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ABSTRACT: Traumatic brain injury (TBI) was first proposed as a potential risk factor for developing a glioma in the 1800s, and conditions for
establishing a causal relationship between brain injury and gliomas have since been proposed. Given the medical and legal ramifications, the
current literature was reviewed to better understand this possible association. Articles that examined the relationship between TBI and glioma
formation in adults and were published in English between 1978 and 2022 were reviewed. There were 19 case reports of 25 patients and 16
observational studies. The case reports describe glioma formation at the precise site of prior brain injury in continuity with traumatic scar; the
observational studies report conflicting findings, but they largely demonstrate no association. Most of the observational studies are limited by
their retrospective nature, but we identified one prospective cohort study which found a positive association. Altogether, we suggest that
glioma formation after TBI is a rare occurrence that warrants further study.

RÉSUMÉ : Gliomes de nature post-traumatique chez l’adulte : une revue des rapports de cas et des études portant sur le sujet. C’est dans les
années 1800 qu’on a suggéré pour la première fois que les lésions cérébrales traumatiques pouvaient être un facteur de risque potentiel dans le
développement d’un gliome. Depuis cette époque, on a tenté de déterminer les conditions permettant l’établissement d’une relation causale entre
ces mêmes lésions et les gliomes. Compte tenu des implicationsmédicales et juridiques en jeu, nous avons examiné la littérature médicale actuelle
afin de mieux comprendre cette possible association. Nous nous sommes ainsi penchés sur des articles portant sur la relation entre les lésions
cérébrales traumatiques et la formation de gliomes chez les adultes, articles qui ont été publiés en anglais entre 1978 et 2022. Au total, 19 rapports
de cas portant sur 25 patients et 16 études d’observation ont été recensés. Les rapports de cas décrivaient la formation de gliomes exactement là où
une lésion cérébrale antérieure s’était produite dans la continuité de la cicatrice traumatique. Les études d’observation, quant à elles, ont fait état de
résultats contradictoires mais ont largement démontré l’absence d’association. Ajoutons que la plupart des études d’observation sont limitées par
leur nature rétrospective ; cela dit, nous avons pu identifier une étude de cohorte prospective ayant établi une association positive. Dans l’en-
semble, nous suggérons donc que la formation de gliomes à la suite d’une lésion cérébrale traumatique est un phénomène rare qui mérite une
étude plus approfondie.
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Introduction

Brain tumors represent a diverse group of neoplasms. They can be
primary, originating from various cells within the central nervous sys-
tem (CNS), or secondary, havingmetastasized from a systemicmalig-
nancy outside of the CNS. Furthermore, they can be either benign or
malignant. Themost commonprimarymalignant brain tumor is glio-
blastoma (GBM). GBM is an aggressive grade IV glioma in the tumor
family that originates from astrocytes, a type of glial cell. Glioma types
include astrocytomas and oligodendrogliomas. There are risk factors
that have been conclusively shown to affect risk of gliomas, such as
ionizing radiation and genetic syndromes,1 and there are a number
of potential causative factors that require further investigation, with
traumatic brain injury (TBI) being one such factor.

TBI was first proposed as a potential risk factor for the develop-
ment of glioma by Virchow in 1864.2 Since then, the notion that
TBI predisposes an individual to developing an intracranial tumor,
both benign and malignant, has been a topic of debate and contro-
versy for many years. Opinions were based largely on case reports,
until Parker and Kernohan “reopened the discussion”with the first
case–control study of 431 glioma cases in 1931.3 Following this,
numerous case reports and observational studies have been pub-
lished, but the opinions regarding the idea of TBI increasing risk
of gliomas remain quite polarized. Because there are significant
pathogenic and medicolegal implications of asserting whether a
glioma developed secondary to trauma, it became necessary to
delineate criteria as to what constituted a causal relationship
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between TBI and subsequent development of brain tumor. In 1974,
Zulch reviewed the literature and put forth the following condi-
tions for a causal relationship4:

1. The patient must have been in good health before suffering the
head injury.

2. The blowmust be severe enough to cause brain contusion and a
secondary reparative process.

3. The location of the impact and the tumor should correspond
exactly one to the other.

4. There should be a time interval between trauma and the appear-
ance of the tumor of at least 1 year, a longer latent period
increasing the likelihood of a causal relationship.

