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Cognitive response/need of

assistance

Clinical features

Level I

No response/total assistance

No response to external stimuli

Level 1T

Generalized response/total assistance

Respond inconsistently and non-purposefully to external stimuli. Responses are often the
same regardless of the stimulus applied.

Level 11T

Localized response/total assistance

Respond inconsistently and specifically to external stimuli. Responses are directly related to
the stimulus. Tend to be more responsive to familiar people (friends and family) than to
strangers

Level IV

Confused and agitated/maxassist

In a hyperactive state with bizarre and non-purposeful behavior. Demonstrate agitated
behavior that originates more from internal confusion than the external environment

Level V

Confused, inappropriate non
agitated/max assist

Show an increase in consistency with following and responding to simple commands, their
responses are non-purposeful and random to more complex commands. Behavior and
verbalization are often inappropriate, and the patient can appear confused and often
confabulates. Can perform an action or task if it is first modeled or demonstrated for them,
they do not yet initiate tasks on their own. Memory is severely impaired and learning new
information is difficult. Can show agitation to unpleasant external stimuli

Level VI

Confused, appropriate/mod assist

Able to follow simple commands consistently. Able to retain learning for familiar tasks they
performed pre-injury (brushing teeth, washing face) but are unable to retain learning for
new tasks. Demonstrate an increased awareness of self, situation, and their environment
but are unaware of any specific impairments and safety concerns. Responses may be
incorrect secondary to memory impairments but appropriate to the situation

Level VII

Automatic, appropriate/min assist for ADLs

Oriented in familiar settings. Able to perform a daily routine automatically with absent to
minimal confusion Demonstrate carry over for new tasks and learning in addition to
familiar tasks. Can be superficially aware of diagnosis but unaware of specific impairments.
Continue to demonstrate a lack of insight, decreased judgment and safety awareness.
Beginning to show interest in social and recreational activities in structured settings.
Require at least minimal supervision for learning and safety purposes

Level VIIT

Purposeful, appropriate/stand by assist

Consistently oriented to person, place, and time. Can independently carry out familiar
tasks in a non-distracting environment. Beginning to show awareness of their specific
impairments and how they interfere with tasks, but they still require stand by assistance
with compensatory skills. Able to use assistive memory devices to recall a daily schedule.
Acknowledge other people’s emotional states and require only minimal assistance to
respond appropriately. Demonstrate improvement of memory and ability to consolidate
past and future event. Often depressed, irritable, and demonstrate a low threshold to
rustration

Level IX

Purposeful, appropriate/stand by assist
on request

Able to shift between different tasks and complete them independently. Aware of and
acknowledge their impairments when they interfere with tasks. Able to use compensatory
strategies to cope. Able to independently anticipate obstacles that may arise secondary to
any lingering impairments. Able to consider the consequences of actions and decisions
with assistance. Continue to demonstrate depression and low frustration thresholds

Level X

Purposeful,
appropriate/modified independent

Able to multitask in many different environments with extra time for task completion or
devices to assist. Able to create their own methods and tools for memory retention. Can
independently anticipate obstacles that may occur as a result of their impairments and take
corrective actions. Able to independently make decisions and act appropriately but may
require more time or compensatory strategies. May still demonstrate intermittent periods
of depression and a lowered threshold for frustration when under stress. Able to
appropriately interact with others in social situations
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Test

Beck Depression
Inventory-IT

Resea ngs
BDI-II was broken into four subcategories (somatic symptoms, loss of self-worth,
affective symptoms and apathy symptoms) with the intent to distinguish apathy from
depression. The apathy subscale and a daily activity log filled out by the participants
had a significant negative correlation (p = 0.009 and r = —0.29). As apathy scores
from the BDI-II increased, reported frequency of daily activity decreased. Self-worth
and apathy also correlated to a separate measurement of apathy (p = 0.002 and r =
0.32; p < 0.001 and r = 0.52).

Demographic

Participants had a TBI or
brain lesion and were
recruited from an outpatient
clinic in Kyoto, Japan.

References

Ubukata et al., 2021

Beck Anxiety Inventory
(BAI)

The BAI was given to an mTBI veteran population alongside the Neurobehavioral
Symptom Inventory (NSI). Results show that a score of 11 on the BAI is associated
with the upper range of mild anxiety on the NSI with excellent sensitivity (0.9394) and
good specificity (0.6333).

