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Abstract

Repeated mild traumatic brain injury (rmTBI)
causes significant harm/loss in the lives of many
sufferers and communities worldwide, yet the use of
rehabilitation intervention is rare for this group. This
analysis examines the possible benefits of using TBI
graphing as a transformative tool for implementing
rehabilitation strategies for those with suspected or
known rmTBI. As an example, TBI graphing was used
to examine the life of Charles J. Whitman (hereafter
denoted as CW). Data points were created from
public information sources and graphed in relation
to time to assist in visualizing relationships and
progressions. CW’s TBI graph demonstrated a direct
correlation between the timing of potential TBIs and
the start and progression of sequelae. Reverse
chronology (used to create the graph) also

uncovered numerous factors that could have
contributed to secondary injuries and worsening of
sequelae. With the ability to make complex TBI
relational markers visible, the use of TBI graphing
may be a useful tool in expanding/focusing the role
of  rehabilitation for
demonstrating

rmTBl  sufferers by

need, assisting in integrated

HIGHLIGHTS

o TBI graphing may make complex TBI
relational markers more visible.

o Results may provide an opportunity to
better view sequelae trends, relationships,
and progressions.

o Graphing may demonstrate rehabilitation
need and impact.
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multidisciplinary plan development, monitoring
impact, and providing a possible warning of harmful
sequelae progression and/or  degenerative
conditions to aid in intervention.

Introduction

Due to the brain’s potential regenerative and
neuroplastic properties, utilization of appropriate
rehabilitation treatments is often effective following
a TBI. Moderate-to-severe TBI patients are traditional
candidates for intervention; however, the majority of
occurring TBIs are considered mild and these
sufferers are not usually slated for rehabilitation for
numerous reasons. Even though the first mTBI has
less potential to lead to long-term consequences,
when the issue is compounded with additional
MTBIs sustained over time (rmTBI), there is a greater
likelihood of experiencing life-altering impairments
and neurodegenerative diseases, such as chronic
traumatic encephalopathy (CTE) [1,2] and possibly
Alzheimer’'s [3,4]. Research consistently indicates
that with each mTBI an individual experiences, the
threat of a negative outcome significantly increases
[5] through cognitive, emotional, behavioral, and/or
physical dysfunction linked to a broad range of
sequelae. It has also been shown that each
experienced TBI escalates the risk of incurring
another [6]. As often the case with mTBI and rmTBI,
functional deficits may not appear until days, weeks,
months, or even years later. Injury dynamics and
timing, damage from secondary phases [7], genetic
predispositions [8], environmental influences [9],
adrenaline/drug masking, and provoked
degenerative mechanisms may be some major
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factors for delayed development, surfacing, and
chronicity. Thus, each individual’s unique blueprint
and circumstances make how brain injuries manifest
and progress differ from person to person and not be
fully predictable.

Despite many rmTBI sufferers remaining fairly
functional for long periods of time, others may
eventually develop impairments that hinder
desired/needed performance. In  worst-case
scenarios, rmTBI sequelae can put sufferers, and
those around them, at risk [10]. The link between
rmTBIls and increased violent behavior is well-
documented [11,12]. Since rmTBIs may lead to
increased aggression [13,14], disinhibition [15],
worsening cognitive function [16,17], addictions
[18], and other adverse effects, it is apparent why a
large portion of the prison population has been
afflicted with brain injury [19,20].