5. The presence of the tumor must be proved histologically.
6. Trauma should consist of an external force.

Manuelidis then delineated three additional criteria for a causal
relationship in 19785:

1. The traumatized brain must also be proved histologically.
2. Bleeding, scars, and edema secondary to the presence of the

tumor must be clearly differentiated from that caused by
trauma.

3. Tumor tissue should be in direct continuity with the traumatic
scar, not merely in its vicinity or separated by a narrow zone of
healthy or slightly altered brain tissue.

With defined criteria, authors were held to these standards
when publishing case reports. As the seventh criteria suggests,
the only way to reliably distinguish post-traumatic glioma from
previously normal brain parenchyma is to have histologic confir-
mation of the absence of tumor at the time of TBI. Traumatized
brain is not routinely sent for histological examination, so this cri-
terion is not feasible to adhere to.With the advent of contrasted CT
and MRI neuroimaging techniques, Moorthy et al. suggested the
addition of radiologic criteria.6 The authors recommended that
neuroimaging should be used in the following three instances:
(1) at the time of injury to demonstrate significant TBI, (2) shortly
after resolution of TBI to demonstrate no evidence of intracranial
mass, and (3) at the time of brain tumor diagnosis to demonstrate
tumor development at the exact site of prior TBI.

The existing literature primarily consists of anecdotal case
reports, as well as several case–control studies and a few cohort
studies. While many of these studies have reviewed aspects of
the pertinent literature, there has not been a comprehensive review
encompassing all of both case reports and observational studies.
This review includes the literature published from 1978 to present,
as 1978 was the year thatManuelidis finalized the criteria necessary
to demonstrate a causal relationship between TBI and glioma.

Materials and Methods

In order to obtain a comprehensive pool of studies that investigated
and reported the potential association between TBI and sub-
sequent development of glioma, PubMed was systematically
searched using the following terms: concussion, head trauma, neu-
rotrauma, brain injury, TBI, post-traumatic, brain tumor, brain
malignancy, brain neoplasm, intracranial tumor, intracranial
malignancy, intracranial neoplasm, astrocytoma, oligodendro-
glioma, glioma, and GBMmultiforme. Additionally, each key word
was cross-referenced with each other. The search included studies
that (1) were published from 1978 to January 2022, (2) were

written in English, (3) were conducted in adults, and (4) reported
or investigated the potential relationship between TBI and gliomas.
Brain tumors other than gliomas, such brain metastases and men-
ingiomas, were excluded from this review.

All studies, with the exception of a fewwhich were limited to the
abstracts, were reviewed. For the case reports, variables of interest
included patient demographics (age, gender), mechanism of injury
(blunt injury by object, fall, motor vehicle accident, penetrating
injury by object), type of brain injury (contusion, skull fracture,
penetrating craniocerebral injury, intracerebral hemorrhage, sub-
arachnoid hemorrhage), surgical intervention at the time of TBI,
latency between TBI and glioma diagnosis, location of TBI/glioma,
and type of glioma. For the observational studies, variables of inter-
est included the study type, number of cases, TBI definition, tumor
type(s), and findings. There were many early studies that were pub-
lished in German, which are not reviewed here but are referenced
by Stendel et al.7 This review did not require Institutional Review
Board approval.

Results

Case Reports

We identified 19 case reports describing 25 patients whowere diag-
nosed with gliomas after TBI (Table 1).2,6–23 About 77% of the
patients were male. At the time of initial TBI, the average age of
the patients was 41 (ranging from 17 to 66). At the time of glioma
diagnosis, the average age of the patients was 55 (ranging from 29
to 68). The average latency period between TBI and glioma diag-
nosis was 15 years (ranging from 2 to 48 years). The TBIs included
contusions, skull fractures, bleeds, and penetrating craniocerebral
injuries. We also recorded the presence or absence of penetrating
craniocerebral injury and surgical intervention, as these processes
significantly disrupt the brain parenchyma. Eight patients had nei-
ther a penetrating craniocerebral injury nor surgical intervention
at the time of injury, and 15 patients had either penetrating cranio-
cerebral injury, surgical intervention at the time of injury, or both.
This was unable to be determined for two patients due to review
restricted to abstract only or because it was not reported. The loca-
tion of the initial TBI and subsequent glioma formation occurred
in both hemispheres (64% in left hemisphere) and in all cerebral
lobes (most commonly in frontal lobes, 50%). Most of the patients,
66%, were diagnosed histologically with GBMs. Most of the others
were diagnosed with anaplastic astrocytomas, and three patients
had low-grade gliomas (two grade II oligodendrogliomas and 1
grade II astrocytoma that subsequently transformed into a grade
III anaplastic astrocytoma on repeat biopsy).

