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ABSTRACT. Wilde EA, Whiteneck GG, Bogner J, Bushnik
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D, von Steinbuechel N. Recommendations for the use of
ommon outcome measures in traumatic brain injury research.
rch Phys Med Rehabil 2010;91:1650-60.

This article summarizes the selection of outcome measures
y the interagency Traumatic Brain Injury (TBI) Outcomes
orkgroup to address primary clinical research objectives,

ncluding documentation of the natural course of recovery from
BI, prediction of later outcome, measurement of treatment
ffects, and comparison of outcomes across studies. Consistent
ith other Common Data Elements Workgroups, the TBI Out-
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omes Workgroup adopted the standard 3-tier system in its
election of measures. In the first tier, core measures included
alid, robust, and widely applicable outcome measures with
roven utility in TBI from each identified domain, including
lobal level of function, neuropsychological impairment, psy-
hological status, TBI-related symptoms, executive functions,
ognitive and physical activity limitations, social role partici-
ation, and perceived health-related quality of life. In the
econd tier, supplemental measures were recommended for
onsideration in TBI research focusing on specific topics or
opulations. In the third tier, emerging measures included
mportant instruments currently under development, in the pro-
ess of validation, or nearing the point of published findings
hat have significant potential to be superior to some older
“legacy”) measures in the core and supplemental lists and may
ventually replace them as evidence for their utility emerges.

Key Words: Outcome assessment; health care; Brain inju-
ies; Neurobehavioral manifestations; Research; Rehabilita-
ion.

© 2010 by the American Congress of Rehabilitation
edicine

HE PURPOSE OF THE common data elements traumatic
brain injury Outcomes Workgroup was to address the need

or a common set of outcome measures for TBI research across
gencies and populations, as outlined in Thurmond et al1 (see
. 1633-6, this issue). The work group was composed of
hysicians, psychologists, neuropsychologists, and others with
xpertise in TBI outcomes research. Many work group mem-
ers also had previous collaborative experience in large mul-
icenter TBI research projects, such as the NIH Clinical Trials
etwork and the National Institute on Disability and Rehabil-

tation Research TBI Model Systems program, as well as
pecific TBI-related clinical trials and multicenter studies.

SELECTION OF TBI OUTCOME DOMAINS
AND MEASURES

The work group considered several factors in selecting outcome
omains that should be assessed after TBI. First, we wanted to
over outcomes at multiple levels of the International Classifica-
ion of Functioning, Disability, and Health; in other words, func-
ion, activity, and participation.2 Second, we targeted outcome
omains previously shown to be affected by TBI and of impor-
ance to consumers, scientists, and practitioners. Third, we sought
set of measures that collectively would cover the continua from

cute to long-term outcomes and from mild to severe TBI. Thus,
he work group examined measures of global outcome; recovery
f consciousness; neuropsychological impairment; psychological
tatus; TBI-related symptoms; performance of activities loading
n behavioral, cognitive, and physical demands; social role par-
icipation; and perceived health-related quality of life, as well as
ealth economic measures. Additionally, a multidimensional do-

ain of patient-reported outcomes was identified as a promising

mailto:ewilde@bcm.edu
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rea represented by outcome measures currently in development.
hese domains are described further in table 1.

actors of Importance in Selecting Outcome Measures
ithin the Domains
Within each domain, measures were selected to maximize

he ability of clinical researchers to (1) document the natural
ourse of recovery after TBI, (2) enhance the prediction of later
utcome, (3) measure the effects of treatment, and (4) facilitate
omparisons across studies.

The work group divided into smaller subgroups based on
nterests and expertise to develop lists of names and detailed
haracteristics of potential measures for each domain. Mea-
ures were identified using the following criteria: (1) sufficient
epresentation in the scientific literature and/or widespread use
n the TBI clinical and research community in diagnosis, out-
ome measurement and prediction, or treatment effectiveness;
2) evidence of sound psychometric properties, including
when applicable) construct validity, internal consistency, sen-
itivity to change, test-retest reliability, intra-/interrater agree-
ent (including subject/proxy and telephone/in-person admin-

stration); (3) well-established normative data; (4) applicability
cross a range of injury severity and functional levels; (5)
vailability in the public domain; (6) ease of administration;
nd (7) brevity. The panel also considered factors that would
ender the measures appropriate for international use, such as
vailability in different languages and validation in different
thnic groups. For measures of health-related quality of life,
ctivity/participation, and psychological function, consider-
tion also was given to flexibility of formats; for example,
elephone interview versus in-person administration or self
ersus proxy respondent. Finally, for objective neuropsycho-
ogical measures, the availability of alternate forms to moder-
te the potential impact of practice effects was considered. The
ork group considered measures that could be applied in both

dult and pediatric populations, but recommended that a sep-
rate work group be convened to address pediatric outcome
ecommendations.

istinguishing Core, Supplemental, and Emerging
utcome Measure Recommendations
In accordance with other CDE Workgroups, 3 tiers of CDE

ere recommended: core, supplemental, and emerging (see
hurmond et al,1 p. 1633-6, this issue). First, well-established
ore measures covering outcome domains relevant to most TBI
tudies were included. A listing of 9 core measures was se-
ected, with the idea that most could be applied across large
BI studies either as a comprehensive battery or in addition to
ther outcome measures selected by the investigator. Use of
hese measures should be tempered by the objectives, study
esign, and target population. In the second tier, additional
upplemental measures were recommended for consideration
n TBI research focusing on more specific topics or popula-
ions. For example, a study in which neuropsychological out-
ome is of particular interest may draw on measures from the
upplemental list that target cognitive functions not tapped by
he core. In the third tier, emerging measures include important
nstruments currently under development, in the process of
alidation, or nearing the point of published findings that have
ignificant potential to be superior to some older (“legacy”)
easures currently in the core and supplemental lists.

eneral Process for Selecting CDEs
Each member of the panel selected 1 or 2 outcome domains
List of Abbreviations

ADL activity of daily living
ASSIST Alcohol, Smoking, and Substance Use

Involvement Screening Test
AUDIT Alcohol Use Disorders Identification Test
BSI-18 Brief Symptom Inventory 18
BVMT-R Brief Visuospatial Memory Test–Revised
CDE common data element
CHART Craig Handicap Assessment and Reporting

Technique
CHART-SF Craig Handicap Assessment and Reporting

Technique Short Form
Cog-FIM FIM Cognition Subscale
COWAT Controlled Oral Word Association Test
CRS-R JFK Coma Recovery Scale–Revised
CWIT Color-Word Interference Test
DRS Disability Rating Scale
FAD Family Assessment Device
FrSBe Frontal Systems Behavior Scale
GOS Glasgow Outcome Scale
GOS-E Glasgow Outcome Scale (Extended)
GPT Grooved Pegboard Test
MCS minimally conscious state
MPAI-4 Mayo-Portland Adaptability Inventory
MMPI-2 Minnesota Multiphasic Personality Inventory 2
MMPI-2-RF Minnesota Multiphasic Personality

Inventory 2, Restructured Form
NIH National Institutes of Health
NINDS National Institute on Neurological Disorders

and Stroke
NOS-TBI Neurological Outcome Scale for Traumatic

Brain Injury
NSI Neurobehavioral Symptom Inventory
PART Participation Assessment With Recombined

Tools
PCL-C Posttraumatic Stress Disorder Check List–

Civilian Version
PCL-M Posttraumatic Stress Disorder Check List–

Military Version
PCL-S Posttraumatic Stress Disorder Check List–

Stressor Specific Version
PI Participation Index
PROMIS Patient-Reported Outcomes Measurement

Information System
PTSD posttraumatic stress disorder
QOLIBRI Quality of Life After Brain Injury
RAVLT Rey Auditory Verbal Learning Test
RPQ Rivermead Post Concussion Symptom

Questionnaire
SF-12 Medical Outcomes Study 12-Item Short

Form Health Survey
SF-36 Medical Outcomes Study 36-Item Short

Form Health Survey
SWLS Satisfaction With Life Scale
TBI traumatic brain injury
TBI-QOL Traumatic Brain Injury–Quality of Life
TMT Trail Making Test
VA Veterans Affairs
WAIS-III Wechsler Adult Intelligence Scale, Third

Edition
WAIS-IV Wechsler Adult Intelligence Scale, Fourth

Edition
WHO World Health Organization
WRAT-4 Wide Range Achievement Test, Fourth
ased on his/her interests and expertise or was assigned a

Arch Phys Med Rehabil Vol 91, November 2010
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omain. Subgroups of panel members developed initial lists of
otential measures within each domain and provided informa-
ion about the criteria detailed. Potential measures were dis-
ussed among the entire panel through a series of conference
alls, and a more limited set of measures for each outcome
omain was selected for further discussion in the panel at a
ace-to-face meeting in March 2009. In preparation for the
eeting, all panel members assisted in composing a series of

etailed tables with relevant information about general admin-
stration characteristics, psychometric properties, and advan-
ages and limitations of each potential measure.

