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In shear of a struck-side knee due to lateral impact, ACL is 
in tension and PCL is in compression
ACL should fail first due to shear loading
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3Accident Analysis
Teresinski et al. (2001)

Reference: Teresinski et al., Knee joint injuries as a reconstructive factors in car-to-pedestrian accidents, 
Forensic Science International, 124 74-82 (2001)
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165 pedestrian victims were subjected to lateral / medial 
impacts
165*0.94=155 victims sustained knee injuries
Only 4/155*100=2.6% of those sustained isolated ACL 
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7Accident Analysis
Teresinski et al. (2001)

93% of knee injuries in lateral impact involves valgus
bending mechanism
93% of knee injuries in lateral impact involves valgus
bending mechanism

Reference: Teresinski et al., Knee joint injuries as a reconstructive factors in car-to-pedestrian accidents, 
Forensic Science International, 124 74-82 (2001)



8Accident Analysis
Teresinski et al. (2001)

Sequence of ligament failure in valgus bending
(A) MCL failure    (B) ACL failure    (C) PCL failure
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9Experimental Study-1
Bhalla et al. (2003)

Reference: Bhalla et al., Evaluation of the Response of Mechanical Pedestrian Knee Joint Impactors in 
Bending and Shear Loading, 18th ESV Conference, Paper #429 (2003)
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4-point Valgus Bending Shear

3 tests in valgus 4-point bending, 3 tests in shear, both 
using isolated knee joints
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Reference: Bhalla et al., Evaluation of the Response of Mechanical Pedestrian Knee Joint Impactors in 
Bending and Shear Loading, 18th ESV Conference, Paper #429 (2003)
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12Experimental Study-1
Bhalla et al. (2003)

1/3 test was a repeated test and should not be used
Uncommon osteo-chondral fracture was involved in both of remaining 2 tests
Estimated shear displacement at ACL failure

17.8 mm for test 2.1, 12.7 mm for test 2.2 (only 2 data available)
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Reference: Bhalla et al., Evaluation of the Response of Mechanical Pedestrian Knee Joint Impactors in 
Bending and Shear Loading, 18th ESV Conference, Paper #429 (2003)
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Sample size n < 10 :
More data is needed 
to perform the analysis
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15Experimental Study-2
Bose et al. (2004)

Reference: Bose et al., Response of the Knee Joint to the Pedestrian Impact Loading Environment, SAE 
World Congress, Paper #2004-01-1608 (2004)
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Isolated ACL injuries rarely occur

Hypothesis: knee shear is 
always accompanied by knee 
bending
Bose et al. (2003) performed 3-
point bending tests with various 
locations of the knee joint 
relative to the supports to vary 
proportions of bending moment 
and shear at the knee joint
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18Experimental Study-2
Bose et al. (2004)

8 tests were performed in each of 4-point and 3-point valgus
bending configurations
8 tests were performed in each of 4-point and 3-point valgus
bending configurations

4-point Valgus Bending
(Pure Bending)

3-point Valgus Bending
(Combined Bending/Shear)

Reference: Bose et al., Response of the Knee Joint to the Pedestrian Impact Loading Environment, SAE 
World Congress, Paper #2004-01-1608 (2004)



19Experimental Study-2
Bose et al. (2004)

3-point Valgus Bending
(Combined Bending/Shear)

L Lknee

Moment / Shear Force (M/V)
= L - Lknee

M/V Ratio varied between 0.188 
and 0.444 to represent different 
proportions of knee bending 
moment and shear force

Moment / Shear Force (M/V)
= L - Lknee
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proportions of knee bending 
moment and shear force

(*10)

Reference: Bose et al., Response of the Knee Joint to the Pedestrian Impact Loading Environment, SAE 
World Congress, Paper #2004-01-1608 (2004)



20Experimental Study-2
Bose et al. (2004)

Reference: Bose et al., Response of the Knee Joint to the Pedestrian Impact Loading Environment, SAE 
World Congress, Paper #2004-01-1608 (2004)

Results: Injury

In combined loading, MCL failed in 7/8 cases
ACL failed in 1 case with MCL failure – no isolated ACL 
failure
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21Summary
Accident analysis (Teresinski et al. 2001)

Isolated ACL failure was observed in 2.6% of pedestrians 
(4/155) subjected to lateral / medial impacts and sustaining 
knee injuries
93% of knee injuries in lateral impact involves valgus bending 
mechanism
In valgus bending, MCL fails first, followed by ACL, then PCL

Experimental Study-1 (Bhalla et al. 2003)
3 shear tests on isolated knee joints (pilot study)
One of them was a repeated test and should not be used for 
determining injury thresholds
ACL failed and unrealistic osteo-chondral fractures occurred 
in both of the remaining 2 tests
Estimated shear displacement at ACL failure for the 2 tests : 
12.7 mm and 17.8 mm
ISO/TC22/SC12/WG6 N 713 draft suggests that at least 10 
data are needed to perform analysis for injury risk curve 
development



22Summary
Experimental Study-2 (Bose et al. 2004)

3-point bending tests using isolated knee joints with bending 
moment/shear force ratio varied based on the assumption 
that knee shear is always accompanied by knee bending
7/8 knees sustained MCL failure
ACL failed in one case accompanied by MCL failure – no 
isolated ACL failure



23Recommendation
Isolated ACL failure is very rare in both real world accidents 
and experimental studies
Only two data are available from the knee shear tests that 
resulted in unrealistic osteo-chondral fractures

Considering very low frequency of isolated ACL 
failure and lack of sufficient human data, it would 
be appropriate to measure ACL elongation for 
monitoring purpose only, in preparation for future 
potential need for ACL failure evaluation
More biomechanical data are required if ACL 
failure threshold needs to be determined