Clinical veteran population (n
= 308) and 95.8% met criteria
for concussion after TBI
testing (n = 364).

Palmer and Palmer,
2021

Millon Clinical
Multiaxial Inventory
(MCMI)

Sensitivity and specificity of detecting malingering using the MCMI improve when
appropriate cutoffs are applied in TBI populations. A cutoff for disclosure > 67,
desirability < 54, and debasement > 71, yield 4% false positive error rate and
sensitivity of 47% for disclosure, 55% for debasement and 51% for desirability. This
increases accuracy of classing half of malingers and only misclassifying 4%

of non-malingerers.

Participants diagnosed with
TBI (1= 108).

Aguerrevere et al.,
2011

Minnesota Multiphasic
Personality Inventory,
Second Edition
(MMPI-2)

Determining appropriate cutoffs for the MMPI-2 to optimize the accurate detection of
malingering in TBI and other clinical populations. The results show that a Tscore
cutoff of >89 in the FBS-r validity scale provides 48% sensitivity for malingers and
96% specificity TBI participants that passed validity measures.

Clinical population (1 = 147).
Participants diagnosed with
TBI (.= 59).

Schroeder et al.,
2012
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Test Reseal ngs Demographic References

Test of premorbid The TOPF has a moderate correlation with Full Scale Intelligence Quotient (FSIQ) (r Participants were accepted Joseph etal., 2019
functioning (TOPF) =0.77). into the study if they suffered

TOPE/demographic is a significant predictor of post-injury FSIQ and displays TBI including mild, moderate,

moderate correlation in predicting FSIQ (R* = 0.617, p < 0.001). TOPF predicted and severe (n = 155).

35% of variance in FSIQ. Premorbid intelligence of note, TOPF underestimated 31%
of premorbid functioning and only accurately identified 38%. VCI in the WAIS-IV
predicted greater variance (55%), and may be better alternative individuals with TBI
who previously had a high average to superior intelligence.

Test of memory and TOMM was best in detecting feigning in TBI (sensitivity = 98.4%) when comparedto | Systemic Review and Azeredo etal,, 2024
malingering (TOMM) Groningen Effort Test, the b test and DCT. meta-analysis. 82/664
identified studies used.
Wechsler Adult Controlling for effort and malingering, the WAIS IV detects different levels in Clinical populations Carlozzi et al., 2015
Intelligence Scale performance comparing mild/moderate TBI to severe TBI and healthy controls. The diagnosed with either mTBI,
Fourth Edition severe TBI group performed significantly poorer than the mild/moderate group in moderate TBI or severe TBI
(WAIS-IV) or processing speed (PSI) (p = 0.001) and FSIQ (p = 0.026). (1= 100).
(WISC—for children) Severe TBI had significant reductions on all indices (excluding Matrix Reasoning).

Mild/moderate TBI compared to controls had significant reductions in Working
Memory Index (AR, LN), Processing Speed Index (SS, CD), and perceptual reasoning

subtest (BD).
Looking specifically at PSI, adequate sensitivity was shown at 89% and poor specificity
at 40%.
Brief Visual Memory Overall classification accuracy: 59%. Perceptual reasoning significantly influenced Clinical participants: 18-75 Donders et al., 2022
Test- Revised BVMT-R performance. It is thus important to use the BVMT-R in tandem with other years, n =100, diagnosed with
(BVMT-R) instruments. The test appeared more sensitive to moderate-to-severe TBI than TBI, no significant premorbid
complicated mild TBI. neurological illness,
developmental disorders, or
psychiatric conditions
requiring hospitalization
Rey-Osterrieth Performance validity tests (PVTs) embedded in the Rey-O provide adequate levels of Clinical veteran population Ashendorf, 2019
Complex Figure sensitivity and specificity and excellent classification for area under the curve (AUC). that meets criteria for mTBI
(Rey-0) Results show that there is excellent classification accuracy using the Sugarman logistic (n=100).

regression formula model 1 and 2 (AUC = 0.80, AUC = 0.83) and Lu and colleagues’
equation (AUC = 0.84).

