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HEAD INJURIES IN FORENSIC MEDICINE (Abstract): Head injuries are very common, the 
cause of more than one half of all traumatic deaths, and a major source of disability worldwide, 
especially in children, young adults and elderly people. A great variety of injuries may affect the 
scalp, skull, intracranial vessels and brain. The aim of the current paper is to describe the mech-
anisms of trauma and the main lesions discovered in violent deaths caused by head injuries in 
order to contribute to a practical approach of these cases in Forensic Medicine, standardize and 
unify evaluation criteria. The authors performed a descriptive analysis and pictorial illustration of 
71 cases of deceased individuals with head injuries submitted to medico-legal autopsy at the Fo-
rensic Medicine Institute (Iasi, Romania) over a 5 years’ period, between 2012-2016. Head injuries 
were more frequently encountered in male patients (49 cases – 69.01%) aged 60-69 years old and 
traffic accidents were the main cause. 65 cases (91,55% cases) suffered serious traumatic brain 
injuries (TBI) with complex skull fractures and severe encephalic contusion accompanied by cer-
ebral oedema that represented the main cause of death. Head injury mortality is determined by 
the severity of the trauma and for the development of complications like cerebral oedema and 
respiratory sepsis. Keywords: HEAD INJURIES, TRAUMATIC BRAIN INJURY, TRAUMATIC 
DEATH, FORENSIC MEDICINE

INTROducTION
In developed countries, head injuries are the 

main cause of death in individuals under 40 
years of age, traumatic brain injuries (TBI) be-
ing responsible for half of these deaths. The 
most frequent causes are: traffic accidents, 
falls, assaults, work, domestic and sports ac-
cidents. In the United States of America (USA) 
52,000 persons die each year due to TBI (18 
per 100,000 inhabitants). Among the survivors, 
100,000 cases remain with permanent sequelae, 
and 5,000 of them with posttraumatic epilepsy 
and 2,000 in persistent vegetative state (PVS) 
(1,2). In industrialized countries, the incidence 
is similar. TBIs pose numerous and complex 
medical-legal problems. Differential diagnosis 
can sometimes be difficult between accidental 

fall and assault with a blunt object or between 
subarachnoid and intraparenchymal haemor-
rhage due to disease or trauma. Regardless of 
the background of the subject and the circum-
stances of death, a careful analysis of the char-
acteristics of the injuries is necessary. Despite 
the difficulties, the mechanism of the injury can 
be better deduced for the head compared to 
other segments of the body.

Although many classifications of head inju-
ries have been proposed, there is no univer-
sally accepted one. In 2000, the Scandinavian 
Neurotrauma Committee (SNC) classified head 
injuries into minimal, mild, moderate, and se-
vere according to Glasgow Coma Score (GCS) 
(table I) (3).
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In forensic medicine, a different classifica-
tion is used according to mechanism and mor-
phologic findings (4):
•	 Open	or	closed	(depending	upon	dura	mater	

lesions);
•	 Primary	or	secondary:

o Primary: Induced by mechanical force 
and occurs at the moment of injury (con-
tact, acceleration-deceleration);

o Secondary: not mechanically induced 
(oedema, brain herniation);

•	 Focal	(scalp,	skull)	or	diffuse	injuries	(dif-
fuse axonal injury, vascular injury, etc.);

•	 According	to	mechanism:
o Contusion: important kinetic energy trans-

fer by impact with an object or surface 
(soft tissues injuries, cerebral injuries, 
skull fractures, epidural hematoma, in-
traparenchymal haemorrhage);

o Acceleration-deceleration injuries with-
out impact (diffuse axonal lesions, sub-
dural hematoma, subarachnoid haemor-
rhage, gliding contusion);

o Penetrating trauma (stab wounds, punc-
ture wounds);

o Gunshot wounds;
o Asphyxia (strangulation, hanging);
o Intoxication (carbon monoxide, various 

substances).
The aim of the current paper is to describe 

the mechanisms of trauma and the main lesions 
discovered in violent deaths caused by head 
injuries in order to contribute to a practical 
approach of these cases in Forensic Medicine, 
standardize and unify evaluation criteria.

