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Objectives

At the end of this presentation learners will:

1 Describe the impact of concussion on brain functions that affect motor performance.

2 Recognize the difference in recovery timelines between neuropsychological
assessments and symptoms resolution vs dual task function

3. |dentify reasons for concern in returning SM’s to duty or athletes to play before dual-
task abilities are normalized.

4. Describe ways to assess dual-task function in the clinic.

5. List 3 dual task interventions for tactical athletes that could be used in clinical
practice.

6. Explain the key factors that should be considered when making return to sport/duty
decisions.
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The ‘Mild’ qualifier is not used if any of the injury severity indicators listed below are present.
* Loss of consciousness duration greater than 30 minutes.

e After 30 minutes, a Glasgow Coma Scale (GCS) score of less than 13.
¢ Post traumatic amnesia greater than 24 hours.

Concussion Diagnosis Criteria - ACRM?



% of Athletes Who Reported the Symptom

Symptom Prevalence in NCAA Athletes?
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How Common are Concussions in
Tactical Athletes?

Athletes Military Personnel

315,592 Department
of Defense service
members suffered an
mTBI between 2000
and 20194

4.18 per 1000 athlete
exposures leading to
450k hospital visits
each year3
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How can Concussion Impact Brain

Function?

1. . 2. 3. .
Diminished neural Decreased motor Impacts of mTBI increase
networking efficiency>® cortex function?’ risk for brain re-injury®

4 - \\

Decreased function, efficiency and impacts of mTBI have
been shown to persist LONGER than clinical symptom
resolution. 37
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Concussions Impact of Functional
Measures

Gait Velocity/Dual Task

Decreased in individuals
with concussion®8?2
Impairments up to a year
post-injury>82

Adults > Adolescents>®

10

COP Deficits/Dual Task

Increased M/L displacement
up to 2 months post-injury?
Increase in COP movement
when visual field motion
occurs for up to 30 days
post-injury®



Concussions Impact of Functional
Measures

Cognition/Dual Task

Cog. performance
persisting for 5-12
months3510

Increased difficulty dividing
attention between visual
and auditory stimulit®
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https://ndupress.ndu.edu/Media/News/News-Article-View/Article/1681855/beyond-the-

gray-zone-special-operations-in-multidomain-battle/



https://ndupress.ndu.edu/Media/News/News-Article-View/Article/1681855/beyond-the-gray-zone-special-operations-in-multidomain-battle/

How Do These Timelines Compare to Neuropsychological
Tests and Post-concussion Symptom Scales?

Day 14-28
Day 0 Day 5 Day 6 Day 7 Day 10 Day 15 Day 21 Day 30 and Beyond
Injury Symptom Standard RTP for Deficits described

Happens resolution in balance >80% of previously continue to

collegiate tests athletes?!? persist>9.11
athletes® normalize®
Symptom Majority of active-

Simple task, simple Neuropsychological

gait scores normalize

assessments
normalizel?

12

resolution in
adolescents®

duty service
members RTD4
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Increase Risk of Lower Extremity Musculoskeletal
(LEMSK) Injuries

Within one year after concussion, athletes are at an increased risk of a LEMSK injury....

1.34x the risk 2.5x the risk 2.2X the risk
of a LEMSK of a LEMSK of a LEMSK

injury® injury® injury®

High School Athlete Collegiate Athlete Professional Athlete
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Post-Concussion Injury Risk: Differences Between Athletes
Who Reinjure vs. Those Who Don’t

Decreased average walking speed during dual task activity™"»

How to assess: 10 MWT

Significantly increased dual task cost'>16

How to assess: Motor + cognitive assessment to determine cognitive accuracy and
physical function

Decreased gait stability in the frontal plane’

How to assess: Motion capture data, tandem gait, lateral loss of balance
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Athletes who are returned
prematurely may be highly
susceptible to future brain and
musculoskeletal injury.%1
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How Can We Evaluate Dual Task Deficits?

