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Learning objectives

• Distinguish diffuse axonal injury from concussion and contusion.

• Relate angular acceleration to altered axoplasmic transport.

• Recognize regional distribution, microscopic findings, and evolution.

• Interpret coma after trauma without requiring a cortical contusion.



CNS trauma produces several injury patterns

Pattern Dominant concept

Concussion Transient neurological dysfunction after head injury

Contusion / laceration Directly damaged brain parenchyma

Diffuse axonal injury Widespread injury involving axons

The mechanism of injury and the resulting lesion are not interchangeable.



DAI is a parenchymal injury, not a hematoma

Diffuse axonal injury

Damage centered on axons; 
Distributed microscopic lesions.

Traumatic hemorrhage

Blood accumulates after vascular wall 
injury; Compartment depends on 

vessel location.

The same traumatic episode may generate more than one pathologic process.



The characteristic target is the axon

Mechanical force Axonal damage
Altered axoplasmic 

flow
Axonal swelling

Primary mechanical damage triggers transport disruption; Swelling is a morphologic consequence.



Mechanical injury may affect deep CNS tissue

• Trauma need not produce only a cortical 
surface bruise.

• Deep white matter and selected brainstem 
structures can be involved.

• Widespread axonal injury explains why gross 
inspection may be incomplete.

Cortex / surface

Deep white matter



Angular acceleration is an important force pattern

Marked change in 
angular acceleration

Axons subjected to 
mechanical forces

Axoplasmic transport is 
altered

Angular acceleration changes can injure deep CNS axons 
without physical skull impact.

The text specifically identifies angular acceleration; No impact to the skull is required.



Contact with the skull is not necessary

Impact-associated trauma

A physical impact can transmit kinetic 
energy to brain tissue.

Noncontact acceleration

Substantial angular acceleration can 
still injure axons.

Absence of direct cranial contact cannot rule out traumatic axonal injury.



Blast injury illustrates nonimpact acceleration

Blast-related force
Abrupt angular 

acceleration
Direct axonal injury

Blast injury as an example of angular acceleration without skull impact.



The first lesion is mechanical

• The initiating event acts directly on axons.

• Impaired intracellular transport develops after 
the insult.

• The microscopically visible swelling is 
downstream of force exposure.

Mechanical force

Axonal transport



Axoplasmic flow provides the mechanistic link

Normal transport — schematic

Directional movement of axonally transported material

Schematic — native shapes; Not a histologic specimen



Injured axons show disrupted transport

Disrupted transport — schematic

Axoplasmic cargo accumulates near a 
swelling

Schematic — native shapes; Not a histologic specimen



Axonal swelling is the central morphologic clue

Axonal caliber — schematic

Uninjured axon

Swollen injured axon

Schematic — native shapes; Not a histologic specimen



Transport disturbance links injury to histology

Mechanistic event

Impaired movement of substances 
normally transported along the axon.

Observed feature

Swollen axonal segments detected 
with appropriate histologic methods.

A stain can reveal the transport consequence, not directly photograph the mechanical force.



Mechanical damage precedes its visible markers

Impact / acceleration Mechanical injury

Within hours Axonal swellings become evident

Later Microglial increase, then tract degeneration

Robbins provides a qualitative sequence, not a complete time-to-positivity schedule.



Diffuse does not mean every axon is injured

• The microscopic pattern is widespread.

• The distribution is often asymmetric.

• Lesions remain identifiable as injured axonal 
profiles rather than uniform tissue destruction.

Widespread

Not necessarily bilateral



Spatial distribution includes several deep sites

Deep white matter Cerebral peduncles

Superior colliculi Deep reticular formation

Simplified site inventory; Not an anatomical illustration



Deep white matter can be injured

• CNS trauma can involve deep white-matter 
regions.

• Axonal bundles are present in white matter and 
can manifest widespread swelling.

• Surface contusions do not exhaust the tissue 
territory of DAI.

Cortical injury

Deep axonal pathways



The deep reticular formation is relevant to coma

Pathologic observation

Deep reticular formation in the 
brainstem may be damaged.

Clinicopathologic interpretation

Involvement of systems relevant to 
arousal is consistent with severe 

impairment of consciousness.

This is an anatomic interpretation; The textbook does not make an isolated regional lesion a diagnostic criterion.



Axonal damage and focal bleeding can coexist

Axonal abnormality

Axonal swelling as a microscopic 
lesion.

Vascular component

Focal hemorrhagic lesions may occur 
alongside axonal injury.

Hemorrhagic foci are reported, but the defining morphologic description emphasizes axonal swelling.



A visible contusion is not obligatory

• Coma associated with DAI even when 
contusions are absent.

