and 75% (n = 90/120)
completed follow-up assessments 2 months later. During the
2-month maintenance period, participants did not have contact
with study staff, although had access to the Facebook group.
Fig. 2 depicts program participation for the 143 who initiated the
WOWii program based on how many of the 16 weeks they
attended the virtual sessions and exercised. The figure shows that
nearly everyone (86-100%) participated during the first 3 weeks,
yet fewer than half of individuals (44-46%) participated in at least
13 of the 16 program weeks, and 44% engaged in exercise =17 of
the 24 weeks they were enrolled. Notably, the figure does not
solely reflect participants’ discontinued study enrollment as the
data also indicate the total number weeks each participant
attended a virtual session and the number of weeks each
participant exercised. As such, the data reflect that most
participants missed one or more weeks of virtual meetings or
one or more weeks of exercise, due to conflicts, illness, or other
reasons. Fig. 3 indicates the proportion of WOWii participants
who were involved in <1 month up to all 4 months of virtual
sessions and exercise. The data show that most (44-46%) were
involved for all 4 months. Participants’ exercise is detailed in the
following paragraphs.

Polar monitoring data show that while everyone (N = 160)
received these activity and HR monitors, only 73% (n = 123/143)
of those who initiated the WOWii program wore the devices,
recorded exercise sessions, and synced the device, which made
data visible on the WOWii site. The following data derive from
these recorded exercise sessions. Polar data are available for an
average of 10.9 (5.1) of the 16 program weeks, though excluding
the 15% who synced their Polar watch for less than 4 weeks show
that these participants recorded 12.4 (3.9) weeks (n =105, 85%).
During the 8-week maintenance period just over half (n=70,
58%) synced their Polar device for 5.4 (2.7) weeks. It is unclear
whether participants did not exercise weeks when Polar data are
not available or, if they simply did not wear the monitor, or not
record the sessions.

Polar exercise data for the combined IMM and WLC groups are
displayed in Fig. 4. Polar data depict aerobic exercise for 50-78%
of the sample across program weeks and 16-28% recorded
strength activities using the Polar watch (see n across the X axis
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>=3 months
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Maintained exercise >=17
weeks
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Fig. 2 Participation in virtual sessions and exercise from individuals who initiated (n = 143) the 16-week WOWii program. The x-axis
reflects the program weeks and months and the y-axis relfects the proportion of participants.

100%

90%

80%

70%

60%

50%

virtual sessions

40%

30%

82% attended > 1 month

20%

10% —

0%
Attended Sessions

4 months (13-16 wks)

yuow T <
PoSI2190Xa % €L
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Fig. 3 WOWii participants participation in the program (n = 143). The x-axis reflects data for regarding program participation related to
attending virtual sessions and exercise, while the y-axis indicates the proportion of participants. Color gradations indicate the number of

months the proportion participants were involved.

for both aerobic and strength data for each of the 24 weeks).
Heart rate data are not shown, as the chest monitors were worn
about one-third to two-thirds of the time. The figure suggests that
as was recommended, the participants spent progressively more
time in aerobic exercise over the program weeks, and achieved
150 min of aerobic activity by week 9, a level that was maintained
over subsequent weeks. Participants also increased the number of
days they engaged in strength activities over the 16-week period.
Participants began the program engaging in aerobic exercise an
average of less than 3 days a week, which increased to an average
of 3 days by week 3 and to more than 3.5 by week 10, which was
maintained through the WOWii program. Though it is important
to note that the sample size decreased over time and so it is

SPRINGER NATURE

possible that the data reflect activity levels of the most motivated
and active participants and the less motivated participants
stopped exercising. During the maintenance period, 29-41% of
the sample recorded exercise bouts with their Polar monitor;
those who captured these exercise sessions continued doing
>150 min/week of aerobic exercise for an average of 3.3 days.
Table 3 presents combined data for the IMM and WLC groups to
portray changes after the 16-week program and 2 months later for
primary and secondary outcomes. The changes over the 6-month
study period were significant for most self-reported outcomes,
with only a few exceptions (time walking/wheeling, and self-
efficacy related to Physical Well Being and Health Promotion).
Moreover, both after the WOWii program and 2 months later
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Fig. 4 Exercise data based on Polar recording (n = 123). The x-axis indicates each of the 24 study weeks, below which the sample size are
derived for data regarding aerobic and strength training. The y-axis along the left side of the figure reflects the number of weekly minutes and
along the right side the number of days individuals participated in aerobic and strength training.
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Fig. 5 The x-axis reflects the program weeks and the y-axis the proportion of participants. Weekly averages of participant engagement for

attending meetings & completing online activities (n = 166).

