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Abstract

Objective. The Portable Warrior Test of Tactical Agility (POWAR-TOTAL) is a performance-based test designed to assess
active-duty service members diagnosed with mild traumatic brain injuries (mTBIs) and could potentially inform return to duty
decisions. To examine the validity and responsiveness of the POWAR-TOTAL measure, this study collected self-reported and
performance measures by active-duty service members before and after an episode of physical therapist care.
Methods. Seventy-four individuals, enrolled in care for mTBI symptoms at 1 of 2 concussion specialty Intrepid Spirit Centers,
were examined the week that they initiated physical therapy with the intention to return to active duty. Self-reported measures
of concussion symptoms, pain, posttraumatic stress, headache, dizziness, and sleep quality were used, as were concurrent
measures of mobility and balance. The POWAR-TOTAL task (motor and cognitive skills in single and dual-task conditions) was
administered. Forty-nine active-duty service members returned for posttherapy testing using the same test battery. Effect
sizes for change in measures were calculated. Construct validity was assessed by correlating change scores on POWAR with
concurrent self-report and mobility measures. Responsiveness was evaluated using an anchor-based approach.
Results. Significant improvements in self-reported and performance-based measures, including POWAR, were observed
after therapy with moderate to large effect sizes. Improvement in POWAR performance correlated with improvement in
both performance and self-reported measures. After therapy, individuals who registered improvement on the Patient Global
Impression of Change scale demonstrated significantly faster POWAR motor performance than those who rated little or no
improvement in their condition.
Conclusion. The POWAR-TOTAL captured improvement on a military-specific task after completing physical therapy for mTBI
and could serve as an indicator of physical recovery and readiness for return to duty.
Impact. Challenging cognitive and motor measures for service members may aid in the assessment of recovery and the
ability to successfully return to duty after concussion as part of a comprehensive examination approach.
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2 Validity and Responsiveness of the Portable Warrior Test

Introduction

Over 470,000 Active Duty Service Members (ADSM) have
sustained a traumatic brain injury (TBI) since 2000. Most
of these injuries are classified as concussion or mild TBI
(mTBI).1 ADSMs are often able to return to unrestricted
duty in 2 to 4 weeks, following rest and a progressive return
to activity process,2 but some demonstrate longer standing
symptoms and impairments that required rehabilitation.3 Per-
sistent impairments could impede performance of specialized
military skills required for active duty, leading to an increased
risk of injury or risk to others in more dangerous forward
operations. Therefore, it is important to ensure that an ADSM
diagnosed with mTBI has recovered and is ready to return to
full duty including deployment to dangerous environments.

Symptom self-report as an indicator of recovery has lim-
itations, as ratings are subject to under- or overreporting
effects, and may be influenced by social pressures associ-
ated with military service4,5 or for other reasons associ-
ated with personal or professional gain. Many self-report
measures used for concussion, including the Neurobehav-
ioral Symptom Inventory (NSI), a standard measure in mil-
itary practice,6 lack specificity. Common symptoms may be
associated with other conditions or stressors.7 Observational
or performance measures offer benefits of detecting impair-
ments to corroborate symptom report and may also serve
as markers of physical performance necessary for military
duty.

Most balance and mobility measures commonly used by
physical therapists do not incorporate high level challenging
tasks typical of military training. Simple tasks such as standing
or walking may not reveal subtle impairments that ADSMs
experience beyond the acute period postinjury. Individuals
who seek rehabilitation care in the military may be weeks or
even months postinjury, resulting in ceiling effects with more
basic measures, erroneously implying recovery, resulting in
premature return to training, increased risk of injury to the
ADSM, and possibly negatively affecting duty and mission
capability. Tasks that reflect the dynamic and challenging
conditions faced by ADSMs may be more sensitive to subtle
symptoms associated with mTBI including dual-task (DT) or
multitask conditions.8,9 Clinically feasible ecologically valid
measures that assess exertional or DT abilities would fill a
gap in concussion care in the military.

The Portable Warrior Test of Tactical Agility (POWAR-
TOTAL or POWAR) is a brief exertional DT assessment that
could be administered in a typical clinic or a more austere
setting using readily available equipment (Figure). Construct
validity of POWAR has been previously described, and it
discriminates between ADSM with concussion and their fit
for duty ADSM peers via simple observational measures10 and
inertial sensor measures.11 Faster performance of the POWAR
motor measure was significantly associated with self-reported
physical readiness for deployment.

This paper addresses the responsiveness of POWAR in a
group of ADSM diagnosed with concussion after completing
physical therapy. Self-reported measures and validated per-
formance measures of balance and mobility were measured
before and after an episode of physical therapy to examine
the relationship of change on POWAR with change on those
measures to address construct validity. A rating of over-
all improvement, the Patient Global Impression of Change
(PGIC),12 provided an anchor for evaluating responsiveness of

the POWAR. Guidance for interpretability was also calculated
for motor performance on the POWAR task.

Methods

This pre–post longitudinal study was conducted at Intrepid
Spirit Center (ISC) Clinics at Womack Army Medical Center
at Fort Liberty (named Fort Bragg at the time of this study)
in Fayetteville, NC and Madigan Army Medical Center at
Joint Base Lewis-McChord in Tacoma, WA. ISCs are special-
ized intensive outpatient programs that serve the needs of
individuals in the military who have health needs following
mTBI. As a population, these individuals often have a history
of multiple mTBIs and typically seek care for persistent com-
plaints that may be driven by more than a single symptom or
impairment. The study received approval from the Regional
Health Command-Atlantic and Madigan Army Medical Cen-
ter Institutional Review Boards and all participants provided
informed consent.

Participants

Participants were ADSM (18–45 years) stationed at either
Fort Liberty or Joint Base Lewis-McChord who were recruited
from ISCs and were initiating treatment related to complaints
associated with mTBI that was documented in the medical
record and sustained greater than 2 weeks, but less than 2
years prior to enrollment. Exclusion criteria included con-
firmed pregnancy, presence of a major psychiatric diagnosis or
medical condition that would prevent performance of cardio-
vascular exercises or rendered them unable to perform moder-
ate exertion for up to 30 minutes, lifetime history of severe or
penetrating head injury, activity restriction that limited ability
to run or perform military exercise for up to 10 minutes, and
deficits in vision or hearing that would prevent them from
hearing test instructions or seeing test materials.

