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Age (y1) 40.4+98
Race seasons completed (yr) 68 £36
Full-distance triathlons completed 7.0 £102
Body mass (kg) 746+ 97
7 Height (m) 178 £ 0.07
nt 23447
Weekly endurance training (h) 144 %47
Weekly resistance training (h) 10+ 08
NXTRI swim time (h) 14+ 04
NXTRI cycling time (h) 70£12
NXTRI run time (h) 5412
NXTRI finish time (h) 14025
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Variables Total sample Male 19) Female 11) p-value
Age (years) 19.10 £ 217 19.05 + 2.04 19.18 + 248 0.158M%
Weight (kg) 63.06  8.61 67.84 % 649 5482 + 462 00001
Height (m) 166 % 0.08 172 %359 156 + 43 0.0001
BMI(kg/m?) 2273 + 218 2291 + 230 2242 +203 0279
HR (bpm) 75.10 £ 6.90 7321+ 735 78.36 + 4.74 0.188M%
RR (cpm) 18.03 % 144 1795 % 151 1818 + 140 0254
SBP (mmHg) 11264 £ 452 113.95 443 11039 = 388 0.156'
DBP (mmHg) 6699 + 6,07 67.11+ 573 6680 % 6.90 0335'
MAP (mmHg) 82,00 + 494 83.00 + 469 8100 £ 547 0.265'
FVC (1) 468 £ 0.99 533 + 056 356+ 028 0.0001
Predicted EVC (%) 11113 £ 10.49 11342 £ 1127 107.18 £ 7.96 -
FEV; (L) 402 £ 076 446 + 0.60 326 £ 018 0,000
Predicted FEV, (%) 110.20 + 1237 11032 £ 1479 11000 £ 7.07 -
FEF 25%-75% (L/s) 445+ 115 465+ 1.36 410 £ 052 0.182'
Predicted FEF 25%-75% (%) 105.43 + 2672 10295 £ 3059 10928 + 1880 -
FEF max (L/s) 852+ 163 9.35 + 143 7.09 £ 069 <0001
Predicted FEF max (%) 109.50 + 16.74 109.37 £ 18.09 10928 + 1495 -

Vital sign measurements were performed in the supine position and after resting for 5 min in this position. n: number of subjects; bpm: beats per minute; Kg: kilograms; m: meters; BMI: body
mass index; kg/m’: kilograms/square meters; HR: heart rate; bpm: beats per minute; RR: respiratory rate; cpm: cycles per minute; SBP: systolic blood pressure; mmHg: millimeters of mercury;
DBP: diastolic blood pressure; MAP: mean arterial pressure; FVC: forced vital capacity; L liters; FEV. forced expiratory volume in the first second; FEF, 25%-75%: forced expiratory flow
ters per second; FEFmax: maximum forced expiratory flow; m: meters; t: t de Student; MW: U Mann-Whitney.

between 25% and 75% of vital capacity;
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ype LT + PE LT + CGE ET + ET + CE p-value
Standing Mo 106 + 78 (7.7-135) 99 + 86 [6.8-13.2] 116 + 7.8 [8.7-146] 126 + 106 [8.6-165] 0.682
Walking Test Vit 415 £ 153 [358-472) 495 143 [442-549] 42.7 £ 157 [36.9-48.6] 45.1 178 [385-51.8] 0222
M2 468 + 168 [40.6-53.1] 546 + 15.8 [48.7-60.5) 49.4 % 162 [43.4-55.4] 541+ 147 [48.6-59.5) 0179
M3 494 %173 [429-558) 559 £ 162 [49.9-620) 537 + 135 [48.7-58.8) 594 + 139 (54.3-646] 0.084
M4 526 % 17.1 [462-559) 585 £ 16.1 (52.5-645) 559+ 15.1 [50.3-61.6] 60.9 % 144 [555-66.3] 0207
Ms | 548+ 179 [481-615] 617 £ 15.2 [559-67.4] 58.2 % 169 [51.8-645) 644 % 136 [594-69.5] 0352
M6 585 £ 159 [525-644] 666 13.5 [61.6-71.6] 60.1 % 160 [54.2-66.1] 69.8 £ 12.7* [65.0-74.5] 0.009
Recovery M7 297 £ 130 [248-346) 339 £ 17.3 [27.4-40.4] 313 £ 152 [25.6-37.0) 377 £17.1 [31.3-440] 0228
M8 256+ 119 [21.2-30.1] 260 £ 146 [205-31.4] 256+ 128 [20.8-303] 283 + 142 (23.0-33.6] 0838
M9 198 £ 8.3 [167-229] 218 £ 13.4 [168-2638] 231+ 111 [189-272) 236 £ 12.1 [190-28.] 0589

Mean  standard deviation and 95% confidence intervals for the temporal behavior of the percentage of heart rate reserve according to the performance protocols for the 6MW'T. M: minute; LT
+ PE: linear track plus protocolized encouragement; LT + CE: linear track plus constant encouragement; ET + PE: elliptical track plus protocolized encouragement; ET + CE: elliptical track plus
constant encouragement. The inter-subject p-value considers the general comparison for every minute of the test among the different implementation protocols. Friedman test was used. Italic
values represent the *p < 0.05, LT + PE, vs. ET + CE.
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Subjective sensation of fatigue Subjective sensation of dyspnea

