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Presentation Overview

• Definitions
• Prevalence of vision problems after 

mTBI/concussion
• Vision Rehabilitation
• Underlying mechanisms for 

improved function
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Three Component Model of Vision
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Visual Integrity
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Oculomotor Skills

Binocular 
Vision

Accommodation

Saccades, 
Pursuits
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Accommodation Disorders

Definition
Age-related loss of 
accommodation

Structural
Concussion-related loss of 
accommodation

Visual Pathway
Most common 
accommodative problem

Accommodative 
Insufficiency
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Binocular Vision Disorders

Convergence Insufficiency
Condition in which eyes struggle 
to maintain convergence at near

Symptoms
Eyestrain
Blurred vision
Double vision
Inability to sustain attention on 
task
Reduced comprehension
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Convergence 
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Eye Movement Disorders

Eye movement problems 
Saccades
Pursuits
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Symptoms of Oculomotor Disorders

Eyestrain
Blurred vision
Double vision
Words moving on page
Inability to sustain attention on task
Reduced comprehension
Loss of place  
Dizziness/nausea
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Prevalence of Vision Deficits -
Overview

Normal Population
Binocular vision – 10%
Accommodation – 3%
Eye Movements – 2%

After Concussion/mTBI
Binocular vision – 30%-45%
Accommodation – 10%-50%
Eye Movements – 20%-40%
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Prevalence Studies - Summary
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Problem Goodrich
N=46
Mean 

age=28

Brahm
N=192
Mean 

age=28

Stelmack
N=192
Mean 

age=31

Cuiffreda
N=160
Mean 

age=42

Suchoff
N= 62
Mean 

age=49

Master/Schei
man

N= 100
Mean age=14

Convergence 
Insufficiency (10%)

30% 42% 28% 36% 42% 49%

Accommodative 
Dysfunction (3%)

22% 42% 47% 41% 10% 50%

Saccadic Dysfunction 
(2%)

20% 33% 9% 57% 40% 29%



Concussion-Related Vision Problems in 
Adolescents

Salus University/Children’s Hospital of 
Philadelphia (CHOP)

Objective: Determine prevalence of vision problems in 
children 11-17 years old with a medical diagnosis of 
concussion
Method: Performed vision exam on 100 consecutive 
adolescents with diagnosis of concussion
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Results

N = 100 
Mean age = 14.3 years
69% had at least 1 vision problem

Accommodative problems: 50%
Convergence insufficiency: 49%
Saccadic  dysfunction: 29%
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Impact on Recovery

Retrospective cohort of 432 pediatric patients with 
concussion
The main outcome of interest was time to clinical recovery
Results: 378 of 432 subjects (88%) presented
with vision or vestibular problems 
Conclusions: Vision and vestibular problems predict 
prolonged concussion recovery in children
Vision assessments in concussion must include smooth 
pursuits, saccades, near point of convergence, and 
accommodative amplitude
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Treatment Options

Lenses
Prism 
Vision therapy/vision rehabilitation



Vision Therapy/Vision Rehabilitation

Rehabilitation of ocular motor and other visual 
deficits using lenses, prisms, instrumentation, 
software
Very basic techniques are sometimes integrated 
into physical therapy/vestibular Therapy
Typically done by specialty trained optometrists
In-office and home therapy components



Oculomotor Rehabilitation
VIDEO EXAMPLE
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Example of VT: Aperture Rule
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Is Oculomotor 
Rehabilitation Effective?
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Vision Rehabilitation: Effectiveness

More research in non-traumatic brain 
injury (TBI) patients
Expanding research in TBI/concussion 
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Mean CISS Scores by Group
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OBVAT group significantly lower mean CISS compared with other 3 groups No significant differences were observed between the HBPP, HBCVAT+, 
and OBPT groups (pair-wise p-values all ≥ 0.38).
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Mean NPC break by Group
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Recent Treatment Studies 
Vision Rehab after mTBI

Thiagarajan P, Ciuffreda KJ. Effect of oculomotor 
rehabilitation on vergence responsivity. J 
Rehabil Res Dev 2013;50:1223-40

Thiagarajan P, Ciuffreda KJ. Effect of oculomotor 
rehabilitation on accommodative responsivity. J 
Rehabil Res Dev 2014;51:175-91



Research - Adults after mTBI

Funded by Department of Defense
Compared office-based VT to placebo VT in adult 
patients with mTBI
Not only used placebo control, but first study to use 
objective measures of vergence

Not susceptible to bias
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Results

Objectives measures of vergence improved 
markedly
Near-vision symptoms reduced along with 
improved visual attention
None of the measures were found to change 
significantly following the placebo training
Demonstrates brain visual system plasticity after 
mTBI in adult subjects
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Potential Underlying Mechanisms

Neural Recruitment
Fewer neurons participating in the task

Functional Connectivity
Poorer connectivity between neural 
sites involved in vergence or other 
visual functions

Concussion

N1N2N3Summed 
Signal

N1

N2

N3 Summed
Signal

NormalNeural Synchronization
Out of sync…Analogous to a 
conductor in an orchestra who 
facilitates the synchronization of the 
musicians 

Slide courtesy of Dr. Tara Alvarez



Far Target
Middle Target

Near Target
Midline
Target

10 Deg
Target

10 Deg
Target

Saccade Stimulation    Vergence Stimulation

Experimental Set-Up for fMRI Eye 
Movement Experiments 

Slide courtesy of Dr. Tara Alvarez



Vergence Therapy Improves 
Synchronization
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Interpretation:  Vision Therapy stimulates improved neuronal synchronization



Vergence Therapy Stimulates 
Neural Recruitment

Binocular Normal 
Control (BNC)

Z= 2

Z=8

FEF FEF

50 mm Superior

CI Before
Therapy

CI After
Therapy

Spatial Extent 
FEF: BNC

Spatial Extent 
FEF: CI < BNC

Spatial Extent 
FEF: CI more 

similar to BNC

Frontal Eye Fields (FEF shows by green arrows) shows an increase in spatial extent

Alvarez et al. 2010

cc cc

Interpretation:  Vision Therapy stimulates increase in spatial extent



Vergence Therapy Improves Task 
Induced Functional Connectivity

r=0.74/p<.001

r=.71/p<.001

r=0.72/p<.001

r=0.82/p<.001

r=0.69/p<.001

r=.63/p<.001

r=0.44/p<.001

0

r=.33/p=.02

r=-0.18/p=.14

Binocularly 
Normal Control

CI Before 
Vergence Therapy

CI After 
Vergence Therapy

The correlation between the time series of FEF (red) PPC (green) and CV (blue) 
improves.  Broca’s region (purple) was not correlated to FEF, PPC or CV
Interpretation:  Vision Therapy stimulates improved functional connectivity

Jaswal, Gohel, Biswal Alvarez 2014
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Summary

Underlying mechanism of for improvement after 
vision therapy: 

Neural Synchronization
Neural Recruitment
Functional Connectivity 
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Conclusions

Vision evaluation and rehabilitation should be 
part of the interprofessional care provided to 
patients after mTBI
Non-eye care professionals should screen for 
oculomotor problems after concussion

Consider referrals for comprehensive oculomotor 
examination
Consider oculomotor rehabilitation
Randomized clinical trials required
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Contact Information

Mitchell Scheiman
mscheiman@salus.edu

Thank You!
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