
 

 

 
 

BLAST INJURY 

 

“Castle Bravo” Bikini Atoll March 1 1954. 

 

It ran away to 15 megatons, the largest yield thermonuclear device (hydrogen bomb) ever 

exploded by the West. It was two and half times more powerful than predicted and the flash was 

seen in Okinawa, 2600 miles away. The unexpectedly high yield combined with a failure to 

postpone the test in the face of unfavorable weather conditions made “Bravo” the worst 

radiological disaster in US testing history. Many Americans and local Islanders over 100 miles 

away became severely ill. The Bikini atoll region remains uninhabitable to this day. In 1961 

during the cold war the Russians exploded a 50 megaton device, the largest ever, at Noveya 

Zemyla. 

 



Project “Trinity”, produced the world’s first nuclear explosion at 5.30 am, July 16 1945, 

vindicating the “Manhattan” project. To dispel rumours about what had happened the US 

government announced that an Army munitions dump had exploded, publicly revealing the truth 

only after it dropped the uranium fueled bomb on Hiroshima on August 6, 1945 which 

ultimately killed over 200,000 people. At the Trinity site, on the morning of detonation, 

“Manhattan project” director J. Robert Oppenheimer was heard to quote the ancient Indian 

“Bhagavad-Gita” text, “If the radiance of a thousand suns were to burst forth at once in the 

sky, that would be like the splendor of the mighty one…I am become death, the destroyer of 

worlds”  

 

100 Suns, Michael Light 

 

Richard Feynman was standing twenty miles from the Trinity site when he was handed dark 

glasses. He decided he wouldn’t see anything through the dark glasses, so instead he climbed 

into the cab of a truck facing Alamogordo. The truck windshield would protect his eyes from 

harmful ultraviolet rays, and he’d be able to actually see the flash. Even so, he reflexively 

ducked when the horizon lit up with a tremendous flash. When he looked up again, he saw a 

white light changing into yellow then orange. “A big ball of orange, the center that was so 

bright, becomes a ball of orange that starts to rise and billow a little bit and get a little black 

around the edge, and then you see it’s a big ball of smoke with flashes on the inside of the fire 

going out, the heat”. A full minute and a half after the explosion, Feynman finally heard an 

enormous bang, followed by the rumble of man-made thunder. 

 

James Conant had expected a relatively quick flash of light. But the white light so filled the sky 

that for a moment he thought “something had gone wrong”, and the “whole world had gone up 

in flames”.  

 

Bob Serber was also twenty miles away, lying face down and holding a piece of welder’s glasses 

to his eyes.”Of course”, he wrote later “just at the moment my arm got tired and I lowered the 

glass for a second, the bomb went off. I was completely blinded by the flash”. When his vision 

returned thirty seconds later, he saw a bright violet column rising to 20,000 or 30,000 feet. “I 

could feel the heat on my face a full twenty miles sway”. 

 

Joe Hirschfelder, the chemist assigned to measure the radioactive fallout from the explosion, 

later described the moment. “All of a sudden , the light turned into day, and it was tremendously 

bright, the chill turned into warmth: the fireball gradually turned from white to yellow to red as 

it grew in size and climbed into the sky; after about five seconds, the darkness returned but with 

the sky and air filled with a purple glow; just as though we were surrounded by an aurora 

borealis….We stood there in awe as the blast wave picked up chinks of dirt from the desert soil 

and soon passed us by”. 

 

Frank Oppenheimer was next to his brother when the gadget exploded. Though he was lying on 

the ground, “the light of the first flash penetrated and came up from the ground through one’s 

eyelids. When one first looked up, one saw the fireball, and then almost immediately afterwards, 

this unearthly hovering cloud. It was very bright, and very purple”. Frank thought, “Maybe its 

going to drift over the area and engulf us”, he hadn’t expected the heat from the flash to be 

nearly that intense. In a few moments, the thunder of the blast was bouncing back and forth and 

the distant mountains. “But I think the most terrifying thing”, Frank recalled “was this really 



brilliant purple cloud, black with radioactive dust, that hung there, and you had no feeling of 

whether it would go up or would drift towards you”.  

 

Oppenheimer himself was lying facedown, just outside the control bunker, situation 10,000 

yards south of ground zero. As the countdown reached the two minute mark, he muttered, Lord, 

these affairs are hard on the heart”. An army general watched him closely as the final 

countdown commenced; “Dr. Oppenheimer…grew tenser as the last seconds ticked off. He 

scarcely breathed…For the last few seconds he stared directly ahead and when the announcer 

shouted “Now!” and there came this tremendous burst of light followed shortly thereafter by the 

deep growling roar of the explosion, his face relaxed into an expression of tremendous relief”. 