participants reported significantly greater time spent in MPA (time
effect p=0.003 for 0-4 months change and p=0.011 for
0-6 months change) and VPA (p =0.010 and p =0.008, respec-
tively), significantly increased exercise self-efficacy (p =0.012 and
p <0.001) and nutrition self-efficacy (p = 0.008 and p < 0.001), and
goal-directed thinking in terms of perceiving having control over
changes (agency; both p < 0.001). Physiologic outcomes measured
during fitness testing with the local sample that showed
significant change were peak VO, (p=0.018, 6.1% relative
increase) and power output (p =0.038, 11% absolute increase),
both demonstrated a moderate effect size of 0.31 and 0.32,
respectively. Analyses of physiologic outcomes by injury level
(paraplegic and tetraplegic, see Supplementary Files) indicate the
only outcome to significantly differ was HR reserve such that those

Spinal Cord (2022) 60:862 - 874

with tetraplegia demonstrated an average increase of 13 beats per
minute (group-by-time interaction p = 0.044) Table 4.

Linear regression results suggested that higher exercise self-
efficacy significantly predicted participating in aerobic/strength
exercise (using Polar-derived data) (p <0.05) over the WOWii
program when accounting for other factors (time with disability,
impairment type, education, exercise barriers, and goal directed
thinking).

Feasibility outcomes (engagement and satisfaction). Feasibility
data (Fig. 5) were analyzed in terms of (a) efficacy where the
denominator was based on all enrollees (n=168) and (b)
effectiveness where the denominator reflects those who remained
in the program (n = 133, as 13 people remained in the program, but
did not complete post-test assessments). Engagement data based
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Table 1. WOWii participant demographic data.
Variable All (N=168) Intervention Control (n =81) Between
(n=87)
n M [ SD n M / SD n M/ SD p
Age (yr) 168 49.6 87 48.6 81 50.6
123 11.5 13.1 0.305
Time with disability (yr) 168 15.5 87 14.8 81 16.2
123 12.2 124 0.449
n % n % n %
Gender 0.688
Male 96 57% 51 59% 45 56%
Female 72 43% 36 41% 36 44%
Race 0.181
Black 21 13% 13 15% 8 10%
White 131 78% 63 72% 68 84%
Other 16 10% 1 13% 5 6%
Ethnicity 0.789
Non-Hispanic 145 87% 76 88% 69 85%
Hispanic 14 8% 6 7% 8 10%
Unknown 8 5% 4 5% 4 5%
Marital status 0.77
Married 87 52% 46 53% 41 51%
Not married 81 48% 41 47% 40 49%
Education level
High school or below 13 8% 11 13% 2 2% 0.077
Tech/Some coll/Assoc Deg 70 42% 37 43% 33 41%
>Bachelor’s degree 83 49% 38 44% 45 56%
Other 2 1% 1 1% 1 1%
Employment status 0.248
Employed full/part-time 60 36% 35 40% 25 31%
Unemployed 926 57% 48 55% 48 59%
Other 12 7% 4 5% 8 10%
Income level 0.378
$0-39,000 63 38% 37 43% 26 32%
$40,000-69,999 39 23% 16 18% 23 28%
$70,000-99,999 32 19% 17 20% 15 19%
>$100,000 34 20% 17 20% 17 21%
Paraplegic or Tetraplegic 0.598
Paraplegic 100 60% 55 63% 45 56%
Tetraplegic 66 39% 31 36% 35 43%
Don't know 2 1% 1 1% 1 1%
Wheelchair type 0.824
Manual wheelchair 104 62% 52 60% 52 60%
Power wheelchair 60 36% 33 38% 27 31%
Scooter 4 2% 2 2% 2 2%
Diabetes 0.619
Yes 7 13% 5 15% 2 10%
No 47 87% 29 85% 18 90%

on those who attended at least 1 meeting show they attended an DISCUSSION

average of 10 of the 16 virtual meetings and completed 12 of the 16 This study contributes to the growing evidence base regarding PA
module activities. Attendance averaged 66% across the 16 sessions and exercise programs for people with SCI. RCT results show the
and participants online activity completion average of 83%. 16-week WOWii program helped intervention participants engage
Satisfaction results appear in Appendix 1. in more VPA and increase their goal-directed thinking in terms of

