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• Seeing something and 
the brain perceiving it 
are two completely 
separate processes. 

• 80% of the sensory 
information to the brain 
comes from the eyes. 

• The brain works to 
reconcile that sensory 
information and when 
disrupted; problems will 
follow

• Neurosensory 
disturbances post mTBI
are common and often 
difficult to manage. 



We get our mTBI athletes 
back to play faster. 

• For 3 football seasons the AAC, including UC, have tracked concussions. The UC 
program is associated with fewer concussions compared to other teams in our 
conference and faster return to play. 

• Mean of Total Concussions: AAC 10.5±5.62 compared to UC 3±1 is significantly 
different P=0.037. 

• Mean Return to play: AAC 13.1±6.44 days compared to UC 6.5±0.5 days is 
significantly different P=0.037.

• We have fewer concussions and when we have concussions that get better 
faster. 

• Concussions reported per season thanks to the Tulsa Group.



High-performance vision trainingYear Number of concussions Coach that year
2006 9 Coach 1
2007 8 Coach 2
2008 7 Coach 2
2009 11 Coach 2
2010* 1 Coach 3
2011 3 Coach 3
2012 1 Coach 3
2013 1 Coach 4
2014 3 Coach 4
2015 4 Coach 4
2016 2 Coach 4
2017 10 Coach 5 
2018 2 Coach 5



Do other teams “count” less severe injuries as concussion? 

• In the AAC there is a positive 
correlation between number of 
concussions and duration of days 
lost. 

• So more reported concussions is not 
a matter of finding and reporting 
more “mild” concussions. 

• We believe (UC) this is a matter of 
pre and post concussion 
management. 

• So; a little about what 
makes us different. 

y = 0.7409x + 0.6751
R² = 0.71487
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“There is emerging evidence supporting the use of vision 
training, including light board training tools, as a 
concussion baseline and neuro-diagnostic tool and 
potentially as a supportive component to concussion 
preventative strategies” (Clark, 2015)

We believe that these same strategies can be 
applied to rehabilitation post concussion to aid in 
more rapid recovery. Post sports concussion this 
equates to faster return to play. 

There are data suggesting that a strong predictor for good 
outcome post concussive injury is the perception that the 
patient is being helped. 



Sports mTBI Mitigation and Management

Primary or 
Acute Diagnosis

Initial 
Consultation

Concussion 
management

Return to Learn
Return to Play

Regular Symptom Check

Team Approach:
Trainers, Team Physician, 

Neuro,  Psych etc.

Get 
Better

Feel 
Better



Feel better Strategy. 
Photophobia and Frequency Specific Photophobia

Clark JF., K. Bigsby, K. Hasselfeld, J. G. Divine. Colored Glasses Reduce Photophobia Symptoms Post Traumatic Brain Injury.
Journal of Athletic Training. 2017



Summary of results for mTBI patients and 
frequency specific photophobia

28/37
73% had photophobia

22/26
85% with photophobia had relief with 
colored glasses

Green 10
Blue 7
Purple 5
Magenta 4
Red 4 

Violet 3
Orange 2
Indigo 3
Rose 2
Aqua 1
Pink 1



Neurovisual issues and TBI
• Post concussion or traumatic brain injury (TBI) patients often experience 

headache, photophobia, difficulty with reading, difficulty with concentrating 
and other symptoms. 

• There are multiple neurodiagnostic and rehab methods for the mTBI patient 
with neurovisual issues. 

• We do neurodiagnostic evaluations to assess brain deficiencies as well as to 
guide in the formation of a rehabilitation strategy. This can take time though 
with an exam lasting 1.5 hrs or more. 

• Part of the goal of the exam is to determine how to initiate the “get better” 
strategy and design rehab for the patient. 



Neuro and Sensory                                            
Diagnostics in UC. 



Neuro and Sensory                                            
Diagnostics and Performance  in 

UC’s Training Room. 





How do we approach Vision Rehab post TBI
• We try to cover the 3 pillars of vision training with our vision rehab with the 

overall vision training program.
• I want to cover these three pillars of vision training:

• Ocular motor performance (speed, precision and endurance)
• Eye discipline (precision, muscle memory and stabilization)
• Processing (speed and efficacy of the brain to control the eyes and process visual 

information. Also includes peripheral vision; the brain helps trust peripheral vision.)  

• If these three are addressed regularly the vision training, neurovisual 
training, program will take hold. 



Phorias: 

• Phoria. If or how well the eyes line up.
• Extra ocular muscles move the eyes left, right, up and down.  

• Phorias impact patients post mTBI. Difficulties associated with a 
phoria deficiency can be difficulty reading, school work, headache, 
fatigue and difficulty with memory. 

