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Summary 

Spine and spinal cord injuries are most common during outdoor activities. 

Giving first aid is very important, especially with the prospect of possible risk 

that can lead not only to the permanent consequences but also imminent life 

hazard. This paper focuses on the causes of these injuries, their clinical 

manifestations´ evaluation and first aid rules. 
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Souhrn 

Poranění páteře a míchy patří k nejčastějším úrazům při aktivitách v přírodě. 

Poskytnutí odpovídající předlékařské první pomoci je nesmírně důležité, 

zejména s ohledem na možná rizika těchto úrazů, které mohou vést nejen ke 

vzniku trvalých následků, ale také k přímému ohrožení života postiženého. 

Příspěvek se věnuje zejména problematice příčin vzniku těchto poranění, 

hodnocení jednotlivých klinických projevů a zásadám předlékařské první 

pomoci. 
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Introduction 

Motoric system injuries belong to the most frequent injuries during outdoor 

activities when the most severe is spinal trauma. It does not matter what the 
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causes might be, e.g. a fall from height, a jump into shallow water or a car 

accident, there is always the risk of permanent consequences and imminent life 

endagered (McNab, 2006). Everyone who organizes and supervizes any of 

outdoor activities should know first aid and how to give it properly.  

 

The spine is an axial organ of the motoric system important for its static, 

dynamic and protective function. Its individual segments, vertebrae, ensure 

requisite mobility and flexibility (Višna et al., 2004). According to Hájek and 

Štefan (1996) the primary cause and mechanism of a spinal injury is an indirect 

pressure or pull in the direction of its axis caused by bending forward(backward) 

too much, head or body rotation or side bends. Various stimuli intensities can 

cause different injuries which vary from simple strained ligament, torn ligament, 

fractures of discs, to the subluxation, luxation or even vertebrae fractures. The 

typical injury in the area of lower cervical vertebrae is usually caused by 

extension – flexion – extension mechanism /Whiplash injury/ (Chaloupka et al., 

2003). Identical types of injuries can be found in the areas of thoraic and lumbar 

vertebrae, but the causes differ. Thoraic vertebrae are usually injured by direct 

force on the spine cause by a fall on back, whereas the lumbar area is usually 

damaged by an impact of lower limbs or buttocks on the ground. In most severe 

incidents there are not only fractured vertebrae but at the same time bruised or 

even ruptured spinal discs which, when healthy, have greater resistance to 

mechanical damage than the bone itself. The upper thoraic vertebrae are 

relatively well protected by the elastic rib cage and therefore the injuries rate is 

lower. The most frequent injury there happen in the area of thoracolumbal 

passage /Th 12 - L 2/.  

 

Spinal cord injuries sometimes occur when the spine itself is injured /15 – 40 %/ 

(Náhlovský et al., 2006). The cause is usually a fragment from the back side of 

vertebrae or a fragment from its arc pushed into the spinal canal. In some 

occassions the spinal cort injury is caused just by its shake, contusion or flexion 

with the consequent creation of ruptures and bleeding. Here, it is important to 
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realize that when the spinal cord is flexed the height of the injury do not have to 

correspond with the height of the spine injury. An injury usually appear 

independently as a monotrauma, but sometimes more than one organ is 

injured and then a polytrauma develops.  

 

How do we recognize spine and spinal cord injury 

Each spine injury is accompanied by severe pain in the area of the injury. The 

injured sometimes even heard or sensed the bone´s cracking. A rescuer looks 

particularly for the local evidence of the injury such as abrasions, swelling, 

bleeding, and also judges palpation and percussion pain above spinous 

processes, their strength, distance and position in a continuous line, and very 

often the visible deformity and spasm of paravertebral muscles (O´Dowd, 

2007). 

 

If there is a simultaneous spinal cord injury, it depends if it is reversible /a shake 

causes spinal cord concussion/, partly reversible /usually swelling or bleeding 

leads to a spinal cord contusion/ or irreversible with the spinal cord ruptured 

(Pokorný, 2005; Vaverka, Hrabálek, 2002). The most frequent classification of 

injuries below the lesion according to Frankel, and modified by American Spinal 

Injury Association /Tab. 1/ (Harvey, Graves, 2011; Marino, 2008).   

 

Table 1 Orientational classification of injuries below the lesion by Frankel  

Level  Malfunction 

A complete lesion without motor and sensitive function below the 

injury 

B sensory but not motor function is preserved 

C motor function is preserved but not usable 

D motor function is preserved, usable 

E normal neurologic functions 
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We judge the primary part of spinal cord injury when giving first aid. When the 

spinal cord is completely ruptured the organism reacts with the developement of 

the spinal cord shock when many vegetative functional disorders depending on 

the extent of the injury (Majerníček, 2005). The best detectable are breathing 

deficiency, blood pressure decline with bradycardia and thermoregulation 

failure. Other disorders are areflexia, anesthesia of all senses, muscle atony, 

poor plegia, paralytic ileus and atonic bladder with shows of urinal and fecal 

incontinence. When the shock abates we can find at the injured typical spastic 

paralysis whose height depends on the injury location within days or weeks. 

