APPENDIX B: SOURCE CODE

Model Code: BodyBuilder (*.mod)

{* V1 created 5/15/2008 Brooke Slavens *}
{* V2 updated 10/27/2010 John Jameson *}

{* V3 updated 6/14/2011 Tamara Cohen *}
{* V4 updated 1/14/2012 Patrick Roscher *}
* ================= -

*}

{* This is a kinematic and kinetic model of the right upper extremity to be *}

{* used for evaluating wrist motion and forces in 3D. *1

{* It uses 17 markers with 4 body segments (trunk, right humerus, right forearm,*}

{* and right hand) and a Dynamometer segment.

{* Neutral position is defined with arms in anatomical position. 14 mm markers *}

*}

* - ====mmmm===

*}

{* Segment def:Segment CS = [origin, 1st vector,2nd vector,axes assignment=abc] *}

{* Meaning [a=first vector, b=2nd vector crossed with the 1st vector, *1

{* c=third vector based on the right hand rule, abc *1

{* —_————— - -

*}

{* ————— —

*}

{* Points which may not be present in every trial *1

{* === = = = =====

*}
OPTIONALPOINTS(RM2,RM3,RM5,0BJ,LDYN, RDYN, FDYN, BDYN )
OPTIONALPOINTS(RRAD,RULN,RLE,RME,OLC)
OPTIONALPOINTS(RACR,LACR,SPC7,STRN)

{* ===== = = = =

*}

{* MACRO SEGVIS *}

{* When called, this macro outputs the origin of the specified segment, *1

{* along with a point 100mm along each axis. Each begins at a point from the  *}

{* origin at zero. *1

* ——— - - -

*}

macro SEGVIS(Segment)
ORIGIN#Segment=0(Segment)
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AXIS_x#Segment=0(Segment)+(1(Segment)*100)
AXIS_y#Segment=0(Segment)+(2(Segment)*100)
AXIS_z#Segment=0(Segment)+(3(Segment)*100)
OUTPUT(ORIGIN#Segment,AXIS_x#Segment,AXIS_y#Segment,AXIS_z#Segment)

endmacro
{* —_—_———— - - - -
*}
{* Macros used for kinetic calculations of hand and wrist forces *1
{* —_——— - - - —_———_—_ -
*}

macro CROSS (First, Second, Result)

Result = { First(2)*Second(3)-First(3)*Second(2), First(3)*Second(1)-
First(1)*Second(3),First(1)*Second(2)-First(2)*Second(1)}

endmacro

macro DotProduct (One, Two,DotProd)
DotProd = (1(One)*1(Two)+2(0One)*2(Two)+3(0One)*3(Two))
endmacro

macro MOMENTMULT1 (One, Two,Three,Four,Result)
Result = (1(One)*1(Two)+2(0One)*1(Three)+3(0One)*1(Four))
endmacro

macro MOMENTMULT2 (One, Two,Three,Four,Result)
Result = (1(One)*2(Two)+2(0ne)*2(Three)+3(0One)*2(Four))
endmacro

macro MOMENTMULT3 (One, Two,Three,Four,Result)
Result = (1(One)*3(Two)+2(0ne)*3(Three)+3(0One)*3(Four))
endmacro

macro Eulerderiv(Angle) {* b/c of ZXY rotation sequence 1=z,2=x,3=y *}
Angle#t _dzZ=(((Angle(1)[1])-(Angle(1)[-1]))*(120/2))

Angle#t _dX=(((Angle(2)[1])-(Angle(2)[-1]))*(120/2))
Angle#_dY=(((Angle(3)[1])-(Angle(3)[-1]))*(120/2))
Angle#_dt={Angle#_dzZ,Angle#_dX,Angle#f_dY}

output(Angle# dt)

endmacro

macro ANGVEL1(Angle,dAngle) {* b/c of ZXY rotation sequence 1=z,2=x,3=y, units
converted to [rad/s] b/c of Vaughan *}

Angle##_avX=(dAngle(2)*COS(Angle(3))-
dAngle(1)*SIN(Angle(3))*COS(Angle(2)))*(3.1415926/180)

Angle#_avY=(dAngle(3)+dAngle(1)*SIN(Angle(2)))*(3.1415926/180)

Angle#t_avZ=(dAngle(1)*COS(Angle(3))*COS(Angle(2))+dAngle(2)*SIN(Angle(3)))*(3.1415

926/180)
output(Angle#_avX, Angle#t avY, Angle# avZ)
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endmacro

{* (1/2t) =1/(2/120) = 120/2, units of aa = [rad/s"2] *}
macro ANGACCX(Angle,avAngle)
Angle#t_aaX=(((avAngle[1])-(avAngle[-1]))*(120/2))
output(Angle#_aaX)
endmacro

macro ANGACCY(Angle,avAngle)
Angle#t_aaY=(((avAngle[1])-(avAngle[-1]))*(120/2))
output(Angle# aaY)

endmacro

macro ANGACCZ(Angle,avAngle)

Angle#t aaZ=(((avAngle[1])-(avAngle[-1]))*(120/2))
output(Angle#t_aaZ)

endmacro

macro VCGSEG(Point)

Point#v=(Point[1]-Point[-1])*(120/2)
output(Point#v)

endmacro

macro ACGSEG(Point)
Point#a=(Point[1]-Point[-1])*(120/2)
output(Point#a)

endmacro

{* Calculate elements of the ZXY rotation matrix * SIN/COS in degrees,use to get to
global,1=z,2=x,3=y*}

macro ROTMATRIX(Angle)

Angle#t r11 x=-
SIN(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+COS(Angle(1))*COS(Angle(3))

Angle#t r12 y =-SIN(Angle(1))*COS(Angle(2))

Angle#_r13_z = SIN(Angle(1))*SIN(Angle(2))*COS(Angle(3))+COS(Angle(1))*SIN(Angle(3))

Angle#f_r21 x=
COS(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+SIN(Angle(1))*COS(Angle(3))

Angle#_r22_y = COS(Angle(1))*COS(Angle(2))

Angle# _r23 z=-
COS(Angle(1))*SIN(Angle(2))*COS(Angle(3))+SIN(Angle(1))*SIN(Angle(3))

Angle## r31_x=-COS(Angle(2))*SIN(Angle(3))

Angle#_r32_y = SIN(Angle(2))

Angle# _r33_z = COS(Angle(2))*COS(Angle(3))

Angle# 111 x=-
SIN(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+COS(Angle(1))*COS(Angle(3))

Angle#t 112_y = -SIN(Angle(1))*COS(Angle(2))

Angle#_113_z = SIN(Angle(1))*SIN(Angle(2))*COS(Angle(3))+COS(Angle(1))*SIN(Angle(3))

Angle#_121_x = COS(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+SIN(Angle(1))*COS(Angle(3))
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Anglett 122 y = COS(Angle(1))*COS(Angle(2))

Angle#_123_z=-
COS(Angle(1))*SIN(Angle(2))*COS(Angle(3))+SIN(Angle(1))*SIN(Angle(3))

Angle#_131_x = -COS(Angle(2))*SIN(Angle(3))

Angle#_132_y = SIN(Angle(2))

Angle# 133_z = COS(Angle(2))*COS(Angle(3))

endmacro

{* Calculate elements of the transpose of ZXY rotation matrix * SIN/COS in degrees,use to get to
local*}

macro TROTMATRIX(Angle)

tAngle# r1l x=-
SIN(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+COS(Angle(1))*COS(Angle(3)

tAngle#t r12 x=
COS(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+SIN(Angle(1))*COS(Angle(3))

tAngle#t r13 x =-COS(Angle(2))*SIN(Angle(3))

tAngle#_r21_y = -SIN(Angle(1))*COS(Angle(2))

tAngle#t r22 y = COS(Angle(1))*COS(Angle(2))

tAngle#t r23 y = SIN(Angle(2))

tAngle# r31 z=
SIN(Angle(1))*SIN(Angle(2))*COS(Angle(3))+COS(Angle(1))*SIN(Angle(3))

tAngle#_r32_z=-
COS(Angle(1))*SIN(Angle(2))*COS(Angle(3))+SIN(Angle(1))*SIN(Angle(3))

tAngle#t r33 z = COS(Angle(2))*COS(Angle(3))

tAngle# 111 x= -
SIN(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+COS(Angle(1))*COS(Angle(3)

tAngle#t 112 x =
COS(Angle(1))*SIN(Angle(2))*SIN(Angle(3))+SIN(Angle(1))*COS(Angle(3))

tAngle#t 113 x =-COS(Angle(2))*SIN(Angle(3))

tAngle#t 121 y =-SIN(Angle(1))*COS(Angle(2))

tAngle#t 122 y = COS(Angle(1))*COS(Angle(2))

tAngle#t 123 y = SIN(Angle(2))

tAngle#t 131 z=
SIN(Angle(1))*SIN(Angle(2))*COS(Angle(3))+COS(Angle(1))*SIN(Angle(3))

tAngle#t 132 z=-
COS(Angle(1))*SIN(Angle(2))*COS(Angle(3))+SIN(Angle(1))*SIN(Angle(3))

tAngle#_133_z = COS(Angle(2))*COS(Angle(3))

endmacro

{* ==========Fnd of Macros = ==

*}

{* ===== = = =
*}

{* Create a global coordinate sys with x anterior, z to the right and y proximal*}