Observational Studies

We identified 16 observational studies that sought to investigate
the relationship between TBI and malignant brain tumors: 11
case–control studies and 5 cohort studies (Table 2). Many of these
studies examined numerous risk factors and the development of
various types of malignant brain tumors, but our discussion
focused on the findings relating specifically to TBI and gliomas.

There were 13 observational studies that found no association
between TBI and glioma formation, with 9 being case–control
studies and 4 cohort studies. Of the case–control studies, only
one focused solely on the risk of having had a head injury prior
to diagnosis with glioma. Wrensch et al. surveyed 476 adults with
newly diagnosed gliomas about their history of head injury.24

Compared to controls, the odds ratio (OR) for having had a head
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Table 1: Case reports

Study Age Gender Mechanism Brain injury
Penetrating
injury

Surgical
intervention

Latency
(years) Location Tumor

Mrowka
et al., 19788

– – Penetrating
injury by
object

Penetrating
craniocerebral injury

Yes – 30 Left parietal lobe Grade IV GBM

Troost
et al., 19849

– – Penetrating
injury by
object

Penetrating
craniocerebral injury

Yes – 40 – Grade III anaplastic
astrocytoma

Perez-Diaz
et al., 19852

58 Male MVA Contusion No No 28 Right frontal lobe Grade II
oligodendroglioma

61 Male Blunt injury
by object

Contusion No No 7 Left frontal lobe Grade II
oligodendroglioma

Di Trapani
et al., 199610

47 Male Blunt injury
by object

Contusion No No 9 Left
temporoparietooccipital
lobe

Mixed grade II and III
glioma (oligo and
astro)

