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Abstract  

Objectives 

to demonstrate the usefulness of 3D reconstructions to better understand the dynamic of a 

controlled bus bombing.  

Materials and Methods:  

3D models of the victims (pigs) were created from post-mortem CT scanning using Mimic 

software; 3D models of the crime scene (bus) were generated by means of photogrammetry and 

modelling techniques, using Photomodeler and 3Ds max software applications. Combinations and 

visualizations of the scene before and after the explosion were created using 3Ds max.  

Results:  

several 3D reconstructions of the scene before and after the explosion were re-created to 

better visualize the dynamic of the incident and the blast injuries. All the pigs suffered extensive 

blast injuries. The bomb pig and the green pig (adjacent to the detonation site) underwent traumatic 

amputation and destruction due to a combination of blast injuries. Primary blast injuries and 

secondary injuries were found in all the other pigs. Fractures both due to tertiary or combined blast 

injuries were found in all the pigs except the yellow one (far away from the detonation side). Three 

different “injury zones” could be identified based on the severity of the injuries of the pigs, as 

evaluated from autopsy and CT scanning. 

Conclusion:  

3D reconstructions give a clearer and more comprehensive view of the scene and the 

victims, allowing a better understanding of the entire scene. CT scanning has proved to be an 

important tool in evaluating blast injuries in dead victims.  

 

 

  



1. Introduction 

Terrorist attacks are increasing globally [1, 2]. Suicide bombings are the most devastating 

events in terms of wounded and killed victims in comparison with non-suicide explosions [2] and 

represent 5% of terrorist explosions worldwide [2]. Terrorist bombings have occurred for many 

years in the eastern world [3-5], in Ireland, [6, 7] and have also become more common in the 

western world (e.g. [8-15]). 

Understanding the mechanism and spectrum of blast injury patterns in terrorist bombings is 

important not only to improve management and planning of hospital responses [16, 17], but also for 

forensic investigations [18, 19]. Important information can be obtained from the blast lesions 

reported by the victims, e.g. type of detonation, and location and distance of the victims from the 

detonation site [17, 18, 20]. Explosion-related injuries are categorized into four groups: primary, 

secondary, tertiary and quaternary blast injuries. Primary blast injuries result from the high-pressure 

wave and subsequent drop in pressure caused by the blast; these injuries mainly affect air-

containing organs, such as ears, lungs, and the gastrointestinal tract resulting in haemorrhage, 

parenchymal injury with pneumothorax or air in the abdomen [21, 22]. Secondary blast injuries are 

caused by bomb fragments and flying debris (e.g. bolts and screws packed inside the bomb that act 

as projectiles) carried by the blast wind and can affect any body part generally associated with blunt 

or penetrating injuries. The combination of blast wave and blast wind can also cause traumatic 

amputation of body parts [4, 9, 17, 18]: the shockwave is capable of causing bone disruption and the 

subsequent blast wind completes the amputation [23, 24]. Other lesions, such as fractures and head 

injuries can also result from a combination of blast injuries [4, 9, 17, 18]. Tertiary blast injuries are 

produced by the displacement of the victims due to the blast wind against the surroundings or from 

structural collapses. Fractures and traumatic amputation to any body part are also a typical tertiary 

blast injuries. Quaternary blast injuries include the lesions produced by the fire and heat generated 

by the explosion, and typical injuries are flash burns, inhalation of toxins and dust, or asphyxiation. 

While not included in most of the literature, quinternary blast injuries are described as a delayed 

hyper-inflammatory response probably caused by chemicals involved in the blast [17]. For a more 

detailed review refer to e.g [9, 17, 18, 25, 26]. 

Several factors can increase the explosion’s destructive potential and thus the severity of the 

blast injuries. The composition of the bomb play an important role; terrorists generally use 

improvised explosive devices (IED) which are less power than military explosives, but they are 

often equipped with additional objects such as bolts, screws or glass that increase the number and 

the severity of the injuries [9]. The environment also has a great impact: an explosion that occurs in 

a confined space is magnified by the reflection effects [20, 27, 28] increasing the mortality and 



severity of the injuries [4, 17, 25]. Finally, the position of the victim also needs to be considered: 

the injuries and damages caused by the blast wave exponentially decreases with the distance to the 

detonation site in open space [28]. However, in the case of an explosion in a confined space, victims 

far from the explosion but adjacent to reflective surfaces can present similar lesions to those close to 

the detonation site [20, 27, 28].  