Measures and Procedures

Patients were scheduled for an initial test within a week
of their initial physical therapist evaluation. The final test
session was scheduled as close as possible to the patient’s
final physical therapist session or discharge from care by the
physical therapist. The nature of and duration of physical
therapist intervention was not controlled.

Participants completed a questionnaire and self-report sur-
veys at both sessions that included demographic and military
service information (Tab. 1). Self-report measures targeted
impairment areas that could influence ability to resume active
duty after mTBI: the NSI,13,14 the Defense and Veterans Pain
Rating Scale (DVPRS),15,16 the Post Traumatic Stress Disor-
der Checklist-Civilian (PCL-C),17,18 the Dizziness Handicap
Inventory (DHI),19 the Headache Impact Test (HIT-6),20–22

and the Pittsburgh Sleep Quality Index (PSQI).23 Measures
were selected based on known reliability and validity, and
were consistent with TBI Center of Excellence recommenda-
tions for military research.

There are no validated measures of tactical agility that
could be used as a gold standard for validation. Since the
POWAR task requires balance and the ability to run, we
included measures of mobility and balance that were con-
ducted at pre- and post-therapist test sessions to examine
rates of change on the POWAR task in relation to change on
those measures. The NeuroCom Sensory Organization Test
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McCulloch et al 3

Figure. Portable Warrior Test of Tactical Agility (POWAR-TOTAL) Testing Protocol.

Table 1. Demographic Variables

Variables Total Sample Mean (SD)
n = 74

Returned for Posttesting Mean
(SD) n = 49

Lost to Follow-Up Mean (SD)
n = 25

Age, y 29.6 (6.8) 29.2 (6.4) 30.4 (7.7)
Time in service, y 8.6 (6.2) 8.1 (5.9) 9.6 (6.8)
Number of deployments 3.6 (2.7)

Range = 1–12
3.9 (2.9)

Range = 1–12
3.2 (2.5)

Range = 1–11
Time since recent concussion (mo) 7.8 (6.6) 7.6 (6.5) 8.1 (6.8)
Prior number of concussions 5.5 (6.4)

Range = 1–40
6.0 (7.5)

Range = 1–40
4.4 (3.1)

Range = 1–10
Connor Davidson Resilience Scalea 74.5 (15.7) 73.8 (15.9) 75.7 (15.7)
Patient Global Index of Changeb N/A 4.7 (1.46) N/A

Categorical variables n (%) n (%) n (%)

Sex
Male 68 (91.9) 46 (93.9) 22 (88.0)
Female 6 (8.1) 3 (6.1) 3 (12.0)

Ethnicity
Caucasian 55 (74.3) 39 (79.6) 16 (64.0)
African American 4 (5.4) 2 (4.1) 2 (8.0)
Hispanic / Latino 8 (10.8) 5 (10.2) 3 (12.0)
Other 7 (9.5) 3 (6.1) 4 (16.0)

Education
High school 21 (28.4) 14 (28.6) 7 (28.0)
Some college/associates degree 44 (59.5) 28 (57.1) 16 (64.0)
Bachelor’s degree or higher 9 (12.2) 7 (14.3) 2 (8.0)

Concussion history prior to this injury 58 (78.4) 40 (81.6) 18 (72.0)
No duty restrictions 33 (44.6) 21 (42.9) 12 (48.0)
Physically ready to deploy in 72 h 22 (29.7) 13 (26.5) 9 (36.0)

aAssessed at initial test session only. bAssessed at final test session only.

(SOT)24 composite score, a test used by physical therapists to
assess balance under varying sensory conditions, provided a
measure of postural stability and balance. SOT was extracted
from the medical record, or was completed by project staff

at enrollment in the study if not administered by the treating
physical therapist.

Participants also completed the revised High Level Mobility
Assessment Tool (HiMAT),25 which has been validated in
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4 Validity and Responsiveness of the Portable Warrior Test

a civilian population diagnosed with mTBI, and requires
running and other higher level mobility tasks. Since testing
was conducted in ISCs that are single story structures, the
HiMAT without stairs was used, and the test was repeated
concurrently with the POWAR test before and following
therapy. POWAR may provoke symptoms from individu-
als with vestibular impairment given the transitional move-
ments required in the motor task that may manifest in visuo-
vestibular complaints. Therefore, we also extracted dynamic
visual acuity test results [line(s) lost during horizontal head
turning] from the medical record at the start of therapy, to
measure the ability to stabilize visual images during head
movement. In addition we tested vision for acuity and self-
reported clarity at the beginning and following the POWAR
test. If participants experienced an increase in symptoms or
difficulty with task performance during testing, they were
offered an opportunity to rest, drink some water, and after
several minutes asked if they wish to resume or discontinue
participation in the test. Participants were free to stop par-
ticipation at any time, consistent with the informed consent
process.

Participants who returned for the second test session com-
pleted a questionnaire which updated military service infor-
mation collected at the pretreatment session and completed
the same self-report, POWAR, and HiMAT measures. The
PGIC was completed by the subject to characterize perceived
change as a result of therapy intervention.

POWAR test procedures have been reported previously10,11

with details summarized in the Figure. A prior version of
this test that included a similar motor task demonstrated
good interrater reliability,26 and the cognitive task used in
the task had strong interrater reliability in a prior study.9

Visual acuity testing was conducted prior to and following the
mobility components of the POWAR, using a Snellen chart and
a visual analog scale rating of visual clarity that was used in
a prior study.8,9 Single-task (ST) motor and cognitive testing
was followed by 3 trials of DT performance. An important
factor to consider with the use of novel mobility and balance
measures is the potential for practice or learning effects that
confound interpretation of change in performance. As part of
the larger POWAR study, which included 60 healthy fit for
duty control ADSMs,10,11 we tested a small sample (n = 11)
of control subjects twice, approximately 1 month apart, to
examine possible learning or practice effects.

