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BACKGROWUND

+ Developmentalstructural differentiation in humanlong bone
morphologyis a key elementin the variability of adult long
bone structure.

* Dimensionalscalingmethodscurrently usedfor determining
subadultinjury thresholdsassumegeometricsimilarity between
childrenand adults.*

¢ Glventhe unigue biomechanicaldemandsof locomotor ontogeny
and longitudinal growth, a more nuanced understandingof the
developmentaltiming and spatial variability of long bone
morphologicalcharacteristicas neededin order to develop
accuratechild responsetargets

¢ HYROFTHES IGntogeneticpatterns of crosssectionalcortical
shapechangein the humanfemoral andtibial diaphysesare
age and anatomicalsite-specific

MATERIAL S

* Humanfemora (n=46) andtibiae (n=47). Fig.1

+ Agesrangefrom neonatalto 16.5 years

+ Bonesobtained from the Norris Farms#36 series,an Oneota
Native Americanskeletalassemblagealating to about A.D. 1300

* Highresolution x-ray CTscanswere taken at the Pennsylvanigstate Centerfor
Quantitative Imaging

¢ CTscanresolutionsrangefrom 0.013nm to 0.094mm, dependingon specimensize
(with higherresolutionsfor smallerbones)

METHODS

¢ Corticaldrift patterns andrelative bone envelopemodeling
activity were assesse@crossagegroupsin five locations
per bone (at 20, 35, 50, 65, and 8% of total bone length
[FIgs 1 & 2]) by measuringthe distancefrom the section
centroid to the endostealand periostealmarginsin eight
crosssectionalsectorsusinglmageJFigs 4, 5, & 6).

¢ Changesn the periostealand/or endostealsurfacesand
In corticalwidth were recordedfor eachof the five dia-
physealslices(per bone).

= Correlationbetweenageand|__/I ... ratio wastested at
eachslicelocation (Fig 3).

Fig 3. Secondmoments of area representing axes of
maximum (I.,) and minimum (l,;,,) bendingrigidity. The
ratio of thesevaluesis anindex of shape(1=symmetricaj
O=asymmetrical)
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Fig 6. Graphof sector radius measurements
(scalein mm). Exampleisa 16.5 year-old at the
80%tibia slice

Fig 5. Tibial crosssectionat 80%length. Centered
radial grid intersects cortical surfaces in 16
locations(twice per sector) Age=16.5yrs.

Fig4. Crosssectionwith radial grid. Graylines
designate8 sectors White lines bisectsectors
Lettersare directional indicators.
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Figs9 & 10 (above) Percentchange(with age)in mean crosssectionalradiusin each
sector for femora (left) and tibiae (right). Black bars = periosteal change grey bars =
endostealchange Radialgraphsshow mean crosssectionalradii for all age groups,plotted
: separatelyfor eachslicelocation.
Fig. 2 paratelyt
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DISCUSSION

RESULT S

¢ Corticalshapechangesare most strongly associatedwith agein the distal (20%total
bonelength) and proximal (80%total bone length) regionsof the femoral diaphysis,
and in the proximal regions(65%and 80%total bone length) of the tibia (Pearson
correlationresultsin Tablesl & 2).

¢ Thisindicatesthat theseanatomicallocationsmay be more sensitiveto develop-
mental mechanicaload shifts than the midshaft (50%Ilength).

= Age-specificmeanl /I .., valuesat 5 shaftlocationsare shownin Figs 7 & 8.

* Bonesurfacechangesare highly age and site-specific,with acceleratedperiods of
changeidentified in the early childhoodand pre-pubertal stagesof development
(Figs 9 & 10).

1 Imax/Imin vs Age (FEMUR) 2 Imax/Imin vsAge (TIBIA)
Slice | 20% | 35% | 50% | 65% | 80% Slice | 20% | 35% | 50% | 65% | 80%
r -0.665| -0.358| 0.038 | 0.599 | 0.365 r -0.417| 0.792 | 0.825 | 0.880 | 0.859
p-value| <0.001 <0.01| NS | <0.001 <0.01 p-value | <0.01 | <0.001 <0.001| <0.001| <0.001
Tablesl & 2. Pearsoncorrelation resultsfor 1./l ... and agein the femur (left table) and in the tibia (right table) at eachof the five slicelocationsper bone.
Redsignificancevaluesindicate significantp-valuesafter Bonferonni correction (correctedp=0.005).
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FigS7 & 8. Meanl /I .., valuesby %total bone length at five locationsin the diaphysisof the femur (left) andtibia (right). Linesrepresenteachof five distinct agegroups(in years
Group1=0-1.9; Group2=2¢4.9; Group3=5¢8.9; Group4=9¢ 13.9; Group5=14¢ 19).
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¢ Sensitivityof morphologicaladaptationto locomotor forcesis heterogeneous
throughout the diaphysisof the tibia and femur.

¢ Significantagerelated differencesin cortical morphologyindicate a major
limitation of current geometricscalingtechniques? 3 4

¢ Accordingto previousstudies,diaphysealfracturesin the subadulttibia occurmost
frequently in the distal third of the shaft, followed by the middle third, with the
fewest occurringproximally®; diaphysealfracturesof the subadultfemur occurmost
frequently in the midshaft, followed by the distal region.®

* Most commonfracture sitescorrespondto smallestl ., valuesfound in this study;,
iIndicatingthat the femur andtibia tend to fracture at sitesof leastbendingrigidity.

& Structuralresponseto mechanicaluseis age and site-specificin the femur & tibia.

¢ Nuancesof developmentaltiming and spatial variability of longbone morphology
cancontribute to refinement of geometricscalingtechniquesfor child injury
biomechanicgesearch

* Futureresearchshouldcombineage and site-specificmorphometricswith
experimentally-derived subadultinjury threshold data.

1. J. Ash, YAbdelilah J. Crandall, D. Parent, C. SherwoodKBllieris 2005. Comparison of Anthropomorphic Test Dummieish a Pediatric Cadaver
Restrained bya Threepoint Belt in Frontal Sled Tests. Proceedings of the 21st International Technical Conference on the Enhanced Safeiyied.Ve

2. RHEppingegE W®l @ al NDdzax wdad az2zNAFIYyDd mbynd 5S@St 2 LIY Sypact BrdfectibroRéséarch | y R
Program. Society for Automotive Engineers, Technical Paper.

3. H.J. Mertz. 1984. A Procedure for Normalizing Impact Response Data. Society for Automotive Engineers, Technical Paper.

4. H.J. Mertz, P. Prasad, A.L. Irwin. 1997. Injury Risk Curves for Children and Adults in Frontal and Rear CollisionsoSAautetydtive Engineers,
Technical Paper.

5. E.S. Hart, B. Luther, B.Grottkau. 2006. Broken Bones: Common Pediatric Lower Extremity Fractyrart [11.OrthopaedicNursing 25(6):39€107.

6. R.Schwend C.Werth, A. Johnston. 2000. Femur Shaft Fractures in Toddlers and Young Children: Rarely from Child Amasertio 20(4):479481.

ACKNOWEEDGMENTS

This research was supported by NSF grant- 2083904 (JHG, TMR)
The authors thank Amanda Agnew and Laura Boucher for their helpful comments and suggestions.




