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Abstract

Objective: Current methods used to measure incidence of traumatic brain injury (TBI)
underestimate its true public health burden. The use of self-report surveys may be an approach

to improve these estimates. An important step in public health surveillance is to define a public
health problem using a case definition. The purpose of this article is to outline the process that the
Centers for Disease Control and Prevention undertook to refine a TBI case definition to be used in
surveillance using a self-report survey.

Setting: Survey.

Participants: A total of 10 030 adults participated via a random digit-dial telephone survey from
September 2018 to September 2019.

Main Measures: Respondents were asked whether they had sustained a hit to the head in the
preceding 12 months and whether they experienced a series of 12 signs and symptoms as a result
of this injury.

Design: Head injuries with 1 or more signs/symptoms reported were initially categorized

into a 3-tiered TBI case definition (probable TBI, possible TBI, and delayed possible TBI),
corresponding to the level of certainty that a TBI occurred. Placement in a tier was compared with
a range of severity measures (whether medical evaluation was sought, time to symptom resolution,
self-rated social and work functioning); case definition tiers were then modified in a stepwise
fashion to maximize differences in severity between tiers.

Results: There were statistically significant differences in the severity measure between cases in
the probable and possible TBI tiers but not between other tiers. Timing of symptom onset did not
meaningfully differentiate between cases on severity measures; therefore, the delayed possible tier
was eliminated, resulting in 2 tiers: probable and possible TBI.

Conclusion: The 2-tiered TBI case definition that was derived from this analysis can be used in
future surveillance efforts to differentiate cases by certainty and from noncases for the purpose of
reporting TBI prevalence and incidence estimates. The refined case definition can help researchers
increase the confidence they have in reporting survey respondents’ self-reported TBIs as well

as provide them with the flexibility to report an expansive (probable + possible TBI) or more
conservative (probable TBI only) estimate of TBI prevalence.

Keywords
concussion; public health; surveillance; survey research; traumatic brain injury

Millions of Americans sustain a traumatic brain injury (TBI) annually.1-2 However, current
national estimates of nonfatal TBI are largely based on hospital administrative data sets,
which underestimate the burden of TBI in the United States.® These estimates do not
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account for TBIs treated outside of hospital settings (eg, those that are treated in primary
care offices, concussion clinics, urgent care facilities) and those that are untreated or those
that go undiagnosed.*~8 An alternative approach that could improve estimates of TBI in

the United States is to use self-reported survey data, as discussed in the companion article

in this journal (Note: see “Rationale for the Development of a Traumatic Brain Injury

Case Definition for the pilot National Concussion Surveillance System,” published in JHTR
separately). However, given the complexities of assessing TBI, there is a need to establish a
case definition that explicitly describes how self-report data are evaluated to produce a TBI
determination and calculate TBI incidence and prevalence estimates.

Current self-reported data collections of TBI have limitations, in part due to constraints on
the amount of space for TBI-related questions. Examples of these include questions that
require the respondent to report only about TBIs for which they received a diagnosis,®
include only TBIs that resulted in a loss of consciousness (LOC),10 or ask about TBIs using
single question that includes a list of multiple symptoms!1:12 that frequently do not include
the full range of symptoms that may be experienced following a TBI. This has likely led

to underreporting, particularly in the case of mild TBI, if the respondent did not seek care
for the injury or their symptoms were not among those assessed. On the other hand, more
generalized symptoms such as headaches, nausea, or dizziness may be falsely attributed to a
TBI, resulting in false-positive cases.

There have been recent efforts by the Centers for Disease Control and Prevention (CDC) and
others to represent the level of confidence in making a TBI determination by the amount of
evidence (eg, signs/symptoms documented in the medical record, positive imaging findings)
supporting such a diagnosis.13-1% As part of the CDC’s effort to pilot the feasibility

in implementing a National Concussion Surveillance System (NCSS), a tiered TBI case
definition was created (see Figure 1).

OBJECTIVE

While the original tiered TBI case definition developed for the NCSS pilot (Note: see
“Rationale for the Development of a Traumatic Brain Injury Case Definition for the Pilot
National Concussion Surveillance System,” published in JH TR separately) was based on
expert input informed by clinical experience and knowledge of the scientific literature, no
previous research had tested a case definition for the purpose of producing surveillance
estimates using self-report survey data. It is of critical public health importance for
researchers and the public to have confidence in the estimates produced from surveys—that
the respondents who reported experiencing a TBI did indeed experience a TBI. Therefore,
we sought to determine whether this version of the TBI case definition could be further
refined to better capture self-reported TBI and differentiate the levels of certainty (eg,
possible, probable) that a TBI occurred. The purpose of this article is to summarize the
process of evaluating and refining the TBI case definition. Empirically refining a TBI

case definition is a key step in differentiating TBI cases from noncases when analyzing
self-report survey data and accurately determining how many adults and children experience
a TBI each year in the United States. Use of a clearly specified, transparent case definition is
critical for the reliability of the calculated estimates.
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We hypothesized that TBIs classified as tier 3 (probable TBI) would have the highest level
of medical evaluation, longest time to symptom resolution, and highest self-reported impact
on social and work functioning. These 4 indicators of severity theoretically correspond to
greater certainty that a TBI occurred. We predicted that tier 2 (possible TBI) would measure
lower on the severity measures than tier 3; tier 1 (delayed possible) TBIs would measure
lower on the severity measures than tier 2; and head injuries without symptoms (noncases)
would measure lowest on the severity measures.

METHODS

Survey

Measures

In collaboration with academic and federal partners with expertise in TBI and public health
surveillance, the CDC developed a survey that was piloted as a random-digit-dial telephone
survey that took place over the course of a full year (September 2018 to September 2019).
NCSS data collection utilized computer-assisted telephone interviewing and followed a
protocol designed to minimize bias (eg, calling people both during the day and in the
evenings) while maximizing completeness (eg, specific call back protocols designed to reach
every eligible respondent). The NCSS sampling frame included the noninstitutionalized
population aged 18 years and older residing in the 50 states and the District of Columbia.
Eligible respondents were US adults who resided in a household with a landline telephone
(ie, landline sample) or possessed a cell phone (ie, cell phone sample). The combined
response rate for survey participants was 8.4% for completed surveys. Additional details
about the survey methodology can be found in a previous publication.3 Study procedures
were approved by the institutional review board of ICF International, Inc, and were
consistent with ethical guidelines for human subjects research.

TBI sustained in the preceding 12 months—Respondents were initially asked 2
questions to determine whether they had sustained a head injury in the past 12 months (see
Supplemental Digital Content Appendix, available at: http://links.lww.com/JHTR/A734):

1. In the last year, that is since (insert date 1 year before the interview date), were
you examined in a doctor’s office, clinic, hospital, or elsewhere because of a
head injury?

2. In the last year, that is since (insert date 1 year before the interview date), did you
experience any other injuries to your head that you did not see a doctor about?

Respondents were then asked to report the number of head injuries they experienced in the
past month; however, contextual information (eg, the indicators of severity) was assessed
only for the most recent injury reported. This was done to both decrease the survey length
for respondents and because it is more likely that respondents would be able to recall
detailed information about the injuries that had occurred in the more recent past.

Symptoms—If the respondent answered “yes” to either of the aforementioned questions,
they were then asked a series of 12 yes or no questions regarding signs or symptoms
that may have occurred because of the head injury, and for certain questions, whether the
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symptoms were experienced “immediately or minutes after” the head injury or “later on.”
Signs and symptoms included being dazed, confused, or having trouble thinking straight;
difficulty remembering what happened just before or after injury; LOC; nausea or vomiting;
headache; dizziness, clumsiness, or balance problems; blurred or double vision; trouble
concentrating; difficulty learning or remembering new things; sensitivity to light or noise;
change in mood or temperament; and changes in sleep or being more tired than usual.

Indicators of severity—~Four indicators of TBI severity were assessed in relation to the
most recent head injury reported. They included the following: whether medical evaluation
was sought (yes/no), time to symptom resolution (number of days), and self-reported impact
on social and work functioning (“To what extent did the head injury interfere with your
normal social activities with family, friends, neighbors or groups?” and *“To what extent

did the head injury interfere with your normal work [including work outside the home and
housework]?”). The mean was calculated on the basis of a Likert scale with response options
“not at all,” “slightly,” “moderately,” “quite a bit,” or “extremely”.

Given that certainty and severity vary together,16 construct validity was tested using the
hypothesis that greater severity corresponds to greater certainty that a TBI occurred.

TBI outcomes that serve as indicators of severity include time to symptom resolution or
persistent symptoms, 7 receipt of post-TBI examination,18 and impact to self-reported social
and work functioning subsequent to the head injury.19:20

Analytic steps

Survey weights were computed to correct for disproportionate sampling probabilities
introduced by the sampling design, including the dual-user overlap of landlines and

cell phones, and to correct for differential nonresponse by calibrating the demographic
characteristics observed in the sample to match the population on sex, age, race/ethnicity,
educational attainment, marital status, and home ownership. Estimates are presented as
unweighted counts and weighted percentages or means. The pilot NCSS survey, from which
this study’s data is drawn, was designed to support TBI case ascertainment and measure
development. Estimates were weighted with the intent of comparing TBI prevalence among
subpopulations derived from different databases. Weighted estimates from this pilot work
were not specifically intended to produce nationally representative estimates of TBI.

