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Update on current research on balance
disorders after mTBl: Going beyond
the guidelines
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TBIs occur across the lifespan
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Older people unlikely to be seen by sports medicine where most
rehabilitation referrals occur
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Fig2

Histograms displaying the age distributions for (A) all points of entry (N=2417), (B) ED (n=1137), (C) primary care
provider (n=554), (D) sports medicine (n=607), and (E) specialty departments (n=119).

Table 1

Odds ratios for rehabilitation referrals

Odds Ratio 95% Confidence Interval P Value

Sex (ref=male) 1.92 1.54-2.39 <.0001
Point of entry (ref=ED)

Primary care provider 7.98 4.67-13.61 <.0001
45.87-122.79 <.0001
Specialty care 7.62 3.64-15.99 <.0001
Comorbidity diagnosis (ref=no comorbidity)” 2.12 1.70-2.66 <.0001

Martini et al., 2022



Concussion Subtypes

et R * Will using objective measures
' : Cervical help define subtypes better to
) J enable early rehabilitation?

& '
..........

Anxiety/ Headache/
Mood Migraine

* Would physical therapy be most
effective for vestibular and
oculomotor subtypes?

* Are there other subtypes or
modifiers that we need to
consider?



Central sensory motor integration: Is

motor or sensory more impaired after
miTBl?



How do we measure balance?

lntegratuon

Visual Proprioception Vestibular
S S
Central
Sensorimotor
Static Batance Dynamic Balance

Conceptual Model Common Clinical Test Instrumented Clinical
Test
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Peripheral Vestibular and Ocular motor function in
chronic mTBI

Table 1: Overview of abnormal and normal oculomotor, peripheral vestibular, and central sensory integration for static balance function for healthy
control and chronic mild traumatic brain injury (mTBI) groups.

Abnormal Cutoff @{7@ @@ Chi Square
Parameter Value N Abnormal / Total N (%) N Abnormal / Total N (%) p Value
Oculomotor
Saccades - Accuracy <85 % 5/52 (10%) 4 /50 (8%) 1.000
Saccades - Latency > 218 ms 6 /52 (12%) 6 /50 (12%) 0.942
Saccades - Velocity < 339 deg/s 6 /52 (12%) 1/50 (2%) 0.113
Smooth Pursuit — Average Velocity Gain <0.72 6 /52 (12%) 5749 (10%) 0.830
Smooth Pursuit - Velocity Gain Asymmetry >6 % 6 /52 (12%) 7149 (14%) 0.680
Peripheral Vestibular
Caloric - Unilateral Weakness >30 % 4/49 (8%) 6 /33 (18%) 0.302
Caloric - Average Slow Phase Velocity <9.35degls 5/49 (10%) 5/33(15%) 0.733
VHIT - Average VOR Gain <0.87 6 /52 (12%) 1749 (4%) 0.113
VHIT - VOR Gain Asymmetry > 8% % 6/52 (12%) 7149 (14%) 0.680
cVEMP - Asymmetry >31% 5/ 49 (10%) 3740 (8%) 0.726
oVEMP - Asymmetry >39 % 4 /41 (10%) 5129 (17%) 0.473
Central Sensory Integration
SOT - Composite Score <61.8 6 /60 (10%) 28 /54 (52%) <0.001
SOT - Somatosensory Ratio <931 6 /60 (10%) 33/54 (61%) <0.001
SOT - Visual Ratio <555 6 /60 (10%) 23 /54 (43%) < 0.001
SOT - Vestibular Ratio <355 6 /60 (10%) 22/54 (41%) < 0.001

Abnormal cutoff values were derived from 10 percentile cutoffs calculated from healthy control data. Parameters bolded and italicized indicates a significant difference in the proportion of abnormal function
for the mTBI group compared to the healthy control group (p < 0.05). N — number of participants; vHIT — video Head Impulse Test; VOR — Vestibular Ocular Reflex; cVEMP — cervical vestibular evoked
myogenic potential; oVEMP — ocular vestibular evoked myogenic potential; SOT — Sensory Organization Test. Ca mpbeII 2021, J Vestib Res

Award#: W81XWH-15-1-0620 (King; P1)



No Peripheral Vestibular or Ocular motor deficits in

chronic mTBI

Table 1: Overview of abnormal and normal oculomotor, peripheral vestibular, and central sensory integration for static balance function for healthy
control and chronic mild traumatic brain injury (mTBI) groups.