 

We don’t know, of course, what flashed through Oppenheimer’s mind at this seminal moment. 

His brother recalled, “I think we just said, “It worked!” 

      

Kai Bird, Martin J. Sherwin, “American Prometheus:  

The Triumph and Tragedy of J. Robert Oppenheimer”, 2005   

 

J. Robert Oppenheimer in silhouette in the early morning hours overseeing the final assembly of 

the “Gadget” at the Trinity test site, 16 July of 1945.  

 



BLAST INJURY 

 

Introduction 

 

Blast injuries are multisystem and life - threatening injuries caused by an explosion.    

 

Injuries sustained can be blunt, penetrating or both and/ or “quaternary”  

 

Blast injuries may show little external evidence of injury, yet serious internal (particularly 

lung) injury may be present. A high index of suspicion needs to be maintained for internal 

injury. 

 

There are frequently multiple casualties and so local Disaster Procedures will also need to 

be initiated. 
 

Epidemiology 

 

Industrial accidents remain a constant threat.  

 

Currently most bomb blasts around the world are a result of terrorist attacks.    

 

In modern warfare, injuries arising from explosions frequently outnumber those from gunshots 

with many innocent civilians becoming victims in addition to military personnel. 

 

In many parts of the world, undetonated military incendiary devices such as land mines and 

hand grenades contaminate the sites of abandoned battlefields. Such devices cause significant 

numbers of civilian casualties years and even decades after local hostilities cease. 

 

Live land mines still exist in many parts of Africa, that were laid during periods of that 

continents internecine wars.      

 

In the decades that followed the two world wars many unexploded bombs and shells were 

discovered by civilians, resulting in deaths. They are still being found today.  

 

In the US in 2016 a large unexploded Dahlgren shell from the Civil War era (1861- 65) was 

unearthed by building excavators, at Trustees Garden, Savannah. The device was considered too 

old, fragile and dangerous to try and disarm, or even to move, and so had to be detonated by the 

military. It caused an enormous explosion, that could have added many civilian casualties to a 

conflict that was fought over one and half centuries ago.            

 

Blast Physics 

 

High versus Low Explosives:  

 

High-order explosives undergo detonation, an almost instantaneous transformation of the 

explosive material into gases occupying the same volume of space under extremely high 

pressure.  

 



These high-pressure gases rapidly expand, compress the surrounding medium, and produce a 

defining supersonic, over-pressurization blast wave.  

 

Examples of high explosives include: 

 

● TNT 

 

● Ammonium nitrate 

 

● Dynamite 

 

● C - 4 “plastic” explosives.  

 

In general, only high explosives produce severe primary blast injury. 

 

Low-order explosives are composed of propellants, such as: 

 

● Black powder, (i.e gun powder) 

 

● Pyrotechnics, (such as fireworks).  

 

Low order explosives undergo deflagration rather than detonation and release energy relatively 

slowly compared with high explosives.  

 

These result in a sub-sonic explosions that lack the over-pressurization blast wave that 

characterizes high explosives.  

 

Although low explosive explosions can of course be deadly, the explosions very uncommonly 

cause the pulmonary and central nervous system injuries seen in primary blast injury. 

 

Blast waves: 

 

Explosives are materials that are rapidly converted into gases when detonated. 

 

Blasts are characterized by the release of large quantities of energy in the form of pressure and 

heat, the exact amount depending on the type and amount of explosive material. 

 

If the blast is confined within a casing (a “bomb”) the pressure will rupture the casing and 

eject the resulting fragments (shrapnel) at high velocity. 

 

The blast wave begins as a single pulse of increased pressure that peaks within a few 

milliseconds, then rapidly falls to a pressure that is lower than the original atmospheric 

pressure, (see graph below).  

 

The duration and level of the high pressure peak will depend on: 

 

● The nature of the explosive material 

 

● The conducting medium  



 

● The distance from the detonation point. 

 

 

The Friedlander Curve, the general form of a blast wave.2 

 

The wave is propagated outward radially from the point of explosion, with the sharply 

marginated periphery of the sphere becoming the blast, (overpressure or shock wave).  

 

This blast wave pressure peak is the main determinant of primary blast injury. 

