creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A58t AL sHol==

Analysis of movement patterns using machine

learning in sarcopenic elderly

2023 d 2 €



T

ig

FAE

o
A
14

r——

=%

o] =&< AST YA FHA=ELE A

2 4

2023 d

2 4

2023 d

(<D

oF A H

I

o9

_ii_



U B AFo = 654 o] =91 oA 15%o] Fojglow, 18kgo]

% L= Z 1% (SG, N=38)
5 AR A S A
inect oA 53] ¢F

5 FAE 54 24

AR A A AAE AN KES 2 o &

o
QL
pacs
(o
o £ H
~

Ad . A HANA SG2F RGE 719 &7 A1, KESolA F2] =fo] 7}
HAF/AY. 8579 &5 A F, SG= SGY 7|&A413} vlwsle] KES7}
FolsHAl F71ek (p=.002) RGSH= 723 ZFol7l glol T (p=.054).

Kinect® &% CSTS 54 23, F 152 A HAA dojuy= A
b3 gk= AL, Left Arme] ZF=ol A9 {93k ko]t UEET. 5
FA &, SG&= CST 3 Al &= AIZEe A (p=.011)7F WEFSEAL, Left



Arm©] ‘—i—LO_i 71&AA= e %fﬂﬁhﬂ A4 (p=.024)3t4, SG&}+ RG
< 71zl At &, F 1

|y
Mo et
iy,
>

97.2% 96.8%= 7T & YA

_'(_)l__

& Hl°]H &< Random Forestgr Gradient Boosting= %}
= 27 I

of e AR, 9ol

o O

in

4N el

e

Sop e 4o
oot 32

o
O~ &5 Al FPAII] HFEFlEdA 2 £o02
L SEATE LolA ] AALeE BlI=%

Ztz ol A SG& RG 15 7+o #9938 Ao
5 A Follx F WL A3 F F bl ot

= A

o
s
(r
N
2 (m
% rr
-~
4
7\1 el
3
= o
— N oo o

O
N ©0

{
-
S

A

¢

=9 AT AT AAE B 9L A F %

A SGo| # 7t=7h RGO freld Aol7} glofl
S B3 A 2ol oI E AYZE=HTH F1A

Loy
>

o,

4
;10
w0
o
ﬁoll‘ mO
>4 -y
- 2
X
N

55 N
o [l
e
I
[
E
I
9
>

)
[ rr o =2

Ty

b o

o

W
oz L
N 2 9o
b

1

ot
ofN
:>é
-101
2
m
2
r_>i
ol
N
o
r_\'l_‘
_>|L'
o
i
=
N
[
22
rr

AETE ¥ B2 259 #8540l 28322 KES9
ol 2FAES] WHlolA ol Mayt yEhyA &

:|o
W, (o
[o ot
o|\
N

o

¢

89 : A4S, &8, 549", Random Forest, Gradient Boosting, ¥
Q

_ii_



A 1A A B iecscsscnntennicsisssnnnttiiissssssctisssssssnessansens 1
J I ) [ [ I 1
1.2 AATO] B e 4
1.3 AT TFA v 5

Al 2 A O|Z A HJA ceccercsesacsessesacsessessssesacessessssessesenes 6
P i zA 6

L A O T A O TZFAZE reesssrssssssssssssssssssssssssssssssssssssans 6
D, TZFAZO] QI T Al coevsesorsorsssssaseusssssssssssssnssussnssassssssesssssssssasensesss 7
3. TZFAZO] ZITET| T sensessssossssssassussssssssssssssssnssassassssssossssssassasesss 8
4, w2 w019 =2 EX Bel AFPAT i 10
D D KINECE ssussessosssssssorsonsnsonsansansanssnssussasssssassossrssonsansansonsansansonsans 12
1. KQNECE eereeessssrsrsssssssessssssssssssssssssesssssssssssssssssssssssssnsssssesssssssssssssses 12
2. KMR (Kinect based Mixed Reality) swsssesssssesssssesssssesssssssasneres 13
0.3 THAIT] L crerserssesensensenssessensesssnssessessensensssssessessenssessensensesssesss 15
1. A S ST B ETHES cererrernrsrnsensesesessesussnssssensessessssssessessens 15
0. ELE T sosrvssnsensessusmussussussasorsorsssesserssssssssssssssrossossossssssassassassssseos 16

A 3 A AT HFH  cvrnciciniiisinisissasssesecss 18
3.1 AT TPAEA] ceesersserssrssersseserssensssssenssssssnssenssssssssssssasssenssssseses 18
e e 2| R 19
3.3 S5 EZ T s 20
34 A T L OHFE  ceccniniiniiiiiiiiiiiiiiiiinistssissaissssanes 21

L. ALA] ZRAD crvsssssssssssesssssssssassssssossssssssssssassussusssssssssossessassessssssssssssss 21
- il -



-

2. AFA] TEE] eereerrennniniiinie s 21
) 7 [ = T 29
A, TL 7]55 cerverssssisnssssnsissississ st st ssssasens 29
T L 29
6. BlolE] AT : 25T (SMOOLhING) sesesesesesesescsssssssssscncnss 23
7. dlelE "] : & FZ& (Feature extraction) e 24
8. Tl B2a Tl TJT cemmeerreensssssnnssssssinsessssssnsssssssssasssssssssaesees o5
B PEL Z] ] eeeeeressrrssssssssssssnssssssssssssssssssssssisssssssssssssssssssssssanes 97

4] GITE TIAFAL ooeermmsmmmssssssssmnsssssssssssssssssssssssmssssssssssssasssssssess 28
12 AATEE $5 A AT IF 7b I 2
13 AR AN 5 15 7 ekteh LolAz] AH B4 - 31
14 A Ao YA YOIAI] AH B BT e 32
45 2FAES &0 T 22 HE AT s, 34
16 €5 A% 71 F &5 AR N12H BA 37
4.7 2AE FZ9o] ZA] AZ I1F 7F EA H|QL eeeeeeeeees 38

Al 5 A 0] eeresereserssssssssssssssssssssssssssssssssssssssssssssesens 39
5.1 Q1T TJAFAL soeeeeeesssmmssssssssssmnssnssssssssmssssssssssssmssssssssssmssssssens 39
52 ANGEY £E FA BT LE 7 U e 40
5.3 ©E GEBW TJE 7} H|TL eeeeeereeeesssssesssrsssssssssessssasesseses 49
B4 A BFA] werreeessssssessssssssssssssssssssssssssssssssssssssssssssssssssssassssasesssses A4