Statistical Analysis

Data were entered and verified using Research Electronic
Data Capture 209, an online, password-protected database.
All statistical analyses were conducted using SAS statistical
software (v 9.4; SAS Institute Inc, Cary, NC, USA). Demo-
graphic and clinical characteristics were assessed at baseline,
where mean and standard deviation (SD) were used for contin-
uous variables and frequencies and percentages for categorical
variables. Data normality was checked by the Kolmogorov–
Smirnov test and coefficients of skewness and kurtosis. Pre–
post self-report standardized measures and performance mea-
sures were examined with paired sample t-tests for continuous
data to detect significant changes over the course of therapy,
and to determine possible differences in the participants lost
to follow-up and the group that returned for posttesting.

Chi-square tests were used to compare frequencies between
precategorical and postcategorical variables (eg, readiness for
deployment). We have previously reported the significant

correlation of the POWAR measures with the balance and
mobility measures in ADSMs with mTBI as well as healthy
control peers,10 but here we analyze the change in these mea-
sures and their correlation with change on POWAR measures
using Pearson correlation coefficients.

For self-report and performance-based measures, we char-
acterized change in the entire sample across measures by
computing within-subjects repeated-measures Cohen d effect
sizes27:

d = mpost − mpre√
s2
pre + s2

post − 2r × spre × spost

√
2 (1 − r)

where mpre/spre and mpost/spost are the means/SDs of the
evaluated measure before and after the therapy, respectively;
r is the Pearson correlation coefficient between the 2 sets of
observations.

An anchor-based responsiveness assessment was perfor-
mance based on creating 2 groups (Improved/Not Improved)
based on self-reported posttest PGIC ratings. The PGIC is
a measure that was developed by the TBI CoE to reflect
overall improvement during a course of treatment and is
recommended as an outcome measure for military mTBI
research.12,28

Patients are asked to choose the best description of changes
in activity limitations, symptoms, emotions, and overall qual-
ity of life since beginning physical therapy: “no change (or
condition has gotten worse),” scored as 1; “almost the same,
hardly any change at all,” scored as 2; “a little better, but
no noticeable change,” scored as 3; “somewhat better, but
the change has not made any real difference,” scored as 4;
“moderately better, and a slight but noticeable change,”scored
as 5; “better and a definite improvement that has made a real
and worthwhile difference,” scored as 6; and “a great deal
better and a considerable improvement that has made all the
difference,” scored as 7.12

We determined a grouping of greater than or equal to 6
to characterize those who had meaningful improvement and
PGIC scores of 5 and less to characterize those without mean-
ingful improvement. Minimal clinically important differences
(MCIDs) were calculated for POWAR motor performance
based on individuals who rated PGIC at level 6–7. Mini-
mal detectable changes (MDCs) were calculated for POWAR
motor performance based on individuals who rated PGIC at
≤5, as we reasoned that the wording of the PGIC description
for level 5 seemed consistent with definition of MDC, whereas
levels 6–7 were more in line with a perception of MCID.

Test–retest reliability of the entire POWAR task was exam-
ined with a 2-way repeated-measures linear mixed effect
model with absolute agreement (first vs second testing ses-
sion, subject-by-subject variation). ICCs were calculated for
POWAR metrics (single and DT condition stability of motor
and cognitive tasks). A P value of <.05 was considered
statistically significant.

Results

Pre–Post Therapy Testing

Demographic information for the 49 participants who
returned for posttherapy testing is summarized in Table 1.
The ADSM in this study had sustained their most recent
concussion an average of 7.57 months prior to initial physical
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Table 2. Self-Report, Performance, and POWAR-TOTAL Scores: Initial Test Lost to Follow-Up Group; Study Group Initial, Final, and Effect Sizea

Measure LTFU Group Mean (SD)
n = 25b

Initial Mean (SD)
n = 49

Final Mean (SD) n = 49 P Effect Size

NSI (0–88) 41.3 (19.1) 37.6 (15.1) 28.2 (16.9) <.001 −0.58
PCL-C (0–80) 31.3 (20.4) 28.8 (20.1) 21.1 (18.9) <.001 −0.39
DVPRS (0–10) 4.2 (2.2) 4.4 (2.0) 3.1 (2.2) <.001 −0.62
DHI (0–100) 42.1 (21.5) 33.5 (20.0) 24.4 (19.7) <.001 −0.46
HIT-6 (36–78) 60.5 (8.1) 62.3 (8.1) 57.4 (8.9) <.001 −0.58
PSQI (>5 referral
threshold)

12.9 (4.7) 13.5 (4.5) 11.1 (5.0) <.001 −0.50

DVAT (lines lost)
D(lines lost)

2.3 (1.2) 2.6 (1.5) 1.8 (1.0) <.001 −0.71

SOT Composite (of
100)

68.5 (14.3) 68.6 (15.3) 75.7 (13.9) <.001 0.72

HiMAT (of 32) 21.4 (7.3) 22.3 (8.1) 24.3 (7.6) <.001 0.32

POWAR-TOTAL Metrics

ST-Cognitive (of 8) 5.7 (2.1) 5.4 (1.9) 6.6 (1.5) <.001 0.67
DT-Cognitive (avg
of 3 trials, of 8)

5.1 (2.1) 5.2 (1.8) 5.9 (1.7) 0.003 0.42

ST-Motor (s) 17.7 (6.6) 16.1 (4.0) 14.3 (3.0) 0.002 −0.51
DT-Motor (avg of 3
trials, s)

16.8 (6.5) 15.9 (4.6) 14.0 (2.8) 0.006 −0.50

Pretest vision line 8.1 (1.3)b 7.4 (1.3)b 7.6 (1.2) 0.124 0.16
Pretest self-rated
vision clarity

3.8 (2.1) 3.6 (2.1) 3.8 (2.2) 0.553 0.09

Posttest vision line 8.1 (1.0)b 6.8 (1.3)b 7.4 (1.5) 0.053 0.36
Posttest self-rated
vision clarity