• If the eyes are not matching up, the brain tries to reconcile the 
difference. 

• Exercising the eye muscles can be performed to aid in recovery. 
• This falls into; feel better and get better exercises. 



Zero phoria, eyes straight and level; Called Ortho.

Presenter
Presentation Notes
http://www.vision-and-eye-health.com/visual-field.html



Eso-phoria, one or both eyes turned in.
Over ADDucting of left eye shown. 

Presenter
Presentation Notes
http://www.vision-and-eye-health.com/visual-field.html



Phorias can be measured using a phoroptor
• The phoroptor on the left is big 

and bulky and used by many eye 
care professionals. 

• The risley prism on the right is 
compact and inexpensive and 
can be used as a quick 
assessment for visual phoria
diagnostics. 

• Both have a strong medical 
history with established norms. 

• Rehab can be done with eye 
exercise or even using the 
phoroptor. 



Central and Peripheral Vision Reaction Times 
are Slowed Post Concussion

Fatigue and fog post concussion has been described as being like going from a high-definition TV 
to a standard TV, or that that the patients feel one step behind themselves. 

Those two metaphors; visual loss of fidelity and temporal delay are telling. It implies a visual 
dysfunction as well as a change in timing or the perception of time. We have found that these two 
phenomena may be present in concussion patients.

Traditional reaction time measures have been performed and found to be impacted post 
concussion, but peripheral vision.

We have methods for training and quantifying central and peripheral visual field reaction times. 
These were validated using healthy subjects and then applied to concussion patients.  

These work on both get better and feel better. 

Clark, J. F. J. K. Ellis, T. M. Burns, J. M. Childress, J. G. Divine. Central and Peripheral Vision Reaction Times are Prolonged Post Concussion. Clinical Journal of Sports Medicine. 



Objective and Methods

23 consecutive concussion patients, 11 males & 12 females, compared to 30 controls, 
with vision issues. 
Measured central visual reaction time compared to the visual reaction time in the 
periphery (≈ 45° off center) 
Visual reaction times were assessed using the Dynavision D2 light board (Westchester 
Ohio).



Results of some of our data

The average age was 30.2 + 15.2. 



Reaction Time Discussion
Because we measured the central vs 
peripheral vision reaction times and found 
that the fall in peripheral reaction time was 
greater in concussion patients this test could 
be used as an objective biomarker on 
concussion patients. 

The left right asymmetry could be involved 
in vestibular and balance issues.

More work is needed on a prospective study. 

We believe that a 0.48 second delay in 
sensory information from the visual 
system may cause or contribute to fog 
perceived by concussion patients. 

It is quite possible that a sensory and or 
processing mismatch could lead to the 
perception of fog, which might be useful 
as a diagnostic for assessing concussion. 



Neuro plasticity and rehab post mTBI
•Brain training with other rehabilitation methods. 

• Vision training plus brain training
• Physical conditioning plus brain training
• Balance training plus brain training
• Balance training plus vision training

•To follow are a smattering of modalities we use to 
stimulate brain plasticity in the mTBI patient.



N S T P C X N O G N
N D A R E N U G E C
B U S D H N O N O K
A B T X S E C C E P
K C O C O R E H Y P
D D A L A W T M L I
R O I Y I U S S T O
C B A R D Q S R U K
I A I N S L U F E S
N T N E G E E I 4 D

Brain Training and Saccades
• Saccades are great. But 

how do you add brain 
training? 

• Scanning is great but your 
brain needs to take in that 
info. 

Presenter
Presentation Notes

Czechoslovakia




Saccades – saccadic eye movement
N S T P C X N O G N

N D A R E N U G E C

B U S D H N O N O K

A B T X S E C C E P

K C O C O R E H Y P

D D A L A W T M L I

R O I Y I U S S T O

C B A R D Q S R U K

I A I N S L U F E S

N T N E G E E I 4 D

N S T P C X N O G N

N D A R E N U G E C

B U S D H N O N O K

A B T X S E C C E P

K C O C O R E H Y P

D D A L A W T M L I

R O I Y I U S S T O

C B A R D Q S R U K

I A I N S L U F E S

N T N E G E E I 4 D



I O R A Z E E R R O
E I N A C O R A C O
L M I O O Z S I V E
C A I I L B I C R E
8 K N A V A N E P S
I O N L K N I I O R
E R M O A V T T Q C
T E T A E G R Y E S
O S O G I E L A N O
S 3 S 7 N M ? L U A

N S T P C X N O G N
N D A R E N U G E C
B U S D H N O N O K
A B T X S E C C E P
K C O C O R E H Y P
D D A L A W T M L I
R O I Y I U S S T O
C B A R D Q S R U K
I A I N S L U F E S
N T N E G E E I 4 D

Word finding saccades



How to assess vs separate near / far suppression? 

