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This research is a comparative study of the biomechanical knee joint
movement between normal knees and total knee arthroplasty (TKA) using the 3D
motion analysis and the inverse dynamics method and analyzing the contact force and
motion of the knee model by finite element method during squatting activities. A total
of 62 volunteers consisting of 31 with normal knees and 31 with TKA group, were
collected and classified into three BMI categories: Light, Middle, and Heavy
respectively. The kinetics results showed the knee force, moment and quadriceps
muscle force in the normal knees was higher than in the TKA group. The mean
maximum resultant force in the normal and TKA groups was 4.35 and 3.14 times body
weight. Also, the mean maximum moment in the normal knees and TKA group was
5.27% and 3.11% bodyweight times height. There was a significant difference (p < 0.05).
The knee kinetics results of each group for BMI of normal knees and TKA groups were
tends in the same direction and associated with increased knee flexion angle. The
results from finite element analysis, the displacement, rotation and contact force of
normal knee model displayed higher than the TKA model The kinetics of knee joint
squatting can diagnose a range of motion and follow the knee joint function after total
knee replacement. In addition, this information can be used to design and develop

knee prostheses, especially for high knee flexion, such as in the squat position.
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wuudnasstotnasziievidlnludiedwuduulusunsu AnyBody wazlusunsu Abaqus
Knee Simulator

136 lumsAnwidlddudiunuudassdoniund fuduuuusiaesduuuuan
SimTK MBKnee Inglsliamnnguetaasdasiiegisaulne ilasandeyatuduuuuiiande
Winfveanguenaadnsfiegnnulneiiliiisanedenisuilvaiawuudiaesuiuula

137 wwudeestauiisnlunsdnudidudenniiendmndvdiuud vy
FanuntiatoUsznndadulaivas (Posterior-stabilized) iflesannaueranadasiudeudei
Idunmadsuteniendussandaiulyings

138 Tunmsiraeeniuszideudslnludduudvoiwuuinasstowiisuyssinn
anduleinasuulusunsy Abaqus Knee Simulator azdimduluinn (ACL) waztduluinas
(PCL)

139  masiauiifaguesuuudiassion waAnsfivosaui@iagueadusiads

21nA15ANBIUL Kang (2018) wagn135An® Shu (2021) Fen1sAnwineuniidaiulug v



Anwlunuudiaesonund wazuuuiaestaiieuldonsderaudfidan uaziduduan
WaesnnsAnu i dundn

13.10 lunsanwiildlgsninnisiedfvesenanaiag uazamnusivaydee
diesnndesnstinduriifseesildluiBnuszdriu Tnednvasvindisemesaulve fio duwi
Fonnsslfuiuldduialiwivasdiees sddmuanudens wardietmingaa

YUWINNIEDITN

1.4 Uslevifiaminayldsu
141  awsathaadnnesinmslisuiisunansenunmsiadeulmden uassause
Fuda srudewgAnssunisiadouiivesuvuiiassdeiiineldvinsesluiduteyalunis
paniuuyadal L iedlvliaumunsauivasseaulng wardnustinusziniuvesaulvela
142  ausathlUldidudeyalunsesnuuuaunsaiiiisafunsiadouiivesteitn
n3eldlun1snsununisviineniwtidn Tdadelsadoidden naenauIIUNIeA1Y

InerFansnIsnwIle



unil 2

USnAdassaunssukazIulIdening1994

2.1 uni
Haguldins@nvimstinamansvesdoiiniiferiunisiedeulmludinsydriu
vosnuUnd uazgthelsaderinden teyaildanmsfnwausathluianimeaidanstide
uazUfuussymgUnsaiteldiion sufwsziunnufinunfannsiedeulmls dialaly
uAtednuartl Suduiidesduazidlalusunmeiniavesden Tsedeiidon Fanamans
nswdoulmveston indesile uaraunsalildlunisdnun suiluiugiuddydmiu
Fagunngfifewdnudsudoniion 11591918 MTITA AREAIUIUNIAIY
Ineenansmsiunld uwazyeeaniUfiaulalunuaded
2.2 mdAwiewzlunienieinig
221 sanuiiieatesiuneiniamans

srunvlumamednaemansutoandu 4 szutu deeluil

1) Median Plane iJuszunuluwuafidsdinmuenvessnaneangundan
Fumth waruussanieeandudndie uasdnuinnsatenans

2) Sagittal Plane tHuszurulunwif s s9urudyu Median Plane wazuus
sumeeeniudnds uazdnuin ualdsndudesisnarsvessianie dmsu Sagittal Plane
fifuiu Median Plane wef 1inazgnisendn Median Sagittal Plane %58 Midsagittal Plane

3) Coronal Plane 1Jusyunud sdsanniu Median Plane wazuussnenie
sondudndiunia wasdnsunds (Anterior and Posterior Portion) §8nd 831 Frontal
Plane

4) Horizontal Plane Lﬁuizuwﬁlmgﬂmﬂﬁlu Median Plane ka¥g Coronal
Plane 2nesfalunwavunuiuiiulan wazudisnsmesendudnduu wazduans (Superior

and Inferior Part)

2.2.2  erdwinnlglunisszydunie

o

mAnid Ay ddldlunsseumumivesaduisiisuiveleizdun



1) Superior / Proximal (agjlugiumiianianui)
2) Inferior / Distal (agjlugiumiian1asuimii)

3) Anterior (@glusunianeamumi)

4) Posterior (aglusiuniamamumnda)

5) Medial (eglusiunislngiiu Median Plane)
6) Lateral (glusiunisv1937n Median Plane)
7) Internal (w1 vive eglusumianiaiuly)

8) External (161w n3e eglusumniimienuuen)

2.3 ANYAIZNIINIYINIAVDIVBLYN

[

¥ oA 3 Y ao H v 1al ] 1 o P
mama’e)LUwuamuumuﬂmm@imwqﬁﬂ,uiwma varuUsznauan ZU‘VIL‘U‘LJﬂiSQﬂ

1% & 1% < v o &
naulle waztduou Uszneulumesiall
1) Aafevesnsegneu (Thigh bone w3e Femur) Ao Arteiidudiusionndiu
Uae veansegnauel Wuiatedinvuresdewifiusiadulnun 2 nunfiviueen uag

v

A Thdwiududadunueusesnsegnuiinds wagnszgnasin
2) ftevesnszgnuiiuds (Shin bone vide Tibia) fie Andeiiiludiusoandusiu
voenseanuiiuds iWuiidediuanvesderiniisusnawuy uazuueeniduuiudmsuiuus
NANENUUY LFIRaTUNBUTBINTEANTBLIN UALNTYANAUYN
3) ftevednszgnaz (Patella wde Knee cap) Ao Ardeilifudiusioninsuly
vosnszgnaztn Jadunsegniifdnwazasudianauidenssandumi uisusisidlonss
ndutg vimiifiedreeuin elhdudureanduiiomdarivhanlds Tnsfatoves
nseanazUiiad miudulaiunsegnauan
4) drwisznounuouseansegn (Meniscus) fdnwaziduwumundenszgneou
wiyund1 wusdu 2 &n Ae wueusesnszndnly (Medial meniscus) war@nuen (Lateral
meniscus) ¥t dugeemimin fuMInsEUMNTENINNTERN Wagtiensadouln
dlefinsiadoulmn Aanszqneeu uaznueusesnsegnazdudiaiuduoeed
5) Wulade (Ligaments) wiadu 2 ngu Ao
5.1) wulvinelude wisdesidu wdunti (anterior cruciate ligament ; ACL)
wauidunaa (posterior cruciate lisarent ; PCL) Viwihitssslidadninausuaddufiams
W - nd
5.2) dun1ut19veate wlegestdu idulu (medial collateral ligament ;

MCL) uaziduuen (lateral collateral ligament ; LCL) vihwudhiinsliidaninanustunasly



a ¥ v A

firmsdnslu uazdrsuen wardsiiialniude oint capsule) hlifeidulassadraiiundalal
fasdanuasudiluniely wasrilidednduatiounsfiegluszuuln Vil waaidsade
nszglundeldd

6) 1Beviuta (Synovium) vntihfiedeuisiiaviute adrsimdeidesds wasy
Fansddgylunsnouaussvesisnegsenissniaulude Feinsunsdunsdifnlsalude
Snuauiu

7) dvaeidesde (Synovial fluid) Wuwesmanfiidnvamilnadetisunioseus
miindeidesdelrmaedeulmaelutesiviu Tasdesduimadlduniull uagd

X v A av & o oA Vv
yasasstenuninondudindsdla ludu

Posteror Antenor
cruciate \  cruciate
Igament Femur — \  jgamom
Maodial g Lateral
condyle / condyle,
\. Latoral
Anterior | condyle Lateral
cruciate collateral ——
ligament ligament [
Lateral
/ meniscus
Medial
meniscus
Lateral
collateral
Medial ligament
collateral N\
ligament

Patellar
ligament

/
: Posterior
surface of N
- N Anterlor Vi
Pee AL view o

Articutar

JUT 2.1 Amuanstaidwnunti (41e) uagaumas (¥37)
(https://williamsima.com/injuries/knee-injuries-meniscus-acl/anatomy-of-

the-knee/)

8) ndmiile Quadriceps ifundundlefifurluafianlusnames asounquUTaN
ﬁwumﬁﬂﬁwummﬂsz@ﬂﬁum Hunalndrdalunstavdiuans nduile Quadriceps wus
Iowdu 4 daudes 9 leun Rectus Femoris, Vastus Lateralis, Vastus Medialis, Wag Vastus
Intermedias W@wduannndaniens 4 daufiun sasunanedu Quadriceps Tendon R

Weusaiugnaziniat uazenseawdu Patellar Lisament Tidewsafunszgnuds ifie



LY 1

n&nsiile Quadriceps naFadsussRslufignagtaiaini wagluss Patellar Ligament vils
P1druaaanss (Extension) 1w luvmzananniing sutule vienselan usy

9) ndunile Hamstring aguiai U svasnsEgnFUIIUTENOUR Y Ndile
am%uﬂisﬂauﬁ’u 1@wn Semitendinosus Muscle, Semimembranosus Muscle, Wag Biceps
Femoris Muscle Tngnduiile Semitendinosus Muscle wag Semimembranosus Muscle
fainneseninanszgniuny (Ischial Tuberosity) fudiuuuvesnszgniuan uazndnile
Biceps Femoris Muscle Baunzszninanszgniunuiunszgnios ndmanile Hamstring d
wii1Aindn Ao vilivrdruaeiuita (Flexion) wazyiliAnnismsuseuunu (intermal-

External Rotation)

2.4 lsadevdeu
Tsadordon (Osteoarthritis) wiunefia Tsavasnsidenaninvesds (Degenerative

v

joint disease) Inedin1sLAanensanimegnaiess uazan1sfinsznndoufinde (Aricular
cartilage) vosdauiinfifoy (Diarthrodial joint) Msvhanenszgnseufindoifiniuagnadi 4
uazseiflasmunaniiiiuly defiinnumaidendnuaiidudetidesfudmidnunn Snviads
gnasinsananuvhateludansegnusialndifies wu veunseanlude (Sun-chondral bone)
ylsiimsnudaty dnswisuasmesilademliauaudinsdoduanas wersanin
waniduvilfiAnenistananiatetnge weznsdniavasualinisvieuresdeidsly
mawadeulmanas vilidefingd warinisluiian Tsaddensuunslanuaimuesnisia

Tsawdu 2 ¥8a laun

2.4.1 viaUgugdl (Primary %38 Idiopathic osteoarthritis)

Junnamidesiliannsoesuisainnnsialsaidaiau Sfrdaduny
s3suIRvetey uardnuaznisldiuvesoty q madivisldiaeivssiivedse viens
FuthefiAndudainlaensanmeu ﬁf‘uLﬂuﬂgg‘vnﬁﬂisﬁmsuuzi’aulmyjﬁwé’wizauasﬂummz‘ﬁ
TneiidadefivhlmAndendon dil

1) o1y wudifiony 40 U axFudhlsaderiden uaziiieany 60 Yoty
Tsadordouldfedosas 40

2) WA gudanuannningene 2 - 3 i FeeSuneldinndgeiidng Tovun
Usysndeuasiiseiusesluuealnsiauanas desesluuivisdeunsy wavauuieide
Tngawziiiodeseudeiidnissnay Seiliidodeseudeliuduse dudundousiu

Javadiuludun
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3) asidmndiy wielsasau dmnuduiusedrannfulsaderden
Tnenuintmindiasusnadowinativsilfifinusanseiredoni 2 - 3 wiwes
dvingn ynimtindadiutiu 0.5 Alanduasinussnseyindedeufivtu 1 - 1.5 Alanda

4) nsleu 8581ua i niefanssulsysTuiivliAausense e
Foutunn Wy nsanitn matees matetuifiey Mataaund mstuastiule safeerdn
Foudu weBuuy 9 saenauanIndidesunvamindunani

5) ANUUNNIewDIdILUTENaUTR eI WU Torrady nduiiofu
gouust vienlnsingy shlsbhmindnaasiufideliviiu nszgneeusuiisuuain
WnnezEelEInIUng

6) n3suiug lnennglupseuaianivseiidulsaderindey

2.4.2  ¥ianRend (Secondary osteoarthritis)
Junzdendeuiiinainanuiaunfiaunsassy wseesungane i