Conventional radiology and CT scanning have been demonstrated to be invaluable tools in 

disaster victim identification [29-31]. Its usefulness has also been proven in case of terrorist attacks 

for assessing blast injuries and visualizing the presence of shrapnel or other foreign objects [10, 11, 

32-34]. The CT information can also be 3D visualized and combined with 3D models of the crime 

scene to better understand the dynamic of the events [35, 36]. 3D crime scene reconstructions 

enable us to not only report the findings from the crime scene and victims in a more accurate and 

illustrative manner [37-39]; it has also been proven that 3D visualizations can help victims of 

terrorist suicide bomb attacks in the treatment of posttraumatic stress disorder [40]. 

The aim of this paper is to demonstrate the usefulness of 3D reconstructions to better 

understand the dynamics of a controlled bus bombing. The entire scene before and after the 

explosion was recreated by combining a 3D model of the scene (bus), obtained using 

photogrammetry and modeling techniques, and 3D models of the victims (pigs) generated from 

post-mortem CT scanning.  

 

  



2. Materials and methods 

 

2.1.  Bus explosion  

In November 2006, the Danish Police carried out an experiment in which a bomb of 8 kg 

was detonated within in a bus. The bomb was made of fertilizer and aluminium, a mixture known as 

ANAl or Ammonal (Ammonium Nitrate Aluminium) and has a relatively low detonation speed, 

about 3500 m/sec; TNT (Trinitrotoluene) has a detonation speed of 6900 m/sec. The bomb also 

contained some screws and bolts in order to act as “projectiles” upon detonation of the bomb.  

Inside the bus, ten euthanized pigs were placed as terrorist and passengers to simulate and 

record injuries. One of the pigs (the “Bomb Pig”) carried the bomb placed in a backpack to simulate 

a suicide bomber. The Bomb Pig was positioned in the aisle by fastening its front legs to the upright 

metal bars on either side of the aisle with the backside and the backpack containing the bomb facing 

towards the front of the bus (Fig. 1b). The remaining nine pigs were individually color marked prior 

to the explosion to allow easy identification. Figure 1 shows the sketch of the individual positions 

of the pigs inside the bus (Fig. 1a). The explosion was videotaped from four different points of view 

outside the bus.  

 

Figure 1: Inside view of the bus a) sketch of the bus with the positions of the pigs; b) a 

photograph (photo: N. F. Hansen) 

 

2.2. 3D reconstructions 

 

2.2.1 Victims (pigs)  

The bodies of the pigs were recovered after the explosion and transported to the Department 

of Forensic Medicine at the University of Copenhagen for the analyses. Nine pigs, except the 

turquoise one, were CT scanned before the autopsy using a Siemens Volume Zoom 4 slice MSCT 

scanner. The whole-body scans were carried out in three parts: head, thorax and abdomen. The 

following scan settings were used: head (120 kV, 260 mAs, 3mm slice thickness, 2 or 1.3 mm slice 



increment, reconstruction algorithm B20s), thorax (120 kV, 80 mAs, 3mm slice thickness, 2 or 1.5 

mm slice increment, reconstruction algorithm B20s), and abdomen (120 kV, 80 mAs, mm slice 

thickness, 2 or 1.5 mm slice increment, reconstruction algorithm B20s). Three observers performed 

the reading of the CT-scans: a medical doctor, a consultant specialist in forensic pathology and a 

forensic anthropologist; all with several years of experience with forensic radiology. 3D 

reconstructions of the skin, bones, and metal objects were performed using Mimics software [41]. 

3D models of the skin were generated using automatic segmentation applying a Hounsfield unit 

(HU) range from -260 to 3071. 3D models of the bones and metal objects were obtained using a HU 

range from 150 to 3071. The 3D models (bones, skin, and foreign objects) were exported as “.stl” 

files. 

After scanning, all the pigs underwent a partial autopsy. A complete autopsy was not 

possible due to limitation of time and personal: only one medical doctor performed the autopsy of 

all the pigs. No opening of the skull and examination of the brain was carried out; no examination 

of the internal ear was conducted; and fractures were not systematically reported. A veterinarian 

was not present during the autopsy.  

