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A B S T RAC   T
The knowledge about the diffuse axonal injury (DAI) as a clinicopathological entity has matured in the last 30 years. It 
has been defined clinically (immediate and prolonged unconsciousness leading to death or severe disability) and patho-
logically (the triad of DAI specific changes). In terms of its biomechanics, DAI is occurring as a result of acceleration 
forces of longer duration and has been fully reproduced experimentally. In the process of the diagnosing of DAI, the per-
formance of a complete forensic neuropathological examination is essential and the immunohistochemistry method using 
antibodies against β-amyloid precursor protein has been proved to be highly sensitive and specific, selectively targeting 
the damaged axons. In this review we are pointing to the significant characteristics of DAI as a distinct clinicopathologi-
cal entity that can cause severe impairment of the brain function, and in the forensic medicine setting, it can be found as 
the concrete cause of death. We are discussing its pathological feature, its mechanism of occurrence, and the events on a 
cellular level, but also the dilemmas about DAI that still exist in science: 1) regarding the strict criteria for its diagnosis; 
2) regarding its biomechanical significance, which can be of a big medico-legal importance.
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Diffuse axonal injury (DAI) as a distinct 
clinicopathological entity occurring in cases 

with closed head injuries has been introduced in 
the 1980’s by Adams et al.1

Although, observations about “diffuse degen-
eration of the white brain matter” in a series of 
patients with severe posttraumatic dementia, 
have been pointed by Sabina Strich as early as 
some decades before.2 This type of brain damage 
has been described under different names, such 
as “shearing injury”; “diffuse damage of im-
mediate impact type” and “diffuse white matter 
shearing injury.”3 With all those descriptions the 
authors mainly referred to the basic mechanism 
of the occurrence of the axonal damage, that is 

“the shearing and strain” of the axonal fibers fol-
lowing the impact.

The idea that axons in the white brain matter 
are susceptible to mechanical trauma developed 
as a result of some most meaningful experimen-
tal studies which contributed to the several major 
discoveries concerning the closed head injuries.

It has been clearly shown by those studies the 
role of acceleration as a mechanism of occurrence 
of the brain injury.4 Furthermore, it has been ex-
perimentally shown that acceleration is even suf-
ficient mechanism to cause injury without any di-
rect impact to the head. Two typical acceleration-
deceleration injuries that occur as a result of the 
acceleration to the head are Acute subdural he-
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Exactly, the development of the new methods 
gave us huge knowledge about the diffuse axo-
nal injury as a clinical-pathological entity and its 
incidence in the overall pathology of the head 
trauma. In this phase, when the only methods 
available for the visualization of the damaged 
axons were the conventional staining techniques 
and also the methods of impregnation with sil-
ver, the axonal damage in the white brain mat-
ter was accepted as an indicator of brain trauma. 
With the introduction of the immunohistochem-
istry in the process of diagnosing of DAI, it be-
came clear that the axonal damage does not oc-
cur only as a result of trauma, but can be also 
caused by other conditions, such as hypoxia and 
ischemia, multiple sclerosis, HIV encephalitis, 
infarcts, hypoglycemia, and some authors have 
demonstrated the existence of a high degree of 
axonal damage in cases of intoxication with the 
opiates.16-22 This has been a new momentum that 
casted a shadow on the diagnostic relevance of 
the axonal damage. However, soon thereafter, 
prominent authors reported that there is a certain 
difference in the pathological finding (appear-
ance, pattern and distribution of the damaged ax-
ons) that is indicative of the origin of the axonal 
damage and nowadays we are pretty clear about 
the definition of DAI.23-25

What we know about the incidence of DAI in 
the overall pathology of the head trauma is its 
almost exclusive occurrence in vehicular traf-
fic accidents and falls of considerable height i.e. 
traumatic events with a longer duration of the 
acceleration forces. This has been classically 
outlined1, 5 and also observed in more recent ad-
ditional studies.26 Some authors have pointed to 
the DAI as an almost universal consequence in 
the fatal closed head injuries.18

Given the high rate incidence of DAI in the 
closed head injury pathology and regarding to 
the complex procedure and strict criteria of its 
diagnosis, in this review we are going to refer to 
some medico-legal issues of interest associated 
with the DAI phenomenon.