Stendel
et al., 19977

67 Male Penetrating
injury by
object

Penetrating
craniocerebral injury

Yes Yes 48 Right frontal lobe Grade IV GBM

Sabel et al.,
199911

55 Male Penetrating
injury by
object

Penetrating
craniocerebral injury

Yes No 37 Left frontal lobe Grade IV GBM

Henry et al.,
200012

57 Male MVA Contusion,
subarachnoid
hemorrhage

No Yes 2 Left temporal lobe Grade IV GBM

Henderson
et al.,
200013

– – – Intracerebral
hemorrhage

– Yes 19 Left frontal lobe Grade III anaplastic
astrocytoma

Magnavita
et al., 200314

40 Male MVA Contusion No No 4 Right temporoparietal
lobe

Grade IV GBM

Moorthy
et al., 20046

58 Male MVA Contusions
(bilateral)

No No 5 Left frontal lobe Grade IV GBM

Salvati
et al., 200415

54 Female MVA Intracerebral
hemorrhage

No Not
reported

7 left temporal lobe Grade IV GBM

68 Female Fall Skull fracture,
contusion

Yes Not
reported

5 Left parietal lobe Grade III anaplastic
astrocytoma

61 Female MVA Intracerebral
hemorrhage

No Yes 7 Left frontal lobe Grade III anaplastic
astrocytoma

67 Male MVA Subdural
hemorrhage

No Yes 4 Left frontal lobe Grade IV GBM

Anselmi
et al.,
200516

40 Male MVA Intracerebral
hemorrhage

– – 20 Right parietal lobe Grade IV GBM

60 Male MVA Contusion – – 15 – Grade IV GBM

Zhou et al.,
201017

45 Male MVA Intracerebral
hemorrhage

No No 10 Right temporal lobe Grade IV GBM

Coskun
et al., 201118

65 Male Blunt injury
by object

Skull fracture,
cerebral laceration

Yes Yes 35 Left
frontotemporoparietal
lobe

Grade IV GBM

Han et al.,
201319

29 Female MVA Skull fracture,
intracerebral
hemorrhage

Yes Yes 9 Right frontal lobe Grade IV GBM

Spallone
et al., 201320

37 Male Not reported Intracerebral
hemorrhage

No Not
reported

20 Left posterior
paraventricular region

Grade II–grade III
anaplastic astrocytoma

Tyagi et al.,
201621

65 Male Fall Contusion No No 11 Left frontal lobe Grade IV GBM

54 Male MVA Contusion No Yes 7 Right frontal lobe Grade IV GBM

Siminska
et al., 201822

68 Female Fall Contusion,
unspecified bleed

No No 2 Right parietal lobe Grade IV GBM

Juskys
et al., 202023

47 Male Fall Intracerebral
hemorrhage

No Yes 4 Left
frontotemporoparietal
mass

Grade IV GBM

The bold font specifies studies that were not available for full review; “–” indicates that the information is not available from the abstracts.
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Table 2: Observational studies

Study

Years of
data col-
lection Study type

Age
group

Number of
cases (number
of gliomas) TBI definition Tumor types Results

Annegers
et al., 197933

1935–1974 Cohort
(retrospective)

Adult 2953 [1] Head injury with brain involvement
manifested by loss of
consciousness, amnesia, or skull
fracture

Astrocytomas, meningiomas Negative

Hochberg
et al., 198437

1977–1981 Case–control Adult [160] Well-described concussion or brief
loss of consciousness without any of
the listed complications, as well as
other inadequately described head
trauma (mild), those resulting in a
skull fracture or concussion and
followed by a complication such as
coma, intracranial hemorrhage,
epilepsy, shock, or a long-lasting
impairment of memory, hearing, or
vision (severe)

Astrocytomas, GBMs Positive

Burch et al.,
198727

1979–1982 Case–control Adult [215] Accidents and injuries with head
involvement þ/− medical attention

Astrocytomas, anaplastic
astrocytomas, gemistocytic
astrocytomas, pilocytic
astrocytomas, GBMs, giant cell
GBMs, malignant gliomas, mixed
gliomas, oligodendrogliomas,
microgliomas, unspecified

Negative

Carpenter
et al., 198728

1943–1979 Case–control Adult [82] Head injury Astrocytomas, GBMs Negative

Preston-Martin
et al., 198930

1980–1984 Case–control Adult 272 [202] All head injuries occurring before
reference year (2 years before the
year of diagnosis of the case) that
led to loss of consciousness,
dizziness, or a medical consultation

Gliomas, meningiomas Negative

Ryan et al.,
199231

1987–1990 Case–control Adult 170 [110] Head injury Gliomas, meningiomas Negative

Schlehofer
et al., 199232

1987–1988 Case–control Adult 226 [–] Head injury Primary brain tumors Negative

Zampieri et al.,
199429

1986–1988 Case–control Adult [195] Head trauma that had caused only
a brief change in consciousness
(mild), head trauma that led to a
loss of consciousness for more than
1 hour, neurological deficits,
epilepsy, cranial fracture or any
neurosurgical procedure (severe)

Medulloblastomas, ependymomas,
oligodendrogliomas, low-grade
astrocytomas, anaplastic
astrocytomas, GBMs,

Negative

Inskip et al.,
199834

1977–1993 Cohort
(retrospective)

Adult 228,055 [113] Concussion, contusion, cerebral
laceration, skull fracture

Gliomas, meningiomas, embryonal
tumors, neurilemmomas, vascular
tumors, other

Negative

Hu et al.,
199838

1989–1995 Case–control Adult [218] Trauma to the head requiring
medical attention

High-grade gliomas Positive

Preston-Martin
et al., 199825

1984–1992 Case–control Adult 1509 [1178] Head injury (mild), medically treated
head injuries causing loss of
consciousness, loss of memory, or
requiring hospitalization that
occurred 5 years before diagnosis
(severe)

Gliomas, meningiomas Negative

Wrensch
et al., 200024

1991–1994 Case–control Adult [476] Head injury Gliomas Negative

Nygren et al.,
200135

1965–1994 Cohort
(retrospective)