 

CT and autopsy findings were separately recorded and divided into external injuries, internal 

injuries/soft tissues and internal injuries/bones for each pig. The presence of debris or any foreign 

metal object was annotated. We also categorized the lesions based on type of blast injuries: 

 Primary: blast lung and intestine rupture due to blast wave;  

 Secondary: penetrating trauma due to debris and shrapnel propelled by the blast wind;  

 Tertiary: penetrating, blunt trauma results from victims thrown by the blast wind against the 

surroundings (ground, walls, and objects) and lesions on the body area facing the bus walls; 

 Combination injuries [9]: traumatic amputation, blunt lesions caused by direct effects of 

shock waves and blast wind and lesions on the body area facing the explosion. 

CT and autopsy information are complementary. We did not compare the two methodologies. 

 

3D models of the pigs prior to the explosion were created using the 3D model of a recently 

scanned pig. A whole-body CT scanning of this pig was performed using a Siemens Sensation 

definition with the following settings: 120kV, 300 mA, 3mm slice thickness, 3 mm slice increment 

and reconstruction algorithm B30f. 3D models of skin and bones was obtained using Mimics 

following the same procedure illustrated above. 

 



2.2.2 Crime scene 

A 3D reconstruction of the crime scene was carried out by means of photogrammetry and 

modelling techniques. A simplified 3D model of the bus was reconstructed using Photomodeler 

software [42] using the frames of four video cameras that recorded the explosion. Common points 

among the photographs were manually selected for orienting the pictures and obtaining a simplified 

sketch of the outside of the bus. A more detailed 3D model of the bus with internal and external 

surfaces was re-created combining the information from the Photomodeler model, the sketch, and 

photographs of the inside of the bus (figures 1 and 2) with a pre-designed 3D model of the bus [43]. 

3Ds max [44] has been used to carry out the reconstructions. Accurate and precise measurements of 

the bus were not available at the time of the 3D reconstructions; the bus dimensions were arbitrarily 

set, using a Mercedes-Benz city bus as a reference model, one of the most used models in Denmark 

[45]. 

Several 3D visualizations of the scene before and after the explosion were made. 3D 

reconstructions of the scene and victims were used to better visualize the different blast injuries.  

  



3. Results 

3D model of the crime scene before the explosion with the pigs in the assigned seat can be seen in figures 

3.       

 

Fig 2: 3D visualization of the crime scene before the explosion : a) overview of the scene; b) 

inside view of the bus with the each pig in the assigned seat as reported in figure 1a.  

 

The position of each pig relative to the detonation site, the position after the explosion and 

blast direction were documented and reported in the table 1. 3D visualizations have also been 

obtained (Fig. 3) for easy visualization of the information reported in table 1. A picture of the scene 

after the explosion was used to more accurately determine the trajectories of some pigs found 

outside the bus. (Fig 3)  

Pigs 
Position in relation to detonation site 

(DS)  
Recovery position 

Blast direction     

     (relative to original position) 

Bomb pig DS DS 
 

Green 
Right side, aisle seat, facing backwards. 

"Behind" DS 
Outside the bus To the right and backwards 

Black 
Right side, window seat,  

adjacent to DS 
Outside the bus Directly to the right 

Light blue 
Right side, window seat, 

1 row in front of DS 
Outside the bus Forward, to the right 

Brown 
Left side, window seat, 

1 row in front of DS 
Inside the bus Forward 

No colour 
Left side, window seat, 

2 rows behind DS 
Outside the bus Backwards, to the left 

Red 
Left side, aisle seat, 

2 rows in front of DS 
Inside the bus Forward 

Purple 
Left side, window seat, 

3 rows in front of DS 
Inside the bus Forward 

Turquoise 
Left side, window seat, 

4 rows behind DS 
Outside the bus Backwards, to the left 



Yellow 
Left side, window seat, facing backwards 

approx. 7 rows in front of DS, 
Inside the bus Forward 

Table 1:  Position of the pigs before and after the explosion.  DS= detonation site * as can be seen in 

the sketch of figure 1.  