MATERIAL ANd METHOdS
The authors performed a descriptive analysis 

and pictorial illustration of 71 cases of deceased 

individuals with head injuries submitted to me-
dico-legal autopsy at the Forensic Medicine 
Institute (Iasi, Romania) over a 5 years’ period, 
between 2012-2016. 

The authors examined the medical and au-
topsy files in order to quantify the following 
parameters:
•	 age;
•	 sex;
•	 cause;
•	 type	of	lesions;
•	 mechanism	of	lesions;
•	 neurosurgical	treatment;
•	 direct	cause	of	death;
•	 mechanism	of	production	of	the	direct	cause	

of death.
Informed consent was obtained from legal 

caregivers before performing the study and us-
ing the images.

RESuLTS
Head injuries were more frequently encoun-

tered in male patients (49 cases – 69.01%) with 
a mean age of 39.14 years, most cases between 
21-40 years (56.34%). 65 cases (91.55%) suf-
fered serious TBIs with complex skull fractures 
and severe encephalic contusion accompanied 
by cerebral oedema that represented the main 
cause of death.

Considering the mechanism of the lesions, 
most cases were road traffic accident victims (32 
cases – 45.07%), 21 felt from height (29.58%), 
11 cases suffered from impact with a blunt 
object (15.49%), 5 cases were victims of road 
accidents using a 2 wheels’ vehicle (7.04%) 
and other causes accounted for 2.82% of cases 
(2 individuals).

Cerebral contusion was the most frequently 
encountered lesion in 45 cases (63.38%) fol-

TABLE I
Scandinavian Neurotrauma committee classification of TBI

Minimal
GCS 15 at admission 
No loss of consciousness (LOC) and/or
No focal neurological deficits

Mild
Initial GCS of 14–15
Brief LOC (<5 min) and/or
No focal neurological deficits

Moderate
Initial GCS of 9–13
Focal neurological deficits and/or
LOC	≥5	min	after	head	trauma

Severe Initial GCS score of 8 or below (unconscious)
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lowed by cranial vault fractures (30 cases – 
42.25%), skull basis fractures (26 cases – 
36.62%), subarachnoid haemorrhage (18 cases 
– 25.35%), subdural haemorrhage (17 cases – 
23.94%), cerebral oedema (14 cases – 19.72%), 
extradural haemorrhage (13 cases – 18.31%), 
intraventricular haemorrhage (9 cases – 12.68%), 
intraparenchymal haemorrhage (4 cases – 5.63%), 
extra-axial (2 cases – 2.82%) and histologi-
cally proven diffuse axonal lesions (2 cases – 
2.82%). 

Most cases were polytraumatized with vari-
ous organ injuries: pulmonary (14 cases – 
19.72%), rib fractures (10 cases – 14.08%), 
upper limbs fractures (8 cases – 11.27%), low-
er limbs fractures (7 cases – 9.86%), pelvic 
fractures (6 cases – 8.45%), hepatic lesions (6 
cases – 8.45%), splenic lesions (5 cases – 
7.04%), intestinal lesions (2 cases – 2.82%), 
renal lesions (2 cases – 2.82%), cardiac lesions 
(1 case – 1.41%), aortic lesions (1 case – 
1.41%). 

Most cases were found alive by emergency 
services and benefited from computed tomog-
raphy examination in 49 cases (69.01%), tra-
cheal intubation (24 cases – 33.80%) and various 
neurosurgical treatments  (15 cases – 21.13%).

dIScuSSIONS
Knowledge of the clinical manifestations 

that preceded the death is necessary for a cor-
rect medico-legal analysis of the case. In head 
injuries, kinetic energy can be transferred to 
the head by (5):
•	 direct	impact	(impact	load)	when	falling	or	

assault with blunt object;
•	 inertial	 load	–	energy	 transfer	 through	ac-

celeration-deceleration forces without im-
pact (shaken baby syndrome, sudden move-
ments in the elderly);

•	 combined	mechanism.	
Rotational or angular acceleration/decelera-

tion produces more severe lesions compared to 
linear form. 

