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• Improvised Explosive Devices (IEDs) 
are a frequent source of injury and 
mortality for U.S. soldiers [1, 2]

• The lumbar spine is vulnerable in 
underbody blast (UBB) events due to 
rapid underbody loading and bending 
moment experienced by vehicle 
occupants

• Due to complex geometry of the spine 
and loading path, loading is rarely 
purely axial 

• Ortiz-Paparoni et al. (2021) established 
a combined loading injury criterion [4], 
considering axial force and bending 
moment for postures seated nominally 
and within one standard deviation [5]

• A criterion is needed that considers 
postures with increased bending 
moment to fully capture realistic injury 
risks

• The study objective is to improve the 
combined criterion from [4] by 
expanding its application range to 
higher dynamic bending moments

• Use of this criterion should lead to 
more effective injury mitigation efforts

• This study uses 75 PMHS lumbar spine (T12-S1) tests from [4] along with 15 additional tests positioned in one of the four 
expanded postures shown above

• Specimens were prepared by removing ribs, fat, muscle, and periosteum, leaving only the osteoligamentous components
• Specimens were subjected to three tests with 10 min recovery time between tests: 

• Two at low-rate, non-injurious dynamic compression conditions
• One high-rate dynamic compression with intent to cause injury 

• Specimens were fixed on the superior end with the inferior end subjected to a high-rate (mean injury velocity 4 m/s) force 
producing a force/moment profile

• A six-axis load cell measured axial compressive forces and bending moments during loading
• Injury events were assessed through high-speed video and ten acoustic sensors secured to vertebral bodies
• Fractures were confirmed through computed tomography (CT) and necropsy

• 77 specimens of 90 tested experienced at least one vertebral body fracture (13 of 15 in expanded posture test series)
• Expanded combined lumbar injury criterion (ECLIC) developed using prismatic beam theory
• For a given test, there exists a peak (λ), but this peak depends on Fr,crit and My,crit, which are not known. To optimize, 

the Anderson-Darling fit coefficient was iteratively minimized for the loglogistic distribution
• Injury data was interval censored using acoustic emissions and strain gauge data to bound the event from initiation of 

fracture (lower bound) and peak force (upper bound), non-injury data was right censored
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• Including the expanded postures extends the applicability of the injury criterion
• Including the 15 additional wider range tests resulted in a higher bending moment 

contribution, illustrated by a smaller optimized My,crit value relative to CLIC[4]
• Alternative weighting was applied and confirmed that the number of additional 

tests is sufficient for the injury criterion development
• This is the first lumbar spine combined loading metric for an expanded range of 

dynamic forces and moments during underbody blast scenarios
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Figure 2: Intermediate posture 
specimen setup (anatomical right)
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Figure 3: Three initial postures tested in [4] and four expanded range of postures used in this present test series

Figure 4: Lumbar spine vertebral body fracture injury risk for the expanded range of postures

CLIC from [4] ECLIC
𝐹𝐹𝑟𝑟,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 5824 𝑁𝑁 6011 𝑁𝑁
𝑀𝑀𝑦𝑦,𝑐𝑐𝑟𝑟𝑐𝑐𝑐𝑐 1155 𝑁𝑁𝑁𝑁 904 𝑁𝑁𝑁𝑁

Fr,crit = 6011 N
My,crit = 904 Nm
μ = 0.0 
σ = 0.1797 
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Figure 1: Example of vertebral body fracture 
expected from UBB observed during testing


	Expanded Combined Lumbar Injury Criterion Due to Underbody Blast