The primary objective of the meeting was to further exam-
ne, refine, and limit the list of potential outcome measures by
sing the information collected and reviewed. In accordance
ith other CDE work groups, a final set of measures was

elected and organized into the 3 tiers described after further
iscussion of the relative advantages and limitations of each
easure. Selection of the final measures for each CDE level
as done by work group consensus.

escription and Selection of Core, Supplemental, and
merging CDEs
The rationale behind the core measures was to create a

rimary set of well-established measures that cover outcome

Table 1: Outcome D

Domain Name D

Global outcome Global outcome measures summarize
independence, and role participatio

Recovery of consciousness Duration of coma, level of consciousn
outcome and have a key role in tre

Neuropsychological
impairment

Objective measures of neuropsycholo
are very sensitive to effects of TBI

Psychological status Psychological issues associated with
changes (eg, impulsivity), or mood
persons with TBI and can have a su

TBI-related symptoms TBI-related symptoms include somati
memory difficulties), and emotiona
concussion and may persist in som

Behavioral function Behavioral dysfunction commonly is
school, personal relationships, and
behavior

Cognitive activity
limitations

Cognitive activity measures describe
real-world tasks, such as instrumen
behaviors

Physical function People with TBI (particularly severe T
including cranial or peripheral nerv
coordination; or impairment in sen
day-to-day activities safely and ind

Social role participation Participation is defined by the WHO a
engagement in endeavors within o
work/productive activity, recreation

Perceived generic and
disease-specific health-
related quality of life

TBI may create significant limitations
perceived quality of life with regard

Health economic measures Health economic measures assess th
most cost-effective therapeutic pro

Patient-reported outcomes
(future multidimensional
tools)

No single measure to date can adequ
face. This domain includes emergin
across several domains for generic
symptoms

bbreviation: QALY, quality-adjusted life-year.
omains important to many studies. Primary emphasis was m

rch Phys Med Rehabil Vol 91, November 2010
iven to selecting a single measure (or limited set of measures)
hat best covered each domain. For the core measures, estab-
ished use in subjects with TBI and favorable psychometric
haracteristics were considered primary criteria. Brevity and
ase of administration also influenced the selection of core
easures because the intent was to recommend measures that
ould be feasible to administer in a reasonable time (ie,
90min). Availability of different validated formats, such as

elf and other proxy response formats, also was considered
iven that self-report is impossible or unreliable for some
eople with TBI. Finally, applicability of each measure across
range of postinjury functional levels also was considered

ighly important because one of the primary objectives of the
DEs was to foster comparability of outcome measurement
cross different studies.

The rationale behind creating a set of supplemental measures
as to recommend additional measures in each domain that

ould be considered for more in-depth outcome assessment
ithin a certain domain or for patients at a specific functional

evel. For example, in studies in which neuropsychological
utcome is of particular interest, investigators may draw on
dditional outcome measures from the supplemental list that
arget additional aspects of cognitive functioning not covered
y the core measures (eg, visual memory, verbal fluency, fine

ns and Descriptions

Description and Relevance in TBI

overall impact of TBI, incorporating functional status,

and rate of recovery contribute significantly to functional
nt and disposition planning
l functions, such as attention, memory, and executive function,
ften affect everyday activities and social role participation

hat affect outcomes include adjustment problems, personality
rbances. In addition, substance use disorders are prevalent in
ntial impact on long-term outcomes
, headaches, visual disturbances), cognitive (eg, attention and
irritability) symptoms. They commonly are reported after TBI or
es at all levels of TBI severity
ted after TBI and may contribute to difficulties in return to work/
l functioning. Common examples are aggression and childlike

pact of neuropsychological impairments on cognitively loaded
DLs, functional communication, and health and safety-related

ay manifest difficulties in physical or neurologic functioning,
age; impairment in motor functioning, strength, and/or

n. These impairments may contribute to difficulties performing
dently
volvement in life situations”3 and commonly includes
community. TBI affects many areas of participation, including
leisure pursuits, and social/family role function
ultiple areas of functioning and well-being, often reducing
ultiple generic and disease-specific dimensions

gnitude of benefit in relation to costs spent; eg, they identify the
e in terms of cost per QALY
capture the multiplicity of difficulties that people with TBI may
ge-scale measurement tools for patient-reported outcomes
ical populations, neurologic compromise, and TBI-related
omai

omain

the
n
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gica

and o
TBI t
distu
bsta

c (eg
l (eg,
e cas
repor
socia

the im
tal A

BI) m
e dam
satio
epen
s “in
ne’s
and
in m
to m

e ma
cedur
ately
g lar
med
otor control). Similarly, in studies focusing on patients with
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isorders of consciousness, the CRS-R was recommended be-
ause it was designed specially for assessment of this target
opulation. Finally, additional measures of psychological
nd/or family functioning or substance abuse may be of im-
ortance, depending on the study design, functional level, or
arget population.

The third tier consists of emerging measures, meaning those
urrently under development, in validation, or nearing publi-
ation and that have significant potential to be superior to some
lder (legacy) measures in the core or supplemental sets. These
merging measures were selected because they fill existing
aps in the measurement of TBI-related sequelae or use more
ophisticated validation techniques than older measures. Addi-
ionally, some of these measures may better facilitate compar-
son across patient groups (eg, different disease populations,
roader age range, more comprehensive sampling of domains
f function). Because established use in subjects with TBI and
sychometric characteristics were considered primary criteria
or core and supplemental measures, the emerging measures
ill require further consideration as CDEs as evidence accu-
ulates about their psychometric characteristics, normative

ata, and utility in TBI research.
In this vein, the work group acknowledges that the selection

f recommended outcome measures is a flexible and dynamic
rocess that will undergo further evolution as additional evi-

Table 2: Core, Supplemental, and

Domain Name Core Measure(s)

Global outcome GOS-E MPAI
DRS
SF-36

Recovery of consciousness CRS-R
Neuropsychological

impairment
RAVLT
TMT
Processing Speed

Index from
WAIS-III/WAIS-IV

BVMT
Letter

the
COW
CWIT
Digit

WA
Word
GPT

Psychological status BSI-18 MMP
AUDI
Subs

TBI
ASSIS
PCL-C
FAD

TBI-related symptoms RPQ NSI
Behavioral function FrSBe
Cognitive activity limitations Cog-FIM
Physical function FIM motor subscale

Social role participation CHART-SF
Perceived generic and disease-

specific health-related
quality of life

SWLS

Health economic measures EuroQ
Patient-reported outcomes

(future multidimensional
tools)
ence emerges and as testing of these measures as CDEs is d
ndertaken. For example, some subtests from the WAIS-III
ere selected as core measures, although version IV has been

eleased and the WAIS-III may not be available for purchase
rom the publisher in the future. Although version III currently
s recommended because of its better fit with the selection
riteria, particularly its use in TBI research, we acknowledge
hat the WAIS-IV versions of the subtests are likely to replace
he WAIS-III versions in the core set pending further research,
nd that either version is acceptable because both measures will
ield reliable and valid results. With any effort such as this
ttempt to create a set of CDEs, there is a dynamic tension
etween the desire to maintain consistency among a stable set
f measures and the desire to adopt new improved measures as
hey become available. All core and supplemental measures
isted here have been selected as recommended measures at the
ime of this publication; nevertheless, the work group advises
he reader to consult the CDE web site for any updates to this
isting. It is particularly important to track the progress of
merging measures because these are believed to have the
otential to replace items in the existing core and/or supple-
ental set.

RECOMMENDATIONS FOR TBI
OUTCOME MEASURES

Recommended CDEs (all 3 tiers) are listed in table 2 and

rging Measures for Each Domain

pplemental Measures Emerging Measure(s)

sion 2

ber Sequencing subtest of
S-III/WAIS-IV

subtest of the WAIS-III/

ing subtest of the WRAT-4

NIH Toolbox cognitive battery

use questions from the
el Systems data set

NIH Toolbox emotional battery

NIH Toolbox motor and sensory
batteries

NOS-TBI
PART
QOLIBRI

PROMIS
Neuro-QOL
TBI-QOL
Eme

Su

-4

, ver

-R
-Num
WAI

AT

Span
IS-IV
Read

I-2-RF
T
tance
Mod
T
/M/S

OL
escribed briefly next. The reader also is referred to www.
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ommonDataElements.ninds.nih.gov for detailed supplemen-
al information about each measure.

ore Data Elements
Glasgow Outcome Scale (Extended). The GOS4 is a single-

tem scale that summarizes patient status in 1 of 5 categories:
ead, vegetative state, severe disability, moderate disability,
nd good recovery. The GOS-E5 is a revision of the GOS that
rovides 8 categories of outcome: dead, vegetative state, lower
evere disability, upper severe disability, lower moderate dis-
bility, upper moderate disability, lower good recovery, and
pper good recovery. GOS-E ratings are based on a structured
nterview and are easily recoded to GOS ratings. Together,
hese scales are the most commonly used TBI global outcome
easure, and their use permits comparison to much of the
orld literature on TBI outcome.
Rey Auditory Verbal Learning Test. This measure of word

ist learning is brief, available in the public domain, covers a
ide age range, and has alternate forms. The RAVLT is one of

he most widely studied measures of cognition, has extensive
ormative data,6-8 and has been used in different languages,
ultures, and ethnic groups. It has good psychometric proper-
ies and is sensitive to neurologic conditions. The RAVLT will
e used for validating the episodic memory measure of the NIH
oolbox or will be included in the Toolbox itself.
Trail Making Test. The TMT9 is a measure of attention,

peed, and mental flexibility. It is brief, widely used by neu-
opsychologists,10 sensitive to TBI-associated cognitive im-
airment, and reliable.11 Demographically adjusted normative
ata are available for a wide age range,9 and there are adult and
hild versions. Arabic, Chinese, and Hebrew versions are avail-
ble. Practice effects are found over short retest intervals, but
isappear after several administrations; at longer intervals,
cores show only modest change in healthy adults.

WAIS-III/WAIS-IV Processing Speed Index. This index
s based on the Digit Symbol Coding and Symbol Search
ubtests of the WAIS-III (or WAIS-IV),12,13 which has exten-
ive normative data and excellent psychometric properties. As
measure of information processing rate, it is highly sensitive

o the effects of TBI and its severity. It has been used in
ifferent languages, cultures, and ethnic groups and is us-
ble across literacy levels. This measure is being used as a
egacy measure to validate NIH Toolbox processing speed
easures.12,14,15

Brief Symptom Inventory 18. The BSI-1816 is a short form
f the Symptom Checklist-90-Revised.17 It is a brief self-report
easure of psychological distress with 3 subscales (Depres-

ion, Anxiety, and Somatization) and a Global Severity Index.
he BSI-18 was selected as a core measure because of its
revity, global assessment of common psychological issues in
eople with TBI, and sound psychometric characteristics. It can
e used to monitor change in response to treatment and can be
ompleted using paper-and-pencil or computerized administra-
ion formats.