A 6 A ZAE eveessssssssssnssssssssssssssssssssssssssssssssssssssssssnses 45

_iV_



-l

oy
il

_ZU

53

Abstract SeeEEPEereerreerreeIIEEereesseerreeIIEereIesIIIIttIIEESPRSsRRRTTRREETSES



g 2 3

Table 1. Diagnostic criteria for sarcopenia —sessssssssesssesssesserssenssenssease 8
Table 2. Srcreening tool seessssessssssessessssessssnsessssasssessssessssssssssasessesess 21
Table 3. Baseline characteristics of the sarcopenia group and

the Teference Group swesssessssssersseusersseussssserssensenssensssssenssensans 28
Table 4. Postural characteristics of the CST test at baseline === 31
Table 5. Baseline characteristics of each exercise posture in

the two groups after the exercise adaptation period =«:==* 37

I8 5 &

Figure 1. Kinect V2 Joint map swesesesessssessssssessessssssessssssssnssssssnssssesees 12
Figure 2. Research design sesessssssessssssssseusensseusensssssensensssaseusensssssensenass 19
Figure 3. Applying a moving average filter sesessssssessesserssrssessensenssnase 23
Figure 4. How to Calculate the Angle of a Joint seessssessssessscencecsocens 25
Flgure 5 Process Of S_fold Cross Validation ...................................... 26
Figure 6. Differences in muscle strength between groups ssssssssssseee 29
Figure 7. Differences in body composition between groups === 30
Figure 8. Differences in muscle function between groups cesssssssese= 30
Figure 9. Differences in CST postural characteristics between

DIOUPS *eeersssessessssesssssassssssssssessessssessessassessssassesssssssssssssasessassass 33
Figure 10. Important features extracted through Random Forest -+ 34
Figure 11. Important features extracted through Gradient Boosting 35
Figure 12. ROC curve and AUC of Random Forest sesessseesesseeencenes 36
Figure 13. ROC curve and AUC of Gradient Boosting ssessssesseeeeess 36

_Vi_



Figure 14. Differences in Squat movement characteristics between

GIOUPS steseesesssssssessensesstastsusussutustustastastsssssssssesstasiassassssscases

- Vil —



Al A A &

L1 @972 284

Microsoft  AbellA] 70dgE  ABIQ1 Kinecte= A7 7HW2l?l  RGB
7o etet A9k AGE 14
=AY E 3AHeE AAE F YA E94FT Kinectes 5E3F mhA
(marker) $lo] AA|e] 257) #AS FAUES AHA
TS A4 = e Aot AlA 4 FAES] AYLS 32U
2

3 Mz Has &

= 3ol  movementE

tolEststal A#std + ez F4d g ¢ U esA4E,
= F F8E HUMgo. SHAITE Kinect® 257119

AA el 2 YS HlolE3E . ol &

53 thgael 54 T 2% ¥ ol dehtE movementE Wi
AR 5 oA "ok ole taAe] e%0 Bd ¥ wE 35 %
A 2 AR £ EolEY F4ad

T A ol ARId &
7427 4733%= movement HAE HolEH=E
F AA g wEkA Kinect= WAAANES 23 US Bl
st o Hofke] Ao AREEI o™ (Bernardino et al., 2016)
AT H BHEAAE S A7V Iy HT AT
7+AF (sarcopenia)< muscles 5238l sarx®} lossE 58k peniad]
A2 ZFo TAE 9uIstH, 1989  Rosenbergoll 2ols] A
= AT (Rosenberg, 1989). A NF Z7FAFo] on|ste= A2 et
=59 TATE ofel, d¥ STl wE 5% 2 28 A} 4
o AAaTF o]FAAR = =04 S AES =3t (Cruz-lentoft et

al, 2010). =32 Qs AAE 3045FE AFste] djd ZS5Ho

N

N

ot 1o
ok

1>

=

2

2

>~
Pl

NoAe
ox U rd 2 oo rf

ol

P
=



r
udl
i)
o

0.1~0.5%7} #&stal, 65H o] FREE &0

24 Z 759 Aokt @Aty RuE a3l th (Curcio et al, 2016).

ol gla WA= A= AAZEF Ak, 4 A
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T fle A2 oojd & gt =3
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5o UASEE, 37 dEe] HA Fol TUIEHA #
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ZARE Tl dFe] wEW A4S A ARES ATl H

wdAdol 2998, oJAde] 3228 =SkTh (Lim et al, 2010). wWEkA
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Manini & Clark, 2012; Welch, 2014). &% EHZOo= <ol
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AA P BAHAA Z 715 B AAAEY HAk o3 A
F o JFS et (TAY & FEF, 2017; Chen et al, 2017).
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2353 #hstd ARREHHR FAEHI dedH, ol AHA

AT (Janssen et al., 2004). o|AH T ASH
of oF3l= At o guH]e] o] FHW (Pinedo-Villanueva et al.,
= w9l eIyt =71 wet

TRAZEAS o8H X=o| F7F HIJL LHATE HAA o 5nH] 9
35.5%% A3 o] (Jang, 2018) oo it o]3<} o] & Q3
=32 s AA= 30AFE AFEed wid S5 0.1-0.5%7F

i
L 6sH olFREIE 2&Fol FAI Padv 2 @ 2

PN

7152 A3t A BAaEHI Qo (Curcio et al, 2016). ©|&
Aa TAstE A= AAZEY Ast, o d Ash HFer A%
=4 Fo] YAt AU8F A da E A T Zo] EolF
RE AFZ ool £ do. =, TEHHFH T Vs HiaE
AAZFH oA &Ml AT o|ojXA Hi, #H J]so] AdtE
He 5o 2 WA fPel FrtstH, n¥oly g, Aduds
Y =&V d&H YASFTY DA Fo] FUFsHA "I (Kim et al.,
2019; Won, 2020). ©]¥r7t olyeg} IS &8 9 & 75y £4=
AT AAGT FAE oAUA 2HFY AR oA Hi, v

Ui A AH|FS A8HFoZ g FF AFHe A= oloXA HAu
(Fried et al., 2001; Bong & Song, 2020). 9% A3 Z4&e=
AHAE FlAT A2 F de 5 ofvx