Above C5 segment it is quadrulegy that has to be supported with mechanical 

ventilation. The disorder of C5-C7 segments leads to the developement of 

peripheral paraparesis of upper limbs and spastic paraplegia of lower limbs. 

Injured thoracic segments are connected with lower limbs paraplegia and the 

segments of thoracolumbal passage are associated with lower limbs paraplegia 

mostly of peripheral kind. Among other disorders we count hypeflexion, 

anesthesia, disorder of sphincters´ function and sexual dysfunction. The 

secondary mechanism of spinal cord injury is gradually developing local 

vascular damage with bleeding especially in grey spinal cortex with the disorder 

of local mikrocirculation and autoregulation. Biochemical effect of newly 

produced neurotoxical substances /glutamate/, free radicals production with the 

cell membranes lipis perodixation and a set of other adverse processes cause 

cellular death of neurons. Secondary spinal cord damage develops within 24 

hours in cranial and caudal directions and always affects more than one spinal 

cord segment (Drábková, 2002; Reitman et al., 2004).  

 

At spinal cord injuries some other syndromes can be found but they go beyond 

this article´s focus. They are dealt by some authors, e.g. Maňák, Wondrák, 

2005; Tyrlíková, 2003; Reitman et al., 2004 či Višňa et al., 2004. These are 

particularly the syndrome of incomplete spinal cord lesion, rood syndrome, the 

syndrome of frontal spinal cord fibres, the syndrome of back spinal cord fibres, 
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central spine cord syndrome and Brown – Sequard syndrome /syndrome of 

spinal cord hemisection/. Their evaluation appertain to a neurologist. 

 

In the end of this part it can be said that the diagnosis of spine and spinal cord 

injury, when the patien is conscious, is not problematic because the patient 

points out motor and sensory disorders. The injury with the loss of 

consciousness /usually combined injuries/ it is very important to assess the 

process of the injury by a rescuer. Even if we only assume probable spine or 

spinal cord injury, it is necessary to treat as the actual injury. 

 

Pre-medical first aid 

We can not forget the fact that it is everybody´s legal duty to give or arrange 

essential first aid to a person whose life is in danger or there are indications of 

serious injuries or disorders. We need to realize the fact that spine and spinal 

cord injuries are specific and that the extent of damage is influenced by the 

quality of first aid at the accident site and the manner of transport to hospital. 

The spinal cord can „sustain“ the injury itself without any damage to its function, 

but follow-up wrong extrication, carrying and manipulation, or improper 

transport can cause a permanent disability. While giving first aid we must not 

neglect particular essential procedures such as proper fixation and 

manipulation, dealing with potential breathing deficiency, thermoregulation 

disorder and ensuing transport to hospital.  

 

Immobilization, manipulation and transport 

If we happen to witness a car accident we must in mind that considering spine 

injuries it is for the best to leave the injured person in the same position they 

were found in. If they are conscious we order not to move. We do not execute 

and manipulation especially when medical help has been called for and would 

not take long. At the same time we should obtain some important data which we 

later give to a rescuer in charge. We should know what was the mechanism of 

the injury and if the injured person was able to walk right after, if they have 
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breathing difficulty, or how we immobilized the spine and if we gave other first 

aid.  

 

If it is in inaccessible terrain the injured has to be extricated and if there are 

more rescuers then with the help of 4-5 people we put them into the neutral 

position on back on hard surface (Manoach, Paladino, 2007). According to the 

instructions for first aid in extreme or inaccessible circumstances, e.g. BATLS 

/Battlefield Advanced Trauma Life Support/ (2012), we proceed as follows. For 

inevitable manipulation of a person with potential neck spine injury we can use 

thexe fixation holds. Basic fixation hold which is performed in a way that 

rescuer´s left hand grasps the trapezius next to the head and thus creates a 

firm base on whose forearm is the head pressed by the right hand which is put 

on the temporal bone. When we are improvizing and can not apply this 

maneuver /extriction from a burning car/, we apply hair grip. Even in this case 

we must observe principles of head fixation in its neutral axis with the other 

hand or hands at the sides and nape in order to prevent head movement. Rail 

hold is suitable for transport fixation of the injured who has already been applied 

a neck brace. The head is fixed with both forearms when both hands firmly hold 

both trapezius muscles. Fingers are tucked deeply towards to scapulas when 

the thums point at the frontal chest part and both forearms are slightly pushed 

together in order to make a proper head fixation. Some authors (e.g. McNab, 

2006) advise to stabilize the head before the arrival of physicians by applying 

improvized brace which should be made out of a towel or a magazine. A 

magazine, a paper are folded in neck widthe and wrapped into cloth. The next 

step is to fold it on a tight into U shape and apply it on the neck frontally. The 

loose cloth ends are looped around the neck and folded and tied up. It is 

probably more suitable not to follow this technique because we are not sure if 

this rather extensive manipulation would cause further damage of neck spine. 