Faauld 1u msinvesnseaniisesruiterilvinseanseuiiidesesdiliiss unilowiy

2

nsanldenislude Wugnssu uazanudaUnfivestousnin Juievlatdudasddniudes

a

uesausndulunissunsshumanunmdanizn1easlsUandlulsangruiasesunfonil

Y

1 v 1 ]
2.5 d@rudiznauvsiungy

B nsHdaUAsudaiiion (Total Knee Replacement) lun1ssnwngdaitin
dandusunsalagnisuiendluiitonftdeunaleentl wdmaunuaieiitow ey

Panuadinanlane waznataandnluwny Wislvdawindululdaulanuiudnass tney

' %
a v

Wusinsndnasansnlud 1968 wasanuunsEidailasunsimulrRvuEes o Bieluau

v ' '
L2 a

Tanild wazddnisueln denavinlinsidnlinafTu waeiidfnian Ao a1unsaldve

]

€

[ v

= A v Na v v A N ) Yy a Y a
LWHNUI‘UI@W@@@%?@] {jC\]QUUGU@LGU']LV]EJNLLUUL‘Uaﬂu‘wQMN@‘UiZﬂ@U@?EﬁUUﬁrJUWaﬂ 4 YUAIU

loun thasaunsegnauwt ulunseanutiuds nueusesdaiiniien wagdruiivesgnazn

2.5.1 diATaUNTZANAULN
dAseunszgnAurvhanlangngulasiden (Cobalt-Chrome alloy) Fady
Tavgimnzauiiaalunisviiiade fauaudBuds ffu 11 Liduady lidnnseudie liin
Useqlii uarlineliiAnansuzise fnsesnuuulifidnvasfuihaseuiifisussnouen
wilauduRinsegntesuuund lAsunudiulagvesnsegn uasiisesdmsugnasdili

AU lnog9s s suluvME B e LazIaUaLun
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2.5.2 uwlunszanuiiuds
wiunszgantiiuds (Tibial Component) aztfudiufiafunszgamiiiuds
vy vwthisessuimdnanuueusesteiiiiion waeiidesadroimduiedudluly
Tnseansggnuniudadieiiuausiuas Jandruanniduianlansiivianlavgngulmden
(Titanium Alloy) Fafulansfimunzauiianluninduinansdredminandeifioulugs
nseqn WesnfiguanticmudsilndifAvstunsegnuywd libuady ldiAnuszqlain
wazlineliinansusise
2.5.3 vlausataliLiiey
nuousostorduiioy daunldiagdunodieidutudnluanags

(Ultrahigh Molecular Weight Polyethylene ; UHMWP) fifliiloudeunn waniduseauiildly

(Y

MIuwndwinty fanuuigvdsvesansindwesaaalfduidudavesde imihanaduiiade
wazmuausels JUTlaeludiuuuasddnwasiduinlds iesuiududiunsegnau
AUENYINaUTRIl L L uiinseRAkUUMNUTEINNTRI Tl WY Tawn Towiiiuy

YiALAd o Ul ba (Mobile-bearing) waz¥finog Nyl (Fixed-bearing) InuyialAd audl ba

(Mobile-bearing) ¥aelvidorimmyulauintu indouiilaed9dase uwazyieann1sdnnse

(5

Jasfiunsugaiiletaiisudanniunsean duviinegiun (Fixed-bearing) USHIMATINAL
gnesnuuulusiben Jeaduldliderinaneanainiu

2.5.4 Rqgnazdiiey

Avgnaztiien [Wududlndienduiidafndunsegnasiuiy ddnvuy

¥ L4

AdegUlaualdsuRUUIUI19vRIgnas U Yimtnnaunur i uniAnvensEanaz Ui

wazSuusadeavuidudaiuiudiunseanduvidiuaIa1e

Patella

button ‘i)

Femoral

component Femoral

Fixed bearing component

Tibial tray

Tibial tray

' '
v

JUN 2.2 daudsenaudeitiiiey ; wilnagiui (Fixed-bearing) (#18) wazallawndoudla

Y

(Mobile-bearing) (1¥31) (Shi, Junfen., 2007)
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2.6  Uszndawwiiey
mseonuuuleiiuiisailinguszasdudniiioRmunderdenlviinuandalndfes
futorinduieliteiinnduniadeulmidiusssumaniign Tutligiuaunsautsuen
Ussinndeiisueanlamuussiiunig o wu n15id nseldlddwudlunisiadeiaudu
n3EaNn Snwaznsveuliinsiadouves polyethylene joint surface bearing wuseanla
\Juvlinegiud (Fixed-bearing TKA) 3eviinindeudilé (Mobile-bearing TKA) n3muRy
A uAvestolt eIy Constrained TKA %38 Non-constrained TKA Lagn15ia
mosnwndulvindsld (Posterior cruciate licament sacrificing %158 Retained TKA) laglu
nsfnniavaulaludorinionussinninm viseyinidulyings Tnensindaudeude
wdsnlaglidadulvindslasuanudenunlulszmeaansgowsni Yselovlvesnislidn
Bulvings vilvinamansmsindoulmussderiindiordsiudoinaiannnii uagmeifv
udulvindsdwihliaulddantsiuwmisnsuduldfng derdanuiunsnnnilaeaney

Tuyuesrnissedeitngs Favananunieaiiiinainussfinserisenalngnides neduled

[
[ oA

a9z UL uLNY s sudeimisnuuuoysndio ulvindsdadusanseiaeiui

a v

FENIINTEAN wazdolniientesnit agslsinunisiifnlae3sidesedounmddtiuigy

wazgUnsaiderniieueniy wWelinanisradadunnelaununnd wazdiae

JUT 2.3 Tariuileaussinveysnuiduluings (de) uasdowiieuussandaduluivgs
(1) (Shi, Junfen., 2007)

2.7 mawndeulnivatailn (Motion of knee)
nsindeulmvesdeliuinanunainnsdudassninenszgniia 2 da @amusn fe

nsvgnAunduRaTuNTEgNEauag uUNTEANMINUYY Lavdiuniaes Ae nseanduvIFulaiu
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nszgngnazn matedeulmmdnvesdewi de M3dn uazaslununszunusuinsludnuas
vy wazdaiimavgudinuluveanssgrniiudsseninamsserdidndes fimsideulaa
veanszgnduIiunsEgnvthudsssninensseldnties nszgnanasti Snthiiadegamyulu
mafinussisnndudulinnty Budaduindu uandudadudrauonvestaiiindhi
TunsBanszgnitsaedlalliineanynedudng dauduleivii wasbuleivdaglyifuegnss
nanadlatfosfulillinssgnuiiudaundounaaluuendanionsdumt wasndanugis
(Shi, Junfen., 2007)

forhdinsindeulmildudon wagddnnussmaszveanisindeulmduiu 6
amBasyiauansluguil 2.4 Tnsaunsondsldifuded

1) Flexion/Extension N138n uaztelt Fufinduuunsegniurnasindouiinauuy
nsvgntudesounululuIiIug

2) Anterior/Posterior translation N15LA& ouT Uk %ﬂLﬁﬂﬁﬁuuumz@jﬂ
ihudaedoudlunumin - nds

3) Internal/External rotation A1SMYUITIA1UIY UaEATULBNYBINTEYNNUILY
seuunuluuuafis

4) Adduction/Abduction rotation MIVYUVDINTEANVTIUIIVUTZUIUAUMIN

5) Medial/Lateral translation msipdeuilutuasnuinawenszgantiuds

6) Superior/Inferior translation mimﬁ‘auﬁﬁfu - aﬂﬁuaﬂﬂw@uﬂﬁum LagNIEAN

P IPULN UL LIS

Superior/Inferior
Translation

Anterior/Posterior
Translation

Flexion/
Extension

Medial/Lateral
Translation

Adduction/Abduction
Rotation

-
Axial C | o
Rotation

U7 2.4 msindeulmvesterdiluszunusis 4 (Shi, Junfen., 2007)
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2.8  Fanadransdainluringsesy

Fanamansidumiansiituannisneiland waznisiainssulunisesSuienns

[
=

wasulm wazusinszrhdafadulagdiuning 4 ¥ae519n8 MIFENBIMTInacanswuald
\u 2 dau Ao adnormand (Static) uavaadmans (Dynamics) TaglunsAnuniasfinnsan
nzn19ad sulnvesdersssu AT s anile 9 Tneazuluiidanamanduuy
anndaans

Finaransuuvadndrmansvastaw wualadu 2 wuu Ae WU Passive Knee way
WUU Active Knee Tnglunuu Passive Knee Wunis@nwnadiansvestaniiolasuuss
nsg¥hannaeuen Wy nisseventluvaeiiteadaeivimindiusidasneasmn da
MSANYILUY Active Knee tunsanuanaransvesdoiieldsunsinsyiannduie
aelusemeniitu wu mafe-sedeaigalurnsunss nelumsdnuiagfiasanians
nafansuesdoltLuy Passive tissannilunisaneluriwesdivminduduiitiona
R RIGRIX

28.1 Passive Knee Tuvaziivndanse

YuzfivBanss (Full Extension) Famnazldaunsawndeulmlalufianig

1o 9 iesannalnueanszgneounaziduduiiiisadosdamalinszgndun nszgnuds uag
nsggmusnaiioudunssgniulvguiien alasUszanamoausine q vestailusums

[

Full Extension Téuansfeguil 2.5 wioudasuredsdl

1) 90 C wnugudnarsvesgnazi1aen 90g7i9asoseninsuuves
Quadriceps Tendon (QC) agLiua Patellar Ligament (CR) Imagm OCR fiA1UTzUW
170 99N

2) ATT @@ Anterior Tibial Tuberosity 51 uqmﬁ' Patellar Ligament §afin
funseanus

3) FO JunuILAUNgIIveINTEANAUYT wag OT W uluILNUNA1ITBY
nseAnude lagyy FOT fANUszanad 17 agen

4) 1 OCR fAUszanay 165 a9

5) 4y FOT fAUseanad 185 9een
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ATT

SUN 2.5 T1nn9uLilenesaneuing (En fvsiisam, 2552)

282 Passive Knee luvaiziivnsaidn

Tuvaziinnserdn (Flexion) fimsind sulmduiiusfuseninanszgn 2 ¢ Ae
5¥INNTEANAUIA U AU (Patellofemoral Joint) WAy TEnINNTEANAUYIAY
ns¥anUda (Tibiofemoral Joint)

1) vesiaseninnszanduvIiugnasdiiaien (Patellofemoral Joint) 1lu
Yorouuu 1 831343y (Degree of Freedom) tnetdunisidendt (Sliding) egnaiien Tnadu
wilavosgnazUiitnazgnaieiniunszgnudasae Patellar Ligament luvaziiseididu
fuumanvesgnaztiinazduiadiy Patella Surface vesnszgnauelasiimsidoudusius
fuld ilofiansanlussunu Sagittal gnaztsiinagdnisied oulmludunds wazdnu

Medial sauviainisdnsauunulunwisiuidnilesdsgui 2.6
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o}

Lateral f Mecliel

Lateral Medial s

-
L
3 - = ——) |
N /y
s
\ ;

JUT 2.6 druvesgnaztniunidudaniunssgnesuvesnsygnauyduyiaesiig o lneues

Y 1 P

NI wagauuuRNERU Lasn1sipdeulvesgnas Ui niionsegnauvveilu

[ an

U9 9 LgUa9NAIUNT kaga Ui anINa1su (ABn fnsilsan, 2552)

2) deoreszninenszniuviunszgnuds (Tibiofemoral Joint) tludesie
WU 2 89Andase (Degree of Freedom) lnasdumsipdeulmiidudou Jufeadestumiud
wfesam (Stability) Tunn 9 yauzyeamsiadeulm mwaansalunisiedoulm (Passive
Mobility) vesteit1s1andrusy Lateral LilaaaingusslnesssuvAves Lateral Femoral
Condyle fivurnlng/nin Medial Femoral Condyle, ﬁaﬂisaﬂa'auﬁ'ﬂijw,l,azma 527
5U519%84 Lateral Tibial Condyle Fawedu Lateral Femoral Condyle vlwanunsalinng
wdoulmldun daunuiiaiosnn (Stability) v8adei1g1a191ndIuA L Medial 3U50s
§59519AY84 Medial Femoral Condyle Zeiidnuwaizuavasmsiumdauagusiaves Medial
Tibial Condyle Fenonfu Medial Femoral Condyle iauﬁﬂﬁ Anterior Cruciate Ligament
(ACL) way Posterior Cruciate Ligament (PCL) Fadndrwisaedliandusisiianisind oud
waza Ity TnIm

283 msnas waznslaaszuineliaduda (Rolling Sliding Combination)

nalnfiauaunisnds uaznslnasewininduifanes Femoral Condyle uas

Tibial Condyle %Qﬂﬁ’mumiﬂaﬁgﬂ‘iﬁwaﬂ Femoral Condyle wag Tibial Condyle i:mﬂ;lgﬂ

Anterior Cruciate Ligament (ACL) uag Posterior Cruciate Ligament (PCL) 10 uaudnfay
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maindeulmves Femoral Condyle wag Tibial Condyle Lﬁsruﬁuassamﬁmmﬂugﬂﬁ 2.7
uazgUTl 2.8 Addy

aun i fosin13na suaznislaa (Femoral Rollback) 1 839103110073
A eulnszning Femoral Condyle uag Tibial Condyle fusinnsnasegrafeanzyinlsiian
selifey uagmnsesoly Femoral Condyle agvgalunmadiumds uagminnisiad el
5¥%379 Femoral Condyle uag Tibial Condyle Husinslaaag1nfaragyinlilayusatas
\lesannnnsruiuveInszgnfuY waznszgnuds 99n157 Lateral Femoral Condyle
yuelngjnin Medial Femoral Condyle uagnasluifuyniunniluvazsoudsiliife
msmuiammuﬁ@ (Internal-External Rotation) Tnguauy i 1991921Aia Internal Rotation

o A

WazzEAU1aTIAn External Rotation (a1saniinsegnauilagliinsegnudsegiui) lag

Y

3 Internal-External Rotation TANUsEUN 4-13 B9F0

Rl = Rolling——— , Y-
SI = Sliding 1.1 ¢ 4 \ \

(RI + SI) LFC

Yy

Sl

U 2.7 mswpdioulwives Lateral Femoral Condyle Wiaiusiusavivziinnisnaalug

Uszanad 25 891 Mndudunisnas wazloalundounu waziile ACL Asazinfinliinnig

LY aa

ndtegfealuaudia Full Flexion (Ussunas 130 a9 ) (s fnsiiSan, 2552)
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Rl = Rolling—* r'—’1‘“
Sl '&iding TR