A cutoff score of >0.45 for Sugarman Model 2 provides 54.1% sensitivity and 97.9%
specificity. A cutoff score of >0.35 for Sugarman Model 1 provides 43.2% sensitivity
and 97.9% specificity. A cutoff score of <50 for Lu equation provides 48.6% sensitivity
and 95.7% specificity. The Rey-O has sufficient embedded performance validity tests
for TBI populations.

California Verbal The moderate-severe TBI group performed significantly worse on recall and Clinical population (n1=43) | Jacobsand
Learning Test, Second recognition (p < 0.0006 and p < 0.0008) compared to controls. The mTBI group moderate-severe TBI (1=57 | Donders, 2007
Edition (CVLT-II) performed significantly worse than the control group (p < 0.02). Sensitivity for recall mTBI), and non-clinical

discriminability is 74.42 and 60.47% for recognition discriminability. population (n = 100).
Wechsler's Memory Significant differences were found between groups on the five index scores (p < Clinical population (7 = 100) Carlozzi et al,, 2013
Scale 0.0001) and 10 subtests (p < 0.0001). Regarding TBI severity level and the 10 subtests, | diagnosed with

amoderate effect size was found for mild-moderate TBI and large for severe TBI mild/moderate TBI (35%) and

compared to the normative sample. severe TBI (65%). Included a

health control group for
further comparison.

Color-Word The color inhibition/switching tasks detect differences between moderate/severe TBI Clinical TBI sample (n = 128) Anderson etal.,
Interference Test and mTBI. Moderate/severe TBI group performed significantly worse than mTBI (p < and health controls (1 = 56). 2017; Ben-David
(CWIT-4), Delis 0.03). The results show the switching and inhibition/switching subtests can Moderate-severe TBI group etal, 2011
Kaplans Executive distinguish between moderate/severe TBI groups and mild uncomplicated (1 = 324) and healthy control

Function System TBI/control groups (sensitivity = 0.64, specificity = 0.67). group (n = 501).

(DKEFS) Moderate-severe TBI group show what is considered a significant decrease in selective

Color Word Stroop Test | attention (p = 0.008) compared to controls, also known as an increase in the
magnitude of selective interference. The moderate-severe TBI also show a significant
increase in dimensional imbalance (p = 0.028) compared to controls. Results indicate
TBI affects speed of processing. Sensory processing is also affected with TBI
participants having an increased latency naming color on color neutral words
compared to reading color neutral words (p = 0.96, p < 0.001).

Connors’ Continuous Controlling for effort and malingering, TBI severity significantly correlates to four Clinical population diagnosed | Zane etal., 2016
Performance Test, CPT-11 domains. They were greatest for commissions (r = 0.463, p < 0.001) and with mTBI (n = 30), moderate
Third Edition (CPT-IIT) detectability (r = 0.414, p < 0.001); with the others being omissions, and variability. TBI (n = 12), and severe TBI

(n = 18) compared to healthy
controls (1 = 30).

Trail Making Test, A The TMT-B (r = 0.29; 95% CI 0.17-0.41) had a significant moderate relationship to Meta-analysis of 24/720 Krynicki etal.,
and B (TMT) functional outcomes. The TMT-B was also associated with a person’s ability to return studies 2023; Thaler et al.,,
to driving (r = 0.3890; 95% CI 0.2678-0.5103). Children and adolescents 2013
Participants were administered the WAIS-1V and other neuropsychological tests. previously diagnosed with
Regression analysis show that motor, processing speed, backwards span, and sustain TBI (n = 61). Sample includes
components are significant predictors of Trails A (R* = 045, p < 0.02). Trails B is mild, moderate, and severe
significantly predicted by forward span, processing speed, and backward span (R* = cases of TBL.

0.33, p < 0.02). TMT-C reflects deficits commonly found in TBI. The TMT-C is
adjusted from the TMT with 15 circles per page that contain letters and numbers, not
25 circles. This is for both parts A and B.