LT LT ET + PE ElR p-value LT LT = ElE p-value
+ PE +CE + CE + PE + CE +IPE + CE

Standing Mo 0[0-1] 0/[0-1] 0[0-1] 0/(0-1] 0.190 00-1] 0(0-1] 0[0-1] 0[0-1] 0112
Walking M1 0[0-2 o4l | 003 0(0-3] 0511 0[0-2) 0(0-4] 0(0-3] 0[0-3] 0.060
T M2 0[0-3] 1[0-6] Lo [0-4] 0(0-3] 0467 0[0-3] 1(0-5] L [0-4] 0[0-3] 0.078
M3 1 [0-4] 1 [0-5] 1(0-3] 1[0-4] 0311 1(0-4] 1(0-5) 1[0-4] 0 [0-4) 0.128

M4 1[0-4] 1(0-5) e [0-4] 1(0-4] s [0-4] I [0-5) [ [0-4] 1[0-4] 0.566

M5 1[0-5] 1(0-4] 15(0-5) 1[0-5) 0721 1(0-5] 1(0-6] 2(0-5] 1[0-5) 0.266

M6 1[0-5] 2(0-6) 15(0-5) 1[0-5) L oese [0-5] L [0-6] 2[0-5] 1[0-5) 0.156

Recovery M7 0[0-3] 1[0-4] 0[0-3) 0(0-3] 0248 0[0-3] 1(0-4] 1[0-3] 0[0-3] 0.100
M8 0[0-3] 0[0-3] 0[0-2) 0(0-2] 08 | o (0-2) ) [0-3] 0[0-2] 0[0-2] 0.507

M9 o2 | o2 | op-2 0(0-2] 0.883 0[0-2) 0(0-2) 00-2) 0[0-2) 0.697

Median and minimum-maximum values in parenthesis of the temporal behavior of the subjective sensation of fatigue on a scale from 01to 10 according to the 6MWT, implementation protocols.
LT + PE: linear track plus protocolized encouragement; LT + CE: linear track plus constant encouragement; ET + PE: elliptical track plus protocolized encouragement; ET + CE: elliptical track
plus constant encouragement. The inter-subject p-value considers the general comparison for every minute of the test among the different implementation protocols. Friedman test was used.
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Variable Participant (n = 40)

Age (years) 68+ 6 (56-83)
Sex (males, females) 14,26
Height (cm) 1653 %98 (146.0-183.0)
‘Weight (kg) 71.2+137 (41.0-107.0)
Body mass index (kg/m?) 266+ 4.3 (19.4-40.6)
MMSE (score/30) 294+ 12 (26-30)

Step count (steps/day) 9,203+ 3,439 (3,772-19,694)
Sedentary time (hours/day) 9116 (26-10.7)
Standing time (hours/day) 6314 (35-11.5)
Light physical activity-total (min/day) 9302295 (35.3-155.4)
‘Total- moderate physical activity (min/day) 20.1+16.1 (0.2-709)
Vigorous physical activity-total (min/day) 24231 (01-129)
Light physical activity duration 260 s (min/day) 221145 (4.1-67.5)
Moderate physical activity duration 260 s (min/day) | 169 =15.2 (0.0-69.0)
Vigorous physical activity duration >60 s (min/day) 21229 (01-12.7)
Light ILPA duration (min/day) 709 £228 (31.2-120.7)
Moderate-ILPA duration (min/day) 32232 (005-136)
Vigorous ILPA duration (min/day) 0307 (003-2.9)
Light-ILPA frequency (bouts/day) 3630+ 1153 (89-617.6)
Moderate-ILPA frequency (bouts/day) 240191 (1.4-833)
Vigorous-ILPA frequency (bouts/day) 17.3+69 (1.7-42.1)

Data presented as means + SD (range).
SBP, systolic blood pressure; DBP, diastolic blood pressure; MMSE, mini-menta
o
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Variable Participant group
WODAA (n = 21) PACE (n = 28)
High para Low para Total High para Low para
(T2-T6) (T7-L3) (T2-T6) (T7-L3)

Age, years (range) 40.9 (268-57.4) | 344 (268-48.3) 448 (324-57.4) | 407 (217-60.9) | 46.6 (278-609) 383 (21.7-59.7)
Sex, % Female 5/21 (24%) 1/8 (13%) 4/13 (31%) 5/28 (18%) 2/8 (25%) 3/20 (15%)
Duration of injury, years (range) 14.1 (1.4-38.0) 8.7 (1.9-17.0) 17.4 (1.4-38.0) 18.4 (1.4-34.0) 24.1 (4.8-34.0) 16.1 (1.4-32.4)
Level of injury n=21 8 (38%) 13 (62%) n=28 8 (29%) 20 (71%)
AlS ion score
A 15 (72%) 7 (88%) 8 (62%) 16 (57%) 4 (50%) 12 (60%)
B 3 (14%) 1.(12%) 2 (15%) 8 (29%) 4 (50%) 4 (20%)
c 3 (14%) 0(0%) 3 (23%) 4 (14%) 0 (0%) 4 (20%)
Race/Ethnicity
American Indian 0 (0%) 0(0%) 0 (0%) 0.(0%) 0 (0%) 0 (0%)
Asian/Pacific Islander 1(5%) 0(0%) 1(8%) 2(7%) 1.(12%) 1(5%)
Black 3 (14%) 1(12%) 2 (15%) 6 (22%) 3 (38%) 3 (15%)
White 14 (67%) 6 (76%) 8 (62%) 13 (46%) 3 (38%) 10 (50%)
Unknown/Declined 0 (0%) 0 (0%) 0 (0%) 2(7%) 1.(12%) 1(5%)
More than one race 3 (14%) 1(12%) 2 (15%) 5 (18%) 0 (0%) 5 (25%)
Ethnicity, % Hispanic 11721 (52%) s 6 19728 (68%) 5 | 14
Avg. yearly income