DAI as clinicopathological entity

Considering DAI as a clinical-pathological en-
tity that occurs in closed head injuries, there 

matoma (ASDH), as a result of the tearing of the 
bridging veins, and also the Diffuse axonal injury 
(DAI), as a result of the shearing and strain forces 
to the axonal fibers. The difference between the 
mechanisms of those two acceleration injuries 
is in the duration of acceleration forces. In fact, 
ASDH is caused by relatively short duration (5-
10 ms) angular acceleration loading at high rates 
of acceleration, whereas DAI occurs most read-
ily when the head moves coronally and it occurs 
when the acceleration duration is longer (20-25 
ms) and the rate of acceleration lower than condi-
tions that produce ASDH.5, 6

Those new discoveries lead to the introduction 
of the new concept of closed head injuries. With 
regard to the biomechanism of their occurrence 
they have been grouped as contact injuries which 
occur as a result of the direct impact to the head 
and inertial (acceleration-deceleration) injuries.4, 7

With regard to the severity and the final out-
come of one particular closed head injury, they 
have been classified on focal and diffuse brain 
damage. It has been shown that the final outcome 
of one particular closed head injury does not de-
pend upon the extent of a focal brain injury as 
much as it depends upon the occurrence of dif-
fuse brain injury.8, 9

Revealing the existence of the diffuse brain in-
juries the scientists observed that in almost 50% 
of patients with closed head injury leading to 
death and with a severe impairment of the brain 
function, no clinical evidence of a massive intra-
cranial lesion can be found.10, 11 What is more, 
using the routine post-mortem medical examina-
tion it can be very difficult to define the injury 
unless the brain is appropriately fixed before the 
dissection and appropriate histological examina-
tions are undertaken.12-14

The aforementioned facts lead to the develop-
ment of new methods for the purpose of post-
mortal diagnosis of the diffuse brain injuries and 
also the implementation of a complete foren-
sic-neuropathological examination in the daily 
practice.12-14 The procedure for the complete 
forensic-neuropathological examination has 
been scientifically ascertained and affirmed in 
the forensic medicine and already implemented 
in the Recommendation No. 99 of the Council of 
Europe about the medico-legal autopsy rules.12-15
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found understanding of the mechanisms caus-
ing the diffuse damage of axons in the white 
brain matter.

Experimental studies have shown that two 
major mechanisms play a key role in head inju-
ries: (1) the contact phenomenon, and (2) accel-
eration and deceleration.7, 28 Acceleration, which 
is a result of the sudden movement of the head, 
causes the pressure gradients in the intracranial 
cavity, thereby initiating the forces of shearing 
and strain. Those inertial phenomena typically 
produce: 1) acute subdural hematoma (ASDH) 
caused by the tearing of the subdural bridging 
blood vessels; and 2) diffuse axonal injury (DAI) 
in the white brain matter produced by the strain 
and tearing of the axonal fibres.4

Furthermore, it has been observed that ASDH 
and DAI, as two typical acceleration injuries, dif-
fer in the duration of the acceleration forces to 
the head. Experimentally, it has been shown that 
ASDH is caused by a relatively short duration 
(5-10 ms) of the angular acceleration loading at 
high rates of acceleration, whereas DAI occurs 
most readily where the head moves in the coro-
nal plane and when the acceleration duration is 
longer (20-25 ms) and the rate of acceleration 
is lower than conditions that produce ASDH.4, 6 
The role of the angular or rotational acceleration 
in the occurrence of DAI, especially the one in 
the coronal plane, has been emphasized and re-
cently confirmed by other authors.4, 34, 35 Nowa-
days there are some novel studies which point 
to the combination of the translator and angular 
acceleration as most responsible for the occur-
rence of DAI.36

In real life, the circumstances for the occur-
rence of ASDH appear in falls where the head 
rapidly decelerates against a firm surface, while 
the conditions for producing DAI appear in vehi-
cle traffic accidents where the impact to deform-
able and padded surfaces lengthens the decelera-
tion and decreases its rate. Our own results have 
shown that ASDH was most frequently found in 
cases of simple fall, assault cases, where the blow 
was often associated with falling on a firm sur-
face, and in those kinds of traffic accidents where 
a great part of the injury mechanism has been at-
tributed to a fall on a firm surface, represented 
by cyclists.37 On the other hand, ASDH was least 

are clinical and also pathological criteria for its 
diagnosis.