 

Proximity of the person to the explosion is an important factor in a primary blast injury. The 

intensity of an explosion pressure wave declines with the cubed root of the distance from the 

explosion. A person 3 meters from an explosion experiences 9 times more overpressure than a 

person 6 meters away.  

 

The ensuing negative pressure wave (or “suction” of the blast wave) lasts much longer but is of 

far less magnitude. 

 

The rapidly expanding gases from an explosion also displace air causing it to move away at 

high velocity and produce transient blast winds that travel immediately behind the shock front of 



the blast wave. The blast wave and winds accelerate loose objects resulting in secondary injuries 

and tertiary (accelaration-decelaration) injuries. 

 

The overall effect of a blast wave is influenced by a range of factors including:    

 

1. Amount and type of explosive  

 

2. Duration of exposure  

 

3. Distance from an explosion 

 

4. The exact wave form (i.e its rise time) 

 

5. The victim’s body mass and orientation to the explosion 

 

6. The presence of deflecting and reflecting surfaces in the environment  

 

● For example, within a confined space or between large buildings. 

 

Blast waves are reflected by solid surfaces; thus, a person standing next to a 

wall may suffer increased primary blast injury. 

 

7. The medium through which the shock wave is conducted.  

 

For example blast waves under water, which is more dense and less compressible than air, 

travel much faster and further than blast waves through air. Injuries in water tend to be more 

severe than terrestrial injuries, all else being equal. 

 

Blast Pathophysiology 

 

Explosive blast injuries can be divided into 4 categories, primary, secondary, tertiary and 

quaternary (or miscellaneous). 

 

Primary Blast Injury: 

 

Primary blast injuries are caused by barotrauma.  

 

This results directly from the overpressure and under pressure effects of blast waves 

associated with high-order explosives.  
 

Tissues vary in their susceptibility to primary blast injury. Homogeneous or solid tissues are at 

the least risk because they are essentially non-compressible and merely vibrate as a whole when 

subjected to a blast wave.  

 

The regions at most risk are those with differential tissue density interfaces, by the 

mechanisms explained below.  

 

There are 3 mechanisms by which the primary blast shock wave causes this damage: 

 



1. Spalling: 

 

● This occurs when a shock wave travels through a medium of higher density (eg 

liquid) into a medium of lower density (eg gas).  

 

 A negative reflection occurs at the interface which fragments the surface of the 

heavier medium into the lighter one. 

 

2. Implosion-Explosion of gas filled spaces: 

 

● Here high pressure within surrounding fluids or solids compress a gas filled 

space and fluid and blood may be forced into these spaces.  

 

 Within the lungs pulmonary edema and hemorrhages result. Following this initial 

positive pressure wave will be the negative pressure wave which reexpands 

(essentially explodes) the gas filled space, resulting in further damage. 

 

3. Shearing forces: 

 

● Tissues of different densities will be accelerated and decelerated at different rates 

relative to each other, producing shearing forces that can tear tissues, especially 

brain from bone. 

 

Primary blast injury thus primarily affects tissue-gas interfaces, including: 

 

● Middle ear, (this is the organ most at risk in blast injury) 

 

● Lung, (this is the organ second most at risk, and is usually the most significantly life 

 threatening injury). 

 

● GIT, (large bowel being more commonly affected than small bowel) 

 

Injury also occurs wherever tissues of different densities interface, including: 

 

● Brain (bone-brain interface) 

 

● Bladder (soft tissue-fluid interface)  

 

Secondary Blast Injury: 

 

This is defined as injury resulting from the victim being struck by flying shrapnel or other 

projectiles   
 

It is largely due to the blast wind. 

 

It is the leading cause of death in blast injury, apart from cases of major structural collapse. 

 

 

 



Tertiary Blast Injury: 

 

Here the victim is thrown against other objects, by the force of the blast wind.  

 

The sudden deceleration usually causing more harm than acceleration through space.  

 

It may also be caused by structural collapse, resulting primarily in crush injuries. 

 

Quaternary (or Miscellaneous) Injury: 

 

Here there can be a wide variety of other injuries associated with blasts and mainly depends on 

the type of explosion that has occurred. 

 

 These may include: 

  

● Inhalation of dust or toxic gases, (more likely in confined spaces), including asphyxia: 

 

 ♥ Carbon monoxide  

 

 ♥ Cyanide in some fires  

 

● Thermal burns. 

 

● Radiation injuries, (i.e in a “dirty bomb” scenario).  