= AA -

T !
ZaE ousitd, e = @AM AsHY 4L s:
S

ofmiako 2 A Thul

i
e
:?L_’,

m

s7HA71= H S8%

<
2014). &, THAZFoR2 Add A Al

aHlFe fdae & d4S AT ¢ AHY HdaE FEsta ols
OA 2F4&To 2 olofA= ey g mMA= Aoz dHA

2 Th (Nascimento et al., 2019).



oA 7Hx BFH o R st FF DHLF BAY F 264
ool AP FEol 47t EThm BIHI 9Om (Bachettini et al.,
A7 F3 2 ) ATl

2020), 654 ©]AFe] =2 A 500WE 6
wad 2425 40 AgES Fadel vl§)
3.228] =S4Th (Lim et al, 2010). W&tA Z@4ZF
A utalE Zlo] 1 TRt F Q38T

F/dol 2,991, oA o]
o

ol &&= &3l

BN
\

o445 tst FTEr]EL  Asian Working Group for Sarcopenia
(AWGS), European Working Group on Sarcopenia in Older People
(EWGSOP), The Foundation for the National Institutes of Health (FNIH) &
AA AF I zelE s 747 BE 7S AAsta AH, ofA
ol FTASE T AWGSAAE AMAEZATEF  (Appendicular  skeletal
muscle mass, ASM)3} ¥ (Muscle Strength, MS)7} IRt AU A}

AEAZFH & 715 (Physical Performance, PP)¢] 7|FX T} 22 79
THaFoE At vt (Kim & Won, 2020).
Low Muscle Mass | Low Muscle Strength | Low Physical Performance (PP) | Diagnostic Criteria
(ASM) (Ms)
[for both sex]
ASM/heigh? (DXA) Hand grip strength 6m gait speed <1.0m/s
<7.0 for men <28 kg for men 5-time chair stand test > 12s  Low ASM + Low MS
<5.4 for women <18 kg for women
OR
ASM/heigh? (BIA) Knee extension strength SPPB < 9 points
- Balance test (sec) Low ASM + Low PP
<7.0 for men <18 kg for men - 4m gait speed test (sec)
<5.7 for women <16 kg for women - Chair stand test (sec)

Table 1. Diagnostic criteria for sarcopenia

TS5 gold standard?! CT9F MRIZ ZH3t= Ao AARAHATL, o=
NEHQ FAA P wF AR BAZ S FUE A A



+ DXA (Dual energy X-ray absorptiometry)2} BIA (Bioelectrical Impedance
Analysis) & AH&3t SA8st+= AS 5183t ok & AT = BIA
E T8 Z5TFS AL v e ARRS AATATES
A4FSFA T (Wu et al., 2021).

Appendicular skeletal muscle mass (ASM) =

0.193 * body weight + 0.107 * height — 4.157 * sex — 0.037 * age —

2.631. (2 11-1)
32 appendicular skeletal muscle mass®} FHAHIAAE 7HR L Yo
(Kim, Won & Kim, 2018), <425 HAstHAM T w23 *H3 Wy
S EAN FHRAEFTE ZABY 7 v BAY ool A AN K FH
OS2 AMEHI Uk AR =dto] WE IS5FH FH9 A e

BART RN 71 F=AA YEFUY™H (Abe et al., 2011; Yamada
et al, 2007; Janssen et al., 2000) A7|¢} AT =27} S d4AHQI
gEolA ARG E oA FHY AHgo]l FEZHITL HIHET (Abe
et al., 2011). T3, AL Fo] Je EAANAAN &5 FAE &

o WsE B2 o G¥e AW Yun R At (Ami et
al., 2018; Fielding et al.,, 2011; Tieland et al., 2015; Yoshimura et al.,
2017). wEtA S22442S AD7IES 4" dal 75 Ad 28 (Knee
extension strength, KES)Z A&3l tidAE9 &5 T4 A3 <8 W
35 #FSE ot 2HASS Xdstet AMEE = KESS 7S
2o} oz ZH7ZE 18kg ©l3), 16kg ©]3Felt} (Assantachai et al., 2014;
Khongsri et al., 2016; Iwamura & Kanauchi, 2017; Lim et al., 2022; Lu et
al., 2019; Lu et al., 2020; Lu et al., 2021).
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(Timed Up and Go)#AAh, 53] kUt doX 7] HA (5-time Chair stand
test) 5 & 7HAE SAHs B F AT (Won, 2020). ©] & SPPB+
1980 =0l THEol ZH7] & HAES 19949 =0 Guralnik F°| &
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H4 S
02 & 75 AAMES vl dEES AT (LY E et al, 2011).
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GAE Jump’ St HEE o] dvte W3 H =Sk contact phase’} ¥HE
= At} (Chen et al., 2021).

4 =9 O2FH A IFIA Timed Up and Go AAE 3+ ©
AFANAE IF Ztol F&FA AolE As =4, Timed Up and Go
AALY] Qatoll A gk T2 QAtol A dojus FRbolA =4 =919
=% A&7 A 2FF vustde W FYsiAl 7oz e A S
AR T EZE, ool gk FA o] oAtoA Aoy FE] Hla
TostAl Alzkel O 3 ZARY. ol FHo| AEste FAolA 4
g wRlEo] AAME Aojsted o sl WASHr] WjEorE H
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A AAHOZ =43 =lEdAE AFT =AIdE E AAY &
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2.2 Kinect

2.2.1 Kinect
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Figure 1. Kinect V2 Joint map
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2.2.2 KMR (Kinect based Mixed Reality)
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2.2 MA12YYd (Machine learning)

23.1 A5 B E8H5

=AY EFde A FFOE st o™ (Pillay et al., 2018),
Machine leamming® 2 &+ 7|AStFS dgd dolyY FFoly
A2 222 FgFst7] A A7 Mdstd HolHE tEE
dHe] AAHESo] Hast HAHYES
H| X =38} (Unsupervised learning), 743}8l<5s (Reinforcement learning)
Y SR UroAeH, FE OSE HolHY &R
dloleol] ™igk AH (Label) ol wat A =gE34 BIAESGo=
U=t (Yu, Shin & Kwon, 2017).