All analyses were performed in SAS 9.4 (SAS Institute, Cary, North Carolina) survey
procedures, which calculate variances that account for the complex survey design using
Taylor Series Linearization. Although there is no one-size-fits-all approach for conducting a
validation study, this study followed suggested steps to validation within the constraints of
the study parameters.21:22

Refinement phase 1: examine original case definition tiers in relation to
indicators of severity—Descriptive statistics are reported for placement of a head injury
in 1 of the 3 tiers, based on the signs and symptoms reported, and the 4 indicators of
severity. A series of ftests were conducted post hoc to test for pairwise differences in

the means (continuous severity indicators) and the column percentages at each level of

the categorical severity indicators. Time to symptom resolution was examined in 2 ways:
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percentage of head injuries in a tier experiencing 1 day of symptoms (to indicate lower
severity) and percentage of head injuries still experiencing symptoms or having had 8+ days
of symptoms (to indicate greater severity).* A series of ftests and )(2 tests were conducted
post hoc to test for pairwise differences in the means for continuous severity indicators and
distributions for categorical severity indicators, respectively.

Refinement phase 2: bivariate association of individual signs and symptoms
with indicators of severity—To determine whether and how individual TBI signs and
symptoms were statistically associated with the 4 indicators of TBI severity (sought medical
evaluation, time to symptom resolution, social and work functioning), a series of logistic
(categorical severity indicators) or linear regression (continuous severity indicators) models
examined each sign or symptom as the independent variable and each indicator of severity as
the outcome of interest.

Refinement phase 3: iterative process of modifying the 2-tiered case
definition—Based on the strength of bivariate associations examined in phase 2, it was
determined that a 2-tiered case definition was optimal (see the “Results” section later).
After this decision was made, a series of modifications, each of which employed a 2-tiered
case definition, were created in a stepwise fashion (see Supplemental Digital Content
Appendix 1, available at: http://links.lww.com/JHTR/A735). The first step included testing
modifications that included only 1 single change (eg, moving a symptom up or down).
After these first modifications were applied, the modifications that demonstrated improved
associations based on the criteria from steps 1 to 3 below were then further modified (eg,
if a modification that moved 1 symptom up a tier showed improved associations with the
indicators of severity, this new modification was further adapted to further improve the
associations). The modifications included moving individual symptoms up (ie, promoting
a symptom from the possible to the probable tier) or down (ie, demoting a symptom from
the probable to the possible tier) a tier and increasing or decreasing the symptom counts
(ie, number of symptoms reported) necessary to move up a tier. To empirically determine
whether any of the case definition modifications performed better than the original case
definition, the following steps were undertaken:

1. For each modification, effect sizes (tetrachoric or polychoric correlations where
appropriate) were calculated examining the association between placement of
head injuries into a particular tier and indicator of severity variables.

2. Effect size differences were tested using the method from Meng and
colleagues.?3

a. The differences were converted using the Fisher Z-transformation
before testing and then back-transformed to correlations to aid
interpretation.

*Respondents were asked to report how long it took for all of their head injury-related symptoms to go away. They were allowed to
report in number of days, weeks, or months, anywhere from 1 day to 12 months. For the purposes of our analysis, we looked only

at the percentage of respondents who reported 1 day of symptoms (to indicate those with less severe TBIs) and those who reported
experiencing 8 or more days or who were still experiencing symptoms at the time of the interview (to indicate those with more severe

TBIs).
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b. The 95% confidence intervals (CI) that did not contain zero were
considered statistically significant from the original definition.

3. With a large sample size, there is a risk of detecting small differences that may
not be meaningful. Therefore, significant effect size differences were classified
as meaningfully or not meaningfully significant. For example, given Cohen’s
convention for describing small effects sizes,24 a small effect of rvalue of
less than 0.14 would explain less than 2% of the variability in either the
placement of head injury or the indicator of severity. Therefore, a statistical
difference in the effect size of 0.15 or more in the expected direction (eg,
higher tiers demonstrated worse severity) was chosen as a cut point for practical
significance.24

4. Changes in the definition were retained if they improved the effect size by 0.15
or more for 2 out of the 4 indicators of severity, and if the difference was in
a direction that signified an improved association compared with the original
definition.

5. For those modified case definitions that were retained as potential candidates, the
next step was to examine differences using pairwise ftests or )(2 tests between
the modified definition and the original (ie, were the tiers better differentiated
from each other [larger separation either in the percentage or mean between tiers]
in the modified definition). Based on the aforementioned criteria, an optimal
modified TBI case definition was selected.

For modified TBI case definitions that were retained as potential candidates, steps 2 and 3
were repeated to determine whether a particular modified TBI case definition was better than
other potential candidates. If several case definitions performed similarly, weight was given
to those that more closely resembled the original case definition as the original was based on
expert and theoretical consensus.

Refinement phase 4: consultation with TBI subject matter experts—A select
panel of 3 TBI subject matter experts (SMES) who were consulted during the development
of the initial case definition (see “Rationale for the Development of a Traumatic Brain Injury
Case Definition for the pilot National Concussion Surveillance System,” submitted to JH7R
separately) was consulted again to provide feedback on the revised TBI case definition.

The experts represent the fields of rehabilitation psychology, clinical child psychology, and
pediatrics/sports medicine. Individual interviews were conducted with each expert. They
were presented with the results of the analysis and the proposed modifications to the case
definition. This was not an official consensus-building process; instead, we asked them to
provide feedback on the analysis and the face validity of the new case definition and their
perception of how the modified case definition would be received in the larger scientific
community.

A summary graphic detailing the analytic refinement process of our theoretical case
definition is included in Supplemental Digital Content Appendix 2, available at: http:/
links.lww.com/JHTR/A736.
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The current study includes data on a sample of 10130 adults; 1364 adult respondents
(13.5%) reported sustaining at least 1 head injury in 12 months prior to their interview. The
sample of respondents reporting 1 or more injuries was 52.5% male and 47.3% female (data
not shown).Jr About 19.7% of the sample were aged 18 to 24 years, 39.7% were aged 25 to
44 years, 28.9% were aged 45 to 64 years, 6.6% were aged 65 to 74 years, and 4.1% were 75
years of age or older. About two-thirds (65.0%) of the sample reported being non-Hispanic
White; 9.0% were non-Hispanic Black, 18.6% were Hispanic, 3.2% were non-Hispanic
Asian or Pacific Islander, and 2.9% were non-Hispanic other. About a quarter (25.2%) of the
injured sample had a high school diploma while 22.7% had a bachelor’s degree or higher.
More than one-third (38.7%) of the sample was married at the time of the interview and
30.8% were never married. As noted, for respondents who reported experiencing more than
1 head injury in the past 12 months, only their most recent head injury was included in most
analyses (exceptions are noted later). Among respondents who reported any head injuries

in the past year (7= 1152), 723 had just 1 head injury (63%) and 429 had multiple head
injuries (37%). The distribution of respondents with multiple head injuries is as follows:

1 head injury = 723 (63%), 2 head injuries = 221 (19%), and 3 or more head injuries =

208 (18%). Symptom frequencies among all reported head injuries are presented in Table

1. The most commonly reported signs or symptoms among persons with a head injury

were immediate headache (64.7%) and being dazed, confused, or trouble thinking straight
(58.8%), while the least commonly reported signs or symptoms were delayed blurred or
double vision (7.2%) and delayed nausea or vomiting (8.8%).

Refinement phase 1: examine original case definition tiers in relation to
indicators of severity—There were statistically significant differences between tier 3
(probable TBI) and tier 2 (possible TBI) for all of the indicators of severity (see Table 2).
For example, 46.5% of adults with a probable TBI indicated that they were still experiencing
symptoms, or they had 8+ days of symptoms, compared with 18.9% of adults with a
possible TBI. However, there were few statistically significant differences between possible
TBI and delayed possible TBI and between delayed possible TBIs and noncases (ie, those
who reported a head injury with no symptoms) for all measures of severity. For example,
while noncase injuries were significantly different from probable TBI on all 4 severity
measures, noncase injuries were not significantly different from delayed possible TBI cases
on any severity indicator.

Refinement phase 2: association of individual symptoms with measures
of TBI severity—Contrary to the hypothesis that experiencing a sign or symptom
immediately following a head injury would provide greater certainty that the individual
had a TBI, the data were not supportive of this hypothesis (see Table 3). Specifically,
the strength of the association between delayed symptoms and indicators of severity was

TRespondents were permitted to answer “don’t know” or refuse to answer any of the demographic questions; therefore, the
percentages do not add to 100%.
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generally stronger (eg, larger odds ratio or point estimate for all indicators of severity
except 1 day of symptoms; for 1 day of symptoms there was a smaller odds ratio and

point estimate in the expected direction) than that of the associations between symptoms
experienced immediately after a head injury. For example, those respondents who reported
experiencing delayedblurred or double vision were more likely to still be experiencing
symptoms or to have had symptoms for 8 or more days (adjusted OR [aOR] = 5.20; 95%
Cl, 2.7-10.1). While those who had immediate blurred or double vision after head injury
were also more likely to still be experiencing symptoms or to have had symptoms for 8 or
more days (AOR = 2.16; 95% Cl, 1.5-3.2), the strength of the association was weaker than
it was for delayed blurred or double vision (AOR = 5.20; 95% CI, 2.7-10.1). Based on this
generally consistent pattern of results, the distinction between symptom onset was removed
(eg, immediate headache and delayed headache were combined to just be “headache”) and
bivariate associations between individual signs and symptoms were reanalyzed (see Table 4).

