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Background Current epidemiological studies have examined the associations 
between moderate and severe traumatic brain injury (TBI) and their risks of developing 
neurodegenerative diseases. Concussion, also known as mild TBI (mTBI), is however 
quite distinct from moderate or severe TBIs. Only few studies in this burgeoning area 
have examined concussion—especially repetitive episodes—and neurodegenerative 
diseases. Thus, no definite relationship has been established between them.
Objectives This review will discuss the available literatures linking concussion and 
amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease (AD).
Materials and Methods Given the complexity of this subject, a realist review meth-
odology was selected which includes clarifying the scope and developing a theoretical 
framework, developing a search strategy, selection and appraisal, data extraction, and 
synthesis. A detailed literature matrix was set out in order to get relevant and recent 
findings on this topic.
Results Presently, there is no objective clinical test for the diagnosis of concussion 
because the features are less obvious on physical examination. Absence of an objec-
tive test in diagnosing concussion sometimes leads to skepticism when confirming the 
presence or absence of concussion. Intriguingly, several possible explanations have 
been proposed in the pathological mechanisms that lead to the development of some 
neurodegenerative disorders (such as ALS and AD) and concussion but the two major 
events are deposition of tau proteins (abnormal microtubule proteins) and neuroin-
flammation, which ranges from glutamate excitotoxicity pathways and inflammatory 
pathways (which leads to a rise in the metabolic demands of microglia cells and neu-
rons), to mitochondrial function via the oxidative pathways.
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Introduction
Current epidemiological studies have examined the associ-
ations between moderate and severe traumatic brain injury 
(TBI) and their risks of developing neurodegenerative dis-
eases. Concussion, also known as mild TBI (mTBI), is however 
quite distinct from moderate or severe TBIs. Only few studies 
in this burgeoning area have examined concussion—especially 
repetitive episodes—and neurodegenerative diseases. Thus, no 
definite relationship has been established between them.1-3

However, it has been posited that concussion could trigger 
or accelerate neurodegenerative diseases, distort the func-
tions of neurons, and enhance age-related neurodegenerative 
disorders.4 Repetitive subconcussive impacts from prolonged 
participation in contact sports have also been attributed to 
neurodegenerative disorders.5

Concussion, can lead to functional impairment, emo-
tional problems, and cognitive disabilities and these have 
been linked to possible risk factors of neurodegenera-
tive disorders.6,7 A worldwide estimate of 100 to 300 per 
100,000 people seek hospital consults annually as a result 
of mTBI.1 These injuries, including concussions and subcon-
cussions, could have progressive, persistent, and debilitating 
impact on the brain causing long-term atrophy of the gray 
and white matter. This can be determined with the use of 
blood biomarkers such as serum tau (a biomarker that can 
detect neuronal integrity disruptions).8 With time, these pre-
disposes to age-related neurodegeneration and increases the 
risk factor for neurodegenerative disorders.9

Diffuse axonal injury is a diffuse microscopic injury to 
the white matter tracts. It is often missed during routine 
investigation for athletes participating in contacts sports as 
it requires advanced neuroimaging techniques for its detec-
tion.5 Unlike computed tomography (CT) scan and magnetic 
resonance imaging (MRI), diffusion tensor imaging (DTI) and 
susceptibility weighted imaging are used to detect white 
matter microstructural changes and the integrity of fiber 
tract alteration which are not easily evident on CT/MRI. They 
are sensitive to microstructural injuries to axons. However, 
studies have shown that only a minority of cases of white 
matter microstructural changes can be detected using DTI. 
In such cases, high-definition fiber tracking is employed to 
detect structural damage in mTBI.9,10

Tauopathy and chronic traumatic encephalopathy (CTE) 
could also result from repetitive mTBIs.11 CTE causes atrophy 

of the thalamus, hypothalamus, temporal, and frontal lobes. 
It also causes the formation of neurofibrillary tangles (abnor-
mal deposits of hyperphosphorylated tau) and disarray of 
neurites in the brain.9 Currently, there is no clear-cut clini-
cal criteria in differentiating CTE from any other age-related 
neurodegenerative disorders and some clinically diagnosed 
cases of Alzheimer’s disease (AD), amyotrophic lateral scle-
rosis (ALS), and Parkinson’s disease secondary to TBI have 
similar neuropathology with CTE (or sometimes vice versa). 
However, the behavioral and mood symptoms in individual 
with CTE have an earlier age of onset compared to other neu-
rodegenerative disorders such as AD.1,9

This review will discuss the available literatures linking 
concussion and ALS and AD.

