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[bookmark: _Toc68328422]Fundamentals
[bookmark: _Toc68328423]System
	Capture system / software
	[bookmark: _Ref15453531]12-camera, Motion Analysis Corporation / Cortex version 7.xxx [footnoteRef:1] [1:  Motion Analysis Corporation, Santa Rosa, CA, USA.] 


	Medium
	Passive retro-reflective markers : 12.5mm with ~2mm fabric/velcro base

	Sampling frequency
	120Hz
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	Software
	Details

	Filtering
	Cortex1
	Kinematic data: 6Hz

	Interpolation
	Cortex1
	Cubic spline / software-based virtual join1 

	Eventing 
	Visual 3D[footnoteRef:2] [2:  C-Motion, Germantown, MD, USA.] 

	Force plate contacts (threshold 20N) followed by pattern recognition for subsequent steps (proximal foot sagittal plane coordinates, see [footnoteRef:3] and [footnoteRef:4] for detail of algorithm) [3:  http://www.c-motion.com/v3dwiki/index.php?title=Automatic_Gait_Events]  [4:  Stanhope, S. J., Kepple, T. M., McGuire, D. A., & Roman, N. L. (1990). Kinematic-based technique for event time determination during gait. Medical and Biological Engineering and Computing, 28(4), 355-360. ] 
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	Design
	Adapted from Orthotrak full body model - modified Helen Hayes version[footnoteRef:5] [5:  Motion Analysis Corporation (2009). Joint Angles and Segment Coordinate Systems. Orthotrak Version 6.6 Reference Manual, H4-H18. ] 


	Degrees of freedom
	Lower limb, pelvis, trunk: 6, with common markers; upper arm: 2.

	Optimisation
	Segment optimisation - Software generic. See Visual 3D documentation[footnoteRef:6] [6:  http://www.c-motion.com/v3dwiki/index.php?title=Six_Degrees_of_Freedom  ] 
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[bookmark: _Toc68328427]Landmarks
* Marker removed following static calibration trial
	Landmark ID
(^bilateral/side)
	Location
	Location method
	Function
	Type

	
	
	
	Definition
	Tracking
	

	^ASI
	Superficial on skin surface such that marker body is anterior to prominent anterior edge of iliac crest.
	Palpation
	Yes
	Yes
	Marker

	VSAC
	Superficial to the spine at approximately L5 level.
	Palpation
	Yes
	Yes
	Marker

	LPSI
	Superficial to palpable prominence at posterior edge of iliac crest. Legacy labelling marker.
	Palpation
	No
	No
	Marker

	MID_PV
	Midpoint on the line between the VSAC and the midpoint between LASI and RASI
	Calculation
	Yes
	No
	Derived

	^HJC
	Hip joint centre[footnoteRef:7] – at the following distances from mid-point between ASI markers in pelvis coordinate system, corrected for marker radius: [7:  Harrington ME, Zavatsky AB, Lawson SE, Yuan Z, Theologis TN.(2007) Prediction of the hip joint centre in adults, children, and patients with cerebral palsy based on magnetic resonance imaging. J Biomech. 2007;40(3):595-602.] 

AP (in mm) -(0.24*Pelvis_AP_Depth)-0.0099 (Left side)
ML (in mm) = (0.28*Pelvis_AP_Depth)+(0.16*Pelvis_ML_Width)+0.0079
Axial (in mm) = -(0.16*Pelvis_ML_Width)-(0.04*Left_Leg_Length)-0.0071
Where AP_Depth is distance between VSAC and midpoint between LASI and RASI corrected for marker radii. 
ML_Width is the distance between ASI markers.
Leg_length is distance between ASI and ipsilateral ANM via KNM
	Calculation
	Yes
	Yes
	Derived

	^THI
	Anteriorly on lower thigh, at approximately 1/3 thigh length. 
	Visualisation
	No
	Yes
	Marker

	^KNE
	Superficial to the lateral femoral condyle at the knee flexion/extension axis of rotation / laterally on the socket superficial to an estimated sagittal center of rotation.
	Visualisation
	Yes
	Yes
	Marker

	^VKNL
	KNE projected towards KNE_2 by marker radius
	Calculation
	Yes
	No
	Derived