(Rl + Sip

St

7

U7 2.8 Mswpdioulnives Medial Femoral Condyle Waisusuiauaginnisnasduyy
Usgana 15 o9 ntwdunisnds wagloalunseuiu uazille ACL Awzdrialminns

a LY aa

nagigapganedluauia Full Flexion (Usganas 130 adn) (Adn ANTUsAN, 2552)

q

a a s ! = o h .
2.9 ALULURANE Wi@ﬂﬂiﬂﬂ@ﬂﬂ']iLﬂaau‘LW? (Klnematlcs)
I P A a = al a Y &
Jun1sfnwiesuiedanisiadsulminusznaulumissunuy waganusivesns
waoulnl leeUs1Aa1Inn1sNANTUILSINTSYINTRNATY 819 Un15Pa0UlNIYRIdIUAY LAy
A7UUANYY99D TILANIDIA NBULNTIAFBULNIVBIAULAREAY LASBINBN LTILATIZUNIS
AlANG 1wy ndeerudge waglusunsudiasizvinisindeulmvestew TnedinnsAnuily
Wmsnsiedeulmang q lutiausedniu dudsndngluisososmarmans laun
1) msldgunUandadu wazi¥ayy (Linear and angular displacement)
Y] ~ ¢ a = a a A ~ =~ a
LWUAILUSNVU8DY N15IUAEULURIUBITEELNIY mamqwLﬂaEJuliJLmaﬁqmsJaJmimaauw
WivinAanssy teevieNdedly wu Lns kagasn
2) AuF (Velocity) Wudnsimsivasuniaivesszeznng weyurenie
van nentleNdeuly wu m/s, km/h
3) ALY (Acceleration) WusnsnsiUasulUasniui Tasviienduy

19 wiu m/s?

a a -4 G| = dl . .
2.10 Awfnd vsan1sAnen1seasulnanazuse (Kinetics)

Wun153As1EmA gt uLsINnsevindus1anielafinsiedeuluitiievinfanssunila
159 wazluudnnszyinuusanetdunauIanLsantAnanaeuen (External forces) haz

w399n018lu (Internal forces) usanszvinnreuenduusaufAzeMiina1nn1svinaueng 9
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WU Msenves Tneussnieuaniinsgyidesame fe dntnuesesiien uswiisenainnis
wdn nnsandeg Lssdiureau wazusndenvsiniiu Wudu lunsiaussnisuanues
$umeannsaliiaiesile Force transducer wiausiudunss (Force plate) Insfifleuiian o
nMsTaussUfAseiinulaetainudusuess dunstaussidaludety wnasvinismss
adoadinisils Transducer Whlludase Fudunssurumsiidssdosunmeveste Jeiins
Anfunnussiiintulutedieisnisden dmsuusinszyinieluduussfiiatuainnis
viauresdusng 4 lusumeiiteriliiAnnisindeulm viesnwaniwauna uagyiims
Tuvauziedondl 1wy usswesndunile 1u anudunisludesries \udu nisuszamrus
yaanduiiofinelfiinlumudnseinuudausing g msfwanLsng (Compression force)
warusndou (Shear force) finsyviuudasesneg saudsnsdumnauasunlamdsnuly

$19N8LEHD991NN159N9UYRINANLD 1A

2.11 wallanad1ansdaunau (Inverse dynamic technique)

' v
& al U

Tunsdinamansnisinvuinvewssuiisen wasvwinveslumudninuiusienie
Jududeddnannisfisenin wellanamansdounau (Inverse dynamic technique) @adu
ASnsAulauudounaulaeldusinisueniiuinszyiiudulsd iy Aafudeduse
A8uan (External force) 11N5e31AUSNNEY kassenendoulmnigldnneauaunaly
YUY 9 AWTOAUINNINSIURTTET wazTuuudls lnemailanamansdounauaziiu
nMsinAUsRagavedlan (Gravitational forces) LssUisenniuiinsgvisiewin (Ground
reaction forces) wazlhs9491NA18UBNAY 9 (External forces) AMAT1UI UIINBUBNTAUN

o = &, a ao o v A A o aAa 1 (Y [ 1 1%
nszyinIadudsndrfyansaldniesloiniifonia wHusuwLss (Force plate) TnAaanuila
] Aa £ dy 1 xov A Yy v Ay v o w I o =
ALLSITLANTUTITosR0Rsdau U TN lUNTown waztaaglnnnuaiau Tagluaded as
MAnTuannauLile wazioulenaluvmsdu ussUfnsendedoidunsisinveusauiizen
MAnTuNs 3 Aenslutede loun Aaniswuaniulu - uen (Mediolateral) WUARIUNAT -89
(Anteroposterior) ag wuans (Vertical) Inglunisfinwrtlazlduuuinassssuundiile 1as
n3eaN kastdududaduluuinaemendn mansnuianNNISAIUINNNNAMERSNA1N150
AATERAAULRANG uaznamanidaunauiiiinduludemn Taaldnudunusvotssi

VARTUTUAIUAUYY FIUT LAZEIUNIANNATNY

2.11.1 WUUINABINNNANAAIEANISIATIZNTDLUN
AUNITWAFIAAS LUAIUAUYT IUUAEVT hALAIULNILLAAIAIANNISN (1) D49 (9)

MUFUN 2.9 uavAesunedydnuallunisied 2.1
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wuuinasstaszlnn:
duusenauveIussuisenteona Xy wae Yy asandlugun 1(n.) auuwissunu X

LAZLUIFY Y ANUaauU lesuann

XH == XK + % [xH - éHZ(TTCOSQH) - éH(TTSiTLQH)] (1)

Yy =Yy + W, + % [Vy — éHz(rTsinHH) + éH(rTcoseH)] 2)

wazluuadaaglnn My lasuann
MH = MK — XK(lTSiTlHH) + YK(lTCOSHH) + WT(TTCOSQH)

+(Ir + %rTz)éH — % [Xy(rrsinfy) — Vy(rrcosfy)] (3)

wuuinasetalln:
AUUTENBULTY X MURLITTUIU X A Y TuguN 1) muwuifa y Amualag

XK == XAN + % [xK P QSZ(TSCOSQS) - és(TSSines)] (4)

Yo =Y + W5 + % [Vk — ész(rssines) - és(rscoses)] (5)

waLlaUATDLN My bA5UlIn
My = My — Xyn(lssinbs) + Yy (IscosOs) + W (15cos6s)

+(Is + —Mfrsz)és — % [k (155inb) — Vi (1,c0805)] (6)

RUUIABIVBNN :

ATUUTENBULTY Xy ANULUITEUIU X Uag Yoy TUFUT 1(A) muudfe y Mvuslag

Xan = —X¢ + % [Xan — 9F2(TFCOSHF) — O (rpsindp)] ()

Yuvy = Yo + Wi + % [Van — QFZ(TFSinQF) + O (rrcostp)] ©

WALLULUUATDIAN May bH5UIN

Muny = —XeVany — Yo (X — Xan) + Wr(rrcosOr)

W . W . .
+(Ir + ?FTFZ)QF — ?F [X4n (rpSin€p) — yan (rrcosOp)] (9)
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X <
o
(n.)
Yo, Vi Xg 4
Knee (K) T< "
X g X Kr\
/]
r o "s
Shank(S) J ;
S
Y
Wy Y Xan
Myy Ankle (AN)
Yan
X O
(2.)
Yav:Yan y

x

(A.)

JUT 2.9 MsasnauuudnaemeadinmansvausiniguenaudIuae laud (n.) daudun

(2.) @3UUaN8 kA (A.) @3N
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AT 2.1 SIensdyanual LazA1asuie

Heyanueal AB5U"Y
Wi thwiinve s
Ws ihwiingesmduane
We thwiinveai
It ANYTIVBIAUY
ls AMNNYNVRINEIUUAY
T TeyEevRIAUdnaIave U TasaeL lum WU
rs SrgyvinavesAudnalIavesndulagandesoaglumuian e
e szgrinevedAudnatslavenntedoaglus s
Iy Tuudanudosvesiumsouunuguinans
s Tuudanudosvesudulaneseunnugudnans
I IuLuw‘immL?iaaﬁuauﬁ'ﬁaw,nugiuéﬂaw
Xs dauﬂizﬂaﬂuumsmmaumﬂﬁﬁ%mmﬁﬁuﬁu
Yo ﬁauﬂazmaﬂmma?{wmLmtlﬁﬁ%mmﬂﬁuau
Xu, Yy SLULNANVDRLLINA
Xk, Yi vegfinnvoL
Xan, Yan SLYLNANVDLIN
X Py ALSINNSLAR B UVt DAL INNANLLAUSTD
S O ANuIsINTAdouvesaIt M NLNUE1Bs
X Vi ANalsIMsLARoUTive T aLTA LN US19B
6,.6,,6., mimgw,%mmamﬂué]’u‘m, dnane, 1
6,.0.,0,, | ANUTUTVRNUAUYI, VIdIUUANY, Wi
0,,0;,0, AT UTIUVDILNUAUYY, VIdIuUaNe, Wi
0 mnuisailesanussliudag

2.12 1A399dauazIsN15A1e 9 NYlun15AAsIzHunIsdanasans

MsANWISEUIIUTINaFManSLa a1 TaUTEENANENNITNIIAUNAAEATIEN

TUTus19nele wareSutednuwueni1svinaulIndanun 1999 nSalinansesnuuInlause

] I o & Y a A A I v a o 1 v
i']ﬂﬂ']ﬂ@ﬁ'mli GU']L‘Uu%gmENNLﬂs@ﬂu'E]GU'J?JGLUﬂ']iLﬂ‘Ui'JUifJﬂJSU@HaV]Q']Lf]um@ﬂ'ﬁﬂigﬂqﬂmﬂlsﬁ

nanmMsnunamans dunsudeyanianamansndrAgy laun vuie dmdn n1sindeulng
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ANIL5T AAS wazUSILse faduedeslefituldlunuduiinamansiisatums
vhanfandueiesdoflidmiu msta nmzideya Feusenouludedsd

1) msdadeyadndausanie wazindn w3 esdlodild Idun wnf st sdmin
\3aeIndndIus1enie (Anthropometer) vi3awnuin (Husu

2) My Wumsinyuiitedesisne wagdumisesdiusisne in3eailefily
oA Tnillediimes (Goniometer) waziunladiwas (Flexometer)

3) maadeuln dunsiaimsfiwasualuanuinan A uazanansslunis
wd oulmvesdudrusieniesng 9 w3 esdleldimiondn Tuduneuunlaiwes (Motion
analyzer)

8) ms¥anisviiauesnanie vietanisidsuudamalnivesnd e
(Electromyography ; EMG) LﬁaﬁﬂﬁimﬂadﬁﬂﬁﬁmLf}jﬁlﬁﬂ’]’ﬂﬁgﬂ’luuﬁﬂﬁamﬁﬂﬂﬂiuﬁﬁ]ﬂi'iu
vik ufdlfifudeyaiiiensisaeuaudn wasdodrinvesiinauseiiannsaldnuldegng
saiadlunsiey

5) myiausadiusing 9 U Tunieusesnszgn visluvesvissliifiegnisiauves
il endvesluneii dnislduse Inslaniznnseniad eud1o wes wuusIaeme
Tanamaniumsinuildlifoyatifiossnaunsduinussnauunueusenszgn

6) msmedeUAIEIaluNT S we s emeTiawuuade wavwaTh dudunis
SolusudiiAnansesneiidnladgiuvis vieinusaissmeanansaainsldgeaaluvimg
$IN9€)

7) myiandsumanugesnine ieussnaiinaeusingssiviosnane
Tnglanizlasiasanszandunas vilinugavessimelagsiuana

8 n1s¥aussnsevindeiiu et duteyauszneunsfiansanlutuudiasms
FInamans

9) n15TAwseduvesile (Power grip) wazussduvesiafe (Pinch grip) Lﬁa@
muanusavesite warih fustlenfludewesmsoenuuuiaiesiionis q Agedditelunis