{* ===== =

*}




Gorigin = {0,0,0}
Global_mod = [Gorigin,{1,0,0},{0,0,-1},xzy]

{* ===== =

*}

{* Trunk *1
{* The trunk origin is located at the mid point of the neck *1
{* The x-axis is the forward with anterior tilt *1
{* The z-axis points laterally to the right *1

{* The y-axis is the cross product of the z and x axes, and points superiorly *1

* s -

*}
Trunk_origin= (SPC7 + STRN)/2
Trunk= [Trunk_origin, RACR-LACR, SPC7-STRN, zyx]
{* ===== = = =
*}
{* Humerus *1

{* The shoulder joint is below the acromion marker, in the direction of (-) thorax y-axis*}
{* The elbow joint center is the midpoint between the medial and lateral epicondyles  *}

{* The z-axis points laterally to the right *1
{* The y-axis points superiorly along the long axis of the humerus

*}

* - ====mmmm===

*}

RShoulderOffset= SShoulderCircumference/(2*3.14156)

RSJC=RACR-((SMarkerDiameter/2)*Trunk(2))-(RShoulderOffset*Trunk(2))

{* Create Dummy segment using most visable markers present in all trials
DummyHumerus=[RLE,RACR-RLE,RULN-RLE, yzx]

*}

{* For static trial in which medial marker is present, turn global pts REJC and *}

{* RME into local points in the DummyHumerus segment *1

If SStatic==1
REJC=(RLE+RME)/2
S%REJC=REJC/DummyHumerus
S%RME=RME/DummyHumerus
PARAM(S%REJC,5%RME)

EndIF

{*For dynamic trials lacking RME, convert local pts REJC and RME in DummyHumerus*}

{*segment to global points and use those to calculate elbow joint center

If (Exist(RME) AND SStatic==0) Then
REJC=(RLE+RME)/2

*}
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Else
REJC=5%REJC*DummyHumerus
RME=5%RME*DummyHumerus
EndIf

RHumerus= [RSJC, RSIC-REJC, RULN-REJC, yzx]

{* —_—_———— - - - -
*}
{* FOREARM *1
{* Elbow joint center is located at the midpoint between the medial and lateral epicondyles*}
{* The y-axis is along the long axis of the ulna, superior *1
{* The x-axis points anteriorly *1
{* The z-axis is the cross product of the x and y axes, and points laterally (R)*}
{* —_————— - - -
*}
RForearm=[RULN,REJC-RULN,RULN-RRAD,yxz]
{* ===== = = =
*}
{* Hands *}
{* Wrist joint center is halfway between ulna and radial markers *1
{* The origin is located in the plane of the hand, anterior to the 3mcp joint *}
{* The y-axis is along the 3rd metacarpal, superior *}
{* The x-axis points anterior *1
{* The z-axis is the cross product of the x and y axes, and points laterally (R)*}
{* ————— —
)

RWJC= (RULN + RRAD)/2

RHTEMP =[RULN,RULN-RM5,RULN-RRAD, yxz]

RM3JC = RM3 + (1(RHTEMP)*(SRhandthickness/2)) +
(1(RHTEMP)*(SMarkerDiameter/2))

RHand = [RM3JC,RWIC-RM3JC, RULN-RRAD,yxz]

{* —_——— = - - -
*}

{* Dynamometer *1

{* The center of the dynamometer is located at the center point of the 4 DYN  *}

{* markers *1

{* The y-axis points vertically *1

{* The x-axis points away from the subject *1

{* The z-axis points to the right *}

{* ————e - - -
*}

DynC=(BDYN+FDYN)/2
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Dyn= [DynC, RDYN-LDYN, FDYN-BDYN, zyx]

{* ———a—a -
*}
{* Euler Angles ZXY: Referenced distal relative to proximal segment *1
{* Flexion/Extension, adduction/abduction, internal/external rotation *1
{* The trunk is referenced to the global ISB coordinate system *1
{* —_—_———— - - -
*}
Thorax=-<Global_mod, Trunk, ZXY>
RShoulder=-<Trunk, RHumerus, ZXY>
RElbow=-<RHumerus, RForearm, ZXY>
RWrist=-<RForearm, RHand, ZXY>
DYNAng=-<Global_mod, DYN, ZXY>
{* ===== = =
*}
{* Virtual Points Output *1
{* ===== = = =
*}
OUTPUT(Thorax,RShoulder,REIbow, RWrist, DYNAng, REJC)
SEGVIS(Trunk)
SEGVIS(RHumerus)
SEGVIS(RForearm)
SEGVIS(RHand)
SEGVIS(DYN)
SEGVIS(Global_mod)
{* ========== ===Start of Kinetics = ===*

{* Call macros to compute angular changes, angular velocities and angular accelerations*}
Eulerderiv(RShoulder)

Eulerderiv(RElbow)

Eulerderiv(RWrist)

Eulerderiv(Thorax)

ANGVEL1(Thorax, Thorax_dt)
ANGVEL1(RShoulder, RShoulder_dt)
ANGVEL1(REIbow, REIbow_dt)
ANGVEL1(RWrist, RWrist_dt)

ANGACCX(Thorax, Thorax_avX)
ANGACCY(Thorax, Thorax_avY)
ANGACCZ(Thorax, Thorax_avZ)
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ANGACCX(RShoulder, RShoulder_avX)
ANGACCY(RShoulder, RShoulder_avY)
ANGACCZ(RShoulder, RShoulder_avZ)

ANGACCX(REIbow, RElbow_avX)
ANGACCY(REIbow, REIbow_avY)
ANGACCZ(RElbow, REIbow_avZ)

ANGACCX(RWrist, RWrist_avX)
ANGACCY(RWrist, RWrist_avY)
ANGACCZ(RWrist, RWrist_avZ)

{*Center of gravity computations for the humerus, forearm, and hand from Winter (1), (2), (3)
are from local XYZ*}

RHumerus_cgX = RSJC(1)-0.436*(RSJC(1)-REJC(1))
RHumerus_cgY = RSJC(2)-0.436*(RSJC(2)-REJC(2))
RHumerus_cgZ = RSJC(3)-0.436*(RSJC(3)-REJC(3))
RHumerus_cg = {RHumerus_cgX, RHumerus_cgY, RHumerus_cgZ}

RForearm_cgX = REJC(1)-0.430*(REJC(1)-RWIJC(1))
RForearm_cgY = REJC(2)-0.430*(REJC(2)-RWIC(2))
RForearm_cgZ = REJC(3)-0.430*(REJC(3)-RWJC(3))
RForearm_cg = {RForearm_cgX, RForearm_cgY, RForearm_cgZ}

RHand_cgX = RWJC(1)-0.506*(RWJC(1)-RM3JC(1))
RHand_cgY = RWJC(2)-0.506*(RWJC(2)-RM3JC(2))
RHand_cgZ = RWJC(3)-0.506* (RWIC(3)-RM3JC(3))
RHand_cg = {RHand_cgX, RHand_cgY, RHand_cgZ}

Output(RHumerus_cg, RForearm_cg, RHand_cg)
{* Call macros to compute center of gravity velocities and accelerations *}

VCGSEG(RHumerus_cgX)
VCGSEG(RHumerus_cgY)
VCGSEG(RHumerus_cgZ)
VCGSEG(RForearm_cgX)
VCGSEG(RForearm_cgY)
VCGSEG(RForearm_cgZ)
VCGSEG(RHand_cgX)
VCGSEG(RHand_cgY)
VCGSEG(RHand_cgZ)

ACGSEG(RHumerus_cgXv)
ACGSEG(RHumerus_cgYv)
ACGSEG(RHumerus_cgZv)
RHumerus_cga={RHumerus_cgXva, RHumerus_cgYva, RHumerus_cgZva}



ACGSEG(RForearm_cgXv)

ACGSEG(RForearm_cgYv)

ACGSEG(RForearm_cgZv)

RForearm_cga={RForearm_cgXva, RForearm_cgYva, RForearm_cgZva}
ACGSEG(RHand_cgXv)

ACGSEG(RHand_cgYv)

ACGSEG(RHand_cgZv)

RHand_cga={RHand_cgXva, RHand_cgYva, RHand_cgZva}

{* 6-axis dynamometer = amplifier 1*}

{*¥==============Read in forces and Connect to hand segment= === ==
OptionalReactions(ForcePlatel,ForcePlate2,ForcePlate3,ForcePlate4)

ForcePlatel=|ForcePlate1(1),ForcePlatel(2),DynC]|
CONNECT(RHand,ForcePlatel,1)
Forcel=ForcePlate1(1)

Momentl=ForcePlatel(2)

{* Change to match local kinematic coordinate system setup *}

ForcelX = -Forcel(2) {*Force in N *}
ForcelY = Forcel(3)
ForcelZ = Forcel(1)

MomentlX = -Moment1(2) {* Moment in Nmm *}
MomentlY = Moment1(3)
MomentlZ = Moment1(1)

Output(ForcelX,ForcelY,ForcelZ,Moment1X,MomentlY,Moment1Z)
{*Multiply by Rotation Matrix to get forces and moments in global coordinates*}