	^KNE_2
	Superficial to the medial femoral condyle, to form the medial end of the knee flexion/extension axis with ^KNE / medially on the socket superficial to an estimated sagittal center of rotation.
	Visualisation
	Yes
	No
	Marker*

	^VKNM
	KNE_2 projected towards KNE by marker radius
	Calculation
	Yes
	No
	Derived

	^KJC
	Midpoint between KNE and KNE_2.
	Calculation
	Yes
	No
	Derived

	^SHA
	Anteriorly on shank, approximately 1/3 distance from proximal to distal end.
	Visualisation
	No
	Yes
	Marker

	^ANK
	At apex of lateral malleolus, to form the lateral end of the ‘ankle’ axis with ^ANK_2 / laterally on the uniaxial ankle articulation of the prosthetic foot.
	Palpation
	Yes
	Yes
	Marker

	^VANL
	ANK projected towards ANK_2 by marker radius
	Calculation
	Yes
	No
	Derived

	^ANK_2
	At apex of medial malleolus, to form the medial end of the ‘ankle’ axis with ^ANK / medially on the uniaxial ankle articulation of the prosthetic foot.
	Palpation
	Yes
	No
	Marker*

	^VANM
	ANK_2 projected towards ANK by marker radius
	Calculation
	Yes
	No
	Derived

	^AJC
	Midpoint between ANK and ANK_2.
	Calculation
	Yes
	No
	Derived

	^.TO
	At location approximating point between 2nd and 3rd metatarsal heads, on dorsum of shoe. 
	Visualisation
	Yes
	Yes
	Marker

	^TOEvert
	.TO projected vertically to ground.
	Calculation
	Yes
	No
	Derived

	^ VTOE
	.TO projected down by half the distance between .TO and ground corrected for marker radius
	Calculation
	Yes
	No
	Derived

	.ME
	Superficial to the 5th metatarsal head, on dorsum of shoe
	Palpation
	Yes
	Yes
	Marker

	^HEE
	On heel counter, aligned vertically with .TO, to form the longitudinal axis of the foot with .TO
	Measurement /Visualisation
	Yes
	Yes
	Marker

	^HEEvert
	HEE projected vertically to ground.
	Calculation
	Yes
	No
	Derived

	^HEElat
	HEEvert projected lateral to body by 0.1m.
	Calculation
	Yes
	No
	Derived

	^SHO
	Superficial to and vertically above the acromium process.
	Palpation
	Yes
	Yes
	Marker

	^VSHO
	VSHO projected downwards by marker radius.
	Calculation
	Yes
	No
	Derived

	SCAP
	Superficial to the right scapula. Legacy labelling marker.
	Visualisation
	No
	No
	Marker

	MID_SHO
	Midpoint between RSHO and LSHO
	Calculation
	Yes
	No
	Derived

	^ELB
	Superficial to the lateral epicondyle, placed with the arm flexed to 90°.
	Palpation
	Yes
	Yes
	Marker

	^VPSHO
	0.02m posterior to SHO in trunk coordinate system
	Calculation
	Yes
	Yes
	Derived

	^WRI
	Midpoint between the radial and ulnar prominences on the dorsal wrist.
	Visualisation
	Yes
	Yes
	Marker

	^ VELM
	0.074m medial to ELB perpendicular to the plane defined by ipsilateral ELB, SHO and VPSHO, orthogonal to the line between ELB and SHO.
	Calculation
	Yes
	Yes
	Derived
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	Segment (^bilateral/
side)
	Landmarks (derived landmarks in parentheses)
	Origin
	Axes
	Tracking markers

	
	
	
	Flex/ext
	Add/abd
	Axial
	

	Pelvis
(Visual 3D Composite[footnoteRef:8]) [8:  See http://www.c-motion.com/v3dwiki/index.php?title=V3D_Composite_Pelvis 
] 

	RASI, LASI, VSAC
	Midpoint betw midpoints of (LASI/RASI) & VSAC corrected for marker radius
	Parallel to line from origin to RASI
	Orthogonal to the flex/ext and axial axes.
	Perpendicular to the plane defined by LASI, RASI & VSAC
	RASI, LASI, VSAC