In addition, some signs and symptoms within the same tier demonstrated a stronger
association with severity indicators than other symptoms. For example, associations between
being dazed or confused, or trouble thinking straight and most of the indicators of severity
were lower than they were for the other 2 signs included in the probable TBI tier (ie, LOC
and difficulty remembering what happened just before or after the injury). Similar patterns
suggested that the case definition could potentially be strengthened by moving particular
symptoms up or down a tier.

Refinement phase 3: iterative process of modifying the 2-tiered case
definition—Because of the removal of symptom onset as a consideration, tier 2 and tier

1 were combined into a single tier, resulting in 2 tiers: probable TBI and possible TBI.

In addition, when looking at all injuries (7= 1691), dazed, confused, or trouble thinking
straight was one of the most commonly reported symptoms (see Table 1) but generally not
as strongly associated with indicators of severity as noted in Table 4. Conversely, difficulty
learning or remembering new things, while initially placed in tier 1, showed very strong
associations with the indicators of severity (see Table 4). These findings suggested that these
2 symptoms (dazed, confused, or trouble thinking and difficulty learning or remembering
new things) may be good targets for modifying the TBI case definition.

In making iterative changes to the case definition, the following changes were tested:

(&) moving dazed, confused, or trouble thinking down a tier as it generally had lower
associations with severity indicators compared with other symptoms in the probable TBI
tier, (6) modifying the symptom count in the “probable TBI” tier by removing it altogether,
increasing to 4 or more, and decreasing to 2 or more, and (¢) moving difficulty learning or
remembering new things up a tier, from possible TBI to probable TBI, as this symptom had
higher associations with severity indicators compared with other symptoms in the possible
TBI tier (see Supplemental Digital Content Appendix 1, available at: http://links.lww.com/
JHTR/AT735). This process led to a total of 10 modified definitions to test:

1. Dropping down dazed, confused, or trouble thinking straight to possible TBI.

2. Removing symptom count for probable TBI.
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Decreasing symptom count for probable TBI.
Increasing symptom count for probable TBI.

Moving up difficulty learning or remembering new things to probable TBI.

o o M~ w

Dropping down dazed, confused, or trouble thinking straight to possible TBI and
removing symptom count for probable TBI.

7. Dropping down dazed, confused, or trouble thinking straight to possible TBI and
decreasing symptom count for probable TBI.

8. Dropping down dazed, confused, or trouble thinking straight to possible TBI and
increasing symptom count for probable TBI.

9. Dropping down dazed, confused, or trouble thinking straight to possible TBI and
moving up difficulty learning or remembering new things to probable TBI.

10.  Dropping down dazed, confused, or trouble thinking straight to possible TBI,
increasing symptom count for probable TBI, and moving up difficulty learning or
remembering new things to probable TBI.

Next, steps 1 to 4 were repeated using the modified definitions, and the modified definitions
that passed the criteria outlined in these steps (ie, improved the effect size by 0.15 or more
for 2 out of the 4 indicators of severity compared with the original 3-tiered definition) were
kept (see Table 5). At the end of this step, 4 modifications were retained. Based on steps 2
(testing effect size differences) and 3 (classifying significant effect sizes by criteria chosen
for practical significance), these models were not considered different from each other (see
Table 6).

Finally, we went through the remaining 4 case definitions and examined differences between
the modified definition and the original. For example, in the original case definition, 46.5%
of adults with a probable TBI indicated that they were currently experiencing symptoms

or had symptoms for 8+ days, compared with 18.9% of adults with a possible TBI and
15.8% of adults with a delayed possible TBI (see Table 7). In the Modification 1 definition,
there was better separation between the tiers; 47.5% of adults with a probable TBI indicated
that they were currently experiencing symptoms or had symptoms for 8+ days, while only
14.3% of adults with a possible TBI reported currently experienced symptoms or 8+ days of
symptoms. From this phase, a modified TBI case definition (Modification 1) was selected.

Refinement phase 4: consultation with TBI SMEs—Modification 1 TBI case
definition was chosen for several reasons. First, it met the criteria for passing the cut

point for 2 out of the 4 indicators of severity (evaluated for TBI and the time to symptom
resolution). Second, it was parsimonious. The only modification made from the original
definition, outside of condensing the original 3-tiered definition into 2 tiers, was moving the
symptom of dazed, confused, or trouble thinking straight down to possible TBI. All other
elements of the original case definition were retained. Third, it fit well with the literature and
what would seem to be acceptable to the wider TBI research community.
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TBI SMEs that were consulted expressed general support for the revised case definition.
They also agreed with the decision to remove symptom timing as a factor used in the case
definition. Beyond the lack of empirical support for incorporating symptom timing, not
having to assess symptom timing will make for a less complex survey. One SME expressed
concern about moving one of the cardinal TBI symptoms (being dazed, or confused, or
having trouble thinking straight) down to possible TBI. However, we found that about
76% of all probable TBIs did include dazed/confused/having trouble thinking straight;
most were elevated to the probable TBI tier by virtue of its inclusion in the “3 or more
symptoms” specification. Ultimately, the TBI SMEs agreed that our proposed revised TBI
case definition had good face validity and would be generally well accepted in the field.

Final revised TBI case definition

Results of the 4 refinement phases generated a 2-tiered TBI case definition (see Figure 2).
Persons who have a probable TBI are defined as individuals who sustained a hit to the head
and who experienced difficulty remembering what happened just before or after the injury,
or loss or consciousness, or 3 or more symptoms individually indicative of possible TBI.
Persons who have a possible TBI are defined as individuals who sustained a hit to the head
and who experience 1 or more of the following signs or symptoms: dazed, confused, or
who have trouble thinking straight; nausea or vomiting; headache; dizziness, clumsiness,
or balance problems; blurred or double vision; trouble concentrating; difficulty learning or
remembering new things; sensitivity to light or noise; change in mood or temperament;
and/or change in sleep or more tired than usual. Using the original TBI case definition, a
total of 12.1% of adults in the NCSS sample would be classified as having sustained a TBI
in the past 12 months; 8.2% experienced a probable TBI; 3.2% experienced a possible TBI;
and 0.7% experienced a delayed possible TBI (see Figure 3). Under the revised TBI case
definition, 12.1% of adults would be classified as having had a TBI in the past 12 months;
8.4% experienced a probable TBI; and 3.7% experienced a possible TBI.

DISCUSSION

This report presents the process undertaken by the CDC to empirically refine a TBI case
definition for analysis with self-reported data. The original TBI case definition was based on
expert opinion, informed by prior TBI case definitions and clinical and research expertise.
The tiers within the case definition were an attempt to represent the continuum of evidence
that exists to support a TBI determination. The case definition was empirically tested against
a hypothesis that those TBIs placed into a higher tier of certainty would have a stronger
statistical association with the indicators of severity, specifically, whether medical evaluation
was sought, time to symptom resolution, and self-reported impact on social and work
functioning.

While the originally proposed 3-tiered TBI case definition adequately differentiated TBIs
by level of certainty, the refinement process revealed several improvements. First, the
analysis demonstrated that there was no empirical basis for retaining 3 tiers; having 2 tiers
—probable TBI and possible TBI—was sufficient and parsimonious. Second, the analysis
suggested that the commaonly reported symptom of being dazed, confused, or having trouble
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thinking straight was less associated with the measured indicators of severity than the other
highest tier symptoms (ie, LOC and difficulty remembering what happened just before or
after injury). Consequently, being dazed, confused, or having trouble thinking straight was
moved down to the possible tier and performance of the case definition improved.

A tiered case definition for TBI, which allows for varying certainty in whether a TBI
occurred, such as the one presented here, allows for flexibility and transparency in reporting
TBI incidence and prevalence. A more conservative approach would be to report only

the probable TBIs—those we have more certainty about, given the constellation of signs

and symptoms reported—while a more liberal approach would be to report the incidence/
prevalence of TBI with probable and possible combined. Case definitions, such as the one
examined here, provide transparency as they articulate exactly how a surveillance estimate
was calculated. If researchers disagree with how a case definition produced an estimate, they
can factor the case definition into how they interpret the estimate, or they can recalculate an
estimate in a different way when data become publicly available.

