Dr. A. Al-Hayani
Page 4
3/18/2003

HEAD INJURY 
The head is very vulnerable to injury, often with severe consequences. It is particularly susceptible to acceleration/deceleration and rotational forces because it is heavy in relation to its size (3-6 kg, avg 4.5 kg or 10 lb), is freely mobile in 3 dimensions and occupies a relatively unstable position, being secured only by the neck muscles and ligaments. 
Analagy for head injury: blancmange (brain), wrapped in cling film (arachnoid), in a paper bag (dura), inside a cardboard box (skull), wrapped in brown paper (scalp). 

Any layer may be damaged by:
Direct impact on the box (blow),
Dropping the box (fall) or 
Shaking the box (acceleration/deceleration) 

SCALP INJURIES 
Scalp consists of several distinct layers: hairy skin, the subcutaneous fat and connective tissue layer, the galea or aponeurosis (a thin fibrous layer to which the flat epicranial muscles are attached), a thin layer of connective tissue and finally, the periostium of the skull. 

The scalp is susceptible to all types of injury, particularly laceration as it is readily crushed and split against the underlying bone. Such lacerations are often linear due to the convexity of the underlying skull. The scalp often swells markedly due to oedema (waterlogged tissues) or haematoma formation (raised swelling) due to bruising above or below the galeal layer. Dense hair may mask scalp injuries.

SKULL FRACTURE
The adult skull is formed by the fusion of several plates of bone which become knitted solidly together along the cranial sutures. The skull bones each consist of a thick outer layer or table of bone, the spongey diploe and the thinner inner table. The inner skull table is lined by a thick fibrous adherent membrane (the dura mater). A small space (subdural space) lies between the inner surface of the dura and the thin membranous arachnoid mater which covers the surface of the brain. 

The solid skull is deformed by localised impact which may damage the cranial contents even when the skull does not fracture. If the force and deformation is excessive the skull will fracture at or near the site of impact. Uncomplicated skull fractures themselves are rarely lethal - it is the associated intracranial damage which is lethal. A fracture indicates that substantial force has been applied to the head which is likely to have damaged the cranial contents. Skull factures may occur with no associated neurological damage and conversely, fatal injury to membranes, blood vessels and the brain may occur without overlying fracture.

Force required to cause fracture: is very varible and depends on the thickness of the hair, scalp and skull, upon which part of the skull is struck, the direction of impact and other imponderables. Skull fracture can result from merely walking into a fixed obstruction (73 Newtons or 5 foot pounds), from the 4.5 kg adult head falling from a height of 1 metre onto a hard surface (510 N), the head falling from a standing position (873 N), running into a obstruction (1020 N) or a 100g golf ball or stone thrown with moderate force against the temple.

Types of skull fracture:

Linear- from the point of impact along lines of anatomical weakness (eg diastasis of suture fusion lines). 
frontal fracture (eg head-on RTA) often radiates into anterior cranial fossa
temporal fracture (eg blow to side of head) often radiates into middle cranial fossa
occipital fracture (eg backwards fall) often radiates into posterior cranial fossa

Radiating- outwards from the point of impact 

Spider's web- radiating lines connected by concentric fracture rings

Depressed- where fragments are driven inwards

Hinge- passing across the base of the skull (motor cyclist or blow to chin)

Ring- encircling the hole through which the spinal cord passes downwards (foramen magnum). Due to a fall onto the feet or onto the top of the head 

Contre-coup- a backwards fall, striking the back of the head (coup) may also cause fracture of the thin layer of bone over the roof of the orbits opposite the point of impact (contre-coup) due to suction forces transmitted through the brain tissue.

INTRACRANIAL HAEMORRHAGE (ICH)

The dural and arachnoid membranes and their associated blood vessels are readily torn by impact and by fractured bone fragments. The process of haemorrhage results in the formation of a localised accumulation of blood, or haematoma. There are 4 types of ICH:

1. Extradural haemorrhage (EDH)

A blow to the temple often fractures the thin temporal bone and tears the middle meningeal artery as it passes upwards within a groove between the inner skull table and the dura. In 15% of cases no fracture is identified. Arterial bleeding strips the dura off the inner skull table to form a haematoma which acts as a space-occupying lesion (SOL). This accumulation can be immediate or delayed. EDH is easily overlooked, as mild concussion is followed by a lucid interval before neurological symptoms and coma develop many hours later when the enlarging haematoma begins to exert pressure on the brain. Amenable to surgical decompression in early stages. 

2. Subdural haemorrhage (SDH)

More common than EDH. Not usually associated with skull fracture. Sudden jarring or rotation of the head (often a trivial blow or fall) causes movement of the brain relative to the dura. This shears and tears the small veins which bridge across the gap between the dura and the cortical surface of the brain. The leaking blood accumulates over several hours and usually tracks extensively as a thin film over the surface of the brain. SDH is especially common in the elderly (brain atrophy widens the gap), children (shaking injury as part of the child abuse syndrome) and alcoholics (frequent unprotected falls and prolonged bleeding times). A small, self-limiting SDH may remain asymptomatic and be an incidental finding at autopsy.

3. Subarachnoid haemorrhage (SAH):

May be natural, due to rupture of a dilated blood vessel (an aneurysm), or traumatic. SAH is highly irritant to the brain-stem and is usually rapidly fatal. Traumatic SAH may is usually associated with contusion or laceration to the brain surface. 

Rarely SAH is due to a kick or blow to the side of the neck which stretches and ruptures the vertebral artery as it enters the cranial cavity. This phenomenon is called traumatic basal SAH and is most often due to a blow to the side of the chin or jaw in an alcoholic fist-fight. The degree of force required to cause death in this way is less than would be reasonably expected, resulting in prosecution for culpable homicide, rather than murder

4. Intracerebral haemorrhage: 

May be natural, due to spontaneous rupture of a small blood vessel (arteriole) which has been weakened by the effects long-standing high blood pressure. Rupture is likely to occur at a time of stress or excitement when the blood pressure is acutely elevated.

May be traumatic, due to extension of haemorrhage from surface contusions deep into the substance of the brain. Traumatic intracerebral haemorrhage may also be the result of rupture of small blood vessels deep within the brain due to shearing stress.