 

 

Fig. 3. 3D visualization of the information reported in table 3:  a) with the photographs of the scene 

after explosion as background   

 

The pigs were recovered and transported to the Department of Forensic Medicine, where 

they were CT scanned and underwent a partial autopsy. The detailed injuries are reported in tables 2 

and 3. The precise location of the fractures are only reported in the CT scan findings (Table 2). CT 

and autopsy information are complementary.   



Color/role 
Body/body parts 

examined 
External injuries 

Internal injuries/soft 

tissues 
Internal injuries/bones Foreign bodies 

Type of blast 

injuries 

Bomb pig 

Only pelvis and 

lower legs 

recovered 

The skin of the pelvic area is 

severely lacerated, especially on 

the front. Skin on legs is intact, 

except minor lacerations 

Remainders of 

intestines are visible. 

Severely fractured pelvis and 

spine. 

Debris and metal in 

soft tissues  

 

Combination 

Green 

Entire body divided 

in two pieces.  

The body was 

transected from the 

right side of the 

neck/above the 

right shoulder 

downwards to the 

left. 

The right side of the skin of 

head, neck and thorax is 

destroyed. The left side is intact 

but both superficial and 

penetrating lesions are present. 

Internal organs are 

lacerated. Heart, liver, 

intestine and kidneys 

are probably present, as 

well as trachea and 

esophagus.   

Lungs are not 

identified. 

 

Multiple fractures to the right 

mandibular ramus, the body of 

T1 and T2, 1-6 left ribs. The rest 

of the rib cage is missing. Only 

small pieces of ribs and the 

sternum are present. Fracture of 

the spinal process of L1 and 

right transverse process S1. 

Debris on the surface, 

and two metal objects 

in the abdomen. 

 

 

 

 

Combination 

Black Entire body 

Laceration of external ears. 

Superficial skin lesion on the left 

side of the body; penetrating 

lesion on the left side around 

lumbar area.  

Hemothorax left side; 

Collapse of the right 

lung; bilateral 

parenchymal laceration 

with blood 

accumulation; air in the 

abdomen.  

Multiple fractures of the right 

maxilla and mandible (both left 

and right ramus), right ribs 2 to 

12, left ribs 5 to 14, spinal 

process of T8 and T2, left 

transverse process of L2- L5, 

right transverse process L1 

Debris and metal in 

soft tissue on the left 

side. 

 

 

Primary, 

secondary, 

tertiary, 

combination 

Light blue Entire body 

Lacerations of external ears, 

Penetrating injury in the left side 

of the abdomen and right gluteal 

region, perforation in the 

left lumbar region. 

Bilateral collapse of the 

lungs and bilateral 

parenchymal laceration 

with blood 

accumulation. 

Multiple fractures of both left 

and right maxillae, right ribs 5, 

9-10, left 5th rib, spinal process 

L3 and L4, transverse processes 

left side L1-L4 

Small pieces of debris 

primarily on the right 

side of the body in 

the lumbar region. A 

screw in abdominal 

area, and another in 

right gluteal region. 

 

 

Primary, 

secondary, 

tertiary, 

combination 

Brown Entire body 
Deep lesion on the right side of 

the head and the thorax. 

Both lungs perforated 

by a rib, collapse of the 

right lung, hemothorax 

left side and bilateral 

parenchymal laceration 

with blood 

accumulation; air in the 

abdomen.  

Multiple fractures on the right 

side of the maxilla, fracture on 

the mandible, right side, Spinal 

process of vertebrae C5,C6, T1, 

T9-T12, L4, transverse process  

right L2- L4, right rib fracture 3-

18 and 10, left rib 8-10, luxation 

of left ribs11-14: dislocated 

fracture left ribs 8-12 

A screw in right 

upper jaw. 

 

Primary, 

secondary, 

tertiary, 

combination 

No color Entire body 

Laceration of lower jaw/chin and 

right side of neck. Deep lesion 

on the right side of thorax and 

one on the abdomen. Laceration 

on the right side of abdomen 

Collapse of the right 

lung and bilateral 

parenchymal laceration 

with blood 

accumulation; air in the 

abdomen. 

Multiple fractures to mandible 

both sides, nasal bone and 

maxilla both side. Right ribs 5-9. 

Debris on the right 

side of the body and 

underside of head. 

Small pieces of debris 

on the abdominal 

area. 