ROTMATRIX(DYNANg)

ForceliX_g= ForcelX*DYNAng r11 x
ForceliY_g= ForcelX*DYNAng r21 x
ForceliZ_g= ForcelX*DYNAng_r31_x
ForcelX_g={ForceliX_g, ForceliY_g, ForceliZ_g}

ForceljX_g=ForcelY*DYNAng_rl12_y
ForceljY_g= ForcelY*DYNANng_r22_y
ForceljZ_g= ForcelY*DYNAng_r32_y
ForcelY_g={ForceljX_g, ForceljY_g, ForceljZ_g}

ForcelkX_g= ForcelZ*DYNAng_r13_z
ForcelkY_g=ForcelZ*DYNAng_r23_z
ForcelkZ g= ForcelZ*DYNAng_r33 z
ForcelZ g={ForcelkX_ g, ForcelkY g, ForcelkZ g}

*}
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Forcellab = (ForcelX_ g+ ForcelY_g + ForcelZ_g)
OUTPUT(Forcellab)
1={1,0,0}

J={0,1,0}
K={0,0,1}

{*¥==========Hand Forces = ==*}
mhd=$kwt*.006 {*mass of hand approx (Winter)*}

FRHX = Forcellab(1)

FRHY = Forcellab(2)+9.81*mhd  {*gravity in m/s"2*}
FRHZ = Forcellab(3)

FRHL = {FRHX,FRHY,FRHZ}

FRHand= FRHX*|+FRHY*J+FRHZ*K

DotProduct(FRHand,Dyn(1),FRHandAntPos)
DotProduct(FRHand,Dyn(2),FRHandPrxDis)
DotProduct(FRHand,Dyn(3),FRHandMedLat)

FRHS = {FRHandAntPos,FRHandPrxDis,FRHandMedLat}

OUTPUT(FRHL,FRHand,FRHS)

FRWX = mhd*(RHand_cga(1)/1000) + FRHL(1) {*get accel in m/s"2*}

FRWY = mhd*(RHand_cga(2)/1000) + FRHL(2) {*force due to gravity already accounted for in
FRHL*}

FRWZ = mhd*(RHand_cga(3)/1000) + FRHL(3)

FRWL = {FRWX,FRWY,FRWZ} {*Global (Lab CS) Forces*}
FRWrist=FRWX*|+FRWY*J+FRWZ*K

DotProduct(FRWrist,RHand(1),FRWristAntPos)
DotProduct(FRWrist,RHand(2),FRWristPrxDis)
DotProduct(FRWrist,RHand(3),FRWristMedLat)
FRWS={FRWristAntPos,FRWristPrxDis,FRWristMedLat} {*Local (Segmental CS) Forces*}

OUTPUT(FRWL,FRWrist,FRWS)

{* MOMENTS given in local, convert to global using R *}
MomentliX_g = Moment1X*DYNAng_r11 x

Moment1iY_g = Moment1X*DYNAng r21 x

MomentliZ_g = Moment1X*DYNAng r31 x

MomentlX_g = {MomentliX_g, MomentliY_g, MomentliZ_g}
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Moment1jX_g = MomentlY*DYNAng_rl12_y
Momentl1jY_g = MomentlY*DYNAng_r22_vy
Momentl1jZ_g = MomentlY*DYNAng_r32_y
MomentlY_g = {Moment1jX_g, MomentljY_g, Momentl1jZ_g}

MomentlkX_g= MomentlZ*DYNAng_rl13 z
MomentlkY_g = Moment1Z*DYNAng r23 z
MomentlkZ_g = Moment1Z*DYNAng r33 z
MomentlZ_g = {MomentlkX_g,MomentlkY_g, MomentlkZ g}

Momentllab = (Moment1X_g + MomentlY_g + Momentl1Z_g)
OUTPUT(Moment1llab)
{*Inertia of right hand kg*m”2 from Yeadon and Morlock*}

phr= ((Srwc + Srmc)/2)/1000 {*perimeter of right hand in m*}

rwm= Srwm/1000 {*Get wrist to metacarpal length in m*}
Ixhr= ((0.5*%1.309*phr*phr*phr*phr*rwm) + (7.68*phr*phr*rwm*rwm*rwm))
Izhr= ((0.5*1.309*phr*phr*phr*phr*rwm) + (7.68*phr*phr*rwm*rwm*rwm))
lyhr= (1.309*phr*phr*phr*phr*rwm)

{* Rate of change of angular momentum,resultant moments, eqn 5.35 Zatsiorsky
in local, angle wrt proximal segment; ly:long, Ix=1z:transverse I=[kg*mA2],
aa=[rad/s*2],av=[rad/s], H=Nmm *}

HRHdX = (Ixhr*RWrist_aaX - (lyhr-lzhr)*RWrist_avY*RWrist_avZ)*1000 {*multiply H in Nm by
1000 to get Nmm*}

HRHAY = (lyhr*RWrist_aaY - (Izhr-Ixhr)*RWrist_avZ*RWrist_avX)*1000

HRHAZ = (I1zhr*RWrist_aaZ - (Ixhr-lyhr)*RWrist_avX*RWrist_avY)*1000

HRHd = {HRHdX, HRHdY, HRHdZ}

OUTPUT(HRHd)
OUTPUT(Ixhr,lyhr,lzhr)

{*::::::::::::::Moments:— = *}
{* Right Hand *}

MresRH=Momentllab {*global position*}

uMresRH=MresRH(1)*I+MresRH(2)*J+MresRH(3)*K
DotProduct(uMresRH,RHand(1),MresRHSX)
DotProduct(uMresRH,RHand(2),MresRHSY)
DotProduct(uMresRH,RHand(3),MresRHSZ)

MRHS_final = {MresRHSX,MresRHSY,MresRHSZ} {*Local, S=semental*}

MOMENTMULT1(MRHS_final,DYN(1),DYN(2),DYN(3),MRHL1)
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MOMENTMULT2(MRHS_final,DYN(1),DYN(2),DYN(3),MRHL2)
MOMENTMULT3(MRHS_final,DYN(1),DYN(2),DYN(3),MRHL3)

MRHL={MRHL1, MRHL2, MRHL3} {*Global, L=Lab space*}
OUTPUT(MRHS_final, MRHL,uMresRH)

{* RIGHT WRIST *}
RWprox = RWJC - RHand_cg
RWdist = RM3JC-RHand_cg

CROSS(RWprox, FRWL, MRWrist_cgl) {* Nmm *}
CROSS(RWdist, FRHL, MRWrist_cg2)

MresRW_G = MRHL - MRWrist_cgl + MRWrist_cg2 {* global position *}

uMresRW_G = MresRW_G(1)*I+MresRW_G(2)*J+MresRW_G(3)*K
DotProduct(uMresRW_G,RHand(1),MresRWSX) {* L=LOCAL,S=segmental *}
DotProduct(uMresRW_G,RHand(2),MresRWSY)
DotProduct(uMresRW_G,RHand(3),MresRWSZ)
MresRWS={MresRWSX,MresRWSY,MresRWSZ}

MRWS = HRHd + MresRWS {*¥ Nmm *}

MRWSx=MRWS(1)

MRWSy=MRWS(2)

MRWSz=MRWS(3)

MRWS_final={MRWSx,MRWSy,MRWSz} {*Local*}

MOMENTMULT1(MRWS_final,RHand(1),RHand(2),RHand(3),MRWL1)
MOMENTMULT2(MRWS_final,RHand(1),RHand(2),RHand(3), MRWL2)
MOMENTMULT3(MRWS_final,RHand(1),RHand(2),RHand(3), MRWL3)
MRWL={MRWL1,MRWL2,MRWL3} {*Global*}

OUTPUT(MRWL,uMresRW_G,MRWS,MRWS_final)

Model Parameter Descriptions

ShoulderCircumference: Circumference of the shoulder starting at the right acromion and
going underneath the arm back to the starting point. Measurement taken using tape
measure.

Rhandthickness: Distance between the top and bottom of the hand at the distal end of the
3" metacarpal. Measurement taken using calipers.

kwt: Weight of the subject in Kgs. Measurement taken using scale.
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rwc: Right wrist circumference is the distance around the wrist at the radial and ulnar
styloids. Measurement taken using a tape measure.

rmc: Circumference of the 3 distal end of the 3" metacarpal on the right hand. Equal to
m*Rhandthickness.

rwm: Distance from right wrist center to the end of the 3" metacarpal. Measurement
taken using tape measure

MarkerDiameter: The diameter of the reflective markers used. Default is 14mm.