A =stge  HolHo g Aol Foxl AHOlA AFHE

A =8<5  (Supervised learning),

s
54715 ol HoleE Edoly ol AES HAE HolY
Az Usie, Agel Foid = Edeld Hold AEZ mU
o] BURE HAE HolH AEE FaA SeE dxeFol dnh
3 2T 5 QEAE FAT 5 Atk F Sof A £ e}
FopelE BRI HAS WE w o mepelo] B AR ATAT}
gL Aste] Be DolFm ASHE AL ANA HH AL
ARe A W, mEe Ao FBL e Ll ERY &
Atk oY AmsdEe Aol WEA olshsty] Hrke ol
QAT G g HolHE 7] g8 ATAe ol Bastw

g s uelEe ddsor T& AWE A B & e Bl
oith,

T HAR BAESE2 AEo]l AHSAA @2 sk HolEClA
AHEEEE, dEdE HolErt o= dFel FeheA AT ATE AAEHA

@ dolEe A StE dHES R'E 22271 TEste e o

m

flo



g, dE Bo] AW & FES ERIGE mde wE @ 7
1

32 &7rd

2 dAFdANE ARTgEFS HEoEZ IHAaSTes EFcte Zds

s AL FHLRE M, EREE T HE JIHE AgseE

WHEZY 2E (Random Forest)®} THHAE F B (Gradient Boosting)<

AFESA T YGAE 7S KB (Voting), W17 (Bagging), F2-H
o

o

(Boosting) ol AEH, EH¥ELS Z7] tE gaIFEES AESHd

: 4
d=e AYsta AHE St WAS gusta, WAL &
AMEDS 5183 HolyH AES 22 dugFe ARt A5
Ay A3E AdEste e rdn. F2E2 o ndo] s
ANE EUE cAHor 2R/ J7IEAE Hsle WA om Stagdte
Hg= v olAY FdE TIHE A mdde AREste 2]
obd o2} RdS AREste] HolHE shaetal vkt mde) AxE
Fst7] el AlRbe] e dEe ©Ho] AAT, HubHR]l L FE
2953 2do] FAAFE WAL F dve AHol Ad (FAE &

o] A, 2017).

A4 WY T YAFEA YT (Classification and  regression  trees)
e F2 %ty HASA wel AHgE B4 WHOE (DAt &
Fabricius, 2000) 2JAFEAAURE-E= 8 HAHo] wedta 5ol
dojdsE eaks= 294 B AN stgo] ZAojdesE Foixl

tole] MEo°] A stsd Al FAF (Overfitting)o] HA ST



Aed, AAFoldF FoHY TF dolHol= #H3tA Shgo] Hof
2 FOEN A = AFE & JAT AFA FAAE=
toleldle  AEs] AFskA Xeke AFES YustH, dRkEUt
AHAA = As Kok ol FHF £AE WA 9 2ol
Random Forest®] T}

Random Forest= YAFES] HIZA 7IW FolA oiEFQd mdZ A,
AAAAYFEo] 2o &t Random ForestE FAsHA =H=d o8
el JAAAUTS AFsto st AMEAUFRY © F2 oS
A5S  zZH HE  rdolth  (Pavlov, 2019). wEA  F}o
AR YT HA Jro] WAt A dFsHA Hug® o Jh9
AAMEAZAUF-EY oF AF}E HAstd dFE FY3r] w2

=
A4S I F Ade AHol Ak EZH, Random Forestol A &
EeEE UEl= A& AY JdYZ (Gini index)E AR W9
FTOAEE U & Itk AFFAEE BT I5S O E9stA U=
T UE MTY £9EF AUY F e, HETaET ¥ HFES
ALt FAgdS Hotal g5 €55 Y 5 Ae FHo] U

Gradient Boosting E@2 YAFES] FE2®E 7|W FoA dixzd
REARA, JAAAUFES FAd FFATIE ZAo] ofyzt
AR o2 SEosle A AXY. Gradient Boosting  El|°]E &
StEd o ol RdA HE"E L/ JFSAE FAMA AR A5
HolBl & SHlEA &/7F & UAEE A2 7 73S Heo] 2d9
Ao =oAL L/FE =olv AR S AXA Ho

— 17 —
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3.2 A7 AA

2 AT A= <Figure 2> 9F 2T

Subject recruitment

N=19
Elderly women over 65 years old

v

Screening

Knee extension strength

v v

Sarcopenia group Reference group

N =12 N=7

Dropped out due to COVID-19

N=8 N=4

v v

Pre-test

Body composition, 5 times sit to stand test,
Grip strength

v v

Exercise intervention

Week 1-2 : Preparatory phase
(Adaptation period to the machine and posture

training period)

Week 3-8 : Exercise
intervention

v

Post-test

Body composition, 5
times sit to stand
test, Grip strength

Figure 2. Research design
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Hel e W= AtolmEmli= (AFA, 2019), £ol= 2=F

(Chen et al., 2017; Jung et al., 2017; Vikberg et al., 2019), €U XX~
(Jung et al, 2017; Liao et al, 2018; Maltais et al., 2016), 2EH#Ho|E
47 H=8]ZE (Chen et al., 2017; Chen et al., 2018), ¥ T¥ Z-¢
(Chen et al., 2018), @®¥ ZZ-9 g~ (Cadore et al., 2014; Zdzieblik et
al., 2015) B&o=Z olFAqH¥Y. ZF £FS 18 S HME=R
AP RAom Atolo] 109 FAANLE 7Y &5 AF=E= 993
02 5ol PHAoH, ddole 2EHAFN A Fotgl E7]
(Vikberg et al, 20197} ZFF Q31 Fohol= HBA (Iranzo et al,

2018)7F XY= F 2589 &5 ZEIHo] JAPHUY. 127 &5
A 2 713F B ZIAAEH A 7o s JAPEHIYoW 3-8F=

[&

KMR 71A1E &3] &% Z2 039S 227 APt

AHE 2 152 8F Tol &5 AA uS 7|z & JIAAEE S
712k 1255 Ay etal 35 Ao 25 Z2IH A& F AT o
sHsdH. At s aFe 35 2 HolHe AT IF9 =
ZA ol thEk FH A~ Hole 2 Ao

Mo

a9
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Table 2. Screening tool

<Table 2> ¥} 2t}

EHH| £ g5 H| = At
Inbody 330 Body composition Inbody, Korea
Hand held Knee extension strength Lafayette, USA

dynamometer Knee flexion strength

Grip dynamometer

Kinect V2

Grip strength

Chair stand test

Takei, Japan

Microsoft, USA

34.1 A =4
2 ATolA AT (ke

index; kg/m)<S =%
4o APstgon,

342 A &9

S = R =
Japan)E AR8-35HH
E3to] 76]39’] A A

AAE ABsgom,
ZAsat
=S sa, BEAE
Wzol sheA Zgstel 2w
ST (Yoon et al.,

Ebee) %

2007).
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(kg), BMI (Body mass
TR FAE A F
TE BAL AAR F
oFH e YA (Takei
WA wde] oA 9
FREA G dEeA