The vulnerability of cerebral structures varies 
according to the biomechanical loading mecha-
nism, the splenium of the corpus callosum be-
ing the most vulnerable to shear injuries. The 
impact determines focal lesions compared to 
inertial load associated with diffuse lesions. 

Soft tissues injuries
Lesions on the scalp and face indicate the 

points of impact, but their absence does not 

exclude the existence of TBI. Palpebral hema-
tomas are of special significance (spectacle he-
matoma, raccoon eyes, etc.) same as mastoid 
ecchymosis (battle sign) as both can indicate 
the existence of a skull base fracture. Some-
times, they may be caused by direct trauma or 
infiltration of a pericranial hemorrhage from a 
higher level. For frontal hemorrhages to de-
scend to the eyelids the subject has than to 
remain prone or erect (6).

Fall or assault with a blunt object can result 
in a wound with smooth edges to the scalp, as 
if produced by a cutting instrument. A careful 
examination of the edges and bottom of the 
wound, better with a magnifying glass, can 
clarify the origin. Likewise, a stellate wound 
can occur in a fall or when hitting the head with 
a blunt object. The location on the left side of 
the head (most of the subjects are right-hand-
ed), except for attacks from behind and the 
existence of multiple traumas, is also an indica-
tor of assault. 

Subcutaneous and subgaleal hematomas
The location of these hematomas should be 

clearly specified as a hemorrhagic infiltrate of 
the subcutaneous tissue may reproduce the mor-
phology and size of the blunt object. Many of 
these injuries are only visible when the scalp 
is flapped.

Compared to subcutaneous hematomas, sub-
galeal hematomas persist after the scalp is re-
moved (fig. 1), an important element for the 
differential diagnosis between the two. 

Skull fractures
The determining factors for the production 

of skull fractures are (4,6): 
•	 The	 physical	 characteristics	 of	 the	 skull	

(thickness, amount of hair, bone elasticity 
in the impact area);

•	 The	 physical	 characteristics	 of	 the	 assault	
object (mass, consistency, surface structure, 
edge sharpness);

•	 Form	and	size	of	the	contact	surface;
•	 Contact	kinetics:	speed	of	the	head,	speed	

of the object, angle of incidence.
Assessment of cranial fractures aiming at 

discovering the cause and mechanism of pro-
duction must be based on a series of general 
principles:
•	 When	 the	 skull	 receives	 an	 impact,	 it	 be-

haves as an elastic sphere that depresses in 
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the area of impact and bulges at the edges. 
If the limit of elasticity is exceeded, frac-
tures occur;

•	 The	compact	bone	of	the	external	and	inter-
nal laminae of the diploe is more fragile to 
traction than to compression, which explains 
the starting points of the fractures. 
An impact of light or moderate energy over 

a wide area of the cranial vault most likely 
produces a linear fracture. The fracture begins 
at a distance from the point of impact in the 
area that bulges and if the force is exhausted it 
does not reach it. Depending on the region, an 
impact with the same amount of energy deter-
mines a linear fracture or a comminuted frac-
ture (fig. 2).

An impact of moderate or high energy over 
a small area will most likely determine a de-
pressed fracture. The fracture occurs in the area 
that is depressed, the point of impact (7).

The maximum area of a depressed fracture 
is of about 13 cm2. If a high-energy blow is 

applied to a larger area, the skull in its entirety 
is subjected to tension, deforms and explodes, 
resulting in multi-fragmentary fractures (8).

Star-shaped, multi-fragmentary or “spider 
web” fractures, depressed or not, are composed 
of radiated fracture lines that start from the 
impact area and of other circular, concentric 
fracture lines, that surround it, due to the be-
haviour of the external and internal tables of 
the diploe in the areas that bulge. Linear frac-
tures of the vertex frequently radiate to the base. 
The fracture lines follow the weak areas and 
eluding the reinforced areas of the skull (9).

In fractures that cross the base of the skull 
in a longitudinal or transverse direction (from 
one side to the other, hinge fractures), the direc-
tion of the fracture line usually indicates the 
direction of impact.

In backward falls, contrecoup fractures may 
involve the anterior cranial fossa and espe-
cially the roof of the orbits (fig. 3). The roof 
of the orbits also fractures in gunshot wounds 
by sudden increase of the intracranial pressure. 
These fractures are the typical cause of palpe-
bral hematomas if the subject survives, at least 
some hours.

