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Offset Frontal Protection

 Reduce death and injury

 Reduce long term impairment, pain
and suffering (especially lower
extremities)

 Reduce costs of recovery and
rehabilitation
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Lower Extremity Injuries

« NHTSA estimates approximately 84,811
occupants sustain AlS 2 or 3 lower extremity
Injuries every year in frontal crashes.

e Annual Cost estimated at $7 billion.

e Two devices available to assess Lower
Extremity Injuries

— Thor-Lx/Hlllr
— Denton Leg
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Axial force response stiffer than
human.

Tibla offset induces bending moment
upon axial loading

Inversion/eversion range of motion Is
small

Torque-angle characteristics of ankle
joint are non-continuous



Response Characteristics

of the Thor-Lx/HllIr

Axial loading response ,
similar to human
response.

Ankle range of motion is
human like

Continuous torque- 1
angle characteristics at |
ankle joints

7

Moment

m Achilles tendon (passive only)
Increases dorsiflexion stiffness
and superimposes axial force .-

on the tibia — as in humans




Injury Criteria for 501"

Percentile Male -

aving People
Region Thor-Lx Criteria and Limits | Denton Leg Criteria and Limits
g
knee-thigh-hip | Femur Fz = 9040 N Femur Fz = 9070 N
P
Knee ligament | Knee shear = 15 mm Knee shear = 15 mm
g
Tibia Plateau Upper tibia Fz = 5.6 kN Upper tibia Fz = 8 kN
>
Leg Shaft RTI=F/12+M/240=0.91 Tl(corrected)=F/36+M/225=1
P
Calcaneus, Lower tibia Fz = 5.2 kN Lower tibia Fz = 8 kN
pilon, midfoot
>
Ankle Dorsiflexion angle = 35 deg
/malleolus >
Xversion angle = 35 deg
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40% Offset Deformable
Barrier Test Setup







Toepan Intrusion
Measurements
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Max Femur Force
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Max Knee Shear
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e 2ss=e
Max Tibia Index =4
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Max Tibia Axial Force
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Thor-Lx Ankle
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Implications

 Thor-Lx/HIllr predicted higher incidence of
foot and ankle injuries than leg shaft
fractures. This is in accordance with real
world crash data

 HIll/Denton leg predicted knee ligament
Injuries and leg shaft fractures. These
constitute only a small percentage of
lower limb injuries in real world crashes.




Injury Criteria for 5t

Percentile Female S
Region Thor-FLx Criteria and Limits | Denton Leg Criteria and Limits
g
knee- Femur Fz = 6510 N Femur Fz = 6186 N
thigh-hip R
Knee Knee shear = 13 mm Knee shear = 12 mm
ligament
>
Tibia Upper tibia Fz = 4.0 kN Upper tibia Fz =5.1 kN
Plateau
>
Leg Shaft | RTI=F/8.6+M/146=0.91 Tl(corrected)=F/23+M/115=1 R
Calcaneu | Lower tibia Fz = 3.8 kN Lower tibia Fz = 5.1 kN
S,
pilon,
midfoot
>
Ankle Dorsiflexion angle = 35 deg N
/malleolus | v\ ersion angle = 35 deg
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Injury Assessment Using ==
the 51" Denton Leg S o

aving People
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Implications

 Thor-FIx/HIlIr predicted higher incidence
of foot and ankle injuries than leg shaft
fractures. This is in accordance with real
world crash data

 HIll/Denton leg predicted knee ligament
Injuries and leg shaft fractures. These
constitute only a small percentage of
lower limb injuries in real world crashes.



Conclusions

e Both 50t and 5t" HIlI/Denton and Thor-
Lx/HIllr were durable in crash tests

 Foot rotation measurements provide
Insight into the interaction of the feet
with intruding toe pan.

e Injury assessment with 50t and 5%
Thor-Lx/HIlIr Is In accordance with
Injury distribution seen in real world
crashes