=43l %



=
Jolsh REL 90°% THYU FHUE oAl WA ol S
2 e 52 B F we] AU £EE FAsel, T oWl ARA
BEeE ol g3te] Hrsr

2 7% AAE dAstel 53 guith dolArl AU dayH A
CST7H RAHE ofxe HH kol: Y F4L FAPel YoiA
U@ 9G¥ NAdy deid Yud T2 Eolnt oAt RS

. CST FHAldA © Z oS Histe A2 d#HA Aot
(Guralnik et al., 1994; Kuo et al., 2013; Weiner et al., 1993). 3} Kinect
dA o] Edo=m Qs didAY w3 HAH ERA F de sVt

flofok thdAl 14l B A&sHAl o] FoiA 7] wiEel FHolrt =

ogz2-E uEHsAT wEA TS FAHNA 2e A= HAE
AYstr] fete] Fwolzt glal Eo] Aol Jhed ~FEIAE
AHgSEe] AALE WgsHoh 2FEtAE Sem ©9IE was F7b "
AAE & & AR, A Fotgl dold iy wxs F71 9
AASATE Foty] dole Ha e RS A M4 22% g
95 F5 #FE MHelA meA AT A AR Ao
ANAAEANA B victe] FHA B B g B TS FF
ool wAatst=E e Aa, A AF Al HAUE wmEA TS

Y Es ShatgT

345 A& %A}
B Ao A tdAE 3T 3 7]eS &2ldr] $5te] ADL
AR ZAE AYsRon, TaF: AVMAEE AR SARC-FE



34.6 HlolH HAAE : 2FY (Smoothing)

dlolel HAgolA olzz I3 HolEHe LR/RE E°lv A0
83t 53] Kinect®] A HIo|Hl& ko]&7t EJEoO JoeE=
wolzet olFAE AYste] RHe| = Ao

= BgEE =9
TastH, A =249 F71E #Adsts Aol gHoln (Akbari et
al., 2021). WA xolz F o|FAE AAsr] Asted HlolE A
25 Ade APt 279 ZA}dels ol B ZE (Moving
average filter)E AM8-3SI T (Akbari et al., 2021). ©l& S+ IH<=
HZo SAHWUES EWE B4 Adsta, MELE HolEHIE SoleH
eHE dHolHE Wl ot F

WAooz YA, wetA o]zt o gXd d WadE &+ Uk
wo]ze9t ol A7l A= EHolE olF Wy HHE AL} BG5S

<Figure 3>l YEhY QlTh

Figure 3. Applying a moving average filter
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<Figure 3> TR ®2]9] fjote] HREE Lo zol] I} ALE,
wo]z9t o|FAE AATL FAY AU FUIE Hu HEeH
AT & At g a2 ZAA= 3709 S (local maximum
point)o] F<Qlo] H=d, ol &l WEAIE Hhxo]l s wWE FEE
T A BHo mEA AR AARE 5 AAIA A4 FU1E
TEste]  HolHE EYstAT. sHAIT olzE Qs Sl

TEHA Zol F717F EEHA &e A5 HolHE AHAsit. ol &
T3l 53] XU LAyl HAE AF A= Hd 579
tlo] E 7} A3 T

I

ok

347 Hlol8 XA : 54 F% (Feature extraction)

25718 AHEL AFEHSHA WA FES HolHE A

A A #H" Ao 3D FHEFPUWoZE 9w
E=siur] It wEkA ourt gl HolHE St
A+ HlolB = Y=+ A& Feature extraction©] 2}al 3o}

2 dFoAes WHEE BHEe % (Skeletal angle in  spherical

coordinate), &2 3o LQHE AFo=m EAHT Zolv. FAHH=

HHo] 5o #g Y82 <Table 4> YERY Qo ZF f-ol A4
He y|Zow gow y|LoAE AT IUHe yjFow dow

o7k 4x9 FAdES AR dAHolt. olF Fs 4 #AEY

R
=
AN 2k 22D 5 ok

%
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I 3
& 1 (222
(x1,¥1, 21) ML 0 = tan 1( - 1)
. (x2, y2, 22) Ag =y
Joint 1
% =X b = ppy—d (3’2“‘3’1)
~ // lr

Hews e o AMESt e 8 WE FNhes E4E Aot
KMRE &3 Al + UHl°o]E+= Machine learning®Z g5 0]

FZE% WUELE 7FA3 Random Forest®t Gradient Boosting =29
gom, sk dolE et HAEHOEHE MAl dHolE ME (Dataset)ol A
22 YAt st HolE e HZE HolH+ EE HA HolH
AECNA 73, 822 WAl Hedl, 2do g oAM= HZE
Heolel & A3 st wlolEut Abgo] Hu HZE HolE &= RE9
StFol E%S W, 2do tis} BIHE k] s} AHEEH, StEAZHY
ol =do] AA3 Hol e AL ofdA FRlste FAHS Tl
StEd 29 ARkt rhsAd S FRlskA "ok

8k5  Hlo]E=  5-fold cross validation HAES  AAH  EsFol
o]Fojxlom, 5-fold cross validation S5 EHlolE  HA A TRA
5iS oto 1719 dHolH ANE=E uUwA 4719 dHolH AHEERE
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tHAIZl BdSs Hristal o] AAESE SH O HESE AE vt
=29 579 A%E BFL AT Boles] dEel Ae Sof voly
E 3

25 H3HEE I F UA g} 5-fold cross validationd] 742

) Score; —
—> o
i Val ==l Score; — Average score
Val s Score,
Train \"Z|[ll —> Score;

<Figure 5> Process of 5-fold cross validation

H2E HolHEE Ed9Y Ass H71E 5 dded, 2d9 =
(Sensitivity)2} A== (Precision), 12|31 AUC(Area under curve)”}
solg Aot W% (Sensitivity)= RS H7E w), A 2@4ASF
=Rlo] REE FI ZHAFoE FIE FES 9rlsiH AEE
(Precision)= E@o| thgAtelAl ZHALFTOE AGEAS W, A7}
ARz Z34EF =Ud FES YVt AUCE Ture positive rate
(Sensitivity)2} False positive rate®] W& A|Z}ssE T8z =2 F3Z <
zdo] A5g YehllE AEolth AUCE 19 7Mhess £2 md=

