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Different Rehabilitation Challenge

• Volume of cases / presentation

• Mechanisms of wounding

• Closer interaction with acute services

• Different pressures



Rehabilitation

• Planning day 2?

• Rehabilitation

– Improves functional outcome

– Reduces time on ITU/Ward

– Back door



Paris 

• Killed 130 

• Injured between 352 and 368

• 80 ‘serious condition’

• GSW 

• Blast injury  



Military 
Grade Weapons

• More destructive

• Multiple wounds

• Contamination 

   

 

 
 

Figure 1.5: Temporary cavitation effect  
(high velocity bullet fired from right to left) 

 
The ballistic characteristics of a missile should not be confused with the 
pathophysiological effects of injury. A bullet may enter the thigh, hit the femur, 
deposit all its energy and shatter the bone. The same bullet can enter the 
thigh, miss the femur and exit without hitting any vital structures causing 
considerably less tissue damage. The ballistic characteristics are the same, 
but the pathophysiological results are fundamentally different.  
 
Burns 
 
Burns following an explosion are traditionally described as superficial flash 
burns confined to exposed skin (typically the face and hands). Full thickness 
burns will also be seen in those close to the point of explosion (Figure 1.6). 
Burns are considered in detail in Chapter 13. 
 

                                  
 

Figure 1.6: Full thickness burn resulting from cluster munition 
 
Crush 
 
Where detonation occurs in a confined space the resultant structural collapse 
may cause blunt crush injury. Reflection of the blast wave from the walls, and 
ceiling will also exaggerate the effects of barotrauma.  
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US Army, World War Two 13% 

UK Forces, Falklands War  7% 

US forces, Mogadishu 1993 8% 

US Army, Iraq 2003-4 3% 

 
Table 8-1: Incidence of chest injuries in conflict 

Iraq data is taken from 1237 US Army casualties sustained Mar 04-May 04 

 

                               
 

Figure 8.1: Behind armour blunt trauma (BABT) 
 from high velocity round contact with CBA plate 

 
In the civilian environment, post mortem studies have shown that chest injury 
is the main cause of death in 25% of trauma fatalities, and a contributing 
cause in another 25%.  In the military environment, data from the Wound Data 
Munitions Effectiveness Team (WDMET) study of Vietnam War deaths 
described an overall mortality from chest injuries of 71%, but mortality in those 
who reached hospital care was only 14%.  
 
The majority of life-threatening chest injuries can be effectively managed by 
interventions taught on the BATLS course, and in particular the insertion of a 
chest drain, without the requirement for surgery. Civilian experience is that 
only 15% of patients admitted with penetrating gunshot chest injuries will 
require thoracotomy, although this number may rise as high as 40% in the 
military depending on the circumstances and weaponry involved.   
 

PRACTICE POINT 
The majority of life-threatening chest injuries can be managed by insertion of 

a chest drain. 
 

The skill of the BATLS practitioner is having the judgment when to insert the 
drain, when not to insert the drain and when to refer rapidly for surgical 

intervention. 
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Nature of Injuries Will be Different 

• GSW

• Peripheral Injuries  - Limb

• Open Brain Injuries

• Sepsis

• Chest Wounds Survive? 
(cf Military)



   

 

Chapter 12 
 

LIMB INJURIES 
 
 

LEARNING POINTS 
 
On completion of this chapter you will understand: 
 
  The important differences between limb injuries in the military environment 

compared to the civilian environment. 
  How to assess and treat military limb injuries 
 

Activity 12.1 
 
Look at Figure 12.1, a gunshot wound to the left lower leg from a military rifle. 
 
  What are the priorities in treating this patient? 
  How, specifically, would you treat the limb wound? 

 

    
                                  
 

Figure 12.1: High energy transfer gunshot wound to the left lower limb 
 (Picture courtesy of Lt Col P Hill RAMC) 

 

INTRODUCTION 
 
Limb wounds are the most common injuries seen during military conflict, 
accounting for up to 90% of all wounds. They have always been the most 
common site of injury, but their relative frequency has increased still further in 
modern conflict. This is partly explained by the result of improved body armour 
protecting the torso (with a relative reduction in chest wounds from >15% to 
<5%), and the high prevalence of IEDs that usually produce at least two 
penetrating limb wounds. 
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Limb injuries can be associated with considerable morbidity in survivors, 
particularly where there is severe infection or a late amputation. Adequate 
early assessment and appropriate treatment is therefore necessary for all 
casualties with limb injury. 
 
 

LIFE-THREATENING LIMB INJURIES 
 

Traumatic amputations 
 
These are predominately hostile action injuries and are due to the effect of 
blast. They may occur in up to 5% of casualties, with a higher prevalence in 
areas where mines are common. Most mine injuries are due to buried anti-
personnel mines, which are associated with low below-knee amputations 
(Figure 12.2). However, injuries involving children, or the use of large 
explosive devices from artillery, anti-tank mines or booby-traps, can cause 
upper limb or more proximal lower limb injuries, and these threaten life from 
exsanguination. 
 

