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Introduction

Motor vehicle crashesgspeciallyside impacts,are a leading causeof deathand disability to the
pediatricpopulationasthey accountfor approximatelyb0% of pediatrictraumall]. Sixteenpercent
of children were nonfatally injured while 32% of children have died as a result of vehicle side
iImpacts|[2]. According to the CrashInjury ResearchEngineeringNetwork (CIREN), children
Involvedin sideimpactcrashesare morelikely to suffer severenjuriesto the headandthorax|[1].

The placemenbf the headandthoraxduringimpacthasbeenshownto be heavilydependenbnthe
respons®f theshouldemechanisn3].

Due to the needto increasesafetyin automobilesthe automotivecommunity has beenactively
researchingnethodsto preventinjury during car accidents Potentialimprovementanustfirst be
testedto verify that they reduceinjury. This Is done through the use of anthropomorphidest

devices(ATDs), which providea methodfor analyzingthe injuriesinvolved in avehiclecrash[l]. B B\ <= A ™

However, the datausedto designpediatric ATDs Is derived and scaledfrom adults and animal . e . Figure 6. Plot of force vs. deflectionalong Figure 7. Plot of force vs. deflectionalong

surrogatesindit is uncertainrwhetherthey areaccuratdor the child population[4]. In addition,the the x-axis for the posteromedialloading the y-axis for the posteromedialloading
dynamicresponseof the pediatricshoulder,which plays an importantrole in the responseof the condition condition
head and neck during impact, has not been researchedand modeled into pediatric ATDs.

LAT INF PM PM AM

Y-Axis | Z-Axis | X-Axis | Y-Axis | X-AXis
Subject 1 20.58 1.616 3.519 10.33 1.769
Subject 2 26.32 1.318 2.416 9.209 2.041
Subject 3 17.41 | 0.9067 | 1.383 8.455 1.430

Objectives

APerform quaskstatic, noninvasive shoulder displacementson adult volunteers to define the

adults h o u | dlifln@s®d s Subject 4 1.545 | 12.16 | 1.392
A L . . . . . Subject5 | 19.87 1.783 | 9.250 | 1.263
Perform quaststatic shoulderstiffnesstesting and dynamic, noninvasiveimpactson adult post Subiect 6 | 17.40 5784 | 2832 | 09818

mortemhumansubjects

Table1. StiffnessefN/mm) forthes u b | e c

shoulderscalculatedasthe slopeof thelinear
Figure 8. Plot of force vs. deflectionalong fit to the forcedisplacement curves
the x-axis for the anteromedialloading  Stiffnesseswere calculatedfor the shoulders
condition for eachof theloadingconditions

APerformquasistaticshoulderstiffnesstestingon pediatricvolunteers

ADefine a correlationbetweenguasistaticanddynamicstiffnessesindfind the pediatrics hou | der 6 s
responsé&o dynamicloadingconditions

MEthOdS Figure 3. (Top) Subject 3 seated on the bench. Force applicator and guide set to the medial/latera

The right shouldersof six adult volunteerswere quasistatically displacedin four directions direction; (Bottom Left) Close up view of subject 3 upper arm reflector cluster, acromion marker, -
medially, anteromediallyposteromediallyandinferiorly. A combinationof motiontestingusinga mManubrium marker, and anterior deltoid and biceps brachii EMG electrodes; (Bottom Right) Close

'he responseof eachs u b | shouldérsappearto follow a similar pattern The force
displacementurvesof the shouldersappearno be almostlinear andthereis little variationin

pointclustertechniqueto measureé-degreeof-freedommotion of the shoulder resistiveloading UP Vview of the posterior shoulder of subject 3. the stiffnessof eachs u b | shoulddrsith the exceptionof subjects. The inferior loading
usinga load cell to measurghes h o u | resistancds quaststaticloading andelectromyography : : conditiondatafor subjects4-6 hasnotyet beenprocessed An abnormakurvewasobservedn
(EMG) recordingdo measuréheactivationof theshouldemusclesduringloadingwasutilized. Resu ItS and DIsScussIion subject4d kteraldataandwasomitted Theabnormalityof thec u r sha@esight be dueto
In each subject, reflective markerswere placed on the upper right arm, both acromions,the anerrorin thetrackingof thereflectivemarkers
manubrium,and the medial and lateral epicondylesof the right elbow Surfaceelectrodeswere
appliedto the latissimusdorsi, uppertrapeziusanteriorand posteriordeltoids,bicepsbrachii, and COﬂCl USiOn
pectoralismajor  Theright shouldersof eachsubjectwere quaststaticallydisplacedusinga hand
held force applicator A load cell attachedo the applicatorrecordedthe forcesduring the motion The method for quastatically and noninvasively measuring the fedigplacement
while an 8-cameraVicon motion capturesystemtracked and recordedthe s h o u | do@on 0 s characteristics of the shoulder seems promising. However, more subjects need to be teste
During the test, electrodesmeasuredthe activity of the shoulder muscles during loading before moving on to pediatric subjects.
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