If we are forced to remove a helmet under critical conditions /choking/, two 

rescuers cooperate. One of them holds the head-neck line in a neutral stretched 

position /axis of the body/ by constant pressure against the lower jawbone and 
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the nape while the other removes the helmet with both hands holding its lower 

edge. During the removal there must not be any rotation or bending. Integral 

helmets should be removed in the following manner: lift the visor up, loosen the 

strap and safety lock(s) that are situated on sides, bend the chin guard up, to 

one side or split it open.  

 

The head is side fixed during the transport. We can improvize and use a rolled 

up jacket, a blanket wrapped around the head in a horseshoe shape and fixed 

with straps, scarves or bandages to a stretcher. If we do not have any of these, 

we simply use any „blocks“ at the head sides to prevent it from moving. The 

injured person should also be fixed to the stretcher, because if only the head is 

fixed it could lead to further damage during the transport. During the transport 

/e.g. by a helicopter/ we calm the patient down and secure them in optimal 

position. According to Žák and Matoušek (2009) the ideal position is lying down 

with the head in the direction of the transport raised about 30 degrees /against 

the increase of intracranial pressure/.   

 

At injuries in water /jumps, falls into unfamiliar water/ a rescuer should extricate 

a drowning person on the back and should try to keep the neck spine in the 

neutral position without any flexion or extension. If the pulmonary arrest occurs, 

the mechanical ventilation should be started right in water. The air passage 

clearance should be done by lower jawbone advancement and mouth open 

without backward bend (Homola et al., 2000).  

 

The paramedics´ arrival /or some other rescuers of integral safety system/ 

enables them to give better first aid. The injured person transport usually 

happens on spinal stretcher which is either one-part or opening scoop stretcher. 

The head is fixed by a neck brace which when applied properly prevents the 

head from moving and keeps clear air passage. The braces´ material is 

different /e.g. plastic, vacuum neck bracea/ and we divide them to soft and 

hard. The hard ones are more suitable for urgent pre-medical help /e.g. type 
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Philadelphia in Fig. 1/. The proper deployment is crucial and we must use 

supporting body lines, i.e. lower jawbone – sternum and back of the head – 

nape area. New types of braces enable fluent adjustment of their height, which 

is dependent on the injured anatomical dispositions. In all cases we must keep 

the neck spine in neutral position. The over back-bending can cause the spinal 

cord injury and forward bending does not fixate enough. The brace application 

is always done by two rescuers. The first on fixates the head and neck spine by 

fixation hold, the other one applies the brace in the manner that the stabilization 

of the neck spine in its axis must not be disrupted. A rescuer can also use an 

immobiliser for head´s fixation. It usually composed of a pad on which two 

fixation blocks are to be attached. It is made of expansive homogenious 

material covered with vinyl material. There are also straps for forehead and chin 

immobilization and straps for the attachemnt to a stretcher (Pokorný et al., 

2004). 

 

 

       
 

 

Fig. 1 Neck brace Philadelphia (SANOMED, 2012) 

 

„System for extrication of injured with spinal fixation“ has been recently widely 

used. This immobilization device enables gentle stabilization and fixation of the 

spine during extrication and transport. It is composed of a case with fastening in 
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which vertical segments are sewn into. On the case there are also two straps 

for head fixation, three colored straps for body fixation in chest and abdomen 

areas and two hip straps to fix the injured when being vertically transported / 

Fig. 2 system SPENCER/. The application of spinal fixation during extrication is 

easy in case of two rescuers. The first one immobilizes the head with fixation 

hold and applies the neck brace or other head immobiliser. The other one 

applies the extrication spinal fixation behing the patient so their spine is 

alongside with the central axis of the fixation. It is necessary not to let any 

space between the fixation and the neck in order to provide firm fixation and 

protection of neck spine. Further, both leg straps are slipped under and pulled 

and forehead and chin straps tied /only if it does not press air passage/. The 

whole system enables easy and safe extrication and transport (Kostková, 

2008).  

 

                
Fig. 2 Fixation system SPENCER SED (LAMIPROMED, 2012) 

 
 

Breathing deficiency 

If the spinal cord is injured above C3 segment the patient is not capable of 

spontaneous breathing due to diaphragm denervation. We do rescue breathing 

during pre-medical first aid.  
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We do breathing in while we observe the chest movements. It should last up to 

one second and air should flow freely. After the breathing in we let the injured to 

exhale (more e.g. Handley et al, 2005; Pyšný et al., 2011).  

 

Thermoregulation disorder 

The injured person with spinal cord injury can lose the thermoregulation ability. 

This disorder must not be neglected. If it is hot we try to cool them, on the other 

hand it it is cold we cover them with aluminium or other blanket.  

 

Conclusion 

High risk of spine and spinal cord injury is imminent during outdoor activites. 

Any participant must be able to give pre-medical first aid. The application of 

proper procedures is extremely important. Otherwise it could lead to life threat 

or the developement of permanent consequences that limit the injured for the 

rest of their lives. The article aim is to gather all available information which 

helps rescuers to evaluate emerging clinical symptoms and give pre-medical 

first aid. 
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