Rivermead Post Concussion Symptom Questionnaire. The
PQ is a measure of postconcussion symptom presence and

everity after TBI. It contains 16 items, which the participant
ates in relation to premorbid functioning by means of written
elf-report or in-person or telephone interview. The RPQ has
een used most often in assessing postconcussion symptoms in
ersons with mild to moderate TBI, but also has been used in
atients with severe TBI,18 and the measurement of symptoms
ontained in this measure may be applicable at all levels of
everity. The RPQ was selected as a core measure based on its
ound psychometric characteristics and capacity to detect clin-

cal changes in patients with mild TBI. The scale has been used M

rch Phys Med Rehabil Vol 91, November 2010
o investigate the relationship between behavioral and neuro-
hysiologic markers of injury19-21 and outcome prediction.22

FIM Cognition Subscale. The FIM was selected as a core
easure of both physical and cognitive activity limitations

ecause of its widespread clinical use in TBI populations,
ultiple validated response formats (observational ratings,

elf- or proxy-report in person or by telephone),23,24 and ex-
ensive use in studies of diagnostic accuracy, outcome predic-
ion, and treatment effectiveness. Item response analysis of the
IM has confirmed a motor domain consisting of 13 items and
cognitive domain consisting of 5 items.25 There is low

orrelation between the Cog-FIM and mental and physical
ealth measures, suggesting discriminant validity.24 Ceiling
ffects may limit the FIM’s utility for longitudinal studies of
BI, although ceiling effects are less extreme for the Cog-FIM
ersus the Motor FIM in those with moderate/severe TBI.26,27

Craig Handicap Assessment and Reporting Technique
hort Form. The CHART-SF was designed to provide a
imple objective measure of the degree to which impairments
nd disabilities result in handicaps (participation restriction) in
he years after initial rehabilitation.28 It contains the 6 Rasch-
alidated subscales of Physical Independence, Cognitive Inde-
endence, Mobility, Occupation, Social Integration, and Eco-
omic Self-Sufficiency. It shows good interrater, test-retest,
nd subject-proxy reliability. It has been shown to discriminate
etween people with TBI and stroke who report lower scores
han those with other disabilities.29,30 CHART Cognitive Inde-
endence scores correlate more highly with Cog-FIM scores
han FIM motor subscale scores.29

Satisfaction With Life Scale. The SWLS is a global mea-
ure of life satisfaction.25 The SWLS consists of 5 items that
re completed by the subject. It has shown consistent differ-
nces between populations that would be expected to have
ifferent quality of life (eg, psychiatric patients or male prison
nmates). The SWLS also has been found to change in the
xpected directions in response to major life events31 and in
atients receiving psychotherapy.32

upplemental Data Elements
JFK Coma Recovery Scale–Revised. The CRS-R is a stan-

ardized behavioral assessment instrument designed to mea-
ure neurobehavioral function in patients with disorders of
onsciousness.33 It is composed of 6 subscales designed to
ssess auditory, visual, motor, oromotor/verbal, communica-
ion, and arousal functions. The CRS-R is the only standardized
ssessment measure that directly incorporates diagnostic crite-
ia for coma, vegetative state, MCS, and emergence from MCS
nd thus is strongly recommended for all studies of disorders of
onsciousness. The CRS-R shows adequate sensitivity and
pecificity,34-36 correlates well with functional outcome,37 is
seful for monitoring treatment effectiveness,3,38 and is avail-
ble in 11 languages.

Mayo-Portland Adaptability Inventory. The MPAI-4 (and
he PI, a component of the MPAI-4)39-41 was designed for
utcome measurement after acquired brain injury in the post-
cute stage of recovery. The MPAI-4 is the product of 15 years
f development using item response and classic psychometric
heory and has established concurrent, construct, and predictive
alidity. There is a total score and subscale scores for Ability,
djustment, and Participation. Strengths include ease of ad-
inistration, flexibility (by telephone or in person), and nor-
ative values based on ratings by people with brain injury,

ignificant others, and clinical staff. The PI (independent of the
ntire MPAI-4) has not been used extensively in research
pplications, although studies support the use of the entire

PAI-4 with adult and pediatric samples.42-44

http://www.CommonDataElements.ninds.nih.gov
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Disability Rating Scale. The DRS is intended to measure
eneral functioning during the course of recovery.45 The DRS
rovides a single score based on level of arousal; cognitive
bility to perform basic ADLs, including eating, grooming, and
oileting; independence in the home; and employability. The
RS was selected because it is applicable across a wide range
f injury severity and recovery intervals. The DRS may be
seful in studies of subjects with moderate to severe TBI with
erial measurement,46 particularly when initial measurement
ccurs in the acute postinjury interval.
Medical Outcomes Study 36-Item Short Form Health

urvey. The SF-36 is the most widely used subjective health
tatus measure, developed by using classic psychometric test
heory methods.47 It contains 11 items and generates subscale
cores in physical functioning, physical role function, emo-
ional role function, bodily pain, vitality, mental well-being,
ocial functioning, and general health perception. An additional
tem assesses changes in health status during the last year. Two
ummary scores can be computed, a physical component score
nd a mental component score. In TBI research, more than 30
tudies using the SF-36 showed high internal consistencies of
ll scales,48 as well as sound values for construct, discriminant,
nd content validity49,50 and sensitivity to treatment-related
hanges. The work group is mindful that the SF-12, has been
elected as a core element by the PTSD Workgroup.51 How-
ver, the SF-12 items are contained within and may be scored
rom the SF-36.52 Thus, use of the latter scale, which we
ecommend for TBI studies for comprehensive evaluation, will
eadily permit comparison with studies using the SF-12.

Brief Visuospatial Memory Test–Revised. The BVMT-R
s a multitrial measure of visual-spatial memory/learning re-
uiring reproduction of geometric forms. It was normed for a
ide adult age range (age range, 18 to �79y) and has no

ignificant sex- or education-related effects. It has good test-
etest reliability for total score and interrater reliability. The
VMT-R has multiple alternate forms, correlates well with
ther measures of memory, and shows sensitivity to neurologic
onditions. It is being used as a legacy measure for validating
he NIH Toolbox measure of episodic memory.53

WAIS-III/WAIS-IV Letter-Number Sequencing subtest. This
s a measure of auditory working memory that appears in both
he WAIS-III and Wechsler Memory Scale-Third Edition (or

AIS-IV).12,13 The subtest has extensive normative data and
ood psychometric properties, as well as clinical sensitivity.
his measure is being used as a legacy measure to validate the
IH Toolbox working memory measure.14,54,55

Controlled Oral Word Association Test. The COWAT56

easures attentional control, working memory, and other com-
onents of executive function. There is a strong association
etween focal frontal lobe injuries after TBI and impaired
erformance on the COWAT.57 Several alternate forms and a
panish version are available. It does not have a low ceiling in
eople without neurologic disorders.15 Demographically ad-
usted normative data are available for ages 20 to 85 years.9

Color-Word Interference Test. The CWIT,58 a variant of
he Stroop procedure, measures cognitive flexibility, selective
ttention, and the capacity to inhibit an overlearned response.
he CWIT version is a subtest from the Delis-Kaplan Execu-

ive Function System. Normative data are available for people
ged 8 to 89 years.

WAIS-III or WAIS-IV Digit Span subtest. This test12,13

rovides a brief assessment of auditory attention. The digits
ackward component is particularly informative as a simple
easure of working memory. The test is widely available, easy

nd quick to administer, and well normed. Digit Span has been

sed as a marker of cognitive deficit and recovery.59,60 Its t
otential use as a symptom validity measure is an added
enefit.61,62

Word Reading subtest of the WRAT-4. The WRAT-463

rovides a quick measure of academic achievement based on
ell-established norms. Studies have shown stability in people
ith TBI, allowing results to be used as an estimate of pre-
orbid cognitive ability.64,65 Results can be affected adversely

y visual difficulty, severe language disorder, and preexisting
earning disability.

Grooved Pegboard Test. The GPT has proved to be a
ensitive indicator of brain functioning, with diminished per-
ormance noted after even milder injury. It is readily available,
asy and quick to administer, and well normed. The GPT can
e used to document existing deficits and predict outcome.66,67

ne drawback is that performance can be influenced by pe-
ipheral injury, such as arm or hand fracture or problems with
isual acuity.
Minnesota Multiphasic Personality Inventory 2, Restruc-

ured Form. The MMPI-2-RF is a revised 338-item version
f the MMPI-2. There are 50 scales: Restructured Clinical
cales, Validity Scales, Specific Problem Scales, Interest
cales, and Personality Psychopathology Five Scales.68 The
MPI-2 is the most extensively used and researched of the

omprehensive personality assessment tools. The MMPI-2-RF
rovides a more time-efficient approach to using the MMPI-2.
t is psychometrically up to date and is linked to current models
f psychopathology and personality.
Alcohol Use Disorders Identification Test. The AUDIT69

nd the substance use questions from the TBI Model Systems
ata set indicate the extent of “problematic” substance use. The
UDIT was developed by the WHO and has been used exten-

ively with a range of populations, including persons with
BI.70 An abbreviated 3-item version (AUDIT-C)71 screens for
xtent of alcohol consumption. The substance use questions
rom the TBI Model Systems data set query the use of alcohol
nd other drugs and are based on questions from population-
ased surveys, thus allowing comparisons with statistics from
he general population.72 A dichotomous variable indicating
he presence of problem substance use (unhealthy use) can be
erived from these questions.
Alcohol, Smoking, and Substance Use Involvement Screen-

ng Test. For a more comprehensive assessment of substance
se, the ASSIST73 also was developed by the WHO, has been
alidated in 9 countries, and is easily administered, reliable,
nd valid. Recently completed work indicates that the ASSIST
s sensitive to change and specifically to the effects of a brief
ntervention.73