PYUIUYINU

o o ¢

2.13  53UUIUNSAGRULNIVBINY B
NsiRILIsTUUIUNISiAdaubmvesuywdiiiafiuanisid sulmiinwaudiAdu
ndudedldaiuilunane q duszneu ldzludunisussuianm madeuluswnsy

nsAwIsIAdiaiveviatuauilsa Taufennuslumunisasisuauis lnensimun
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szuviunaedeulmvssyudidofinunninedeulmlinnaudady fesiinrmd woy
nsumdnnsiiiadeuiethulduseneulunmsairslusunsy Gemdnnis waenguiiddny
favualdesuelinuwioluil
2.13.1 mInsrasunmsaasulua (Motion capture)
msnsadumsindeulnidunszuiunislumstufinnisiedeulmeia was
wasulweglusunsadinmansfiamsatlUIgle lnensanaugadiday (Key point) 7
wdoulmluvinadauls udrhdeyamaduinnufuiioainnisuansualusuresaiuda
Wy nsrmafunsideulmvesiysd yaaniuenafudivestoss vieanileudeves
ofurevdn Tasgamaiiazgnasradulaeiduieesd (Sensor) uinines (Marken wiaf
Fumudiuenle (Potentiometer) AfaliRUATazamady uazazfufmilidoyadmiu
mInsfuwngunsaliiudeyassly
2.13.2 wfinvesnsnsiadunsiadeylna
msnsedunsiedeulwmluegiuidhefunainraisds Tasanusoutan
wmaluladaldle 2 aflavdn o loud
1. nmsanatunmaedeulmlagldutivin (Magnetic motion capture)
Tngldduesinlimudausie e tnaduududnlninanudsiings
pomnnuvasiidneduiidadsliluusnnuiiiinnsadu bueesudasiaazgnaeansin
ihdnsasiaruiiemdumisvesduimesusasialuaunausingn 2sasiamazdsteyaluidi
\nSesneuianosiouanidiuis uaznsvuluaniia

2. nsasvdunmsiadeulimlagldnass (Optical motion capture)

saa

Junisldaenmidlesdafivvivlunsfiamusiiumiavesnsnnesiae
oenuarusing 1 lnendesialetiadlfiauduuusunasdunsnsn ielildnmiuansiumis
Y0390 1 dmsuTEnsiifudseenluld®n 2 wuumudnunsandnnes iy éun

1) wsninesuuvasiounasdunuse (Reflective marker) 1dunisld
wasdursnanumasifiauasinnliseu q ndesdnenin wasazazTiouiiundninesitlvidiu
Hugeiifimrandunasnnnituinusu

2) wdninesuuuvasn LED (Pulsed-LED) F5dlumasiiinuasazegiich
wdnined nsnmatuarliisiaeudunasnuase LED Tnenss 1ntuaznsaadumumis
wdninedanvaty q ndeunsutuiledwnlaglimguiammden udldiumidu 3 I3

WidnHTym Wy nsaduunsnines mssuniu wagnisuatewesunsnines Wudu Tnely

wate 9 ssuudniinisuienlasinsegnunldlunisadieanisiedsulnisiedaavyglvnis
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wdaulmiamugniennniu esnuesianruduiusseninsdosiona q limiloud
Fumbsfinsaduldiiluiumisesausasgauaniu Fdlidamnuduiudle q dedu
2.13.3 nsnsrsunisndeulmitldlumdananians
Anuinsiinamanignldifiodnuinisnevaussuessnsniuy dsonss
waglugudAntunelusisne Wieandanssusna Poyalunsinsesidnluguszney

luasusenseyinntguen wazn1elusisnie Jainainnisinaueesndiuile vn1enns

'
o w a 6 =

wisuli wazduwdsineadudadiuvessiinisvesyanaiinidigninsizd dslunisiiv

Y

= v

Tufindeyarimmamsiedeulmmsiinamansarnlngjazldindesilodmiutuiindeyanis
waeulmegendesile niendesdunisaiieldlunisadraniwaudia saufunisin
indainefuuuaviouuas viowvuiueslagaindniinatedeuustsmeluduiidenisas
Fnw TdukusuusafleuunssfAsendi i uvosusardiu saudsldiad eatnedulnih
ﬂﬁ”mﬁauwlﬁ”maﬁm%’uﬁ’uﬁﬂﬁ@mmmﬂw vionsviadua i fiinainnisiey
yoandunie wenanilildsusulusunsuneuianeslunisiinszinsindeulnwiiionss
forenneg 1wy deazlnn doiv1 wazdowi susnims) anusadem deyadildamisn
il wruiuuiiasmisdanamansiednuinsaniely uarlumudingzvidunsegn

NIDUDADAN )

2.14  dfviiunanie

Apstiwin uazdugadunnzvesmsasyiulavesianenyd Jsanansaiald
1nedesilefilduimnsgiu Tnsunfausilodulsyann 18% vesiminvesireniy auid
lugfuannndn 200 Buludsiiotifluguiu msfissandeenuauysainaiinioosldnig
dndruvesinmelaanizimiing wageugrasitime wasinsmardadinans
(Body Mass Index ; BMI) § st unisinesdusznavaaisranisanunsamidlngainnisds
dwidnmiaduilaniy ko) misfedugamheduunsidsaes (m?) adld Aedoyaves
amzguamvesiumedesiu Sanmeihimindufuendulymiematulsediudmaste
mailuglsadorinden uaglsndu q e Tastiwesrdviinamenieidudsnnsgiuild

AulpenlUuwaninanisen 2.1
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a 1 1 I v oA
$19199 2.2 NITILUSYINUBIAINYUNIANEY

M3y Rty Anrtulanie (kg/m?)
dwidnanndauni <18.50
WBDHUUNUIN <16.00
NaNUIUNANY 16.00-16.99
ADUT NN 17.00-18.49
dwnund 18.50-24.99
dminidy >25.00
AMzEUEIU 25.00-29.99
99U >30.00
9IUTEAU 1 30.00-34.99
DIUTEAU 2 35.00-39.99
DIUTEAU 3 >40.00

2.15 adanlelusuide
2.15.1 NMSNINUATUIANGUATDES

msimuavuIanguiieesluanAdsludsddydmiunnanuide wmnnis

funUszanslidaau deudmwansnadnsvessuddeiils wioenananladiinisisuilonia

fagldnaogslaifituddamaata viellemaasunanideRanain isensldsedieid

SrunutosiiulUasiinavi v ilomatoefiasas19muauLANA1BIIE IR LN

Sunusegrannifulugensiliniualdaielunsive wazdiunarfideddlumiasy Tnsly

nsAnniifunuiseddine wiemsiTedmssanlulssnnsdivunalug wazinis

Y 1

ALaNmaE19MeIsN15dueg 198 (Simple random sampling) ANV UTELAN

De

€

[~4 1 a & 1 (v 1 1 d' = [~4
2LV UNITUTLUIUANNITINLFDIVDIUTEVINT (AN, AU LaEALRAY) NIBLUUNISNAFDU

bd)}

auyfgu Wesnusennsiivwinlug waglinsiuiwindsssnsnuiueu deliugasluns

Ao ndLdugnsiiugiuues W.G. Cochran luaunis (10)

2
Z" q/2p(1-p)

n=—_—— (10)
eZ

[

g n = IUIUNGURI0E4 P = dndiuauynveUseuIng

A va o

Z = sgauanuiulangideivun e

[y

ndruAmnuAatneasuNgausule
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Tusu3dei lidenl4933 K-Mean Clustering wazld Elbow Method 1iann

911U Cluster MU AUNAALUNITHUILENAUANNYRUIAN8VDIEENAT 1nedS K-Mean

9

Clustering {umaliafidinsuustayasenandudungy 4 eg19duds lnsusastayatiug

Y

gndnlieglunaulanguuilaingu uazds Elbow Method WHuisn1sinAnanandeu (Error)

VBINATINYBITELIITENINN Data Point iU Centroid ¥8en 9 Clusters lngArAainLAGou

179111580731 Inertia ©38 Within-cluster Sum-of-squares Criterion $1gATWaAAIAI@UNTT

(11) Inen153m Cluster luusiazsoudrgnandIuINaIaINTINIY Cluster MAUTULT Y 9

aa o A ° & N o o = a'
jﬁﬂqiﬂﬂﬂﬁﬂﬂVﬂﬁngaum@QQWUQU Clusters A gﬂ%ﬂiﬁWuaﬂ%ﬁuswﬂgm ﬂi@u%aﬂﬂqﬂﬂq@

C dm
inertia = Z( Z distance(d;, cx)?)

ci @ diinc;

dle C fo nquvasdayaagudnan uaz d fie nquuastoyaluusazyn

2.15.3 N1SNASRUFNNAFIU

(11)

TunsnaaeuA1Ra Y aDAN LT LUNITNAABUL Z - test t - test wag AT

AATI2UAIULUTUTIU (ANOVA) T3 Z - test uae t - test linaapunsaliingusiiog1anils

WIRARINGN dMTUNITUATIENANLLUTUTIU (ANOVA) ldnaaeunsainin

aoanguiuly lngadausazUssinniteonnasiodu Aadl

[

1) 999NauUsIAUTBINISNAEDU Z — test dnail

1. nausiegelaunlaeni gy

1 Y 1

AdAIY

q

2. MIWINWIWBIUTETNsulAsUn® (Normal distribution)

[

3. Yeyaeglunnindunsnia (nterval Scale) Yuly

4. N51UMNNBUTUTINYRIUSEYINS (OP)
2) UoANanUnIAuYaINTNedaU t — test Hpall
1. nausegelaunlaen e

2. MIWINWIVIUTEBINSIIULAIUN

3. Jeyaagluinnidunsnia (nterval Scale) Yuly

4. ldnsumnuwUsusiuvesuseenns

3) @AMSUTRNALUBIRUTBINITIATIZIIANULUTUTIU (ANOVA)

1. nausegelaulaen gy

19471AN I

a v

&
AU
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2. MmawanuasvaaUszrnsiluldaung
3. doyaegluinmdunsnin (nterval Scale) Fuly
4. ngusegusazngududaszroiu
5. fnuludasznneludiedng
6. lins1uANuuUsUTINYeUTEYINT WAAMLLUTUTIUYDIUTEYINTUA
aznquilenvinniu
\flosannmsdenldadfinegeu desfiansanidenldliaenadesiutenna
Dowuvesadfnaaoutu 1 fiduandiui lumsmaaeuaadensdui vieassngu Tums
UfoRaedinsld - test Wudumn fedlmsemanadsd
1) donnandesduves Z - test Tnsszyinagld Z- test Ifidansauen
ANNLUTUTINYRIUsEY NS weitunsufuRdnazlimsuaanuwsusiueeslssyns
2) fengudegrsfivunaluguin azviliaresamuvsainadudase

(degree of Freedom : df ) HANWNNTUAINEIAY ANANEATDY t TUAIINGATDY Z Aagdlan

'
al

TndAsaiusnntunuainu aulufignesmuriaududassi 00 adngaves t Aua1Ings

d' U o o o A o N Y a
PN Z NIEAVULANALULAYINUITUAUNINUNDA

2.16 WARBMNEItas
2.16.1 "uiteneafumeszinanmanivasdaiinuyudlurindens

Tun1sAnwAnwIALUAng LarALUNANAYDITMADT9E1Y LAaZAITUAILEUY
sewiaAian1snaedLuuiianefures Hwang, S. et al. (2009) Ao wuutiees wazwuufiy
(squat and stoop) InensTasgrinsadeulmuvvauifluetaataswesiuiu 26 Ay
YUzl onna eeumein 5,10 way 15 Alansy msm?{aulmﬁuadmmaﬂmqﬂﬂ’uﬁﬂ Lay
Ainzilagldszuuinszinisindeuiivuy 3 T8 saufuukusuuss wazszuudiaalasunle
n37ila deyanisiedeulmgnrimunsesnininesasiounas 43 ¢ Jsinegidumasig g
VUNMIN1ANNTUSIAADANITINAINLS Plug-in-Gait 31nATAlASIEAnUIllTANULANAIS
othafideddlulasudasaavesdosotiaeseniumssnisaonnaia lnsdoasinn way
Foundudiuddyredumudsenitimssnsuuiiiess wasluuuinissewfiunumdfy

N v (%

Tunsenuuuiy dnwaglassevsserlunisenuuuiseesdlanuduiusegeiidodiAgy

de

[ [y

TUIUAVDIVBNIAIN ATULANAISIL NS UL LA DAL TN NI AU UNUS DL L TEF1 AU AULD

o

L)

Tunnsenny
TunisAnwnaauransiusoufeunsIduna tibiofemoral U89 Mizu-Uchi H.

et al. (2014) ihwelifuuseiinlavesUiemensadauuiaeneuiamesianizves
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granadasyUivanssenlasunisiato ey Tngldlusunsy MIMICS afsgunsansegn

a

Tibiofemoral wagldlusunsy LifeMOD/BodySIM @snsuuudnaeenauile uaznsean 3 I

13 ¥

Audoyaviniiess 2 uuu $1vinay 3 A% wsaUfATeteNneg sEni1e 0.9 - 1.1 v
whwiin saselingeaalussniensiseesiiugads 92 - 96 own wssgeaaialdluszainenis
fawasvesgthetsansiinnueadondeiulurnedivesusoinn 90 psm LuuTaeuY
ussdudagaandl 2.2 - 2.3 wihmesmidni ddlndiAsetuiiialdlunsdasiiae detwasine
mssedfanuiifinedoins ussduiageaniiyusetn 60 osen wazanasilosediaiinty
nadwsslvifiuiusstoiiioagniindisnuufuswosndiudediudns mafinuild
UsglovtannlunsinungnansznureunatianIsNIfe Larn159a38909AUTEND UL SIFUNE
ansoth U lumsimunisesnuuudernifisniiofiuuszansamnsiauvestom

Caruntu et al. (2015) lAnvniesfuiuuiassdo wardoaslnnluvii
9099 Famsa9a0UMLgNFRsTeIUUTIABIN UM TTIABsluTLAY Tnenudusedoinn
aegaluvindsgesey fiuszana 120 aaem wazdlusandanile Quadriceps gegniusEa
4,500 96U wazhsadudadelyigeagauseuias 5,500 16U muanu lngdaininves
nsaneil Ao nadwsdildunamnnsmageuiiisinSufiveteraatnmileau uazlifinig
Wisuisuiuinguszasddy o dulule

