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[Abstract]

This study is to encourage physical activity and exercise in people with spinal cord disabilities so
that they can have a positive effect on health outcomes. Current evidence shows that IT-based muscle
strength and muscle endurance, cardiopulmonary exercise, electrical stimulation exercise, and robot
exercise can all improve physical components, reduce the risk of secondary health complications, and
have a positive impact on the overall health of people with chronic physical disabilities. To improve
muscle strength and muscle endurance, exercise frequency should be conducted twice and three sets a
week, <5 Reps to improve muscle strength, general strength should be repeated 6 to 15 times, and 15
to 30 times to improve muscle endurance. In order to improve cardiopulmonary ability, it should be
conducted 3-5 times a week, 20-60 minutes, and 50-80% of the maximum heart rate. Therefore, higher
resource investment is needed to realize various IT-based exercise benefits and access professional

equipment, facilities and trainers.
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III. Arbitration Strategies

1. Exercise Intervention Strategies
1.1. Strength and endurance training
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Table 1. Strength and endurance training Prescription

Item Method
Frequency 2 Days per Week
< 5 Reps
Intensity 6~15 Reps
15~30 Reps

30 - 60 minutes
Weight training

Body weight training
EMS

Robot assisted Training

Time of Exercise

Type of Exercise
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1.2. Cardiopulmonary training
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Table 2. Cardiopulmonary training Prescription

Item Method
Frequency 3 - 5 Days per Week
. 50 - 80% Peak Herat Rate
Intensity

Borg Scale to monitor

Time of Exercise 20 - 60 minutes

Continuous Training

Type of Exercise Varied Pace Training

Interval Training
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1.3. Robot assisted training
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IV. Conclusions

HaAojI 5ol glo] MRS L 258 A
W 217 Aol FYHQ 9T
o] FRsl) AR A o
ol TE 28 04 BEL Aaslel] g A
st Algsb] o) 85 821 v
AR ok @) S maw [T7]eR
L JKHLE* A 2

Al 4 QA AISIL 27 17 893 9

>
xS,
H1

u o

i

1 rr ‘E
o

A0
N
=
9
-

i
W O

T;ruEl
s

|1
M
Y oo o oln U

2a)
=]
J
o o
=
)
&
ol
o
i)
r o
[A
i)
=
i
&
6
rlo
H1
[2a)

= o= 7T} Bt Bage) 7
ol At Risiel A £40] BEHS 1eiE 1)
o]

el
Fo
&
o rlr bt mlo
i)
T 1o
oz ow
romy

=
it

v ~ 1= p iy . O L.
2 28], 3NIE AAJSte S ot 239] SRS YfofiA= <
5 Repse =2, A9HAQl A== 6~153] §HEol=S of,

EAIA]717] QSN 15~308] BHEStE2 5t
20| SFALS 9JEA = 3-53] 20~60—H,-_—, &
49] 50~80%2 AAJSHES stgict &5 Aolo
o5t 2alA AR Al2jAle]A KPEHO] o] =
310 A2 AAF SIRIZ 0J5F O% ma IS Jfurat
gttt epA IT 7|¥ke] st &5 o1
1315t A el Al 2 Edfo]ufo] gt HEg
w2 At RS A %}6}71 Aol A 2
A O JfgglE] Alo] HEE

AtA & Agoll tigt &

1T o LI
sp7] 93t A1Klo) FeFe wolg o) Bl 2
Zlo] ofje} Aojauut &5 FA42 Lk Teiso} stol
chRtel Aol 4 U UA] AL F 4 Y a9l

of e YA A=A 247t Tasi.

wBw d
W2 Ha 4 So] AHRD AR AZE A
P

ACKNOWLEDGEMENT

This work was supported by Dongseo University,
"Dongseo Cluster Project" Research Fund of 2021
(DSU-20210002)