As we noted (Note: see “Rationale for the Development of a Traumatic Brain Injury

Case Definition for the Pilot National Concussion Surveillance System,” published in
JHTR separately), tiered case definitions for TBI have previously been proposed and
developed by other researchers,3.14 including the 2023 American Congress of rehabilitation
medicine definition (ACRM) for mild TBI,26 but their use was confined to clinical
encounters and were not necessarily applied to surveillance efforts. Subject matter experts
who were consulted in the development of this case definition noted that previous TBI
definitions314.16 proposed by other groups typically include clinical assessments, such
as balance testing, imaging, and a medical chart review. This type of information is not
available for use in surveillance that relies entirely on self-report data. While we were not
able to use these other TBI case definitions due to limitations of the measures collected,
nor was it possible to precisely “test” these definitions given our step-by-step process of
how symptoms were moved up and down tiers to create new case definition modifications,
we did create a modification that closely mimics the criteria for signs and symptoms of
the 2023 ACRM definition to the best of our ability. While the results demonstrated that
this was a good definition in general (this definition was either similar to [eg, social and
work impairment] or better than [eg, evaluation and 1 day of symptoms] the original case
definition), this definition would not have passed our criteria of an effect size difference of
0.15 or more for at least 2 indicators of severity (data not shown). Future research could
identify whether patterns similar to those identified in this analysis hold even when other
information such as clinical assessments is available to make a TBI determination.

There are at least 6 limitations to this study. First, given the self-reported nature of the
data, issues with social desirability, telescoping, and recall bias are possible. Second, data
analysis was limited to the adult sample of the pilot NCSS, and the applicability of this
case definition to a pediatric population is unknown. Third, while the pilot NCSS queried
respondents on a relatively large number of TBI-related symptoms, it is possible that the
respondents might have experienced symptoms that were not included in the survey (eg,

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.
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irritability, feeling sluggish), and inclusion of these other symptoms could have an impact
on the empirically derived case definition. Fourth, the response rate of 8.4% is relatively
low. Response rates for random digit dialing surveys have been declining over time and
are likely to continue to decline. While the pilot NCSS was still able to obtain a nationally
representative sample and the research team does not have concerns about nonresponse
bias, future iterations may consider different methodologies (eg, address-based sampling).
Finally, the case definition was tested in relation to a set of severity indicators based on
the hypothesis that a tiered case definition can represent, to some extent, the level of
certainty that a TBI has been sustained. An underlying hypothesis was that TBIs for which
there is greater evidence (eg, more symptoms, presence of certain cardinal symptoms) will
have more severe outcomes. However, greater evidence or certainty of a TBI is not the
same as severity, and the degree to which they are different represents an unknown error.
Furthermore, a broader set of severity indicators may have revealed different results. Some
of our severity indicators, in particular, whether medical evaluation was sought, are likely
driven by noninjury factors (eg, access to care or insurance coverage) which may have
affected our analysis.

CONCLUSION

The TBI case definition generated from this analysis can be used within self-report surveys
to incorporate flexibility and transparency in assessing the burden of TBI in the United
States. Estimates of TBI prevalence and incidence from self-report surveys complement
existing administrative sources, both in terms of expanding the scope and in providing

more contextual information. Consequently, the results from this type of data collection can
provide critical information to federal, state, and local decision makers, about TBI trends
and how to target prevention strategies and estimate the resources needed for TBI prevention
and management.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Tier 3: Probable TBI

Dazed, confused, or
trouble thinking straight

Difficulty remembering
what happened just
before or after injury

Loss of consciousness

Three or more symptoms
from Tier 2

Tier 2: Possible TBI

Nausea or vomiting
Headache

Dizzy, clumsy, or balance
problems

Blurred or double vision
Trouble concentrating

Three or more symptoms
from Tier 1

Tier 1: Delayed
Possible TBI
Difficulty learning or
remembering new things
Sensitivity to light or noise
Change in mood or
temperament

Change in sleep or more
tired than usual

Any Tier 2 symptom that
had a delayed onset

Original proposed TBI case definition. TBI indicates traumatic brain injury.
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Probable TBI

Difficulty remembering what happened
just before or after injury

Loss of consciousness

Three or more symptoms from Tier 2

Figure 2.

Possible TBI

Dazed, confused, or trouble thinking
straight

Nausea or vomiting

Headache

Dizzy, clumsy, or balance problems
Blurred or double vision

Trouble concentrating

Difficulty learning or remembering new
things

Sensitivity to light or noise

Change in mood or temperament

Change in sleep or more tired than usual

Revised TBI case definition. TBI indicates traumatic brain injury.
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Original TBI case definition Revised TBI case definition

Delayed Possible TBI
Possible TBI
Probable TBI

Figure 3.
Comparison of the percentage of adults who sustained a TBI using the original versus

revised proposed TBI case definition, pilot National Concussion Surveillance System, 2018—
2019. TBI indicates traumatic brain injury.

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 19

Daugherty et al.

‘pouiad Yluow--gT © Ul T UBY) 240w papnjou] uapuodsal e §| sarinful peay ajdijnw sapnjouj siy ‘swoldwAs o subis alow Jo T pariodal Juspuodsal e ydiym ui sauinful peay |je sepnjoul m_ﬁm

“Aanfur ureiq opewNel) ‘|91 :UoIRIASIGYY

1 € 8'q T€ TLT 0LT 0€T ¥0¢ Bunenuaouod a|gno.y pakejeq
0T T 1 6 2ot 96 [ 90T uoIsiA 8|qnop Jo palin|q pakejeq
swia|qo.d
8'S ot S 144 C'61 161 TSt 474 adUeleq 10 ‘ssaulswin|d ‘ssaulzzip pakejad
6'TS 19 91T s 8'€c 1€¢ € 9G€ ayoepeay pakejeq
TE € L'C qT 0¢t 9TT 8'8 YET Buniwon 1o easneu pakelaq
€T e 68T S6 8¢S L€S Ty 699 fensn uev pain alow Jo deajs ui sabueyd
6°0€ f44 6€C qTT 9¢S 80§ eey G99 jusweladwsy o poow ui sbueyd
v'6 14 L'6T €0T 609 €28 9'6€ 0v9 8s10u 10 1yB1| 03 ANAnIsusS
sbuiy
6'¢ ¢ 9¢ LT 2'€e 9ee G9T (724 Mau Burlagwiawal Jo Buiures) Ajnoiia
(1 J213) swoydwAs 191 ajqissod pakelaq
TET 89 €8y 0Ly G'Ge 8€g swoydwiAs T so1 a1y L
99 €e 69¢€ G8¢ 6°'G¢ 8Tv Burrenusouod 8|gnou srelpaww|
8'q 0€ ¢'0€ 80¢€ S'T1¢ 8¢ce UOISIA 3]qNOp J0 pain|q sjeipaww|
swajqoud
v 99 6TY vy LTE €15 20Ue[eq 0 ‘SSBUISWIN|O ‘$SBUIZZIP SleIpaLu]
8¢8 901 S'€9 T.9 L'v9 L.0T ayoepeay arelpawiw|
€L 13 6'8T 66T ST vee Buniwon Jo easneu sreIpawiw|
(z 19n) swordwis |91 8)q1ssod
0ve 99¢ v'ee 99¢ swoldwiAs z Jan 991y L
€ve 128 922 128 $S8USNOIISU0 JO SSO7]
Ainlur Jayge/a1049q
9'9¢ €9¢ e €9¢ 1sn[ pauaddey reym Buagquiawal Aynaiyia
168 8776 889 8776 wbrens Buruiy 8|gnoJi 1o ‘pasnjuod ‘pazeq

(€ 1an) subis 191 8|qeqoid

% ‘gPa1yBrom u‘payblemun 9% ‘gPaaublgm U ‘pawyblemun 9% ‘gPaublam U ‘paayBlamun 9% ‘gPalybiam U pajyBlamun

62T = U (1 1en) (9L olaissod pakefsd 067 = U (¢ 4aN) 9L 81q1ss0d /0T = U ‘(¢ 120) |91 ]0eqoid T69T = U salNIul [V

210]1d WaISAS 8oue||19AINS uoIssnauo) [euoneN ‘ajdoad painful ‘sauunful pesy pauodal [je Buowe swoldwAs pue subis jo Aousnbaiq

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 20

Daugherty et al.

‘|9.L JO serewnsa aAnelussaidal Ajfeuorreu aanpoud 03 papuaiul Ajjeais10ads 10u aJam 1om 10)1d Sy Wo.y sarewnss paiybiapn “uonejndod

a1 snsJaA ajdwes ay) Jo sonstIaldeIeyd d1ydelBowap syl Ul SaoUaIaIp o) 1984100 03 pue ubisap Burjdwes syl Aq paonpouu| senjigeqold Burjdwes syeuonodoidsip 10j 1081109 01 paiyBiam alem m&_mE_mm_Q

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 21

Daugherty et al.