PTSD Check List–Civilian, –Military, and –Stressor Spe-
ific versions. The PTSD Checklist is a 17-item self-report
easure composed of the Diagnostic and Statistical Manual of
ental Disorders, Fourth Edition symptoms of PTSD.74 Re-

pondents rate on a 5-point scale how much they were bothered
y each symptom “in the past month.” The PTSD Checklist-
ilitary Version asks about problems in response to “stressful
ilitary experiences.” The PTSD Checklist-Civilian Version is

ot focused on one traumatic event. The PTSD Checklist-
tressor Specific Version requires the respondent to provide
esponses in relation to a specific event. The PCL measures
lso can be used for evaluation of PTSD severity and to
onitor change in response to treatment. These are public

omain measures and are widely used.
Family Assessment Device. The FAD75 is a 60-item self-

eport instrument based on the McMaster Model of Family
unctioning.76 Patients and/or family members read and re-
pond to the items. The FAD assesses structural and organiza-

ional properties of the family group and the patterns of trans-

Arch Phys Med Rehabil Vol 91, November 2010
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A

ctions among family members that have distinguished
etween healthy and unhealthy families. It can be used to
valuate the family unit in a broadly defined manner to include
ny type of committed or enduring relationship structure. The
AD has 7 subscales: 1 General Functioning scale, which
ssesses overall health and pathology of the family, and 6
imensional subscales: Problem Solving, Communication,
oles, Affective Responsiveness, Affective Involvement, and
ehavior Control. Subscale reliabilities and test-retest reliabil-

ty are adequate, and it has low correlations with social desir-
bility and moderate correlations with other self-report mea-
ures of family functioning.77

Neurobehavioral Symptom Inventory. The NSI, also
nown as the Post Mild TBI Symptom Checklist,78 was de-
igned to measure 22 common postconcussion symptoms after
BI without regard to the existence of preinjury symptoms.
he severity of each symptom is measured using a 5-item scale

0 indicates none to 4 indicates very severe) that asks partici-
ants to indicate the extent to which each symptom has dis-
urbed them in the previous 2 weeks. NSI total score is the sum
f severity ratings of the 22 symptoms. Cluster scores (physi-
al, cognitive, affective, and sensory domains) were derived.78

he NSI was selected as a supplemental measure because it
urrently is being used by both the U.S. Department of Defense
nd the VA as part of their Operation Iraqi Freedom/Operation
nduring Freedom TBI evaluation process of postconcussional
ymptoms.

Frontal Systems Behavior Scale. The FrSBe79 assesses
he severity of behavior problems associated with frontal lobe
unction as rated by the injured person and/or a caregiver.
here is a total score and 3 subscales (apathy, disinhibition, and
xecutive dysfunction) confirmed by using factor analysis.80

orms are available based on sex, age, and education for
ersons with TBI and caregivers. The sample of non-neurolog-
cally impaired people used to derive the norms was small and
onstrained in terms of education and race, but the FrSBe has
een used effectively in a few studies.81,82

EuroQoL. The EuroQoL is a generic self-rating instrument
o assess health-related quality of life and health status. It
enerates an index of health for use in economic evaluation,
as good psychometric properties, is available in many lan-
uages, and consists of self-rating of a set of health states and
ackground information about the respondent’s health. The 5
imensions of mobility, self-care, usual activities, pain/discom-
ort, and anxiety/depression result in a health state profile.
ombined with clinical data (eg, survival) it gives quality-
djusted life-years. In TBI, the instrument has been used in
ome outcome studies with good success.83-87

Please see Supplementary Table 1 for information related to
he psychometric properties of all core and supplemental
easures.

merging Data Elements
NIH Toolbox. The NIH Toolbox (Cognitive, Emotional,
otor, and Sensory components) is part of the NIH Blueprint

nitiative. It seeks to assemble brief comprehensive assessment
ools that will be useful in a variety of settings with particular
mphasis on measuring outcomes in epidemiologic studies and
linical trials across the life span. The ultimate goal is to help
mprove communication within and between fields of biomed-
cal research to advance knowledge by using CDEs. The battery
ill examine various cognitive (episodic memory, language, pro-

essing speed, working memory, executive functions, attention),
motional (negative affect, positive affect, stress and coping, so-
ial relationships), sensory (vestibular, audition, olfaction, taste,

ision), and motor functions (dexterity, strength, locomotion, o

rch Phys Med Rehabil Vol 91, November 2010
ndurance, balance). The battery is designed to measure these
omains in subjects aged 3 through 85 years, is normed for
oth English and Spanish speakers, and will be available at a
ominal cost and will take no more than 2 hours to administer.
he battery has gone through extensive work to identify and
retest the constructs to be measured. Validation of the NIH
oolbox batteries have been completed, with norming planned

n about 4500 subjects (please see http://www.nihtoolbox.org
or additional information).

Neurological Outcome Scale for TBI. The NOS-TBI is a
rief measure of neurologic functioning (including level of
onsciousness, cranial nerve functioning, limb strength, lan-
uage, ataxia) modeled after the NIH Stroke Scale, but con-
aining items specific to and validated in a TBI population. The
OS-TBI contains 15 items, some of which have subparts (eg,

or lateralization). Administration and scoring guidelines are
rovided for patients who are comatose, obtunded, or aphasic,
endering this a measure that can be used across a wide range
f injury severity and chronicity. Available preliminary psy-
hometric results indicate excellent reliability and validity.88-90

Participation Assessment with Recombined Tools. The
ART is a measure of community participation developed by

he TBI Model Systems by combining the primary measures
ound in the TBI literature (Community Integration Question-
aire, original and revised91,92; Participation Objective; Partic-
pation Subjective93; and the CHART).28 The measure has been
dministered to persons with TBI and other sources of disabil-
ty and to a population-based sample. Psychometric data have
ot yet been published, but available results indicate that the
ART is reliable and valid, maintaining the strengths and
vercoming some of the weaknesses of its component
easures.
Quality of Life After Brain Injury. The QOLIBRI is the

rst TBI disease-specific quality-of-life cross-culturally and
onsensually developed patient-reported outcome tool for clin-
cal trials and individual use (www.qolibrinet.com).94-96 It has
een validated in 2 large multinational TBI populations
N�1500, N�900) with different grades of disease, showing
ood psychometric properties. Based on classic and modern
est theory, it yields 37 items in 6 Likert-formatted scales, 4
ssessing satisfaction (Cognition, Self, Daily Life and Auton-
my, Social Relationships) and 2 assessing the feeling of
otheredness (Emotions and Physical Problems). A total score
nd a 6-item screener also are available. It is brief, will be in
he public domain from February 2010 onward, and exists in
ore than 10 languages.
Finally, there are 3 interrelated measurement systems (the

ROMIS, Neuro-QOL, TBI-QOL) of patient-reported out-
omes measures being developed to measure emotional func-
ioning, social participation, and physical and medical func-
ioning across a wide array of domain areas.

Patient-Reported Outcomes Measurement Information
ystem. The PROMIS97 is a new measurement system that is
art of the NIH Roadmap to improve the clinical research
nterprise. The PROMIS Network has developed and tested a
arge bank of items measuring patient-reported outcomes over
everal domains, including physical functioning, sleep distur-
ance, fatigue, anxiety, depression, anger, social roles, and
ocial activities. Item banks have been calibrated, allowing the
est to be administered as a computerized adaptive test or as
hort forms to ensure brevity. Researchers can select domains
f functioning relevant to their specific research question. The
ROMIS is designed as a generic measure that is to be used
cross all medical populations.

Neuro-QOL. The Neuro-QOL also is a patient-reported

utcome measurement system funded through a contract

http://www.nihtoolbox.org
http://www.qolibrinet.com
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ethod by the NINDS.98,99 The Neuro-QOL team has devel-
ped separate item banks covering the domains of Mobility/
mbulation, ADLs/Upper Extremity, Depression, Anxiety,
ositive Psychological Functioning, Stigma, Perceived and Ap-
lied Cognition (includes communication), Social Role Perfor-
ance, Social Role Satisfaction, Fatigue, Personality and Be-

avioral Change, and Sleep Disturbances. Embedded in several of
he Neuro-QOL domains are a significant number of PROMIS
tems. The Neuro-QOL is designed to be a common outcome
ariable across all clinical trials research sponsored by the
INDS.
Traumatic Brain Injury–Quality of Life. The TBI-QOL is
new multifaceted patient-reported outcomes measure that is

n development.100,101 It will embed Neuro-QOL and PROMIS
tems and will cover the domains of functioning of Perceived
nd Applied Cognition (includes communication), Personality
nd Behavioral Change (includes impulsivity), Depression,
nxiety, Positive Psychological Functioning, Stigma, Social
ole Performance, Social Role Satisfaction, Fatigue, and Sex-
ality. Five TBI Model System centers and 4 VA Polytrauma/
efense and Veterans Brain Injury Centers are collaborating to
evelop this instrument.
Because the PROMIS, Neuro-QOL, and TBI-QOL contain

ommon items and have been developed as calibrated item
anks using item response theory, the researcher will not
dminister common item banks from these instruments (eg,
oth the TBI-QOL and PROMIS depression item banks), but
nstead select one or the other. Linking tables or cross-walks
etween the PROMIS, Neuro-QOL, and TBI-QOL will be
eveloped, allowing researchers to compute a PROMIS and
euro-QOL equivalency score from TBI-QOL item banks.
imilarly, PROMIS equivalency scores will be derived for
eople who complete the relevant Neuro-QOL item banks.
For additional information about all core, supplemental, and

merging CDEs, please consult www.CommonDataElements.
inds.nih.gov. This site contains a table with descriptions of the
easures; a listing of variables and permissible values; infor-
ation about administration length, training requirements, and

ppropriate populations for use; and references or contact
nformation.