• Lack of a cortical bruise should not be treated 
as absence of brain injury.

• Clinical and tissue findings must be integrated 
rather than substituted for one another.

Severe dysfunction

No required contusion



Severe early coma is a classic clinical association

Head trauma
Rapid development of 

coma
Consider distributed 

axonal injury

This is a diagnostic-reasoning association, not an assertion that DAI is the sole explanation for coma.



The approximately 50% figure has a denominator

Population

Individuals who develop coma shortly 
after trauma.

Statement

As many as 50% are believed to have 
DAI, even without cerebral 

contusions.

This is not the prevalence of DAI among all head injuries.



Coma alone does not demonstrate DAI

• The association with coma is not a standalone 
morphologic diagnosis.

• A post-traumatic coma requires consideration 
of multiple injury patterns.

• The DAI argument becomes stronger when 
injury mechanism and distribution are 
coherent.

Clinical observation

Pathologic confirmation



Microscopic DAI is an axonal swelling pattern

Schematic of abnormal axonal profiles

Multiple swelling sites; Simplified structural depiction — not a photomicrograph



Swelling becomes visible within hours

Mechanical insult Axons directly injured

Hours after injury Widespread axonal swellings

Potentially prolonged Some swellings remain detectable

Robbins says “within hours” and “may persist for much longer”; No narrower interval is given.



Late changes differ from the acute axonal lesion

Early Axonal swelling

Later More microglia in affected cortex

Subsequently Degeneration of involved fiber tracts

Qualitative order is source-derived; No fixed calendar duration is implied.



Silver impregnation highlights injured axons

Technique

Silver impregnation histochemistry.

Purpose

Demonstrates swollen axonal profiles 
more clearly than unassisted gross 

examination.

One of the approaches explicitly identified.



β-amyloid precursor protein supports visualization

Axonally transported β-
APP

Transport altered after 
injury

Immunoperoxidase signal 
in abnormal axons

Amyloid β precursor protein as an axonally transported immunohistochemical target.



α-Synuclein is another listed target

Source description

α-synuclein among proteins 
detectable with immunoperoxidase 

techniques.

Interpretation

This is a histologic demonstration 
method, not evidence for a separate 

synucleinopathy.

Terminology restored from OCR “a-synuclein”; Do not confuse marker detection with disease classification.



The key stain comparison is methodological

Method What it demonstrates

Silver impregnation Abnormal axonal profiles / swelling

β-APP immunoperoxidase Axonally transported protein in affected fibers

α-Synuclein immunoperoxidase Another axonally transported protein identified by Robbins

These techniques demonstrate morphology or transported-protein accumulation; None is a force detector.



A positive axonal stain needs anatomic context

• Identify axonal profiles, not merely brown 
chromogen in tissue.

• Ask whether affected profiles show swelling 
and a distributed pattern.

• Correlate the microscopic appearance with the 
injury history and other lesions.

Positive stain

Context + pattern



Morphology and mechanism answer different questions

Observation Interpretation

Axonal swelling Axonal structural / transport injury

APP immunoreactivity Altered localization of an axonally transported protein

Microglial increase A later tissue response

Fiber-tract degeneration Downstream damage of involved pathways

Each finding occupies a different position in the pathologic sequence.



Microglial numbers rise after the initial injury

Timing

A later change following axonal 
swelling.

Location noted

Damaged areas of the cerebral 
cortex.

Microglial increase is a secondary cellular response; It is not the initiating mechanical event.



Fiber-tract degeneration is a downstream outcome

Direct axonal injury Persistent abnormalities
Degeneration of involved 

fiber tracts

The source describes tract degeneration after the earlier axonal / microglial changes.



Contusions are localized surface parenchymal lesions

Contusion morphology

Surface-oriented, wedge-shaped 
injury with edema and hemorrhage.

DAI morphology

Widespread axonal swellings with 
deep-region involvement.

Contusion material comes from the immediately preceding Robbins section.



Coup and contrecoup describe surface-impact location

Point of contact (coup) Motion of brain in skull
Opposite surface 

(contrecoup)

These terms categorize contusions, not the definition of DAI.



Contusion-related axonal swelling is not the whole DAI pattern

Context in preceding section

Traumatic contusions may include 
swelling of axons in the damaged 

tissue.

DAI-specific criterion

Widespread, often asymmetric axonal 
swellings with characteristic deep 

involvement.

The two-column conversion mixes the end of the contusion section into the DAI topic; It is deliberately separated 
here.



Concussion is a clinical syndrome

Concussion

Transient neurologic dysfunction after 
injury, often with amnesia.

DAI

A structural pathologic injury 
characterized by injured axons.

Concussion and DAI should not be used as interchangeable labels.



