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• Female, Obese and Elderly occupants are at increased risk of injury in vehicle crashes[1-4]

• Rib fractures are one of the most common injuries seen in crashes with modern vehicles[4]

• Human Body Models (HBMs) can be used to evaluate occupant injury risk in crash simulations

• SAFER HBM has a ribcage model validated for predicting strain-based rib fracture risk[5] (Fig. 1)

• Represents a Midsize Male

• HBM morphing method developed which allows to re-shape HBMs to geometrically represent 

Males and Females of different ages, statures and weights[6] (Fig. 2)

Fig. 1. Using SAFER HBM to evaluate 
strain in ribs during simulation of a 
belted frontal impact. Rib strains are 
used to calculate risk of rib fractures Fig. 2. Morphing of SAFER HBM to geometrically represent occupants of different sex, age, stature and weight

Evaluate the capability of the morphed SAFER HBM to predict individual:
• Kinematics (CORA ≥ 0.65)
• Rib fracture risk
across a diverse population of occupants represented by Post Mortem Human 
Subjects (PMHS)

• 22 previously published full body 

PMHS tests

• Impact directions: Lateral, Frontal, 

Near- and Far-side oblique

• 7 Female, 12 Male subjects

• Ages 34-87 Years

• Statures and weights acc. to Fig 3.

• Each PMHS test was recreated in simulations with SAFER HBM 
morphed to the sex, age, stature and weight of the tested PMHS

• Morphed HBM predictions compared with individual PMHS test 
results using CORA rating

• Morphed HBM age-adjusted risk of two or more fractured ribs 
(NFR2+) calculated using probabilistic method[7] and PMHS age. 
• HBM rib fracture risk prediction compared to rib fractures in test

Objective rating of Morphed HBM to individual PMHS 
kinematics correlation:
• CORA cross-correlation rating 
• 0= No Correlation, 1= Perfect Correlation

• Total score for a simulation: magnitude weighted 
average of all PMHS kinematic measurements

5. Results

Kinematics CORA rating
• For Frontal, near- and far-side oblique impacts:
• Average HBM CORA rating: 0.74 (min: 0.66, max: 0.83)
• Pelvis forward excursion underestimated in 8 of 9 cases 

(Fig. 4, worst case)
• For Lateral Impacts:
• Average HBM CORA rating: 0.75 (min 0.65, max: 0.89)
• Impact forces overestimated, thoracic deflections 

underestimated (Fig. 5 representative)

Rib fracture risk predictions
• In 17 tests with NFR2+, the morphed HBMs predicted a high risk of  

(>50%) NFR2+ in four.
• In five tests with 0-1 ribs fractured the morphed HBMs predicted 

<50% of NFR2+

• For Kinematic predictions all morphed HBMs obtained a CORA rating ≥ 0.65
• More research is needed to define a minimum acceptable rating when 

comparing HBM to individual PMHS
• Underestimation of Pelvis forward excursions and force-deflection response 

indicates that the HBM was too stiff regardless of anthropometry it was 
morphed to

• A possible source of the too high stiffness is the material definitions in the 
SAFER HBM – to be investigated in future work

• The low rib fracture risk predictions may be a result of the too high stiffness

Fig. 3. Stature and Weight of PMHS modelled in this study

Fig. 4. Pelvis excursion, Female 109kg  Fig. 5. Abdomen F-D, Male 79kg  

• The morphed SAFER HBM predicted individual PMHS kinematics (CORA ≥ 

0.65) across a diverse population of occupants

• The morphed HBMs predicted a low risk (<50%) of NFR2+ in 13 tests with 

NFR2+ 
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