
ÅViVA OpenHBMis the first open source 50th 
percentile female HBM. [5]

ÅHBMs are a tool to study the injury mechanism 
and kinematics, therefore active muscles 
responses must be included as studies have 
shown that muscles influence head-neck 
kinematics during impact. [6]

ÅWhiplash Associated Disorders (WADs) or Whiplash 
injuries is a worldwide concern due to high number of 
cases every year [1,2,3].

ÅThe injury mechanism of WADs remains unclear and 
not fully understood. 
ÅIf the WADs are sorted based on sex, females have a 

risk up to 3 times greater than males [4].
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Å To implement and calibrate a Proportional 
Integral Derivative (PID) feedback control 
mechanism to the Finite Element models of 
cervical muscles.

Å To analyze the effects of three calibration 
objectives on the head and cervical 
kinematics of the model. 

3.3 Calibration Objectives

ÅLS-Opt was used to calibrate the model [9].

ÅVolunteer data based on Sato et al. 2014 
[10,11].

ÅTotal simulation time 400ms including 
100ms of gravity settling.
ÅT1 kinematics from the volunteer  were 
prescribed on the T1 of the model.
ÅObjective rating evaluation was conducted 
using CORA 4.0.4 [12].

No
Simulation 

Name
Calibration Objectives

1 APF 1
ÅHead Linear Displacement (x and z)
ÅHead Angular Displacement (y)

2 APF 2
ÅHead Angular Displacement (y)
ÅC1-C7 Rotational Displacement (y)

3 APF 3
ÅHead Linear Displacement (x and z)
ÅC1-C7 Angular Displacement (y)
ÅHead Angular Displacement (y)

3.1 Implementation of PID Controller on 
Female Head-Neck Model [7,8]

ÅThis study was funded by the Swedish Governmental Agency for 
Innovation Systems (VINNOVA). 

ÅThe simulations were performed on resources at Chalmers Centre for Computational Science and 
Engineering (C3SE) provided by the Swedish National Infrastructure for Computing (SNIC) and 
carried out at Vehicle and Traffic Safety Research Centre at Chalmers (SAFER).
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ÅMuscle activation changed the head kinematics by reducing peak linear and 
angular displacements, as compared to the model without muscle activation.
ÅThe agreement of specific kinematic variables such as head kinematic and 

cervical spine angular displacement was dependent on the controller calibration 
objectives.
ÅThe best agreement between volunteer and model was found when the model 

was calibrated against volunteer linear and angular head displacements and 
cervical spine angular displacements (APF3).
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2. Study Objectives

The main goal is to include an active muscle
function for improved whiplash kinematics
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1. Background

3. Method

Comparison of head C.G kinematics

Comparison of cervical spine 
y-angular motion

Objective rating results 

ÅThe best agreement was obtained by the model that was calibrated against both linear 
and angular displacement of volunteer head and cervical spine kinematics (APF 3) 
although the agreement of head kinematics compared to the model that was calibrated 
against only volunteer head kinematics (APF1) was reduced.

ÅIn the model that was calibrated against head and cervical spine angular motion (APF2), 
less contraction of cervical muscles were observed. As a result, less neck buckling 
occurred. Therefore, good agreement was obtained in the cervical spine angular 
kinematics but not in the head kinematics. 

4. Result & Discussion

Source: wikimedia commons (public domain)
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3.2 Calibration
Simulation Setup