5.2 (2.1) 4.7 (2.4) 4.3 (2.1) 0.277 −0.18

Completed all trials 20 (80%) 47 (95.9%) 48 (98.0%)

aDHI = Dizziness Handicap Inventory; DT = dual-task; DVAT = Dynamic Visual Acuity (noninstrumented version); DVPRS = Defense and Veterans Pain
Rating Scale; HiMAT = High-level Mobility Assessment Test; HIT-6 = Headache Impact Test; LTFU = lost to follow-up; NSI = Neurobehavioral Symp-
tom Inventory; PCL-C = Post Traumatic Stress Disorder Checklist-Civilian; PSQI = Pittsburgh Sleep Quality Index; SOT = Sensory Organization Test;
ST = single task. bSignificant difference in initial test values in the lost to follow-up group and the group that was tested before and following therapy.
Visual acuity was rated on a Snellen chart with line 8 representing 20/20 vision. Visual clarity was rated on a 0–10 visual analog scale with 0 as “perfectly
clear” and 10 “extremely blurry and/or unstable.”

therapist evaluation, with a range of 1.45 to 23 months.
They completed an average of 9.75 physical therapist visits,
with a wide range from 1 to 44, that included 1:1 physical
therapist sessions, home exercise program only format, and/or
group-based therapy sessions. These participants were often
also seeing other disciplines related to cognitive, visual,
or behavioral health concerns. There was no attempt to
standardize or control interventions, given our focus on the
validation of the POWAR-TOTAL measure.

Physical therapist interventions were administered by the
therapist who performed the evaluation. Examples include
strategies to address cervical pain and stiffness, dizziness,
vertigo, exertional intolerance, and balance problems. Study
participants may have participated in individual and/or group
physical therapist sessions. Additional treatments may have
included aquatic therapy, yoga, vision rehabilitation, and cog-
nitive and behavioral interventions provided by other reha-
bilitation specialists co-located at each ISC and based on
individual needs and evaluation findings.

Following treatment, on average, self-reported measures
(NSI, PCL-C, DVPRS, DHI, PSQI) reflected statistically
significant improvements in their respective domains (Tab. 2).
HiMAT total, SOT composite score, and DVAT lines
lost following completion of therapy also improved, indi-
cating higher level motor ability, static postural stabil-
ity, and visual acuity with head movement. It is impor-
tant to note that even though improvements occurred,
they were not complete with some residual self-reported
complaints.

Improvements were noted in POWAR-TOTAL results for
ST and DT performance for both cognitive and motor tasks
as well as visual acuity after exertion, but there were no
differences in pretest visual acuity and clarity (Tab. 2). At
both test sessions, average DT motor time was faster than ST
motor time. DT cognitive score, measured as an average of
3 trials, was lower than the ST cognitive score. On average,
ADSMs prioritized the motor component of the task over the
cognitive.

POWAR motor performance (ST and DT conditions) was
significantly inversely correlated to HiMAT, the measure we
considered closest to a gold standard for assessing validity, (ST
r = −.55; P < .001 [95% CI = −.72 to −.30]) (DT r = −.37;
P = .01 [95% CI = −.60 to −.09]) in the complete sample
(n = 74). To examine responsiveness, change scores for the
POWAR motor task were correlated with changes in HiMAT,
SOT, NSI, and DHI, given POWAR is intended to challenge
vestibular and balance function (Tab. 3). HiMAT changes
demonstrated the most significant correlations to changes in
POWAR motor scores, followed by the SOT. The DHI, which
is designed to identify complaints of dizziness, had higher
correlation values than the more generic self-report measure,
the NSI, supporting discriminant validity.

Effect sizes of the performance-based tests were all in the
medium range (Tab. 2).

Anchor-based responsiveness was examined by comparing
those who scored the PGIC at 1–4 (little to no change or
worse) and those who scored the PGIC at greater than or equal
to 5 (self-rated improvement). This analysis included a total
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6 Validity and Responsiveness of the Portable Warrior Test

Table 3. Correlations in POWAR Motor Pre–Post Change to Change in Performance and Self-Report Measures for the Study Groupa

Instrument POWAR ST Motor (95%
CI)

P POWAR DT Motor (95%
CI)

P

High-level Mobility
Assessment Test

0.52
(0.26 to 0.71)

<.001 0.55
(0.29 to 0.73)

<.001

Sensory
Organization Test

0.46
(0.16 to 0.67)

.004 0.42
(0.11 to 0.65)

.009

Neurobehavioral
Symptom Inventory

0.35
(0.07 to 0.58)

.01 0.29
(−0.004 to 0.53)

.05

Dizziness Handicap
Inventory

0.44
(0.17 to 0.64)

.002 0.30
(0.01 to 0.54)

.04

aDT = dual task; ST = single task.

of 47 participants who had complete data on all necessary
measures. At posttesting, mean (SD) POWAR ST motor was
significantly faster in those reporting improvement on the
PGIC (n = 31; −2.87 [3.98] seconds) compared to those in
the no change or worsening group (n = 16; 0.12 [3.14] points)
(P = .008). POWAR DT motor was also significantly faster
between those reporting improvement (−3.00 [5.08] seconds)
and the group reporting no change or worsening averaging
(−0.07 [3.01] seconds) (P = .02).

MCIDs were computed as the mean change in individuals
who reported what we interpreted as significant change on
the PGIC (levels 6 or 7, n = 17), resulting in an MCID
of −3.65 seconds for ST motor and − 3.85 seconds for DT
motor. Cognitive task performance was not significantly dif-
ferent in the 2 groups as sorted by PGIC. MDCs were com-
puted based on individuals who reported a PGIC of ≤5, who
reported only slight or no improvement after therapy (n = 30),
resulting in an MDC of −1.96 seconds for POWAR ST motor
and −2.05 seconds for POWAR DT motor.

Test–Retest Stability for ADSM Controls

Observational measures (hand timing, cognitive task scoring)
for POWAR-TOTAL components for the 11 healthy control
subjects improved on average on the second test for the motor
task (by 0.82 and 1.06 seconds for single and DT conditions,
respectively), but not the cognitive task. These improvements
fall far short of the MDC (<52%) and MCID values (<28%).
ICC values for the motor task were 0.88 for the ST condition
and 0.84 for the DT condition. For the cognitive task, ICC
values were 0.81 and 0.83 for the single and DT conditions,
respectively.

