Scaling of musculoskeletal models
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1/3 Scaling Principles
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Scenarios

This has always been possible
¢ Detailed level because AnyBody models are

e . fully accessible.
— Purpose-specific modeling ba ;

ultrasound data, and similar.
— Detailed data cach model element.
ndividual level
— Sports biomechanics for a particular athlete
— Gait analysis of a particular individual
Overall population level

— Investigate ergonomic compatibility for a broad range
of the population

— Based on anthropometric databases
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How a segment is defined
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How a muscle is defined
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In summary...

o Geometry
» Mass properties
* Muscle strength

External geometry

Mass

Internal geometry
Strength
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Linear geometry scaling

+t
Scaled point

Scaling matrix

Translation

Original point

Different choices of S ant t lead to different
scaling laws
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Basic idea: Segments are longitudinal
an concentric structures.

Length given by external measure

Diameter given
by the total mass
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Length-mass-fat scaling

o Tissues:
— Other (bone, cartilage, skin, blood, etc).
— Fat
— Muscle

» Fat percentage given or estimated
from the BMI

Rother = 50%

Rinescte =1— Ry — Roper
F=Fnk_,,ﬂmm’c,1 _pkn = Rother = Rpur
kL Buuscie,n kp 1= Rotper = Rt
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Scaling Pipeline

Digital manikins m—_ Ing;;idual measurements
- Ramsis | - Segment lengths pgsalla

= Jack/JlTaH | - Segment masses - Palpation -
- Delmia - External dim’s

| Scaling law: =
Population data uniform, non-uniform, mass-fat scaling L
- e.g. Caesar f

Musculoskeletal anthropometric parameters.

!

- Scaled models
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2/3: New repository scaling
methods
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Things to observe

» The repository models are written in
AnyScript.

» AnyScript is a programming language.

» Scaling methods can be implemented in
AnyScript.

» Scaling is a part of the repository — not the
software.
— Completely open for scrutiny and modification.
— If you do not like the methods, make your own!
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Extended scaling pipeline

Population
percentile

Bony landmarks

=

Joint distance Node coordinates

Segment mass Muscle strength

- GaitApplication2 <~ - Marker data
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3/3: Implementation and demo

## This section below offers the choice between two scaling strategies for the
## human model

## ScalingStandard means that all the body parts will hawve the standard size
47 at which they were originally developed. 1.e. with anthropometric

4 data from the anatomical literature. This roughly corresponds to a S50th
47 percentile European male.

A4 #include " N8 ~BodysAdUHuman Scaling“ScalingStandard  any"

## ScalinglengthMassFat will scale each segment of the body to ant
## specified in the selected AnyFamily include file, attempting

s/ fat percentage into account in the assessment of the nused® strength
#include " . n. sBodysAAUHumanScaling“ScalinglengthMassFat any”
Scaling = {

#include * . . . SBodysAddUHumansScaling AnyFamilysinyMan any®

Scaling file

* Old methods removed: ScalingUniform & ScalingLengthMass
* New Scaling files:

e AnyManExternal

* AnyManExtPercentile

* AnyWomanExtPercentile

o
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AnyManExternal

File win mtereal landsarks to weavare rachk seguent (sen incl
¢ Ten bave o a1ter the IBGHh 6f Shh sgaet (adieidnely

ude file sne)

AnyVar BHT = AnthroData Body Mass/(inthrolata hody height™2):
dnyVar FatPerceat = (<0.07 + U D149eEM] -

H lor men

hngFolderlathzalata o {
uy¥ar Body_Hess
nyRar hndy_hﬂg‘ht T

Definition of Body_Mass...

sroeqment masses in kq from Winter 4 cs ard motor control of humsn moven * Dawid &, Win
dny¥ar lusbar = U.139eBody Msss. < Tl Lb—Fau:
Any¥ar thorax = 0 1A%4eBody_Mass: < C7T-T1 to T12-1
AnyVar pelvis = 0. 142wBody Ihss.
anyVar clavicle r = 0. U133%Ecdy_|
kny¥ar upper_sen_r = 0 OPF-thy_I(m
AnyVar
hnyVar
kny¥ar o
AnyVar
dnyVar lover_srm_L = U Ole%Body_Hsss.

kny¥ar hand_1 = T O0&eBody_Hass:

AnyVsr hesd = 0. 001mBody Msss: -~ hesd snd cervicsl
dnyar thugh r « 0.1ebody Mass

kny¥ar lower_leg_r = | O4ECeBody Mass:

Any¥ar foot r = 0.0145wBody Mass;

hnyVar ball_: u.Qo0.

kny¥ar thigh_] = 0 1sBody_Hass:

kny¥ar lover lag | = 0, 04E5uBody Mess:

dnyVar fool_l = U.0l4Segody Mass.