'$9SBO 359U} 10} PaJ0B][00 SI9M BIEP OU 9SNBIaQ Palonpuod sem sisAjeue o "a|qeat|dde «on

"0 puB € SIa11 UsaMIa] (GO >o/) SouaJaIp JuedIUBIS >__8=m_§wm

"I pue € SIan UsamIaq (S0 >4/) aoualayip Juedyiubls >__S_Hw_§mb
*Z PuR € SI811 UssMIa] (G0 > /) 9ouaIaIp JuedIIuBIS >__8_$_§mu

‘191 40 Ssarewnsa aAlelussaldal Ajfeuolyeu aonpoud 0] papuaiu| Ajeaiy10ads Jou atam dlom 1oj1d Siyl wouy sarewnsa paiybiapn uoneindod

31 snsJaA ajdwes ayj Jo sons1IaldeIeyd d1ydesBowap syl Ul SaoUIalIp 10} 1984102 03 pue ubisap Burjdwes ayi Aq psonpouu] senijigeqo.d Burjdwes sreuoiniodoidsip J0j 1981109 03 paybiam alem mEmE:mm_Q

'$103e91pU| A11IBASS [e0110631eD 10} SIS8) Nx pue si0yeaipu| A1LI8ASS SNONUIUOD J0J ONSIIEIS § 81RLIBAIUN B Buisn pa)sa) a1em sdnolB Usamiag Saoualagp asimifed,

*Ainfu] ureiq olewne) ‘|g1 ‘[eAIsIUl 8OUSPLUOD ‘[ SUOIBIABIGGY

(ueaw)

Buruonouny

Sdom

;0edw|

ybopo TT-0T 7T 102 €T-T1 [ €8 ST-¢€T1 T 62¢ €e1¢ (A4 659 O Juaixg

(ueaw)

Buiuonouny

[e120s

10edw|

ybaop9 T1-0T 0T L0¢ 101 TT S8 ¥'1-¢1 €T L2€ 20t 1°¢ 159 Jouaxg

sAep +8 10}
swoydwAs
pey 40
woldwAs
Buiney
ap9 4 4 / %8'GZ-%8'S %8'GT vT %6'€2-%0'1T %6°8T 14 %T'1G-%6'T1 %S'9Y 8ee s

swodwAs

10 Aep

T uonnjosal

woldwAs

ap9 4 4 4 %¢ 75-%6'6Z %0°Cy 144 %C'87-%6'7€ %S TV 15749 %8'8T-%.'CT %8'GT €eT o) 8wl

S9A 19l 10}
ap %¥'02-%9°'8 %SV1 43 %T'SE-%9°CT %8'€C T¢ %¢C'92-%S'ST %6°0C |72 %T'05-%8°01 %V'Sy 6T€ payenfens

s1an 1D %G6 ueaw 1094  lUnod 1D %56 ueaw 1094  JUN0D 1D %G6 ueaw 1094  JUN0D 1D %G6 ueaw 1094  JUN0D
usamiaq ‘gPerubIaM ‘gPebIaM ‘gPerublsm ‘gPeIublsm

S9oUBIYIP

eaiubis

Ajleansneis 2T = u (0 4213) saseduoN €6 = U ‘(T 491) 191 8|q1ssod pakejaq €re = U '(z 481) 191 9|qissod 9T, = u ‘(g 481) 191 3|qeqo.d

#10]1d WaISAS 89UB||IBAINS UOISSNJUOD) [euoieN ‘Ainful peay 1usdas 1sow ‘1an |91 Ag A111aAss JO sioealpul |91

¢ 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 22

Daugherty et al.

"0 pue g sian usamiaq (50" > /) souaiayip ueoliubis >__8=m_§mh\

T pue z siai usamiag (G0" >4/) 8ouaIayIp wealubis A| [eonsnels;

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 23

swodwAs

T000™> 9¢CT v 120 T000™> vT ST €0 98¢V 909 T0-€00 900 7'9-¢'€ a9 T JensalyL
Bunenuasuod
a|gnos}

T000™> €L 60 600 T000™> 'L 80 600 0€ST 0T'¢ 6'0-v'0 LS50 12T S6'T slelpswiw]
UOISIA
ajgnop 1o pauniq

T000™> 9 90 €00 T000™> TS L0 S00 eST 9T'¢ 6'0-€0 €50 L'¢72CT 78'T slelpswiw]

swa|qo.d aouejeq
10 ‘ssauiswinio

‘ssaulzzip

1000"> LS 90 S0'0 1000"> 79 L0 100 91 16'T 6070 790 8¢-ST 10'C ajelpaww|
ayoepeay

7000’ 9€ €0 200 1100° €e €0 100 2190 180 6T-0T 6e'T 2110 €6°0 ajelpaww|
Buniwon 1o easneu

1000"> vy 80 700 1000"> 9Y 80 S00 6€-ST e 1020 9€'0 6221 G8'T ajelpaww]

(z 19m) 191 8|q1ss0d

swodwAs

1000"> 7’9 60 800 1000"> 79 60 800 €€-9T 0€¢C 8'0-€0 A4 1'2-€1 /87T 2 Jan sai1yL
S$SauUsSnoIdsSu0d

1000"> 69 0T 0T0 1000"> L 0T 170 0v-8'1 99'¢ €0-T0 ST'0 76-TY 0T'9 J0ss07

1ybrens Bupuiyy
a|gnou} 1o ‘pasnjuod

1000"> 4] 80 Z1o 1000"> 80T 80 €10 Tv=2e 66'C §0-€0 S€0 8'e-1¢ 28¢ ‘pezeq
Ainluj Jaye/alo)aq
1snl pauaddey
Jeym Bunsquiawial

T000"> S'L 17T Z1o 1000"> L'8 T 910 6'G-LC S6°€ ¢0-T0 ¢To 0,-€¢ 8Ly Anoia

(€ 19m) 191 8|qeqo.ld
woydwAs Jo ubis 191

leAs8ul leAs8ul [eAs8Ul
30USPIU0I oneds 30U3PLUOI oned 80USPIU0D oned
d anjeAl 8rewns3y zd d anjeA} alewns3y zd %056 Nse] %56 SPpPO %56 SPpPO
sAep
(31014BA SNONUINRUOY) (31ge1reA snonunuod) +8 10§ swoydwAs pey 4o
Buiuonouny 340 :10edwi J0 1UAIXT Buiuonouny e1oos :3oedwi Jo JusIx3 swoldwAs Buiney [1ns swoldwAs jo Aep T SN
uofn|osel woldwAs 03 swi | uolyenjeng

Daugherty et al.

210]1d WAISAS 9JUe|[I8AINS UOISSNIUOD
[euoneN ‘Aunfur Juadai 1sow ‘A11I9ASS JO SI01RIIPUI YIIM UORIULLSP aSed |91 palan-£ e 1oy swoidwAs pue subis [enpIAIpul JO UOIRIJOSSE alelieAl]

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 24

Daugherty et al.

"(SaNfeA ;3 40J BLIIID USYOD PUE SOIEI SPPO 10§ /(€ 33 UBYD Ul 50" = 0d 404 T 8|qeL 03 Jaja1) azIs 10848 BUOAS © 104 JJOIND B} JO SISE] By} U0

UBSOUD 3IaM SaN[eA 353 L 3I0W PUE GZ'0 JO AN[EA 53] U JO ‘(T> S1 4O Y3 UBYM) TZ'0 U} SS3] 40 YO 40 ‘(T< SI HO 8y} Usym) Z/ ' UByl 10w Jo (HQ) O1rel SPPO Ue pey ey asoy} aJe aoeypjoq Ul sanjen,,

“Aanfur ureiq orewNel) ‘|9 :UOIRIASIGAY

Bunesusouod

a|qnos;

T000™> 09 T 800 T000™> S, [ cTo ¢L=LC 6EY €0-500 1o TS T7¢ vZe pakelaa
UOISIA
a|gnop 1o pauniq

T000™> TS €1 900 T000™> Ts T S00 T01-L¢C 0C's ¢0-T00 00 9/.-1¢ L6€ pakelaa
swiajqo.d souejeq
10 ‘ssauiswin|o
‘ssaulzzip

T000™> T9 60 100 T000™> 0L 0T 600 T67¢¢ 9g'e 2000 0T'0 §'G1'¢ 89°€ pakela@
ayoepeay

6€0° T¢C 20 T00 120 €¢ 0 100 8'T-60 8¢'T 6'0-7'0 09'0 8¢1'T S6'T pakelaa
Buniwon Jo easneu

T000"> Sy 60 00 1000"> 4% 60 500 ee-TT ¥6'T 2'0-€0°0 800 29-T¢ €9°¢ pakelaq
lensn ueyy
paln aiow Jo dagys

T000™> (a4 T 20 T000™> 9¢CT T 20 v.-8'¢ [45°1 ¢0-TO 170 6'7—9¢C 8G°¢ uj sabueyd
Jusweladway
1o poow

T000"> 96 0T ST0 1000"> 6'TT TT [4Al] 6'7-9C LG'€ §'0-20 €€0 Tv=2¢ 00e uj 8bueyd
asiou Jo by

T000™> 80T TT 8T'0 T000™> S1T 1 0co V'v—¢¢ T¢e ¥'0-¢'0 820 9€6T 9'¢ 01 AnAnisuss
sBuiyy
Mau Buraquiswial
J0 Buiuies|