                                     
 

Figure 12.2: Traumatic below-knee amputation from anti-personnel mine:  
note applied tourniquet  

(Picture courtesy of Lt Col P Hill RAMC) 

 

Major vascular injuries 
 
The majority of these will be due to penetrating trauma and will be more 
common in the combat environment compared to civilian practice. Blunt 
trauma can result in vascular injury, when it is usually associated with a 
fracture or dislocation. The initial priority is to stop any bleeding; the 
secondary priority is managing the ischaemia. 
 

Multiple limb fractures 
 
Long bone fractures are associated with haemorrhage from the bone ends, as 
the medulla of the bone can be considered as a large vein. This will vary from 
500–1500ml depending on the size of the bone, fractures of the femur being 
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associated with the greatest blood loss. With open fractures blood loss will be 
greater, and it is important to appreciate that 2 or more long bone fractures 
can be associated with severe shock: this is one of the reasons for the high 
mortality (up to 50%) associated with bilateral femoral shaft fractures. 
 
Beware that in the military environment there is a high incidence of open 
fractures associated with relatively long evacuation times. 

 
Open (compound) femoral fracture 
 
This injury must not be underestimated (Figure 12.3) particularly in the military 
environment, and if the fracture is multi-fragmentary. The high-energy transfer 
to the tissues will result in significant muscle injury and severe blood loss. 
 

   
 

Figure 12.3: High energy transfer GSW to right femur 
 

Crush Syndrome 
 
Crushing causes tissue ischaemia. This will lead to cell death and the release 
of vasoactive substances, which may further exacerbate the local injury as 
well as having systemic effects. In addition, myoglobin (the breakdown 
product of skeletal muscle) can obstruct renal tubules and cause acute renal 
failure. The main systemic effects occur when the limb is released or 
fasciotomy is carried out, releasing the muscle breakdown products into the 
systemic circulation. This can cause a number of effects: 
 
  Acidosis and release of intracellular potassium leading to 

(potentially fatal) cardiac dysrhythmias. 
  Severe tissue oedema exacerbating any existing 

hypovolaemic shock. 
  Release of mediators of the systemic inflammatory response 

syndrome (SIRS) resulting in vasodilatation and shock. 
  Breakdown of muscle tissue and release of myoglobin. This large 

molecule can obstruct the renal tubules and may cause acute renal 
failure. This will further raise the potassium levels. 

  Significant risk of infection leading to loss of life or limb. 
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Pitfalls 
 
  Victims may have no apparent external evidence of injury. 
  The full extent of damage may not become apparent for up to 48 hours. 
 
Management is supportive with supplementary oxygen, observation and 
ventilatory support when there are signs of respiratory failure. Recombinant 
factor VIIa has been used anecdotally by the Israelis in blast lung (80mcg/kg 
IV) with reportedly good effect, but this is low-level evidence to support a 
general policy of rFVIIa in blast lung. 
 
Mediastinal traversing wounds  
 
These are high mortality penetrating wounds, diagnosed initially by the 
position of the wounds and confirmed by chest radiograph. Management 
follows <C>ABC priorities with urgent evacuation for surgery (Figure 8.6). 
 

  
 

Figure 8.6: Mediastinal traversing wound (entrance wound left shoulder) 
 
Indications for thoracotomy 
 
Most thoracic injuries do not require a thoracotomy, but indications include 
penetrating trauma leading to cardiac tamponade, haemothorax with >1000ml 
immediately drained (Figure 8.7), continuing blood loss from a chest drain 
(>200ml/hr for 3-4 hours), open pneumothorax with chest wall deficit, 
oesophageal injury, and tracheobronchial injury.  
 
Emergency thoracotomy following traumatic cardiac arrest is occasionally 
indicated where surgical intervention is immediately available (Annex D). 
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Figure 8.6: Shoulder injury with exposed lung apex.  
(This is potentially both a <C> and a B problem). 

 
Massive Haemothorax 
 
Massive haemothorax is defined as blood filling the hemithorax 
(approximately 1.5L in an adult). 
 

 
 
Figure 8.5: Right massive haemothorax (note the bullet entry wound marked 
by a paperclip and the bullet in the apex of the lung: it is possible this bullet 

also injured abdominal contents) 
 
Key features 
  
  Haemorrhagic shock (tachycardia and hypotension). 
  Affected side showing 

o Reduced breath sounds 
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Pelvic Injuries

   

 

                         
 

Figure 11.14: Vertical Sheer Fracture (note the vertical displacement of the 
sacro-iliac joint on the right side, compared with Fig 11.12) 

 

MANAGEMENT OF PELVIC FRACTURES 
 
A pelvic fracture should be suspected in a shocked casualty who has been 
crushed or involved in a motor vehicle crash. Often there is little to find on 
examination and the majority are diagnosed following the primary survey x-ray. 
Shortening and/or rotation of the leg may occur, but this is more likely to be due 
to a fracture or dislocation of the femur. 
 