The most constant clinical indicator of the oc-
currence of DAI is the occurrence of immediate 
and prolonged unconsciousness, with no lucid 
interval and without the presence of any massive 
intracranial lesion.1, 27 This state occurs in almost 
half of the patients with a severe head injury and 
its etiology is considered to be DAI.28 This has 
been outlined in the early papers of Adams et al. 
where has been pointed out that these patients fall 
into immediate and prolonged unconsciousness 
and stay severely disabled or in a vegetative state 
until death1, 3, 27 but also in recent studies.8, 21, 29 It 
has been emphasized that the structural base for 
the vegetative state after a head injury is the dif-
fuse damage of the white brain matter.29

Exploring the clinical-pathological correlation 
of DAI, it has been found that DAI is not a sig-
nificant contributing factor to the lethal outcome 
from closed head injuries in the early post injury 
period (24 hours), but undoubtedly is a contribut-
ing factor for the severe impairment of the brain 
function indicated through the status of the con-
sciousness.30

Pathologically, DAI is defined by the fea-
ture of the diffuse axonal pathology widespread 
and throughout white brain matter of many 
brain regions including the white matter bun-
dles.1, 3, 9, 21, 23-25, 31-33

Given the aforementioned clinical and patho-
logical criteria, the diagnosis of DAI is clinico-
pathological i.e. DAI is considered clinicopatho-
logical entity clinically characterized by the im-
mediate and prolonged unconsciousness after the 
mechanical impact to the head, typically without 
any lucid interval, leading to severe brain failure, 
vegetative state and death, and pathologically 
defined by the feature of the widespread and dis-
seminated damage of the axonal fibers inside the 
white brain matter, including the fiber tracts and 
the brain stem.

The mechanism of occurrence 
and the pathogenesis of DAI

The mechanism of the occurrence of DAI has 
been fully explained so far. DAI has been re-
produced experimentally and this led to a pro-
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for DAI tissue-tearing in the white brain matter 
“gliding” hemorrhages. The rest of the events oc-
cur in the hours or days following the injury and 
are attributed to the progressive disorganization 
of the axonal cytoskeleton. Hence, the more re-
cent studies do not reject completely the concept 
of primary axotomy, but consider it as a rare phe-
nomenon probably restricted to the highest levels 
of injury to the axon.33, 42

The β-APP is a transmembrane glycoprotein, 
widely represented in the central neuron system, 
being a constituent part of all membranous struc-
tures. It is genetically determined by the gene lo-
cated in the chromosome 21.43 The β-APP is part 
of many normal cellular functions. In the neuron, 
the β-APP is synthesized in the perikaryon and 
then, it moves through the neuron with fast an-
terograde transport (100-400 mm/day). Hence, 
in normal circumstances β-APP is not accumu-
lated to the degree to be detected in the tissue. 
However, in the case of structural axonal injury, 
the accumulation of β-APP occurs in the proxi-
mal and the distal axonal segment to a degree 
where it can be detected by means of immuno-
histochemistry.43

Thus, it has been demonstrated that all the 
changes that result in the degeneration of the 
axon and the formation of retraction bulbs oc-
cur in a time frame of about 12 to 24 hours. That 
is the reason why the detection of DAI in cases 
with a short survival time can be difficult or im-
possible using the conventional staining tech-
niques. Employing the method of routine hema-
toxylin and eosin (H&E) staining, the damaged 
axons can be seen at least 24 hours after the in-
jury, and using the methods of impregnation with 
silver, they can be detected 12 to 18 hours after 
the injury.33, 44