T
FdHT, 08 ~ 09« =& 29, 09 ~ 1.0& =53 2d=Z T3H

o
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3.5 A5 A

< A7 e ATl f1ske SPSS FA ZEIF (Ver 23.0,
Chicago IL, USA)S o] &3}a] &3 o] BA&}9ch

) BEE 352 7|€dAE AMEstd 3743 WA (SD)E
T3t

2) AAEE i AT 159 AR AR OF 3 Aol
A& 938 Mann-Whitney U testE 4 A gt

3) AAGF i3k 2H4AF IFY AR AAe OF I Ao
A35S #1383 Mann-Whitney U testE 2 A| 3o},

4) AAEE Uit A S IF W Aol dS5ES 93 Wilcoxon
testE AT

5) & A delge g 24AF 59 AP AAd OF

2to] 45S 93] Mann-Whitney U testE A A ST,
A "Hol”Hd g 2448F 25 AR A4 OF

N
o
Y
IN
o

d4%5S 98] Mann-Whitney U testES A A] $Ht},
A dolEel e ZH4AFT IF W Aol As5e 4
Wilcoxon testE 4 Al gHT},

8§ EE BA fo FEL p<0.05E AT

[e)
U
b
6) =&
Zr
o]
R

ofN

7)

e

FATAE T3l AA © ©lolEl& GraphPad Prism (Ver 9.4.1, San
Diego, USA)E &) a#lZE I on, Kinectol A F=9 2571%
#HHE9 AAZ 3D H3E dolHe HlolHe A E], Machine learning

b o] sk AL oS AFESt E4e] W H AU,
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Al 47 AT+ 23

T34 % 1+ (Sarcopenia group)d 77}eF 1  (Reference group)o
==

A 4, °¥, KES, KFS, CSTE 5743 A= <Table 3>3 2t

p Y

v}

Table 3. Baseline characteristics of the sarcopenia group and the reference

group
Sarcopenia group Reference group

(n = 8) (n = 4) #

Age 80.88+6.49 72.75+7.93 059
Height (cm) 152.38+4.57 152.38+3.30 032
Weight (kg) 51.0544.57 60.05+6.87 042
Body fat (kg) 21.05£5.76 18314275 308
ASM (kg) 5244027 594046 017

Strer%rtiﬁ (kg) 19.04+3.85 20.88+3.46 061
KES (kg) 12.2742.79 19.09+1.83 006"
KFS (kg) 9.05+2.70 13.7343.28 027
RFS 29.88+7.89 2875+4.99 610
CST (sec) 14.3046.39 1035+2.22 308

* ASM, Appendicular skeletal muscle; KES, Knee extension strength; KFS, Knee flexion strength;
RFS, Recommended food score; CST, Chair stand test; *P < 0.05. ** P < 0.07

T OF9 7IEAANA 7] (p=.032), FFA (p=.042), ASM (p=.017), KES
(p=006), KFS (p=.027)ol4 BJAZHSZ {F3 =o]lE& HFI, Yo
(»=059), =g  (p=.061), #HZ AF HFU RFS (p=610), CST
(P=308) = F 1& Y Fo3 2ol YEYA] &8kt



42 AANZEE F A AFo I1F 3 vl

SGe] & FA A% RGY HARREE 5L <Figure 6-8> <l
UEhY ATh <Figure 6>9] A°lA SGe9] AR KES SA#2 RGS
TAASE FYFF Aol7l YEWARE, *F FA ¥ SGY KES7F
FrostAl F718lR L, RGoE TAIACE {7 xpol7t YERYA] &
HJh.  <<Figure 6>2] BolAE= SGo AR KFS =AFte] RGS
SAACE Fo7F Aolrt UEHAR, 5 FTA F SGY KFS7h
EAZHE Fo3% 2oz e, RGIE FAZHSE {3 2}ol7}
UEtA] UTH <Figure 7>9] A} BollAl SGE] ASM, &=F-Al= RGS
EAAoRZ Fo3% o7t YElga, &% FA Fox oH3 sGet
RGAIA BAASE fog Ao]7t YERTE <Figure 6>9] CollAl SG9]
o3 <Figure 8>2] CSTOl g =432 RGY Fogk Zolrt
UetA] etor &5 TA Folx {3k zlol7f WHAEH A gkt

20+ 25+
25+ -
* %k * EF
204 T —1 154 = 204
— i ?ﬁ -
of E =
= 15 | = = 15
- @ 10 S
. E 104
&J 10 v = O SG Pre
5 5 £ 5 3 SG Post
o O RG
0- 0- 0-
e & Cs X <} 3 = <
03<b . Qm:” & c"j‘z X - & . Qf\ ’\“\\ &
< r_}-” o %U/ \fU' &7

SG_Pre, Sarcopenia group Pre; SG_Post, Sarcopenia group Post; RG, Reference group;
KES, Knee extension strength; KFS, Knee flexion strength

* : significant difference between SG and RG *p<0.05. **p<0.01
# : significant difference between SG_Pre and SG_Post #p <0.05. ## p <0.01

<Figure 6>2] A, B, C= SG9| A AFS, RGE] 15 Knee extension
strength®} Knee flexion strength, Grip strength YWEFH figure©] .

Figure 6. Differences in muscle strength between groups
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70 *

-]

ASM (kg/m2)
-} ~
*
|*
Weight (kg)

50
5 |T| ﬂ |T| D SG?PIE
3 SG Post
4 40 =
O RG
oIl imil | oIl 1
& Q_G AQ@ & Q_(,
%&3/ :?QS L _vf

SG_Pre, Sarcopenia group Pre; SG_Post, Sarcopenia group Post; RG, Reference group;
ASM, Appendicular skeletal muscle mass
* . significant difference between SG and RG *p<0.05 **p<0.01

<Figure 7> A, B& SG& AA 3 AS, RGY I&E AA =4 EHH
=5Ael et figureo] T

Figure 7. Differences in body composition between groups

o)

7

Z

= 10

g O SG Pre
5 @ SG Post
i O RG

Q(a 18““ Q-O

%Q/ %{}r

SG _Pre, Sarcopenia group Pre; SG Post, Sarcopenia group Post; RG, Reference group;
CST, Chair stand test

<Figure 8> SG2] A3 A% RGY IFHEZE 75 HARI 53]
SUT dojA 7] AAbe] thet figureo] T

Figure 8. Differences in muscle function between groups
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43 A AHARNA F OF P S$UT AT AA