• Brock string for convergence and ocular motor 
training. The subject is instructed to hold the 10ft 
string to his or her nose and to focus on each of 
the 5 beads one at a time before moving on to the 
next bead.  

• Reproduced from www.bernell.com

• The subjects should see something 
like the above image when both 
eyes are working together. 

• Reproduced from; 
http://visionhelp.wordpress.com/rob
yns-rules-for-visual-disorder-8-
guiding-principles-for-parents/

Thumb 
Thing for 
Distance 

Suppression 






		Brock string for convergence and ocular motor training. The subject is instructed to hold the 10ft string to his or her nose and to focus on each of the 5 beads one at a time before moving on to the next bead.  

		Reproduced from www.bernell.com


















		The subjects should see something like the above image when both eyes are working together. 

		Reproduced from; http://visionhelp.wordpress.com/robyns-rules-for-visual-disorder-8-guiding-principles-for-parents/















Exercise Escalation (ocular motor pillars above)

• Frequency (How Many Reps)
• Duration (How Long)
• Range (How Far)
• Speed (How Fast)
• Multi tasking
• Left eye, Right eye, Both eyes 
• Brain / cognitive overlay (3rd

Pillar)

Presenter
Presentation Notes
Also Communication




For this exercise, watch the screen to see the 
picture flashed on the screen. Find and write 

down the number seen in the picture. You will 
have a few seconds to write this. Then the 

picture will show again for a few seconds – mark 
down and keep track of your score. Next the 
screen will say ready, watch carefully for the 

flashed picture and repeat until told to stop or 
finished. Press space once to start. Hit space at 

any time to advance to the next slide.



READY



1234





1234
What is the number of 
the player on the left?



READY



92Gtx85Q





92Gtx85Q
Where is the ball? 
Name two player 

numbers.  



Eye Discipline ™  with
Retinal Retention

Training







Instructions for Eye Discipline ™.  

• Stare at the image using slide show mode.
• Stare at one spot for 10 seconds.
• Page down and DO NOT move your head or eyes.
• Make a mental note of the after image observed. 
• Plus this progresses to peripheral vision. 







Presenter
Presentation Notes
Stare at the nose for 10 seconds. Page down without moving your eyes. 


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=BykOf78eYePWqM&tbnid=uZhXbRdUupZCNM:&ved=0CAYQjRw&url=http://izismile.com/2011/11/11/mind_blowing_afterimages_optical_illusions_3_pics_11_gifs.html&ei=cgolU56bGsOZqQHN8ICoDQ&bvm=bv.62922401,d.aWc&psig=AFQjCNFSzm_y0RePcejnaCd0gnrvQbg7MA&ust=1395022605117498




Presenter
Presentation Notes
Stare at the star in the center of the circle for 10 seconds. Then page down keeping your eyes stationary. 



Presenter
Presentation Notes
You should observe the circle as an after image. Is the circle the same size and shape? How quickly does it go away? 



Presenter
Presentation Notes
Now for ten seconds alternate staring at the two different stars. Stare at each star for about 1 second and go back and for the for 10 seconds. Then page down keeping your eyes on the last star you were looking at. 




Presenter
Presentation Notes
What do you see? Is there one two or more circles? Are they clear or blanched? 




ADG

Presenter
Presentation Notes
Retinal retention is a useful technique to become aware of eye discipline. In this drill we start seeing how well the eyes are disciplined at being aware of things in a peripheral visual field, but still with discipline on the star in the circle. 
Instructions: keep you eyes trained on the star in the center of the circle. Be aware of the objects floating around. Can you identify the objects? 
From a testing perspective how quickly can the subject spot all the objects. Output time to completely identity the objects. 
Testing objective TWO, multi object tracking. While still focusing on the star track the objects: at irregular interval the subject is verbally queued to call out location of the objects. The response communicated in quadrants or clock locations. TBD. 
Testing objective THREE. Page down at a random time and have the subject Draw or verbally describe the last locations of the objects. In this demo the objects are traveling too fast to register retinal retention but this is a drill to help subjects have eye discipline but still register what is seen in their visual fields. 





A


Presenter
Presentation Notes
Retinal retention is a useful technique to become aware of eye discipline. In this drill we start seeing how well the eyes are disciplined at being aware of things in a peripheral visual field, but still with discipline on the star in the circle. 
Instructions: keep you eyes trained on the star in the center of the circle. Be aware of the objects floating around. Can you identify the objects? 
From a testing perspective how quickly can the subject spot all the objects. Output time to completely identity the objects. 
Testing objective TWO, multi object tracking. While still focusing on the star track the objects: at irregular interval the subject is verbally queued to call out location of the objects. The response communicated in quadrants or clock locations. TBD. 
Testing objective THREE. Page down at a random time and have the subject Draw or verbally describe the last locations of the objects. In this demo the objects are traveling too fast to register retinal retention but this is a drill to help subjects have eye discipline but still register what is seen in their visual fields. 






