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	Introduction: Mathematical models of running have the potential to provide insight into how and why humans run the way they do. Existing models can generally be categorised as either simple or complex. The simple models often use spring to model the elastic storage and return of energy [1, 2] and are used to explore the fundamental mechanics of movement. On the other hand, the complex models often aim to model the individual components of the musculoskeletal system, using musculotendon actuators and complex activation dynamics, and hence understand the way in which the individual muscles contribute to the movement [3]. 

Research Question: What level of model complexity is required to describe the biomechanics of normal distance running?

Methods: A series of three models (Figure 1), each with an increasing level of complexity, were developed using OpenSim. Forward simulations of each of the models were compared to experimental data. Model 1 (spring mass model), consisted of a point mass representative of the body’s centre of mass (CoM) connected to a fixed point on the ground via a massless linear spring of constant stiffness. Model 2 introduced a knee joint. A massless torsional spring connected two weighted segments and ground contact was modelled using a point constraint. Model 3 introduced a third segment and thus an ankle joint. Pin joints with torsional springs connected the segments and again ground contact was modelled using a point constraint.

[image: image1.png]@ Msi-NGilLo=: x

M Inbox 2) - miamh: X

] Google Calendar X

€ simT: Opensim: x

€ APL: Opensim N x \ €) APE: OpenSim:F. X

€ APL OpensimPe x \\_\

ecure | httpsy/outiook.office365.com/owa/2realm=edu salford.ac.uk&exch=18path=/mail/inbox
< C | & s https://outlook.office365.com/owa/?realm=edu.salford.ac.uk&texch=18&path=/mail /inb
[ Jobs [} Reed OnTime Timest ) Internationsl Society [ Call for Abstracts |16 [3 ISBTGCS 2017 Symp- | | Matlab || OpenSim [l Walking with Richare (B Abstract submission
Office 36 Outloo
Search Mail and Peop.. O @ New|v [ Delete & Archive Junk|v Sweep MovetoV  Categories v .
Vesterday 1652
A Folders Inbox Filter v Gil, Niamh (°G) v
Inbox 1 Next: Staff training ~ Tomorrow at 10:00 [
ESMAC_2017_An Appro.. |,
itz Preece Stephen x 2068
Drafts. 1 Rl 001 Download  Save to OneDrive - University of Salford
i Sam, Rich, Chri, Chrs & Niamh As ..
Sent ltems
[ Higgins Jacqueline CY RS Action ltems
> Student Travel forms & Guideline Wed 1035
b Hi I'm over in Allerton tomorrow if that's ...
Niamh,
v Groups  # new
Preece Stephen; Idow. oF
» Conference Fund Applation s 05 Looks great but I've suggested an adaptation to the final paragraph. Also it might be nice if you coloured the
Hi o, Not sure who the budgtet holder three different models in the same colours that you've used for the lines on the graphs.
PGR-SupportHS X Don't know if you've seen but the deadline has been extended so the abstract isn’t due until the end of next
Professor Lindsey Dugdillmemori Ty 2503 week now. I'd be happy for you to submit as soon as you want now though.
rofessor Lindsey Dugeil memoril award.
. Richard
Today =
Foster-Vigors Charlie; ©
> Fud: Using the visusl 2d server to 103 Gill, Niamh (PG)
i Steve, T reslly unsure it wil work . H Have . I
NGilll@edussalford.ac. ]
1SB FORM A 057 -
@ Gill, Niamh (PG)
(No message tex)
Finance - Acadenmic; F. ©
> Conference Fees 0at
It would have o be this ftemoon after 2. @ Gill, Niamh (PG)
NGilll@edussalford.ac. ]
ish form s 1034
(o message er) @ Baker Richard <R.J.Baker@salford.ac.uk>
PGR-SupportHs o o - S e e
Reminden Research Supervision £ ozs
Dear Students, As you e 3l avare, th...
==~

models.docx - Microsoft Word

Wome |t pagelmout  Rerences  Maings  Revew  View  Enoiotex
I - N g -
S ColioifBody)_~11 ~ A" A7 | Aa- wow natbced AaBbCi AaBbCc AAD 4abboc aasbeco: AasbCcD Ausbec. MaBbCeD AaBbCeDe Aasbeedi axasceo: asssccpr Angnceoe | AR & Repioce

S comatpainter| B £ U T sbe x x| Q- - A~ = O - || Thomal |TNoSpac. Headingl Heading2  Title Subtitle  SubtleEm.. Emphasis IntenseE..  Strong Quote Intense Q.. SubteRer. Intense R Book Tt || Shange | |5
cpbosrs Font s s soes < eaing

[ —— L e e e B A A A A S ] Seection snd Vesilty - x

- ' ' ' ' ' ' ' ' ' ' ' ' ' ' “ | shapes on this Page o

g B Gowp 13 [zl

Staight Comnectr 18 O]

] Picture 1 =

H prte 13 =

g Prtre 10 =

Petres =
~ petres =

] ptre s =

Staight Comnectr 14 =

16]

Rl [

“« o4

Page:1of1 | Wordsi0 | S |

B Sticky Notes ] pringMass Q) Mail-N.Gill

Chapter5to7

Results 28031,

17.02 Niamh



[image: image2.jpg]1.02

o
©
-3

Vertical Position [m]
g

o
©
L

0.92

L L
0 0.1 0.2 03 04 05

06
Horizontal Position [m]
—— B s Model 1 ----- Model 2 ---- Model 3

0.7



[image: image3.jpg]o
>

Vertical [BW]
>

°
>

»
°

100

10 20 30 10 50 60 70 80 %0 100
Stance Phase [%]
e Model 1 -----Model 2 ----- Model 3





Figure 1 – Left: Series of models. Middle: CoM trajectories. Right: Ground Reaction Forces. 
Results: Agreement between experimental data and model simulations improved as the complexity increased. With Model 1, the mean(SD) RMSD between the CoM trajectories were 29(8), 27(7), 25(6) and 23(7) mm at speeds 1 – 4, respectively. Peak vertical displacement and peak anterior-posterior ground reaction force (GRF) were overestimated, whereas the peak vertical GRF was underestimated. Geometry restrictions with Model 2 meant only the middle ~50% of stance could be modelled. This middle portion matched well with the experimental CoM trajectory (RMSDCoM = 5(2), 11(11), 15(15) and 14(20) mm at speeds 1 – 4, respectively). However, interestingly there was poorer agreement between predicted and experimental GRFs than with Model 1. Model 3 resulted in reasonable agreement between both the kinematics and the kinetics, mean(SD) RMSD between the CoM trajectories were 16(15), 14(8), 13(6) and 13(5) mm at speeds 1 – 4, respectively. 

Discussion: These models provide potential rationales for the mechanical characteristics that contribute to how and why people run the way they do. For example, for the knee model, the agreement in the kinematics suggests that a passive torsional spring is sufficient to replicate mid-stance of running, but that to replicate early and late stance a combination of ankle and knee mechanisms is required.
References: 1) McMahon TA, et al, J Biomech, 23: 65 - 78, 1990; 2) Bullimore SR & Burn JF, J Theor Biol, 248: 686 - 695, 2007 ; 3) Hamner SR, et al, J Biomech, 43: 2709 - 2716, 2010