Even with the monumental ramifications rmTBls
have globally, the use of rehabilitation is typically
only targeted toward moderate-to-severe TBI
patients due to the presence of obvious injury. The
subtle, slow, and sometimes inconsistent
development/appearance of rmTBI sequelae can
make detection and the realization for need difficult.
(Unrelated factors inducing symptoms that resemble
rmTBl must also be considered [21].) By the time
detrimental issues are noticeable within an rmTBI
sufferer, possible rehabilitation may become more
difficult to attain and less effective due to the
progressive and degenerative nature of the cause
[22]. It is estimated that 90% of mTBI and
concussion cases examined by emergency
departments (in the U. S.) result in negative CT scans
(i.e., uncomplicated) [23], but over 65% of this set
may still have functional deficits within 3 to 6 months
after injury [24]. In a 2019 cohort study involving
over 1,100 mTBlI patients, 53% reported
impairments even a year after injury [25] and only
three lifetime mTBIs have been associated with
persistent  cognitive  deficits [26].  Further
observations found four or more mTBIs led to a
decline in working memory, attention, and
processing speed. Despite such lasting effects, even
suspected uncomplicated mTBI cases will typically
not participate in formal rehabilitation services. With
growing evidence demonstrating that enduring
rmTBI sequelae resemble moderate-to-severe
injuries [27] and may drive neurodegenerative
conditions like CTE, more focus should be placed on
increasing societal brain injury awareness and
researching/implementing potential methods of
care and intervention for this group. These goals are
not without significant challenges.

Since the general population is mostly unaware
of how easily the brain can be injured, what problems
injuries can cause over time, and what can be done
to mitigate damage, it is believed that many mTBIs
go unreported, undiagnosed, and undetected. When
sequelae become a hindrance later, sufferers tend
not to associate the issues with the earlier potential
brain injuries and may not even mention the
possibility when finally seeking medical or
psychological assistance. Due to lack of TBI
knowledge and experience, some healthcare
professionals may also overlook and fail to consider
it when diagnosing potential problems. The differing
characteristics of each vulnerable population (e.g.,
children, senior adults, homeless individuals,
domestic violence victims, military service members,
correctional facility inmates, and impact sports
participants) create their own set of treatment
challenges, as well. In other situations, stigmas
surrounding brain injuries may deter someone from
seeking help. An injured brain may also be unable to
recoghize its own deficits (anosognosia) [28].
Regardless of the reasons that prevent rehabilitation
intervention, demonstrating need may be an
important first step in changing perceptions and
removing barriers.

The expanding and changing elements of rmTBI
sequelae can also present challenges for
rehabilitators. Assessment tools can be extremely
valuable, but they have Ilimitations [29].
Assessments tend to focus on identifying
dysfunctions at a particular moment in time, so
problems can be missed if they surface later.
Whether initial or administered at intervals, they also
do not guarantee accurate analyses/diagnoses
since modes can be limited in scope and interpreted
(or administered) inappropriately. Results may also
be influenced by transient factors (possibly not
associated with TBI) and/or not reflect the true
nature of the injury. Since most mTBIs and rmTBIs go
initially untreated, assessments administered when
treatment is finally sought may not provide a full
picture of the sufferer’s situation.

By reverse chronicling life events, converting
them into data points, and graphing the time
relationships in correlation with injuries, a window is
created to visually observe and analyze trends and
discover contributions from possible TBI aggravators.
With sequelae start and progression (and
aggravators) made clearer, rehabilitators may have
a new tool to better determine need, plan,
implement, monitor, and alter/halt strategies.
Results may also illustrate rehabilitation need to
apprehensive sufferers, their support network, and



those involved in their healthcare. To examine the
possible benefits of this process, the case of CW is
used as an example.

CW (DOB: 06/24/1941) was killed by two police
officers on August 1, 1966, ending his over 90-
minute fatal shooting spree from the observation
deck of the University of Texas at Austin (UT-Austin)
tower. In addition to those murdered and wounded
at (and adjacent to) the campus, CW stabbed his
mother and wife to death hours earlier. Due to
unusual circumstances and it being the first-of-its-
kind tragedy, the investigation involved local, state,
and federal authorities. A commission of experts was
formed by the governor of Texas to also analyze the
cause of CW’s actions. As a result, every aspect of
his life was examined and tremendous amounts of
data were collected and archived. Commission
members suspected a biological causal factor, but
brain injury was not considered possibly due to
limited knowledge of the time.