Abnormal Cutoff Healthy Control Chronic mTBI Chi Square
Parameter Value N Abnormal / Total N (%) N Abnormal / Total N (%) p Value
Oculomotor
Saccades - Accuracy <85 % 5/52 (10%) 4 /50 (8%) 1.000
Saccades - Latency >218 ms 6 /52 (12%) 6 /50 (12%) 0.942
Saccades - Velocity < 339 deg/s 6 /52 (12%) 1/50 (2%) 0.113
Smooth Pursuit — Average Velocity Gain <0.72 6 /52 (12%) 5749 (10%) 0.830
Smooth Pursuit - Velocity Gain Asymmetry >6 % 6/52 (12%) 7149 (14%) 0.680
Peripheral Vestibular
Caloric - Unilateral Weakness >30 % 4/49 (8%) 6 /33 (18%) 0.302
Caloric - Average Slow Phase Velocity <9.35 deg/s 5/49(10%) 5/33 (15%) 0.733
VHIT - Average VOR Gain <0.87 6 /52 (12%) 1749 (4%) 0.113
VHIT - VOR Gain Asymmetry > 8% % 6/52(12%) 7149 (14%) 0.680
cVEMP - Asymmetry >31% 5/ 49 (10%) 3740 (8%) 0.726
oVEMP - Asymmetry >39 % 4 /41 (10%) 5129 (17%) 0.473
Central Sensory Integration
SOT - Composite Score <61.8 6 /60 (10%) 28 /54 (52%) <0.001
SOT - Somatosensory Ratio <931 6 /60 (10%) 33/54 (61%) <0.001
SOT - Visual Ratio <555 6 /60 (10%) 23 /54 (43%) < 0.001
SOT - Vestibular Ratio <355 6 /60 (10%) 22 /54 (41%) < 0.001

Abnormal cutoff values were derived from 10 percentile cutoffs calculated from healthy control data. Parameters bolded and italicized indicates a significant difference in the proportion of abnormal function
for the mTBI group compared to the healthy control group (p < 0.05). N — number of participants; vHIT — video Head Impulse Test; VOR — Vestibular Ocular Reflex; cVEMP — cervical vestibular evoked
myogenic potential; oVEMP — ocular vestibular evoked myogenic potential; SOT — Sensory Organization Test.

Campbell 2021, J Vestib Res

Award#: W81XWH-15-1-0620 (King; P1)



Central sensory integration deficits

Table 1: Overview of abnormal and normal oculomotor, peripheral vestibular, and central sensory integration for static balance function for healthy
control and chronic mild traumatic brain injury (mTBI) groups.

Abnormal Cutoff Healthy Control Chronic mTBI Chi Square

Parameter Value N Abnormal / Total N (%) N Abnormal / Total N (%) p Value
Oculomotor

Saccades - Accuracy <85 % 5/52 (10%) 4 /50 (8%) 1.000

Saccades - Latency >218 ms 6 /52 (12%) 6 /50 (12%) 0.942

Saccades - Velocity < 339 deg/s 6 /52 (12%) 1/50 (2%) 0.113

Smooth Pursuit — Average Velocity Gain <0.72 6 /52 (12%) 5/49 (10%) 0.830

Smooth Pursuit - Velocity Gain Asymmetry >6 % 6 /52 (12%) 7149 (14%) 0.680
Peripheral Vestibular

Caloric - Unilateral Weakness >30 % 4/49 (8%) 6 /33 (18%) 0.302

Caloric - Average Slow Phase Velocity <9.35degls 5/49 (10%) 5/33(15%) 0.733

VHIT - Average VOR Gain <0.87 6 /52 (12%) 1749 (4%) 0.113

VHIT - VOR Gain Asymmetry > 8% % 6/52 (12%) 7149 (14%) 0.680

cVEMP - Asymmetry >31% 5/ 49 (10%) 3740 (8%) 0.726

oVEMP - Asymmetry >39 % 4 /41 (10%) 5129 (17%) 0.473
Central Sensory Integration

SOT - Composite Score <61.8 6 /60 (10%) 28/ 54 (52%)