 

 

Primary, 

secondary, 

tertiary, 

combination 

Red Entire body 

Deep lacerations in the right 

scapular region and on the back 

(T9-T10) 

Collapse of the right 

lung; left sided 

hemothorax; bilateral 

parenchymal laceration 

with blood 

accumulation; lesion of 

medullar spine. 

 

Multiple fractures on the right 

ribs 2-4 and 10; transverse 

process of T5-T9 and T12. 

Fractures of the body of T9-T10-

T11. 

A screw in the left 

side of T10. 

 

Primary, 

secondary, 

combination 

Purple Entire body 

Lacerations of external ears, 

superficial skin lesion on the left 

side of the head and frontally. 

Skin lesion right upper 

extremity. 

Left sided hemothorax. 

bilateral parenchymal 

laceration with blood 

accumulation; air in the 

abdomen. 

Fractures on the left ribs 8 and 9 

Some small debris on 

the left side of the 

body. 

 

 

Primary, 

secondary, 

tertiary 

Turquoise Entire body no CT scanning no CT scanning no CT scanning no CT scanning 

 

Yellow Entire body 
Superficial lesions on left 

shoulder region. 

Left sided 

pneumothorax; bilateral 

parenchymal laceration 

with blood 

accumulation; air in the 

abdomen. 

No fracture. 

Small lesion? on the 

sacrum region 

externally 

Primary, 

secondary 

Table 2: CT scan findings 

 



 

Color/role 
Body/body parts 

examined 
External injuries 

Internal injuries/soft 

tissues 
Internal injuries/bones Foreign bodies 

Type of blast 

injuries 

Bomb pig 
Only pelvis and lower 

legs  

Severe lacerations of pelvic 

organs and muscles. 
  

Severe fractures at the spine. 

Multiple pelvic fractures. 

Gravel in soft tissue 

of lower body 

Combination 

Green 

Entire body. 

Transected from right 

side of neck/above 

right shoulder 

downwards to the left 

Several penetrating lesions, 

primarily on the right side. 

Severe lacerations of 

upper body. 

Severed/transected spine 

and esophagus. Severe 

lacerations of thoracic and 

abdominal organs. 

Severed/transected spine. 

Fracture of the mandible. 

Severed spine at mid thoracic 

part with fracture of vertebral 

body. Rib fractures. Severed 

spine at upper thoracic part 

with multiple fractures of right 

ribcage. 

Small pieces of debris 

(upholstery etc. from 

bus) No identifiable 

parts from bomb. 

Rounded metal and 

pieces of glass/ 

plastic superficially. 

Debris. 

Combination 

Black Entire body 

Deep skin lacerations of the 

left lower back. Several skin 

lesions in the face. No 

penetrating lesions into the 

body cavities. 

Ruptured intestine. Bilateral rib fractures. 

Metal and upholstery 

material imbedded in 

deep skin lesions. No 

objects found in 

cavities. 

Primary, 

secondary, tertiary, 

combination 

Light blue Entire body 

Lacerations on the left 

side.  Deep lacerations on 

the left front leg. Penetrating 

lesion of the left upper 

abdomen. 

Abdominal penetrating 

injury. 

Fractures of the upper thoracic 

ribs close to spine. Lumbar 

spinal processes. 

Not found 

Primary, 

secondary, tertiary, 

combination 

Brown Entire body 

Multiple skin lesions on the 

right side. No penetrating 

lesions. 

Lacerations of intestines 

and spleen. 

Rib fractures on both sides. 

Multiple fractures on the right 

side of maxillary bone. 

Screw at right upper 

jaw 

Primary, 

secondary, tertiary, 

combination 

No colour Entire body 

Multiple skin lesions on the 

right side. Deep lacerations 

on the lower jaw, right 

shoulder/upper thorax. 

Lacerations right outer and 

left inner thigh. 

Normal Mandibular fracture None 

Primary, 

secondary, tertiary, 

combination 

Red Entire body 

Deep laceration on back, 

right outer thigh and left 

inner thigh. 

Ruptured intestine  
Mid spine (underlying back 

laceration) 

Debris (upholstery) in 

laceration on back. 