Verbal fluency Effect size increased with severity. Verbal fluency task are strong indicators of Systematic review and Cermak etal., 2021;
(FAS/animals) executive dysfunction and language abilities. meta-analysis of TBI in Henry and
Effect sizes were moderate to large, phonemic fluency (rs = 0.48) and semantic fluency | children: 123/1,516 studies. Crawford, 2004
(rs = 0.45) Meta-analytic review in
adults: 1,269 participants,
30 studies
Wisconsin Card Sorting | Compared to healthy controls, TBI patients> perseverative errors, and severe TBI > Review of 47/312 studies G6mez-de-Regil,
Test- 128 Computer moderate or mild TBI. Clinical population diagnosed | 2020; Beng et al,,
Version (WCST-128) Participants with TBI were administered the WCST to examine the relationship with severe TBI (n = 143) 2007; Krynicki
between test performance and functional outcomes. Results show that the failure to Meta-analysis of etal, 2023
maintain set errors significant predicts occupational outcomes in TBI patients > 1 24/720 studies

year post injury (B = 0.40, p < 0.05).
The WCST (r = 0.20; 95% CI 0.02-0.37) was significantly associated with
functional outcomes.

Clock Drawing The Extended Glasgow Outcome Scale (GOS-E) used to assess outcomes in TBI Participants who sustained de Guise et al,, 2011
patients, shows. significant negative correlations per each domain of the Clock mTBI (n = 102), moderate
Drawing Test. The clock face (r = —0.552, p < 0.001), numbers (r = —0.426, p < TBI (n = 30), and severe TBI

0.001), and hands (r= —0.511, p < 0.001). Better performance on the Clock Drawing | (1= 30).
Tests is correlated to decreased scores on GOS-E with better functional outcomes.

Grooved Pegboard Neuropsychological tests were used to determine their level of predictability of Subjects were diagnosed with Aslaksen etal., 2013
real-world driving behavior. The Grooved Pegboard, with an established mean cut-off | TBI or stroke (n = 78).
0f 97.55, can significantly predict performance of on the road driving in TBI subjects.

Sensitivity is 0.82 and specificity is 0.29.

Balance Error Scoring High content validity for concussed or fatigued. Large effect sizes after concussions Systematic review, 29 articles. | Bell et al, 2011

System (1.00-1.32) and fatigue (0.54-1.86). average errors for concussion: 17, and fatigue,
15.8. It may not be valid when differences are more subtle. Overall, the BESS:
moderate- good reliability to assess static balance.

Halstead-Reitan Battery | The Halstead-Reitan Battery (HRB) assessed TBI severity non-impact, impact and no Clinical population of Sweeney and
mTBI groups. Results show the tactile test on the HRB producing significant results non-impact TBI (n = 60), Johnson, 2017;
between groups (p = 0.02). Within the tactile tests, the Tactile Form Recognition Test impact TBI (n = 60), and Loring and
produced the only significant results (p = 0.02) (Sweeney and Johnson, 2017). An healthy controls non-TBI (2 Larrabee, 2006
additional research conducted by Loring and Larrabee (2006) revealed seven subtests = 29) (Sweeney and Johnson,
to have large effect sizes between TBI and non-TBI groups. The largest effect size was | 2017).
found in the Impairment Index (d = 1.77) (Loring and Larrabee, 2006). Brain damaged clinical group

(n=35) including a closed
head injury subgroup (1 = 6)
and penetrating head
subgroup (n = 6) (Loring and
Larrabee, 2006).
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Computed
tomography (CT)

Magnetic resonance
imaging (MRI)

Description

Utilizes X-rays to produce
cross sectional images of
the brain.

Uses powerful magnetic fields
and radio waves to create
detailed images of the brain.

When to use

Acute phase of TBI
to identify bleeding
or swelling.

Assessing brain
structure, detecting
subtle changes.

Interpretati

Identifies bleeding, swelling,
fractures, or other acute
injuries in the brain.

Detects structural
abnormalities, contusions,
hemorrhages, or diffuse
axonal injury in the brain.

Strengths

Quick, readily available,
effective at detecting fractures
and acute bleeding.

Provides excellent anatomical
detail, can reveal contusions,
hemorrhages, and diffuse
axonal injury.

Lolli et al., 2016;
Power et al., 2016;
Schweitzer et al.,
2019

Lee etal., 2021

Diffusion tensor

Variant of MRI that focuses

Assessing white

Indicates disruptions in white

Visualizes neural connections,

Douglas et al., 2015

imaging (DTI) on mapping white matter matter connectivity | matter tracts and connectivity, | detects white matter damage, Mckee and
tracts and assessing and abnormalities. providing insights into the helpful in understanding the Daneshvar, 2015
their integrity. extent of brain damage. impact on brain pathways.