$0-25,000 16 (76%) 6 10 25 (89%) 7 18

$25,001-50,000 4 (19%) 2 2 3 (11%) 1 3

$50,001-75,000 0 (0%) 0 0 0 (0%) 0 0

875,000 1(5%) 0 1 0.(0%) 0 0
Self-described exerciser, yes 12 (57%) 4 (50%) 8 (62%) 14 (50%) 4 (50%) 10 (50%)
Self-reported cardiometabolic-related 2(10%) 0(0%) 2(15%) 5 (18%) 1.(13%) 4(20%)
medical history
Baseline daily steps 5,992 + 2,042 4,881 £2,093 6,675 + 1,750 5,200 + 2,298 5,496 + 2,530 5,081 +2,257
Baseline sedentary time (min/day) 1,072 1,156 [1,000-1,232] | 1,026 [785-1,084] 1,068 674 [638-963] 1,111 [938-1,139]

[814-1,194] [770-1,144]

Baseline wheelchair user’s shoulder pain 0 (0,01 00,01 00, 0] 010, 0] 00, 0] 010,0]
index (WUSPI) score (pain 212)

Data are presented as overall values (Total) for each intervention group (WODAA, PACE) as well as broken down into High Paraplegia (T2-Té; High) and Low Paraplegia (T7-L3; Low)
subgroups. Values are presented as counts (percent %), mean + 1SD or median [25%-75% Interquartile Range).
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Baseline (7 days) Final intervention month (month 4) Change

WODAA PACE t(df) p-value WODAA PACE t(df) p-value WODAA PACE t(df) p-value

(n=21) (n =28) or Z | (effect size) orZ | (effect size) or Z | (effect size)
Total daily 5,992 +2,042 5200+2,298 |t(47)=13| 0217 (0.07) 8,643 43,265 5,564+2,243 | t(33.6)=3.7 .003 (0.11) 1,912 [1,117-4,582] | 451 [~309-1,106] 0.000 (0.27)
activity (steps)

Activity zone minutes (daily average)

Sedentary 1,072 [749-1,206] | 1,066 [717-1,142] | Z= 28(00) | 977 [649-1,059] | 1,050 [665-1,175] 0.62 (0.04) —118+229 —47 2161 +(47) 0207 (0.19)
(IMET, > 10 min)

Light (2-3 METs) 248+69 228+82 t(4#7)=09 | 107 (002) 252262 22476 tE7)=14 | 0519 (0.03) 4257 —3+440 1(47)=05 | 0617 (0.01)
Fairly active 14 [8-28] 22 [4-41] 195 (0.01) 29 [17-50] 22 [10-31] zZ=-16 036 (0.05) 12 [3-31] 2[-12-13] 0.048 (0.08)
(4-6 METs)

Very active 8(3-17] 7[0-24] Z=-040 | 21(000) 23 [13-48] 9 [4-21] 0.02 (0.22) 13 [6-34] 2[-3-8] 0.000 (0.30)
(>6 METs)

Heart Rate zone minutes (daily average)

Fat burn 159 [67-390] | 340 [145-494] 0078 (09) 236 [98-460] | 317 [177-507) 124 (001) 62+82 22115 1(45)=12 | 0.054 (0.04)
(50-69% max HR)

Cardio 0 [1-10] 401-8] 042 (0.03) 11 [4-25] 7 3-11] 132 (0.07) 5[2-22] 0 [-3-6] 011 (0.14)
(70-84% max HR)

Peak 0 [0-0] 0[0-0] 17 (0.00) 0[0-2) 0[0-0] 022 (0.06) 0[0-2) 0[0-0) Z=-15 145 (0.03)
(85-100% max HR)

Data are presented for each intervention group with significant differences between groups indicated in bold (p < 0.05). Values are presented as Median [25%-75% IQR] or as Avemge + 1SD. Depending on the test, effect sizes are calculated using Cohen’s d or 7
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Intervention Type