Dela Pefia et al. (2018) AnwnAgafunisranuvesiatluseninwintiees
TnawSoufisunansenuvewiiisseuuuioide (Asian Squat) waryiniiIeduuUYIIAe
il (Catcher's Squat) Tneviifauuu Asian Squat vilaeanainsuiuitu nnevdszuna
arunieialug iwreglndilvauasAunudluidu $3nduialuindurins vienkou
dmsurnede salurnildludinusesriu wagdnin fe Catchers’ Squat wiloufiusin
Asian Squat usisansaRignduiny nansAnuandidiuindeuuansces ity
Turluudgsgaludeidi wagyuesmn1ssolisenineintassaluy Asian Squat wazvintl
gOIUUU Catcher's Squat TumsAnwriinuimvinfsees Catcher's Squat fluwusdoitn uay
fiiluvhgendwidsses Asian Squat widviiisas Asian Squat tufinaiiesuinn uay
anunsotsldununinvindeees Catcher's Squat Lie99INENYAEANLSITTUTIRVDIVINTS

2.16.2 yuidaifeaiulnludieduudvasuusiassdain

Tunsfnvinisasivesdumindludorwinnmssiassdorwiioniay
wuv lown wuvldaenndnediu LUUEBULUUNIEANIATDLYT Lazlkuudenaassnuluvfy
wari1ifsavad Koh et al (2020) wan153denuin fanflsuuuuidenuuunieiniade

InaAuuAndNlndResiutainasenniian wenaintingldteulumsiiu wagnsiiees
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nseenwuLtafieufidenadesfurzuansfiuuindfisiinnin iedlsutunsesnuuui
Liaonnaseiu nadwsuandliifiuinanuaenndosiuvesiiavauuseneuludainiioudu
Jadvadaludiuuindvestoni egalsfnuniseenuuuiiideunuunieiniadawld
ansolvmAsAndfiauysaiiuumileudeiiiaisle

Shu L et al. (2021) Anwndfieiiouifisusaumans waznamansnisduda
gasdoniion fudewund wuusassowlwlumoduuding 4 wwuildsumswauuas
T\t ensreaeu Idud Terindounvuoysnyidulyindsuiney fuil (Fixed cruciate-
retaining), ﬁﬁaL°U"1LﬁemLLUU@ﬁﬂ@LSulﬁwé’wﬁmm?%auﬁléf (Mobile- cruciate-retaining), 9®
Wnsuwuudaouluinas (Posterior-stabilized) wazdaiinflsuiuuiifiosnsinaiy (Medial
pivot design) Wisuiieuiudelunilae@nuiluviimensiu Arasaumansiinianisal
Tuanaliiuindeviisuwuuiiiosnsinans (Medial pivot design) LEAIHAIAUANERAS
pdefudaitiund uazldlfuaninaindoulmiitaudsturesnsgniunn wuiluiidudasuns
Tiie) wazusINAdUTaT sn31uud ey unf (1,315 mm? waz 14.8 MPa mIuaIAY) &
aonadaafun1smsaanuseismangeslsalatafateu daituiisnuuueyiniiduleings
viladouild uasdouiivunuudndulyinduandiiuiusnadudadesiign uagain
flgmuesmseanuuudoidiniiouits 4 wuumugdu namsAnuidieliidlasaumansuas

nalnnsdudaludeisuseninamisiiu waglideyaneriuussansnmeedarinund



unil 3

A5ALUUN15IY

3.1 uni

TunsAnwidlaud 3snsaiiusideesniu 2 du fe drudindadumsdnem
AMULANA1NITINaAIARS VoL eIng N a1adATUNATINIY 31 AUAUNgUeIaNlAS
Wasudarinsuau 31 aunieldviiiiees waziuSeudisuanuwnnd1esseninadyinaanie
(Body Mass Index ; BMI) Iuwiazﬂfcjummaﬁmﬁw?%miLﬁus’ﬁayjamimﬁaulmLLuummzﬁa
vulusunsu Qualisys Track Manager (QTM) S2uAULNSANDIALTIDILEY NABIDUNLTA LaY
wHluSULSe warnssiaswuuTaduedlaundndaelusunsy AnyBody iiaadiawuusiass
Tassaframeininuyed wagdiassmanamaninsiadeuiivesteiivasiewes dauilaos
Junsfnuussduda uazaruuansseanginssunisindeufivesuuusiaesdeiing
wazuuuTaeoifisuneldviniiges Ingldnanisinseiainadruiiviiasiaewase
setlpuisyelludiodiuuduulusunsy Abaqus Knee Simulator

uenand idvhnmaieudisunanisiemehifiotuduaugniesesnisiians lae
mMsSsuiiisuiuauidedu q ARndeaiiensisaeuramugnieswenadiiiaszsilalag

WHUWITEIMUALAAIGIFURN 3.2

3.2 NSYUIANENADE
desanUsznnstiaunlng uarlinsusuuysssansiiuiuey dafurunafiegig
annsadaldangashivsurnndiog1awes W.G. Cochran Fauaniniaaunis (12)
PNNSNUTSSANsIuioadadlumAdeldmmueaaia o Faseluil
1) fszduenandesiu 90% 2%, Wiy 1.64
2) edaduanuynvedlsaderndon 13% p whiu 0.13 (5193, 2560)
3) AiAnuAaaeAsuTiseusUld 10% e wihiu 0.1

[

FeanunTafATNTIUIUIIRE NG NUTEYINT LARaT]
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2
Z° a/2P(1-p)
n = o2 (12)

e2

1.64°(0.13)(1-0.13)
n = 2
0.1

=30.41 = 31 AU

a

= o =3 = I 1 a U 1 CY 1 I CY
LfLI’EJVI'Wﬂ’]iﬂﬂ‘U']L‘UiEJ‘UL“VIEJUﬂ']LQﬁHiﬁﬁﬂﬂﬂﬂqmaqﬁﬁﬁmﬂi 2 nay (ﬂﬁj‘ll@?ﬁ']ﬂﬂﬂiﬂﬂﬁ

De

v

wazndueaadnsidsudeidn) auludddddnuiudiiegisvionun 62 dieg waglunuidel

lauvanguenaadasauainviuianie (Body Mass Index ; BMI) Auunzauiian Ao 3 ngu
A18735 K-Mean Clustering ay Elbow Method m13m1519% 3.1 Lagiilesaniidednnalunis
AniaNngueanaling slianunsanvuavuianguilegslunsinguauafviinian gl

uuwiniule

M1579% 3.1 Aivilananiey wazdwiuelaalasusaznay

hsrdautiwtindedaugs (BMI)
nguAviNIaNIY 218nadATUNG onaasinsdsudain
(@MU 31 Aw) (MU 31 AY)
nauinIUY 19.0 + 2.25 (kg/m?) | 21.80 = 7.66 (kg/m?)
(Light weight) (@MU 11 AL) (AU 11 Aw)
neuinUnd 26.01 + 351 (kg/m?) | 27.73 + 2.53 (kg/m?)
(Middle weight) (U 16 AL) (U 15 Aw)
ﬂﬁjmfmﬁﬂmﬂ 37.44 + 6.14 (ke/m?) 35.77 + 2.39 (kg/m?)
(Heavy weight) (FU 4 Au) (U 5 A)

3.3 n1sAANsasdEHilng

feunsfnasatetanalinsindusoswenissusesnnanenssun1ssesssunsively
uywdauszidouuna. Mfensfnviidonaznismaaoslunywd wa. 2555 ierunis
fuseaduimsdansesoranasinsiimeinaunAdiuam 31 au uageraasinsiudsutein
(rnundninasinsdadonanunndd@nnges) S1uam 31 Au wasuUsngunuSaTEmiin
sodua ¥3eRviluIanie (Body Mass Index ; BMI) 311w 3 nqul

3.3.1  owadasunAduu 31 A

1) anmiameanysal uduss LiflsaiAedesiudei

2) Wiflomsuimiduden a ganafivhnsiudeys
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3) hiflmnufinundvediassadissmendmadonisiiuteyaluvintges

3.3.2  @1dnaiAsiUasutainaIulu 31 AU

1) sveriuindimsiidaaeudeiilininii 1 U

2) pranatinsavualgtaRsidulssnndaduleings

3) hifleinsuiniuden a Frsnaiimsiiudeya

4) hiflmnuiiaundvediassaiissmendmadonisiiudeyaluvintges

3.4 maudeyanisinfoulniauiia

3.4.1 MIATIVAOUANUGNABY wazANULuEIvasgUnsalinutoya

1 o % o & v = = . v a
NeauyinNIsiNuYeyastunesiinisaeuliiey (Calibrate) NassdunLse wag

wruSuusaTInAulUsunsuiuteayanisindeuln Qualisys Track Manager (QTM) nouvn

A3 lngasldananuwnuiyuvesiuiunse wasldldsuimninauuiunuiunsseenisiiy

v = d' o o = o, a = '
SU'Em.Ua Ws@igﬂgﬂ']il,ﬂa@uVL‘Vi'NJ@Q@']ﬁ']a@Jﬂi Iﬂﬂ%gmqﬂqia@ULﬂﬂ‘ULﬂumaq 60 UM IW‘EJV'T]

ANUARIALAA BUT NS UlAUBIA@BULTIeU (Calibrate result) @I5haibAY 0.5 DAALUMS

(< 0.5 mm) TudrunsaR UL s ULKHUSULIID1E1@TASADITU I UMB S UU LN LS ULSIA8LIN

2 919 AU NBHUSULTIL Ao nALREINUTN 1IN U0997181@8AT TI9LLAAIAIVDILTILY

PUIWTIAU

al

Calibration file:
20190625_105818.qca

Calibration results

W" Calbration passed

Camera X fmm) Y (mm)

01 408406  -3223.16
02 242682 286114
0 504692/ 481.16

0 1107.25 ° "3762.77
05 -336746 3864.91
06 533163 47926

Standard deviation of wand length: 0.42679 {mm)

Z (mm)

1910.62
1817.23
1500.29
1891.61
189250
191265

Calibration camied out: 2019-06-25 10:58:18

Points
1405
1364

Open Load Other...

Avg. residual (mm)
737

0.96224
0.62248
102178
061605
0.58385

d‘ [ . [ o (Y] 4 v
UM 3.1 AuSuiiieu (Calibrate result) wdsanninmisusuiteugunsaliiuteya



< d o oa v T
ﬂnm{lay‘atnermumnaﬂ"laﬂi'uavu'ﬂumuwaa

o ' Y] - 3 ) o Il )
ﬂﬂnsaqnqummﬂuﬂiﬂnm uﬁxﬂqua'\aqﬂuﬂsl\JaEJu‘l’l’al'll'l'lUVI'Niﬂﬂﬁ

l

< o . . ' Y - '
Anwnnanszmumsiadeubndasswinngueraaiasuniuasngy
o o ' )
ananasinsasutervnluviniaves

Tairinu (UuU59)

WisuigunamTIATIE

Annusiduiaszwituuuiaedudiueusesion wariududipseunsegniundnumey
sewianvuiiaesteriind uaswuuhaeferiuiisnmeldviniiees

nserussduta uavnsiadouiivesdat
Tairiu (UiuUR)

< ) oo d o d
Wisuifiunansinseiiuaidedugnedes

}

AATwA agunamside daviguidy

dl U :.II o a a v
E‘U‘Vl 3.2 WNUNILLERIVUABUNITANUUINUIRY

34
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3.4.2 NISAANNSANDSASIDULES

Aownsudeyariniees 1aalinImnaAuIzgnAnAauisninesasviou

LA99IUIU 41 aﬂuumumﬂ‘] “UaﬂiwmﬂmmﬂLLUU Full Body Plug-in gait makers lag

i’]EJﬁuL’EJEJ@%@ LLauG]’]LLWLNﬂ’ﬁGW”I@J’ﬁﬂLﬂ@ﬂ@lLLﬁﬂW}’mGﬂi’N‘W 3.2 LLaui‘U‘Vl 3.3

AN5199 3.2 I LAZANUNUIEVDINNS AN DS AL DULAINAAUUFIVDIDIENIAT

9 YsAnes

ANUBTUIYALNUINITAR

L/RFHD (Fornt of head)

ANUNTNATWEIN9Y8/U70

L/RBHD (Back of head)

ANUNBIATWEU9T18,/970

C7 (7™ Cervical Vertebrae)

Junsganduvdadiunatuil 7

RBAK (Right Back)

A9NaN9ve9@L TN aITN9U N

T10 (10" Thoracic Vertebrae)

Junsgndunasadiuendun 10

CLAV (Clavicle)

Junsegnivarirnenansdndn

STRN (Sternum)

Uagangauunszgnen

L/RSHO (Shoulder)

Uargveanseantnuaniuasnssaniunaudiedie/an

L/RUPA (Upper Arm)

AINANAULVUT NI DA NLALIHI AT 1981 8/297

L/RELB (Elbow)

unsggnnansterendiedie/vn

L/RFRM (Forearm)

AINANILIUTLINI T DL DA T DABDNUNNDL8/2 I

L/RWRA (Wrist Marker A)

=Y

nszgnveeaiiildeinegie /v

L/RWRB (Wrist Marker B)

=

seanveiletliiineatnedie/am

]

L/RFIN (Finger)

v v
a

nseqnililetnadne/an

L/RPSI (Posterior Superior lilac)

UHUMALIULAMUVE 1IN TEANTINT T8/

L/RASI (Anterior Superior lilac)

UUUMALUUAUNTNVBINTEANTINTUTE/U

L/RTHI (Thigh)