REFERENCES

[1] Hartkopp, A., Bremnum-Hansen, H., Seidenschnur, A. M,
Biering-Serensen, F. “Survival and cause of death after traumatic
spinal cord injury. A long-term epidemiological survey from
Denmark.” Spinal Cord. Vol. 35, pp. 76=85. 1997. DOI: 10.1038
/sj. $¢.3100351

[2] Jacobs, P. L., and Mark, S. N. "Exercise recommendations for
individuals with spinal cord injury." Sports Medicine Vol. 34, No.
11, pp. 727-751. November 2004, DOI: 10.2165/00007256-200
434110-00003

[3] Sisto S, Evans N. “Activity and fitness in spinal cord injury: review

and update.” Curr Phys Med Rehabil Rep. Vol. 2014, No, 2, pp.
147-157. July 2014, DOI:10.1007/s40141-014-0057-y

[4] Gorgey, A, Gater, D. “Prevalence of obesity after spinal cord
injury.” Top Spinal Cord Inj Rehabil. Vol. 12, No. 4. pp. 1-7.
April 2007. DOL: 10.1310/sci1204-1

[5] Bauman, W. A., Spungen, A. M. “Metabolic changes in persons

after spinal cord injury.” Phys Med Rehabil Clin N Am. Vol. 11,
No. 1, pp. 109-140. February 2000 DOIL: 10.1016/S1047-9651
(18)30150-5



192  Journal of The Korea Society of Computer and Information

[6] Bauman, W. A. Spungen, A. M. “Carbohydrate and lipid
metabolism in chronic spinal cord injury.” J Spinal Cord Med.
Vol. 24 No. 4 pp. 266=277. July 2001, DOL: 10.1080/10790268.
2001.11753584

[7] Hoffman, M. D. "Cardiorespiratory Fitness and Training in
Quadriplegics and Paraplegics." Sports Medicine, Vol. 3, No. 5,
pp. 312-330, September 1986, DOI: 10.2165/00007256-1986030
50-00002

[8] Finley, M. A., Rodgers, M. M., Keyser, R. “Impact of physical
exercise on controlling secondary conditions associated with spinal
cord injury.” Neurol Rep. 2002;26(1):21-31. doi:10.1097/012530
86-200226010-00007

[9] Fernhall, B., Kevin, He., Sae, Y. J., and H, B. "Health implications

of physical activity in individuals with spinal cord injury: a
literature review." Journal of Health and Human Services
Administration Vol. 30, No. 4, pp. 468-502. April 2008.

[10] Durén, F. S., Luz Lugo, L. R. and Edgar, E. L. "Effects of an
Exercise Program on the Rehabilitation of Patients with Spinal
Cord Injury." Archives of Physical Medicine and Rehabilitation
Vol. 82, No. 10 : pp, 1349-354. October 2001, DOIL: 10.1053/
apmr.2001.26066

[11] Carlson, J. E., Glenn, V. O., Sandra, A. B., Kyriakos, S. M.,
Laura, R., and James, S. G. "Disability in Older Adults 2:
Physical Activity as Prevention." Behavioral Medicine, Vol. 24,
No. 4, pp. 157-168, October 1999, DOI: 10.1080/08964289.1999
11879272

[12] Justin, Y. “Obesity, Type 2 DM and Exercise in People with
SCI: Implication of sympathetic nervous system impairment in
people with SCI. Yonsei University Physical Education Research
Institute, Vol. 11, No. 1, pp. 117-144. March 2004.