T000™> 70T LT 120 T000™> 24" 8T 92'0 ¢'LT-9'S €L'6 T°0-2¢000 100 v.-6'C 99 Aoy

(T 491) 19.L 81q1ssod pakejs@
lendaul lend8ul lendaul
90USPIU0I oned 30U3PIIU0I onel 90USPIU0I oneus
d snjeA] sjewnsy zd d anjeA} sjewns3y zd %56 SpPPO %56 SpPO %56 SppPO
sAep
(310re11RA SNONUINUOD) (s1qe1reA snonunuod) +8 10} swordwAs pey 4o
Buruonouny 310/ :10edwi Jo 181X Buiuonouny [eidos :30edwi Jo UaIX3 swoydwAs Buiney NS Swo)dwAs jo Aep T SOA
uonn|osal woydwAs 0y swi] uonenjeny

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 25

sbuiy
Mau Bursaquiswal
J0 Buiuies|
T000"> 70T LT 120 T000"> (44} 871 920 'L1-G'G €L'6 1°0-200°0 100 v.-6'C 99t Aunaypg

Bunenuasuod

T000™> STT 1 120 T000™> 9¢T [ S20 §'66¢C 96°€ §0-¢0 €0 Tv—2¢¢ T0€ a|qnoiL
UoISIA 3|gnop

T000> 'L 60 600 T000™> 9L 60 0T'0 Ly—€¢ 8¢'¢ §0-¢0 €0 L'€8T 65¢C 10 paiinig
swajqoud aouejeq
10 ‘ssauIswin(o

1000"> [ 0T ST0 1000"> 8'TT 0T 670 6'7-9¢C 89'¢ ¥'0—20 T€0 6v-LC 29'€ ‘ssaulzziq

T000"> 4 90 500 T000"> 08 S0 ¥0'0 L'T-8°0 eTT 7190 680 §C¢€1 6L'T ayoepesH
Buniwon

1000"> 89 60 010 1000"> 0L 07T 110 9e-LT 6v'¢C 7'0-T°0 120 0v6T 9L¢ 10 easneN

191 9|q1ssod

swoydwAs

T000™> TeT 7 020 1000"> 9'GT 1T 92’0 8'9-v'¢ 8Ly €0-T0 020 9'6-0¢ [4%74 2 Jan salyl
SS3USNOIISU0D

T000"> 69 0T 010 T000"> L 0T 70 0v-8'1 99¢ €0-T0 ST'0 6Ty 01’9 40507

wbrens Bunjuiyy
a|gnoJ} Jo ‘pasnjuod
T000™> ot 80 cTro T000™> 80T 80 €10 Tv-¢¢ 66°C S0-€0 S0 8'e-T¢ [4: x4 ‘pazeq
Ainluj Jaye/aloyaq
1snl pauaddey
Jeym Buraquiswial
T000> S, T 43 T000™> L8 T 9T'0 6'G-L¢C S6°€ ¢0-TO ¢To 0,L-€¢ 8LV Anoypa

191 81qeqoid
woldwiAs Jo ubis 191

|leAssul leAssul [eAd81ul
90UBPIU0D oned ERIVETo]ITN[ok] oned 90UsPIU0D oneus
d anjeAl  drewns3 zd d anfeAl  drewns3y zd %56 SpPpPO %56 SppO %56 SPpPO
skep
(e1geraeA snonuuod) (31geraeA snonuiuod) +8 40} swoydwAs pey
Buiuonouny 3om :30edwi Jo JUsIX3 Buiuonouny e100s :30edwi Jo 1usIXg 1o woydwAs Buiney [1ns swoydwAs jo Aep T EIN
qUOIN|0S31 WOIdWAS 03 3wl L Uonen[ens

Daugherty et al.

210]1d WAISAS 9JUe|[I8AINS UOISSNIUOD
[euoneN ‘Aunfur Juadai 1sow ‘A1LI9ASS JO SI01RIIPUI YIIM UORIUILSP aSed |9l palan-g e oy swoidwAs pue subis [enpIAIpul JO UOIRIJ0SSE alelieAl]

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 26

Daugherty et al.

*(SIGL 248A8S J0W UM 3SOY) 312IpU| 03) MBIAIBIU| 8U} JO awi} 8y Je swoldwAs Buiouaiiadxa ||1s a1am oym Jo SAep aiow Jo

g Buiousliadxa pariodas oym asoyy pue (S|g.L 8J9AaS SSa| UIIM 3S0y) arealpu] 01) swoidwAs Jo Aep T pauiodal oym syuapuodsal Jo abejuaalad sy ye Ajuo paxoo] am ‘sisAjeue uno Jo sasodind ayp 404 “syjuow
2T 01 Aep T W0l a1aymAUR ‘syjuow 10 ‘syaam ‘sAep 40 Jaquinu ui 1odas 03 pamojfe ai1am Asy ‘Aeme ob o3 swoidwAs parejal-Ainful peay Jiay 4o ||e 104 001 3] Buo] moy 1iodai 0} payse alam &c%co%mmn
‘(sanfen 2/ 104 BLISILIO U3Y0D PUE SHO 10} g[8 19 UsyD Aq Apms ay1 u1 G0'0 = Q7 40} T 3]GBL 01 Jajal) 8zIS 10a)4a Buous e 1oy JoInd 3y} JO SISeq ay} uo

U3SOUD 3JaM SanjeA asay | “Jajealb pue Gz'0 JO anfen 2/ Uelo (T> S1 4O 8y uaym) TZ'0 Uey ssa J0 JO 40 (T< S1 YO ayp Usym) g/ v Ueyl aiow Jo (HO) Olrel SPPo Uk pey Jeyl asoy) aJe adeypjog ul senfen,,

*Ainful uresq onewNes ‘|91 SUOIBIABIGAY

lensn ueyy
paJn aiow Jo das|s
T000> 44} T ¢Co T000> 97T [ ¥Z0 v.-8'¢ ¢e's ¢0-TO0 170 67-9¢C 89'¢ uj sabueyd
juawesadwsa)
1o poow
T000> 9'6 0T ST'0 T000> 6'TT 1T [44] 6'7-9¢C LS€ §'0-¢0 €€0 T2 00'€ u abueyo
aslou Jo by
1000"> 80T 17 870 T000™> STT 17 0C0 v'v-¢€¢ 1ce ¥'0-¢0 8¢°0 9¢6'T 9'C 03 AnAnisuas
|eAssul leAssul [eAt8ul
90UBPIU0D oned 20UaPUOI oned 90UBPIU0D oneds
d snjeA} sjewns3y zd d anjeA} sjewns3 zd %56 SpPpPO %56 SpPpPO %56 SpPpPO
sAep
(e1geraeA snonuuod) (81gelaeA snonuiuod) +8 10§ swoydwAs pey
Buiuonouny xaom :30edwi Jo JusIX3 Buiuonouny e1oos :30edwi Jo 1usIXg 10 woldwiAs Buiney s swoldwAs jo Aep T SOA
qUONN|0S31 WOIdWAS 03 3wl L Uonen[ens

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 27

sBulyy mau Bupiaguiswial Jo Burules] Anaiip dn sAow pue € a1 J0j Junod woldwAs aseaioul ‘BuryuIy}l 3|qnoll/pasnyuod/pazep umop doig X 0T UOITROLIPON
sbuiyy mau Buriaquiswal Jo Bulutes) Aynaiyip dn saow pue Buiyuiyl 8]gnoll/pasnjuod/pazep umop doia X 6 UOITRIIPOIN
€ J31} 10§ JUn0d WoldwAs aseaiaul pue BuiuIy} 3]gnoJl/pasnjuod/pazep umop doiq X 8 UOITEOLIPOIA
€ 4313 U1 Junod woldwiAs asealosp pue BuiuIy} 3]gnoJl/pasnyuod/pazep umop doiq / UOIIBOILIPOIA
€ 431} WoJy Junod woldwAs snowas pue Buiyuiyl 8|gnoll/pasnjuod/pazep umop doig 9 UOIIRIYIPOIN
sBulyl mau Buriaqwiawiai Jo Bujuies] Anayyp dn a0 G UOITEOLIPOIA
€ J31} U1 3unod woldwiAs asealou]  UOIBOLLIPOIA
€ 4311 U1 3unod woldwAs asealdsp € UOIBIYIPOIN
€ Ja1} u1 Junod woydwAs anoway 2 UOIROIIPOIA
BujUIY} 3]qNOY/PasSNLU0d/Pazep umop doid X T UOIBOIIPOIA
uoniuyap payipo
jeaurelal
gUOnIUYSP 191 [eulBLIo 8yl Wy spew aJem Jeyl ssbueyd UOIEOIPOIN