A linear fracture may occur with very little 
energy. In a free fall, the head falling from 1.80 
m (average weight of the human head is 4.5 kg) 
and hitting a hard surface generates enough 
energy to produce a fracture.

In cases of skull fractures produced by more 
than one impact to the head, the order can be 
established according to Puppe’s rule stating 
that if a fracture line stops at another, the latter 
had been produced first. The one that stops, is 
the last to occur (10).

Circular fractures around the occipital fora-
men typically occur due to impacts on the up-

Fig. 1. Subgaleal hematomas persisting after 
removing the scalp (decompression craniectomy 

performed before death)

Fig. 2. Linear left parietal fracture

Fig. 3. Occipital (coup) and frontal (contrecoup) 
fractures due to backward falling



328

Sofia David et al.

per part of the head that push the skull against 
the spine, more rarely due to impacts on the 
chin. The point of impact is derived from the 
soft tissues lesions, although in many cases the 
pericranial haemorrhages are too extensive to 
specify where the impact that caused the frac-
ture occurred.

Epidural hematoma
Its incidence is approximately half that of 

the subdurals, being four times more frequent 
in males than in females. It is a typical impact 
injury that deforms the skull causing fracture 
and detachment of the dura in at least 90% of 
cases. 85% of hematomas are produced by rup-
ture of the middle meningeal artery or its 
branches (fig. 4). The arterial haemorrhage 
dissects the dura of the internal table. The re-
maining cases are due to haemorrhage from 
middle meningeal veins or venous sinuses. Epi-
dural hematomas are rare before 2 and after 60 
years. The maximal incidence occurs between 
20 and 40 years. The typical presentation, with 
lucid interval, occurs in 10 - 27% of the cases, 
with an average duration of 4 to 8 hours. The 
hematomas are symptomatic when they reach 
25 mL and the deadly when exceeding 100 mL, 
depending on the speed of formation. 20% of 
patients with epidural hematoma also have 
acute subdural hematoma which aggravates the 
prognosis (11,12).

Subdural hematomas
Hemorrhages in the subdural space, have 

been classified according to the time elapsed 
between the trauma and the appearance of the 
clinical symptoms (acute – first 3 days, suba-

cute – between 3 days and 3 weeks, chronic – 
after 3 weeks), the neuroimaging findings, the 
volume and content of the hematoma when 
drained (fresh blood, coagulated blood, or dark 
liquid). They tend to organize themselves form-
ing pseudomembranes (5).

Acute subdural hematoma is a more lethal 
injury than the epidural hematoma, usually due 
to the associated brain damage (fig. 5). 72% 
are produced by falls and assaults and 24% by 
traffic accidents. The most frequent cause is 
the rupture of bridging veins that drain the 
blood from the cortex to the sinuses of the dura, 
but can also be a consequence of severe contu-
sions and arterial lesions. They do not require 
impact on the head and can occur only by ac-
celeration or deceleration. If produced by im-
pact, it can be ipsilateral, contralateral or bi-
lateral (13). 

Several factors (brain atrophy, alcoholism, 
coagulopathies, malformations) increase the 
risk of subdural hematomas.

If it develops fast, it can prove fatal even at 
50 mL compared to 120 mL in case of slow 
growth. 

In the first 24 hours, it contains liquid and 
clotted blood that does no adhere to the dura. 
At 2-4 days, the clots begin to adhere to the 
dura (14).

Subarachnoid haemorrhage
Traumatic subarachnoid haemorrhages (SAH) 

can be produced by acceleration/deceleration 
forces without any impact to the head. Traumatic 
subarachnoid haemorrhage is usually located 
on the convexity of the hemispheres, without 
causing mass effect (fig. 6). These haemor-

Fig. 4. Epidural hematoma by middle meningeal 
artery lesion

Fig. 5. Acute subdural hematoma in the left 
temporal region
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rhages are seen in most of the TBI, even in the 
mildest, and reflect the breakage of small ves-
sels. They are often associated with underlying 
brain contusion, but both can occur in isolation, 
brain contusion without HSA or HSA without 
brain contusion (15-17). 