SPRINGER NATURE Spinal Cord (2022) 60:862 - 874
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Group*
Time p
0.795
0.452
0.112
0.992
0.665
0.052
0.109
0.631

Effect
size (d)
0.001
0.297
0.668
—0.042
0.237
0.763
0.672

D
1.91
5.16

2
2.87
0.96

0-4 months change
0.52
1.00
13.44
—3.22
—-1.15
—0.33

10
10
9
9
10
10

1
9

SD
5.15
19.24
12,53
18.62
20.42
15.75
7.21
1741
5.

11.04
25.00
67.70
118.30
51.80
103.20
62.73
7117
2291

4 months

SD
443
18.88
18.52
25.07
19.78
19.58
10.81
20.85
6.04

10.26
69.24
74.96
23.89

Tetraplegia (n=17)
Baseline

SD
1.44
6.90
12.19
7.69
3.18

0-4 months change

0.52
2.92
46
5
3

—0.75
0.93

24
24
24
24
24
24
24

SD

2.69
8
1.8
5.90
7.31
8.20
1.84

22.77

M

1213
49.79
75.83
89.78
30.06

4 months
24
24
24
24
24
4
24
24

SD
294
16.19
12.73
23.14
22.70
19.48
12,61
20.53

11.46
47.43
73.70
133.20
59.54
117.20
7543
89.89
29.77

Paraplegia (n = 37)
M

Baseline
36
37
37
7
37
37
37
37

Combined groups physiologic outcomes over the 16-week WOWii trial by SCI level, DFW enrolled participants.
37

Physiologic Outcomes

Table 4.
VO, peak
Watts max
HR rest

HR max

HR reserve
Systolic BP
Diastolic BP
Weight (kg)
BMI

Spinal Cord (2022) 60:862 - 874

0.231

10

78

11

24 —0.02 1.45

6.45

24

5.66

Efficacy = the denominator was based on all enrollees (n = 168).

Effectiveness = the denominator reflects those who remained in the program (n = 133).

K. Froehlich-Grobe et al.

their capacity to take action and seeing various paths to achieve
their goals, though there were not measurable between group
differences in fitness. Combining data from the IMM and WLC
groups after they received the WOWii program revealed similar
results. WOWii participants reported significant improvements at
both the 4- and 6-month assessment periods for increasing VPA,
reporting fewer exercise barriers, greater self-efficacy for exercise
and nutrition, plus goal directed thinking. Although participants
did not demonstrate significant MPA or VPA increases between
post-testing and the 2 month follow-up, they remained more
active 2 months after the program than at baseline. Additionally,
the data indicate the WOWii program is feasible to deliver. Three-
quarters of participants remained in the 16-week program,
participants demonstrated good engagement based on attending
virtual sessions (averaged 66%) and completing online activities
(averaged 83%), plus rated the program as useful (4.2 on a 5-point
scale) in helping make behavior changes.

Session attendance is an indicator of the program success.
While several studies have reported 100% attendance to sessions
[25, 27-29]. they were conducted for half as long (8 weeks) and
had small sample sizes (<15 participants). At the other end of the
spectrum, another study reported that 93% of the sample had
poor adherence, based on time engaged in exercise, with 50%
non-adherent and 43% had low to suboptimal adherence. While
results reported in this study indicate lower attendance than other
studies, these data are based on a substantially larger sample --
168 participants-over a much longer time period - 16 weeks.
Whether using attendance rates based on an intent-to-treat
approach with the denominator of the full sample (n=168) or
based on effectiveness analyses using a denominator reflecting
those who remain in the program (n = 133) shows a slow decline
in attendance from week 1 to week 6, which remained stable over
the subsequent 10 weeks. Efficacy-based attendance averaged
57%, attendance averaged 66% for those who did not withdraw
and participants’ program engagement, based on completing
the weekly online activities averaged 71% (efficacy) to 83%
(effectiveness).