Primary, 

secondary, 

combination 

Purple Entire body 
Superficial lesions on the 

right side 

Ruptured intestine 

(multiple sites) 
Rib fractures right side None 

Primary, 

secondary, tertiary 

Turquoise Entire body 
Superficial lacerations left 

thigh and right neck 

Puncture of right lung 

(related to rib fractures). 

Ruptured intestine. No 

penetrating lesions. 

Rib fractures right side  None 

 

Yellow Entire body 
Superficial lesions on the 

upper body and head. 

Ruptured intestine 

(multiple sites) 
None None 

Primary, secondary 

Table 3: Autopsy findings 

 



Based on autopsy and CT information, three different “injury zones” could be identified 

based on the severity of the injury of the pigs (Figure 4):

 

Figure 4:  “injury zones” 

 

- Zone 1 corresponds to the area within one seat from the detonation side. The bomb pig and the 

green pig were situated in this zone. Both pigs suffered from severe injuries. The bomb pig (fig. 

5a) was partially destroyed, only the pelvic area and lower extremities were found. The green pig 

was also severely lacerated with a transection going diagonally from the right side of the neck 

down towards the left upper part of the abdomen (Fig. 5b). Correspondingly, severe lacerations 

of thoracic and abdominal organs and transection of the spine was found internally. Foreign 

bodies were imbedded in the skin and inside both pigs. Injuries of the pigs probably resulted 

from a combined effect of the blast wave and the blast wind. 

 



 

Fig 5. 3D reconstruction of pigs from CT: a) the bomb pig; b) the green pig. In red the 

metallic/debris fragments ; c)The brown pig with a lesion on the right side of the face caused by a 

screw (in yellow); d) The red pig with a screw (in red) adjacent to the 10th thoracic vertebra.  

 

- Zone 2 corresponds to the area within two to four seats from the detonation site. Black, light blue 

and brown, no color, red and purple pigs were situated in this zone. Primary blast injuries can be 

seen in all the pigs in the form of hemothorax, collapse of the lungs, bilateral parenchymal 

laceration with blood accumulation and rupture of the intestine (except the no color pig). 

Secondary blast injures were also documented: deep skin injuries on the side facing the 

detonation site in all pigs, except the purple one; superficial skin lesions and small pieces of 

debris imbedded in the skin in all the pigs. In addition, larger foreign bodies penetrated some of 

the pigs: in the blue pig, a screw was found in the abdominal area, and another one in the right 

gluteal region; in the brown pig, a screw was found at the right maxillary bone, corresponding to 

the maxillary fracture (fig 5c); and in the red pig a screw was found near the 10
th

 thoracic 

vertebra (fig 5d). In addition, all the pigs had multiple fractures to the ribs and vertebrae and all 

(except the purple one) had fractures in the skull bones (mandible and maxillae). 

  

- Zone 3 corresponds to the area further than four seats from the detonation site. The yellow pig 

was situated in this zone. It had few superficial injuries and very limited small debris only 

posteriorly  (secondary blast injuries). No fracture was observed.  

 



To obtain an overview of the injuries of all the victims (except the turquoise pig since no CT 

scanning was performed) in the actual context, the 3D models obtained from post-mortem CT 

scanning were posed in the original position on the bus (Figure 6). The detonation site was 

indicated with a large red sphere. The bomb pig and the green pig sustained extensive injuries, 

including traumatic amputations most probably due to the combined effect of blast wave and blast 

wind. 



 

 

Fig 6: 3D visualization of the post-mortem 3D CT of the pigs: a) view from the back; 

b) view from the front 



 

 

Fig 7: Primary blast injuries. Lesions to the lungs are indicated with a light blue 

sphere, while lesions to the intestine with a pink one.  

All the pigs suffered of primary blast injuries (Figure 7). Lung injuries comprising 

parenchymal lesion with blood accumulation and pneumothorax (figure 8) were found in all the 

pigs, except the bomb and green pig and are indicated with a light blue sphere in the figure 7. 

Rupture of the intestines was found in all pigs except the pig with no color.  



 

Fig 8: Primary blast lung injuries comprising parenchymal lesions with blood accumulation, 

pneumothorax and hemothorax: a) the light blue pig; b) the black pig presenting  

 

Secondary blast injuries can be seen in figure 9. 3D reconstruction of the fragments from CT 

are colored in pink; external and internal lesions caused by debris/fragments moved by blast wind 

are indicated as yellow spheres. The fractures caused by penetrating objects, e.g. screws, are 

indicated with pink spheres. Most of the lesions are on the side facing the bomb.  