FUTURE ISSUES AND RESEARCH NEEDS
The work group identified several areas in which additional

esearch would enhance outcome measurement in TBI. First, as
ndicated in the discussion of emerging measures, there is a
eed for further validation and testing of measures, such as the
IH Toolbox, to specifically evaluate their utility in TBI.
econd, TBI causes characteristic cognitive and communica-

ion impairments that can compromise the validity of self-
eport. Despite the great promise of the new patient-reported
utcome measures under development, the work group also
dentified the need for more research about the applicability
nd validity of proxy report. In addition, as has been done for
ther populations, such as those with serious mental illness, we
ee the need for further development of standardized measures
hat directly test performance on cognitively demanding activ-
ties, such as using transportation, adhering to medication
chedules, and exercising judgment in the home and commu-
ity. Third, we recognize that measurement of vocational out-
omes is minimally represented in the CDE recommended
ere, a circumstance that partly reflects the state of the science.
ore work is needed to develop standard measures of employ-
ent post-TBI, taking into account the diversity of important

utcomes (return to work vs new employment, long-term job
aintenance, pay, satisfaction, and so on). Finally, the work
roup acknowledged the need for additional measures of ex-
cutive functioning that keep pace with theoretical develop-
ents in clinical neuroscience.

SUMMARY
In accordance with other CDE work groups, the following 3

iers of CDE were recommended: (1) 9 core measures covering
utcome domains relevant to most TBI studies that could be
pplied as either a comprehensive battery or in addition to other
utcome measures selected by the investigator, (2) supplemen-
al measures for consideration in TBI research focusing on
ore specific topics or subpopulations, and (3) emerging mea-

ures, which include promising instruments currently under
evelopment, in the process of validation, or nearing the point
f published findings that have significant potential to be su-
erior to some measures currently in the core and supplemental
ists. Selection of the CDE measures is intended to facilitate
omparison of findings from large-scale research efforts de-
igned to document the natural course of recovery from TBI,
nhance the prediction of outcome, and/or measure the effects
f treatment. The work group acknowledges that although
hese measures were chosen after substantial review of avail-
ble evidence and discussion within the group, any selection of
DE is a dynamic process that must accommodate some shift
nd evolution in the measures within each category as new
vidence emerges and selected measures continue to be tested.
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The GOS is sensitive to recovery from 3–6mo
postinjury, but less sensitive for recovery from
6mo–1y postinjury.1

GOS scores at hospital discharge are not valid
predictors of return to work at 6mo and
predicted only 6-mo GOS scores for those
who did not reach good recovery.6

The 3-mo GOS score predicted 12mo and 56%
showed improvement from 3–12mo, partially
countering concerns about sensitivity to
change.7

However, in another study, 3-mo GOS score
predicted 15-mo GOS score for patients with
good early outcome, but not those with
poorer early outcome.8 Patients in this study
had milder injuries.

GOS-E scores are associated with
neuropsychological test findings and disability
measures. indicating validity as an index of
TBI outcome.9

) and
good
l items
ant

Concurrent/construct validity established by
correlation with DRS (��.81).12

Bohac et al13 reported that MPAI factors correlated
with associated neuropsychological measures.

Predictive validity shown through correlations of
admission MPAI ratings with outpatient
rehabilitation outcomes, ie, Goal Attainment
Scaling (���.47), Independent Living Scale
(���.26), Vocational Independence Scale
(���.32).14 Using logistic regression, Malec et
al15 showed that staff MPAI (�2�8.30; P�.01)
and time since injury (�2�9.70; P�.01) were the
best predictors (69% correct classification) of job
placement after participation in vocational
rehabilitation. Malec16 found that staff MPAI was
the best predictor of long-term vocational
(correct classification�67%; �2�5.33; P�.05) and
independent living outcome (correct
classification�70%; �2�6.85; P�.01) 1y after
completion of comprehensive day rehabilitation
in a logistic model that included age, education,
severity of injury,

Sensitive to change in studies of
rehabilitation
interventions14,16,18 and to
frontal lobe damage.19
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Supplementary Table 1: Psy

Measure Reliability

Global outcome
GOS/GOS-E IRR of the GOS is very good, with 92

agreement.1,2 Agreement for stand
in-person administration for the G
less at �78%.2 TRT weighted � is
in-person vs telephone GOS and
GOS-E, which is excellent. Absolu
agreement for in-person vs teleph
was 71%–77% for GOS-E and 86%
for GOS. Interrater weighted � wa
and .84 for GOS and GOS-E,
respectively.3 Weighted � was .94
for TRT reliability using postal
questionnaires for GOS and GOS-
respectively. Overall agreement is
for both. Agreement between the
telephone and mail-administered
questionnaire is not as strong, at 6
for GOS-E and 86% for GOS.4

Despite excellent reliability data in m
reports, others have reported
misclassification rates of 17%–40%
GOS outcomes in clinical trials, w
resulting decreases in power.5

MPAI-4 Good ICC10 by Rasch (person
reliability�.88; item reliability�.99
classic metrics (Cronbach ��.89);
interrater agreement on individua
among staff, patients, and signific
others, with 58%–88% agreement
within �1.11
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

traumatic vs nontraumatic injury, time since
injury, and Rasch-converted staff MPAI score.
Malec and Degiorgio17 reported that logistic
regression of the MPAI and time since injury
could be used to estimate the probability of
community-based employment as a result of
outpatient rehabiliitation.

DRS IRR of DRS was established among 3 raters
on a sample of 88 TBI rehabilitation
inpatients.20 Pearson correlations were
.97–.98. In a separate study by Gouvier et
al,21 Spearman � correlation coefficient
was .98 in 3 raters on a sample of 37–45
subjects.

Novack et al22 reported IRR in a study of 27
severely brain-injured persons. A
comparison of DRS ratings by family
members vs rehabilitation professionals
yielded significant correlations for both
rehabilitation admission (r�.95) and
discharge (r�.93) ratings.

TRT reliability was shown by Gouvier,21

reporting Spearman � correlation of .95.

Concurrent validity was established in the initial
publication for the DRS,20 in which
abnormality ratings of auditory, visual, and
somatosensory brain evoked potentials
significantly correlated with DRS ratings
(r�.35–.78).

Additional validation of the scale is documented
in a published article by Hall et al.23

Correlation of DRS with simultaneously obtained
GOS scores at 2 times was shown in a sample
of 70 TBI inpatients (r�.50 at admission, r�.67
at discharge).24

Gouvier21 found Spearman � correlation was .92
between the rehabilitation admission DRS and
Stover Zeiger Scale (1976). Rehabilitation
discharge DRS correlated, with .81 for the
discharge Stover Zeiger Scale, .80 for the
GOS,1,251 and .85 for the GOS-E.26

Rasch analysis was completed on
the 8 DRS item scores at
rehabilitation admission for 266
cases. Composite scores of 1–29
were obtained (0�normal,
30�dead: clients rated ”normal”
were omitted). Findings were as
follows: relative level of difficulty
between admission and
discharge ratings of DRS items
for 256 cases was consistent;
range of difficulty reflected in
the scale is excellent, from items
measuring very simple
functioning to those measuring
complex functions.21

Each of the following domains
are scored: Eye Opening,
Communication Ability, Motor
Response, Feeding, Toileting,
Grooming, Level of
Functioning, and Employability.

Difficulty levels of the 3 items
Cognitive Ability for Feeding,
Toileting, and Grooming were
very similar.

There is a gap between Cognitive
Ability for Feeding, Toileting and
Grooming and Level of
Functioning (ie, ability to live
independently) and between the
latter and Employability. The
functional difficulty of each item is
substantially different, with no
intervening items to reflect
intermediate abilities, consistent
with the observation of less
sensitivity to change in the DRS in
people at high functional levels.

A limitation of the DRS is its relative
insensitivity at the low end of the
scale (mild TBI) and inability to
reflect more subtle but sometimes
significant changes in a person
within a specific limited window of
recovery.

Average DRS scores at rehabilitation
admission, discharge, 1y, and 2y
postinjury for all cases with data in
the TBIMS database were analyzed
for ceiling and floor effects.

Ceiling is defined as mean score of 0,
1, or 2 on the DRS (top 10% of
scale). These ceiling scores define
independent or modified
independent status. The DRS has
virtually no ceiling effect at
discharge, 1y, and 2y postinjury on
a consistent sample over time.
Results including all cases with
data available at any time were
similar, with sample sizes ranging
from 598–206.

The DRS was developed with the
continuum of recovery in mind,
consistently shows good scale
properties, and predicts
employment well. At 1y postinjury,
28% of FIM and FIM�FAM scale
reflects independence/modified
independence (scores�6 and 7 on
7-point scale) and only 10% of DRS
summed score represents this
level of independence (scores�0, 1
and 2 on 30-point scale). This
difference gives the DRS an
advantage in regard to ceiling
effect.
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

In summary, Rasch analysis
provided transformed scores
for use in interval scale data
analyses and validated
observations about the DRS: a
scale that measures a wide
range of disability with less
sensitivity at the high end (mild
TBI). Items discriminate varying
levels of disability well and
relative difficulty of items
remains constant between
admission and discharge.

In analysis of TBIMS national
database data, average DRS
untransformed score at
rehabilitation admission was 12
(rounded); at discharge, 5; and
at 1y postinjury follow-up, 3, in
a sample of 70 cases with
complete data for all times.

SF-36 There are �200 studies of ICC and �30 with
data for TRT reliability.

Reliability estimates of single scales
generally are �.80.

Sum score reliabilities (physical, mental)
generally are �.90.

In TBI specifically:
MacKenzie et al27 reported in patients

with multiple injuries ((N�1197; 45%
with head injuries): � coefficient�.77
(GH) to .93 (Physical Functioning).