The trauma patterns can be contrasted directly

Feature Concussion Contusion DAI

Primary descriptor Clinical syndrome Focal parenchymal lesion Distributed axonal injury

Typical focus Transient dysfunction Surface / gyral damage Deep regions and axons

Source hallmark Amnesia may persist Edema, hemorrhage Axonal swellings

Summary limited to concepts described by the Robbins trauma sections.



Traumatic vascular injury is a separate mechanism

Vessel-wall disruption
Hemorrhage by 
compartment

Possible compression / 
tissue damage

The compartment of bleeding depends on the injured vessel; Do not rename hemorrhage DAI.



Epidural hematoma differs from axonal injury

Epidural hematoma

Often associated with injury to a 
dural artery, particularly the middle 

meningeal artery.

DAI

Mechanical injury centered on axons; 
May be microscopic and distributed.

Epidural bleeding can be an emergency due to mass effect; Its pathogenesis is distinct.



Subdural hematoma differs from axonal injury

Subdural hematoma

Tearing of bridging veins after 
traumatic displacement of the brain.

DAI

Direct axonal damage with altered 
axoplasmic flow.

Different vulnerable structures can be injured during head trauma.



Hemorrhage compartment does not classify DAI

Traumatic process Dominant injured structure

Epidural hemorrhage Dural arterial supply

Subdural hemorrhage Bridging veins

Contusion Surface parenchyma with damaged vessels

Diffuse axonal injury Distributed axons

A mechanistic taxonomy avoids conflating brain trauma with a single lesion type.



A diagnostic reasoning pathway begins with the mechanism

Head trauma with 
substantial acceleration

Clinical severity / coma?
Examine distribution and 

axonal pathology

Conceptual teaching workflow only; Robbins does not provide a formal clinical diagnostic algorithm.



Case: Coma after trauma without a contusion

Choose the best inference before advancing.

• An individual becomes comatose shortly after a traumatic event.

• No cerebral contusion is identified on the information provided.

• Does this exclude diffuse axonal injury?



Case interpretation: No contusion does not exclude DAI

Interpretation

• No. Robbins explicitly links DAI to post-traumatic coma even without contusions.

• The history and lesion distribution must still be evaluated.

• The case does not prove DAI on clinical grounds alone.



Case: Acceleration without skull impact

Focus on the causative force.

• A blast-related event causes marked changes in angular acceleration.

• No direct impact to the skull is documented.

• Which injury mechanism remains plausible?



Case interpretation: Angular acceleration matters

Interpretation

• Direct axonal injury can result from significant angular acceleration.

• Blast injury as an example.

• Lack of a skull impact is not a mechanistic exclusion criterion.



Case: Widespread asymmetric axonal swellings

Integrate the distribution and lesion type.

• Histologic sections show widespread, asymmetric swollen axonal profiles.

• Some deep structures also contain small hemorrhagic foci.

• Which pathologic pattern is best supported?



Case interpretation: Pattern supports DAI

Interpretation

• Widespread, often asymmetric axonal swellings characterize DAI.

• Focal hemorrhagic lesions are compatible with this diagnosis.

• One focal hemorrhagic lesion alone would not establish the diffuse pattern.



Case: APP staining in injured axons

Distinguish microscopic observation from physical cause.

• Axonal profiles are evaluated with β-APP immunoperoxidase staining.

• Swollen profiles are present in multiple sampled regions.

• What does the stain most directly demonstrate?



Case interpretation: Transport-associated marker

Interpretation

• β-APP is a protein transported along axons.

• Its immunohistochemical localization helps demonstrate injured axonal profiles.

• The marker is evidence of the axonal response—not a photograph of the traumatic 
force.



Three core distinctions for revision

Misconception Correct interpretation

Diffuse = symmetric Distribution is widespread, often asymmetric

Coma requires a contusion DAI may occur without contusions

DAI equals an intracranial hematoma Axonal injury and vascular hemorrhage are distinct processes

Each correction follows the original textbook’s definitions and morphology.



DAI: The clinicopathologic synthesis

Angular 
acceleration / 

mechanical force

Axoplasmic flow 
disturbance

Widespread 
axonal swellings

Possible early 
coma and later 
tract changes

A mechanistic and temporal summary of the Robbins account, not a predictive scoring algorithm.



References and source boundaries

Core textbook and editorial scope

• Robbins, Cotran & Kumar: Pathologic Basis of Disease. 11th ed. 2026. Chapter 28, pp. 1143–
1146.

• Primary DAI heading: p. 1145. Adjacent contextual sections: Trauma, Contusions and 
Lacerations, Traumatic Vascular Injury.

• All mechanism illustrations and lesion maps are original editable schematics. No authentic 
photomicrographs were included.
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