=
EA

AP ARl A o] = T ZF CST AAI S 54& <Table 4>9F 2T

d

Table 4. Postural characteristics of the CST test at baseline

Sarcopenia group Reference group
(n = 40) (n =19) v
Standing time (sec) 1.67+0.78 1.19+0.19 029"
Sitting time (sec) 1.70+0.73 1.18+0.13 021"
Right arm (degree) 25.04+5.01 19.35+8.10 012"
Left arm (degree) 34.35£11.19 22924742 <001™
Right forearm (degree) 32.66+29.15 11.42+5.787 <.001™*
Left forearm (degree) 30.72+25.73 14.90+6.75 011"
Right thigh (degree) 72.14+23.74 72.79+5.82 961
Left thigh (degree) 72.88+23.77 66.16+1.74 173
Right calf (degree) 39.48+2872 13.62+8.60 <001
Left calf (degree) 28.84+23.98 11.18+4.69 <001
Trunk (degree) 22.74+7.50 20.81+8.73 224

*P <005 *P<001

AP A 7 OIS Ao E A (p=.029), = AZE (p=.021),
LEZEZ I (p=012), ¥ZF & (p<001), LEX ?ﬂ% (p<.001) qdE A
(p=011), LEZ Folg] (p<.001), =& Folg]l (p<00l)olA FA A

o3 ZolE HY, LEHR FHHA (p=961), ¥F FHHA (p=.173),
TE 4= p=224)NAx<= F 2F e FoF Zol7F dERA] T
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4.4 TA AFo ATt dojA7] AA 54 Bl

SGY &% FTA H3F 9} RGO CST FHAlolA 7 WHAde] EA wlw
<Figure 9> °l YE} Stk

<Figure 9>9] A9} BE AHHS uf, doAM= AHH o= AZHo]
247y A ARl A SGeF RG7F BAIZHOE 9%k Aot YERGE AR
+& A ¥ SGY doAAE ARG ke AlREol frelsiAl A
RG= Y% 2pol7t YEhUA] A = Ao

<Figure 9>¢] C9} DE AHHGES wf, AT} 22 AF A

rr

SES AR An AL AL A SGY @t RelA
SAHOE foF Aol7t AW, £F FA F sGo 9% 2o
e 28 WA FolE pastel RGel 9% Wae EAdoE
FOG Aol7k VErEA 7 HUth AW, SGO| LEE B3} Agke)
A%y 0EZe] ASE &% A FAE 1§ Ueld SAHo=
fol@ Aol7h UEIA gkor] RGO AAE FAHCE feol@
Afol 7} Lhebsteh.

<Figure 9>9] ES AW R YS w, AA AAdA SG &5 =4 &
SG, 183 RGO 3HA ZA=eAE
JERA ekt

<Figure 9>2] F& AHH}S ul, AbA AAA SGoF RGe Y&z
egx Fole] ARt BAMOR 27 Fol@ Aol Ueon, &%
FA F SG AFY 9EF LEXR Folyt FAHeE fojsp
Fastd gl s, o3 RGO EAHOE FolF Aol Vg,
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Standing time (sec)
5 T n
ry
5 (=
_'| 5
' *
& I
Sitting time (sec)
5 @
L 1
g —.l :
o

0.5
0.0
SEPCR DAPC R
o7 oF S
C D

— -

@
8 *k E
xb'hm]- * & gﬂ * %k
= |—| = 407 ITI *k
= * =0
o 30+ | @ |
gm | 2‘3 30 *¥
= =
= 20+ ]
@ o 20+
= o)
20 104 =
] = 104 |T|
w =

0

E ) R'Im Llft E 0
= ig| e o v T T
4 E Right Left

(=]

=

1. 7 ]
7 I—F|_| m—| O SG Pre

|T| 3 SG Post
O RG

100 -

80+

60

40

20

Calf's angle change (degree)

Right Left

Thigh's angle change (degree)

SG_Pre, Sarcopenia group_Pre; SG_Post, Sarcopenia group_Post; RG, Reference group

* : significant difference between SG and RG *p<0.05. **p<0.01
# : significant difference between SG_Pre and SG_Post #p<0.05. #p <0.01

<Figure 9>2] A, B, C, D, E, F= SG9] A3} A% RG] 1FH
Standing time, Sitting time, Arm’s angle change, Forearm’s angle change,

Thigh’s angle change, Calf’s angle changeE YEMH figure©| Tt}

Figure 9. Differences in CST postural characteristics between groups
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15 2AEs} $9 Zoze] WS AT

8F7+e] & TAdA *F AA S 7IF W JA AW A
712 1255 ALY 3FAAY 284AS OAFY d¥dx I5S
EF7ol= W To5E &% Aot He-3 85+ 27 Random

a4
Forest?} Gradient Boosting®. & FZEFHoH, FE2H WHFITLE+
<Figure 10> <Figure 11>°] Yy ot 245 I d¥ydx
15 HolE JNae A2 44070, 28970 A

Random Forest®} Gradient Boosting F+ ®/7] E@oA F
AT ase] £9e 2 v HadE 5 45 W, &n =
28 Aoz ZUstA UERY T, Random ForestOH/Ht 5 R A=
Hatg, % AW 4%, 55 AL AV R F83 FA4R
E}% Tk Gradient Boostingoll A= 5 H4 A, 5% HU 4=, 55
Zt = W3heko] o]ojA= £ 2 UELT.

T

feature importances

Time [W5] : Train Score : 99.8%
Knee flexion_Min [WS] Test Score : 97.2%
Trunk flexion Max [WS]

Knee location_min [WS]
Trunk’s angle change [WS]
Knee’s angle change [WS]
Knee’s location change [WS]
Time [SP]

Shoulder abduction Max [SP]
SP]

[
Elbow height Min [
Shoulder abduction change [SP]
[

Elbow’s height change [SP]

0% 0.05% 0.1% 0.15% 0.2% 0.25%
* WS, Wide squat; SP, Shoulder press

Figure 10. Important features extracted through Random Forest
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feature importances

Time [WS] Train Score : 100%
Knee flexion_Min [WS] Test Score : 96.8%

Trunk flexion_Max [WS]
Knee location_min [WS]

Trunk’s angle change [WS]
Knee’s angle change [WS]
Knee’s location change [WS]
Time [SP]

Shoulder abduction_Max [SP]
Elbow height Min [SP]|
Shoulder abduction change [SP]]
Elbow’s height change [SP] } |