Findler et al28 reported scale �

coefficients of .79–.92 in
moderate/severe TBI patients (N�228),
.83–.91 in mild TBI (N�98), and .68–.87
in 271 healthy controls.

Validity has been established in numerous
studies.29,30

In TBI specifically:
Findler et al28 reported convergent validity in

326 patients; correlations of physical SF-36
scales with Physical Symptoms scale of SCL
were �.50 to �.63, and with the HPL were
�.60 to �.75. There were robust correlations
between BDI-II scores and SF-36 scales, with
the largest value for Mental Health (�.77).

McNaughton et al31 examined construct
validity of the mental and physical CS
scores shown in joint factor analysis with
several functional measures in 89 patients.

In a study examining discriminant validity by
Paniak et al,32 significant differences
between 120 MTBI patients and 120 healthy
controls in all SF-36 scales (except GH),
mental CS, and physical CS were found.

In another study of discriminant validity by
Emanuelson et al,33 reduced values were
found on all SF-36 subscale, mental CS, and
physical CS scores in a study of 173 MTBI
patients and age-/sex-matched healthy
controls.
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Measure Reliability Validity Additional Psychometric Other

Recovery of
consciousness

CRS-R ICC, TRT reliability, and IRR were shown to
be good to excellent by original
investigators34 (IRR, r�.84; TRT, r�.94).
Schnakers et al35 reported IRR to be good
(��.80) in a French CRS-R validation
study.36 A recently completed Norwegian
study found IRR (r�.65–.82) and TRT
(r�.77–.83) to be acceptable to very good
and noted that both IRR and TRT
reliability were influenced by level of
experience with the CRS-R. Reliability
data also are available for specific CRS-R
subscales, with most values in the
moderate to good range.34,36,37

Reliability data for the original version of
the CRS were published by Giacino et
al38 and O’Dell et al.39

Criterion validity has been shown in
comparative analyses with the GCS,34,40

DRS,34,37 WHIM,36 and FOUR.36

Total CRS-R scores significantly correlated with
WHIM, FOUR, and GCS scores in both acute
and long-term patient samples.36

However, CRS-R performance is related most
closely to scores on the WHIM (r�.76), a scale
designed primarily for use in rehabilitation
settings.

Lower correlations have been reported with the
FOUR (r�.63) and GCS (r�.59), which are
intended for use in intensive care and trauma
settings, respectively.

Diagnostic validity has been
established in 4 separate
studies investigating the
sensitivity and specificity of the
CRS-R for detection of
MCS.34,36,40

Giacino et al34 found that the
CRS-R detected behavioral
signs of consciousness in 10 of
80 patients misdiagnosed with
VS on the DRS.

Similarly, Schnakers et al40

reported that the CRS-R
identified 7 cases of MCS (n�25)
in which VS was misdiagnosed
by using the FOUR.

A more recent study by
Schnakers et al36 found that
MCS was diagnosed in 45 of 77
patients with disorders of
consciousness after
examination with the CRS-R
compared with 36, 32, and 24
for the WHIM, FOUR and GCS.

The CRS-R has been used in a
range of studies exploring the
relationship between behavioral
and neurophysiologic markers
of consciousness.41-43 Evidence
of cognitive processing after
exposure to linguistic stimuli
has been reported in 3 fMRI
studies involving patients who
failed to show behavioral signs
of conscious awareness.41-43

The scale also has been used to
characterize the course of
recovery from VS, MCS,44,45 and
locked-in syndrome46 and has
sufficient sensitivity to capture
salient functional changes
associated with pharmacologic
interventions35 and deep brain
stimulation.47

Neuropsychological
impairment

RAVLT TRT reliability is good for total recall over 5
trials, .60–.70 over 1y.48 Internal reliability
of total score is high (� coefficients�.90).49

Extensive literature regarding good validity,
including construct, criterion, and predictive.
For specific information, refer to Strauss
et al.50

Sensitive to a variety of diseases
of the brain and their
severity.

Has been used in TBI.
Sensitive to change.
Has good floor and ceiling.
Has extensive norms. Refer to

Strauss.50

Familiar and widely-used and
accepted measure of memory
and learning. For many years, it
was part of the TBIMS data set.

It is a legacy measure of episodic
memory of the NIH Toolbox.

TMT TRT reliability varies with age range and
population studied, but is adequate,
especially for Part B.

Dikmen et al51 tested 384 healthy adults
who were retested 11mo after the initial
session. Coefficients were adequate for
Part A (.79) and high for Part B (.89).
Similar findings were reported by Levine
et al.52

Parts A and B are moderately intercorrelated
(r�.31–.36), suggesting they measure similar,
but somewhat different, functions.

TMT is sensitive to a wide range of neurologic
disorders, including TBI. TMT completion time
shows a dose-response relationship with TBI
severity: time increases with increasing TBI
severity.55

Practice effects are found over short
retest intervals, but disappear
after several administrations.

After longer intervals, TMT
scores show only modest
change in healthy adults.

Performance on TMT is affected
by age, with performance
declining as age increases.
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

Reliabilities in clinical groups are not as
high. Goldstein & Watson53 found similar
reliability coefficients (.69–.94 for Part A;
.66–.86) for various neurologic groups.

IRR has been reported as .94 for Part A and
.90 for Part B.54

Longitudinal studies have reported marked
heterogeneity of TMT outcome after moderate
to severe TBI; 5y after injury, a substantial
proportion of persons with moderate to severe
TBI continued to show deficits on TMT. In
Millis et al,56 43% showed marked impairment
on Part A and 33% had impaired performance
on Part B.

TMT may be less useful in mild TBI. Poor
discrimination was reported by Iverson57 in
differentiating mild TBI from substance abuse.

Several studies have shown that psychosocial
outcome after TBI can be predicted by TMT.

IQ has a moderate relationship
with TMT.

Sex has little impact on
performance.

Cultural and linguistic variables
may affect test scores.

WAIS-III Processing
Speed Index

Internal consistency is high at .80–.89, as
well as TRT reliability at 80–.89 (WAIS/
WMS technical manual58)50

Good construct and criterion validity. Very good
sensitivity to acquired brain damage. For
more specific information, refer to WAISIII/
WMS III manual58 and Strauss.50

Extensive normative data through
the Wechsler norming and
additional studies.50

This is a widely known index from
WAIS III. It is a legacy measure
of Processing Speed for the NIH
Toolbox.

BVMT-R TRT is .80 for total score, which is very
good for a memory measure. IRR is high
(.90.)50,59

Highly correlated with HVLT, VR WMS, and Rey
Figure (r�.65–.80); probably measures verbal
and nonverbal memory; seems to show
reasonable convergent and divergent
validities.50

A variety of studies support its
sensitivity to neurologic
condition of the brain.50

One of the measures chosen by
Matrics for studies in
schizophrenia based on
extensive review of the
literature. It also is 1 of the 2
legacy measures for the
Memory Measure of the NIH
Toolbox.

WAIS-III Number-
Letter Sequencing
subtest

ICC is .80–.89: TRT reliability is .70–.79.50 Good criterion, construct, discriminant validities.
Good clinical sensitivity. Refer to WAIS/WMS
III manual58 and Strauss.50

Extensive normative data through
the Wechsler plus additional
studies

It is a legacy measure for the
Working Memory measure for
the NIH Toolbox.

COWAT ICC is high: coefficient � is .83 using total
number of words generated for each
letter as individual items.60

In healthy adults, TRT reliability typically is
�.70.51

IRR is high (.9961).

Correlations among phonemic fluency tasks (eg,
FAS, CFL) are high, ranging from .85–.94.

Phonemic fluency shows a stronger relationship
to Verbal IQ (r�.42–.48) than Performance IQ
(r�.29–.36).

COWAT is sensitive to severity of TBI.62 A meta-
analysis63 found that as with patients with
focal frontal (but not temporal) lobe injuries,
TBI patients were impaired similarly on tests
of phonemic and semantic fluency. Phonemic
fluency also was significantly more sensitive
to the presence of TBI than the Wisconsin
Card Sorting Test.

In a mixed neurologic sample, Burgess et al64

found that poor performance on COWAT was
moderately associated with caregiver ratings of
patients’ problems in everyday life and patients’
lack of insight into their problems (r�.29–.35).

COWAT has been used in
treatment studies (eg, Sarno et
al65).

Higher education level is
associated with better
performance on COWAT. There
is little evidence of sex
differences on COWAT.
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

CWIT ICC is .70–.79.
TRT reliability is .70–.79.

Stroop-like tests frequently have been used in a
wide variety of patient groups thought to have
executive function deficits.

TBI patients typically are slower is responding to
all conditions, although they do not
consistently show disproportionate
impairment on the interference condition (eg,
Batchelor et al66).

Stroop-like tests may have limited diagnostic
sensitivity in mild TBI.67

Baseline interference scores on the Golden-
version Stroop were predictive of functional
status at 1-y follow-up in patients with
vascular dementia.68

Although women tend to have
superior color-naming skills,
sex differences on the color-
word interference condition are
not consistently present.69

Education is modestly associated
with interference score
(r�.3069).

WAIS-III Digit Span
subtest

TRT stability coefficient is .83.
Average reliability coefficient across age is

.90.58

The Digit Span test, particularly the Digits
Backward component, has been identified as
a marker of cerebral disorder after TBI.56,70

Can be used as a measure of
symptom validity.71,72

WRAT-4 Word
Reading subtest

ICC reliability coefficient73 is .90–.96 (by
age).

Alternate form reliability (by age) is .85–.95.

External validity73: correlations with the
following measures:

WIAT-II Word Reading, .71; Woodcock Johnson-
III Basic Reading .66; KTEA-II Comprehensive
Letter/Word Rec, .76; WAIS-III FSIQ, .79.