SOT - Somatosensory Ratio <931 6/60 (10%) 33/54 (61%)

SOT - Visual Ratio <55.5 6 /60 (10%) 23 /54 (43%)

SOT - Vestibular Ratio <355 6 /60 (10%) 22/54 (41%)

Abnormal cutoff values were derived from 10 percentile cutoffs calculated from healthy control data. Parameters bolded and italicized indicates a significant difference in the proportion of abnorma
for the mTBI group compared to the healthy control group (p < 0.05). N — number of participants; vHIT — video Head Impulse Test; VOR — Vestibular Ocular Reflex; cVEMP — cervical vestibular evoked
myogenic potential; oVEMP — ocular vestibular evoked myogenic potential; SOT — Sensory Organization Test. Ca mpbeII 2021, J Vestib Res

Award#: W81XWH-15-1-0620 (King; P1)



Central Sensorimotor Integration Test: CSMI Test
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No difference in Vestibular Weight for people with chronic
symptoms after concussion
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Significantly Longer Time Delays for people with chronic
symptoms after concussion
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Significantly worse motor activation for people with
chronic symptoms after concussion
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Rehabilitation: Does early initiation of
physical therapy after mTB/l improve
balance outcomes?



Guidelines for initiating rehabilitation inconsistent and unclear

20

[ lInjury to First Physician Visit
Injury to First PT Visit

Subjects
=

Time 1st 1stphysical
of physician therapy 0
injury visit vistt 0 25 50 75 100 125 150

Time (Days)

Figure 1. Average time from injury to first
visit with a physician and time from first
physician visit to first visit with a physical
therapist

Figure 2. Histograms showing distribution of
time from injury until the first physician visit
and until the first physical therapy visit.

Award # W81XWH-17-1-0424 (King; PI, Pilot Data)



Overview of the Sensor Technology and
Rehabilitative Timing (START) Study

*Now completed

Baseline
testing

(2-12 wks
post mTBI

Randomization
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care Rehab Difference
(n=121) p-value
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Parrington et al; 2020
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Award # W81XWH-17-1-0424 (King; PI)



Intervention based on Clinical Practice Guidelines
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Early initiation of rehab leads to symptom
Improvement at a faster rate than delayed rehab

Improvement
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Improvement
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Improvements in global mTBI and vestibular specific
symptoms faster more with early initiation of PT
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Improvement
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CSMI Time Delay (SS+VS/EQ)

Delaying rehab may induce maladaptive motor activation
responses that do not improve with rehabilitation
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Clinical Implications

* Early rehabilitation
* Improves symptoms at a faster rate than
Delayed Rehab
* May prevent maladaptive motor
responses that occur with Delayed Rehab
e Current clinical guidelines do not include ”’ satcbaonce W o

oculomotor, gaze . -
(stabilization)'g15 sl Losaelin::
: 15 min

motor activation for assessment or
rehabilitation
* Musculoskeletal injuries and concussion
reoccurrence in athletes that return

without symptoms? g

OHSU




Exercise intolerance after mTB/l in an
adult (non-athletic) population



A move from complete rest to gradual activity

15t International
Consensus
Statement:
Complete rest until
asymptomatic

4th International Consensus
Statement: Physical and
cognitive rest until acute
symptoms resolve; then a
graded program of exertion

5t International
Consensus
Statement: Rest for
24-48 hrs then
gradual/progressive

6t International
Consensus Statement:
Exercise testing can
safely prescribe sub-
symptom threshold
aerobic exercise

6 step return to sport activity treatment within
2-10 days after SRC
1998 2001 2010 2013 2017 2019 2022

Animal studies
showing early exercise
post brain injury
increased deficit

Exertional test
developed at U
of Buffalo for
chronic mTBI

Early Subthreshold Aerobic
Exercise for Acute Sport-
Related Concussion: Decrease
recovery time and safe

Humm JLetalBrain Res. 1998; AubryMetal BrJ Sports Med. 2002; LeddyJJ etal. Clin J Sport Med. 2010; McCroryPetal J Athl Train. 2013;