Lost to Follow-Up Group Characteristics

The lack of treatment control in this study created chal-
lenges for engaging participants in posttesting. The scope
and duration of therapy for individuals varied widely. Data
collection for the study spanned from May 2018 to August
2020, including months in 2020 where the COVID pandemic
caused suspension of research operations and halted inter-
vention prior to transitions to telehealth. We collected data
on 74 ADSM with concussion, but 25 of those participants
were lost to follow-up, leaving 49 ADSM in the final anal-
ysis. The majority of individuals who were lost to follow-
up (n = 18) did not respond to texts or calls to schedule a
posttesting session, so reasons for lack of participation are
unclear. Analysis of those lost to follow-up did not iden-
tify any group differences on demographics, self-reported, or
performance-based measures with the exception of visual

acuity, where those lost to follow-up had significantly better
visual acuity at rest and following the POWAR test motor
trials at their initial test session (Tab. 2).

Role of the Funding Source

The funder played no role in the design, administration, or
reporting of the study.

Discussion

The development of the POWAR-TOTAL test was initiated
by feedback from military therapists who expressed the need
for higher level challenges that approximated the demands
of military service.8 Tests developed for use after concussion
involve basic motor skill such as standing or walking, where
test sensitivity beyond the acute period is limited.28,29 These
tests were developed initially to identify concussion occur-
rence and were commonly used to judge recovery after rest
to improve symptoms by comparison to a preinjury baseline
tests. The use of the baseline testing approach has come
under question recently,29 necessitating measures that can be
used without a preinjury baseline. In recent years, there has
been a shift from a “rest and recover” approach to mTBI
to an active rehabilitation approach.30 Measures developed
as sideline assessments to identify concussion may not be
ideal to monitor the effects of rehabilitation weeks or months
postinjury.

Many physical therapist walking tests were developed for
older adults with balance impairment and may have ceiling
effects for ADSM.31 The combination of motor and cognitive
skill required in the POWAR-TOTAL test was intentional, as
the assessment of motor or cognitive skill in isolation may miss
subtle impairments evident in DT conditions.32 Therapists
choose assessments that relate to participation goals for their
patients. It stands to reason that military therapists may
need more complex measures for service members that go
beyond standing and walking and resemble training activi-
ties to inform recommendations about return to duty. The
POWAR-TOTAL is a test that could be used clinically as an
additional tool for ADSMs in rehabilitation after mTBI.

ADSM performing the POWAR-TOTAL test demonstrated
practice effects associated with learning the novel motor task,
as DT test trials were faster than single task trials that pre-
ceded them. There was a DT interference effect demonstrated
by poorer recall of the cognitive task in the DT condition
compared with the single task condition. There was no explicit
instruction about task prioritization during test administra-
tion; however on average, ADSM prioritized on the motor
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task. This prioritization is consistent with military culture that
values physical performance at a high level.

Results of the study support the construct validity of the
POWAR measure and its responsiveness to meaningful change
that occurs over an episode of physical therapist care. POWAR
has face validity in its similarity to skills commonly required
of ADSM, can be conducted in typical clinical space, and
takes less than 15 minutes to conduct. Within-person respon-
siveness was supported by medium effect sizes for POWAR-
TOTAL variables.

Improvements in motor and cognitive performance
following therapy were correlated with changes in other
performance-based and self-report measures in the expected
directions. External responsiveness of the measure was
supported through the use of the PGIC as an anchor. Using
PGIC anchor ratings, MCID and MDC values were calculated
to provide preliminary interpretability guidance for clinicians,
suggesting that improvements of 3.65 (ST) and 3.85 (DT)
seconds are associated with clinically important change;
and improvements of 1.96 (ST) and 2.05 (DT) seconds are
necessary to conclude actual change has occurred. The extent
of the practice effects of the test with a healthy control
group was examined in a small subsample, but it suggests
that practice effects are much smaller than MDC and MCID.
Additional study of test–retest reliability in a larger sample
of healthy controls and development of age and sex-related
reference values is necessary to guide interpretation of test
results in clinical practice.

Stronger correlations of ST POWAR measures to the
HiMAT follow logically, as the ST condition has a sole focus
on motor performance. The introduction of the dual-task
condition requires attention to be allocated to 2 tasks, but
detailed analysis of POWAR DT performance is beyond the
scope of this paper. The POWAR motor task could be used
without the DT condition to shorten testing time, as single
and DT motor task metrics were similar in their relation
to concurrent measures. Pre–post therapy effect size for the
HiMAT for the patient group was small, whereas effect sizes
for POWAR components were moderate, suggesting it may
be more useful in capturing change in higher level mobility in
this population.

This testing protocol included visual acuity and clarity
testing prior to and following the POWAR-TOTAL test trials.
Within initial test sessions, visual acuity and clarity showed a
significant decline after completion of the ST and DT motor
trials when compared to pretest status, reflecting the impact
of the agility task on vision and suggesting that the effects of
concussion on vestibulo-ocular function may not be apparent
at rest. Dynamic challenge of the vestibular system may be
particularly important to critical soldiering skills, such as
marksmanship while maneuvering. No significant differences
in resting visual acuity or clarity were observed following
physical therapist intervention. This may indicate a true lack
of change in static visual acuity or an inability of our basic
measures to detect subtle changes.

Limitations

Individuals enrolled in this study were on average more than
7 months postinjury; therefore, the utility of this test for
more acute concussion is not clear. Individuals with mTBI
may have a range of impairments including cognitive function,
oculomotor issues, and vestibular impairments that were not
comprehensively assessed in our study protocol that may

have contributed to performance differences in this group.
However, a measure that examines multiple capacities at once
in a functional context could be an efficient clinical approach.

In the military health system, concussion is often managed
by primary care, and many who sustain this injury may be
guided back to full activity without the need for specialized
rehabilitation.2 Individuals referred for therapy at ISCs may
have more complex initial injuries, a history of prior concus-
sions, or other comorbidities that cause them to seek care,
and some may not intend to remain in active-duty service.
Referral for multidisciplinary rehabilitation may be delayed as
a result of multiple factors including military cultural norms.
This population may therefore be quite different from civilians
seen for sport concussion, where recovery may be rapid and
complete with limited intervention.