[13] Suparna, R., Maruerite J., Catherine, W., & Barry, G. “Clinical
assessment and Management of obesity in Individuals with spinal
cord injury : A Review.” The Journal of spinal cord medicine.
Vol. 31, No. 4, pp. 1132-1141. 2008, DOI: 10.1080/10790268.
2008.11760738

[14] William, S., Wendy, D., Andrea F., Najib, T., & Kristin, J. (2008).
Effect of exercise Training and Inspiratory Muscle Training in
SCI: A Systematic Review. The Journal of spinal cord medicine.
Vol. 31, No. 5, pp. 500-508. DOIi: 10.1080/10790268.2008.1176
0738

[15] Valent, Linda J., Dallmeijer, Annet J., Houdijk, Han, Slootman,
Hans J., Post, Marcel W., and Van Der Woude, Lucas H.,
"Influence of Hand Cycling on Physical Capacity in the
Rehabilitation of Persons With a Spinal Cord Injury: A
Longitudinal Cohort Study." Archives of Physical Medicine and
Rehabilitation Vol. 89, No. 6. pp. 1016-1022. June 2008, DOI:
10.1016/j.apmr.2007.10.034

[16] Nash M. “Exercise as a health-promoting activity following spinal
cord injury.” J Neurol Phys Therapy. Vol. 29, No. 2, pp. 87-106.

June 2005, DOI: 10.1097/01.npt.0000282514.94093.c6

[17] D’Oliveira, G., Figueiredo, F., Passos, M., Chain, A., Bezerra,
F., Koury, J., “Physical exercise is associated with better fat mass
distribution and lower insulin resistance in spinal cord injured
individuals.” J Spinal Cord Med. Vol. 37. No. 1, pp. 79-84.
January 2014, DOI: 10.1179/2045772313Y.0000000147.

[18] Casperson, C., Powell, K., Christenson, G. “Physical activity,
exercise, and physical fitness: definitions and distinctions for
health-related research.” Public Health Rep. Vol. 100. No. 2, pp.
126-131. March 1985.

[19] Devillard X, Rimaud D, Roche F, Calmels P. “Effects of training
programs for spinal cord injury.” Annales de Readaptation et de
Medicine Physique. Vol. 50, No. 6, pp. 490-498. July 2007, DOL
10.1016/j.annrmp.2007.04.013

[20] McQueen M. “Exercise aspects of obesity treatment.” Ochsner
J. Vol. 9, No. 3, pp. 140—143, 2009.

[21] Tanhoffer, R. A., Tanhoffer, A. 1. P., Raymond, J., Hills, A. P.,
Davis, G. M. “Exercise, energy expenditure and body composition
in people with spinal cord injury.” J Phys Act Health. Vol. 11,
No. 7, September 2013, DOI: 10.1123/jpah.2012-0149

[22] Gorgey, A, Dolbow, D., Cifu, D., Gater, D. “Neuromuscular elec-
trical stimulation attenuates thigh skeletal muscles atrophy but
not trunk muscles after spinal cord injury.” J Electromyogr Ki-
nesiol. Vol. 23, No. 4, pp. 977-984, August 2013, DOL:
10.1016/) jelekin.2013.04.007

[23] Carty, A., McCormack, K., Coughlan, G., Crowe, L., Caulfield,
B. “Alterations in body composition and spasticity following sub-
tetanic neuromuscular electrical stimulation training in spinal cord
injury.” J Rehabil Res Dev. Vol. 50, No. 2, pp. 1937202, 2013,
DOL: 10.1682/jrrd.2011.11.0220

[24] Mahoney E, Bickel C, Elder C, Black C, Slade J, Apple D, et
al. “Changes in skeletal muscle size and glucose tolerance with
electrically stimulated resistance training in subjects with chronic
spinal cord injury.” Arch Phys Med Rehabil. Vol. 86, No. 7,
pp. 1502-4, July 2005, DOI: 10.1016/j.apmr.2004.12.021

[25] Ryan T, Brizendine J, Backus D, McCully K. “Electrically
induced resistance training in individuals with motor complete
spinal cord injury.” Arch Phys Med Rehabil. Vol. 94, No. 11,
pp. 216673, November 2013, DOIL: 10.1016/j.apmr.2013.06.016

[26] Giangregorio L, Craven C, Richards K, Kapadia N, Hitzig S,
Masani K, et al. “A randomized trial of electrical stimulation
for walking in spinal cord injury: effects on body composition.”
J Spinal Cord Med. Vo. 35, No. 5, pp. 35160, September 2012,
doi: 10.1179/2045772312Y. 0000000041