 

Fig 9: Secondary blast injuries.  

 

The single fractures resulting from tertiary blast injuries or combination blast injuries are 

marked with small red spheres and can be seen in figure 10. Larger red spheres were used to 

indicate the lesions in the bomb and green pigs.  The 3D visualizations show that the pigs closer to 

the detonation site (black sphere) have most injuries. Interestingly, the purple pig (indicated with a 

white arrow) had only two fractured ribs; looking at the 3D models, it can be seen that it is partially 

protected by the red pig. 



 

 

Fig 10: Fractures caused by tertiary blast injuries and the combination of different effects.  



4. Discussion 

 

Terrorist suicide attacks are an increasing phenomenon worldwide. A thorough 

documentation of both the scene and of the victims is important to understand the dynamic of such 

devastating events. In the recent years, the introduction of 3D technologies is changing the manner 

of documenting both the crime scene and victims. Surface scanners and photogrammetry have been 

proven very useful tools for 3D documentation of the scene and any other relevant evidence 

(building, vehicles, large and small objects) [24, 25]. 3D technologies are very accurate and allow a 

permanent documentation of the scene that can be used during the investigations as well as in court 

to better visualize all the evidences in one single environment [37, 38]. The experiment presented in 

this study was performed several years ago when the use of such technologies was not well known. 

However, we were able to recreate the scene using the photographs and the video even though it 

was not taken with the purpose of 3D documentation in mind. In our opinion, the 3D 

reconstructions allow for a more comprehensive overview of the scene than single photographs, 

sketches, and written documentation. A drawback in using old data is the fact that we did not have 

controlling measurement of the actual scene. Our reconstructions can therefore only be used for 

visualization, and new measurements can not be taken. Differently, the 3D models of the bodies 

obtained from CT scanning are measurable, including all of the lesions.  

Documentation of the victims, both live and dead, can be generated using medical imaging 

technologies. Radiographic imaging, in particular CT scanning and X-ray, play a key role in the 

initial assessment of the patients in cases of terrorist attacks [33]. MR imaging is less used due to 

the risk of movement of metallic shrapnel [9]. Pulmonary blast injuries can be clearly observed on 

both X-ray and CT scanning. CT modality is more sensitive in detecting intestine rupture (primary 

blast injuries), foreign objects (secondary blast injuries) and fractures [46-48]. Post mortem CT 

scanning (PMCT) is an established technique in many forensic departments [49-54] and it is also 

important tool in DVI (Disaster Victim Identification [29-31, 55]. While numerous studies have 

described the blast injuries after terrorist attacks or military fatalities in clinical settings, little has 

been published about blast injuries from a medico-legal point of view [56-63]. Even fewer 

mentioned PMCT in such contexts [56, 57, 62]. 

Primary blast injuries were found in all pigs in our study. From PMCT analysis, we detected 

parenchymal lesions with blood accumulation and pneumothorax in most of the examinable pigs 

and hemothorax in four of them [21, 22]. Our results are in line with previous studies that have 

reported a high rate of lung injuries in confined space [1, 4, 56, 64, 65]. Finally, the rupture of the 

gastrointestinal tract has been reported but less commonly than lung and ear injuries [9, 64, 65]. We 



found ruptures in the gastrointestinal tract in all of the pigs, except for the no color pig. These could 

only be evaluated during the autopsies. In contrast to those found in clinical settings, intestine 

rupture is difficult to diagnose on CT; diagnosis in the living is based on air in the peritoneal cavity. 

In case of post mortem images, the gas due to rupture of the intestine can be masked by gas formed 

due to decomposition [57].  

Secondary blast injuries were observed in all the pigs. They varied from severe penetrating 

injuries to superficial penetration of debris in soft tissue. Most of the lesions were localized on the 

trunk. Their location correlates with the position of the bomb, situated on the back of the bomb pig. 