Adult 311,006 [not
reported]

Skull trauma Primary brain tumors (astrocytomas,
GBMs, ependymomas,
ependymoblastomas, juvenile
astrocytomas, oligodendrogliomas,
neuroblastomas,
neurofibrosarcomas, malignant
meningiomas, medulloblastomas,
acoustic neuromas, neurinomas,
spongioblastomas, malignant
schwannomas), meningiomas, other

Negative

(Continued)

368 The Canadian Journal of Neurological Sciences

https://doi.org/10.1017/cjn.2022.31 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2022.31


injury in glioma cases was 1.3 (CI 1.0–1.7), and the OR for having
had a head injury which required medical attention was 1.1 (CI
0.8–1.4). Thus, head injury with or without medical attention
was not an important contributor to the risk of glioma formation.
Two other studies investigated head injuries as a risk factor, but
they included meningiomas in addition to gliomas. Preston-
Martin et al. investigated whether there was increased risk of tumor
formation after head injuries, including sports-related head inju-
ries, in 1509 adults.25 Specific to gliomas in men, they found that
the risk for ever having experienced any head injury was 1.2 (CI
0.9–1.5) and severe head injury was 1.1 (CI 0.7–1.6). This is one
of two studies that investigated sports-related head injuries, and
interestingly, there was a trend toward an inverse association
between sports participation 5 or more years before diagnosis
and risk of glioma formation. The other study was conducted by
Monteiro et al. of 231 adults.26 For the glioma cases, they found
the risk of having experienced head injury that occurred at least
a year prior to brain tumor diagnosis was positive but not sta-
tistically significant (OR 1.30, CI 0.71–2.35).

Three case–control studies examined the association of a
myriad of risk factors, including brain injury and glioma forma-
tion. Burch et al. investigated 215 adults diagnosed with various
types of gliomas.27 More cases than controls reported accidents
or injuries with head involvement (relative risk 2.51,
p< 0.0001), but there was not a significant difference when expo-
sure was limited to those that required medical attention (RR 1.20,
p= 0.65). The authors suggested that this discrepancy was likely
due to recall bias, given that the significance disappeared when
restricted to injuries requiring medical attention, which are
thought to be less prone to recall bias. Carpenter et al. also focused
primarily on gliomas, including astrocytomas and GBMs, and their
association with prior head injury.28 They identified 82 patients but
did not find an association between reported prior head injury and
brain tumor (OR 0.9, CI 0.2–4.2); for gliomas specifically, the OR
was 1.4 (CI 0.3–7.2). A study by Zampieri et al. included 195
patients diagnosed with various types of gliomas and asked about
their history of mild or severe head trauma, but there was not a
significant association (OR, CI 0.3–1.4).29

Three case–control studies investigated head injury among a
number of other risk factors in patients with primary brain tumors
not limited to gliomas. Preston-Martin et al. interviewed 272 men
with a glioma or meningioma about history of head injury occur-
ring 2 years prior to their tumor diagnosis that led to loss of

consciousness, dizziness, or a medical consultation.30 While they
found a significant association for meningiomas, this risk was
not significant for glioma development no matter the latency
period or number of injuries (OR 0.8, CI 0.5–1.3). Ryan et al. also
investigated adults with a diagnosis of glioma or meningioma and
inquired about their history of head injury.31 The risk for having
had a prior head injury in those with gliomas was not significant at
1.07 (CI 0.45–2.56). Lastly, Schlehofer et al. conducted a popula-
tion-based study in Germany to investigate several risk factors
for the development of primary brain tumors and found no signifi-
cant association with head injury.32