Virtual Reality®
TUG with mini mental style questions!/:18.20
Dual task tandem gait tasks > Single task tandem gait!8-20

o Higher sensitivity and specificity than other postural
stability tests1®

o Can serve as a proxy to more sophisticated dual task gait
exams18

Both TUG and dual task tandem continued to see deficits at 3
weeks18

POWAR-TOTAL — a measure specifically for SM’s
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TUG +
Auditory
Pure Switch
Task?1

How to Perform: Patient completes TUG
while being asked if a given number is
even or odd. Once the patient answers, a
new number is immediately called out.

How To Measure:
TUG: Time to completion
APST Response Rate =
# of total responses/20 seconds

How to Interpret: Little information has
been provided regarding normative
values for tactical athletes — consider
23.5 seconds



Dual-Task
Tandem
Galit??

How to Perform: Walk along a 3-meter

piece of sports tape approx. 38mm wide

with a tandem gait pattern. Combine with
different cognitive task for 3 trials.

How To Measure:

Time to completion
*Should also make note of cognitive accuracy

How to Interpret: Cutoff score of 14
seconds for male collegiate athletes. Will
differ based on foot length, level of
athletic performance, age and sex.



Potential Concerns - /ncreased Errors

Cognitive or physical
o Accuracy issues, increased response time
- Stumble, abd/flex of hip, step out of correct positioning
Often physical function is sacrificed for cognitive accuracy!®
o Difficulty dividing attention
Is there a drastic difference in physical function when a
cognitive task is added?
Currently no norms so must use clinical judgement
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Potential Concerns - changes in Tandem Gait

Cadence??®
o Decreased w concussion
- Potential guideline: 132 steps/min
Displacement
- M/L displacement through motion capture or visible
lateral LOB
Velocity1®
o> 0.56 m/svs 0.74 m/s @ 2-month mark
- Encompassed in total tandem gait time

22



How to Perform:24

POWAR_TOTAL Visual Acuity Test: Binocular visual

acuity w Snellen Eye Charrt.

Cognitive Task (Single): SM’s recall an
8-item grid coordinate.

\ Motor task:

. Standing and diagonal run (10m)
L to R combat roll to standing
Backwards run (10m)
Lateral shuffle
Diagonal run (10m)
R to L combat roll to standing
Backward run (10m)

10’ from
start to
front
edge of
mat

A
NoahhwnE




POWAR-TOTAL Dual Task?4

How does the POWAR-TOTAL incorporate dual task?
Motor task + cognitive task
SM is given coordinates, asked to perform the motor task, then
recall the coordinates

Stopping the test:
Allow rest in between trials if needed
Halt all trials if symptoms do not resolve quickly or there are safety
concerns

24
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06 Conclusion
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Key Recommendations

Evaluation

Assessment

Interventions

Preliminary knowledge for
ensure thorough assessment
of deficits

Impact on functional tasks:
- Decreased gait speed
- Decreased stability
- Decreased cog. performance
- Increased dual task cost
- Increased risk of injury

Utilize outcome measures
designed to assess dual
task deficits

Outcome Measures:
- Tandem gait with
cognitive task (spelling

backwards, serial subtraction,

reciting months backwards)
- TUG with Auditory Switch
Task
- POWAR-TOTAL

29

Utilize dual-task activities
that will simulate either
sport or duty

Example Interventions
- Clearing drill
- Agility with callouts
- Recall drills
- Threat identification




Thank You!

Do you have any questions?

Karson_harris@med.unc.edu
301-481-2742

CREDITS: This presentation template was created by Slidesgo, and
includes icons by Flaticon, and infographics & images by Freepik
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Post-Presentation Links




References

1. Silverberg, Noah, et al. “The American Congress of Rehabilitation Medicine Diagnostic Criteria for Mild
Traumatic Brain Injury.” Archives of Physical Medicine and Rehabilitation, vol. 104, no. 8, Aug. 2023, pp.

1343-1355, https://doi.org/https://doi.org/10.1016/j.apmr.2023.03.036.