Concussion and Subconcussive Impacts
Concussion is the transient distortion of the function of 
the brain secondary to acceleration and deceleration forces 
which could be linear or rotational, causing the brain to elon-
gate and deform. As a result, blood vessels and individual 
cells are stretched and membrane permeability is altered. 
This alteration causes changes in ion concentrations (extra-
cellular and intracellular) and blood flow to the cerebrum. It 
also disrupts the blood–brain barrier, and the metabolism of  
glucose.9,12

A subconcussive impact is a force effect on the brain that 
does not lead to symptoms and acute morbidity (as linked 
with concussion) but is associated with cortical dysfunc-
tion that is clinically silent.12,13 The impacts are linked with 
variations in the integrity of white matter tracts on neuro-
imaging where widespread alterations in axial and radial 
diffusivity could be seen in the affected regions.13 Repetitive 
mTBI, mTBI, and repetitive subconcussive head trauma are 
common in military personnel, domestic abused victims, and 
contact sport athletes.1

Presently, there is no objective clinical test for the diag-
nosis of concussion because the features are less obvious 
on physical examination. There are, however, tools used in 
the clinical setting that can assess the impact of concussion 
(e.g., balance assessment tools, symptom scales, and comput-
erized neurocognitive tests). Absence of an objective test in 
diagnosing concussion sometimes leads to skepticism when 
confirming the presence or absence of concussion.12,14

Conclusion mTBI constitutes majority of brain injuries. However, studies have 
focused mostly on moderate-to-severe TBI as highlighted above with inconclusive and 
paucity of studies linking concussion and neurodegenerative disorders. Although, it 
is highly probable that repetitive concussion (mTBI) and subconcussive head injuries 
may be risk factors for ALS) and AD from this review. It will be imperative therefore to 
conduct more research with a focus on mTBI and its association with ALS and AD.
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Neuropathological Findings—Linking 
Concussion to Neurodegeneration
Interestingly, although there is a paucity of neuropatholog-
ical findings associated with acute mTBI, petechial hemor-
rhage and clusters of microglial cells have been seen less than 
24 hours post-mTBI following a stretch of the microvascu-
lar structures. The numerous retraction bulbs of axons and 
destruction of myelin are suggested to be a result of accel-
eration and deceleration forces. Numerous axonal retraction 
bulbs and myelin destruction were found in variable regions 
likely to have been exposed to the most acceleration and 
deceleration forces.15

Neurometabolic Cascade—Linking 
Concussion to Neurodegeneration
Biochemical injury to the brain during concussion sets a 
neurometabolic cascade where there is rapid release of 
neurotransmitters with potassium ions efflux and sodium 
ions influx leading to an increase in the concentration of 
intra-axonal calcium. This then turns on protease calpain and 
stimulates calpain-mediated breakdown of the cytoskeletal 
proteins which can result in irreversible axonal pathology. A 
rise in intra-axonal calcium also enhances the release of glu-
tamate, thereby activating N-methyl-D-aspartate receptors 
leading to depolarization of neurons. Glucose consumption 
is thus increased to restore balance of ions and this depletes 
energy stores resulting in the production of lactate acidosis, 
oxidative metabolism impairment, and cerebral edema. At 
the site of the injury, there is swelling and disconnection of 
axons which is more prominent at the white and grey matter 
interface in the deep gyri.15

Sport-related concussion, seen in athletes, is a very com-
mon form of TBI.8 It is known that concussion affects all cell 
compartments; however, axons are particularly vulnerable to 
shear injury because of their high membrane-to-cytoplasm 
ratio and their increased length.9 Neuronal apoptosis around 
perivascular regions occurs after mTBI, which signifies 

cerebral vascular injury, presenting with symptoms seen 
in ALS or AD such as headache, muscle cramps, cognitive 
impairment, limbs weakness, behavioral and sensorimotor 
deficits, sleep disturbances, and neuropsychiatric problems 
such as irritability, emotional lability, and loss of conscious-
ness if severe15,16 (►Fig. 1).