In addition to the negative case–control studies above, there are
four cohort studies that did not find an association between TBI
and glioma. Annegers et al. performed one of the earliest observa-
tional studies, a retrospective cohort analysis of 2953 adult patients
in Minnesota who suffered and survived a “head injury with brain
involvement manifested by loss of consciousness, amnesia, or skull
fracture.”33 The patients were subsequently followed for a total of
29,859 person-years. They identified four patients who developed
brain tumors, three of which were meningiomas and one of which
was an astrocytoma. The one astrocytoma did not differ signifi-
cantly from the expected number of astrocytomas, based on
age-specific incidence rates for brain tumors in the local popula-
tion per one of their earlier studies. Inskip et al. conducted another
retrospective cohort study of 228,055 Danish adults who were hos-
pitalized for concussion, contusion, skull fracture, or cerebral lac-
eration.34 The patients were then followed for 8 years on average
after injury and were evaluated for development of benign or
malignant intracranial tumors. Gliomas, specifically, occurred at
higher than expected rates during the first year after injury (stand-
ardized incidence ratio (SIR) 3.9, CI 2.7–5.5), but the authors sug-
gested the likelihood for head trauma to have caused these tumors
that grew rapidly enough to be diagnosed within 1 year was low.
When excluding the first year after injury in accordance with
the criteria proposed by Zulch and Manuelidis, the risk of devel-
oping a glioma was not significant (SIR 1.0, CI 0.8–1.2). Nygren
et al. sought to explore the association between various diagnoses
related to skull trauma and brain tumor development through a
retrospective cohort study of 311,006 patients contributing to
3,225,317 person-years of follow-up in Sweden.35 They identified
a total of 281 cases and found that there was no association between
TBI and overall risk of primary brain tumors (SIR 1.0, CI 0.9–1.2),
nor in subgroup analyses of tumor type, age, year of follow-up, and

Table 2: (Continued )

Study

Years of
data col-
lection Study type

Age
group

Number of
cases (number
of gliomas) TBI definition Tumor types Results

Monteiro
et al., 200626

1999–2002 Case–control Adult 231 [31] Head injury that had occurred at
least a year prior to the brain tumor
diagnosis; detailed severity markers
such as hospitalization, loss of
consciousness, and amnesia

Gliomas, meningiomas, other Negative

Chen et al.,
201239

2001–2002 Cohort
(prospective)

Adult 5007 [9] Traumatic brain injury requiring
ambulatory care of hospitalization

Malignant brain tumors (not
otherwise specified)

Positive

Munch et al.,
201536

1978–2011 Cohort
(retrospective)

Adult 48,194 [14] Structural brain injury including
traumatic brain injury, cerebral
ischemic infarction, and
spontaneous intracerebral
hemorrhage

High-grade gliomas Negative

The bold font specifies studies that were not available for full review; “–” indicates that the information is not available from the abstracts.
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severity of brain injury. Lastly, based on the hypothesis that any
condition causing astrogliosis could lead to development of an
astrocytic tumor, Munch et al. performed a retrospective cohort
study of 404,812 adults in Denmark who had experienced any
structural brain injury, including TBI (48,194), cerebral ischemic
infarction, or spontaneous intracerebral hemorrhage.36 6152
patients ultimately developed a high-grade glioma, either a grade
III anaplastic astrocytoma or GBM, 14 of which were after TBI.
There was no significant association after a structural brain injury
between 1 and 4 years post-injury (RR 1.14, CI 0.87–1.46), and sur-
prisingly, there was a significant protective effect of structural brain
injury after 5 years (RR 0.68, CI 0.49–0.90). For TBI only, the risk of
glioma development was 1.99 between 1 and 4 years (CI 1.00–3.50)
and 0.32 after 5 years or more (CI 0.10–0.75).

There were three studies that found positive associations
between TBI and glioma, two of which were case–control studies.
Hochberg et al. published a case–control study of 160 adults with
high-grade gliomas in the Boston area.37 Data were collected by
questionnaire and telephone interview, and patients were asked
about whether they had sustained either a mild or severe head
injury prior to tumor development. They found that there was
an association between formation of high-grade glioma after head
injury, but only in those who sustained a severe injury at age 15 or
older (RR 10.6, CI 2.1–53.3). Hu et al. performed a case–control
study of risk factors for 281 adults with high-grade gliomas in
China.38 They found that trauma to the head requiring medical
attention was associated with increased risk of glioma (OR 4.09,
CI 2.51–10.31).

There was one cohort study that found a positive association
between TBI and development of malignant brain tumor.
Furthermore, this is the only prospective cohort study to our
knowledge. Chen et al. conducted this prospective cohort study
of 5007 adults in Taiwan who had sustained a TBI requiring ambu-
latory care or hospitalization.39 The patients were then followed for
3 years after injury to assess the risk of developing a malignant
brain tumor. Within 3 years of surveillance, patients were more
likely to develop a malignant brain tumor than controls, with risk
being 4.67 times greater (CI 1.84–11.83). There was also an asso-
ciation between brain injury severity and malignant brain
tumor (p = 0.033).

