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Two Segment 3D Kinematic Model of the Trunk in Spinal Cord Injury
Yarossi, Forrest, Asselin, Kwarciak, Sisto

Trunk movement is a key factor in describing wheelchair propulsion in patients with
spinal cord injury. Currently, there are two common methods for modeling the trunk
segment using marker based motion capture technologies. The first method described by
the International Society of Biomechanics (ISB) uses markers placed on bony landmarks
of the spine and sternum. The second method is a more simplistic model using markers at
each acromion and trochanter. Both of these methods describe the trunk as a single rigid
body and therefore cannot delineate trunk motion at the mid thoracic region from total
trunk motion. A more accurate model to describe trunk kinematics would provide
additional information about trunk movement. The method described in this study uses
the trochanter markers with the ISB marker set to create a two rigid body segment model
to represent trunk motion referenced to the hip and trunk motion above the midpoint of
the 8" thoracic vertebrae and the xyphoid process discretely. Creation of a 3D local
coordinate system for each rigid body facilitates the use of Euler angle rotations to
describe flexion/extension, lateral bending, and rotation at each segment. By comparing
the acceleration at each segment, a model was created to describe a coordination profile
between the upper and lower trunk. We anticipate the results of this study will provide
new information related to trunk kinematics to be used for wheelchair design and fitting
as well as the improvement of rehabilitation therapies related to wheelchair propulsion.

Y
.(':_‘_;"‘-
\
v
C:_“,;
U\
~



uonepuno 4 Jajssay “H Auap ayy pue (03-H0S-$S0E-00) Anfu) pioD jeuds
uo uoissiwwon Aasiap MaN aul Ag papiaold sem Apnis siy) Joj Buipund

3
==
‘GZP-gLPof piod jewds (weishs sjeuipoos [gao) & Busn vondussep e uoisindosd
JEyDEayYM Jo spaeds omy Bupnp uoiow mogie pue Japinoys (B 18 'y tadoon MW Usbuog g
$62-E8Z° € 'ON'LE 197 0002 ‘Gyyr “uoisindosd
JIBYMBSUM JO SDILBYISLION UD LOIXS]) UML) Jo sousnju) (e 1a 'JY Jesien’ Wi ‘sebpoy ‘2
‘ZE-LER'EE 'GO0Z 'SNUBYSSWOIE SO jBLINOS DUBY PUB jSUM 'Mogla
“lapinoys | Hed— co._oE o] uewny jo Buipode) sy soj sjuol SNOUEA JO SLWRISAS BjBUIPIOOD
ol jo 1gs] 118 'rQ Yefisep, LD 'WisH 8P UeA D I |

RERLEREEED.]

(8ol aiby

"JUBLIBAOW JO [2poul Juepuadap swy & paonpoid juswbas
yoea Jo Uonelsjaoae Jejnbue jo Uciieinojes “yuni} au) Jo swiaped Juswsaow

JuSJayip JO UOIIEdIUSP aU) P2|qEUS [2poW Yun) Juswbas om) e Jo asn ayl

SNOISNTIONOD

"SMO||0} L7 8y} pue SN 8y Ag pesy st
UOIIOLU YURJ} JUSLISAOW [BUO)08POD Jo 8inbl ayy U] ‘sjuswbas aul usamiag
diysuoye|as [eiodwia) sy) SaqUISap YU} au) Jo Uojes|eaoe Jeinbue syl

‘diy 3y} Jo |9A8] BU) JB SINDI0 ¥UNJ) By} Jo UOHO -

sa|bue yuny Jamo pue Jaddn ugamiaq diysuone|ad Jpaug.

JUBIDIYBOD UOIEIBIIOD BASOd.

afaks ysnd o % a3k yand jo s
TR i S T T i T e e
T |
=
e
0ot m
S
o
oo
-
lae ¥
o e UDISUBIXT
" unpiersieany imnBuy i " uonriaiwany By
W W w m & a - ww w
uoixal4 o
o
-, -
.
.
.
" uoisusixg o
A " i
wlluy mbuy
=N S=N

S0 8LN
Do ELT--

Qoo S SLn—

yunij Jamon] pue Jaddp Jo uonoenpos) yunil JemoT pue Jaddn jo uosoddo

uoljeia)aady Jejnbuy pue a|Buy yunig

H a19h9 ysnd jo %,
001 06 08 0 09 05 0¥ 02 0Z O} 0

(WIN “HonEN) qefely Ul usium saunnol wojsno Buisn pazijeue

alam ejep |1y ‘s1oalans ||e Joj Aianoasl pue eseyd ysnd Joj a|6uy S17

auy} pue gjbuy 1N 8yl usamiag punoj sem (;x) IUBIIYa0D UoHE|ELI0D JEaL)
e pue ‘se|bue ||e o} paje|NJ|Bd Biam SUCHEISI8I0E puE Saiioo(an Jenbuy

‘ucissnasip Joj uasoyo sem sueld jepibes su) uljuswanow Juny Auo
{a1Buy papnjou) quny Jamol, sy o} Nquni) taddn, sy«
(816uy S17) 18qoib o} junu Jamoj, ayL.
(a1Buy S10) 1eq0|B 03 yuni Jaddn, ay -