Methods

Collected publicly available data, applicable to
the research, was arranged in reverse chronological
order of occurrence (from death to birth) and color
coded to assist in visualizing relationships and
progressions. Examples of chronicled information
included (but were not Ilimited to): data in
medical/health records; prescribed medications;
known illegal drug intake; injuries/accident reports;
educational records/grades/reports; disciplinary
actions (military and nonmilitary); driving infractions;
language changes, observations, and changes in
thought processes analyzed through personal
writings; witness testimonies regarding academic
performance, health, and behavior; diet changes;
and more. Each used data point was labeled with the
known (or best estimated) occurrence date,
described, and highlighted with important
information/research concerning that entry. Data
was collected from: the Dolph Briscoe Center for
American History (on site at UT-Austin); the Austin
History Center (correspondence and electronic file
transfers); National Personnel Records Center;
newspaper/magazine articles; books; verified and
reliable online resources; and correspondence
and/or telephone interviews with five individuals
who knew CW personally.

The data primarily consisted of records created
by the military, Federal Bureau of Investigation,
Austin Police Department, Bureau of Drug Abuse and
Control, CW’s personal collection, and other

government/law enforcement agencies. To facilitate
accuracy, primary sources were used and cross-
referenced when possible. Relevant data with only
one source was included in the chronology if deemed
reliable.

Conflicting data was tested using various
methods. If no resolution for relevant conflicting data
was found, it was included and noted. Irrelevant
conflicting data was omitted. Cognitive, behavioral,
and emotional incidents were included if they
appeared to be atypical with known information.
Results of the reverse chronology were analyzed to
determine possible correlations with available TBI
and secondary injuries research/case studies. In a
few instances, potential subjective witnessing and
the lack of full context for each incident needed to
be considered; however, sources unknown to each
other provided corroborating information for some
events. Data points that were associated with known
TBIl sequelae were used to create the graph in
relation to time (Fig. 1).

Results

Potential TBIs occurred most likely when CW was
physically abused during childhood (pediatric
abusive head trauma (AHT)), involved in a serious
motorcycle accident (possibly two) and two vehicular
rollover accidents (one resulting in unconsciousness
for several hours), hit in the head with a pugil stick,
struck by lightning through a telephone line, and
assaulted with severe blows to the head at the ages
of 16 and 23 (Table 1).

The first rollover accident occurred in a Corvette
convertible and the second in a military jeep that
likely did not have a roll bar or hard top. As a lifelong
hunter and rifleman in the U. S. Marine Corps (6
years), CW was also exposed to possible repeated
blast pressure injuries, which is also tied to a higher
risk of CTE [32]. It was reported that he was involved
with martial arts, which is considered a contact sport
susceptible to mTBI injuries. Despite so many
potential TBI events, doctors did not believe CW had
a brain injury since there were no changes in his
“speech, gait, face, or hand movements” [33]. The
knowledge of that time only associated TBI with
these limited observable indicators.

When applicable life events were graphed,
prominent sequelae trends became visible near the
ages of 16, 17, 18, 20, 22, and 25. At 16, CW was
severely assaulted by his father and nearly drowned
in a pool. Shortly after the incident, a doctor had to
make a drainage incision for an infection on the left



side of his face. Approximately 3 months later, CW
underwent an  appendectomy (for acute
appendicitis). Trauma has been identified as a
possible cause of appendicitis [34]. Another surgery
followed to remove adhesions that had formed on
the colon [35]. At 17, the beginning of chronic
headaches and a decline in math/language skills
followed a motorcycle accident that resulted in
hospitalization. At 18, the start of lifelong digestive
problems coincided with a harsh hit the head during
“boot camp.” At 20, approximately 14 months after
the lightning strike, CW entered an environment that
required an elevated level of cognition for success.
The difficulties (seen on the graph) may have existed
earlier, but this is when a witness was able to
observe the dysfunction. Several months later, the
first reports of aggression and assault followed the
first rollover accident.