[27] Serra-Ano P, Pellicer-Chenoll M, Garcia-Masso X, Morales J,
Giner-Pascual M, Gonzalez L-M. “Effects of resistance training
on strength, pain and shoulder functionality in paraplegics.”
Spinal Cord. Vol. 50, No. 11, pp. 827-31, November 2012, DOL:
10.1038/sc.2012.32



IT-based physical activity and exercise programs for individuals with spinal cord injury 193

[28] Khalil R, Gorgey A, Janisko M, Dolbow D, Moore J, Gater D.
“The role of nutrition in health status after spinal cord injury.”
Aging Dis. Vol. 4, No. 1, pp. 14-22, November 2013.

[29] Sasso E, Backus D. “Home-based circuit resistance training to
overcome barriers to exercise for people with spinal cord injury:
a case study.” J Neurol Phys Therapy. Vol. 37, No. 2, pp. 65-71,
June 2013, DOL: 10.1097/NPT. 0b013e31829247a9

[30] Turbanski S, Schmidtbleicher D. “Effects of heavy resistance
training on strength and power in upper extremities in wheel-
chair athletes.” J Strength Cond Res. Vol. 24, No. 1, pp. 816,
January 2010, DOI: 10.1519/JSC. 0b013e3181bdddda

[31] Harvey L, Fornusek C, Bowden J, Pontifex N, Glinsky J, Mid-
dleton J, et al. “Electrical stimulation plus progressive resistance
training for leg strength in spinal cord injury: a randomized
controlled trial.” Spinal Cord. Vol. 48, No. 7, pp. 570-5, July
2010, DOI: 10.1038/s¢.2009.191

[32] Sabatier M, Stoner L, Mahoney E, Black C, Elder C, Dudley
G, et al. “Electrically stimulated resistance training in SCI
individ- uals increases muscle fatigue resistance but not femoral
artery size or blood flow.” Spinal Cord. Vol. 44, No. 4. pp. 227—
33, April 2006, DOI: 10.1038/sj.sc.3101834

[33] Myslinski M. “Evidence-based exercise prescription for individ-
uvals with spinal cord injury.” J Neurol Phys Therapy. Vol. 29,
No. 2, pp. 104-6, June 2005, DOL: 10.1097/01.npt.000028251
5.01717.8d

[34] Jacobs P, Nash M. “Exercise recommendations for people with
spinal cord injury.” Sports Med. Vol. 34, No. 11, pp. 727-51.
2004, DOI: 10.2165/00007256-200434110-00003

[35] Jacobs P, Nash M, Rusinowksi J. “Circuit training provides
cardiorespiratory and strength benefits in persons with
paraplegia.” Med Sci Sports Exerc. Vol. 33, No.5, pp. 11-7.
DOI: 10.1097/00005768-200105000-00005

[36] Kahn JH, Tappan R, Newman CP, Palma P, Romney W, Tseng
Stultz E, Tefertiller C, Weisbach CL. “Outcome Measure
Recommendations From the Spinal Cord Injury EDGE Task
Force.” Physical Therapy. Vol. 96, No. 11, pp. 1832-42,
November 2016, DOIL: 10.2522/ptj.20150453

[37] Sasso E, Backus D. “Home-based circuit resistance training to
overcome barriers to exercise for people with spinal cord injury:
a case study.” J Neurol Phys Therapy. Vol. 37, No. 2, pp. 65-71,
June 2013, DOL: 10.1097/NPT.0b013e31829247a9

[38] Gorgey A, Poarch H, Miller J, Castillo T, Gater D. “Locomotor
and resistance training restore walking in elderly person with a
chronic incomplete spinal cord injury.” Neuro Rehabilit. Vol. 26,
No. 2, pp. 127-33, 2010, DOIL: 10.3233/NRE-2010-0544