The introduction of the immunohistochemical 
technique that utilizes antibodies against β-APP, 
represented a watershed in the elucidation of the 
DAI phenomenon.16, 17 This method enables the 
visualization of damaged axons as early as 2 to 3 
hours post injury. This proved to be a highly spe-
cific and an extremely sensitive method targeting 
selectively damaged axons.6, 17 The application 
of antibodies against β-APP made the visual-
ization of axons even in cases of short survival 
time (2-3 hours) possible, unlike the conven-

frequently found in drivers and not found at all 
in passengers, which makes it an injury not so 
typical of vehicle traffic accidents. Analyzing the 
occurrence of DAI in the same study, the results 
have shown the overall presence of DAI in 40% 
of the investigated cases with a survival time of 
at least 2 hours, its exclusive occurrence in driv-
ers and its high frequency in cases of a fall from 
a considerable height. It was not detected in the 
cases of a simple fall or in assault cases.37

Although it has been clearly shown experi-
mentally that the forces of acceleration and de-
celeration are sufficient for producing the injury, 
with no direct impact to the head, we are aware 
that it rarely happens in the real world. Almost 
always the direct impact to the head (either a 
blow or a fall), comes first. The point of great 
medico-legal significance is that the forces of the 
initial contact do not need to be strong (they do 
not need to be intensive enough to cause frac-
tures of the skull), but can still produce a serious, 
even lethal diffuse brain injury.34, 38

The events on a cellular level and the role 
of the β–amyloid precursor protein

The first scientific considerations about axonal 
injuries indicated that the underlying pathologi-
cal mechanism of traumatic axonal damage, the 
tearing of the axons with the subsequent retrac-
tion of the torn fiber into the so called “retrac-
tion bulb,” occurs at the moment of the injury, 
i.e. the primary axotomy.2, 3 Yet, subsequent 
studies showed that axonal damage is not an im-
mediate, but rather a delayed consequence of the 
impairment of axoplasmic transport. (secondary 
axotomy).39, 40 According to this theory, the ini-
tial impact on the brain causes focal perturbation 
in the axon, resulting in focal disruption of the 
axoplasmic transport and subsequent accumula-
tion of some substances that are normal contents 
of an axolemma, as is the β-amyloid precursor 
protein (β-APP). As some axons are not perma-
nently injured in this process, but only their func-
tion is disrupted, some authors see a “potential 
time-window for therapeutic intervention.”41

Even primary axotomy seems to be a rare phe-
nomenon, but can still happen at the moment of 
the impact and prove for that are the typically 
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that a focal lesion in the corpus callosum has 
been detected in nine cases and a focal lesion in 
the dorsolateral quadrant of the rostral brain stem 
has been detected in 10 cases.26

The diagnosis of DAI must always be con-
firmed by the microscopic finding of the dam-
aged axons, the swollen “varicosity-like” axons 
and the torn axons in the form of retraction bulbs. 
The criteria for the microscopic determination of 
the traumatic axonal damage are discussed in de-
tail below.

Disputable questions 
concerning the DAI entity

Although there has been big development in the 
enlightening of the DAI entity so far, there are 
still some disputable questions in the scientific 
community.

The first group of questions arise from the 
different criteria for diagnosing DAI: Are there 
certain differences which can be distinguished 
between axonal damage caused by ischemia and 
axonal damage caused by trauma?, Does the sec-
ondarily occurring ischemia mask, to a greater or 
lesser extent, the traumatic axonal damage?, and 
What can be concluded with certainty from the 
proper interpretation of axonal damage?

At the time when DAI was originally intro-
duced, it was considered a pure indicator of the 
traumatic damage of axons.1, 2 After the intro-
duction of β-APP immunohistochemistry, many 

tional methods. Since 1994, when Sheriff intro-
duced the method for the first time, shorter and 
shorter survival time has been reported where 
the positive β-APP immunoreactivity has been 
evidenced: 3 hours, 2 hours, 1.75 hours, and 35 
minutes.6, 19, 45, 46

Hence, the β-APP has proved to be a very use-
ful early marker of the axonal damage and it has 
become one of the most useful markers in the fo-
rensic neuropathology science.