Functional MRI Measures blood flow and Evaluating Shows alterations in brain Provides insights into brain Mckee and

(fMRI) oxygenation changes to assess functional activity, connectivity, and function, detects activity Daneshvar, 2015;
brain activity and consequences of functional consequences changes, reveals connectivity | Scheibel, 2017
connectivity. TBL of TBI. disruptions.

Positron emission
tomography (PET)

Involves injecting a
radioactive tracer to measure
brain metabolism and

blood flow.

Evaluating brain
metabolism and
activity.

Highlights areas of altered
metabolism, decreased
activity, or abnormal glucose
utilization in the brain.

Reveals metabolic changes,
identifies areas of reduced
activity or abnormal glucose
utilization.

Huang et al., 2022

Single-Photon
Emission
Computed
Tomography
(SPECT)

Involves injecting a
radioactive tracer to measure
brain blood flow and activity.

Assessing cerebral
blood flow and
brain activity.

Indicates regions with
reduced blood flow, abnormal
activity, or functional
impairments in the brain.

Helps identify regions of
decreased perfusion,
abnormalities in brain
activity, and functional
impairments.

Gosset et al., 2022
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Mild TBI

Moderate

TBI

Loss of <30min (if | 30 min—24h >24h Rauchman et al.,
consciousness present) 2022

(LOC)

Glasgow Coma 13-15 9-12 3-8 Williams et al., 2022
Scale (GCS)

Post-traumatic <24h 24h-<7days | >7days | Frenchetal,2015
amnesia (PTA)

Prevalence of 75-80% 10-15% <10% | Laccarino etal.,

cases.

2018; Mckee and
Daneshvar, 2015
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n=1,593 enrolled patients with mild TBI (GCS=13-15) who

completed RPQ at two weeks
¥

1=1,059 had complete RPQ scores at all 4
timepoints and included for network analysis

1=1,229 had GOSE at Six Months
n=1,159 had GOSE at Twelve Months

n=1,299 had QOLIBRI at Six Months
1=1,200 had QOLIBRI at Twelve Months

1=1,293 had SF-12 Physical at Six Months
n=1,203 had SF-12 Physical at Twelve Months

Included for
Sccondary Analysis

1=1,293 had SF-12 Mental at Six Months
n=1,203 had SF-12 Mental at Twelve Months
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Six months Twelve months

95%Cl 95%Cl
Emotional ~0325 ~1.234,0583 0.482 -0.300 ~1237,0637 053
Cognitive ~0.867 ~1.732,-0.002 005 ~1.361 2232, -0.491 0.002¢
Visual -0.598 ~1.646, 0451 0.264 ~ 1064 ~2139,0011 0.052
Somatic ~2516,-0.505 0.003* ~0.439 ~1.475,0.59 0.406
Other symptoms ~2.449 ~3.542, 21355 <0.0005* -2242 -3362,-1.122 <0.0005*
Age -0.215,-0.155 <0.0005* ~0.174 0204, -0.143 <0.0005*
Female sex 1094 ~0.013,2202 0.053 0.624 ~0510,1.757 0.281
Years of education 0674 0491, 0857 <0.0005* 0714 0.525,0903 <0.0005*
Prior TBI 0356 ~0.739, 1452 0.524 ~0.534 -1.659,0.592 0353
Psychiatric history ~2.030 ~3.260, -0.799 0.001% -1.239 —2503,0025 0.055
CT+ 2364 1.271,3.456 <0.0005* 1298 0.180,2416 0.023*

“statistically significant difference betiween groups at p <0.05.
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Six months Twelve months

