[bookmark: _Toc385283090]Appendix B:  Length Scaled Sled Test Responses

In order to compare the kinematics of the PV group to the Q3s while attempting to accommodate the different anthropometries of the two groups, PV kinematic data were length scaled based on dimensional analysis (Ash et al. 2009; Irwin et al. 2002).  Kinematic trajectories and torso displacement were scaled using a scaling factor () defined as the ratio between the seated height of the Q3s () and the seated height of the PV (), as shown in Eq. (B1). 

	
	
	(B1)



Scaling factors ranged from 0.77 to 0.88.  Scaling was considered for the presented data set because although the smallest age-group of available PV data were used (6 to 8 years-old), the PVs were not size-matched to the Q3s.  As only kinematic data are presented in this study, no other scaling factors were required.  Also note that deflection data (as well as force) were not scaled for the data acquired during shoulder stiffness experiments. 

To assess the success of this methodology, 8 year-old volunteer data were scaled down to a 6 year-old.  Scaled 8 year-old outcomes were then compared to actual 6 year-old outcomes.  Specifically, maximum lateral torso displacement and maximum head top ∆Y were calculated and used to estimate an approximate percent error using the scaled and actual 6 year-old data.  Since only one 6 year-old and one 8 year-old were tested in the two impact directions (lateral and oblique), percent errors were calculated on a subject to subject basis.  Calculated percent errors for the described outcomes ranged from 13-28%.  Scaled outcomes underestimated actual outcomes in all cases.  Adult data were also scaled down to a 6 year-old in order to perform the same calculation and resulted in percent errors ranging from 25-50%, all of which also underestimated actual outcomes.

This Appendix contains length scaled data for torso displacement and kinematic trajectories in the following Figures B1 – B3.  Length scaled peak values and confidence intervals can be found in Tables B1 and B2.
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[bookmark: _Toc385283207]Figure B1   Length scaled lateral displacement (y-direction) of the SSN marker.  Q3s plotted against PV mean curves for lateral and oblique trials. 
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Figure B2   Length scaled kinematic trajectories of markers on the top of the head (HT), C4, and T1 in the coronal (y-z) plane.  Q3s plotted against PV mean curves for lateral and oblique trials.  Trajectories were adjusted to begin at the average initial (y,z) point.  Rectangles indicate one standard deviation of initial (y,z) starting point.  Note that legend indicates age of PV per curve, but like lines across lateral and oblique trials do not indicate the same subject.
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Figure B3   Length scaled kinematic trajectories of markers on the top of the head (HT), C4, and T1 in the transverse (x-y) and sagittal (x-z) planes.  Q3s plotted against PV mean curves for oblique trials.  Trajectories were adjusted to begin at the average initial point.  Rectangles indicate one standard deviation of initial starting point.  Note that legend indicates age of PV per curve, but like lines across lateral and oblique trials do not indicate the same subject.


Table B1   Peak and time at peak for length scaled SSN Y-displacement.  Shaded cells indicate a significant difference between the Q3s and PVs at significance level of .05.
	
	
	
	Q3s
	PV
	PV

	
	
	
	(Mean)
	(Mean)
	95% CI

	Lateral
	SSN Y-displacement
	Max (mm)
	194.6
	164.3
	139.7 - 188.9

	
	
	Time (msec)
	34.0
	29.6
	27.0 - 32.2

	Oblique
	SSN Y-displacement
	Max (mm)
	153.3
	166.2
	140.4 - 191.9

	
	
	Time (msec)
	37.0
	31.8
	30.0 - 33.6












[bookmark: _GoBack]Table B2   Maximum excursion and time at maximum for length scaled ∆Y and ∆Z trajectories.  Shaded cells indicate a significant difference between the Q3s and PVs at significance level of .05.   
	
	
	
	Q3s
	PV
	PV

	
	
	
	(Mean)
	(Mean)
	95% CI

	Lateral 
	HT
	Max (mm)
	-389
	-258
	-277  -  -239

	
	∆Y
	Time (msec)
	32
	32
	31  -  34

	
	HT
	Max (mm)
	-140
	-37
	-48  -  -25

	
	∆Z
	Time (msec)
	32
	33 
	31  -  35

	
	C4
	Max (mm)
	-231
	-177
	-193  -  -160

	
	∆Y
	Time (msec)
	34
	30
	26  -  35

	
	C4
	Max (mm)
	-41
	0
	-14  -  14

	
	∆Z
	Time (msec)
	35
	38
	32  -  43

	
	T1
	Max (mm)
	-196
	-149
	-163  -  -135

	
	∆Y
	Time (msec)
	34
	29
	24  -  34

	
	T1
	Max (mm)
	-24
	9
	1  -  18

	
	∆Z
	Time (msec)
	36
	32
	25  -  39

	Oblique
	HT
	Max (mm)
	-319
	-251
	-285  -  -217

	
	∆Y
	Time (msec)
	36
	34
	32  -  35

	
	HT
	Max (mm)
	-96
	-34
	-48  -  -20

	
	∆Z
	Time (msec)
	36
	37
	33  -  40

	
	C4
	Max (mm)
	-200
	-179
	-195  -  -163

	
	∆Y
	Time (msec)
	32
	33
	27  -  38

	
	C4
	Max (mm)
	-50
	21
	0  -  41

	
	∆Z
	Time (msec)
	35
	27 
	18  -  36

	
	T1
	Max (mm)
	-181
	-163
	-179  -  -148

	
	∆Y
	Time (msec)
	30
	34
	26  - 41

	
	T1
	Max (mm)
	-36
	31
	22  -  40

	
	∆Z
	Time (msec)
	34
	25
	23  -  28
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