Pathology of DAI

Soon after the initial descriptions of DAI, a grad-
ing system has been conducted.44 It has been 
based on a following triad of specific pathoana-
tomical changes:1, 27, 44

•  grade I has been defined as the appearance 
of the diffuse axonal damage in the absence of 
any massive macroscopic brain lesion;

•  grade II has been defined with the presence 
of focal lesion in the corpus callosum in addi-
tion to the widespread and diffuse axonal dam-
age (Figure 1);

•  grade III of DAI is represented by a focal 
lesion in the dorsolateral quadrant of the rostral 
brain stem, mainly in the pons, in addition to the 
widespread and diffuse axonal damage on a his-
tology samples (Figure 2).

Having explored the material of 60 cases with 
fatal closed head injuries, 30 of which were di-
agnosed with DAI, we have previously reported 

Figure 1.—Focal lesion in the corpus callosum, grade II of 
DAI. Case with a survival time of 6 days, where a hemor-
rhagic focal lesion is discovered in the splenium of the cor-
pus callosum.

Figure 2.—Focal hemorrhagic lesion in the dorsolateral seg-
ment of the rostral brainstem. Case with a several hours’ sur-
vival time, where the lesion is in the transition area between 
the midbrain and the pons.
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and prolonged coma leading to death or severe 
disability, and it is pathologically defined by the 
widespread and disseminated axonal damage 
throughout the brain, including the brainstem.25

Based on the above-mentioned information, 
there is a difference in the appearance, the dis-
tribution and the pattern of the axonal damage 
that is indicative of a traumatic or ischemic etiol-
ogy. In the pathological determination of DAI, in 
addition to the macroscopic features such as fo-
cal lesions in the corpus callosum (Figure 1) and 
dorsolateral quadrant of the rostral pons (Figure 
2), only the detection of single or small groups 
of scattered and diffusely arranged β-APP posi-
tive axons, seen as “sausage-like” or “varicosity-
like” swollen axons or as “retraction bulbs”, can 
be considered as confirmation of the traumatic 
etiology of axonal damage (Figure 3). The de-
tection of circumscribed foci or a linear pattern 
frequently described as a “zigzag” or “Z-shaped” 
pattern of β-APP positive axons, which in our 
experience are never large and are not as neatly 
shaped as the diffusely arranged traumatically 
damaged axons, was considered a predominantly 
hypoxic-ischemic finding and was not consid-
ered as a proof of traumatic axonal damage (Fig-
ure 4).23, 47

As another difference between ischemic and 
traumatic β-APP expression it has been stated 

studies have documented β-APP immunoreac-
tive axons in the non-traumatic cases.18-22 In this 
new era of knowledge about the axonal injuries, 
it has been shown that axonal damage occurs 
with the same frequency in cases of brain trauma 
and brain ischemia as well. However, it has been 
emphasized in these reports that axonal damage 
as a local isolated phenomenon should not be 
equalized with the entity of diffuse axonal injury 
and that “simultaneous demonstration of axonal 
injury (AI) in the corpus callosum and pons must 
be regarded as evidence of DAI.”6

A new dilemma has occurred: is the feature of 
the axonal damage an indicator of DAI as a trau-
matic entity, or are there also situations where 
axonal damage is not the evidence of trauma? 
How to make the distinction? Is DAI a distinct 
clinicopathological entity of traumatic origin 
which must be diagnosed by strict criteria?