	^ Thigh
	(HJC), (VKNL), (VKNM), THI, KNE, KNE_2
	HJC
	Perpendicular to axial axis in plane defined by HJC, VKNL & VKNM
	Orthogonal to axial and flex/ext axes
	Line joining HJC and midpoint between VKNL & VKNM
	HJC, THI, KNE

	^ Shank
	(KJC), (VANL), (VANM), ANK, ANK_2, KNE, SHA
	KJC
	Perpendicular to axial axis in plane defined by KJC, VANL & VANM
	Orthogonal to Axial and Flex/Ext axes
	Line joining KJC and midpoint between KJC, VANL & VANM
	KNE, SHA, ANK

	^ Foot
	(AJC), (VANL), (VTOE)
	AJC
	Perpendicular to Add/abd axis in plane defined by AJC, VTOE and VANL
	Line joining AJC and VTOE
	Orthogonal to Axial and Flex/Ext axes
	.ME, .TO, HEE

	^ Normalized foot
	(HEEvert), (TOEvert),(HEElat)
	RHEEvert
	Perpendicular to Add/abd axis in plane defined by HEEvert, TOEvert and HEElat
	Line joining HEEvert and TOEvert
	Orthogonal to Axial and Flex/Ext axes
	.ME, .TO, HEE

	Thorax/Ab
	(MID_PV), (RVSHO), (LVSHO)
	MID_PV
	Perpendicular to axial axis, orthogonal to plane defined by MID_PV, RSHO & LSHO
	Orthogonal to Axial and Flex/Ext axes
	Line joining MID_PV and midpoint between RSHO & LSHO
	LSHO, RSHO, VSAC

	^ Upper Arm
	(VSHO), ELB, (VPSHO)
	SHO
	Perpendicular to axial axis in plane orthogonal to SHO, ELB and VPSHO.
	Orthogonal to Axial and Flex/Ext axes
	Line joining SHO to ELB
	SHO, ELB, VPSHO

	^ Forearm
	ELB, WRI, (VELM)
	ELB
	Perpendicular to axial axis in plane orthogonal to ELB, WRI and VELM.
	Orthogonal to Axial and Flex/Ext axes
	Line joining ELB to WRI
	ELB, WRI, VELM
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	Joint/
segment angle
	Segment
	Reference segment
	Order of rotations
	Positive direction

	Trunk 
	Trunk
	Laboratory 
(corrected for walking direction)
	Sag – Cor - Tra
	Anterior lean 
Lateral lean (shoulder down)
Anterior twist (shoulder forward)

	Pelvis
	Pelvis
	Laboratory 
(corrected for walking direction)
	Sag – Cor - Tra
	Anterior tilt
Downwards obliquity (hip down)
Anterior twist (hip forward)

	Hip
	Thigh
	Pelvis
	Sag – Cor - Tra
	Flexion
Adduction
Internal rotation

	Knee
	Shank
	Thigh 
	Sag – Cor – Tra
	Flexion
Adduction
Internal rotation

	Ankle
	Foot
	Shank
	Sag – Cor – Tra
	Dorsiflexion
Adduction
Inversion

	Normalized ankle
	Normalized foot
	Shank
	Sag – Cor - Tra
	Dorsiflexion
Adduction
Inversion
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	Step length
	Computed bilaterally as the distance between the proximal foot (approximate location of ankle) at foot-on and proximal contralateral foot at previous contralateral foot-on.

	Cadence
	Computed by [60 / step time], in steps per minute. (Step time - time difference between contralateral and ipsilateral foot-on events).

	Walking speed
	Computed by [stride length / stride time], averaged across all strides for a given traverse. (Stride time – time difference between ipsilateral foot-on events). 
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Data from 8 participants (5M, 3F;  age 52.0 ± 5.3 yrs; mass 71.8 ± 12.9 kg; height 1.70 ± 0.08 m) were captured at the Jesse Brown VA Medical Center. All marker placement was conducted by the same experienced assessor. Participants traversed the 10m walkway sufficient times to acquire five complete force plate contacts for each side (right, left), at a ‘comfortable speed’. Data were processed using Orthotrak 6.0 (Motion Analysis Corp). System fundamentals, marker placement protocol, filtering and gap-filling were identical to current study.
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