Population

Results

Ayseetal, | Randomised | 6 weeks of tele-exercise synchronous IG | Isolated elderly Physical Fitness (SFT) 1G % CG: There was a significant
as) dlinical trial | vs. control (n=30) Quality of life (NHP) improvement in all outcomes of the
Senior Fitness Test (SFT), including
strength and quality of life.
Bemardo | Randomised | 8 weeks of tele-exercise asynchronous IG | Obese and overweight | Physical fitness (PPAQ) | 1Gx CG: There was a significant
etal, (7) | Clinical tial | vs. CG (control) pregnant woman Pain (ODI) difference in light and moderate physical
(n-24) activity levels, and a reduction in pain
markers.
Buckinx | Non- 12 weeks of tele-exercise synchronous | Pre-independent Physical fitness (SPPB) and | 1G x CG: There were no significant
etal, (26) | randomised | and asyncrhronous versys control. elderly (n=72) Tapale2 differences between groups for any
clinical trial Functional Status (OARS) | outcome.
Moment x Group: The intervention
group showed significant improvements
in all outcomes.
Canton- | Non- 6 weeks of tele-exercise synchronous IG | Isolated elderly 1G x CG: There was a significant
martinez | randomised | vs. Control (n=30) difference between groups for some of the
etal, (16) | dlinical trial SET tests, namely sit-to-stand, 4-meter
walk, TUG, and arm curl.
Dasiva | Randomised | 8 weeks of synchronous group tele- Obese and overweight | Physical fitness (VO2) 1G x CG: There were no significant
etal, (17) | dlinical trial | exercise for both groups. The IG received | women (n =31) differences between groups.
nutrition coaching. Group x Moment: Both groups showed
significant improvements from baseline
10 the last week of intervention.
Elliset al, | Randomised | 12 months of asynchronous tele-exercise | Adults with Physical activity level 1G x CG: There were no significant
(18) dlinical trial | vs. an active control group Parkinson's disease | (Pedometer) differences between groups; however, the
(n=51) Quality of life (PDQ-39) | “sedentary” subgroup showed significant
Functional capacity improvements in quality of life and
(6-minute walk test, TC6) | functional capacity.
Eyuboglu | Randomised | Intervention group (IG) received 12 Adults with sleep Physical fitness (VO2mdx) | Group vs. Control Group: No significant
etal, (19) | clinical trial | weeks of tele-yoga, while the control | apnea syndrome. Functional capacity (TC6) | difference between groups.
group (CG) engaged in chest expansion | (n=44)
exercises. was observed only for functional capacity.
Ferrari et al,,| Randomised | 6 months of tele-exercise asynchronous | Healthy elderly Balance (30 s of static 1G x CG: No significant
0] dlinical trial | vs. control (n=37) balance), Functional observed for any of the outcomes between
capacity (10TC e 5-sitto | the groups.
stand) | Group x Moment: The intervention
group showed significant improvement in
functional capacity and strength over
time.
Gell etal, | Randomised | 16 weeks of synchronous tele-exercise vs. | Older adults in Physical fitness (Level of de | 1G x CG: There was a significant
) dlinical trial | control. remission from PA), quality of life difference between groups only for
different types of (PROMIS-29), balance and | physical activity level.
cancer. (n=37) strength (Sit to Stand). | Group x Moment: Over time, there was a
significant difference for the outcomes of
| strength and quality of life.
Guerrero | Quasi- 12 weeks of synchronous tele-exercise. | Down syndrome adults | Balance (FICSIT-4), agility/ | There was a significant difference for all
etal, (27) | experimental (n=18) coordination (TUG) and | outcomes.
strength (5-sit to stand e
305 CS)
Hong et al, | Randomised | The IG participated in 12 weeks of Elderly (n=23) Physical fitness (SFT) 1G x CG: There was no significant
©0) clinical trial | synchronous tele-exercise vs. a control difference between groups for physical
group. fitness in the SFT tests.
Group x Moment: There was a time effect
for some specific tests within the SFT,
including the 2-minute steps, Sit and
| Reach, and Sit-to-Stand tests
Jones et al, | Quasi- 16 weeks of synchronous tele-exercise | Elderly (n = 52) Balance (FSST), Agility/ | There was a significant difference for all
e experimental | Tai-Chi Coordination (TUG), outcomes,
Strength (5-Sit to Stand),
and Functional Capacity
(TC5 m)
Najafi et al,, | Randomised | IG 8 weeks of tele-yoga and tele-exercise | Adults with Multiple | Physical fitness, quality of | IG x CG: There were significant
@) dlinical trial | vs. control sclerosis (1 =82) life and pain (ovQV), differences for all outcomes.

functional capacity
(T25FW).

Najafi et al’, | Randomised | 1G 8 weeks of tele-yoga and tele-pilates | Women with Multiple | Physical fitness level 1G x CG: There was a significant
23) clinical trial | vs. Sclerosis (n=45) (IPAQ), Quality of life | difference between groups for all

(MSQol-54), and outcomes.

Functional capacity

(T25EW)

Poon etal, | Randomised | The intervention group underwent 8 | Adults with recent | Physical fitness (treadmil | 1G x CG: There was a significant
28) clinical trial | weeks of synchronous and asynchronous | COVID infection. | test), Quality of lfe difference in quality of life between the
tele-exercise vs. control. (n=a1) (HRQol), Strength groups.

(Handgrip e Sit to Stand) | Group x Moment: There was a significant
group-time effect for the outcomes in
strength (handgrip e sit to stand)

Wilke et al, | Randomised 1G Participated in 8 weeks of tele- Adultos saudiveis Aptidio fisica (NPAQ- 1G x CG (4s) There was a significant
© clinical trial | exercise, with 4 wecks of synchronous | (n=763) Short) e Dor (Chronic Pain | difference in quality of lfe in the

tele-exercise and 4 weeks of asynchronous
tele-exercise vs. Control for 4 weeks and
Asynchronous Control for the last 4
weeks.

Grade)

intention-to-treat analysis and CAGE.
For pain, there was a difference between
groups only in the CAGE analysis.