APPENDIX C: COMPLETE STATISTICAL ANALYSIS RESULTS

Kinematic Tasks:

Se Effec | Estima | StdEr | D | tValu | Prob | Alph
Measure X Task t te r F |e t a Lower | Upper
RElbow_X_RO
M F FlexExt Sex 13.349 | 1.949 | 20 6.85 0.05 | 9.283 | 17.414
REIbow_X_RO
M M | FlexExt Sex 11616 | 1.949 | 20 5.96 0.05 | 7.551 | 15.681
RElbow_X_RO | dif 0.536
M f FlexExt Sex 1.732 | 2.756 | 20 0.63 8| 005]| -4017 | 7.481
RElbow_X_RO
M F Hammer Sex 56.509 | 5.687 | 20 9.94 0.05 | 44.646 | 68.373
REIbow_X_RO
M M | Hammer Sex 71.726 | 5.687 | 20 | 12.61 0.05 | 59.863 | 83.59
RElbow_X_RO | dif 0.073 -
M f Hammer Sex -15.217 | 8.043 | 20 | -1.89 1| 0.05] 31.994 | 1561
RElbow_X_RO
M F ProSup Sex 15.457 | 2.013 | 20 7.68 0.05 | 11.258 | 19.657
REIbow_X_RO
M M | ProSup Sex 15378 | 2.013 | 20 7.64 0.05 | 11.179 | 19.578
RElbow_X_RO | dif 0.978
M f ProSup Sex 0.079 | 2.847 | 20 0.03 1| 0.05 -5.86 | 6.018
RElbow_X_RO RadUInD
M F ev Sex 7.353 | 0.912 | 20 8.06 0.05 545 | 9.255
RElbow_X_RO RadUInD
M M |ev Sex 5.061 | 0912 | 20 5.55 0.05| 3.158 | 6.963
RElbow_X_RO | dif | RadUInD 0.090
M f ev Sex 2.292 129 | 20 1.78 8| 0.05]| -0.398 | 4.983
REIbow_X_ma
X F FlexExt Sex 65.377 | 2.964 | 20 | 22.06 0.05 | 59.194 | 7156
REIbow_X_ma
X M | FlexExt Sex 60.449 | 2.964 | 20 | 20.39 0.05 | 54.266 | 66.633
RElbow_X_ma | dif 0.253
X f FlexExt Sex 4927 | 4192 | 20 1.18 6| 005]| -3.817 | 13.672
RElbow_X ma 109.38
X F Hammer Sex 96.674 | 6.094 | 20 | 15.86 0.05 | 83.961 7
RElbow_X_ma 113.06
X M | Hammer Sex 100.352 | 6.094 | 20 | 16.47 0.05 | 87.639 4
RElbow_X_ma | dif 0.674 -
X f Hammer Sex -3.678 | 8.619 | 20 | -0.43 1| 0.05]| 21.656 | 14.301
RElbow_X ma
X F ProSup Sex 55.932 43| 20| 13.01 0.05 | 46.963 | 64.901
REIbow_X_ma
X M | ProSup Sex 55.188 43| 20| 12.83 0.05 | 46.219 | 64.157
RElbow_X_ma | dif 0.903
X f ProSup Sex 0.744 | 6.081 | 20 0.12 8| 0.05]| -11.94 | 13.429
RElbow_X ma RadUInD
X F ev Sex 55.02 | 2.905 | 20 | 18.94 0.05| 48.96 | 61.08
RElbow_X_ma RadUInD
X M | ev Sex 53.386 | 2.905 | 20 | 18.38 0.05 | 47.326 | 59.446
RElbow_X_ma | dif | RadUInD
X f ev Sex 1.634 | 4.108 | 20 0.4 | 0695 | 0.05| -6.936 | 10.204
REIbow_X mi
n F FlexExt Sex 52.028 | 3.624 | 20 | 14.35 0.05 | 44.468 | 59.589
RElbow_X_mi
n M | FlexExt Sex 48.833 | 3.624 | 20 | 13.47 0.05 | 41.273 | 56.394
RElbow_X_mi | dif 0.540
n f FlexExt Sex 3.195 | 5.126 | 20 0.62 1| 0.05]| -7.497 | 13.887
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REIbow_X_mi

n F Hammer Sex 40.165 | 3.878 | 20 | 10.36 0.05 | 32.076 | 48.253
REIbow_X_mi

n M | Hammer Sex 28.626 | 3.878 | 20 7.38 0.05 | 20.537 | 36.714
RElbow_X_mi | dif 0.048

n f Hammer Sex 11539 | 5.484 | 20 2.1 2| 0.05 0.1 | 22.978
RElbow_X_mi

n F ProSup Sex 40.475 475 | 20 8.52 0.05 | 30.565 | 50.384
REIbow_X_mi

n M | ProSup Sex 39.81 475 | 20 8.38 0.05 29.9 | 49.719
RElbow_X_mi | dif 0.922 -

n f ProSup Sex 0.665 | 6.718 | 20 0.1 1| 0.05]| 13.349 | 14.679
REIbow_X_mi RadUInD

n F ev Sex 47.668 | 3.002 | 20 | 15.88 0.05 | 41.406 | 53.929
REIbow_X_mi RadUInD

n M | ev Sex 48.325 | 3.002 | 20 16.1 0.05 | 42.064 | 54.587
RElIbow_X _mi | dif | RadUInD 0.878

n f ev Sex -0.658 | 4.245 | 20 | -0.15 4| 0.05| -9512 | 8.197
REIbow_Z_RO

M F FlexExt Sex 15477 | 2.167 | 20 7.14 0.05 | 10.956 | 19.998
RElbow_Z_RO

M M | FlexExt Sex 13.677 | 2.167 | 20 6.31 0.05 | 9.156 | 18.198
RElbow_Z_RO | dif 0.563

M f FlexExt Sex 1.8 | 3.065| 20 0.59 6| 005]| -4594 | 8.194
REIbow_Z_RO

M F Hammer Sex 65.17 | 6.498 | 20 | 10.03 0.05 | 51.616 | 78.724
REIbow_Z_RO

M M | Hammer Sex 62.605 | 6.498 | 20 9.64 0.05 | 49.052 | 76.159
RElbow_Z_RO | dif -

M f Hammer Sex 2.565 | 9.189 | 20 0.28 | 0.783 | 0.05 | 16.603 | 21.733
RElbow_Z_RO 169.32
M F ProSup Sex 157.466 | 5.684 | 20 | 27.71 0.05 | 145.61 2
RElbow_Z_RO 151.97
M M | ProSup Sex 140.116 | 5.684 | 20 | 24.65 0.05 | 128.26 2
RElbow_Z RO | dif 0.043

M f ProSup Sex 17.35 | 8.038 | 20 2.16 2| 005| 0584 | 34117
RElbow_Z_RO RadUInD

M F ev Sex 18.267 | 1.633 | 20 | 11.18 0.05 | 14.86 | 21.675
RElbow_Z_RO RadUInD

M M | ev Sex 11612 | 1.633 | 20 7.11 0.05 | 8.205 | 15.019
RElbow_Z_RO | dif | RadUInD 0.009

M f ev Sex 6.656 231 | 20 2.88 2| 005| 1.837 | 11474
RElbow_Z_ma 157.52 | 170.00
X F FlexExt Sex 163.768 | 2.991 | 20 | 54.75 0.05 7 8
RElbow_Z_ma 163.17 | 175.65
X M | FlexExt Sex 169.411 | 2.991 | 20 | 56.63 0.05 1 1
REIbow_Z ma | dif 0.197 -

X f FlexExt Sex -5.644 | 4231 | 20| -1.33 2| 005]| 14469 | 3.181
RElbow_Z_ma 161.18 | 172.23
X F Hammer Sex 166.708 | 2.648 | 20 | 62.96 0.05 5 1
RElbow_Z_ma 161.54 | 172.58
X M | Hammer Sex 167.066 | 2.648 | 20 63.1 0.05 3 9
REIbow _Z ma | dif 0.924

X f Hammer Sex -0.358 | 3.744 | 20 -0.1 8| 005]| -8169 | 7.453
RElbow_Z_ma 178.19 | 191.19
X F ProSup Sex 184.697 | 3.117 | 20 | 59.25 0.05 5 9
RElbow_Z_ma 169.62 | 182.62
X M | ProSup Sex 176.126 | 3.117 | 20 | 56.51 0.05 4 8
REIbow_Z ma | dif

X f ProSup Sex 8.571 | 4.408 | 20 194 | 0.066 | 0.05 | -0.624 | 17.766
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RElbow_Z_ma RadUInD 162.00 | 173.67

