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EuroNCAP

EuroNCAP proposes a 1.7-2.6 kN (Q6) for neck tension but…
child dummies may have biofidelity issues and 

a lack of injury criteria and thresholds



How injury criteria are created?

PMHS 
(Post Mortem Human Subjects) 

experiments



How injury criteria are created?

Only 15 pediatric PMHS have been
ever performed and most of them in 
the 1970s, with restraint systems

and instrumentation very different
from what is relevant today



The PIPER pediatric HBM
 Presented in 2015, EU funded project
 Scalable child HBM: 18 months to 6YO and 

older
 Baseline: 6 YO, anthropometry based on 

GEBOD regressions, 23 kg, 1146 mm
 Skin and external shape based on UMTRI models
 353 parts, 531,000 elements

 Integrated with the PIPER positioning tool
 Freely available, modifications need to be 

shared publicly under the current license
 Defined sensors to compare readings with Q-

dummy outputs



The PIPER pediatric HBM



The PIPER pediatric HBM

Head impacts (Lloyd, 2011) Cervical flexion (Ouyang et al, 2005)



Test Subject Age
(yr)

Sex Weight
(kg)

Stature
(cm)

Cause of
Death

ECad1 Child0 ~5 M 13 91.3 Unknown

CCad1 Child1 12 F 29 142.5 Leukemia

CCad2 Child3 3 F 10.5 85.0 Heart disease

CCad3 Child11 6 M 20 109.0 Mediterranean edema

CCad4 Child4 2 F 13 97.0 Fluoracetamide poisoning

CCad5 Child5 2.5 M 10.5 87.5 Cerebral edema

Ccad6 Child6 3 M 13.5 93.0 Brain tumor

Ccad7 Child2 7.5 F 17 117.0 Acute urinaemia

Ccad8 Child10 6 M 16.5 108.0 Leukemia

Ccad9 Child9 5 M 13 101.0 Cerebritis

Ccad10 Child7 3 M 10 91.0 Congenital heart disease

Ccad11 Child8 4 M 14 109.0 Congenital heart disease

Ccad12 Child12 12 F 20 140.0 Congenital heart disease

Ouyang et al. 2005



Bending tests
(non-injurious): 

Moment (Nm) 
vs.

Rotation (deg)

Ouyang et al. 2005: 2 types of tests

Tensile tests
(injurious): 

Force (N) 
vs.

Displacement (mm)



Goal

Can the PIPER model be updated so that its mechanical
response reflects more accurately the response of each

of the pediatric PMHS?



Method

Compare response of 
scaled PIPER to original 
pediatric PMHS

Use the PIPER scaling tool
to scale the PIPER model
to the anthropometry of 
the pediatric PMHS



Results

Variability in experiments
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Goal

Can the PIPER model be updated so that its mechanical
response reflects more accurately the response of each

of the pediatric PMHS?

Perhaps, a more detailed scaling of the anthropometry
of the pediatric PMHS can improve the result?

Generic scaling

Specific scaling



Results



Goal

Can the PIPER model be updated so that its mechanical
response reflects more accurately the response of each

of the pediatric PMHS?

Perhaps, a more detailed scaling of the anthropometry
of the pediatric PMHS can improve the result?

Perhaps, we can find a better description of the 
mechanical properties of the tissues of the cervical 

spine that improve the response of the model?



Methods

Spring general non-linear

Intervertebral disc:
• Nucleos pulposus (3D), Mooney-Rivlin 
• Annulus fibrosus (2D), Fabric
• Ground substance (3D), General 

viscoelastic

SSL, LF, CL

PLL

ALL



Methods
Parameter Description
K_L Scaling of ligament response

K_N Scaling of nucleus pulposus response

K_AF Scaling of annulus fibrosus response
K_G Scaling of ground substance response

ID Ligament / Disc Scaled with
1 Transverse Ligament K_L
2 Vertical Cruciate -
3 Alar Ligament -
4 Apical Ligament K_L
5 Vertical Cruciate K_L
6 Anterior atlanto-occipital ligament K_L
7 Anterior longitudinal ligament K_L
8 Tectorial Membrane K_L
9 Posterior atlanto-occipital membrane K_L
10 Ligamentum flavum C1-C2 K_L
11 Capsular Ligament C0-C1 K_L
12 Capsular Ligament C1-C2 K_L
13 Nucleus Pulposus K_N
14 Annulus Fibrosus K_AF
15 Ground Substance K_G
16 Anterior longitudinal ligament K_L
17 Posterior longitudinal ligament K_L
18 Capsular Ligament K_L
19 Ligamentum flava K_L
20 Supraspinous ligament and Interspinous Ligament K_L

121 different material models

Not optimizing
the material 
properties for 
one subject…

But finding a relationship that could
account for how these material 
properties evolve with age…

For both the bending and tensile
experiments at the same time



Methods

1010 simulations



Goal
Can the PIPER model be updated so that its mechanical
response reflects more accurately the response of each

of the pediatric PMHS?

Perhaps, a more detailed scaling of the anthropometry
of the pediatric PMHS can improve the result?

Perhaps, we can find a better description of the 
mechanical properties of the tissues of the cervical 

spine that improve the response of the model?

Shall we try other material models for the components
of the cervical spine?



Summary

 The current PIPER neck model is optimized to 
represent rotation within the physiological range, but
it is too stiff to represent correctly tensile forces (Fz).

 The material models used to described the behavior
of the cervical structures can be modified to improve
its response under tensile forces.

 This work is still ongoing, but preliminary results are 
encouraging.
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