IG, intervention group; CG, Control Group.
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Reference

Abel et al. (17)

Observational
study

Participants

Spinal cord injury, amputation of
both legs

Number of
participants

Groups

Wheelchair racing
(n=10)
handbiking (n = 17)

Adapted
bicycle
Handbikes and

wheelchair racer

Intervention

Basal metabolism evaluation,
incremental exercise test,
endurance test

Health outcomes

Energy expenditure high enough to maintain fitness, may
prevent cardiovascular diseases

Bakkum et al.
18)

Experimental
study

Inactive people with long-term
spinal cord injury

Hybrid cycling
(n=10)
handbiking (7= 10)

Hybrid cycle,
handbike

30 min per day, 2x/week for 16
weeks

Improvement in cardiovascular fitness

Blumenstein
etal. (19)

Experimental
study

Healthy subject

Adapted e bike

Single bouts of exercise

Improvement in space orientation and allows tuning of the
electric motor’s power to meet individual physical needs

Bryant et al. (20)

Experimental
study

Children with cerebral palsy

Spastic bilateral CP
(n=11)
dyskinetic CP (n=4)

Frame runner

3x/week for 12 weeks

Enjoyment, increased standing ability, no change in the CP
QoL-Child questionnaire scores, significant improvement of
bone density

Daly et al. (21)

Experimental
study

Children with cerebral palsy

Adaptive bicycles

30 min daily

Significant improvement on the energy expenditure index,
improvement in gross motor function (all subjects)

Fowler et al. (22)

Experimental
study

Children with cerebral palsy

Cycling (n=31)
control (n=31)

Stationary bicycle

30 sessions over 12 weeks

Significant improvements in locomotor endurance, gross motor
function, and some measures of strength

Fu et al. (23)

Observational
study

Elderly with physical disability

Cycling wheelchair

30 min per day, Sx/week for 4
weeks

Improvement in quality of life and aerobic capacity

Gervasoni et al.
24

Greceo et al. (25)

Experimental
study

“Experimental

study

People wih multiple sclerosis

| Unilateral transtibial amputees

group B (1= 10)

Crossover:
group A (n=10)

Non-athlete untrained
(n=17)

Paralympic athletes
(n=17)

Amm cycling and
tailored task-oriented
exercise

Stationary bicycle and
resistance training

20 sessions over 8 weeks

3x/week for 8 weeks

Reduction in fatigue and motor fatigability, increase in finger
movement rate

Improvement in general functional condition, muscle strength,

and cardiorespiratory performance

Hjalmarsson
etal. (26)

Experimental
study

Adolescents and young aduls
with cerebral palsy

Frame runner

2x/week for 12 weeks

Increase in cardiorespiratory endurance, increase in thickness of
medial gastrocnemius muscle and decreased ankle dorsiflexion
on more-affected side, increase in passive hip flexion on less-
affected side

Hoekstra et al.
@7)

Observational
study

Wheelchair users

Handbike

4 months free-living condition

POpeak, VO2peak and waist circumference improved
significantly

Hussein et al.
28)

Experimental
study

Children with hemiplegic
cerebral palsy

Study (n
control (i

Arm cycling

30 min arm cycling and 60 min
gt training exercises over 2 6
month period

Significant improvement in arm swing, significant increase in
flexion angular f the hip and ankle joints
it cycle

Inckle (29)

Descriptive
study

People with physical disability,
impairment or mobility
impairment

handbike, trike,
recumbent

Experience of cycling from ten
to more than 50 years

Experience of mobility, independence, and freedom, huge
benefits for mental and physical health and wellbeing

Kamelska et al.

Observational
study

Visually impaired and properly
sighted people

Visually impaired
(n=13)

properly sighted
(n=13)

“Tandem bicycle

15-25 h per day, 3-5x/week for
7 months

Statistically significant increases in VO2max and Pmax, no
time  visual impairment interaction effect was found

Kamelska et al.
@Gn

Observational
study

Visually impaired and properly
sighted people

Visually impaired
(n=13)

properly sighted
(n=13)

‘Tandem bicycle

1.5-2.5 h per day, 3-5x/week for
7 months

Similar improvement in majority of hemodynamic variables,
visual impairment did not limit health benefits of regular
physical activity

Kim et al. (32)

Experimental
study

Chronic stroke patients

Experimental (n = 16)
control (n=16)

Stationary bicycle

30 min per day, 5x/week for 6
weeks

Significant improvements in balance and gait abilities,
improvements in balance, 10-m walking test score (gait)
significantly greater in cycling group

Kim et al. (33)

Experimental
study

People with a spinal cord injury

Exercise (n=8)
control (n=7)

Indoor handbike

60 min per day, 3x/week for 6
weeks

Compared to control group significantly decreased BMI, fasting
insulin, and HOMA-IR levels, and significantly increase in
Vo2peak and strength in shoulder abduction, adduction,
flexion, and extension and elbow flexion and extension

King et al. (34)

Experimental
study

Children with cerebral palsy

Hip-extensor tricycle

10 weeks daily

Visually analysed gait improved, but hip estensor strength did
not, childrens and parental reports on use and enjoyment were
positive

Kouwijzer et al.