2. Wasserman, E. B., Kerr, Z. Y., Zuckerman, S. L., & Covassin, T. (2015). Epidemiology of sports-related concussions in
National Collegiate Athletic Association athletes from 2009-2010 to 2013-2014. The American Journal of Sports Medicine,
44(1), 226-233. https://doi.org/10.1177/0363546515610537

3. Lavoie G, Bolduc M, Sicard V, Lepore F, Ellemberg D. Maintaining Cognitive Performance at the Expense of Gait Speed for
Asymptomatic Concussed Athletes: A Novel Dual-Task and Post-Exercise Assessment. Brain Sciences. 2024;14(7):715-
715. doi: https://doi.org/10.3390/brainsci14070715

4. 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. Military Medicine.
2019;184(5-6):268-e277. doi: https://doi.org/10.1093/milmed/usy425

5. Kleiner M, Wong L, Dubé A, Wnuk K, Hunter SW, Graham LJ. Dual-Task Assessment Protocols in Concussion Assessment:
A Systematic Literature Review. Journal of Orthopaedic & Sports Physical Therapy. 2018;48(2):87-103. Doi:
https://doi.org/10.2519/jospt.2018.7432

6. Slobounov, S., Tutwiler, R., Sebastianelli, W., & Slobounov, E. (2006). Alteration of postural responses to visual field
motion in mild traumatic brain injury. Neurosurgery, 59(1), 134-139. https://doi.org/10.1227/01.neu.0000243292.38695.2d

32


https://doi.org/https:/doi.org/10.1016/j.apmr.2023.03.036
https://doi.org/10.1177/0363546515610537
https://doi.org/10.3390/brainsci14070715
https://doi.org/10.1093/milmed/usy425
https://doi.org/10.2519/jospt.2018.7432
https://doi.org/10.1227/01.neu.0000243292.38695.2d

References

10.

11.

12.

Howell, D. R., Osternig, L. R., Christie, A. D., & Chou, L.-S. (2016). Return to physical activity timing and dual-task gait
stability are associated 2 months following concussion. Journal of Head Trauma Rehabilitation, 31(4), 262—268.
https://doi.org/10.1097/htr.0000000000000176

Fino PC, Parrington L, Pitt W, et al. Detecting gait abnormalities after concussion or mild traumatic brain injury: A
systematic review of single-task, dual-task, and complex gait. Gait & Posture. 2018; 62:157-166. doi:
https://doi.org/10.1016/j.gaitpost.2018.03.021

Bittner F, Howell DR, Ardern CL, et al. Concussed athletes walk slower than non-concussed athletes during cognitive-
motor dual-task assessments but not during single-task assessments 2 months after sports concussion: a systematic
review and meta-analysis using individual participant data. British Journal of Sports Medicine. 2019;54(2):94-101. doi:
https://doi.org/10.1136/bjsports-2018-100164

Tapper A, Gonzalez D, Roy E, Niechwiej-Szwedo E. Executive function deficits in team sport athletes with a history of
concussion revealed by a visual-auditory dual task paradigm. Journal of Sports Sciences. 2016;35(3):231-240. doi:
https://doi.org/10.1080/02640414.2016.1161214

Tapper A, Gonzalez D, Roy E, Niechwiej-Szwedo E. Executive function deficits in team sport athletes with a history of
concussion revealed by a visual-auditory dual task paradigm. Journal of Sports Sciences. 2016;35(3):231-240. doi:
https://doi.org/10.1080/02640414.2016.1161214

Graham, R., & Rivara, F. (2014b). Concussion Recognition, Diagnosis, and Acute Management. In Sports-Related
Concussions in Youth: Improving the Science, Changing the Culture. essay, National Academic Press.
https://www.ncbi.nlm.nih.gov/books/NBK 185340/

33


https://doi.org/10.1097/htr.0000000000000176
https://doi.org/10.1016/j.gaitpost.2018.03.021
https://doi.org/10.1136/bjsports-2018-100164
https://doi.org/10.1080/02640414.2016.1161214
https://doi.org/10.1080/02640414.2016.1161214
https://www.ncbi.nlm.nih.gov/books/NBK185340/

References

g

14.

15.

16.

17.