The presence of blood in the subarachnoid 
space can be complicated by hydrocephalus by 
interfering with the reabsorption of the cerebro-
spinal fluid (CSF). The accumulation of blood 
in the subarachnoid space can also occur as a 
post mortem artefact resulting from cadaveric 
decomposition. 

Massive SHA at the base of the skull (more 
than 100 mL) are usually caused by a ruptured 
vertebral or basilar aneurysm (18). 

Brain contusions and lacerations
Brain contusions are focal brain injuries re-

sulting from impact. Generally, when an impact 
deforms the skull, there is an inflection of the 
vault that impacts against the underlying con-
volutions. The contusion is generally located 
under the point of impact when the head is still. 
When	the	moving	head	hits	a	hard	surface,	

brain contusions occur on the surface of the 
hemispheres diametrically opposite to the point 
of impact, the so-called contrecoup contusions. 
They are more frequent in impacts where the 
head moves backwards (falls), adopting a tetra-
polar pattern, affecting of the poles of both 
frontal and temporal lobes. The most accepted 
explanation for these injuries is the cavitation 
theory (19) (fig. 7).

The term contusion is applied if the pia 
mater is intact, if it breaks the lesion is called 
laceration. 

Particular types of contusions have also been 
described: gliding contusions and contusion-
herniation, a haemorrhagic infarct of the herni-
ated tissue.

cerebral oedema and congestive brain 
swelling
The term “Brain Swelling” characterized by 

flattened convolutions, narrowed sulci and col-
lapsed subarachnoid space, has been classi-
cally applied to cerebral oedema, but “brain 
swelling” following a traumatism is due to the 
increase in cerebral intravascular blood volume 
by vasodilation, without evidence of an increase 
in water content of the brain as seen in the 
oedema. To differentiate the lesion from oede-
ma, the term “Congestive Brain Swelling” has 
been proposed. Oedema and congestion are 
related disorders, both can be focal or diffuse, 
affect only the injured area, one or both hemi-
spheres and have the same consequences, eleva-
tion of intracranial pressure and brain hernia-
tion that can lead to death by necrosis. In 
addition, congestion may progress to cerebral 
oedema. The rapid development of “brain 
swelling”, a few minutes or hours after the 
injury, is more likely due to congestion. If the 
“swelling” develops within hours or a couple 
of days of trauma is more likely to be brain 
oedema (10).

Post-traumatic oedema is usually vasogenic, 
the usual cause being the injury of the blood-
brain barrier that allows the passage of fluid to 
the interstitial space.

Fig. 6. Acute subarachnoid haemorrhage

Fig. 7. Multiple brain contusions
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Intraparenchymal haemorrhage
Haemorrhages in the white matter, contigu-

ous to cerebral contusions, can also be seen in 
TBI. These are the so-called haemorrhagic con-
tusions. The complex contusion, hematoma and 
blood in the subdural space is called burst lobe. 
80-90% of traumatic intraparenchymal hema-
tomas occur in the white matter of the frontal 
and parietal lobes (9).

The hematomas located in the basal ganglia, 
the diencephalon, the protuberance or the white 
matter of the cerebellum are not traumatic but 
caused by hypertension, rupture of the Charcot 
microaneurysms, cocaine abuse, coagulopathies. 

Brain herniation
The Monro-Kellie hypothesis states that the 

sum of the intracranial volumes of blood, brain, 
CSF and other components is constant and that 
the increase of one has to be compensated by 
the decrease of another (6).

Increase in intracranial pressure (ICP) to 
certain levels produces displacement of the 
brain, reduces the cerebral blood flow and pro-
duces a neurological deterioration.

The majority of patients with severe TBI 
have elevated intracranial pressure.

Severe increase of the ICP produces displace-
ment of the brain through the rigid openings of 
the skull or the dura mater (uncal, central tran-
stentorial, cingulate subfalcine, transcalvarial, 
upward cerebellar transtentorial, tonsillar her-
niation). Herniation involves a degree of irre-
versibility because the herniated tissue is trapped 
in its new location.