Does Concussion Increase Risk for 
Neurodegenerative Disorders such as ALS 
and AD?
Neurodegenerative disorders are multifactorial diseases that 
affect the neurons in the nervous system. They have no spe-
cific etiology, however, studies have suggested the role of TBI 
as a primary risk factor secondary to similar nature of their 
pathologies.7 Intriguingly, several possible explanations have 
been proposed in the pathological mechanisms that lead to 
the development of some neurodegenerative disorders (such 
as ALS and AD) and concussion but the two major events are 
deposition of tau proteins (abnormal microtubule proteins) 
and neuroinflammation.17

Various pathophysiologic mechanisms that could trig-
ger the molecular pathways exist resulting in neurode-
generation. These ranges from glutamate excitotoxicity 
pathways and inflammatory pathways (which leads to a 
rise in the metabolic demands of microglia cells and neu-
rons), to mitochondrial function via the oxidative pathways18  
(►Fig. 2).

mTBI could lead to myelin sheath decompaction and frag-
mentation, it could also result in demyelination thus decreas-
ing the integrity of the white matter. Although detection of 
damage to white matter remains exigent, atrophy of the 
white matter is linked to cognitive deficit indicating the pro-
gression of neurodegenerative disease.10,16 Intercellular struc-
tural changes after TBI (for example, changes in structural 
support molecules and tau protein aggregation) have been 
linked as possible pathological mechanisms in the develop-
ment of AD and ALS.12

Fig. 1 Neurometabolic cascade of concussion (Giza CC, Hovda DA. The new neurometabolic cascade of concussion. Neurosurgery 2014;75(4):S24-S33).
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Does Repetitive Concussion Increase Risk for 
Neurodegenerative Disorders such as ALS 
and AD?
Neurodegenerative changes in AD with increase tau pathol-
ogy in the brain is seen in humans following a repetitive 
impact-induced concussion.17 Repetitive mTBI is also linked 
to neurodegenerative changes not limited to behavioral, 
cognitive, and sensorimotor deficits.19 The pathophysiologi-
cal events of repetitive multiple mTBI can be unveiled with 
the use of cerebrospinal fluid and blood markers.20 A study 
reported changes in the cytoskeletal proteins of the hippo-
campus and cortex and increase in cellular markers linked in 
patients with AD following repetitive mTBI. No changes were 
seen following a single injury in similar patients. Symptoms 
of repetitive mTBI includes aggression, irritability, difficulty 
in concentrating, short-term memory loss, suicidal tenden-
cies, impulsivity, sleep problems, and chronic neurological 
diseases sequelae.21,22

Repetitive concussions are common in sports. While CTE 
has been implicated, it has also been shown to be linked 
with cases of AD, Lewy body disease, and ALS. Although a 
study examining effect of repetitive mTBI 2 years postin-
jury reported no association between repetitive mTBI and 
β-amyloid accumulation or abnormal tau proteins, other 
studies have shown the effect of repetitive mTBI on the depo-
sition and accumulation of β-amyloid and tau protein, respec-
tively.21 Athletes and some military personnel are more prone 
to the long-term deleterious effects of mTBI during recovery. 
This is secondary to repetitive trauma and increased impacts 
athletes are subjected to during physical exertion. Several 
markers of acute injury to axons following repetitive impacts 
during a boxing match was reported in a study.14,20