0% 0.1% 0.2% 0.3% 0.4%
* WS, Wide squat; SP, Shoulder press

Figure 11. Important features extracted through Gradient Boosting
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Table 5. Baseline characteristics of each exercise posture in the two groups

after the exercise adaptation period

Sarcopenia group  Reference group

(n = 440) (n = 289) 4
[WS] Time (sec) 341+1.16 3.14+0.54 .802
[WS] Knee flexion_Min (degree) 104.09+11.83 98.01+8.64 <001
PYS]iTrunk RexiontMiax (degree) 2367+7.74 28964691 <001
[WS] Knee location_min -6.16+2.90 -5.97+2.71 .01 3*
[WS] Trunk’s angle change (degree) 19.49+7.17 25.39+6.81 <‘00"l<*
[WS] Knee’s angle change (degree) 53.13£12.96 60.19+8.14 <.OO;*
[WS] Knee’s location change 5.04+2.56 5.23+2.16 .039*
[SP] Time (sec) 2.76+0.88 2.76+0.30 <.OOT*
[SP] Shoulder abduction_Max (degree) 24.01+14.09 22.27+7.09 .042”r
[SP] Elbow height_Min -5.28+8.72 -6.47+4.09 153
[SP] Shoulder abduction change (degree) 75.82+20.26 78.59+12.75 .053
[SP] Elbow’s height change 31.61+8.93 35.56+5.89 <‘OOJ1Hk

* WS, Wide squat; SP, Shoulder press * P < 0.05. ** P < 0.07

5 5 (p<.001), 5 A (p=.013),
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Figure 14. Differences in Squat movement characteristics between groups
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Hl=3 A8 it o 28 A7t vehda des S8 & Ak
SIATE 244AF IFAA 29 AsE YEd s Z
B7kel 53 CSTAAE F 2F 7o F9dk ztol7 A &= A
AT = A=, AA L U dH S Hubske
SARC-Fol| tigt A= F &

T AU

ADL¥} SARC-F EF I3AES 34 oHee e AEE
Brvske A7F B AR AR HdA 24T dwel A 8
szt dEban AAINE, AR wEs 53 Blasty JdAAE
FollA =7l= ogwd BAFdedle #FoAd AAeovh idd &, oF
Askzl HPEol 2 g LT J@rFd AEEAR 2
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3 AETty dHAH QO™ (Kuramatsu et al., 2012),

SHA| 2t A Ao m AR FAlol viEste @Al A AT
Ao r ¥ =39t Bi¥al It} (Hassani et al., 2015).

T Aol 4% BEFoA F OF o FAALE {3 Akolrt
Uetds As g0 & At ¥ A Y 45 WHEFdAes F
% kol /% Zol7F YyEUA ol stAETE AAle] 4=
WAt A F IFo] FYEA Zol7t U= A FAE A4 59,
stAl 289 % Z44AT IAFdAAe oME AN e I
Aol =7l O oFF oz Wststes S ST F A, o=



AP AT A CST HAlE F3D o) kA FHo] o3 F¢ Hge=
A Aol 7HEsts dAdA FAZE AWer ¢ ==
2ol FAle dF5Zd FAYS FI HAAY=E A XS (Hassani
et al., 2015; Lummel et al., 2018).

5 ZA Ao 274F 18] CST FA A

-

-
9 #3999 9Fdexz deis AL FAT ¢ YA
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S
= =] =
H3lE 7hea dHds OFF Blssil Ae gAg ¢ Jdeomw,
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CST FAANA EAFTY &¥o] 718 FL3H
A7 Ao wel (Khemlani et al., 1999) &%
723k7E CST HAelA e A 2Ad9 HASE 7MAgidr =
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Abstract

Analysis of movement patterns using
machine learning in sarcopenic

elderly

Yunho Sung
Department of Physical Education

The Graduate School

Seoul National University

Introduction : It has been reported that changes in exercise patterns due to
muscle weakness appear among the elderly with sarcopenia. Also,
performing the 5-time chair stand test (CST), which is used as a diagnostic
criterion for sarcopenia, requires lower extremity strength, and a study has
shown that unique movement pattern appears in the frailty elderly. Therefore,
the purpose of this study was to observe the changes of movement after

exercise intervention.

Methods : 15 females (79+7.78) participated in 8-week exercise intervention.
They were assigned into a sarcopenia group (SG, n=8) or a reference group
(RG, n=4) based on the knee extension strength (KES) cut-off at 18 kg.
Body composition, KES, and grip strength were measured at pre-and
post-test for both group, and CST was performed by using the Kinect

motion device. Participants in SG were asked to perform wide squats and
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shoulder press 2 times per week and their motions were captured by using
a Kinect-based device and analyzed the data by using Python. The data
from the first 2 weeks of exercise adaptation were excluded and only data
from week 3 and week 8 were used for analysis. RG was considered as a
reference group for the healthy population, and only data from the pre-test
and week 3 of the exercise intervention were used for analysis. The motion
patterns of the two groups were learned with Random Forest and Gradient

Boosting models, and variable importance was extracted.

Results : There were significant differences in KES and CST between SG
and RG in the pre-test. SG showed a significant increase (p=.002) in KES.
Therefore, there were no significant difference in KES (p=.054) between SG
and RG after the intervention. SG showed a significant decrease in sitting
time (p=.011) and arm angle when forwardly tilted (p=.024) while
performing CST after 8 weeks of intervention. Therefore, there were no
significant difference in CST between SG and RG after the intervention.
After the exercise intervention adaptation period, as a result of learning the
exercise data of the two groups with Random Forest and Gradient Boosting,
it was possible to classify the two groups as 97.2% and 96.8%, respectively.
The angle of arm lift during shoulder press exercise, the angle of knee
during wide squat exercise, and the performance time during shoulder press
exercise were extracted in order of variable importance. A wide squat
similar to the sit-to-stand test was analyzed. However, no significant
difference while executing the wide squat was observed on knee and trunk

angle at SG when compare with reference group at the end of intervention.

Conclusion : Exercise has been proven to improve KES and CST results
after 8 weeks of intervention but no changes in motion patterns have been
shown in the wide squats as it is one of the complex and multi-joint
exercises. CST can be used to determine the changes in exercise patterns

for people with sarcopenia. However, further studies are needed to confirm
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these results.

Keywords : Sarcopenia, muscle strength, movement patterns, Random Forest,
Gradient Boosting, feature importance
Student Number : 2020-27872
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