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. Introduction [ Methods D ( Discussion :
= Often, test subjects used in biomechanical studies have| | * Long-bone bending tests » Data Sources " The scaling errors depend on the samples. Ideally when
large variations in their physical characteristics such as e more da_‘t? were included, the experimental errors would
size, shape, and loading conditions. Even if data can be T ﬁ 4 v Body Part Sources Sample Size Loading Condition be negligible, the errors would be used to evaluate the
. - . EE— K ' . .
collected for a specific type of subjects, data cannot be | | _ 7 schallng techmqugs. ; l o l
- b~ 1 o Q i - = The structure-based scaling metho as severa
collected on some types of subjects. For example, data V5 < Kirkish et al. (1996) 20 (male) L(female) -°ading rate:0.635/218 (mm/s) e S | &
on impact responses and tolerance levels for children ' L | Variable span length limitations that most likely affected the accuracy of the
are very limited. ‘ ) _ Humerus  Duma et al. (1999) 10 (female) Lgadlr][g r:;lte: 3.(|53 (Tr/f) results. .A ...1m}tat10_n of the s-tructu-re-bas_ed scaling
" Given these circumstances, biomechanics researchers 0 DI SPAl TEND method is the idealized model itself, including but not
must turn to scaling techniques either to normalize test Schematic of 3-point mid-shaft bending test Kemper et al. (2005) 6 (male),2(female) Logg'nnsgarniti: g'nolléf] ({E/S) limited to the assumptions of a CELISTERIANE CREES- oo
data to a standard subject size or to extend the results and test apparatus(Ivarsson,2009) pan feng along the length of the shaft and elliptical cross-section.

- - - : Loading rate: 1.2 (m/s) = Correlation analyses showed that the idealized model
fljom one sized subject to describe the response of other| | , Scaling Methods - Funk et al. (2004) 15 (male) Variable span length e neces}s,aril e o Al qoed Moe®
S12E Sub] ects. Ivarsson et al. (2009) 5 (male), 5(female) BRI (EUE L9 (1) ’ : v abp - 5 : .

= Two different scaling methods are normally used. The Assumptions of two scaling methods ' ’ Variable span length [dealized models are not always applicable, which is
first one is referred to as mass-based Scaling, which is e All reported fracture moment, Kemper, Funk and Ivarsson reported force- another llmltatIO-n of Structure-baseq Scall.ng. |
based on dimensional analysis (Langhaar,1951) and Mass-based Scaling Structure-based Scaling deflection responses. Only Kirkish tested specimens in either lateral-| | ® Mass-based scaling depends on dimensional analysis,
allows the unknown physical responses of a given » Euler-Bernoulli Beam g;:;icl;lgh-sl.\/l) o anteriorposieriorlit) direction, ofher fesied i A7 Z}\ilil;Cf:lavsveo)ugcizg:(ljeirll(;asolntice:orr;(lléc;o2; Eﬁleg | ;r))jgrlj:f;hslg
system to be estimated from the known responses of a - + Elliptical cross-section + All specimens included following information: body mass, height, age, _ _ »
Srriler evsiemn b ecra s ldiine fumd snnenal sl » Geometric similarity - Constant strain at outermost | _ o | e mass-based scaling can only be applicable to special
y y 8 8| | . Constant mass density surface under bending cross-section properties. Kirkish reported rate of mineralization(ash load; diti At hen loadi dit;
factors. (e.g. mass, and Young's Modulus). The second . Linear constitutive material weight/dry weight in %), others reported Bone Mineral Density(BMD) and Oadling conartions or situations when foading conaitions
approach is structure-based scaling, which is based on behavior estimated young’s modulus. were not relevant.
idealized analytical models representing the structural Scaling factors of two scaling methods e Evaluation Procedure
characteristics of the human body regions and contact _ e e e e » All the data were divided into multiple data sets, according to loading| ‘_ %
stiftness under multiple loading conditions. Entity factor scaling factor direction, body parts and Mineral information. s ™
Mass 1 A  In each data set, a procedure involved with multiple scaling trails was -
Goal Young’s Modulus Am P proposed. Scaling techniques were evaluated by errors from the multiple ConCI uSI1ons
/3 E .
trials. _ L
Although scaling methods are widely used, these Characteristic Length 4, = (4n)"/* A Ay 0 0TS L ;ziesgziiiiii_?jgedb;ﬁ:llfr;gctrl?:;h;gmdelg?;ch fﬁ?ﬁit:
. . Mean and -
scaling methods were rarely validated and evaluated. ) Ax A% g Error Standard . 5 .
The objective of this study was to compare and Force Ap =A" *Ag Ap = —— Ors; Deviation based scaling method. Both methods resulted in large
L
. _ a4 2 standard deviation because of the large variabilit
understand the benefits of both structure-based and MDA Av =4 - Ag Au = Axdy” Ag o Errors, ~ssociated with biological Specimens 5 4
. . 2
mass-based scaling methods wusing PMHS (post BeileEtar 1 P & P
mortem human subjects) bending test data from ! ST, Target Scaled Data Errors 2. Structure-based predict more accurate results when
(E S Span Length A, A Schematic diagram for the evaluation of scaling loading conditions are relevant.
/ K*y is the diameter of mid-shaft cross section in the loading direction teChniqueS USing PMHS test data / L y
s N )
Directional % error= (scaled- true)/true-100. * The Overall error of humerus moment is e S u S = >000 -
calculated by combining errors from all the humerus trails R It € 1000 -
£ Future Work
120% v 3000 -
S Summary of scaling errors 3 2000 - Future efforts will be necessary to fully compare these
'-E 80% = 1000 - scaling methods in a wider range of sample size, in multiple
o 2, component-level tests. More idealized models for structure-
§ 20% A 0 200 400 600 800 Left Right based scaling will be developed and evaluated.
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