X F ev Sex 167.839 | 2.796 | 20 | 60.02 0.05 6 2

REIbow_Z ma RadUInD 160.98 | 172.65

X M | ev Sex 166.822 | 2.796 | 20 | 59.66 0.05 9 5

RElIbow_Z ma | dif | RadUInD 0.799

X f ev Sex 1.017 | 3.955 | 20 0.26 6| 005]| -7.232 | 9.266

RElbow_Z_mi 139.52 | 157.05

n F FlexExt Sex 148.291 | 4.201 | 20 35.3 0.05 7 4

RElbow_Z_mi 146.97 | 164.49

n M | FlexExt Sex 155.735 | 4.201 | 20 | 37.07 0.05 1 8

RElbow_Z_mi | dif 0.224 -

n f FlexExt Sex -7444 | 5941 | 20| -1.25 7] 0.05]| 19.837 4.95

RElbow_Z_mi 114.36

n F Hammer Sex 101538 | 6.151 | 20 | 16.51 0.05 | 88.707 8

RElbow_Z_mi 117.29

n M | Hammer Sex 104.46 | 6.151 | 20 | 16.98 0.05 | 91.63 1

RElbow_Z_mi | dif 0.740 -

n f Hammer Sex -2.923 | 8.699 | 20 | -0.34 4| 0.05| 21.068 | 15.222

RElbow_Z_mi

n F ProSup Sex 27231 | 4.751 | 20 5.73 0.05| 17.32 | 37.142

RElbow_Z mi

n M | ProSup Sex 36.01 | 4751 | 20 7.58 0.05 | 26.099 | 45.921

RElbow_Z mi | dif 0.206 -

n f ProSup Sex -8.779 | 6.719 | 20| -1.31 2| 005]| 22795 | 5.237

RElbow_Z_mi RadUInD 143.82 | 155.31

n F ev Sex 149.572 | 2.755 | 20 | 54.29 0.05 5 9

RElbow_Z_mi RadUInD 149.46 | 160.95

n M | ev Sex 155.21 | 2.755 | 20 | 56.33 0.05 3 7

RElbow_Z_mi | dif | RadUInD 0.163 -

n f ev Sex -5.638 | 3.896 | 20 | -1.45 4| 0.05| 13.766 2.49

RWrist_X_RO 126.80 | 135.86

M F FlexExt Sex 131.334 | 2.173 | 20 | 60.43 0.05 1 8

RWrist_X_RO 135.54

M M | FlexExt Sex 131.013 | 2.173 | 20 | 60.28 0.05 | 126.48 7

RWrist X_ RO | dif

M f FlexExt Sex 0.321 | 3.074 | 20 0.1 | 0918 | 0.05| -6.091 | 6.732

RWrist_X_RO

M F Hammer Sex 49.484 | 4361 | 20 | 11.35 0.05 | 40.387 | 58.581

RWrist_X_RO

M M | Hammer Sex 46.476 | 4.361 | 20 | 10.66 0.05 | 37.379 | 55.573

RWrist. X_RO | dif 0.631

M f Hammer Sex 3.008 | 6.168 | 20 0.49 1| 0.05]| -9.857 | 15.873

RWrist_X_RO

M F ProSup Sex 42.045 | 7.643 | 20 5.5 0.05 | 26.102 | 57.987

RWrist_X_RO

M M | ProSup Sex 40 | 7643 | 20 5.23 0.05 | 24.058 | 55.943

RWrist. X_RO | dif 10.80 0.851 -

M f ProSup Sex 2.045 9] 20 0.19 9| 0.05]| 20.502 | 24.591

RWrist_X_RO RadUInD

M F ev Sex 36.219 | 2.792 | 20 | 12.97 0.05 | 30.395 | 42.043

RWrist_X_RO RadUInD

M M | ev Sex 2259 | 2.792 | 20 8.09 0.05 | 16.766 | 28.414

RWrist. X_RO | dif | RadUInD 0.002

M f ev Sex 13.629 | 3.948 | 20 3.45 5| 0.05]| 5.393 | 21.865

RWrist X_max | F FlexExt Sex 64.324 | 1.911 | 20 | 33.65 0.05 | 60.337 | 68.311

RWrist X_max | M | FlexExt Sex 64.792 | 1.911 | 20 33.9 0.05 | 60.805 | 68.779
dif 0.864

RWrist X_max | f FlexExt Sex -0.468 | 2.703 | 20 | -0.17 3| 0.05]| -6.106 5.17

RWrist X_max | F Hammer Sex -0.022 | 3.384 | 20| -0.01 0.05 -7.08 7.036
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RWrist X_ max | M | Hammer Sex -1.819 | 3.384 | 20 | -0.54 0.05 | -8.878 5.239
dif 0.711
RWrist_X_max | f Hammer Sex 1.797 | 4785 | 20 0.38 2| 0.05]| -8.185 | 11.779
RWrist X_max | F ProSup Sex 24571 | 7.551 | 20 3.25 0.05 8.821 | 40.321
RWrist_X_max | M | ProSup Sex 22177 | 7551 | 20 2.94 0.05 | 6.427 | 37.927
dif 10.67 0.824 -
RWrist_X_max | f ProSup Sex 2.393 8] 20 0.22 9| 0.05]| 19.881 | 24.667
RadUInD
RWrist X_max | F ev Sex 8.222 | 3.666 | 20 2.24 0.05| 0.575| 1587
RadUInD
RWrist X _ max | M | ev Sex 0.824 | 3.666 | 20 0.22 0.05 | -6.824 | 8.471
dif | RadUInD
RWrist_X_max | f ev Sex 7.399 | 5.185 | 20 143 ] 0.169 | 0.05 | -3.417 | 18.214
RWrist X_min | F FlexExt Sex -67.01 | 2588 | 20 | -25.9 0.05 | 72.407 | 61.612
RWrist X_min | M| FlexExt Sex -66.221 | 2.588 | 20 | 25.59 0.05 | 71.619 | 60.824
dif 0.831
RWrist_X_min | f FlexExt Sex -0.789 | 3.659 | 20 | -0.22 5| 0.05]| -8422 | 6.844
RWrist_ X_min | F Hammer Sex -49.506 24| 20 | 20.63 0.05 | 54.512 -44.5
RWrist X_min | M| Hammer Sex -48.295 24| 20| 20.12 0.05 | 53.301 | 43.289
dif
RWrist_X_min | f Hammer Sex -1.211 | 3394 | 20| -0.36 | 0.725 | 0.05| -8.291 | 5.869
RWrist_ X_min | F ProSup Sex -17.474 | 3.701 | 20 | -4.72 0.05 | 25.194 | -9.754
RWrist X_min | M| ProSup Sex -17.823 | 3.701 | 20 | -4.82 0.05 | 25.543 | 10.103
dif 0.947 -
RWrist_X_min | f ProSup Sex 0.349 | 5.234 | 20 0.07 5| 0.05]| 10.569 | 11.267
RadUInD - -
RWrist_ X_min | F ev Sex -27.996 | 5495 | 20 | -5.09 0.05 | 39.458 | 16.534
RadUInD - -
RWrist X_min | M| ev Sex -21.766 | 5495 | 20 | -3.96 0.05 | 33.228 | 10.304
dif | RadUInD 0.432
RWrist_X_min | f ev Sex -6.23 | 7.771 | 20 -0.8 1| 005]| -22.44 9.98
RWrist_Y_RO
M F FlexExt Sex 19.69 | 2.192 | 20 8.98 0.05 | 15.118 | 24.262
RWrist_Y_RO
M M | FlexExt Sex 14759 | 2.192 | 20 6.73 0.05 | 10.187 | 19.331
RWrist_Y_RO | dif 0.127
M f FlexExt Sex 4.93 31| 20 1.59 4| 0.05| -1.536 | 11.396
RWrist_Y_RO
M F Hammer Sex 31.138 259 | 20 | 12.02 0.05 | 25.735 | 36.541
RWrist_Y_RO
M M | Hammer Sex 32.974 259 | 20| 12.73 0.05 | 2757 | 38377
RWrist_Y_RO | dif 0.621
M f Hammer Sex -1.836 | 3.663 | 20 -0.5 7| 0.05]| -9.477 | 5.806
RWrist_Y_RO
M F ProSup Sex 28.099 | 2.656 | 20 | 10.58 0.05 | 22.559 | 33.638
RWrist_Y_RO
M M | ProSup Sex 18.92 | 2.656 | 20 7.12 0.05 | 13.38 | 24.459
RWrist_Y_RO | dif 0.023
M f ProSup Sex 9.179 | 3.756 | 20 2.44 9| 0.05| 1.345]| 17.013
RWrist_Y_RO RadUInD
M F ev Sex 46.854 | 2.155 | 20 | 21.74 0.05 | 42.359 | 51.349
RWrist_Y_RO RadUInD
M M ev Sex 51.616 | 2.155 | 20 | 23.95 0.05 | 47.121 | 56.111