Discussion

Since the idea was first proposed, TBI as a potential risk factor for
glioma development has been a controversial topic, particularly
when considering the medicolegal implications. In an effort to bet-
ter elucidate this relationship, we reviewed the pertinent literature
between 1978 and 2022 and identified 19 case reports (detailing 25
patient cases) and 16 observational studies (11 case–control stud-
ies, 5 cohort studies). To our knowledge, ours is the first compre-
hensive review of both case reports and observational studies.

The 19 case reports detailed a total of 25 patient cases in which a
glioma formed at the exact site of prior TBI. Demographically, this
was observed in a wide range of adult ages; of note, glioma forma-
tion after TBI has also been observed in children, but those studies
were not reviewed here.40–44 Cases were also observed in patients of
both genders. Over 75% of the patients were male, which may
represent a differential trend between genders or reflect the
increased risk of TBI in males. According to the TBI Model
System National Database Statistics from 2017, males accounted
for 73% of TBIs reported.45

Among the cases described, patients were diagnosed histologi-
cally with grade II, III, or IV gliomas, with 88% of the tumors being
high-grade tumors; there were only three cases of low-grade glio-
mas after TBI, and one of the cases was reclassified as a high-grade
glioma after a repeat biopsy, which may have reflected tumor pro-
gression or initial sampling error. Glioma formation occurred after
a variety of TBI mechanisms, including contusions, skull fractures,
hemorrhages, and penetrating craniocerebral injuries. One pro-
posed explanation is that there may be neoplastic proliferation
of “initiated” cells from disruption of the blood–brain barrier or
cerebrovascular architecture by a penetrating foreign object or sur-
gical instrumentation. Consistent with this proposed mechanism,
15 patients did have a penetrating craniocerebral injury and/or sur-
gical intervention at the time of injury, but interestingly, glioma
formation was reported in 8 patients that had not sustained either
invasive event. The latency period between TBI and glioma diag-
nosis ranged widely from 2 to 48 years. According to the proposed
guidelines for a causal relationship, there should be a time interval
of at least 1 year, but given the aggressive nature of GBMs, it is rea-
sonable that the number of cases reported in the literature may be
underestimated through timing exclusion. Gliomas form in both
hemispheres and all cerebral lobes. The most common location
is the frontal lobe, whichmay correlate with the fact that the frontal
lobe is particularly vulnerable to injury due to its large size and the
bony prominences of the front of the skull.46

Of the 16 observational studies identified, there were 11 case–
control studies and 5 cohort studies, with conflicting negative and
positive findings. There were 13 observational studies (9 case–con-
trols, 4 cohorts) that found no association between TBI and glioma
formation, while 3 observational studies (2 case–controls, 1 cohort)
found such an association. These observational studies, and in turn
our systemic review, have several limitations. First, these studies are
limited by their retrospective nature, predisposing them to recall bias
as many of these studies relied on patient recall on questionnaires;
patients with brain tumors may be more likely to recall and report
any head trauma than control patients. Furthermore, many studies
used review of records to determine details of prior brain injury,
which often did not clearly report mechanism, severity, and location
of brain injury, further predisposing these studies to misclassifica-
tion bias. This limitation of data collectionmakes it difficult to deter-
mine the extent to which the cases adhered to the Zulch and
Manuelidis criteria, such as demonstrating that the location of injury
impact and tumor corresponded. On a similar note, it is important
to recognize the advent of CT and MRI neuroimaging around the
same time that these criteria were being proposed and updated.
However, it was not until 2004 that Moorthy et al. proposed radio-
logic criteria for demonstrating the absence of glioma at the time of
injury and the development of glioma at the exact site of prior TBI.
Some of the observational studies, although published in 1978 or
later, used data that were collected in years prior and did not have
neuroimaging to establish the absence of glioma at the time of TBI.
The advancements in neuroimaging modalities over time may have
also increased the likelihood of identifying neuropathology in later
studies. Lastly, all observational studies have small sample sizes,
largely due to the rarity of gliomas.