Syndromes of cerebral herniation usually 
compromise the blood circulation of the herni-
ated tissue and brain stem, giving rise to ne-
crotic or haemorrhagic lesions sometimes in-
compatible with life (infarction of the temporal 
uncus and cerebellar tonsils, haemorrhages of 
Duret in the brainstem). 

diffuse axonal lesions
Diffuse axonal lesions (DAL) are the most 

severe form of diffuse posttraumatic brain in-
jury. The magnitude, direction and duration of 
acceleration/deceleration suffered by the brain 
have consequences on the type of inflicted in-
juries. The longer it lasts, the higher the risk 
of DAL. Therefore, the most frequent cause of 
DAL are traffic accidents. Lateral acceleration 
is more effective in producing DAL than move-
ment in the sagittal plane. Tension forces de-

form and damage the axons, producing tears in 
the subcortical white substance clinically man-
ifested by an immediate onset coma (12). 

According to location, Adams proposed a 
classification of DAL (2): 
•	 grade	 I:	 involves	grey-white	matter	 inter-

faces (most commonly: parasagittal regions 
of frontal lobes, periventricular temporal 
lobes; less commonly: parietal and oc-
cipital lobes, internal and external capsules, 
and cerebellum);

•	 grade	 II:	 involves	 corpus	 callosum	 (most	
commonly: posterior body and splenium) 
in addition to stage I locations;
grade III: involves brainstem (most com-

monly: rostral midbrain, superior cerebellar 
peduncles, medial lemnisci and corticospinal 
tracts) in addition to stage I and II locations.

Gennarelli’s proposed another clinical clas-
sification, rating DAL as mild, moderate, or 
severe. In mild DAL, coma lasts 6–24 h, in 
moderate DAL - > 24 h but without abnormal 
posturing; in severe DAL - > 24 h with signs 
of brainstem impairment (2).

Victims who survive the acute phase, pre-
sent various sequelae ranging from mild to veg-
etative state (20,21). 

In people who die of acute DAL, macro-
scopic lesions may not be observed except small 
haemorrhagic foci in the corpus callosum and 
the superior cerebellar peduncle. The diagnos-
tic is usually histopathological based on Amy-
loid precursor protein (APP) detection.
When	performing	autopsy	in	a	TBI	victim,	

the forensic pathologist should take into ac-
count the following recommendations:
•	 consult	 all	 the	 neuroimaging	 studies	 per-

formed antemortem;
•	 Shave	 the	 scalp	 if	 ecchymoses	or	 erosions	

are suspected and to examine the wounds in 
great detail;

•	 Opening	 of	 the	 skull	 vault	 must	 be	 made	
only with the saw. A cerebral laceration 
produced by the saw can be differentiated 
easily from a vital injury, but not a fracture 
produced by applying blows during the au-
topsy;

•	 Always	 measure	 and	 weigh	 subdural	 and	
epidural hematomas;

•	 Take	off	the	periosteum	of	the	vault	and	the	
cranial dura to visualize the fractures; 

•	 Perform	 toxicological	 analysis	 of	 epidural	
and subdural hematoma content;
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•	 Measure	the	fracture	lines;
•	 Measure	the	thickness	of	the	cranial	diploe;
•	 Take	microbiological	samples	if	there	is	me-

ningitis;
•	 Take	samples	of	the	brain	for	toxicological	

analysis (occipital lobe unaffected) and a tuft 
of hair, if indicated;

•	 Fix	the	brain	together	with	the	dura	in	any	
case that may pose difficulties;

•	 If	a	massive	HSA	of	the	base	is	discovered,	
look for aneurysms;

•	 Take	samples	of	hair	and	blood	for	genetic	
typing in cases of assault;

•	 Photograph all injuries and mark fractures 
and brain contusions in diagrams.

cONcLuSIONS
Head injury-induced mortality depends both 

on the severity of the primary lesion and espe-
cially on secondary lesions (increased intracra-
nial pressure, ischemia, oedema, and infec-
tions). Knowing the circumstance of producing 
the injuries by analysing the medical file and 
the judicial ordinance is necessary before the 
autopsy. Most fatal TBI are caused by road ac-
cidents.
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