An increase in risk of neurodegenerative disease such 
as AD can be dependent on the interval between repetitive 
mTBIs. A single mTBI could lead to a short duration of vul-
nerability of the cerebrum with sensitization of the brain to 
a subsequent injury. This can lead to a cumulative and exten-
sive damage. Although there is a deficit in clinical data in this 
area, an animal model study showed that intervals between 

repeat mTBI have an effect in the duration of depression of 
the metabolism of cerebral glucose in young male rats. After 
a single mTBI, there is recovery in deficits of metabolism 
within 3 days. However, a sustained second-hit mTBI leads to 
an extended period of hypometabolism of the cerebrum that 
is longer, this possibly explains the heterogeneity in future 
risk for neurodegenerative disease in patients with repeat 
mTBI.23

In animal models of repeated mTBI, novel therapeutic 
interventions are easily developed following a rapid insight 
to understanding repeated concussive injury and its patho-
physiologic mechanisms. That of clinical studies in humans, 
however, suggests that repeated mTBI neuropathological 
changes evolve over a long period ranging to years, hence an 
expensive and complex research layout is required.19

Modeling repetitive mTBI-dependent tau pathology can 
be difficult. The summative effect of repetitive mTBI can be 
investigated with the use of histological techniques to detect 
subtle changes in structure such as dendrites and axonal dis-
ruption, modifications of selective proteins posttransnation-
ally, and variation in expression.19,21

Amyotrophic Lateral Sclerosis and 
Concussion
ALS, also known as Lou Gehrig’s disease, is a progressive neu-
rodegenerative disease that causes degeneration of upper 
and motor neurons, resulting to a debilitating voluntary 
muscle paralysis till progression to death at about 2 to 5 years 
of diagnosis. The World Health Organization classifies ALS as 
a major subset of motor neuron disease. It has a point preva-
lence of about 5 per 100,000 persons.7,24-26

About 10% of sporadic ALS and two-thirds of familial ALS 
have been linked to genetics while about 90% of sporadic ALS 
etiology is unknown. FUS (protein coding gene), C9ORF72, 
TDP-43 (transactive response DNA binding protein 43 kDa), 
and superoxide dismutase 1 (SOD1) gene mutation have 
been implicated in familial ALS which varies in duration of 
the disease and age of onset. C9ORF72 repeat expansions are 

Fig. 2 Possible association between the pathophysiology of acute concussion and neurodegeneration (Giza and Hovda, 2014).
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presently the major genetic cause of ALS. The accumulation 
of a protein named TDP-43 is a major feature that contributes 
to the pathology of ALS.27,28

While some reports have inferred that the pathological 
findings of ALS is an extension of CTE, other studies have 
suggested that a higher risk of ALS is associated with head 
trauma with inconclusive details.7,29 Meta-analysis stud-
ies have also linked ALS with previous head traumas which 
occurred at least 5 years before ALS diagnosis.7

Interestingly, while a study on Swedish population found 
no association between ALS and severe head injury, repet-
itive head injuries, or head injury subtypes, recent reports 
on humans have shown an unexpectedly high ALS incidence 
and mortality among professional Italian footballers. This 
was hypothesized that the increase risk of ALS is associated 
with repeated neurotrauma sustained while heading the 
ball during a match.30,31 A study on retired National Football 
League players reported a four times increase in ALS mor-
tality compared to the general population.7 Another study 
on U.S. veterans reported an increased risk of ALS in those 
who sustained injury to the head compared to the other 
veterans without head injuries. A further supporting evi-
dence between ALS and TBI reported not only a significantly 
increased risk of ALS in individuals with history of head 
injury in the previous 10 years, but also an 11-fold increase 
in risk in individuals with multiple head injuries within that 
time frame.32

In an animal model study, evidence was found linking 
mTBI in rats with increased phosphorylated and cytoplasmic 
TDP-43, atrophy of the muscle and motor cortex, degenera-
tion and disorganization of the corticospinal tract, and loss of 
spinal cord motor neurons. All which are suggestive of ALS.32

ALS and TBI have similar pathological findings. The major 
protein involved in the neuropathology of ALS, TDP-43, also 
play a role in the pathophysiology of patients with TBI. In 
addition, increased inflammation of microglial cells activity 
following head trauma (which is chronic and linked to an 
increased risk in ALS progression), is also reflective in TBI 
patients, thus suggesting a possible association between ALS 
and TBI.7