In comparison, the patients of the Boston marathon explosion showed most of the lesions in pelvis 

and lower extremities; in that case the bomb was positioned on the ground [9]. This shows the 

importance of a general overview of the location of the injuries in all the patients to better evaluate 

the position of the bomb at the time of the explosion. Fractures due to external objects packed in the 

bomb, such as screws and nails, were identified in three pigs. In addition, debris and any foreign 

objects were more easily identified on CT than at autopsy, as previously reported [8, 10, 11, 32, 34, 

66] 

Tertiary blast injuries were more difficult to recognize. They occur when the victims are 

thrown by the blast wind and impact upon the surroundings, or when they are hit by explosion-

related structural collapse. Skeletal injuries, blunt and penetrating injuries are some of the common 

lesions. In our case, we were expecting to see such type of lesions on the body region facing the 

wall of the bus, but most of the fractures were on the side facing the explosion. In some situations, it 

may be difficult to establish which mechanism is responsible for which injury, and the injuries can 

be caused by a combination of mechanisms as previously reported [4, 10, 17, 18]. In addition, the 

correct interpretation of the skeletal fracture patterns resulting from blast injuries is difficult and 

still object of investigation [67-69]. In our victims, most of the fractures and the amputations are 

likely the result of a combination of shock wave and blast wind. This consideration was mainly 

possible after analyzing the 3D reconstructions. The contextualization of the victims in the actual 

scene allowed us to evaluate the injuries in a more comprehensive way, considering them in relation 

to the explosion site. As previously reported, it is important to evaluate the entire scene, 

environment and victims in all of its complexity and not limiting the observation to the single 

entities [35, 36, 70]. In such way, the dynamic of the event can be evaluated better. 

The last consideration regards the victims of our experiment: the dead pigs. Previously, pigs 

have been used in experiments concerning blast trauma [67, 68, 71].  However, anatomic 

differences may have influenced the experiment and need to be mentioned. First, the limbs of pigs 

are shorter than in humans, and this could have influenced the rates of injuries such as traumatic 



amputations and fractures of the long bones. In addition, the shape of the torso of the pig is also 

different: the torso of humans is more flat “front to back” compared to pigs who are more flat “side 

to side”. That could also have an effect on the rate of different injuries – especially if correlated 

with the angle at which the victim faces the bomb. The number of ribs in pigs are 15-16 pairs, 

increasing the number of fractures. Head morphology is also different: pigs have an elongated and 

curved skull with a thicker bone structure. Thus, the response to pressure, acceleration, and related 

head injuries in pigs are not necessarily the same as can be seen in humans [71]. The anatomy of the 

ear is also different [72, 73]: pigs have larger ears resulting in more damage to the outer part; pig’s 

auditory tube is cartilaginous throughout its length, while in humans it is part osseous, part 

cartilaginous; the air cell system is situated inferior to the tympanic cavity in pigs, while posteriorly 

in humans. In addition, the auditory tube is longer (around 10 cm) and for an examination special 

utensils are needed which were not available. Finally, the pigs were already dead at the time of the 

explosion, and thus the scenario is not completely realistic. Since the euthanized pigs have no 

circulation, some types of injuries will simply not be seen to the same degree as in living organisms.  

To conclude, more systematic forensic reviews are needed as the recognition of the different 

pattern in blast injuries and their correlation with the underlying mechanism of injuries could help 

to develop strategies for diagnosis and treatment [74], but also preventive measures to heighten 

protective constructions. The knowledge gained from this and similar studies may be used for 

elucidating future terror bombing incidents.  

 

5. Conclusion 

 

 3D reconstructions give an illustrative and more comprehensive view of the entire 

scene (environment and victims). 3D visualization can be used to better evaluate the lesions and 

thus to better understand the dynamic of the event. CT scanning has been proven to be an important 

tool in evaluating blast injuries in dead victims. Lung injuries were easily identified in CT scanning. 

Contrarily, ruptures of the gastrointestinal tract are diagnosed more easily during autopsy. Debris 

and any foreign objects as well as fractures are easily localized on CT scans.  
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Highlights 

 3D reconstructions enable a comprehensive view of the scene and victims  

 PMCT scanning is an important tool to evaluate blast injuries. 

 Primary blast injuries to the lungs can be clearly evaluated in PMCT. 

 Primary blast injuries to the intestine are better evaluable during autopsy. 

 Debris, foreign objects and fractures can be clearly identified in PMCT.  

 