The POWAR-TOTAL measure was designed to challenge
physical impairments that were the focus of physical therapy
and test skills in combination versus separately. On average,
participants showed improvement on self-report and perfor-
mance measures, but residual complaints of pain, headache,
and sleep disturbance remained. Some of the participants
continued treatment as part of the multidisciplinary treatment
process that is administered through the ISCs. We are unable
to determine if residual complaints were completely resolved
after all treatment ended, but it is possible that some indi-
viduals who sustain mTBI do not recover completely prior to
return to active duty.

Study examiners were not blind to group status in the
larger study, which may have induced bias; however, data were
measured using a stopwatch, inertial sensors, and verbatim
recording of verbal responses. Therefore, the influence of
bias on results is likely to be low. During initial testing, 7
participants did not complete the entire POWAR test protocol
because of participant requests to stop because of onset of
increased symptoms (n = 4) or by project staff because of
concerns for symptom increase or safety (n = 3). Of the
ADSM who could not complete the entire POWAR test battery
at baseline, 4 were lost to follow-up, but 3 returned for
posttesting and were able to complete all trials. The floor
effect (9.5%) observed in initial testing could discourage those
who are very symptomatic in their recovery and may have
influenced their return for posttesting. However, examination
of self-report and performance measures did not indicate
significant differences in the lost to follow-up group and
those who returned for posttesting, with the exception of self-
reported visual ratings, which were better in those lost to
follow up (Tab. 2). The timing of the initial assessment was in
the first week of an episode of physical therapist care, when
symptom burden of some individuals was high. If this test is
used in clinical practice, the therapist could use the test when
symptoms have stabilized, and preparing for a return to full
duty is a focus of treatment.

The POWAR motor task was devised to challenge the
vestibular system; however, participants in this study were
receiving physical therapy for other reasons that may or
may not have had a vestibular etiology. Performance-based
measures that target other areas (eg, exertion or cervicogenic
impairment) may be needed to evaluate ADSMs and inform
providers about overall recovery and physical readiness for
return to duty. Enrollment of participants in physical therapy
may have excluded individuals with subtle impairments who
were seen by the ISC physical therapists for evaluation only
and physical therapist interventions were not recommended.
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The PGIC is a measure that is advocated for use in military
mTBI research, but is complex in its targets encompassing
global quality of life and it refers to “your painful condi-
tion.” Although there are versions of the scale that instead
reference “your post concussive condition” that might have
better captured targets of physical therapy, we used the version
that mentions pain, shared by the TBI CoE site.2 Pain is a
common complaint in ADSM. On average, the self-reported
DVPRS level reduced from 4.4 (4 = distracts me, can do usual
activities, 5 = interrupts some activities) to 3.1 (3 = sometimes
distracts me) in the sample who returned for testing. Partici-
pants were not excluded if they had pain or musculoskeletal
impairments that could also affect performance of the task.
It is possible that physical therapy was instead focused on
impairments not related to pain, making this measure less
applicable for some enrolled in the study. Physical function
is clearly an important factor in quality of life for an ADSM,
but many other factors could also influence responses to the
PGIC question, reducing its value as an anchor for our study.

Only ADSM ratings on the PGIC were recorded. We did not
collect provider impressions of improvement that would have
provided an additional anchor-based method of evaluation. A
question more focused on functional recovery may provide
a better self-report anchor when evaluating measures that
are physical performance-based. The timing of post–physical
therapist testing did not necessarily coincide with conclusion
of all rehabilitation, as participants may have also been receiv-
ing services for headache, behavioral health conditions, visual
impairments, or cognitive impairments that also influenced
response to the PGIC, perception of quality of life, and ability
to fully return to active duty.

Conclusion

The POWAR-TOTAL captured improvements in high-level
mobility after an individualized outpatient physical therapist
treatment program targeting impairments that were related
to concussive injury. Reliability of the measure is acceptable.
Construct validity is supported by correlation with concurrent
measures, discriminant validity is supported with the analysis
of change scores, and responsiveness to change of the measure
is promising. The POWAR-TOTAL is an additional clinical
tool for providers who inform return-to-duty decisions. The
test incorporates tasks that are military specific and addresses
a range of vulnerabilities known to be affected by mTBI
that may be useful in military contexts when rehabilitation
is undertaken beyond the acute period postinjury. The motor
task may have utility used on its own or in the DT conditions
used in this study. Ensuring the fighting force is sufficiently
recovered after an mTBI will aid in supporting individual
and unit readiness for effective mission capability. Additional
study will provide more refined guidance for interpretation
of scores and timing of the use of POWAR-TOTAL in clinical
practice.

Author Contributions

Concept/idea/research design: K.L. McCulloch, A.S. Cecchini,
W. Zhang

Writing: K.L. McCulloch, A.S. Oh, A.S. Cecchini
Data collection: A.S. Oh, A.S. Cecchini
Data analysis: W. Zhang, C. Harrison, O. Favorov

Project management: K.L. McCulloch, A.S. Cecchini
Fund procurement: K.L. McCulloch
Consultation (including review of manuscript before submitting):

W. Zhang

Acknowledgments

The authors thank CAPT Scott Klimp and Dr Lisa O’Block for their
participation as site principal investigators and LCDR Michael Krok,
Robert Carlson, and Dr Holly Roberts for their collaboration and
feedback on study design and implementation. We also thank the men
and women of the United States military for taking the time to volunteer
to participate in this study and for their service and sacrifice to our
nation.

Funding

This work was supported by the Office of the Assistant Secretary of
Defense for Health Affairs through the FY16 Joint Program Committee
8/Clinical and Rehabilitative Medicine Research Program, Psychologi-
cal Health/Traumatic Brain Injury Research Program, Complex Trau-
matic Brain Injury Rehabilitation Research Award (no. W81XWH-17-
2-0046). The project was supported by the National Center for Advanc-
ing Translational Sciences (NCATS), National Institutes of Health,
through a grant award (UL1TR002489).

Ethics Approval

The study received approval from the Regional Health Command-
Atlantic and MAMC Institutional Review Boards.

Data Availability

Data from this project are uploaded in FITBIR, https://fitbir.nih.
gov/portal/study/viewStudyAction!view.action?studyId=FITBIR-STU
DY0000379.

Disclosures

The authors completed the ICMJE Form for Disclosure of Potential
Conflicts of Interest and reported no conflicts of interest.