Observational
study

People with health conditions
such as spinal cord injury,
amputation, or multiple trauma
history

Handbike

5 months training

Life satisfaction increased, mental health showed no change
over time, improvement in cardiorespiratory fitness was
associated with an increase in life satisfaction

Kouwijzer et al.
(36)

Observational
study

People with health conditions
like spinal cord injury

Handbike

5 months training and 1 year
follow-up

Body satisfaction significantly increased during training period
and decreased at follow-up, improvements in physical capacity
and waist circumference significantly associated with
improvements in body satisfaction

Lauhoff et al.
(37)

Experimental
study

People with Parkinson’s disease

Stationary bicycle

30 min per day, Lx/week for 6
weeks

Statistically significant improvements noted in balance,
activities of daily living and mobility, trend towards
effect on QoL

for exercise tolerance, no sig

Leblanc et al. (38)

Experimental
study

Children with cerebral palsy

Bicyle, tricycle

10 sessions over 5 weeks

No significant difference in gross motor function and
locomotor endurance, significant improvement of locomotor
performances of lying and reversal motor capacities, significant
improvement in the locomotor performance in daily life
reported by parents

Lousada et al.
(39)

Observational
study

People with cerebral palsy

Frame runner

3 different sprint training
sessions

Frame running at a sufficient intensity to promote health and
fitness adaptations possible

Mayo et al. (40)

Experimental
study

people within 12 months of
acute Stroke who were able to
walk >10 m independently

Cycling (n=43)
exercise (n = 44)

Stationary bicycle

15-30 min cycling per day vs.
disability-targeted exercises for
12 months

Both programs were equally effective in maintaining walking
capacity after discharge
from stroke rehabilitation

McGough et al.
(41)

Experimental
study

People with mild to moderate
Parkinson’s disease

‘Tandem bicycle

3x/week for 10 weeks

Statistically significant physical performance improvement
across domains of gait, balance, and mobility

Pickering et al.
(42)

Observational
study

Children with cerebral palsy

Adaptive bicycles

6 weeks of adaptive cycling

Enjoyment of this experience, improved sense of well-being

Shafizadeh et al.
(43)

Observational
study

Racerunning athletes

Frame runner

Series of 100 m sprints on frame
runner

Racerunning athletes with neurological motor disorders absorb
the impact shock of framerunning through strategy that mimics
able-bodied runners

Stone et al. (44)

Observational
study

Competitive and recreational
handeydlists

Competitive (n = 7)
recreational (n=6)

Handbike

Bouts of exercise at training
(50% POpeak), competition
(70% POpeak), and sprint
intensity

Greater flexibility in the thorax, shoulders, and scapula in the
competitive group, indicating that kinematic adaptations
attributable to technical training potentially optimize muscle
recruitment and force generation of the arm

Valent et al. (45)

Observational
study

People with a recent spinal cord
injury

Handeyeling (n =55)
non-handeycling
(n=82)

not recorded (1 =25)

Handbike

Regular rehabilitation program

Significantly larger increase in Vo(2)peak, POpeak, and elbow
extension strength in subjects with paraplegia, no influence on
any outcome measures in postrehabilitation period

Valent et al. (46)

Experimental
study

People with telraplegia

Handbike

24 sessions within 8-12 weeks

Significant improvements in POpeak, Vo(2)peak, mechanical
efficiency, and shoulder abduction strength

Valent et al. (47)

Experimental
study

People with a spinal cord injury

Experimental (n =20)
control (n=20)

Handbike

30-45 min per day, 2x/week for
9-39 weeks

Strong tendencies for improvement in wheelchair capacity
(POpeak and oxygen pulse), significant effects on shoulder exo-
and endo-rotation and unilateral elbow flexion strength, no
improvements on pulmonary function

van der Linden
etal. (48)

Observational
study

Frame running athletes

Frame runner

3 months of frame running

Subjects felt increased muscle stretch and self-confidence, some
had extreme fatigue or sore muscles after training, less out of
breath during mobility tasks and felt improved functional
mobility, some reported increased muscle tightness and some a
Frame Running-related injury lasting more than 4 weeks

van Schie et al.
(49)

Observational
study

Young athletes with mobility
limitations

Frame runner

Minimum of 3 months of frame
running

Significant positive change on all three subscales of the PIADS
questionnaire, most change experienced in performance, the
ability to participate, happiness and self-confidence, increased
QoL

Vogt et al. (50)

Experimental
study

Adolescents with intellectual and
developmental disabilities

Crossover

Stationary bicycle

10 min moderate cycling

‘Temporarily enhances neuronal activity in relation to cognitive
performance

‘Williams and
Pountney (51)

Experimental
study

Non-ambulant children with CP

ABA design with
participants acting as
their own controls

Adapted static bicycle

3x/week for 6 weeks

Improvements in fnctional ability
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Variable

Sample size Number of
subjects

Minimum
Median
Maximum

Number of | Percentage of
studies studies

Study design
i studies

Observational studies

Descriptive studies

Intervention
Acute intervention (single session)

Short-term intervention
(<6months)

Long term intervention
(>6months)
Follow-up effect

median, and , (number of subjects),
as well as the distribution and percentages of studies within the categories of study design

and intervention characteristics. based on a total of 35 articles.
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Screening

Full-text articles assessed for Full-text articles excluded
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Exclusion criteria:

No health effects assessed
Articles identified through (n=17)
supplementary sources

No reference to disabilties
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(cycling OR bike"OR biking OR bicycl* OR “adaptive cycling’) AND (disabilit* OR
amputee* OR wheelchair* OR para-* OR impairment*) AND (physical OR mental
OR physiological OR psychological OR health OR “quality of life") NOT (animal*
OR menstr* OR “life cycle”)

Secondary search term (title/abstract)
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Health effects assessed
Any kind of disability or impairment
Al forms of adaptive cycling
Empirical studies