(60°0-0} ¥T°0-) TT'0- (61°0- 01 €2°0-) T2'0- (TT'0- 01 GT'0-) €T°0- (Sz00ze0)v20  (L00- 01 TT0-) 60°0- 0T UOIRILIPOIA
(TT'0-01 GT°0-) €T°0- (¥1°0- 01 81°0-) 9T'0- (z1'0- 01 6T'0-) ¥T°0- (02'003191°0)8T'0  (90°0- 03 0T°0-) 800~ 6 UOIEILIPOIN
(TT0-016T'0-) €T°0- (6T°0- 03 €2°0-) T'0- (6T0- 01 €2°0-) TZ0-  (1€°00322°0)620 (60°0- 01 €T°0-) TT'0- 8 UOIEILIPON
(80°0- 01 €T°0-) 0T'0- (z1°0- 03.87°0-) ST'0- (60'0- 0} ¥T°0-) TT'0- (60001 €0°0) 900 (20°0-0} L0°0-) S0°0— L U0NEdLIPON
(80°0 03 80°0) 80°0 (90°0 03 50°0) 50°0 (T0°0- 0} T0°0-) T0'0- (zzoorzzo)zzo (0T'0-030T°0-) OTO- 9 UOIEILIPOIN
(0T'0- 03 0T'0-) OT'0- (10— 03 ¥T°0-) ¥T°0- (TT0- 01 TT°0-) TT'0- (FT001ET0) ¥T'0  (S0°0- 03 50°0-) SO'0- G UOIEILIPOIN
(TT'0- 0 TT°0-) TT°0- (€T'0- 0 ¥T°0-) ¥T°0- (zT'0-01€T'0-) ET0 - (ST00GT0)ST0  (50°0- 03 90°0-) 50°0- 7 UOIEILIPOIN
(60°0- 0} TT°0-) OT'0- (ST'0- 01 8T°0-) 9T'0- (TT°0- 0} ¥T'0-) ET°0- (90001 €0°0) ¥0'0  (20°0- 0} ¥0°0-) £0°0— € UOIESLIPOIN
(¥0'0 01 £0°0) €00 (900 03 50'0) 90°0 (200 04 T0°0) T0'0 (#0004 %0°0) Y00 (T0°0-03 20°0-) TO'0- 2 UOIesIpoN
(TT'0-03 5T'0-) €T0- (ST0— 01 6T'0—) LT'0- (€T°0— 019T°0-) GT'0- (6T°002GT°0) LT0  (20°0- 03 0T"0-) 60°0- T UOIEOLIPON

(a1geraen snonuiuod) (ajgeraen snonuiuod)
umc_co:oca Sdom :30edwi Jo usIxg Umc_co:ocE [e100s ‘10eduw o 1UaIXg

Um%_u +8 10§ swoydwAs uoniuap payIpon

pey YO wordwAs Buiney [0S

gswordwis jo Aep T S3A puolenjens

uoIIN|0Sad WOoIdWAS 0} awli |

ALIBASS JO S101RIIPUI UBIMIDC (1D %SG6) SROUSIBHIP BZIS 10943

Daugherty et al.

71011d WISAS 99UE||18AINS UOISSNOUOD
[euonen ‘Ainfur ‘peay ‘1usdas ‘1S0W ‘s1 ‘palsn-g PaLLIPOW pue UonIuLap |91 [094811-E [eulBlio 8yl Usamiaq SaW0aIN0 ‘Paloa|as Ul SaousIalIp »oZ1s 19843

G 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 28

Daugherty et al.

‘uolrealIpoWw Mau e Buireald usym , Buiquiyl ajgnouy/pasnjuod/pazep umop Buiddodp,, papnjoul |je suoiedlipow
10185 1XaU 3y} ‘SNY} ‘G—T SUOITRIIHIPOIA WOJ PauTeIa) Sem Jeyl [apowl AJUo sy} Sem T UonedlIpoly ‘ajduwexa Jo4 Jay1abiol payunyd aiam ey suolresiipow Juasaidas Aelb Jo sapeys Jualayip ayl "urefe
paljIpowW JaylIny Uay} 1am , paureldy [9poIAl,, Yl WO} BLI8}III U0 paseq Suoiierdosse panoidde pajelisuowap Jeyl SUO[edIpoW ay} (G—T SUOITEIIPOW) Pajeald 1aM SUOITRIIHIPOW 1Sl 853U} oYV

“uoniulap feulBlio sy} ueyy Janaq pawiopiad pue aouediiubis [eanoeld 1oy jutod 1N GT°0 8yl passed Asy) ‘JUedILIUBIS B13M SBLIOJINO { BY} JO INO Z J1 d3)S 1X8U BY) 104 PauleIal sem _muo_\,_k
"anfeA 8AISOd B SI 921S 108)J Ul 82UBI3J4IP S} 10} [9POLU 13118q € 104 UOIBIIP pajoadxe L
“anfeA aA1eBaU B SI 8ZI1S 109)48 Ul 30UBIBHIP BY) 10§ [9POW I8118] B 10} UONIBIIP Pajdadxe mﬁc

‘uonuLap Jeulbiio ayy woly ueoiiubis
Al1eo1S13elS PalapISu0d aJam () UIeIU0D 10U pIp eyl S[eAIsul 89USPIHUOD %G "UOITeIaidialul pre 01 SUOITR[31I00 0} PaWIOSUeI]-}Ieq Uayl pue Builsa) 81043 UOIlewIoysuell-Z Jaysl4 ayy Buisn paliaAuod
9JaM saouaJIaIp aul (266T) mmmm:mmm__oo pue Bus|\l woly poyaw ayy Buisn palsa) a1am SaouBIBYIP 9zIs 199448 ‘[eulBlio ay) uey) Juaiayip Auediiubis Sem UOIIULSP PAIHIPOW BU} JaYIBYM BUILIBIBP oL,

*(SaW02IN0 9sI0M paressuowap siai Jaybiy ‘Bs) uomuiep feulbrio sy ueyy 1anaq pawiogiad pue souediiubis [eanoeld Joj Jutod IND GT°0 Y passed Jey) 3oy a.e 30eyp|og Ul m%_m>Q

*S3|qRLIEA
3W09IN0 pue a1 Jejnored e ojul saNful peay Jo aliaoe|d UsamIag UOIRIN0SSe 3y} Buluiwexa pajenofed aiem (sxeridoldde usym suomne|a.109 o110yaAjod 10 21I0YIeIIBY) SBZIS 1089 ‘UOIIEIIIPOW Uoed jod,

“Aanfur ureiq oiewINel) ‘|91 {[eAJISIUI 82UBPIUOD ‘1D :SUONRIABIGQY

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2025 March 18.

in

available

J Head Trauma Rehabil. Author manuscript



Page 29

Daugherty et al.

'sBuiyy mau Burisquiawal Jo Butuses) Anaigip dn panow pue Buquiyl 8jgnolypasnjuod/pszep umop paddolp :o_ﬁo_two_\/_\
“€ Ja1} 40} Junod woldwAs paseasoul pue Bupjuly} 8]gno.l/pasnjuod/pazep umop paddoip co_aoc_uo_\,_t

“BuruIy} 31qnoJi/pasnjuod/pazep umop paddolp UONEIIIPOI 5

"aNn[eA aANIS0d B S1 9ZIS 1089 Ul 90URJALIP B} 10} [9POW J8118q € J0j UONIBIIP Paroadxa ms._w

“anfeA aA1eBaU B SI 92I1S 109)49 Ul 30USIBHIP B} 10§ [9POW I31I3] B 10} UONIBIIP Pajdadxe UL

‘lopow
uosLiedwod ay uey} Janaq pawloyiad pue souednyiubis [eanseid Jog wutod 9 GT°0 8y} passed Aayy JUBIIUBIS 819M SWOJINO + Y} 4O INO Z 41 [9POW UOSLIRWOD U} UBY) JaN1a] PaJapISuod sem _mno_\,_h
“uoniulysp

[eu1BLi0 sy} woy JuBdIUBIS A|[ednSIels PaJapISUuod 819M O UIEIU0D J0U PIP Jey} S|D 0/,56 "UoIeIaidaiul pie 0) SUONR[3.I00 0} PAWIOJSURI-Xeq Usy) pue BUIIse) 81043q UONBWIOSURI-Z JaysiH ay) Buisn
PBLIBALIOD 1AM SBOUBIBLIP B L o°SaNBE3I|00 puR BUa|Al WL PoUaWw U} BuIsn Pajsa) 81am SaoURIBLIP 5ZIS 108148 ‘[eulBLIO B} UeL) JUBISHIP ARURDLIUBIS Sem UONIUYSP PAIPOL SUY JOUIAUM SUILLIBIAP O IR

*(SeWw023n0 3sI0M paresisuowuap siany J1aybiy ‘Ba) uoniuyep jeutbrio ayy uey Janag pawiopiad pue souediubis [eanoeld Joy wiod N2 GT°0 ay) passed 1yl asoy) aJe adeyp|og Ul mm.:_m>Q

‘so|qeLIeA
3W09IN0 pue a1} fejnorded e ojul ssunful peay Jo 1swisoe|d UsBMIBQ UOIRIOOSSE 8u) Buluiwexa pajejnofes aiem (sreridoldde usym suoine|a1109 o110yaA|od 10 2110yILII8)) SBZIS 19818 ‘UOIEIIIPOW Yors jod,