The opinions, interpretations, conclusions, and recommendations are
those of the author and are not necessarily endorsed by the Department
of Defense.

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of
Health.

References

1. TBI Center of Excellence. DoD Worldwide Numbers for TBI,
2000-2022. Accessed August 11, 2023. https://health.mil/Milita
ry-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-
Center-of-Excellence/DOD-TBI-Worldwide-Numbers.

2. 2021 Progressive Return to Activity Following Acute
Concussion/Mild Traumatic Brain Injury Clinical
Recommendation (PRA). Patient and Leadership Guide. Accessed
August 11, 2023. https://health.mil/Military-Health-Topics/Cente
rs-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/
Provider-Resources.

3. McMahon PJ, Hricik A, Yue JK, et al. Symptomatology and
functional outcome in mild traumatic brain injury: results from the
prospective TRACK-TBI study. J Neurotrauma. 2014;31:26–33.
https://doi.org/10.1089/neu.2013.2984.

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/103/11/pzad100/7320074 by Acquisition Services user on 18 D

ecem
ber 2023

https://fitbir.nih.gov/portal/study/viewStudyAction!view.action?studyId=FITBIR-STUDY0000379
https://fitbir.nih.gov/portal/study/viewStudyAction!view.action?studyId=FITBIR-STUDY0000379
https://fitbir.nih.gov/portal/study/viewStudyAction!view.action?studyId=FITBIR-STUDY0000379
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/DOD-TBI-Worldwide-Numbers
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/Provider-Resources
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/Provider-Resources
https://health.mil/Military-Health-Topics/Centers-of-Excellence/Traumatic-Brain-Injury-Center-of-Excellence/Provider-Resources
https://doi.org/10.1089/neu.2013.2984


McCulloch et al 9

4. Rawlins MLW, Johnson BR, Register-Mihalik JK, DeAngelis K,
Schmidt JD, D’Lauro CJ. United States Air Force Academy cadets’
perceived costs of concussion disclosure. Mil Med. 2020;185:e269–
e275. https://doi.org/10.1093/milmed/usz162.

5. Lange RT, Brickell T, French LM, et al. Risk factors for post-
concussion symptom reporting after traumatic brain injury in
U.S. military service members. J Neurotrauma. 2013;30:237–246.
https://doi.org/10.1089/neu.2012.2685.

6. Silva MA. Review of the neurobehavioral symptom inven-
tory. Rehabil Psychol. 2021;66:170–182. https://doi.org/10.1037/
rep0000367.

7. Hardy M, Kennedy J, Reid M, Cooper D. Differences in posttrau-
matic stress disorder, depression, and attribution of symptoms in
service members with combat versus noncombat mild traumatic
brain injury. J Head Trauma Rehabil. 2020;35:37–45. https://doi.o
rg/10.1097/HTR.0000000000000486.

8. Radomski MV, Weightman MW, Davidson LF, et al. Development
of a measure to inform return-to-duty decision making after mild
traumatic brain injury. Mil Med. 2013;178:246–253. https://doi.o
rg/10.7205/MILMED-D-12-00144.

9. Weightman MM, McCulloch KL, Radomski MV, et al. Further
development of the assessment of military multitasking perfor-
mance: iterative reliability testing. PLoS One. 2017;12:e0169104.
https://doi.org/10.1371/journal.pone.0169104.

10. Cecchini AS, Prim J, Zhang W, Harrison CH, McCulloch
KL. The portable warrior test of tactical agility: a novel
functional assessment that discriminates service members diag-
nosed with concussion from controls. Mil Med. 2021;188:
e703–e710. https://doi.org.libproxy.lib.unc.edu/10.1093/milmed/
usab346.

11. Favorov O, Kursun O, Challener T, Cecchini A, McCulloch KL.
Wearable sensors detect movement differences in the portable
warrior test of tactical agility after mTBI in service members.
Mil Med. 2021;188:e637–e645. https://doi.org/10.1093/milmed/u
sab361.

12. Hurst H, Bolton J. Assessing the clinical significance of
change scores recorded on subjective outcome measures. J
Manip Physiol Ther. 2004;27:26–35. https://doi.org/10.1016/j.
jmpt.2003.11.003.

13. Cicerone KD, Kalmar K. Persistent postconcussion syndrome:
the structure of subjective complaints after mild traumatic brain
injury. J Head Trauma Rehabil. 1995;10:1–17. https://doi.o
rg/10.1097/00001199-199510030-00002.

14. Meterko M, Baker E, Stolzmann KL, Hendricks AM, Cicerone
KD, Lew HL. Psychometric assessment of the neurobehavioral
symptom Inventory-22: the structure of persistent postconcus-
sive symptoms following deployment-related mild traumatic brain
injury among veterans. J Head Trauma Rehabil. 2012;27:55–62.
https://doi.org/10.1097/HTR.0b013e318230fb17.

15. Polomano RC, Galloway KT, Kent ML, et al. Psychometric testing
of the defense and veterans pain rating scale (DVPRS): a new
pain scale for military population. Pain Med. 2016;17:1505–1519.
https://doi.org/10.1093/pm/pnw105.

16. Buckenmaier CC 3rd, Galloway KT, Polomano RC, McDuffie
M, Kwon N, Gallagher RM. Preliminary validation of the
Defense and Veterans Pain Rating Scale (DVPRS) in a military
population. Pain Med. 2013;14:110–123. https://doi.org/10.1111/
j.1526-4637.2012.01516.x.

17. Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL.
The posttraumatic stress disorder checklist for DSM-5 (PCL-5):
development and initial psychometric evaluation. J Trauma Stress.
2015;28:489–498. https://doi.org/10.1002/jts.22059.

18. Bovin MJ, Marx BP, Weathers FW, et al. Psychometric prop-
erties of the PTSD checklist for diagnostic and statistical

manual of mental disorders-fifth edition (PCL-5) in veterans. Psy-
chol Assess. 2015;28:1379–1391. https://doi.org/10.1037/pas0000
254.

19. Jacobson GP, Newman CW. The development of the dizziness
handicap inventory. Arch Otolaryngol Head Neck Surg. 1990;
116:424–427. https://doi.org/10.1001/archotol.1990.018700400
46011.