These trial results suggest pairing strategies previously demon-
strated as successful such as goal setting, self-monitoring, and
providing exercise equipment with new features such as providing
content online and delivering group-based virtual sessions have
the potential to promote high program engagement and exercise
participation. The WOWii website was easy to navigate and
contained resources, content, plus weekly modules that contained
less text and more images and videos that conveyed useful
information. Additionally, the weekly group-based virtual meet-
ings offered a platform where participants received both
professional and peer support, which are features in line with
findings reported by Pancer and colleagues [31].

The WOWii program was designed as a multi-component
intervention, yet an important difference between this and other
programs is that WOWii was delivered via group-based, virtual
sessions whereas others generally provided 1-on-1 telephone-
based support. While virtual sessions were led by a study team
member, an essential feature of these group meetings was
facilitating participants’ conversation. This allowed peers to
support one another and share knowledge, which we contend is
a crucial feature of the program’s success. Offering the entire
program online represents the next generation approach to
promote exercise for people living with SCl and has considerable
advantages in terms of reach, user control, and cost. Notably, the
WOWii program was delivered to participants in the pre-COVID-19
environment. This platform may be even more highly rated since
Zoom and other videoconferencing platforms have become a new
norm for business and social interactions. Further, as COVID may
impact daily life for months to come, this approach for program
delivery may yield even greater effects given the likelihood that
many are facing greater social isolation during the pandemic.
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Limitations. Several limitations are worth noting. First, attrition
was higher in the IMM (24%) than the WLC group (10%) over the
16-week trial, though our analytic approach of HLM offers some
protection against this bias as it is an Intent-to-Treat approach that
uses information from the full sample. The study team encoun-
tered difficulties with Polar monitors and API site, which hampered
the ability to obtaining all exercise session data. Although Polar
allows individuals to hand enter exercise data online, the APl does
not transfer hand entered data. Thus, sessions in which participants
forgot to wear their watch or start/stop the exercise session were
missing from the WOWii site, which was a relatively common
experience. Our study staff spent tremendous time and effort
manually extracting these data from the Polar site to capture those
exercise bouts. Another limitation is that the sample represents
those in the contemplation and action stages of change and who
are more likely to adopt activity given that the screening process
required that participants contact the study team. Two other
notable limitations are that objective exercise monitoring was only
conducted among IMM and thus we do not have objective
exercise data from the WLC participants to know if they also
increased their exercise participation during the 4-month waiting
period. The other notable limitation is our use of the IPAQ for
participant reports of weekly MVPA. Though used in other studies
with wheelchair users [43, 44], the survey has not been validated
for with wheelchair users or SCI samples. Further, study
participants reported substantially higher levels of MVPA even
before initiating the program than reported in studies that use
surveys such as the Physical Activity Recall Assessment for People
with Spinal Cord Injury [19, 20, 22, 54, 55]. This difference in
reporting may reflect that the IPAQ asks respondents to report the
time engaged during employment, while performing house and
yardwork, for transport, and in sport and recreation that qualifies as
VPA and MPA, which is defined by physical effort and breathing
rate. Further, participants’ responses may indicate the fact that
inactive individuals with SCI have low fitness levels and performing
activities such as housework, yardwork, grocery shopping can yield
high levels of physical strain [56], which in turn respondents may
count toward the time they report doing these activities. Finally,
though combined group analyses revealed significant differences
in VO, peak and peak power, the average observed changes were
sufficiently small that they may not be clinically meaningful.

CONCLUSION

The WOWii program is a promising approach to promote home
and community-based exercise among those with SCI by
facilitating program reach, access to exercise equipment, social
support, and eliminating transportation barriers. The 16-week
program duration allowed adequate time for participants get to
know one another, connect as a group, share their knowledge and
experience, and model positive exercise practices. Future research
can investigate if similar results can be achieved using a peer-
mediated approach.

DATA ARCHIVING

The datasets generated during and analyzed for the study are available from the
corresponding author on request and will be archived at the Interuniversity
Consortium for Political and Social Research (ICPSR) by the end of 2022.
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