Full-text available (except
conference papers)
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Grey literature if relevant
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No health effects assessed
No reference to disability
or impairment
No form of adaptive cycling
Review (direct inclusion of relevant
studies)
No full-text available (except
conference papers)
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National Veterans
Wheelchair Games
(NVWG) (3)

Inception

Location

United States
(different location
each year)

Qualifying diagnoses

SCI, TBI, amputation, central
nervous system (CNS) pathology
necessiating use of wheelchair
(ie., multiple sclerosis,

cerebral palsy)

Number of
participants
(average)

Sports/activities

‘Wheelchair basketball, quad rugby, power
soccer, throwing events, cornhole, disc golf,
handeycling, swimming, adaptive fitness,
9-ball, softball, table tennis, wheelchair
slalom, motor rally, boceia, pickleball,
bowling, air pistol, air rifle, bass fishing

National Veterans
Golden Age Games
(NVGAG) (4)

United States
(different location
each year)

Age 250 years old

Basketball, cycling, pickleball, power
walking, swimming, track & field,
badminton, bowling, disc golf, table tennis,
pistol, air rifle, basketball free-throw,
boccia, comhole, nine ball, shuffleboard

Gerofit (5)

Founded in Durham,
North Carolina, but
now in 33 VA systems

Age >65 years old, stable medical
condition and independent with
ADLs

Thousands

Individual and group supervised exercise
sessions, including core strengthening,
balance, tai chi, dance, treadmills,
ellipticals, stair climbers, cycling

National Disabled
Veterans Winter
Sports Clinic
(NDVWSC) (6)

Snowmass, Colorado

SCI TBI, amputation, visual
impairment

Adaptive sled hockey, adaptive Alpine/
Nordic skiing, snowmobiling, fly fishing,
curling, scuba diving, rock climbing

National Disabled
Veterans Golf Clinic
(NDVGO) (7)

Riverside, lowa

SCI, TBI, amputation, CNS
pathology, visual impairment

Adaptive golf, air rifle, bicycling, bowling,
and kayaking

VA MOVE! Program
®)

Nationwide

BMI of 30 kg/m” or BMI 25~
30 kg/m? with metabolic syndrome

>35,000

150-300 min of physical activity per week

National Veterans
Summer Sports Clinic
(NVSSC) (9)

San Diego, California

SCI, TBI, amputation, visual
impairment, burns, MS, stroke,
depression, PTSD

150

Cycling, surfing, sailing, adaptive fitness,
yoga, kayaking, archery, and pickleball
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Category Key features Example

Jumping Jumping as the predominant movement Jump rope, star jumps

Lateral movement Moving side to side Lateral foot taps, lateral line jumps
Core Exercises that predominantly engage core muscle groups Crunches, heel taps

Upper body Focused movement above the torso, including arms, shoulders, and upper back Arm circles, jabs

Lower body Focused movement below the torso, including glutes, quads, hamstrings, and calves Squats, butt kicks

Sports skills Activities that simulate skills needed to play a sport | Overhand throw, soccer dribbles
Compound movement Exercises that involve two or more major categories Burpees, planks
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Exercise n
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hatGPT outpt

Short instructions

Star jumps Jumping 1. Stand straight, arms down 1. Stand at the ready position 1. Ready position
2. Jump out wide, arms and legs out | 2. Jump out, stretching your arms and legs out wide like a star | 2. Jump out
3. Jump in, arms and legs down 3. Jump in, bringing your arms back down and legs together | 3. Jump in
4. Repeat, breathing steadily 4. Keep going! 4. Keep going!
5. Enjoy!
Heel taps Core 1. Lie on back with knees bent 1. Lie down, with your back touching the floor 1. Lie down
2. Lift shoulders slightly 2. Bend your knees, with your feet flat on the floor 2. Tap heel
3. Tap right heel with right hand | 3. Squeeze your stomach muscles 3. Tap other heel
4. Tap left heel with left hand 4. Reach your right hand to tap your right heel 4. Keep going!
5. Repeat 5. Reach your left hand to tap your left hecl
6. Breathe steady 6. Keep going, alternating your taps!
7. Have fun!
Lateral line jump Lateral 1. Stand with feet together 1. Stand at the ready position 1. Ready position
2. Jump sideways 2. Jump to one side 2. Jump sideways
3. Jump back 3. Jump back 3. Jump back
4. Repeat at your own pace 3. Keep going! 4. Keep going!
5. Breathe steady
6. Have fun!
Small arm circles Upper body 1. Stand with feet apart 1. Stand at the ready position 1. Stand comfortably
2. Raise arms to sides 2. Raise arms out like a “T" 2. Make a T’
3. Make small circles forward 3. Make small circles with your arms, like stirring the air 2. Small circles
4. Repeat 4. Change directions, stirring the air the other way 3. Change directions
5. Breathe steady 5. Keep going! 4. Keep going!
6. Have fun!
Butt kicks Lower body 1. Stand with feet apart 1. Stand at the ready position 1. Stand comfortably
2. Lift heels towards buttocks 2. Bring one heel to your butt 2. Heel to butt
3. Switch legs 3. Bring the other heel to your butt 3. Other heel
4. Repeat 4. Hop faster from foot to foot 4. Faster
5. Breathe steady 5. Keep going! 5. Keep going!
6. Have fun!
Overhand throw Sport 1. Stand with feet apart 1. Find something to throw (ball, rolled socks, etc.) 1. Hold item
2. Hold the ball 2. Stand at the ready position 2. Make an ‘L’
3. Step forward with opposite foot 3. Hold item in hand 3. Step and twist
4. Raise arm back 4. Raise arm, bending at elbow to make an ‘L’ shape 4. Throw
5. Throw the ball forward 5. Step forward with opposite foot (right hand, left foot)
6. Follow through with arm 6. Twist upper body towards ‘L’ shape side
7. Repeat 7. Throw item
8. Breathe steady
9. Have fun!
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Records identified from":

PubMed (n =74)
Scopus (n=59)
WoS (n=54)
Science Direct (1=53)
TOTAL (n =240)

Records removed before
screening.