At 22, CW was the driver of a military jeep that
lost control and rolled down a 25-foot embankment.
A withess reported that he lapsed into
unconsciousness for several hours (a criterion of
moderate TBI) after lifting the vehicle off a passenger
who was trapped underneath. Not long after,
significant cognitive changes become apparent and
a persistent feeling that “something is not right”
develops. From the time of the probable moderate
TBI until the day of the tragedy, at the age of 25, a
smaller trend occurs near the time of a major head
assault by several fellow Marines.

Interestingly, results from the autopsy and
commission investigation recorded numerous
physical anomalies that have links to long-term
inflammation, which support the link between
rmTBls and sequelae start/progression seen in the
graph. The most controversial and debated find
during the autopsy was an approximately 2 cm x 1.5
cm x 1 cm glioblastoma (GBM) located near the right
amygdala [33] that was estimated to have begun
growing between shortly after his 24t birthday and
the spring before the tragedy. At the time,
investigating doctors dismissed the impact the
tumor may have had on CW’s actions; however,
research since then has shown possible links to
altered behavior (even at that size) [36,37] and TBI
injury sites [38]. Commission members believed CW
would have died from the tumor within a year. The
timing of the tumor certainly hints that it may have
been a contributing factor to CW’s violent end, but
reverse chronology unexpectedly revealed the
presence of numerous TBIl aggravators at the time of
the tragedy, as well, including: a sustained
amphetamine addiction [39], exposure to high
ambient temperatures for an extended period of

time [40-44], blood loss [45], high stress [46,47],
and sleep deprivation [48-55]. With an apparent
degenerative condition (as highlighted by the GBM)
and the unusual presence of so many factors that
can impact brain functioning, it suggests a
compounding scenario that evolved passed his
ability to restrain. Some additional observations
included brownish tint of white matter regions
(possible white matter rarefaction, damage, or
demyelination) [56-58], slight flattening of
convolutions, and much thinner than normal skull
thickness, which are also indicators of potential long-
term inflammation (with rmTBI as a possible cause).
The nature and rapid rotational acceleration (RA)
component of CW’s vehicular accidents especially
increased the probability of diffuse axonal injury
(DAIl) and white matter damage [59]. Since the brain
is tethered, however, studies have shown that even
tangential forces applied to the head may result in
some RA. Therefore, “angular acceleration of the
skull is not required to cause angular acceleration of
the brain” [60]. Even without RA, DAl is possible with
excessive linear forces. Chronic inflammation can
also impact axon sheaths and change brain
morphology, including cortical gray matter volume
[61], potentially affecting CW’s convolutions.

A study of similar males near that time period
found the mean skull thickness to be 7.7 mm
(frontal), 6.5 mm (upper parietal), 7.5 mm (lower
parietal), and 5.7 mm (occipital) [62]. His skull was
measured between 2 and 4 mm. Chronic
inflammation from sustaining rmTBIs throughout a
lifetime could be such a cause. Left untreated,
adverse effects and functional deterioration from
posttraumatic hydrocephalus (PTH) can result [63].
Neuroinflammation is considered a driving force for
TBI-related neurodegeneration (TBI-ND) [64,65]. The
commission also noted other clues of chronic
inflammation such as “slight mineralization of blood
vessels [66] in the globus pallidus, an occasional
lymphocyte in perivascular spaces [67], subpial
amyloid bodies [68], and slight periventricular gliosis
[69] in the occipital regions.” The autopsy doctor
recorded that pale brownish-yellow matter was
found in CW’s proportionally large liver and his
“relatively large” kidneys had “some congestion
along the borderline of the two layers.” Liver and
kidney inflammation have been linked to TBI, as well
[70,71]. (Any changes in the liver and kidneys were
not reported by the commission.) For the purpose of
determining and implementing rehabilitation
protocols, TBI graphing and reverse chronology
results (as seen in CW’s case in Fig. 1) may provide
an opportunity to collectively observe injury and



sequelae type and timing, which may highlight
trends, impactfulness, and progressions. With these
visual clues, healthcare providers can better
justify/advocate need, select the best combination
of therapies, monitor progress, identify factors that
may aggravate TBl sequelae and impede
improvement, and recognize potential warning signs
of degenerative conditions in order to intervene.

