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INTRODUCTION 
Due to the prevalence of Improvised Explosive Devices (IED) and 

landmines in conflicts in Iraq and Afghanistan, a substantial number 

of lower limb injuries are sustained by mounted service members.  As 

such, a critical factor in military vehicle design is the mitigation of 

lower limb trauma. Past studies have indicated that the standard 

Hybrid III and THOR-LX are not biofidelic in axial loading 

conditions for impacts up to 12 m/s.  Both of these surrogates over 

predict compressive forces compared to Post Mortem Human 

Specimens (PMHS) [1].  A new surrogate was developed, Mil-LX 

(Military Lower Extremity), to address these shortcomings, which 

matches the PMHS response for axial loading of the lower leg up to 

12 m/s [2,3].  While injury mitigation techniques, such as energy 

absorbing mats, foot rests, and isolation floors, have been effective in 

reducing lower limb injuries in live fire test events, there are several 

types of each of these methods.  Additionally, it has also been 

suggested that lower limb positioning may affect the risk of injury 

sustained by these extremities [4]. 

 

METHODS 

BAE Systems’ survivability engineering group initiated a study to 

evaluate the effect of a lower limb injury mitigation system and 

occupant positioning (knee angles of 60°, 90° and 120°) on the risk of 

lower extremity injuries resulting from high velocity impacts.  This 

study was conducted in the Bioengineering Laboratory at Wayne 

State University.  The test set-up, as previously described in [2], 

provided an impact to the left foot of a Hybrid III ATD with a 

horizontal linear impactor.  The ATD includes a Mil-LX lower 

extremity, as shown in Figure 1, and was used to measure the loads 

and accelerations of the lower extremities resulting from impact.  The 

ATD was instrumented with a 5-axis upper tibia load cell, a 5-axis 

lower tibia load cell, a 6-axis femur load cell, and 3 foot-mounted 

accelerometers.  Data was collected with a 20 kHz sampling 

frequency and impactor plate velocity was measured using a velocity 

gate and high speed video with a frame rate of 5 KHz.  

 

One test condition with the mitigation system and one control 

condition (baseline condition) with no mitigation device were 

conducted for the target velocity of 12 m/s for the three different 

occupant positions, as shown in Figure 2. The injury mitigation 

system was a device (test condition), which was designed by BAE 

Systems’ engineers and intended to both isolate the feet and absorb 

the energy being transferred to the lower limbs during an impact.  

Each test was repeated three times.   

 

RESULTS 
Results suggest that the injury mitigation system reduces the risk of 

lower limb injury, and that occupant positioning may also affect the 

risk of injury. Table 1 provides the average tibia indices for both the 

control and test conditions.  An injury criterion of 0.9 for the tibia 

index, which corresponds to a 25% probability of injury with the 

critical values for tibia compressive load of 12,000 N and for tibia 

bending moment of 240 Nm was used to assess the risk of injury in 

this study [5].  Based on this metric, 

 
 

Figure 1: Test Set-up at Wayne State University Bioengineering Lab 

showing Hybrid III with a MIL-LX lower extremity. 
 
 
 

 
 
Figure 2: Lower limb Positions (60°, 90°, 120° configuration). 

 

 

at least a 25% probability of lower limb injury exists for the 

following cases: baseline condition (no mitigation technique) at 60°, 

90°and 120° at the lower tibia and 60°and 120° at the upper tibia and 

the test condition (with the mitigation device) at 60o configuration for 

the lower tibia.   

 

All percent reduction values are provided as a percent in reduction of 

the specified parameter over the baseline condition. Reductions in 

lower tibia index with the mitigation device were 35%, 74%, and 

75% for the 60°, 90° and 120° configurations, respectively.  For the 

upper tibia index the inclusion of the mitigation device resulted in 

reductions of 54%, 64%, and 76% for the 60°, 90° and 120° 

configurations, respectively.  

 

DISCUSSION 
The mitigation technique reduced the upper and lower tibia index 

compared to the control condition in all three seated configurations.  
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Based on the percent reductions in the upper and lower tibia indices, 

the mitigation technique appears to be most effective when the feet 

are positioned in the 120° configuration.  The overall lowest tibia 

index for both the upper and lower tibia occurred in the 90° 

configuration for the test condition.   

 
Tibia index is the most suitable metric for evaluating the affect of 

position change on the risk of injury since this parameter considers 

both tibia compressive force and bending moment.  The results 

indicate that there an increase in tibia index when the knee angle is 

shifted away from 90o.  Although the tibia index for the condition 

with the mitigation device does not suggest a risk of injury for both 

the 60° and 120° configurations at the upper tibia or the 120° 

configuration at the lower tibia, the lowest values for both the upper 

and lower tibia occurred in the test condition with the mitigation 

device at the 90° configuration.  Additionally, by taking into account 

the constraints of the vehicle layout and other adverse factors 

associated with the 60° and 120° options even if the risk of injury is 

minimal for some of these conditions, it seems most appropriate to 

aim for a 90° knee angle with a mitigation device aimed at isolating 

the feet and reducing the energy transferred to the lower extremities.  

These results are preliminary and future work will investigate the use 

of modeling and simulation to explore the correct boundary 

conditions for both legs and the effectiveness of the device at higher 

velocities and in full vehicle underbody blast simulations.  
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Table 1: Average Lower Limb Tibia Index Data (Shading indicates a suggested risk of injury based on [5].)

 