Any¥ar ball_l = 0 000

(ardifird from 0 216 winter to separate seapula)

becomes segment lengths

1“?—.\1» lm'hrﬂSrgantTr-\gth'& -

anyVar Thighlength = 0.445; trom tep nf L ochanter to epicondylus late:
Auy¥ar :um.u.uum - u uu
kny¥ar Frot
dayVar [\elrxsilxdth - n 311
dnyVar HesdHeaght = 0.246.
kny¥ar TruekHeight = 0 S00: o F
kny¥ar Upperdralength = 0.414; < From slbow bo
dnyVar Loveriralength =0.208. < From elbov bony .u
dagiar Handlesgth = 0 132, /7 Froa the o
kny¥ar Handlresdth = 0,07

1 along thigh

Bony landmark distances

From C7 tn sa

HH
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This file allows you to choose the percentile of the populaticn you want to Tepresent with the acdel
Valid only for vomen
s+ Enter the percentile and select cue of the thres funciica for Z
AnyVar BMI = AsthroData Body Hass{inthroData body_hea 'Q
AnyVar FatPercent = (=0 08 + 0 0Z03«EMI 0 D001SEeEN] 7]-lllﬂ S/Estimation from Frankentield et al  (2001) walid for women
# Pexcentile
AnyVar Percentile = S0: the population represented. Choose one of the I linesr regression below
o Che ¥ h
“hegNar L+ (0 ObdsPexcentile)-1 56
dngVar T = (0 0F79ePmrcentsle)=1 3971,
S~hayVar I = (0 DbdePer II'Illll—I 4 4
AnyFolder AnthroData =
heyVar Body Hass =
AngVar boty_beight = 151 /1nn + 006302
e PLE ‘-n\.\.--\"xrl.i:anfu m d m
Anz\fm tharax = 0 189 a7 216 vinter Lo separate scapulad Depen ent
AmyVar pelvis = 0 142eEcdy Ma
Angiar Clavicle_s = 0. 0133aTody, Hazs: Input
hnyVar upper_sra_r o 0.02GwBody Nass:
huyVar Lover_srar o 0.01GBody_Kass:
AnyVar hand_t = 5 006w _Mams
hnyVar elaviels_] = 0 0133WBody_Mass.
AmyVar upper_ars_1 = 0 0Z8«Body Hass:
AmyvVar lover arm 1 = 0. 0léeBody Hass:
hoyVar band I = 0 00GeBody Hass:
huyVar hesd = 0.001sBody Mass: - hesd snd cervical
Anyiar thigh s * 0 1Body_Hass
AnyVar lover_leg_r = 0 mﬁq-n.!y Mass,
huyVar foot_r = 0 0145#Body Mass
AmyVar ball r = 0.000
AeVar thigh | = 0 {wBedy
AmyVar lover leg 1 = 0. UISE'MY Hass;
hoyVar foor I = 0.0145eBody Mas:
\ hoyVar ballZl = 0.000:
AnyFolder lnl]lrﬂﬁ—gx-ﬂllnlgllu_ - f
AuyVar ThighLeng! 24
hayVar hlmullnwlln - II a
AmyvVar FootLees 0.01 from 5! IL ot r.ee] to tip o= alomg toot
[ i be\veer. exteznal biny tip T (horizonts
. ¢ From eibov buny Lip to acionion 5 alJus hunerus {elbov tlessd 50 UI.-g.
AnyVa: werhralength = 013= 2. From =lkx ulnm &t slna (@lbow §lexed 90 d
huyVar BandLesgth = 0 175 i 0 004« G Lhs I
huyVar BandBreadth = 0 077 + 0 00&= I, -~ maxk of bhe external landmark e
b
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Demo:

Standing model with a shoulder
bag
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Discussion

» Scaling has been implemented as simple formulas in
directly in the models.

» The formulas are based on simple physical and
physiological principles.

» Alternative scaling methods can be implemented by
users.

» Future work might include age and gender.
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Online resources

* The AnyBody Modeling System

— Free demo license
www.anybodytech.com

— Email: anybody@anybodytech.com
 The AnyBody Research Project
www.anybody.aau.dk

— Public domain library of body models and
applications

— Publications, for instance about scaling.
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Thank you!
Q&A

& -
nnnnnnn UNIVERSITY ANY
Department of Mechanical Enginearing

RESEARCH PROJECT

3/19/2009

11