Justifying and advocating need

A major obstacle to accessing rehabilitative care
is justifying need. Typically, physicians are required
to prescribe rehabilitation for it to be financially
covered (in the U. S.) by other entities. When
sequelae have not yet reached an obvious and
debilitating stage, as often the case with early mTBI
and rmTBI, many physicians may be reluctant to
consider it, especially if insurance companies are
unwilling to provide coverage [23] and a large
portion of primary mTBI injuries resolve. Additionally,
the affected individual may also not perceive the
need for rehabilitation since it can be time
consuming and costly (if funded personally and/or
work time is lost), feel pointless since initially there
is no serious detriment, and create frustration when
comfort zones and personal limitations are
challenged. Anosognosia, a psychological need for
normalcy, and unknown cumulative injuries may also
be hindrances. These issues may be better
addressed with observable measures that
demonstrate the gamut of rmTBI’s influence on the
individual. The focus then becomes the beneficial
use of rehabilitation therapies as a means to
improve current sequelae and attempt to stop,
reverse, or slow future potential sequelae
progression. TBl graphing may make subtle
sequelae trends more understandable through
visualization and encourage the physician, sufferer,
and associated caregivers into action.

Focusing therapies

Since each TBI sufferer’'s sequelae profile and
expressions may be unique, customizing
rehabilitation has been shown to lead to “better
outcomes in executive functioning, emotional
wellbeing, and community integration” [72]. In
2021, a meta-analysis also indicated that persistent
symptoms may be reduced with “specialized
interdisciplinary rehabilitation” [73]. The complexity
of potential rmTBI sequelae maturation and
progression, variability of treatment options and
methodologies, and the special needs, abilities,

limitations, and goals of each patient can make the
development of individualized rehabilitation plans
extremely challenging. The visual clues from TBI
graphing and reverse chronology may assist in
interdisciplinary rehabilitation planning by showing
trends and patterns that may not have been
apparent through standard assessments. Periodic
and rigorous testing, evaluation, and statistical
analysis are important components of formulating
and modifying such plans [72] and with additional
potential knowledge from these methods, results
may help make plans more focused and
comprehensive.

Monitoring progress

Monitoring and evaluating patient progress are
essential components of rehabilitation since it is the
goal of therapy to foster positive change. Various
means (e.g., assessments, observations,
performative/diagnostic tests) are used to help
identify markers that demonstrate the effects of
such measures. This gives the provider the ability to
alter and evolve care to fit the changing needs of the
patient and/or stop treatments that may be
ineffective or causing additional harm. Some results
from rehabilitation treatment may be obviously
observable, but others may take time to develop and
only be seen through a change in sequelae
degression/progression. If the use of rehabilitation
is to be expanded for more mTBIl and rmTBI cases, it
may be necessary to monitor more subtle sequelae
over long periods of time and the visual clues from
TBIl graphing and reverse chronology may add a
beneficial layer of analysis.

Identifying TBI aggravators

The nature/location/timing of injury, individual’s
physiological responses, and medical interventions
are not the only factors that impact sequelae onset,
severity, and progression. Drugs, heat, blood loss,
bodily injury, stress, illness, diet, and more can
aggravate brain functioning and regenerative
mechanisms, potentially worsening an outcome.
Maintaining observance and time chronicling these
factors may reveal their influence on sequelae and
create an opening for intervention and/or
rehabilitation analysis.