Studies have focused on earlier versions of the
Word Reading subtest, but administration has
not changed. With learning disability screened
out, WRAT-3 oral reading was considered a
reasonable predictor of premorbid ability.74

Similar results were obtained, with the WRAT-
R reading subtest predicting verbal intellectual
ability.75 Stability of WRAT-3 Word Reading
across 1y in people with TBI was shown by
Orme et al,76 although slight nonsignificant
increases were evident in the most severely
injured.

GPT TRT reliability50 is .67–.86 (at 4–24mo). External validity50: correlations with the
following measures: Tapping Speed, �.35;
Near Visual Acuity, �.62; Reaction Time, .31;
TMT-B, .46; Digit Symbol, �.60; Block Design,
�.34; Object Assembly, �.45.

More than 70% of those experiencing moderate-
severe TBI show impairment on the GPT using
established cutoff values.77,78

The GPT is among tests in this population that
predict outcome in terms of productivity.78-80
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

Psychological status
BSI-18 TRT reliability in TBI patients (median retest

interval, 1y): GSI of .66; somatization of
.67; depression of .63; anxiety of .57.81

In TBI outpatients (n�176), ICC estimates
(Cronbach �) were GSI of .91,
somatization of .75, depression of .84,
anxiety of .83. For TBI inpatients (n�81),
ICC estimates were lower: GSI of .84,
somatization of .61, depression of .64,
anxiety of .74.81

In community populations, the BSI-18 has
good ICC (coefficient � for global
severity�.89, somatization�.74,
depressive�.84; anxiety�.89).82

Validity analyses using TBI outpatients (n�176)
found BSI-18 GSI correlated significantly with
psychosocial and functional outcomes: NFI
depression (r�.68), NFI aggression (r�.55),
PANAS negative affectivity (r�.49).81

In community populations, BSI-18 scales have
shown excellent correlation with the SCL-90-R
(Pearson correlation coefficient for global
severity�.93, somatization�.91,
depressive�.93, anxiety�.96), which in turn
has shown acceptable convergent validity with
other measures of somatization, depression,
and anxiety.82

After controlling for demographic
and TBI injury characteristics,
the BSI-18 accounted for 4% of
total variance in FIM scores,
3% of total variance in DRS
scores, 3% of total variance in
CIM scores, and 8% of total
variance in SWLS scores.81

MMPI-2-RF Extensive psychometric information for the
50 scales of the MMPI-2-RF is presented
in chapt 3 of the technical manual.83

Estimates in the form of Cronbach �

coefficient are reported for men and
women of the normative sample, an
outpatient community mental health
sample, a psychiatric inpatient sample
tested at a general community hospital,
and male psychiatric inpatients tested at
a VA hospital. TRT reliability estimates
are reported for a combined-sex subset of
the MMPI-2 normative sample. Members
of the sample completed the MMPI-2
twice, with 1wk between test
administrations. Compared with the
original MMPI-2, the MMPI-2-RF had
similar or improved reliability.

TRT correlations and ICC values of the
Higher-Order, Restructured Clinical, and
PSY-5 scales of the MMPI-2-RF mostly
were �.80. The � values derived from the
normative sample are somewhat lower
because of truncated distributions. SEMs
generally are �8 T score points, and most
scales have SEMs �6 points.

The MMPI-2-RF has several validity scales that
provide information regarding threats to the
validity of a test protocol that must be
considered before scores on the clinical scales
can be interpreted: inconsistent responding,
overreporting, and underreporting indexes.

Extensive correlate data are listed in Appendix A
of the technical manual.83 External validity
data were gathered from a wide range of
settings that document the convergent and
discriminant validity and corroborate the
construct validity of the substantive scales.
Empirical correlates are reported for clinical,
forensic, medical, and nonclinical samples.
Correlates include a broad range of criteria,
including therapist ratings, clinical diagnoses,
intake staff ratings, admissions records,
biographical information, and other self-report
measures.

The 338 items of the MMPI-2-RF
are embedded within the
MMPI-2 item pool. Hence,
MMPI-2-RF profiles can be
generated from original MMPI-
2 profiles.

AUDIT Mean ICC was .83 across 18 studies.
TRT reliability � range was .70–.89 using a

cutoff of 8; intraclass correlations range
was .87–.95.84

Factor analyses indicate a 2 factor structure
(consumption and adverse consequences),
supporting the use of the abbreviated AUDIT-
C as a measure of consumption.

As with other measures, AUDIT
does not perform well with the
elderly. AUDIT and AUDIT-C
have been used successfully
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

AUDIT-C TRT was .65–.85 for 3-mo
interval,85 .98 for 1-mo interval.86

Sensitivity and specificity have been studied
extensively, with satisfactory identification of
both hazardous drinking and harmful use.
Lower cutoff scores are recommended for
women and for the identification of hazardous
drinking vs harmful/dependence.84

with adolescents, psychiatric
populations, and across
various countries and cultures,
with studies indicating
adequate reliability and
validity.87,88 AUDIT has been
used with persons with TBI.89

TBIMS questions
(based on BRFSS
and NSDUH)

BRFSS TRT � for any alcohol use was .82,
and for binge consumption was .64;
correlation for number of drinks/mo was
.72, with lower values for blacks and
Hispanics.90

Population estimates derived from BRFSS
questions correlate with similarly worded
questions from the NSDUH (r�.82). Higher
estimates are obtained from the latter version,
which has been attributed to computer-
assisted administration.91

The questions have been included in both
national surveys and the TBIMS national data
set for �10y and have been used in multiple
studies for monitoring and analyzing national
trends.

Comparisons have been made
between the general
population and a population of
persons hospitalized 1y earlier
due to TBI.92

ASSIST Average TRT � for question stems ranged
from .58–.90; for substance class, from
.61 for sedatives to .78 for opioids.93

Cronbach � was �.80 for most
domains.94

Concurrent validity: significantly associated with
the MINI Plus (r�.93 for lifetime use; r�.76
with MINI-derived score for severity of abuse
and dependence), AUDIT (r�.82), and ASI
frequency of use (r�.84).

Construct validity: significant and positive
correlations between ASSIST scores reflecting
abuse and dependence and MINI-derived
scores of severity of abuse or dependence
(r�.76 and r�.75, respectively).

Discriminant validity: discriminates between
groups classified based on use, abuse, or
dependence; better with discriminating
between use and abuse (ROC�.84–.97) than
between abuse and dependence (ROC�.62–
.84, except for sedatives, ROC�.45).

Predictive validity: there are no significant
differences between ASSIST scores obtained
at baseline and 3-mo follow-up.95

In a cross-cultural RCT, ASSIST
was sensitive to change
associated with an ASSIST-
linked brief intervention (WHO
ASSIST Phase III Study
Group).95

PCL-C/M/S TRT stability coefficient over 2–3d was .96
for Vietnam veterans.96

ICC � coefficients in Vietnam and Persian
Gulf veterans,96 victims of MVCs, and
sexual assault survivors were .97 and .94,
respectively, with internal consistencies
of .92 to .93 for each subscale).96

Combat veterans with PTSD score significantly
higher (63.58�14.14 [SD]) than those without
PTSD (34.40�14.09).96 The same pattern is
true with MVC-related and sexual assault
PTSD.97

In Vietnam veterans, PCL-M significantly
correlated with other measures of PTSD
(Spearman � range, .77–.93).96

Factor analysis for data derived
from Persian Gulf war veterans
suggested that items are best
accounted for by a single
factor.96

Diagnostic sensitivity and
specificity of the PCL: cutoff of
50 on the PCL-M resulted in

There are several versions,
including the PCL-C, PCL-S, and
PCL-M. The PCL-C is available in
Spanish.

The PCL was developed by the
National Center for PTSD and is
in the public domain. It maps
directly onto DSM criteria.
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

In Persian Gulf veterans, PCL-M score was
associated significantly with another measure
of PTSD (.85).96

The PCL-M highly correlated with the Mississippi
Scale for Combat-Related PTSD (.93), the PK
scale of the MMPI (.77), and the Impact of
Event Scale (.90).98

sensitivity of .82 and specificity
of .84 in 1 study96 and
sensitivity of .78 and specificity
of .86 in another.97

Published cutoff values should
be used with caution because
they were derived from samples
with high prevalence rates of
current PTSD.

Reviews of the PCL can be found
in Orsillo99 and Norris &
Hamblen.100

FAD TRT stability coefficients across scales
during 1wk ranged from .66–.76.101

ICC: In a large white sample (n�1302),
Cronbach � ranged from .73 for the Roles
scale to .87 for the General Function
scale; they were slightly lower in a similar
Hispanic sample (n�323), ranging from
.59 for the Roles scale to .82 for the
General Function scale.102 These were
slightly higher than in another study, in
which � ranged from .57–.86; only the
Roles scale had ��.70. In the latter study,
� values were marginally higher in
clinical than nonclinical samples.103

Validity: correlations between FAD scales and
clinician ratings of family functioning based
on a semistructured clinical interview
(McMaster Structured Interview For Families)
ranged from .38–.62.104 Moderate correlation
also was found between FAD scales and the
FES and scales on the SCL-90-R.105

Concurrent validity was shown between
children’s FAD ratings and mother’s ratings of
family functioning.106

One confirmatory factor analytic
study supported the factor
structure of the FAD, finding
similar factor structure in
nonclinical, psychiatric, and
medical samples,103 whereas a
second found low goodness-of-
fit indexes, but good residual
error fit indexes.102

Reviews of the FAD can be found
in Epstein et al.101

The FAD has shown good
reliability and validity across
cultural groups, including in
China, The Netherlands, Great
Britain, Italy, and Canada and in
the United States with different
racial groups.

TBI-related Symptoms
RPQ The measure’s developers107 presented

scatterplots (no reliability coefficients
reported) that suggest good TRT
reliability during a 24-h period at a mean
8d postinjury for 41 adult patients with
mild to moderate TBI. A second
scatterplot was presented that included
46 adults with mild to severe TBI at
�6mo postinjury that suggested good
TRT reliability during a mean 10-d TRT
interval.