[39] Gregory C, Bowden M, Jayaraman A, Shah P, Behrman A, Kautz
S, et al. “Resistance training and locomotor recovery after spinal
cord injury: a case series.” Spinal Cord. Vol. 45, No. 7, pp. 522~
30, July 2007, DOI: 10.1038/sj.s¢.3102002

[40] Warburton, D. E., Sproule, S., Krassioukov, A., & Eng, J. J.
“Cardiovascular health and exercise following spinal cord injury.”
Spinal cord injury rehabilitation evidence, Vol. 13, No. 1, pp
98-122, 2007, DOIL: 10.1310/sci1301-98

[41] Millar PJ, Rakobowchuk M, Adams MM, Hicks AL, McCartney
N, MacDonald MJ. “Effects of short-term training on heart rate
dynamics in individuals with spinal cord injury.” Auton Neurosci,
Vol. 150, No. 1-2, pp. 116-21, October 2009, DOI: 10.1016/j.aut
neu.2009.03.012

[42] Jeftries EC, Hoffman SM, de Leon R, et al. “Energy expenditure
and heart rate responses to increased loading in individuals with
motor complete spinal cord injury performing body
weight-supported exercises.” Archives of Physical Medicine &
Rehabilitation. Vol. 96, No. 8, pp. 1467-73, August 2015, DOL:
10.1016/j.apmr.2015.03.020

[43] Ginis KA, van der Scheer JW, Latimer-Cheung AE, Barrow A,
Bourne C, Carruthers P, Bernardi M, Ditor DS, Gaudet S, de
Groot S, Hayes KC. “Evidence-based Scientific Exercise
Guidelines for Adults with Spinal Cord Injury: An Update and
a New Guideline.” Spinal Cord. Vol. 56, No. 4, pp. 308-321,
April 2018, DOI: 10.1038/s41393-017- 0017-3

[44] Van der Scheer, J. W., Hutchinson, M. J., Paulson, T., Martin
Ginis, K. A., & Goosey-Tolfrey, V. L. “Reliability and Validity
of Subjective Measures of Aerobic Intensity in Adults With
Spinal Cord Injury: A Systematic Review.” PM&R, Vo. 10, No.
2, pp. 194-207. February 2018, DOL: 10.1016/j.pmzj.2017.08.440

[45] Hoekstra F, van Nunen M, Gerrits K, Stolwijk-Swuste J, Crins
M, Janssen T. “Effect of robotic gait training on cardiorespiratory
system in incomplete spinal cord injury.” J Rehabil Res Dev.
Vol. 50, No. 10, pp. 141122, 2013, DOI: 10.1682/JRRD.2012.
10.0186

[46] Jack LP, Purcell M, Allan DB, Hunt KJ. “The metabolic cost
of passive walking during robotics-assisted treadmill exercise.”
Technol Health Care Off J Eur Soc Eng Med. Vol. 19, No. 1,
pp. 21-7, 2011, DOL: 10.3233/THC-2011-0608

[47] Jack LP, Purcell M, Allan DB, Hunt KJ. “Comparison of peak
cardiopulmonary performance parameters during robotics-

assisted treadmill exercise and arm crank ergometry in incom-

plete spinal cord injury.” Technol Health Care Off J Eur Soc

Eng Med. Vol. 18, No. 4-5, pp. 285-96, 2010, DOI: 10.3233/

THC-2010-0591



194  Journal of The Korea Society of Computer and Information

Authors

Hyunhee Choi received the B.S., M.S. and
Ph.D. degrees in exercise prescription from
Kyunghee University, Korea, in 1996, 1998
and 2002, respectively. Dr. Choi joined the

’
// f faculty of the College of Physical Education

at Kyunghee University, Seoul, Korea, in 1992. She is
currently a Professor in the Department of Sports Science,
Dongseo University. She is interested in Exercise Prescription

for clinical populations.