Although the findings above linked individuals exposed 
or have a history of TBI with ALS, the shortcomings of the 
available studies linking ALS and TBI is the failure to take into 
cognizant the subclassification of the TBI, that is, if the expo-
sure was to mild, moderate, or severe TBI. A study, however, 
has suggested that moderate/severe TBI have no significant 
increase in the risk of ALS compared to mTBI.26

Alzheimer’s Disease and Concussion
The long-term effect of mTBI on AD remains vague and 
sparse but studies on ex-professional footballers show an 
increase in predisposition to mTBI compared to the gen-
eral population, that is, they have a higher probability to be 
diagnosed with AD and have an earlier age onset of the dis-
ease.23 mTBI and Alzheimer’s dementia have common clini-
cal symptoms despite the fact they seem to be two disparate 

disease processes which affects younger and elderly people, 
respectively.33

Amyloid-β (Aβ) peptides play a key role in the pathophys-
iology in AD. Aβ peptide is cleaved from amyloid precursor 
protein (APP), which is a fast axonal transport marker. A 
study performed with immunohistochemistry on postmor-
tem cases with mTBI showed APP-immunoreactive multifo-
cal injury of the axons in the fornix. Fascinatingly, disruption 
of axonal transport has been implicated in Aβ formation and 
APP processing in AD. Aβ and APP have also been associated 
with clathrin-mediated endocytosis. A study has reported 
the potential mechanism of mTBI in reducing the thickness of 
the cortex implicating the genetic pathway linked to AD such 
as inflammation, cholesterol clathrin-mediated endocytosis 
signaling, and immune response.15,34,35

Aβ oligomers and hyperphosphorylation are known neu-
rodegenerative disease markers that can be promptly acti-
vated immediately post-TBI and significantly progress with 
time.16 Pathological changes within the hippocampus have 
also been implicated in AD. Experimental animal models 
have shown the sensitivity of the hippocampus to mTBI. 
APOE E4 has been shown to affect β-amyloid pathway. It 
is involved in Aβ clearance. A positive correlation has been 
shown between individuals with history of TBI and those 
tested positive for the ApoE e4 gene.7,36

The role of head injury in the etiology of mild cognitive 
impairment or AD is explicit. However, it is associated with 
irreversible cognitive deficits. Neurofilaments redistribution 
secondary to the head rotational acceleration and genetic 
vulnerability after TBI has also be linked in nonathletes. The 
extent of head injury varies directly to the magnitude of the 
risk of developing AD, hence, head injury involving loss of 
consciousness is twice the risk of developing AD compared to 
that without loss of consciousness. Interestingly, there is also 
a significant higher risk in patients with head injury in the 
absence of loss of consciousness compared to patients with 
no head injury.7

The overlapping features of the neuropathology of AD and 
mTBI infer a possible interaction of the pathological proteins 
seen in these two conditions. Neurofibrillary tangles (Aβ neu-
ritic plaques and phosphorylated tau) and widespread neu-
ronal loss are seen in AD cases. Brain injured animal model 
also showed abrupt increase in tau pathology secondary to 
controlled impact on the cortex.17 Athletes in position delin-
eated for increase in mTBI frequency were found to have a 
higher prevalence of AD and a tremendous higher risk among 
those with increased numbers of prior mTBI. Such injuries 
have also been linked with increased deposition of Aβ pro-
tein, especially at an older age when postmortem examina-
tions are done.23

Conclusion
mTBI constitutes majority of brain injuries. However, stud-
ies have focused mostly on moderate-to-severe TBI as high-
lighted above with inconclusive and paucity of studies linking 
concussion and neurodegenerative disorders. Although, it is 
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highly probable that repetitive concussion (mTBI) and sub-
concussive head injuries may be risk factors for ALS and AD 
from this review. It will be imperative therefore to conduct 
more research with a focus on mTBI and its association with 
ALS and AD.
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