‘|eAJSIUL BOUBPLIUOD ‘[ :UOIBIAIGAY

ON (T0'0 01 70°0) T0°0 (¥0°0- 01 G0'0-) G0°0- (T0'0 01 70°0) T0'0 (90'00190°0) 900  (T0°0- 03 T0°0-) TO'0— 0T SA 6 UOIEILIPOIN
ON (z0'0 01 10°0) T0'0 (00°0 03 00°0) 00°0 (60003 60°0) 60°0  (90°0- 03 90°0-) 900~ (z0'0 01 20°0) 200 0T SA 8 UOIedIPOIN
ON (000 03 00°0) 000 (500 01 50°0) G0°0 (80°00180°0) 800  (¢T'0- 03 2T'0-) ZT°0- (€00 01 €0°0) €00 6 SA 8 UOIRILIPON
ON (20001 70°0) 200 (€0°0- 01 50'0-) Y00~ (€00 01 T0°0) 200 (80001 90°0) 200 (00°0 0 TO'0-) 00°0— /0T SA T UOIROBIPON
ON (00'0 01 00'0)00°0 (10001 70°0) T0'0 (10'0 01 70°0) T0'0 (10001 70°0) T0'0 (10'0 01 00°0) T0'0 /6 SA T UOIIEIIPOIN
ON (000 01 00°0-) 00°0 (¥0°0- 01 ¥0°0-) ¥0°0- (£0°0- 01 £L0°0-) L0°0- (eT001€T0) €70 (€0°0- 01 €0°0-) €0°0- 8 SN GT uonedl
ON/S8A a|qelLien a|qeLiea 55Aep +8 10} swordwiAs pey hwEoEE\Am j0Aep T SBA guolenfens suosiredwod
plapow 1s8g snonunuod gburuonouny snonunuo) gburuonouny HO woydwAs Buirey NS uoIuap PaIpoN
MJ4om :30edwi Jo JUdIX3 |e100s :30edwi 40 JUAIX]

uo1IN|0sal woldwAs 031 awi

A1I9ASS JO S1018IIPUT UBIMID] (D %SG6) SBIUBIBLIP ZIS 109143

71011d WISAS 99UE||1BAINS UOISSNOUOD
[euoneN ‘Ainfur peay 1uadal 1SOW ‘Paule]8 8JaM eyl SUCIIULIBP g1 PaIall-Z PaIJIPOW ay) UBaMIaq SaL0aIN0 Palda)as Ul SaoUaIailIp ,dzIs 1081

9 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2025 March 18.

in

available

J Head Trauma Rehabil. Author manuscript



Page 30

Daugherty et al.

'sBuiyl mau Buniagquiswial 1o Bulutea] A} noiip dn paaow pue € Ja1l 1o} Junod woidwAs paseatoul pue Buiyulyl 8]gnoy/pasnjuod/pazep umop paddoip co_aoc_uo_\,_\

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 31

Daugherty et al.

S191} U3aMIaQ SaoualapIp Juealyiubis Ajjeansiels uesiN SJ811 U8MID( SBOUBIHP uesN
weoyIuBIs A|feonsnels
Buiuonouny 340 :10edWi JO JU8IXT Buiuonouny
1e190S :19edwi Jo JuUsIX3

4 ST (0 Ja1) aseouoN

2 LT 2 v'Ey P 76T (z 1on) 191 31018804

2 9'0§ 2 TTT 2 T°0S (€ 1on) 191 31qeqOId
0T UONEIYIPON

4 SYT (0 Jan) aseouoN

2 ST 2 997 P LT (z 1am) 191 8jqussod

2 oLy 2 142" 2 99y (¢ 1on) 191 31qedoid
6 UOIJEILIPOIN

4 ST (0 Jany) aseauoN

2 2Lt 2 A4 P 002 (z 1on) 191 a1q1880d

2 9§ 2 8'8 2 6'¢S (¢ 1on) 191 319edoId
8 UOIIBILIPON

4 SYT (0 Jan) aseauoN

2 €T 2 9y P 6'9T (z 1on) 191 31018804

2 Sl 2 ST 2 6'97 (€ 1on) 191 31qeqOId
T UOIEILIPOIN

4 ST (0 1a1) aseouoN

4 8T 4 (\yad & 8'€z (T 4on) 191 |qissod pakejaq

P 6'8T p STv P 6'02 (z 1on) 191 a1q1880d

2 g9y 2 8'GT 2 v’y (¢ 1on) 191 319eqo0Id

uomuyap reubio

SJ313 U9aMIaq Seoualajip
1ueayiubis Ajjeansnels

% PayBIom
sAep +8 10} swoldwAs pey
HO wordwiAs Buiney (1S

4813 U9aMIaq Seoualajip
ueaiubis Ajjeansnels

% pa1ybispn Aep T

SJ1811 Usamlaq Saoualapiip % PaIyYbBIaAA SIA

ueayiubis Ajjeansnels

uoIIN[0S8J WOIdWAS 03 awi |

191 10} parenens

71011d WaISAS 8aue||18AINS

uoIssnouo) [euoneN ‘Ainful pesy 1usoal 1SOW ‘,SUOITEIIJIPOW UONIULBP 8sed pue Jan 191 Aq A1ianss Jo siorealpul (1g.1) Anful ureiq onewnel

Author Manuscript

L 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 32

Daugherty et al.

"Z PUB € S8} usamiag (S0° > o) @ouaiaplp Jueaiubis >__8_um_§mh

's1al} |[e usamiaq (G0' > /) daualaylp Juediiubls >__8_Hm_§wu

'SSBD 9S3Y) J0J PI0B]|00 BJaM BIEP OU 3SNIAC PBIONPUOI SEM SISA[eur OU Jey) a1edlpul

os|e pue a|qedrjdde jou a1eaipul sasdi)|3 ‘sioreaipul A1Janss |ea1106a1ed 10} SIS} X Pue siofeolpul A11J3A8S SNONUIUOJ 10} 211SIELS 1 8lelieAIUN & Buisn palsa) atom sdnolb usamiag saoualaylp mm_z:_mn_Q

'$s3004d Juswiaulal sy} Jo ¢ dais ‘g aseyd ybBnoayy BuloB Ja)e paulelal S19Mm Jey) asOU} aJe 3|qel 3yl Ul pajussald suoniuyap |91 auL,

*AInfur urelgoneWINe) ‘|91 :UOIRIABIGY

2 TT 2 0T (0 4911) asROUON

2 €T 2 zT (z 1am) 191 3jqussod

2 v'e 2 €2 (¢ 1on) 191 31qedoid
0T UOIRIHIPO

2 T 2 0T (0 4913) 8SROUON

2 zT 2 A (z 1on) 191 a1q180d

2 2t 2 12 (€ 1on) 191 319eqdo0Id
6 UOITEILIPOIN

I TT 2 0T (0 4a1) 9SEIUON

2 €1 2 z1 (z 1on) 191 31018804

2 54 2 v'e (€ 1o1) 191 81qeq0Id
8 UOIEILIPOIN

2 TT 2 0T (0 4911) asRIUON

2 zT 2 zT (z 1am) 191 3jqussod

2 2e 2 12 (¢ 1on) 191 31qedoid
T UOIEILIPOIN

yy TT yy 0T (0 Ja13) aseauoN

69 A 69 TT (1 Jan) 191 ajqissod pakejag

2 v'T 2 €T (z 1on) 191 31018804

2 2z 2 TC (€ 1o1) 191 81qeq0Id

uoniuyap [euBlO

SJ313 U9aM1ag Saoualajip % paiybIapn SJ311 UaMIaQ SAOUBIBKIP  0p PAIYBIsp\ Aep T SJBI3 U9aMIaq SeoUBJayip 9% PalybIapn SaA
uediiubis Ajjeansiyels sAep +8 40} swoldwAs pey 1ueayiubis Ajfeansnels uedaiiubis Ajfeansirers
O wordwiAs Buiney |ns

uoinnjosal woldwAs 01 swi] 191 10} pajenjens

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



Page 33

Daugherty et al.

"0 puB Z 1911 UsaMIag (G0 >d/) doualayip ueaniubls Ajjeonsnels

y

T pue g sia1} usamiag (G0' >4/) a0ualayip wuealubis >__8_m_§wm

"0 pue € siail usamiag (G0' >4/) doualayIp weolubls >__8_m_§w

"T pue ¢ sian usamiag (S0 > o) soualagip Jueoyiubis >__8_m_§mm

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Head Trauma Rehabil. Author manuscript; available in PMC 2025 March 18.



	Abstract
	OBJECTIVE
	METHODS
	Survey
	Measures
	TBI sustained in the preceding 12 months
	Symptoms
	Indicators of severity

	Analytic steps
	Refinement phase 1: examine original case definition tiers in relation to indicators of severity
	Refinement phase 2: bivariate association of individual signs and symptoms with indicators of severity
	Refinement phase 3: iterative process of modifying the 2-tiered case definition
	Refinement phase 4: consultation with TBI subject matter experts


	RESULTS
	Sample
	Refinement phase 1: examine original case definition tiers in relation to indicators of severity
	Refinement phase 2: association of individual symptoms with measures of TBI severity
	Refinement phase 3: iterative process of modifying the 2-tiered case definition
	Refinement phase 4: consultation with TBI SMEs

	Final revised TBI case definition

	DISCUSSION
	Limitations

	CONCLUSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1
	TABLE 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