Identifying degenerative processes

Failing to
neurodegenerative

identify progressive and
conditions may impact



rehabilitation efforts and result in implementing
inappropriate strategies that could further injure
rmTBI sufferers. If degenerative conditions exist
within the brain, changes somewhere in the
functioning spectrum should eventually surface and
become observable (visibly and/or diagnostically),
but if the changes are subtle, slow, and intermittent,
it may be difficult to recognize that the brain is in a
declining state until serious and harmful symptoms
surface. It also may be challenging to understand the
mechanisms causing the decline. Reverse
chronicling and TBI graphing may have an advantage
by making subtle and slow changes visible to
uncover trends (i.e., which sequelae are
continuing/worsening, what new sequelae are
surfacing, etc.) earlier and provide clues to
understand causes.

Recognizing potential warning signs

From a TBI perspective (with insight derived from
these tools), there were numerous warning signs of
CW’s general decline. The signs went unrecognized,
however, due to the lack of knowledge of TBI at that
time and inability to take all of his life events
collectively into consideration and observe trends.
Even with today’s knowledge, research, and
technological advancements, identifying TBI and its
influences can be challenging since there can be a
complex set of factors affecting functioning. By
identifying trends through visual graphing and
reverse chronology, and identifying possible
aggravators, an opportunity is created to view
causes and effects more easily for the purpose of
intervention.

Discussion

The intention of utilizing rehabilitation therapies
for TBI is to optimize the brain and body’s own
healing/adaptive properties by triggering natural
processes to maximize recovery. This includes action
at all levels (from molecular/cellular to external
stimuli) and with ever-expanding tools and
methodologies.  Traditionally, the focus of
rehabilitation has been restorative, compensatory,
and adaptive adjustment [72] mainly for moderate-
to-severe cases. An important element of achieving
this is working toward preventing, detecting, and
managing complications (and possible secondary
injuries) with months of regular and specific
monitoring immediately following a TBI [74]. Ideally,
rehabilitation may have the potential to expand its

use as a preventive/management tool among the
majority of mTBI/rmTBl cases with earlier and
comprehensive inclusion. Research efforts have
been focusing on the efficacy of “reducing
inflammation, oxidative stress, axonal injury, and
associated neurodegenerative-like pathology” with
evolving therapies for rmTBI patients [27], but more
opportunities to prevent or lessen sequelae
development in rmTBI cases may exist in the future
with earlier rehabilitation treatment research and
implementation [75,76]. Research suggests that
applying appropriate rehabilitation methods as soon
as practicable (instead of waiting until sequelae are
burdensome/deleterious) should be considered and
further investigated. It has been shown that early use
of rehabilitation modes that increase heart rate, but
do not worsen symptoms, may improve recovery of
mTBI [77]. There is also evidence that “rehabilitation
interventions can have direct regenerative effects,
such as guiding stem cell differentiation, mobilizing
stem cells into circulation, and enhancing the
secretion of regenerative factors” [72]. Identifying
when and what measures would provide the best
outcome has been a goal of research for quite some
time, especially involving athletes of certain sports.

A deeper understanding of the complex cellular
mechanisms of TBI (from initial injury through all
stages of regeneration/degeneration processes
[27]) is needed to make meaningful diagnostic
assessments  and provide dynamic  care
management in order to maximize recovery [21].
Collective knowledge of TBI should be widespread in
the general public so it is common to recognize
potential injurious situations and sequelae patterns,
analyze and identify predictors of sequelae creation
and progression, continue surveillance for
functioning  deficits, and proactively seek
intervention and rehabilitation [29].

There must also be robust rehabilitation
resources available to accommodate an expansion
of treatment to include rmTBl. Even for some
moderate-to-severe TBI patients, there are many
barriers to rehabilitation access. Research-based
development and use of at-home rehabilitation
practices (professionally supervised and/or self-
directed when applicable) may be a future option to
help meet the need for some mTBI and rmTBI
sufferers.