In order to resolve this dilemma, many promi-
nent authors have reported and explained the 
differences in the pathological feature of axo-
nal damage that is indicative of its origin.21, 23-25 
These explanations have been altogether point-
ing out that in the pathological determination of 
DAI, the diffuse axonal damage must be found in 
the white brain matter of many brain regions, of 
which at least one located above, and one below 
the tentorium, especially including axonal tracts, 
such as the corpus callosum and the internal cap-
sule. Furthermore, the axonal damage must be 
with a typical traumatic appearance, pattern and 
distribution. These authors also emphasize that 
the interpretation of the pathological findings has 
to be in accordance with the clinical history of 
the head trauma. If there is a lack of appropriate 
clinical ante-mortem information, only the prop-
er and correct sampling of the brain, from the ex-
act brain regions, can help in the determination 
of the trauma as a cause of the axonal damage.21

All the current discussions are directed to-
wards specifying the term axonal injury and 
also the diagnostic criteria where diffuse axonal 
injury can be confirmed. Axonal injury (AI) is 
a nonspecific term referring to the axonal dam-
age of any etiology and it does not have any 
specific biomechanical relevance.6, 25 A DAI is a 
distinct clinicopathological entity which is clini-
cally defined by the occurrence of immediate 

Figure 3.—Typically traumatic pattern and distribution of 
β-APP immunoreactive damaged axons. A strong β-APP im-
munoreactivity is present in the corpus callosum, in a case 
with an 8 days’ survival time. The scattered β-APP positive 
axons and the clearly present retraction bulbs can be noticed 
as well (immunohistochemical staining using the mono-
clonal antibody against β-amyloid precursor protein, clone 
4C11, x200).
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medicolegal importance and that is the reason 
why our own results have been put in the context 
of this discussion.26, 37 Analyzing the occurrence 
of DAI through the prism of a traumatic event 
(RTA, fall or blow) it was shown the highest and 
almost exclusive (100%) presence of DAI in 
drivers and also in cases of falling from a consid-
erable height (more than 2 meters) (60%). It was 
not detected in the cases of a simple fall, nor in 
the assault cases. Those results are in accordance 
with the discoveries of Adams et al., according 
to who, DAI rarely, if ever, occurs in cases of 
fall, unless the fall is of a considerable height.48 
Gennarelli also discussed the exclusive occur-
rence of DAI in RTA as early as 1983.5

Sporadic or isolated cases of DAI in the sim-
ple falls i.e. falls from somebody’s own height or 
in cases of assault with blows to the head, have 
been reported occasionally.49-53 However, this 
information should be treated with caution for 
two reasons: first, all of these cases have been 
described after the introduction of the β-APP 
immunohistochemistry in the diagnosis of DAI, 
but before the recognition of the other possible 
reasons for axonal damage, especially ischemia; 
and second, the diversity of the yielded results 
greatly depends on the different criteria for diag-
nosing DAI. Diagnosing of DAI without the use 
of β-APP immunohistochemistry, or, diagnosing 
it based on the discovery of an axonal damage 
in one or two brain regions, is not in accordance 
with the novel standards for diagnosing DAI.21, 43 
Furthermore, there are characteristics in the ap-
pearance, pattern and distribution of damaged 
axons that are indicative of traumatic origin.21-26

Hence, we have very few cases of DAI result-
ing from an assault or a simple fall documented 
in this way, which implicates the necessity of 
medico-legal precautions in the process of recon-
struction of the injury mechanism.

Conclusions

The information from the reviewed literature un-
doubtedly shows that DAI is a distinct clinico-
pathological entity that solely, or as part of the 
more complex cranial-cerebral entity, can cause 
serious impairment of the brain function. Speak-
ing in the context of the forensic medicine prac-

that the detection of a granulate and a dirty back-
ground is typical of cases of hypoxia and isch-
emia, while the detection of well-shaped dam-
aged axons surrounded by clean background is 
typical of cases of trauma.25, 26, 31-33

The second group of questions is especially 
important from the aspect of the medico-legal 
relevance of DAI in the process of reconstruc-
tion of the mechanism of injury. Is DAI more 
characteristic of certain traumatic events? Does 
DAI have any specific biomechanical relevance 
which can be of some advantage in the forensic 
medicine practice? Can the presence of DAI in-
dicate the type of traumatic event that caused the 
head trauma?

