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Development of a Remote Shoulder Rehabilitation Exercise Device and Monitoring System
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Abstract - In this paper, we developed a shoulder rehabilitation exercise device and monitoring system to remotely provide
rehabilitation system for the ones who need shoulder exercises including the patients with rotator cuff rupture. In order to
evaluate the severity of shoulder muscle injury, a total of 4 shoulder rehabilitation exercises (O shoulder abduction, @
shoulder flexion, @ shoulder abduction with elbow flexion, @ shoulder extension with elbow flexion) were selected and
instructed to be performed with a 3kg dumbbell for 5 times. For EMG (electromyogram) signal analysis, each subject’s
maximum voluntary contraction (MVC) was measured. EMG signals reflect the activation level of contracting muscles during
dynamic exercises. Six participants’ muscle activation levels in posterior deltoid, middle deltoid, upper trapezius, and
infraspinatus were measured and compared. The mean power spectrum values in the time and frequency domains were
compared between two age-matched groups (20s and 50s). The results showed lower muscle activation in the elderly subjects

(n=3) compared to that of the ones in their twenties (n=3).
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S7tetal 0], oA AHIAE AlEshs 7IHER FREFS
2 E7fte FAoH, MERE7 Al S4olA XYANE] mig
2 Wl ATHBIM]. AYAE] g & 7HEed =20de
7V RGABIE SHAIA HIER SHOA extolA ddan
£ 7HAE & 0 I INET STlstal At ZHEEER g
Ahe dstt SE0A s 86t miEo] RAALE] 5
7} s ] ojFo™tk= Aot v 7183 XYALE] )
g Z2OHe X9 JER Fo] EQotEE AEAQ A=
A FHOE Sl ol BA AHIAE ARSI A0l ER
SICHB].

AFEQIEIU(Internet of Things, IoT)OIEF Al AME, A}
It S HIEIE Sl 45 4A8cH FH Jg9 JHE
5to] RsEQl MHIAE AlEches tHiolA, ESIES 9n|sitt
[6]. S &Y, 72 S B2 ZIY¥ollAl T4l Fofstal QU
o, AlZo] FA FiEal lon, 7} AR A9k glo] €1
Hulg €8s5t0] 45 AFUAM 7hstt ARg HIEOR
Cheksh oA, AtQJEotol] HASHe] A ATHTI[8]. Esh
OlHgl 10T LIHIOIAES LS e840 AHE $H6tal A6}
o AREAIIA f8%t BRE AFshH, §al, dAA0] 2ot
Feoto] 710l SEY Mg W HUEY AlAHE 2ofo] thsh ¢
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Fig. 3 Shoulder exercise device and monitoring system
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Fig. 6 Electromyogram signal processing AF 41235 Male
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Table 2 The result of average power spectrum value (LEFT,
subject A, B, C)

e LT 31 AHEH gHuV=uV=s]

He | ARSEE | St [ 2072 [ 36
0-20 28.9 93.9 84.1 16.5
20-40 118.0 613.0 619.0 68.3
40-60 186.7 1019.0 1064.0 75.2
60-80 146.9 675.7 729.7 42.7
80-100 104.1 373.3 386.7 19.2
100-120 64.6 196.9 188.3 9.0
120-140 39.3 88.3 90.0 55
140-160 224 441 36.1 3.5
160-180 12.2 30.0 19.7 2.3
180-200 6.7 215 12.1 15
200-220 4.2 14.9 8.9 1.1
220-240 2.9 104 7.1 0.8
240-260 2.0 7.1 5.0 0.6
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Table 3 The result of average power spectrum value (RIGHT,
subject A, B, C)

Gt LT 1t9] AHEY Fl{uVxuVss]

Hz HRSED | SHAE | FudAE | F8kE
0-20 52.8 56.4 167.9 231

20-40 2515 333.7 801.0 107.9

40-60 4219 681.0 1331.7 151.3
60-80 391.8 520.0 622.3 84.0
80-100 2241 298.3 3569.0 35.8
100-120 134.6 185.6 199.5 16.8
120-140 7.0 1116 95.9 8.3
140-160 401 53.8 46.5 49
160-180 17.6 30.7 245 3.1
180-200 9.2 16.8 15.0 2.3
200-220 5.3 11.3 11.9 1.7
220-240 4.0 8.8 9.2 12
240-260 3.0 7.6 7.8 1.0

F 42000 DlgEAE B LT 0 AHEH 3t
Table 4 The result of average power spectrum value (LEFT,
subject D, E, F)

gyt LT 39 AHER gHuV+uVss]