The lone prospective study found a positive association between
TBI and glioma, a 4.67 times greater risk of developing a malignant
brain tumor within 3 years of TBI, as well as an association between
TBI severity and development of a malignant brain tumor.39

Despite the larger number of observational studies that found
no association, this prospective cohort study had the highest level
of evidence. Methodologically, they utilized a nation-wide registry,
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allowing for a large, population-based study (>98% of the
Taiwanese population) and longitudinal follow-up. Furthermore,
their registry requires biopsy and histological verification in order
to make a definite diagnosis of brain malignancy. However, several
limitations of this should be noted. First, this study was a popula-
tion-based study in Taiwan, which may not allow the results to be
generalizable. Second, there was no active surveillance during the
follow-up period for the TBI and control groups; thus, there is the
possibility of ascertainment bias, such that patients with persistent
TBI-related symptomsmay have receivedmore neuroimaging dur-
ing the follow-up period and thus were more likely to have brain
malignancy detected. Third, the study used an arbitrary 3-year fol-
low-up period; it is possible that their findings are underestimated
given that malignant brain tumors may have a longer latency.
Lastly, the authors report the diagnoses of “malignant brain
tumor” but do not further specify histopathological or molecular
classification which would be helpful to note.

Given these inconsistent findings and study limitations, addi-
tional research is required to better elucidate the relationship
between TBI and development of glioma. The ideal study design
would be a large, prospective cohort study in which TBI patients
would be identified and followed for subsequent development of
glioma. This would allow for accurate and precise documentation
of the brain injury, and the observed incidence would be compared
to the incidence of glioma in the general non-TBI population.
Another approach would be to focus research efforts on identifying
the possiblemechanism bywhich glioma formation from prior TBI
occurs. Thus far, there have been several proposed mechanisms for
oncogenic transformation. One possible mechanism suggests that
the inflammatory response following structural TBI may predis-
pose to tumor formation by cellular proliferation beyond normal
repair; chronic inflammation is a predisposing factor in other solid
tumors such as GI malignancies.21 Another proposal is Knudson’s
two-hit hypothesis, having inherited a loss of one copy of a tumor
suppressor gene with TBI leading to the second “hit”.11

Another interesting consideration is the possible interpretation
of these studies in the context of sports-related TBI, particularly as
this has become an increasingly popular topic in the medical com-
munity and popular culture. Every published case report described
a moderate to severe injury prior to glioma formation, in which
there was evidence of skull fracture, contusion, hemorrhage,
and/or penetrating injury. These severe injuries are rare occur-
rences in sports-related TBI, which is typically considered a
“milder” form of TBI (i.e., concussion). Sports-related head inju-
ries were investigated in two of the observational studies, both of
which found no association.25,34 While there are no case reports or
observational studies to suggest a link between sports-related TBI
and glioma formation, it is worth noting that repetitive “mild”
sports-related TBI has been linked to a different neurologic process
called chronic traumatic encephalopathy (CTE) that presents with
neuropsychological symptoms. CTE is a progressive neurodegen-
erative disorder that is characterized by perivascular deposits of
tau, proposed to occur in the setting of acceleration-deceleration
mechanism leading to axonal injury, breakdown of the blood–
brain barrier, neuroinflammation, and ultimately hyperphosphor-
ylation of tau.47

Conclusions

Dr Harvey Cushing once commented, after struggling with a post-
traumatic meningioma in General Leonard Wood, that brain
tumors after head trauma occurred “too often to be ignored.”48

While these sentiments were in regard to a nonmalignant brain
tumor, review of the literature of post-traumatic glioma reveals
numerous case reports of the development of glioma at the precise
site of prior severe TBI in continuity with traumatic scar. Although
there are conflicting positive and negative findings in regard to his
association in the observational studies, these studies have signifi-
cant limitations from which definitive conclusions cannot be
made. Overall, we suggest that glioma formation after TBI is a rare
occurrence, but is certainly possible. This is an important associ-
ation to better elucidate as it relates to patient care and legal ram-
ifications. Future directions could include investigating which
patients may be at highest risk for glioma formation after TBI.
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