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Consideration of Neck Injury Protection Performance Criterion for Head Restraint Evaluation Testing
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The dynamic sled test procedure using a rear-impact dummy "BioRID-II" has been
discussed in the phase 2 activity of the UN ECE/WP29/GRSP/GTR7 to develop the global
technical regulations (GTR) for vehicle head restraints. In this study, to establish criterion

for evaluating whiplash protection performance of head restraints in the dynamic tests of the

GTR-Phase 2, the results of the accident reconstruction simulations using human FE models

were reanalyzed by associating the responses of the human FE models with those of the

dummies and cadavers in the sled test series conducted by United States.
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Fig. 1 Test Configuration and Rear Impact Dummy for
GTR7-Phase2 Dynamic Sled Test
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Table 1 Quebec classification of WAD (Whiplash-associated
disorders)

Grade | Clinical presentation

No complaint about neck pain

0 No physical signs

Neck complaint of pain, stiffness or tenderness only
No physical signs

Neck complaint

Musculoskeletal signs including:
-Decreased range of movement
- Point tenderness

II

Neck complaint

Musculoskeletal signs

Neurological signs including:
-Decreased or absent deep tendon reflexes
*Muscle weakness
- Sensory deficits

II1

v Neck complaint and fracture or dislocation
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Table 2 The 5% and 95% values in the risk curves (WAD2+)

Injury Criteria WAD2+

5% Value | 95% Value
NIC Max m?/s? 8 30
FX | HeadRearward N 340 730
Upper| FZ Tension N 475 1130
Neck MY Flexion Nm 12 40
Extension Nm 12 40
FX | HeadRearward N 340 730
Lower| FZ Tension N 257 1480
Neck MY Flexion Nm 12 40
Extension Nm 12 40
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Fig. 2 Risk curves of IV-NIC Rotation from PMHS Test in U.S.
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Table 3 Injury Criteria from PMHS Test in U.S.

PMHS | BioRID-II
NIC m?/s? 39.6 29.7

NDCx mm 75.1 117.8

NDCr deg 325 12.2
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Table 4 Comparison of Neck Evaluation Parameters

Japan U.S.
Reference Data | -Volunteer Test PMHS Test
(Velocity:8km/h) | (Velocity: 16-17.3
*Accident +17.6-24km/h)
Reconstruction
Simulation
(Velocity: 8~
28km/h)
Injury Scale WAD AIS
Injury Criteria Strain-Strain Rate [IV-NIC(R)
Proposal of NIC NIC
Injury Evaluation |UpperNeck-FX+ NDCx
Parameters FZ-MY NDCr
LowerNeck-FX -
FZ-MY
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Table 5 Physiological range of motion of average values by
Panjabi and Ivancic

Mean and SD

IV-NIC Extension Flexion

Mean SD Mean SD
co/Cc1 13.35 3.95 12.60 4.10
cl/c2 6.55 2.80 9.60 1.50
C2/C3 4.40 1.65 4.90 2.15
C3/C4 4.60 2.00 5.90 2.35
C4/C5 6.40 2.85 6.55 2.70
C5/C6 6.50 3.55 6.50 4.15
C6/C7 7.45 1.65 6.75 2.50
C7/T1 3.70 2.00 3.35 1.35
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Fig. 3 Relationship between IV-NIC(R) and maximum

value of the maximum principal strain
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Fig. 4 Relationship between IV-NIC(R) and maximum
value of the maximum shear strain
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Fig. 5 Relationship between IV-NIC(R) and maximum

value of the maximum principal strain rate
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Fig. 6 Relationship between IV-NIC(R) and maximum
value of the maximum shear strain rate
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Table 7 Injury Criteria of WAD2+82.9% Risk

WAD2+
Injury Criteria 82.9% Value
(\V-NIC=1.1)
NIC Max m2/s? 23.2
FX | HeadRearward N 636.5
Upper | FZ Tension N 979.2
Neck Flexion Nm 335
MY -
Extension Nm 335
FX | HeadRearward N 636.5
Lower | FZ Tension N 1135.9
Neck Flexion Nm 335
MY -
Extension Nm 335
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