102



RWrist_ Y _RO | dif | RadUInD 0.133 -
M f ev Sex -4.762 | 3.048 | 20 | -1.56 9 0.05 | 11.119 1.595
RWrist Y _max | F FlexExt Sex 7.814 247 | 20 3.16 0.05 2.662 | 12.965
RWrist_Y_max | M | FlexExt Sex 7.223 247 | 20 2.92 0.05 | 2.072 | 12.375
dif 0.867
RWrist Y _max | f FlexExt Sex 0.59 | 3.493 | 20 0.17 5 0.05 | -6.695 7.876
RWrist Y _max | F Hammer Sex 19.396 | 2.606 | 20 7.44 0.05 | 13.961 | 24.831
RWrist Y _max | M Hammer Sex 2421 | 2.606 | 20 9.29 0.05 | 18.775 | 29.645
dif 0.206
RWrist Y _max | f Hammer Sex -4.814 | 3685 | 20 | -1.31 2| 0.05 -12.5 2.873
RWrist Y _max | F ProSup Sex 15.366 | 2.594 | 20 5.92 0.05 9.954 | 20.778
RWrist Y _max | M ProSup Sex 13.097 | 2.594 | 20 5.05 0.05 7.685 | 18.509
dif 0.543
RWrist Y _max | f ProSup Sex 2.269 | 3.669 | 20 0.62 4 0.05 | -5.385 9.922
RadUInD
RWrist_ Y_max | F ev Sex 18.992 | 3.085 | 20 6.16 0.05 | 12.557 | 25.427
RadUInD
RWrist. Y_max | M | ev Sex 24228 | 3.085 | 20 7.85 0.05 | 17.793 | 30.663
dif | RadUInD -
RWrist Y _max | f ev Sex -5.237 | 4.363 | 20 -1.2 | 0.244 0.05 | 14.337 3.864
RWrist Y min | F FlexExt Sex -11.876 23| 20| -5.16 0.05 | 16.673 | -7.079
RWrist_Y_min | M | FlexExt Sex -7.536 23| 20| -3.28 0.05 | 12.334 | -2.739
dif 0.197 -
RWrist Y _min | f FlexExt Sex -4.34 | 3252 | 20| -1.33 1 0.05 | 11.124 2.445
RWrist Y min | F Hammer Sex -11.741 | 2332 | 20 | -5.04 0.05 | 16.606 | -6.877
RWrist Y min | M Hammer Sex -8.764 | 2.332 | 20| -3.76 0.05 | 13.628 -3.9
dif 0.377
RWrist Y_min | f Hammer Sex -2.978 | 3.298 | 20 -0.9 3| 0.05] -9.857 | 3.901
RWrist Y min | F ProSup Sex -12.733 | 2741 | 20 | -4.65 0.05 | -18.45 | -7.016
RWrist Y min | M ProSup Sex -5.822 | 2741 | 20| -2.12 0.05 | -11.54 | -0.105
dif 0.089 -
RWrist Y min | f ProSup Sex -6.91 | 3876 | 20 | -1.78 8 0.05 | 14.996 1.175
RadUInD - - -
RWrist. Y_min | F ev Sex -27.863 | 2.331 | 20 | 11.95 0.05 | 32.726 | 22.999
RadUInD - - -
RWrist Y min | M ev Sex -27.388 | 2.331 | 20 | 11.75 0.05 | 32.251 | 22.524
dif | RadUInD 0.886
RWrist Y min | f ev Sex -0.475 | 3.297 | 20| -0.14 9 0.05 | -7.353 6.403
Kinetic Tasks:
Se | Tas | Effec | Estimat D | tvalu Alph
Measure X k t e StdErr | F | e Probt | a Lower | Upper
Doo
FRWS X Max F r Sex 13.089 1597 | 20 8.2 0.05 9.758 | 16.421
Doo
FRWS X Max M r Sex 9.304 1597 | 20 5.83 0.05 5.973 | 12.636
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dif | Doo 0.109
FRWS X Max | f r Sex 3.785 2.258 | 20 1.68 3 0.05 | -0.926 8.496
FRWS X Max | F Iso Sex 3.369 0.471 | 20 7.15 0.05 2.386 4.352
FRWS X Max | M Iso Sex 3.164 0.471 | 20 6.72 0.05 2.181 4.147
dif 0.761
FRWS X Max | f Iso Sex 0.205 0.666 | 20 0.31 5 0.05 | -1.185 1.595
FRWS X Max | F Jar Sex 11.366 2391 | 18 475 0.05 6.343 | 16.388
FRWS X Max | M Jar Sex 5.487 2.391 | 18 2.3 0.05 0.464 10.51
dif 0.099
FRWS X Max | f Jar Sex 5.879 3.381 | 18 1.74 2 0.05 | -1.225 | 12.982
Doo -
FRWS_X_ Min F r Sex -2.785 3.974 | 20 -0.7 0.05 | 11.074 5.505
Doo -
FRWS_X_ Min M r Sex -9.161 3.974 | 20 -2.31 0.05 | 17.451 | -0.871
dif | Doo
FRWS X Min f r Sex 6.376 5.62 | 20 1.13 0.27 0.05 | -5.347 18.1
FRWS X Min F Iso Sex -49.159 | 14981 | 20 -3.28 0.05 | 80.409 | 17.908
FRWS_X_ Min M Iso Sex -49.124 | 14981 | 20 -3.28 0.05 | 80.375 | 17.874
dif 0.998
FRWS X Min f Iso Sex -0.034 | 21.187 | 20 0 7 0.05 | -44.23 | 44.161
FRWS X Min F Jar Sex -14.022 2.278 | 18 -6.16 0.05 | 18.807 | -9.237
FRWS_X_ Min M Jar Sex -10.057 2278 | 18 -4.42 0.05 | 14.842 | -5.271
dif 0.234 -
FRWS X Min f Jar Sex -3.965 3.221 | 18 -1.23 2 0.05 | 10.733 2.802
Doo
FRWS Y Max | F r Sex 10.744 1.767 | 20 6.08 0.05 7.059 | 14.429
Doo
FRWS Y Max | M r Sex 6.995 1.767 | 20 3.96 0.05 3.309 10.68
dif | Doo
FRWS Y Max | f r Sex 3.75 2498 | 20 15| 0.149 0.05 | -1.462 8.961
FRWS Y Max | F Iso Sex 64.691 | 13.507 | 20 4.79 0.05 | 36.516 | 92.865
114.47
FRWS Y Max | M Iso Sex 86.301 | 13.507 | 20 6.39 0.05 | 58.126 6
dif 0.271 -
FRWS Y Max | f Iso Sex -21.61 | 19.101 | 20 -1.13 3 0.05 | 61.455 | 18.235
FRWS Y Max | F Jar Sex 5.526 1275 | 18 4.34 0.05 2.848 8.203
FRWS Y Max | M Jar Sex 5.752 1.275 | 18 4,51 0.05 3.074 8.43
dif 0.901
FRWS Y Max | f Jar Sex -0.227 1.803 | 18 -0.13 3 0.05 | -4.014 3.56
Doo - -
FRWS_Y_ Min F r Sex -50.107 6.83 | 20 -7.34 0.05 | 64.354 | 35.861
Doo - -
FRWS_Y_Min M r Sex -40.488 6.83 | 20 -5.93 0.05 | 54.734 | 26.241
dif | Doo 0.331 -
FRWS Y Min f r Sex -9.62 9.659 | 20 -1 2 0.05 | 29.767 | 10.528
FRWS_Y_ Min F Iso Sex -3.119 0.796 | 20 -3.92 0.05 | -4.778 | -1.459
FRWS Y Min M Iso Sex -3.215 0.796 | 20 -4.04 0.05 | -4.875| -1.555
dif 0.932
FRWS Y Min f Iso Sex 0.097 1.125 | 20 0.09 5 0.05 | -2.251 2.444
FRWS_Y_ Min F Jar Sex -16.677 232 | 18 -7.19 0.05 21.551 11.804
FRWS Y Min M Jar Sex -12.854 232 | 18 -5.54 0.05 - | -7.981
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17.728
dif 0.259 -
FRWS_Y_ Min f Jar Sex -3.823 3.281 | 18 -1.17 1 0.05 | 10.715 3.069
Doo
FRWS_Z Max F r Sex 19.865 5.576 | 20 3.56 0.05 8.233 | 31.498
Doo
FRWS_Z Max M r Sex 18.786 5.576 | 20 3.37 0.05 7.154 | 30.419
dif | Doo 0.892 -
FRWS Z Max | f r Sex 1.079 7.886 | 20 0.14 5 0.05 | 15.372 17.53
FRWS_Z Max F Iso Sex 34.272 6.411 | 20 5.35 0.05 | 20.898 | 47.646
FRWS Z Max M Iso Sex 19.402 6.411 | 20 3.03 0.05 6.028 | 32.776
dif 0.116
FRWS Z Max | f Iso Sex 14.871 9.067 | 20 1.64 6 0.05 | -4.043 | 33.784
FRWS_Z Max F Jar Sex 30.857 5.386 | 18 5.73 0.05 | 19541 | 42.173
FRWS Z Max M | Jar Sex 23.334 5.386 | 18 4.33 0.05 | 12.019 34.65
dif 0.336
FRWS Z Max | f Jar Sex 7.523 7.617 | 18 0.99 4 0.05 -8.48 | 23.525
Doo
FRWS_Z Min F r Sex 2.669 1443 | 20 1.85 0.05 | -0.341 5.679
Doo
FRWS Z Min M r Sex 0.366 1443 | 20 0.25 0.05 | -2.644 3.376
dif | Doo 0.272
FRWS_Z Min f r Sex 2.303 2.041 | 20 1.13 5 0.05 | -1.954 6.559
FRWS Z Min F Iso Sex -0.415 3.457 | 20 -0.12 0.05 | -7.626 6.796
FRWS Z Min M Iso Sex -9.003 3.457 | 20 -2.6 0.05 | 16.214 | -1.792
dif 0.094
FRWS_Z Min f Iso Sex 8.587 4889 | 20 1.76 3 0.05| -1.611 | 18.785
FRWS_Z Min F Jar Sex -6.359 2,724 | 18 -2.33 0.05 | 12.082 | -0.637
FRWS Z Min M | Jar Sex -3.591 2,724 | 18 -1.32 0.05 | -9.313 2.131
dif 0.481 -
FRWS Z Min f Jar Sex -2.769 3.852 | 18 -0.72 5 0.05 | 10.861 5.324
Doo - | 248.78
MRWS X Max | F r Sex -101.95 | 168.14 | 20 -0.61 0.05 | 452.68 9
Doo - | 444.84
MRWS X Max | M r Sex 94,106 | 168.14 | 20 0.56 0.05 | 256.63 1
dif | Doo 237.78 0.419 - | 299.96
MRWS X Max | f r Sex -196.05 71 20 -0.82 4 0.05 | 692.07 2
200.66 - | 397.97
MRWS X Max | F Iso Sex -20.605 4| 20 -0.1 0.05 | 439.18 4
200.66 -
MRWS X Max | M Iso Sex -1.098 4| 20 -0.01 0.05 | 419.68 | 417.48
dif 283.78 0.945 - | 572.45
MRWS X Max | f Iso Sex -19.507 21 20 -0.07 9 0.05 | 611.47 3
249.20 225.59 | 1268.7
MRWS_X_Max | F Jar Sex 747.189 6| 19 3 0.05 6 8
245.33 - | 665.32
MRWS X Max | M | Jar Sex 151.833 4| 19 0.62 0.05 | 361.66 3
dif 349.70 - | 1327.2
MRWS X Max | f Jar Sex 595.356 3| 19 1.7 | 0.105 0.05 | 136.58 9
Doo 537.17 - -
MRWS_ X Min | F r Sex -5823.9 3| 20| -10.84 0.05 | 69444 | 4703.3
Doo 537.17 - -
MRWS X Min | M r Sex -5591 3| 20| -10.41 0.05 | 67115 | 44705
dif | Doo 759.67 0.762 - | 13518
MRWS X Min | f r Sex -232.84 7| 20 -0.31 4 0.05 | 18175 2
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845.53 - -
MRWS_X Min | F Iso Sex -4617 5| 20| -5.46 0.05 | 6380.7 | 2853.2
845.53 - -