Generally, there are two different views in the 
scientific community regarding this question. 
The first is represented by authors who stick to 
the classical descriptions of DAI, and according 
to these, a DAI is an injury mostly found in road 
traffic accidents (RTA) and in cases of falling 
from a considerable height.1, 3, 4, 27, 44, 48 The sec-
ond view is supported by the authors whose dis-
coveries date after the introduction of the β-APP 
immunohistochemistry in diagnosing DAI, and 
according to them DAI can be found in cases of 
a simple fall, and in cases of a blow, as well.49-53

This aspect of DAI is of huge forensic and 

Figure 4.—A typical ischemic appearance of the β-APP ex-
pression. It can be noticed in the case with a 3 days’ sur-
vival time, on a sample from the corpus callosum. There 
are circumscribed foci of β-APP positive axons, which are 
never large and are not as neatly shaped as the traumati-
cally damaged axons. They are frequently surrounded by the 
dirty background. (immunohistochemical staining using the 
monoclonal antibody against β-amyloid precursor protein, 
clone 4C11, x200).
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nal damage in short-surviving head injury? Acta Neuropathol 
1996;92:608–13. 
20.  Lambri M, Djurovic V, Kibble M, Cairns N, Al-Sarraj 
S. Specificity and sensitivity of betaAPP in head injury. Clin 
Neuropathol 2001;20:263–71.
21.  Smith C, Graham DI, Geddes JF, Whitwell HL. The in-
terpretation of beta-APP immunoreactivity: a response to C. 
Neiss et al. Acta Neuropathol. 2002; 104:79. Acta Neuro-
pathol 2003;106:97–8. 
22.  Niess C, Grauel U, Toennes SW, Bratzke H. Incidence 
of axonal injury in human brain tissue. Acta Neuropathol 
2002;104:79–84. 
23.  Graham DI, Smith C, Reichard R, Leclercq PD, Gentle-
man SM. Trials and tribulations of using β-amyloid precursor 
protein immunohistochemistry to evaluate traumatic brain in-
jury in adults. Forensic Sci Int 2004;146:89–96. 
24.  Reichard RR, Smith C, Graham DI. The significance of 
β-APP immunoreactivity in forensic practice. Neuropathol 
Appl Neurobiol 2005;31:304–13. 
25.  Geddes JF, Whitwell HL, Graham DI. Traumatic axonal 
injury: practical issues for diagnosis in medicolegal cases. 
Neuropathol Appl Neurobiol 2000;26:105–16. 
26.  Davceva N, Janevska V, Ilievski B, Spasevska L, Popeska 
Z. Dilemmas concerning the diffuse axonal injury as a clini-
copathological entity in forensic medical practice. J Forensic 
Leg Med 2012;19:413–8. 
27.  Adams HJ, Corsellis JA, Duchen LW. Greenfield’s neu-
ropathology. Fourth edition. New York: John Wiley & Sons; 
1984.
28.  DiMaio VS, DiMaio D. Forensic pathology. Second edi-
tion. New York: CRC Press; 2001.
29.  Adams JH, Graham DI, Jennett B. The structural basis 
of moderate disability after traumatic brain damage. J Neurol 
Neurosurg Psychiatry 2001;71:521–4. 
30.  Davceva N, Sivevski A, Basheska N. Traumatic axonal 
injury, a clinical-pathological correlation. J Forensic Leg Med 
2017;48:35–40. 

tice, it can be found as a concrete cause of death. 
That is the reason why its existence should not be 
overlooked in the daily practice.

Today the directions about the post mortal di-
agnosis of DAI are specified and defined in the 
forensic-neuropathological science, and have 
been revised many times so far. According to 
those directions, the two main attributes in the 
pathological diagnosis of DAI are: 1) the diag-
nosed axonal damage in the white brain matter 
must be diffuse; and 2) it should be widespread in 
many brain regions, of which at least one should 
be located above and one below the tentorium. 
The pattern and the distribution of the damaged 
axons must suggest its traumatic origin.

The DAI entity can be detected post mortal-
ly only by performing a detailed and complete 
forensic-neuropathological examination of the 
fixed brain tissue, a fact that has been so far im-
plemented in the international recommendations. 
The method of choice for the purpose of visual-
ization of the damaged axons is the immunohis-
tochemistry using the antibodies against β-APP.
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