AUTNNINANYDINTEANAUVITE18/U

L/RKNE (Knee)

Yuiutnadarntnedie/an

L/RTIB (Tibia)

AUTNNINANYBINTEANMTT9g8/977

L/RHEE (Heel)

nsEQNAUVInag8/97

L/RANK (Ankle)

Junseandomintnedne/vn

L/RTOE (Toe)

vunsEANVNINTIge/AN

L/RMT5 (5™ Metatarsal)

vunsEaniInegt1ege/An
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U‘ LSHO
. :

d‘ o 1 6 6 v LY} o
g‘d‘w 3.3 AMLNUIVBIUITALNDIALNDULAIUUAIVDIDNEEUAT

343 maiutayanisiedeulmenaadiasluvindees

NAIINANNNTALNDTALTBULAIUUINNEDIENALTATATUNNYALT Banadiag
Unfl waroranadinsAsuteiinsdesfuinuiiufivnAlugutuusiuiuns Tnediusasdneay
oguLIHUULTsTazuiy enanatAsnauazgniAudoyavinBuils Tneasdesduls uaznng
wrudntosidiafiutufinteyaidunan 5 3uif wdnduandumafudoyanisedeulm
Tuviifises enaadnsynauasdesissaadinoiiisaesinaessuulufuuiuiuns 8
semuAuFons liimunauilusazdes uavissesadigaiiionasiasusazauy
yldlagliiAnensidutindiiie Insusazafsaziuduanvirduudfisesasaugn
praatasynauazgnifuteyaluriidiseaduduu 3 ads iiletluTiesesiuse s

wazyUERA-18 AUdIY
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3.5  nsaseuuUItaasauinneluswnsy
351 nsduiinnmaadeulna

Tunstuiindeyanisiadeulmvindagesvesonaasinsazldnoufiunesi
Uszneuselusunsudmsutuiinnisndeulmuuuanudid Qualisys Track Manager (QTM)
3AUNITIENA 098 UNILTAYDIUT YN Qualisys Camera 5;‘14 Oqus 700+ Aanatsalunis
Tufinnn 1,000 AwAeIUNTIT 200 Hz S1u3 6 §7 waTUHUSULSIVOIUTEM Kistler v
40 x 60 wuRwAT S0 2 wiu Tnevdniifedansmnesasiounaiuusoaaiasasy
i1 41 9eagvinstufindeyaninadeulmuesenanaiinsluvnduds uarluviiiees 1ne
ndosdurhisnazuiinnsindeudivesnininesazviounasissuil 3.4 deyadildanduld
c3d Fadulwddeyauszianluun3fivuiinluzuuuu Coordinate 3D (C3D) wagtduguuuy
mmgmﬁm%’umﬁmLﬁuﬁayjaﬁammL‘%’a, Ay, ussdnvesnianes swufedeyaann

LNUSULLSY (Force Plate)

JUN 3.4 wuvinassaranadinsluiguil wavvinlseasmelusunsy QTM

352  masduuuiaesszuunduiile Tasinsean wasiduidy

FEUUNITASMUUTIa09v0dlUsINTY AnyBody tuMsasnawuuinaesssuy
ndundle Tasenszgn uasidubuuywdidumunuaiousiesdnanes Hulsnsiiofing
uaziinsizsinamansnisiadeulmuesstanigluanimuindensins q dunsdiassiieinse
Msin NM3TassaEisaUssiiunuautinglusinelaegiuninzay grelinuideasi
wudraesnduile uasnspnlavasden armnsomummUnaweusUARTen uarns
A oulmvesuuusiassiauuuAiuaind uaswamanidoundunislusianie denis
Iinzinndeyanmsiedeulmuvuanda vemsineviimasaznsiedeulmluiaing

Used1iu lngflusunsuasigudeyaveinsean uaznauiilosns o eganunsaldeuanli
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winnganiunsAnwle wu Winin diuge saufsnuaudfvesndiuie uazidudu Falu
ns@nwillaldlusunsy AnyBody lunisasisuuuinaesanudiinusenausielasansean

ndnuile uazidudulagldlddoyalssian c3d Fadudeyanisindoulmauiifvengy

Y a (3

p1analinund waznauenaadinsiuisutaidnaeniugaunsanesveskuuinaes weldly

q

nsdassnisedeulmlunidsees uagliasigiuseiifatuluduinnuang 9 luuudsou

¥ dy . = & ¥ 1
wwIuny usslunduile Quadriceps salufsudn - sadaLi

= ° Y & Yy & O I A a
Eihﬂ 3.5 BUUINADITEUUNAULUD Iﬂiﬂﬂi%%ﬂ LLagLﬁULaiﬂyu‘Vl']UQEJ@QLLaSVﬂEJUUQ

3.6  tumountsadeuuusaesEudAvuiUuasy
36.1 nisUuiinnisidauluagaslusunsy Qualisys Track Manager

1) 1Ualusunsy Qualisys Track Manager (QTM) wagLd mlWéSﬁ’a;ﬂams
wisulmdivihnsfiutufinulwiBuiiafieads Model Template

2) wadeanininasnnyalinssmiuunsgiunasfauuy Full Body Plugn
Gait Tinsu 41 90

3) vhmsa¥iaudu Bone Sequence Tnsanidudousiogmnsninosiamun
Tdulasasensegnuyed

4) Wilkaundosfleduuudonsds AIM > Generate Model... > Create

New Model > Verify and Edit AIM Bones La2933an1u@oinis wastudinlug

4‘ o Q.II

5) Ualwadayansindeulminduintseeslun mds AIM > Apply Model
\don Model Template T0uiinlineuntil se¥egaunianes uazlasssnseaniagaing
zuanslulndvindioauieniu

6) husumsufeguaunuadlauiienyalsuniy uazyndugaiviandy 1

sou (Mnduilallautisgesgn)
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7) a1ntu Export Inldeaniduuiuana .c3d iilevnluldadanuudans

lAsansEan néwile waziduduuulusunsy AnyBody sely
3.6.2 Msas1uUUIIaesENdfnlelusunsy AnyBody

1) Wliliawmes AMMR Ssazgnadradusnluiindsnfadslusunsy
mﬂﬂgjulﬂﬁl Application > MocapExamples > Plug—in—gait_MuLtiTriaL_StandingRefIﬂ&flu
Tawesiarililaweddonsn 3 IWawmes

2) Wlawes c3d file dwsuiiulid .c3d vesindu wasvilsees

3) ames Output dwsuiuNanIsIATIER

4) Tlawes Subjects dmsusiulnamestosvasindu wazvindieemasus
avonanadasuazfossdelnlawmeslinsatudelng cad

5 lulndudazlnamesoranadasaznuyalid AnyBody (Any File) lngas
Usznauludaeldn 3 d2u Tdun Subject Specific Data.any (ldtniin wardaugaves
91@d1IAT), Main.any wag Trial Specific Data.any

6) 1115 Run Parameter Identification 2834v18wiii 891013 Optimize
aunsinasvedlild .c3d Tidiugeansanesuadlusunsy AnyBody

7) w&191ntuiinig Run Analysis Tnelusunsuazyinnns Run kinematics
AeuauLESaEy way Run Inverse dynamics analysis Lﬂu%umauqmﬁﬂa dlewaSadulusunsy
setufinnan s eiilndmes Output

8) aenmmsimesaulaludes Chart Auw71 Lag Export A180n1N

3.7 A5ATIRMLUUINaasdalnunlusunsy Abaqus Knee Simulator
3.7.1  msassuuUInassainung
Tunms@nwillwddoyatududaiiivesngueaainsaulnedlifisamere
nsadrauudiaesduwuy Seldlduuusiaesdonunfdunuuiilinissuseadiann SimTK
MBknee lnendudoyaanteitneraratasudony 20 3 dvidn 70 Alansu dugs 170
wuflns somadamsairsnnlagldaunuivanuazadvingamnudugs (MR) Taglid
wuudnassternunadlvluguuuulndluund STL (STereoLithography) YNMsUSU wavasns
Fulmah Suuuusnans 3 fdlagldlusunsy Geomagic Design X (3D Systern) n&saniutih
wuudrassteriundludnnsegrlvdisunsefianansavszneuiniuuuudiassnszgndeidn
Taglaglusunsueaniuu 3 46 SolidWorks (Dassault Systemes) @115 utlUILAT1E%A 8
se deuds nludodwuduulusunsy Abaqus Knee Simulator WUUI1a9998181UNH

UsenaumefiudiunssanauYl vileusestalt wariinseangnasn dansluun 3.6
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(2

JUN 3.6 BudunTegnauy) Mieusestown wariinsegnanasinraiuuinasstaiinung

3.7.2  nsaseuuUIIaesdoriies

LLUUﬁwaaﬂ%’aLﬂhLﬁameLﬂﬁauﬁgwmmgﬂﬁi’ﬂaaammﬂ%’alﬂj%ﬁam%qwm‘imé
Usziansasulainds dve Implantcast, ACS JuILUDS 4 enenaaiasiudsutewd
nmunldsunsasudoruitendulssansaduleivds Tnenszuiunsadauuusiascde
Wifisudandvdrgnifutoyanisnisammuesiunu Tdud suie uar sUnss dewmeda
Imnssudouseslagldeiosaunu 3 3R wasanfudoyanameninvestuau deyaszgn
USu waradedulmiidusuusiaes 3 Aalaeldlusunsy Geomagic Design X (3D System)
ntuasiludugulndid usuudassed witsuuitugrut oo dvslasld
TUsunsueenuuy 3 &R SolidWorks (Dassault Systemes) dmsuiinluiinsizvinieseiiouis
Inludedwuiunlusunsy Abaqus Knee Simulator WUUT1a897L U N NUTENOUA Y

a 4 =

FuadurATaUNTEANAUY ViauTelRI TN waziignasULiien Auanslugui 3.7

SUN 3.7 BudnslnsaunseanauY) vdeusestail ey uazingnasuniieuvestoiniiey

Uszandaduleings
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3.8 NsHvUAAMENURIHN
melereifemdeuTElnluioduudaudfldtmunduduuusaesoriiund
waziuuaestartuiion Idun Sudiunseqndeudaidn Anszgnanasdh ususasdou
Fudausiasounsegndue uagnueusostoiduisliidutanuuy Isotropic elastic
materials Insd udauHnsaunszanA LY Lagnueusost el uiiugnivualiiduag
Ussuanlavgnaulaveadlasiden (CoCr) wazanindiofiduihninluanaguiufivay

va o

(UHMWPE) Anasivesaniiffanuestudiuuuusiasstoninuni wasnuudiaestoriniiongn
AUAS1BIMLMSAN®IBY Kang AUAN3 ST 3.2 (Kang et al, 2018) luduwveaiiede
gouvailaneIEnINtanansegniuY wavdorensegnuiiuds Uszneulumedugniiudng
Ty tdudanudneuen waviduledn1unas (Medial cruciate ligament (MCL), Lateral
cruciate ligament (LCL), Posterior cruciate ligament (PCL)), L1duszuan 1UAAS (Oblique
popliteal ligament (OPL)), touludfleflusea (Popliteofibular ligament (PFL)) uagtoudn
audly wazdutsueninaiiense duualga (Medial and lateral posterior capsule
ligament (PCAPM waz PCAPL)) iiloifaviamsngnamualidussiusuduloaSuusauuy 2
{1 (M3D4R) uazesAUsznevavisiliifudady quantiveadudugnuandilumsned
3.2 AMuN13AN®1989 Shu (Shu et al, 2021) Fudrunvudasdlnludiofmmdauifves
nszgneeutolln wazriAsounszgnduLIgnimueduuddunssiszingaamasy lu
dutudunuuhassludiofuufauifvomueusosden wosvususosdoifiougn
fvuaeduugidunsmnnii lnon1s@nwdaglduuiavesofiudd 1wy, Fadugaed
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TortwiaesUszianazgnusznousiuiunszan ndmiie wasnduduuulusunsy Abaqus

knee simulator dauandlilusuil 3.8 uazgui 3.9

M1519% 3.3 AAsvean iR TanveawuuTnaaleinund washuudnaestaw ey

(Kang et al., 2018)

Fudruuuusraasdaitn ANEARHYRIEY (MPa) | ansndulawes
nszgneosu (Cartilage) 15 0.47
MUBUIBItaIY1 (Meniscus) 20 0.30
rAsBUNTERNAUY (CoCrMo alloy) 220,000 0.30
nueusoIvaLULed (UHMWPE) 685 0.46




15991 3.4 AATIvBsENTR Tanuesdwdy (Shu et al., 2021)

duduy AMUATEABNEY (Prestrain) | A3WTeRe(N/mm)
aLCL 1.01 135.3
mLCL 0.99 135.3
pLCL 1.01 135.3
aMCL 1.02 124.7
mMCL 1.03 124.7
pMCL 1.03 124.7
ALS 0.8 36.3
PFL 0.96 46.7
OPL 0.94 533
aPCL 0.99 46
mPCL 0.96 58.7
PCAPL 1.04 93.3
PCAPM 0.96 88.3
PT 1 5000.0
RF 1 5000.0
VASI 1 5000.0
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al,, 2014; Sanford et al,, 2014; Kulkarni et al., 2016) waﬂWiﬁﬂmﬁummwé’ﬂgm‘lmmm
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4.3  Han15iUTeUNEUAULANAISVINGANTIUNITLARDUN LAZUSIAUNE