95%Cl 95%Cl
Emotional -2715 ~3.685, ~1.745 <0.0005* -2.196 3238, ~1.155 <0.0005*
Cognitive ~1.399 ~2.323,-0475 0.003* -1.746 -2714,-0.778 <0.0005*
Visual -1510 ~2.631,-0.390 0.008* 0.455 —0740,1.649 0.456
Somatic 0.109 ~0.965, 1184 0.842 -0.737 ~1.888,0.413 0.209
Other ~0.906 ~2.074,0263 0.129 -0.597 ~1.841,0648 0.347
Age 0.009 ~0.023,0041 0573 0.012 —0.022,0.046 0.499
Female sex -0.836 ~2.020,0347 0.166 -0.108 ~1.368, 1.152 0.866
Years of education 0081 ~0.114,0277 0415 0357 0.147,0566 0.001%
Prior TBI -1.908 ~3.078, -0737 0.001% -2175 -3.426,-0.924 0.001%
Psychiatric history ~5.008 ~6.324, -3.693 <0.0005* ~5.004 ~6.408, ~3.599 <0.0005*
CT+ ~1.454,0881 0.631 -0.260 -1502,0.982 0.681

“statistically significant difference betiween groups at p <0.05.
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593) 6 +17.3

Male sex (11=1,593) 1,055 (66.2)

Age (n

Race (n=1,585)

White 1224 (77.2)
Black 268 (16.9)
Other 93(59)
Hispanic (n=1,588) 329(20.7)
Years of education (11=1,560) 136229
Psychiatric history (n=1,592) 353(22.2)

GCS (n=1,593)

13 65 (4.1)

1 295(18.5)
15 1,233 (77.4)
CT+ (n=1,550) 538 (34.7)

GOSE at 6 months (n=1,224)

8 513 (41.9)
7 379(31.0)
6 230(188)
5 85(6.9)
<4 17(14)

GOSE at 12months (1=1,159)

8 570 (49.2)
7 319(27.5)
6 184 (15.9)
5 73(63)
<4 13(L1)
‘QOLIBRI-OS at 6 months (n=1,299) 66.25+24.76
‘QOLIBRI-OS at 12months (n=1,200) 67.58+24.97
SF Physical health at 6 months

47.40£10.26
(n=1,293)
SF Physical health at 12 months

48.08+10.09
(n=1,293)
SF Mental health at 6 months (n=1,293) 48.46+11.00
SF Mental health at 12 months

48.79+11.01

(n=1,293)

Mean:+SD was reported for continuous variables; N (%) was reported for categorical
variables.
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Week2 Month 3

Emotional 0.885 1011 1076 0.790
Cognitive 1761 1.245 1.349 0613
Visual =0.225 —0.868 —0.551 —0.243
Headache —0.688 0.069 -0.512 0322
Dizziness —0.497 —0.434 —0.561 —0.393
Nausea =2.007 -2.152 —2.065 -2.363
Noise sensitivity 0276 0393 0.207 -0.227
Sleep =0.157 —=0.133 —0.201 —0.331
disturbance

Fatigue 0276 0046 0597 1275
Restless 0375 0822 0.661 0558

“a positive expected influence > 1 was suggestive of high centrality
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Six months Twelve months

Odds ratio 95% Cl Odds ratio 95% Cl
Emotional 139 107-181 0.013* 108 0.84-139 0551
Cognitive 139 1.10-1.77 0.007* 172 137-218 <0.0005*
Visual 102 073143 0904 133 0.96-1.85 0088
Somatic 184 1.38-2.46 <0.0005% 126 095166 0.106
Other symptoms 155 1.14-2.10 0.005% 147 1.09-1.99 0011*
Age Lot 1.00-1.02 001 101 1.00-1.02 0.003*
Female sex 092 0.68-1.24 0592 118 0.87-1.60 0.286
Years of education 092 0.88-097 0.002% 0.6 082091 <0.0005*
Prior TBI 113 084-151 0.426 123 091-165 0179
Psychiatric history 134 0.96-1.86 0083 135 0.97-188 0077

CT+ 148

0.008* 173 129232 <0.0005%

“statistically si

ificant difference between groups at p <0.05.
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Six months
95%Cl

Twelve months

95%Cl

Emotional
Cognitive

Visual

Somatic

Other symptoms
Age

Female sex

Years of education
Prior THI
Psychiatric history

CT+

-5.27

-3.09

-3.00

-180

-3.58

-020

0.64

0.98

-350

-1055

1.06

~7.36,-3.18
~5.09,~1.10
~543,-057
~4.13,053
~6.11,-1.04
~0.27,-0.13
~193,321
0.56,1.41
~6.04,-096
~13.40,~7.70

~1.48,3.60

“statistically significant difference betiween groups at p <0.05.
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