Hz ARESRE | EMHAE | FEdRE | FEiE
0-20 445 219.0 4376 89.9
20-40 290.2 961.7 1952.3 280.7
40-60 419.0 1537.3 2814.7 310.3
60-80 491.0 997.7 1680.0 215.0
80-100 364.7 535.3 786.7 132.6

100-120 270.7 194.0 268.0 103.3
120-140 146.2 88.9 117.3 65.9
140-160 838 418 61.8 415
160-180 380 236 35.9 249
180-200 19.2 183 20.2 188
200-220 105 139 13.3 116
220-240 8.0 9.0 9.3 6.8
240-260 6.2 6.6 77 49
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I8 12&= 50th w@AReE 200 mEAN] ARSE I (Upper
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deltoid muscle)1} =&h2(Infraspinatus muscle) HITWE LIEHH,
500 T@AF 280 200 @A 15 BF 40-60Hz tHElolA]
A 1Y e JKE Ze&E et T=oh 5ot TR 1
Foll HIsl 200h W@A 289 ot Fhol B =A LERRCH (&
2, 3, 4, 5), HE Ful¢ tYol|x FHARZNE, STz, AR
SR 62 £07 ukY] Fho] =A UERiT
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Table 5 The result of average power spectrum value (RIGHT,
subject D, E, F)
vt LT 349 AHER ghHuV=uVss]

Hz gRsED | S | FEAEE | Foi
0-20 82.6 201.7 343.7 66.1
20-40 406.7 1301.0 1533.0 242.0
40-60 536.3 2689.3 3410.3 259.0
60-80 459.3 2720.7 2818.3 192.0
80-100 306.9 1513.0 1476.7 8.3
100-120 196.6 609.5 595.7 34.1
120-140 1145 319.2 251.5 24.0
140-160 62.6 155.2 91.9 17.5
160-180 36.9 69.2 46.4 12.5
180-200 21.0 421 39.5 7.3
200-220 134 26.8 304 4.1
220-240 8.6 21.2 21.0 2.5
240-260 6.3 16.7 13.6 1.5
4.8 8

7IES e R A A 7ol BEsto]l gAht E
oJH%t Zol Aige ddsor stEHE Al 3
SEXOILL o] EAEE didshy] flol & = ols opirlg
S THpolA B HUEY AlA" Ee S A
7<}7} AAE 2EE o, QAR EFolHe ¥
25 HHIE AAd + Ade AlLHE A0 AR
QT olsAltE Rlollal, S SHOA ERfo)A =t
%}gg MSataaAt sHh

AT As &g ZAxt 200 w@Aet sotf wF@RE Atolol=
HE 230 tell 2 2dkolA &ol7h ARACE 200] wRAol
Hstod soth mgAre] HAAQl 2 Sdert BRton, SHaz
o, SIS, dRSED, Sok2 €% 1Y g0l =4 e
jz=g

SHAE & dAFolM e A2 uEiE EH”OE Ade d
Q7] wiEol 2AZyo] it gt FHojA Aegol 2
Hrh getet ZAS fleh ddol mE 2 2-8%9 xojoll of

IR ZalQltt. g% dtole Hot B2 wgx

g R 4ES AYsol HTRNS Bs) ATAng P

E

1

o I

oo
ok

roll

A~
e

[t

Ch,
] 7Nt

0
o

, 2 HF0] AStEol
Zdcte tH}ol

Jod e
~ By
B a7 Ropo gel =g0] ©

iE

~ mlm

A=)
3

i

& %=
g2 TUHY
Z10F HTEL

g

rﬂ

Pt

ARIE
2 7t JE|SAEEAR T BHEAVSAEA

o) HSHCTATHERY AN ATATE 53

" (IITP-2018-2014-1-00720).

A2 oM E 25 ClufolA I BUlEY AlAE S

= TS

Trans. KIEE. Vol. 67, No. 7, JUL, 2018

References

[1] Bang Hyoji and Lee Hyojeong, “Difference of Early
Muscle Strengthening Exercises on Pain, Function and
Sleep Quality for Rotator Cuff Partial Tear Patient,”
Journal of The Korean Society of integrative Medicine,
vol. 4, no. 3, pp. 1-15, 2016.

[2] Seong-eun An, Bum-soo Kim, “The Effect of
Rehabilitation exercise programs on Recoverability of
muscle functions following the Arthroscopy surgery
performed on Rotator cuff tear,” The korea Journal of
Sport, vol. 11, no. 1, pp. 301-309, 2013.