YBIKUUTIADIUBLY

MsfnwIUTeuIfisunuLANseINg AnTTINSIAA BuTivesLUTT AR eI UNA
wazhuuaesdorinisuiifinsdsuwamelivindises duginisiinseiuisudio
mNuLANAIYRINSIAARUT wagmsvaulu 3 fienns leun mandeuilunuadumi - vds
msiadeudilunuasly - uen msedeudilubuafa msvyuseulnulubudum - n&s
msvgusouunulunuaduly - uen waznimmyuseuunuluuIA1weUUTIRTBLIN
suludimstiesziussdudaluuusassoriaesssan

43.1 wawW3ouidisungAnssunisiedeudl waznisuyy

wnlfungAinssunisindeudivesuuudiasadolinazuanslugui 4.12 log

Msideuiiliinuniian Ao nsiedeuiluluifs sufemsadeudiluluasuni - nds
waen19iad eudilunuaduly - uen laewgAnssun19iad eud lunuidiunii - ndaves
wuudaesderind uazuuutasstoriniisndunliiluiinideai anguil 4.12 (n) uans
TidiluthameonFududa 25 ssm wuudasstenuniazinaiedeudilulunuiunth
Wivadntien uaziadeuiindullunndunds Tasnsipdeudivesnszgnaunnveauuuinaes
Forirunfesiinunltundeudilufirmafuvdigeanysyann 18.0 faduns Myusedein 25
psmiduduly druuvudrassdoniisnazinandeuiiveanszgnduululunuadumi
Uszana 3.0 Sadiuns Turaeuaeeia1i 0 i 50 pen wazaziad ouiindululunudunds
aeaaUszana 18.9 fadwes wan1sinwddenndesiunisinuideuniifiindeidnasie
wAinssu Femoral rollback vien1stadewudiluuuiduvdnzseda Tnslunsfnwives
Arnout wazameldsenunnedeudiluludut - vdwesuuiaes  Taiuiieuids
widvduszinniaLduluings (Posterior-stabilized) nanvianedve lagiianisiadeuily
NNAUNTIGeaAUTEUIN 14.0 D9 22.0 Tadiuns luyeyuaetawi 120 84 130 8467
(Arnout et al,, 2015) kagA15ANYIVDY Koh waramzlAs1891ULUUT1a09T 0L UNRLAR
WeANT5U Femoral rollback Uszunas 18.0 fiadwunslunuudnassdo1uns (Koh et al,
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LaENIANEID4 Silvia LazanEfiAnwIANLLANANBINIToRNLULT B L ELUSTLANGR
Bulvimdmuindnmaadoudlunudimundwesuuusiassiiussan 16.0 8 25.0 Tadluns

(Silvia et al., 2012) YedannapInuNISANYIN
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voansEgniurLiisadndesidesuuusiasinasanisisens lnsuvusassteitunfiayd
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“uanfuuliuedeadafunisineni lnefinnedeufifioandniios uaznafinaonnisseidn
(Baldwin et al., 2012) daulumuw%uﬁmaqﬂiz@JﬂéfuﬁmiuLLmaqwudwLLUUf\i’ﬂaaaﬁy’aamf\]z
fuuluedouiilulufianisuunivasisg lnsuvudaesteiiunfiasfssozindoudives
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\ndouiiveanszgniululLIfvasaeanUszann 11.0 fadunsdauanslugud 4.12 (o)
WAL TV UYR UL B UNR wazluuTIaeedoiieuluns
Hewosazuandlugud 4.13 Tnensuyuseuunuluuuifs uuudassdeiiniionazdnig
vyuseuknuluLIf sganiuuuitassterinddanandlusd 613 (n) Tnglunuudiaes
forvnfiagifinnsOnmyuoonsunenvesnszgndumogi 5 esalutismaeiinFusu fs
125 83f1 wavziansUavyuveenseanauviinuly lngasiinnstavyudngegais 12
a1 diulunvudnaesdenfiguaznuinasiuuldunsianyuesnduuenveinsea Ny
ysEana 3.5 earmlutiayusonFudu i 40 eem waziAnnsdanyuddnulugsan
Uszana 18 831 Inenisuyuseuknuluiuniswesuudasstowundlunisdnuad
aoandesiun1s@nwiveansunthiildsenunsuusouunululufmeuudiassdeii
Unilpaiinnisvyuidinulugeanuseuna 18 aeen (Koh et al, 2017) uaglunsAnwives
An wazangliedurenisiianisdanyuidisnulureinsegnauyl 138 Internal Rotation
Usganad 4 3 13 aamunsseitn (@8n dnstisan, 2552) dlunisfineives Bernardo wag

AuzlasieunsuyuseuknulukwIfweuuIassaisnuszsnvdaduluinduia



59

nsdanyuddulugeanaussan 10 §9 12 991 (Bernardo et al, 2020) uonani
nMsfnwdu 1 lusuudaesderifisnussnvdaduleivdaldmsmmuunliunmsdnmgud
Fuluresnszgniunsdnensthess Ssdunliilulufafeatufunisfinui (Sivia et al
2012; Kang et al. 2018)

] Anterior+ === AP (Normal knee model)

41 Medial+ === ML (Normal knee model)
[====AP (PS model)

=ML (PS model)
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parmaBANTIEes drunsvyuseuumiluiuad il - uen wion1se - Bavestoiimuin
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(Amout et al., 2015; Bernardo et al., 2020; Silvia et al,, 2012; Kang et al., 2018)
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[====VV (PS model)
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4.3.2  wawIuLiguLsIFues

1N3UT 4.14 uansussduiaiiAnturesuuudaesdornund wazuuudians
Toiniieulasuusoaniuussdudadiuly (Medial Contact Force) wagusedudanuuen
(Lateral Contact Force) Ingluussduaniuly uazauuengigavesiuudnassdoiruni
WinAv 1,147.33 996U wag 3,029.1 9du druusedudan 1ulu wazaunengIgnves
WUUINADITBLY A EUNAU 1,303.36 HIFU waz 1,094.33 976U 9ziula1buUIIa s
forinundazilussduiasuuengsniussduiasluy iesaingusiswes Lateral Femoral
Condyle flvualuainin Medial Femoral Condyle wag Lateral Tibial Condyle 3sfluund
WoRfy Lateral Femoral Condyle vilsinsggnauvianansnindouiiluilasuuen (Lateral)
unnnddladiuly (Medial) uenaniidulvivi wasidulaiudadugiddanisiedoud
wavairaadosnwluilsinlusnndn Ssdsmaliusedudasnuuongsniussduiasuluves
wuuTaestold1Und druuvudiassteiiiiendsuinsvesmueusesteufivufiaiig

AUNMTAU AT Post-Cam mechanism Ja1uanelun153nnn1s1eaaUNveIdudIunNsEan
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Fuvrdenaliussduiasuly wavduuendiuuilduvesaiilndifseiu lnonan1sinwid
AudenAdasiuNsANEfountfilssieuLwltuveussdudasuly wassdiuuenves
WUUT1ae99ewUNg wazkuudnassvaldieuinduluululudidaneinu lneaunsedussa
A1uueNIzaInILTsdulan 1ulurnesaiyn (Sacha et al., 2022; Bernardo et al., 2020;
Sauer et al.,, 2021)
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Abstract. The objective of this study is to evaluate the kinematics and kinetics of knee
joint during squatting based on the data of three-dimensional (3D) inverse dynamics
analysis. A total of fifty-five subjects was collected which consisted of thirty-one
normal knee and twenty-four total knee arthroplasty-TKA with the average age and
body mass index (BMI) of 24.8 + 2.2 years, 25.14 = 6.6 kg/m* and 66.45 £ 6.8 years,
28.05 + 4.2 kg/m’, respectively. The 3D motion capture technique included the inverse
dynamics analysis of the musculoskeletal (MSK) model was performed to analyze the
dynamic movement of the knee joint during squatting based on computer simulation
software. The contact-forces and moments of the knee joint were evaluated and then
were compared between two groups using statistical mean different analysis. According
to the results, there was a statistically significant difference (p < 0.05) of the knee joint
forces and moments between the normal knee group and the TKA group during the
squatting. The magnitude of maximum resultant joint force in the normal group and
TKA group revealed an average of 4.35 = 1.0, and 3.14 £ 1.3 times bodyweight,
respectively. The maximum value of the axial and lateral moment of a knee joint in the
normal group revealed higher than the TKA group. Also, the average maximum flexion
angle in the normal knee and TKA group was 143.1 + 12.9 degrees and 86.2 + 20.1
degrees, respectively. There were statistical differences in squatting movement between
normal and total knee replacement patients, especially in the kinematics of flexion
angle. The evaluation of knee joint movement enables used for diagnosing and
following the knee joint function after total knee replacement such as Oxford knee score
(OKS) during daily living activities.

Keywords: Squatting, Inverse dynamics, Knee Joint, Total Knee Arthroplasty
1. Introduction
Squatting posture is a common activity that is found in Asian daily living, especially in Thailand such

as resting, toileting, and meditation. The knee joint is the most vulnerable and susceptible joint, as the
main lower limb motor joint during squatting activity. Nomally, the squatting activity to the knee joint
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movement which related to the flexion angle of above 120 degrees. High-flexion or deep squatting often
refemred to the angle of the knee joint that over a range of 130 to 165 degrees [1, 2]. The biomechanical
evaluation of the knee joint was associated with the analysis of kinematics and kinetics data. Kinematics
analysis described the motion of multi-link systems as the human skeleton without the consideration of
motion cause, for example, flexion angle, velocity, as well as acceleration. While, kinetics is the study
of the relationship between the motion of bodies and its causes from both static and dynamic, such as
the equilibrium of forces and moments.

According to squatting posture, the occurred force and moment of the knee joint which related to
the ligaments and the knee joint included shank and thigh. Recent studies have shown squatting or high
knee flexion for long periods which is common in Asian cultures is considered as one of the risk factors
to cause a higher rate of knee osteoarthritis. The increase of knee flexion angle during squatting causes
greater contact pressure in femur, tibia, and patella cartilage. Also, the large moments and forces that
will resultin high stress at the knee joint will reach damage to cartilage [2, 3, 4].

Nowadays, total knee arthroplasty (TKA) has become one of the most successful orthopedic
procedures in providing pain relief and rehabilitation of knee function. The TKA patients were post-
surgery need to return to their daily life activities that need a different range of knee flexion angles such
as walking, ascending stairs, sitting, and working on the ground that needs over 60 to 130 degrees of
knee flexion angle. The biomechanical study of the knee joint is even more important after arthroplasty
because the knee joint forces are therefore directly implicated in joint articular wear and damage,
especially to the polyethylene component. In many studies of TKA patients, the knee forces have been
reported for a variety of activities, for example, the contact forces during walking increased at 2.8 times
body weight. Stair descent were contact forces at 3.2 to 3.5 times bodyweight more than stair ascent at
2.9 to 3 times bodyweight, respectively. While during squatting, the knee forces were in a range of 2.8
to 3.8 times body weight at different knee flexion angles [5, 6).

In the present, 3D motion capture is the most common technique to detect the movement for the
analysis of kinetics and kinematics of knee joint including forces, moments, and range of motion, that
used the 3D retro-reflective tracking markers located at the anatomical joints and segments, which are
obtained by the 3D infrared cameras. While, inverse dynamics technique is the most comprehensive
method used to calculate the joint reaction forces and moments which require the kinematics data and
the ground reaction forces acquired with force plate synchronized with the cameras based on computer
simulation software [7, 8]. For example, the studies of biomechanics of knee joint during squatting, that
used a musculoskeletal model by 3D marker motion capture data based on computer simulation and
force plate to collect kinematic and kinetic data to examine knee forces and moments [1, 4, 9].
Furthermore, some studies of TKA patients and knee osteoarthritis were used the same technique and
constructed subject-specific models to examine the knee biomechanics [3, 6].

Also, the diagnostics and rehabilitation in post-surgery follow-up of TKA patients are using Oxford
knee score (OKS) and the knee movement assessment to examine the knee function, range of motion,
and pain after total knee replacement (TKR) surgery which related directly to the force and moment of
knee joint during daily living. The recent study to validate the Oxford knee score (OKS) in patients with
knee osteoarthritis were collected by the New Zealand Joint Registry, which found the OKS are useful
predictors of early rehabilitation after TKR and use for the monitoring of the outcome and potential
failure in TKA patients. It can be considered a reliable and valid measurement [10].

This study was to examine significant differences in knee joint biomechanics based on inverse
dynamic and 3D-motion analysis. By focusing on the study of posture in daily activities under the
activity of squatting from fifty-five subjects consisting of thirty-one normal knee group and twenty-four
TKA group. Kinematics and kinetics of knee joints were considered directly and then compared between
groups. The information on knee joint movement can be clinically applied in diagnosing and following
the knee joint function after total knee replacement such as Oxford knee score (OKS), which useful for
predicting medical treatment. Finally, for implant designers to develop of high range of motion the knee
replacements.
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2. Biomechanics of knee joint

Knee biomechanics is simple concerning the type of motion. The knee functions that characterize the
biomechanics are complex because they needed knee mobility and stability. The knee jointoffers a wide
range of motion with high resistance to external stress. Loads are transmitted by a combination of
compressive force between the articular surfaces and tensile force in the ligaments and muscles.
Ligaments are considered passive elastic structures and can only be loaded in tension. Muscle and
tendons are considered active elastic structures and can only act under tension. Bones are non-elastic
structures and work under compressive loads [11].