Significant correlations were reported between a
head injury follow-up questionnaire regarding
common problems after TBI (eg, problems
conversing, problems with facets of
community reentry, fatigue at work, getting
along with others) and the patient’s RPQ total
score (Spearman ��.67 at 3mo postinjury and
��.56 at 6mo postinjury).108 No differences
were found between patient-completed and
interview-format responses.

Modest predictive validity (r�.37; P�.05) was
reported109 between 1-wk and 6-mo RPQ scores.

At 3mo after mild TBI, the RPQ distinguished
between patients with and without PCS, and
those who were vs were not “on sick leave”
from work.

Ingebrigtsen et al.110 reported a trend between
RPQ total score and serum S-100B protein
level in patients with mild TBI 24h postinjury.
However, Savola & Hillbom111 found that S-
100B on hospital admission was a significant
predictor of RPQ total score at 1mo postinjury.

RPQ total score does not appear
to be associated with age, sex,
cause of injury, severity of
injury (GCS score), or duration
of PTA in patients with mild
TBI.114

Chan115 found no sex effect on
RPQ total score.

Eyres et al116 reported that all
RPQ items functioned well
across age and sex.

No differences in RPQ total score
were noted between patients
with chronic pain and mild
TBI.117

A significant difference was
found on RPQ total scores
between adolescents with mild
TBI and an uninjured control
group assessed an average of
3d postinjury.113

Rasch analysis suggested the RPQ
was not unidimensional and the
authors suggested splitting 3
items (headache, dizziness,
nausea) into a separate scale.
The resulting RPQ-13 and RPQ-
3 performed well in terms of
external construct validity with
a head injury follow-up
questionnaire (RPQ-13, .83;
RPQ-3, .62) and 2-wk TRT
reliability (RPQ-13, .89; RPQ-3,
.72).
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

Higher RPQ total scores related to greater
activations in fMRI tasks of working memory
and selective attention in patients with mild
TBI.112

FA of the corpus callosum measured by using
DTI significantly related (� �.76) to RPQ total
score in a sample of adolescents with mild TBI
assessed an average of 3d postinjury.113

NSI Schwab et al118 reported that Afghanistan
and Iraq war veterans reporting a
probable TBI had a higher prevalence of
having �3 problematic PCS (using the
NSI) symptoms than that of veterans who
did not report TBI (64% vs 41%; P�.001).

Schwab118 reported a moderate association
between number of TBI-related problems
reported on a TBI screening interview and
number of moderate/severe PCS symptoms
reported on the NSI (r�.477; P�.001).

Schwab118 also showed that in participants
reporting a TBI on a brief TBI screening
interview, the prevalence of �3
moderate/severe PCS symptoms was higher in
those with than in those without self-reported
TBI-related problems (74% vs 40%; P�.003).

Behavioral function
FrSBe Intrascale reliability (normative sample)119:

Family (total), .92; Apathy, .78;
Disinhibition, .80; Ex Dysfunction, .87.

Self-rating (total), .88; Apathy, .72;
Disinhibition, .75; Ex Dysfunction, .79.

Intrascale reliability (neurologic sample):
Family (total), .94; Apathy, .87;
Disinhibition, .84

Ex Dysfunction: .91.
Self-rating (total), .92; Apathy, .83;

Disinhibition, .78; Ex Dysfunction, .84.

Correlation of FrSBe to Neuropsychiatric
Inventory120: total, r�.64; P�.001; Apathy,
r�.37; P�.04; Disinhibition, r�.62; P�.001.

Construct validity: the FrSBe has shown
significant differences in before and after
ratings for people with frontal system
lesions121 and also has differentiated frontal
lesion populations from controls.122 The FrSBe
has shown stronger correlation with a
measure of community reentry than tests of
executive functioning.123

Principal factor analysis yielded 3
factors corresponding to a
priori domains of apathy,
disinhibition, and executive
dysfunction that accounted for
�46% of variance.124

Cognitive activity
limitation

Cog-FIM
Please see next
section for general
information about the
FIM instrument. This
section provides
information specific to
Cog-FIM items.

Interrater reproducibility was .95.125

Both Cog-FIM and Motor FIM have excellent
ICC126 (��.86–.97; ��.89 for Cog-FIM).125

Correlates (.51) with WAIS VIQ.125

Low correlations (discriminant validity) with
physical and mental health status
measures.125

Predicts amount of supervision (vs physical
assistance) received in the home setting.127

Predicts falls more robustly than Motor FIM in
rehabilitation inpatients.128

Ceiling issues: in the TBIMS,
maximum score (all items 7)
was attained at 1y postinjury
by 16% using the Cog-FIM
total; 20% for Memory, 56% for
Social Interaction, 45% for
Comprehension/Expression.129

Between 1 & 5y postinjury,
26% improved on Cog-FIM,
61% stayed the same, 14%
worsened.129

Routinely collected at most
rehabilitation facilities, so it may
be cost-effective to obtain in
that setting.

Extensive use in studies of TBI
and a wide range of other
patient populations.

Allows comparison across patient
populations.

Sensitive to cognitive
rehabilitation vs functional skills
training approach in RCT of
subacute TBI.130
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

Physical function
FIM Total FIM has outstanding reliability, with

TRT reliability, IRR, and ICC much
�0.90.131

Extensive demonstration of construct and
predictive validity in TBI and a wide range of
other patient populations.

The FIM has clinically appropriate validity and
interrater agreement.131

Sensitive to improvements in
function for up to 1y post-TBI.

Evaluation of the metric
properties of the FIM has been
reported extensively.132-136

Precision (ability of the
instrument to detect
meaningful change in level of
function during rehabilitation)
has been high.137

In a Rasch analysis of the FIM, 2
separate domains of items
were defined: the motor
domain consisting of 13 items
and the cognitive domain
consisting of 5 items.133,136

Previous analyses of FIM data
from the SCI Model Systems
suggested that the cognitive
domain may be inappropriate
for people with SCI.138

Ceiling effects of the FIM at
rehabilitation discharge and
particularly at 1y postinjury were
observed in the moderate and
severely injured TBI population.139

Of the sample, 49% and 84% had
attained independence (average
score, 7 or 6) by discharge and 1y
postinjury, respectively; ie, the
FIM is not sensitive to more
subtle changes expected after
acute inpatient rehabilitation
discharge.

Possible ceiling effect after 1y.
Because FIM ratings affect
facility reimbursement and
many facilities use FIM change
as a quality indicator, there may
be pressure for the lowest
possible admission FIM and
highest possible discharge FIM
scores to be obtained if rated
by clinicians.

Social role participation
CHART-SF CHART-SF subscales closely approximate

scores of subscales gathered by the original
CHART. Reliability data are based on original
CHART without Cognitive Domain.140

IRR (1-wk interval) was .80–.95 (n�135 with
SCI).

Subject-proxy was .69 (economic self-
sufficiency), .28 (social integration), 0.80–
.83 for remaining scales (n�135 persons
with SCI and proxies).

CHART-SF subscales closely approximate scores
of subscales gathered by the original CHART.
Validity data are based on original CHART
without Cognitive Domain.140

Rehabilitation professionals rated 135 persons
with SCI as either high or low levels of
handicap. CHART scores and subscales
(except for economic self-sufficiency) were
significantly different in the expected
direction.
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Supplementary Table 1 (Cont’d): Psychometric Properties of Recommended TBI Outcomes CDEs in Core and Supplemental Tiers

Measure Reliability Validity Additional Psychometric Other

TRT (2-wk interval) for Cognitive
Independence was .87.141

Subject-proxy for Cognitive Independence
was .81.

Rasch analysis indicated satisfactory separation
of items along the handicap dimension. Items
within each subscale fit well.

A sample of 2259 participants weighted to
represent the population of Colorado in 1999
showed that those who reported no activity
limitations scored significantly higher than
those who reported activity limitations on the
BRFSS.

A sample of 1110 participants was administered
the CHART (including Cognitive
Independence), persons with TBI or stroke had
lower scores than those with multiple
sclerosis, SCI, amputation, or burn.141,142

Correlation coefficients were higher between
CHART Cognitive Independence and Cog-FIM
subscale compared with CHART Cognitive
Independence and FIM motor subscale.141

Perceived generic and
disease-specific
HRQOL

SWLS143 ICC was �.80.144

TRT (2-mo interval) was .82 in 76
students.143 With 2-wk interval, it was
.89.144

Factor and Rasch analysis support a single
factor; however, item 5 (If I could live my
life over, I would change almost nothing)
is the least well associated.

Content validity: initially 48 items were included;
factor analysis showed that 10 items loaded
highly (�.60) on a factor reflecting cognitive-
judgmental evaluative processes; 5 items were
redundant, resulting in the current 5-item scale.

Criterion-validity: original validation studies
compared SWLS scores with 10 measures of
subjective well-being; all correlated at r�.50.

Construct validity: TRT stability decreases as interval
increases. Consistent differences between
populations in the expected directions have been
found. Scores change in expected directions when
major life events occur.

Normative data are available for
people with TBI (TBIMS
national database).145-147

Norms are available for other
populations.144

Health economic
measures

EuroQOL148 The MVH Group149 reported that a large
valuation study of a general British
population of 221 respondents had very
reliable mean ICCs of .78 for questions
and .73 for the VAS.

Van Agt et al150 assessed TRT reliability in
a Dutch population (N�208) after TBI by
using several specific method approaches
that indicated good TRT reliability.

Brazier et al151 found evidence for construct
validity of the EuroQol comparing it with the
SF-36 in a large British sample (N�1582).
Sintonen152 reported correlations of the 15-D
HRQOL with EuroQol, among others, giving
evidence for construct validity. In an RA study,
Hurst et al153 showed clinically relevant
correlations with other condition-specific
instruments, indicating EuroQol construct
validity in RA.

Sensitive to change-intervention
effects.
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