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SUMMARY 

Gunshot backspatter comprises biological material expelled 

backwards through bullet entry holes.  Crime scene 

investigators analyse backspatter patterns to infer wounding 

circumstances.  However, backspatter testimony in courts 

relies on investigator experience, and a more rigorous 

scientific understanding of the generation of backspatter to 

underpin this is needed.  A mathematical parameter relating 

backspatter patterning to gunshot characteristics would be a 

powerful forensic tool.  Target blocks of soft tissue simulants 

were shot and responses recorded by high-speed video.  

Events initiated by penetration of the bullets into the blocks 

were observed and parameters potentially related to 

backspatter generation identified and analysed.  A novel 

retrograde bubble was observed within the block, and the 

momentum of this bubble appeared to differentiate between 

the simulants and bullets tested. Parameters such as this could 

form the basis of a practical forensic approach for the analysis 

of backspatter patterns.  

 

INTRODUCTION 

When a bullet enters a body, wounding processes occur within 

the tissues and blood and biological material is expelled from 

the exit wound if there is one (forwardspatter) and sometimes 

also the entry wound (backspatter).  Crime scene investigators 

analyse blood spatter patterns to help estimate the 

circumstances of the wounding event.  Backspatter on the 

hands or clothing of a suspect may indicate proximity and 

provide evidence of guilt.  Relatively little is known about the 

mechanistic causes of backspatter, however, and there is 

growing awareness of the need to improve scientific 

understanding of this phenomenon to underpin robust and 

reliable forensic testimony [1]. A mathematical parameter 

relating particular backspatter patterning with particular 

gunshot characteristics would be a powerful forensic tool. This 

research examined events initiated by penetration of bullets 

into blocks of soft tissue simulants potentially related to 

backspatter generation, and identified parameters which 

differed for different types of bullets. 

 

 

METHODS 

Target blocks (12x12x13 cm; 1870 ml) prepared with 5% and 

10% gelatine were shot with solid lead .22 Long Rifle bullets 

and full-metal-jacketed 9mm Parabellum bullets.  Each 

shooting event was recorded using a Fastcam SA1 high-speed 

digital video camera (Photron, USA) set at 16,000 frames per 

second, and the video files downloaded to a laptop computer 

for viewing using Photron Fastcam Viewer software, version 

3.0 (Motion Capture Technologies, USA) (Figure 1). 

Approximately 20-25 ms (320-600 frames) of video images of 

each test were imported into Maya ® animation software 

(Autodesk, USA) and used to estimate bullet velocity and to 

observe and measure block cavity formation and movement 

during and after bullet penetration (as described below). The 

values for bullet axial velocity and gelatine displacements for 

each of the tests were exported into Matlab ® (Mathworks, 

USA) for analysis.  

 

  
 

Figure 1: Captured video image of 9mm bullet passing 

through 5% gelatine block 

 
A geometric model of a bullet was imposed and scaled on two 

bullet images before and after each block, and the bullet’s 

initial (vi, before entering) and final (vf, after exiting) 

horizontal velocities determined.  The bullet’s average 

deceleration force and kinetic energy loss (this energy is 

assumed to be absorbed by the simulant) were determined. 

The block was modelled as eight sequential discs, with the 

cavities generated described as expanding and contracting 

central holes in each disc (Figure 2).  Eight rectangles 

(representing cross-sections of the discs) were imposed on the 

images of the block.  The motion of the rectangles was 

animated to match the displacement of the leading edge of the 

gel cavity using a keyframe method. 



 

 
 

Figure 2: Sequential disc model of gelatin displacement. 

Created using Autodesk Maya® software 

 

RESULTS AND DISCUSSION 

A typical gelatine displacement pattern was observed.  In 

addition to the previously described permanent and temporary 

cavities generated by the passing of the bullet [2], new 

components were identified. A temporary cavity formed in the 

gelatine block and expanded to maximum after the bullet 

exited, but was then observed to close at the entrance and the 

exit, forming a main central ‘bubble’.  This closing of the 

cavity at the entrance and exit holes may be due to vacuum 

effects of the passing bullet.  The main bubble then split into 

two, with one bubble moving forward (anterogradely) along 

the bullet path and the other moving backwards (retrogradely) 

(Figure 3). The two bubbles often broke into several smaller 

bubbles during this process.   In many cases, the bubbles 

reached the now-open bullet exit or entry points and gel 

fragments were projected from these holes, suggesting that 

this process may represent a final stage in the generation and 

expulsion of forward- or backspatter.  

 

 
Figure 4: Retrograde bubble momentum for individual 

conditions 

 
 

Figure 3: Separation of main cavity into forward and 

backward moving bubbles 

 

The momentum of the retrograde bubble was calculated as a 

product of the velocity of its centre of mass (estimated as the 

geometric centroid of the bubble volume) and its mass 

(defined as the mass of gelatine displaced and estimated as the 

product of bubble volume and gelatine density).  Bubble 

momentum values differed for the two bullet calibres in the 

10% gelatine blocks and also, but less markedly, in the 5% 

blocks (Figure 4). Overall differences for the four conditions 

tested also suggested that different bubble characteristics 

related to different event characteristics, with maximum 

momentum (which may be associated with backspatter 

velocity) related to bullet characteristics, and the duration of 

the momentum related to simulant characteristics. 

 

CONCLUSIONS 

Bubble momentum appears able to differentiate between 

shooting event characteristics.  The potential of this parameter, 

and others within the backspatter generation sequence, as a 

forensic tool needs to be explored further. 
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