McCrory P etal BrJSports Med. 2017;King LAetal Ann Biomed Eng. 2017; LeddyJJ et al. JAMA Pediatr. 2019;

Patricios, JS etal BritishJournal of Sports Medicine 2022




Majority of people with concussion are not tested for exercise tolerance

Likely to be
tested for
exercise
intolerance

B Age (years) c
5 Emergency Department 55 Primary Care Provider
60 60

50

20

10

o n
20 30 & 0 10 20 30 & 5050
D Age (years) Age (years)
Sports Medicine Specialty Care

FERTTTORPS Sap oo TV i

30 40 50 60 TO 80 90 0 10 20 30 40 50 60 TO 80 90
Age (years) Age (years)

Fig2

Histograms displaying the age distributions for (A) all points of entry (N=2417), (B) ED (n=1137), (C) primary care
provider (n=554), (D) sports medicine (n=607), and (E) specialty departments (n=119).

Martini et al., 2022
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tested for

intolerance

330 L — . ; exercise
— ]



Exercise intolerance is common even in the subacute phase of
mTBIl and does not related to self reported activity level

There was no difference in the % of exercise tolerance
and intolerance according to activity levels (p>0.05)

B Exercise Intolerant
B Exercise Tolerant

B >3 symptoms

S0% P 217 on Borg
£ 40% 0 285% max HR
[1°]

5 30%

8 20%

@ 10%

0%
High Moderate Low

Physical Activity Level

N=78

Antonellis, P., Campbell, K. R.,Wilhelm, J. L., Shaw, J. D., Chesnutt, J. C., & King, L. A. (2023). Exerciseintolerance aft er mild traumaticbrain injury occurs in all subtypes
in the adult population. Journal of neurotrauma
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mTBIl subtypes and relationship
to exercise intolerance
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Exercise intolerance is not related to a singular subtype
(defined by self-report)

Exercise Intolerant

B Exercise Intolerant
B Exercise Tolerant B Headache (13%)
[ Cognitive (25%)

B Ocular-Motor (13%)
B Mood (14.5%)

[ Mixed (14.5%)

[ None (13%)

B Vestibular (7%)

N=78

Antonellis, P., Campbell, K. R.,Wilhelm, J. L., Shaw, J. D., Chesnutt, J. C., & King, L. A. (2023). Exerciseintolerance after mild traumatic brain injury occurs in all subtypes
in the adult population. Journal of neurotrauma

31 A
Award # W81XWH-17-1-0424 (King; PI) OHSU



Exercise intolerance is spread across all subtypes even when using objective

measures

Vestibular subscale score (NSI) A
Anxiety scale (ANAM) +

Headache Impact Test (HIT-6) -
Restless scale (ANAM) A

Cognitive subscale score (NSI) -
Headache (NSI) 4

Dizziness Handicap Ineventory (DHI) -
Depression scale (ANAM) -
Happiness scale (ANAM) A

Saccade vertical latency -

Fatigue scale (ANAM) -

Cognitive composite score (ANAM) -
Smooth pursuit horizontal gain
Affective Subscale Score (NSI) 4
Smooth pursuit vertical gain H
Vestibular change score (VOMS) A
Anger scale (ANAM) A

Vigor scale (ANAM) -

Saccade horizontal latency -

Sway area -
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e
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Effect Size.(Cohen'.s d)

Award # W81XWH-17-1-0424 (King; PI)

Concussion Subtype

. Cognitive
. Headache

. Ocular-Motor
. Mood
W

Vestibular

Antonellis, P., Campbell, K. R.,Wilhelm, J. L., Shaw, J. D., Chesnutt, J. C., & King, L. A. (2023). Exercise intolerance after mild traumatic brain injury occurs in all subtypes in OHSU

the adult population. Journal of neurotrauma



Summary

Take Homes
 Motoractivationisimpaired in untreated chronic mTBI

* Earlyphysicaltherapyisimportant:improved rate of symptoms and may prevent
maladaptive balanceresponses

* Exercise intoleranceis not related to subtypes and not related to activity levels

Next steps
e Target therapyto sub-type
* Filter these results into guidelines for adult non-athletes

5
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