Covassin, T., Bretzin, A. C., Beidler, E., & Wallace, J. (2021). Time-to-event analyses: Return to unrestricted
participation after sport-related concussion in a cohort of high school athletes. Journal of Athletic Training, 56(3), 286—
293. https://doi.org/10.4085/1062-6050-0150-20

Traumatic Brain Injury Center of Excellence. (2021, May). Patient and Leadership Guide (PLG). health.mil.
https://health.mil/Reference-Center/Publications/2021/06/22/Progressive-Return-to-Activity-Following-ConcussionmTBI-
Patient-and-Leadership-Guide

OLDHAM, J. R., HOWELL, D. R., KNIGHT, C. A.,, CRENSHAW, J. R., & BUCKLEY, T. A. (2020). Gait performance is
associated with subsequent lower extremity injury following concussion. Medicine & Science in Sports & Exercise,
52(11), 2279-2285. https://doi.org/10.1249/mss.0000000000002385

Howell, D. R., Buckley, T. A,, Lynall, R. C., & Meehan, W. P. (2018). Worsening dual-task gait costs after concussion
and their association with subsequent sport-related injury. Journal of Neurotrauma, 35(14), 1630-1636.
https://doi.org/10.1089/neu.2017.5570

OLDHAM, J. R., HOWELL, D. R., KNIGHT, C. A., CRENSHAW, J. R., & BUCKLEY, T. A. (2020). Gait performance is
associated with subsequent lower extremity injury following concussion. Medicine & Science in Sports & Exercise,
52(11), 2279-2285. https://doi.org/10.1249/mss.0000000000002385

34


https://doi.org/10.4085/1062-6050-0150-20
https://health.mil/Reference-Center/Publications/2021/06/22/Progressive-Return-to-Activity-Following-ConcussionmTBI-Patient-and-Leadership-Guide
https://doi.org/10.1249/mss.0000000000002385
https://doi.org/10.1089/neu.2017.5570
https://doi.org/10.1249/mss.0000000000002385

References

18.

19.

20.

21.
22.
23.

24.

25.

Howell, D., Wilson, J., Brilliant, A., Gardner, A., lverson, G., & Meehan, W. (2019). Objective clinical tests of dual-task
dynamic postural control in youth athletes with concussion. Journal of Science and Medicine in Sport, 22(5), 521-525.
https://doi.org/10.1016/j.jsams.2018.09.161

Howell, D. R., Osternig, L. R., & Chou, L.-S. (2017). Single-task and dual-task tandem gait test performance after
concussion. Journal of Science and Medicine in Sport, 20(7), 622—626. https://doi.org/10.1016/j.jsams.2016.11.020
Hashida, K., Shirahata, K., Furutani, T., Oshiro, R., Tsuchida, A., & Tamura, K. (2022). A clinically feasible dual-task
assessment using tandem gait for concussion evaluation. The Journal of Science and Medicine, 3(2).
https://doi.org/10.37714/josam.v3i2.91

https://pubmed.ncbi.nim.nih.gov/29132071/

https://pmc.ncbi.nlm.nih.gov/articles/PMC7663806/

Howell, D. R., Oldham, J. R., Meehan, W. P., DiFabio, M. S., & Buckley, T. A. (2019). Dual-task tandem gait and average
walking speed in healthy collegiate athletes. Clinical Journal of Sport Medicine, 29(3), 238-244.
https://doi.org/10.1097/jsm.0000000000000509

McCulloch, K., Oh, A. S., Cecchini, A., Zhang, W., Harrison, C., & Favorov, O. V. (2023). Validity and Responsiveness of
the Portable Warrior Test of Tactical Agility after Rehabilitation in Service Members with Mild Traumatic Brain Injury.
Physical Therapy, 103(11). https://doi.org/10.1093/ptj/pzad100

Cecchini, A. S., Prim, J., Zhang, W., Harrison, C. H., & McCulloch, K. L. (2021). The Portable Warrior Test of Tactical
Agility: A Novel Functional Assessment That Discriminates Service Members Diagnosed With Concussion From Controls.
Military Medicine, 188(3-4), e703—e710. https://doi.org/10.1093/milmed/usab346

35



https://doi.org/10.1016/j.jsams.2018.09.161
https://doi.org/10.1016/j.jsams.2016.11.020
https://doi.org/10.37714/josam.v3i2.91
https://pubmed.ncbi.nlm.nih.gov/29132071/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7663806/
https://doi.org/10.1097/jsm.0000000000000509
https://doi.org/10.1093/ptj/pzad100
https://doi.org/10.1093/milmed/usab346

