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Original Proposal (TEG-035) 2

Based on
Konosu et al. (2001)

Originally proposed threshold for human MCL (TEG-035)
18 deg based on Ivarsson et al. (2004)
20 deg based on Konosu et al. (2001)
No single value proposal

Originally proposed threshold for human MCL (TEG-035)
18 deg based on Ivarsson et al. (2004)
20 deg based on Konosu et al. (2001)
No single value proposal



JAMA Proposal at 7th Flex-TEG 3

(TEG-076)
Ivarsson et al.

18 deg
Ivarsson et al.

18 deg
Konosu et al.

20 deg
Konosu et al.

20 deg

Correlation between Flex-GT and human model responses 
using simplified car models INCLUDING high bumper vehicles
Incorporation of estimated effect of muscle tone

Correlation between Flex-GT and human model responses 
using simplified car models INCLUDING high bumper vehicles
Incorporation of estimated effect of muscle tone

Human

Flex-PLI

Conversion of
Ivarsson et al.

21.2 mm

Conversion of
Ivarsson et al.

21.2 mm

Conversion of
Konosu et al.

24.1 mm

Conversion of
Konosu et al.

24.1 mm

Average
22.7 mm

Human
Thresholds

Flex-PLI
Thresholds

Average
22.7 mm

Proposed Threshold
23 mm

Proposed threshold for Flex-PLI was based on simple 
average of originally proposed two human thresholds
Proposed threshold for Flex-PLI was based on simple 
average of originally proposed two human thresholds



Source Data 4

Ivarsson et al. (2004)Konosu et al. (2001)

Source data from Kajzer et al. (1997)
Lateral impact to ankle with femur 
constraints

Source data from Bose et al. (2004)
4-point bending of isolated knee 
joints

Different data sources with different test configurations
No data duplication involved
Different data sources with different test configurations
No data duplication involved



Injury Risk Function from Konosu et al. 5

RECONSIDERATION OF INJURY CRITERIA FOR PEDESTRIAN 
SUBSYSTEM LEGFORM TEST

- PROBLEMS OF RIGID LEGFORM IMPACTOR -
Konosu A. et al, 2001 (ESV, Paper No. 263)
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Observed data
Injury risk curve (Logistic:MMLM)
50% risk (for Ligament injury)

50% risk (19.8 deg.)

Dynamic bending test

Global 
bending angle
curve

Local bending angle
curve （unknown）

Local bending angle: Exclude Long Bone Bending Angle
Global bending angle: Include Long Bone Bending Angle

Proposed injury threshold for 
Knee bending: 20 deg.
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Knee bending angle threshold determined directly 
from the injury risk function for knee bending angle
Knee bending angle does not scale : No scaling 
issues involved

Knee bending angle threshold determined directly 
from the injury risk function for knee bending angle
Knee bending angle does not scale : No scaling 
issues involved



Injury Risk Function from Ivarsson et al. 6

Data Scaling Procedure

Ivarsson et al. scaled moment-angle curves provided 
by Bose et al. to 50th %ile male using width of 
proximal tibial epiphysis

Ivarsson et al. scaled moment-angle curves provided 
by Bose et al. to 50th %ile male using width of 
proximal tibial epiphysis



7Injury Risk Function from Ivarsson et al.
Injury Risk Functions

Ivarsson et al. identified failure points using two different definitions and then 
developed injury risk functions for knee moment and knee bending angle
Knee bending angle does not scale : No scaling issues involved with knee 
bending angle

Ivarsson et al. identified failure points using two different definitions and then 
developed injury risk functions for knee moment and knee bending angle
Knee bending angle does not scale : No scaling issues involved with knee 
bending angle
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Ivarsson et al.

Definition A : Time of the first local moment peak that 
occurred within 1-2 ms of significant acoustic emission burst
Definition B : Time of maximum moment

Definition A : Time of the first local moment peak that 
occurred within 1-2 ms of significant acoustic emission burst
Definition B : Time of maximum moment
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Scaled moment-angle curves
in Ivarsson et al.

Injuries sustained by each specimen
in Bose et al.

Time of first local moment peak is not always different from time of maximum 
moment : No consistency
Acoustic emission burst would work with bone fractures, but not with ligament 
failure : May have detected vibration from other phenomenon than MCL failure
Most of the specimens sustained only partial failure of MCL : Use of first peak is 
likely to introduce minor failure of other knee components 
For above reasons, use of Definition B (Maximum moment) is recommended

Time of first local moment peak is not always different from time of maximum 
moment : No consistency
Acoustic emission burst would work with bone fractures, but not with ligament 
failure : May have detected vibration from other phenomenon than MCL failure
Most of the specimens sustained only partial failure of MCL : Use of first peak is 
likely to introduce minor failure of other knee components 
For above reasons, use of Definition B (Maximum moment) is recommended
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Ivarsson et al.

95% CI

Best fit to data

The curves for 95% CI come from statistical parameters related to the 
degree of data fit, and do not relate to individual variation of human data
The blue curve in the middle is statistically THE BEST FIT TO DATA : 
there is no reason not to use this curve considering relatively small 
number of data available

The curves for 95% CI come from statistical parameters related to the 
degree of data fit, and do not relate to individual variation of human data
The blue curve in the middle is statistically THE BEST FIT TO DATA : 
there is no reason not to use this curve considering relatively small 
number of data available
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Proposal for Human MCL Threshold

No data duplication between Konosu et al. (2001) and 
Ivarsson et al. (2004) : simple average can be justified to 
take into account as many data as possible
Data scaling does not affect injury risk functions for the MCL 
(bending angle) in both Konosu et al. and Ivarsson et al.
Use of Injury Definition B in Ivarsson et al. is more 
appropriate to reasonably represent failure of the MCL
95% CI curves in Ivarsson et al. should not be used 
because the estimated risk function provide the best fit to 
the data

Proposed bending angle threshold for human MCL : 19 
deg (virtually the same as previously proposed value)
Flex-GTR MCL elongation threshold needs to be 
investigated based on the response correlation 
between the Flex-GTR and human lower limb