 

● Biological contamination: 

 

 ♥ Pathogenic microorganisms 

 

● Chemical agents (e.g. nerve gas agents).   

 

♥ In the 1993 attack on the World Trade Center, terrorists attached cyanide to a 

 bomb placed in the underground parking garage.  

 

 Fortunately, in that incident the cyanide was destroyed by the combustion. 

 

Selected pressure effects: 3 

 

 

Over Pressure (kPa) 

 

 

Clinical effect  

 

 

35 

 

 

Minimum pressure at which tympanic membranes will rupture. 

 

 

104 - 121 

 

 

Pressure at which half of tympanic membranes will rupture / 

minimum threshold for blast lung injury. 

 



 

202 

 

 

All tympanic membranes should have ruptured / minimum pressure 

for fatal primary blast injuries. 

 

 

290-390 

 

 

50% fatality rate from pulmonary blast injury. 

 

400 - 550  

 

 

95 - 100% fatality rate from pulmonary blast injury. 

 

American figures may quote PSI - 1 psi (pound per square inch) = 51.7 mmHg = 6.895 

kilopascals. 

 

Clinical Effects 

 

Primary blast tends to result in: 

 

1. ENT:  

 

● The ears are most often affected with vertigo, tinnitis and hearing loss. 

 

● Tympanic membrane rupture (this is one indicator of a blast injury) 

 

Most cases of tympanic membrane perforation heal spontaneously; however, 

complications such as ossicle disruption, cholesteatoma formation, and 

development of perilymphatic fistulae are possible.  

 

By some literature 4 up to one third of patients with tympanic membrane 

perforation will suffer a permanent hearing deficit.  

 

● Dislocation of ossicles 

 

● Perilymph fistula 

 

2. Lungs:  

 

● The lungs are generally the organs most severely affected by blast injury. 

 

● There is widespread alveolar damage with pulmonary edema, contusions, 

hemorrhages and pneumothorax due to parenchymal lacerations. 

 

 An ARDS / non-cardiogenic pulmonary edema type injury is seen.  

 

● Air embolism may also occur 

 

3. GIT:  

 

● Hemorrhaging and multifocal perforations may occur. 



 

4. CNS:  

 

● Both intracerebral and extra-axial hemorrhaging may occur.   

 

Secondary and tertiary blast injury: 

 

● Results in a wide variety of both blunt and penetrating multitrauma scenarios. 

 

Quaternary injury:  

 

● Is more likely within confined spaces but also will also depend on the nature of the 

 explosive. 

 

Clinical Assessment 

 

Important points of history: 

 

These include:  

 

1. How close was the victim from the center of the explosion. 

 

2. Was the victim in a confined space? 

 

3. Did the injury occur under water? 

 

4. Was significant fire associated ? (CO and cyanide toxicity) 

 

5.  Is the type of explosive known (i.e high explosive versus low explosive).  

 

Important points of examination: 

 

Blast injuries may show little external evidence of injury, yet serious internal (particularly 

lung) injury may be present. A high index of suspicion needs to be maintained for internal 

injury. 

 

1. Perform a primary and secondary survey according to usual trauma protocols. 

 

2. Look especially carefully for any evidence of: 

 

 ● Tympanic membrane rupture / inner ear damage: 3 

 

Traditional teaching once held that a ruptured tympanic membrane was a strong 

indicator of other associated internal injury, particularly to the lung.   

 

However although rupture of the tympanic membrane is frequently the first organ 

affected in the case of detonation of an improvised explosive device, the effects 

of these devices in a confined space can result in a primary blast injury not 



conforming to the traditionally recognized damage patterns. This is due to 

unpredictable variability in the blast wave form.  

 

Thus victims of such explosions may suffer blast lung or perforated viscera with 

an intact tympanic membrane.  

 

As such, any survivor of an improvised explosive device needs to be assessed for 

primary blast injuries with appropriate investigations for further injuries 

regardless of the status of the tympanic membrane. 

 

 ● Lung trauma 

 

 ● GIT injury 

 

 ● CNS injury. 

 

3. Consider the possibility of CO or cyanide poisoning. 

 

Investigations 

 

Blood tests: 

 

The usual blood tests and blood cross matching are done as for any major trauma  

 

If the explosion occurred in an enclosed space or was accompanied by fire, check 

carboxyhemoglobin levels on VBG co-oximetry   

 

Imaging:  

 

FAST scans may be done according to standard practice in any multitrauma   

 

Plain radiography / CT scanning / MRI scanning are done according to the usual principles of 

any multi-trauma. 