Presenter
Presentation Notes
Stare at the star in the center of the circle. Observe what goes on around the circle. You will be quizzed on what you see. 



Presenter
Presentation Notes
What was the order of the objects appearing and disappearing? Answer by position. 
What colors were the objects? Answer by position.
What were the shapes of the objects? Answer by position.
Which objects had retinal retention?



Presenter
Presentation Notes
This one is all automatic. Page down to the slide and let the different timed events occur. 
The subject, pages down when the sequence is over: 30 seconds and asked questions or asked to describe what was seen. This is training eye discipline and registering events in peripheral fields. 




Presenter
Presentation Notes
How many objects?
What shapes were the objects?
What did the 11 o'clock high object do?
What did the 1 o'clock high object do?
What did the 11 o'clock low object do?
What did the 1 o'clock low object do? 
What was on screen at the begiing?
What was on screen at the end?
Did any of the objects leave a retinal retention? 



Overall Conclusions
• There are diagnostic methods that have quantitative 

numbers as well as FDA record for their use. 
• Many of the above methods can be used for management as 

well as rehab.
• Exercise as a cornerstone of rehab and methods to assess 

exertion levels. 
• Brain training; Eye discipline, Tachistoscope, memory, 

multitasking.  
• There is a critical need for constant communication between 

the rehab specialist and the management team. 
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Summary of results for mTBI patients and 
frequency specific photophobia

28/37
73% had photophobia

22/26
85% with photophobia had relief with 
colored glasses

Green 10
Blue 7
Purple 5
Magenta 4
Red 4 

Violet 3
Orange 2
Indigo 3
Rose 2
Aqua 1
Pink 1



Exertion, exercise and return to play post mTBI
• Bruit.  Bruit is often considered a 

cardiovascular/cerebrovascular 
pathology. But, flow murmur like 
bruit, occurs as a flow control 
mechanism for the brain. 

• A flow murmur can be heard 
when the heart rate gets high 
during exercise. 

• The murmur is heard at lower 
heart rates in the mTBI patient. 

Clark JF, D N. Caudell-Stamper, S. W. Dailey, J. G. Divine. Can a Transient 
Exertion-Related Carotid (TERC) Murmur Heard During a Symptom-Limited 
Exercise Test Be Used as a Means for Managing Sports Concussion? Medical 
Hypothesis 93 (2016) 11–15



Bruit or TERC Murmur Methods
• Listen at both carotids for “bruit” at rest. Establish a lack of Bruit. 
• Record heart rate.
• Have the subject start on an exercise bike and measure HR and monitor for 

“bruit” at either carotid. 
• When noise is heard during exercise we call this Transient Exertion-Related 

Carotid (TERC) Murmur, to distinguish it from the pathological “bruit.” 
• Correlate TERC Murmur to heart rate. 
• A physician can set cardiovascular exercise limits based on heart rate from the 

TERC murmur test. 



TERC Murmur Results 
• Eight subjects with diagnosed concussions had a TERC murmur heard at an 

average HR of 121.6 ± 12.6 bpm. 
• Nine non-injured , age-matched subjects and with no history of concussion 

had a TERC murmur heard at significantly higher average HR of 149.6 ± 11.6
bpm. (p=0.0002 using an un-paired T test.)

• We have successfully used the TERC murmur as a means to limit exertion 
(keep heart rate below the Murmur rate) and as a means to demonstrate 
safe to return to play/exertion. 

• Monitor for other symptoms as well as ensure the person is otherwise 
appropriately fit to exercise. 

• Athletes who want to be able to exercise can be depressed when sedate. 
Enabling safe exercise helps their recovery. 



Males were 4 
times more 
likely to have 
their eyes 
open when 
heading the 
soccer ball. 
22% of 
males and 
5% of 
females had 
their eyes 
open during 
headers.  

Clark et al., 2017)



Pre and post vision training team record:
2013; 8-11-1, 2012; 4-13-1, 2011; 6-9-4 2010; 8-10-2 pre VT. 26-43-8 record. 
2017; 12-4-3, 2016; 11-5-4, 2015; 13-6-5, 2014; 10-8-2 with VT 46-23-14 record.
In 2015 woman’s soccer won our division. 
Women’s Soccer (typically 4 concussion per year). 
Now we average 0.5 concussions per year.
We used to average 1 medical DQ per season for concussion. We have had 1 since 
2014.  
Sustained GPA above 3.5. 

Woman’s Soccer Results. 
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