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ACL/PCL threshold (1/4)

FlexGTR measures directly an elongation of ligament cables of a knee substitute 

(associated with ACL/PCL) which is designed to necessary technical targets

(e.g. symmetry effect) 

Industry could not gather enough experience with a view on bumper design solutions

based on this  measurement whereas the bending/shearing 

of the TRL-LFI ligament element is well known

A validated FE-model of the FlexGTR is not available by now for detailed design

studies or associated calculations of exiting test results
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ACL/PCL threshold (2/4)

ACL-PCL failure is linked to injuries due to global knee shear loading

Currently, insufficient biomechanical information is available

Reference:

TEG/078 (December 2008)

Discussion on 9.TEG

Pure ACL elongations measurements under shear impact conditions

are not known so far (see additional information, page 11 following)

Literature available usually only refers to ACL rupture / failure

Thus, no risk functions are available at all
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ACL/PCL threshold (3/4)

The study (Bhalla et al) hypothesizes ACL failures in two tests

a likely ACL failure at 17.8mm and 12.7mm shear displacement

NOT ACL elongation

The study (Kajzer et al) indicates one ACL avulsion at 23mm shear displacement

The study (Teresinski et al) indicates that ACL failure occurred after MCL rupture

See additional information, page 10 following
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ACL/PCL threshold (4/4)

General remarks:
The current TRL legform differs considerably from the advanced FlexGTR

bone fracture: TRL: indirectly via acceleration
Flex: directly via bending moment

knee bending: TRL: globally measured via knee bending element
Flex: directly associated to MCL elongation

shearing: TRL: globally calculated via angle information
Flex: possibly by ACL/PCL elongation

(but NO RELIABLE data so far!)

A simple duplication of the TRL related criteria onto the FlexGTR impactor
is not advisable

ACEA does not accept to introduce criteria which are not scientifically supported
only in order to follow the TRL impactor philosophy of three criteria

ACEA acknowledges the need of a protection criterion for cruciate ligaments
as this could be observed in real accident data (but very rarely!)

However, scientific research is currently not providing a clear ACL/PCL threshold
in a car accident situation because isolated ACL ruptures seem to be
very difficult to reproduce
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Relaxation zone

The request for a relaxation zone in the bumper test zone reflects technical aspects 

of feasible bumper designs and future worldwide bumper standards

The technical constraints recognized are mainly related to

- towing hooks 

- areas of higher bumper stiffness due to other legal requirements

- areas of higher bumper stiffness due to other consumer tests (RCAR) 

- areas of higher bumper stiffness of special purpose vehicles

- future sensor components for preventive active safety systems

All gtr experts agreed on this request and consequently a criterion of 250 g

(addressed to tibia fracture) was proposed on an area of 264mm length

The relaxation zone is only linked to the bumper test procedure

The relaxation zone is independent from a measuring tool
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Recommendations

ACL/PCL threshold:

• Abstain from supporting a mandatory criterion for the FlexGTR

• Risk curves should be the basis to underline any FlexGTR threshold

• More scientific information is needed

which is addressed to a sophisticated knee element like the FlexGTR

• Criteria without a sufficient data base is absolutely not advisable

A requirement for ACL/PCL cannot be supported by ACEA

Relaxation zone:

• The relaxation zone must be kept in the gtr 9 independent of test tool

• The criterion of the tibia bending moment in the relaxation zone should be modified

• For pragmatic reasons an increase of around 10% is proposed

The relaxation criterion of the tibia bending moment should be set to 380Nm
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Thank you for your attention
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Additional information
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1 hypothesized ACL failure at 0.69kN and 

12.7mm shear displacement

1 hypothesized ACL failure at 1.8kN and 

17.8mm shear displacement
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Isolated ACL avulsion seems to be difficult to replicate in PMHS tests.

A injury-risk function is currently not known.

*)

*) unpublished BASt information, 10. TEG meeting, December 2010
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23mm shear displacement 

before ACL failure

Kajzer et al., Shearing and bending at the knee joint at high speed lateral loading SAE paper 973326 (1997)

Relevant injury
mechanism
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