 

The threshold for CXR should be especially low, because of the high risk of pneumothorax and 

lung injury. It may also show evidence of GIT perforation with free gas under the diaphragm. 

 

The threshold for “pan-scanning” CT should be low.  

 

Management  

 

Pre-hospital: 

 

Ominous considerations in terrorist scenarios may include: 

 

1. The tactic of setting dual explosions.  

 

The initial explosion is intended to injure civilians and to attract law enforcement and 

rescue personnel. A second delayed explosion is then designed to injure the rescuers.  



 

2. Emergency service agencies may also need to check for radiation, chemical or 

 biological contamination at the scene of a terrorist caused explosion. 

 

Treatment: 

 

If there are multiple casualties then local Disaster Procedures will need to be initiated. 

 

In general terms:  

 

1. As in any multitrauma, immediate attention is given to ABC issues. 

 

 Treat as for any multi-trauma, therefore check cervical spine, full primary and secondary 

 surveys. 

 

2. Check for specific injures related to blast:  

 

 ● Tympanic membrane rupture 

 

This is very suggestive of blast injury.  

 

Absence of this however does not rule out the possibility of other serious 

injury. 3 

 

 ● Pneumothorax:  

 

 Have a high index of suspicion for lung injury, especially pneumothorax. 

 

 ● GIT perforation: 

 

  Have a low threshold for CT scanning.  

 

 ● Brain injury:  

 

 Have a low threshold for CT brain for any alteration in mental status. 

 

3. Crush injury: 

 

 

● Crush syndrome and acute hyperkalemia, and later renal failure may occur in the 

 setting of patients rescued from collapsed structures. Check for and treat 

 hypekalemia.  

 

4. If the patient requires IPPV, it must be kept in mind that there is an increased risk of  

 

 ● Pneumothorax. 

 

 ● Air embolism: 

 



This is due to the diffuse alveolar-capillary damage in lung that increases the risk 

of extra-alveolar extravasation of air, including air embolism. 

 

4. Treat any quaternary blast injury, (burns, radiation, CO poisoning etc) 

 

5. Hyperbaric oxygen treatment is the definitive treatment for arterial gas embolism.  

 

Pregnancy 

 

Pregnant patients with blast injuries warrant special consideration.  

 

The fetus is surrounded by relatively incompressible amniotic fluid and so is relatively 

protected. Injuries to the placenta, however, are probably more common and must be detected.  

 

The placental attachment is at risk for primary blast injury because the blast wave passes from a 

higher density medium (endometrial muscle) to a lower-density medium (placenta) with a 

resultant risk of abruption.  

 

After life-threatening conditions have been stabilized, patients in the second or third trimester of 

pregnancy who have been exposed to blast injury should be admitted for fetal monitoring with 

CTG, ultrasound examination and Kleihauer testing. 

 

Disposition  

 

Trauma is treated along usual lines.   

 

Patients with predominantly major burns, may be best treated in a dedicated burns unit.    

 

Because pulmonary contusion tends to evolve over several hours, a period of close observation 

and repeat radiography may be necessary as clinically indicated 

 

Patients with tympanic membrane rupture, should be referred to an ENT specialist  

 

Persons who are exposed to open-space explosions and who have no apparent significant 

injury and normal vital signs and unremarkable lung and abdominal examinations 

generally can be discharged after 4 hours of observation.  Patients should immediately return to 

hospital should any symptoms develop.   

 

Persons exposed to significant closed-space explosions, in-water explosions, and those who 

have tympanic membrane rupture are at higher risk of delayed complications. All these 

patients should have chest radiography, and selected patients should have imaging of other 

organs. Even if no injury is identified, there should be a lower threshold for a period of 

observation.  Motivated, reliable, and completely asymptomatic patients may be sent home after 

4 hours of observation. 

 

In the longer term, blast injury, particularly in military or terrorist situations, may predispose to 

posttraumatic stress disorder (PTSD). Psychiatric assessment should occur, if this is 

suspected.   

 



 

“…..It  worked” - Trinity, seconds after detonation, 16 July 1945. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 1 

 

Chemistry of Uranium: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Uranium (Time-Life, “The Elements”, 1963) 

 

Elemental symbol   U 

 

Atomic number   92  

 

Atomic weight    238.02891 

 

Melting point    1132.2 °C 

 

Boiling point    4131.0 °C  

 

Classification     Metal  

 

Physical Appearance   Silvery-gray  
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