‘papnjoul suoieloy

‘sUoliejod Jajng Japio Axz, Buisn punoj alem ualwaacw yuniy jo sejbue gg

‘81242 uoisindoud ayi Jo %001

O} paz|euliou alam ejeq |esuppews ay) o) paidde sem Juslowl pIEMIO)
e usym polad ay) se pauyap sem 81242 yoe3g ‘joalgns yoes Jo) waned
UBLWBAOW YUNJ) UBSLW 8y} Ysqe)se o) pasn alam sajafo uoisindosd ua)

SISATVNV '8 NOILDNA3y Vivd

‘syoeqg 1Bas Ubly yum suedioped

S}EPOWIWODIE O} JAYIEW §] PAPUSWILIODIA) §S| BU} 10} painiisqns sem g1,
Apopaue Bujuiod sexe Z pue A o} Jeinolpuadiad au) uowiwos

by auy o} Bunwod sisjueyosol) au

Jo wjodpiw sy pue g1 'dx Ag pewdoy sued syy o) Jeinoipuadiad Jojap 7
Apouadns Bunuiod Jajueysod; Jybu

puUE Ya| 2} Jo ulodpiw pue g1 pue 4% Jo juiodpil Bulpseuuos Jojaan,

X

A

HITSSINH ABNIH FHL

. Siipuesinjo ...M@Eﬂ.:“i leuonaallp-0d W €1 pue dx jo iodpipy :uibuo
lang] 219BI0U) pIW Je Aueunid sIn2o0 UDNHO @ RBUELEER TR EToR
sa|Bue yuni} samol pue Jaddn usamiaq diysuoiie|al asIaAU|- o Aousjue Buguiod sexe Z pue A o} Jejnojpuadiad aulj uowwon) X
JusIolya00 Uole|aLod anjeban« e, 09 WBu sy} o} jesele) Bunuod g1, pue gx Jo
P41 m yodpiw sy pue ;3 'NLS Ag pewiso) sueid sy o) Jejnoipuadiad Jopap, 1z
‘oL~ Miousdns Bunuod 20 pue N1S Jo Juodpw
991 pue gl pue (gx) sseooid ploydAx aup jo Juodpiw BunosuuoD 1018 A
G i 891 290 pue (NLS) ymou jeulals jo juodpiy uiBlo
810 66’ 8l 9£0° e W | Aienosey ! 5 041
R S17 pue §in usamjag ajbuy
vo- 98 6/- | - | gy | er- | pusnd SNOILINIA3d WALSAS J1VNIQHO00D
[ETER]
A i L 2 B 9 | jeuonouny ‘wayshs ainydes uoljow UodIA Blswe-, & Buisn zH
safan 09 1E pajoa||od alam EJED DNEWSLIY "SUoliEpUSWIWEDal §5) 8yl Ag payoeds
i L ~n_ | e s 2 o s SHIBLUPUE] 950U} O} UOPPE U| ‘19)UBYD0S} BU) PUE UOWOIOE BY) Jo joadse
e|bajdesed eifiejdensy |esale| 8yl uo Ajjelsle|lg peoeld aiem SIBYIEW anDaey ZH OE 1B papiodal
e T T a1am SOllaUIY WLUSNd “SIUSWIOW pue $32i0) ¢ Buipiodal jo ajgedes
e P e O SR swiuysnd pejusilunisul ~ sjpayHeLlS jo Jed e uim padeidal aiam sjsaum
A - Jeal ay) ‘ydw g je walshs 13)|0s JiNg WOISNI B UO JBYSIUYM UMD JBL)
L w [ W .8 jodoud o} peyse aiem 'Jussuod pauiopul uspUM UsAlB pey oum 'spelans xig
i
"3 " § "1 NOILD3TT0D Vivd
ed” 2d- bd*
— ——r—lne " fionooey ‘lepow JuawBas om) e Buisn Ag pauejga aq pinoo
o s w o Tmeesn L L ysng JUSLWAAOL YU} UO UOIEULLIOJUl MBU JBUM BUILLIBISP 0} SEM anloalqo auyl
o = o i i ‘Maesedas (g17) wawbas yuny Jamo| au) pue (g1n) wewbas yuny saddn jo
Ry 1 e < et uopow syuasaidal jey) |spow yuswbas om) e ajEa1d 0) }95 JaYJew gS| auy) o)
. B . ® il siajJew Jajueyd0l) ay) pappe Apn}s SIY) Ul paquUIsap poulaw auy] ‘lopaal)
£ i m & m Jo aasbap auo ypm Auew Juswbas siBuls B se yUNL sy} pajapow aney
e~ i AR i Lo~ i funfu) piog (euds e ypm suosiad ul uoisindoud sey2@aUM JO S8IPNIS SNoIABIY
S.17 pue 1N usamiag diysuoljeay NO _FUD DOM_FZ_
hwm._wn- MaN .Om:m..o JISOMN .:O_umuDQ._OU uoljeanp3 pue Yyodieasay uoneljljigeyay] |edIPajp 189|SsS8)|
T .a._me._ODMJ m_wh_m:< IUSWBAO[A pue aduellIOlad UeLINH

"aiN ‘uospnH-uosAqg J0A31] ‘Qud

@ A

‘VIN ‘Ld

‘01SI1S UUY aNg ‘SNl YeIdiem)] MaIpuy ‘Qud ‘}sallod |leD ‘Sg ‘1SSoleA MayleiN

nfuj p1o9 jeuidg ui jun.ij ayj Jo 1I9POJA dljewdury] ¢ Juawbag om(