Within the past 60 years since the tragedy of CW
in Austin, much has been learned about TBI.
Repercussions from TBIs, even mTBIs and rmTBIs,
are much more far-reaching than previously known
and can impact literally almost all areas of
functioning. CW'’s violent ending propagated a wave



of trauma that rippled through generations. It
changed many aspects of law enforcement, media,
and society within the U. S and even impacted some
countries abroad. Using TBI graphing (with reverse
chronology) to examine his complex injury history
may offer insight that can be used for numerous
applications and analyses. For rehabilitators, much
may be learned from the results.

In spite of experiencing so many potential brain
injuries during his lifetime, CW’s ambition and
intelligence (measured 127 1Q at last test) caused
him to adapt (often inappropriately) and push
through his functional changes. Even though he was
unaware of what was causing the growing
dysfunction, he knew it existed and continuously
attempted to “fix himself.” Months before the
tragedy, CW grew concerned that he was losing his
ability to control his aggression and evolving violent
thoughts and sought help from the psychiatric staff
at the university. The unique essence of his situation
went unrecognized. After one visit, CW never
returned and noted that he had hoped to stop the
problems himself. When an undiagnosed rmTBI
sufferer finally reaches a point of seeking help for
worsening sequelae, that individual may have been
gradually self-adapting for years with potentially
counterproductive and harmful tactics that have
become so ingrained that they pose additional
diagnostic and implementation challenges for
rehabilitators (and other healthcare providers).

The results of his reverse chronology also helped
identify behavior and actions that may have
negatively impacted rehabilitation efforts. For
example, the long-term and excessive use of
amphetamine was a primary operational aid so he
could “stay awake” and reach personal goals. That
strategy worked for several years, but had the
potential to mask impairments, impact
neuroplasticity, lead to neurotoxicity, and produce
“adverse psychological effects, including stimulant-
induced psychosis” [78]. Regular aspirin use for
headaches increased the possibility of intracranial
bleeding during additional TBI events [79].
Participation in martial arts and high impact sports
made him vulnerable to even more TBIs.

During CW’s last several months, witnesses
reported that he rarely slept and would stay awake
for days at a time. Sleep deprivation had the
potential to hinder healing (and foster degenerative
processes) and his excessive school, work, and
social schedules may have resulted in overexertion
and overstimulation (for his condition). Numerous
blood donations prior to the tragedy (he was a
universal donor) and excessive exposure to high

temperatures strained an already deteriorating
condition.

Furthermore, CW’s situation is a reminder that
bodily symptoms of rmTBI may be more observable
clues initially than cognitive, emotional, and/or
behavioral deficits in some sufferers. His higher
intelligence disguised cognitive impairments and he
purposefully and forcefully tried to stay in control of
his emotions/behavior, but numerous physical
sequelae that have been tied to TBI through
research were still present, including: chronic

headaches; dizziness; reliance on drugs for
functioning; chronic  conditions related to
immunosuppression; potential subtle liver/kidney
dysfunction; changes in eyesight; long-term

abdominal and digestive issues; SWD; and abnormal
skull thinness. (In addition to being a possible
indicator of prolonged inflammation from rmTBI, the
abnormal skull thinness suggests a greater
susceptibility to TBIs [80].)

CW’s TBI graphing results also support the
notion that “we must begin to treat children of abuse
as brain injury survivors” [81]. AHT is particularly
devastating due to its often repetitive and
compounding nature that can impact all stages of
development (as well as be fatal). Evidence shows
that AHT substantially increases the risks of long-
term disability, behavioral/learning disorders,
developmental delay, motor deficits, visual
impairment, and communication deficits [82].
Broadened research of adverse childhood
experiences (ACEs), which consists of a wide array of
traumatic events that endanger the well-being of a
child age 17 or under, also shows that violent
behavior manifests in adulthood more often for
those with a higher number of ACEs [83]. It is also
associated with a higher risk of untimely death [84].
ACEs include serious accidents, physical and/or
emotional abuse, witnessing domestic violence,
victimization of bullying, and more. Using hindsight
as an opportunity to prevent similar future events,
using TBI graphing/reverse chronology to monitor
those prone to rmTBIs (e.g., military personnel,
certain athletes, inmates, domestic violence victims
and perpetrators, child abuse victims, etc.) should
be considered to open more doors for observation,
rehabilitation, and violence prevention.