[3] Cicerone, K. D., Langenbahn, D. M., Kalmar, K., Morse, P.
A, et al. “Evidence-Based Cognitive Rehabilitation:
Updated Review of the Literature From 1998 Through
2002, Archives of Physical Medicine and Rehabilitation,
vol. 86, pp. 1681-1692. 2005.

[4] Frederickson, M., & Cannon, N. L. “The Role of the
Rehabilitation Physician in the Postacute Continuum,”
Archives of Physical Medicine and Rehabilitation, vol. 76,
suppl: SC5-9. 1995.

(5] Mi Jeom Kim, Dong Sam Youm, “The Effect of
Constraint-Induced Movement Therapy on the Dexterity
and Release Ability of the Affected Hand in Hemiplegic
Patient with TBL,” 7he Journal of Korea Aging Friendly
Industry Association, vol. 1, no. 1, pp. 51-51, 2009.

[6] Felix Wortmann, Kristina Fluchter, “Internet of Things’,
Business & Information Systems Engineering, vol. 57, no.
3, pp. 221-224, 2015.

[7] Jayavardhana Gubbi, Rajkumar Buyya, Slaven Marusic,
Marimuthu Palaniswami, “Internet of Things (IoT) : A
vision, architectural elements, and future directions”,
Future Generation Computer Systems, vol. 29, no. 7, pp.
1645-1660, 2013.

[8] Jae-Yeon Seo, Myung-Hwi Kim, Baekcheol Jang, “Open
Hardware Platforms for Internet of Things : Evaluation
& Analysis’, Journal of The Korea Society of Computer
and Information, vol. 22, no. 8, pp. 47-53, 2017.

[9] Alok Kulkarni, Sampada Sathe, “Healthcare applications of
the Internet of Things: A review”, International Journal of
Computer Science and Information Technologies, vol. 5,
no. 5, pp. 6229-6232, 2014.

[10] Boyi Xu, Li Da Xu, Hongming Cai, Cheng Xie, Jingyuan
Hu, Fenglin Bu, “Ubiquitous Data Accessing Method in
[oT-Based Information System for Emergency Medical
Services”, [EEE Transactions on Industrial Informatics,
vol. 10, no. 2, pp. 1578-1586, 2014.

[11] Ju-Hyun Choi, Seung-Man Chun, Dong-Hyun Jang,
and Jong-Tae Park, “Design and Implementation of

915



HM7|etsl=2X 67 7% 20184 7€

Bio-data Monitering System Based on ISO/IEEE 11073
DIM/REST for 10T Healthcare Service”, Journal of The
Institute of Electronics and Information Engineers, vol.
52, no. 3, pp. 3-12, 2015.

[12] The Korean Journal of Sports Medicine, Sports
medicine Field Manual 2, pp. 155-165, 2012.

Z ¥ A (Byeong-Gwon Kang)
1986 2 : AAtHstu A71Gstt Sstal
1988 2¢ : MIAIiEt . R7]Sstt Zst
AL 19939 2¢€ : SAIthEtnl & 7| Sstat
ShkAL 19938 3€~1997W 8¢ : SHEAA}
BT o|SBA ST AdATH
2005 8€~2006 7€ : b= Ko
SRS 19979 92~ - RSty AR SAEs I 0l
4. (FAIEOR) RTLS, RFID, BUIEYZ

Z & (Soon Choi)
20169 2¢ : oElgtistn AR SAIGsH}
2L 2018 29 oAENE Y ICTSE
Aergstat ZstAL 20188 3E~SIA) < )
SR ANErE o1l
(FABOE BAEA Embedded system

4 A @ (Jae Min Kim)

20179 2¢ : R Eisty AHS4AE S
SEIAL 2017d 2€~GIX) - sEEHE
ICTEEME St Ay

(FAROo QMITIE, Virtual reality

916

Z ¥ F (Hyun-Ju Kang)
20008 3¢ : AMEUistn 2s4es HiAL
20028 11€~2003E 10€ : nj2 EAF
2 AZUD NgesHE A9, 2006E 9
A~ - A Axxsha} ug

EHERH tAtddet 25, 3let &5

T M S (Se Dong Min)
20019 2¢€ : ytigln SEAXSE Z
SIAL 20049 2¢ : AIHSt . AAIZSEE
g ZSHAAL 20109 29 ATt A7)
FARZSH ZShEAL 2009¢ 98~2012 2
€ APIEA DMCHTFA AAH TR, 2012
" 3~oAl : eRgTstn ORITE S}
. (FAIEOR MRIASHE], ANTEA O]