A.  Kinematics of knee joint

Joint kinematics is the study of the relative motion between two consecutive segments of the human
body without considering the forces that cause them to move. Squatting is one of the postures that was
used for the kinematics study of the knee joint. During knee flexion, knee joint motion is a combination
of sliding and rolling between the contracting tibia and femoral condyle surfaces with a range of motion
about 0° to 135° of flexion. The internal and external rotation about the knee is approximately 5° to 10°
in cach direction [9]. In daily activities, the range of knee flexion angle extends from 10° to 160° as
shown in figure 1. First, the screw-home mechanism of flexion was in a range between 5° to 20° with
the rotation between the tibia and femur occurs automatically. Next, the range of motion between 20°
to 120° of flexion angle was considered as the fundamental of active arc, which involves most of the
daily activities. Finally, the passive arc between 120° to 160° of flexion angle, which is most commonly
used in the Asian population [12].

Figure 1. Range of motion during squatting of a human knee joint.

B.  Inverse dvnamics of knee joint

The inverse dynamics technique is the most comprehensive method used in the solution of
biomechanical problems to calculate the joint reaction forces and moments that the musculoskeletal
system or load-bearing on prosthetic components during human locomotion. Consideration using input
data is needed to carry out this analysis, for example, body weight, body segment parameters,
kinematics, and Kinetics information [7, 13].

The lower limb consists of three rigid points including thighs, shank; and foot as shown in figure 2.
There are connected with a single hinge joint and internal muscle forces are acting on this joint to
counterbalance the moment due to external forces. The relationship of the internal forces and moments
developed at the ankle, knee, and hip joint are determined in the weight, a moment of inertia,
accelerations, angular velocity, and angular acceleration of the segments, and the orientation during
walking and squatting. The components of forces along the positive direction of axes and clockwise
moment at joints are positive values. The dynamic equations in the thigh, shank, and foot segments are
written as in equation (1) to equation (9), respectively.

Component of joint forces Xy and Yy along the plane of progression x and vertical direction y
respectively. While Xk and Xax along the plane of progression x and Yk and Yax along vertical y are
given by,
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Hip Joint Model:
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Figure 2. Extemal forces acting on the segment: (A) thigh, (B) shank, and (C) foot.
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Where X and Yg are longitudinal and vertical components of ground reaction forces. The Xax and Yax
are coordinated ankle joint. Xg is the longitudinal coordinate of the ground reaction force. Wr, Ws, and
Wi are the weight of the thigh, shank, and foot segments X,,,¥,,,%,,V,,¥,and ¥, are the component
of translation acceleration of hip, knee, and ankle joint along axes of reference.
0,,0,,0,,0,,0,,0,,6, .0, and @, are the angular rotation, angular velocity, and angular acceleration of
axis of the thigh, shank measured clockwise from x-direction. While the axis of the foot concerning the
forward direction. The Iy and Is are the lengths of the thigh and shank. rr, rs and ry are the distance of
the mass center of the thigh, shank, and foot from its proximal joint. The Ir, ks, and Iy are the mass
moment of inertia of the thigh, shank, and foot about its centroidal axis. g is the acceleration duc to
gravity [15].

3. Materials and Methods

3.1 Data acquisition

The 3D motion data of volunteers were collected, which is human rescarch and experimental, and
preserved by the Human Research Ethics Committee (HREC), Suranaree University of Technology.
The biomechanical evaluation of the knee joint in two different groups of subjects consisted of the
nomal knee group and the total knee arthroplasty group was considered. The thirty-one normal knee
subjects which healthy and had no history of knee surgery (average body mass index-BMI of 25.14
6.65 kg/m’) were used and the average age, height, and weight of 24.8 + 2.2 years, 1.66 + 0.06 m., and
69.48 = 18.77 kg, respectively. While the TKA group consisted of twenty-four subjects (average body
mass index-BMI) of 28.05 + 4.28 kg/m?) and the average age, height, and weight of 66.45 + 6.8 years,
1.56 = 0.07 m., and 68.20 £ 10.78 kg. TKA group were performed by the same surgeon and were 1-
year post-surgery at the time of the data collection. All subjects were installed with reflective markers
on their bodies before data acquisition using a 3D tracking camera and force sensor plate during the
squatting posture as shown in figure 3.

(A) (B)
Figure 3. Anatomical locations used the reflective marker placement on the body during squatting:
(A) normal subject and (B) TKA subject.

3.2 The 3D motion analysis system

The inverse dynamic technique which required kinematies and kinetics of a knee joint during squatting
was performed in this study. The motion data were collected and processed using musculoskeletal
modeling to calculate knee joint force including moment. Each subject was tracked the 3D positions of
43 retro-reflective spherical marker points on the anatomical locations according to the Vicon's Plug-
in-Gait marker placement protocol as shown in figure 3. The marker-based motion data analysis was
obtained using a 6-camera (MX40) 3D motion system (Vicon). The ground reaction forces were
obtained from a force sensor plate for cach foot during the trial using two force plates (Kistler-type

97

81



The 11* TSME International Conft on Mechanical Engineering
1~ 4" December 2020
Ubon Ratchathani, Thailand

9281B). The motion data were recorded and analyzed using the Qualisys Track Manager (QTM)
software (Qualysis, Savedalen, Sweden). The kinematics input data and ground reaction force were then
evaluated and used to calculate the knee joint force as well as moment. The body segments were also
scaled using the measured data obtained from each subject included age, gender, body weight, and
height. The kinematics, kinetics, and inverse dynamic MSK model of the subject-specific were analyzed
by using the AnyBody Modeling System (AnyBody Technology) software as shown in figure 4.

Motion data AnyBody Modeling System Graph data

Camera data + Joint forces
> 1 = s Joint moments
Forceplate :“T ; * T
LR i T

Qualisys Track Manager

(Ki lysis)  (Inverse Dy + =
Measured GRF

Figure 4. Three-dimensional maker-based models data flowchart.

3.3 Protocol for the squatting activity
Before the squatting, all subjects step up on the force plates and putting the feet flat to ezch force plate
with both feet parallel to each other. To collect data, the squat position was repeated for each volunteer.
During the squatting motion, the subject has to keep three conditions:
1) Stand still until recording the statics mode for five seconds,
2) Squatting with maximum knee flexion angle within tolerance and with preferred trunk
flexion. Both heels flat on the force plate.
3) Each subject completed three trials of squatting activity.

3.4 Statistical analysis

The statistical analysis was considered by using statistical and data analysis software MedCalc program.
The biomechanical parameter consisted of knee joint forces, moment, and flexion angles during the
squatting cycle were then compared between the normal knee group and TKA group. The analyzed data
including means, standard deviation (SD) was evaluated. Also, the comparison of the mean difference
(t-test) atthe level of significant differences of p-value <0.05 was performed.

4. Results & Discussion

The purpose of this study was to examine knee kinematics and Kinetics in the normal knee and TKA
group during squatting activity based on 3D-motion techniques and inverse dynamic analysis. The
parameter consisted of the knee force (anterior-posterior; -AP, medial-lateral; -ML and proximal-distal;
-PD), knee moment (axial and lateral), and knee flexion angle. Table | showed the results of the
squatting analysis included knee joint parameters and the comparison between the normal knee and
TKA groups. During squatting, the average of AP-force and PD-force that occurred in the knee joint
displayed a higher value than the PD-force in both groups. However, there was a statistically significant
difference between the normal knee and TKA groups. The joint force in the nomal knee group revealed
a higher value than the TKA group. Similarly, the result of the average resultant moment included the
axial and lateral moment in the normal knee group displayed significantly higher than TKA groups.
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Table 1. Comparison of knee joint parameters between the normal knee and TKA group at the
maximum average as mean (£SD)

Normal TKA P
Parameters

(n=31) (n=24) value
AP force (BW) 3.56 1.1 291£1.2 0.0419
ML force (BW) 0.44+0.2 0.04 = 0.1 0.0001
PD force (BW) 3.09£0.8 045+ 1.2 0.0001
Resultant force (BW) 435+ 1.0 31413 0.0003
Axial moment (N-m) 8.84 £ 5.1 5.68 4.8 0.0233
Lateral moment (N-m) 3457+82 15.73 £ 16.1 0.0001
Resultant moment (N-m) 3599+8.0 20.71 £11.3 0.0001
Maximum flexion angle (Degree) 143.1° £ 12.9° 86.2° + 20.1° 0.0001

*Significant difference between normal and TKA (P < 0.05)

Figure 5 showed the results of the average resultant force and average knee force in AP, ML, and PD
direction during the squatting cycle of both groups. During the squatting phase, the maximum AP- force
of the nomal knee group displayed 3.5 times body weight at 53% of the squatting cycle. While the TKA
group exhibited 2.9 times body weight at 86% of the squatting cycle. However, the result of ML- force
showed a low value and closely between the normal knee and TKA group with approximately 0.44 and
0.04 times body weight at 49% and 28% of'the squat cycle, respectively. The result of PD-force revealed
that there was 3 times body weight at 77% of the squat cycle in the normal knee group and 0.45 times
body weight at 100% of the squat cycle for TKA. Also, the resultant force of the normal knee group and
TKA group were 4.35 times bodyweight and 3.14 times bodyweight, respectively. The average
maximum force of the knee joint in the normal knee group was higher than the TKA group during the
squat cycle. Also, there was a statistically significant difference (p < 0.05) between the two groups. This
result of knee forces was similar to the previous studies. For example, the average maximum forces
displayed in a range of 2.8 and 3.8 times body weight at the flexion angle of 125 degrees to 139 degrees
for different types of squatting in subjects without arthritis or TKA [9]. The previously also reported the
maximum force of TKA subject-specific model of squatting approximating 2.2 to 2.3 and 3.25 times
body weight at different maximum knee flexion angles [3, 6]. According to the studies that used the
same technique also reported the maximum resultant force in a range of 1.8 to 3 times bodyweight and
3.2 times bodyweight for TKA subject [17, 18]. The maximum values of the anterior-posterior force
nearly always acted in the posterior direction. The medial-lateral force was small and nearly close to
zero during the squat cycle. In addition, the anterior-posterior force was generally higher than the
medial-lateral force, while the proximal-distal force was the highest of those forces, respectively.
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Figure 5. Comparison of average knee forces measured during squatting for both groups with (A)
nomal knee group and (B) TKA group; the anterior-posterior force (black line); the medial-lateral
force (red line); the proximal-distal force (blue line) and the resultant force (green line).

Figure 6(A) and 6(B) showed the result of the average resultant moment and average knee moment in
the axial and lateral direction during the squatting cycle of both groups. In general squatting, the knee
moments were increased varied the high flexion angle. Comparatively, the average maximum moments
of'a knee joint in the normal knee group were higher than the TKA during the squat cycle. The average
axial moment in the normal knee and TKA group displayed the maximum value of 8.8 N-m and 5.7 N-
m at 89% and 98% of the squat cycle, respectively. While the average lateral moment showed the
maximum value of 34.6 N-m and 15.7 N-m at 88% and 98% of the squat cycle for the normal knee and
TKA group, respectively. The resultant moment of the normal knee group was 35.99 N-m while the
TKA group was 20.71 N-m, respectively. Also, there was a statistical ly significant difference (p < 0.05)

between the knee moment of the normal knee and the TKA group. For previous studies, the variation of
the axial moment value was close to zero or small negative and positive during the entire loading cycle
of squatting activity. The value of lateral moment was negative or close to zero and starts increasing to
positive values while during the initial phase of squatting. The axial moment was generally higher than
the lateral moment [14, 17] that similar to this study, respectively. In addition, the increase of resultant
force during squatting will increase the stress on the patellar tendon as well as the contact forces in the
tibiofibular joint. The force and moment exerted on the knee joint varied with the knee flexion angle
during squatting [15].
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Figure 6. Comparison of average knece moment measured during squatting between both groups with
(A) nomal knee group and (B) TKA group: the axial moment (black line); the lateral moment (red
line), and the resultant moment (blue line).
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Figure 7. Comparison of average knee flexion angle during squatting between both groups with
normal knee group (black line) and TKA group (red line).

Figure 7 represented the results of the flexion angle in each percentage of the squatting cycle between
the normal knee group and the TKA group. The knee flexion angle started ina knee extension position
of 6 degrees and 15 degrees for the normal knee and TKA group, The average maximum flexion angle
in the normal knee group and TKA group were 143.1 degrees and 86 degrees, respectively. Clearly,
there was a significant difference in knee flexion angle between the normal knee and TKA group. The
nommal knee group can be squatting with a higher value of knee flexion angle than the TKA group.
According to the risk assessment studies, the factors that affected to the range of motion postoperatively
for TKA patients included the preoperative range of motion, underlying disease, age, weight and height
of the patients, surgical technique, implant design, and postoperative physiotherapy [16]. For the
previous report, the normal knee flexion angle of Asian squatting was approximate 138 degrees, and the
average flexion angle in a range of 125 degrees to 146 degrees for different types of squatting in subjects
without arthritis or TKA [1, 9]. In addition, the maximum flexion angle during squatting for the TKA
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group was average in a range of 92 degrees to 98 degrees [6, 14]. The previous studies that used the
same technique reported the flexion angle was approximately 80 degrees to 105 degrees [17, 18].

5. Conclusion

In this study, the kinematics and kinetics data of the squatting activity using inverse dynamic and 3D-
motion analysis between the normal knee and TKA group were presented. During the squatting cycle,
the magnitude of maximum force, moment, and flexion angle in the normal knee group were higher than
the TKA group. The result of the maximum resultant force in the normal group was an average of 4.3
times body weight while the TKA group was an average of 3.1 times body weight. The average
maximum flexion angle of the normal knee and TKA group was 143 degrees and 86 degrees,
respectively. The result of this study may enable diagnosing or following knee joint disease, analyze the
knee joint function after total knee replacement surgery during daily activities, and for the knee implant
development to the high range of motion.
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