For many mTBI/rmTBlI sufferers (as seen in CW’s
situation), much of the physical evidence for TBI can
only be acquired invasively, through costly
diagnostics, and/or only after death through
autopsy, dissection, and investigation. The need for
ways to identify it more easily and cost-effectively
prior to tragedy is evident. For now, TBI graphing and



reverse chronology can be applied to individual
cases, but it has the potential to serve as a valuable
research tool in the future by identifying trends
among different cases. As more graphs are
constructed, it may help to uncover previously
unknown relationships that can assist with the
development/implementation of new rehabilitation
treatments.

Conclusion

Utilizing data points collected and arranged in
reverse chronological order, CW’s TBI graph results
demonstrate time relationships between potential
injuries, sequelae start, and sequelae progression.
Expanded research of data points, within the reverse
chronology, also identified numerous known TBI
aggravators at the time of the tragedy. With clues

made more visible, these tools may provide a means
to better justify/advocate the need for rehabilitation,
plan more appropriate rehabilitation strategies and
timing, monitor the effectiveness of rehabilitation
measures, modify treatments, analyze factors
impacting rehabilitation and sequelae, identify
degenerative processes, and intervene to prevent
possible tragic outcomes.
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Figure 1. TBI graphing results for CW. CW'’s TBI graph demonstrates a time relationship between suspected
TBI events, sequelae start, and sequelae progression [30].
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2 Witness statements reported a motorcycle accident in February 1958; I I | I I
however, a newspaper article (and court records) reported one on May 24,

1958. Résearch was unable to confirm if there were two accidents or the 5 10 15 20 25
witness statements were incorrect.

P Due to witness statements, it is believed CW's drug use (especially Physically Abused as Child (Unknown Severity)
amphetamines) was relatively consistent from the age of 20 until his death.

€ Per witness statements, headache occurrences became more frequent and
intense following the lightning strike in Apll'\l 1960 and were reported as

"severe” toward the last 18 months of his life. Age (in Years) at Time of occurrence

91Q scores are influenced br numerous factors and lowering scores may or
may not signal TBI, especially at this age. It is identified due to TBI
research highlighting it as a possible indicator.

(Created by K. A. Strube)



Table 1. Known potential TBI events of CW. CW experienced potential TBI events throughout his entire
life [30].

Date Incident

October 8, 1964
with kicks to the head
(case of mistaken identity)

Assaulted by several Marines

Immediate Physical
Sequelae

Headache )

Dizziness

Rollover accident down 25-foot
embankment in military jeep

September 10,
1963

‘Groggy,’ followed by
unconsciousness for
several hours
(witnessed, not recorded
in military documents)

January 22, 1962 Involved in rollover accident

in Corvette convertible

Stitches to knee injury

April 27, 1960 Struck by lightning (traveled
through line) while using
outdoor telephone, thrown

against truck

Numb ear
Nausea
Worsening headaches

July/August Hard head hit with pugil stick

1959 (story shared by CW)

May 1958° Involved in motorcycle accident Hospitalized
Headaches begin (chronic)

June 1957 Assaulted by father Reportedly nearly
drowned
Drainage incision for
infection on left side of
face (~1 month later)
Appendectomy (~3
months later)

1941-1957 Physical and emotional abuse

by father (admitted, confirmed)
Early 1941 Mother assaulted by husband Mother hospitalized with

while CW was in womb

skull fracture [31]

3Research found data identifying two possible motorcycle accidents; however, only

one could be verified with documentation.
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