With more severe injuries, hyovolaemic shock will be present and a pelvic 
fracture should be suspected in any shocked patient who has sustained 
significant blunt trauma, but has no obvious source of blood loss. 
 
Care Under Fire 
 
There is no specific treatment for the pelvic injury. 
 
Tactical Field Care and Field Resuscitation 
 
General principles apply in the initial management of pelvic fractures. 
 
The majority of these injuries are closed injuries, but open fractures can occur. 
Significant external haemorrhage from pelvic injuries is very uncommon, but is 
likely to be controlled by local pressure alone. It will not be catastrophic, and so 
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Issues

• Rehab should be part of the trauma team
– Ward round / telecon

• Rehabilitation Coordination Officer

– Coordinates treatment / discharge from unit
– 1 post responsibility (24/7)
– Engage 

• Patients
• NOK
• Teams 

– Clear view of whole care pathway
– Engage with social services / housing /eqpt



Early Rehab

• ITU
– Respiratory
– Musculo-skeletal
– Maximise function 

• e.g. placement of ex-fix
• Compromises

• Ward
– Wound management
– Nutrition
– Mobilisation
– OT
– Exercise Rehabilitation Instructor



Ward Based Rehabilitation

• Early pain management

• Early prosthetics

• Vocational focus

• Eqpt and resupply
– Juzo

– Wheelchairs

• MDT records

• Patient tracking

• Transfer summary



Next of Kin

• Brief family and patients about 
care pathway

– early and often

• Not everyone will live locally 
or UK

• Not everyone is a happy family

• Contingency fund for welfare?

• Presentational issues
– Press 

– VIP visits

– Security 

• Caring for carers



CBRN

   

 

 

S A BLAND
TIME 

Secs Mins Hours Days Months Years 

RADIOLOGICAL/NUCLEAR 

  
High Doses > 0.5 Sv 

 

Low Doses 

BIOLOGICAL (LIVE) 

CHEMICAL 

Cyanide 

Nerve agents 

Chlorine 

Mustard

Phosgene 

Plague 

Smallpox

Tularemia

Anthrax 

ARS Prodrome Acute Radiation Syndrome

Cancers 

Cancers 

TRAUMA 

 “Golden hour” 
Airway 

Breathing 

Circulation

INTOXICATION 

INFECTION 

IRRADIATION 

INJURIES 

BIOLOGICAL (TOXINS) 

Botulinum toxin 

Ricin INTOXICATION 

Immediate 

deaths 

Delayed 

deaths 

 
 

Figure 20.2: Onset of effects from CBRN agents and trauma. 
 

CHEMICAL AGENTS 
 
These are the most common of the CBRN incidents.  They may be due to 
accidental or deliberate release, or as a result of collateral damage.  
Chemicals are solids, liquids, vapours or gases.  
 
Chemical agents can also be classified into specific groups based upon their 
mechanism of action as well as using general descriptions.  These include: 
 
  Nerve agents, such as Sarin and VX. 
  Cyanides (and hydrogen sulphide), formerly though incorrectly termed 

blood poisons. 
  Vesicants (blistering agents), such as mustard and lewisite. 
  Acids and alkalis, notably hydrofluoric acid. 
  Lung damaging (pulmonary) agents, such as chlorine and phosgene.  

Formerly referred to as choking agents. 
  Methaemoglobin (MetHb) and carboxyhaemoglobin (COHb) inducers: note 

some MetHb effects can be caused by antidotes and other 
pharmaceuticals. 
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CBRN
Survivors

• Neuro-toxic effects

– Neuro-cognitive

– Peripheral nerve

• Pulmonary

• Burns

– Vesicants

– Ocular

• Radiological exposure



Acute Rehab Team

• RCO

• Consultant

• Physio

• OT

• SW

• Prosthetics



Military Aid to Civilian Authorities

• Adapt the Military Medical Rehabilitation model and SOPs as a basis 
to enhance NHS rehabilitation from within NHS resources. 

Role 4 Trauma App

• Request Military Rehabilitation SME assistance/advice on an 
individual case by case basis

• Request mobilisation of an Acute Medical Rehabilitation Team in 
response to a significant incident

• Use DMRC resources for patients whose rehabilitation needs 
cannot be met by the NHS 



Trauma Rehabilitation:

• Embedded within acute services

– Early assessment 
– Active case management 
– Multi-disciplinary team working

• Responsive to Service and Patient Needs

• Right Dose 

• Integrated with community services

• Vocational Focus

• Breach artificial funding / commissioning barriers

• Ambitious – High Levels of Expected Outcome

Exercise-based rehabilitation

Group therapy