20. Castien RF, Blankenstein AH, Windt DAWM, Dekker J. Minimal
clinically important change on the Headache Impact Test-6 ques-
tionnaire in patients with chronic tension-type headache. Cepha-
lalgia. 2012;32:710–714. https://doi.org/10.1177/033310241244
9933.

21. Rendas-Baum R, Yang M, Varon SF, Bloudek LM, DeGryse RE,
Kosinski M. Validation of the Headache Impact Test (HIT-6)
in patients with chronic migraine. Health Qual Life Outcomes.
2014;12:117. https://doi.org/10.1186/s12955-014-0117-0.

22. Yang M, Rendas-Baum R, Varon SF, Kosinski M. Valida-
tion of the Headache Impact Test (HIT-6) across episodic and
chronic migraine. Cephalalgia. 2011;31:357–367. https://doi.o
rg/10.1177/0333102410379890.

23. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index (PSQI): a new instrument for psy-
chiatric research and practice. Psychiatry Res. 1989;28:193–213.
https://doi.org/10.1016/0165-1781(89)90047-4.

24. Pletcher ER, Williams VJ, Abt JP, et al. Sell TC: normative data for
the NeuroCom Sensory Organization Test in US military special
operations forces. J Athl Train. 2017;52:129–136. https://doi.o
rg/10.4085/1062-6050-52.1.05.

25. Williams G, Pallant J, Greenwood K. Further development of
the High-level Mobility Assessment Tool (HiMAT). Brain Inj.
2010;24:1027–1031. https://doi.org/10.3109/02699052.2010.
490517.

26. Longridge NS, Mallinson AI. The Dynamic Illegible E-test:
a technique for assessing the vestibulo-ocular reflex. Acta
Otolaryngol. 1987;103:273–279. https://doi.org/10.3109/00016
488709107794.

27. Prim JH, Favorov OV, Cecchini AS, Scherer MR, Weightman
MM, McCulloch KL. Clinical utility and analysis of the run-roll-
aim task: informing return-to-duty readiness decisions in active-
duty service members. Mil Med. 2019;184:e268–e277. https://
doi.org/10.1093/milmed/usy425.

28. Lakens D. Calculating and reporting effect sizes to facilitate
cumulative science: a practical primer for t-tests and ANOVAs.
Front Psychol. 2013;4:863. https://doi.org/10.3389/fpsyg.2013.
00863.

29. Ferris LM, Kontos AP, Eagle SR, et al. Utility of VOMS,
SCAT3, and ImPACT baseline evaluations for acute concussion
identification in collegiate athletes: findings from the NCAA-
DoD concussion assessment, research and education (CARE) con-
sortium. Am J Sports Med. 2022;50:1106–1119. https://doi.o
rg/10.1177/03635465211072261.

30. Murray N, Salvatore A, Powell D, Reed-Jones R. Reliability
and validity evidence of multiple balance assessments in athletes
with a concussion. J Athl Train. 2014;49:540–549. https://doi.o
rg/10.4085/1062-6050-49.3.32.

31. Pape MM, Kodosky PN, Hoover P. The community balance and
mobility scale: detecting impairments in military service members
with mild traumatic brain injury. Mil Med. 2020;185:428–435.
https://doi.org/10.1093/milmed/usz265.

32. Scherer MR, Weightman MM, Radomski MV, Davidson LF,
McCulloch KL. Returning service members to duty following mild
traumatic brain injury: exploring the use of dual-task and multitask
assessment methods. Phys Ther. 2013;93:1254–1267. https://doi.o
rg/10.2522/ptj.20120143.

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/103/11/pzad100/7320074 by Acquisition Services user on 18 D

ecem
ber 2023

https://doi.org/10.1093/milmed/usz162
https://doi.org/10.1089/neu.2012.2685
https://doi.org/10.1037/rep0000367
https://doi.org/10.1037/rep0000367
https://doi.org/10.1097/HTR.0000000000000486
https://doi.org/10.1097/HTR.0000000000000486
https://doi.org/10.7205/MILMED-D-12-00144
https://doi.org/10.7205/MILMED-D-12-00144
https://doi.org/10.1371/journal.pone.0169104
https://doi.org.libproxy.lib.unc.edu/10.1093/milmed/usab346
https://doi.org/10.1093/milmed/usab361
https://doi.org/10.1093/milmed/usab361
https://doi.org/10.1016/j.jmpt.2003.11.003
https://doi.org/10.1016/j.jmpt.2003.11.003
https://doi.org/10.1097/00001199-199510030-00002
https://doi.org/10.1097/00001199-199510030-00002
https://doi.org/10.1097/HTR.0b013e318230fb17
https://doi.org/10.1093/pm/pnw105
https://doi.org/10.1111/j.1526-4637.2012.01516.x
https://doi.org/10.1111/j.1526-4637.2012.01516.x
https://doi.org/10.1002/jts.22059
https://doi.org/10.1037/pas0000254
https://doi.org/10.1001/archotol.1990.01870040046011
https://doi.org/10.1177/0333102412449933
https://doi.org/10.1186/s12955-014-0117-0
https://doi.org/10.1177/0333102410379890
https://doi.org/10.1177/0333102410379890
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.4085/1062-6050-52.1.05
https://doi.org/10.4085/1062-6050-52.1.05
https://doi.org/10.3109/02699052.2010.490517
https://doi.org/10.3109/00016488709107794
https://doi.org/10.1093/milmed/usy425
https://doi.org/10.1093/milmed/usy425
https://doi.org/10.3389/fpsyg.2013.00863
https://doi.org/10.1177/03635465211072261
https://doi.org/10.1177/03635465211072261
https://doi.org/10.4085/1062-6050-49.3.32
https://doi.org/10.4085/1062-6050-49.3.32
https://doi.org/10.1093/milmed/usz265
https://doi.org/10.2522/ptj.20120143
https://doi.org/10.2522/ptj.20120143

	 Validity and Responsiveness of the Portable Warrior   Test of Tactical Agility After Rehabilitation in   Service Members With Mild Traumatic Brain Injury
	 Introduction
	 Methods
	 Results
	 Discussion
	 Conclusion
	 Author Contributions
	 Acknowledgments
	 Funding
	 Ethics Approval
	 Data Availability
	 Disclosures