MRWS_X Min | M | Iso Sex -3267.3 5] 20| -3.86 0.05 | 5031.1 | 1503.5
dif 1195.7 0.272 1144.6
MRWS_X Min | f Iso Sex -1349.7 71 20| -1.13 4 0.05 -3844 4
513.63 - -
MRWS_X Min | F Jar Sex -2941.5 6| 19| -573 0.05 | 4016.5 | 1866.4
506.76 - -
MRWS X Min | M | Jar Sex -2167 8| 19| -4.28 0.05 | 3227.7 | 1106.4
dif 721.55 0.296 - | 735.79
MRWS_X Min | f Jar Sex -774.43 1] 19| -107 6 0.05 | 2284.7 2
Doo 221.67 1028.8 | 1953.6
MRWS_Y_Max | F r Sex 1491.25 9] 20 6.73 0.05 4 7
Doo 221.67 885.93 | 1810.7
MRWS Y Max | M | Sex 1348.35 9] 20 6.08 0.05 3 6
dif | Doo 313,50 0.653 - | 796.85
MRWS_Y_Max | f r Sex 142.902 2| 20 0.46 4 0.05 | 511.05 6
352.98
MRWS_Y_Max | F Iso Sex 218.071 | 64.677 | 20 3.37 0.05 | 83.157 4
367.00
MRWS_ Y Max | M | Iso Sex 232.09 | 64.677 | 20 3.59 0.05 | 97.176 3
dif 0.879 - | 176.77
MRWS_Y_Max | f Iso Sex -14.019 | 91467 | 20 | -0.15 7 0.05 | 204.82 8
33345
MRWS_Y_Max | F Jar Sex 2279.53 | 504.07 | 19 4.52 0.05 | 12245 6
502.46 352.87
MRWS_ Y Max | M | Jar Sex 1404.54 1] 19 2.8 0.05 3| 2456.2
dif 711.72 0.233 - | 2364.6
MRWS_Y_Max | f Jar Sex 874.996 6| 19 1.23 9 0.05 | 614.66 6
Doo 341.54 - -
MRWS_Y_Min | F r Sex -1385.5 7] 20| -4.06 0.05 | 20979 | 673.02
Doo 341.54 - | 237.07
MRWS Y Min | M |r Sex -475.38 7120 | -1.39 0.05 | 1187.8 2
dif | Doo 483.02 0.074 -
MRWS_Y_Min | f r Sex -910.1 1] 20| -1.88 2 0.05 | 1917.7 | 97.467
266.34 -
MRWS_Y _Min | F Iso Sex -4730.6 3] 20| -17.76 0.05 | 5286.2 -4175
266.34 - -
MRWS_Y _Min | M | Iso Sex -4608 3|1 20| -173 0.05 | 5163.6 | 40524
dif 376.66 0.748 - | 663.10
MRWS_Y_Min | f Iso Sex -122.61 5] 20| -0.33 2 0.05 | 908.32 4
155.87
MRWS_Y _Min | F Jar Sex -774.76 71 19| -497 0.05 -1101 | -4485
151.67 - -
MRWS_ Y _Min | M | Jar Sex -748.9 1] 19| 494 0.05 | 1066.4 | 431.45
dif 0.906 - | 429.35
MRWS_Y _Min | f Jar Sex -25.857 | 21749 | 19 | -0.12 6 0.05 | 481.07 4
Doo 385.88 937.61 | 25474
MRWS Z Max | F r Sex 1742.55 21 20 4.52 0.05 7 9
Doo 385.88 472.06 | 2081.9
MRWS Z Max | M | Sex 1277 2| 20 331 0.05 3 3
dif | Doo 545.71 0.403
MRWS Z Max | f r Sex 465.554 9] 20 0.85 7 0.05 | -672.8 | 1603.9
416.46
MRWS_Z Max | F Iso Sex 218.827 | 94.747 | 20 231 0.05 | 21.188 5
174.89 | 570.16
MRWS_Z Max | M Iso Sex 372531 | 94.747 | 20 3.93 0.05 2 9
dif 133.99 0.264 - | 125.79
MRWS_Z Max | f Iso Sex -153.7 2| 20| -1.15 9 0.05 | 433.21 9
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406.93 2002.8 | 3700.5
MRWS Z Max | F Jar Sex 2851.67 9] 20 7.01 0.05 1 3
406.93 1309.3 | 3007.0
MRWS Z Max | M | Jar Sex 2158.21 9] 20 5.3 0.05 5 7
dif 575.49 0.242 - | 1893.9
MRWS Z Max | f Jar Sex 693.463 9] 20 1.2 3 0.05 | 507.01 3
Doo 370.61 -
MRWS Z Min | F r Sex -988.95 7] 20| -2.67 0.05 -1762 | 215.86
Doo 370.61 - -
MRWS Z Min | M | Sex -2496.8 71 20| -6.74 0.05 | 3269.9 | 1723.7
dif | Doo 524.13 0.009 41450 | 2601.1
MRWS Z Min | f r Sex 1507.83 1] 20 2.88 3 0.05 9 5
888.62 - -
MRWS Z Min | F Iso Sex -5360 4] 20| -6.03 0.05 | 7213.6 | 3506.3
888.62 - -
MRWS Z Min | M | Iso Sex -6229.9 41 20| -7.01 0.05 | 8083.5 | 4376.3
dif 0.496 - | 34913
MRWS Z Min | f Iso Sex 869.936 | 1256.7 | 20 0.69 7 0.05 | 17515 8
454.29 - -
MRWS_Z Min | F Jar Sex -1729.6 7] 20| -381 0.05 | 2677.2 | 78191
454.29 - -
MRWS Z Min | M | Jar Sex -1904.7 71 20| -419 0.05 | 2852.4 | 957.09
dif 642.47 0.787 1515.3
MRWS _Z Min | f Jar Sex 175.183 3] 20 0.27 9 0.05 -1165 6
RElbow_Z_RO Doo
M F r Sex 66.131 9.69 | 20 6.82 0.05 | 45918 | 86.345
RElbow_Z_RO Doo
M M |r Sex 65.063 9.69 | 20 6.71 0.05 | 44.849 | 85.276
RElbow_Z RO | dif | Doo 0.938 -
M f r Sex 1.069 | 13.704 | 20 0.08 6 0.05 | 27517 | 29.655
REIbow_Z_RO
M F Iso Sex 42.66 2817 | 19| 1514 0.05 | 36.764 | 48.556
REIbow_Z_RO
M M | Iso Sex 29.101 2.845 | 19 | 10.23 0.05 | 23.147 | 35.055
RElbow_Z_RO | dif 0.003
M f Iso Sex 13.559 4.003 | 19 3.39 1 0.05 5.18 | 21.938
REIbow_Z_ RO
M F Jar Sex 75.403 8.821 | 19 8.55 0.05 56.94 | 93.866
REIbow_Z_ RO
M M | Jar Sex 35.313 9.131 | 19 3.87 0.05 | 16.202 | 54.425
RElbow_Z_RO | dif 0.005
M f Jar Sex 40.089 | 12.696 | 19 3.16 2 0.05 | 13516 | 66.663
Doo 160.41 | 173.93
RElbow_Z_max | F r Sex 167.176 3.241 | 20 | 51.58 0.05 5 7
Doo 162.68 | 176.20
REIbow Z max | M |r Sex 169.448 3.241 | 20 | 52.28 0.05 7 9
dif | Doo 0.625 -
RElbow_Z_max | f r Sex -2.271 4584 | 20 -0.5 7 0.05 | 11.833 7.29
182.10
RElbow_Z_max | F Iso Sex 174.489 3.64 | 19| 4794 0.05 | 166.87 8
166.17
RElbow Z max | M | Iso Sex 173.814 3.649 | 19| 4764 0.05 7 | 18145
dif 0.897 -
RElbow_Z_max | f Iso Sex 0.676 5.154 | 19 0.13 1 0.05 | 10.112 | 11.463
165.80 | 190.85
RElbow_Z_max | F Jar Sex 178.33 5982 | 19 | 2981 0.05 9 1
153.59 | 179.34
RElbow_Z_max | M | Jar Sex 166.469 6.151 | 19 | 27.06 0.05 5 3
dif 0.182
RElbow_Z_max | f Jar Sex 11.861 858 | 19 1.38 9 0.05 | -6.098 29.82
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Doo 121.86
RElbow_Z _min | F r Sex 101.045 9.983 | 20 | 10.12 0.05 | 80.221 9
Doo 125.20
REIbow Z min | M |r Sex 104.385 9.983 | 20 | 10.46 0.05 | 83.561 9
dif | Doo 0.815
RElbow Z _min | f r Sex -3.34 | 14118 | 20| -0.24 4 0.05 | -32.79 26.11
124.36 | 139.29
RElbow_Z _min | F Iso Sex 131.829 3.566 | 19 | 36.97 0.05 5 3
136.94 | 152.00
RElbow_Z min | M | Iso Sex 144.476 3598 | 19 | 40.15 0.05 4 8
dif 0.021
RElbow Z _min | f Iso Sex -12.647 5.066 | 19 -2.5 9 0.05 | -2325| -2.044
112.01
RElbow_Z _min | F Jar Sex 102.927 4341 | 19| 2371 0.05 | 93.842 2
121.72 | 140.53
REIbow Z min | M | Jar Sex 131.131 4493 | 19 | 29.19 0.05 7 5
dif 0.000 -
RElbow_Z_min | f Jar Sex -28.204 6.247 | 19| -451 2 0.05 | -41.28 | 15.128
RWrist_X_RO Doo
M F r Sex 40.253 3.153 | 19| 1277 0.05 | 33.654 | 46.852
RWrist X_RO Doo
M M |r Sex 43.401 3.052 | 19 | 1422 0.05 | 37.014 | 49.788
RWrist_X_RO dif | Doo 0.481 -
M f r Sex -3.148 4388 | 19| -0.72 8 0.05 | 12.332 6.035
RWrist_X_RO
M F Iso Sex 32.058 2412 | 19| 13.29 0.05 27.01 | 37.106
RWrist_X_RO
M M | Iso Sex 25.611 2384 | 19 | 10.74 0.05 | 20.622 30.6
RWrist X_RO dif 0.072
M f Iso Sex 6.447 3391 | 19 1.9 5 0.05 -0.65 | 13.545
RWrist_X_RO 103.67
M F Jar Sex 86.538 8.158 | 18 | 10.61 0.05 | 69.398 9
RWrist_X_RO
M M | Jar Sex 64.808 8.158 | 18 7.94 0.05 | 47.667 | 81.948
RWrist_X_RO dif 0.075
M f Jar Sex 21.731 | 11.538 | 18 1.88 9 0.05 | -2.509 | 45.971
Doo
RWrist X_max | F r Sex 6.38 2531 | 19 2.52 0.05 1.083 | 11.678
Doo
RWrist X max | M |r Sex 9.758 2445 | 19 3.99 0.05 4.64 | 14.876
dif | Doo 0.349 -
RWrist X_max | f r Sex -3.378 3519 | 19| -0.96 2 0.05 | 10.744 3.989
RWrist X_max | F Iso Sex -14.612 2055 | 19| -7.11 0.05 | 18.912 | 10.311
RWrist X_max | M | Iso Sex -14.536 2021 | 19| -7.19 0.05 | 18.767 | 10.306
dif 0.979
RWrist X_max | f Iso Sex -0.076 2882 | 19| -0.03 3 0.05 | -6.108 5.957
RWrist X_max | F Jar Sex 43.454 5251 | 18 8.28 0.05 | 32.422 | 54.486
RWrist X_max | M | Jar Sex 29.607 5.251 | 18 5.64 0.05 | 18574 | 40.639
dif 0.078
RWrist X_max | f Jar Sex 13.847 7.426 | 18 1.86 6 0.05 | -1.755| 29.449
Doo - -
RWrist X_min | F r Sex -33.898 1232 | 19 | -2751 0.05 | 36.477 | 31319
Doo - -
RWrist X min | M |r Sex -33.643 1.19 | 19 | -28.26 0.05 | 36.135 | 31.152
dif | Doo 0.883
RWrist X_min | f r Sex -0.255 1.713 | 19 -0.15 2 0.05 | -3.841 3.331
RWrist X_min | F Iso Sex -46.528 2.366 | 19 | -19.67 0.05 | -51.48 | 41576
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45.067

