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EBP Course Objectives

 At the end of this course participants will be able to:
 Individually assess sensorimotor deficits such that patient-

oriented decision-making may be individualized in order to 
maximize outcomes.

 Devise protocols which utilize visual and cognitive inputs 
throughout balance protocols in the management of acute 
and subacute ankle sprains.

 Apply their knowledge through the practice and performance 
of balance exercises which manipulate visual and cognitive 
inputs.

Presentation Outline

 The brain and injury
 Neural control of balance

 How do we evaluate deficiencies?

What’s the practical application?
What specific exercises/programs can we do?

The CNS and injury

Central changes post-injury
ACL/Ankle

Neural adaptations in the 
Somatosensory/motor cortex

Associated with clinical deficits
Muscle weakness/biomechanical 

adaptations

Needle et al. 2017
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Central control of balance

Vestibular
Equilibrium
Spatial awareness
Rotation/linear

Visual
Sight

Somatosensory
Proprioception
Touch sensation

Horak 2006

Central control of balance

Common clinical balance evaluations
Balance error scoring system (BESS)

Star excursion balance test

Time in balance

Foot-lift test

Evaluation of balance impairments
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Technology based evaluations

 Force plate (“gold standard”)
 CoP Range/Velocity

 Entropy (non-linear)

 Time to Stabilization (TTS), Dynamic 
postural stability index (DPSI) 

Accelerometer (smart-phone)
 Sway-balance

 “Composite” scores 

Neurocognitive deficiencies?

Non-contact knee injuries
 ↓ Verbal/Visual memory, processing speed, reaction 

time compared to controls (Swanik et al., 2007)

 Repetitive ankle injury patients
 ↓ attention, Verbal/Visual memory (Rosen and 

McGrath, 2018) 

 Post-concussion?
 ↑ risk of LE injury (Lynall et al, 2017; Brooks et al., 2016)

Evaluating neurocognitive function

Computerized based-tests
 ImPACT, CNSvs

Clinical tests
 Serial subtractions

 King-devick

 Stroop-test
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Balance + neurocognitive?

Dual-tasking
 Do patients with ligamentous injuries get worse?

 Most common tasks: Balance/Gait + serial 
substraction/stroop

Mixed - Bottom line - ↑ task complexity ↑ dual-task costs

Evaluating the CNS during balance

Vestibular
Equilibrium
Spatial awareness
Rotation/linear

Visual
Sight

Somatosensory
Proprioception
Touch sensation

Evaluating the CNS during  gait

Vestibular
Equilibrium
Spatial awareness
Rotation/linear

Visual
Sight

Somatosensory
Proprioception
Touch sensation
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Manipulation of sensory variables

Vestibular
Equilibrium
Spatial awareness
Rotation/linear

Visual
Sight

Somatosensory
Proprioception
Touch sensation

Constraints-based intervention

Adapted from Newell 1986; Shumway-Cook & Woollacott 5e 2016 

Task

EnvironmentIndividual

Coordinated 
Movement

Changing the environment

 Balancing/landing on different surfaces  
Clinical/Sporting Parallel

Changing surface types 

Uneven grass fields, surface transitioning 

 Foam padding, wobble boards, etc.

Obstacle course 

T

EI
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Manipulating visual input

 Unknown landings
Clinical/Sporting Parallel

Landing on another player (unexpected height) 

T

EI

Stroboscopic vision

 Clinical/Sporting Parallel
Reduced visual 

environments

 “Flurries”

 ACLR history
 Sagittal-plane motion 

differences with glasses 
(Grooms et al., 2018)

T

EI

Video Courtesy of Dustin Grooms, PhD, ATC 

Stroboscopic glasses
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Virtual Reality

 Clinical/Sporting Parallel
 Can simulate many different 

environments/situations

 Easily manipulate visual and vestibular information

T

EI

Virtual Reality

T

EI

Virtual Reality – Task 
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T

EI

Virtual Reality – Task 

T

EI

Virtual Reality – Environment 

T

EI

Practiced environments??
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Virtual Reality – Task + Environment

T

EI

VR made simple (and cheap)

Cardboard glasses - $8

 Google daydream - ~$80

Neurocognitive tasks

 Dual-tasking
Clinical/Sporting Parallel

Everything we do is “dual-task”

How do we integrate neurocognitive activities?  

Make your patient think about it!

T

EI
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Common dual-tasks

Cognitive task Description
Auditory stroop Participant is asked to match (or ignore) the sound to the word meaning. (i.e. high-pitch vs low-pitch)

Digit Span Recalling of a randomized set of numbers 
Manikin Test Participants are asked to identify the orientation of a stick-figure that rotates in two planes. 

Random number 
generation

Participants generate a random set of numbers.

Regensburger word 
fluency test

Participants is asked to produce as many words as possible based on a given category during a time-
period.  (i.e. Name all words you can think of that start with the letter “A” in 60 seconds)

Serial subtraction Counting backwards from a number typically by 7’s or 3’s

Stroop Participant is asked to match (or ignore) the font color to the word meaning. 

Verbal n-back test The participant is presented with a sound or a word and they have to remember if that was the same 
word or sound N-trials prior.

Burcal et al., 2019

Manikin test

T

EI

Common dual-tasks
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Burcal et al., 2019
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Ball drill progressions 

 Physical Constraints
 Large vs small balls
 Two-hands vs dominant vs non-dominant

 Cognitive loading
Colored
Numbered
Math

 Sport-specific “go/no-go” activities similar to stroop
(Head/Catch, set/catch, etc.)

T

EI

Conclusions

 There is evidence that our balance protocols 
aren’t good enough.  
 Integrating cognitive components and increased 

task-difficulty into balance protocols may improve 
patient outcomes.

You don’t need expensive equipment to enhance 
your balance protocols.

5 minute break for lab
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Evaluation

 Sway-balance App
 Use balance, NSATA profile

 mBESS

 Dual-task BESS – Single leg & Tandem Stance
 Serial subtraction  choose a random 3-digit number

Have patient count down by 7’s. 

 Outcome: # of errors

 Dual-task single-limb balance
 Single-while reading king-devick test

 Timing for KD OR error based BESS

Dual-tasking

 Serial subtractions (try by 3’s and 7’s)
 SL and hopping course

 Regensburger word fluency test
 SL and hopping course

 Ipad/ipod touch 
 Stroop – Free!
N-Back – Free!
 Labyrinth – Free! 
Clock Yourself – Paid app!

Exercises

 VR balance
SL, Tandem

Roller-coaster!

Use an error based-approach to assess 
improvements.

 Stroboscopic
 Hopping and catching
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Exercises

 Colored/Numbered balls

 Balancing obstacle course
 Hold for 5s on each item. Complete each limb, 3 times. 

 Choice reaction tasks

 Sport-specific
 Head-catch, Set/Catch 

Questions?

@c_burcal cburcal@unomaha.edu
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