Duplcate records removed (n = 6)
Records marked as by
‘automation tools (n =92)

TOTAL (n=98)

Records idenified from
Citaton searching (n = 3)

]

Records screened ’_, Records excluded™
(n=142) (n=113)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
(n=29) (n=2) (n=3)
l the full ext.
Reports assessed for efigibility Re Reports assessed for eligibilty
‘ (n=27) | > zm Design (n -5) (n=3)
(n=6)

Participants (n =1)

Duplcate data (n=1)

Not tele-exercise (n=1)
Studies inciuded n review
(n=13)

(n=3)
TOTAL(N=16)
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am member n: Expertise

Video reviewer 1 A research assistant with a B.S. in Biopsychology, Cognition, and Neuroscience from the University of Michigan, with
experience in developmental psychology and fitness app development for neurodivergent children

Video reviewer 2 An undergraduate research assistant at the University of Michigan specializing in Biology, Health, and Society, with
experience as a dance instructor

Video reviewer 3 An undergraduate research assistant at the University of Michigan specializing in Biology, Health, and Society, with
experience in pediatric exercise physiology

Video reviewer 4 An undergraduate research assistant at the University of Michigan specializing in Applied Exercise Science, with practical
experience in sports

Video reviewer 5 An undergraduate research assistant at the University of Michigan specializing in Movement Science, with practical
experience in sports

Video coder 1 A research assistant with a B.S. in Applied Exercise Science from the University of Michigan, with experience in strength
training and fitness instruction

Video coder 2 A research assistant with a BS. in Movement Science from the University of Michigan, with experience working with kids
with ASD, Down syndrome, and other processing disorders

Neurodivergent movement expert A researcher specializing in neurodivergent movement, with 12 years of experience developing and implementing
researcher (H.L.M.) physical activity interventions in pediatric populations affected by ASD.

Adapted physical education expert A researcher specializing in adapted physical education, with 15 years of experience in developing and promoting early
researcher (LRK.) motor and physical activity interventions for special populations

Adapted physical education practitioner (A.P.) An experienced practitioner specializing in kinesiology with over 20 years of teaching adapted physical education in

public schools

Physical education researcher and An experienced researcher and practitioner specializing in physical education, with 38 years teaching Physical education

practitioner (KW.) and 25 years managing community-based physical activity programs for both typically developing and neurodivergent
youth

Video script development expert (J.M.B) A researcher and general educator with 11 years’ experience developing interventions that support health behaviors across.

communities and lifespans
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Rapid cycle steps

Problem exploration
Understanding key problems
that need to be solved

Knowledge exploration
Examining the problem from
multiple perspectives

Solution development
Identifying the simplest least
invasive, and most scalable

solutions that can be applied

escription

Identified problem: motor skill level
required to complete InPACT at Home
exercise videos was a barrier to for both
neurotypical and neurodivergent children

Questions asked:

© How many activities need step-by-step
instructions?

© What, if any, free resources are available?

 How would the instructions be
developed?

Solution: Use Generative Al to develop
prompts o create instructions with expert
team refinement

Expert team development of cue words and
videos

Acti

S

1. Assembled a video review team and coders

2. Identified exercises in videos

3. Standardized names of exercises

4. Categorized exercises based on muscle
group/motor skill

1. Assembled an expert team to review the list
and categories of exercises

2. Expert team searched for free resources that
offered step-by-step instructions for basic
‘movements

3. Expert team provided recommendations on
how to develop and refine step-by-step
instructions from Al-generated output, if
free resources were not available

1. Novice Al prompt developer recruited

2. ChatGPT used to develop prompts through
an iterative process

3. Generated prompts used to develop exercise
instructions and cues

4. Expert team modified the ChatGPT
instructional output for content and style

5. Experts identified exercises that were
“complex”

6. Instructional videos were developed

Outcome

1. Video review team composed of research
assistants with expertise in pediatric
exercise physiology and motor
development

2.500+ unique activities identified

3.260 standardized exercises cataloged

4.7 motor skill categories developed

1. Experts included practitioners and
researchers

2. Expert team identified no available
resources that met the needs of this project

3. Recommendations for refining instructions
included:

 Step-by-step instructions for all exercises

 Tailoring ChatGPT prompts

© Applying UDL principles

 Avoiding figurative language

 The Three C's

* Cognitive Load Management

 Standardized Starting Positions

 Encouraging Continuation

1. Novice developer with 100 h of experience
using ChatGPT was selected

2. Two prompts were created

3. Review team extracted important
information from the Chat-GPT
instructions

4 Expert team reviewed instructions and cues
for instructional content validity

5. A “burpec” was identified as a highly
complex movement

6.24, 2-min instruction videos were created to
scaffold learning to complete a “burpee”
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