35.226

RWrist X_min | M| Iso Sex -40.147 2351 | 19 | -17.08 0.05
dif 0.070 -
RWrist X_min | f Iso Sex -6.381 333 | 19| -1.91 9 0.05 | 13.362 0.599
RWrist X_min | F Jar Sex -43.51 3.989 | 18 | -10.91 0.05 | 51.891 | 35.129
RWrist X_min | M| Jar Sex -35.137 3989 | 18| -8.81 0.05 | 43518 | 26.756
dif 0.155 -
RWrist X _min | f Jar Sex -8.373 5642 | 18 | -1.48 1 0.05 | 20.226 3.479
RWrist_Y_RO Doo
M F r Sex 30.651 3.121 | 19 9.82 0.05 | 24.118 | 37.185
RWrist_Y_RO Doo
M M |r Sex 32.924 3.058 | 19 | 10.77 0.05 | 26.522 | 39.325
RWrist_Y_RO dif | Doo 0.609 -
M f r Sex -2.272 437 | 19| -0.52 1 0.05 | 11.419 6.874
RWrist_Y_RO
M F Iso Sex 13.216 1.556 | 20 8.49 0.05 9.969 | 16.462
RWrist_Y_RO
M M | Iso Sex 15.644 1.556 | 20 | 10.05 0.05 | 12.397 | 18.891
RWrist_Y_RO dif 0.283
M f Iso Sex -2.428 2.201 | 20 -1.1 1 0.05 -7.02 2.163
RWrist_ Y_RO
M F Jar Sex 46.093 4909 | 18 9.39 0.05 | 35.781 | 56.406
RWrist_Y_RO
M M | Jar Sex 44.43 4.909 | 18 9.05 0.05 | 34118 | 54.743
RWrist_Y_RO dif 0.813 -
M f Jar Sex 1.663 6.942 | 18 0.24 4 0.05 | 12,922 | 16.248
Doo
RWrist_Y_max | F r Sex 17.969 1.916 | 19 9.38 0.05 | 13.958 21.98
Doo
RWrist Y_max | M | r Sex 24.146 1871 | 19 12.9 0.05 | 20.229 | 28.063
dif | Doo 0.032 -
RWrist_ Y_max | f r Sex -6.177 2679 | 19| -231 5 0.05 | 11.783 | -0.571
RWrist. Y_max | F Iso Sex -1.347 2868 | 20 | -0.47 0.05 | -7.328 4.635
RWrist. Y_max | M | Iso Sex 4.435 2.868 | 20 1.55 0.05 | -1.547 | 10.416
dif 0.169 -
RWrist_ Y_max | f Iso Sex -5.781 4055 | 20| -143 4 0.05 | 14.241 2.678
RWrist. Y_max | F Jar Sex 20.195 2.677 | 18 7.54 0.05 14.57 | 25.819
RWrist. Y_max | M| Jar Sex 19.944 2.677 | 18 7.45 0.05 14.32 | 25.569
dif
RWrist_ Y_max | f Jar Sex 0.25 3.786 | 18 0.07 | 0.948 0.05 | -7.704 8.205
Doo -
RWrist_Y_min | F r Sex -12.974 2724 | 19| -4.76 0.05 | 18.676 | -7.273
Doo -
RWrist_Y_min M |r Sex -8.778 271 | 19| -3.24 0.05 | 14449 | -3.107
dif | Doo 0.288 -
RWrist_ Y_min | f r Sex -4.196 3.842 | 19| -1.09 4 0.05 | 12.238 3.846
RWrist_.Y_min | F Iso Sex -14.562 2409 | 20| -6.05 0.05 | 19.586 | -9.538
RWrist_Y_min M | Iso Sex -11.209 2409 | 20| -4.65 0.05 | 16.233 | -6.185
dif 0.336 -
RWrist_ Y_min | f Iso Sex -3.353 3.406 | 20 | -0.98 7 0.05 | 10.458 3.752
RWrist_Y_min F Jar Sex -26.435 3.607 | 18 | -7.33 0.05 | 34.014 | 18.856
RWrist_Y_min M | Jar Sex -24.355 3.607 | 18| -6.75 0.05 | 31.934 | 16.776
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dif 0.688 -
RWrist_ Y_min | f Jar Sex -2.08 5102 | 18 | -0.41 3 0.05 | 12.798 8.638




